Tpubopwvr u memoowl usmepeHul Devices and Methods of Measurements
2026.T. 17. Ne 1. C. 39-53 2026,17(1):39-53
C.®. Ezopos S.F. Egorov

DOI: 10.21122/2220-9506-2026-17-1-39-53

CeMeNCTBO YJIEKTPOHHBIX CTPEJIKOBBIX TPEHAKEPOB
«CTpH:ux»: pazpadoTka MaAKeTOB U HCCJICI0BAHUE

INOI'PCITHOCTH TpeHamépa HA4YaJbHOTO YPOBHS
C.®. Eropos

Yomypmekuit pedepanvruiii ucciedosamenvckuil yenmp Ypanockozo omoenenusi Poccuiickoil akademuu nHayx,
ya. umenu T. Bapamzunoti, 34, e. Hocesck 426067, Poccus

Hocmynuna 29.07.2025
Hpunama k newamu 23.12.2025

PazpaboTka CTpEeIKOBBIX 3JEKTPOHHBIX TPEHAKEPOB (T.€. I PYUHOTO OPYKHUS M HE UCIIOJIB3YIOIINX
Ooenpunace) SBISIETCS BAXKHOW 3a/1adell, T. K. IPOM3BOACTBO JIIOOOT0 BUAA CTPEIKOBOTO BOOPYKEHHUS, CO-
[JIACHO HOPMATUBHBIM JJOKYMEHTaM, TpeOyeT U MPOU3BOJICTBA TPEHAXKEPA AJISl IPUBUTHSI HABBIKOB PULIEITH-
BaHUs U cTpenbObl. PazpabaTeiBaeMoe ceMeiCTBO AIEKTPOHHBIX CTPEIKOBBIX TpeHaxEPoB «CTpHx» BKIIrO-
4aeT TpH OOIIEOCTYIHBIX YPOBHS Ul CAMOCTOSITENBbHOM COOpKU: HaYalbHbIH, 0a30BbIA M BUPTYaJIbHBIMH.
[IpuBeneHbI CTPYKTYpHBIE CXEMBI PETHCTPATOPOB TOUKH NPHULIETUBAHUSI 1 IMUTATOPOB OPY’KHsI HA4aIbHOTO
YPOBHS U pa3paboTaHa METOIMKA CAMOCTOSTENLHON COOpPKH TpeHaxEpa M3 OOLIeTOCTYIHBIX KOMIIOHEHT:
HOYTOYK, BeO-kamepa, MakeTsl opyxusi, IK-cBeroanonsl. PaspaboTanel KOHCTPYKIMHM HECKOJIBKHX THUIIOB
JaTYMKOB CITyCKOBOT'O KPIOYKa C PEKOMEHJIAIMEN HCIONIb30BaTh CEHCOPHYIO KHOMKY (OCOOEHHO I aBTO-
Mata). [IpemnoskeHsl HOBbIE MOAXO/BI K OLIEHKE MOTPEIIHOCTH MAaTeMaTHUECKHX MOZEJEeH perucTpaTopoB
TOYKH MPULICIMBAHUS M POBEPEHBI B TOM YHCIIE U HOBbIE MOAU(DHUIIMPOBAHHBIE MAaTEMAaTHYECKHE MOJACIH
C 1IeJIbI0 MUHUMH3AIUK KOJIMYECTBA TAPUPOBOUHBIX TOUYEK, UTO aKTyalIbHO NP py4HOU HacTpoiike. [Ipose-
peHa HHBapHAaHTHOCTh MaTEMAaTHUYECKUX MOJEJIEH OT pacCTOSHUSI CTPENbObI ¢ moMolkio Broporo MK-nmona
1 KOPPEKIHHU 110 HEMY KOOPJIMHAT, TIOKa3aHa e€ paboTOCIIOCOOHOCTh B HEOOJBIIOM JUana3oHe U3MEHEHHS
paccrosnuil. OprueHTanys Ha Ha4yaJlbHYIO CTPEJIKOBYIO MOJATOTOBKY TPEOYET MOCTOSIHHOT'O OTCJICKUBAHUS U
aHaJM3a TPACKTOPHU NPHUILIETUBAHUS C BbIJAUCH PEKOMEHIAMH 10 KOPPEKTHPOBKE XBaTa-MPULICIINBAHUS-
yIepKaHUA-CITyCKa, a 3HAYUT U BBICOKOCKOPOCTHBIX BeO-kamep. [IpoBenéHnbie uccaenoBanus MOrpenHo-
CTH OTIpeieJICHHs TOUYKN NPULETMBAHUS Ha YEThIPEX THIAaX MAKETOB TPEHaXKEPa MOKa3ajiH, YTO CyOBEKTHB-
Hasi COCTaBJISIONIAs (IJ1Ia30MEPHBIN CrIOcOo0 MPUIIETUBAHUS IIPU TAPUPOBKE U MPU MPOBEPKE) BHOCUT CAMBIH
CYILLIECTBEHHBII BKJIaJ B MOIPEIIHOCTh U PEKOMEHIYETCA TapUPOBKY MAKeTa MPOBOJUTH TOJBKO OMBITHBIM
MIOJIL30BATEIISIM 00SI3aTENBHO C YIOPa U MCIOJb3Ysl CEHCOPHBIM JaTYHK CITyCKOBOI'O KPIOUKa.

KuroueBble ¢JI0Ba: TOYKA MPUIICTUBAHUSA, PETUCTPATOP TOUYKU MPHUIICIIUBAHMS, CITyCKOBON KPIOYOK, CBAJI,
CpPBIB
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Abstract

Development of rifle electronic simulators (i.e. for hand weapons and not using ammunition) is an im-
portant task, since the production of any type of small arms, according to regulatory documents, also requires
the production of a simulator to instill aiming and firing skills. The developing family of electronic shooting
simulators "STrlzh" includes three publicly available levels for self-assembly: initial, basic and virtual.

Structural diagrams of aiming point recorders and entry-level weapon simulators are given and a tech-
nique for self-assembly of the simulator from publicly available components is developed: laptop, webcam,
weapon models, infrared LEDs. Several types of trigger sensors have been developed with a recommendation
to use a touch button (especially for a machine gun). New approaches to estimation of mathematical mod-
els’ error for aiming point recorders are proposed and new modified mathematical models are also tested in
order to minimize the number of calibration points which is important during manual adjustment. Invariance
of mathematical models from the firing distance using the second infrared LED and correction of coordinates
by using this LED was checked, its performance in a small range of distance changes was shown. Orientation
to initial shooting training requires constant tracking and analysis of the aiming trajectory with the issuance of
instructions for adjusting the grip-aiming-holding-descent, and therefore high-speed webcams. The studies of
the error in determining the aiming point for four types of mock-ups of the simulator showed that the subjec-
tive component (the ocular method of aiming during calibration and verification) makes the most significant
contribution to the error and it is recommended that the calibration of the mock-up be carried out only by
experienced users necessarily from the stop and using the trigger sensor.
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BBenenue

Pa3paboTka CTpEeNKOBBIX 3JIEKTPOHHBIX TpeHa-
KEPOB (T. €. Il PYYHOTO OPYXKHSI M HE HCIIOJIb3Y-
omMX OOempunacel) SBIACTCS BaKHOH 3ajavet,
T.K. IIPOU3BOJCTBO JIO0OTO BUAA CTPEIKOBOIO BO-
OpYXXEHHs, COTJIACHO HOPMATHBHBIM JOKYMEHTaM,
TpeOyeT U POU3BOICTBA TPEHAXKEPA ISl IPUBUTHUS
HAaBBIKOB TPHLEINBAHUS M CTPEIbObl. DJIEKTPOH-
HBI  cTpenkoBeiii  TpeHaxEp (CT), Oe3ycioBHO,
oOmanaer OoIBIIUMHU (GYHKIIMOHATBHBIMH
BO3MOXKHOCTSIMH M Onarojaps  HOCTOSHHOMY
COBEPILICHCTBOBAHUIO M  YJEIICBICHUIO OOIIe-
JNOCTYIIHBIX ~ JJIEKTPOHHBIX  KOMIIOHEHT  HCCIIe-
JIOBaHHWE COOpaHHBIX W3 HHUX PETUCTPATOPOB
TOYKM TIPUIENMBAHUS M HMHUTATOpPOB OPYXKHA
I ¢ LIMPOKOTO WCIIONB30BAHUSA  SBISAETCS
aKTyaJ bHOW 3ajadeid, oOnamaronieil MmpakTHYeCKOn
neHHocteio [1-10].

C yuértom omblTa pa3paboTky, MoaupUKanuu
n BHenpenus npodeccuonansHoro CT «Hurudu-
Top» (mHmekc 1Y33) [11-14] npoBoautcs
pa3paboTKa W WCCIICIOBAHUSA IO OOIICIOCTYITHOMY
cemeiictrey CT «CTplx» [15] ¢ Ha4ampHBIM,
0a30BbIM M BUPTYaJbHBIMU YPOBHSIMH peaH3aliu.
Bo3MoXHOCTE  caMoOcCTOSTENNFHO CcOOpaTh CTpel-
KOBBIM TpeHaxEp M3 OOLIENOCTYMHBIX KOMIIOHEHT
(HOyTOYK, BeO-kKamepa, MakeTsl opyxwus, HWK-
CBETO/IMOJIBI, MPOEKTOp, JIa3epHbIE M3ITydaTelH,
HD-kamepa, BHpTyajbHbIE LUIEMBI, CMapT(OHBI)
JOJDKHAa CIOCOOCTBOBaTh MX LIMPOKOMY HCIIOJIb-
30BaHMIO. AHQJIN3UPOBAIUCH 3apyOeKHbIE HCTOU-
HUKA B O00JACTH PETUCTPATOPOB TOYKU IpHIIE-
muBanust (PTIIp) [16-19] m wmwmTaropoB opy-
xust (MO) [20-22].

