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[Ipu umccnenoBanuM mpolecca MepeMenieHus: JpoOOBOTO CHOMAa B MPOCTPAHCTBE MOTYT HCIOJB30-
BAaThCsl Pa3HOOOpa3HbIE yCTPOWCTBA, HAIIPUMED, CBETOBBIE SKpaHBbI. J{/1s MOJOOHBIX HCCIEIOBAaHUN IIETIECO-
00pa3HO UMETh UMUTAIIMOHHYIO MOJETh COBOKYITHOCTH CHUTHAJIOB ONTHYECKOTO JaTYHKA TIPU MePECeUeHUN
CBETOBBIX 3KpaHOB Ipo00BbIM cHONOM. C yu€ToM paHee NpOBEIEHHBIX UCCICIOBAHUN IJIS MOJIYUYEHUS 0-
NOOHOM Mozenn HeoOXOAMMO 3HaTh MOMEHTBHI BpEMEHH Havajla epecedeHust IpoOOBBIM CHOIIOM CBETOBBIX
9KpaHOB ((paKTHUYECKH — MOMEHTHI IIEPECEUCHNUSI CBETOBBIX 3KPaHOB caMoil ObIcTpoil ApoouHoit). [Ipemno-
YKCHa METOJIMKa, TI03BOJISIOIIAs [T 3aJaHHBIX HaYallbHBIX YCJIOBHH (pa3MepoB IpoOHu, HaualbHOW CKOPOCTH
WU JIp.) OMNpEeIensTh TakKhue MOMEHTHI Ui TIOCJIETOBATEIbHOCTH CBETOBBIX JKPAHOB, YCTAHOBIIEHHBIX
Ha 33JJaHHBIX JAIBHOCTSX OT MYJIBHOTO cpe3a opyxus. CyTh mpemraraeMoil METOAUKH CBOJIUTCS K TOMY,
YTO HA OCHOBE PELICHMS CHCTeMbl TU(QepeHInalbHbIX YPaBHEHUI BHEIIHEH OaUIMCTHKM PacCUUTHIBA-
€TCS COBOKYITHOCTb TOYEK, COOTBETCTBYIOIIMX 3aBUCHMOCTH BPEMEHHU IOCTIKCHMS APOOMHON 3aaaHHON
JaIbHOCTU OT BEJIMYMHBI ATOW JAIBHOCTU. Jlajmee MpOBOAUTCA ANIIPOKCUMALUS IOJYYEHHBIX 3aBUCUMO-
CTE! NOJIMHOMAaMU NEPBOM, BTOPOU M TPEThEH CTENEHU IO METOJY HAMMEHBIIHMX KBaJApaTOB. BhINONHEHA
OLICHKA IOTPEIIHOCTH aNIpPOKCHUMALMU IOJYYEHHBIMU ITOJIMHOMAaMHU Ul Pa3jid4HbIX THUIIOB IATPOHOB.
IIpuBenéH nmpuMep HCHONB30BaHUS MPEUIOKEHHON METONWKHU Ul MONy4YeHHsS MOMEHTOB BPEMEHHU Ha-
yajia HepecedeHus] ApoOOBBIM CHOMOM AJsl MaTPOHOB, CHAPSDKEHHBIX IPOOBI0 TPEX Pa3IMUYHBIX THIIOB.
Kpome Toro, BbIIIOJIHEHA OLIEHKA MOTPEIIHOCTH MOJYUYEHHBIX 3aBUCUMOCTEN 110 OTHOILEHUIO K pe3yJibTa-
TaM peajbHbIX dKCIEpUMEHTOB. [loka3aHo, UTO Ha JATBHOCTAX 10 24 M OTHOCUTENbHAs MOTPEUIHOCTh HE
npeBbiinaer 4 % JUis BcexX THUIIOB MaTpoHOB. Ha OCHOBaHUM MOY4YEHHBIX PE3yJIbTaTOB MPEASIOKEHBI KOH-
KpEeTHBIE PEeKOMEHIAINH 110 MPAKTHYECKOMY HCIOJIB30BaHHUIO Pa3padOTaHHONH MeToauKd. B nampHelmem
C UCIOJIB30BAHUEM IIPENTIOKEHHON METOJUKN BO3MOKHO CO3/IaHUE UMUTALMOHHON MOJIENH COBOKYITHOCTH
CUTHAJIOB ONTHYECKUX JAaTYNKOB IPU EPECEUCHUU APOOOBBIM CHOIIOM Ha0OPa CBETOBBIX KPAHOB, PACIOo-
JKEHHBIX Ha 3aJJaHHBIX JAJIIBHOCTAX OT AYJIBHOI'O CPE3a OPYKUSL.
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Abstract

