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JIADPAKIIISI CBITJIA ITPU BIIBUTTI BIJl TAPMOHIYHOI
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Anomayia — po6oTa nMpucCBSiYeHA NOCTIKEHHIO IuPpakuiiiHol
epeKTUBHOCTI BiIOMBaO4Y0i TIpaTkM Ta ii 3aJEKHOCTI Big KyTa
OCBIiTJIEHHsI, KyTa audpakuii Ta mapaMeTpiB OJHOBMMIPHOI I'DATKH.
BukopucroByeTbcsi 4MCeJbHUI MeTOH MOAeJIOBaHHS audpakmii
®payHrogepa y BUIAJAKY CKAJISIPHOT0 HA0IMKECHHS.

Knwuoei cnosea — BigdMBaw4ya CHHYCOIJaJbHA TIpaTKa,
au¢ppakuis Opaynrodepa, nuppakuiitna epeKTHBHICTb.

Ilocmanoexka npobaemu. Y TNpeneH3IMHOMY MallMHOOYIyBaHHI, y
TOMY YHUCHl 1 CUIbCBKOTOCHOJapChKOMY, BUKOPHUCTOBYIOTh METPOJOTIYHI
au(pakiiiiHl rpaTKy Uisi BAMIPIOBAHHS JIIHIMHUX PO3MIPIB 3 HAaJBUCOKOIO
TouHICTIO (A =10°wm). Po3pobka Ta 3acTtocyBaHHs roJjorpadiuHux
TEXHOJIOT1 JT03BOJISiE OTPUMATH BiJIOMBaro4l JIudpakiiiiiHi TpaTtku 3
cuHycoinansHuM mpodinem. Tomy po3rian audpakiii CBITIA y I[bOMY
BUIAJIKY 3 METOI BHU3HAYCHHS JupakiiiiHoi e(eKTUBHOCTI Ta
ONTHUMI3allli MTapaMeTPiB IPATKHU € AKTYATIbHUM.

Ananiz ocmamnnix Odocniodxcenb. B pobotax [1, 2] po3riasHyTO
IHTEHCUBHICTbh TUPPAKIIAHOT XBUII1 1JI1 TAPMOHIYHOT BIIOMBAIOUO0i IPATKH,
B MepIly Yepry y BHUIAJIKYy HOPMAaJIbHOTO OCBITIEHHS Ta BIOOUTTS. s
LIEHTPAIBHOIO HYJIBOBOTO JHU(PPAKIIAHOIO MAaKCUMYMYy I1HTEHCUBHICTb
BIIOMTOI XBWJIl 3aJ€XKUTh Bl AaMIUNTYAH z, TPOPUIIO OJHOBUMIPHOI
CUHYCOITAIILHOI I'PAaTKU

|=|O-J§(4”szj, (1)

ar ij — ynkuisa beccens 0-ro nopsiky;

ze 3,3,

A — JIOBKMHA XBHJII BUITPOMIHIOBAHHSI,
z,, — aMIUTITYyla CUHYCOiJaIbHOTO penbedy rPaTKH.

Posrnsnyro nHyni ¢yHkiii beccens, skl BIANOBIIAIOTh MapHOMY
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yuciy 30H @penens y BIAMOBITHOMY METO/II.

Dopmynrosannsn yineu cmammi (nocmaHosxka 3asdanus). BuBuuTu
3aJIeKHICTh AUpaKIiiHOi e(PEeKTUBHOCTI Bia KyTa namiHHi &, kyTa
nudpakiiii ¢ Ta mapamMeTpiB BiIOMBaKOY0i TapMOHIYHOI rpaTku. KpiM Toro,
TpeOa pO3TIsTHYTH OOMEXEHHS 1€l MOJIeNl A7 KyTiB AUGPaKIIii, Ipu SKIX
HE B1A0YBaIOTHCS MOBTOPHI BIAOUTTSI.

