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FORMATION THE SET OF COMBAT CAPABILITIES PARAMETERS OF THE STRIKE UNMANNED FLIGHT
APPARATUS BASED ON A FACETED CLASSIFICATION SYSTEM

M. Nekhin, L. Kanevskyi, Yu. Myronchuk

One of the main approaches to improving the strategy and tactics of the use of strike unmanned aircraft systems is the
creation of a methodology for the formation of requirements for their combat capabilities in accordance with the place of the
aircraft in the accepted classification system. Today, there are several classification systems for unmanned aircraft systems
according to different principles. These classification systems complement each other, but none of them provides full coverage of
the set of parameters that characterize an unmanned aircraft complex. There is an urgent need to combine various systems and
principles of classification into a single organized system that covers all types and classes of unmanned aerial vehicles. types The
facet system makes it possible to delineate the boundaries of the requirements for the combat capabilities of unmanned aerial
vehicles depending on their position in the classification system.

The article provides a list and content of parameters of the combat capabilities of strike unmanned aerial systems and
briefly considers the interrelationships between them. It is shown that the mass of the combat unit, which the aircraft is capable
of carrying, is the basic criterion in the set of combat capabilities. This mass functionally depends on a number of factors, the
main of which are the gross take-off weight, the passport duration of the flight and the cruising speed of the aircraft. The nature
of this dependence was established on the basis of a statistical analysis of the combat and tactical-technical indicators of attack
unmanned aerial vehicles weighing up to 250 kg, which are in service with a number of countries of the world.

A method of forecasting the values of the parameters of the combat capabilities of strike unmanned aerial vehicles is
proposed, depending on their place in the faceted classification system. The application of the method makes it possible to
establish a relationship between the types of combat tasks and the types of aircraft suitable for solving them.

Keywords: unmanned aircraft systems, attack unmanned aerial vehicles, classification of unmanned aerial vehicles,
combat capabilities of unmanned aircraft systems.
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BILIVB TAHT'EHIIIAJIbHOI I HOPMAJIBHOI CKJIAJIOBUX HIBUIKOCTI BITPY
HA JAJIBHICTB JIETY CHAPAIA

Ha ocnosi 3anpononosanoi agmopamu mamemamuyHoi MoOeni GU3HAYEHHs. CUNU 10008020 ONOPY NOGIMPsL
PYX08I CHApSI0a OO0CHIONCYEMbCSL GNIUE CYNYMHb020 (3ycmpiuno2o) eimpy Ha tlo2o Oanvhicme jaemy. OCKiibKu
xapakmep no6ediHKu cunu 10008020 ONOPY NOGIMPA CYMMEBO 3ANEAHCUMb 6i0 MO20, WEUOKICMb CcHApAOA
Hao038yK08a, Ni038YKOBA YU 0036YKO8A, MO (DYHKYIOHANbHY 3ANE)HCHICMb CULU 10008020 ONOPY NOSIMps 8i0
WBUOKOCII ONUCYIOMb OKpeMO Ol KOJICHOI 30Kpemd. 3HauenHs XapakmepHux Koeqiyicumie @YHKYioHaTbHUX
3anexHcHOCmell BUSHAYAIOMb BUKOPUCIOBYIOHY, Pe3yIbmamiy HON2OHHUX 00Ciodicenb, saKi Hagedeni 6 Tabmuysax
cmpinw0.

Y pobomax inwux asmopie eenuuunu 3miwjeHv OaTLHOCMI JAemy CHAPAOA BHACHIOOK Oii CYnymHbO2O
(Bycmpiuno20) 6iMpy GUHAHANU, BUKOPUCTNOBYIOUU NE6HI 3anexcHocmi. Benuuunu nonpasnux Koegiyienmie ma
Koeiyienma cunu onopy 6U3HAYAIU eKCHePUMEHMATbHO 3 NegHOoI0 mounicmio. OKpiM mo2o, He 6pax06y8ascs MucKk
8impy Ha OiuHy NOBEPXHIO CHAPAOA ma 6NIU8 WEUOKOCMI 8impy HA WEUOKICNb 38YKY 6 HOGImpi, OCMAHH:A
3anexcumy 6i0 HANPAMKY PYXy CHaApa0d 8 npocmopi.

YV pobomi posensioacmecs ennue maneenyianbhoi i HOpMAILHOI CKAAO0BUX CYRYMHBLO20 (3yCmpiuH020) 6impy
CMOCOBHO MPACKMOpIi pyXxy cHapaoa, Ha 1io2o Ounamiky. Taxkodxc 6paxoeyemvcs 6nau8 WeUOKOCmi 6impy Ha
WBUOKICMb 36VKY 8 NOGIMPI.

Ompumani meopemuuni pe3ynomamu 003601510Mb CMEEPONHCYEAMU, WO HOPMATLHA CKAAO08A 8IMpPY CYIMMEBD
BNIUBAE HA OANLHICMb JIemy CHAPAOA, AKWO 1020 MPAEKMOPIs PYXY € GURYKIION.
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Bnaue nopmanshoi cknadoeoi weuokocmi cynymuuo2o (3ycmpiuno2o) 6impy Ha pyx CHAps0d € He CYmmesuM,

AKWO Mpackmopis pyxy cHapsoa € noaocor. OOHaK y 6UNAOKY pyXy CHapsaod no eUnykuiti mpackmopii il eniue
cmae 3Haynum. Poszbisicnocmi midie mabauynumu 3mingeHHAMY 8I00ANi8 lemy CHApA0a 6HACAIOOK Oii CynymHb020

(3ycmpiunozo) simpy, nasedenux y Tabauysx cmpined, ma smiweHHAMU OAIbHOCHI 1eMy CHAPAOd, BUSHAHEHUX NPU

8PAXYBAHHI MAHSEHYIANLHOT | HOPMAILHOI CKIA008UX 6IMpYy MA GNAUSY GIMpPYy HA WEUOKICMb 38YKY 6 Nosimpi, €

cymmeeumu.

