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JIETATEJIbBHBIMUA AIIITAPATAMUA

Peuv udem o npumenenue cmpyxmyprozo memooa pacnosnasanus oo6pasos
PASTUUHOTL CLLOHCHOCIL, YIMO NO3BOLAEM 8 PeAbHOM Macumade pemeni 0opadbamvieams
sudeounpopmauyuio, nocmynaiowyio ¢ bopma BILJIA.

loxasana 603moxicHOCMb ABMOMAMUYECKOZ20 PACNAPAINEAUBAHUS NPOZPAMM HA
YposHe 0000UWeHHBIX ONEPALUTL NPUMEHUMELLHO K CUCEMAM 00paboOmKu un@opManuu
8 pearvHom macumade epemMeHi Ha HA3eMHOM NYHKME YNPAGIeHUS.

Knioueevie cosa: pacnosuasanue 8u0eounpopmayuontbix nomoxos, 6ecnuiomule
Jlemamenvhvle annapamol.

Hoemucs npo 3acmocysanis, cmpyxmypHozo memody po3nisnasanis o6pasie pisnoi
CKIAOHOCMI, W0 003601S€E 6 PeavHomy macumadi yacy o6pobsmu ideoinghopmauiio,
axa naoxooums 3 6opmy BILJIA.

lokasana moxcaugicmo agmMoMamuyHo20 pPONAPANENIOBAHHS NPOZPAM HA PIiBHI
Y3a2aNbHEHUX ONEPAUill CMOCOBHO cucmem 00pooKu inghopmauii 6 pearvrnomy macumadi
Yacy Ha Ha3eMHOMY NYHKMI YNpPasiiHHs.

Knmouoei cnosa: posnistasanms 6i0eoindopmauitinux nomoxis, 6e3niiommi iimaivii
anapamu.

An application of the structured method of the recognition of images of varying
complexity that allows real-time processing videoinformation received from the Board of
UAV. The possibility of automatic parallelization of programs at the level of generalized
operations with regard to the processing of information in real time to ground control
station is shown.

Keywords: recognition of videoinformation streams, unmanned aerial vehicles.

BBenenune

B namre Bpems OGecnuyioTHbie jeratesbHbie ammaparbl (BIIJIA) aBiasgiorcs
OCHOBHBIMU 9JIeMEHTaM1 NH(MOPMAIIMOHHO-Pa3Be/IbIBATEIbHBIX CPEIACTB 00eCeYeH ST
U JIMCTAHIITMOHHOTO BJUSHUS HA MPOTUBHUKA BO BPeMsI BOEHHBIX JEHCTBUN, a TaKKe
JUIs BHYTpeHHel GesomacHoctu rocygapersa. BILIIA cramu o6s3aTeIbHON 1 HEOThEM-
JIEMOI 9aCThIO BOOPYKEHIsT COBPEMEHHBIX apMUI 1 MIMPOKO UCTIOIb3YIOTCS HEBOCHU3N -
pOBaHHBIMU (DOPMUPOBAHUSIMU, B TOM YHUCJEe W TOJUIEUCKUMU TOAPA3/eIeHUSIMU
Kak 3arpanuiieit, Tak u y "Hac. Ecau panbine nomyderue nHGOpMaIuy mMpyu TOMOIIA
3TUX CPEJICTB MPEHA3HAYATIOCH TIPESK/IE BCETO JIJIST PEIIEHUs CTPATETMYEeCKUX U TOJIBKO
WHOT/Ia JIJIsT ONEePAaTUBHBIX 3a/1a4d, TO K Havamry 90-X To/10B B CBSI3W C Pa3BUTHUEM WH-
(bOPMAIMOHHBIX CHCTEM U CPEJCTB 00PabOTKM UCIIONb30BaHUS HHMOPMAIIMH, KOTOPast
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nocrasisiercss BITJIA, cymecTBeHHO BO3pOCia UX POJib BO BpeMsi BeleHUsT GOEBBIX U
MIPABOOXPAHUTEJIbHBIX IEUCTBUI B TAKTUYECKOM 3BEHE.

[To muennto skcrieptoB, npuMenenue BIIJIA 3naunTespHO MOBBICUT 3D DEKTUB-
HOCTb UX NipuMeHenus [1; 2].