When studying the process of moving a shot cloud in space, various devices can be used, for example,
light screens. For such studies, it is advisable to have a simulation model of the set of optical sensor signals
at the intersection of light screens with a shot cloud. Taking into account previous studies, in order to obtain
such a model, it is necessary to know the time points of the beginning of the intersection of the shot cloud
of light screens (in fact, the moments of the intersection of light screens with the fastest pellet). A technique
is proposed that allows for given initial conditions (fraction size, initial velocity, etc.) to determine such
moments for a set of light screens installed at specified ranges from the muzzle of the weapon. The essence
of the proposed technique is that on the basis of solving a system of differential equations of external ballis-
tics, a set of points is calculated corresponding to the dependence of the time when a fraction reaches a given
range on the magnitude of this range. Next, the obtained dependencies are approximated by polynomials
of the first, second and third degrees using the least squares method. The estimation of the approximation
error by various polynomials for different types of cartridges is performed. An example of using the pro-
posed technique to obtain the time points of the beginning of the intersection with a shot cloud for cartridges
loaded with three different types of shot is given. In addition, the estimation of the error of the obtained
dependencies in relation to the results of real experiments was performed. It is shown that at ranges up
to 24 m, the relative error does not exceed 4 % for all types of cartridges. Based on the results obtained,
specific recommendations for the practical use of the developed methodology are proposed. In the future,
using the proposed technique, it is possible to create a simulation model of a set of optical sensor signals when
a shot cloud crosses a set of light screens located at specified ranges from the muzzle of the weapon.
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BBenenue

JpoGoBoe  opykHe HIMPOKO  MPUMEHSIOT
OXOTHUKUA U CHOPTCMEHBI Bcero mupa [1, 2], ero
paspeleHo UCIoIb30BaTh KaK OPYXKHE CaMo000po-
HEI [3], ©3BECTHBI TaK)Ke MCCIIEIOBAHMSI, TIOCBSIIEH-
HbIC BO3MOXKHOCTHU MCIOJIb30BaHUS TOJ00HOTO OpY-
xust 17151 00prObI ¢ ManopasmepubiMu BITJIA [4-6].

[Ipu wuccnemoBaHUSX JBIXKEHHS APOOOBOTO
CHOTIA B TIPOCTPAHCTBE MPUMEHSIOT PasHOOOpa3HbIe
TEXHUYCCKUE PEIICHHUS, B YAaCTHOCTH, IaTYUKH
ynapa, II3C- u KMOII-Bugeokameps [7, 8],
B TOM 4YHCJE BBICOKOCKOpOCTHbIE [9]. Ucnonb3ytoT
TaK)KE ONTHYECKHE OJOKHPYIOIINE YCTPOMCTBa,
HampuMep, cBeToBble okpanel [10].  CeroBoii
9KpaH — YCTPOWMCTBO, COCTOSIIIEEC M3 ONTHYCCKOTO
JaTuynka (Ha OCHOBE (POTONMPUEMHOIO YCTPOHCTBA)
U JUHEHHoro wusnydarens. [lpuHuun aeicTBust
YCTpOICTBA OCHOBAaH Ha TOM, YTO TPH 3aTEHEHHUH
CBETOBOTO  IOTOKA  JBUXKYIIUMCA  OOBEKTOM
Ha BBIXOJIE JIaTYMKA (POPMHUPYETCS SICKTPUUCCKHI
umiyisc [10-13].