Ompumani meopemuyni HANPayio8anHs 00360510Mb AGMOMAMUIYEAMU NPOYeC PO38 A3Y8ANHA NPAMOL abo
0bepHeHoi 3a0au 308HIUHBOT OANICMUKY NPU O0BIILHUX 3HAYEHHAX 0eMepPMIHOBAHUX | He0emepMIHOBAHUX YUHHUKIE.

Knrouosi cnosa: zapmama, 308HiwHsA banicmuxa, cuid 10606020 onopy nogimpsi, CynymHiii gimep

IlocranoBka npoodJiemu

VYMOBHO BCi 3aJjaui 30BHIIIHBOI OaJiCTHKA MO>KHA
PO3IIIUTH HA MIPsIMY 1 00epHEeHY. MeToro mpsiMoi 3aadi
30BHINIHBOI OalliCTHKK € BHU3HAYCHHS KOOPIUHAT
MPU3EMJICHHS CHAapsi/a, SKIIO BiJIoMa BEIMYMHA KyTa
MIPUIUTIOBAHHSA, a O0CPHEHOI — BU3HAYCHHS BCIMYUHH
KyTa TMPULUTIOBAHHS, sKe 3a0e3MeudTh BIIyYaHHS
CHapsaa B 1Tk, SIK 7S TIpsiMoi, Tak i 0OepHEHO1, 3a1a4
BBAXKAETHCH, 110 BiJIOMI IMOYATKOBA IIBHIKICTH Ta Maca
cHapsiga, aTMoc(epHHUl THCK, TemrepaTypa MOBITpS,
BEeJIMYMHA 1 HampsM IIBUIKOCTI BITPY Ta
napameTpH.

Tounnii po3B’SA30K HUX 3amad HPOOIIEMATHIHO
OTpUMATH, OCKIIbKM Ha pyX CHapsja BIUIMBAIOTh
CYKYIHICTh  JISTEPMIHOBaHMX 1 HEJCTCPMiIHOBaHHX
YUHHUKIB, JEsKI 3 HHUX 3MIHIOIOThCS SIK B TPOCTOPI,
TaK i 4Jaci.

1HIII1

AHaJITHYHHUMH METOJaMU HEMOXIIMBO peaizy-
BaBTU PO3B’SI3yBaHHA 3amad 3
TOYHICTIO B CHWIy  BHIICHCPEITIUCHUX
BUKOpPHUCTaHHSIM TITBKH €KCIIEPUMEHTAILHUX METOJIIB
HEMOXXJIMBO BIJIITOBICTA HA 3HAYHY KUIBKICTh MUTAaHb,
sKi CTaBIATH mpsiMa i oOepHeHa 3amaui. Tomy Jyis
pPO3B’sS3yBaHHA WX 3aJa4 HEOOXiHE IO€THAHHS
EKCIIEPUMEHTATBHUX Ta TEOPETUUHUX METOJIIB.
Bracniok TOMITOHHUX JOCTIIKCHb CKOMITOHO-
Tabmumi cTpimebn  mnst rayounp i
YV Tabmumax 3amucaHi AWCKPETHI 3aJEKHOCTI Mk
KyTaMH{ TIPUIIUTIOBAHHS Ta TOPU3OHTAIBHUMH BiIIasIMU
JeTy cHapsima 3a craHmapTHux ymoB [11]. Takox
BKa3aHi 3MIMIEHHS TOPU3OHTAIBHOI MajdbHOCTI JIETYy
CHaps/IiB MPH KOHKPETHUX 3HAYEHHSX JETEPMiIHOBAHHX
Ta HEJETePMIHOBAHMX YUHHHKIB,
BIJIMiHHI BiJ] CTAaHJaPTHHX.

30KkpemMa, Ha BEJNUYUHY 3MILICHHS JaJbHOCTI
CTPinbOM Ma€ CyTTEBHI BIUTHB CYIyTHid (3ycCTpiuHmi)
Bitep. TeopeTH4Hi MOCHIIPKEHHsI BIUIMBY CYIYTHBOI'O
(3ycTpiuHoro) BiTpy HaBedeHi B poborax [2-5].
VY Tabmuisgx ctpine6 [11] BkasaHi BENMHYMHH 3MillleHb
JATbHOCTI  CTPiABOM TpU  HASBHOCTI  CYMYTHBOTO
(3ycTpiuHOro) OGayliCTHYHOrO BITPY 31 MIBHAKICTIO

Vig =10/

LHAX HEOOX1JHOI0

TPUYHH.

BaHi rapmar.

BCIIMYMHU  IKHX

OpHak, MBHIKICTh BITPY HIKONIM HE JOPIBHIOE
TaOJIMYHIH Ta TPaKTHKa BHKOPHCTAHHS MOIPABOK,
O0YMOBIICHHX [€I0 CYMYTHHOTO (3yCTPIiYHOIO) BITPY,
BKa3ye Ha iX HEJJOCTATHIO TOYHICTb.

Omxe, I MIABUINEHHS TOYHOCTI
HEOOXIZTHO 3IHCHUTH JOCTIDKCHHS, CKEpOBaHE Ha
BU3HAUCHHS  BEJMYMH  3MIIICHb  TOPH30HTAJIBHOI
JAIBHOCTI  CTPiBOM TP HASBHOCTI  CYIYTHHOTO
(3ycTpiuHOro) BITPY 3 JIOBUIBHOK IIBHJIKICTIO 3
O1JIBIIIO0 TOYHICTIO.