Lensto paboTHI SIBISIACH pa3pabOTKa METOIH-
ku cOopkn koHCTpykiuu CT Ha9ampHOTO YPOBHA
(HY) cemeiictBa «CTpUx» u onTuMH3anus mare-
marnueckux monenedt PTIIp, a Taxke pazpaborka
KOHCTpyKIMi MO ¢ KOHTpOJIeM CITyCKOBOIO KprOUYKa
U wuccrenaoBanne TnoiaydeHHoro makera CT HY
Ha TOYHOCTh C aHaJIM30M TexHosornyHoctu. [lox
texHonornyHocteio CT HY nmonumaercs mpocrora
1 yIoOCTBO CaMOCTOSITENbHON COOPKH, HAaCTPOHKH
1 3KCIUTyaTaluu.

Metoauka cOOpKH TpeHaKépPa HAYAJIBHOIO
YPOBHs

[puanun padorsr CT HY ochHoBan Ha
pacmno3HaBaHUM Ha H300paKEHHAX C BeO-Kamephl
CO CBETOQMIBTPOM, ycTaHOBIeHHOH Ha MO, maren

or penepubix UK-mmomoB y oskpaHa pucmes
C MHIICHHOW 00CTaHOBKOW (PHCYHOK 1, BO3MOXKHO
KOoH(pHUTYpaIysi TOIBKO ¢ HOyTOYKOM) C oTpeee-
HUeM KoopauHart Touku npuuenuBanus (TIp)
mo maremarndeckuMm mozaeisim (MM) u ¢ mepena-
yell curHana co cmyckoBoro kprouka MO uyepes
MHUKPOQOH BeO-Kamepsl (MM Yepe3 MUKPO(POHHBIH
BXO HOyTOyKa). MM TpeOyloT €XEeTHEBHOU pyd-
HOW TapUpOBKM H3-3a HE MOJIHOW WHBAPHUAHTHOCTH
N300paXEHUH «IISITHA» periepa OT MecTa CTPENbObI
(u3-3a U3MEHEHHS paKypca BeO-KaMephl) U 0COOCH-
HO OT JAJIbHOCTH M OT CTa0MJIBHOCTH amlapaTHOM
coopku CT (BTOpO# pernep kak pas JaéT yCIOBHYIO
WHBAPHUAHTHOCTh M II0O3BOJISICT KOHTPOJIUPOBATH
cear MO). B CT HY Bo3moxHa peanuzanus
umuTaluu otaaun Ha MO Ha BUOpO-MOTOpUMKE (HA
CTBOJIE) WJIM IPYKUHHOM MEXaHHM3ME, HO 3TO He
00s13aTenbHO U OyAeT PacCMOTPEHO B CIIEAYIOLIEH
CTaThe IUKJIA.

TpeboBanust tounoctu PTIlp HY 0,6-1,5
TBICSYHBIX JadbHOCTH (T.0.) W OBICTpOIeHCTBUS
15-60 I'm (xamp/cex) [15] cBsi3aHbl ¢ OpueHTAIUEH
CT HY na HavanbpHYIO MOArOTOBKY M ToJbKO HA MO
nucroner Maxkaposa (I[IM, y KoToporo cpemruHHOe
oTKJIOHeHne mynb 1,8 T.1.) u aBToMar Kamamramko-
Ba (AK, ¢ 0,4...0,6 T.1.), T. . UX OaUIMCTHYECKOE
CiIy4ailHOE pacCceMBaHHE IPUMEPHO TaKOro JKe
nopsiika, kak W mpexaen norpemHoctd  PTIp
CTPEJIKOBOTO TpeHaKEPa HAYaIbHOTO YPOBHSI.

Wrak, meromuka camocrosTenbHoi coopku CT
HY Bxmtouaer:

1. U3rotoBnenne peiikum (yronmka) moji/Ha
TUCTUIeH (WM TEJEBU30pP BMECTO MAMCIUIEeS WIIH
HOYTOYK B OJHOPKPAaHHOH KOH(HUrypamuu, pucy-
Hok 1) ¢ aByms UK-nnomamu (M3mydeHHE KOTOPBIX
HE BHJHO YEJIOBEYECKHUM IJIa30M) C NMHUTAaHUEM OT
akkymynsaropoB (U =3,3-4,2 B) umu nopra USB
(U=5B, eciu Ha HOyTOYK) 4epe3 CONpPOTHUBICHUS
(mogbmparoTcss 1O TOKOBBIM — XapaKTePHUCTHUKAM
UK-muonos [, kak mnpasuno R =20-200 Owm):
R=U/I,. Jocrynnble HWK-muomer  (Hanmpumep,
W3 TyJabTa JUCTAHLMOHHOTO YIPABICHHS) Y3KO
HalpapJieHbl, II03TOMY CTpOras IepIEeHIUKY-
JSIPHOCTh KPEIJICHHST HMMEEeT OOoJbIIoe 3HAaYCHUE
JUISE TOYHOCTH BBIJICJICHUS] perepoB (BIHMACT Ha
SIPKOCTh UX N300paKeHUH ).

2.3a ocuoBy MO Oepércs maxker wWin
ke WTPYIHIEYHOE OpY)XKHE M YTOKENIIeTCS [0
peaspHOro oOpas3ua ¢ BBIACPKUBAHHEM LIEHTPA
msokectu (tak Bec IIM 8101, AK 3,6 xr u np.,
HO HAJ0 BBIYECTh BEC BeO-KaMephl), JKelaTeIbHBI
peaMCTUYHBIE [0 OIIYIICHHSM MecTa XBara
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(pyuka, LEBbE) M MPHLEIbHBIC MPUCHOCOOICHUS
C METaJUIMYECKHUM CITyCKOBBIM KPIOYKOM. YCHIIHE
HaKaTusl Kprodka JODKHO ObITh it AK 15-25 H,
mist [IM co B3BemeHHBIM Kypkom 15 H (6e3 —
35 H) — xoppekTupyercsi mpyxkuHoi. Peammcrny-
HBIl CIIYCKOBOM KPIOYOK CaMblid TEXHUYECKH
CIOXKHBIM y3€N Ui CaMOCTOSITENIbHOW COOpKH,
OH JOJDKEH OTpadaThIBaTh HAYaJLHBIA CBOOOMHEII
XOJl, a TOTOM YCWJIME CHSTHS B3BEIEHHOTO KypKa,
HO Ha OOJNBIIMHCTBE WTPYUICYHBIX  H3IEIHN
C TPYXKHHHBIM MEXaHH3MOM JTO YK€ peau30-
BaHO, JaXX€ C HEKOTOPOW WMHTAIUEH OTJa4u
(amoctepmopHoro  COWBAaHWUS JUHUU  TIPUIICITH-
BaHUsl, MPAKTHYCCKUA HE BIIMSIOIICTO HA TEKYIIHUH
BeIcTpen). [lmanmpyercss paszpaboTka OTIECIBLHOTO
OJTOKa «CITyCKOBOH KpPIOYOK», KOTOPBIA OTpada-
THIBa€T BCE OTH YCWIHS U COICPKHUT JATUUKU
cBaia (OOKOBOTO HAaKIIOHAa) W CpbIBa (IEpraHbs)
n Bikimodaembli B USB-pazpém. JlomycTtumsl
U 70pabOTaHHBIC PEANUCTUYHBIC W3ICIUS JJIs
MTHEBMATHYECKUX THUPOB, CTpaiikOoma (TeiHTOOMNA,
opOubomna), Tme MeXaHW3M OTAaYd Ha CXKATOM
BO3/lyXe MNPaKTHUYECKH BCTPOEH (XOTs U TpebdyeT
HEKOTOPOI HOpabOTKH).

3.ITox ctBomom MO kpenutrcs BeO-kamepa
C TPOITyCKOM NPOBOJA, HANpUMEpP, Yepe3 Marazut
(HEOOXoaMMO TSI MEXaHWUYECKOW pa3Bs3KHd BeO-
KaMepbl OT CIIy4ailHbIX BO3JECHCTBUI Ha IPOBOJ
MpH  JKCIUTyaTalliH), HWHOTJA YyIAOOHEee KpElHTh
KaMepy «BBEpX HOTaMW», 9YTO JOIMYCTHMO, HO
TpeOyeT CIelUaJbHOM TOMETKM B HACTpOiKax
nporpammHoro obecniedenus (I10) CT. O6s3arensHO
TpeOyercss CBEeTO(UIBTP TUIOTHOCTH, HaIpHUMED,
KaK IMOKa3aJiil MCCICAOBAHUS U3 OJHOM-IBYX CIOEB