Ocnoeéna  uwacmuna. OnHOBUMIpHA BiOMBaioya TapMOHIYHA
nudpakiiiiina rpatka Mae penbed, sIKui 3a1a€Tbes QyHKIIE0

2=z, -sinkX, (2)

27 .
ne k,=—— — XBWJIBOBE YHCJIO 0OCPHEHOI IPATKH;
Y od

d — mepiox CMHYCOITaIBHOI TPATKH;
z, — aMmIuITyAa IpoduIs TapMOHIYHOT TPATKHU.

Posrinsitnemo  mudpakuito  ®@payHrodepa IUIOCKHX XBWIb IS
rapMOHIYHOI BIOMBaro4oi rpaTkd. ONTUYHA PI3HULS XOIy NMPU BIIOUTTI
B1Jl OIHOBUMIPHOI I'paTKH JI0piBHIOE (pHuc. 1)

A, @, X)= X(sin a +sin @) + z, - (1—sin k,x)(cos & + cos ), (3)
e o — KYT MMaJIiHHS;
@ — KyT B1LIOUTTA (Audpaxirii).

N Marin ARS v
[lnocxa Bdbuma

xbuna

N

Puc. 1. ludpaxkiis Ha rapMOHIYHINM BiAOMBarO4ii rpartiii

Jlnst BumaAKy cKajaspHOro HaOmmxkeHHS amiunityna E  mmockoi
BiOuTOi XBWi mpu gudpakiii PpayHrodepa, SKIIO HE BpPaXOBYBATH
IOBTOPHOTO BigouttTs (puc. 1), mopisaioe [1-3]

E, .
E :Fo.jel(a)t—k-A) ‘dX, (4)
0
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e k :27” — XBWJIBOBE YHCJIO TIOCKOT XBHIII.
Toni, 3 ypaxyBaHHSIM ONTUYHOI pi3HULU (3), OTpUMaAEMO
E(a,qo, Zm) :5 . eiwt . e—i kz,-(cosa+cosg) >
d
Xj‘eik [x(sina+sing)—z, (cosa+cosp)sink, x] .dX. (5)
0
[aTerpan (5) He BHU3HAYAETbCS AaHAMITUYHUMU (QYHKIISIMH, a
3HAXOAUTHCS  HAOMMKEHUMH UYHUCETbHUMHU MeToaamu. Po3pobiieHo
QJITOPUTM Ta MpOrpamMy pPO3paxyHKy 1HTEHCHBHOCTI BIJOMTOTO CBITJIAa BiJ
CHHYCOIaIbHOT IPaTKU y 3aJICKHOCTI BiJ] KYTIB OCBITJICHHS 1 Audpakiiii Ta
napaMmeTpiB TpaTKU. [HTEHCHBHICTh CBITJIa TPOMOpIIiiHA KBajapaTy
aMILTITY/Id Ta BU3HAYAETHCS MICIS YCEPEIHEHHS M0 Yacy 3a JOMOMOTOI0
MatemaTruHoro makery MathCad (puc. 2)
l(a,¢,2,)=1,<E-E > (6)
Just posrsiny audpakiiii eIeKTpOMarHiTHUX XBWJIb, Y TOMY YHCII
CBITJIOBUX, BHKOPHUCTOBYIOTH TaKOXX YHCEJIbHHN METOJ] pPO3B’sI3aHHA
cucteM AudepeHIliabHIUX PIBHSIHL MakcBella y KIHIEBUX PI3HUIAX Y
gacoBoMy Tnipoctopi (FDTD). Ileit meronq moke OyTH 3aCTOCOBAHO JIS
OMKCY THTEHCUBHOCTI AUPPAKIIAHOT KAPTUHH Y OJMOKHIN 30H1 (qudpakiis
Openens).
Posristnemo oOMexeHHs Uit KyTiB Aaudpakuii, Npu SKUX He
B110yBalOThCSI TOBTOPHI BIAOUTTS BiJl rapmMoHiuHoi rpatku (puc. 1). Toxai
BUKOHYETHCS YMOBA JIII MAKCUMAJIBHOTO KyTa TUdpaKmii ¢,

dx 1 d
tg 0<— = = . 7
3¢ dz Zz'(x) 2x-z,-cosk,x (7)

TakuM YHHOM, 3aCTOCOBaHa MOJICIb OOYMCIIEHHS 1HTEHCHBHOCTI
nudpakili cupaBeiuBa s TOCTaTHbO MAJIUX KYyTiB BIAOUTTS (¢, <60°) Ta
3HAYCHb aMIUTITYIU MOAYJIALIT penbedy rpaTku (z, < 0,2 mrm).

