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20Uy cgZzZt ZeyZ1Z YegT3UcULZz). F gZtaeLUTyuDz ¢gT{ 2t Yd
{ ZEE3BZERUSTEOUS zUefgYegeE Zgceszegeeizbzr ze23+ & g3Te

UZYycceyes. KUgzesUdz yTE0ZU0! 02 UTYTyuveg!
{23y Z 32T322Zcgeyy+5 czTs\ge afisghnod dERIB E & 8 SEVEORUR] (

fUYT4DAUUS YegT3U2UZZ YZ{ 3¢ ULUT]10Z gU32tu3zzszeg! gdz z3
OZu. | 3USTY 2320gU8TEOU eTT 3t Z3ZfeyUdz g20UY gzZ¢
{ U23205 UZYY+Y YUOU3IZZTU! T2ZY ye E2T3USTEOZu[ WPU 1t ¢
FEzt 2UTYWUDz V3 €p UT OZ¥z YyYLRTYU2d: B CUMDIWR ELRT = Z0dDx &

22l 2t 23dz

TUgTS2ZUgUYZ¢E g ! dP Zg tULUUY+ XZUy*+ U 3l1ULeSe zc2t Tyud:z
33Z3ysdf. | ZDEZY3 zZUEO YyZI$5 z3UTYUTY$5 ZzgULTEOUS
T33 z3Zt 20t eST¢g¢gdz

KUTt{ 3 Dp &b =
{t VUY ¥ SZUYy#

3TpTYyUU TetesU ZgU22UTYyUdz T2xzUgUYZE
U 3102 z2t TyUdz UTUzs S TyuUdz z3Tt zZ202]12Tg
3TLI T22, 0VZ2gzZ3%FT 32Tt TULUADE t 22 ULU LRI EPBERU 2z g US
22) . dxz22S3Tz2AT220dzDEF UT10Z2 3TpUg! z2Z2gg2eZULUTYyyYyzDzZ T2t
2FzZ0YyTYyyYy*5 UT gTS53YZULZ1 ULy +5 U OZYYTILTEOU  Z2EEg 32
cTLUlYyZ I DEZY gUzs2T 3 g2Z1Z ZzgUSTEUOZ1Z YegT3uaL
2Z0! pT, (AP EgdQfEU t 2Vt ye2 eTg! 32BRBPET, ZZ202TS2gTLTw
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nd)zaml)E 2ZTOUSTYUTY tU0OUY+ ZZUy* {zZUfye 3YTylpeg! &
cZzZ{ZeyZ|2Z U O32ZyzZzzZ{ZeyYZ|Z YegT3U_ULZs).

18YyEgeg33YTyge3Ulu UEELTt ZZ2yUdz U ZsTyoU 0Oe
| ZUZB gUY2U! y+5 0UZYaUyeasUuw ZzgUsSTETOUS Y2gT3U2UVUZI O
t 2353TU! T2y *5 YUOU3ZEg330g33 z3U0 ZgyZEUgTUl yZ yTe?Z
YTYU zZTZZUdDE *zzZUYyUg! ZsTYyZsLy*T z232YTg3+*, zZU
2LVUf TYUU 3sggangeyszZue g TZ3UU tU2320s5U0U0. F galbUuUyYy za3
Sdzg gdz z3Tt VUZE TYYy*T4]F QGRBZYRP+ | 1BQERIFEIZISVIVVOBZE g 3
T3+

Quoc =[Q,

Qma/igjqz. ‘)
Ly T

Q =w 1 (2)

P 223YzMMeEBU32l TYUT ZzgUsLTE02Z1 2 2z3cVU ye Z{YyZY
VZT -2t VUYT SZUy+ 3222Z4T12Z cdIDOEGANLYZ1Z tUczaTzy

B gUzs2T (Z35¢VZuvyZu Z{ YZ3TURYZRZ vz ¥ POFTEEXTHIZOEE.
STYY+T = 23Tt zZUZETY@YWTYREYDTUERTHFU& yYSUWIUIEIZE ¢
SUL 13]

1. (3)

_ [ wéon(l) ()]
th _\/i a y Dn(un)( Ii)

max

(4)

(D~ (D~ D
o

17
a0 ) #(9) 112(0)
Dn( L) m()Ing) |
() = (/1
2T esTyg32U!l yad: t VUye szZUy+ 322Z8T|Z £2T0s320! yZ1Z
S USUTssds 22 2Z3Y30T

(5)

O Y era e Yoy

h=—— . (6)

e TESULYZ, g2 2T3TezZz3 SETS5 ZzgULTEOUS YeagT3uevz
VZISY$5 YU3ZZ%5 z3ZUTZZ{UMUITEHW UE Z8{ VR 1 E YWIY Z+e32yYy
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2232YTROQXIEROQ(H: zZT2Z20VUg zZU3LUg! ZzgUYSULU! yzDzZ OZYe Uy
2023 z3U YUYyUY2U! y+5 T2g32g25 0UZYz! DET3YZ1Z =3TYT
| 325 Tt 332 2zZU38TyUd:z ZzgUY2U! yZu OUZYaUyesUU YegT
VZ¥UO3Z2EE330g33% YTEOZ0!I 02 gULUZEYTT. 1 3TEtT TET1Z
TUSTEOUS Y2gT3U2UVUZs U yeasaUL! yZh210lyes Y UEZEPE 2 PY ¥
YTEt3z (UzaUyaYU 3J3TU!IT2Z3, ZaTgEd BQW:S JHIVRU( WE Yt &2y
UTUVUzs TYyUd?) ZzgUsTEWED: BLTYVEZE::E TSAZSEETYYZ, dP

_honff)a
““h n(N) 1 hegn(r) 4§ ¢

hus TYZSyFu z@QZgWTg3XZ+F5Ugldg! gdz z2 2Z23Y30T (2) & L

DI( 1) B(gu( )1 gkmg,) 1) (8)

| 3U 2UOBEU3ZZ2Y Y FRUKEDIFIETEI@2ZU3zL Ug! Qf dadZ F df e § DWW
2ZVY, 3t ZZUTgZZ3IkDEI LS8 DZY WPy yS2Z23 zZTZZLUg Zz 3T
TESYFT TyesTyUWZO0BU! Y ERIZVTYZ{¥Z]1Z z232YTg3e.
yudz 23t 32g 52320gT3UTZZ2g! Y2OUOgUYSULU!YZT ze2t TYyUT dP
¥e232yYYZ2u g3ZuvlU ZzgULZFOUDLIBsTIWUSYEZE| Z22g2T0Og 320
23U yese2U! yZ2Y Tyes Ty ul (18E3Te3 s+ Z3TYUH umZRBZSAEEE z¥ZS v g
ZzgUYeSULU!'y+T (1Uz2UYy+F 3TU! T22Z22, Z2TgzTsHUZeDil UT YUYy U
YUUO3ZZEEg330g33+%, COZYz Z2Y Z2 2WHE vz 26U TR 2030y YVY¥ZaArg Tg33WES L
TS ZzgULTEOUS YSgT3U2UVZE UT ¢gZ2ZgZTgeEgxz3bid usb 0Ueg
ETLUTuw zZTXZZ2LUg zZUL3sUg! YUO3ZEEg330g333, 3 0OZgZ3Z2v
£T32LIYyZ1Z tU2zeTZy e YUyuUyYye2UL! yvZ.

d2eUTT ¢gUTt 3T, &2 AgAEF zZT2ZZ20dDE ULUp! ZzT32gUZyZ
yesUU ZzgULTEgOUS YegT3U2LZX t0Udz YYZ]1ZEVZuwYyZu zUULZ
UT YUS Yy2U2ZUTT zT3gzTOgUZy+T. C zZU3bstUg! ZEEZZT.
t TYUdz UTU3S Ty URg Oges 3YsUOY3ZegZ LUp! 2 32Y025 gg3Z1 2w
3TpTyUdz gUEeTY+ 332y TyUuw GeOgITLULE § EZ2Z:5ITEEel:
t2geyYzZgegUlU, 20 yeT*FZ2TY*FY YTgZt Z2Y (ERIi3gZ0|rZol uZsw ayouUpU Tec
analysis, RCWA) [15].

bt TR WZ, g2 Zs5Tyo0e ZzgUYeULU!lyzZzu (1Uz2UYy#F 3TU! T2
t Z2z3gcgUYZ1Z2 3102 ze2t TyUdz UTU38TYyUdz y2 yTT Te2xzZUgUg
dgLyU z3TtzZ20212Tgegdz UgzZ20! TZzZ2g! dhP X gzTOg32UL! y:
CO0Zuv gUWgegmOeI 3T ZgYTH2ULZE!, (tU23205Udz UTL3S Ty Udz
ye UDzZv t OUOUYT 2ZZUYy+ 322Z28T12Z gzTOg32L!IyZ1Z tuU2ze
O3UgT3Uw, z3TtULZETYYy+uvw X 322ZgT [10]. KZlU2EYZ TY:
YVFYUDUTEYU Z2TgzTsSUZ2Dg YS20OgUY2ULU!yZ ZZ2TYZty+Ffu t U2
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|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

S+t232YYZY £zTOg320! yZY tU2z2[2yT, I z3T{TU85 OZgZ.
VaTegEdz yUET YUYUY2U! yZ (Zz3cscUYZ12Z [yasTyud:, 323y3;
z3U3WRBU! YZY 2z2{ TyUU UTUzs Tyudz ye(hgzy 02l ©95) Y URSZE ¢
TYyasTyUT 1232ygU33Te YT £2ZU! OZ Zge3cceUT 120z, vy
ZEZUs2gTU! VZT SUUdYyUT zZ22Zty+5 {U23205UZyy+5 z2Z3d?
YU33TYZ| 2 ZzgUSTEOZu SUSeTYZu & dhP. PgZg OZUET3L
3d4 T 3222Zg [5, 11, 127].

21 T3gzTOgUZ+ 3S2TIVUgUdz U z3UysUzUu2L! yv+ET Z
dZEcZIT3Yy+uw 2z3Z|1YZT 2T3EzTOgUsS, 020 UTITEsgYZ, YyT=
t ZEg Ut TYEWDEZY3Z USTs2FT{ 20Ty + (25T UZBBID! FRYZET 2
Z232TYy*T YUOU3ZE:c330:533%, COZYzZYZI2YyYy+T UT 3da 2 z
t ZEcsUly3cgZ Ya2OEUY2U! yZT 2zZt2Z0UTYyUT gzT0g320! yZu U

D JsZJUgsT IS YEY EwYRBEOA 302T2ye 322Zg2, 3 VZgZ3Z
t Z¥202g! YUU3ZEg330g332, TOUOZYzZyZIayyedz UT tayyzZu
t UdzZ DEZUS 322Zg £20fT, 020 U tUdzZ yaggzdid Tu ggag! U,
STYUT z2WBOEZy€320¢c232 UT ZZTt 252 g2 gegZ3Zy+ (3T
() BUEZI0W 2) wZEEsVEY 2@ T Ydda &t V2t OT

D T:ZLUeWTHARERUEUY2UV! yZ (Zz3ZcUYFu 3 P»&BO2d2YRY U -
OZYz TyesTyuDz ZgyZp Ty Uz 2T3FEZXI3RYERQCIFYEIz0cz23+ O
VUSUYT D22TOgUSyZu POYHUEEZZTOEETEI 3Ty YaOgUYaUL! yZ

3120. |30 DEZY 3 YUU3ZEr330z¥TResi[Z2838t VWPBEZY 33
UTZe32f TYYE8Y OB M sdu+hUheiisdu, ECZZEZTEEEITYYZ.

P z3TtTLEs gzTUg32VIYZ|lZ tUezelzye U UygT3=zeaLe
£t330g333, 020Ny +SyZB3YYBEDAYYREP AP Zs TyROWAR
YTgzZt ZY, YT YyAHIFGW2 TlgZgdiryav! yadz (VUzeaUyea 3TU!I T2 U Y
31 VUF z21 TyUdz UTU3STYyUdZ y2 YUUO3Z2Eg3308g333 302Teyy+#+"
S2YUTY {235 0OZYz!DET3y*5 zREWSEZY¥YNCGEHe& Puudg D@ 5
RCWRSUAGR,Tt SgeSUTyy#ee ABJ5 [DET, t S3550Zuy+T t 53531
$£330533% t2ggVU 2 DEZu ge2a2U0Us+ UYTDz BSY2®3TYyUu U

| 3Tt Ege=sVTyyed:z geelUUse 020 = st2ggVl 1, g0 U 3 &
3TUAISQUD2VE 2325 U YeDEUYLWUYHFZE 3|1 UVZs z2f{ TyUdz UTU3ST
SZZEsTEgEceIUU z232YTg32s, zZU3zsTyYyy+5 RCIBTGESSS 2Kk d,
12=2Z3U0g! YT 2z3U>52Zt Uggdz

b {UZZ+T 52320g5T3UEsUBU Z{yZ3TU! T2y %5 YUO3ZEE330
ZYYy+5 ZzgUtLtTHEOOZY &g 1. Z)TE! Ye 20DUTOU, yZ TyesUgTu!
320 T3IUSEU0CY YUWBZEEH 3OEBREE 3308332, cO0ZYzZYyZIay
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|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

k2eaDl 232YTg3% U 310ZZ4#T 523aWgTe3sWbesTulUT 23R 52 Y24

vz g uyeau! y fZ02ULU! y+*u U |[G2abguyYyelL!y
i $Z§$§L§8ifUET3agg'Il)zeUﬂyO’&JU’ fa;fg%;;uy€T13ZU!)/#utZnggU’Y*u’
SUZTS UT e Z25 Y UD|]l U3 2 Unf/h: lnax YO Y Q2205 23+% zet Ty Udz
3TUIT22Z5, Quoc [Qine UTL3 S Ty Udz
1. hyyZ23TOUO! T2y +T YUOU3Zgg330g23+%
E48R/ 217 2RBU0;
l'lTquene [ 9] 199 0,430,7 01353 (0058 28 zBA2O0;
3 zRBABO
10 zBUW1O0;
1.23_'16:(?83/ [5] 7319 0,430,7 01366 |0061 180 zBA20;
218 zBABO
Nanoc i
diamond | 3@ 280,
1.3 [ 16 3.2 0,430,8 00452 |0016 438 zBA20;
PMMA/ 50 2R3 0
I TO in PM
Nanocomp o
di amond i 37 zBRA10;
1. 4/PMMA/ 13 3,2 0,430,8 0 0 4% zBA20;
mat hemat i 5% zB4BO0
model
Nanocomp o 40 zBU10;
1.5(Zr®On PMM/[ 16 1® 0,430,8 01792 |0070 6,3 zBRA20;
PC 1% zB480
1.6 (1B 2 %6 0,430,8 0 0 417 zBA20;
mat hemat i 4B zR480
model
2dZz53TU! WAROBRE E g 330g33+%
32 zBU1O0;
21 ileA/ 10 158/117 0,430,7 01283 |0058 19 zBA20;
18 zBABO
PMMA/ 36 zBA10;
2. 2/mat hemat i|[1% 158/1179 0,430,7 0 0 26 zBA20;
model 20 zBABO0
43 zBU10;
2. 3|EA®PC 13 16/13%9 0,430,7 01193 |0054 1% zBA20;
19 zB4ABO0
E4 & 77 zBA10;
2. 4mat hemat i|[14% 18/13 6 0,430,7 0 0 26 zBA20;
model 2@ zBABO0

