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The possibility of using queuing systems techniques for modeling the combat operations of mobile combat robots is shown.
The use of such techniques made it possible to obtain an analytical description of the final probabilities for an incompletely
accessible queuing system and to expand the possibilities of taking into account the conditions for fulfilling the combat tasks of
military units equipped with mobile combat robots. For this purpose, a model is described and considered that describes the
battle when the firing is conducted on the observed targets and, in the event of a target hit, the fire is instantly transferred to the
unaffected one. This model is illustrated by a functional diagram that clearly shows the work on the targets of five of the same
type of mobile combat robots. In this case, the identification of targets is carried out by an exponential law with a function of
distributing the service time of the target and the average intensity of their detection and destruction.

The characteristics of the efficiency of the queuing system in a stationary (steady state) mode, that is, with an unlimitedly
growing time of its operation, are determined. Two coefficients have also been introduced that will characterize the relationship
between the duration of the strike phase and the time of the entire process of serving the target. Based on the research, for
example, the corresponding calculations were carried out and the boundaries of the possible use of a group of mobile combat
robots, consisting of five units, for the military unit were outlined. The workload of each machine and, accordingly, the efficiency
of the unit as a whole are determined, recommendations are given on their quantitative composition.

Keywords: application efficiency, mobile combat robot, combat modeling, queuing theory.
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BU3HAYEHHS KOOPJIUHAT HASEMHMUX I[LJIEW 3 BUKOPUCTAHHSIM
MAJIOTABAPUTHHUX BIIJIA HA OCHOBI BAJOCKOHAJIEHOI'O
HCEBJIOJAJTBHOMIPHOI'O METOY

Y cmammi obrpynmosana ooyinvuicmes euKopucmanHs 600CKOHANEHO20 NCEBO0OANLHOMIPHO2O Memody 0
BUSHAYUEHHS KOOPOUHAM HA3eMHUX Yineu i3 3aCMOCYBAHHAM MAN02A0ApUMHUX De3NIIOMHUX TIMATbHUX anapamis,
WO BUKOPUCMOBYEMbCS O BUSHAYEHHS KOOPOUHAM 00 ’€Kma Ha MiCYe8OCmi 8 pedicuMi peanbHo2o yacy bOe3
3QNYUeHHST NOMYIICHOI 00UUCTI0BATLHOI MEXHIKU.

Ilpogedero ananiz icHyrouux memooie U3HAYEHHs. KOOPOUHAM HA3EMHUX 00 €Kmi8 3a 0ONOMO200 Oe3NiOmMHUX
JIMAnbHUX anapamie ma 3anpoNnoHOBAHO AI2OPUMM X BUSHAYEHHSI HA OCHOBI BOOCKOHANEHO20 NCe8000db-
HOMIpHO20 MeMOOY i3 BUKOPUCNAHHAM MAN02abapumHux 6e3niiomuux NimaisHux anapamis.

Knrouosi cnoesa: besninomunuii rimansHuil anapam, nceso000aibHOMIPHULL MemOo0, KOOPOUHAMU YiJi.

IMocTranoBka npodaemMu CbOro/iHi B yMOBaX CTAaHOBJICHHS 1 PO3BUTKY Lu(po-
BO1 eKOHOMIKHM YKpaiHu 1u)poBi JaHi € KIIFOYOBUM (hak-
TOPOM BHPOOHHIITBA Yy BCiX cepax coLialbHO-eKOHO-
MIYHOT MisUTBHOCTI. 3pOCTae MOMUT Ha LU(POBI Teo-
MIPOCTOPOBI J1aHi, AKi BHCTYNAIOTh YHIBEPCAIBHUM eJie-
MEHTOM 3B’SI3Ky Pi3HHMX 0a3 JaHHX 3 METOI0 MOOYHOBH
€JMHOTO Te0iH(OPMAIIHOTO MPOCTOPY B paMKax cTpare-

rii po3BUTKY Jlepxasu.

