Scientific journal

PHYSICAL AND MATHEMATICAL EDUCATION
Has been issued since 2013.

HayxkoBuii xypHai

DIBUKO-MATEMATHUYHA OCBITA

Bunaerscs 3 2013.

p-1SSN 2413-1571
e-I1SSN 2413-158X

DOI: 10.31110/2413-1571

https://fmo-journal.org/

| pol 10.31110/fm02024.v39i1-09 YK 355.433 |

MATEMATWYHI MOZAE/II BOMOBUX AIN
AK 3ACI6 BAOCKOHANEHHA NPO®ECIMHOI OPIEHTOBAHOCTI BUK/TIAQAHHA
MATEMATUYHUX AUCLUUNNIH Y BBH3

OnekcaHgp ®PYPCEHKO

XapkiecbKuli HayioHaneHuli yHisepcumem MosimpsaHux Cun im. lsaHa Koxcedyba, YkpaiHa
Olfursenko@ukr.net

https://orcid.org/0009-0008-9637-7297

Harania YEPHOBO/

XapkiecoKkuli HayioHanbHuli yHisepcumem llogimpsaHux Cun im. leaHa Koxcedyba, YkpaiHa
n.n.chernovol@gmail.com

https://orcid.org/0000-0002-7988-7016

Fanuna BOBPULLbKA &=

XapkiecbKuli HayioHaneHuli yHisepcumem MosimpsaHux Cun im. lsaHa Koxcedyba, YkpaiHa
bogalina31@ukr.net

https://orcid.org/0000-0003-2793-5108

AHOTAUIA

®dopmynioBaHHA nNpobnemn. BUKNaZaHHA MaTEMATUUYHUX AUCUMNAIH Y BULMX BiICbKOBMX HaBYanbHMX 3aKnagax (BBH3)
OPIEHTOBAHO MepLU 3a BCe Ha 3abe3neyeHHs IHCTPYMEHTOM BUBYEHHA TOYHMX HayK. MpU LbOMY B cnewjiasbHUX AUCUMNAIHAX
He B MOBHOMY 06CA3i BUKOPUCTOBYIOTbCA MOM/IMBOCTI MaTemaTMKK. B Takilt cuTyalii y KypcaHTiB i cyxadyiB YacTo 3HUKaE
MOTUBALLA 4O BMBYEHHA €I HAyKW. TOMY BaX/IMBO Ha NOYATKy BMBYEHHA BULLOI MaTEMATUKKN NOKa3yBaTU Ha NpUKNadax ii
3aCTOCYBaHHA Y BiliCbKOBIM cnpasi. MPMKNAAOM 3aCTOCYBaHHA € MaTEMATUYHE MOAENOBaHHA BoMOBMX Aili. 3ajadi Takoro
TMNY AonomaratoTb cpopmMyBaTU HaBYA/IbHE CEPesOBULLE, WO CNPUAE NiIABULWEHHIO MOTMBAL,i KYPCAHTIB 40 BUBYEHHA LMX
AnCUMNAiH Ta nornnbntoe ix NpodeciiHi 3HaHHA. IcHye 3Ha4Ha 6a3a 3a4ay Takoro TUNy, ane 3 PO3BUTKOM Cy4aCHUX BOEHHUX
TEXHOIOTIN Ta PO3BUTKOM MaTEMATUKK LA 6a3a NoTpebye OHOBIEHHA Ta NEPEOCMUC/IEHHS.

Marepianu i metoau. [1n17 BUKOHAHHA JOCNIAXKEHHA BUKOPUCTAHO CTOXaCTUYHUIA NiaxXia B AOCNiAXeHHI moaenei 6olioBux
AiA: BBEAEHHA CTaHiB BignoBigHoi cuctemu, nobyposa rpady Nepexoais Big, OAHOTO CTaHy A0 IHLWOMO 3 BKasaHHAM
iHTEHCMBHOCTEM, 3anuc BigNoBigHOI cuctemu andepeHLianbHUX piBHAHb Koamoroposa.