[Ipu sTOoM panHee mpoOBeAEHHBIE HCCIIEIOBA-
Hus [14] mO3BONMMIM YCTaHOBUTH, YTO JUIMTEIH-
HOCTH TepeceyeHus APOOOBBIM CHOIIOM CBETOBOIO
dKpaHa (WM BeIMYMHA pa3Maxa II0 BPEMEHH
IpoOOBOTO  CHOMA) TPSAMO  MPOMOPIOHANBHA
napaMeTpy macmraba ¢ B pacmpenenenuun Pames,
a TaKkxke pa3paboTaThb METOAMKY TOJIy4EHUs
BennyuHbl G. Ha ocHOBe yKa3aHHBIX HCCIe-
JoBaHMW OblTa pa3paboTaHa METOJUKA  IIO-
JTy4eHHsI 3aBUCHUMOCTH MEXAYy BeIHYWHOU G (W,
COOTBETCTBEHHO, BEJIMUMHON pa3Maxa IO Bpeme-
HU JIpOOOBOTO CHOMA) M JAJIbHOCTBIO PACIIOJIO-
JKEHHsI CBETOBOTO DJKpaHa OT JyJBHOTO cpe3a
opyxwus [15].

OCHOBHBIM  HEIOCTATKOM J3TOH  METOIUKH
SIBJIISIETCST  OTCYTCTBHE BO3MOXKHOCTU TIOMyYEHUS
LIETTIOCTHOM  KapTUHBI  Tpolecca MepeceyeHust
CBETOBBIX 3KPaHOB IPOOOBEIM CHOTIOM (C MTPHUBSI3KON
MOMEHTOB Hadajla CHTHAJIOB ONTHYECKUX TATYUKOB
K HEKOeMy OOIleMy MOMEHTY CTapTa HU3MEpPEHHH).

EctecTBeHHBIM OPpOAOJIKCHUCM YIIOMSIHYTOT'O
HCCIICAOBaHUA  SABJIACTCA pa3pa60TI<a METOINKH
MTOJIy4YCHUA MOACIIN COBOKYITHOCTHU CUTHAJIOB
OIITHYCCKUX JaTYNKOB CBCTOBBIX OKpaHOB,

YCTpaAHSIONIEH 3TOT HEJOCTAaTOK. OTO BO3MOYKHO
OCYLIECTBUTh C TIOMOLIBIO pacy€éTa MOMEHTOB
BpEMEHH Havalla MepecedeHrs IPOOOBBIM CHOIIOM
CBETOBBIX JKpPAaHOB II0 CHUCTEME YypaBHEHMU
BHEIIHEW OaJTUCTUKH, B KOTOPOH B KauecTBe
3aKOHAa COTPOTUBIICHHUS BO3/1yXa BBIOPAaH 3aKOH

CONMPOTUBJICHUA Ui  C(hEepuuecKkoro  CcHapsja.
PazpaboTka Merommkn pacdéra TakKMX MOMEHTOB
BPEMEHHU SIBJISIIACH MEJTBIO0 TAHHOM paOoTHI.

PacuéT HayaJIbHBIX MOMEHTOB nepecevueHust
I[pOﬁOBBIM CHOITOM CBE€TOBBIX 3KPaHOB
! alllpOKCUMaNUs MOJIYyI€eHHBIX 3aBHCHMOCTE

Bo BHemHell OamincTHKEe TpUHATA MpaBas
cuctemMa KoopauHat XYZ, miockocTs XY koTopoi
COCTaBICT Yroid Y C TUIOCKOCTBIO CTPENbObI
X*Y, ocb OX ropu3OHTaJbHa W OPHEHTHPOBaHA
M0 HaTpaBJIEHUIO CTPeNbObl, ock OY BepTHKaJbHA,
ock OZ HampasneHa Bmpaso [16, 17], kak mokasa-
HO Ha pucyHke 1.

