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IMITAIOIHHA CTATUCTUYHA MOJIEJIb ITIPOIIECY BUKPUTTS IIOPYIIHUKA
PYXOMUMMU 3ACOBAMU OXOPOHMU OB’EKTIB

Y ecmammi 3anpononosana imimayiiina cmamucmuuna mMooens npoyecy UKPUMms ROPYULHUKA PYXOMUMU 3a-
cobamu oxoponu 06 ’ekmis. Mooentosanna npoyecy UKpumms NOPYUWHUKA 30ilUCHIOEMbCA Npu pyci 3acoby 0XopoHu
630060iC NPAMONIHIUHOL OUISTHKU CMY2U OXOPOHU 3 NOCMIUHOK WEUOKICIIO Ma Npu 8i00MIll OAIbHOCMI US6/IEHHS.
nopywnuxa 3aco6om oxoponu. Jlana imimayiina cmamucmuina Mooenb npoyecy SUKpUmms NOPYUWHUKA MOdce
Oymu 3acmoco8ana npu GiONPayrO8aHHi peKomMeHOayill wooo opeanizayii Ha3eMHoi 0XOpoHU U 000pOHU 00 ‘€kmis
Hosimpanux Cun 30poiinux Cun Yxpainu eenuxoi nepumempanbHoi npomsaicHOCHi.

Kniouoei cnosa: oxopona, Mooento8anus, NOPYWHUK, GUAGNLEHHS, 00 €KmM, UMOGIPHICMb.

Beryn

AxTyansHicTs Temu. Ilpu opranizamii oxopoHu
006’exriB [oiTpsinnx Cun 36poitux Cun Ykpainu (I1C
3C VYkpainu) HeoOXiHO BpaxoByBaTH iX IMEBHI 0COOIH-
BOCTI, OJTHIEIO 3 SIKUX € iXHs BeJIMKa (10 IEKITBKOX JIecs-
TKiB KIIOMETPIB JJIs 00 €KTIB THUITY aepOIpOM) HEPHMET-
pambHa TPOTsDKHICTE. Ll ocoOnuBicTh B 3HA4UHIN Mipi
BIUIMBAa€ HA CKJAI CHJI Ta 3ac00iB, SKi 3aIy4arOThCS IO
OXOpOHH Ta OOOpPOHHU 00’€KTiB. Bemmki MpoMiKKH Mix
ONOPHUMH TYHKTaMHU (CTOPOXKOBHMH MOCTaMH), SIKi €
eJIEMEHTaMH OOMOBOTO TMOPSAKY NP BEJICHHI HAa3eMHOI
OXOpPOHH Ta 00OPOHH, SIK IPABUIIO, 3AMUKAIOThCS TTAPHHU-
MH natpyisMu abo pyxomumu 3acobamu (BMII, BTP),
SIKI IPOCYBAIOThCSl 32 BU3HAYCHUMH Mapiipyramu. Crio-
cTepiradui Ha PyXOMHX 3aco0ax OXOpPOHHM Ta OOOpPOHH
BEyTh CIIOCTEPEXKEHHS Bi3yaJbHO a00 3a JIOTOMOTO0
3ac00iB CIIOCTEPEeKEHHS: OIHOKIIB, MPHIAAIB HIYHOTO
6auenHs tomo [1]. CBo€YacHICTh BHUSBICHHS Ta 1ICHTH-
¢ikarii MOPYNTHUKIB, SKI HAMArarOThCS MPOHUKHYTH JIO
00’extiB [1C 3C VkpaiHd, € OJHAM 3 BaXIIMBUX 3aBIaHb