Pe3ynbTtatu. HagaHo AeTanbHWA ONMUC PO3B’A3aHHA NPUKNAZy CTOXacTUMYHOI mogeni “noraHoopraHizoBaHoro 6ot” ans
BUKOPUCTAHHA MPU BUKNAZAAHHI OKPeMUX POo3A4iNniB NPUKAALHOI MaTeEMATUKK i ONOBHEHHA UMM MaTepiaiom TpaaumuiiHoi
METOAMKM BUKNAAAHHA 3 METO MiABULLEHHA MOTMBALI BUBYEHHA MaTEMATUUYHUX AUCLMMAIH KypcaHTaMM Ta clyxayamu
BIICbKOBMX YHiBEPCUTETIB. B 3anponoHOBaHOMY NpPWKAAAi PO3rNAHYTO CTaHWU cUCTemMW, NobyaosBaHo rpad, sunuMcaHo
iHTEHCUBHOCTI NpW Nepexoaj Big, 0AHOro CTaHy A0 iHWOro, BUNMUCaHa cucTema audepeHuianbHux piBHAHb Konmoroposa,
BKA3aHO MeToA, po3B’A3aHHA L€l cucTemMu i cami po3B’A3KM, HaBedeHO KiHueBi Gopmynu 3 nigpaxyHKy maTemaTUyHUX
CnoAjiBaHb KiHLEBOro Yncna 60MoBMUX OANHULL KOXKHOI CTOPOHM Ta MMOBIPHOCTI NEPEMOTY KOXKHOT CTOPOHM.

BUCHOBKMW. B pob0Ti NpeacTaB/ieHo AeTaNibHUIM ONMC 3aCTOCYBAaHHA CTOXAaCTUYHOTO Nigxo4y A0 nobyaosu mogenein 6oMosmx
Aiii. HasefeHWIM NPUKNAL, AEMOHCTPYE NOKPOKOBE BUKOHAHHA LIbOrO NigXoAay i Moxe ByTW 3acToCOBaHWIA NPU BUKAAAAHHI
“n

“Teopii MmoBipHOocTen”, “MapkiBCbKMX Npouecis”, “MaTemaTMYHOro MOAENtOBaHHA Ta ONTUMI3aLi AoCNigKeHb” Towo B
BBH3.

KNKOYOBI CJZTIOBA: MapKkoacekuli npoyec 3 OUCKpemHUMU CMaHamu i HerepepeHUum Yacom; 2pag cmaHis; ougepeHuiansHi
pieHAHHA Konmozoposa; iHmeHcusHicms,; eghekmusHa ckopocmpineHicme; 60liosa 00UHUYA.
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ABSTRACT

Formulation of the problem. The teaching of mathematical disciplines in higher military educational institutions is focused
primarily on providing a tool for studying the exact sciences. At the same time, the possibilities of mathematics still need to
be fully utilized in particular disciplines. In this situation, cadets and students often need more motivation to study this
science. Therefore, it is important to show examples of its application in military affairs at the beginning of the study of higher
mathematics. An example of such an application is the mathematical modeling of combat operations. Problems of this type
help create a learning environment that helps increase cadets' motivation to study these disciplines and deepen their
professional knowledge. There is a significant base of tasks of this type. Still, with the development of modern military
technologies and the development of mathematics, this base needs to be updated and rethought.

Materials and methods. The study used a stochastic approach to study combat models: introduction of the states of the
corresponding system, construction of a graph of transitions from one state to another with an indication of intensities, and
writing the corresponding system of Kolmogorov differential equations.

Results. A detailed description of the solution of an example of a stochastic model of "poorly organized combat" is given for
teaching certain sections of applied mathematics and supplementing the traditional teaching methodology with this material
to increase the motivation to study mathematical disciplines by cadets and students of military universities. In the proposed
example, the states of the system are considered, a graph is constructed, intensities are written out during the transition
from one state to another, a system of Kolmogorov's differential equations is written out, the method of solving this system
and the solutions themselves are indicated, and the final formulas for calculating the mathematical expectations of the final
number of combat units of each side and the probability of victory of each side are given.

Conclusions. The paper presents a detailed description of the application of the stochastic approach to the construction of
combat models. This example demonstrates the step-by-step implementation of this approach. It can be used in teaching
"Probability Theory," "Markov's processes," "Mathematical Modeling, and Optimization of Research," etc., in higher
education institutions.