Y

Pucynok 1 — Cuctema KOOpauHAT, CBSI3aHHAs C IUIOC-
KOCTBIO CTPENbOBL: v, — HauallbHasi CKOPOCTh; 9, — yroi
OpocaHus; x,; — JaIbHOCTb CTPENbObI; ), — BEpTUKAIbHASL
KOOPJHMHATa Ha JAAIbHOCTH X,

Figure 1 — The coordinate system associated with the fir-
ing plane: v, — initial velocity; 9, — throwing angle; x, —
firing range; y, — vertical coordinate at range x,

CylIecTByIOT TpU BHUAA CHCTEM YpaBHEHHU
JIBUKCHHS TyJIU B 3aBUCHMOCTH OT apryMeHra (x —
JATBHOCTB; ¢ — BpeMsi; $ — YroJI HakjJIOHa BEKTOpa
CKOPOCTH Ha TPaeKTOPHWH), U3 KOTOPBIX MPHUBEAEM
nepyto (1) [16, 18]:
du

» cH(y)G(V);

(1)

3mech u=Vcosd= V/\/l +v’ — IPOEKLUs CKO-
poctu Ha ocb OX; y = tand — TaHreHC yIa HaKJo-
Ha BekTopa ckopoctH; g = 9,8065 M/c? — YCKOpEHUe
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cunbl  Tsokectu;  H(y)=I1(y)/11, OTHOILIEHUE
IUIOTHOCTU BO3JyXa Ha BBICOTE )} K IUIOTHOCTH
BO3/yXa NpPH HOpPManbHOW aTMmocdepe (B Hamem
ciysae H(y)=1), G(v) — »>TamonHass QyHKIHS
COIIPOTHUBJICHUSI.

Tak kak Ui YMCHBIICHUS WCTUPAHUS U
CMSTHS IpoOW MpH JIBMKEHHM 110 KaHaly CTBOJA
B HacTofllee BpeMs MPUMEHSIOT I[UIACTHKOBBIC
nbeDKU-KOHTeHHeps! [1-3, 19], Oyzem npeneOperatsb
nedopmarmelr 1podu (1o KpalHEd Mepe, caMbIxX
OBICTPBIX ApOOWH) M CYHMTaTh, YTO W3HAYAIBHO
cthepuueckas ¢dopma JpoOWH HE U3MEHSCTCS.

IMapameTpsbl Apodu

Parameters of the pellets

B ostom cnywae Oammmctuueckuil koaddumment
C AN OTHEJIBHOW APOOMHBI MOXKHO OINpPENesIUTb
o opmyie (2) [17, 18]:

i-d*10°
cobd 1Y

p @)

rae  d—npuamerp  ApoOWHBL, [ — KO UIUESHT
a’poauHaMHuuecKor (opMbl CHapsiaa (sl cHapsija
cepuueckoit popmel — 0,47); g — Mmacca IpoOUHBI.
B Tabnuie 1 npezcTaBiieHsl mapamMeTpsl IPOOHH
Heckonbkux THIOB (N 1, Ne 3, Ne 5) [1] u paccum-
TaHHbBIC 3HAYCHHS OAITUCTUYSCKUX KOI(P(HUIIMEHTOB.

Tabnuya 1/ Table 1

Ne npobu Juamerp npoOWHBI, MM Macca apoOuHsI, T ¢, MY/kr
Ne pellets Diameter of the pellet, mm The mass of the pellet, g ¢, mY/kg
Nel 4.00 0.368 20.435
Ne 3 3.50 0.250 23.03
Ne'5 3.00 0.160 26.438
B cucreme ypaBHeHMII BHEUIHEH Oa/UIMCTHKM  BHSAX) MOJIMHOMamMH 1-ii  cremeHHW, rpaduKu
(1) B xauecTBe 3TaJOHHOH (YHKUIMH CONPOTHBIE-  KOTOPBIX NPEACTaBICHBI HA PUCYHKE 3.
Hust G(v) ucnonezyeM (QYHKUUIO A1 OOBEKTOB, AHaJOTMYHO  BBINOJIHAEM  alIPOKCHUMALINIO

umeronmx (GopMmy mapa; ¢ y4ToOM pacCUMTaHHOTO
3HAUYEHUs] OaJUTUCTUYECKOro Kod(huIHMeHTa ajs
apobu Ne3 (V, =400 wm/c; y,=0) nmomyuaem rpa-
(UK 3aBUCUMOCTH BPEMEHH JOCTH)KCHHUS 3aJaH-
HOI JanbHOCTU NepBOH ApoOMHOM cHoma f; OT
JAIBHOCTH (PUCYHOK 2).

