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A. B. BEJIAEB, O. B. 3YBKOB, K. C. TAPACOB, B. M. KAPTAIIIOB

OBPABOTKA CUTHAJIOB B YHUBEPCAJIBHOM MYJbTUMEJIUMHOM CTPEJIKOBOM TPE-
HAKEPE

MeTomoM TeOpUH CTATUCTUYECKUX PEIICHHH B CTaThe CUHTE3UPOBAHBI ONTHMAIbHBIE aITOPUTMbI 00pPa0OTKH CUTHAJIOB B MYJIbTHMEAMHHOM CTPEIKOBOM
TpeHaxepe. B crarbe NpUBOIUTCS KpaTKHil aHAIN3 MOZENeil CHTHAJIOB M IIOMeX, KOTOphIe BCTPEYAIOTCS B paccMaTpHBaeMoil cucteme. B xone cratbu
ObUI NPEVIOKEH AITOPUTM ONTHMAIBHOTO OOHApPY)KEHUs «IIPOOOUHBD), OJIYYEHHOH B pe3yJibTaTe BO3ACHCTBUS CTPEIKOBOIO OPYXKUs, WIIM OOHapykKe-
HHSI CBETOBOTO IIITHA, 00Pa3yeMoro JIydoM Ja3epHOro HMUTaTopa opyxus. CHHTe3HpOBaHHBI ONTUMANbHBI aITOPUTM HO3BOJIET (POPMHUPOBATH MaK-
CHMAJILHO IIPABJIOII000HBIE OLIEHKH IPOCTPAHCTBEHHBIX KOOPAMHAT IIEHTPa CBETOBOTO IISITHA MJIM IPOOOHHEI Ha SKpaHe CTPEIKOBOTO KOMILIEKCa.

KiroueBble cioBa: 06paboTka M300paKeHUi, alrOPUTMBI CIEKEHHs, pAaclio3HaBaHHE O0OPa30B, ONTHMAIBHOE OOHAPYXKEHHE, CTPEIKOBBIN
TpEHAXEP.

MeTo10M Teopil CTATUCTUYHUX PIIICHb B CTATTI CHHTE30BaHI ONTHMANbHI aITOPUTMH OOPOOKU CUTHANIB B MYJIbTHMEAIHHOMY CTPLICBKOMY TpeHa-
xKepi. Y CTaTTi HABOAUTHCS KOPOTKUH aHaNIi3 MOJeNel CHIHAMTIB 1 MepelIko, sSIKi 3yCTpidaloThes B JaHil cucTeMi. B xoxi crarTi OyB 3amponoHoBa-
HHI1 QJIFOPUTM OIITUMAJIBHOTO BHSBJICHHS «IIPOOOTHN», OTPUMAHOI B pe3yJIbTari BIUIMBY CTPLICHBKOI 30poi, a00 BHSIBIICHHS CBITJIOBOTO IUISIMH, yTBO-
PEHOro MPOMEHEM J1a3epHOro iMitaropa 30poi. CHHTE30BaHHH ONTUMAIIBHUN QJITOPUTM I03BOJISIE (HOPMYBATH MaKCHMAJIbHO MPAaBIONOAIOHI OL[IHKU
IPOCTOPOBUX KOOPAMHAT LIEHTPY CBITIOBOI IUISIMH 200 MPOOOIHM HA eKpaHi CTPLIEBKOr0 KOMILIEKCY.

KarouoBi ciioBa: 06poOka 300paxeHb, aJITOPUTMHU CTSKECHHSI, pO3ITi3HaABaHHs 00pas3iB, ONTUMAJIbHE BUSBIICHHS, CTPUICIBKHN TPEHAXKEP.

By the method of the theory of statistical solutions, optimal algorithms for signal processing in a multimedia rifle simulator are synthesized in the article. The article
provides a brief analysis of the signal and interference patterns that are encountered in the system under consideration. In the course of the article, an algorithm was
proposed for the optimal detection of a "hole", obtained as a result of the impact of small arms, or the detection of a light spot formed by a laser imitator beam of a
weapon. The synthesized optimal algorithm allows to form the most plausible estimates of the spatial coordinates of the center of the light spot or holes on the screen
of the shooting

Keywords: image processing, tracking algorithms, IMAGE recognition, optimal detection, shooting trainer.