KEYWORDS: discrete-state and continuous-time Markov process; the Kolmogorov differential equations; the intensity;
effective rate of fire; combat unit.

BCTYN

MNoctaHoBKa npo6aemu. Mpu BUKNALAAHHI BULLOI | NPUKAIAHOT MAaTEMATUKM B 3aKN1a4aX BULLOT OCBITH, 30Kpema BBH3,
€ Ba)XNIMBMM pPO3B’A3yBaTH 3aAaudi npodeciliHoi cnpamoBaHOCTI. 3a4a4i BiNCbKOBO-NPUKAAAHOIO XapakTepy mMatoTb NigroTysatu
MalbyTHix odiuepiB 40 KPALLOro 0BONOAIHHSA MaibyTHLO Npodecieto, [0 NPUNHATTA PilleHb Y MPOrHo3yBaHHI pe3yibTaTis 60t0.
3afayi npodecitHOro cnpsimyBaHHA MOTUBYHOTb KYPCaHTIB i C/lyxayiB A0 6ifbw rMMHBOKOro BUBYEHHS BiANOBiAHOI TEMMU.

AHani3 aKTyanbHUX AocnigxeHb. AsTopu Kosnakosa Ta Kosantok (2009), Xom'tok (2004), Bykatap Ta iH. (2009),
BoHaapeHKo (2004) NponoHyOTb BBOAUTU B KYPCKU BULLLOT MAaTEMATUKKM 3a43a4i NPUKAAAHOIO XapaKTepy, BaKnuBi gaa obpaHux
npoodecii. B poboTi (XuTpak Ta iH., 2016) NponNoHYeTLCA PO3rNAHYTM Mmoaeni JlaHyecTepa 6oiMoBux Aiit B po3aini “OudepeHuiansHi
piBHAHHA" aucumnaiHn “Buwa matematnka” BBH3. Pobota (®PypceHko & YepHoson, 2020) nponoHye 3anpoBagutv mogeni
6orioBux g 3 gucuunniiy “Buwa matematuka” B posgini “AudepeHuianpHi piBHAHHA” Ta 3 aucumnaiHn “MpuknagHa
maTemaTmKa” B posginax “OnepauiiHe yncneHHa” Ta “Teopisa MmoBipHocTein”. JaHa poboTa NPOAOBIKYE AOCNIAKEHHA B LbOMY
HanpPAMKY, @ came Po3riAa4aAETbCA NPUKAAL CTOXAaCTUYHOI Moaeni 60MoBUX Al ANA po3rnaay B KypCi MPUKNALHOI MaTeMaTUKK
marictpaHTam BBH3.

B OCTaHHi POKM [OCNIAMKEHHIO Pi3HMX acMeKTiB CTOXaCTUYHOrO MoaentoBaHHA 6oloBuMx Aiit npuceayveHi pobotn Tomaca
(2000), Beca (2015), KipHi i MapTiHa (2019). B poboTi Yyesa (2011) 3anponoHoBaHa cuctema andepeHLiaNibHUX PiBHAHD, WO
onucye “noraHoopraHisoBaHuit 6iit” B 3aranbHOMY BMNaAKY, ane NOACHEHHSA, 3BiAKM KoediLlieHTU BUNUCAHOT CUCTEMMU, AK BOHA
OTpMMaHa i AK pPo3B’A3yeTbCA — BiACYTHI. [laHa poboTa HAa KOHKPETHOMY NPUKAAAI BHOCUTb ACHICTb B Lieit maTtepian. B iHWux
poboTax npeacTaBsieHi pisHi moandikauii cToxacTUYHUX Mogenein 6oMoBuX Aji: MMOBIPHICHA MoAeNb ABOCTOPOHHIX 6oMoBMX
AiA, KONW 04Ha CTOPOHA NPUTPUMYETLCA YMOB "BUCOKOOPraHisoBaHoro 60t0”, a iHlwa —ymoB "noraHoopraHizoBaHoro 6ot0” (Yyes,
2017), moaeni 6oMoBux Aiit Ha MOpi 3 ypaxyBaHHAM BMAiB 36p0i Ta CMIPOMOXKHOCTI 3axXMcTy cTopiH (ApmcTpoHr, 2004, 2011, 2014)),
OnA HeperynapHux 6oriosux gt (Kpecc, 2020). BuwiesasHayeHi pobotn He byaun npucesayeHi BUKNALEHHIO METOAUKN NObyA08U
CTOXaCTUYHUX mogenel 6oMoBUX Ail, a NpeACTaBAAOTb BUKAAA pe3yNbTaTiB AoCniAXKeHb aBTopiB. HeobxigHicTb chopmysaTh y
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KYPCaHTIB i CyxayiB BMiHHA CTOXaCTMYHOIO MoAeNt0BaHHA 6OMOBUX Ail Ta, BiANOBIAHO, BiACYTHICTb TAaKOT METOAMKM B NiTepaTypi
3YMOBMW/IO METY CTaTTi.