Ha npouiec BUKPUTTSI MOpPYLIHUKA MOXYTh BIUIU-
BaTH pi3HI (aKTOpH: MIBUAKOCTI NEPECYBAHHS PYXOMHUX
3ac00iB OXOPOHM Ta MOPYIIHHKA, XapaKTePUCTHKH 3a-
co0IB PO3BIJIKH, JOBKHHA JIISHKH, SIKA OXOPOHSETHCS
to1o. JIyiss MPUHHATTS MOUUIBLHOTO PIIICHHS KOMaHIH-
pOM, SIKHH OpTaHi30BYE€ OXOPOHY Ta 00OpOHY 00’€KTiB
IIC 3C Yxkpainn, HeoOXiTHI HAYKOBO OOTPYHTOBaHI pe-
KOMEH/IAII1, SIKi TO3BOJSITH 3 MaKCHMAIbHOIO e()eKTHB-
HICTIO PO3MOALIMTH HASBHI CHJIM Ta 3aCO0M Ta BU3HAYU-
TH OOOBi 3aBHaHHs. ToMy mocTae HEOOXITHICTh HOCIi-
JDKEHHS! TIPOIIeCy BUKPHUTTS MOPYIIHUKA 3ac00aMH 0XO-
poHHU 00’€KTiB, K€ MOLIIBHO IPOBECTH 3 BUKOPUCTAH-
HSIM IMITALIHHOT CTATUCTHYHOT MOJIENI.

Amnaui3 Jireparypu Sk mokaszaB aHai3 JiTepary-
PH, TOCTiKEHHS Yy I[bOMY HaIlpsIMKY BKpail oOMexeHi i
BINOBITHI MOJeNi y HUX HE NPOMOHYIOThcA. OKpemi
peKoMeHzaIil moA0 opraHisauii 0XOpoHHM Ta 00OpPOHH
00’exTiB [1C 3C Ykpainu micTsatbes B [1, 2].

ToMy, MeTOI0 AaHOT0 AOCTIIAKEeHHS € pPo3polka
IMITaiHHOT CTATHCTUYHOI MOJEII MPONECYy BHKPUTTS
MOPYITHUKA PYXOMHUMH 3aCO0aMH OXOPOHH 00 €KTIB.

OcHoBHa YacTHHA

Onuc moxeni. Bxinui nani, gomymieHHs Ta oOMe-
JKSHHS MOJIEI:

3aci0 OXOpPOHH PYXA€ThCS 3 MOCTIHHOIO MIBHIKiC-
TIO V|, NpAMOINiIHIHHO B3IOBX CMYI'M OXOPOHHU JOBXKHU-
Hoto L (puc. 1); micist JOCATHEHHS. MEKi CMYTH 3a Yac
T=L/V, 3aci6 0XOpoHH IPOIOBXYE PYX y 3BOPOTHO-
MY HanpsIMKY; JaJbHICTh BUSBJICHHS MOPYIIHUKIB 3aCO-
O6oM oxoponm ckiagae D ; micis BHABICHHS MOPYIIHU-
KiB BigOyBaeThCs iX po3mi3HaBaHHA (igeHTH(IKAIis)

MpoTsTroM yacy t Ta 3HUILECHHS;

3atp

d 2 3

30HA PO36IOKU \/

/ cmyea OXopoHu

Puc. 1. BxigHi nani moxeni

MNOPYLIHUKH JIONAIOTH CMYTY OXOPOHH IEpICHAN-
KyJIPHO PyXy 3ac00y OXOpPOHHM 3i WIBHAKICTIO V,,, 4ac

HOSIBH HOPYLIHUKA Ha MEXI CMyTH OXOpOHH - t,; y BU-

MajaKy, SKIO MOPYIIHUKK HE BHSBJISIOTHCS 3aCO000M
OXOpOHH, a00 K BHSIBIIIOTHCS HA BIICTaHI Bif MEXi

00’exty (Bich 0X) MeHIIIN HIK Yin =V, -t BBaXKa-

3aTp °
€MO, III0 OPYIIHHK JIOCSATAE 00 €KTY; Y MPOTHIIC)KHOMY
BUIIAJIKY TIOPYLIHUK BBa)KAOTHCS 3HUILICHNM;

MOTiK HOPYIIHHKIB Yepe3 CMYTy OXOPOHH BBakKae-
MO CTaIliOHAPHWM, iHTEPBaJU Yacy MiX IOSBOIO JBOX
MOPYIIHHUKIB HA MEXi CMYTH OXOPOHH BBAKAaEMO PO3-
MOJIJICHNMH 32 TIOKQ30BUM 3aKOHOM; I10sIBa OPYITHUKA
piBHOMMOBIpHA B JTF000MY MICIli CMYT'H OXOPOHH, TOOTO

KOOpAuHaTa Xn NOpYIIHUKA € BUIIAAKOBOIO BEJIMYHU-

HOIO, PIBHOMIpHO po3moineHoro B inTepam 0...L.

