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BBEJEHUWE

YacTuupl, IIOKPHITbIE TOHKMMM 3KpaHaMu (B
YaCcTHOCTHU, YacTULbl SIHyca), MpeacTaBisiioT 00Ib-
IO MHTEpeC B AHTEHHOM TEXHUKE, MEOULIMHE U
omonornu. Hanmpumep, yactunpl SIHyca MCIIONb3y-
IOTCSI B KAY€CTBE HAHO- WJIX MUKPOILIOBILIOB, YIIpaB-
JIIEMbIX OeTyIIUMU aKyCTUYECKHWMU BOJIHAMU, IS
TOYHOTO ITIO3UMIIMOHUPOBAHUS JieKapcTB. X Takke
MOXKHO MCITOJIb30BaTh KaK MUKPO30HIbI MJIM CEHCO-
PBI B CHIJIy TOTO, UTO pa3HbIe YacTH yacTull SIHyca na-
IOT pa3JIMYHble OTKJIMKM Ha BHEIITHEE BO3ACUCTBUE.
AcuMmMeTpust yacTull fIHyca II03BOJISIET YacTHIaM
JIETKO TIepeMeIIaThCsl, YTO OTKPHIBAET BOZMOXKHOCTH
ST co3gaHust MUKpoMoTopoB [1—3]. Hecmotpst Ha
MPUKIATHYIO0 3HAUMMOCTh YacTull SIHyca, paccesiHue
BOJIH Ha TaKMX CTPYKTYpax UCCIEA0BAHO JOCTATOUYHO
cirabo. B nureparype mMmeeTcs psio paboT, ITOCBSI-
IIEHHBIX KaK aKyCTUYECKOI, TaK W 3JEKTPOMAarHuT-
Hoit 3amaue nudpakuuu Ha chepe Anyca [3—7]. das
peleHus TaHHOM 3amauyu Audpakiiuy UCIOIb30Ba-
JIMChH, HAIIpUMEP, METOA MOMEHTOB, OCHOBaHHBIN Ha
pellIeHNH IIepeonpeae/IcHHBIX aJreOpandecKuX CH-
creM [3], MeToa MHTerpajJbHbIX ypaBHeHUit [4], Me-
TOJIbI, OCHOBAHHbIE HA TEOPUM CYMMATOPHBIX ypaB-
HeHuii [5] u meron T-matpuir [6, 7].

B Hacrosieit padbore paccMoOTpeHa aKyCcTUIecKast
3ajada Audpaxkinuy MI0CKOK BOJHBI Ha TpOHUIIAe-
MOM IIIape, YaCTUYHO MOKPBITOM OSCKOHEYHO TOH-
KMM a0OCOIOTHO MSTKMM WA a0COJIIOTHO XECTKUM
cepryecknM 3KpaHoM. 3amadya paccesHUsI Ha T10-
KPBITOM IIIape peliajach METOIOM ITPOIOJLKEHHBIX
rpanndHbIX ycioBuii (MIII'Y), KOTOpEIil yCITEIIHO
MPUMEHSIICS paHee K PeIlIeHMIO IMPOKOIo Kpyra
JIBYMEPHBIX M TPEeXMEPHBIX 3a1a4 Teopuu audpak-
muu [8—11]. OcHOBHas nAes METOIAa COCTOUT B TOM,
YTO TpaHUYHOE YCJIOBUE KpaeBOW 3agauyun “TiepeHo-
CUTCSI” Ha BCIIOMOTaTeJIbHYIO ITOBEPXHOCTbh, PacIiO-
JIOXXEHHYIO Ha HEOOJIBIIIOM PACCTOSTHUU OT MCXOMTHOM
MOBEPXHOCTU 3KpaHa B 00JIaCTH, IAe MIIETCS IIoJIe.
Bo3MOXHOCTE Takoro Iomxofa OOYCJIOBJIEHA Bellle-
CTBEHHOI aHAJIUTUYHOCTHIO TU(PPAKIIMOHHOTO TOJIS.
Takum o0pa3zoM, HaITpUMep, €CJIU TPaHUYHOE YCIIOBHUE
BBITIOJTHSIETCSI Ha ITOBEPXHOCTHU 9KpaHa, TO OHO IIpH-
OTKEHHO BBIMOJIHSETCS 1 B HEKOTOPOI “OKPECTHO-
CTU” 3TOI MOBEPXHOCTH.

Penrenne paccMmarpuBaemMoii 3agaumn audpaKiinm
npu nomoimy MIIT'Y ocHOBaHO Ha MCHOJb30BaHUM
¢yukaum 'puna (PI') npoHumaemoro mapa. [pu
9TOM HMCXOJHas KpaeBas 3amadya CBOAUTCS K MHTE-
rpajJbHOMY YPaBHEHHUIO IIEPBOTO pOJIa OTHOCUTEIBHO
MOJsI WJIM €ro HOpPMaJbHOI IIPOM3BOJHOM Ha IIO-
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BEPXHOCTH dKpaHa C SIIPOM, BBEIPAXKAIOIIMMCS Yepe3
@I mapa. I pelieHUs1 MHTETPaJIbHOIO ypaBHEHUS
WCITIOJIb30BAJIUCh ABe MeToauKu. IlepBass ocHoBaHa
Ha KYCOYHO-HIOCTOSIHHOII amnmpOKCHUMAalluM HEU3-
BECTHOI (byHKIIMU T10 IBYM YTJOBBIM KOOpJAMHATaM
(B cdhepuueckoii cucteMe koopauHar). C 1enblo aji-
rebpan3anmny 3agady UCIIOIb30Bajcsa Meton Kpburo-
Ba—boromo6osa. Ilpu 3TOM oceBass cMUMMETpPUS 3a-
Jlauu He yYuThiBajach. JJaHHBIN MOAXOA MPUMEHSLICS
paHee aBTOpaMM IJISI pellicHUsT OJIM3KOM 3amadu Ju-
¢dpaki 371EKTPOMAarHUTHOTO MOJsI Ha IUIOCKOM
9KpaHe, paclojiokeHHOM Ha TpaHUIIe pasaelia IBYyX
cpen [11]. Bropoii MeTon OCHOBaH Ha MCIIOJIb30Ba-
HMM OCEBOM CHMMETPUM paccMaTpyUBaeMoOM 3agadyud
nudpakauu. [pu oMol NpoeKTUPOBaHUS IBY-
MEPHOI0 MHTETpaJIbHOIO ypaBHEHUSI Ha CTaHIAPT-
HbIi 6a3uc Pypbe MO a3UMYTAILHOMY YIJTy, 3agada
CBOIMJIACH K PELIEHUI0 OECKOHEUHOro Habopa OIHO-
MEPHBIX WMHTETrpajbHbIX ypPaBHEHUII OTHOCUTEIBHO
3eHUTHOrO yria 0. [l peleHnsT yKa3aHHBIX OTHO-
MEPHBIX MHTETPAJbHBIX YPAaBHEHUI ITPUMEHSIIICS 6a-
31C U3 TMMOJIMHOMOB SIKOOM C COOTBETCTBYIOIIUM Be-
COM, YYUTBHIBAIOIIMM OCOOCHHOCTbh Ha Kparo chepu-
YyecKoro skKpaHa. [Ipu 3TOM TpUMEHSJICS METOM
KOJJIOKAIIUY, aHAJIOTMYHBIIA METOMY, OIMMCAHHOMY B
pa6ore [12]. IIpu TakoMm momxonae ymaeTcsi JOOUTHCS
0OJIbIIIEH TOYHOCTH, YEM MPU UCTIOJI30BAaHUY TIEPBO-
ro mertoga. OTMETHUM, UTO JAHHBIN MOAXO SIBJISIETCS
o0o0IIeHneM IBYMEpPHOI 3amadyyd Audpaknouu Ha
LHWJIMHAPUIECKOM BKpaHe, paCCMOTPEHHOI B pabo-
te [13].