Merta cTaTTi. 3anponoHyBaTh AeTaNbHUIA ONUC PO3B’A3aHHA NPUKIALY CTOXAaCTUYHOI MoAeni “noraHoopraHizoBaHoOro
6010” ONA BMKOPUCTAHHA NPW BUKAALAHHI OKPEMMX PO34iNiB NPUKNAZHOT MaTeMaTUKM i AOMOBHEHHSA LMM MaTepiasiom
TPAANLINHOI METOAMKN BUKNQLAHHA Y BULLMX BIMCbKOBUX HABYAJIbHUX 3aKnafdax 3 METOH NifBULLEHHA MOTMBaLi BUBYEHHSA
BiNCbKOBMMM MaricTpaHTamMM MaTeMaTUYHUX AUCLMUNAIH.

METOAM AOC/IAMKEHHA

[NnA BUKOHAHHA AOCNIAXKEHHSA BUKOPUCTAHO CTOXAaCTUYHWI Migxin y AochigyKeHHi moaenen 6olioBux Aii: BBeAEHHA
CTaHiB BignoBiaHOI cucTtemu, nobyaosa rpady nepexonis Big OAHOrO CTaHy A0 iHWOrO 3 BKA3aHHAM iHTEHCMBHOCTEW, 3anuc
BignoBigHoOI cuctemu andepeHLianbHUX piBHAHb KOAMOroposa BifiHOCHO CTaHIB cUCTEMMU.

PE3Y/IbTATU AOCNIAXKEHHA

MocTaHoOBKa 3a4a4i HacTynHa. BigbyBaeTbes 6ilt Mix ABOMa yrpynyBaHHAMM: CTOpoHOto 1 i cTopoHoto 2. CTopoHa 1 mae
B CBOEMY CKAagj Nl OAHOPIAHNX OANHULB, CTOPOHA 2 MaE N2 OAHOPIAHUX 0ANHUL, He 060B’ A3KOBO OAHOPIAHMX 3 6oMOBUMM

OAMHMUAMM CTOPOHKM 1. Bigomo, wo «; i a, — epeKTMBHI CKOPOCTPiNbHOCTI cTopiH 11 2, BiANOBIAHO. BBaXaeTbCa, WO OAHUM

NOCTPINIOM MOXKHA 3HELIKOANTM He Binblie, Hix ogHy 6ooBy oanHuMLto. Kpim Toro, iHhopmaLis Npo BpaskeHHsA Wini BigcyTHA i
nepeHic BOrHO He BigbyBaeTbcA. 3aBAAKM OCTaHHIM yMOBI Uel 6i B niTepaTypi HasMBaloTb “noraHoopraHizoBaHnMm 6oem”.
MoTpibHO 3'ACcyBaTM MMOBIPHICTL MEPEMOrN KOXKHOI CTOPOHM i fIKa KiNbKiCTb HEYLWKOAKEHMX HOMOBUX OAUHULb 3aUWNTLCA B
KiHLi 6010 y KOXKHOI 3i CTOPIH.