BianosiznHi rpadiky 3aneKHOCTI IHTEHCUBHOCTI Au(pakiiii Bil KyTiB
MajiHHA 2z, TPaTKU NPHUBEACHI Ha PUCYHKY 2 (mepioa audpakiiiiHoi
rpatku AopiBHIOE d =21=126 mxm, noBxuHa L= 2d). [Ipu 301mbIIeHH]
JOBXHHM OJHOBUMIPHOI TpaTku JudpakiliiiHi MaKCUMyMH CYTTEBO
3BYXKYIOTBCSI TTOJIOHO JI0 TOTO, SIK 3MIHIOEThCS AUdpaKiliifiHa KapTUHA TIPH
30UIbIIeHH] YKca muH N 171 IpommycKardux rpaTok.
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Puc. 2. I'padiku 3amexHOCTI IHTEHCUBHOCTI TU(paKIiiHOT XBHIII Bil
KyTa ¢ Judpakuii s pi3HUX KYTIB « OCBITJIICHHS Ta

aMILTITYIA z,, MOAYJISLIT pelibepy TapMOHIYHOI rpaTKu

Bucrnosxu. Jlna BinOuBar04oi rapMoOHIUHOT AUGPAKIIHHOT TPaTKH
posrmsiHyTo audpakiito  dpayHrodepa Ta 3aneKHICTh AUPPAKIIAHOT
e(EeKTUBHOCTI BiJ KyTIB OCBITJIEHHS Ta BiIOUTTS. BHUBUEHO 3aleXHICTh
IHTEHCUBHOCTI  AM(PPAKIINHOI  TUIOCKOT  XBWJII  Bil  aMIUNTYAU
CHUHYCOIaJbHOTO TMpOQuIs OAHOBUMIPHOI TIpaTku. Takoxk pO3IIIIHYTO
YUCEJNbHUM METOJ PO3paxyHKy I1HTEHCHUBHOCTI MJii BHILUX TOPSAKIB
nudpakiii 3 BukopuctanHsam nakety MathCad. Pesynbratu mociikeHb
MOXXYTh OYTH BHUKOPUCTaHI MpH PO3POOII TEXHOJOTIT BUTOTOBJICHHS
rojiorpadgiuyaux aAudpakiiiHux rpatok, rojorpam benrona ta D-rosorpam.
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JANPPAKIUSA CBETA ITPU OTPA’KEHUU
OT TAPMOHUWYECKOM PEIIETKA

Hemuna H. A., Mopo3os H. B.

Annomayusn — padora MOCBSALIEHA HCCJIEJ0BAHMIO
auppakuuoHHO J(PPeKTUBHOCTH H €€ 3aBHCMMOCTH OT YIJIOB
OCBeLeHUS U AU(PPAKUUHM, a4 TAKKe OT apaMeTpPoOB OTpaKaloliei
rapMonuyeckod pemerkd. HMcmoab3dyercsi YHMCICHHBI  MeTOX
MoJeaupoBanus auppakuuun PpayHrodgepa B ciayyae CKAJIAPHOIO
NPUOJINKeHU.

DIFFRACTION AT HARMONIC GRATINGS
N. Diomina, N. Morozov

Summary
This work dedicated to the study of the diffraction efficiency and
its dependence on the illumination and diffraction angles, as well as on
parameters of harmonic reflection gratings. A numerical method for
the simulation of Fraunhofer diffraction in the case of a scalar
approximation was used.