CTpiBOU

AHani3 nociaKeHb i myoaikanii

V po6orax [1—5] BHCBITIEHO TEOpETHUHI OCHOBH
JOCHIKCHb  30BHIIIHBOI  OalliCTUKH  CHApsOiB  Ta
MicTUThCSl 00°eMHa Gibmiorpadiss pobiT, MPHUCBIYCHUX
pOMY muTaHHIO. SIK y 1mMx MoHorpadisx, Tak 1 B
HayKoBHX mparisix [6—9], cuma 1060BOT0 OMopy MOBITPs
OIMCYETHCS 3AIEKHOCTAMH

2 2
R=EL e, . ®
2 4 Vs
abo
2 2
oV xd
R=—Cp, 2
> 4 oD )
ne R - cuma nmobosoro omopy mosiTps, V -

HMIBUJKICTh CHapsaa, O — LycTHHa HoBitpa, Vg -

IIBMIKICTH 3BYKy B TOBiTpi, O — KkamiGp cHapsma, i —

koedimieHT ¢opMu cHapsma, Cy| — | -

€TaJIOHHa
VS

Kiisg jgo6oBoro omopy, Cp — KoehillieHT CHIN
YH Py D
V 2

omopy. Benmunny HA3WBAIOTh ' TUHAMIYHUM

THCKOM"".

V Bumanky BpaxyBaHHA BIUIUBY BITPY Ha
JMHAMIKY CHapsija CWJIy JIOOOBOrO OIOpYy MOBITPs
OITHCYIOTh 3AJICXKHICTIO [4, 5]

_prd’

R CoVlv-W), 3)

me W — BeKTOp MBHIKOCTI BIiTpY; \7=’\7—VV‘ -

MOJYJTh IIBUAKOCTI CHApsIa BiJIHOCHO BITPY.
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VY monorpadisix [2, 3] Benu4YMHU 3MilICHDL JaJTb-
HOCTI JIeTy CHapsAa BHACHJOK Jii CYIYTHBOTO
(3ycTpiuHOro) BITPY BH3HAYalOTh, BHKOPHUCTOBYIOUH
3aJIEKHICTh

cos +

X X sing,
Xy Wy | T2 OX SN | - (4
Vo 20, Vg

ge W, — mpoekuis MIBUIKOCTI BiTpy Ha Bick Ox; T —
TPUBAJICTb JIeTy cHapsaa; V — Io4aTKoBa IUBHIKICTb

oxX . oX .
—— i —— - mompasHi
Vg 06
Koe(illieHTH, 3HA4YeHHs SIKMX BHU3HAYAIOTh EKCIIepH-
MECHTAaJIBHO.

cHapszaa, 0y — KyT KUJAaHHS,

oxX . oX
N, 96,
BU3HAUYalOTh 3 NeEBHOW ToyHicTio. OKpiM TOrO, Yy
dopmynax (3) i (4) He BpaXxOBYEThCS THUCK IMOBITPS Ha
OiuHy MOBEPXHIO CHapsIy Ta BIUIMB IIBHIKOCTI BITPY
Ha IIBUJKICTH 3BYKY B ITOBITPi, OCTaHHS 3aJICXKHUTh Bij
HaIpPsAMKY PyXy CHaps/a B IPOCTOPi.

Benuuunu xoediuientiB Cp ,

@opMy.IIOBAHHS METH CTATTI

BuKOpHCTOBYIOUM ~ pe3ylbTaTH  IMOJIFOHHHX
JOCTIKeHb, sKi HaBemeHi B Tabmmmsax crpinms0, Ta
AQHANITHYHI JTOCTIKCHHS, PO3pOOICHO MaTeMaTHUHY
MOJIeNTb BU3HAYEHHA CHJIM JIOOOBOTO OIOPY TIOBITPS
pyxoBi cHapsima [10]. Meroto craTTi € BH3HAUECHHS
3MIHH JaJbHOCTI JIETY CHApsi/ia BHACIIZOK il HA HBOTO
CYNyTHBOTO (3YCTpiUuHOr0) BITPY 3 BpaxyBaHHIM
BILUIMBY IIBUJIKOCTI BITPY Ha MIBUJKICTb 3BYKY B HOBITpI
Ta THCKY BITpY Ha OiYHY MOBEPXHIO CHapsiJa, Ha OCHOBI
3aMpoNOHOBAHOI MOJEIII.

Bukax 0oCHOBHOT0 MaTepiay

3riano 3 mMatemaruuHo moxento [10] dyHkio-
HaJIBHI 3aJIOKHOCTI BEIHYMHUA CHJIA JIOOOBOT'O OIOpPY
MOBITPSL PYyXOBi CHapsnga BiJ HOro MIBHIKOCTEH
OIICYETbCS OKPEMO TIpH pyci 3 HaA3BYKOBOIO,
MiI3BYKOBOIO Y JJO3BYKOBOIO LIBUAKOCTSIMH, TOOTO
MU

Bi
R(t) =Cx paSc (VD) [%] BN©

Je Cy — KoeQilli€eHT, KU BpaXoBye acpoAUHAMIUHICTb
¢dopMu cHapsizma, mpH HOro MO3TOBXHBOMY OOTiKaHHI
HOBITPAM 1 IpONOpUIHHOCTI; p, — TyCTHHA IOBITpH,
Sy — MakcHMajbHa IUIOMA MONEPEYHOro Mepepisy
7i(=L23) 1 B (i=L23)

3HAUYCHHS SIKMX € Pi3HUMH TpH Haa3ByKoBiit (i=1),

CHapsia; — KoedilieHTH,

migseykoBiit (i=2) Ta nossykopiii (i=3) mBmaKOCTAX.

[Touatox cucremMu KOOpIUHAT Oxyz po3Mi-
myeTbess Ol AynpHOro 3pidy rayoumi. Bice OX

CKEPOBYETHCA B  HAIIPAMKY Hi.]'[i Ta JICKUTb Y

TOPH3OHTANBHIl miommHi  30poi, Bick Oz -

HATIPAMJISETECS BEPTHKAILHO Bropy, a Bice Oy €
HEPICHINKYIApHOW 10 miommHu OXZ, yTBOPHOHOYH
npaBy cuctemy koopauuar OXyzZ .