MeTog po38’A3aHHA NONATAE B HACTYNHOMY. Mo3HauMMo S, ; — CTaH cucTemu, Npu AKOMY Y CTOPOHM 11 HeywKoAXeHNX

OAMHULb, CTOPOHM 2 | HEYLIKOAMKEHUX OAMHMULbL. BBaKaeTbcs, WO B cucTemi sz{sij} NpoTiKae MapKiBCbKMI npouec 3
OVNCKPETHOIO MHOMMHOIO CTaHIB i HenepepsHUM Yacom. MNo3Hauynmo R i (t)— MoBipHICTb TOrO, WO B MOMeHT Yacy t cucrema S
3HaXOANTHCA B CTaHI §; j (i=01..N, j=01..N,).

Mpu onuci nobyaoeu Liei moaeni KypcaHTam i marictpaHtam BBH3 ana 3pyyHocTi posrnaHemo sunagok N, =3, N,=2.

Po3rnsaHemMo HacTynHWit rpad 3 BKa3aHHAM iHTEHCUBHOCTEN NpUY Nepexoai Big 04HOro CTaHy CUCTEMM 40 iHwWoro (puc. 1):

i
‘332

Puc. 1. Fpad cTaHiB cucTemm 3 yKasaHHAM iHTEeHCUBHOCTEM
[Drepeno: asmopcoKa po3pobKa.

MOACHMMO, WO NepLIMM CTaHOM CUCTEMM € CTaH S, , MPU AKOMY Y CTOPOHM 1 TpK HeylKomxeHi 60i0Bi oanHML, a Y
CTOPOHM 2 ABi HEYLWKOAMKEHI 0AMHMLi. AKWO 3HeWKoaeHa oaHa 60MoBa 0AMHMUA, TO Le HACTYyMHWUI cTaH cuctemun. TobTo
. o o .o, a .
HacTyNHMMM CTaHamMM 3a cTaHOM S,, € cTaHu S, i S,,. Ba/IMBUMMK € BeANUUHM N—:? i N—:—— YacTKa ycniwHmx
2 1

nocTpinie cTopoHu 1 3a 0AMHMLIO Yacy, WO NPUXOAUTLCS Ha O4HY 6OMOBY OANHULIO CTOPOHM 2 i BiANOBIAHO YaCTKa YCMilIHMX
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NoOCTPiNiB CTOPOHU 2 33 OAMHMLLIO Yacy, WO NPUXOAUTbCA Ha oAHY 601M0oBY OaMHULO CTOPOHM 1. MOACHMMO AK BUMMUCYIOTLCA
iHTEHCMBHOCTI MpuX nepexoai Big4, CTaHy A0 CTaHy Ha ABOX npuKknagax. Ockinku 6i € “noraHoopraHizoBaHum”, To6TO
obCTpintooTbeA | BXe BpaxeHi 60/0Bi 0AnHMLI, TO NPK Nepexoai BiA cTaHy S,, A0 cTaHy S;, IHTEHCMBHICTb AOPIBHIOE A06YTKY

KiNIbKOCTi nocTpiniB cTopoHu 1, TOBTO WiCTb (KOMKHA 3 TPbOX OAMHMLL CTOPOHKM 1 3pobuaa NOCTPiN MO KOXKHIl 3 ABOX HOMOBUX
OAMHULb CTOPOHM 2), Ha YaCTKY YCMiLWHUX NOCTPINIB CTOPOHM 1 32 OAMHMLLIO Yacy, WO NPUXOAUTLCA Ha oAHY 60MOBY OAMHULIO

CTOPOHM 2, TO6TO Ha ?1 Mpun nepexogj Bia cTaHy S,, A0 cTaHy S,, IHTEHCUBHICTb AOPIBHIOE JOBYTKY KiNbKOCTI NOCTpiNis

CTOPOHM 2, TOBTO WicTb (KOXKHA 3 ABOX OAMHMUL CTOPOHM 2 3pobuMna NOCTPiN NO KOXKHIiM 3 TpbOX 60MOBUX O4MHMUL CTOPOHU 1),
Ha YacTKy YCMiLWHUX NOCTPINIB CTOPOHU 2 33 OAMHMLIO Hacy, WO NPUXOAUTLCA Ha oAHY 60MOBY OAMHMLIO CTOPOHM 1, TO6TO Ha

—2. |HWi cTaHW i iIHTEHCMBHOCTI BUNMCYIOTbCA aHaOri4HO. KiHUEeBMMM CTaHammM cucTemun € HacTynHi: S,q, S, Sio, Spur Spy s

KON Y OAHIEl 3 CTOPIH HY/Ib HeYLWKOAXKeHUX 6OMOBMX OANHULb.