[Ipn mpuiHATHX MONYIIEHHSX 3HAYEHHS BiICTaHI
MDK TNOPYIIHHKOM Ta 3ac000M OXOpOHHM MOXe OyTH
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BHU3HAYCHC AK

R(t) = X2(t) + Y2(t)
X(t) =X, —Xp (1),
YO =Yn (=Y =Ya () =DV, (t-1,),
ae X, Yo, Xp, Yp — KOOpAUHATH, BIANOBIAHO, HO-

pYLIHHKA Ta 3ac00y OXOpPOHU.

[MopymrHuk Oyne BUSIBISTHCH NPU HOTO MOSIBI B
Me)Kax 30HH pO3BiAKH 3aco0y 0XOpoHH, TOOTO HMOBIip-
HICTb BHSBIICHHS NOPYLIHHMKAa MOXKe OyTH 3HaiIeHa sK
HMOBIPHICTh BUKOHAHHS YMOBH

R()<D Q)
pu 0OMEKeHHI
Yn 2 Ymin =V ‘tsarp (2
Brok-cxema MoJIeiOBaHHsI HaBeICHA Ha puUC. 2.
BBix BXigHUX

JAaHUX
[«
v

ki=k+1
v

v v
biiok monenroBaHHsS Bbrok MmonmentoBaHHs
dacy t; KOOPAMHATH X\ ;
Hi

TaK

Po3paxyHox HMOBIip-
HOCTI BUKPUTTS TO-
pymnuka P=r/K

Puc. 2. biiok-cxema iMITaLifHOTO CTATUCTUYHOTO
MOJIEJTIOBAHHS [TPOLIECY BUKPHUTTSI IOPYIIHUKA PYyXOMUMH
3acobamMu OXOpOHH 00’ €KTIB

[Ticns BBeACeHHS BXIAHHUX JaHUX HA KOXKHOMY K —
LUK MOJCTIOBAHHS POBOJMUTHCS MOJCIIOBAHHS Yacy
HOSBY HOPYILIHUKA HA MEXI CMyI'H OXOpOoHH 1, Ta Horo

KOOpAHMHATH X Miclie 40ro MMPOBOAUTHCA nepeBipKa

no»
BHKOHaHHA yMOB (1), (2), mpH iX BUKOHaHHI BBaXXA€Th-
csl, 110 MOPYIIHUK BUKPUTHH, 3HAYSHHS KUIBKOCTI BHU-
KPUTUX TOPYIIHUKIB [ 30UIBIIyeThCS HA OJIUHUINO,

MICAsl YOr0 MPOLIEC MOJENIOBAHHS TOBTOPIOETHCS 10
BuKoHaHHS ymMoBH K>K, me K — KUIBKICTh ITUKIIB
MozemroBanHs. I1icisa mporo 3mifiCHIOETHCS CTATHCTHY-
HE BU3HAUCHHS MMOBIPHOCTI BHKPHUTTS MOPYIIHHUKA, SK
BIZIHOCHO{ YaCTOTH BHKpPUTTS NOpymHUKiB P=r/K.

MopentoBaHHS BUIIAJKOBOI BEIMYMHH Xni npo-

BOJIMMO 3 BHKOPHUCTaHHSIM CTaHIApTHOI
Random moBu nporpamyBanas Object Pascal.
KoopaunaTta X, 3aco0y oXopoHH Moxe OyTu 3a-