OCHOBHOIi1 TPYIHOCTBIO MPU PEIIEHUN paccMaT-
puBaeMoii 3amaun au@pakii, KaK IIPU UCIIOIb30-
BaHUU IIEPBOI, TaK U BTOPOM METOMUKU, SIBISIETCS
pacuet @I npoHuIIaeMoro 1mapa, tTak Kak @I Beipa-
2KaeTcs B BUAE MEIJICHHO CXOISIIIETOCs psiaa, HeIIpy-
TOTHOTO ST YMCJICHHBIX pacuyeToB. C 1IeJIbI0 yCKOpe-
HUSI CXOJMMOCTU YKa3aHHOTO psiia BbIIEISIACh
acCUMITOTHKA 1-TO WICHA psaa IIpu n — oo (3Ty Be-
JINYUHY MOXHO Ha3BaTh CUHTYIISIpHOM 4yacThio ®DI).
CunrynspHag yactb ®I' cymMupoBaiiach aHaJIUTH-
YeCKM C UCHOJIb30BaHUEM IIPOU3BOASIIICH (DYHKIINN
noanHoMoB Jlexanapa. OctaBirasicss (peryssspHasi)
yacth @I nipencrasisia coboii JOCTATOYHO OBICTPO
CXONSILIUICS PSII.

1. TIOCTAHOBKA 3ATAYH

PaccMoTpuM MaTemMaTuecKyro TOCTAaHOBKY 3a/1a4K.
ITycTh 0nHOPOAHBIN 1Iap paanyca a MOKPHIT GECKO-
HEYHO TOHKMM C(eprUUeCKUM 3KpaHOM S C YIJIOM
packpriBa 20,. BBeneMm cdheprnyeckyro cucteMy Koop-
JNIMHAT, MPUYEM OCh Z HalipaBUM BIOJIb OCH paccMar-
puBaemoro Tena BpaieHus (cgepsnl Anyca). ['eomer-
pus 3agauM n3obpakeHa Ha puc. 1. [lpeamnonaraem,
YTO BOJIHOBBIE YMCJIa U TUIOTHOCTU CpeJl BHE U BHYT-
pu 1apa paBHBbI k;, W, U k,, L, COOTBETCTBEHHO. Ta-
KM 00pa3oM, BOJIHOBOE MOJIE BHE U BHYTPM Illapa
Ne 2 2021
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Mlskl
26,

W, Ky

Puc. 1. OceBoe ceueHure chepsl SIHyca.

YIOBJETBOPSIET OOHOPOAHBLIM ypaBHEHUSIM [enbM-
roJiblia:

AU+ kU =0, r>a,

] (1)
AU+ kU =0, 0<r<a,

rle 7 — paguajibHasi KoopAuHaTa B C(peprUIecKoi Cr-
creMe KoopauHat. ' paHUYHbBIE YCIIOBUS Ha MOBEPX-
HOCTHU 3KpaHa UMEIOT BUJ

U|r=a, 0<06; =0 (2)
WA
U —0. 3)
a}’l r=a, 6<0;
ITpu 6 € (6,,7) BBIMOJIHEHBI YCIOBHUST COIIPSIKEHMSI
[U]=0,
[la_U} ~0 @)
u or ’

rae W — IUIOTHOCTh (W =W, IpHa r >a, W = WU, OpU
r < a), a KBagpaTHble CKOOKM O3HAYalOT CKavyOK CO-
OTBETCTBYIOIE BelIMYMHBL. [lpenmonaraeM, 4YTO
cepa Snyca obimydaeTcs IIOCKOM BOJTHOM, KOTOpast
MMeEET BUI:

Upar =
na, 5
= exp (—ik;r (sinBsin O, cos @ + cosOcos6,)). )

3nece O, — yroJs nageHus IJI0CKOH BOJIHBIL. PaccesaH-

1
Hoe noJjie U ynoBIETBOPSIET YCIOBUIO U3TyYEHUS Ha
0ECKOHEUYHOCTH
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1
1imr(aal + iklU'j = 0. (6)

r—co r

IlonHoe T1I0JIe YOOBIIETBOPSIET TaKXe YCIOBUIO
MeiikcHepa Ha Kpalo cheprIecKOro aKpaHa.

2. PEHHEHUWE 3AJAYU ITPU ITOMOIIN MIITY

IMpumennum MIITY nng pemeHus TOCTaBISHHOM
3agaun gudpakuu. C 3Toil Heablo IIpeacTaBUM I10-
JIe BHE MPOHUIIAEMOTO IIIapa B BUAE

Ury=U°@r)- IJ(r')G(r, r')ds' @)
S
B cJIydae abCOIIOTHO MSTKOIO 9KpaHa 1
BG(r r )
U(r) =U"(n+ j Jr) = ®)

0
B cllyyae abCOJIIOTHO XecTkoro. 3neck U (r) — nep-
BUYHOE MOJie, ONpeAcssieMoe U3 pelleHus 3a1auu
mudpakiimy Ha IIape B OTCYTCTBUE 3KpaHa,

or'

0<0;

Hau J(r') = [U]=« — Bciydae aGCOIIOTHO KECTKOTO.
0<0;
B dopmynax (7) u (8) G(r,r') — dyHkuus ['puHa npo-
HULIAEMOTO 1l1apa, KOTopasi Py » > g UMeeT BUI

J(@') = {B_U} B CJTyyae aOCOJIIOTHO MSITKOTO 3Kpa-

G = GO + Gl’ (9)
rue
o R
G, = , =r—-r, 10
* " 4nR | | (10)

Gy = 23 @+ WY1 e Vi () B (eos ), (1)
n=0

cos’Y=sin0sin0' cosy + cosOcos O,
Y v (12)

y=0-0,
— W J.(kam, (ka) — m(kla)jn(kza) (13)
E,(ki@) ju(kya) — kY (yaym, (kya)
W = LHT (%) = 50(x), E,(x) = xh (%), (14)
2

. 2
Ju(X%), h,(, )(x) — cdepuueckue ¢yHkuuu beccenst u
XaHKeJIs COOTBETCTBEHHO, P,(Xx) — mojJuHoMbl Jle-
XXaHApa.
3aMeTHM, YTO IIEPBUYHOE I10JIC BHE IIapa UMEET BUI
U'(r) = Upaa(6) +
nau

- (15)
+ Y iTQn+ DV, (kir)By(cos o),

Nn=—o00

rae cosYy(0,p) = sinBsin 6, cos @ + cosOcos Q.

