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PROPOSALS FOR AN ALGORITHM FOR DETERMINING COMBAT LOSSES OF PERSONNEL FOR
THE PURPOSE OF PREDICTING CHANGES IN THE COMBAT EFFICIENCY OF WEAPONS AND
MILITARY EQUIPMENT

M. Kudrytskyi, N. Pater, V. Kostrytsia

The article presents proposals for an algorithm for determining combat sanitary and irreversible losses of personnel in order to
predict changes in the effectiveness of the combat use of weapons and military equipment.

To do this, the authors proposed a coefficient for maintaining the effectiveness of combat use, which takes into account the results
of the joint functioning of such systems: provision of workable samples of weapons and military equipment (subsystems of production
and procurement, restoration, reserve); provision of expendable material and technical means (missiles and ammunition, fuels and
lubricants): training systems for military personnel (crews).

The coefficient theoretically confirms the fact that the effectiveness of combat use of a unit (subdivision) during military operations
depends on the availability of combat-ready weapons and military equipment, including those equipped with trained crews, consumable
material and technical resources (missiles and ammunition, materials, etc.).

Based on this, the authors proposed an algorithm for determining combat sanitary and irretrievable losses based on the use of the
expert assessment method.

The fundamental novelty of the proposed proposals is that the determination of combat sanitary and irretrievable losses is carried
out taking into account the amount of average daily losses of weapons and military equipment during combat operations and their
structure. That is, the authors have established a relationship between the degree of damage to a weapon and military equipment sample
(weak, medium and strong damage to a weapon and military equipment sample received as a result of fire from the enemy) and combat
sanitary and irretrievable losses of personnel.

This allows for a more accurate determination of the number of combat-ready weapons and military equipment samples (working
weapons and military equipment samples, equipped with a crew and expendable material and technical means) in a unit (subdivision),
which allows for forecasting changes in the effectiveness of their combat use.

In the future, the proposed proposals can be used in headquarters (services) for planning the use of troops (forces) during combat
operations.
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BIIJIMB 3MIH MACH TIOJOBKEHOI'O 3APALY I TAJIBMIBHOI'O KAHATY HA
PYX PEAKTUBHOI'O IBUT'YHA

Tpusaroua pocilicbKO-yKpaiHCbKa GillHA 0ANa 3HAYHUL NOWMOBX 00 BUKOPUCMAHHA MIH Mda CaAMOPOOHUX
subyxosux npucmpoie. Ha mepumopii Vkpainu € comui KeaopamHux Kiiomempié MIHHUX NOJI6, GelUde3Hd
KibKICMb 2PYROGUX MA OOUHOYHUX JNOKAYiU, Oe MICmAmucs Minu, 6ocnpunacu ma iHwli 6ubyxoHeOe3neumi
mamepianu. 3 memoro 3anobicanHs empamam 0co606020 CKAA0y ma mexHiku 6i0 ix Oill HeoOXiOHe nposedenHs
DO3MIHYBAHHS  GIONOGIOHUX mepumopiu. s ybo2o BUKOPUCTOBYIOMb MeXAHI308aHe [ pYUHe DPO3MIHYBAHHS.
Kompxosi, 6oiikosi ma Hoocosi minnHi mpanu 3a0e3neuyioms UMOGIPHICMb 3HEUWKOOIHCeHHs BUOYXOHebe3neuHux
npucmpoie 00 95%. Ipome ixni MaKmuKo-mexuiuHi XapaKmepucmuky He € CHPUSIMIUGUMU OISt BUKOPUCIARHSL IX 6
be3nocepeoniii bausbkocmi 00 6opoza. Y yvbomy 6unaoxy, O1a CMEOPEeHHs NpoXody 6 MIHHOMY NOJi, 6UKO-
pucmosylomos nodosxceni 3apsaou. HIMosipHicmb 3HEWKOONCEHHA MiH 3 GUKOPUCTAHHAM TNOO0BHCEHUX 3apsoie
docsicac 90%. Oonax numanHAMU OOCHIONCEHHST OUHAMIKU DEAKMUBHO20 OBUSYHA, NOO0BNHCEHO020 3apsody |
2aNbMIBHO20 KaHamy He Npuoilianacy HAlelCcHa yeazd. Y pobomi 3anponoHo8ana Mamemamuina Mooeisb pyxy yici
MEXaHiuHOI cucmemu, 3 GPAXY8AHHAM 3MIHU MAC PEaKmMUGHO20 NANUGA,KAOENbHO20 3apAdy | 2albMiGHO20 KAHAMY .
Ompumana cucmema HeniHiHUX OuepenyianbHux pisHAHb O0pY2020 NOPAOKY O0360JA€ OYIHUMU NIUE MACU
DeaxKmueHo20 08u2yHa, Kyma tio2o 8UIbOMy, 3aKOHI@ 3MIHU 8UMPAT PEaKmuUeHO20 NAIUEA Md THUMUX YUHHUKIG HA
O0anbHicmy ey peakmusHoco 08ueyna. Y pobomi po3enidascs pyx mexauiynoi cucmemu 6e3 8paxyeanHs Cuiu
onopy nosimps. Busnaueno napamempu pyxy peaxmusnoco Ogueyna (Oanbnicmbv nemy, eucoma mpackmopii,
KiHYe8a WeUOKicmy i mpueauicme jemy), AKWo peaKmueHa cuida € Cmanoi 6eauduHy i Kym HAXuny Hanpagisoyux
dopisnioe 60°. Memoio nodansuux 0ocniodcenv Gyoe SUSHAYEHHS GNIUGIE KVYMA HAXULY HANPAMHUX Md 3AKOHY
SMIHU 8EIUYUHY PEAKMUBHOI CUNU HA OATbHICMb Jlemy peaKmueHo20 08USYHA.