BBenenune. [Ipu 00paboTke 1 aHANMH3€E N300paKEHUIA
BCTpEUArOTCA 3aadn oOHapyKeHHs (parMeHTa ¢ M3BECT-
HBIMH TTapaMeTpamu ((pparMeHT — 3JeMEHT HW300paKeHUs,
COZIEPYKAIIINIT NCKOMBI 0OBEKT, CHMBOII H T.IL.), & TAKXKE 3a-
Jaud W3MEpEHHs IPOCTPAHCTBEHHBIX KOOPAWMHAT TaKUX
¢parmenToB [1]. CymecTByeT 3HAYUTEIILHOE KOJIMYECTBO
METOJIOB PEIICHUS MOJJOOHBIX 3a/1a4, OCHOBAHHBIX Ha (PHITb-
Tpalyu u300pakeHu [2], KOppeAIoHHON 00padoTke [3,
4], Ha UCTIONIB30BAaHUU UCKYCCTBEHHBIX HEHPOHHBIX CETEH U
METOJIOB HEUETKOH JIOTHKH U Tak jganee. OIHAKO, BEIYUCIH-
TenmbHAs A(PHEKTUBHOCT M PE3yNIbTAaThl PEIICHHs 3a1aq 00-
HapYKEHHS STUMH METOJIaMU HE WICHTHYHBL

K cucremam, B KOTOPBIX peraroTcs MoA00HbIE 3a/1a-
g OOHApYKEHHS W HM3MEPEHHs, OTHOCSTCS MYJIbTHME-
JUIHBIE CTPEIKOBBIE TpeHaxeps! [5,6]. B Hux Ha ¢one
U3MEHSIOIIErocs U, 4Yallle BCEro, HEOJHOPOJHOTO BUIEO-
n300pakeHMsT TPOBOAUTCS TIOMCK MEJIKOMACIITaOHBIX
00BEKTOB — TIYJIEBBIX OTBEpCTHH. MylbTHMeNUITHbIE
CTPEJIKOBBIE TPEHAXKEPbl, Ha3bIBaEMble «yHHBEPCAIbHbI-
MHU», 00€CIIeUHBaIOT PabOTy CHUCTEMBI B JIByX PEXHMaXx:
00€eBOM, C HCIOJIB30BaHUEM PEAJIbHOTO MJIM ITHEBMAaTHYe-
CKOTO OpYXWS, U B PEKHUME MUMHTAIMU CTPENBOBI, C UC-
TIOJIb30BaHNEM JIa3€PHBIX HACaTOK.

© A. B. bensies, O. B. 3y6xkos, K. C. Tapacos, B. M. Kapraiuos.
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Mopneiu CHrHAJIOB W moMeX. PaccMoTpuMm 3agady
OOHapYKEHHUA-U3MEPEHHS B TPUMECHEHHUH K JIBYMEPHOMY
curHaiy (u3o0Opaxenuoo) s(x,y). IlycTb HaOIIOIaeMBIi
CHTHAI SIBISIETCS CMECBIO TIOJIS3HOTO CHTHana e(X,y), aj-
JUTUBHOM MOMEXH C(X,)) ¥ IIlyMa CeHcopa n(x,y)

s(x,y) = e(X,y) + c(x,y) + n(x,y). (1)

3anauy 00paboTKU cHOPMYIHPYEM CIETYIOUTIM 00-
pas3oM: Mo peajH3alyu s(X,)), JOCTYITHOH HaOJIOAECHUIO,
HEOOXOJMMO TPUHSTH pEIICHHE O HAJMYMH B COCTaBe
e(x,y) nckoMoro QparMeHTa ¥ OLEHHTh MPOCTPAHCTBEH-
HBIE KOOPAMHATHI 3TOTO (pparMeHTa B Ipejenax Hu3o0pa-
HKEHUSL.

B naHHOM ciiyd4ae MCKOMBIM CHUTHAJIOM S, (X,Y) SIBJIS-

€TCsl ISITHO OT JIa3epPHOTO M3NIyyarens Ha MUIIEHH WU
myseBasi NpoOOWHA, aAJUTUBHON TOMeXoil c(x,y) — BH-
Jieon300paXkeHne, MpoenupyeMoe Ha MHUIIEHb, U (POHOBas
3aCBETKa MMIIEHH MOCTOPOHHMMH HMCTOYHHUKAaMH CBETa.
KommoneHT cmecn n(x,y) TpeAcTaBieH LIYMOM perH-
CTPHPYIOIIETO YCTPOWCTBA — BUICOKAMEPHI.