Baxneitmumu acniektamu pazsutus BIIJIA asagiores:

— pasBUTHE W YCOBEPIIEHCTBOBAHME CUCTEM BHUACOM300PasKEHUsI 0OCTAHOBKU
BOKpYT BILJIA;

— paspaborka OOPTOBBIX crcTeM 0OpabOTKHU W Ilepegadyn BUAeOMHMOPMAIUY;

— pa3paboTKa Ha3eMHBIX crcTeM 00pabOTKHU BUACONHMOPMAIIMH JJIsT HH(MOPMHU-
poBaHUsI oIiepaTopa B peajbHOM Maciintabe BpeMeHH;

— Ha/I4Yre HHOPMAITMOHHOTO 0OECTIEYEH ST IOCTATOUHOTO JIJIsT IIPUHSITUS PEICHII;

— yBeJn4YeHne Pas3BeA3alUIeHHOCTH KaHaloB cBsa3u u ymnpasiaenus BIIJIA;

— yBeJIMYEHHE B YCJOBUSAX OTPAHMUYEHHOIO YaCTOTHOTO pecypca GOJBIION CKO-
pPOCTH TIepelauM IAaHHBIX B KaHAJaX CBSI3W;

— pa3paboTKa U BHEIPEHNEe HOBBIX KOHIIEIIIHI, pear3alysi KOTOPhIX SBJISICTCS
MPUHATON 10 KpuTepuio “3¢p¢hHeKTUBHOCTH-CTOMMOCTh-BPEMSI”.

Crnemyer ormeTuTh, uTO ToBbIIeHre BHUMaHus K BIIJIA saBasercs BaugHueM
BpeMenn. KosmmaecTBO TOCyapcTB, KOTOPbIE 3aHUMAIOTCS Pa3pabOTKON M MPOU3BOJICT-
BoM BIIJIA, 6bictpo pacret. Ecau B 1985 rogy ux 66110 18, o 8 1991 roxy — 33, a B
1996 romy ysxe 50 [2].

Vike va Havaso 2003 roga 55 dupm B 15 cTpaHax paspabaThIBaIM W BBITYCKaIN
BITJIA 145 tunos. Ceituac ux pa3pabOTKOI ¥ U3TOTOBJIEHNEM 3aHUMAIOTCS YKe COTHU
kommanuii. OpurnHaJbHBIE MOJIEJIN 3TUX amnmnapaToB HbiHe mpousBoasTcs B CIIIA,
Opanrun, Bemmkobpuranuu, Wapaune, senuu, [seitnapun, Hunepnangax, OPT,
Wramau, Poccuu, ABctpun, Yexuu, Xopsatuu, Ykpaune, lOAP, Masnaiizuu, Cunrarype
[1]. K nmavamy 2010 roma ma mmpoBom pwiake BIIJIA cdopmuposasocs momaHoe
COOTHOINIEHVE W PaBHOBECHE MEXKIY rOCyAapCTBAMU PazpabOTYMKAMK M MTPOU3BOJIN-
TeSIMU GECTIMIIOTHUKOB.

Beymmm rocy1apctBoM 110 00beMy TIPOU3BOJICTBA M IIHPOKOMY MCITOJIB30BAHIIO
BIIJIA asnsierca CIITA — 35 %. EBponeiickuil pbIHOK OECIIMIOTHUKOB, 110 OIEHKe
9KCIIEPTOB, cocTaBisieT okoso 20 % MuUpoBOro u 3aHuMmaeT BTopoe Mecto [2]. Ha
Poccuro npuxoautest Bcero 7,8 % u oHa 3aHMMaeT 1ocJie VI3pansisi yeTBepTOE MECTO
Cpeu CTPaH-U3TOTOBUTENEH GECTUIOTHIKOB.

Ykpanna Tak;ke He MOKET CTOSITh B CTOPOHE TIPOIlecca CO3/IaHus ¥ TIPOU3BO/ICTBA
BIIJIA. Tem Gouee, uto kak Boopy:kennbie Cujibl YKpauHbl, TaK U MOAPa3AeIeHMs
JIPYTHX CHUJIOBBIX BEIOMCTB TPEOYIOT OCHAIEeHUsT OeCIMIOTHUKAMHU.

Kak yske orMeuaioch paHee, BO3MOKHBIMU BapUaHTaMU PEIeHNUsT 9TO POBGIeMbI
MOryT OBITh TaKKe: MOKYIIKa JUIEeH3UN Ha IponsBoacTBo BILJIA wiu cBost paspaboTka
U TIPOU3BOCTBO OECITUIOTHUKOB CHJIAMH OTE€YECTBEHHBIX TPEANPUSITHIA; pa3paboTKa
1 mpon3BocTBO BIIJIA cOBMECTHO ¢ MHOCTpAaHHBIMK KOMITAHHMSIMI; ITOKYITKa OECITUIOT-
HUKOB y 3apyOeKHBIX TPOU3BOAUTEEN.