1.5.2Mm

MPOSIBICHHBIX  (POTOTUIEHOK  JJIsl  TTOJABJICHUS
MapasuTHBIX 3acBeTOK. Kperuienue 3a cTBOJ MOXKET
NEePEKPbITh JIMHUIO TPHULENUBaHUA (Hampumep,
it [IM), mo3ToMy MOXHO KpemnuTh BeO-Kamepy
K CKoOe cIycKoBOro kprouka. KaGemnsi BeG-kaMepsl
MOYKET HE XBaTHTh JI0 HOyTOyKa, IIOATOMY HE0OXO-
IuMO ucronb3oBath USB ymmmauTENs (HEKOTOPHIS
VAJIUHUTENIM MOTYT CHIXKATh HallpsDKCHUE MHTa-
HUSI 1 BHOCUTbH IIOMEXH B CUI'HAJI, OPUEHTHPYHTECH
Ha mnopr USB3.0). Bo3MoxHO mOCTOSHHOE
BCTpaMBaHUE IUIATBl Pa300paHHOW BeO-KaMepsl
B MO, mpu 3TOM pEKOMEHIYeTCsl HU3BJCUb
UK-punerp ¢ MaTpuibl U MCHOJIB30BaTh B KayecT-
Be cBeTO(MIbTpa yKe 0ojee ONTHYECKH IUIOTHYIO
3aCBEYCHHYIO (DOTOTUIEHKY, UTO YIydIlIaeT BBIAETe-
HHE DENepoB, TaK KaK Takas IJIEHKAa MPOITyCKaeT
tonbko WK-myun. Wrak, wnmeHHO (QoTOoruiéHKa
SBJSIETCS.  JIOCTYNMHBIM ~ (DWJIBTPOM  TUIOTHOCTH,
HO mnpomnyckaomuMm HWK-myun. IlogOupars xomnu-
YeCTBO CJIOEB IUIEHKU-(QIIBTpa HAAO TaK, YTOOBI
Mapa3uTHBIX 3aCBETOK Ha HM300paKeHWH He
Obu10 BOOOIIE, @ APKOCTH PENepHBIX METOK Oblia
HE B HACBHIICHUU, HO IO3BOJIAIOLIAS JIETKO HX
uaeHTudupoath Ha 4épHOM (QoHe (B HTOM
nomkHo omoub [10 CT). OcHOBHEIE TTPOOIEMBI —
JUHAMUYECKOE pa3MbIBaHUE IISITHA OT perepa
Opyd  pPE3KOM JIBIKGHUM HMHUTATOpa U pasHas
APKOCTb OT [JBYX PENEpHBIX JAHOJOB, HO IS
HA4YaIpbHOro OOydYeHHsI 3TO He KpuTudHo. [Ipm
KpEIJICHUH BeO-KaMepbl Hajo yOemuTbes, 4To 00a
periepa nonajiaroT B KaJp C 3aracoM I10 KpasM IpU
MIPULIEIUBAHNN TI0 TIEPUMETPY dKpaHa, MHa4e HaJo
CMECTUTh KpEIJICHHE KaMmepbl WM YBEIUYUTD
pabouee paccTosHUE [0 3KpaHa.

IUCTIICH

CIyCKOBOI'O Kp}OqKa

webcam with trigger
sensor microphone

display

< VK-ymmon 2
IR-diode2

HOYTOYK
laptop

ﬂ,/,

Pucynok 1 — CTpyKTypa CTpeNKoBOro TpeHaxépa HauaJIbHOTO YPOBHS

Figure 1 — Structure of the entry-level shooting simulator
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4. BerpauBaercs B MO paTymk CIyCKOBOIO
KpIouKa (Harprumep, KHOTIKA [0]] KPIOYOK, CM. Jaliee).
Camoe TEXHHYECKH CIIO)KHOE JeWCTBHE: HE00-
XOAMMO BBICTaBUTh TPYKHUHOM YCHIME Ha)XaTus
kak opuruHaia MO (CyOBEKTUBHO WIIH TTPHOOPOM),
IUTAHUPYETCSl OTACNbHAs BHEIIHAS KOHCTPYKLUS
(B cuemyrommx —craThsix I1mkina). Ho o yu-
e napajieJbHO KPIOYKY MOCTaBUTh OIMHOYHBIN
KOHTaKT C aBTOMaTHYECKUM Ha)KaTHEM €ro MajiblieM
(mpaBUJIbHOE Ha)XKaTHE KpPIOYKAa — 3TO IIE€PBBIM
cruboM yKa3aTeJIbHOI'O Maliblia M IMOAYyIIeYKa Kak
pa3 JOJKHBI 3aMKHYTh KOHTAaKT COOKY B MOMEHT
CIycka). OTO Jy4IINi 1aTYUK Ha CEHCOPHOM KHOII-
Ke (0COOCHHO Uil aBTOMATHYECKOH CTpeNbObl,
T. K. (UKCHUpYeT yIepxaHue Kprouka). KoHTakT
nofgaéresi Ha MUKpO(OHHBINM BX0J HOYTOyKa (MU
Ha MHUKpPOGOH BeO-KaMephl, YTO TpeOyeT HeOOIb-
LOIOr0  BMELIATEJILCTBO B €€  KOHCTPYKLHIO),
a TpaHMIBl CHUTHala TNpH CpabaTHIBAHHUS TaKOTO
Jaturka HacTpausatotcs B [10.

5. Moakmouarores Bce kommnoHeHTsl CT HY
(pucynok 1) x HOYyTOyKy ¢ IIO m Tapupyercs
MM PTIlp [14] ¢ aBromaTtu3upoBaHHOW (T. €.
C ydYacTHEeM M OLIEHKOH dYeJOBEKOM) HACTPOWKON
BCEX OCTAJIBHBIX MIAPAMETPOB B AMATIOTOBBIX OKHAX
(ITO CT Oyner onmcaHO B CIEIYIONIMX CTaThAX
nukia). TapupoBKa 3aKIIOYaeTcs B YCIOBHOM
cTpensOe 1o 3 pasza ¢ ycpenHeHHeM B 9 TapupoBoU-
HbIX Touek (TT), pacnionoxeHHbIX 3 X3 paBHOMEPHO
10 HKpaHy, W €Ile B JICBBIH pEeNepHblid AUO0M, Jajee
aBTOMaTn4yecku BbIOMpaeTcsi MM U paccuuThI-
BatoTcst e€ mapaMeTpel. MHorma HeoOXoauMo
3aKJICUTh BCE TOPAIIME CBETOAMOABI IMUTAHUS/
pexXuUMOB (HOYTOYK, AWCIUICH, «MBIIIb» U Ap.), T0-
najalomye B noje o030opa KaMmepbl (poBepsieTcs
BU3yaJlbHO), W HWCKIIIOYUTH Tapa3uTHBIE 3aCBETKH
(3aKpbITh BCE TEMHOM TKAaHBIO BOKPYT JHCILIEA).
OnTuManeHBIM PacCTOSHUEM OT IJiaza JI0 dKpaHa
spiugercs  1,5-2M  (1-1,5M oT Kamepsl 10O
9KpaHa), KOI/ia YIJOBbIE pa3Mepbl OHcIUIes emé
MO3BOJISIFOT  BBINIOJHATH MHOTHE YIpPaXHEHUS U
YyBCTBHUTEIBHOCTh KaMEpbl MO3BOJIIECT HAACKHO
¢ukcupoBaTh J1Ba perepa ¢ yrioM o03opa
[0 BCEMYy IIOJI0 MHIIEHHONH OOCTaHOBKH (a 3TO
JIUCIUIEH/HOYTOYK IUpPUHON ~35-60 cM, HO MOXKHO
WCTIONB30BaTh W MIMPOKO(POPMATHBIN TEIEBU30D
Ha MaKCUMYME PacCTOSHUS B 5 M).

Takum o6pazom, nepen sxciuryaranuerd CT HY
mpu tapupoBke MM PTIIp HeoOXoaumMo OIEHHUTH
U HEPaBHOMEPHOCTH SIPKOCTH MAaTpHUIbl KaMepbl
(ocBemieHusT), pa3Mepbl B SAPKOCTH H300paKCHHI

perniepoB (I HAASKHOCTH WX HWACHTH(UKAIINH,
CM. Jajee) U KadecTBO CBETO(PHIBTPA IUIOTHOCTH
(oImKHBI OBITH BUTHBI TOJIBKO PETIEPHI, HO 10 BCEMY
MOJII0), YTO OCYIIECTBIISIETCS B aBTOMAaTH3MPOBAH-
HOM pexume (T.e. C TOATBEPXKJICHHEM YeJoBe-
kom). Ilocie dgero HEOOXOIMMO HACTPOUTH JATUUK
CIIyCKOBOTO KpIOYKa Ha TpaHHIy CcpadaThIBaHUsI
M0 CHTHATY W M0 JTAIOHHOMY YCHIIMIO Ha)aThs
(mmaBHOMY), eciM BbIOpaHa COOTBETCTBYIOIIAS
KOHCTPYKIMS AaTuhka (cM. nmaiee). A sKcIuryaTa-
U Ha HAYaJbHOM YypOBHE TOATOTOBKH (aKTH-
YECKH CBOAMTCS K TMOCTOSSHHOMY OTCIICKWBAHHIO
TpaeKTOpHH MpHUIleTuBaHus (¢ gactoTor 15-60 I'm)
U TpH «BBICTPENIC» OTOOPAKEHUIO TPACKTOPHUU
Kak MUHUMYM 3a 1,5c¢ 70 W moclie ¢ OLEHKOM
ycToiunBocTH yaepxkanus HO.

HccaenoBanue KOHCTPYKIMA CIIYCKOBOT0
KpIOYKa

IIpenyaratoTcss ~ HECKOJIBKO
JaTYMKa CIIyCKOBOI'O KPIOUKa!

1. Ucnionb3yeTcst MUKPO(OH BeO-KaMephl, yaaB-
JUBAIOIIMHA 3BYK MEXaHHYECKOr0 CIyCKa Kypka
(HanmpuMep, HIETUOK Kypka mo Ooliky Ha «Maka-
perue» — makete [IM), g Gonbleil HaAEKHOCTH
¢ukcanuy IeryKa PEeKOMEHIYeTCsl MeXaHUJYecKas
pasBsizka Mukpodona m kopmyca MO wyepes racs
Iyto BHOpamuio TPOKIAAKy (4ToOBI KoJeOaHuWs
KOpIyca OT KypKa He JNOXOAMJIM, Tak Ha «Maka-
pblue» B3BOJ KypKa MOXET (HKCHPOBATHCS Kak
BoicTpen). CpbIB Kprouka (jepraHbe) MpH 3TOM
MOKHO IIOMBITaThCs 3a(UKCUPOBATH TOJBKO IO
pPE3KOMY H3MEHEHUIO TPaeKTOPUU NPHUICITUBAHUS
[ocJIe BbICTpea.