Jis BenmeHHs cydacHHWX OOHOBHX i moTpiOHa
BHCOKa IH(QOPMATHUBHICTH PO3BIAYBIBHHUX JaHHX, IO
3abe3neuyeThes GopMyBaHHAM IU(POBUX 300paKeHb 3
BHCOKOIO TIPOCTOPOBOKO PO3pizHeHicTro. [IoBHOTA, TOUHICTB
Ta ONEpaTUBHICTh HAJlAHHS JOCTOBIPHOI iH(opMamii mpu
BHUKOpPHUCTaHHI Oe3miIoTHUX jitansHuX amapatiB (BITJIA)

JUIsl BUKOHaHHS CIIEIiajibHUX 3a/lad CYTTEBO 3aJICXKUTh
Bil YMOB, B SKUX 3IiHCHIOEThCS HOTO 3aCTOCYBaHHS
(penpedy Ta 3a0yM0BU MiCIIEBOCTI, BIUIMBY 1HIITUX 3aBa-
*karouux ¢akTopis). 3actocyBanus BITJIA npu BUkoHaHHI
CHeIiaJbHUX 3a/1a4 B IHTEpecax OXOPOHH Ta O0OPOHH
TepUTOpiaJIbHOT LTICHOCTI YKpaiHu, SIK MpaBuiIo, 3/ii-
CHIOETbCS B YMOBaXx CKJIaJHOTO penbedy Ta 3a0ymoBH
MICIIEBOCTI, BIUTMBY 1HIIMX 3aBAKal04nX (aKkTopis.

TpamumiiiHo BeIMKY YacTHHY TI'€ONpOCTOPOBHX [a-
HUX U €TUHOTO TreoiH(OpMAaIiifHOTO IPOCTOpy 3a0e3-
MeYyI0Th 3aCO0M 1 METOIU JAMCTAHIIHHOTO 30HIyBaHHS
3emi (/133) — kocmiuHa Ta aepodoroziiomka (AD3).

B ocraHHE mecATWINITTS 3 PO3BUTKOM MiKpOEJeK-
TPOHIKH, POOOTOTEXHIKH, IITYYHOTO iHTENIEKTY, aKTHBHO
PO3BUBAETHCS BUPOOHHUIITBO MAJIOrabapUTHHUX 1 HECKIIAI-
Hux B ynpasiinHi BITJIA, siki ycHiliHO BUKOPHUCTOBYIOTBCS
1 BUKOHaHHs AD3.
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besninoTHUKY TSI TTiABUINIEHHS piBHA O€3MeKH 3a-
CTOCOBYIOTBCSI Y BHSBIICHHI JIIOZCH Ta pi3HUX 00’ €KTIB B
Oynb-sKui yac 100u, 32 OyAb-SKOI1 MOTOAU 1 KJIiIMaTHY-
HUX yMOBaX. BUSBIISIOTH HECAaHKLIOHOBaHY HiSJbHICTH
Ha TEpUTOPii, M0 OXOPOHIETHCA abo 3amoBiHOI TepH-
TOpil, HeJerajbHi NMEPETHMHU KOPIOHY abo mepenady
KOHTpaOaH/Au, IMiATOTOBKY OO BYMHEHHS TEPOPHCTHY-
HHUX aKTiB TOIIO.

MoXIuBICTh 3aBHCaHHSA Hajg 00 €KTOM O€e3IiIoT-
HHUX BEpPTOJILOTIB 1 yHIKaJbHa CHCTEMa aBTOMaTHYHOTO
CYNIPOBOY HiJIi JO3BOJIAIOTH OECIIOTHHKAM CTCKUTH
3a BHSBJICHUM 00’ €KTOM, HE3aJIe)KHO BiIl TOTO, IEepecy-
BAETHCS BiH a00 3HAXOAUTHCS B CTATHYHOMY TTOJIOXKEHHI.

Taka poOoTa OC3MUIOTHHKIB 3a0€3MeUye CBOEYACHY
nepenady ciayxbam Oesmekn iHGopMaIii Ipo 3HaWICHI
00’€KTH, sIKa TO3BOJISIE KEPIBHUKAM OLIHUTH CHUTYAIIilO,
OTIEPATHUBHO MPUUHSITH PIIICHHS 1 3aM00ITTH HEraTUBHUM
CUTYAIIiSIM 1 IX HACITiIKaM.

