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KOMITBIOTEPHOE MOJIEJIMPOBAHUE JIU®PAKIIAA DJIEKTPOMATHUTHBIX BOJTH
HA PEHIETKE W3 UJIEAJIBHO IMPOBOJASIINX BPYCBEB
MPAMOYTI'OJIBHOI'O TIONEPEYHOI'O CEYEHMS
(COAYYAH H-TIOJISIPU3AIINN)

Hannas paboma aersemcsa npoooadxcenuem pabomol [1] u noceauena KomMnvrOmMepHOMy MOOIUPOBAHUIO OU-
@paxyuu H-nonsapuzoeannvix 6011 Ha peuemke U3 udeaibHo nposoosuyux Opycbe NpsmMoy2oibHO20 HONEPEYHO20
ceuenusi. [Ipu 5mom 0CHOBHbIM ME3UCOM UCCTIeO08AHUSL CILYIHCUM NOTIONCEHUE O NMOM, YMO 8 CMPO20l MAMeMamu-
yeckol meopuu OUGParyuu 601H HA NMIAHAPHBLIX NEPUOOUYECKUX CMPYKMYPax Kuiouesou (6a30601) MoOenvio
CMPYKMYpol SAGIAEMCA PEUEmKa U3 UOEaIbHO NPOBOOAUUX OPYCbes NPIMOY20TIbHO20 HONEPEYHO20 CeYeHus, d He
JIEHMOYHASL pEeUemKd, KAK 3MO0 YMEEpIHcOaemcsi 00 Cux nop.

Knrouesvie cnosa: ougpaxyus, oudpakyuonnas peuwiemxd, KOMNbIOMEPHOE MOOEIUPO8aHue, NOIAPUIAYUS,
PE30OHANCHOE NPOXOIHCOEHUE BOTH.

BBeaenue Y

B nannHoii paGoTte paccmaTpuBaeTcs Ciy4al Iu-
¢pakuun wiockoi H-monmsipr3oBaHHOI BOTHBI HA MEpH-
OJIMYECKOH CTPYKTYpE, COCTOSIIEH U3 HEaTbHO TIPOBO- 0 X
JAIUX OpycheB NPSMOYTOJIBHOTO IONEPEYHOIo ceve-

HUA. d
Kax ormeuanocs panee [1], UMEHHO 3Ta CTPYKTypa

SIBIISIETCA KIIIOYEBOM, MOCKOIBKY M3 HEE, KaK 4acTHBIE I

ciaydau, cienyor JIP 13 ropu3oHTaIbHBIX U BEPTUKAIIb- Puc. 1.1. eomeTpust CTPYKTYpBI

HBIX JIGHT, PEHIETKH W3 MOJTyOECKOHEUYHBIX IUIACTHH W

noymiockocteid. Kpome Ttoro, 6e3 ydera TONIMIMHBI Z ALy elnX o [9 ex<|- d j (1.1)

JJIEMEHTOB PEIIeTKH TepsIeTCS BO3MOXKHOCTh MOJEIH- n 2

POBaHMsI HEKOTOPBIX HM3BECTHBIX (H3MYECKUX ddek- . © m x+d/?2
TOB, Takux Kak 3¢pdexkr ManroxxuHia, pe3oHaHCHOE ZA'nynelh”X = Z dm Cm-Dy COS————i,
MPOXO0KIEHUE BOJH U JAPYTHE, KOTOPBLIX HET B CIIy4ae n m=0 d
nubpakuun  E-monspu3oBaHHON BOJHBL [TOCKONIBKY (_ d x< d ) (1.2)
CTPYKTypa MaTeMaTHYeCKOH MOJeNH 3aaadu Audpax- 2 2 '
uun H-monsipusoBanHo# BosHBI Ha JIP M3 OpychkeB ) .

CHJIBHO OTJIMYACTCS OT CTPYKTYPBI MOJEIH, HCCICIO- 2¢hox —ZA’neih”X = Z Cp +Dyy, cos
BaHHOH B [1], TO KOMIIbIOTEpPHOE MOJEIUPOBAHUE - n m=0

(pakiy BOJIH Ha TaKOH pelIeTke, Kak ¥ aHalInu3 caMoi

MOJIENH, TIPEICTABIIAIOT OOJBIION HHTEpEC. [

mm X+d/2

(1.3)

- . H o0

1. TocTaHoBKAa 3a1a4H Zhoelhox —ZAhhne'h"X _In S Cpy+Dp Mx

Ha puc. 1.1 uzobpakena nepuoandeckas /P u3 n
HAEaJbHO MPOBOIAIINX OPYChEB HPSMOYTOJIBHOTO IIO- wsin m x+d/2 (_
MIepeyHoro cedeHus. Pemrerka HaxoauTcsi B CBOOOAHOM d
MIPOCTPAHCTBE. ih d d

Co croponsl y > 0 Ha pemieTky mox yriom C najia- > Bnyne" " =0, (E <x<l _E) (1.5)
eT Ttiockas H-monspu3oBanHas BoiHA. TpeOyercs n
ONpelenuTs Iu(parupoBaHHOE IIOJNE BO BCEM MPO- Z B v ih
CTpPaHCTBE, UCKJII0Yast AJIeMEHTHI (OpYChs) pEeLeTKH. - n¥n