Taxoil OAXO/ ABISIETCS KOMIJIEKCHBIM U TpeGyeT TPOBEIEeHUsST HAYYHBIX HCCIIe-
JIOBaHUII 110 TAaKUM HAIIPABJIEHUSIM:

— pa3paboTKa TeXHUYECKUX CPEICTB /ISl MOBBIIEHMS TOMEXO03aNUINEHHOCTH 1
pasBe3alUIIeHHOCTH KaHama “6opr-3emist”;

— pa3paboTKa IPOrpaMMHOro obeciiedeHus st 0OpabOTKH U Mepeiayrl BUIEON30-
OpaskeHust ¢ GECIUIOTHIKOB;
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— pa3paboTKa IPOTrpaMMHOTr0 obeciieueHust st 06pabOTKK BUACONH(pOPMAIIAN
B Ha3eMHOM ITyHKTE YIpaBJIEHMUSI.

HawuboJtee CJI0KHBIM Ha HaIl B3TJISIL SIBJSIETCST Pa3pabOTKa METOJIOB BOCCTAHOB-
JIEHUsT BUAEOU300pKEHNsT B HAa36MHOM IYHKTE. JTO CBSI3aHO C Te€M, 4TO OBICTPO
HOCTyHAMMil WHGOPMAIIMOHHBIN MOTOK HEe0OXOAMMO 00pabaThiBaTh B peaibHOM
maciirtabe BpeMeHH, a OObIYHBIME METOAAMK 3TO OCYIIECTBUTH HEJb3sI.

[TosTOMY HEOOXOIMMO OCYIIECTBJSATH paclapajieiuBaHue aJrOPUTMOB 0Opa-
60TkK BUAEOMH(bOpPMAIUU 1JisT 3(DPEKTUBHOTO U Ka4eCTBEHHOTO €€ MCII0JIb30BaHUS.
B psime pa6or [3; 4; 5] paccMoTpeHBbI ciaydad pachapajieIuBaHus IPOIECCOB U
IIPOrpaMM, pellieHusI Pa3IMYHbIX MTPAaKTUUYecKnX 337a4. OIHaKo OHU He OYeHb TTOAXOSAT
JUIST PEIieHnsT 3a/1a4 PAcIo3HaBaHUsT 00Pa30B B OBICTPO MEHSIIONIMXCST BUIEOU300pa-
’KeHusiX. HeKoTOpbie BOMPOCHI, CBsI3aHHbIE € ATOI MPOOIEMOIL: pa3paboTaH psiji ajiro-
PUTMOB ¥ UCCJIEIOBAHBI MTOXO/IbI K PEIIEHNIO 3a/[a4H Paco3HaBaHUst 00pa3oB 0c0OOTO
BHUMAHUS 3aCTyKMBAIOT CTPYKTYPHBIN TOAXO/ M MCIOJb30BaHUE CUHTAKCUYECKOTO
anajn3a TpU ONMcaHuu W pacno3naBanuu ob6pasoB [6—17]. Hekoropbie 3amaun
BOCCTAHOBJIEHVSI ¥ PACIIO3HABAHUsT 00PA30B 110 CTPYKTYPHOMY TIOIXOLY PACCMOTPEHDI
B pabotax [18; 19]. IToT noaX0x MHTEPECEH C TOYKU 3PEHMST TIOCTPOEHUST AJITOPUTMOB,
obnamaomux TayOOKOo# CTeNneHbI0 pachapajieJuBaHus TPOIECCOB 00paboTKM
BUIeOMH(OPMAIINY, YTO TIO3BOJIIET peliaTh 3a/[a4i B YCJIOBUSX PeaJibHOIO BpEeMEHHU.

[Tpu o6paboTKe U paco3HaBaHUK 0OPA30B € MOMOIIBI0 CTPYKTYPHOTO TOAX0/IA
BAKHOU SIBJISIETCS 33/1a4a BblJIeJIeHUs IPU3HAKOB (HEITPOU3BOHBIX 3J1eMeHTOB). OHUM
U3 yCJIOBUI, KOTOpPOEe TIPU 3TOM HAKJIAJBIBAETCS, — 3TO MPOCTOTA TPU3HAKOB JIJIs
onucanusi 06pasoB.