2. Ucnionb3yeTcst MexaHW4ecKasi KHOIIKa BMeC-
To MuKpodoHa BebO-kamepsl (TpeOyeT BMemIa-
TeJIbCTBA B KOHCTPYKIIHIO, YTO HE BCeraa Jo-
MyCTUMO), HO MOXXHO HCIIOJb30BaTh BHEUIHIOKO
KHOTIKY Ha OTAEIbHOM Kabesie MUKpO(OHHOTO BX0oa
HOyTOyKa (¢ ymnuHuTenem). W3-3a konaeHcaropa
Ha MUKPO(OHHOM BXOJIe CUTHAN UIAET C 3a/EPHKKOM
n HocHUT IudQepeHInaNbHBIA XapakTep (peakuus
Ha Ha)XaTWe M Ha OT)Karue KHONKH C Hporpam-
MHOH TOYKHM 3PEHHUSI OIUHAKOBBIE, HO C Pa3HBbIMH
WCXOIHBIMU 3HAYECHUSIMM CUTHAJIA, PUCYHOK 2a, b).
[TosToMy omnpeneneHue aBTOMAaTHYECKOTO PEXU-
Ma pabotrel MO He rapanTHpyercs (T.€. B 3TOM
Cllydae y/epXKaHhe Ha)KaToro CIIyCKOBOTO KpIOUYKa
JUIE  ouepend He ONpeAessieTcs, YTO MOXKET
obite HempuemsieMo ansi AK), cpbIB Takke He
¢duxcupyercsi.

KOHCTPYKLHN
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3. Ucnonp3yercss HMMITylbCHasE KHOIKa (Bpe-
MEHHO 3aMBIKaeTCs IPH HAXKATUU H TYT IKe
pasMbIKaeTcsi), 4TO HE IIO3BOJISIET ONPENENATh
aBTOMaTH4ecKkuii pexum paborst MO wu  cpbiB
(pucyHOK 2¢).

4. Ucronmp3yercss CEHCOpHAash KHOIKA, KOTAa
MHUKPOQOHHBIN BX0J (HOyTOyKa WM BeO-Kamepbl)
3aMbIKaeTCsi Ha nanen (MOKHO 4Yepe3 KOHTaKT
C KprodkoMm), naét Oosiee OBICTPYIO PEaKIUI0 U
MO3BOJISIET OTIIMYATh Ha)XKaTHe W OTkarue (pucy-
HOK 2d, €), TapaHTHpyeTCsl aBTOMAaTWYEeCKUH pe-
xuM pabotel MO, Bo3MOkHA naxe Qukcanus
cpbiBa (110 KpyTH3HE (PpOHTA, HO HE rapaHTUPYET-
Csl W3-3a DIIEKTPUYECKOW HecTaOWIBHOCTH CHUCTe-
MbI «4€JI0BEK—MHUKPO(OH»).

5. Ucrnonp3yeTcss gatumk Ha 0Oa3e OecKopIyc-
HOTO MaHHUITYJISITOpa «MBIIIB» (M Jake OecrpOBO-
HOTO0), KOTJ[a CPEIHSS KHOIKA «MBIII» BBIBOAUTCS
MOA KPIOYOK, TMO3BOJISIET OTIAMYUTH HaXaTHe |
OT)KaTUEe KpIOUKa M JaKe CKOPOCTh HaXaTHsl
(CpBIB), ecnmu MEXaHWYECKH 3aJCHCTBOBATH CIE W

A

a b c

KOJIECHKO «MBIIIN». Kamepy OoNnTHYECKON «MBILIN»
HEOOXOAMMO 3akjenTb. M3-3a rabapuTOB IUIATHI
pexkoMeHTyeTcs Tobko aist AK.

6. Mcnonb3oBaHue aHaJOrOBOM KOHCTPYKIIUU
KHOIIKM — M3MEHSIET COMPOTUBJICHUE MPU HAKATUU
OT MakCMMyMa K MHHHMYMY, 4YTO TIO3BOJISIET
OLICHUTH CPBIB MO (POHTY cUrHana (TaKk HasbIBae-
MOE€ «JepraHbe» — CIHIIKOM OBICTpOE Ha)KaThe
KpIOYKa, 9TO CUUTAETCS OIMmMOKoi). Mcmoms3yercs
coneHou | (Karymika C TOJBHKHBIM CEpACYHHUKOM,
Kak B TPOQEeCcCCHOHANBHBIX TpeHaxepax [11])
CO BCTPOCHHOHN NpykUHOU. Mcronb3yercs TeH30-
JaT4uk (M3MEHSET CONPOTHBICHHE NPU H3THOE,
TpeOyeTcsi TepMOKOMITEHCAIN) WM JaT4uK XoJ-
nma (pearmpyeT Ha W3MEHEHHE MAarHWTHOTO IIO-
ns1). IlomoOHBIE [MaTYUMKK  TO3BOJNSET  OIEHHUTH
CKOpPOCTh Ha)KaTHs CITyCKOBOTO KpIOUKa, HO Tpe-
OyIOT D9JIGKTPOHHBIX CXEM C YCWIUTEISIMH H
Jaxxe MUKpOKOHTpoiuiepoM [l11] um He momxomsr
st CT HY (HO OyayT paccMOTpEeHBI B CIEMYIO-
IIUX CTaThSX IUKIIA).

d

e

Pucynok 2 — Curnan 4 ¢ MukpooHHOro BXoja ¢ MojensiMu Kprouka (ompoc 50 I'y): a —3amblkaHHe KHOIIKH;
b — pa3MbIKaHUE KHOIIKH; ¢ — IMITYJIbCHBII KOHTAKT; d — KOHTaKT MaJIbIIEM; € — Pa3MbIKaHHE MaIbLEM

Figure 2 — Signal 4 from microphone input with hook models (50 Hz poll): a — closing the button; b — opening the button;

¢ —pulse contact; d — finger contact; e — finger opening

VYcranoBka BeO-Kamephl €O CBETO(GHUIBTPOM
U JlaT4uKa CIycKoBoro kprouka Ha MO sBisorcs
TEXHUYECKH HETPUBUAIBHBIMH 3TamaMu CcOOpKH
U OYeHb CWJIBHO BIMSIOT B JajbHEHIIEM Ha 3KC-
mryatannonuyo HanéxHocth CT HY m gaxke Ha
ToyHOCTh onpeaenenust TIIp. T. e. KOHCTPYKTHBHO
peanuzanuu CT HY MOryT HECKONBKO OTIMYATHCA,
YTO W CKa3blBaeTCSl HAa HUX TEXHUYECKUX Xa-
PaKTEpUCTUKAX, CTOMMOCTH W TEXHOJIOIMYHOCTU
COOpPKH U IKCIUTyaTalHH.

Takum o00pa3om, caMblM HOPOCTBIM BapuaH-
TOM JaT4uka cmyckoBoro kprouka muss CT HY
M0 COOTHOIICHUIO MPOCTOTa/(PYHKIHUOHAIBHOCTD
SIBJISICTCST CEHCOpHasi KHomKa (HO 0e3 Qukcanuu
cpeiBa). B [1O CT HY o6s3atenbHa 10KHA OBITH
HAcTpOMKa TpaHMIl HaXaTHsl CITyCKOBOTO KpIOUKa
n Ooppba c «apebde3rom» KOHTaKTa (JIOKHBIMU
KOJICOAHUSIMM ~ CUTH&JIA IIEPEXOJHOI0 IMEpHoJa,
PHUCYHOK 2¢) 4epe3 BPEMEHHYIO 33JIepXKKy aHaIH3a.
[Ipu sTOM mporpamMmHyI0 3aJep>KKy Ha BHYTPEH-

HIOIO OammucTuky (=1 Mc) BHOCHTH HE HAaJ0
pH  MOJEIMPOBAHUM OAJUIUCTUKK  BBICTpENa —
MUKPO(OHHBIN BXOJ WHEPIHOHEH. A CaMBIM TIOJ-
HOTICHHBIM JaTYUKOM, HO U TPYIOEMKHUM, SIBIISICTCS
JIaTYMK Ha 0a3€ IIaThl MAHUITYJISITOPA «MBIIIbY.

YTouHeHHe MaTEMATHYECKUX MojIeJieit
perucTpaTropa TOYKHU NpuLeJTHBaAHUs

Uccnenosanuss MM PTIIp mposenensl B [15]
Y BBIIBIJIM ONTUMaIbHOCTh MM No 5 (dacTHUYHBIN
MOMHOM 70 4 cremeHu 0e3 YHCTHIX KBaJpaToB U
kyooB) mns PTIIp HY, xots MM Ne 8 (momHbrit
NOJIMHOM 4 CTeNeHHW) ToKaszaja IOTPEelIHOCTb
B HECKONbKO pa3 MeHbiie MM Ne 5) HO oHa Tpe-
OoBayla odeHb MHOTO TapupoBOYHBIX Touek (TT,
He MeHee 24 = 6x4), 9To HempueMiIeMO NpU He-
OTHOKPATHOM €XETHEBHON pyuHO#l pabore (Korma
yem Oombmie TT, Tem BbIIE YCTaJOCTh M HUKE
TOYHOCTH PYYHOTO MPHUIICTHBAHNSA).
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Ja PTTIp HY BBeneHB! HOBBIE KPUTEPHH IIPO-
BEPKH C.K.0. morpemuocteii MM: KpoMe IIPOBEPKH
B TT. kak B [14], (C.K.0. IOTPEIHOCTH 6,,, ., PHCYHOK 3),
BBEJICHA IIPOBEPKA IIOIPEMIHOCTH B IHHEHHO HHTEP-
IIOJIMPOBAHHEIX TOUKAX (6,,,,) H B THHEHHO KCTpa-
IOMPOBAHHEIX (6,,,,) 32 mpenenamyu nepuMerpa TT.
Arnpuopu MM koopapHargoi ceTkd PTIIp cyuraercs
6MH3Ka K THHEHHOH (C HEKOTOPBIMH ONTHYECKHMH
HETHHEHHBIMA HCKAKEHHAMH H PaKypCcOM BeO-KaMepBI).