Meroayka BU3HAYECHHS BEJIMIMHU CIJIH JIOOOBOTO
Oropy TIOBITPS pPYyXOBi CHapsiia TPH  BiCYTHOCTI
CYIyTHBOTO (3yCTpiYHOTO) BIiTPY OmMCaHa B PoOOOTI

[10]. ¥V mpomy BHIamKy cuiia JOOOBOTO OMOPY MOBITPSI
ormcyeThes HOpMyIIO0

5,255
. (t):cxsxua-101325 L 6,5(z+2p) y
un 288000
\V (4))2 7B
y _ V) ®
kaRun )7 14055
“atun | (TK-0,006328 z(t) )0°Fi
Ha
Ke .
ne Ha =2896 — YMOBHa MOJISIPHA Maca TOBIiTpS;
KMOJb
Lo .
Run =8314———— — yHiBepcajbHa ra3oBa craia;
kMo K
TK - a6conmrotHa Temmeparypa NOBITPS B TOYII

posramryBaHHs 30poi; K,=1,4 — mokasHHK amiabaTu
s nositps; zp=11154 m - obymosiena craH-

JapTHUM atMochepHuM THCKOM 750 MM pT. CT.

BruiuB cynyTHBLOIr0 BiTPY HA IMHAMIKY
cHapsaa
SIkmio BiTep BiACYTHIiH, TO cuity J100OBOro Ornopy
MOBITPST BU3HAYAIOTh, BUKOPHUCTOBYIOUU (opmyny (6).

OpHak y peanbHOCTI Mifl Yac CTPiNbOM € BiTep, SKUii
BIUIMBA€E HA JMHAMIKY CHapsiaa. Y 3arajbHOMY BUINAAKY

IIBUIIKICTh BITPY VV(\/VX,Wy,WZ) BU3HAYAETHCS TPhOMA
cknagosumy, ne W, , Wy 1 W, — npoekuii mMBUIKOCTI

BITpY Ha OCi KOOp/MHAT.

Ockinbku BenuuuHa cki1agoBoi  Bitpy W,
IIEPEBAXKHO € HE3HAYHOK, TO BIUIMBOM 1i Ha pyx
CHapsila MOXKHa 3HeXTyBaTH. MeTol CTarTi €

JOCIIDKEHHs. BIUIMBY CYIYTHBOTO (3yCTpi4HOr0) BiTpY
Ha pyX CHapsaa, TOMY BBa)XKa€EMO, IO Wy =0, 1 Toni
W =W, . ©)

PoskimameMo BeKTOp IMIBHMAKOCTI BITPY Ha JBi
CKJIAJIOBI — TAHT'€HIIaJIbHY, KA CKepOBaHa M0 JOTHIHIN
JIO TPAEKTOPIi pyxXy CHaps/a, i HOpMalbHy, TOOTO

Wi =Wy +Wyp - @)
TaHreHmiagbHa  CKJIAmOBa  IIBHAKOCTI  BITPY
JIOPIBHIOE
. - = X(t)W,
W =W|cost i - L @
VO +30% 20
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OckinpKy cuiia JI0OOBOI'O ONOpY MOBITPSl PYXOBI

CHapsi/la 3aJIeKHUTh BiJl IIBHIKOCTI CHapsAa BiIHOCHO
TIOBITPS, TO ii BETMYMHY BU3HAYAEMO 3AJICKHICTIO

R(t)= Cy Sy 15101325 (l 6'5(Z+Zp)j5’255x
~ Ryn{TK-0,006328z)" 288000
v X(OW, 2+7i+h; X(O)T+y(t) j+2(t)k -
[V (t)| [\/ (t)| s
a6o
ﬁ(t)— Cx 'SX ,ua101325 (1 6’5(Z(t)+zp)\J5’255X
"Ry {TK-0,0063282(t)) 288000

KO0 +2() X)Wy
JRO2+y(0) 2 +2(1)2

2+yi+PBi
} x

| xOTy0i+20k |, 4
\/X(t)2+)'/(t)2+2'(t)2 S

Y HampsMKy I[IBUAKOCTI CHapsjga IIBUIKICTh
3BYyKy B TOBiTpi npu HasBHOcTi BiTpy (7) Oyme
OIMMCYBaTUCH (POPMYIIOF0

(10)

Vs (t)= \/ aRu"(TK 00063282(t))4x—(()). (11)
Ha

Omxe, cuma 1000BOTO OIMOPY TOBITPSI PYXOBi CHa-
psima mpu BpaxyBaHHI TaHTCHINIAIBHOI CKIIAIOBOI BITPY Ta
BIUTMBY BiTPY Ha MIBUJIKICTh 3BYKY B TIOBITpi JJOPIBHIOE

Cy Sy 115101325

5,255
R(t)= (l 6,5(z(t)+zp)) y
Run<(TK—0,006328z(t)).” 288000
2+yi+B;
X2 Y0 +2() X)Wy y
VD2 +7(02+2(1)2
X 1 X
' Bi
\/kaRU'“(TKO,OOGSZSZ(t)) = WxX(®)
Ha VX240 +2(0)?
J XOT-y®j-20k | 12)
VX2 +y () 2+2()
OCKiBKM ~ TaHTEHIialbHA  CKJIAJ0Ba  BITPY
OIUCYETHCS 3aTICKHICTIO
_WLX(E) X(O)T+Y(E)-T+2(t)-k »
“vo veo "
TO HOpMAaJIbHA CKJIAJI0Ba BITPY Wxn JIOPIBHIOE
Wxn=W T—VVXT abo
Wxn Wi = Wyx(t) x(t)|+y(t) j+Z(t) k’
V(1) V(1)
(V(t) —X(0)* W, W, X(t)y(t) J-Wyx(0)2(t)-k

V()

Wi, VV(V) 50242022090 T-020K), aa)
afil MO,HyJ'H) ,HOplBHK)e

|Wxn| =

V"’(";' \/ y(t)2 +2(t) )2 (XOYOF +(x@O)20).