Ha croromni po3utky texHomnoriit BITJIA mpumiss-
€TbCSl BEJIMKA yBara i B HaWOMMKYOMY MaiOyTHHOMY
BapTO OYiKyBaTH HOBHMX JNOCSATHEHb B YaCTHHI ITiIBHILCH-
Hsl TOYHOCTI BH3HAYCHHS KOOPAWHAT LEHTPIB NMPOCKTY-
BaHHsI 3HIMKIB, aBTOMATH3aIlii (HOTOrpaMMETPHYHOT 00POO-
KM 3HIMKIB 1 iemn(ppyBaHHs1, BAKOPUCTaHHS 3aCO0IB TeJe-
KOMYyHIKalil, II0 JO3BOJIIFOTH BHKOHYBaTH KOHTPOJIb
pe3ynbratiB AD3 y pexxumi peanbHoro yacy.

AHaJi3 0CTaHHIX J0CJTiKeHb I myOJikanii

Po3B’s13aHHIO MMTaHP HaBiramii Ta BU3HAYCHHIO KOOP-
JIMHAT Ha3eMHHX 00 eKTiB 3a nomomoroto BITJIA npucss-
YEHO BEJIHMKY KiJIbKICTh MyOJiKalii, B SKUX y TOMY YHCII
3aIIPOIIOHOBAHO BHKOPHCTAHHA ONTHYHUX mouiB [1-4],
y pasi 3aCTOCYBaHHS SIKHX HaBiraiis 3a ONTUYHUM
MOJIEM PO3IIISIA€ThCsl SIK iHGOpMaliiHa TeXHOJIOTis
“MaIIMHHOTO 30Dy’ .

B nesixkux po6oTax [5—7] momaHo CHCTEMHHI aHai3
BUKOPHCTaHHs pizHoro Tumy mojeneid BITJIA 3 meroro
aepo3HIMaHHS TEPUTOPIl AT KapTorpadyBaHHS.

3a3Ha4yeHi MiAXOIM JOCUTH AOOpe OmparboBaHi B
TEOPETUYHOMY IIJIaHi, aje IMiJ] 9ac iX MpaKTHIHOI peati-
3amii moTpeOyTh BEIUKUX 00’€MIB MaM’ATi Ta TOTYX-
HHUX OOYMCIIOBAJIBHUX PECYpCiB, IO € KPUTHUHUM JUIS
Manorabaputaux BITJIA.

Mertolo cTaTTi € po3poOKa aNropuTMy BU3HAUCH-
HSl KOOp/IMHAT Ha3eMHHUX LiJIeH 3 BUKOPUCTAHHSIM MaJo-
rabaputHux BIIJIA Ha OCHOBI BIIOCKOHAJIEHOTO TICEBIO-
JaTbHOMIPHOTO METOY, SIKHU 3a0e3MeUnTh BU3HAYCHHS
KOOpJHMHAT 00’€KTa Ha MICLEBOCTI B PEXXUMI peabHOTO
yacy 0e3 BHUKOPHCTAHHS IOTYXHHUX OOUYHCIIOBAJILHUX

pecypcis.
BukJiax ocHOBHOTro Martepiany

Bu3sHaueHHs KOOpAMHAT HA3eMHUX 00 €KTIB 3a J0-
nomororo icaytounx BITJIA 3ailiCHIOETHCS MIJISIXOM T10-
PIBHSIHHS 300paXeHHs, 110 OTPUMYETHCS 3 BiJlCOKaMeEPH,

posramoBaHoi Ha BIIJIA, 3 eneKTpoHHOIO KapTolo Micie-
BOCTI, Ha sKill BinOyBaeThcs crocTepeskeHHs. [licist mo-
CSITHEHHSI MaKCHMAIILHOTO 30iTy 3a3HaueHNX 300paKeHb
BHU3HAYAIOTHCS KOOPIUHATH TOYKH Ha MiCIEBOCTi. Tod-
HICTh Ta Yac BHU3HAYCHHS KOOPIMHAT TOYKH 3aJICKUTH
BiJl SKOCTI 3HIMKY, IX KIJIBKOCTI, paKypcy Ta iHIIHUX
(akTopiB.