B cootBeTcTBUM cO cTaHmapTHOI cxemoii MIIT'Y
noacTaBuM aajiee opmyity (7) wim (8) B rpaHUYHOE
ycioBue (2) wim (3), MocTaBJIeHHOE Ha BCIIOMOTa-
TEJIBHO MTOBEPXHOCTH Sy, CMELLIEHHOI Ha Majioe pac-
crostHue O oT rmoBepxHocTu S [8—11]. B pe3ynbrate 3a-
Jlaya CBEIETCS K PEIIEHUIO MHTETpajlbHOIO YpaBHEHUS
MEPBOTo pojia OTHOCUTEIBbHO DYHKIIMH J (T'):

IG(r,r')J(r')dS' = Uo(r), resS; (16)
N
oo
2 ' 0
IMJ(r')dS' - e, (17)
~ oror' or

COOTBC€TCTBCHHO B CJIy4yac a0COIIOTHO MSITKOTO WJIN
2KECTKOIo 3KpaHa.

C ucnonb3oBaHUEeM cPepUUECKUX KOOpIAUHAT,
WHTeTpalibHble ypaBHeHUd (16) 1 (17) MOTYT OBITH 3a-
ITMCaHbI B BUIE

21 6y

j jK(e, 0.0.0)J(0,¢)sin0'd0de’ = BO.0). |0
00

0€[0,6,], @e[0,2n],

roe
K®,0,0,0)=a"Gl|._, .. )
BO,9)=U"| |
r=a+0
nin
2
K©0,0.0,¢) =a* 20 ,
arar r'=a,r=a+d (20)
0
Be.9) = -2~
a" r=a+9d

Kak 6but0 ykazano Bo Beemenuu, psamg @I (11)
CXOJIUTCSI OYEHb MEAJICHHO B CUJIY TOTO, UTO OTHOILLIS-
HUe a/ (a+0) =1 u, crenoBaTeabHO, HENPUTOIECH
JIUIST YMCJIEHHBIX pacdyeToB. [1oaToMy BocIonb3yeMcs
ACHUMIITOTUKOMN YJIEHOB psna IpU n — oo. Bo-Tiep-
BBIX, 3aMETUM, UYTO

V,hP (ki) ~ 1J,f(kla) 1)

M12

Vg (ka) ~ B2 =1
up, +1

pu n — oo. [Toatomy @I mapa (9) u ee Bropast mpo-
M3BOIHAsI MOTYT ObITh 3aIlMCaHbl B BUJIE

n,(kia) (22)
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2
w, +1

( h(z)(kla) + Ui —

U

G =

kN )
Gy, +—L > n+1h,"(kr)P,(cosvy) X
) 4311.2( W (r)P(cos )

1J,,(kla)j (23)

2
wp +1

G, +—Zu P,(cosvy),

3G _
oror'

2w, azGo +
W, + 1oror'

1k
ar 4mi

X i(2n + DE, (kir)P,(cosy) X
n=0 (24)
(V& (kya) -2 ==

Ui

1 nn(kla)j

, -
=2y 9°Gy Lﬁz v,P.(cosY),

W, +10ror'  ardmi‘=

rae r = a+ 6. Paapl (23) u (24) cxonsiTcst Mo-mpex-
HEMY OY€Hb MeJIEHHO, TI0O3TOMY BbIIEJIUM aCUMIITO-
TAKW BEJIMYUH U, U v, TIPU H —> oo, UCTIOJb3Ys U3-
BECTHBIE aCUMIITOTMYECKUE pa3oxeHus chepuue-
ckux ¢pyHkuuit beccesnst u ux mporu3BoAHBIX [ 14]:

3~ l),,m) me) - S 1),,n,,<)
2 (x) ~ (2’; Do)y, (25)
£,(x) ~ —i%%nm,
raec
jx)=1-% X’ [§x x_ji_
n 2
9 4n | 321 26)
- [16 384j_3
PPy =1+% ( + jiz+
. 27)

16 16 384 n’
2

- 1 3 2 x
=1-X | X X 22X 28
e =1- ( jz [6 384} - (25)
1 X1
=1+|1+ + = |5+
&) ( 4};1 [32 8);12

6 4 2

+(x _x__x_jl

384 32 16

IosscHum YCKOPE€HUE CXOOUMMOCTH pdaa, 4€pel
KOTOpBIfI BbIPAXacTCAd AAPO MHTCIpaJIbHOIO YpaBHC-

(29)
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Hus (18), Ha mpuMepe ycnoBus Jlupuxie Ha MOBEpX-
HocTty 3KpaHa. 3anuiieMm @I (23) B Buae

G= G, + ki u,P,(cosy) =
W2 +1 ’ .;
= G, +—- k (un —uy ) P(cosy)+  (30)
u,z +1 4qui 4=

k ~ -
+ =L urP,(cosv),
T =0
rae

o _LK" _AO

u, = 31
kr n+1 @b

n

IpeaACTaBIIACT coboit ACUMIITOTUKY BEJIMYMH U, TIpU

n — . B dopmyne (31) k =<. Koabdument A,
r

HaXoauM M3 pa3JIOKEHUA B psd IO CTCIIEHAM l BCJIN-
n
YMHBbI:

X [h‘”(/cla) ﬁlzﬂf,,(kla)jhakklr) (32)
12

rae
5 _ Wl (ka)i,(ka) — Ti,(ka) j,(ka)

V, = 2l Py . (33)
€, (kia)j,(kya) + w,h,” (kia)i,(ka)

HpI/I 3TOM OI'paHMYNBACMCs TOJBKO OIHHUM YJIC-

HOM pPa3JIOKCHUA. Tenepb C UCITOJIb30BaHMUEM COOT-
HOIICHUA

) (34)

e n+l K
AC dt
= h+l 0\/1—2cosyt+t2

BBITEKAIOIIETO 13 (QOpMYJIbl IS TIPOU3BOASIIECH
dyHkuMy nonuHoMoB Jlexxannapa [14], monydynm

K=RK+K,

2 K
_a A dt . (36)
dmr K o\/1—200syt+t2

(35)

2
1% = 2a GO
W +1

[

37
43'[”0 ( )

u;') B(cos),

rIe, KaK OBIJIO yKa3aHo BbIlie, K Ha30BeM “CHUHTY-

99

aspHoit” mu K — “peryasipHoit” 4acThblo sipa WHTE-
rpajbHOIO YpaBHEHUS. 3aMEeTUM, UTO

J‘ dt
()\/1—20051(t+t2
—In(1-x), cosy=1,

— 2
1n[K—COSY+\/K —200sy1<+1} cosy # 1.
1—-cosy

(38)
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AHaJIOI‘I/I‘{HO, B cJ1ydae abCOJIIOTHO XKECTKOIO 9KpaHa
C UCITIOJIb30OBAHMEM PAaBCHCTBA

> k"B cosy) = —FLTE o (39)
n=0 (1—2cosy|<+1<2)
. n( A, )
U, yYUTBIBAA, YTO V, ~ V, =——K | An+ A, +
W n+1
IIPU 1 —> oo, MOJIlyYUM
]% — 2}112612 azGO _ a
Ax(cosy—x) + A, + (40)

§ {(1 —2cosyK+ K2)3/2 (1 —2cos YK+ K2)1/2

K
+é.[ dt ’
K 0\/1—2cosyz‘+t2

(V,, -V, ) P,(cosY).