Hpo6s Ne3
0.15 i
Pellets No. 3
p
A
>4
/

01 /
z s
) /7

x /
= 7

7
0.05 %
s
”~
P
o
10 20 30 40 50
L,M(m)

PucyHnok 2 — 3aBUCHUMOCTb BPEMEHM JOCTHIKEHUSI JIPO-
ObIO 3aJaHHON JAJLHOCTH OT BEJIMYHUHBI DTOU JaJIbBHOCTH

Figure 2 — The dependence of the time when a fraction
reaches a given range on the value of this range

BoimonHsiem  anmpokcHManMio  JUIs  Apoou
Ne 1, Ne3, Ne5 (npu Takux ke HayaJIbHBIX YCIIO-

noiuHoMamMHu 2- W3- cTemeHH, WX TpauKH
HE NPUBOJATCS B CBA3M C TEM, YTO OHH BU3YyaJbHO
MOBTOPSAIOT (POPMY UCXOIHOTO rpaduka.

[Tonmy4eHnHble GOpPMyYNbI aNIPOKCUMALIUU TIPE.-
cTaBJieHbI B Tabnunax 2—4.

Tabnuya 2 / Table 2

ITouHOMBI, aNNPOKCUMHUPYIOLHE 3aBHCUMOCTH
BpeMEHM JIOCTH:KeHHUs APOObI0 3aJaHHOI aJib-
HOCTH OT BeJIMYMHBI 3TOH JaJIbHOCTH AJ1s1 APoou Ne 1

Polynomials approximating the dependence
of the time for a fraction to reach a given range
on the value of this range for pellets No. 1

Crenenp
HOJIMHOMA ATIIIPOKCUMHUPYIOIINE TTOTHHOMBI
Degree Approximating polynomials
of the polynomial
1 ts=107(-495.062+310.893L)
2 tg=10"(-3.213+250.667L+1.205L?)
3 5=

=10"(1.036+249.594L+1.2591>-0.001L%)
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Pucynok 3 — 3aBHCHMOCTD BpEMEHH JOCTI)KEHUS IPOOBI0 3aJaHHOW JAJbHOCTH OT BEJIWYHMHBI ATOI JaIbHOCTU H €&
aNMPOKCUMAIHA TIOIMHOMAaMH -1 CTeneH s pa3HbIX THUIIOB MaTPOHOB: a — Apo0b Ne 1; b — npods Ne 3; ¢ — npo6s Ne 5

Figure 3 — The dependence of the time for a fraction to reach a given range on the value of this range and its approxima-
tion by polynomials of 1st degree for different types of cartridges: a — pellets No. 1; & — pellets No. 3; ¢ — pellets No. 5

Tabnuya 3 / Table 3
[MouHOMBI, aNNPOKCUMUPYIOIINE 3aBHCUMOCTH
BpeMeHU 10CTH:KeHUsI IPOObI0 3aIaHHOM JaabHOC-
TH OT BeJIUYUHBI ITOM JAJbHOCTH J1s1 APoOu Ne 3

Polynomials approximating the dependence of
the time for a fraction to reach a given range on
the value of this range for pellets No. 3

Crenenb
MTOJIMHOMA ATNNPOKCUMUPYIOIINE TOTHHOMBI
Degree Approximating polynomials
of the polynomial
1 tg=107(-554.852+318.395L)
2 tg=107(-5.349+251.109L+1.346L%)
3 5=

=10"(1.627+249.347L+1.435L>-0.001L°)

Tabnuya 4 / Table 4
I[MoanHOMBI, AaNMPOKCUMUPYIOLIHE 3aBUCHMOCTH
BpeMeHH 10CTUKeHUs] IPO0bIO 3aIaHHOM JaJIbHOC-
TH OT BeJIMYUHBI ITOM JAJBHOCTH st APoou Ne 5

Polynomials approximating the dependence of
the time for a fraction to reach a given range on
the value of this range for pellets No. 5