Knrouogi cnoea: posminysanns, no0osaiceni 3apsiou, OUHAMIKA peakmusHo20 08USYHA, PEAKMUBHA CUA.
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ITocTanoBka npodaemu

TpuBatoua pociiicbKo-yKpaiHChKa BiiHa aKTHBi3y-
BaJia MMUTaHHS MIHHO-BUOYXOBHX 3arOpo/KEHb Ha TOJI
6010. [IpOoTHBHUK BUKOPUCTOBYE MiHHI ITOJI, CKEPOBaHi
MPOTH PYXOMOI BIMCHKOBOI TEXHIKH Ta 0COOOBOTO
ckramy. MiHHI TIONS BCTAHOBIIOIOTH HA IOpOrax Ta
00a6iu iX, Ha HampsMKax, Je OUIKYeThCSA pPyX OpoHe-
TeXHIKA, Ta B IHMHX MicIax. MiHHI NPOTHTaHKOBI
nosst, nepeBaxkuo OyBaroTh 10 1000 meTpiB y mupuny i
1o 100 metpiB y rnubuny. [logonanHs NpOTUTAHKOBOTO
MIHHOTO 3aropoJPKEHHSI OpOHETEXHIKOI CYIPOBOMXKY-
€Tbcsl 3HAUYHMMU BTpatamu. KoedimieHT #iMOBiIpHOCTI
ypaxenns tanki, TP, BMII na MiHHOMY MOJTi CKJIazae
0,65-0,75, 1m0 TPHUBOAWTH IO 3HAYHOIO 3MCHIICHHS
aTaKyr4oro NoTeHIialy Biicbk. ToMy CYTTEBOIO HE00-
X1JTHICTIO € TTOBHE 200 X04ya 0 4acTKOBE 3HEIIKOPKEHHS
MiH 1 caMOpOOHHMX BHOYXOBHUX INPUCTPOIB Ha MiHHOMY
IO,

AHani3 nocaiakenb i myoaaikanii

3 MeToro 3amoOiraHHA BTpaTaM Big il MiH i
camopobHuX BHOyxoBHX TpuCTpoiB y [1] Bkasami
MpaBHJIa TOBOKEHHS BifiCEKOBOCITY>KOOBIIIB Ha MiHHO-
HeOe3MeueHNX TePUTOPIsSIX. Y MiAPO3ainax iHKEHEPHUX
BIfiCBK BHKOPHCTOBYIOTH SIK MeXaHi30BaHi (KOTKOBI,
0OWKOBI Ta HOXKOBI MIiHHI Tpayk) 3aco0H, Tak i py9Hi
OPUCTPOI ISl BUSBJICGHHS Ta MOJAIBIIOrO 3HEIIKO-
JUKEHHsI BUOYXOHeOEe3IeuHuX NpHCTpoiB. MMoBipHicTh
3HEMIKO/DKEHHS MIH 3 BUKOPHCTaHHSIM HOXOBHX TpPaJiB
mocsirae 90%, a xorkoBux — 95%. IlepeBaxHo Mozedi,
SKi CKCIUTYaTyHOThCS CBHOTOMIHI ISl PO3MiHYBaHHSA, €
3Ha4HOi MacH Ta 3HAYHUX rabapuTiB. IXHi TakTHKO-
TEXHIYHI XapaKTepPUCTUKU HETMOBHOI MIipOIO BiJIIOBI-
JIaroTh BUMoraMm. ToMy BiZOyBaeThCs HAYKOBMI IMOIIYK
i po3poOka HOBHX MoOJeEJNel, 3IaTHUX 3IIHCHIOBATH
PO3MiHYBaHHS TEPUTOPIH.