Jlnis perienunst 3aga4u 00HAPYKEHHST UCKOMOT'O CHT-
Haja $,(X,y) HeoOXoAuMo ommcats ero GopMmy U pasme-

pel. B ciydae pabGoTsl CTpenkoBOro TpeHaxepa B 60eBoM
peXUME HEOOXOIMMO TIPHICPKUBATHECS TEX pPa3MEpOB
ITyJIEBBIX OTBEPCTHH, KOTOPHIE OCTaBISIET HAa IIOJIOTHE
MUIIEHN KOHKPETHBIH BHI MaTpoHoB. OmnHako, (dopma
IYJIEBOTO OTBEPCTHS MOXKET HE3HAUUTEIIBHO MEHATHCS OT
BBICTpEJIa K BHICTPENY: B 3aBHCHMOCTH OT yIJia Momaja-
HHUA B MUIIEHb M MaTepHala NOoJOoTHa MuileHH. Kpome
TOTO, BEPOATHOCTb M TOYHOCTH ONPEAENICHHUS ITyJIEBOTO
OTBEPCTHS 3aBHCHT OT pa3pellaroiieil CrocOOHOCTH CH-
CTEMBl W BBIOPAHHOTO AITOPUTMA B Cly4ae MOMaJaHus
MyJIM B HETIOCPENICTBEHHOH OJIM30CTH OT OJHOTO U3 ITyJie-
BBIX OTBEPCTHH OT MPEABIIYIINX CTPEIBO.

B pexxume mMmuTanuu cTpesnsObl pazMep JIa3epHOTo
Tyda OyIeT 3aBUCETh OT paccTosiHUS. B mpeansHOM city-
Yae JIa3epHbIH Jyd OCTaBISIET HA MUIIEHH OTMETKY B BUJIE
TOYKH. Takyro OTMETKY MOXKHO IIPEICTaBUTH B BUAE ABY-
MepHO# nenbra-pyHKIuM e(X,y) = (X,y). DT0oT ciy4an
COOTBETCTBYET JIa3€PHOMY JIy4y OECKOHEYHO Majoro Io-
MIEPEYHOr0 CEYCHUs], PACIPOCTPAHSIONIEMYCSI B OJTHOPO-
HOW HM30TPOITHOH Cpeie M MaJjaromeMy Ha ITOBEPXHOCTh
MHILIEHN O/ NPSAMBIM yritoM. OueBHIHO, YTO B peabHON
CHCTEeMe IMOJOOHbIC YNPOIUCHUS HENPHUMEHUMEL. Peanb-
HBIIl JJa3epHBIA U3ITy4aTe]Ib UMEET ONTHYECKYI0 CHCTEMY
¢ ¢ynkiueil paccesnusa touku (OPT) h,(x,y) [7]. 1U3006-

PAXKCHUC IIITHA HAa MHIICHU MOXKET OBITh OIpCaACIICHO
CJICAYIOUM 06pa30M

e, (XY)=0(xy)® h,(xy), 2

rre ® - cuMBOJN CBEPTKU. B TO e BpeMs, perucTpupyro-
miasi BHICOKaMepa TaKKe UMEET ONTHYECKYIO CHCTEMY C
Hekotopoii ®PT h,(x,y). B pesymbrare Habmomaemoe

KaMepoil n300pakeHHEe OIYIHT BUJT

e(x,y) = e, (X,y) ®h, (x,y). (3)
Torna
e(x%,y) = (6(x,y) ®h,(x,y)) ®h, (x,y) -

ITockonbky

O(x,y)® h;(x,y) =h,(x.y), “4)
TO M300pakeHHE NCKOMOTO IISITHA Ha TNIOCKOW MOBEPXHO-
CTH MHIIEHU MOXXHO 3aITHCaTh B BUJIE

e(x,y) = h, (x,y) ®h, (x.y). 6))

CrenoBarenbHO, BHJ IISITHA ONPENENSETCS TOJBKO
XapaKTepPUCTHKAaMH ONTHYECKHX CHUCTEM Ja3epa M peru-
cTpupylomiell kamepsl. B Hacrosmiell ctatbe GOpMBI Ja-
3€pHOTO IISITHA 1 IyJIEBOW TIPOOOMHBI IPUHSTHI OJIU3KUMHA
K U/I€aJTbHBIM.