Hopmanbha cknamoBa BITpY

> (19)

Wxn

MONEPEYHOro OOTIKAHHS CHAps/Aa MOBITPSIM CHPHYUHSE

BHACIIIIOK

CHIIy THCKYy Ha TIO3JOBXKHIO TIOBEpXHIO CHapsa.
BenuuuHy cunmi TUCKY OyAeMo BU3HA4aTH, BUKOPUCTO-
BYIOUH 3aJICKHICTh

- 7 @ Wi
Fan :Cysypa’Wxn‘

ne Cy — KoedilieHT, SKui BpaxoBye aepoAMHAMIUHICTh

(16)

dbopMu CHapsga MpA HOrO MOMEPEYHOMY OOTiKaHHI

NOBITPAM 1 MPONOPUIHHOCTI; Sy — MaKCHUMalbHa

IIOa MO3J0BKHBOIO IEpepisy cHapsia;, oy —
KOE(ILiEHT MPOMOPLIHHOCTI.

[Migcrapmsroun (14) i (15) B piBasaas (16) i
BPaxoBYIOUH, [0
W _ (y0%+2002) T - xy®)- 1 - x020) )

Wil J02 + 202 F + 030 « (0200

signW .,

OTPUMAEMO

Fun=CySypax

ay
[—Vlv(\i)L o2 +202f +x0y0 P00 J x

_ozz02-wio o)

Vw2202 +(c0yw) slx20)?
BpaxoBytoun, 1m0

signW, - 17)

3MiHa TYCTHHH IIOBITpA

OIMMCYETHCA 3aJI€KHICTIO

1013250, (, 65(z+2p))"*
Run(TK—0,006328 )|~ 288000

TO, TIACTABIAOYA 1i B  CIIBBIJHOIIECHHS

Pa(2)=

A7),
OTPUMAEMO

. CySyal01325 (l 6’5(Z+Zp)j5,255X

E -
"R, (TK—0,006328 )\~ 288000

ay
[ s Jy(t)2+z<t) (x‘(t)y(r))%(x'(t)z'(t))z] x
(

Y2+ 202 %) Y1) J-x®2(t)K )
07 +207 Py 0020

x signw, - (18)
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OTxe, Npu BpaxyBaHHI [ii HA CHAPS CYMyTHHOT'O
(3yCTpiuHOr0) BITPY OTPHUMAEMO, MIO HA HBHOTO JIFOThH:

P - cuna Baru chapsma; Fgor — Kopionmicosa cuna;

R —cuma mobGoBoro omopy TmOBiTps, sKa IpH

BpaxyBaHHI Jii TaHTEHIIAJIFHOI CKIIAZIOBOi CYITyTHHOTO

BIT omucyerbes 3anexnictio (12); R — cua,
wn

00yMOBJIEHa [i€f0 HOPMAJBHOI CKJIAJJOBOi CYIMyTHHOT'O
BITpYy Ha OiUHY IMOBEpXHIO CHAps/a, SKa OIHCYETHCS
criBBigHomenHsaM (18).

Ha ocHoBi [Ipyroro 3akoHy AMHAMIKH 3aIUIIETHCS
PIBHSIHHS

ma=P+Fyo, +R+Fyp, . (19)

Ipoektytoun BektopHe piBHsHHS (19) Ha oci
JlekapToBOi cHCTEMU KOOpIHMHAT, OTPUMYEMO CHUCTEMY
mudepeHiadbHUX piBHSIHB, SKa ONHCYE PYX CHapsaa
IiJ Ji€10 1i€T CUCTEMHU CUIT

3 CySy g 101325 1
Ry (TK—0,006328 2)

2+yi+hi
X2 +y2+2%-XW, X

wl)’(2+y2+z'2 ﬁ)‘(2+y2+z'2

Bi
J KRun (1 _0,006328 7)+ W

Ha VXP+y242?

_ CySymal01325 (. 65(z47p) B
Run(TK-0,006328 z)\" 288000

v

2

6,5(2 + zp)jg"255 y
288000

ay

x2+y2+z

(yz+z'2)signWX

J(y2+z'2)2+(xy)2 +(x2)?

—2ma, (2c0sA cosy —y sinA);

(20)

iy CoSxita 101325 [1

Ry (TK—0,006328 2)

2+yi+hi
%492 422 —XWy y

Jx2+y2+2°2 X2 +y2+22

Bi
kR W
\/ U (TK —0,006328 7)+— X

Ha VX2 +y2422

6,5(z+zp)j‘r”2‘r"r’X
288000

CySy 15101325 (1 6,5(z+zp) 5,255X
Run (TK-0,006328 z)k 288000

Wy |((y2+22)2+(xy)2 +(>‘<z')2j

2

0,5|%

X
x2+y2+z
XysignW,

\/(y2+z'2)2+(xy)2+(xz)2

—2may (XsinA —2 cosAsiny );

(21)

m7=—mg CySyMa 101325 (1

Ryn (TK —0,006328 )

2+yi+p;i
%2 +y2+7% —xW, 7

\l>‘<2+y2+z'2 1[)'(2+y2+z'2

Bi
kRyn XWy
(TK-0,006328 7))+ ———
\/ Ha X2 4y2 422
CySyHa101325 (l 6,5(z+zp) 5,255><
Ryn (TK—-0,006328 Z)K 288000

[wx|[(y2+z2)2+(x-y)2+(xz)2j

2

6,5(2+zp)}5’255X
288000

0,5|%

X

>'<2+y2+z'

XzsignWy

\/(y2+zz)2+(xy)2+(xz)2

—2ma, (YCos A siny —% cos Acosy ).

(22)

ITig yac Bcix OOYMCIIEHBb MOKIAIAIH, IO MTUPOTA
posramryBanHsi 30poi A=50 1 HampsMOK CTpiIbOH
. . . o
YTBOPIOE KYT 31 CXiTHUM HampsiMkoM 3emiti =90 .

Jns  BU3HAYCHHS TMapaMeTpiB pyxy cHapsaa
HEOoOXiTHO pPO3B’sI3yBaTH cUCTEMY IuepeHIiaTbHIX
piBasHb (20) — (22) npu MOYaTKOBUX YMOBAXx:

x(0)=0, x(0)=Vycos,, y(0)=0,

¥(0)=0, 2(0)=0 i 2(0)=Vsindy, (23)

ge Vp — modaTKoBa MIBUIKICTH cHapsna, Oy — KyT
KUJIaHHS, BEJIMYMHA SIKOTO JIOPIBHIOE

8o =ap +Yeep (24)

Ae @@ — KyT NPULUTIOBAHHS, Ygep — BEPTUKAIBHAN KyT

BuboTYy (Vertical jump).