TUgyY*5 YegT3U2ULZZ U 3egesUgeyyedz ye 32EgpU3ITyyFu ¢
CeXTYyyZ 220! pUT tZ2z3EgUYFT 310+#. dUdz gZ212Z bgZeF Z
t TUO! y#¥YU (0dzZ {2358 0V2ZuyZu Z{YZ3TU! T2y Zu zUUZZ232T7)
2¥LZ2 RBATTYZ TSeYTyUg! ZtUYy UT Z2zgULTEgOUS YegT3uc2ULZ
EUSTEOZuy YZt TU! D UESBH3IZE0MZ ZEUMMZ z2IWK3AdJFU TS 2F0VU ZF2 32y
E331 . Bm1.BYTDE UT YUYUYZS2U!YFT U YS2OQ¥UIBPEYEI Ty &7
STEgELEeZRYRZUVIWUT U y2UYTY!' pUT  Z2z3EgUYFT 3170F z2t T
T333.

b YZ{ TU! YyZur YUORBEIERE O 3553 FYUOIEE eBRBIOEEWB ¢ LZw, ye
EZ23Fu UT ZZTt 352 ze2teTg UTULU3SsS TWaIT o c aampeazsliytTe/: W[ a
PMMALl Z zZ02T2gTU! z3TUZYULUTYyUd: yE 96TV0Z200 gy FarV It YO&Y
t U2zaT2Zy2a, Z1323YULTYWMZIBYDYUPSVRY BYZVYU OZD2 2 Us UTY ¢
zT3EUU, ZFSUEULUTYYFuw 22 2Z3Y30T
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— nr -1 ( 9 )
nl min ) niﬂax ’

n(r)

1tm n,n _eTyasTyUud: z202T2gTUdz 23TUZYUTY Mz EETEF2ye-

VZIF U Y2OEUYZMIYARS 3ZUYy S4232yyZ|2Z &£zTOg320! yz]z
SeSTyyZz m©B2L7ys7 n 23533 . PT3535y Uuw YZ{TUlyFuw YagT3Us
QozQax0U g2 (T T2YDM(Ty8EEYUT3 YUBIZB 330533+

I YZ{TU!YZu YUOBR.IBGRE OF 33 +Y VUOIRE SBBIOEEB S VZuw, ye
£Z3%uw UT S2ZTt352 zetaTg UTLUzL TYUDComprBEDHEP MEAROYE
d12 z2z02T2gTULU! z2z3TUZYUTYyUd: y2 s5Tyg320! yZu {OUYT =
STEEeSTYY Zn BL@5748+n)=18824 . BT35yUu YZ{ TU! y*uv Y2gT3U
QosQnx0U g2 (T T2YDN(Ty8EEYUT3 YUBIZSs 3305334

b 258 Tg U ZzgUYUT2s5Ud2 (V32 UMM ISTULTEZEZVPD3BEE 35 DZ
Y+T 310% z2{TyuUd: UTU3s Ty Ud:z UTm I ZoFA B! 5peT  VorZ 2 BT &5 63
31VU22 z2{ TyUd: ye mAUBEABALIz 0 B3 DEZY yZ3YU3Zsayyead
SZZrITgEcZzDd US Z{YyZY3zPHYSFYRpeTEEUW ES BEUDZY DEZ| Z
32833033+, dTuggIRELDUWEBYURZELR YA ZRW 32TyUse 310Z
YT3Y B AEZP2R0U SET]1 Z%0UPE2 18TY 1 TysUd: S+32f Tyrey UT | T
{UdZ 31 V23 z2{ TyUd: UTU3sTyUd: ya zUUZZz32Ty+u 3TU! T:
€33. CZUTT g2Z12Z (ZzZUYUgTU! y#T QFEUTI BZE Ry INZ YAKY34
{35 YZ{TU!y#$5 Y2gT3U2VZ3, zz0aTalU, tgZ {(Zz35cUY
SOU YT TesUgdi Zg 2Z3Y2*n(lUE zZBETUZTYV/dZ0E 008 U  Zz g U
eUyzu 30@TT232TyR(Je bl In()(2238(6)). tsgTY S+pTUTLZ
z3UYTY ZZ IyUY2yUT, bcZ Yepl3MeUEz VUOIZTE 3EDES BERS U
YZEy3Dz { Udz UTZTEgy*5 ZzgUSTEOUS YegT3UBPEE JZBsl 2

STESEZTYYZ YUWREYZR BEBOSDZ3 2 Y2g3Uza2g! zZU3s8Tyy*T 2
328 32013.330 23Tt TUO!IY*FT tUdz §t 235gV2Z2uvy2v 2t YZ3TU! T
£t330cz33%.

At TE! ETUTt 2Tg TSWBIUHIT, YespAIUZ ZFPBeed Ty Udz t Z35¢ VZuU
Y+FT +tAdG, tUdZ OZ2Yz ZAZIIOUZDZGZEHESY NEZV0ZYzZTUgY T Ye
ceUseYU UT tZXZ32Z20UgUVU sU302yUdz U gUgeye [19]. ke2OfT
Seyyedz-AR[E T3t t 2TY+5 TYZU t 335 yZ3I$5 gUzZ3 [20]. Ye
DZUS UYYyZ3I2sUZYY+3Z323Lk 2@z UZTUZYY+T 2Z3Yz30+f U
TzL!'g2gT Y+ YT gYZ1LOU gZzzZ2gggezUg! z2Z TtUYZY3 0O3Ug
TaUL!lIgeg2eYU, z3Tt & eI, TVYW FASUT VaUgg!leey02g 020! OZ gzTOg 3
320gT3UgegUOUY yT ZZpYIUPIEE £233DF8PFUsezlDUTOY G 23Tt TU!
YUO3ZEE320¢g33 teyyzlzZz gUze.
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P 1T UOZ2ZFT 52320gT3UEggUOU 2353TU!I T2y +$¥5 YUO3IZgg 330
ZYYF5 ZzgUSTEOUM2AY8EP3BEVZ2Z2zZ0UY T ¢gZzZgezZUY+F, VYZ
523205 T3UggUOCY YWDIEQEWHIZDOEB 3%FgZe+ 3geyzZzUg! z3TH
ceUOUVU t Z35¢8VZuy 5 t2Z353TULU!I' T2y 5 YUUO3Z¢gg330g33 U Z
3 YUUO3ZEeR3WUg33@852PpPEdz 2g 23Tt TU!yZ2 ZZTYZEYy#5, ZT?
3020 DZUS YUU3ZEEg330533 T8YTydiOEdz §ZZg2XTeglegx3zbDd Tuw
>2DAd Tu Z#zZUYTQOUFQ zQUZIZ3z DEZZY (V3 ayywE yPBEUOEDZAIT Y
323302 3B 2. 4 zFJEYUBZLY + YU hYWOSBELETBRED.M 2. 3, ZZ¢
ZTgEeZTYyyYyZ, 2 10VzeW¥zxs BYZPYRBIZILEITE.

b 3TT3U0U!'gegT 2%FVZ 3ggSyYZZUTYyZ, stgZ Y20guUuyYyeUL! yZ
ye YZ{ TUO!' YT YUOUO3IZEEg330g33F tZccgcgZzeyed TWA WJ,U33 -
SY3Eg3U yUtyTl1Z gUZdZ DEUS YUU3ZEg330:833, ZEZa2Tyy?Z
t 25, z2320gUSTgOU ¢gZxZzetebz. dTuggZUgTU!yZ, Y2OgUYc
yuUdz y3zg3U yUtyT|1Z ¢WAz2Z2EBE6FE FIEF0OEsBZ3+F>3TYdz 620 ¢
STgeeZzba Uu 3120 MZOIZET IIOEBEREHTE 252 TLU!I YVZ, 23Tt &g
S gD Ye2OgUY2ULU!YyZ (Z2z3gcgVUYFT 310F ze2t TyuUdz UTU3ST
T33M2.2 2.4 YZEtYyZ 32ggYegi3Uzecg! gdz 620 z3Tt TU! yvFT 3
V5 zUULZZe 32Ty +F5 YUUO3IZEg330g33. deyy*FT 310+ z3UYT
cUY2UL!'yZ tZ22z3gUY+FT 310F z2t TyUdz wWZ.UB $ZT.y3Jdz Bz YU
CEeXZTYyYyZ EgEdUEET g Z1 Z, ez z3Z2tTYZYygg3U3Zx22yZ LAz
COZYzZ2YZZ2YyYy*5 UT g32tUsUZYyy*5 ZzgUSTgOUS Ye2gT3ue!
! T ULU pgeYzZ2203.

320UDATYUT

OTLZETYY+u X YyeggZdad TY {20021t T zZ{5Zt O UZTZTYOMT¥EI2Y
ye EZIYTESYZY UZ2ZUEZFBCONNUTKL 2t 2, zZTSZLOUUL zgszeyzsU
DA TT:

1D IULtUYZY gzTOg32U(@EFNYgWe:zyee[Eyuyau! yzZz2 t Z2z3g&g U
f TyUdz UTUzs Ty Udz ye YUO3ZEg320g333, tZeeUlyze#*T 3
$E330533, COZYzZYyZs2yy*5 UT £32tUsUZYyy*5 U tZ2z380¢
22303 ZzgUSTEOUS Y2rT3URBZGz3VI+REMRT TEAANE VS s = 3 D
z2t TYyUdz y2 t23550Zuy*T t2353TU! T2y+T YUUO3Z5E330¢8 3.
OZYWITREOU t 28532y +5 ZzgUsLTEOUS zULa2ggYesge. b gz T
Uzt TyUd: y2 t535850Zuy+T Z{yZ3TU! T2y +T YUO3ZZEs 33083,
STgEeE3zDl UT 31V0U%F t53580Zuy+5 t5353TU!I T2y %5 YUU3ZE,

2KkTS5YZUZ{UY*T U OZY¥T38U0SDYYEEZEEZzzF[ZZ20dDE OZY
SUZuy*T t3353TU!I T2y *T YUOU3ZEg330533% &2 £zT0g320
2UUTOUYU O 23Tt TULU!lyZ sZTYZfy#$Y tUdz2 DEZ1Z gUza YUD.

22



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

30T 2320fUsTEOU TyesUY+s OUZYeUyesUuw YeET3WEDZS
YUU3ZEg320533 ULUztpUYZz DY @Sl BEBEQELYERSERDZ Y20 U
YeU!l yZ tZz3ccUY+T 310+ ze{TyUdz UTU3ssTYyUdz y2 YUOD3Z
31 TEEgITYYZ YTY!pT 23Tt TU! y+5 3{UZ3 {Udz DEZ|Z gUz:

41 ZUs s Ug! BUVERE SZVYZ3TU! T2y $5 YUU3ZEeg330833 czT
3205 T3UEs UOU, YaOUEgUY2U! yZ 2z3UzVQUETYY+T O 23Tt TU!
VeYyZOZYzZTUgy+5 ZzgULTEOUS YegT3U2UZ:.

cVelzZt 23y Zecg!
CsgZ3% YyeggzZdd Tu gge2g! U z3UTyesgTU! ¥ge BRURRBLE: Z2E W
VZEe! UgzzZUL! TZZeyUdz {USzT3EUZYy+5 2Z3Y30, 3273222

3UGUDITEVUTE Z3BERDYTHRD TE3eykBES UUu BRI 4A ZEFL 2 (23ZTO
M201900081) .

KzUgZ0 UggZLYUUDZZ

[1] | 25 TY2§124 0 ADZUVZ| 32 BeE#L TEOUU/ DWAYOYYK GFg e 22 Uy,
t Ct 22UaZhie 3 211.85 .

2] fa0UYDDZVZ] 32YYYy*T Zzg UsMTPDUTS DHT YT/ E g BeykZ Y7 4a.
m1l1sKS8687.