Auroputm o0HApYy:KeHHSI CUTHAJBLHOIO NsATHa. B
MYJIBTUMEIUHHOM CTPEIKOBOM KOMIUIEKCE CHHTE3 alro-
PUTMOB 00pabOTKH CHTHAJIOB PAacCMAaTPHBAETCS IIpHMe-
HHUTEJBHO K JJBOMYHO KBAHTOBAHHOMY HM300pa)kKE€HHIO, YTO
JlaeT BO3MOXXHOCTh 3HAYHMTENLHO IMOBBICUTH WX OBICTPO-
neiicTBre. 3amavya oOHAPYKCHHUS TISITHA JTBOMYHO KBAaHTO-
BaHHBIX CHUTHAJIOB C TOYKW 3PEHHs] TEOPHH CTAaTHCTHYe-
CKHUX pelIeHNnH (opMyInpyeTcst CIeayomIM 00pa3oM.

PaccmoTpuMm cremyronyto BEIOOPKY 3HA4E€HWH OTH-
Oaromieit

a4y Ay
ay A4y )N

b
ayy Ay Any

Ha NxN cocemHNX TO3UIUAX pa3BepTKH (poTonmpreMHHUKA
kamepbl. Kaxoe u3 BRIOOPOYHBIX 3HAUCHHUH @, TIOABEP-
raercs 3aTeM ABOMYHOMY KBAHTOBAHMIO II0 aMIUIUTYHAE
ITyTeM CpaBHEHHS C IOPOTOBBIM YPOBHEM a; (puc. 1),

0.90 0.90

0
Puc. 1 — INoporosast 06paboTka N300paxKeHHs: a — ICXOTHAS
Marpuia; 6 — MaTpUIa Nocje IPUMEHEHHUS Ollepaluy GnHapH-
3aIMu
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[TpuHsiTO, YTO pE3YNBTAT EAWHUYHOTO CPaBHEHHS
@y OYIIET TIOJNIOKUTENBHBIM, €CIT COOTBETCTBYIOIIEE BbI-
0OpOYHOE 3HAYCHUE MPEBBIIIACT MOPOT (&, =1), U OTPH-
LaTEeIbHBIM, €CIIM OPOT He NpeBbImaeTcs (a,,, =0).

Taxkum 00pa3oM, COBOKYITHOCTb pPe3YyJIbTAaTOB KBaH-
TOBaHHMS OyZeT TpPEACTaBIsATH cOOOH TOCIeNoBaTENhb-
HOCTb HyJIEW U eIuHULL. B cBs3U ¢ 3TUM, pemaroiemy ai-
TOPUTMY HEeoOXoamMo OyaeT Ha OCHOBE aHalW3a MpUHS-
TOW BBIOOPKHM HyJIE€Hl M €AWHHIl PEIINTh ONTHMAIbHBIM
00pa3oM BOIPOC — MPEACTaBIACT JIM 3Ta BBIOOPKA MATHO
TIOJIE3HOTO CUT'HANIA MIIM OHA OTHOCUTCS K IIOMEXE.

JIIst peraromero anropuTMa perieHre 3Toro Bomnpo-
ca CBOJUTCS K IPOBEpKe ruIore3sl Hy 00 OTCYTCTBUH I0-
JIE3HOTO CUTHajla MPOTUB ajlbTePHATUBHOM TUIOTe3bl H; 0
€ro HaJIMYMH, TO €CTh K 00pa30BaHMIO OTHOILIECHUS MPaB-
JIOTIO/IOONSI M CPAaBHEHHUIO ATOTO OTHOILIECHUSI C HEKOTOPHIM
3aJaHHBIM YHCJIOM, BBIOMpAaeMbIM HCXOIS M3 alpHOPHOU
BEPOSTHOCTH HAIWYUsI CHTHAJla M IIOTEPb, NPUIHCHIBAE-
MBIX OITMOOYHBIM PEIICHISIM (KPUTEPHIA CPEIHETO PUCKA),
I UCXOAS M3 JOIYCTUMOM BEPOSTHOCTH JIOXKHOTO OOHA-
pyxenus (xpurepuit Heiimana - [Tupcona) [8, 9].