[Oani, Buxopaum 3 BkasaHoro rpady (puc.1), Bunucyemo signosiaHy cuctemy andepeHujianbHux piBHAHb Konmoroposa
(npaBuna cTBopeHHn piBHAHL Konmoroposa npeacTaseHi y Kupili Ta @actosoi (2014)).

Cuctema po3B’A3yeTbCA MOCAIZOBHO: CMOYATKY Neplle PiBHAHHA, NOTIM, NiACTaBUBLLM PO3B’A30K NEPLIOro PIBHAHHA Y
Opyre, po3B’A3yeEMO Apyre PiBHAHHA | Tak Aani (BpaxoBylouYM NOYaTKOBIi yMOBM). MOACHMMO, L0 NepLue PiBHAHHA € PIBHAHHAM 3
BiJOKPEM/IIOBaHUMM 3MIHHUMM, HACTYMHI N‘ATb PiBHAHb € NIHIKHUMWU HEOAHOPIAHUMMW PIBHAHHAMM NEPLLIOTro NOPAAKY, AKIi MOXKHa
po3B’A3aTv, Hanpuknag, metoaom JlarpaH:xka. OcTaHHi N'ATb PiBHAHbL (3ayBa)KMMO, WO NOTPIOHO B HWUX MIACTaBUTU paHile
OTPMMaHi pO3B’A3KM) PO3B’A3YIOTLCA IHTErpyBaHHAM NiBOT i NPaBOi YaCTUH PiBHAHHSA (AMB. Aani cuctema (1)).

Pslz(t):_( 2 —+6- j 32(t)
"ty _[2. % 9. % &
O O O
szz(t):_( > —+4. 3j zz(t)+6 3 P32(t)
Pz'l(t)=—(2%+2-”§)21(t)+3 %p,t)+4 lpzzm

’ (24 a a.
R0 =—( 2%+ 2% R0 +4- 2,0

, a a 1)
A0 :—(—1+—2ja1(t)+24—2P21(t)+2 () ®
2 3 3
, a
Po(t)=3-— Psl(t)
Plo) =22 Pu(1)
, Q,
Ro(t)=— P11(t)
P, =2-22 12(t)
, a
Pat)y=-2 F>11(t)-
MoyaTKOBI ym0OBU:
P,,(0)=1 P,;(0)=0 mpm i+ j<5. (2)
B pe3ynbTaTi po3s’a3aHHA cuctemu (1) 3 noyaTkoBMMM yMOBaMVI (2) oTpmaHO HaCTyMHMUI PO3B’A30OK :
1
—=(2a, +3ay)t
P3 z(t) — e7(2a2+3a1)t’ 31(t) e 2 "2 _ef(ZzzZJrBal)t ’
, + 3051
t e7(2a2+3a1)l _ef(2a2+3a1)l ,
P, ()= —+ 30{1( )

2
Plz(t) _ ]_2052 : e—5(2a2+3a1)1 B 2e—§(2a2+3a1]! N e*(2a2+3a1)‘ ’
(2a, +3a;)

3a.a 71(20: +3a)t Za +3a)t *2(201 +309)t
Po(t) =22 |5 3 " T 4 ge et _19g 77F T _12e 3T T |
(2a, +3r;)

12a.a2 “L2a, +3e)t N 2(1 +3ey)t “2(20,+3a)t “Loa, 130yt
11():7(2 132 . —21e 377 —3e et 1 pe 27T T 4 ge ¢ T 410 6 |,
a, +3a,

9a? Y20, +3a)t B
Pso(t) — 1 - —e 2 2T, —_e (2a, +3ay)t +1 ,
(2a, +3,)
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9% Lioa, 30t ~ “Loa, +3e)t “2 (20, 130 )t
Polt)=——22 | -15e 3" —3e Pt ge 27 T 1 6e B 44,
(2, +3ct;)