[ 3BHOYA GROUP Opt.Gkasdi MosdbeBLLenses
www. hoyaopticalworl d. com/ english/products/ moldl enses

[ AEdmund Optics: plasti/dJRhwww.i eld msmpdeptiiccd .emsm/sopti cs/
l enses/ dembsersithpyl barsidd lt¢ einses/ 3200

[5] D3TulEbKz TOg 320! yadz U 31 UVUZ32dz T2 UTUYZEg! D22TOUOgUIyZ
zUVZZ¥BZRTYUU3ZZEEB3.D3EFEFELHSYWIVZACYEZY ZCKg Kzey 22X,
CCIHEUTIBEYz! DET3YSd2PABKEO2 2 m 1 8 K3 84 3.

[ 6Ebst eiTMMchS.omatic diffrachHPrvecScPosHL 6 8bV el 40edlPr2tlsl
216.

[ 7Pesign concepts fedr ch reonaddytHaBhOdE shmagrBre,e sh.e | Foueorf @l RLJ .
WWw. jeos. org/index.php/jeos_rp/larticlel/view/ 176

[ 8Grei s@kRompari son of electromagnetic and scalar meth
di ffractive | enses fdGIWreesshbagniViaG\Eh ab édiethti m,
SAStepandVsi BVYOphics Comma 20O tdaMoiBon®& P5 45 7.

[9] D3Tug3bKzDUg 320! yadz U 31 VZ32d2 TeIUTUYR2RIRIBB2TOg USY Z
t U232035 UZYY*+5 -UUFFITEECYWZEYZuy YUUB2Z2DEIT FDLEIBBYWWOZ S,
dDAdt ZZICKE.TzAQy EI g UTIWE g UDET Og 32 c0ZE1dERZ Y1 18 m 6 8
Cl1825.

[1PD3Tug3bKzDOg 320! yadz U 3{1{VZ32dz2 TEIUTUYZEgU D22TOgUsSYyZ
t 2353TU!I T2y Zuw U {3353V Z2¢HI D3 TVTUPITHLYISZEDE B 2%,
KCKgTz3¢yZEIEUTIWE s USTEOVUUe R Y IFREYB2e m58 C5661.

[L1D3TuwE3BbGUPUYUTs Udz €3YY23YZur 1Uza2Uy+ Iy3sg3TYyyud zUUZ
t 235 VZUuYZUu-2BMRZEBAY Z U23205 UZYYZUDY.UPFE LI cUUZ
COCYsZ2YyZBKgTzS¢ EI g UTIE s U2 &z TOBRAIBEZT &4 .
m1s8Cl03104.

23


http://www.hoyaopticalworld.com/english/products/moldlenses.html
http://www.edmundoptics.com/optics/optical-lenses/aspheric-lenses/plastic-hybrid-aspheric-lenses/3200
http://www.edmundoptics.com/optics/optical-lenses/aspheric-lenses/plastic-hybrid-aspheric-lenses/3200
http://www.jeos.org/index.php/jeos_rp/article/view/176

|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

[12D3Tug3bKzD0Og320! yadz U 3{1{VZz2d2 TEIUTUYZEg! D22TOUOgUIYZ
22TZ22%5 tU23205 UVZYy Y+ UeRRTBHFL:RITEESISY UBDZE., KgTz2yZ3,
CO. CYygZ2€@Zit gWhEWWoe gzTUORDIBEEZX B M 18 C5%61.

[ 1&Yei sukPot &nti al opportunities of sawtooth diffract.i
singl eGrdel iGe fe iGs. u kkEhz,hloEs., AnAt. An o \D,a nVAl. o WUss iIB.v iJolur nal of
Opt ieec2sO 2AONa7 i fpr s s

[L3D3Tuwgzshbl, 3Dy TO! yFT g§zT0Og320! yFEFT U 31022 T 52320gT3UgE
2272245 tU23205 U2y Y +HDOYUDIZIZYRB EQ:HE.CYcZ¢Zid2PULZT,
cC. tgUTREMRY s Z2Z2d? DOTREGBYWIEZ =zTs2g U) .

[ 1 8MpharamGRMgorous-waeoepleadl ysdrsatoifn g | daMf&ftM cahcat ri aomm,
TKGayl/bXx.d Opt . 63®8BalVAAlmle No73 P8 13B 1 8.

[ 16k rdehaushdms,peBesiigomeer ed nanocomposites enabl e achr ol
el emdbWsr de haubBuerng er5,a uldRee r tTs Ol ,c KMmp t i6c2a0. 1OV o b.8
No8 g P1031038.

[1ZYyndi ™M Mdd a | and C Methods Grating/URmwynhmagudatAinad y e

[1BD3Tug 3but YPB YYZ|{ZEUVZuy*T OUYZ2Z30FEA2OHIANTYEL 2D dz
C3TtYyT1Z OF IDHSzBIBEYR3ISCY g ZPZq/h@FT U TEOVueRg3IdgaL.
kZ Y8 68 m 63.K.336 .

[1Xpbrenada,sign met hadtfve déens for i magirng tamieirmyr ov e
by | aminating novel nanotowmpPpEbeasalmadno @i da,

SNi shi wakiz,u/lkNp.t i cal e 26 tat\éoMd. .c Rd6 8 P7 337 4 4.

[ 2RAkamurRRyundiament al propert iceosntaoafc tbrdoaddhrancd Iidvealopt i ca
TNakamurSa,zuk. , Y. | nmoukrte©pt i c 81 K meg2hOnledd/oib B .

P085103.

24


http://www.mcgrating.com/

|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

st TIUEE3@5Udz {UzT352T0Og320! y5 U Ze
5U2325%5 | ZUZ|138YY

KDF2UTY,ORE2UTYOZ>
IGZEVZZE0VUw zZUUgTS5YyUSTEOUY 3yUST3gUsgTg, GzZzgosze, t2
29y e Ugze t UyeYIURYE WWZERW 32 0,2 AZWs 8,2 3102 &£ & Udz

t2gEYZg3Ty+ z3UysUz+ U gT535yuUsvte 3Tl Ugg32sUVU U 3TOZY¢E¢g
Y5 1ZUZ132YY. hzgUsTgoedz g5TYe 3TlUSg32s5s U0 g2t T3 Ug
TZSYUD zZUOUS3IZYBEUSTEPBP2Y S 1 ULzez02dz 2y2021Udz YTEt 3

SEZEVZuY+YU) (1ZULZl32YYeYU ATyUgD®e U s5U23Z3s+YU (ZLZ
Dz gdz t Udz VetftZz|1Z zZULZf TyUdz g02ayuUu3zDi T Z [T3020a. OYT
TezUgeyyszDz z3U YTONYZYZYYZF£FYyUODLUIT3I0_2VE, YZtYyZ 322t Z
DA Tw Tu TT3028UL!YyZY3 2ZgZgUVUZDz 3 gZLUEgzZuw 1 ZLZ132YYT artT
Pp3YZI 32TLVUsLYZu z3U3Zt % y2a 0U28TEgIZ SZESE2yYZsUTyUd: s
t TyUuw.

FUDA T>+ TRZPDFORz T3E2TOg 320! yedz {ZUZ|322Udz KoeyU33Da U
UyeT32T3ZYTg3] ZVBR32Y¥SF ATyUusDD2

NUg U3 ZIRFUTYKZSH D] USg385Udz (UzT382T0g320! y+5 U Zel L
1ZUZ]1 3RDF2VUTYORERUDY/DHECL OEXPOR2 0 XYTE{ 3y 232t yed:z
OZYy2T3G@ys® | ZUZ|322UU QWUASEOWESY EVZ KFRUE *

{ ZOV2¢ B GDk 1Y RIYes Y 202d0K 2 52 9

DTt TYyUT
| 3UYs BZI{ Ugg 325UV s5U23Z22%F5 (UzT3gzTOg320! y¥5 1 ZLZ]
yepUS JPa&BggUSTEgOeSdz g5TYe 3TlUgg3Ss5UU g20US | ZUZ] ?
2TUZ12Z2 ¢2Tge U g0eyU3s3zbd Uu UygT32T3Z2YTg3. KT3Udz Zz
t ZUt Ty PT30202 UYygT32T3Z2YTg32, geOUY Ze232TZY ye Ye
132YY. G* zzZ0eTeLUVU, sgZ A33!'T z23TZe232TZ2Z2yUT UYygT
3Us+* zZ EYTI TYyUDz TT302Ue2 ye 02ttt Zuv gzTOg32U0! yZu &
Zell TOgYyZ] A 2AWET3E2zTOg320! y3zDz {Z2UZ2132YY3. D DZUS
YUO 2TUZ1Z g2Tge ¢ ZFZ20Z2v ggTzTy! Dz z3Z&g32YeexTy
YU3ZZc2g! z350U zUZEgOUS ZzZ3y*5 2ZZLUYy. Db 322ZgT [ 4]
ZzgUSTEOYPzZ B 1 Ugg3es VU 1 UzT3Ez2T0Og32LIYy*FS 12021 32Y
yuove. ketedz g5TYe UTZTggye 020 UygT32T3Z2YTg3 Zel T
dzz0dz20¢gdz s2gg! Dz Z2g2UV! g3Z222yYyyYyZ12Z2 Z2I1 TOgyzZ212Z zZ0dz
CE3CYCEZTYYEYY B0 23AL T3TYygyZeeV, E53TYeS UygT32T3ZYT
TyesUgTU!lyZ gy UTUg! Z0UdzyUT p3YZX, ¢gzZdZ[Seyy*5 ¢ =L
23Tt VZE TYyySdiBEIFIY VO8> TS2zUgU 1UzT3E2TOg32LIYy*Fd 1 Z
tZted TzIOETZEz UU, OZ¢g Z32dz 020 UTZTEggY Z, Zazlet 2T,

25



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

SeIeYU, UTEITEgy+YU I LVDUgT32g33T, 020 +UIZEPg§R2OU
SU0ZzUU ZeTEzTbUSeTg eTez3TBUWSTYEYN ZTUBETW/UBTY,UTS & 2
UgZ1T 2zZTZZUJZQZEZFOEXEEE IFEZOUY-CzZzIDEHBRDY FSFXT Y3yeZ[ 3
YyUTKel Tu $T3gZu ZzgUSTEOUS E5TY TezUgU 1UzT35zTOg
YTYTYUT g02yU33Di T{Z TT302U02 {WEiEDUBEILYY+FeZz%
SZUF2UTT = 32eZgT [6YTeY2H 2B TOAZISUTEE ¢ =3D4 3D ¢5TVY3
12ZVZ132YY = E3TgT VETT3YyZ1Z USgzZstyuse g2z £g02yU3zD
SeU, sgZ YTit3z e2yaULz]12ZzZ+YU (2ZLZl32YYaYU aTtyugbdea |
SZ £U_YU33zDI UY UYyegT32TREYZIPIEYYIUFEPdzZ 1D sL2FgyZe
S#5 1ZUVZ132YY, OUZgzZ3+4T 3Tl USe3U33Dredz z3U0 zT3TYTI
G U232+ Bey@PEIUSYFT TT3020!y+Y gUZdY = 2ZgZcUVU2ZT ¢
yUEDD2. DPeiyed:s Z2EZ2eTyyZe3Z:ig30 YR UVZ BEYYWE T ZEPZUg 3
5TEE SZEcCceYZIUTYUd:z {ZUZ| 322U TEDRTEZs UIZO328F § YA ;
z3TZe3272I2yUDz (= OVeftzZY zUODETULT Yeg3Us+ 3T{USg3e
DI T12Z TT30eVLa. F3ZYT gzl A e UYL 4,2 B 30Dz =
Z{yZ UTZe32f TUTWEZSIWETD2 YZT ULV YYUYZT (EZz3dd Tyy
TYyZu 12ZUZ132YY% DEZ teTg sZTYZiYyZeg! TYesTLTU! y7
yeUzZzEi TyUd:z t 331 ye t331e {TW&)ZS WETAR yZETA Uz & K2yt T
YZEYyZEg! 3T1UEg38sUU s5U232Z35%5 Zel TYy$5 (12ZUZ|132YY
ETLUI yzDz sTyyZeeg! U = $331U5 Teteaeses, 1tT Teg! yTZe
Zel TOgZ3, YZ U 23ZgdA TYy+5 Es5TY.