IIpexnae Bcero, cuHTE3y aaropurMa OOHAPYKEHUS
HEOOXO0JMMO ONpeNeNUTh (PYHKIUIO MPaBAONON00Hs TH-
nore3 Hyu H; Ilycts p,,, — BEpOSTHOCTh MONYUECHUS €11~
HUILIBI HA TIO3ULIWY (11,71) TIAYKH, a ¢, — BEPOSTHOCTH I10-
JIydeHUs HyJsl Ha 3TOH MO3MIMH. BeposTHOCTH monyue-
HUSI JTF000TO M3 JABYX BO3MOXKHBIX MCXOJIOB B pe3yJbTaTe
WCIIBITAaHHUSI C HOMEPOM (M1,71) 3aIlUIIETCs] B CIIETYIOUIEM
BUzIE

P(amn ) = p:z”);” qzln_nam” * (6)

B nmanpHeiimem OymeM cunMTaTh BBHIOOPKH OTHOArO-
IIeil cTaTUCTHYECKH He3aBHCHMMBIMH. COBMECTHAs JKe Be-
POSITHOCTH TIOJIyYeHHUs] HEKOTOPOH KOMOMHALUK HyJeH u
e/IMHUI] Ha BceX N’ TIO3MITHSX TAauKH OyIeT paBHa

N

N
P(ay-.an) =T 1T Tpa a™- (7)

m=1 n=1

Hcxonst n3 dopmyinst (7) MOXKHO 3amucarh BBIpaXke-
HHE JUIsl yCJIOBHOM BEpOSTHOCTH JII000H KOMOWHAIINY HY-
Jedl M eOUHHL NPU HAIWYUH W OTCYTCTBHH IIOJIE3HOTO
CHTHAJIA.

BeIpaxeHue a1 yciI0BHOW BEPOATHOCTH IIPU HaJIM-
YHH [IOJIE3HOTO CUTHala OyJeT UMETh CIISIYIOIUIA BH

N N
P(all ey |H, ) = HHP; thsiam" > (3)

mn % Omn
m=1 n=1

rac psmn — BCEPOATHOCTH MOJYYCHUSA CAWHHUIBI HA IMO3U-

UM (M,n) CUTHAIIBHOTO TATHA, & ¢, =1—p; .

mn

A BOT IIpH OTCYTCTBHH CUTHAJIA BRIPAKEHHE MPUOO-
peTeT Takou BUJ

N

N
P(an - Ayy |H0) = HHP;\IJW q}v_a"m 5 ©)

mn mn
m=1 n=1

rac me” — BCPOATHOCTH IMOJYUCHUSA CAWMHHUIBI HA MO3U-

Uy (m,n) B 0OJIAcCTH TOMEXH, OJWMHAKOBas IS BCEX
(m,n),a an :l_pN

0O0603Ha4nM 33JaHHBIN IOpOT OOHapykeHus: /. B
TaKoOM cjIydae, ¢ yueToM Beipakenui (8) u (9), yciaosue

OIITUMAJIBHOI'O OGHapy)KeHI/IH IIATHA 3alIMIICTCA B BUIC

a,

N N
p
HH i

S,
m=1 n=1 pN qN

a,

'mn ‘mn

9s,,

>1, (10)

ITocne morapumMIpoBaHUs JIEBOH 1 IPaBOU YacTeH
HepaBeHCTBa (5), nmeeM

AL Ps qs
ZZ a,,In—"-+(1-a,, )In—=-|>1Inl,
m=1n=1 pN qN

Brimonaus HGOGXOHI/IMHC HpeO6paBOBaHI/I$I B IIO-
CJICAHEM BbIPAKCHUU, TTOJTYIUM

N N pS qy N N qs
> >a,, In——==>Inl->"> In—= (an
m=1n=1 pNQS m=1n=1 CIN

[TpunsB B BeIpakeHuH (6) crenyronye 0003HaYeHHs

Ps dn

mn

n=h—"-;
Pnds

mn

T, 4s
k=1Inl —ZZlnﬁ,
9y

m=1n=1

MOJTy4UM JUIS alrOpUTMa ONTUMAJIBHOTO OOHApY>KEHMS
MaYKyd JBOMYHO KBAaHTOBAHHBIX CUTHAJIOB OKOHYATEIb-

Hy10 hopmyiry

N N
2242k

m=1n=1

(12)