Takum 4yMHOM, Ha OCHOBI aHanizy poboru BITJIA
I10JI0 BU3HAUYEHHS! KOOPJIMHAT TOYKH Ha MICLIEBOCTI IIPO-
TIOHYETHCS AITOPUTM BU3HAYEHHSI KOOPIUHAT HA3EMHUX
LiIel 3 BUKopucTaHHsIM Manorabaputaux BITJIA Ha ocHo-
Bi BJOCKOHAJICHOTO TICEBIOIAIFHOMIPHOTO METONY, KU
MOJIATa€ B HACTYITHOMY:

Ha OopTy BIIJIA HeoOXimHO HOAAaTKOBO BCTAHO-
BUTH TIOPTATUBHUH JIA3epHUHM NAICKOMIp CHHXPOHI30-
BaHHH 3 KaMepoIo;

MY BUSBIICHHI IUJII HEOOXITHO 3pOOUTH Bil TPHOX
3HIMKIB 3 OJJHOYaCHUM BHMipoM aanbHOCTi Bix BITJTA
JI0 LiJdi, Ta BU3HAYECHHs MOTOYHUX KoopauHat BITJIA B
MOMEHT 3JIICHEHHSI 3HIMKY 32 JOTIOMOTr0l0 OOpPTOBOI HaBi-
ramiiinoi cucremu (GPS);

BHKOPHCTOBYIOUH BJIOCKOHAJICHHH IICEBIOJAIBHO-
MipHHI METO pO3paxyBaT KOOPAWHATH IIiJIi.

IIceBnomanbHOMIPHUI METO Ma€ BUTIIAL;

Dy =Gy =x10)% + O = v+ Uy = hyy)
D, = \/(Xz —xu)z +( —J/L[)z +(hy —hu)2 , (1)
Dy = (3 =31y + (3 = y) + s — hyy

ae Xy, X3, X3, Y1, Y2, ¥3, W, by, b3 — Binomi
KOOP/IMHATH TPbOX TOUOK BUMIPIOBaHb BiINOBIIHO;

Dy, D,, D; — pampHocti Big BIIJIA po wmimi
BIJITIOBIZHOTO 3HIMKY;

X, v hll — HEBiJIOMi KOOPAWHATH IIiJIi.

[NceBnoAaTEHOMIPHUI METO]] BAKOPHCTOBYETHCS B
CYYacHHX CYyITyTHHKOBHX HaBiralidiHUX npuiiMavax. [Ipote
3 Bupasy (1) B 3ararpHOMY BHIIIAII BHU3HAYUTH KOOP-

nuHATH (X IGRAIE hl( ) HEMOXKITUBO, 32 BHHATKOM YacT-

KOBHX BUIAJIKiB, 30KpeMa, Koau koopauHaTty BITJIA min
Yac NepIoro 3HIMKY 3HaXOJUTHCS HA MOYATKY CUCTEMH
KOODPJIMHAT, a IHIIIi KOOPAWHATH 3HIMKIB TIOBHHHI 3HaX0-
JUTHUCH B OJIHIH KOOPIMHATHIH IUIOIIMHI, IPY IOMY OJTHA
3 IIMX KOOPJHMHAT JIOKUTHh HA Oy/Ab-sKiil KOOpAWHATHIN
oci. B cyuacHHX CynmyTHHKOBHX HaBirariifHux mpuiima-
Yyax IICeBAOAATIBHOMIPHHUA METOX PpO3B’S3yeThCS Ha
OCHOBI BUKOPHCTaHHS METOJIB “‘HAWMMEHINX KBaJpaTiB’;
“HOCHIOBHUX HAOMIKEHD; “iTepaTUBHUM Ta 1HITUMH
MeTogamMy. HeoOXiTHO 3a3HAYWTH, IO 3aCTOCYBaHHSA
nepeliueHnx METOMIB Ja€ pe3ysbTaTH, SKi MaloTh Ha-
OJDKEeHI 3HAYCHHSL.