18c’a? Leagraan “L2a, 130t “2 (20, +3ay)t L 20, 430t
Po) =12 21e s~ 4o et _ge 27T T _4e 3T T _20e 67 T 46,

(2a, +3a,)*
8(23 *1(2[1 +3a)t ,3(2,1 +3ay)t -
Poz(t):m B3 4303 0 g et g ,
o, +oa,

12¢a. a3 i(za +3a)t - 71(25( +3ay)t 73(211 +3a)t 71(20! +3a)t
Pa()=——2 | 21e 8 " 4o et _ge 27T T _4e 3T T 200 607 T 46,

(2a, +3a,)*
AKIWLO Po3rNAHYTU rpanmui piBHocTen ana Py (t), Pyo(t), B, (1), By, (t), By, (t) npu t— 400, To oTpmaemo rpanuuni
3Ha4YeHHA BiANOBIAHNX NMOBIPHOCTEN CTaHIB, @ cCamMe:

9a;
P (0)=—"""2—, P, (0) =
30( ) (2a24_3a02 20( )

108a/a’

(2a, +3a,)"’

36aa,
5+ Po() =
(2a, +3a)
3 3
8a, 20,0,
37 4"
(2a, +3a;) (2a, +3a;)
Bax/MBMMM XapaKkTepucTMKammu 6Ol0 € MaTemMaTU4Hi CMOAIBAHHA BIAHOCHOI KiNbKOCTI GOWOBMX OAMHWLb, WO
36epernnca HeyLKOAKEHUMM:

Ry o(0) = Pyy(e0) =

3 2
Ml:ZiF’iO(oo), MZ:ZjPOJ.(oo)
i=1 j=1
Ta MMOBIpHOCTI Nnepemoru cTopiH 1, 2 BignosigHo:
3 2
P1:ZPio(oo), Pzzzpoj'(w)-
i=1 j=1

Hanpuknag, posrnsHemo pesynbtath 6oto gna o, =0,1, &, =0,2 [ﬂ]:

XBUJINHY
Pyo(0) 0,18, P, () »0,21, B 4(0) 0,18, R, ,(0) 0,19, R, () ~ 0,24,
M, =114, M, =0,62, B, =0,57, P, = 0,43.

OTKe, 6il 3aKiIHUMTLCA MaliXKe PO3rpOMom 060X CTOPIH 3 HE3HAYHOD MepeBaroto cTopoHn 1 (y ctopoHu 1 3annwnTbea
0A4Ha HeylKoAKeHa boioBa oguHULA).

PosrnaHemo pesynbtatv 6010 gna o, =0,8, o, =0,1 (ﬂ}

XBUJIHHY
P, () = 0,852, P, () 0,131, B, () ~ 0,015, R, ,(e0) ~ 0,0005, F,,(x) =~ 0,0013,
M, = 2,835, M, = 0,002, B, ~0,998, P, ~0,002.

OTKe, MMOBIpPHiCTb nepemoru ctopoHn 1 poctatHbo Bucoka (0,998). B pesynbrati 60t0 y cTopoHu 1 3anuMwatben
HeyLKoaXeHUMU ABi 601M0oBi 0aNHML.

OBrOBOPEHHA

3a3HauMMoO, WO ANA BMKAALAHHA MariCTpaHTam BKa3aHOi moeni AOUiIbHO po3riAagatv Masy No4vaTKoBY KiNbKiCTb
6oiioBux pecypcis 06ox ctopiH (B po6oti N, =3, N, =2) Tomy, Wo npu 36inblUeHHi KinbKOCTi 6OMOBUX OAMHMLL 3POCTaE