(41)

Koadpduuments! 4,, 4,, A; HaXOIUM U3 ACUMIITOTH-
KM clienytolieid BEAMUMHBI (TIPU 1 — o0):

%o = nza,xklr){v,,zn(kla) -t 1ﬁn<kla>}. (42)
W +1

ITpu 3TOM COXpaHsIEM TOJILKO TPH WieHA Pa3IoXeHUSI.

B cuty rpoM0O3IKOCTH COOTBETCTBYIOIIMX BHIKIAOO0K,

IUT HaxXOXOeHUs Kod(PPULUNEHTOB A, 4,, 4,, A; uc-

TOJIB30BAIMCH CUMBOJIBHBIE BEIYUCIICHUS B cpene Ma-

ple. OTMeTHM, YTO YJieHHBI psinoB B (hopmynax (37) u

1
(41) UMeIOT TTOPSIIOK He OOJIbIIIe =7 TO €CTh CXOISIT-
n

CA 10CTaTO4YHO 6I)ICTpO .

3. YUCJIIEHHOE PEIIEHUWE NIBYMEPHOI'O
MHTETPAJIBHOTO YPABHEHUA
HA OCHOBE ABVYX ITOAXOO0B

PaccMoTpyM BOIPOC O YMCIIEHHOM pelleHUn
ypaBHeHui (18) mpu momomu aByx metomosn. Ilep-
BBII ITOJXOM OCHOBaH Ha MCIIOJIb30BaHUM KYCOUHO-
MOCTOSIHHOM aIlMpOKCUMAILIMM HEU3BECTHOI (PYHK-
LIVH C TIOCNIEAYIOIIUM ITPUMEHEHUEM MeTOoIa KOJIJIO-
Kalluu. A UMEHHO, BBOAVM CETKY:

eq_ eJ (q_l) :1’29"'3le

N, 2

21 (43)

7
l——) [=12,..,N,.
P, = N, ( 5 2
HewussectHyio dyHkumio J(0',@') uem B BUue:
N, N,

JO.0) =Y. cuf, @ (@), (44)

g=1 =1

e f,(0") 1 w)(¢') — UMITyJIbCHBIE HYHKIMH:

Lo, -A/2<0<0,+A/2,
f;}(e') — q 1/ q l/
0, else, 45)
W Lo A 2<9 < +A,)2,
wi(@) =
0, else,
roe A, = 8 , A, = ==. TIloactaBuB BblpaxeHue (44)

1 2
B MHTerpajibHOE ypaBHeHUe (18) v mpupaBHSIB JIEBYIO U

MPaBYIO YACTH TTOJTYYEHHOTO PaBEHCTBA B TOUKaX KOJUIO-

Karmu ¢ koopauHartamu (0,,¢;) (p =L Ny, j =1, N,),
MOJIYYUM CUCTEMY JIMHEMHBIX aJreOpandecKux ypaB-
HeHuii (CJIAY):

N N,

2 2 (Ko + Ky

g=1 [=1

p:17N]7 J=1’N25

- B
o (46)

roe
Q+A,/20,+A,/2
Ky = K@©,,0,,0,0)d0'de,  (47)
©—Ay/20,~A,/2
5 OrtA,[20,+0,/2
kpj,ql K(G,,,tpj,e',(p)de do'. (48)

@-13/20,-A,/2
B mocienHeM wHTeTpajie TIpUMeEHsIeM TTPUOJTKEeH-
HYy10 (GOPMYITY, SBJISIONIYIOCS IBYMEPHBIM aHAJIOTOM
¢GhOopMyJIbI TIPSIMOYTOJILHUKOB:

K, 0 =K(©,,0,,0,,0)AA,, (49)

V78
TakK Kak “peryyisipHasi” yacTtb K siipa UHTErpajibHOTO
YpaBHEHWUS SIBJISIETCS] MEIUIEHHO MeHSTIotecst hbyHK-
uueii yrios 0', ¢'. ITpasas yacte CJIAY umeet Bun

=3

Z (2n + l)P CcoS (Y()(ep1 (pj))) (50)

X (Julkr) + V2 (kir)

B CJ1y4yac a0COIIOTHO MSITKOTO OKpaHa n

B, = —klzi'"@" + 1P, (cos (v(6,,9,))) X
prr (51)

x () + V12" )

B CJ1y4yac abCOJII0THO XECTKOTO.

B xadecTBe pe3yiabTaTa pelreHus 3agaui TudpaK-
IIMA MBI pacCMaTPUBAIM TMArpaMMy paccesiHus 4Ja-
cTulibl SIHyca, KoTopasi B JAHHOM cllydae OIpenessi-
eTcs o hopMyJIam:

U' = g0, PR (52)
kr
AKYCTHUYECKUMU XYPHAJI TOM 67 Ne 2 2021
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3necn

20,0) = £"(6,0) + £'(6,9), (53)

g'0,9) =iy 2n+1V,P,(cos(v,(0,9))  (54)
n=0

— JparpaMma IepBUYHOTO T10JIS,

N, N,
£'0,0) = —ﬁZZcq, [expikiacos ) +

g=1 [=1

. (55)
+ > i"@n+ W, 4 (ka)P,(cos yq,)} a’sin9,A A,
n=0

B cliydae abCOIOTHO MSTKOTO 9KpaHa 1

N, N,

z Z ¢, i cosy, exp(ikacosy,) +

1
U= '

g'0,9) =

+ > i"@n+ )W, 5" (ka)P,(cos y,q)} X (56)
n=0

X (kia)’ sin B,AA,
B cJTy4yae abCOJTIOTHO xkecTKoro. B dopmyinax (55) u (56)
cosY,, =sin6,sinOcos (¢ —¢;) +cosO, cos6. (57)

OnuiieM OCHOBHBIE MOMEHTBI pEIIEHUS] WHTEe-
rpajbHOro ypaBHeHus (18) mpu momMoIiny BTOpoil Me-
TONMKH. YUTEM OCEBYIO CHMMETPHIO YacTHUIIBI SIHyca.
Paznoxum HeusBecTHYIO (OyHKUMIO B psii Dypbe

JO,9) = D 1,(0)expime). (58)

m—so
B pesynbrare moacraHoBKU (GopMyibl (58) B UHTe-
rpajbHOe ypaBHeHUe (18) 1 mpoeKTrupoBaHUSI 00enXx
yacTeli paBeHCTBa Ha 6a3uc Pypbe, MOTYIUM CIIeTy-
IOIIYI0 OECKOHEYHYIO CUCTEMY OJHOMEPHBIX WHTE-
TpaJIbHBIX YpaBHEHUM

6,
! K, (6,0)1,,(0")sin0'd0’ = B, (0), 59)

m=0,+1,12,..., 0e[0,0,],

rne K, = K,, + K,,, npudem

k1a2 a
Sm - _AOFma
W, +1 2

K, =

(60)

=

K, = —ikl—(fZ(un —u:)wx

m 2 & (n+m)!
X P (cos0)P,"(cos0"),

(61)

O (n—m)! m
B,(0)= > i"(2n+ 1)mp,, (cos 0) x

n={m|

(62)
X By (cos0y) (J,(kir) + V.1 (kar))

AKYCTUYECKMM XKYPHAJI  Tom 67 Ne2 2021

B CJi1iy4yac a0COIIOTHO MSITKOTO 9KpaHa n

k= kiKW %
W +1

y 9°S,, oot 9°S,, o 9’S,, 0z + 9’S,, |-
dpap’ dzap' dpaz’ 020z’ (63)
K 5'1 + 51 ol 2