PosrisiHemMo mnpouenypy HNpUBEICHHS JOBUIBHOTO
po3tauryBanss BIIJIA min gac 3iOMOK 10 3a3HaYCHOTO
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BUIIIE YAaCTKOBOTO BHIAJKYy IIUIIXOM BBEJICHHS CIIeIliajb-
HOI CHCTEMH KOOPIWHAT, SIKa 3a0BOJBHSE BBEICHI 0OMe-
xeHHA. [lici 90r0 OTprIMaeMo aHAJIITHIHE PIIICHHS IS
CIeTiaJIbHOI CHCTEMH KOOPAWHAT 1 BUKOHAEMO HOTO Tiepe-
TBOPEHHS 10 3arajbHONPHUIHATOI CUCTEMH KOOPAUHAT
(CK-42). Ha puc. 1 HaBemena rpadiusa imrocTpartis
BBE/ICHHS JIOJIATKOBOI CIIENialbHOI CUCTEMHU KOOpPHHAT
B cucteMi koopauHat (CK-42).

Puc. 1. T'pagiuna inocTpanis BBeJeHHA cnieliaabHOI

cuCcTeMH KOOpauHAT B cucteMi koopmunar (CK-42)

Ha ocHoBi awnamizy puc.l npuBeneMo cucTeMy
piBHSAHB (1) AN BU3HAYCHHS 3HAYCHHS KOOPIWHAT IiJi
B CHCMialbHIA CHCTEMI KOOPIMHAT 10 BUTIIAIY:

Dy = (0= + (0= yi)? +(0=hpp)’
Dy =y =xip)* + 0=y >+ 0—hip)* . (2)
Dy = (&5 = x> + (0 = ¥i)? + (0= hyp)?

ne X, Yy, hpp — HeBiZOMi KOOpAMHATH Limi B
CIeiaNbHIi CUCTEMI KOOPIUMHAT;
Xy, X3, Y3 — KOODAMHATH TOYOK BHMIPIOBaHb B

CreliagbHii CUCTEMI KOOPIUHAT, SIKi B CBOIO YEPry pPo3-
PaxOBYIOTHCSI 3 TEOMETPUYHHX CIiBBIIHOIIEHD, 1[0 HaBe-
JIeHi Ha puc. 2.

y'3 ................... TNe3 ()C3, Y3, h3)

1

i

1

1

i

1

i

i

1

i

1

1

i
/)
J

TNEI (xl, yl: hl)

Puc. 2. I'padiuna imocTpaiis reoMeTpUIHUX
CHiBBiIHOIIEHb /151 PO3TAIIYBAHHS TPbOX TOYOK
BUMIPIOBaHb y IUIOIHMHI

Ha mifcTaBi BiTOMUX reOMETPUYHHX CITiBBIIHOIICHD
3rimHO 3 pHC. 2, GopMynH It po3paxyHKy HEBiTOMHX
KOOpAHWHAT TOYOK BUMIpPIOBAaHb B CHEHiaJbHIA CHCTEMI
KOOPAWUHAT MaTUMYTh BUIJIS

X2 :\/(xz — )+ (=) + (hy — )%
_2/p(p-a)p-b)p-o)

a

Jie p — HiBIEPUMETP, KUl PO3PAXOBYETHCS 32 (POPMYIIOIO:

®3)

<
o=

a=x5;
b= \/(x3 —x)* + (3 =)+ (g =)

c= \/(x3 —x)? + (v3 = y2)* + (s — ).

Jlnst oTprMaHHs po3paxyHKOBUX (HOpMYII, SIKi JO3BO-
JISIFOTh OOYMCIIFOBATH KOOPIMHATH IJTl B CHCIliaIbHIN
CHCTeMi KOOpAWHAT, BUKOHAEMO BiAIOBIIHI ITEepeTBOpe-
HHS CHCTEMH PIiBHSHB (2), B pe3yIIbTaTi OTPIMAEMO:

, _D{—DF+x
XH: 5

2x5

D22 —D32 — X5 +2x5x]; +x§2 = 2x3xp + y’32 4)
2y ’

' ' 2 12 2
hl[: D] —)Cll—yu.

Ha migcraBi oTpUMaHUX KOOPIWHAT IUTI B CIICi-
NBHIA CHCTEMi KOOPOUHAT HEOOXiTHO BUKOHATH IX
nepepaxyHok a0 cuctemu koopauHat CK-42. Ilepepa-
XYHOK 3/1iIHCHIOETBCS] B HACTYITHIH TOCITIIOBHOCT!.