Y poborax [2-5] onmcaHi METOmU BHSIBICHHS
MIHHAX TIONiB Ta iX 3HEMIKO/KEHHS 3 JIOTIOMOIOI0
MexaHi30BaHMX 3aco0iB. OauH i3 METONIB 3HEIIKO-
JUKEHHS! MiHHHX TIOJIB IOJIATAa€ Yy BUKOPUCTAHHI TPaJhb-
HEX 3acobiB. Y pobori [4] 3ampomoHOoBaHa MOIENb
Tpama y Burisaai U-momiOHOro Kopommcia 3 ABOMa
npuKpimmeEnMy auckaMu. OcTaHHI MPOAYKYIOTh THCK
Ha BEPXHIO YaCTHHY MiHH, YUM CIIPHYUHSIOTH ii MiApHUB
(3uemkomkenns). Y crarti [5] posrmimaroThes MOXKITHBI
CrIoco0U 3HENIKODKEHHS aKyCTHYHOI MiHH, SKa pearye
Ha MeXaHiYHi KOJMBaHHS IPYHTY.

Juist 3ailiCHEHHST TIPOXO/IIB y MIHHHUX TIOJISIX BUKO-
PHCTOBYIOTh MOIOBXKEHI 3apsai. VIMOBIpHICT 3HEMIKO-
JUKEHHS MIH 3 BUKOPUCTAHHSM IMOJOBXEHHX 3apsiiB
nocsirae 90%. [TonokeHi 3apsiiy MOAAIOTHCS HA MiHHE
nosie TOBITpsAM abo mo 3emuti. I3painbchka cucrema
POMINS-1I, KM 456 (Portable Mine Neutralization
System) crBoproe mpoxia AoBxkuHOK 10 40 MeTpiB i
mmprHoto 50 cantumetpiB [6]. AmepukaHceka M58

MICLIC (Mine Clearing Line Charge) mae niHiiHHI
3apsin noBxuHOI0 107 MeTpiB 1 oro ouH METp JTOBXKH-
HU MicTuTh 7,45 KT BUOYXiBKH. LI crictema cTBOproe mpo-
xix mosxuHO0 100 MetpiB i umpuHO0O 10 8 Merpis [7].
Pociiiceka cucrema posminyBanHs YPII-01 3gificHioe
po3MiHyBaHHA B cMY3i IOBXKUHOIO 115 MetpiB i mmpu-
Horo 6 metpiB [7].

VY po6orti [8] mpomoHy€eThest MaTeMaTHYIHA MOJIEND
PYXy TPaJbHOTO €IeMEHTa B IOBITPI, SKHH 3aKHIAETHCS
Ha MiHHe none. [Ticns npru3eMiieHHs TPaJbHOrO eleMeHTa
HOro MiATATYIOTH 1 BiH, PYXarO4HCh, 3HEIIKOPKYE
HATSDKHI JIaTYUKH. Y CTAaTTi HE BPaXOBYETHCS BILTUB
MacH rabMiBHOTO KaHATY Ha PYX TPAJIHHOTO €IeMEHTa.

DopMyJIIOBAHHS METH CTATTI

[onowxeHi 3apsiiu MONAIOTHCS HA MiHHE IOJE 3
JIOIIOMOT0I0  OJJTHOTO a00 JIBOX pPEaKTUBHUX JIBUTYHIB.
Meroro crarti € AOCIDKEHHS pYyXy PEaKTHBHOIO JBU-
I'yHa, TIOJJOBXKEHOTO 3apsy Ta rajJbMiBHOTO KaHATY Bil
TOYKH 3aMyCKy JBHI'YHA JI0 TOYKH HOTO MPU3EMJIICHHS.