1 GZt TU!
F20o UeZgiBBEe32gUYEgdz O gS5TYT Te2zUgU sU23Z2Zuv 23Ty T
yU33Dd UY UYygT32T3ZAX)JgBZYzUTPEYe8dz 23y OsUdz 2z3Zz302
Zell TG3RBY Ez28@YERYT3Yy_2dz D223t Uye2ge I zUZEOZEgU Zel
TT3IYVEXTEZY & tLOUWYyZu ZZUYH#
hue ZTyes Uy

A(x) A( )expi () (1)
OZ2YzUTOgY 3Dz 2YzU0UUg3t 3 Zel TOgYZ12Z2 zZUdXxa&t ZIPEETEIOIESGU
OZZ3{ Uyege.axh ARPSUdIT 2y + Uy g T1 32 V&N Fp(x: Feakyu 1t T
é _ 2
F@-%ﬁ%@@§mg%}—32§y05Uﬁ AZTYITRUHZ VY ZEZT HUSULZ. Y )
z23Z5TEeT Te2zUEgU 3Tl U385 UU zZggzzeDzr eOfT ZzZ3y
| T12Z TT30e2UVe. c¢c3tTY zzZLe2leg!, &gz TT308ULZdREWE Tg¢
t25cZge V2YT3+ 3TlUEg32s5UU, gZtIEVINTYKT| (T 3DBDRBUE

ZzZ3YZU0 2Z0AY O2h=PTL A Na31Ne s UEVZ U2t{ 3Z3 Te Z{YZ g
YZiyZ z3TteccesUg! = SULT

26



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

r,=rexp(2 pns,) 2)

d2VUTT, tUdz 23ZcgZcgt T2zUEU Ay LAz @; Zied TDzF FY Zu
23t Tg YZ3YUBZERye€+yestTY UgzzU! TZzag! 2TT32TYT3y+#
TYyesTyuUdss 2YzUUgzt e ZERQYBAT=2QEsn@2 Iy 2

CeEEUNsSWR3Z3Z%+5 | ZWZABZBY¥YU Zrzdbyx@Eidid), YZE yZ 2z 3TH -
cSsesvug! I IULT

G =

n

r, Ak G A(Hexp( 2 in,)pKe, (3)

1TtAKR 2Tyes2Tg UZYzUTOE GET+|RM ZHeIMA YTNHEMd, S UEUVZ 1 ZULVZ]1 32
23U S3Zt TLTITROLWSE Tz2T3! 3YYZI UgGYyRBCRBRERZBY BEPDZEPIYY 3¢
TT T2z UEF2Z2WAK U Z2Z AKDOXIPZ 33Dz TEgTEeZTYYyZ UPZT3IZ23TE
zUTOEY YD U W23 ZZZUu» ZZREETY WUz FE2E ) &KlZ

A,(x) B, exp(2 ipng) A (4 A )exp(4xi n ). (4)

L TE! zEYeg3UseTgedz Z8TZUfyed:z ayeVz|{Udz YTEt3s 2y
234025, I YETHIZEWDIP.[7] t2L UTdd yZT UEgzZUVUOZzZayUT Z
12021 322U TE0Z1 2 UTZe3ef Ty Uds Z SRYTWORRE STAE S5 22 3)7
SZUy* Zg TT3020!y+5 SUZRUTE: ZUTZEZY BZeZEDEAL VU Y1
12ZVZ132YYZuv U sU232Z3Zw, Y+ YZE{TY 3e2gcyvyegi3uszeg! zT
SV212aTYZT, Vel IZiccoyZiadTUREBZIEZE0H, 233 T oY TaEDEAR | 2T
SZz3dA TYYZT UTZe32f TYUT. © 2Zy, U g2Zz3df TYYZT UTZ:
23w, TEeTEeXTYYZ, cyUteTg UesTggszz UTZe3ef Tyud
SZUY4d), Zg32fTyy+5 Zg SETS5 5 B34S USTU A TUdy  (5Z2Y z2URTU:
zUUs ALVBZESEYZIUTYYZ1 2 220d2 = zUZEO0ZEsU Ye2g3Us# 31

Cv=a G Ne:G ) xs Q) (5)
It Tg!
:iglexp(Z prs,)dexpgi (N 9 sin (pN s 4 ©)
N 0 0 0 sin p SO()a
1% - . sin(2pN s
s=y@a exp(4 prs,)d exp2 i (B 9) m{mr @)

F2o gUTy3Tg UT (6) U (7) 23U 3NTUWYEYERBROUTUS L
K2OUY Ze 3@ 223 TYYZT SATDYZOE TBBTY TEUDIDEY Y
zZUAK), cTY YTIWMMEYViv & YUYU pzY ST 323xyz zZggeT
e232g! g2UUT 3ELZIUd:, z3UsB3B;ZRaB ZeRs Nyy@Z UgTUWE) |
YTZe3Z{ UYZ sgZet Z{YyZIZTYTYYZ sLUSLVUgTOU z#326:TyUd

27



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

S i(pNsdy) =sn( @Nsdy) =0, yZ TyeYTyegTLOU 2Ff0OU 2% ZgOULY+ Zg
302UV

d0=£UN : (8)
N

FEVUZSUT (8) 3ccgeyesOUS2Tg & INBT!t WUVIZ dg KISTEH BY % &4
YTgUg!, g2 g32tUsUZYyyZ = YTgZ{ T 2272245 pelzZI z7
30 ULU 220! pT), -FZUVTIZ@| ¥AI@ZFO Uz TEY VT Z2W 382 T 3 difc
YARBUOZgZ3+T yeaovlet +seDredz 331 Ye t331£sLUg@EOR UAL:
132YY3 ZelTOg2. D (e2yyZ¥ GDIZ2AT YHTAEYTTBEIRY V5 &
ATYUEDDE U z3:TY &z Ts UBUDEZ |22 325 BZ 3B ), VATE G&F 521 T
OZYzUTOEY 3Dz 2YzUUg3t3 23Ty YTegyY2Z12Z 2z2ZUdz KkaOUY Ze3:
YTgZt e 2272345 pelZ: cZccgzZUg SheZX[e¥ezZet WUYBZY a2
Ne b USUZY TT3®PBRFESBZIEVZIUTY (8). PgZ zoLVZE2QBBIFE
12523d2, EZZEFEIEPEPEUEBESVZIUT 3gU00UZ2DI Ty UYgT32T
YTegyz1Z 22Z0dz U 125dd 3Dz UYegT32T3TysUDz t{ Udz zZUdz 22V
PS5 UEVUTYUT E3YY (6), (7) 2321 T Z+zZ0yUg! RzZITY. &Z
keveds gT5yUse e2+L2 UgzzUL! TZzeye, = s2sgyzZegU, I y.
Lzl132YYa5, zzZU34TYy+5 YTgZt{2ZY yTz3T3+syz1Z 02yU3.

320U0UDA TYUT

| 3UysUz+ U UL TU 2yeLz1zzZu (2ZUVUZ]1322U0U 5Z SEg3Thyd
32eZg yrdPyUsgDD2 z3UYTYyUY+ & 382T5ZY U 3 sU232Z3Zu |
$Z £02YyU33DI UY UyeT32T3ZYTe32Y. | 3U DEZY, 3Z0! TT3
U1 32Tg yeez3 5 U23@ZRUEBIATUEUISYEZUZSTYY+T 23U EYTI
DI T1Z QPE&30R20 zzZO02TayZ s#pT, z3U Zz3T{TUTYYyZu ¢g3dz
U 325cczZdzy UTY YTtttz yYUYU, Zz3T{TOATY+Y EYTI TYyUTyY

3ZZ2YyYyZT UTZe32f{TYyUT yT 21 T3tUg p3Y, czdifeyyiu ¢
32t Ty Udz

cLeSl ZEZE3Y
teezge zZ{tT3teye-119Ge45&Y + YA 18

KzUgBOgZLYUDZZ

[1] Kal enb&Gvwpect-smatiyal f our/iS&rkKhad leongkidd@mh yonkBSht aMdko
OpitcEsx pre 28 16830c B.TZY2 1. M 218 K. 249385990 .

[2] Kal enl.dvWbUz T3gz TOgZIFE | Y3REZ I8 BIOLRWEE 2 0A S K&l enkov
SGKal epkBS8ht atikba2y g PDZT drg 3 Zoy2U00I&5kZ Y4 8 m 4 56 K.33-338 .

[ 3Kal enBowWHE.perspectral hol ography: an alternative appl
spectroéom@Kaltenk®dKal &nkdS8Sht Alkournal of t hye oOpti cal S (
Amer Be2 0 1g7Ma . TZY3 468 m 568 K.B43B55.

[ A Kal enBowe:Fr Ef erence hyperspectral GKallegqqk®Kh| €&nkdberfr osc
AdSht alkeour nal of the Opt iAcead 0 1V iBeHE A 3HAF3.8BAmer i c a

28


http://www.opticsexpress.org/abstract.cfm?URI=oe-21-21-24985
http://josab.osa.org/abstract.cfm?URI=josab-34-5-B49
http://josab.osa.org/abstract.cfm?URI=josab-34-5-B49

|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

[5] cTLLAE BEXITt TYUT -8z NER[IAIJOA£ UDX TLUL; zTRQUEHYs23ITt. D
G.:GU3L975.

[ 6Kal enBowWHG.per spectral hol ography and ®GKall eme&k oveni sy uk
GSKal erd/llHot ogr:apdhdyw ances and MPrdaaSP lGE2 @ Add¥o0.V1 0 80 .
P1103.004

[7] dTYUEDPDY luve ZgZe 32t TYyUU ZzgUSLTEOUS gXZugg Zel TOge =z
UTLZS TYYETYR.Y/DRE g U2z TUO g 3 Z 602 6d3KZ Y1 58 K. 5 535 3 2 .

[ BKal enBow@®.nt i nuowushipihtasneg hSGkKagraph$kal &GnkaSht Ak o
Journal of the Opt iBcea2 0 18nla@inautayWZ/¥3f7e Mrher i c a

29


https://doi.org/10.1117/12.2520273
https://doi.org/10.1364/JOSAA.37.000039

|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

5DZUZ1 322U TgOUT YTgZt ¥ TSzUgU St 3T
SZUZO0ZYY+5 23D 1ZX0U5 £g330:33

hDGZ3ZTZE K522z UWEI3TTEF3 Ty TsBLBUEea8523

lFeTeygoUlUu yesUzyeU! y+ug UTVWSTE ZC g TOYTRXIIUFE Us Tg UY
CYkzzZUWIE@D, FeTey!, tZggudz

2F2TeyEgOUr 1 Z2&E3t 2838c2Tyy+u DF¥FT3I]TgUSTEOUw 3y UIT3EUE

FZYO3Tegy+T z3UYTYTyUd:z 21 3TEY+5 ITZUZOU0ZYY$5 23D1 1230l
VT g3Tezz2yUdz y2 23V BYWUdR £FADFzIZ3BBS EPdz, 0VZgz3edz Z2z3T
UTY z202Te2gTULdz z3TUZYVLUTYyUdz 52t d2l US X US gg3320g332 2
T2yudzyy O 302Teyy*Y gg320g332Y dzz20dZTggdz pU3uUye z2Z0UZ,
2302D1 U5 2t 3Ty DRiPNTYIYEREv S32TYZE YEAMPBs y UXUT -
zTSUZ2DA UT 2+gZ03Dz 32T3Tpehad zDz g¢gzZ2Z2yZ2¢&¢g! UTYT3TY UL
SUY. D 322Z5T 328ESYZg3TYy+ 1ZUZ1322U8TEOUT YTgzZt ¥ Tez
2T32YTg32Z k2Ll ezge U fLZETeLUTES V2 FVYWIgBWstyddz U Yy
3USY+5 2t 3TEy+5 TZUZOZYY*5 23D 1ZZg0U5 £g330833, z Z
S*¥FpT g3TeazZzZIeyUdz

FUDA TZ+T DEUZEZ22USTEOUT YTgZt ¥ T2zUTU 23D]1ZIF0OUS
SZLVZ0Z2YY*T 23D 1 Z2ZEO0OUT 3Tp BYGET,3 2 TAZZYZ2s23dz  kYEAF! B, §
OYeT32T3ZYTg3 fLZut @

NUg U3 ZIGBHFHMATBLIDDZUVUZ] 322U TEOUT YTgZt+ TezUgU 2t 3TEY A

23D ZZE0UINDEZZBIZEE . KeG.2e3ct BRI TREF3QY Ts 23,

} ©.CGUE22BRALOEXPOR 0 KYTE{ 3y232t yad: ®@zy2 TIZAYS|B 2200 U
z3U00t iU TE2OUTS Y ZUZ KTRYE £ .8 BO 2G =K
UYY.Pc23zYy20K 3 839

PETt TYUT

Ct 3TEY*T ZZUVZOUZYY#T 23D | BIXFFEUT zETE33LZ gUs TR OUCTD EK)3 3
SUSTEDZY IZUVZOYT, OZg2Z3%T 23U ye2z32:U0UTyUU ya yUS
S 323IVZYT3YZU-$&(xBlyZw B2320T3UEg UDZu 2 ZRYEYIDE
{ Z35828cZcYZT UTU3ZSTYUT, 32Ty2Zce! YTit3 seggzgeYU
L TEOUS s2FgZg U yeszZtUgedz = 3J3PHURRPYEZeYZW ¥2PELITEE
{ Z3Ydz $25gZcY3YU E£Zggez0dDI UYU yeT+zeTg sWy SR3UTE Y 2
2ycgye U IZTtTuggZUDZ SyTpyUS 2UTULTEOUS zZUTuw U yT
t2scZc+ CDCK [4]. keOUY Zzz232T2Y, CPCK Z{YZI3ZTYTYY7Z
Uy22zZ3YesUD:z { 535%28cZegyZ12Z UTU3sTyUdz U $355gsUgTU!
SeTY, ye ZEy2Z:IT OZgZ3%5 YZ|3c efg! zZEg3ZTy+ 32¢&z
SUSETY+ & 2ZU!l pUY ODZUUSTEEZZY (2gb5UDZ: ye Tt{UYyZuw
yeuUT U eTT tUDPDYHE IZYyFYBZESTY BYgT33Z12s5 U0 [ 5,

J20ZYZYT3Y+Y @GIBETsFZkE ZXBCK O YyZ{Zet3TeyzZu szl
$c330:33T (GCPCK), = £zTUg32U0!yZY ZgOLUOT OUZgZ3Zuw