Ileap pa6otbi. B paGore ucciemayoTcst BOIPOCHI, CBsI3aHHbIE ¢ WHPOPMATUB-
HOCTBIO 3JIEMEHTOB CIEKTPa, 000OIIIEHHOTO CIIEKTPa U TIPH ONMUCAHUHN U PACTIO3HABAHUH
00pasoB B cHCTeMax peabHOTO BpeMeHu. [Ipu aToM paccMaTpuUBalOTCs BOSMOKHOCTH
9 GEeKTUBHOTO paclapajje/JMBaHus aJTOPUTMOB 00pabOTKM HHMOPMAIUU TIPH
peasn3aly UX ¢ MOMOIIBIO BBIYUCAUTEIbHBIX CPEACTB MapasiebHOTO IeHCTBUSL.

OcHoBHad yacTb

[TIyctob 3amana ¢aza Y, TpeNCcTaBIISIONas HEKOTOPOe n300pakeHe @ Ha perler-

TOPHOM 110716 R Pa3MepHOCTbIO NxN:

%, @, 38 An
a21 a22 a23 a2n
X =
cee (1)
Q’]l an2 Q’IS am
rie & €E={0,1,2,...,m-1}V,,je[L,n].
Torna na ocnoBanuu [10] BBesem ciemyoliiee onpejeseHue.
Omnpenenenne 1. Criektp n3o0pakeHusi @ HA3bIBAETCST CIOBOM
§=laza.. & @)
rie
a’=>i,arv, =1n, (3)
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Takum obpasam, u3 dopmya (2) u (3) ciemyer, 4TO dJIEMEHTHI clieKTpa S

a, € E ={0,1,2,3,...,(m~n}, (4
U 1Ipu E:{O, 1}

E ={0,12.3,...,n}. (5)

OObIYHO paccMaTPUBAIOT IBOWYHBINA ajihaBuT.

B pa6orax [18; 19] nmpoBe/ieHbl MCCIeI0BaHKS 110 OMMCAHUIO HEKOTOPBIX KJIACCOB
1300pa:KeHHii ¢ MOMOIIBIO CIIEKTPOB S, TPH Pacrio3HaBaHUM 00Pa3oB. DJIEMEHTHI
CIIEKTPOB — YaCTHBIA cay4aii oOumx orpeskos. Jlamee GygeM uccaefoBaTh 3aiady
onpe/eeHrs THPOPMATUBHOCTH DJIEMEHTOB CIIEKTPa S, IPU OIMCAHUK U300pasKeH i
C 1eJbI0 MX paclio3HaBaHWsSI M BO3MOKHOCTH pacliapajjeiluBaHus oO6paboTKu
uHpopmaimu. Takum 06pasoM, mocTapaeMcsi BBISICHUTh BO3MOKHOCTD UCIIOJIb30BAHSI
9JIEMEHTOB CIIeKTpa S, B KauyecTBe OCHOBHBIX MH(OPMAIMOHHBIX NPU3HAKOB IIPU
OITMCAHWUN BBIITYKJIBIX N300pasKeHi, TpeIcTaBIeHHbBIX B Bu/E (pasbl (1), 1 ncciemryem
HEKOTOpble UX CBOWCTBA.

Omnpenererue 2. Opazy X, MNOTY4eHHYIO n3 X 3alMCBIO 3EMEHTOB 110/l Y IJIOM
a, Ha3oBeM (hbpa3oil, 3ammcanHoi (IIpocMaTpUBaeMoil) O/l YIJIOM .

Ompenenenne 3. CrekrpoM nsobpaskeHuss @, MPEICTABJIEHHOTO € IIOMOIIBIO
dpasbr X, , Ha3bIBAeTCS CJIOBO

(S ) (5 ) (5 ) S)
=@ L), (6)
nﬂ
S? —
a; —Za;,lﬁrﬁna, (7)
=1
rae a — saementsl X ;. €E
Omnpenenenune 4. CaoBo
Thay = ’ 1 Paag ), (8)

HasoBeM k-M JIeBbIM CIIEKTPOM M300paskeHust @ TIPH j 3aJlaHHbIX HATIPABICHUSIX

POCMOTPa U300paXKEHMUS.
Onpenenenne 5. CaoBo

(S(ag)) (Say)) (S(i)) (S(,‘)
T” :(Cl (ap) _ka (a1) k (@) (ai) k) (9)