MaremaTnueckoil MOAENBIO HCCIEAYyeMON 3aaqn
I(PaKIUK SBISIOTCSA J[BE MOJCHCTEMBI CyMMAaTOPHBIX x COS
YPaBHEHUH CIEAYIOIIEro BUAA!

g <X< —j (1.4)

0 . .
X =3 gy Cpe'dm" —D e mh
m=0

2
mm x+aic x+d/ (—9<X<9j (1.6)
2 2
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ZBne'h”X => Cpe'dmh 1D e 1mh
n

m=0
m x+d/2
<cos ™M X412 (_9<x<9j a7
ihpx _ 1T < igmh igmh
> Bpe' "X:EZ Cpe'9m" +D eI mx
n

m=
d 2 2
Amnanornuso [1], myrem anre®pan3aliél CUCTEMBI
cymmaTopHbix ypasuenuii (1.1) — (1.8) momywaem mpsi-
MBbI€ 1 00paTHbIe (HOPMYIIBI CBSI3H:

[NdC-1:
O A~
Aprn =12 dm Cn—Dp Kiy 1 (1.9)
m=0
[oC-17
& i H A
Byvn =1 Y G Cpe'dm" —Dpe M R ¢ (1.10)
m=0
ODC-1
ZA;{YHKS ~Tn :_iqs Cs—Dg 1+ (1.11)
n
OoC-1'
anVnkm ~Th =
"o _ (1.12)
=-ig,, Cpe'dm" —p e mM 1,50
ODC-2
S ALK —1, —2Kg —1g =i Cg+Dg 1+3ps (1.13)
n
ODC-2'
Y BoKs ~1y =-i Ceem" +De M 145, (1.14)
n
rne Ap =A, =g,
0 0.5int, _ym -0.5int,
Km (tn :Tn_e Ch e . (119)
n m? — 2

T, =20(n+v), 6= % , Ogn — cumBoxn Kponexepa.

Amnanoruuso [1] umeer mecTto cieayrouiee npen-
crasieHue [2]:

S Kn th Ks —1y =8¢ @+3gm), (NneN). (1.16)
n

Kak u B cnywae E-momspuzamuu [1], dbopmymna

(1.16) osnauaer, uro ¢yukuus K, T, sBisercs

¢byHKIMeR auckpeTHoro aprymenta [2]. B uictom Bune
9TO peann3yercs /s NPOCTeHIeil 0 JHOMEPHON Mepro-
JMYECKOH CTPYKTYpBI B BHJE PEIICTKH M3 OECKOHEYHO
TOHKHUX HICaJbHO MPOBOIAMIMX HUTEH I cIydas op-
TOTOHAJILHOTO TAJEHUs IUIOCKOW BOJIHBI HA PELIETKY.
st Gosiee CIOXKHBIX CTPYKTYp (PELIETKH W3 TOPH30H-
TaIbHBIX W BEPTUKANBHBIX JICHT, OPYChEB MPAMOYTOIIb-
HOTO IOTIEPEYHOT0 CeUeHUs) cienyeT GUKCUPOBATh Kak

napameTpsl pemeTkd (kodpduiuent 3amonHeHus 0,
BBICOTY OpycheB h), Tak ¥ TapaMeTpsl TIEPBHYHOTO TTOJISI
(mmHy BoiHBEI A M yroa maaeHus (). Tompko B 3ToM

cmyyae ykasaHHas ¢yHkius K, 1, sBaserca QyHK-

LIMel TUCKPETHOTO apryMeHTa.

W3 popmyn cesu (1.9) — (1.15), xak u B pabore
[1], momywaem CJIAY, xortopas pans cayyas H-
MOJISIPU3ALIHA UMEET BUJI:

X H ~
Asrs =12 dm Cn _D;nelth Kn s =0;
m=0
S ALK, —t, +i Cg+Dyeldm" 148, =K —1q ;
n
© idh .
BsYs_iZ Om Cme' '™ -Dfy Ky 15 =0; (1.17)
m=0
3 B,Ks ~1, +i Cee'" +D; 148, =0
n
roe Dy, = Dme(_ith) .
2. AHAJIM3 YHCJIEHHBIX Pe3yJIbTaTOB
[lockonbKy —HccnepyeMas 3amada  AUpakiun

mwiockoid H-mosisipu30BaHHON BOJIHBI Ha pELIETKE U3
OpycbeB MPSIMOYTONBHOTO MOTIEPEYHOI0 CEUEHHs SBIS-
eTcs. MHOTOIIapaMeTpHUecKoil 3amadel, cieayer BbIpa-
00TaTh ONpENEeNICHHYI0 CTPYKTYPY YHCICHHOTO JKCIIe-
pUMEHTA, IPUYEM OTIPABHOM TOYKOM Ui U3Yy4ECHHS
HOBBIX (PM3MYECKUX SBICHUH, BHOCHMBIX TOJIIUHOMN
JU(PaKIMOHHON pEIIeTKH, SBISIETCS JICHTOYHAs pe-
IIeTKa, CBOMCTBA KOTOPOI AETaIbHO U3y4YEHBI METOAOM
AMII [3-5] u gpyrumu metogamu [6-9], a Takxke Mo-
qudunppoBanaeiM MeToioM Dypbe (MMOD) [1].