IIpoBen€unsie uccnegoBanus MM Ha Makere
CT ¢ mapaMeTpaMH CHCTEMBI «KaMepa-dKpaH»:
Haunyumasd BeO-kamepa Canyon CNS-CWCS

B pexxuMe SD (640x480) [15], mupuHa 3kpaHa 1024
TOYEK, pabouyHil yron Kamepsl 28 O IOATBEPIUIH
npuopureT MM Ne 5 (taGamma 1, MM Ne 1 otpa-
JKAaeT YpPOBEHb HEIMHEMHOCTH CHCTEMBI KOODIH-
HaT KaMepsl), kotopat npu 9 TT (3x3) mokasa-
Ja HAUMEHBIIYK IIOTPENIHOCTH II0 BCEM TPEM
IpynmaM To4eK ¢ 8-KpaTHBEIM ycpenHeHneM. MM
C KOJIIMYECTBOM HEHM3BECTHBEIX OOIBINE KOIMYECTBA
TT (ykazaHo B ckoOkax), kak MM Ne 6-8, u3-3a
HEKOpPPEKTHOH pa3pemmmMocTd MM €CTECTBEHHO
[IOKA3a/Ii HAUXy/IIHE PE3YIIBTATH] B IPOMEXKYTOYHBIX
Toukax. [TepeBox B T.1.: 6,,, = 0.506 Gpix [15].

Tabnuya 1/ Table 1

Horpemnocrb MAaTeMaTHYeCKHX MoJeJeH mo OPOMEeKYTOTHBIM TO'IKaAM

Mathematical models error by intermediate points

Canyon 3x3 =9 points 4x3 =12 points
CNS-CWC5 _ ] , ] _ ]
640x480 G/ar» PIX Sinter» PIX Sextras PIX Gyar» PIX Sinter> P1IX Sextra> PIX
MM Nel (3) x 2.036 1.159 3.700 2.743 1.739 4911
h% 0.927 0.567 1.480 1.014 0.668 1.609
MM Ne2 (4) x 0.453 0.304 0.638 0.485 0.356 0.644
y 0.808 0.497 1.249 0.993 0.659 1.546
MM Ne3 (5) x 0.227 0.221 0.786 0.295 0.199 0.511
h% 0.796 0.500 1.239 0.907 0.590 1.536
MM Ne4 (6) x 0.218 0.217 0.645 0.289 0.203 0.426
h% 0.321 0.340 1.017 0.550 0.410 1.344
MM Ne5 (7) x 0.137 0.222 0.599 0.283 0.196 0.449
y 0.313 0.330 1.006 0.486 0.388 1.307
MM Ne6 (10) x 0.000 38.240 171.17 0.113 6.395 30.998
y 0.000 44.403 198.82 0.087 3314 16.031
MM Ne7 (13) x 0.000 14.454 64.999 0.000 12.506 60.784
h% 0.000 8.675 38.979 0.000 86.005 419.17
MM Ne8 (15) x 0.000 6.127 28.211 0.000 43.973 219.79
h% 0.000 7.094 32.308 0.000 71.534 357.11
o o ~ VHTepnonupoBaHHbIE TOUKH OepyTcsa IO cepe-
) JHHE Mexay coceTHUMH T'T, 4To KOPPEKTHO C YUETOM
> @ O e O e o aNPHOPHOH THHEHHOCTH KOOPIHMHATHOH CETKH, a
o O O o O 9KCTPAIOIHPOBAHHEIE TOUKH CTPOSATCA 10 JTHHEHHOH
° e O e O e T 3aBHCHMOCTH Ha II0JIIIara, 9To He BCEra KOPPEKTHO,
6 o o O [I03TOMY JaHHasg IIOIPENIHOCTh HOCHT YCJIOBHBIH
o ~ XapakTep (HO 04eHb BakHa 11 oneHkd MM CT HY).
o @ O e O o O Wrak, pgmg  Ioydmed — TEXHOIOTHYHOCTH
2 e’ e TapupoBku MM PTIIp HY, xorma ymoOHee €&

PrcyHOK 3 — TOYKH IPOBEPKH HOTPEITHOCTH TAPHPOBKH:
® —TapHPOBOYHEIE G,,; O — HHTEPIOIHPOBAHHEIE G,

tar>

3 — SKCTPAIOIHPOBAHHEIE G,

Figure 3 — Calibration error check points: ® — main cali-
bration 6,,,; © — interpolized 6,,,,,.: = — extrapolated 6,,,,

inter>

NIPOBOUTE II0 9 HIHM MakCHMyM II0 12 Toykam,
H I TONBITKH YMEHBIIHTh IOTPENIHOCTH
IpefIoKeHsl  Moau(pumupoBaHHble MM NoS*,
No5** No5*** g Ne6* Ha 9 HEHM3BEeCTHRIX H MM
Ne7* Ha 12 (@14 anpHOPHOH ONTHMATBHOCTH COOT-
HOIIIEHHUS TEXHOIOTHIHOCTE/TOYHOCTh TAPHPOBKH):
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% . 2 2 2 2 2
MM 5*:rx, a,+a,x,+a,y,+a,x,y,+ax; +agy;” +a,x;y,” +ax;"y, +a,(x,y;),

1

2.

1y, b +byx, + by, +bx,y, +bx] +by,” +b,x,y} +bx]y, +by(x,,);

MM 5*%*%:rx.  a +a,x,+ay, +axy +ax’ +ay +axy’+ax’y +a,(xy,)’,
ry, b +b,x,+by, +bxy, + bsxi3 + b6y,.3 + b7x,.y,.2 + bsxizy,. +by(x,y, )y
MM 5***:rx,  a,+ayx, +a,y;+axy; + aniyi2 + a6x,.2yi +a;(x,y, )2 + axxiyi3 + a9xi3yi’
1y, bbby +byxy + bsxiyi2 + b6xi2yi +b, (xiyi)2 + bx'xiyi3 + b9xi3yi;

MM 6*:rx, a, +a,x,+a,y, + a4x,.4 + asy,.4 + a(,x,.y,.2 + a7x,.2y,. +agx,y; + a9x,.2y,.2 ,

vy, b+byx,+byy, + b4xi4 + bsyi4 N b6‘xiyi2 + b7xi2yi +byx,y,; + b9‘xi2yi2;
MM 7*:rx; a,+a,x; +a,y, +a,xy,+ asx,.2 + aéy,.2 + a7x,.y,.2 + asx,.zy,. + a‘,x,.3 +

"'aloyi3 + all'xiyi3 + alzxiByi’

1y, b +byx,+ by, +bx,y, +bx] +boy, +bx,y} +bx]y, +byx] + b,y +

+b|1xiyi3 + b]2‘xi3yi’

I7I€ x,, ¥, — H3MEPEHHEIE KOOP/IHHATHI IIATHA Ha KaMepe; i — MOPS/IKOBEI HOMep IIATHA; Fx,, 1y, — BEIIHCICH-

Hble (CKOpPPEKTHPOBaHHbIE) KoopauHATEl TTIp Ha 3KpaHE; a;.....a,, bl.....b, — KO3)PHUIHEHTH! IOIHHOMOB
I KOPPEKIIHH KOOPJHHAT X H . n — KOTTHIECTBO KO3 (QHUIIHEHTOB (3aBHCHT OT HCIIOIB3yeMoi MM).

Ho uccnenoBanne MoAHQHUIHPOBAaHHEIX MM  BaHHE He HMEET 0CO00r0 CMBICTIA (Pa3Be 9TO TOIBKO
nokazand (Taénuma 2), 9T0 CyMIECTBEHHOTO CHIkKe- MM Ne 5%, y KOTOpO# OTPENTHOCTE HE TOIBKO HHKE
HHS TOTPEIIHOCTH HE MOIY4aeTcsd H HX HCIONb30- Ha =5 %, HO H GoJlee pOBHAA I10 KOOPAHHATAM X H V).

Tabnuya 2 / Table 2

HOI‘peIIlHOCTB MOJIHd)HIIHpOBaHHLIX MaTeMAaTHYeCKHX MoJejIeH mo OPOMEeXKYTOYIHBIM TOYUKAM

Modified mathematical models’ error using intermediate points

Canyon CNS-CWCS5 3x3 =9 points 4x3 =12 points
640 X480 Gtar’ plX Gimer’ plX Gextra’ plX 61ar~" plX Ginter’ plX Gaxrra’ plX
MM Ne5* (9) x 0.000 0.226 0.579 0.289 0.208 0.451
=Yy 0.000 0.290 0.911 0.144 0.299 1.009
MM Ne5** (9) x 0.000 0.360 1.338 0.206 0.330 1.458
=0y 0.000 0.502 1.919 0.118 0.321 1.105
MM Ne5*#* (9) x 0.000 39.883 179.9 0.154 1.482 7.179
Fot+dy) oy 0.000 73.903 333.6 0.269 14.243 69.373
MM Ne6* (9) x 0.000 0.459 1.863 0.154 0.422 1.953
(+=*+Hh y 0.000 0.760 3.255 0.132 0.391 1.586
MM Ne7# (12) x 0.000 40.883 184.34 0.005 614.5 3061
(=x**'Hh oy 0.000 42.864 193.78 0.006 697.9 3476

Taxkum 0GpazoM, NPOBEIEHHBIE HCCIEJOBAHHA I/I€ TAPHPOBKA I TEXHOJIOTHYHOCTH OCYIIECTB-
NOTPEIHOCTEH 711 omeHKH MM Ha HHTepHo- IeTcd TONBKO II0 LIEHTPAIbHOH 30HE) IIOKA3alH
mnuio (pacy€r 3HaueHHH Mexay TT) m, rIaBHOe, HE3HAYUTEIHHOE [IPEUMYIIECTBO MM No5*
Ha JKCTpamoiiAnuio (pacdéT 3HAYEHHH 3a mpefe- HaA GazoBod MM Ne5 mpu 9 (3%3) TT m uxX H
namu nepumerpa TT, uro BaxHo ang PTIIp HY, pexoMmenayercs ucmons3opars B PTIIp CT HY.
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YTouHeHHE HHBAPDHAHTHOCTH
MATeMATHYECKHX MoJesieil

[IpunnunuansHas ocoGerHocTs PTIIp HY
COCTOHT B HEHHBAPHAHTHOCTH ero MM ot paGouero
MecTa: I000€ M3MEHEHHE PacCTOAHHA 10 SKpaHa
U CMENIEHHS B CTOPOHY IPHBOJHUT K CYIIECTBEH-
HOMY CHHJKEHHIO TOYHOCTH ompeznenenus TIIp
(u3-3a H3MeHEeHH MaciTaba H300paXeHHs M pa-
Kypca — HEIMHEHHBIX HCKaKEHHH KOOPAHHATHOH
CETKH).