Sk mpuKIax po3MIIAAETHCS AWHAMIiKa CHapsizia
Od-462K, BumymeHoro 3 122-mm rayoumi /JI-30,
3apsj NepLmi.
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[Tpu 3nilicHenHi o0uKcIeHb Opany 3HaYSHHs . Maca
cHapaga — M=2176 ke; moyaTkoBa IIBMAKICTH —
Vo =493/‘% , TUIOIIA TIONIEPEYHOro Mepepizy cHapsaa —

_ 2 2.
s, =n-0,064°x°; mowa

cHapsima — Sy =0,062258 w?; TeMIepaTypa ToBiTps —

MO3JI0BXKHBOTO ~ TIEpEpi3y

t =15 °C, ammocepruit tvck — P=750um pm  cn,

BepTUKaIbHMIA KyT BUibOTY (Vertical jump) — v4e, =14

IMix uac pyxy

mBuAKicTIO 3HauenHs mapamerpis: ¥1=-0,0834 i

cHapsjga 3 HaJA3BYKOBOI

p1=-01792, 3 mig3sBykoBorwo — y,=-0,210832 i
F>=3,070906, 3 no3BykoBow — 7y3=-0,376219 i
P3=-1800171.

c,=0,35,

Ha Bcix eramax pyxy cHapsma

cy=2262, 0ty =0921.

Tabnuys (ckopouenuii 6uenso)

3Ha4yeHHs JaJBLHOCTI JIETY CHAPSiJIa Ta BeJIMYMH 3MillleHHsI OOHYJIIHHSA TPAEKTOPIi pyxXy HaBeaeHi

B Tabuusx cTpisib6 [11] Ta orpumaHi TeopeTHYHO (CKOPOYEHUIT BUTJISIT)

W, =0 Wy =10/ Wy =—10%/ Wy =101/
aio, c c c
Xt , M Xi f‘% Xit , M Xit , M Xit o1
PO | g ik 2 W, -0 v e Wlk—o V\;k:tO wlk—o
n— Wn #0 n=— n n=—
1 2 3 1 5 6 7 8
0°00" 200 198,12 198,21 198,21 197,99 198,04 198,22
(0) (0,09) (0,09) (-0,13) (~0,08) (0,10)
10 1200 119362 | 119768 | 119685 1189,60 1190,38 1197,04
(4) (4,06) (3,23) (-4,02) (=3,24) (3.42)
- 2200 220332 | 221739 | 221487 2189,32 2191,78 2215,40
(14) (14,07) (11,55) (~14,00) (-11,54) (12,08)
o 3200 319875 | 323343 | 322845 3165,88 3170,50 3227,79
(33) (34,58) (29,70) (-32,87) (-28,25) (29,04)
v 4200 418339 | 425586 | 424731 4115,06 412261 423701
(62) (72,47) (63,92) (-68,39) (-60,78) (54,52)
5 5200 520644 | 533087 | 5317,37 5088,20 5099,79 5293,88
(96) (12443) | (11093) | (-11824) | (-106,65) (87,44)
- 6200 620775 | 639206 | 637269 6031,48 6047,67 6332,42
(132) (18431) | (16494) | (-176,27) | (-160,08) (124,67)
16%09° 7200 720375 | 745404 | 742816 6963,00 6984,28 7369,79
(172) (250,29) | (22441) | (=240,75) | (-21947) (166,04)
19°50 8200 820412 | 852423 | 849194 7894,49 7920,77 8415,89
(213) (32011) | (287.82) | (-309,63) | (-283,35) (211,77)
. 9200 920238 | 959138 | 955457 8823,62 8853,33 9463,66
(256) (389,00) | (352,19) | (-378,76) | (-349,05) (261,28)
o1 | 10200 | 1019970 | 1065195 | 1061626 | 975583 9783,89 10514,42
(301) (452,25) (416,56) (~443,87) (-415,81) (314,72)
g5 | 11200 | 1119096 | 1168923 | 1167514 | 1069640 | 1070366 11563,10
(350) (498,27) (484,18) (~494,56) (-487,30) (372,14)
45°00° 11540 11535,53 12019,30 12062,89 11050,23 11001,83 11930,23
(375) (48377) | (527.36) | (-48530) | (-533,70) (394,70)
swosp | 11000 | 1100378 | 1140304 | 1156322 | 1050865 | 1043467 11369,97
(377) (399.26) | (55944) | (-40513) | (-569.11) (366,19)
50706 | 10000 | 1001039 | 1031679 | 1059597 | 969678 9410,69 10323,00
(364) (306,40) | (58558) | (-31361) | (-599,70) (312,61)
. 9000 900609 | 923907 | 9617,82 8766,10 8374,86 9268,17
(347) (232,98) | (611,73) | (-239,99) | (-631,23) (262,08)
5805 8000 800114 | 817367 | 864136 782243 733513 8216,85
(329) (17253) | (640,22) | (-178,71) | (-666,01) (215,71)
20°00° 7420 740482 | 754641 | 806311 7257,59 6716,68 7595,02
(320) (141,59) | (658,29) | (-147,23) | (-688,14) (190,20)

Y Ttabmuni B mepuioMy CTOBIIII
OPUITIOBAaHHA  Oljg; Y JPYTOMY — HallbHICTB JIETY

BKa3aHi KyTH

B Tabmuusx crpine6d [11]; y TperbomMy cTOBmII —
Jery  cHapsna,
METO/IHKOIO,

anbHICTE
3aIPOMIOHOBAHOIO

BHU3Ha4Y€Ha
pu

3TigHO

HOpMAaJIbHUX

CHapszia (Xio , M) IpHY BKa3aHOMY KYTi MPUIIUTFOBAHHS Ta
CTaH/JIAPTHUX YMOBAaxX CTPUILOHW, 1 B IY)KKaX BEJIMYHHH
MOMpPaBOK, OOYMOBJIEHI BIUIMBOM OaliCTUYHOTO CYIyT-