Buxian ocHoBHOro Marepiany

PosrnmsimaeTbess MexaHiYHa CHCTEMa, SKa CKJIa-
JAETHCS 3 PEAKTHUBHOTO JBUT'YHA, PEAKTHBHOTO MAaJIMBa,
KaOeIpHOTO 3apsdy 1 TalbMIiBHOTO KaHATy. BBemeHo
HACTYIIHI IIO3HAYEHHS. Maca PEaKTHBHOTO IBHTYHA

(rocket) — m ; maca peakrusnoro manusa (rocketfuel)

3MiHIO€TBCs 3rimuo i3 3akoHoM — Myt (£)=Meo—Kpf (1),
ne Mfp — mnouaTkoBa Maca pPEaKTUBHOIO IIaJIMBa,
K () — 3axon BuTpaTH Macu mammBa i posmipHicTh

I_krfJ:KZ; Mmaca kabensHOro 3apsmy (cablecharge) —

Mec =Peclec: A€ pPec — Horo moronna maca i

PO3MipHICTD [pge |= X2 o lcc — MoBxkHHA KabeIbHOro

3apany; Mpe=Ppclpe — Maca ranbMiBHOTO KaHATy

(brakecable), ne ppc — ¥oro moroHHa Maca i po3mip-
HICTB [Pbc]: K%w , lpc — OBKHHA raEMIiBHOTO KaHATY.

[Ticns 3ammycky peakTUBHOTO JABHUTYHA BiH ITiJ| Ti€I0
PEaKTHBHOI TATH CXONWUTHh 3 HANPSMHOI YCTAHOBKH i
TATHE 3a cO00I0 KabenpHUU 3apsinm. Beakaemo, mo Ha
MepIioMy eTami TepeOyBaroTh B PyCi peaKTHBHHA
IBUI'YH, pEaKkTHBHE MaJHBO 1
3apsmy.

Jus nmocnmifpkeHHsT X JMHAMIKH BUKOPUCTAEMO
TEOpeMy MpPO 3MiHY KUIBKOCTI PyXy MeXaHiuHOi CHC-
TEeMH: 3MiHA KUIBKOCTI PYXy MEXaHI4HOi CHUCTEeMH, 3a

YacTHMHA KaOeIbHOIo

JIOBUTBHUH TPOMIXKOK 4acy, JOpPIBHIOE BEKTOPHIH cyMi
IMITYJIBCY BCIX 30BHINIHIX CHJI, JIIOYUX Ha CHCTEMY, 3a
1el e mpoMixok yacy [9]

K (t+At)-K ()= R (t)-At, (1)
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ne K(t) — ximbkicTs pyXy MeXaHiqHOI CHCTEMH B MOMEHT
qacy t, K(t+At) — kimekicts pyxy Mexaniumoi cucremMn

—e . .
B MomenT uyacy t+At, F(t) — soBHimmi cumm, mo
JIIOTh HAa MeExaHiuHy cuctemy, Al — eneMeHTapHUit
MIPHUPICT Jacy.
Bubupaemo moyaTox cucTeMH KoopauHaT Oxyz B

TOUIll pO3TallyBaHHA ycTaHoBku. Bice OX ckepo-
BYEThCS B HaNPsMKY MinHoro nonst. Bice Oz — Bepru-

KaJbHO Bropy i Bicb Oy B Toif 0ik, mo0 cucrema

KoopauHaT Oxyz Oyrna mpaBoro.

Y 1OBUIBHHME MOMEHT Yacy Maca MeXaHi4HOi
CHCTEMH JIOPiBHIOE

m(t)=my +Myt o—Krs () +0cc (1) , (2)

ne I(t) — 3minna noBxkuHA KaGENBLHOTO 3apsiy, OIUH

KiHeIb SIKOTO IiJ’€THAHUH 10 PEaKTHBHOI'O JIBUTYHA, a
IHIIWH — PO3TALIOBaHUI B TOUI HOTO 3aITycKYy.