(k. ay) ("(ao)) ("(al)) (" az)) (n(a

HazoBeM & -M mipaBbIM crieKTpoM n300paskeHus: ® TIpH j 3alaHHBIX HAIIPABJIEHUSIX

IIPOCMOTPa U300PaKEHUS.
O603HauNM

aS“* = max aS""
far o lsisn, P (10)

vza :1’na,. vvar 6[0’2”]’vr :0’j

Omnpenenenune 6. CaoBo

V= (a5 g g ((a>)) (1

(r(a())) (V(al)) ("(uz)) (’”(a))
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Ha30BeM OO0OOIEHHBIM CIEKTPOM M300pakeHMs @ IPHU 3aJaHHBIX HAIPaBICHUSIX

IIPOCMOTPa U300PAKEHUS.
Omnpenenenne 7. 3epKanibHBIM OTOOPAKEHMEM CITEKTPa HA30BEM CJIOBO

D_ 4(S)4&) 4S8 (S)
Sa _( ) a(n(afj))a(n(afz))'"ai )’ (12)
OrnpeieTuM HEKOTOPbIE CBOWCTBA CIIEKTPOB.
N3 Beipaxenus (10) n onpenenennst 3 ciemayer:

1) n, =a’2; (13)
2

v, =0,j;‘v’a0 € [0,272]

N3 onpenenennii 3 u 7 nuMmeeM:

2) S,=87; (14)
3) S, =8"+r; (15)
v, €[0,2r]
N3 Boipaxkenus (13) u onpenenenns 6 nmeem:
Y V=m n _n _..n ) (16)
“y 4y 4

N3 Beipakenust (10) umeem:
D) BeJIMYMHA

a_ =maxa> = max(maxa>);
a,

e = Max(max (17)
oTIpesiesisieT MaKCUMAJIBbHBIN pa3Mep;
6) BesmIMHA
. Sllr . . Sar .
a, =ming * =min(min a,"); (18)
a, ar a, léiénar

onpejiesigeT MUHUMAJIbHBIN pasMep @ .
N3 Boipaxkennit (17) u (18) umeem:
7) s usobpakenust kpyra guamerpom d = 2a

amax :am'n =a, (19)
8) /s u3o6paskeHust KBajpaTa CO CTOPOHOU a
Apin = 4,
Buex = V222 (20)
9) st M306paskeHusT MPSIMOYTOJIBHUKA CO CTOPOHAMU a U b,
a_ =aa_ =+a+b?

Vcrnonb3ys cBoiicTBa 5—9, MOKHO ONPENETUTb Qyip TA 8y AJISA PSZia CJIOKHBIX
BBINTYKJIBIX M300pakeHnid.
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10) U3 Boipaskenuii (6)—(9) caenyer, uto
i _ n . _ 3 .
Ecyao o Emo+2ﬂ’ k,,qao - k?a0+27r’ (21)
11) W3 Beipaxkenuit (8) u (9) umeem
7 __mn . n _qu
(n(ar) —k,a()) - (kaa())’ ]-;101‘ —k,a() - ];,ao-
Teopema 1. IlycTh 3a/aH TPOM3BOIBHBIN BBIMTYKJBII MHOTOYTOJBHUK @ CO
CTOPOHAMU @ ¥ b, yroJi MeKy KOTOPHIMU PaBeH a,. Torna
S, N s (%a,)) .
a zai (o)) >a§ (@) >a§ @) 5 >als( 0’ (22)
(a,)) (Sta,+1)) (S(q,+2)) (S, )
al q) >a1(q1) >al<%12> >..->Cll(a2q) zb; (23)
Se, . S, .
a’ =mmna”"; (24)
S
a* #0,V, =1,2q, (25)
s 2 2sina,sin V4 T
ala" fr - + - r IB ’_—<ﬁ<_.
sin2a_ sin2acos(a +pf) 2 2

JlokasarenbctBo. Ha ocHoBanum [10] mMeem msoOpakeHue ABYX CTOPOH

r r
MHOTOYTOJIBHUKA @ 11 b, yTOJl MEXKLy KOTOPHIMU (o, = >t B0<p< 5 so6paskenie

[POCMATPUBAETCS 110 YIJIOM @ ¢ TOYHOCTBIO MPEACTaBIeHUsT N300pakeH s, PaBHOIi
h, Ha perenTOpHOM mOJE pazMepHocThIo nxn. Ilpu a =a,=0,A=0 (nenpepoiBHbIii

cyuail ipesicTaBaenus nzobpakenus) a0 = a. [Ipu goctatouno masom A >0 1o

S V4
CpaBHEeHMIO ¢ 7 A% ®&. AHAJOTMYHO MMeeM, ec/u a=a2q=5+,8u h=0, 1o

al% ~f. Tlpn pocrarounio masom >0 1o cpasueriio ¢ n & = f. T.e. nexons us
3TOTO U C YYeTOM BbIpaxkeHUs (25) nmeeM