HBOTO BITPY 31 HIBHIAKICTIO V, :10% , SKi BKa3aHi

yMOBaX; y 4YETBEPTOMY Ta IISITOMY CTOBIILSX BKa3aHi
JaTbHOCTI  JIETY CHapsja TMpu  IMIBHAKOCTI  BITPY

Vux =104 c 0e3 BpaxyBaHHS HOPMaJIbHOI CKJIaJ0BOL
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IIBHAKOCTI BITPY Ta 3 i BpaxyBaHHAM; y IIOCTOMY i
ChOMOMY CTOBIIIIX BKa3aHi JaJbHOCTI JIETY CHapsja

npu mBUAKOCTI BITPY Viyy =—10MA 0e3 BpaxyBaHHS

HOPDMaJIbHOI CKJIQJIOBOI IIBUIKOCTI BITpY Ta 3 i
BpaxyBaHHSAM; y BOCBMOMY CTOBIII BKa3aHO IaJIbHICTH
JIETy CHapsi/ia TIpY BpaxXyBaHHI TAHT€HITIaTbHOI CKJII0BOT
HIBUIKOCTI BITPY V =10f% 1 yMOBI, IO IIBUIKICTH

3BYKY BH3HA4A€THCS 3T1AHO 3 popMyIoro

V, (t)= w(TK—0,006328z(t))+10. (25)

Ha

Big deTBepTOro mo BOCHMHI CTOBITYHK y IYXKKAX
BKa3aHi 3MillleHHs] JaJbHOCTI JIETY cHapsjaa, 00yMOB-
JICHI JIIEFO BITPY 3 BIAMOBIIHOO MIBHIKICTIO.

[NopiBHIOIOYM 3HAYCHHS NATBHOCTI JICTY CHApsAa,
HaBeJIeHI B TPETHOMY CTOBIIIi, BU3HAYECHI TEOPETUUHO
3TiIHO 3 3alpOIIOHOBAHOI0 METOJIHUKOIO, Ta B JIPYrOMY,
ski BkazaHi B Tabmuiuix crpiibb [11], ix po3GikHOCTI
nexare y Mexax —18w < Axy <15m. lle nossonse
CTBEPJUKYBATH, IO 3aIPOIIOHOBAHA MaTeMaTWYHa MO-
JIeTIb BU3HAYEHHS CHITH JIOOOBOT'O ONIOpY MOBITPSI PYXOBi
CHapsi/Ia aJIcKBaTHO OMHUCYeE (Pi3UYHI MPOIIECH B TIOBITPI.

Ha puc. 1 Bka3zami 3MIMIEHHS JambHOCTI JIETY
CHapsia TIpU BpaxyBaHHA OaJiCTHYHOTO BIiTPY 3i

TIIBUIIKICTIO VWX=10% B 3aIEKHOCTI Bill KyTa
NPUIIIIOBAHHS. (, SIKUM BHUMIPIOETBCSI B THUCSYHUX.

CyuinbHoto diniero dtl(a) — 3MmileHHs TaNbHOCTI JeTy

cHapsina, HaBeneHi B TaOmuipix crpine0. ToukoBoro
kpuBoto d7(a) — 3MillleHHS TPH BPaxyBaHHS BIUTHBY

TaHreHIabHOI CKJIAaJOBOi BITpYy Ha JIOOOBHH OIIp
MOBITPSl 1 IIBUIKICTH 3BYKY B MOBiTpi. ITyHKTHpHOIO
kpuBoto drn(a) — 3MillleHHsI P BPaxyBaHHS BILUTHBY

TaHTeHI[laIbHOI 1 HOPMaJNbHOI CKJIAaJOBUX BITPY Ha
J1000BHH OMip MOBITPSI 1 MIBUAKICTH 3BYKY B MOBITPI.

b ]

600

dtl (o0)

dr(a) 400

dtn(a)
dw(a)

200

0 500

3

Puc.1. Benmunan 3MilieHb TaIbHOCTI JIETY CHApsiAa

HITpux myHKTUpHOIO KpuBo dW(ar) — 3MilleHHS

TIpY BpaxyBaHHI BIUIMBY TaHTeHIIAJIHOI CKJIaI0BOT BiT-
py Ha JI000BHI Omip MOBITPs 1 MIPHUITYIIEHH], IO MBHI-
KICTh 3BYKY B IIOBITpi BU3HA4YaeThes 3a hopmysnoro (25).

AHamizyloun pe3yiabpTaTH, HaBeleHi B TaOmmmi i
rpadiku KpUBWX, HaBeleHI Ha puc. 1, MOXXHa CTBep-
JDKYBAaTH: BEIMYMHH 3MILEHb NAaJbHOCTI JIETY CHapsaa
IpH BpaxyBaHHI JHWIIe BIUIMBY TaHTCHINAIBHOL
ckyaoBoi mBuAKocTi BiTpy (kpuBa dr(a)) Ha #oro

PYX € CYTTEBO MCHIIMMH 32 aOCONOTHO BEIMYHHOIO,
BiJl 3MillleHb, BU3HAYEHUX NPH BpaxyBaHHI TaHIeH-
[ianbHOI 1 HOpMAaJbHOI CKJIQJOBHX BiTpy (KpHBa
dzn(e)) (BIUTHB MIBUAKOCTI BITPY HA MIBHIKICTH 3BYKY

B TIOBITPi BPAXOBYETHCS B 000X BUIAIKAX);.
TabnmuuHi 3MIIICHHS JaJbHOCTI JIETY CHapsnaa,
HaBezeHi B Tabmuusx crpined [11] (kpuBa dtl(a)),

HE3HAYHO BIIPI3HAIOTHCS BiJ BEIMYUH 3MIILEHB,
BH3HAYCHUX NP BpaxyBaHHI TaHTEHIIaJIbHOI CKJIaJ0BOT
IIBHAKOCTI BITPY Ta BHU3HAUCHHI IIBUJIKOCTI 3BYKY B
NoBITpi 3rigHO 3 Qopmynoro (25). OmHak mpH Kyrax
MIPUIUTIOBAHHS, OUTHIIMX Bix 52°, pi3HUI MK iXHIMH
3HAYEHHSIMH 3POCTAE.