¢byHKIii

IaHa K
Vit, 0<t<T
L-V,(t-T),  T<t<2T
V, (t-2T), 2T <t<3T

Take mpencraBlieHHs BpaxoBye, MIO MICIsS AOCST-
HEHHS 3ac000M OXOpPOHHM MeEXi JUISHKA OXOPOHH, BiH
nmoBepTae Hasaa. OCKUIBKM MPH MPOBEACHHI MOJEIIO-
BaHHA Hac Oyzie IIKaBUTH HE 3HAYCHHS KOOPAWHATH X, ,

a Pi3HULA X, —X,,; TPEICTABISETHCS 3PYUHIIINIM BUKO-
PHUCTOBYBaTH IHIII CHIBBIIHOIIEHHS VIS PO3paxyHKY

Xp Ta X
Xpi =X, (-D)"+L-r4;

v=kmod?2;
k = Abs(t, ;)divT ;

r=k+v

(ﬂK X MO3HAYCHE 3HAUCHHA KOOPAWHATH IMMOPYIIHHKA,

n,
oTpuMaHe 3a gonomororo QyHkiii Random, cumBomamu
div, mod Ta Abs no3HaueHi, MpuiHATI B IPOrpaMyBaHHi
ormepaiiii, Bi{IOBIHO, I[I/IOYUCICHOTO iIICHHS, YaCTKH
BiJl I[UTOYMCIICEHOTO MIJICHHS Ta PO3PaXxyHKY IOl Jac-
TUHHU YHUCTIA).

MozentoBaHHsl BHNAAKOBOI BeNWYMHH i, poO3-

MOZIJIEHO] 32 MOKa30BMM 3aKOHOM PO3IOALTY MpOBejie-
MO 3 BUKOPUCTaHHSIM peKoMeHIauiil, HaBeqeHux B [3].

[epeBipky BukoHaHHS yMOBH (1) IPOBOIUMO, BH-
XOJISTYM 3 HACTYITHUX MipKyBaHb. 3alHIIEMO

A(t)=R(t)-D = «/Xz(t)+Y2(t) -D=

1
= (Xn; = Vpt)? + (D =V, (t—t,))?)2 -D.

VYmoBa (1) 6yme BukoHyBaTHCH, sKm0 A(t) =0

JUIA Xo4a O OJIHOTO MOMEHTY Yacy Ha iHTepBaj JOCHi-
JokeHHs. Lle o3Hawae, mo Uit MEpeBIpKM BUKOHAHHS

ymoBH (1) HE0OXiAHO 3HANUTH PIlIEHHS PiBHIHHSI
1

((%ni —Vot)? +(D =V, (t-1,;)))2 -D =0,
abo
((Xni = Vot)? +(D=V, (t-t,;))* =D?,

TO0OTO
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(V2 + VA =2(VyX, i + DV, + V3t )+
+(Xp 2 +2DV,t,; + V2L, %) =0.

n,i

®)

PiBustHES (2) MOKe HE MaTH pillleHHs, 1ie Oyze O3Ha-
gary, o ymoBa (1) He BUKOHY€EThCS; MOXe Math oxHe (i)
abo mBa (1, tp) pimeHHs. Y OCTAHHBOMY BHIIAIKY HOPYII-
HUK OyJe CIlocTepiraTuch 3aco00M OXOPOHH IMPOTSTOM
qacy t, — 1y , are 1ie Jmie B TOMY pasi, SKIIO ITICIIS BUSB-
JIGHHSl MOpYIIHMKa 3aci0 OXOpoHM Oyne NpoIoBXKYyBaTH
PYX, HaBITh SIKIIO 1€ MPUBEAE O HEBUKPHUTTS HOPYILIHUKA.
B peanpHEX yMOBaX IMiCIS BHSBICHHS |-TO MOPYIIHHKA
IIPH 3arpo3i HOro BTpaTH BHACHIIOK PyXy 3acid OXOpPOHH
3YIHHHUTBCS, TOMY B MOJIENI HEOOXIJHO BpaxXyBaTH 3aTpH-
MKy 3ac00y OXOpOHH IIpY BHSABJICHHI TOPYIIHNKA Ha dac

tyarp» AL HOTO, o6 He yCKJIAIHIOBATH piBHSAHHS (3),

3pY4HO 3MCHILUTH Ha BEIMIUHY 1., OTpHMaHi B Iporeci

MO/ICIIIOBAHHS 3HAUCHHs 4acy MOSIBH NOPYLIHHKIB {;
mrst 1> j. IlepeBipky BukoHaHHS yMOBH Y, (t) = VY.in

JIOLIUIBHO MPOBOMTH JISi MEHIIIOTO 3 OTPHUMAHHX PIllIeHb
piBHSHHS (3), OCKITBKH MPU TPUHHATHX AOITYIICHHAX (Y-
HKIs Y, (t) € MOHOTOHHO CraJar0yoKo.

