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3AJIAYA BUBHAUYEHHSI MAKCUMAJIBHUX BUCOTHU 1
JAJBHOCTI IIOJbOTY JUMOBOI TPAHATH

HarmionansHa akazmemisi CyXOImyTHHX BiicbK iMeHi reTbMaHa [lerpa CaraiimagyHoro

AHoTanis

3anpononosana memoouxa po3e’A3y6anHs 3a0aui BUSHAYEHHS OATLHOCMI NOILOMY OUMOBOI epanamu
besninomnoi pobomuszoearnoi niam@popmu. Mamemamuuna modenv 3a0ayi CKIA0AEMbCS 3 080X JIHIUHUX
oughepeHyianbHux pieHsHb 0PYe020 NOPAOKY 3i 3MIHHUMU KOeDIYIEHMamu cmocosHO nepemiujeHs i 8i0N0GIOHUX
NOYAMKOBUX YMO8 (8pAX08YEMbCA NIHIUHA 3ANIEHCHICINb CUNU ONOPY CePeO0sUId 8i0 WBUOKOCMI PYXY 2PAHAMUL).
LInsixom po3dinenns 3MiHHUX ) DIGHAHHAX, iX iHMe2PY8aHHA MA 3A0080N€HHA NOYAMKOBUX YMOB 00epIHCAHI
AHANIMUYHI 3A71€)HCHOCII OISL MAKCUMATILHUX OAIbHOCMI A 8UCOMU NOJIbOMY 2PAHANL.

Kuaro4oBi ciioBa: ougepenyianvui pisnanns, memoo po30inenis sMiHHUX, OQIbHICIb NOILONTY 2DAHAMU.

3acTtocyBaHHs O€3MUIOTHOI aBiamii Ta BHCOKOTOYHOI 30p0i B XOJi POCIHCHKO-yKpaiHCHKOI BiHU
3YMOBIIIOE€ TIOTPe0y B KOHCTPYIOBaHHI Ta CTBOPEHHI MOOLTHHHX 1 HEOPOTUX 3aCO0IB MUCTAHIIHHOI
MOCTAHOBKW JMMOBUX 3aBic. BIilChKOBI Migpo3dinM, ski oO0JagHaHi 3aco0aMH JTUCTAHIIMHOTO
YIpaBIiHHS TUMOIYCKOM, IEMOHCTPYIOTh BHIIY )KUBYYICTb, 1[0 3MEHIITY€ IXHIO BPa3IMBiCTh B yMOBax
aKTHBHOTO BeJieHHs OoioBux miii [1, ¢. 20]. Takumu 3aco6aMu MOXYTh CTaTH Ha3eMHi poOOTH30BaHi
KOMITICKCH [2], U151 AKUX HEOOXiTHO BU3HAYATH MaKCHUMAJIbHY JANbHICTh BCTAHOBJICHHS MMOBHX 3aBiC
3aJIe’KHO BiJI 3HAUEHb 1X TAKTUKO-TEXHIYHMX XapaKTEPUCTUK.

Pyx nuMoBoi rpaHatd y BWUMAJAKY [ii JIHIHHO 3aJ€KHOI BiJl IMIBUIKOCTI PyXy TiJla CHJIH OIIOpPY
CEpeNIOBHINA OIMCYETHCA CHUCTEMOIO IBOX AW(epeHIialbHUX pPIiBHSAHB, SKIi B MPOEKINSIX IO
KOOpAMHATHUX ocsix OX 1 Oy marots BUrsz (1), ae m i K —maca rpanat i KoeillieHT Omopy cepeoBHIIa

BI/ITTOBIJTHO Ta TOYaTKOB1 YMOBH JUISI KOOPAWHAT 1 MIBUAKOCTEH:

dvy _ dvy _

rrie —kv,, m—==-mg — kv, D
3at=0, 7%= (0;0) Ta v, = (vycosa, vysina).