BucHoBknu

Po30i>kHOCTI MDK  TAaONMYHUMM  3HAYEHHSIMH
MANBHOCTI JIeTy CHapsga 1 BHU3HAYEHHMX HA OCHOBI
3aMpONOHOBAaHOT METOJMKK BU3HAUCHHS CHJIM JI0OOBOTO
OIIOpY MOBITPSI, 32 HOPMAIBHUX YMOB, JIEXKATh Yy MEXaX
—18m < Axy <15m . lle nosBonse CTBEPAXKYBATH, IO

3alpOIIOHOBAaHAa aBTOpaMHM MaTeMaTH4Ha  MOJENb
BU3HAYCHHS CHJIM JIOOOBOI'O OINOPY TMOBITPSI PYXOBI
CHapsiJa aJilekKBaTHO ONMUCYe (hi3UuHI MPOLIEeCH B TOBITPI.

BB HOpManbHOI  CKJIaJIOBOi  MIBHAKOCTI
CYIyTHBOrO (3YCTPIYHOr0) BITpY Ha pyX cHapsga Ta
HIBHAKOCTI BITPY Ha HIBUAKICTH 3BYKY B IIOBITpi €
3HAYHMM, SKIO KyT [pUITIOBaHHA Oinbie 45 .
Po36i>kHOCTI MDK TaOMMYHUMM 3MIIMIEHHAMH JaJIb-
HOCTEH JIeTy cHapsijia, HaBeleHnX y TaOnuipsix crpiianb
[11], Ta 3MimieHHSIMU JANTBLHOCTEH JIETY CHApsiia, BU3HA-
YeHUX NPH BPaxyBaHHI TaHTEHMIaJTbHOI 1 HOPMaJbHOI
CKJIAZIOBHX BITPY Ta BIUIMBY BITPY Ha IIBHJAKICTH 3BYKY
B TIOBITPi, € CYTTEBUMH.

ToMy [T MOCATHEHHS OUTBIIOI TOYHOCTI CTPiIBON
HEOOXiZJHE BpaxyBaHHS. SK TAHTCHINANBHOI, TaK i
HOPMAaJIbHOI CKJIAIOBHX BITPY; 3aJI€KHOCTI BEKTOpa
HIBUAKOCTI 3BYKY B MOBITPI Bijl HANIPSIMKIB IIBHIKOCTEH
CHapsizia Ta BITpY.

3anpornoHoBaHa MaTeMaTHYHa MOJENb BHU3HAYEH-
Hsl JIOOOBOTO OMOPY IMOBITPsI PYXOB1 CHapsiia 103BOJISIE
BpaxoOBYBaTH BIUIMB BEKTOpa UIBHIKOCTI BITPY Ha
IMHAMIKy cHapsga B moBitpi. KpiM Toro, mopenb
CTBOPIOE MOXIIMBICTh BpaxOBYBaTH BIUIMB 3MiHH
BEJIMYMHM 1 HampsMKy BITPY 31 3MIHOIO BHCOTH JIETY
CHapsja, Ha WOro JUHAMIKY.
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OTxe, Ha OCHOBI pO3POOJEHUX TEOPETHYHUX
pe3yabTaTiB  Ii€l  CTaTTi MOXHA aBTOMATH3YBATH
MPOIIECH PO3B’sI3yBAaHHS TPsMOI i OOEpHEHOI 3amad
30BHINIHBOI 0AJTiCTHKH.
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INFLUENCE OF TANGENTIAL AND NORMAL COMPONENTS OF WIND SPEED ON THE FLIGHT DISTANCE
OF THE PROJECTILE

P. Tkachyck, L. Velychko, M. Voitovych, M. Sorokatyi

Based on the mathematical model proposed by the authors for determining the force of frontal air resistance motion of the
projectile, the influence of the accompanying (oncoming) wind on its flight range is investigated.

Because the nature of the behavior of the frontal air resistance depends significantly on the speed of the projectile supersonic,
subsonic or subsonic, then the functional dependence of the frontal air resistance force on
speeds are described separately for each in particular. Values of characteristic functional coefficients dependencies are determined
using the results of polygon studies, which are given in the tables shooting

In the works of other authors, the magnitude of displacements of the flight range of the projectile due to the action of the

companion (oncoming) wind was determined using certain dependencies. The values of correction coefficients and resistance
coefficient was determined experimentally with a certain accuracy. In addition, pressure was not taken into account of wind on the
side surface of the projectile and the influence of wind speed on the speed of sound in air, the latter depends on the direction of
movement of the projectile in space.

The work considers the influence of the tangential and normal components of the accompanying (oncoming) wind, in relation
to the projectile's trajectory, to its dynamics. The effect of wind speed is also taken into account at the speed of sound in air.

The obtained theoretical results allow us to state that the normal component of the wind is significant affects the flight range of
the projectile if its trajectory is convex.

The effect of the normal component of the speed of the accompanying (oncoming) wind on the movement of the projectile is not
significant, if the trajectory of the projectile is flat. However, in the case of projectile movement along a convex trajectory, its
influence becomes significant Discrepancies between the tabular displacements of projectile flight distances due to the action of the
companion of (oncoming) wind given in the firing tables, and displacements of projectile flight range determined at taking into
account the tangential and normal components of the wind and the effect of the wind on the speed of sound in the air is essential.
The obtained theoretical studies allow to automate the process of solving the straight line or inverse problems of external ballistics
with arbitrary deterministic and non-deterministic values factors.

Key words: gun, external ballistics, frontal air resistance, accompanying wind
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