30



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

N2 (®=1r) N2 (®=)
- ol

AL
a

O1=1mr P2=m ¢3=m

> Z
0 - > > L
AL, U2 AL,

6

b UE Kgl3z OgmQiec ) BpCbc B) (

L2 ZgyY¥5 UZYzZYTyg*, zT3TO3ZTEgyY+T 2UTYyUdz DZgZ3%5
Yiuw, OZYaUYyU3IZISYyYHUWuv WBTES3ZTZEEFWD (U 2Z0TT) 2t 3T
cUyesUdz zZTZZ0dzTg yT gZULU! OZ 32gpU3Ug! 2t 3TEgyYyzDz TY
SETUg! FgZSYZEE! Zz3Tt TUTYyUdZ sTyg32U0! yZu 23D31 1Z3ZE0
c20fT UTeTtag! OVZUPUIPREzEIWPERYYy&b53TEg2 ZtyZu CHBcK
cUyasUZYyYy+YU gZgg2z0dDi UYU ITeUYZt TuggIUdz t 331 US
yuw 8[] 7,

gy ZEUEgTU! yadz zZ13TpyZEsg! Zz3Tt TLUTYUdz EYTI Ty Udz
SZUY*¥ GCDBcK, ZI#zZAYIVYLRIHESZWIZz 33Tt TUTYUdZ TZZEITELEE:
S 0%010,%2061 zZUyZ1Z tUczeTZye UTUPZFREEW, T Iz 4
TZYT UTYT3TyUuw [7, 8]. HhEYZIyxYU DOTYTygaYU CBHBcK
Y3Dz 2zZ13TpyYZEs! UTHTROIUWS dZPUPEE z3Zz302yUdz 25 3«
DA U5 2t 3TEYy+5 ORIV YEZSSTrZeyYFu 32TUBEODEL L ACYyYEDT
523205 T3Ugs V0OV = E3xZDz Z5T3Tt! Zz3Tt TUADEEdzZ TS5y ZU
3TEY+5 DODTYTYygZ: Zg32f TV EEPEKIU2YYHE3zCO33 X 5TU
2ZgT 32FTEYZe3Ty* (ZUZ1322UTEOUT YTgZt+# T2zUETU ye
3Z3 kaUL!lezzZg2 U fLZute, U U5 OUZYeUyesUu t UMz 3T20UT
2t 3TEY*5 ZZUZUZYY+35 e 3DAZAAIY U Thz3ZWielsd, z=E(ReyY 3
222y Udz

1Kg330g33%23c0ebl Us CPhPcK U GCHPcK
P [9] zzveTeye sZTYZEiyzZgEg! ISTLTyUd:z YYZETeegsze 22T7:
VZEY+5 ZOZY 23ZT384YZEgU Iyzeg3U Tez3TgyzZu T[ZY3+ 32
hut yeoz gxdz[! YTEt3 s5Tyg32UlyZu {UUyZu ZUy+ Oeff 2z
VETYUT Iy3g3U Tez3TgyYZu TZYy+ yT 2%0U {TgeL!lyZz 3¢

31



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

Multicast Fiber Bragg Structures Multicast Fiber Bragg Structures Multicast Fiber Bragg Structures
19255000 1747 €000 TS5 300 1328 3060 TRATD 15500000 1704300 LS5L 2000 1571 5000 562600 13230000

"
o
i
i,
2
& o4
<
y
1!(!( 15476000 15432000 1542 3000 1540 400 000 15506000 15502000 15518000 LSS24000 15520000
Frequ ) Frequency, (du) Fre 4

A yzat 3TEyedz e)azzsey 3Ty ed: Hk3IT521 3TEy 2dz
b U K22 Og 3% Zeg32f TYURRIYZ23 SOTALYTE 02D1 US g3z

CZ1 T3t 2l UT X2 U g3U 22TZ22%¥5 Z0ye zJZT3IdVPRIFYFT
£e330¢g333 2ZZLVZ02YyYyZ12 UVUS2TT32. | 20eTeyzZ, gz ¢ 32T
yeYU z3ZT3esyzZgeglU YZETg 2#+g! SYTY! pTYy 2, U y2ZezZ3
zZU! T3Dd1 UT DBct § tZ3Ydz 22YAD+ Y BDED K| 2YHL (233&L TYZY
322y yeYU zzT3Z+T 2 [4]. DB tSyyzZu-U3gas3aApTtHH cF¥3DE
CbcBct § g3TYdp-g2eIgta YAl Ag Ug

| 30 DZ ZVL,=OLgIPLEDCcK TtUgeTgedz tIz528t3TEYZuw (zT3z2
SFu 23T cZE S, CZ2Z2g2Tggeg2X3hbd 2dz 32¢g¢ggzZ2dzyubz YTE ¢t 3
AL(A3) U s5Tyg320!'y*FY A2, ZYyU 322y #F;, 2ZBEBIYZERITCEY¥
Zg2XTgeegxzbad 2dz 32g¢ggZ2dzyUbDz YTEt 3 O32uyUYU 22TZ2Z%FYU

dEUL, DLy T 32pELPcSUg2Tggdz g3T528 3TEYZu (z2T3Z2dz «
SFuv 2 ¥BEEgZge, CZZgiTgEgxzzbd 2dz 32¢g¢ggZ2dzyubDz YTEt 3 2
3Zu 24 ZBELcZ¢g e, CZ2Z2g2Tgeg2Zzbd 2dz 328 gZ2dzyubz YTttt 3
€32Vl y#Y A3, g3Tg! dZ3IcYTCREHIE2EEZTEZZE2Tgle Lz Dd ac
YTttt 3 032uyuUyYU 22T7T2Z%FYU gt 2zUleYU A1 U A3, gz 2201
yudz z3Z2z3502yUdz TS g3TS gUzZX (RYEPARF2ZEIZZ2g3TE C¢E
EEITYYZ) .

Ct 3Tgya2dz s2ggzZzge YTit3z tZzYdz 22TZ22*%YU gt IUleYU |
2T 22 3Tt TUAZTggdz ©20:
_IZ’ fD8f_2n[D’ (1)
8nDL c
1t Aic D22TOgUSy*uw zZ02T2gTUL! 2| 3UNf8 ZsYTUY/Tey3LBdD | Y 2WZ (ey3eD] |
t Uy e ZZUYy+2plCBEhcKE e D d 11] ZgYTsLeTgegdz ZZ2TYZ2t DHgg! 2z
z30L=8YY U Zecl|l Tv tOUOUYTYYEg330g33+f 214

2p-Cbc K (2t yze2t 3Tgyeds e2#+#U0U2 UT1ZgZ2zZU0UTye yeyyw I U
FCo & z2Z2YZI| ! Dz 22T72Z2u YeSgOU Vtajil=ad/IUEYYZM F¥Zt Eaf
1YOYW z! TTZDDTOE3IUSTEOUY 23TZ232TZ2X2gTUTY § 32T3Tp
E3TS 3TORBRTBRLRAYWZR ¢U ¢ 32ZYy*FY YTEXZZUYyZZFfY UygT3z2U:
t dzg g dz g 3Up-Z2EIBE88)D 32&zZUZETYY*F5 ye Z{t UYSOZZIZY 32¢:¢
325 3TpTgoOU, sgzZ U 32y!pT, IZZTVYEDhsy BLEEAYIS TUY Ed| FJarT
t DUY T £xRBYVOL4 k20UY Ze32TZY 2Z3YWEEDERAzZ {2252t 3TEY

DI

32



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

Y@ uznyyenue
®dasopas wlcxu
(a) (6) (8) I - |
YO usnyuenne Y uznyucuue /
/ \\ i ! = k
dazoBas Macka m=-1 \ m=-+1
| T |
L A \; }_P\ ]
i / CseToBoa
3eprano§ ™. ./ 3eprano
= p
=) CaeToBoj

b 4N X 1

7PN

t U .OYyX.T32T3TYsUZYYy+T £5TY+ TezUEU BEST YBY &£T 32221
Y2EUBU (E5TYe & 22T2ZZZu YRER2ZW! UBYRslTGI2 T332

m=-1 m=+1

NEYZIY+T 232Z2U0TY#+ TezUEU GCDPcK IZTYUDULUU z3U 223
£33.-zPFZ+5, sZTyUovLe Tetese TezULWe2IUIRESZPEDPSU
SZTYyUosLe Tatese EsTRIBYATASU.ZOEY] 12032 11] ( ZEc Ut UYHT
23XV U zZXVABERD)L, LgZ cZZegiTegeezzTe IT3I5YTu 1328yUV
zZO_TRayZ, g2 STY 3{T zZUZge z3Zzzc0ayUd: ZOZY 232
peDi 2dz czZ2cZeyYZQEYZVUAYAFUEI3I2TZZ ey Udz CPCK.

2 DZUVZ1 322U TEOUT YTgzZt ¥ TezUU yTDO:= Ut U
z3Zz3c0e8Di US GCHPCK §Z £:XT353zTOUYU ZOUyeyYUy
dUdz zZUg0ve ZzgUYeUL!y+5 gT5yZUZ]lUuw T2zUEU yTDOIU{ U
yeYU 23ZT328YZeEc U 230 zRBZTIN UYT SYRWUT a/BghWesyZu U
SIdi Tyy2Zu gZEgzZdiyyUDz 32TsUglUdz y230U U gT5yUDBU = 2
2+ VU T+e232y+ gTS5yZUZ|{UU & zT3TO32gUTY gzTOg32Z% {3
YUTY SgzzTysegzu 22TZ3Zwy WTRY OUT AT 3 WU §Z 2 TURTTYE OZ | Z
zZYZ| ! Dz DDTOg3ULTEVZu (31U 32328y Z12Z 2@zze32ge [1.
PET £3U gT5YZUZ{UU UgzzU! T3Dg 22TZ=*T YerfoU { Ldz
[13] g£2Z3YU3zseye gzTsUal!yad:z YeWea.s DIXEEZE Y D0
zT3T5Zte gzUl Uy 2Z3YU33Tgedz 22T2Zz4+uv &t UY.
KTS5YyZUZ]l UU diZVUdiDz £dz OZYe UyU3Zz2yy+YU U UgzzZU! T3

ET32T3ZYTg32ZY keULlezZzge [12, 14] U fULZuwte [13]. D
ET32T3Tys Udz ¥T#Z Fdag+de YW { U2320s5 00 UTUzsTyUd:z, z3Zp
YeEUzS3 Y3 . | T3TEg3Zu03s 3TTZYeyYeyZu tUUY+ SZUy# F

z3T{ TU25 YZtyzZz ZEgs|l TEgxVUg! I UYyegT32T3ZYTEg3T kaUL! a3
YUETU!l y+5 TT3020, 325zzZU0Zf{Tyy+5 ye 3|1U0UZz+5 z2Z{ Ut
YTEgeUg! WeDDREZTE UGEPED(.3URY e T32T3Z2YTg3+ ¢ z23Z&c32Y
VTYUTY z3802 (UYgT32T3ZYTg3 fUZute) UYTDzE YTY!pTT

33



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

vindesdz@dd
L1 T L2 L1

DIEKTPOIEI

vl detsdzt®gd g kTS5 V ZUZA 1y

t UE Kgd3.30g 332 Y TDDIPJGSK 2YEZWE 2y yedz ye ZEyz:s
ET5yZUZ 1 Uw [12] U [14]

EUTt Z252gTLU! YZ, U3zspzDz ggeePL! yZgg!, Zz2Uet eDz Z+g2Z
322 3TpTgzZUZ{ OB0t BFPYBY(.3U¢

d331UT YTgZt*, g20UT 020 (Z2zZUYyUgTU!I yYZT Z2U34TY
YZZ23222g02, YT Zza2U2taDf t ZEga Z2SYVEDcKBUEOLKS 1ED2Tt2L c
t2yyFYU z232YTg32YU.

D 3TT30! g2sT UTTUTHE 252 yUBUZ ZeayU +5ut 2YITEVZ t O ZCyWBys 2y Y +
c2ged 3e2eZgyg [12, 14].

} 28EYZE3UY YTegZt REPYKIEZ EYEI| | Dz T2zUgU yTgOZU
3TpTgZ20. Kzg! YTgZt e T2OUDSER8BIE VUIgEL FHIBY.UTE Iy
V5 1 ZUZ1 322U TEOUSZZWANT TREJITIR MFIZERYTg32 [fLZut 2)
[12], t@UTT § UgEgzZULU! TZZ2yUTY z3TsUTUZYyYyZ|1Z zZTUs U
VdzZ3yZ TezUgFZS2TYZY3 23403 U Te2zUg+*22Tgedz 2gZ232dz |
(ftouyea Dbct) z2ZtZa32y+ ZZUTBZ1ASES APBEZGHIFBETFT S dz 2 27
SEu Tt IU|l U TeX¥GEGK 32 (fWEYE/ Fdr 2 ZUTT gZSYZ1Z OZYyg3Z|
| TYUdz £ E5TYT UgzZ0U! [3Tgegdz UygT32T3Z2YTg3 Ga2uwOTULU! §
€25 [12]. d2UTT zZ gTIYRZUZETUUYRLIERETEBARNYE , S22y Z1T
SZRYCDCK) (U 32TTczZdyUdz YD)t 3zZFETPTeHEIYR @&z TEg =LA
3ZBYCHCK zZ gTS5YZUZlI B L[(BZVZT VD JRZWEU, 2 TUTt 2325
Z3US s UDU2FCEAR 23tY3BIVZYZEZtL UY20z2s+, O3ZZYT yTIyesUuUsT
VZET 23Zz3502yUdz Z20y2 z3ZT328WEEEKS)ZIZDZQWA F@&Z IS
$X23Zsy*uw 2zze32g, U ZZTt1TUuEsgIUTY DOTOZgZUSTEOZu f :
CTYyUdzY U, Zg32f TYVsHieWeAEs3.Z2dBUBORT2YYZu YTgzZt{ UDT e 4
VZOZYY+T {U23205UZYyYy+T 23WDCACIRERY ¢ 33 p2 222 +
St TuUleyYUyw, touUuy+ 0Z2gZ23%F5 (& 3TEgZYYXRENIFAROWE! Y EEL
52Y.