— E Al (%pp'_{_ Sm(zz'_ a )j +

+ A8, + l,43Fm),
a

o

Iém =—ilﬂ<2(vn—vf)(n_m)!x

2 S (n+m)!
X P (cos0)P"(cosB"),

(64)

B — . (n—m)!
Bm(e)——kIZl (2l’l+l)mx

n=|m|

x am<cose>lz,m(coseo>(f,;<klr> + V,,h,i”'aqr))

(65)

B Cj1ydyae abCOJIIOTHO XKeCTKOro. 3/1eCh

2n A .
S = 1 J‘ exp(—ik,R — lmll))dlb,
2n kR

0

- (66)
Sm _ 1 (exp(=imy) , W,
21y kR

S — LG exp(—im\) ",

m 3
my (kR) )

2n
F, == [ Fabexp(-impx,
2ny
a ¢pyukaus F(y) nmeer Bun (38). B dopmyne (63)
©,0,2), (p',0',7') — LAIMHIPUYECKUE KOOPAUHATHI
TOYKU HAOJIIOACHUSI W TOYKM MCTOYHUKA. DPpdek-
TUBHBIN YMCIIEHHBIN aTOPUTM HaXOXIeHUs (PyHK-

LM S, 1 UX IPOU3BOAHBIX IPUBEAEH B [15].

st peliieHus1 OMTHOMEPHbBIX MHTErPaJIbHBIX ypaB-
HeHuii (59) Bocosib3yeMcsl pa3iokKeHUEM HEU3BECT-
HbIX GyHKUMA /,,(0") B psA IO OPTOTOHAIBHBIM I10-
JuHOMaM fkobOu ¢ BeCOM, YYMUTHIBAIOILIUM OCOOEH-
HOCTb Ha Kpato 3kpaHa. [IpenBaputesibHO cienaem
3aMeHy nepeMeHHoli x = cos 0. B pesyibraTe

L-1
1 za;npq(o,—l/z) (2)(? =Xy _ IJ (68)

X — Xy 420 1-x,

1,(x) =

B Ci1y4yac a0COIIOTHO MSITKOTO 9KpaHa n

=
I,(x)=+x— xoz a;"Pq(O’l/z) (2@ - 1) (69)
=0 — X
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0,-1/2
B cily4yae aOCOJIOTHO XECTKOro. 31ech Pq( / )(x) u

Pq(o’l/ ? (x) — monuHOMBI k06U, X, = cosO,. [1o ana-
Jjoruu ¢ paboroil [12] mpUMeHUM MeToHd KOoJUIoKa-
LIMM, BbIOpAB TOUKM KOJUIOKALIMU, YIOBJIETBOPSIIO-
11IM€ COOTHOILIEHUIO

+%<t,,+1><1—xo>, p=LL  (70)

xp = xO
roe

PO,y =0, 6o PP(t,) =0, (71)

COOTBETCTBEHHO B ciyyae ycjoBus Hupuxie wiun
HeitmaHa Ha skpane. Torma B pesynbTare mojacra-
HOBKM paszyioxeHuii (68) u (69) B ypaBHeHus (59),
MOJIYyYMM Cienytoimuii 0eckoHeuHbiii Hadbop CJIIAY

L-1

(G +Gr)ay =By, p=1L,

(72)

<

rae

X, Xo + T(1 = X)) Py (D), (73)

o

G:[')'; = —ikl—azZ(un —u;)(n_m)!Pm

> & (1! n (X)X

(74)
j P ()P, (1) 2— J—

Zz "n+ 1) = i )P (cos 0,) X
nm| (n+m)! (75)

X (Julkir) + V12 (i)

B cJiydae abCOTIOTHO MSITKOTO 9KpaHa U’

G = 2(1 = x,)’ x

L (76)
X [ B0y %0 + T = X0)) Pryr (D)7,
0
Chas o T
1 n=|m| , (77)
% .[B,m( ) 2q+l [ xodx

(n—m)!
B, "=k i"Qn+1)—=p" (x, )P (cos ;) X
IZIr:nl (n+m)! ‘ (78)

X1tk + VI )

X — XO
B cCjiydyae abCOJIFOTHO XXEeCTKOTOo. 3/1eCh T = 1—,
— xo

P (T) — niosmHOMBI Jlexxanapa. 3aMeTuM, 4To MpU

n

WHTETPUPOBAHUN CUHTYISIPHOM dacTh sgapa (CM.
dopmyisl (73) u (76)) MBI 3aMEHIIN TTIEPEMEHHYIO X
Ha 1. COOTBETCTBYIOILIME MHTErpajbl BBIYUCIISIIA
Py MOMOIIM aJaNTHUBHOI MHpOrpaMMblI Ha SI3bIKE
Matlab. Muterpansl B (74) u (77) BbIYUCISIIA TIPU

IMOMOIIM KBaApaTypHBIX (OpPMYT C BeCOM 1/ N +1
t+1.

IIpuBenem opMynbl 1JIsT TUarpaMMbl pacCesTHUS
MPUY UCITOJIb30BaHUY BTOPOI MeToAuKU. Jlnarpamma
BHOBb umeeT By (53). I1pu aTtom

nimn

g'0,0) = Z (8w ©) + g,,(0)) exp(im®),  (79)
e
2 L-1
50y =~ ) "> a) x
q=0
1
X ij (klasin oVl — xz)exp(ikla cos@)x  (80)
dx
X P, (T s
211( )\/)C—_XO
2 L-1
g0 = —ML 3" g
q=0

X Zz (2n+1)2”’+’”; P"(cosOW, hP (ka)x  (81)

n={m|

dx
X—xo

x jBJ”(x)Bq (v)

Xo

B CJ1yyaec a0COJIIOTHO MATKOTO OKpaHa n
ey = ek Za x
x Hsme T (kla sin eﬂ) +
x“+ ixcos6J, (kla sin 6@)} X

P
X exp(ikjacos G)L(T)\/x — Xodx,
T

(82)

ka<
e ©®="72 a;

q=0

X Zz n +1)=m! ’”; P"(cosOW.E, (ka)x  (83)

nm] (n+
X J’P,,m(x)M\/x — Xodx
T

B CJ1y4yac abCOJIIOTHO XECTKOTO.
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1(0)
15 (©)

10

s 1

100 120 140 160 180
0

—— L J

0 20 40 60 80

Puc. 2. YriioBble 3aBUCHMOCTH MHTEHCUBHOCTH PaCCEAHHOIO ITOJIA C(I)epr }IHyca B BUIC NPOHMIIAEMOT0 111apa, YaCTUYHO ITOKPLITOro

aOCOITIOTHO MSTKUM ChepUUECKIM KPaHOM JUTSI IBYX BOJTHOBBIX pa3MepoB (a) — kja = 3 u (6) — kja = 6, TIony4eHHbIe TIPH TIOMOLLI
MeTona T-MaTpull 1 mpy oMoIny anroputMoB Ha ocHose MIITY. Yron momypackpsiBa skpana (a) — 0y = 150° u (6) — 0y = 90°.