ITosToMy [UIg pacmiHpeHHs BO3MOXKHOCTEH
PTIIp HY B KOHCTPYKIHIO BBEIEH BTOPOH pelep-
HeI HK-cBeToauoa (PHCYHOK 1), 4TO IIO3BOJIAET
¢uxcupoBats cBal K., (HakIOH OpyXHI B CTO-
poHEl Oonee uyeM Ha S5° CUHTaeTcsa OMIMOKOH
NPHLENHBAHUA) H MAacIITaGHpOBaTh MHINEHHYIO
OOCTaHOBKY II0 S,,, (B 3aBHCHMOCTH OT PacCTOSHHS
10 paGo4ero Mecra) IpH IEePeMENEHHAX CTpEIIKa,
yTo mo3Boiger caenate MM PTIIp HY Goxee
HHBAPHAHTHOH K HAKJIOHY, CMEINEHHIO H PaccTos-
HHIO CTpenbObl (paGoueMy mecTy) [14] Ha ocHOBe

dopmy:
Kesax = arctg(y2 —h J—arctg(m—yj;
X, — X, mX
S mX* +mY?
o= 2 2
(x,=x)" +(¥, = »)
me  (x.y,). (x,,y,) — TeKymHe KOODIHHATHI
nByx penepHbix HWK-mwomoB; mX=(x,—x;) H
mY=(y,~y;) — OJTalOHHBIE DACCTOSHHA MEXKIY

penepaMH (BBIYHCIIIOTCA IIPH TapHPOBKE OCHOB-
HOH MM).

Korpa S, = 1 1 K, = 0 — cTpenb6a KOppeKTHa,
HHaJe, Koraa Bce ke K, < 5° — IepeCcunThIBalOTCA
KOOD/IMHATHI IIEPBOro pemepa (J1€Boro, 6a3oBOrO
i1 MM) — pa3BOpaduBarOTCS H MacIITaOHPYHOTCS
OTHOCHTEIIPHO KOODAMHAT JIHHHH IIPHICIHBAHHA
Ha Kajgpe BEG-KaMEPhl Xpr,. Vrp, llocaemnue
BEIUHCIIAKOTCS IIPH TapHPOBKE OCHOBHOH MM
OyTEM «CTpelbObl» B MEPBBIH (JIEBBIH) pelepHBIi
HK-1Hox H CUHTAIOTCA YCIOBHO HHBAPHAHTHBIMH
OT M3MEHEHHs PACCTOSHMA CTPENBOBI B Pa3yMHBIX
npenenax +0,25 M (pHCyHOK 4) 110 popMyIaM:

"..I = (Xl - '\-mp )COS( Keea‘l )Sn - (_V] - .Vmp )Sin(Kml )‘S\‘\ + ym;: M

N =0 =X, )sin(K,, )Sn +( -] Tty Jeos(K )Sn + Vi,

IJI€ X,, ¥; — KOOPAHHATEI OCHOBHOTO (JIEBOTO) penepa
H X,, ¥, — HHBAPHAHTHbIE KOOP/HHATHI PEIepa.

""""""""" '="'=i=‘=:: smnimnmizizisfeioines
Kazpl Framel Kanp2 Frame2
& P
il % %

Pucynok 4 — VIlHBapHAaHTHOCTE MaTeMaTHIeCKOH MOIEIH
OT JIHCTAHUHH: 1 — maneme; 2 — 6m~mce:* — penepHEBIe
VIK-muomer; TIIp — TOUKa NPHITETHBARHS <>

Figure 4 — Invariance of mathematical model from dis-
tance: 1 — farther; 2 — closer:; 4)} —reference IR LEDs;
TP — target point <

IToBropHas TtapupoBka PTIIp HY wmoxer
OTPe0OBaTbCA  PETYILIPHO H3-3a  pa3MEMEHHA
JOCTaTOYHO TabapHTHOH KaMephl C IIPOBOAAMH
Ha MO, a penepubix HWK-muomoB Ha AHcIIee,
9TO IIO/IBEPKEHO CIy4alHBIM PEKOH(QHIYpaIHAM
U cOO0K0 HaCTPOEK.

MoHTHpOBaTh BeO-KaMepy HHOIa yaoOHee
mox creonoM MO «BBepx HOraMm», 4To HHKAaK He
ckaxercs Ha MM PTIIp — KOOpAHHATEL ¢ KaMeEpPEI
IIPOCTO  IIEPEBOPAUHBAIOTCA 10  YCTAaHOBKAM
HacTpoek IIO: x*=x_ —x—-1; y*=y_ —v-1:
Xpax = 040; v = 480.

Vicxo/1 13 BEIIEH3II0KEHHOT O, PACCUHUTEIBACTCS
ONTUMAJBHOE PAcCTOSHHE OT KaMephl 10 SKpaHa
L, 1m0 OTHOIIEHHIO «TOYHOCTH/HAAEKHOCTBY —
3TO KOrja IIpH  YMEHBIOIEHHH  PacCTOSHHA
penep MOXET BHIMTH H3 yria 0030pa BeG-KaMepsl
(puUCYHOK 5) IpH INpHUEIHBAHHH IIO0 IEPHMET-
Py O9KpaHa, a IpH YBEIHYEHHH PACCTOSHHA
noBhImaeTcs norpemyocts PTIIp H yMeHbIIa0TCA
yIael 0030pa MHIIEHHOH OOCTaHOBKH. B ciydae
MUCTOJIETAa HANO IIPHOABHTH IMHHY PYKH OO0 pa-
6ouero mMecrta ~60 cM, B Cllydae aBTOMara — JIHHY
mieda 30...50 cM.

IIpu TunH4YHOM mHMpHHE 3KpaHa ~40cM H
6aze  HK-mmomoB  B=35cM HEOOXOIHMO
rapaiTHpoBars Iomaganue oOoux MK-mmoznos
B mole 3peHus Kamepbl U (C 3amacoM MHHHMYM
10 %) npH NpHUEINBAHHH II0 BCEMY OJKpaHY.
T. €. BEIOHpPaeM ONTHMAIbHBIH L 10 R (4eM MEHb-
me L, teM HmIKe mnorpemHocts PTIIp, T K.
MacmrabHee 6a3a B, Tabuna 3, pUCYHOK 5).

[ITar B cTOpoHBEI padouero wmecra +20cM
(1.2*B/2) naér:

__06B8 (Tabmuma 3).
tan(U / 4)

(]
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31(3&11{/ Screen Wy W, B

Kawmepa / Camera M, KC

PucyHok 5 — Mozens cCHCTeMEI «kaMepa-3KpaH»: B — 6aza
WK-mmonos; W, —mHpHHa 3KpaHa; W, — IIHpHHA
sKpaHa; R —pabounii yrom; U—yroan o63opa KaMepkl;
L, — paccTosiHHE OT 3KpaHa 10 Kamepsl; M, KC — pesKHMBI
KaMephl; Perrepsl — 3k

Figure 5 — Camera-screen system model: B —base of IR
LEDs; W, —screen width; W, — screen width; R — work-
ing angle; U — camera viewing angle; L, — distance from
the screen to the camera; M, KC — camera modes; refer-

ence — 3
Tabnuya 3 / Table 3
OnTHMAIBHOE PACCTOSIHHE OT Bed-KaMephI 10 3KPAaHA

Optimal distance from webcam to screen

M.pix U° L.m KC Hz

Defender C-090 640 x 480 40 1.20 8
iSlim 1300AF 640 x 480 53 0.90 15
DENN Photo 640 x 480 32 1.50 8
Intro WU702M 640 x 480 46 1.03 13
SVEN CU-3.1 640 x 480 29 1.65 5
Canyon CNS-

CW}CIS 640 x 480 52 0.91 30

Takum oOpa3oM, B ocHoBe MM PTIIp HY
JeXKaT  PErpecCHOHHBIE  ypaBHEHHA,  JONOI-
HEHHbIE IIPEIBapHTENBHBIM Pa3BOPOTOM, MacIITa-
OGHpOBaHHEM H, BO3MOJKHO, IIEPEBOPOTOM KOOPH-
HAaT C KaMeEphl, 9TO OGECHEYHBAET HEKOTOPYIO
HHBADHAHTHOCTH  OT  pab04yero  pacCTOSHHUA
(0,25 m). IMorpemmuocts MM PTIIp yuuTheIBaeTCA
B CIy4aiHOM pacCEHBAHHH OOCIIPHUIIacOB IIPH
MOJIETHPOBAHAH BHEIIHEH OaTUCTHKH OpPYKHA
IyTEM BEIUHUTAHUA qUCTIepcHi [13].

HcciaenoBanne MaKeTOB CTPEIKOBOIO
TpPeHaképa HAYAJIBLHOI0 YPOBHSA

Han€xXHOCTh M TOYHOCTH BBIJAEIEHHS PENEPOB
ABILIIOTCS KPUTHYHBIMH U1 padorsl PTIIp HYVY.
IIpu aBroMaTH3HpoBaHHOH TapupoBke MM PTIIp
IIPe/IBAPHTEILHO OLIEHHBAIOTCS KaJphl BEG-KaMephl
C pemepaMH H HaCTPaHBAKOTCA BCE SPKOCTHEIE
XapaKTEPUCTHKH H TPAHHIBI CHTHAIOB IO BCEMY

IIOJII0 PETHUCTPAIHH, TaK K€ aHATH3HPYETCS CHIHAI
C JIaTYHKa CIIyCKOBOT'O KPIOYKa.