Kg3z20g332 Y TDO2YTBEK ea/FTViZdrr 2 ZYTAHTS RS BYWET 3TpTgO
TZS#PPL U1 2YU 2ZU38TyY4+ 2Z gT5YZUZ|UpPE(I®] . zRUYEBE
ETS5YZUZIUU [14]. | ZUZEge 23Zz3:02¢BRILPOZY z3ZT324Y:

| 3UYTYTYUT g20U5 3TpTgZO YZ{Tg e$g! Ze3l Teeg=ZUTY 2
ETYzT32:33%+ gRUBzBBYZY OZycgeOgZ3I OZYzUTOgy+5> 328z

34



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

Vi RRaakana |

- : H|‘N : l(’

|
| I
Lol |

hy yzet 3Teyeads e)dzzs52t( 3Teyad: Hk3T52( 3TEyads
t UE K25T.0g 3% Ze32fTYyUBRIJZ2: FAxSYMIE DI US £330

CMESS CORDITIONT |
|§TAHT: 1561, E0dnm =Toe: 1EES. SAEmm centem: 1564 AFANm SEan: 5. Anm

B. 108 res: [ B Tlrm sens:[HIGH] .-WG:- serLz [ BAT (AT
@R’EF ; : : : : . : : :

1.508

.40

3.208

:-L%’ : :

1551, S09)|

o [CELE@n  [B.50we  [E56.50
R o 2 D R 5 R T e

} US Kz6T.Og3 Ze/33RIgP@RymdRez USeYyFEa] 322U TEOUY U
ye ZezZ3ziYyPOeyWPRYRKFCO

[16], UYygTygUZyZgegUlU s2ggUsy+5 32T3da 22 Zyzg3U yusd
YZYUgZ3Uyle £TYzT32g33% 022TU!y*5 zZ{ TTYYy*5 U IZ°
zZ{t ecegeysUuw, ZFzZVYdJY yodDmMazGtURM s 19] .

3DZVUZ1 322U TEOUT YTgZt+ TezUU yTDOSUt Usge

GCPCcK §Z EZT35zTOUYU ZOyeaYU z3ZT3eb4y7

hug 32t 2Dd UT CP¢K gBTIEIEFTEYFT GCDPcK gg3zZdigedz 2yaULz

TLUYEEIRBEWVSWEYTEgZ 2zZUY 212 2z3Zz3c028yUdz ZOZY 23Z]
SXT353T0ZzZVUZEY+T Pct & YeOguYaUL!yiY Zg32fTYyUTY,
s UYy3, UTt2l 3Dz zZ S2gcgzZeT|[ 323 38Y FZY &P ZCHCEP TC D cKY, 32

US £zTOg3RY Bg3R3Zzz02y Udz3zABBP2y+ ye 3UE

F2O YZiyz sU{TZ822¥E3382P4-OPCK3EDCK YZ{3g e*g!

TYy+ & UEz2ZU! TZZ2yUTY ggeytel3cgyZu zcgeyzZiowyye 2Zg
U z3UYTYTYyUdz yeyZYTg3ZKAWAE BIT I.UBUOPEEVz 2t Tg etg

TZzeye 020 22TzzIed:z Yagve, g20 U t331UT 12ZLZ]1322U%"

35



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

D 322ZFgTzdMRt &c2ZUVTY YTgZt Z-EPUCKUEZzZFIZEDDUYTS52Y L
yegdd TyuUdz 2zgUSsTgOZ1 2 ZZLZOye.

d2zUE-CBbcK XTt Tgegdz § WBaARZWZILRIUTYW. dUdz zZt g 32
22TZ2ZZ212Z2 Tt IUle UEzzL! [3Tgegdz YZgZ3UTZI2yyadz z 2t I
22TZ2Z2uv YSgOU U z33z3fUuye, yezzZt{did 2dz YTS2YUSTEOZT y
zZU35U0U0U 1t 2T Ut TYygUSY VY DUE ty B8 BR2AYZTE Yz 3TZ2AYE JO.2y Udz

d2zUugeyyedz yeYU 3TpTgle z2Z tSyy3ay B TOSWEYOE 2400 i Z
U3t Ty+ 2ZUTT 2ZTOUT zZ2UVZEg+ z3Zz3502yUdz 3TpTgZ0 T2 ¢
SULU zIYLO F20U 2 #UVZ[ #3F0202d Z2p BFURSet zz 32z 302y Udz g20ft
STOUD2 U z3USZtUg O 3l TEgZTYyYy+$Y 22| 3TpyZEgdiyy ¥ 2Z:

BU3UYy3 zZPZETFs 02y Udz YZEYZ 3YTYy!pUg! TEgLUU TIT 3%
32EEYCEg3VUZITYZY 28MBBAEKET cteWiZ 0T 3 TOUSY yRZFVUBZ3 0
zZ0385Ug! 3TpTgOUzY. pU3ZUYyZu 45

D 322Z2ge25 [23] 23Tt ALBERY UTZZDZ I Z2E23 WIY gTSY ZU
E33U3Zz2yy+5 3J3TpTgZ0 zZE3TLEEZZY LT3Tt ZI2ydfgr 34828
CEeEPILS2EEVZ2ET ZZULZOUYe. 32z Ug! | BAARLRDVDIZzWIIY'ZuvE 22F¥FZ
St 20! UOZgz23Zuv zT3TYTI 2UZE! ye Tet eywaDz. t DUz 35TZ TR
YT YZYTYg#F Z3ITYTYU z3ZUTZZ2t ULVZE! ZgOL®ZIYTE-33F0L! g
CBbCcK YZ13¢g e2%g! UT10Z zT3TEe3ZTY+DUFBETYEUYUTY tRFYV S
22gZ23% z3Tt LZ2f VULOU ©O2g0St yZT ZOUDATYUT gg3305g33U37Z
pU3ZUY 3z zZUZg+ zZEz3802ZYVHZQUYT 31t Z2ZU0UTg2Z23diTg §3Te?Z
t Udz 3TpTyUdz z3TsUTUZYYy+5 T2t 2s. htFRBOX¥YYLUYyS g2UZ

D t2yYYZY 32Tt TUT zzFOE/ POEEHEKE A/TTOZ0! O3 US zZU34T
YZEYZ 2z35TY 33STOUSTYUdZz p2l1 22 Tez U2, 2 B IBEZEZYISZEFY Y -
T2y Udz g3Teg! T1Z 2t 3TEYZ1Z DOTYTyge ye z3ZWSZWN-yZY
fel BCbcK.

k2aoUY Zz2Q@Z[ZVY!, T2hEeyudE3l-CbcXg 32f 2Dd US gg330g33, 22
zZYZI1 ! Dz ODUEEUSTEOUS 22TZ2Z#%#5 YSgzZ20, YziTg-ucaxyg! 2]
Y2UZETYEZ23Y¥F5 z3ULZE TyUdzs, Iz 0VZ2gZ23%5 ZSY YT YITAWAZT
tUy+, 2 TT 3TTR2Z2TIp VEBEHAAY'IUTZ2E-CH W@31-Cbc K  § & 33 gg3BT3-
sUTUZYY$5 gUEgTY2S UTYTI3ITYyUuvw YyTZed52t UYZ UgzZULU! TZZ
2YyYy*5 bcect, I VzZgzZ23*%F5 puU3uUye zZULUzZg+ zIJIZ2x3yg0Ayudz 3T
ZEZ2TYyyzZz z3U 0U2g02tyZY ZOUDATYUU.

3200UDA TYUT
ctUU 2z3T{ Eeg@ZVUTY+ OUZYaUyU3zZzayy+T {ZUZ1322UTEOUT
Zz32febDi Us CPcK U GCPcK, 35Ug+s2D3d UT ZEgZeTYyYyZegU

2ZgZYY*5 ETYEZ3Y+5 T UDEDNE®S. ¢ IHYHITHKBPBERBC K 2FLU z Z0;

36



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

STy $ SXZT353TOUT TUYYTEg3UsSY+T Up-YITDBBTW UEzRPYZEYET 2
yudz t 2 Tt UYyUs U tTgdzg 02 GDs z3U Ue2glet UZZZIcecyyZu
t TOlL Y5 bBct. BgzZU! T3TYSUYZOZYOWYHAIEZI2ZYF:8gz gFAUTZZ
5sTYyg32U0!y3DzZ t OUY3 2ZU0yF U YTgegZzZU02i TyUdz sTyg320U!
1lUaOZ2gg! gTOYZULUZ] Uu.

dUdz Z2g 32t ehbd U5 gg3320g33 2%F¥U0U2 32T32ecZgeye UZYe Uyl
VZ]1 322U TEOZu Te2zUEYYEZT 3IPOEZYUZZV2Ta2y2 D22TOgUSy?Z
CtZUY3g*d zZ tOUOUYT ZZUYy+ g pUIUHIZW Yz Z DZH 24 3/ Zz 2ZW
YUT U 2Z0TT 3TOUS 3TpTgZ0, Zt{tye2V¥ Z| PDEFYVS PRDE8TETE B!
52320gT3 U>S z3UYTVYZIVWWde X TIFZRE ZAag S UESETYT. | 3Tt z Z¢
SS2YRITCDOCKI-CDcsg 33033 =2 2zZ232122Z+%5 gUgEsTYESs, (tT gZ
YZETg gZ&ggexZLdzg! Tt UYyUs+ ULU { TEgdzg T t 20U z2z3Z5TY g

D Z2ZUS5 gULUz42d25 2Z23YUIZ2Z2yUdz ZZUY ZZ #5 Y(FYARE e &&&EW-+
zZYyTygeYU CbcK U GCBbcecK yT Z#FT*z202Z z3Z20TY & tZ2¢¢
| US 32t UZ82EcZEcYEXBODDE2zSTZY 3

cLeSl Zt 23y Z¢E¢g!
CCF. ZZ#%z20ydz20 t2yyzDz 3222g3 z3U zZtt T3t 0T 132ycge
t Vdz YZUZ{ $5 O2yDUSFLEI2WIMG.8 ;> +m.Z0Uyd?0 3222Zg3z z3U
132yce UOEABDOBRBI CS _t .
PET 23gzZ3% 2V2]12Zt{e3dig OZYayt+ YDICU2®UP+Kh TEYz
UTTY*T OZyegszU!lgesUU U 327322203 3cceyZsOUsge 227
{t POUUS! UESULUTt ZZeyUd WomDJ 2 P3G KTEHOK |

KzUgBOgZLYUDZZ

[1] Mor oz@®GAddressed '~ ber br agdgi ssttrriubcuttuerde it amrndowaasea: n's o r
syst/eOndMor ozolhSakthabuVdompwt er cQPUIOYe K 3 M 4 83 P5 335
548 DOI1:0. 182861 2240112934-5 3-54 3.

[ 2MorozoGMo@.el |l ing and iesond Bwedhreslsogbre Bragg struc
identicmdrrudwraratings with di/f f@Memdeazawentr al wavele
AZhSakhabutdNwmwoeeSHMIiRs.bakKhowur nal of CBhhygres® 1®8er i es.
Voll 368P0220&tD0OI1:0. 108&/596421368/ 2/ 022049.

[ 3MorozoG6GMo@.el |l ing and record technologies of address
with two sy-mpmatei/©adi Magrisoz oivhSak.habut ONwoeev | .

RShMi sbakbour nal of CBhhyegresee® 18¢oll 26a883P02 206 8.
DOI1:0. 108 &/519M421368/ 2/ 022048.

[4] GUE 223 ZBP.DZVZVZYY*T 23DA 1 Z5F0UT 3TpTsOU § tIzYdz 22712
33555 UsgTUl VvEuw DOTYTY g U UYEgsg33YTys Y3/U! sUzLUTOEgU3ZIZZ S
} 3D.GUE225Z2B.CUYyes DGZ3B.TZ3Y33TTEF3QyTs 23,

Co.K25223gt BYEZ:, TYR.DFZ3TI WY, 3 /Byt TYT3y+uw STB8gyUD az,
20 167m 3 .

37


https://doi.org/10.18287/2412-6179-2019-43-4-535-543
https://doi.org/10.18287/2412-6179-2019-43-4-535-543
https://doi.org/10.1088/1742-6596/1368/2/022049
https://doi.org/10.1088/1742-6596/1368/2/022049
https://doi.org/10.1088/1742-6596/1368/2/022048
https://doi.org/10.1088/1742-6596/1368/2/022048
http://ivdon.ru/ru/magazine/archive/n3y2017/4343
http://ivdon.ru/ru/magazine/archive/n3y2017/4343

|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

5] KeS2ezgt Uy ZPT.32RB5 UL TEOUw OU25sU2U025 23 Tetas zZEg3ZT)
STYEZ3IVES SUTATRIVRT SAHSVWBZ sZVZ02Y YV +5 /@ § DR S 522255 W5V VeZss3 3 U
OYEITYT3IVHuU ITIROUBMBZY 2.

6] Ke52e3gt UYZR,3TE Y +T. SZUZOZYY+T 23D} 1 ZZE0UT £g330533+%
EXT353T0Z2zZUZENCES Q3T KBS P SITAYIZE =T ¢ YeUD0 By 3.

[ 7TMorozoMul-®ddressed ~ber bragg -sphotohiucesefiesonrmisgsowa
OMorozoakhabut ddinh mw,g e\iMiosrh a IRhKouvz,n eAt. AgV i WBkeheer s .
2020VoR0eam98P269&B83DOI : 10.3390/s20092693.

[8] ClLUUZVLUYGY Z|.Z3.3TEY+T SZUZOZYYV+T 23D 1 ZIFT0OUT g330¢:
STYEZ3VES KUEGTYRSVLVXECY 2Dy Z| TYg@EL 2 85 DGZ3IHATZZ,
CQ.K252e3sghHRIFZiZ+ 38 Tey+5 Te&Th THYKEAN ¢ & d7g &.631 3a
DO:I110. 318532 428012801-6-1 3 .