ANTOpUTM ONTHUMATBHOTO OOHAPY)KCHUS MAYKH
KBaHTOBAHHBIX CUTHAJIOB, B COOTBETCTBUH C (HOpMyIIOi
(12), cBOOHTCS K BBITOTHEHUIO CIIEAYIOMIUX OTICPAITHH.
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( Hauano )

A 4 A 4

Tomyuenve
N300 paKEHIS C
KaMepbl

CymmupoBaHue
3HAYEHUH
noamatpuibl NxN

A 4
JIBomaHOE
KBaHTOBAaHHUC
TIOJTy YEHHOTO
N300 paXkeHms

A 4

VYcranoBka
HayaJIbHbIX
KoopauHaT

X++

[lone3us! curuan Ilonesusli curnan
OOHapyXeH B Konen He OOHapyXeH B
mopMatpune NxN noamatpune NxN

Koopnunata
X =max

Koopnunata
Y =max

Puc. 2 — Anroput™ onTUManIbHOTO OOHAPY KEHHS TAUYKU KBAHTOBAHHBIX CHUTHAJIOB

Ouenka KoopaMHAT HeHTpa nsTHa. [lycTs uentp
IIITHA, 00Pa3yeMoro JIa3epHBIM JTy9OM Ha KpaHe, TOUKa
O ¢ TOpU30HTAIBHOIN KOOPAMHATOHN Xy 1 BEPTUKATHHOMN —
Y. Onipenensist KOOpJUHATHI LIEHTPA MATHA UCTIOIb3yeM
(YHKLIHMIO PaBIONOA00HS OLICHUBAEMBIX ITapaMETPOB X
U )y, KOTOpast MOJTy4aeTCsl HEIOCPEACTBEHHO U3 BBIpaXKe-
HUA (8) A7 yCIIOBHOM BEPOSITHOCTH KOMOMHAIIMY HYJIeH
U €TUHMI] IPY HAJIMYUH CUTHAIA

I ” |p ' q iy
Snm Snm

m=1 n=1

xo’yo

OmnpenennM BeposSTHOCTh 00HAPYKEHHSI CUTHAJA Ha
eIMHUYHOM no3uuuu (m,n) pg A cilydas He(IyKTyu-

pytoiero curHaia o ¢popmye [10]

2 +b2

a
mn mn
T 10 (amnbmn ) damn °

ps =1- Iamnexp -

Son

Kak BUWAM, BEPOSATHOCTb p,  ABJISACTCA (byHKL[PIeﬁ

napamerpa b, (mapamerp a; cuutaercs (GUKCHPOBaH-

HbIM). OZ1HaKo, Bce 3HaueHus b, ONpeneaoTcs OqHO-

3HA4YHO, €CJIM U3BCCTHA 3aBUCUMOCTD

bmn = Og((xmn7ymn)’(x09y0))7 (13)

rie g((xmn s Yom ) (X050 )) — yHkius orubaromei nAT-

Ha; (X,,,¥,, ) — KOODAMHATBI IO3ULKH IIsITHA (m,n); b,

OTHOLICHUE CUTHAJIa K ITIOMEXE B LICHTPE TISITHA.
CJICI[OBaTCJ'IBHO, BEPOSATHOCTH

ps =1 (bo,(xo, Yo )) sBysieTcst QyHKIUeH, 3aBUCSIIEH OT

Smn

TpeX HEU3BECTHBIX MapaMeTpoB b,,x,, v, . [lapametp b, B

JanbHeIeM Oy/ieM CUuTaTh UKCUPOBAHHBIM.
VYuuteiBas Beipaxkenue (13) u caenanHble qomyie-

HUsl, YHKLWS PABIONONO0Hs Uil OLEHKH (x,, yo) 3a-

IHUCBIBACTCA B BUJIC

L(x0,3,) HHpS;j;; (X Y )+ (300 )) %
m=1 n=1

Xq;’:l’”" ((xmn ’ymn )9(x0,y0 ))

O0o3Ha4as

e (). (3) =P
gs,, ((an s Yom )> (%05 0 )) =0,

B

dhyHKIHSA HpaBL[OIIO,HO6I/I$I TIPUMET CIIEeTYFOIIIHA BA

I ” I Pl 1 Gy

m=1 n=1
[IponorapudmupoBas JieByI0 U PaByIO YacTH BbI-
HIEIPUBEICHHOTO BBIPAXKEHHS, TOJIyYUM JIorapuhm
(hyHKIIH HpaB,ZLOHOIl06I/IH