1(6) (a)
0.8

0.7
0.6
0.5
0.4
0.3
0.2
0.1

0 20 40 60 80 100 120 140 160 180

0

1(0) ©)

1 1 1 k. A
0 20 40 60 80 100 120 140 160 180
0

Puc. 3. YiioBbIe 3aBUCHMOCTH MHTEHCUBHOCTH PACCESTHHOTO MOJIsT cepbl SIHyca B BUIIe IIPOHMIIAEMOTO IIapa, YaCTUYHO IMTOKPHITOTO
aOCOJIOTHO KECTKUM c(hepUUECKIM SKPaHOM JUIS IByX BOJIHOBBIX pa3MepoB (a) — kja = 3 u (6) — kja = 6, HosrydyeHHbIe IPY TOMOLI
Metoza T-MaTpuil 1 py omol1uy ajrroputMoB Ha ocHoBe MITI'Y. Yron nonmypackpbiBa akpaHa (a) — 05 = 150° u (6) —0; = 90°.

4. YUCJIEHHDBIE PE3VJIBTATDI

PaccMoTpuM pe3ysibTaThl YMCIEHHOTO MOIEIUPO-
BaHus. JI1s TecTUpOBaHUsI pa3pabOTaHHBIX METONIOB
OBbUIO TIPOBEACHO CpPaBHEHUE C pe3yJIbTaTaMHU, ITONy-
YeHHBIMH IIPU IToMoILIM MeTona T-MmaTtpuil B padote [7].
BosHOBBIE UMCIIa M TUIOTHOCTY Cpell BHE U BHYTPU 111apa
ObuM paBHBI k, =1, u, =1 1 k, =1.5, u, =1.5, coor-
BeTcTBeHHO. [1apameTp O mipu ncnons3oBannu MIITY

-3
BO Bcex ciiyyasix Opasicsd paBHbIM 10, Yron nosypac-
KpbIBa 3KpaHa ObU1 paBeH 0, = 90°. Yro maneHus nep-
BUYHO BOJIHBL O, = (0°. PaccMaTpuBayivch 1Ba pa3iny-

HBbIX paauyca wwapa ka =3 u ka = 6. HYucno Touek

AKYCTUYECKUM KYPHATT Tom 67 Ne2 2021

KoJuloKauuu i neporo metoga N, = 40, N, =160,
1711 Broporo merona L = 32. B KkauecTBe paccMaTpuBa-
€MOI1 XapaKTepUCTUKM Opajlach MHTEHCMBHOCTb pacce-
SIHHOTO TIOJISI, OIIpeAesisieMast CJIeIyIOIINM 00pa3oM:

10) = L |¢(6,0) . (84)
ki

Ha puc. 2 u 3 npuBeneHbI YIJI0Bble 3aBUCUMOCTH
WHTEHCUBHOCTU paccesiHusl s Metoaa T-MmaTpuil
(kpuBast ) U TIpemyiaraeMbIX ITOJAXOJOB Ha OCHOBE
MIIT'Y (kpuBast 2 COOTBETCTBYET IIEpPBOMY, a KpuBas
3 — Bropomy Metonmy). Ha puc. 2 BumHO, 4TO miIsT
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KPBICAHOB u np.

Tab6auna 1. ToYHOCTB BBITIOJHEHUSI ONITUYECKOI TeopeMbl Jist cpepbl SIHyca B Buje MPOHUIIAEMOrO 11apa, YaCTUYHO
ITOKPBITOTO aOCOTIOTHO KECTKUM cheprIeCKUM IKpaHOM (ITepBasi MeTOIMKa)

N,, N, = 4N, c —Im (g(8y,0)) Ao

kia =3

15 2.489595 2.515150 1.03 1072

25 2.544564 2.564611 7.88 x1073

35 2.570533 2.587121 6.45 x1073

40 2.578923 2.594292 5.96 x1073
kia =6

15 14.917236 15.227829 2.08 x1072

25 15.002267 15.247020 1.63 x102

35 15.060940 15.255580 1.29 x1072

40 15.081490 15.257716 1.17 1072

Taoauua 2. TOYHOCTh BBITIOJHEHMST ONITUIECKOI TeopeMbl ST cpephl SIHyca B BUAe MPOHUIIAEMOTO IIIapa, YaCTUIHO
MOKPBITOTO aOCOIIOTHO XKECTKUM ChepruIeCKUM 9KpaHOM (BTOpasi METOAMKA)

L © —Im (g(6,,0)) Aory
kia=3

16 2.634956 2.640329 2.04 x10~3

32 2.636773 2.642852 2.30 x10~3

48 2.633772 2.638545 1.81 x1073

64 2.632997 2.637633 1.76 x1073
kia =6

16 15.24457 15.25526 7.01x10~4

32 15.22389 15.21330 6.96 x10~4

48 15.25218 15.26120 5.91x10~4

64 15.26292 15.26505 1.39 x10~4

ycioBus Jypuxie Ha 3KpaHe pe3yabTaThl, MOJyYeH-
HBI€ BCEMHU TpeMs MeTOIaMU, COBITAAlOT C rpadude-
CKOil ToyHOCThIO. [Iyis1 ycioBuss Heiimana (puc. 3)
pe3yabTaThl pacyeTa MHTEHCHUBHOCTU PaCCESTHHOTO
M0JIsI, KOTOpPhIE MOJYyYEeHBbI MpU IOMOIIM MOAXO.a,
OCHOBAaHHOTO Ha MCHOJb30BAaHUU KYCOYHO-IOCTO-
SIHHOM amrmpokcumanuu (KpuBas 2), OTJIMYAOTCS
MEHBLIE OT COOTBETCTBYIOLIMX DPE3YJIbTATOB, IOJY-
YEeHHBIX MeTooM T-maTpuli, yemM IpU UCHOJIb30Ba-
HHUU BTOpOro Metona. JJaHHbIN (PaKT MOXHO OOBSIC-
HUTH TeM, 4To 6a3uc (69) yIUThIBAET OCOOEHHOCTh
HEU3BECTHOM (DYHKLIMU Ha Kpalo 9KpaHa, B TO BpeMsl
Kak B MeToae T-MaTpull 1 B IEPBOM METOE Ha OCHO-
Be MIII'Y 3Ta 0cOGeHHOCTH He yuuThiBaeTcsa. OTme-
TUM TakXe, YTO B CUJIy HaJIW4usl BTOPOIl HOpMaJlb-
Hoii mpousBogHoit MI' B ciyuae ycimoBust HeiimaHa
Ha 3KpaHe, TOYHOCTh pacyeTa AuarpaMMbl IIPU I10-
Mo MIIT'Y HecKoJIbKO HUXe, YeEM B ClIydyae ycJio-
Bus Aupnxire.