BBenemo 6a3ucu OPTOHOPMOBAHHX OJJMHUYHUX BEK-
TOpIB, SIKi TIOB’s13aHi 3 aHAJII30BAaHUMH KOOPAWHATHUMHU
CHCTEMaMH, SIK IIe TOKa3aHo Ha puc. 3.

4

Puc. 3. I'padiuna imocTpauis npexcraBieHHs
0a3uciB OJMHUYHHX BEKTOPIB KOOPANHATHUX CHCTEM
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Busenemo GpopMyiu s po3paxyHKy OAMHOYHHX
BekTopiB (i, j', k') 4epe3 Bimomi exeMeHTH.

Po3paxyeMo OJMHUYHHUI BEKTOp ' depe3 Bimomi
KOOpAWHATH TOYOK BuMiptoBans B CK-42:

< n - I 7
1'2—12 =Cl +C1pJ +Cl3k, (5)

2

Jie BIATIOBIMHI CKJIQJIOBI PO3PaxOBYIOTHCSA 3a Ode-
BUIHUMH (popMyIiamMu:

Ao = (o =2 ) +(vy = w1 )j + (g =y ks

|712|:\/(x2 _xl)z +()’2 —y1)2+(h2—h1)2;

S Tt WP Lub | R hzq— h
72| 72| 72|

OnuHUYHAN BEKTOp k' MOXKHA OOUMCIUTH K pe-
3yJIBbTaT BEKTOPHOTO JOOYTKY BEKTOpIiB 7, 1 7j3 , MOMi-
JICHUH Ha iX JOBXHUHY:

e B R . . -
k':%ZC‘_’,li +C32j+C33k, (6)
|r12 'V13|

JIc BIITIOBIZHI CKIIAIOBI PO3PAXOBYIOTHCS 33 OUCBU-
HUMH HopMyTamMu:

A
Vo= hy—h|=
3=y h—h

(2 = 3003 =) =2 =) =) +
(= oy =)= (v = 0 s = ) +

+ (2 =2 )3 = 1) = (2 = 3 Moy = )k

Na X N3 =|Xy — X

X3 =X

((yz - yl)(h3 - h1)_(h2 _hl)(y3 - yl))z +
‘ru x F13‘ = Jr((hz - h1)(X3 - X1)_(X2 - X1)(h3 - h1))2 +;
+((X2 =% (Ys = Yi)-(y, - yl)(XS - Xl))2

(YZ - Y1Xh3 — h1)_(h2 — h1)(Y3 - Y1)

= ‘Flzxrw‘
c :(hz_hl)(xs_xl)_(xz_xl)(hs_h1)
* ‘FIZXFIS‘
c :(Xz_X1XY3_y1)_(yZ_Y1)(X3_X1)
* ‘r:l2><rl3‘

OnvHOYHMI BEKTOp j' € Pe3ysIbTaTOM BEKTOPHOTO

JNOOYTKY OJMHUYHUX BEKTODIB k' Ta i':

ik
J'=k"i'=lcy; 3 c = (13630 —ciae33 )i +

31 32 33 13¢32 12¢33

‘1 ‘12 Aas

(7
+ (6’1 1633 — €13€31 )j + (012031 - 0116’32)
aGo y BHIAL /' = Cyyl +Con ) +Cosk

A& Cp1 =€13€32 —€12€33,
€22 =€11€33 —C€13C3] »

€23 =C€12€31 — 11632 -

TakuM YMHOM OCTaTOYHI PO3PaXyHKOBI (OPMYIH
JUIsl OOYHCIICHHST KOOPAMHAT Il B CHCTEMI KOOPJHHAT
CK-42 HaOynyTb BUIIISIY:

X=X +x'ucll +y'uczl + h}lcﬂ
Vi =0t Xgen +yycan +hpes ®)
h[[ = hl +x'ucl3 +y’uC23 + hle33

BucHoBku

BusHaueHHs1 KOOpAMHAT LTI 3aIIPOIIOHOBAaHUM Me-
To/IOM OyJe 3aJIe)KATH JIMIIC BiJl TOYHOCTI BU3HAUCHHS
notouHnx koopauHat BITJIA B Toukax 3miiCHEHHS 3HIMKY
Ta TOYHOCTi BUMIPY BiINOBITHUX 3HAYEHb AATHHOCTI 10
T,