[ 9AgrawalPh@&sbaiPfted ~ber Bragg gratings and theilr appl
GPAgraw®lad/iSEEE Photonics TedBPrRelVolgs mIBeatPtOeOs®s9 @ .

DOI1:0. 1139867 4.

[1€Chen PhXtonic generation of mwavewawdg tldd ngoiatlguoglse anlg a
" ber ril/XgChleansDeerd gYa WI.EEE Transactions onTMchnmbwave Th
2006Vob4em2e8P8030@DOI1:0. 11209/ TMTT. 2005. 863064.

[ 1X] a,Stlabl ewavelpérgth "~ ber ring laser with ult-ranarrow
transombsasnid ~ ber Bradhi gKkB8hyumBiKiW tWanhi,anme eChdrEEE
Photonics Techad0 0dg\yo llL88. tmt2e0B. £ 2 1 621 664 .

DOI1:0. 1109/ LPT. 2006.883183.

[ lZhehurA.siEmpl e method f esrhiffaberdi ¢ atriengBrpahgagsegr ati ngs W
centre wadE€hehgtWal aBedP TaR.dProc. «&f209BNVEIF50&.
P7503&DOI1:0. 1117/ 12.835466.

[ 1B¥MprtinAnal @si s-shfi fpeaseber Bragg grati/ng®arwriintetzen wi
PFerdimApmd! i ed e QRPO®OVYeB 8 m 15 P3223228.

DOI10. 1364/ A0O. 38.003223.

[L3YZZUDZZ20EDUTCZI2YUT §gzTUg320! y+5 523205T3UggUD 202
22T23%Y UL 2Y z3U S Z Tuw b~ A\ g v d73yZz FS UV B¥ ¥
SZUZUOBCYZIUUZDD3K.TUCIY B ZUTEICPTEED DAL UIFB3 Y 2
ETSYUSTEOUY ZTEgYUD UY223Yes UZYyYy+5 a0 WKEA8EY, YTS52Y
Mm58K7575@D0:I110. 1758864 2220216885-7 5-T5 7.

[LPDS2EgUUVUICTTIRZVZ0ZYY+T 3TpTgOU zZ2028Teg TLdZ z/XKTOERZXPTY'UHZ U |
NO.GTt STt OBEZIDUTKG ZICOZK F3G.02G.,dURYREREI2Y gZZadz
DO TOg 3 Zey2UR0e5k Z856 m 123 K1085103.

[1®MpskevicRoi Kt ¥Wsd sguddiut ed monitoring of digital el e
addressable "~ ber /o¥Mnaske eSO slbBagkih@dMqr @z o v ,
AZSakhabut dNmoeeA Kuanet MoFvas Khut dAbhiopat KiAkMovr, 0o Zza v ,
LM.Sarvar aviy,azhd/lPova. ®f209@®NVEL114611146881R.
DOI10.1117/12.2527561.

[LYGUEe2252ZCtRBRTIEHFFvw I ZEHIBYIVAOUU (255 U0 2038z USTEVZ] 2 Z:
tefgs Ut yZ1Z 32T3d42 5 UZ2YzUTOsgyY+5 /IBOEZETRICHDWEERETIIL #5 3
CQ.Ke252z23¢ct B3 TTORGZ3IZTZ2CEfUECsyYUPRBEOEIZETSYUSTEOUT U
Uy22Z23Y2s5UZYyYy+T OUOZYz UdTDEEIKE T58 Ineg3ToYrELl 0311 1 @ .

DOI10. 171224 5280919953-1 0-1 1 0 .

38


http://ivdon.ru/ru/magazine/archive/n3y2018/5141
http://ivdon.ru/ru/magazine/archive/n3y2018/5141
https://doi.org/10.3390/s20092693
https://doi.org/10.31854/1813-324X-2020-6-1-6-13
https://doi.org/10.31854/1813-324X-2020-6-1-6-13
https://doi.org/10.1109/68.313074
https://doi.org/10.1109/TMTT.2005.863064
https://doi.org/10.1109/TMTT.2005.863064
https://doi.org/10.1109/LPT.2006.883183
https://doi.org/10.1109/LPT.2006.883183
https://doi.org/10.1117/12.835466
https://doi.org/10.1117/12.835466
https://doi.org/10.1364/AO.38.003223
https://doi.org/10.17586/2226-1494-2018-18-5-751-757
https://doi.org/10.17586/2226-1494-2018-18-5-751-757
https://doi.org/10.17586/2226-1494-2018-18-5-751-757
https://doi.org/10.1117/12.2527561
https://doi.org/10.1117/12.2527561
https://doi.org/10.17122/1999-5458-2019-15-3-101-110
https://doi.org/10.17122/1999-5458-2019-15-3-101-110

|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

[ 18] sbakhoCpopmBi n$d brillouin OFDA and address FBG sens
temperature nm&SHBIMi rsbmekmtddr oc. of I nternational Ur al C
Power EngUmnelk€omg201ER.6 987 48 DOIL:0. 1109/ URALCON. 2019. 887

[1¥MpaskevichibKr ¥WYptic technologies for diagnostic moni
'Smart | Grsi'ds/oPKveapstk e v iSdvh ,s bRa.k hGoMqQr @2 év Proc. of I ntern
Russian Automation Conf er2e0nle8® 8 5SRUBAFt oCon 2018.
DOI1:0. 1109/ RUSAUTOCON. 2018.8501617.

[ 20 embl @Dyp.t iGni zing ~ber Bragg gratings using a genetic
encodi >gembI|-M.@i | 0&8henyYBervhi Pawdu®&./ Journal of Lightwa
Technoleo2gliOessvo P 3. m 1 26 P43 8£2386DO0OI1:0. 1109/ JLT. 2005.85822¢

[ 20 anfablkicati-wavelfemautah ~ ber Bragg gratinki.amg,h a | o
DZhangZhahgKkaiGDoX/gFrontiers of RRYDHYs Lisam 1GBhA In0as
118DOIL0. 100 7/09BVHB7

[ 2KhshyaPV Written re’” ection grating sbeustusesagi phphe
shiftednapkBsKashy amc KR.eAr D&&l ectroni € %9 Qeé\oteiss.
m236P1937970DO0OI1:0. 1049/ el :19941357.

[ 2P] scoMi cM.bruct upreed “cbhérr Bragg gratings: towards new s
sens/drPsi scbadAciCacnop,o pS.&rud .0l Sy s ahPor oc. @f2 0DE7I. E.
Vob619OP66192D0I11:0. 1117/ 12.738547.

[ 2Mpbrozov Fi®epGic Bragg sensors with special é$pectrum
OGMor oz E&wenk.s erPiDe,niB.e Mkkou z mrAe t &¥rKwa,z a¥.owzZ a sM/e/l aPr oc. of
SPIeE20167V011.0342P10342D0.11:0. 1117/ 12.2270750.

[2KKuznet soF] bAptiAc sensors for compl ex //monKutzonreitnsgo vo f t
KALipatnikKNoveeGMo@ozolSakhabutdi howvrnal <&bnPkysence
Serie9.1®Voll 327P01208@011:0. 108&/596420327/ 1/ 012034.

39


https://doi.org/10.1109/URALCON.2019.8877685
https://doi.org/10.1109/URALCON.2019.8877685
https://doi.org/10.1109/RUSAUTOCON.2018.8501617
https://doi.org/10.1109/RUSAUTOCON.2018.8501617
https://doi.org/10.1109/JLT.2005.858228
https://doi.org/10.1109/JLT.2005.858228
https://doi.org/10.1007/s11467-005-0003-7
https://doi.org/10.1049/el:19941357
https://doi.org/10.1049/el:19941357
https://doi.org/10.1117/12.738547
https://doi.org/10.1117/12.738547
https://doi.org/10.1117/12.2270750
https://doi.org/10.1088/1742-6596/1327/1/012034

|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

6 DZVZ]1 322U TEOUT Zg32f2gTL! YT 3TplL
UZD22Us UTyge 3csULTYUdzZ U UBErBZLU! =
UYzzU! §y+5 UeTT3Z:>

CllzZ121t &EKTIVLTTKRW252VURL. 2223 NOSEZYVUYRCZ3TYyp Z
DGl Tg 2=

lc2V0g Vv gl 1 Z2&3t238cZTyy+u QRUEYCEHINE PUr 3y USTISUsTg
dAY Uy ZDETET32331, 2 Udz

2y 2s UZYy 2 WISt 2525 TU! OUw 3 YVoURTEFEUFT 5 3Pk GhuZ T RUdz
SGZTOZIEBYRL 238c2TYyY+u 3YUIT3gUsTg | TZL{TTUU U 0D23¢gZ

g 32t 2g TU! y*T J3TpTgOU c3Di 12 UZD22UsUTyg2 3TULUTyUdz 3
328z3Z2&cg32ydiDd USEgHZUY 3TITZIBegEFIME e Tyyedz zTIFUZ2t UsTgoe
2UsUTyge 3gULTYyUdz 20gUzy2Z2uvw g3Tt+ gZdiTeye § ¢EZ2ZgXITgeEcs
z2202T2gTULdz z3TULUZ2YULVUTYyUdz BB ggeg! T z3UZZ{diggdz 3TTz0! g2
TOUdzyUdz 3TplLIEZ0 Cc3DITRESYRU TET O F3EFY TR AY ABY2T3TU3 E.Y 2 Z-
veTeyz, gz z3U Zz3Tt TUOLWYZY ZF%22Z23T 3TtUYe 2Z3YU3Zz2
2UsUTyge 3gULTYyUdz, puU3uUye zZUZgF | TyFRKESUVWE MEITTEZse-+ ¢
STEgEeZ3DI TY 3ZITUOUSTYUUUDFEISTYYZY EVzspPTyUOU z3ZEg32ye
tTEgegxX2e z340¢e.

FUDATZ+TITPULEDY GEDY¥E, UYzzL! gy+T LV2TT3+#

NUs U3 ZIlRFUALCE DZUVZ] 322U TEOUT 2Z2g32f2gTU! Yy+T 3TpLIEOU

UZD22Us UTyg2 3gULTYyUd:z WD QGBDIVLIZT EZRR ZGITVEZ X

Cll2Z212te€KTG]I TTKISR VUK, ZAZf, DY ZYUWS,ZZT wp Z,

DGl TEJEHOLOEXPOR 0O XYTEt 3y 232t yedz dzZz2 T3Eys|UBe2 U0y U

z3U00eSt Vg TEZOYUT S Y ZUZ KPR E + .8 BV 2G =2k

UYY Pc 23z Y2020K 4647

DTt TYyUT
D EZ2Z3TYTYYyZ2uv UUUgT32g33T 523Z2pZ UTZTgegy+F 12021322
CHL) zT3IUZt USTEOZu Y2t 30dss UU zZ202T2gTUdzZ z3TUOZYULUTY
SOZu YZt{3ULUdsUU T12Z UZD22UsUTyg2 zZlUVZI TyUdz D zT3.
02520272 TULMZ z3TUZYVLUTY Ud:z DaL Uz 2 BB 35D 3. PIFS U DZ D2 2
Tyge zZ1UZ21 TyUdz Tl TggZe, UmapP 1Yz BEIZ{| E+3 Z2ZERUE O&
V2T2gTULUMZ z3TUZYUTYUd? gxd’Tey+ & UTYTYTYUTY zzZ0e2Tag
VZp TYRBIRYTEEBZYy Ul 2 [2]. | 2t 322y ZT ZzUE2yUT YTS52YyUT
zZ2Z J3TpLIEZ0 zZ2t t TuggzZUTY Te2zUg+ze8pPd T12EEYTgBUXZT
Y2 g Zdid Tu 322ZgT (1 ZUZ1322UTEOUT 3J3TplLlgOU c3Di 12 I:
Tyge U@z UzyHue B I3FTEILV! g2 T Z2TyUuoebDl Tv UYygT32T
Z23Z8c32YCSEsTYYHEZZURTBZL VY TZZg>Tegeeg>zDiadz zT3UZL U
02T2gTLdz z3TUZYUTYUdz U UZD22Us UTyge 3TULUTYyUdZ 3Tt

40



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

3

’ T: T ]
29 )_ - T T - -

16 20gUSy+u DRNGYNH8Se [T3030EITgZt UZLY+T Yeg3UD2,ye0
48z 2F L USY+UYA®EBEZUScTYS 3Tl UEg32s5 UU, 30OULUDA 2Di BIZ S
O2YT@REHISR i ri cwasUyy+u 2Zgzt{ UZ{ U pU3Z0ZzzZUZEy+
t US .K51IT.Y2 UYz3U!-REETZ2hDA

VZU OeXYBfLFZeecazVdig! ( Tedzg OU YUVDLUYTg32s, gZ Zgy
VTOgUsyZees! EZTtezZ2TYZu Tu Zg32fegTU! PABLFEPpLIE OU
i "[15,]. KgzZULU! z#+gzved:z g¢zTOg320!lyadz ETUTOgUSYyZEg! =
£320!yYa8Fe0gTIUVEs UOU Ty T32s UU

| Zf 20z w, zT3Z+T, ye 3IUVUdyUT 3sZTyuseDi uUs = 3T°
c3Djl 12 e+UVUZ Ze32l TyZ SIYUYSYUT 23U UEEULUTt ZIeyUU g:
zTegUTS2Y 3TTZY2gZ32ZY 2TT S4+5Z{yZBZL{TYEPEHZURBECY R
YZEYZEg! 3ITOUSTYUdZ Ze32gyZu gcXd[U Te g4l 323TUUY
zzt02 g3Tege = 3TTZYeegzZ3T [7]. keaOUT 3TTZyecgz3+ T
E32LyTYyUDz § 3TTZYREZBZZN8R2eBYZ TITNSYVZ2 TUez@IfpIyWw
Uz3TYysUU 2321 20! y+5 YZ{ 3 3TT2ZY2cZ3T T2 &4Tg ceYZ
SzTUg320!I yZu U 31UVUZzsZuv ETUTOgUSYyZEggU TezUga2yyzZu =
3 UUTYUdz [6]. KTUTOsUdz Z{YZu YZt{ ¥ Z#3 3% GY0FEGYLE PR®
U = 3ITEUYT z2fgUsyzZzu YAisIBAs. VU ( Ze 32y Zec U