ZZamn (InP-1InQ) ZZan (14)

m=1n=1 m=1n=1
[Mpomuddepennmponas (14) mo oneHNBaeMbIM Ta-
paMeTpam X, U ), HOJIyduM ypaBHEHHs IPABONON00US]

L(xo,y0

InL(x,,y,)

omL & (1 oP 1 a0) L& 1 40
=33 |2 LIy % (g5
o, ;Z‘a P ox, 0 ox, 2Z;Q o, )
51 L L& 1 0 YY1 o
SRR RS L liyy L2 6

m=1n=1 y() Q ay() mzln:IQ ay()

B mnpaBoit yactu Beipaxenuit (15) u (16) BTOpas
CyMMa He 3aBUCHT OT BBHIOOPKH IPHHUMAEMBIX CUTHAJIOB,
a ompeznenseTcs ToIbko (opmoit ormbaromeit nsarHa. Ec-
T y 3TOW ormbaromiell UMeercst CUMMETpHYHas (GopMma,
TO paccMaTpuBaeMas BTOpas CyMMa IIPHOJIM3UTEIBHO
paBHa HYJTIO.

IMpomudpdepermmpoas Q =1-P mno x, u y,, NOIy-
YUM CIEYIOUINe COOTHOIECHHS
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Q9 __o° (17)
0ox, 0ox,
Q9 __o° (18)
o Y,

VY4uTHIBas 3TH COOTHOILIEHUS U TO, YTO BTOPAsi CyM-
Ma B (15) u (16) paBHa HYJIIO [TOJYYNM YpaBHEHHs IPaB-
JIOTIOA00NS JUIsl OLIEHKH KOOP/MHAT Xy U )y B BUZE

N N
IS P (19)
m=1n=1 PQ xo Xo-%o
N N
zamn ;6_P =0 (20)
m=1n=1 PQ ayo YoFo
O0603HaYMM
0} :La_P (21)
P-O ox,
0} :L a_P (22)
g P'Q 8)/0

Bynewm paccmarpuBaTh quckpetHble QyHKInu (21) n
(22) xak ¢yHKIMH Beca MO3MIMK MSATHA B OLEHKE KOOp-
JVHAT TOYKH NONaJaHus B Lelb. B 3TuX GyHKOMAX OrH-
Oarorue XapakTepU3yIOT KOIWYECTBO WH(POPMAIHUU O
TOYKE TOTAJaHus, coaeprkarieecs B "equHUNAX", pacmo-
JIO’)KEHHBIX Ha PA3IMYHBIX PACCTOSHUAX OT LECHTpA MATHA.

[Tocne mpousBenenHo 3ameHs! B (21) u (22) ypas-
HeHwus npasronoxodus (19) u (20) npumyT BUA:

N N

zzamn : q)x =0 (23)
m=1n=1

N N
ZZamn ‘@, =0 24)

Hcxons u3 3TUX ypaBHEHHH, OLICHKAa MAKCUMAaJIbHO-
TO TIPABIONIOA00MST KOOPAWHAT IICHTPA IIATHA TOITY9IaeTCs
13 YCIIOBHSI PAaBEHCTBA HYJIIO CyMMbI 3HAYCHUH (YHKIHIA
® u O, Ha MO3ULMSX, TS CHTHAIBHBIC MMITYJIbCHI Ipe-

BBIIIAIOT [OPOrOBBIH YPOBEHb aMIUIUTYIHOTO KBAHTOBA-
HUA (B 3THX TOYKax a,, =1). [IpyHIMnIMansHo anroput™

(23), (24) Oyner peanu3oBaH IyTeM CJBUTa BECOBBIX
(YHKIMI OTHOCUTENBHO MPHHSITON peaju3alii CUTHaa
(u300paxenus). [Ipouecc cnBura u cyMMHpOBaHHE 3HA-
4yeHUi BecoBbIX (DyHKUMiI Ha mo3uuusx, rae a,, =1, Oy-

YT TOBTOPATHCS 0 TeX MOp, TOKa CyMMHI (23) u (24) He
CTaHYT paBHBIMH.

JleMOHCTpanusi anroputMa MO OLEHKE IOJIOKCHUS
LIEHTpa MSATHA ATl OZHOMEPHOTO Cliydas IOKa3aHa Ha
puc. 3.