2.1. Cay4aii OpTOrOHAJIBLHOTO MATEeHUS

Kak u B [1], BeIOEepeM onTUManbHbIe 3HAYSHUS KO-
s¢duienTa 3anoaHeHns JeHTouHoi pemerku 0=d/l mo

dopmyie:

0=1-—" rrem=12,....2|n, (ne N\0). (2.1)

2|n|

Ha puc. 2.1 npexacraBineHs! 3aBUCHMOCTH |Aq| 1 |Bo|
or kodpdunuenta 3amoiHenus 0=d/l i 3HaYeHUI
YacTOTHOTO mapaMeTpa k=1,2,3 1pH HyJI€BOH TONIIHMHE
peuwretkn h=0. OT4YeTIMBO BUIHBI IUIABHBIC H3TUOBI
KPUBBIX, CBS3aHHBIC C BO3HMKHOBCHHEM BBICIINX Tap-
MOHHK U IepepacnpeeeHIeM SHEPrii MeXIy HUMH U
OCHOBHBIMH BOJIHAMH. 3aBUCUMOCTb |A;| oT d/l mms
k=1,2,3, h=0 npexcrasiena Ha puc. 2.2, npuyeM Hyme-
pauusi KpUBBIX COOTBETCTBYET HOMEPY TapMOHHMKH N.
Ha 3tux rpadukax OTYETIMBO BHAHO, YTO IIIOOATBHBII
MakCUMyM I8 N- TapMOHMKH HMMEeT MECTO TOIZa,
KOrJa IIMpUHA LIEIH paBHA IOJOBUHE JUIMHBI BOJHBI.
HanomuumM, yto B ciyyae E-nomsipuzaium riio0anbHbIi
MakCUMyM st N-i TapMOHHKHA MMEET MECTO TOTAa,
KOT/1a IIMPHHA JICHTHI pelneTku pasHa M2 (cum. [11]).
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o.00 0.25 0.50 0.75 1

Puc. 2.1. 3aBucumocts |Ag| u |Bg| ot d/l mst x=1,2,3; h/I=0

o.00

Puc. 2.2. 3aBucumocts |A,| ot d/l s x=1,2,3; h/I=0

Ha puc. 2.3 npezcraBiienst 3aBucuMoct |Aq| u |1
or kod(h¢unuenra 3amonuenust 0=d/l mas 3HAUeH
4acTOTHOTO mapamerpa k=1,2,3; 1 o0beMHON perrie
ku nipu h/l1=1/2, 1/4, 1/6, npuuem 3Ha4eHus h/l cooTne
CTBYIOT TOMY, YTO IO BBICOTE OpyCKa PEelIeTKH YKIa[
BaeTCs TMOJIOBUHA JUTHHBI BOHBL. CpaBHeHuUe puc. 2.1
puc. 2.3 TOKa3bIBaeT, YTO MPH BHIOPAHHBIX ONTHMAJ
HBIX MApaMeTpax PEIIeTKH U MEPBUYHOrO TOJIs 00be
Hasl pelIeTka BeaeT ce0s MoJ00HO JEHTOYHON pelIeTs
Ha puc. 2.4 noxkaszana 3aBucumoctb |A,| ot d/l 1
«=1,2,3, W/1=1/2, 1/4, 1/6. Ilo cpaBHEHHUIO C JICHTOYH!

pGHICTKOﬁ Ha6J'HO,HaCTC$I CABUI' ria00aabLHOTO MAaKkcCuMm ,
Ma Ui BBICIHUX TAPMOHHK B CTOPOHY OOJIBIINX 3HAYE-

HUl mapameTtpa 0.

o.00

0.235 0. 50 0.73 1

Puc. 2.3. BaBucumocts |Ag| u |Bg| ot d/l
st «=1,2,3; h/1=1/2, 1/4, 1/6

0.25 0.50 0.75 1.

B .

mmmmm

0.25 0.30 0.73

Puc. 2.4. 3aBucumocts |Ay| ot d/l
s k=1,2,3; h/I=1/2, 1/4, 1/6

B kauecTBe mpumepa Ha puc. 2.5 mokas3aHa 4a-
CTOTHAsI 3aBHCHUMOCTH KO3(HIlHEeHTa OTpaKeHus |A|

JUIsl OCHOBHOM (kpuBast 0) W NEpBBIX BBICIINX
rapMoHUK (kpuBsie 0, 1, 2 COOTBETCTBEHHO).

(n=1,2)

HMeror MecTo Kak OOBIYHBIC PE3KUC U3JIOMBI KpHU-

BbIX B TOYKAaX CKOJIbKCHUS IF'APpMOHHMK, TaK W IJIaBHBIC

OCHWIJIAIIMN KPHUBBIX, O6YCJ'IOBJ'IGHHBIC BJIMSIHUCM IIAp-

UAJbHBIX BOJIH B IICJIAX PEHICTKU, KOTOPLIC MPCACTaB-

JSTFOT CO0O0M OTPE3KHU IIIOCKUX BOJHOBOJIOB.