BBaxkaemo, mo KaOempHUIA 3apsa 1 peaKkTHBHHN
JIBUTYH MAarOTh OIHAKOBY IIBHAKICTh. KiJIBKICTH pyxy
MEXaHIYHOI CHCTEMH B JOBUIGHHH MOMEHT dYacy t
TIOPIBHIOE

K @)=(me +my g—kes (0+pec 1OV @), (3)

ne V(t) — mBuakicTs peakTMBHOTO ABUIYHA 3 TIATHBOM

1 KaOeNbHOTO0 3apsiy, SIKMA MPUKPITICHHH 10 JBUTYHA.

19) %

»
>

X X

Puc. 1. Cxema pyxy MeXaHi4HOI CHCTEMH HA MOYATKOBIi
cragii

KimpkicTe pyXy MeXaHIYHOI CHCTEMH B MOMEHT
yacy t+At nopiBHioE
K (t+At)=(my +mys o Ky (t+AL - pog A (t+AD W (t+AL)+
+AK (B)U(t+AL) (4)
ne Akt (t) — maca peakTuBHOrO manuBa, sika 3ropae 3a

npoMixoK dacy At i BUXOIUTh 3 peakTUBHOI'O IBUTYHA
y BUIVIAAI TPOAyKTiB 3ropamms. U(t) — mBuakicts

MPOJYKTIB 3TOpaHHS PEaKTHBHOIO IalMBa BiJJHOCHO
HEPYXOMOI CHCTeMH KOOpAUHAT (MMOBEpXHi 3eMJTi).

SanexHicTh (4) nepenuiiemMo B HaCTyITHOMY BUTIIST
- 3 My +Myf o —Kpf (t)—Akrf O+~ -
K(t+At)—(+pCC (eal) j(v (O)+AV (O
+AK g (t)(T(L)+AT(L)).

Toni 3MiHa KITBKOCTI pyXy MEXaHIYHOI CHCTEMH 32
npoMixok yacy Al mopiBHioe

K(t+At)—K(t) =

[mr + Mt o — Kt (t)_Akrf (t)+
+Pcc '(l(t)+A|(t))

+ Ak (t)-(G(t) + AT(L))-

~ (e + Mo ket (O +pec 1OV @) -
BpaxoByrouu TiTbKH BETHYHHU TEPIIOTO MOPSIKY
matocti, piBasiaHs (5) HaOyae BUMIISLY

K (t+At)—K (0)=(my +my o=kt (1 poe 1)V (0)+
H{my+mys oKy (Ehpec () AV () +
H-Akyg (€)+pee Al (0)+ Ak (1)(1)-
~{m+meso—kor O+ AON .
CIIpOILLYIOHH BUPA3, OTPHMAEMO
AR ()=(my -y okt (t}pee 1 (0))AV (1)+
oAkt (0+pecAl() W 1)+ Akt (D)6(D). (6)

](\7 (t)+ AV (1)) +

()

Ha mexaniuHy cuctemMy BIPOIOBXK ii pyXy IiIOTH

HacTynHi 30BHilmHI cumu: Py — Bara peaxTuBHOrO

nBuryHa, P (t) — Bara peakTHBHOTO NaiHBa, lscc t) -

Bara kabenbHOro 3apsay. OnopoM MoBITPs 3HEXTYEMO.
3MiHa IMITYJIbCY BCiX 30BHIIIHIX CHJI JOPIBHIOE

SR A= Py 4P OB ()

BpaxoByroun Teopemy npo 3MiHY KUIBKOCTI pyxy
MexaHiuHoi cuctemu i 3aneskHocTi (6) Ta (7), 3anumemo

(mr +Mys oKy (t)-FpCC 1 (t))AV(t)+
oAkt )+ e MO N (O)+Akyt ()G(1)=
(B +Ps ()+Bo )t (8)

[Noxinuemm 7By i MpaBy YaCTHHU HA IPOMIXKOK
gacy At, orpumaemo

lim (mr“‘mrfo_krf (t)"‘Pcc'l(t))A\?(t) .
At->0 At N

(ke O+pecAION ©+8ket T |
At

i BP0+ R0
At—0 At '

|
T

©)

3iACHIOIOYN TPAHUYHUH MTEPEXi, 3aMUIIeMo
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(mr +Myfo—Krs (t)""Pcc 1 (0)%4'

dkef () dit) )5,y Okt (D)
‘{ at FPcc at }/(t)"‘dt'u(t)— (10)

:ﬁr + ﬁrf (t)“"Scc ®.

[[IBUAKICTE TPOMYKTIB 3TOpaHHA pPEAKTUBHOTO
NaJMBa MOYKHA 3alMCATH y BUIIII

U=V )4V, @), (12)

ne Vi() - mBumkicTh TPOAYKTIB 3ropaHHA peak-
THUBHOI'O I1aJIMBa Bi}lHOCHO JBUT'YHA.