BucHoOBKHM Ta nepcneKTUBH
NOAAJBIINX JOCTIIKEeHD

Takum 4ymHOM, y cTaTTi po3pobieHa imiTamiiiHa
CTaTHCTUYHA MOJENH IPOLECY BHKPHUTTS HOPYIIHHKA
pyxomMumu 3aco0aMu OXOopoHM 00’exrtiB. [lomanpmn
JOCTIKCHHST MOXYTh OyTH HampaBiieHI Ha OOTPYHTY-
BaHHS PEKOMEHMAIlill MO0 OXOPOHH OO0’ €KTIB IIEBHUX
po3MipiB Ta KoH(Irypauii, Ha MPOBEJCHHS MOJEITIOBaH-
HS TIPH HAsIBHOCTI K CTalliOHAPHHX, TaK 1 PyXOMHX 3a-
co0iB 0XOpoHH 00’€KTiB, Ha IMPOBEICHHS MOICIIOBAHHS
3 ypaxyBaHHSM HEOJHAKOBOT'O CTYIEHIO HeOe3MeKH, 1110
CTaHOBJIATH JUIs 00 €KTY Pi3HI MOPYIIHHUKH.
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UMHUTALHUOHHASA CTATUCTHYECKASA MOJEJIb ITIPOHECCA PASOBJIAYEHUS HAPYIINUTEJISA
HOABUXHBIMHU CPEJICTBAMMU OXPAHBI OB BEKTOB

N.A. Tapan, B.B. Ilyrau, 1.M. TuxoHoB

B cmamve npednosicena umMumayuonHas cmamucmuyecKkas MoOeib npoyecca pazobnaieHus Hapyuumens noOGUICHbIMU
cpedcmsamu oxpanvl 06vekmog. Modenuposanue npoyecca pazobrauenus HApYWUmMens 0CyWeCmensiemcs npu 08UNHCeHUU cpeo-
€cmea 0xXpamvl 80016 NPSMOIUHEUHO20 YUACMKA NOIOCHL OXPAHbL C NOCMOSHHOU CKOPOCMbIO U NPU U36ECMHOU OAIbHOCIU 6blsi6-
JIeHUsT HapYWumeinst CpeoCmeom OXpamsl. JJanuas uMumayuoHHas Cmamucmudeckds Mooeib npoyecca pazoonayuerus Hapyuiu-
mensi Modicem Oblmb NPUMEHEHA NPpU ompabomKe peKoOMeHOAYUll OMHOCUMENbHO OP2AHUZAYUU HA3EMHOU OXPaHbl U 000POHbL
06wexmog Bozoyuinvix Cun Boopyacennvix Cun Yxkpaunvl 6016101 NEPUMEMPULECKOU NPOMSANCEHHOCIU.

Knrouesnle cnosa: oxpana, mooeruposanue, Hapyuwumeib, GvisigieHue, 00beKm, 6epOSINHOCHb.

SIMULATION STATISTICAL MODEL OF PROCESS OF EXPOSURE OF VIOLATOR
MOBILE FACILITIES OF GUARD OF OBJECTS

I.A Taran, V.V. Pugach, .M. Tihonov

The simulation statistical model of process of exposure of violator mobile facilities ofé;uard of objects is offered in the ar-
ticle. The design of process of exposure of violator is carried out at motion of mean of guard along the rectilineal area of bar of
guard with permanent speed and at the known distance of exposure of violator the mean of guard. This simulation statistical
model ofJ)rocess_of exposure of violator can be applied at working off recommendations in relation to organization of surface
guard and defensive of objects of Aircrafts of Military Powers of Ukraine of large perimetric extent.

Keywords: guard, design, violator, exposure, object, probability.
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