AHAJIOTHYHBIC 3aBHCHMOCTH UIsi KO3 (HUIMEeHTa

npoxoxaeHus |B,| npencrasiens! Ha puc. 2.6.

2 : ! :
(] 0 : | :
(I 1 " e i--
0.50-{---- AN
i i 1 i i
0.25}-----ft-- R R | A 3--
i 2 kappai
0.00 1.00 2.00 3.00 4.00
Puc. 2.5. 3aBucumocts |A,| oT I/A
s 0=0,5, h/I=0,5
E[n , , . .
tn) LK i : :
0.7%--7---} S R A 3--
11 i g ! :
0.50-------4-- i errmteal E :
0.28----foeff . S i--
' . kappa
0.00 1.00 2.00 3.00 4.00

Puc. 2.6. 3aBucumocts |By| ot I/A
s 0=0,5, h/1=0,5
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2.2. Cayyaii HAKJIOHHOIO MaJXeHust

B cnyuae HaknmoHHoro mnaneHus Iwiockoil H-
MOJIIPU30BAHHON BOJHBI Ha OOBEMHYIO PEIIETKY OITH-
MaJIbHBIC 3HaYCHHS K03 (UINCHTa 3aMIOTHEHUS PeIeT-
ku 0 BEIOEpeM 110 popmyire [11]:

g-1-— 1 2.2)
2|n+xsin(C)|
roe m=1,2,...,mc(ne N\0).

Ha puc. 2.7 noka3zana 3aBucuMocThb |[Ag| u [Bg| oT
d/l nns (=n/6, «=2/3, 2 mis JCHTOYHOMW PEUIETKH, T.€.
mpu h=0. OnTuManbpHBIC 3HAYCHUS YAaCTOTHOTO ITapa-
MeTpa k=2/3 1 2 (TOYKH CKOJIBKEHHUS IEPBOM OTpHUIla-
TEJIFHOHM ¥ TIEPBOH MOJIOKUTEILHON TapMOHHK) OTIpesie-
JSFOTCS 10 (hopMmyIe:

I
K=—"T—"""7"—""+»
1-sign(n)sin(§)

Ha puc. 2.8 mpencraBieHa 3aBUCUMOCTh |Ay| ot d/I

roe ne N\O. (2.3)

it k=2/3 (n=—1, 1, kxpuBbie 1, 2 COOTBETCTBEHHO), K=2
(n=-1, 1, -3, kpuBbIe 3, 4, 5 COOTBETCTBEHHO).
[Tony4yeHnHsie rpaduuecKue pe3yibTaThl MO3BOJIS-
0T B 3HAYHWTEIBHON Mepe aHaIU3UpOBaTh Te (husmye-
CKHE SIBJICHUS, KOTOPbIE BO3HUKAIOT NPU YUYETE TOJILIU-
HBI pemeTKd. JleTampHOMY aHanMmM3y AU(PAKIFOHHBIX
CBOWCTB OOBEMHOH pELIETKH Ui JBYX MOJSpU3aLUi
MIEPBUYIHOTO TIOJIS1 OY/IET IMOCBSIIEHa OT/eIbHAs padoTa.

0.00 0.25 0.50 0.73 1.m

Puc. 2.7. 3aBucumocts |Ao| 1 [By| ot d/

s k=2/3, 2; h/I=0, {=n/6

A [ ™ : : :
0. 78 b N I s
i N i i
0. 50 emmeens boeeemmenne EI N s :
= = 3 |
5 | : " !
0.258——="-oo- R GO LN :
2 | . . !
| : | 1
0.00 0.25 0.50 0.73 1.m

Puc. 2.8. 3aBucumocts |Ay| ot d/l
i k=2/3 (n=—1, 1, xpussle 1, 2),
k=2 (n=-1, 1, -3, xpuBsle 3, 4, 5); h/I=0, (=n/6

3. AP dpexT ManrxuHIa

D¢ dexT moaHoro nMpoxoxaeHus (0OHapyKEeHHOTOo
I'.JI. MantoxuHIeM B MPOLUIOM CTOJETHU KaK SIBICHUE
MOJTHOTO TIPOXO’KACHUS 3BYKOBOW BOJIHBI NIPH KOHCTPY-
WPOBAaHNH JIEKOPATUBHBIX IMOKPBITHH) HaOmoqaercs u
Juisl ciaydasi H-mosisipu3oBaHHBIX BOJIH NPH NPOXOKAE-
HHH X Yepe3 MepHoIMIecKyio cTpykTypy [10].

[lepBbIM HEOOXOTUMBIM YCIOBHEM BO3HHKHOBE-
HUs 3TOro 3ddekra spisercs k < 0,5, yTo o3Hauaer,
YTO B NPOLICANIEM W OTPa)KEHHOM CIIEKTpax MPHUCYT-
CTBYET TOJBKO OCHOBHas BOJIHA, a TAKKe B LIEIX pe-
IIETKH TOAJICP)KUBACTCSI OJHOBOJHOBBIM DPEXHM, T.C.