X, = X,COSB; (26)
X, = x,sinfB; @7)
Y. = X .
3 cos(a+p)’ (28)
Xy = XgSina; (29)
Xs = " (30)
> Sina’
.= 2h 41
6" sin2a’ 1)

N3 Beipaxkennii (26)—(31) nosyunm
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2hsinasinf
Xy =— (32)
sin2acos(a + )

Takum ob6pasom, u3 Beipaskernii (31) u (32), npuHuMas a = a,, MoJIyJaem

S _ _ 2 2hsing, sing
A =T " Gn2a | Sn2acos@ 1 f) (33)

Wcxons u3 [10] MOKHO TIpeIcTaBUTh M300paskeHre IBYX CTOPOH MHOTOYTOJIbHUKA

a u b, yroy Mexy KOTOPbIMHU PaBHSIETCSI &y, :%—ﬂ;o <p <%.

Torma ucxons us [10] 6yzem nmerh

X, = X, Sng;
__%Sng
& cos(a-p)’
2hsna_ | . (34)
sn2a’
Xs = X, — X.

4

Takum obpasom, us Gopmya (34), npuHumass &= a,, MoJydyaem

S, 2h 2hsina, sSing
a’ == o (35)
sn2a  sin2a cos(a + f)
N3 Boipaskenus (35), npuHumast j —1, mojydaem

. ~sn2a sin2acos(a +/f)

V/a Vs
N3 seipaxkenuit (32), (33) u (35), (36) BuaHO, YTO, THOJAras _E< ,5<3,
nMeeM
S __2 2sna, sinf
sn2a_ sin2acos(a, +pf) -

Ha ocnoBanum [19], ¢ yuetom [10] u Beipakenuii (33) u (34) JeTKO POCIETUTD,

S,
4TO IIpu yBeJII/ILIGHI/II/I a 3HaY€HUA a, r YMEHbIIAIOTCA, JOCTHUIadA MHHHUMAJIbHOTO

a — _+ — z
3Ha4Y€HuA IIpU = (ar =

BaioTcsa. Takum o6Gpasom, BBIMOJHAIOTCS HepaBeHcTBa (22) u (23), a mpu

ﬂ(q 41

_——ﬁ) BBINOJIAETCS PABEHCTBO (24).

=), 3aTeM IIpU yBeJIMYEHUU 4, g, Sey yBeJIn4n-

a, =—+
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N3 teopembl 1 BBITEKAIOT CJIEAYIONINE CIEACTBUS.
CanenctBue 1.1. Ilpu 2q=£ UMeeM
2
2
a =——— (37)
sin2a,
S, .S,
ua " =mnag’* =2, (38)
r
CrencrBue 1.2. OHo 3akJouaeTcs: B caeayolieM

Y /N
S ’ ZSIH(Z + E)Sl ng
|

- (39)

T . T RN
sin(—+ /) sin(—+ f)cos(—+—f)
2 2 4 4
Cnencrsue 1.3. aIS “ ABJSIOTCS MH(GOPMAIIMOHHBIMU ITPU3HAKAMU JIJIsI OTTUCAHUS

U paclio3HaBaHU:A ABYX IIPAMBIX MHOTOYTOJIBHUKOB, YTOJ MEXAY KOTOPBIMU PaBeH d.

Teopema 2. Ilycth 3a7aH MPOU3BOJBbHBIN BBHIIMYKJIBIH MHOTOYTOJBHUK CO
CTOPOHaMU JIIMHON @, &, &;,..., 8, 1 COOTBETCTBEHHO YTJIbl MEK/y CTOPOHAMU PaBHbI
Ay oy s Qg5 Aoy - TOTIA

S x S x S x Sx
a~a® >a" >a” >..>a (40)
S x S x S x S x
a ™ <a3¥ <ag %t <..<a ™ may (41)
Sg( ) S
a, ® = min a, 7 (42)
0<r<2qx
aS“,x 2 2sina’sin 3
1 - . .
sin Zai( sm2afcos(ai( + f) (43)
X X . T 7Z'.
s, — Gy :aqu,—3<ﬂ<5,1£X£n (44)

[lokazatenbctBo. C ydyeTom TeOpeMbl 1 u cupaBeIUBOCTU BbIpaxkeHuit (22)—
(25) nnsg paznmunbIX HarpaBieHuil @, 1o BceM 1< X <n u 1<r<2(x, TO Teopema
2 noxazasa.

[Tpu aTOM U3 Hee BBIXOAAT CJEAYIONINE CJIE/ICTBUSI.