HTaK, TeXHOIOIHsd aBTOMAaTH3HPOBAHHOH IIPO-
BEPKH NOrpemHocTH MakeToB CT HY:

1. Be6G-kaMepa HaBOAUTCS Ha 9KPaH € penepamy,
IIO aBTOMAaTHUYECKH BBINENAET HX H300paKeHHA
H HAacTpaWBaeT TIpPaHHIy cpe3a (pacliO3HABaHHA)
JUI1 BBIUHCIEHHA II€HTpa IATeH. BH3yaisHO
IpOBEpAETCA  IPaBHIBHOCTE paborel IIO m
BO3MOXHOE HAIMYHE IIAPa3HTHBIX 3aCBETOK H
KOPPEKTHPYETCs IIOTHOCTh (PHIBTPa Ha BeG-KaMe-
pe (coAMH GOTOILIEHKH).

2. 3akpemngerca MO ¢ BeG-KaMepoH B IOCTH-
POBOYHOM CTaHKE (THCKAX C JIA3€pPHBIM IPHLEIOM
H TOpH30HTAIBHBIM YPOBHEM) H MAaXOBHKAMH
HABOJAWTCA Ha Kaxaywo u3 9 (wmm 12) TT Ha 3kpaHe
C pEemepHBIMH IHOAAMH (MIEalbHBIA MAaKeT) HIH
IPUIIETHBAaHHE BPYUHYIO, HO C yIopa (pealucTHy-
HBIH MakeT ¢ aKTHBHBIM KypKoM «Makapbay HIH
VIPOIUEHHBIH MaKET C CEHCOPHBIM CIIYCKOBBIM
KproukoM). ITpou3BoaaTcs «BBICTpEns (10 3 pasa
B kaxnayr TT i ycpegHEHHsA, pPacCTOSHHE
~1,5 M), Janee HaBOAUM B JIEBHIH (TTIaBHBIH) penep
JUIA TOAJEPKKH HHBApHAHTHOCTH MM Hu Tapu-
pyeM MM No5 1 MM No5* (ITO BbLIa€T morpenm-
HOCTH MM).

3. B nposepounoM pexume MO HaBoguTCcs HA
MHIIEHH, NOABIIAIOIINECA CIy4aliHO B IIPOH3BOIIb-
HBIX MECTax JKpaHa, IPOM3BOAHTCA 110 3 BEICTpENa
(c ycpennenueM), B ITIO pacCcUHTHIBAIOTCS IOTpENI-
HOCTH. IToBTOpsAeTCAd HECKONBKO pa3 (HE MeHee
10 mumeHel) mo paGodel 30He 3KpaHa H ycpel-
HAIOTCA CyOBbEKTHBHBIE IIOTPEIHOCTH.

4. TTorpenHoOCTH IPOBEPKH 110 OCAM KOOPIHHAT
cpaBHHBarOTCA ¢ TpeGoBaHusamH (1.8 T.4. mma [IM
u 0.4...0.6 T.0. m11 AK) u JenaroTcs BEIBOJBI O
[PAaKTHYECKOH IPHTOJHOCTH BeG-KaMephl H Make-
Ta B LIEIOM (4eM «JemeBIe» KaMepa, TEM BBIIIE €&
OINITHYECKHE HCKAXKEHUA H XYK€ YYBCTBHTEIBHOCTD
MaTpHIBl, a 3HAUUT BHICOKH IIYMBI, KOTOpHIE
HCKaXalT OIpeJe/IeHHe LIeHTpa IIATHA OT pernepa
H alIPHOPHO BBIIIE IIOTPEIIHOCTB).

Hrak, cyOpexkruBHas mnorpemuocts CT HY
Gexp OICHHBATACh HA TPEX MHCTONETHBIX MaKeTax
(Tabmunpl 4-6): HICATBHOM — C XOpOIIeH KaMepoi
(iSlim 1300AF) u MO, 3aKpeIiéHHOM B THCKaX,
C Ja3epHBIM IPHIEIOM H TOPH30HTAIBHBIM
YPOBHEM: pPEAIUCTHYHOM — CO CpeAHEH Kamepoi
(SVEN CU-3.1) u HO («Makapelu») C YIOPOM
Ha JIOKOTh JByMA PyKaMH (TPH TOYKH) H aKTHBHBIM
KypPKOM B PYYHOM peXHMe (KypoK COHBAeT JHHHIO
IPHLIETABAHKA); YIPOIIEHHOM — C JPYTOH cpeHeH
kamepo#i (Intro WU702M) u MO Ge3 MexaHHYEC-
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KHX JIBHJKCHHH H CEHCOPHBIM CIIYCKOBBIM KPIOUKOM
H Ha OJHOM MaKeTe ¢ aBToMaroM (Tabmuma 7)
co cpexaneii kamepoi (Defender C-090) u ceHcop-
HBIM KDIOUKOM H C JIy4OIHM pYYHBIM YIIOPOM
(matp TOuek). HO BO BceX CIOydasX OCHOBOH
TapUPOBKH H IIPOBEPKH ABIAETCA IT1a30MEPHBIH
nozaxonl (CyObeKTHBHBIH 4YelIOBEYEeCKHH (paKTop
IPHLEIHBAHUA). MeToAHKa BKIIOYala TApHPOBKY
1o 9 u 12 ToukaM (10 3 BBEICTpENA C YCPEAHEHHEM

ITorpemHOCTH HAAJTBHOI0 MaKeTa ¢ HHCTOIeTOM
Perfect layout error using a gun

B Kaxayw) ¢ MM Ne5 m NeS* (nyumme 1o
IpeJbIyIAM HCCIEN0BaHHAM) H IPOBEPKY IIO-
rpemHOCTH 1o 10 ciaydaliHRIM MHOIEHAM (Tak-
Ke 10 3 BBICTpENA C YCPEIHEHHEM B KaKIYI0).
Pe3ynbTaThl HCIBITAaHHI TIPEICTABICHE B Ta0IHIAX
4-7, mid mepecuéra MOTPEMHOCTH B C.K.O0. T.J.
G, = (1000W,,/W,L,, )0, ~0.12 G, c mapaMeTpaMu
MOJIENH «KaMepa-3KpaH» (PHCYHOK 5): L, = 1,65 m,
W,,= 0,38 m, W, = 1920 pix, R = 13°.

Tabnuya 4 / Table 4

iSlim 1300AF

3x3 =9 points tarir and check

4x3 =12 points tarir and check

(640 * 480) Gtar’ plX Ginter’ plX Gexrrm plX ngp’ plX Gtaw plX Ginter’ plX 6extra’ plX 6exp’ plX
MM Ne5 (7) x  2.293 1.649 5.972 5.975 2.987 1.807 6.261 5.298
y 2221 1.211 4.992 4.956 2.126 1.979 4.249 6.262
MM Ne5* (9) x 0.0 0.591 1.817 3.899 3.339 2.086 4.831 3.343
y 0.0 1.011 2.973 4.452 2.086 1.199 4.155 6.159
Tabnuya 5 / Table 5
ITorpemHOCTh PeATHCTHIHOIO MAKeTA ¢ IIHCTOIeTOM
Realistic layout error using a gun
SVEN CU-3 1 3x3 =9 points tarir and check 4x3 =12 points tarir and check
(640 * 480) Gtar’ p iX Ginter’ plX 6axtra’ plX Gaxp—’ plX Gtar’ p iX 6inter’ plX Gextra’ plX Gexp’ plX
MM Ne5 (7) x 5.701 2.368 10.454 18.708 8.376 4.623 13.661 22.976
y 2919 1.857 7.181 8.749 2.846 1.756 5.520 15.544
MM Ne5* (9) x  0.000 3.765 8.978 22.816 6.134 4.442 11.078 20.848
y  0.000 3.118 7.789 17.596 4.379 3.241 9.086 19.130
Tabnuya 6 / Table 6

ITorpemHOCTH YOPOIIEHHOI0O MAKeTA ¢ HHCTOIeTOM
Simplified layout error using a gun

Intro WU702M

3x3 =9 points tarir and check

4x3 =12 points tarir and check

(640 x 480)

Gtaw plX Ginrerﬂ plX Gexrms plX Gexp’ plX

6?07'5 p]‘X Ginter’ plX Gextra’ plX GQXP’ plX

MM Ne5 (7) x 0.718 1.446 3.431
y 3978 1.619 7.701
MM Ne5* (9) x  0.000 1.353 3.652
y  0.000 2.586 9.188

10.344 4.981 3.098 7.721 9.790
12.358 5.122 3.099 10.075 4.992
6.680 2.349 1.292 5.689 9.332
14.715 1.328 2.497 6.994 7.947

IlorpemHocTh YOPOIIEHHOIO MAKeTA ¢ ABTOMATOM
Simplified layout error using a machine gun

Tabauya 7 / Table 7

Defender 3x3 =9 points tarir and check 4x3 =12 points tarir and check
C-090 . . . . . . . .
(640 X 48()) Gtarﬁ pix Ginterﬁ pxX Gexrra’ pix 6exp> pix 61‘ar> Pix 6inter5 pX 6e7(tm5 pX 6exp’ pix
MM Ne5 (7) x 1997 6.758 18.109 9.311 2.073 2.901 7.760 6.885
y  2.869 2.769 9.113 5.612 2.159 0.937 4.354 4.878
MM Ne5* (9) x  0.000 6.226 16.835 6.997 1.249 3.035 7.042 6.563
vy 0.000 2.855 14.369 11.538 1.585 1.107 3.836 7.247
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[lorpemnocts Bcex MM mnpu Bcex TT  mopbupats ckopoctHbIe BeO-kamepsl (KC > =30 I'L,

yaoBieTBOpsieT  TpeOoBaHusIM  (opueHTHpyeMcsi  Hampumep, Canyon CNS-CWCS).