Co u Do do = Re(dp)

Om =Im(q,,) opu m>0.
B cnyuae HyneBoro mnpuOMMKEHUS MOTydYeHHAas
CJIAY MoxeT OBITh IIPeCTaBICHA B BUJIE:

HE paBHbl HYIIO,

, iggh .
AOYO_qO[CO_DOe 0 ]620,
MoKy —7g i+2Co+2Dge " =2iKy 19 ; (37
"
Bovo—do Coe " —Dg 6=0;

BOKO ) i-ZCOG 1qoh —ZDO =0.

Tak xak B JJIMHHOBOJIHOBOM l'IpI/I6J'II/I)K6HI/II/I

K <<1, TO cripaBeUIMB ClIeYIOMINI Mpee:

=2isin wsin 6

Ki(tn) = Ki(=15) = lim
1(%0) 1(=%0) k—0 nsin  «0

Torpa cucrema (3.1) npuHUMAET BU:

iqh
AoYo —o (Co ~Dge ° je =0;

Ap+Cqy+Dge 0" =2;
0+tCo+Do ; (32)

ig h
BOYO_QO[COe o —D0J9=0?

iq,h
BO —Coe "o —DO =0.

Pemenne CJIAY (3.2) OTHOCHTENBHO HEHM3BECT-
Heix Ag, By, Cg, Dy umeer Bux:

. 2igoh 2iqoh
Ay =iqgKy —19 dgbe 1" —yg—0gg—e 9"y /

262e 2iggh 2

Yo© ~2v0Uo—d°0% +e A0h 2

I do Yoo~

~2e 290" 00 ;
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BO = -2i’Yoe iqoh KO ) q09 /

2,2 2igoh 2 2,2 2iqeh 2
I 9°6% T —yp® —2y00g0-0p°0° +e Ty —
~2e #90" 5940 ;
CO = -iKO =79 Yo Yo +er /
2iqoh 2iqoh
I go%6%e 290" —yo? —2y4q00 - 207 +e 290" y? -

~2e 290" 4000 ;

Dy = -iKg ~19 & %" yg g +0qq /

2iggh 2iggh
I qo26%e “'90" —yo? —2y0q00 - o202 +e 90" yo? -

—26 2quh 'Yoqoe .

[pu BBIMOTHEHUH YCIOBHS
Yo =6dp
peumenne CJIAY (3.2) Oyaer uMeTh BULI:
Ay =1, By=e'®" c;=1,Dy=0.

YyurtsiBas, 4T0 aMIUIUTY1a OCHOBHOM OTPaXEHHOU

(3.3)

BONHEI ompexensiercss kak Ag =1-Ay[=0], o orpa-

JKCHHOC I10JIC paBHO HYJIIO, TOTAa KaK aMIUIMTYyJa Ipo-

meamed  HyaeBod  BoiHb: Bg =1, a da3a
d=qph=2n6h/N.
Vcenosue (3.3) 3KBUBAJICHTHO!
6 =cos(C) . (3.4)

OTO yCIOBHUE SBISCTCS €Ie OJHUM HEOOXOTUMBIM
YCIIOBHEM BO3HHKHOBEHHA dpPerTa MatoKHIA.

OTMeTI/IM, YyTO B yCHOBI/IH JJISI TIOJIHOT'O HpOXO)K}Ie-
HUs H-monmspu30BaHHON BONHBI dYepe3 pEmIeTKy U3
OpycheB HE BXOJHUT HU BBICOTA CTPYKTYPHI, HA YacTOTa
IaIA0IICH BOJIHBI, 32 HCKIFOUCHHUEM YCIOBHS K <<1.

Ha puc. 3.1 mpencraBinen rpauk 3aBUCHMOCTH
mporreamei Bousl ot yra s 6 =0,08, «=0,1.

1.0038 ; .
|Bo| H i
S
1.0000 L _;__ 7/_
0.9960 |---
0.9921 ' '
§8.233¢  99.5843  86.0353  89.2862  80.6372 89.%o0

Puc. 3.1. 3aBucumoctu |BO| oT yriia najgeHus g,

noxy4yenusie mpu nomou MM® (1-if rpagdux)
n AMIII (2- i rpaduk)

B rtouke &~ arccos(0)=86,1 nabmromaercs yka-

3aHHBIH 3((eKT, KOTOpBIH BhIpaXXEeH Ha 1-M rpaduxe
(Touka «A»), paccanTanHOM Tipu oMot MM® u ot-
CYTCTBYeT Ha 2-M, nosryaeHHOM Metomom AMIII [3]. TTo
9TOM K€ NMPHUYKMHE aMIUIMTYJa MPOLIEIIEro Mo CTpe-
MUTCS K HYJIIO, IOCKOJIBKY IIPU MapaJuIeIbHOM OTHOCH-

T
TENBHO IUIOCKOCTH pemeTkn & — > pacnpocTpaHEHHH

ANEKTPOMArHUTHON BOJHBI (CKOMB3SAIINI PEXKHUM) OT-
CYTCTBYET SIBIICHHE NU(PAKLMHK, TOTAa KaK Ha BTOPOM
rpaduke Takoro CTpeMJICHHs HET.

3HaKk NPUOIMKEHHOTO paBEHCTBa OOYCIIOBIICH
Y4EeTOM BBICIIMX F'APMOHHK.