[Mincransiroun (11) B (10) i BukoHyroun apudme-
TUYHI i1, OTpUMaEMO

(mr +Myt o —Krt (t)+/3cc 1 (0)%4‘

+Pcc %ﬁ (t)"'wvr t)= ﬁr +|srf v+ IEScc (t). (12)

BBe}_IeMO IIO3HAYCHHA

dkrf (t)

IEr t)=— dt

Vi (t).

(13)

Benuuunny IEr (t) Ha3smBarOTH PEAKTHBHOIO CHIION.
Bpaxoyroun (13), 3anexwicts (12) Habyie BUTISILY
dv(t dit),;
(mr +Myf o —Kyf (t)"‘Pcc 'l(t))%"‘/)cc%\/ 0=
=Fr (O+Pr +Fr (0+Pec(0). (14)

HIBMAKICT, PEaKTUBHOTO IBUTYHa B JIEKapTOBIH
CHCTEMI KOOPJIMHAT OMHCYETHCS 3AJICIKHICTIO

V(=X +2(t)K . (15)
BBakaemo, 1m0 JOBXHHA KaOEIbHOrO 3apsiy
3MIHIOETBCS BiIMTOBITHO JI0 3aKOHY

L(t)=v/x(t)%+2(t)? . (16)

Bpaxosyroun (15) i (16), 3anexnicts (14) HaOyne
BUTISITY

(mr +Myf g —Kyf (t)+/7cc 1 (t)XX(t)I—+ Z(t)lZ)—F
%(X(t)hz(t)ﬁ |
:lzr O+ ISr + ISrf )+ |5cc ®.

*+P¢c

[IpoexTytoun Iie pIBHSAHHS HA OCI KOOPAMHAT i
3ailicHIOI0uH JudepeHIiioBaHHs, OTPUMAEMO

(mr +My o —Kyt (t)+Pcc A X(t)z +Z(t)2 ]X(t)"'
g KOO 2020 o e KO g

VX2 +2(t)? (1) +2(t)?
(meemio ki (0 pee X0 +207 Ja()+

X(O)X(t)+2()z(t)
’ VX2 +2(t)?
L_mr g_(mrfo_krf (t))g—
VX2 +2(t)?

—pec VXM + 2(1)°9 (18)

ne g=98 1% , — TIPMILIBH/IIICHHS BUIBHOI'O TIaHHS TUIA.
C

+p¢

2(t)=

:Fr (t)

OTmxe, pyX MEXaHIYHOI CUCTEMH OIHCYETHCS Helli-
HilHOIO cHcTeMO0 Au()epeHIialbHUX PIBHSIHD APYTroro
nopsaky [10]. TTowatkoBi ymoBu mist cuctemu (17) i
(18) maTumMyTh BHIIIST

x(0)=0, 2(0)=0,
)'((O):VOCOSHO i Z(O)ZVosineo, (19)
ne 6y — Kyr Haxwily HampsMHUX, Vp — moYaTkoBa

IJ_IBI/I)IKiCTI) PCAaKTUBHOI'O IBUT'YHA.

BBaxaemo,  mio m, =43e, My =27xke,

27 t
K¢ :7;% .My (t)=27[1—7) Pec = 9,677 K%f

7
= — Ke
lc =931,  ppe =0,219 44 ,
- M/ — ¥
Vo =0,01%/ i 0y =60 .
Pyx miei MexaHiYHOI CHCTEMH CKIIAHAETHCS 3 IBOX
eramiB. Ha mepmomy erami B pyci mepe0yBaroTh peak-

TUBHUMA JBHUTYH, PEaKTHBHE IAJIMBO i YaCTWHA KaOelb-
HOro 3apsny. Yac 3aBepIIeHHS MEpIIOro eTamny pyxy

F, =13300 x,

cucteMu tyq BH3HAYaE€THCSA 3 YMOBH, IO BECh KaOEIbHMIA

3apsin nepedyBae B pyci, TOOTO 3 YMOBH

VX)) 2 +2(ty) =l -

BukoprcroByroun nporpaMHe 3a0e3leueHHs, OTpH-

(20)

maemo, mo 1=2,82C. Kinemarnuuni napamerpu pyxy
PEaKTHBHOTO JIBUTYHA B LIE MOMEHT YaCy HACTYIIHi:

X(t1) =85,59, 2(tiq) = 3L17w V() = 38,90/,

Vy (ta) = -0,324/ i V (tyq) 35,9044/ . (21)
ITicns mMomeHTy uyacy 1y Bca Maca KabelbHOro

3apsay OIMHSIETHCS B PYCi, TOII MOYUHAETHCS APYTHA
€Tal pyxXy MeXaHiqHoi cucteMu. Ha nmpyromy erami peak-
TUBHHU{ JBHTYH ITOYMHAE PYXATH ILE JOIATKOBO 1 Tab-
MiBHHI KaHAT, SIKHIA IPUKPIITICHAH 0 KaOCIBFHOTO 3apsiy.

BHKOpHCTOBYIOUN BHILEHABEACHY METOIVKY, OTPH-
Ma€eMo, II0 PyX PEaKTHBHOTO JBHI'YHA B LbOMY BHIIAJKY
Oy/ie OnKuCyBaTHCh PiBHSIHHIM

(mr +Myf o —Kpf (t)"'Pcc lec +o0c (l ) —lec ))X
(O +2(OK )—kpbc(:”cl(':)(X(t)T+Z(t)lz -

:ﬁr O+ ISr + IBrf )+ I500+ I:})c ), (22)

ne Poc=peclecd — moBHa Bara kaGenbHOro 3apsiy.
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VYV mpoekmisix Ha oci JIEKapTOBOi CHCTEMH KOOp-
JIMHAT OTPUMAEMO

(mr +Myt o —Krf (t)+pcc|cc +Pbc(\/ X(t)z +Z(t)2 _Icc)}(
x(Ox()+z(t)2(t) Fr (DX(1)

JX(2+2(t)? VX2 +2(0)? |
(mr +My o —Kyf (t)+pcc|cc+,0bc(\/ X(t)z +Z(t)2 _Iccnx
X(t)X(t)+2(t)2(t) Fo®)z)
VX2 +2(t)? VX2 +2(t)?
—Mmpg—ms (t)g+Mec 9—pPpe (V X(t)2+z(t)2 _lccjg .

(24)

X(t)=

xX(t)+ppe (23)

<2(t)+ poc 2(t)=

[ToyaTkoBUMM yMOBaMu ISl IpYroro eramy pyxy
MEXaHIYHOI CHCTEMH € TapaMeTpH PyXy MEXaHI9HOI CHC-
TEeMH B MOMEHT 3aBEpILICHHS MEPIIOro eTairy, To0to (21).

MOMEHT 3aBEepIIEHHS PyXy MEXaHI4HOI CHCTEMH

BU3HAYAETBCA 3 YMOBH, LIO PEAKTUBHUH JBHTYH
TOPKAETHCS TIOBEPXHI 3eMITi, TOOTO 3 YMOBH
2tk )=0. (25)

Po3B’si3yBanHs cucteM JudepeHiianbHIX PiBHSIHbD
(17), (18), (23) i (24) s3milicHIOBAIOCH YHCEIHHUM
METOJIOM 3 BUKOPUCTAHHS BIJAMOBIJHOO MaTeMaTH4-
HOT'O IIPOrPaMHOTr0 3a0e3MeueHHs] KOMIT I0Tepa.

KX1(tk1)
30 KZ1(tkl)
KZ12(t)20
10|
0
0 100 200
KX12(t)

Puc. 2. Tpaekropisi pyXy peakTHBHOI'O IBUTYHA

Ha puc. 2 KZ12(t) — xoopanHarta pyxy pakeTHOTO
npuryna BigHocno oci Oz i posmiphicTs [KZlZ(t)]=i ,
KX12(t) - xoopmumara pyxy pakeTHOro ABUTYHA Bil-
nocHo oci OX i posmipricts [KX12(t) =1 .

Tpaexropist pyxy peakTHBHOI'O JBHTYHA IPU YMOBI,
0 BiH TATHE 3a COOOK TUIBKM YacTUHY KaOeIbHOrO
3apsiLy, MICTUTBCS MK TOYKaMH 3 KOOpAWHATAMH

0(0;0) i (KXl(tkl);K21(tk1)). Bin Touku 3 koopau-
HAaTaMu (KXl(tkl);K21(tk1)) IO TOYKH IIPU3EMIICHHS
PEaKTUBHOIO JIBUTYHA (199,09;0) BKa3zaHa TPAEKTOPis

Horo pyxy IpH YMOBi, IO PyXaeThCcAd BECh KaOCTHHUIMA
3apsif 1 e YacTHHA TaJbMiBHOTO KaHATY.