B kaudecTBe KpuTepusi MpOBEPKU MPaBUJIbHOCTU
MOJYYEHHBIX Pe3yJbTaTOB paccMaTpUBajach OIITH-
yeckasl TeopeMa, KoTopas 3alichiBaeTcs B Buae [16]

o =-Im(2(8,,0)), (85)
raoe

2n w

1

G = j j|g(e, o)’ sin 00d¢. (86)
n 00

4
71 OLIEHKHM TOYHOCTH BBITTOJTHEHUS OTITUYECKOi
TeopeMbl PaCCUMTHIBAJIACh OTHOCUTEIbHAsI Pa3HOCTD
JIEBOI U IIpaBoii yacTeil B popmyie (85):

_ |G + Im (g(6,, 0))|

OTH *

9

Pesynbrarhl 3TOI NPOBEPKHU JJIs1 TIEPBOTO U BTO-
poro u3 npeajiaraeMbiX NOAXOAOB MPU PACCMOTPEH-
HBIX BBbIIIIE ITapaMeTpaxX npuBeaeHbI B Ta0. 1 1 2. Kak
ObLJIO OTMEUEeHO paHee, 1Js yciaoBus HelimaHa Ha

A

87)
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1072

103
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1073
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N

(==}

Puc. 4. PacipenesieHre HEBSI3KM Ha KOHTYPE OCEBOTO ce-
YEeHUST BCIIOMOTATeJIbHOM OBEPXHOCTH 11151 chepbl SAHY-
ca B BUJE MPOHMIIAEMOTO I1apa, YaCTUYHO ITOKPBHITOTO
a0COIIOTHO MSITKUM CheprUIeCKUM 3KpaHOM. YToJI naae-

HMS TIEPBUYHOM BOJHBI O = 45°.

100

10~!

1072

10-3

1075 L L L L L L

0 16 32 48 64 8 9 112 128

N

Puc. 5. Pacnipenesienue HeBsI3KM Ha KOHTYPE OCEBOTO Ce-
YEHMSI BCIIOMOTraTeJIbHOI MOBEPXHOCTH 151 chephl SAHY-
ca B BUAE MPOHMIAEMOTrO Il1apa, YaCTUYHO MOKPHITOrO
a0COIIOTHO XXECTKUM C(PpeprUIeCKMM KPaHOM. YTOJI Ma-

JIeHWs TIEPBUYHOM BOJIHBI O = 45°.

9KpaHe TOYHOCTh BBIMTOJHEHUSI ONTUYECKON Teope-
MBI HIDKE, 4eM 1 yciioBus Jupuxiie, moaToMy pac-
CMaTpUBAJICS Cay4dail abCOIIOTHO XECTKOro 3KpaHa.
M3 1abia. 1 BUgAHO, 4YTO MPU UCHOJIH30BAaHMUM IEPBOTO
MOAX0Ja OTHOCUTEJIbHASI Pa3HOCTh IPaBOil U JIEBOI

yacTeil paBeHCTBa (87) — BeIMYnHaA A,
€TCsl C POCTOM YMcia TOYEK KosutokKauuu N, U He

— YMCHbIIIA-

AKYCTUYECKUM KYPHAT Ttom 67 Ne2 2021

npesbiiiaer 3 X 1072, TIpy OQMHAKOBBIX 3HAYEHUSX

N, Anis Tefia MEHBLIMX PA3MEPOB TOYHOCTb BBITIOJTHE-
HUSI OTITUYECKOM TeopeMBI BhILIE. {1 BTOpOro nmosu-
XOJIa OIITUYECKAs TEOPEMA BEITOJIHAETCS C OoJIee BBICO-
KOl TOYHOCTBIO B CjIydae OOJIBIIErO pa3Mmepa Tena, a
MUMEHHO He TipeBocxoaut 3 X 1073 st kg = 3mu2 % 107
st ka = 6.

B xauecTBe el1le OMHOM TPOBEPKU pa3pabOTaHHBIX
aJITOPUTMOB, [JISI BTOPOTO M3 pPaccMaTpUBaeMbIX
MOJIXO/I0B OblIa BEIYMCIIEHA HEBSI3KAa KPaeBOTO YCI0-
BUs, onipenelisieMast (popMyJIoii:

A®,¢) =
oo 0,
= ij(e,e'ﬂm(e')sme'de'—B,,,(e) X (88)
m=—c2| 0
X exp(imo),

rae [, umeet Bun (68) wiu (69). Hessiska BeIuucsi-
JlaCh Ha KOHTYP€ OCEBOTO CEUeHUsI BCITIOMOTaTeIbHOM
noBepxHocTH Ss. Ha puc. 4 u 5 npuBeneHbl KpUBbIE
3aBUCUMOCTU HEBS3KU OT HOMepa N TOUKM HaOII0-
JieHUs O (UMciio ToYeK, B KOTOPBIX BBIYMCIISIIACH HE-
BsI3Ka, ObUIO BBIOpaHO paBHBIM 128). Yron mameHus
rajaroleil BoJHel 0, = 45°, pa3Mmepsl mapa ka = 6,
yrojl HabmoneHus ¢ = 0, a ocTajibHble MapamMeTpbl
Takue 3Ke, Kak u 1jis1 puc. 2 u 3. Ha puc. 4 paccmar-
puBaJics abCOJIIOTHO MSITKUIA 3KpaH, a Ha puc. 5 —
abcomoTHO XecTKuii. Kak BumHO M3 rpaduKoB, He-
Bsi3Ka J1g yciaoBus HeiiMaHa Ha 3KkpaHe UMeeT JiBa
BhIOpoca, umelomue nopsgok 0.3. B To ke Bpems
MaKCUMaJIbHBIIA YPOBEHb HEBSI3KM Ha OOJbllIel ya-
CTU KOHTYpa OCEBOI0 CEYEHUS dKpaHa He MPEBOCXO-

-2
muT 2% 107, T.e. HoctatogyHO MaJ. PacueTsl mokas3bI-
BaIOT, YTO IJISI TIEPBOIO IOJIX0Ja HEeBSI3Ka KPacBOIro
YCJIOBUSI UMEET Ha MOPSIAOK OONbIINE 3HAYCHMUSI.

Ha puc. 6 u 7 u3o006paxeHbl YIJIOBBIE 3aBUCUMOCTH
WHTEHCUBHOCTU PACCESTHHOTO TOJIST OT yIla pacKphbl-
Ba cepuueckoro skpaHa. Kpmsas / cooTBeTCTByeT
IUdpakIny Ha MMPOHUIIAEMOM Iape, KOTOPHIM He
MMOKPBIT 3KpaHoM. COOTBETCTBYIOIIAast KpUBasI MOJTy-
YyeHa IpU ITOMOIIU MOACTAHOBKU B ¢opmyny (84)

JarpaMMbl  TIEPBUYHOTO  TIOJIS g°(e, () BMECTO
£(6,¢). KpuBoii 6 Ha pucyHKax NmoKa3aHbl 3aBUCH-
MOCTM WHTEHCHUBHOCTU NpU AUPPaKIMKU IUIOCKOM
BOJIHBI HAa a0COTIOTHO MSITKO# (puc. 6) iy abCcomoT-
HO ecTKoi (puc. 7) chepe COOTBETCTBYIOIIETO BOJI-
HOBOI'O pa3Mepa, IMOJIyYeHHbIE IIPU IOMOIIN MOOU-
(GUIMPOBAaHHOTO METOIA TUCKPETHBIX MCTOYHUKOB
(MMION) [17]. KpuBble 2—5 COOTBETCTBYIOT yrjiam
packpbiBa 3KpaHa, paBHBIM 45°, 90°, 135° m 179°.
BonHoBoii pasmep cdepbl fJHyca u yroa mameHuUs
BOJIHBI — kja = 6, 6, = 0. MaTepuanbHble napamer-
PbI Cpel ¥ BOJTHOBBIE YMCJIa T€ K€, YTO 1 JJIsI TIPEIbl-
IYILIUX PUCYHKOB. Pe3ynbTarhl, IIpuBeaeHHBIE HA pU-
CYHKax, MOJy4YE€HBbI IIPU IIOMOIIM IIEpBOM M3 pac-