Crenenb
HOJIMHOMA ANNPOKCUMUPYIOIIIE TTOJTUHOMBI
Degree Approximating polynomials
of the polynomial
1 ts=107(-631.464+328.093L)
2 t=107(-8.792+251.848L+1.525L%)
3 5=

=10"(2.176+249.077L+1.665L>-0.002L%)

I[J'Iﬂ OLICHKN TOYHOCTH allllpOKCUMalU MOXKHO

HCIIOJIB30BAaTh  CPCAHCKBAAPATUYCCKOC  OTKJIOHC-
Hue (3):

13 2
o =\ (s~ /) 3

rae n =50 — KOIMYECTBO TOYEK; § — COBOKYITHOCTh
3HAYEeHUH UCXOMHOM (PYHKIMU B 3aJaHHBIX TOYKAX;
f— COBOKYITHOCTh 3Ha4e€HWH B 3a/JIaHHBIX TOUKaX,
MOJTyYEHHBIX C TIOMOIILIO alIPOKCHMAITUH.

Paccunrannbie  mapaMeTpbl  MPENCTaBICHBI
B Tabmuie 5.

Tabnuya 5 / Table 5
CpenHeKkBagpaTHYeCKHEe OTKJIOHEHHUSI JJIsl OlEH-
KM TOYHOCTH annpoKCUMALMT

Standard deviations for estimating the accuracy
of an approximation

Howmep npobu CreneHp OTHMHOMA o 107
Ne pellets  Degree of the polynomial "

1 2.356

Ne 1 2 0.02

3 0.133

1 2.633

Ne 3 2 0.031

3 0.095

1 2.983

Ne 5 2 0.048

3 0.064
Pesynbrarel, mnpuBenéHHBIE B TabmuIe 5,
MOKa3bIBAIOT, 4YTO  MHUHHUMAJbHBIE  3HAYCHHUS
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CpeIHEKBAPAaTHYECKUX OTKJIOHEHUH BO BCEX TPEX
cilydasix HaOJIOAAIOTCSl Y TOJMHOMOB BTOPOI
creneHn (MO BcCell BHAMMOCTH, 3TO CBS3aHO
C OKpyrJieHHeM KOA(QUIIMEHTOB  IOJIMHOMOB,
TaKk Kak B MHOM ClJIydae NpH yBEINYCHUU CTEHECHU
MOJMHOMA  IOTPEHIHOCTh OBl  YMEHbIIAJAch).
B cBsBu ¢ 3TuM, 1€7I€co00pa3HO HCHOIb30BATh
[IOJIMHOMBI BTOPOU CTEIEHHU.

ConocraBJjieHue ¢ IKCMIEPUMEHTAJTBbHBIMUI
JAaHHBIMU

Kpome Toro, ocymectBuM COINOCTaBIEHHUE
MOJTyYEHHBIX PE3yNbTaTOB C OJKCIEPUMEHTAIHHO
MONTyYeHHBIMH  JaHHBIMH. CBETOBBIE  JKpaHBI
ObUTM  YCTaHOBJICHBI TIOYTH TEPICHINKYJIISPHO
HaNpaBJICHUIO CTPENbOBbl Ha AAJIBHOCTAX X; =5 M,
X, =9M, x;=20M, x, =24 M 0T OyJBHOIO Cpe3a
W3JICTHsSI, TATYUKU TMOJKIIOUCHBI K BUPTYAIbHOMY
uugposomy ocimniorpadhy AKTAKOM, coenunén-
Homy c IIK. Ananm3upyemblii cuTHaAI OBUT CHITBHO
3allyMJIeH, IO3TOMY TPHUMEHSUINCH CIeIHalbHbIC
anroputMsl udpoBoit punsTpamuu [13].