@dopmbl OrHOAONIMX CUTHANIA M BECOBBIX (DYHKIUIA,
UCTIONIb3YEMBIX B TIPENICTAaBICHHOH BhINIE 3ajaye, IpUBe-
JIeHbI Ha puc. 4.

0.9
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Puc. 3 — IosicHeHme npoliecca OICHKH KOOP/MHAT LIEHTpa IISTHA
CHTHaJIa: 8 — OrH0aroIasi ISITHA; O — CIIBUT BECOBOH (QDYHKIMH

Bwmecre ¢ Tem, U1 onpeneneHuss KOOpAUHAT LEHTpa
ISITHA MOXET OBITh HUCIOJIb30BaHa M HECKOJIBKO WHAs MO-
JudUKanys pacCMOTPEHHOT0 aiaroputMa. Jins nonydeHus
MOJU(UIIMPOBAHHOTO ~ANTOPUTMa BO3bMEM JIBOWHYIO
CMEIIaHHYI0 MPOM3BOJHYIO Jorapupma (GpyHKINH TpaB-
Jonozo6usi, onpexnenseMoro BelpaxkenueM (14), mo ore-
HUBAaEMBIM ITapaMeTpam

o’InL
0x, Y,
C yuerom (17) u (18) momyunm ciexyromniee ypaBHe-
HHE TPaBIONON00Hs I OLEHKH JABYX KOOPAMHAT IIEHTpa
TSITHA:

N N 2
ZZamn _1 a—P — 0 (25)
m=1n=1 PQ axoayo xOZi?O
Yo=Yo
Bsenem 0003HaucHUE
2
1 o°P 26)

xy I —
P-Q ox,0y,
Takum 06pazom, ypaBHEHHE MPABONOA00MS MOITY-
YUT OKOHYATEBHBIN BUJ

27)

N N
2.2 8 ®, =0

m=1n=1

Ha puc. 4, T moka3aH BHJ BECOBOU (DYHKIIUU (ny R

UCIIOJIb3yeMOH B BhIpaxeHuH (27).
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Puc. 4 — ®opmbl orubaromyx curHana U BeCoBbIX GyHKIHA: a — popma orubaromieii nsTHa, 6 — BecoBasi QyHKIMS IS ONPEICICHHs
TOPH30HTAILHON KOOPJIMHATHI LIGHTPA IISITHA, B — BECOBast (PYHKIMS ISl ONpeie]IeHNs] BEPTUKAIBLHOW KOOPAMHATHI LICHTPA NATHA,
I — BecoBast QYHKLHA JUIsl ONIPeJIeICHUs ABYX KOOP/MHAT LIEHTpA IsTHA

BruiBoabl. MeTOIOM TEOPHH CTaTHCTHYECKUX pellie-
HUH B CTaTh€ CHHTE3MPOBAHBI ONTHMAIBHBIC aTOPHUTMBI
00pabOTKA CHUTHAJIOB B MYJIBTHMEIHIHOM CTPEIKOBOM
TpeHaxepe. B pe3yibrare yero HalaeH alropuT™M ONTH-
MaJIbHOTO OOHAPYKEHUs «IIPOOOMHBD), MOJIYYEHHOH OT
PE3yIbTaTOB BO3JEHCTBHS CTPENKOBOIO OPYXKHUs, UIH 00-
Hapy’>KeHHUsI CBETOBOTO IISITHA, 0Opa3yeMoro JIy4oM Jia-
3€pHOro opyxwus. To ecTb, CHHTE3UPOBaH ONTHUMAaJIbHBIN
ITOPUTM, TO3BOJSIOIMKA (OPMHUPOBATE MaKCHMAJIbHO
NPaB/IONOIO0HbIE OLIEHKH ITPOCTPAHCTBEHHBIX KOOPAWHAT
LIEHTPa CBETOBOTO IISITHA WJIM MPOOOMHBI HAa 3KpaHe KOM-
Iuiekca. B pesynbTrare 4ero, moydeHHbIE ONTHMAJIbHBIC
ITOPUTMBI 00PaOOTKH CHTHAJIOB TTO3BOJISAT CYIIECTBEHHO
TIOBBICUTHh Ka4eCTBEHHBIE MOKA3aTeIH MYJIbTHMEIUHHBIX
CTPETIKOBBIX TPEHAKEPOB.
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