OcobenHo sipko mposBisercs dhdextT MamoxuH-
ma Torxa, korma (. —arccos(6) »0+3, rme & — mo-

JIOKUTENbHAs Majas BenuuuHa, . — Yroi, IpH KOTO-

POM BO3HHKAET IepBas BhICIIAs, -1-51, rapMOHHKa.

B sTOoM ciydae Bo3HMKaromas HOBas OTpakKeHHAs
BOJIHA OTOMpPAET YaCTh YHEPTUHU MPOIICIIICH OCHOBHOI
BOJIHBI, B PE3yJIbTaTe Yero Pe3Ko MaJacT aMIUIATyJa
MIPOIIEAMNICH BOJIHEL, YTO Ha rpaduke BUIHO KaK SIPKUI
Beieck Jesee (g, nmpu k=0,71, 6=0,6,h/1=8,
Cex = 24,1 (oM. puc. 3.2 -3.3).

BozHukaromue HOBBIE 0OOBEMHBIC BOJHBI OTOMpa-
IOT YacTh SHEPTHH Y MPOIICANIeld BOJIHEI, B PE3yJbTaTe
4ero MNpOUCXOOUT CpbiB 3hdexra MalroKuHIa MpH
k>0,5.

IMomoOHast cuTyarusi mpeacTaBicHa Ha puc. 3.4,
Ile Yroa HajJeHus MMoJ00paH TakuM oO0pa3oM, dYTO
C ~arccos(0) , moaToMy aMIUIMTyAa MPOINEAIed oc-
HOBHOM BOJIHBI Ha JIEBOM 4YacTu Tpaduka, 10 TOYKH
CKOJIB)KCHHUS, 3HAYUTEIBHO BHIIIE, YeM IOCIE TOYKH
BO3HUKHOBEHHS HOBOW 00EMHOM BOJTHBI.

Jns mapameTpoB, MpPENCTaBICHHBIX Ha Trpaduke
0=0,2,h/1=7,£=75", 3nauenne mna -1-if rapmo-

HUKH K =0,508.

Puc. 3.2. Pe3onaHCHEIH XapakTep 3aBUCHMOCTH |BO|

ot yrna nagenus {npu 6 =0,2, h/1=0,05, 0,25;

KpuBbl€ 1, 2 COOTBETCTBEHHO
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0.75 deefraeenas L O booeee
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0.00 20.00 40.00 &0.00 80.00

Puc. 3.3. 3aBrcumocTb |BO| 0T yIJia MaIeHUs Ipu

k=0,7, 6=0,6,h/1=8

Puc. 3.4. 3aBHCHMOCTb aMILTUTY Bl |BO| oT K

mpu ©6=0,2, h/1=7,{=75

CMmenieHne MakcMMyMa Ha rpaduke, Mpeicras-
JICHHOM Ha puc. 3.5, OTHOCHTEIBHO PACUYETHOro yria, a
TaKke HeOOJbIINE OCHWUIALMY, NMpPEACTaBICHHBIE Ha
puc. 3.4, OOBSICHSAIOTCS T€M, YTO MPHU JAOKA3aTCILCTBE
YCJIOBHSI BO3HMKHOBEHHs 3(dekra MaokuHIa y4u-

ThIBAJIOCh TOJIBKO HYJICBOC HpI/I6J'II/DKeHI/Ie
(n=0, m=0).
E[0]

0.75

"""" T
-------- TR

| [ feeees

75.00 76.00 77.00 78.00 79.00
1 1 unaLeea
'

0.00 20.00 40.00 60.00 80.00
Puc. 3.5. CMenieHne yria mojHOTro MPOXOXKASHUS s
k=0,2, h/1=7,0=0,2 npu ysemmuenuu uncna

BBICIIIMX TrapMOHUK B cucreme: 0 — kpuBas 1, 1 — xpusas 2,

5 — kpuBas 3, 20 — kpuBas 4

B cmygae ydera 6ombIiero ymcia TapMOHHK, KOTO-
pBIE TaKXKE MMCIOT HEHYJICBYIO aMIUIUTYIy, MaKCHMYM

‘Bo‘ MPpUCYTCTBYET, HO HCECKOJIbKO CIABHUHYT OTHOCH-

TEJIFHO PAacYETHOTO yIJIa.
Ha puc. 3.5 mokazano cmemieHue yriia MOJHOTO
MIPOXOKICHUS B CIydae YBEIMYEHUS Pa3MEPHOCTH CH-
CTEMBI [T
k=02, h/1=7,06=0,2.

MaxkcuMyM TIepBOTO Tpaduka, MOIYICHHOTo Oe3
ydera BBICIIMX APMOHHK, TOYHO COOTBETCTBYET COOT-
HOIeHHUIO (3.4) 1 OTMEUEH CHMBOJIOM «AY.