Pacuér mpousBouics Ha OCHOBE OAMHHAIA-
TH (aiiJIoB, COAEpKAIIUX CHTHAJIbl ONTHYECKOTO
JATYMKa, TOJIyYeHHbIE TNPH CTPelbOe W3 PYKbs
Caiira-12K marponamm, cHapsDKEHHBIMH JPOOBIO
pazmuuHoro tuma (Ne 1, 3,5). YcnoBus cTpenbObI
ObUTM ONMU3KK K 3aJlaHHBIM Ha4yalbHBIM YCIOBHUSIM
B MOJYYEHHON MOoAeNu (ammpoKCUMAaIIN 3HAUYCHUH,
MOJYYECHHBIX TIPH PELICHUH CHCTEMBl ypaBHEHUIt
BHemHeH OammucTuky). Tak Kak gaTYWK Hadaia
0TCU€Ta HE WCITOIF30BAJICS, OI[CHUBAIUCH MOMEHTHI
BPEMEHHM TIEpECeUCHHUs] IEpPBBIMH  JIPOOMHAMH
BTOPOT'0, TPETHETO U YETBEPTOIO CBETOBBIX IKPAHOB
OTHOCHUTEJILHO TEPBOr0 3KpaHa — COOTBETCTBEHHO
b1, 431, 141, 3aTEM OHM YCPCIHSINUCH JJIs MAaTPOHOB
OJIHOTO THIIA.

Tabnuya 6 / Table 6

pre}IHeHHLIe OTHOCUTCJ/IbHBIC BpPEeMEHa NOCTH-
KEHUS MEPBBIMUA HpOﬁHHaMI/I CBETOBLIX JKPaHOB

The average relative times for the first pellets to
reach the light screens

Ne npobu ty,, MC 131, MC t4> MC
Ne pellets t,,, MS t3,, MS 14, MS
Ne 1 10.33 41.80 53.27
Ne 3 10.30 42.53 54.00
Ne 5 10.74 4435 58.83

[Ipu peanpHON CTpenbOe MOMEHT BBICTpENA
ObUI  HEW3BECTEH, IOITOMY IS HOJTYyYEHHS
BO3MOKHOCTH COIOCTABJICHHUSI PE3YJbTaToB Oynaem
B KayeCTBE BPEMEHHU ¢, JOCTHXKEHHUS IepBOH
IpoOMHOM TEepBOro CBETOBOIO 3KpaHa 3alaBaTh
BpeMsl, OLIEHEHHOE IO TOIY4YeHHOM MoJenn
JUIsL COOTBETCTBYIOLIEH MJalbHOCTH, W 3HAYEHHS
u3 Tabmuuel 6 OyneM OTCUMTBHIBATH OTHOCHTEIBHO

3TOro  BpeMeHU.  PaccunTaHHble — 3HaYEHHS
OTHOCHUTENIBHBIX IOTPELIHOCTEH CBEAEHBl B Tal-
nuny 7.

Takum  oOpa3oMm, MOTPElIHOCTh  OLEHKHU
MOMEHTOB ~ BpPEMEHM  JOCTHXKCGHUS  HamOoiee
ObICTpBIMH B 3apsiieé  JApOOMHAMH  CBETOBBIX

9KpaHOB IO TMOJIYYEHHOM MOJEIM B CpPaBHEHUU
C peallbHbIMM JaHHBIMH Ha JaJbHOCTAX 10 24 M
He mpesblmaer 4 % IS BCEX paccMaTpHUBACMbIX
THUIIOB IIATPOHOB.

Tabnuya 7 / Table 7

OTHocUTEeIbHAS MOrpeurHoCTb ONCHKU BPEMEHU
mo MoaeJIu IJisl pa3/iIn4YHbIX IlaJIBHOCTeﬁ

Relative error in estimating the time according to
the model for different ranges

OTtHOCcHUTEIbHAS TMOTPCIIHOCTD JJIA

Ne npo6u Pa3IUUHBIX AANBHOCTEH, %
Ne pellets Relative error for different ranges, %
X2 X3 Xy
1 1.60 2.15 0.8
3 0.58 0.33 1.49
5 1.50 1.68 3.59

Oo0mas njaess METOAMKHN PacdéTa HAYAJbHBIX
MOMEHTOB IlepecevdeHnsi JPOOOBBIM CHOIIOM
COBOKYIHOCTH CBETOBBIX JKPAHOB