136 KPbICAHOB u ap.

£
£
£

4

o

L ==

60 80 100 120 140 160 180
0

Puc. 6. YriioBble 3aBUCUMOCTH UHTEHCUBHOCTH pacCesTH-
HOTO 10J1s1 chepbl SIHYca 1151 pa3sIUYHBIX YIJIOB PACKPbI-
Ba ITOKPBIBAIOLIETO €€ a0COTIOTHO MATKOTO C(hEPUIECKO-
ro DKpaHa.
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Puc. 7. YryioBble 3aBUCUMOCTH UHTEHCUBHOCTH pacCesTH-
Horo 1noJsi cepsl SAHyca 11 pa3IuYHbIX YIJIOB pacKphI-
Ba IMOKPBIBAIOIIEr0 €€ abCOJIIOTHO KECTKOro cdepuye-
CKOTO 9KpaHa.

cMaTpuBaeMbIX MeToauK npu N, = 40, N, =160. Ha
PHUCYHKaX BUIHO, YTO B cIydae, KOToa 9KpaH MOYTH
MOJIHOCTBIO TTOKPBIBAET 1Iap (KpuBasi 6), rpapuk uH-
TEeHCUBHOCTH PAaCCESHHOTO TIOJISI COBITamaeT C pe-
3yJIbTaTaMM ISl UIIeaTbHO OTpaXkaroleil cepsl, 4To
COOTBETCTBYET (DM3NUECKOI KapTUHE paccMaTprBac-
MOTO SIBJIEHMS. BUIHO TakKe, 4TO B ciiydae aOCOJIOT-
HO MSITKOTO 1 a0COJTIOTHO JK€CTKOTO 3KPaHOB UMEEeTCS
pe3K1ii MAKCMMYM WHTEHCUBHOCTH B HaIIpaBICHUU

yriia naacHusa MJIOCKOII BOJHEL. B cJiydya€ yCJIoBUA
):[I/IpI/IXI[e BE€JINYMHaA MaKCMMyMa UMEET HauboblIee

3HaueHue 1151 0, = 179° (Korma sKpaH BbIPOXIAETCS
B cepy). I1pu oTcyTCcTBUU 3KpaHa (TO eCTb IPU AU~
¢dpakii Ha TPOHMUIIAEMOM IIIape) MaKCUMYM B Ha-
MpaBJIcHUU TIAJeHUST BOJHBLI MMeeT elle OoJblice
3HauYeHMe (YeM IS MOKPHITOTO 11apa). B Hanpasie-
HUU oOpaTHoOro paccesHust (ripu O =180°) Takke
UMeeTCs MAKCMMYM MHTEHCUBHOCTH, KOTOPBIA IIPU-

HMMAaeT HauOOJIbIIWE 3HAaYeHUs Nnpu O; =45° u

0, = 90°. B cinyyae aBCOIIOTHO XKECTKOIO 3KpaHa Be-
JIMYMHA MaKCMMYyMa UHTEHCUBHOCTH B HaIlpaBJIEeHUN
MajeHus TIOCKOU BOJIHBI UMEET CYIIIECTBEHHO 00JIb-

1Iee 3HaYeHue 111 0; = 45° 1o CpaBHEHUIO C IpYyTU-
MU yIJIaMHM pacKpbiBa 3KpaHa. YPOBEHb OOpaTHOTO

paccesiHUS TAaKXKe MaKCUMAaJIEH Ipu 0; = 45°.

SAKJIFIOYEHUE

Ha ocnose MIII'Y pa3paboraHbI 1Ba ajJropmuTMa
YHUCJIEHHOTO PEIIeHUSs 3a0aun TudpakIuy TUIOCKOM
BOJIHBI Ha cdepe SIHyca B Buae NpOHUIIAeMOro 11apa,
YaCTUYHO ITOKPHITOTO a0COJIIOTHO MITKUM WJIN a0CO-
JIFOTHO XeCTKUM cheprudeCcKUM 3KpaHoM. BruimmoHe-
HO CpaBHEHUE pe3yJIbTaTOB pacueTa MHTEHCUBHOCTHU
pacCcesTHHOTO MOJIsl, ITOJIyYEHHOM C MCIIOJIb30BaHUEM
MPENIOXKEHHBIX METOIOB C pe3yjbTaTaMM, HalIeH-
HbIMU MeTonoM T-MaTpull. [TokaszaHo xopolliee COB-
nageHue pe3ybTaToB KaK IIpU MPUMEHEHUU 00eux
MeToankK Ha ocHoBe MIIT'Y, Tak 1 mipu ucImonp3oBa-
Humn Metona T-matpui. [lpoBemeHa mpoBepKa TOU-
HOCTH BBIIIOJIHEHUS OIITUYECKOIT TeOpeMbl U HEBSI3-
KM KpaeBOro yCJIOBUS B cilydae ycinoBuii Jupuxie u
Heitmana Ha skpane. [TokazaHo, 4TO IOTrPENIHOCTD
BBIIIOTHEHUSI ONITUYECKOM TEOPEeMBbI He IIPEBOCXOIUT

-2 o
3x10 Ipu MCIIOJb30BaHUU II€PBOU METOOAUKHN U

3x107° B cllydae mpuMeHeHUs BToporo meroaa. Ilo-
Ka3aHO, YTO HeBsI3Ka KPaeBOIo YCJIOBUSI TIPU ITIpHUMe-
HEHMHU BTOPOI METONVKY UMEET MaJible 3HAaUSHMS Ha
OoJIblIIelt YaCTH OCEBOI0 ceYeHMsI IKpaHa. Takum 00-
pa3oM, MOXKHO ClieJIaTh BBIBOJ O TOM, UTO BTOpasi Me-
TOIMKa aeT 6ojiee TOUHbIe pe3yabTaThl. [locTpoeHbI
Y UCCJIENOBAaHEI YIJIOBBIE 3aBUCUMOCTA MHTEHCUBHO-
CTU PacCesIHHOIO II0JIS1 U1 pa3IMUHBIX YIJIOB pac-
KpbIBa oOTpaxkaromiero 3kKpaHa. I[lokazaHo cyiie-
CTBEHHOE pa3jIndre MEXIy ITOBEICHUSIMU YITIOBBIX
3aBUCUMOCTEf MTHTEHCUBHOCTH B CiIyyae aOCOJIIOTHO
MSITKOT'O ¥ a0COJIFOTHO X€CTKOr0 9KPaHOB. ¥ CTaHOB-
JIEHO, YTO JJIsl BBLIOpAaHHBIX ITapaMeTPOB 3aJauu MaK-
CUMAJIbHBIII YPOBEHb OOPATHOI'O PACCEsTHUSI TOCTH-

raercsd npu 0y = 45°.

PaGora BbITOIHEHA IIPM YACTUYHOM (DMHAHCOBOIX
nonnepxke Poccuiickoro ¢doHga (GyHIaMeHTaTbHBIX
nccnenoBanmii (mpoekThl Ne 18-02-00961, 19-02-00654).
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