4. Pe3oHaHCHOE MPOXO0KACHUE BOJIH

PaccmoTpuMm Gonee JeTajqbHO BBIPAKCHHE IS
‘BO‘ Kak perrenue peayuuposantoil CJIAY (3.2):
Bo = '2i'Yoe 10N KO ) qOe /

2020 2i00h _ 2 202 o 2igoh _ 2
I 0p°0% "7 —vo” —2y0Uof—0qp 6 +e T yo -
2iggh
—2e 7707 y9000 .
HCCHeHyeM NEPUOANIHOCTD YKAa3aHHOT'O PCIICHUA
mo h. I[H;I 3TOro mnpeaAcraBuM OTACIBHO PCAJIbHYIO H
MHHUMYIO HYaCTH:

Bf = —46%qy%cos qoh yo? /
/ y04 cos (gh 2—2y02 cos ggh 2q026)2+
+90"0% cos qoh - 2y0%09%0% — 1" ~go’0”
Bo = 2 dg’0%+7o” Y0gosin doh /
/ y04 cos ggh 2—2y02 cos ggh 2q0292+
+00"0% cos qoh * ~ 210709207 — 1" —gp’0”
TOT A |BO|:

|Bo|= \, 4yp2qp°0° |

/\/ y04 cos ggh 2 —2y02 cos Qgh 2 q0292 +

2
+00"0% cos doh “ —2y90p0” — 10" —q"6" )

A, 3Hauwr,
dh

:—2y02q0392 cos ggh sin ggh x

x vo* —270%0p20% +qo%0*
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Kibepnemuka ma cucmemnuii ananiz

d|B
demon (%J =700 —2 YOZCOS goh 2 %292+

2 2
+Yo*oos goh “+q*8%cos goh “ —2yp2qy%6% -

5
—Y04—QO494 (2 )

d|B
rzae numer u denom — YHCIUTENb U 3HAMECHATENb %
COOTBETCTBEHHO.
[Mockonbky QyHKIHS

|Bo(h)|, h=0

HE TEpIUT Pa3phIBOB, TO €€ 3HAMCHATENh HE oOpamaeT-
cs B HYJIb, a, 3HAYUT,

denom(M] #0, h>0
dh ’ '

Torma nns GyHkuum |BO (h)| 9KCTPEMYMBI Haxc

IATCSL B TOYKAaX, YAOBJICTBOPSIOUIMX  YCIIOBHUI
sin 2gph =0 wm
n
h=—, neN\O,«>0. (4.
4x

IoxacraBisas h s 94eTHBIX M HedeTHBIX N U3 (4.]
B BBIp@XEHHE JJIsI |BO (h)| , yoexxnaemes (cMm. puc. 4.1

4.2), gto:
— B ciyvae, ecii N = 2K, k=1,2,... mabnromaercs

MaKCHMyM |BO (h)| =1,

— B cimydae, ecmn N =2k+1, k=0,12,... Habmo-

JIAeTCSI MUHUMYM |BO (h)| .
VBennuenune |BO (h)| OpH yBelWdeHuu yrina { Ha

puc. 4.2 MoxeT ObITb 0OBICHEHO TEM, UTO & CTpeMHTCS

K YTy TIOJIHOTO TIPOXOK/ICHHS.
B coorHomenne (4.1) He BXOIAT Takwe mapa-
METpHI, Kak yroy mageHuss { W OTHOCHUTEIbHAs IIH-

puHa menn 0, mMoITOMY MakCHMyMbl U MHHHMYMBI
|Bo(h)| OCTAlOTCS HEM3MEHHBIMH Ha 000ux rpadu-

Kax.

Takum 06pa3om, B pe’KUME OCHOBHBIX BOJIH (HyJIe-
BOE ITPUOJIIDKEHNE) CYIIECTBYIOT TaKUe PEIIETKH, KOT/1a
OCHOBHasl BOJIHA IOJHOCTBIO NPOXOJHT Yepe3 CTPYKTY-
Py, IPaKTUYECKH HE3aBUCHMO OT yTJIa MaJAeHUs U, COOT-
BETCTBEHHO, OTCYTCTBYET OTPa)KEHHOE II0JIE B BEPXHEM
TIOJIYTIPOCTPAHCTBE.

[Ipu ydere BBICHIMX TapMOHHK TOYKH MakCHUMyma
CMECTSTCS, YTO U TIPEJICTABICHO Ha puc. 4.3.

BriBoabI

B pabore mpoBeaeHO KOMIBIOTEPHOE MOICIHPO-
BaHUC MU(PPAKIUK ICKTPOMArHUTHBIX BOJH HA PEIICT-
K€ U3 UICATHHO MPOBOAIINX OPyCheB MPSIMOYTOILHOTO

10.00 15.00

Puc. 4.1. 3aBucumMocTh |BO| oT h s cydaes:
1-6=01«=021E=0;
2-0=02k=01=0;

3-0=0,3x=01¢=0

5.00 10.00
Puc. 4.2. 3aBucuMOCTb |BO| ot h 1 cinyyaes:
1-0=015 =0, =n/3;
2-06=015 k=05 ¢=n/4;
3-0=0,15 k=05, =n/6;
4-06=0,15,«=0,1 £=0
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0.0000

1.2000 2.4000 3.6000 4.5000 6.000

Puc. 4.3. CMmenieHre MakCUMyMa |BO (h)| npu kK =0,1;