Y MOMEHT TOpKaHHS PEaKTUBHOT'O JBUI'YHA TIOBEPXHi
3eMJIi HOro KiHEeMaTH9HI ITapaMeTpH Majli 3HaYCHHS

X(t2) =199,09, V, (t,) = 6417/,
Vs (tk2)=—29,43f% i V(tk2)270,06/%,

TpuBalticTe pyxXy MeXaHi4YHOI CHCTEMH JIOPIBHIOIO

oy =g +p=2,82C+2,25¢=5,07¢ .

100,

tk1l t2k
80) /
60
V12(t)

40
20

0

0 2 4 6

t

Puc. 3. 3viHa IIBHAKOCTi peaKTHBHOIO IBUT'YHA

Ha puc. 3 HaBeneHo rpadik 3MiHM IIBHIKOCTI
peakTuBHOrO ABMryHa. Ha mpomixky yacy (O <t< tkl)

BKa3aHa 3MiHa IIBHJIKOCTI PEaKTHBHOIO JIBUTYHA, TPH
YMOBI HOT0 pyXy 3 KaOSITFHAM 3apsiIoM 3MiHHOI JIOBXKUHH.
Broponosx dacy (tkl <t< t2k) BKa3aHa 3MiHa IIBUJ-

KiCTh PEaKTHBHOTO JBWTYHA, KOJH B pyci mepeOyBarOTh
BeCch KaOempHUI 3apsa 1 Ime YacTHHA TaJbMiBHOTO
KaHary.

BucHoBknu

3anpornoHoBaHa MaTeMaTHYHa MOJENb PYXy peak-
TUBHHUX JIBUTYHa 1 TaluBa, MOJOBXKEHOrO 3apsmy i
rajJbMiBHOTO KaHATy JO3BOJIMTH OLHWTH BIUIUBH KyTa
HAaXWIy HAIpSAMHUX, 3aKOHY 3MIHM BEJIMYMHH pEaK-
TUBHOI CHJM Ta IHIIMX YMHHMKIB Ha JANBHICTH JIETY
peakTuBHOro JBUryHa. OTpuUMaHi TEOPETUYHI PE3yiib-
TaTH JO3BOJIATH MOKPALIUTH TEXHOJOTII0 PO3MiHYBaHHS
MIHHHX TIOJIB 3 BAKOPUCTAHHSIM ITOJIOBXKEHHX 3apsiiiB.
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THE IMPACT OF CHANGES IN THE MASS OF AN EXTENDED CHARGE AND A BRAKING CABLE ON THE
MOTION OF A ROCKET ENGINE

Tkachyck P., Horchinskiy I.,Velychko L., Sorokatyi M.

The ongoing Russian-Ukrainian war has significantly increased the use of mines and improvised explosive devices. In
Ukraine, there are hundreds of square kilometers of minefields and numerous group and individual locations containing mines,
ammunition, and other explosive materials. To prevent personnel and equipment losses, demining of these areas is essential. This
can be done through both mechanized and manual demining. Roller, hammer, and knife mine plows provide up to a 95%
probability of neutralizing explosive devices. However, their tactical and technical characteristics are not favorable for use in
close proximity to the enemy. In such cases, extended charges are used to create a passage through the minefield, with a
probability of mine neutralization reaching 90%. However, the dynamics of the rocket engine, the extended charge, and the
braking cable have not been sufficiently studied. This paper proposes a mathematical model for the movement of this mechanical
system, taking into account changes in the mass of rocket fuel, the cable charge, and the braking cable. The resulting system of
second-order nonlinear differential equations allows for the assessment of the impact of the rocket engine mass, launch angle,
fuel consumption laws, and other factors on the flight range of the rocket engine. The study considered the movement of the
mechanical system without considering air resistance. The parameters of the rocket engine's motion (flight range, trajectory
height, final speed, and flight duration) were determined for cases where the rocket force is constant and the guide angle is 60°.
Future research will focus on determining the effects of the guide angle and the law of changing rocket force on the flight range
of the rocket engine.

Keywords: demining, extended charges, rocket engine dynamics, rocket force.
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