Caencrsue 2.1. JIyist IpOM3BOIBHOTO TIPSIMOYTOJBHUKA CO CTOPOHAMHU @ U b Tipu
S ey TS
a=a,=0,a," =a,a=a,, =—;a,° =b,

CrenctBue 2.2. /Iy pou3BOJBHOTO TPSIMOYTOJIbHUKA UMEEM

ar-_2 (45)
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a, ™ =min a;"‘ =2 (46)

. P
S ) Zsm(z + E)Sl ng

a ™= —
sin(E + [)

+ (47)

sin(;z + ,B)cos(z + ; B) |

N X
Caencrsue 2.4. ;4 “x apagiorcs MHGOPMAIMOHHBIMY IPU3HAKAMMU [/ OIIMCAHUS
1

U PaCIiO3HABAaHUsI IPOU3BOJIBLHOIO BBIITYKJIOT0 MHOrOyrojibHuka. O60011eHneM TeopeM
1 u 2 nmosyyaem Teopemy 3.

Teopema 3. B ycroBusix Teopemsr 2 st 1egoro K >1 poctaTodHo Masoro mo
CpaBHEHUIO C &;,da,,d;,...,d8, UMEIOT MECTO PAaBEHCTBA

sX sX sX sX
D al a2 qx
a’ >a>d” >..>a"™, (48)
S X X S SX S X
agx aqx+l agX+2 a2gX «
a s <a ™' <a . < a o (49)
s X . S x
a,™ = min a,%;
k 0<r<2¢y ko (50)
S x 2k 2ksina’*sin
a,”® = )
k : X - X X 51
sin2a; sin2a, cos(a, + )’ G

X X . T T
rne a, —dy =dy, ; —3<ﬂ<5,1£X£n.

JlokasarebcTBO. JloKa3aTelbcTBO TEOPEMBI 3 aHATIOTMYHO JI0KAa3aTeIbCTBY TEOPEM
1u 2.

Teopema 4. /17151 poM3BOJIBHOTO M300PaKEHMS BBIITYKJIOIO MHOTOYTOJIbHITKA
CO CTOPOHAMH @y, 8,,8,...,8, YIJIbI MEKIY KOTOPbIMU PaBHbl d,,d, s, s...,d, N
IIPOU3BOJIBHOTO I[€JIOTO f >1, JJIsI KOTOPOTO

Sx R
akaf * O,Vr :O,qX,VX :l,n, (52)

s
OYKBBI aka;s SIBJISIIOTCST MH(DOPMAITMOHHBIMY TIpU3HaKaMu (OyKBaMu) [IJisl ONUCAHUST

H pacClio3HaBaHUA o6pa3013 C IIOMOIIbIO k-FO JIEBOI'O CIIEKTpa B BH/E CJIOBa
3 Sﬁx

ac..a". (53)

JokasarenbcrBo. ITycTh k Takoe, uto BeimosHsieTcst yeaosue (52). Torma, HaumHast
C HEKOTOPOTO HAYA/IBHOTO HAIIPABJIEHNs] IIPOCMOTPA U300PAKEHNST g 1 10 g, MOXKHO

R Sa(l) Salz
Tk’a):ak ...ak .

al
OTIPe/IeJINTD 3JIEMEHTDI <'ilkao ..., 8%, OIUCHIBAIONIME Ty YaCTh U300paKeHHs @, KOTOpast
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B coorBercTBUU ¢ [19] obosHauaercst OykBoit A Ha paccTostHum k ot BepiiuHbl 0.
S x
Jlasiee 110 BCeM OCTAIBHBIM HAIIPABJICHUSIM C IIOMOIIBIO JJIEMEHTOB @, MOJKHO OIIHCATDH

I0CJIe/IOBATEIPHO YacTH M300pakeHust @ Ha PacCTOSHUM R OT KaKIOH M3 CTOPOH

A

MHoroyroabhuka. Takum o6pasom, I, B Buge (53) HOJHOCTBIO XapaKTepU3yeT

»do
BHYTpeHHIOI0 cTPYKTYpy O. [TockobKy BbINOJHSIOTCS paBeHcTBa (21), To ];:,ao MOXKET
ObITh 9)(EKTUBHO MCIIOIB30BAHO JIJIST PACTIO3HABAHKS BBITYKJIBIX M300pakeHUil @ .