Jlns BE3HAa4YeHHST KOOPAMHAT LTI BIICYTHS moTpeda
BEJIMKKX 00’€MIB MaM’ATi Ta MOTYXHHUX OOYHCITIOBAIIH-
HHX PECypCiB.
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Onpeneﬂeﬂﬂe KOOPAUHAT HAa3€MHBbIX neJieil ¢ HCIOJIb30BAHUEM Manoraﬁapnrﬂux BIIJIA Ha ocHOBe
YCOBEPHICHCTBOBAHHOIO NCEBAOAATLHOMEPHOI0 METO1A

0O.B. Maiictpenxo, H.B. Bypzeiinsiii, C.H. Crerypa, C.B. Crenus

B cmamove obocnosana yenecoobpaznocms UCnONb3068aHUSL YCOBEPULEHCIBOBAHHO20 NCE8000ANLHOMEPHO20 MEmMooa Oiisl
onpeodenenus KOOPOUHAM HA3EMHLIX Yelell ¢ NPUMEHEHUEM Manio2abapumHblx OeCRUIOMHBIX IeMAMENbHbIX annapamos, KOmopbili
ucnonv3yemcest 0jis onpeoeneHust KOOPOUHam 06beKma Ha MECIHOCIU 8 PEedCUMe PeallbHO20 8peMeHU e3 NPUugieyeHUss MOUHOU
BLIUUCTUMETILHOU MEeXHUKU.

Ilpogeden ananus cyuwecmsyiowux mMemooo8 OnpeoeieHuss KOOPOUHAM HA3ZEMHbIX 0OBEKNOo8 ¢ NOMOUbIO OeCnUIOMHbIX
JIeMAmenbHbIX ANnapamos U NPeoiodCceH ai20PUmm ux onpeoeienus: Had OCHOBe YCOBEPULEHCIMBOBAHHO20 NCE8000ANIbHOMEPHO20
Memooa ¢ UCHOIb308AHUEM MATI02AOAPUMHBIX OECNUTOMHBIX TIeMAMETbHbIX ANnapamos.

Knrouesvie cnosa: becnunomuulii iemamenvHulil annapam, ncedoo0anrbHOMEPHbIL Memoo, KOOPOUHAMbL Yelu.

Determination of coordinates of terrestrial targets with the use of small UAVs on the basis of an improved
pseudolongdimensional method

O. Maistrenko, M. Burdeinyi, S. Stehura, S. Stetsiv

In this article the feasibility of using an improved pseudolongdimensional method to determine the coordinates of
terrestrial targets using small-scale unmanned aerial vehicles (UAVs), which is used to identify the coordinates of an object on
the ground in real-time without involving of powerful computable technique, is justified.

The analysis of existing methods for determining the coordinates of terrestrial objects using unmanned aerial vehicles is
carried out and an algorithm for determining them based on an improved pseudolongdimensional method using small- scale
unmanned aerial vehicles is proposed.

The determining the coordinates of terrestrial objects using existing unmanned aerial vehicles is carried out by comparing
the image, which was obtained from a located on the unmanned aerial vehicles video camera, with an electronic territory map,
on which the observation takes place. The coordinates of the point on the terrain are determined after reaching of maximum
coincidence of specified images. The accuracy and timing the coordinates of the point depends on the quality of the image, the
number of images, the angle and other factors.

An algorithm for determining the coordinates of terrestrial targets using small-scale unmanned aerial vehicles based on an
improved pseudolongdimensional method was proposed based on the analysis of the unmanned aerial vehicles work to identify
the coordinates of the point on the terrain. The pseudolongdimensional method is used in modern satellite navigation receivers,
which is solved by using methods of "least squares", "successive approximations™ and etc.

The analysis of the accuracy estimation shows that the errors of the coordinate’s determination of the target by the
proposed method will depend only on the accuracy of determining the current coordinates of small- scale the unmanned aerial
vehicles at the points, where the picture was taken, and the accuracy of the measuring of the corresponding values of the range fo
the target. To determine the coordinates of a target there is no need for large amounts of memory and powerful computing resources.

Keywords: unmanned aerial vehicle, pseudolongdimensional method, coordinates of targets.
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