£=0; ©=0,2 upu yBenuyennn umcia BBICIIAX

rapMoHHK B cucreme: O— kpuBas 1, 1-kpuBas 2,
5—xpusas 3, 20—xkpuBas 4

MomepeyHoro cedeHuss st ciaydas H-nosspuzanuu
najaroiie BoJHbl. [Ipy 3TOM OCHOBHBIM TE3UCOM HC-
CJIeIOBaHUS CIIY’KHUT TOJIOKEHHE O TOM, YTO B CTPOTroOi
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MaTeMaTHYeCKOW Teopuu MU(PaKIuy BOJIH Ha IIaHAp-
HBIX TIEPUOJMYECKUX CTPYKTypaxX KIo4ueBoi (06a30Boif)
MOJIENBIO CTPYKTYPHI SIBIIICTCS peIleTKa U3 HJealIbHO
MPOBOASIINX OpYChEB IMPSIMOYTOJIbHOTO IONEPEYHOTO
CeYeHUs, a He JICHTOYHAs pelIeTKa, KaK 3TO yTBep)KIa-
eTcs 10 CHX TIOp.

[IpoBeneno ananuTHyeckoe uccienoBanue dppex-
Ta Manio)XMHIA M PE30HAaHCHOIo NpoxoxaeHus H-
MOJISIPU30BAaHHBIX AJIEKTPOMArHUTHBIX BOJIH 4epe3 00b-
€MHYI0 PELIETKYy M3 HACAIBLHO MHPOBOMISAIINX OpycheB
IIPSIMOYTOJIBHOTO MONIEPEYHOT0 CEUCHHUSI.

Jano pemeHne mpoOeMbl IPEAETHHOTO Mepexoaa
0T 00BEMHOH PElIeTKH K PEIIeTKE U3 WACAIBHO MPOBO-
JSIIIX OECKOHEYHO TOHKHX JICHT B 33j1a4ax JTU(paKIuu
AIEKTPOMArHUTHBIX BOJH Ha MEPHUOIMYCCKUX CTPYKTY-
pax.

Becs nporecc (anropuT™) MogydeHUsS U PELICHUS
CJIAY aBTOMaTu3upoOBaH U pEAJM30BaH B CHCTEME
Maple 10. BXogHbpIME TaHHBIMH IS PEATM30BAHHOTO
ITOpUTMa SIBIIICTCS HCXOJHAs MaTeMaThdeckas Mo-
Jelb. Pe3ynbTaToM CHMBOJIBHBIX TpeoOpa3oBaHMiA aj-
TOpPHUTMa SBJLFOTCS TPsIMBbIE U 0OpaTHBIe (POPMYITBI CBSI-
34, U3 KOTOpBIX (hopmupyercss HeomHopoxHas CIIAY.
CucremMa cyMTaeTcsi ONTHUMHU3UPOBAHHBIM IO OBICTPO-
neiicTBUIo MeTonoM ["aycca ¢ BRIOOpOM BemymIero e-
MEHTA.
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KOMIT'FOTEPHE MOJIEJTIOBAHHSI JTU®PAKIIi EMEKTPOMATHITHUX XBHJIb HA TPATKAX
13 IIEAJILHO MPOBIJHUX BPYCIB MPSIMOKYTHOI'O IMOMEPEYHOIO NEPETUHY
(BUIAJIOK H-TIOJISIPU3ALLIN)

I"'M. XontkeBuu, B.B. Xopouryn, B.b. Xoxonskos

Hana po6oma € npodosoicennsim pobomu [1] ma npucesuena xomn romepromy mooeniogannio OuGparyii noispuzosea-
HUX X6UNb HA pewimyi i3 i0eaibHO NPOGIOHUX OPYCi6 NPAMOKYNHO20 nonepeuno2o nepemuty. Ilpu ybomy 0OCHOBHUM Me3ucom
OOCTIONCEHHS € NONOJCEHHS NPO Me, WO 8 CMPO2ITl MAMeMamuyHil meopii Ou@paxyii Xeunb Ha NIAHAPHUX NEPIOOUYHUX CIIPYK-
mypax Knovogoio (6a306010) MOOeNII0 CMPYKMYPU € PeWimKa i3 i0eanibHo npogioHUX Opycie NPIMOKYNMHO20 NONEPEeUHO20 nepe-
MUHY, a He CMPIUK08a peulimKa, siK ye cmeepodicysailocs paniuie.
Knrouesi cnosa: ougparyis, ougpparyitina pewimxa, Komn romepre MOOeIO8aH S, NOAAPUIAYIS, PE3OHAHCHE NPOXOONCEH-
H3l XGUTb.

COMPUTER MODELING OF DIFFRACTION OF ELECTRO MAGNETIC WAVES ON A GRATE
MADE OF PERFECTLY CONDUCTING BARS RECTANGULAR IN SECTION
(H-POLARIZED CASE)

G.M. Zholtkevych, V.V. Khoroshun, V.B. Khokholkov

This paper is a continuation of work [1] and it is devoted to computer modeling of diffraction of H-polarized electro mag-
netic waves on a grate made of perfectly conducting bars rectangular in section. The main thesis of this research is the statement
that the key (base) model of the structure in rigorous mathematical theory is a grate made of perfectly conducting bars rectangu-
lar in section and not a grate made of strips that was stated until now.

Keywords: diffraction, diffraction grate, computer modeling, polarization, resonance propagation of waves.
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