Teopema 5. /17151 TpOM3BONBLHOTO U300paKeHUsT BBIITYKJIOTO MHOTOYTOJIbHUKAa ©
CO CTOPOHAMU JIJUHOU a,a,,%,...,8, YIJbl MEXAYy KOTOPBIMHU pPaBHbI
Ay >Qy 50y 5,4, W MPOU3BOJILHOTO 1EJIOT0 k > 1, Ui KOTOPOrO UMeeM

S —_—
anjs—k #0,V, =0,2q,,V, =1,n, (54)

S x
OYKBbI @, | _ SIBJSIIOTCS] MHGMOPMAIMOHHBIMU TTpu3HaKaMu (GYKBAMU) /LTSI ONMHCAHUST

A

U paCIio3HaBaHUsT 0OPA30B C TIOMOIIBIO k-TO TIPABOTO CIIEKTPa @ B BUJE CJIOBA
no (S S Sax Sz
L, = (ang( A Y N SR ) (55)
0 2

1 29X

JlokazaresbcTBo. /loKa3aTeIbcTBO TEOPEMBI O BBITEKAET U3 TeOPeMbI 1 1 paBeHCTBA
crenctust 1.1.

Jlo cux mop paccMaTpUBaIMCh M300pakeHUsI BBITYKJIBIX MHOTOYTOJBHUKOB ©.
Opmnako Js060€e BBINYKJIOE H300paskeHre MOKHO allPOKCUMUPOBATH HEKOTOPHIM
MHOTOYTOJIbHUKOM. B cuity atoro Teopembl 1—5 u Boipaskenust (22)—(55) cripaBe/TuBbI
JLIsI TIPOM3BOJIBHOTO BBITYKJIOTO M300pakeHrsT ® , MPeCTaBIEHHOTO Ha PEIleNITOPHOM
[I0JIe pa3MepPHOCTbIO NXN.

N3 teopeM 4 u 5 BBITEKAIOT CJIEAYION[HE CEICTBUSI.

Cunenctue 1. [Iporiecc onucanust u pacrio3HaBaHusl TPOU3BOJBHOTO BBITYKJIOTO

S; -
MHOTOYTOJIbHAKA © MOKHO HPOBOIMTH Tapajienbno no Oyksam 7,1 =1, X.
JleiicTBuTEIBHO, M3 BhIpaskeHus (53) nMeeM

s
A X X Py aX
Tk,ao_S f 9ak09"'aakl > (56)
+1

g - orepaTop cymneprosuiy; > — MecTHas (QYHKIMS, KOTopas OyKBaMu

a, " craBuT B cooTBeTCTBHE CI0BO Buza (53).

A

IIpencrasnenue (56) mokaspiBaeT, 4ToO MpoOIeCC BbIUUCACHUS 1, 4, PAcIapaie-

S,
JMBaeTCsa Ha ypOBHE @, .

CaencrBue 2. IIporiecc onrcanus u paciio3HaBaHusI IIPOU3BOJILHOTO BBIITYKJIOTO

S
MHOI'OyTOJIbHMKa MOJKHO IIPOM3BO/JIMTH ITapaJljI€JbHO I10 6YKBaM and

aiX -k
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BriBoabBI

[TpuMeHeHre CTPYKTYPHOTO METO/Ia PACITO3HABAHKs 00PA30B PA3IMUHOM CI0KHO-
CTH TI03BOJISIET B peasbHOM Maciitabe BpeMeHH 00pabaThiBaTh BHIEOMHMOPMAIHIO,
noctymnaioiyo ¢ 6opra BITJIA.

[Tokazana BO3MOXXHOCTb aBTOMATHYECKOTO PaCMapaiyieTMBaHUs MPOTPaMM Ha
ypOBHE 000OIIEHHBIX OTIepaIiii MPUMEHUTENBHO K cucTeMaM 06paboTK nH(MOPMAITNT
B peasibHOM Maciitabe BpeMeHU Ha Ha3eMHOM IYHKTE YIPaBJIeHUsL.

TaxkuMm 06pa3zoM, MOKHO BOCIIPOM3BOANTH M OT/EIBbHO BBIIETISTD JII000E N300paKe-
HUe, MOCTYNHUBINee ¢ GECTTUIOTHIKA, JIJIS A€TAIbHOTO €r0 aHAIN3a OMEPAaTOPOM.

[Tpumenenuie aToro MeTo/1a O3BOJISIET 32 HECKOJIBKO CEKYH/I IOCTUYb PacliO3HaBa-
HUs oOpasa jpocturamorieid 97 % He3aBUCHMO OT €ro IMOJIOKEHUsI B 0Jie 3PEHUS BU-
JI€0CHCTEMBI.
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