PEUTL S UT cUsseuyZegU 23Z5TEeZS 2Z3YU3ZzayUdsz )
SZUy+ UTUzsTyUdz aTT32 YZETg YTydg! gdz Zg UYz3zUL! g
3zTYZT TWIWITYL DUy 4+ szZUy+ s2fyZ t{Udz 3dgg e z3U0002fYy+5
sUU 1 23YZYyUD UTUzs Ty Udz

NTU! Dz t 2yyZu 32e22Zg# diZUdfTgedz DOEzT3UYTygeL!l yZT
DI U5 3 20gUSYZY STITEeST 3 23Z5TEeT 1 TYT3EG2UNL - g 2t
€23 Zg3efegTL!y+5 3ITpLEZO c¢3Dile, ye 523205T3Uscl
zZU! T3Dd T1Z = 0U2tTEegITABORNAIZIYZ|Z DOTYTyge

1Kg2a2 VVUTI2sUWdE =SZ0Uy+ UTULU3s Ty Ud?
| 3UYys UzU2U! yadz £5TYe -UBY[ZTHRE s 2 BE gdbvie UTYT3Ty Udz ¢
z3TL g VTWEY W2 | 2zT3Tsyadz yevesove aAVfATyREd 2 |
(A63x1 10YNd*062c%) z3ZUTZZt{tUU2E! pTEeg! Dz g UT FKHORZEY + Y
S3YY23yZu zUUZZZuv YZI yZg®EDz UTU3LTyUdz 13, 9
teTzuvuzedss! UT czZygeyyzu UDNUYTEsTYsUU, UTUzsTYy
TT3020 3TPR¥eg@3ZBecgyed:z gxdiJ! = 3TTZY_egZ3T ZeTgEzTh

41



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

120 3¢y \ q

100 M 4,7 \tj &
feto ey ;' |
__________________________________________ (. n®&0 o sdu
‘475 ..... dscfn‘l::,, ....... lt“B)
I \ \ S8
ol

i i a0 N
—>{[— t T A& &0 o &dd

10 dahy

b U Kz2TLOg 3% 1 TYT3U33TY+5 53123 UYzzU! g2Z3 (gz3e
yeuasoUu Ze TN=ITNEE@RTYYz3U! £253

16 i ; :
o) 1 B 9) 5 G H)
12 o |
8 N
4 o = *
n . 0g * *
j L ¢
- d) A ) ) q )
8 . +
4 W Qi
* o ® + e * K o T4 *

0 2 4 6 M 2 4 6M 2 4 6 M 2 4 6 M 2 4 6 M
P US FZOUSTEgzZZ 2321 20Ul y+5 YZ{ = TeIUFUYZgEgU 2Z
N=1@t N=1qQ0). Dt zWzzdhRJayz sSUSVZ z32Z{ZU! y+5 YZ{
ZEVzZ0eTayZz SUSUVUZ 53125, = UZgZ3%5 Te3TlUgg3U:

YUEgdz PR O2V2YU 2 3agUIYPdE TI IEIt TyUdz zz80ZF FITE3
zTSUZ2Tg zT3TETSTYUT ULUzsTuw Zt 20! STuw t LOUYy+ 20g U:
z2UZYyZuvw YZt zU0ds UV t 22 3Z2gyZ2EegU, 1t 0dz §T12Z2 X t2z20
ELvTeg zT3TT22O0FPR 23 BpITeyAER 3 ULVTYyUdz 5 20gUIYyZuw §3TH
TCg XYAL:*MGr yesa2U! y+Y z 324 .3 SHX2ACETTY AYWUYeyUT 2FU0UZ 3t
3TIUSs322PFZ20dDA Tu § I+FEZ0Zu gZ8YZEg! Dz = LVUYTuy?Z
ce3uizzzeg! Cz2TOFTBLROY WHT 302320gT3IUEg V0OV (1 TYFBU3ZIZTY
GBZYWBT z3USTi Ty+ T2ZUEUYZEglU, 1t TYZYZcg3U33Dd UT zZEUTH
dyU UYz3zU! g2 1 TYyGmBR8sWIU DR[HB 23Tt UYZSE 3JF22Zg+. DZ I
CeZge CULUTtZZ2YURSWDYEZ TRBIEETA WBX2 T1@& t OUgTU! yZgg! YT
TZY1T03@& 7860¢. + TEUY YZ2{30dss VU t Z2e3Z2gyZ2geglU, ZeTgzTs UZ
ougl Ul ey B3V £Z2ZX. | 3U UTYTYTYyUU t UOUgTU! yZgsg U yet
TEEZZ UYzzU! gAZ U YAYVRAORES EREG 1 ZIUBY ZB) .

bt U¥F+uv UYzzUO! g dzZ0dZTggdz 2t YZYZ2L Z2Z %Y. K&, 30 g 320
0,88Y yTTezUgUYZ 2Zg 0OZUUsTggZe UYzzULU! g2 X 531 T. Ye
t2Tgegdz g20! 02 X gU3sL2ST Z2g03FgZ212 3TTZYye2gzZz3e & t Uy
TYZuy J3TpDZO2¥Ws UTyge 3TULUTYyUdzZ | 30U y2LOUsLSUU ZT+352Zt Y
YZ1 2 Z#ZZ2t 2 UTULUzs TyUdz UT T203F%gzZ212Z2 3TTZyegZz32e ye
t ZU!l Y5 YZt. DB JZTEUYT (1 TyT328s5UU zZEUTt Z232gTU! YZT¢
32TLOULS Y F5 UYz33| Ul &Z&E[UD 1T g & dz

42



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

2%12 >—< \L7 » | 13

16 20gUsy+uv DUTXMIRE 03913148 zZ5Z3Zy+T T[T30202,
1BzeEgUsy+ulLiTREMEI Tpyddz 3TplLlg0e c3D3 e,
1B3EUEgTYe 3TlUEsg385 U0 ya Sgz3Zu |1 23YZyUODT

b US K34T.Y2 gaYZy_evastUs@DImi&Zsdz b A

Ke2gUEgUSTEOZT UEgEULUTt Z2Z2yUT T2ZUEgUYZEgU VZLUULTE
325 U0 Zt yZ2INUYsz33lUd ¢cER zZT220dZTg z3ZZT3Ug! z3Uys Uzl
UzsTyUdz UYzzU! 82X § 20UTOZu $2TcgZgZWd] DERIEs EY yZ 3
YTYYyZ 3TlUEg3U3Z2s20U0g! ZEsUULUULZ132YY+F U UYgT32T32]
STEEZZY UYz3ULU! g2, dLUUgTULUlYyZEgg! UygT3za2vLe YTEt3z |
zZ3dzx OB, 0§82 YYZ1Z 2ZU0!pT {UUgTU! yZEXUPT ).\ 2l ADEZEA0I
23Tt z20212Tggdz, g2 gT3YZLtUYSYUSTEOZT ¢gZ2EgZ2dzy UT 2
2Tz (1 TYyT32s5UU 32TLUOUSYZ1Z2 VZLUOUSTEggzZe (Uleygegous v
EzTOg3F UTULzs STy Udz t Udz 32TUUS Y Z| 2 g022dd USTTE Y ZL 2U yUSY Yz BLUT
CZTEcZAdUT 20gUSyZ1Z DOTYTyge Ut TygUsy+Y I DEUS 3Tf
CZI X 531T Z5Ty0e 23232t UUZE! z& UPBZ DIHTzMBA Y3 T2IT
OZLVULTEggz2 232t Z2U! yv#35 YZt{t 2 TSIPEUYZEg®l1ZEg OZLUL T

2Kz f TYyUT gzTO0g32 (1 DEMTIIZIR2UU hubA

Kg2eaULUT_2sUdz $25gZcg¥ UTU3sTYyUdz z3ZUT=ZZt Uggdz = 2t 2
SUZ2Dd UYEdz PA § z2FTUIy+BUDLARDIZIERY TYIZIZIBBY Y
53ZUYZIBYZETM@REESUU. P 2z3Z35TEET 32T UgUdz | TyT32s UU
CTEOZ12Z 2zTgUT=ZZ12Z2 3TTZY2gZ32. D 0V28TEgsT §zTOg3el
c3DA11e t TTZY_2gZ3 Ze232[ZI2YW PUZZUYV? RRIGIEZY IBIU TT3
G2UFUY2LITZadrdbiy202s D&=EE&Jg2>uUuL2

OYeT3220 ExZeaZtYZu t U mTIRIRS TOETHPEYAA U28B2 B2 2 UL UT
L2scZs+ 2%¥0V2 UgzzZL! TZz_2ye z3Zz3502D4 2dz 3TplLlgve ¢3
SUZYZY TgTOUT [9]. t+TpTg0Ua Ae 1) s HBEAREENYEFZT2EV)Y Z1 | T
E 3SLIEZY t LUUY#F I ZUYWAEY 13T yZTe33RTWUT  180s6TH0V0.2 | ZW U yURUS 210
Y2 322ZTuw tULOUYT 27Zay + Ug3SePp8URYyad? BEZUTTEIEZ D!
dL) §zT0Og320! y3Dz ETUTOE UNY, By s ( VIPDEE Z2Z SBEELIE 2 UY 2
3UYZu zZUZE* 3ZUUTYyUdZ yDPEUYRZIFIE 3IPEORBBEOEDNBT O U

Y2YU UEEULUTt ZI2UVUZE! UTU3sSTYUT ULV2TT32 020 I gULzs@
3TplLIE OV KIZDAJA® U 2 TT ygayaiogyIgWag!lzs = 3TTZPEEZ3 =z T
OUY Z232TZ2Y, bsgZe#$ UTU3ZSTYUT 3t ZIVIREEREIAPZ FTHPEIUD

43



|KZZ3ITYTYY+T gTyt TysUU 32TsUglUdz {2VUZ]1322U0U0 U z3UsLa2ty+

2USe Uy g T32T3Ze¥BYYBL TY UT UyeT32T3Z132YY4#
eTT/ 23U ya2LULUU ggasUZya3yzu 23D} 1202t
} UE .K25T.0Og3% = 3TEUYT {TyT32sUU s3{2 U

2 5 8 4 7
/“9
—"’

5 6

16 20gUSy+u DITEMRO39&8e z2gcUSy+uw [egiz3,
98 UL TY2 3T{UEg328sUU ya sgz3Zuv 123YZYUODT
} UE .K356T.Y2 -UPT 32

12t 23d2 3452020 3|1 VUZZZuv ETUTOgUSYyZEgU UgzzZU! T3TYZuw
VT 230U & 3TpTgOZu YT Z([RPUYZ; THETcEeBELU23TYTUTIE
z+g+320U0 2zZgT3U. kel 020 {U2320s5UZyyed: DR2TOZWSY
yeLUsUU TT = RITEEIYUBEIRYHU (TYyT325UU0 YT 3425c3Z.
SZY 2Z3d4 OT {U2320s5 UU RGRUEE BERYBSAOTYRBY Jd Ze 325 Y Z L

YVRBUSY BT 23Tt £e@XVUTY+ UYysgT32T321323YY3%, zZU3S5TYy+T
11WPYz30! £23, I sUzs2T ZgezgecezUdz U Ya2UBY @@RITEYT QUG
UyeT32T3Z132YYROXFZAITRUIBE+ 32YBRS5IZL YZ1 2 zZ3di 02 UY;
' 30 Zgg3gleZVUU 3TpTgOU gzYYe3yedz ¢zW0ggcl@3YegiecpuUsy
YT z3TZ+mBUSNHBYg320! yadz s2ggzge UTLU3zsTYyUdz Zggazalae
325 Udz VeTT32 ZelLateTsg BEZDZU DHNOZIPTFuYZl WXEg! Dz U]
Teedz ZY{YZYZL{ 23520 U Z{yZseEegZegYZuw, &gZ tTUETg LaTT
L TEOUS Tetes = zZelegegdss (2ZUZ|{322UU, £zTOg3Zc0Zz UU,
322Z2gOT YagT3Ua0zZ: U {331U5.

3Kzt TYyUT gzTOg3e (1 TyT3es UU

& zZYZI I Dz Zg32f2gTUl yZu J3TpTgOU c¢3D]
b t2yyZu ET5TYT I 028TEgIT ETUTUOgU33DAIT]1Z DODTYTyg2
C3DAUF y@BY . IYKFIT z232YTg3ZI UTL3zs TyUdz vaTT32 & Y
>2Dd UYgd3TupAyScgZ232Z2Y U 2ye2LZ Uy Z1Z US2TT32 ¢ Zy3zg 3l
2¥dzZ UL Z, L¢Z2 UEgzZL! TZ2ZS2yUT Zg32tegTULU!yZuv 3J3TpTgOU
YTUTeTEYyFT z3U Wegz%EDH2 FEALHAUTrw 3JZ3TpTgOU, ZeTgzTsHUzZe
sUDz s2gcgZ2g+¥ UTULUzSs TyuUudz

44
















































































































































































































































































































































































































































































































































































































































































































































































































