Pigusiaust (1) €, 3rigao [3], audepeHuianbHUMK PIBHSAHHAMH JIPYroro MHOPSAKY 31 3MiHHUMH
koedimientamu. Po3aisisitoun 3MiHHI, po3B’sbkeMo repiie piBHAHHS (1):

dv k k Rt gy _kt
v—:=—;dt—>lnvx=—;t+6‘—>vx=(}1€ m——=Cem,
. m Kkt .
3Bigku x(t) = — ~ € ™+ C3. Ilicis 3a/I0BONICHHS TOYATKOBUX YMOB, OTPHMAEMO 3aKOH PyXYy IpaHaTH
B HanpsiMKy oci Ox:
m _kt
x(t) = ~ Vo(1 —e m)cosa (2)
[Honi6HuM unHOM OYyJIHM OZlepKaHi 3aKOH PyXy rpaHatu 1o oci Oy i i BepTukanbHa MBUAKICTS:
kt
y(t) = %vosina (1 — e_ﬁ) — %gt 3)
, _kt
v, (t) = vosinae m — 3 (4)

Uac ti, 3a skwmil rpaHaTa aocsArae MakcHMaiabHOI BucoTH H, BuM3Hauanm 3 (4) 3a ymMoBH, IO
BepTHKaJIbHA IBUKICTH PIBHA HYJIIO:
m kvgsina
ty =—In (—) (5)

k mg



Yac t;, mpoTAroM SKOTO TpaHaTa PiBHONPHIIBHIMICHO PYXaeTbes BHM3 10 Y=0, 3Haxommmm sk
JOJaTHIN KOPiHb PiBHSHHS:

at?+bt+c =0, (6)

_kt1
ne a=g/2, b=v,sina, c=—H = —%UOSina (1 e ) N %gtl.

MakcuManbHy JTalbHICTh MOJBOTY TPAHATH BU3HAYAH K cyMmy x (t) = x(t1) + x(t3).

BukopucToByroun ofepkaHi poO3B’S3KM, IS 3aJaHUX KOE(ILiEHTIB OMOpY MOBITPSHOTO
CepeOBHILA 1 TAKTHKO-TEXHIYHUX XapaKTEPUCTHK TpaHaT Oyl OOYMCIIEHI MakCHMalbHI BUCOTH Ta
JATBHOCTI TTONBOTY AUMOBOI rpaHati 3/16 1 mBenceKroi aumoBoi rpanatd SMOKE 469 C, siki mokazanu
3a7I0BUTBHY KOPEJIALIIO 3 eKCTIEPUMEHTATbHUMH TaHUMH.

Bcranosieno, mo onip NOBITPS YHHUTH iICTOTHUN BIUIMB Ha AallbHICTh MOJIBOTY AUMOBOI IpaHATH:
BOHA JIETUTH KOPOTIIHMH Yac, JOCATa€ MEHIIOI BUCOTH, TPAEKTOPIS pyXy HECUMETPHUYHA, a KyT MaliHHS
OLMBIINIA, TOPIBHSAHO 3 KYTOM MOCTPLITY.

ToMy NpHu NMPOEKTyBaHHI Ta BUTOTOBJICHHI MOOUIbHUX HA3eMHHX KOMILICKCIB JJIS JUCTAHIIAHOL
MOCTAaHOBKM JMMOBHX 3aBiC MOTPiOHO BpaxoBYBaTH OJEp)KaHI 3aKOHOMIPHOCTi, BH3HA4YaTH
MaKCHMAaJIbHY JaJIbHICTb.
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THE PROBLEM OF DETERMINING THE MAXIMUM HEIGHT AND RANGE OF A
SMOKE GRENADE

Abstract.

A methodology for solving the problem of determining the flight range of a smoke grenade of an unmanned
robotic platform is proposed. The mathematical model of the problem consists of two second-order linear
differential equations with variable coefficients with respect to displacements and the corresponding initial
conditions (the linear dependence of the medium resistance force on the grenade velocity is taken into account).
By separating the variables in the equations, integrating them, and satisfying the initial conditions, the analytical
dependences for the maximum range and height of the grenade flight were received.

Keywords: differential equations, method of separation of variables, grenade flight range.
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