TOJABKO HA MHTEPIOIUPOBAHHYIO G,,,,), & BOT Takum oOpasoM, wucnbiTanus MmaketoB CT

NOTPELIHOCTh MAKeTOB (G,,,) YAOBJICTBOPSET Tpe-
OoBaHMSM Ha mpenesne, HO WACAIBHBIA MakeT
MOJTHOCTBIO  COOTBETCTBYET TpeOOBaHMAM  (UTO
TOBOPHUT O BIMSHUU CYOBEKTHBHOH MOTPELIHOCTH,
KOTOpasi IpH HCIHOJIb30BAaHUHM OCTUPOBOYHOIO
CTaHKa MUHUMH3HpOBaHa). CTOUT OPHUEHTHUPOBATH-
csi Ha ycnoBHble MO C NpyXHHHBIM CITyCKOBBIM
KPIOYKOM (M CEHCOPHBIM JAaTYMKOM) W HCIOJb30-
Bate CT HY Tonpko M HavalbHOM MOATOTOBKH
(XBaT-yIepKaHue-IpHULEeINBaHHE-CITyCK) ¢ KOHTPO-
JIeM TPACKTOPHUHU MPHULIECTUBAHUSL.

UcnpiTaHust MaxkeToB BBIABHIM HEKOTOPHIE
«Y3KHE» MeCTa KOHCTPYKIIMU M HACTPOEK:

1. Ilapa3uTHble 3aCBETKH COMBAIOT OIperesie-
nue TIIp, HeoO0XOIMMO TOBBIIIATH IIOTHOCTD
¢upTpa Ha BeO-KaMepe (KOJIMUECTBO CIOEB IIIEHKN)
W OKeJaTeJIbHO pa3MelIaThCsl CTPOro HarpoOTHB
skpaHa (mns  paBHoil  sapkoctn  WK-mmonos).
Ha  u3o0OpaxkeHHM  MUIIEHHOH  OOCTaHOBKH
HE JOJDKHO OBITh CIIMIIKOM SIPKHX YYacTKOB,
[0 CT nomKxHO aBTOMAaTHYECKH 3aTEMHATH UX
(HampuMmep, CIMIIKOM SIpKoe He0Oo).

2. 1O c¢ mnpukperi€éHHOH Kamepod Tpelyer
CHEUUAIBHONW MOJCTaBKM, YTOOBI MEXaHHMUYECKH
HE cOUThH KpeIuIeHHue KaMephl (3aKperieHue KaMephbl
TOKE HEeTPHBHAIbHAS 3a7aya, OOJBIIMHCTBO U3 HUX
UMEIOT SIPKO BBIPA)KEHHBIA JTN3allHEPCKUH KOpIyC
0e3 IUIOCKMX TpaHed, HeoOXoAuMbl BUOporacs-
[IMe NPOKJIAJKH IPH KPEIUICHHUH).

3. Ha aBromare, Korma kamepa MOHTHpPYETCS
BBEPX HOTaMH I10J1 CTBOJIOM (LIEBHEM), CTBOJ MOXKET
9KpaHUPOBATH pEHephl, eciau Obl OHU pacroJara-
JUCh Haj JAWcCIuleeM (Kak B IE€PBOHAYAJIBLHOM
Bapuante [13]), moatomy peiiky ¢ HK-amomamu
HEOOXOIMMO pa3MelaTb UMEHHO MO SKPAHOM.

4. CeHCOpHBIM JaTYMK CIIyCKOBOIO KprOYKa
MOXET He cpaboTaTh NpPU CyYXOM Majble
HapyIIaeTcsi KOHTAKT.

5. Y MHOTMX WUIpyLIEYHBIX HMHCTOJETOB MYILIKA
B IIPOpE3H LieJIMKa BUIHA Oe3 OOKOBBIX 3a30POB (UTO
He coorBercTBYyeT peanusim IIM) — HeoOxomumo
CTOYMTH MYIIKY 110 60kaM (Ha =50 %).

6. He Bce BeG-kamepnl padorator yepez USB-
yanuauTens (Hanpumep, Defender C-090).

7. KanpoBoii uacToThI BeO-Kamep BCeX MAKETOB,
ansto KC=5...15 I'n (tabnuna 3), Her0CTaTOYHO ISt
noJpoOHOr0 KOHTPOJISI TPAGKTOPHU NPHLIETHBAHUS
(ocoOeHHO CpbIBa  KpPIOYKa) HEOO0XOAMMO

HY nokaszamm, 4to peanbHas (CyObEKTHBHAs)
MOTPELIHOCTh TMOJHOCTBIO YKIIAABIBAETCS B Tpe-
0OBaHMS TOYHOCTH TOJIBKO Ul HJICAJBHOrO Make-
Ta M NO3BOJAOT Hcnonas3oBaTth MO IIM u AKM
(a mis HexoTOphIX Mojeneil BeO-kamep u AK74)
TOJBKO C TIHIATENFHO IOJOOPaHHBIMH KOMIIO-
HeHTamMH. TapupoBka MM nosmkHa NPOBOAMTHCS
TOJIBKO C YINOpa W C CEHCOPHBIM KPIOYKOM
OMBITHBIM TIONb30BaTeNeM. BnmsHue cyObEeKTUB-
HOH TOTrpPEIHOCTH  (YEeTOBEYECKOTO  (haKTopa,
Opp=05...1,5 11) mHa Ttounocts CT HY
SIBJIIETCSl CYIIECTBEHHO MPEBAJIMPYIOIIEH MO cpas-
HeHuto ¢ BiusHueM MM wnm konumyectBa TT
(Oiter = 0,1...0,15 T.1).  OnTHManIbHOE  MCHOJb-
3oBanne CT HY — HauanpHOE 0OydYeHHE CTpennoe
u3 I[IM unmu AK ¢ ynopa.

3akiaoueHue

YCTaHOBIIGHO, HYTO TOYHOCTH CTPEITKOBOTO
TpeHaXEpa CHILHO 3aBHCHT OT HaBBIKA IOJB30Ba-
TENsl TPHU TapUPOBKE U BO3MOXKHBIX OIIHOOK
npurenuBanus. [IpemioKeHo TapupoBKy IIPOBO-
JIUTh TOJILKO OTBITHOMY PYKOBOAWUTEIIO 3aHATHI
obs3arensHO ¢ ymopa. IlpoBenéHHBIE WCTIBITAHUS
MOKa3ald, YTO MPH STOM IMOTPEITHOCTH YKJIaIbl-
BaeTCs B JIOMYCKH.

VCTaHOBIGHO, YTO CMEIICHUS U HU3MCHCHHE
paccrosiHusl OT paboyero Mecra J0 DKpaHa 3a-
METHO CHIDKAIOT TOYHOCTb PETUCTPALUU TOUKHU
npunenuBanus. I[IpeiiokeHo UCHONb30BaTh Ba
pEeNEepHBIX CBETONMONA IO SKPAHOM C MPUBSI3KOU
K JieBoMy u3 Hux. PaspaboraHo pacimmpenue
MaTeMaTUYeCKO MOJAENIU C KOHTPOJIEM pPa3BOpOTa
W M3MEHEHHs MacmTada (pacCTOsSHHS 0 dKpaHa)
1 X KOMIIEHCAIUEH.

YcTaHOBIIEHO, YTO HH3Kas YacToTa KaJIpoB
KaMepbl PEeTUCTpaTopa TOYKWA TPHUICITUBAHUS, Ia-
pa3sWTHBIE 3aCBETKH M OCOOECHHOCTH KpEeTICHUS
KaMepbl K HWMHTATOPY OPYXKHUS VXyIIIAlOT CTa-
OWIBHOCTE paboTel  TpeHaxképa. IIpemmokeHo
HCIIOJTb30BaTh CTPEIKOBBIN TpeHaKEpP HAYaILHOTO
YpOBHsI (KOTOPBIA OTIMYAETCS BBICOKOW TEXHO-
JOTUYHOCTBIO COOPKH W YIOBJICTBOPUTEIHHON
HACTPOWKM W  DKCIUTyaTallMH))  TOJBKO IS
MOJITOTOBUTENBHBIX 3aHITHI C MECTa U C yIopa.

Takum o0Opa3oMm, IOKa3aHa aKTyaJbHOCTh
pa3paboTKK ceMeHCTBa MOJYJIbHBIX OOIIEIOCTYII-
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HBIX CTPEJIKOBBIX TPEHAKEPOB PA3IUUHBIX YPOBHEH
peanm3anyy ¢ METOAMKaMH COOPKH M HAaCTPOUKH
JUIs  [IMPOKOTO  BHEJIPEHUS  CaMOCTOSTEIBHO
COOpaHHBIX TpEHaKEPOB  HAYAJIBHOTO  YPOBHS
13 OOLIENOCTYMHBIX KOMIIOHEHTOB (HOYTOYKOB,
KamMep,  MakeToB  OpyXHs,  HH(paKpacHBIX
m3ydareiaeid w Ap.) Ha 0a3e TPEIOKCHHBIX |
HCCIIEIOBAaHHBIX MaTeMaTHYECKUX MOJEICH U METO-
nukK. Taroke akTyaabHbl BHEIPEHUE W HCCIICTOBAHNE
3¢ (EeKTUBHBIX METOJUK OOYy4YEeHHs Ha  dJIeK-
TPOHHBIX CTPEJKOBBIX TpeHakEépax, 0COOCHHO IS
crennUIHBIX TPUMEHEHUH.

CnucoK HCIOJb30BAHHBIX HCTOUYHHKOB

1. Mouceenko A.A. IlpuMeHeHHnE MHHOBALIMOHHBIX
TEXHOJIOTHH B TIpoIiecce OOYYEeHUSI OTHEBOH MOJTOTOBKE
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