Takum oOpazom, TperaraeTcs OCyIIECTBIATH
pacuéT MOMEHTOB Haudaja IMEPECEUYCHHs] CBETOBOTO
9KpaHa JpoOOBBIM CHOMOM 10 (opMmynam st
MOJIMHOMOB ~ BTOPOW  creneHu u3  tabnui 2—4,
KOTOpBIC SIBIISIIOTCSL  anmpOKCHManued (yHKIHIA,
UCIONB3YIOMMX Il pacuéTa f, CUCTEMY YpaBHe-
HMI BHEIHEH OaJUIMCTUKU. AHAJIOTMYHO, IS
MATPOHOB, CHAPSIKEHHBIX IPOOBI0 JIPYTHX THIIOB,
HEO0OXOIMMO OCYIIECTBUTH OICHKY OaIITUCTHIECKO-
ro  ko3hQuiMeHTa, IMOACTABUTh  IMOJIyYCHHOE
3HAYEHUE B CHUCTEMY yPAaBHEHMM  BHELIHEH
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OaJUIMCTUKM M aNNPOKCUMUPOBATh IOJYyYEHHOE
3HAUEHHE TIOJINHOMOM BTOPOH CTENEHH, YTO I03BO-
JIUT TOJMYYUTh JOCTAaTOYHO IPOCTYIO aHAJIUTHYEC-
KyI0 3aBUCHUMOCTbH /, OT JaJIbHOCTHU PACIIOIOKEHUS
CBETOBOTO DKpaHa.

MOMEHTBI, TOJNyYeHHBbIE [0 MPEUIOKCHHON
METOJIUKE, MOXKHO HCIIONIb30BaTh B  KaueCTBE
MOMEHTOB Hayalla MepecedyeHust ApoOOBBIM CHOIIOM
CBETOBBIX HKPaHOB (T. €. MOMEHTa IEPECeUCHHs
CBETOBOTO OJKpaHa TepBOMl — caMoil ObIcTpoi
npobuHoi). Jlamee, umest I 3afaHHON TaTbHOCTH
3HaYeHHEe TMapamerpa Mmacmraba ¢ [15], MoxHO
CreHepHpOBaTh  BBHIOOPKY MOMEHTOB  BpEMEHH
MepeceueHnss CBETOBOTO OJKpaHa MOCIEAYIOMINMHU
JpOoOMHAMHU OTHOCHUTEIBHO MEPBOM.

3aKiIroueHue

Pa3paborana MeToJMKa TMONyYEHHS COBOKYII-
HOCTU MOMCHTOB Hadalla MEPECCUCHUA Z[pOGOBBIM
CHOTIOM CBETOBBIX OKpPAaHOB, pa3MENICHHBIX Ha
CTpeNKOBOM Tpacce. B coBokymHocTH ¢ pa-
Hee  pa3padOTaHHON  METOMUKOW  TOMYUYCHUS
3aBUCHMOCTH pa3Maxa [0 BPEMEHU JpoOOBOTO
CHOMA OT JaJIbHOCTH IIOJIyYEHHBIE DPE3YIbTAThI
MO3BOJIAT B JIajbHEHIIEM  CO37aTh  MOJCTb
COBOKYIIHOCTU CHUI'HAJIOB OITUYCCKUX JAaTYUKOB
MIpU  TepeceUcHU JPOOOBBIM CHOIIOM Habopa
CBETOBBIX JKPAaHOB, PACIIOJIOKEHHBIX Ha 3aJaHHBIX
JABHOCTSIX OT AYJIBHOTO cpe3a opyxus. [logoOHas
MOJICTTb TO3BOJIMT YIPOCTUTh AHAIU3 TOBEACHUS
JpOOOBOTO CHOMA B TIPOCTPAHCTBE O€3 MPOBEACHHUS
CTpeNIb0, B YACTHOCTH, C MOMOIIBIO TAKOH MOJEIH
MOXKHO OyIeT OCYIICCTBISATh OIICHKY TOYHOCTH
pa3IMYHBIX  QJITOPUTMOB  pacy€ra  CKOPOCTH
JPOOOBOTO CHOTIA C IIOMOIIBIO CBETOBBIX SKPAHOB.
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