KiNbKICTb CTaHiB B rpadi i TMM cammm KinbKicTb AndepeHuianbHMX PiBHAHb B CUCTEMI, LLLO ONUCYIOTb AaHY MoAenb. Afe ronoBHa
MeTa BUK/IaAaHHA LbOro maTepiany, HaBYUTU KypcaHTiB i cnyxadis BBH3 BunucysaTtv ctaHu cuctemu, 6yayeati rpad 3 ykasaHHAM
iHTeHcuBHOCTe | no rpady BunUcyBaTM cucTemy paudepeHuianbHUX piBHAHb KonmoropoBa. Po3B’A3aHHA cucTem He €
NPUOPITETHUM B LIbOMY, OCKiIbKM MEeTOAM PO3B’A3aHHA PiBHAHb CUCTEMM PO3FNALAIOTLCA HA MONOALWMX Kypcax. TOMY MOXKHa
pO3B’A3aTV 3 ayAWUTOPIEID, HAaNPUKNAZA, AB8a NepLi PiBHAHHA CUCTEMM i Jani BUNUCATM OCTAaTOYHI MMOBIPHOCTI KiHLEBUX CTaHIB
CUCTEMM | MO HUM POBUTU BUCHOBKM LLOAO pe3ynbTaTis 6oto.

BUCHOBKM TA NMEPCMEKTUBM NOAANBLUOIO AOC/NIAXKEHHA

[oCTaTHbO AeTaNbHUIA ONUC MMOBIPHICHOTO PO3B’A3aHHA 3aJadi 403B0O/IAE 3aCTOCYBATKU 3arasibHy CXeMy PO3B’A3aHHA i
ONA iHWKWX moaenelt 6ooBux ain. NMoKpoKoBe po3B’sA3aHHA MoXKe ByTK 3aCTOCOBaHe BMKNa4aYamMu Npu BUKNALAHHI AUCLMNAIH
“Teopia MMoOBIpHOCTEl Ta MaTeMaTM4Ha CTaTUCTMKA”, “BunagKkosi npouecn”, “MpuknagHa matematuka” Ta “MaTemaTuvyHe
MoZeNtoBaHHA Ta ONTUMI3aLia gocnigxeHb” B BBH3.

CMNCOK BUKOPUCTAHUX OXKEPEN

1. boHgapeHKko, 3.B. (2004). AKicHWi aHani3 po3s’A3KiB cucTem gudepeHuianbHUX PiBHAHL AK 3acid GpopMyBaHHA AEAKMX KOMMOHEHTIB
npodeciliHOi KyNbTypW CTYAEHTIB. BicHUK BiHHUUYbK020 nosimexHiYHo2o iHcmumymy, 1, 115-120.

2. bykatap, M.l., ApiHb, |.I., & NlaBpeHuyk, B.M. (2009). 3 focBigy BUKNaAaHHA BULLOTI MaTEMATUKM ANA CTYAEHTIB EKOHOMIYHUX CreLiaNbHOCTEN.
Memo0dosoz2is 8UKAAOAHHA MAMeMamuYHUX OUCYUNIH 0719 HeMameMamuyHuUx creuyiassHocmel y cyvyacHUx ymosax: me3su dorosioeli
BceykpaiHCbKOi HayKo80-memoou4Hoi KoHgepeHyii. 16-18 epyoHa 2009 p. (c. 39-41). Cymay.

3. Kupiii, B.B., & dactosa, H.l. (2014) MpuknadHi 3a0ayi modento8aHHA ekoHomiYHUX npoyecie. XHYPE.

68



disuko-matemaTtuyHa ocsita / Phisical and Mathematical Education Tom 39, Ne 1 / Vol. 39, No 1 (2024)

4. Kosnakosa, I.0., & Koantok, T.B. (2009). HaykoBO-MeTO4MYHA NiATPMMKA PO3BUTKY BULLOI NPUPOAHNYO-MATEMATUYHOI OCBITU B TEXHIYHUX
yHiBepcuTeTax. Po38umok iHmenekmyasnbHUx ymiHb i meop4ux 30i6Hocmeli yyHie ma cmydeHmis y npoyeci HABYaHHA MamemMamuKu: me3u
donogideli BceykpaiHCbKOI HaOYK080-MemoduYyHoi KoHpepeHuii. 3-14 epydHa 2009 p. (c. 208). CymUy.

5. ®ypceHko, O.K., & YepHoBson, H.M. (2020). /laHyecTepoBCbKi mogeni 60iMoBux aii. 36ipHUK HayKOBUX NMpayb XapKiBCbKO20 HAYIOHAAbHO20
yHigepcumemy Mosimpsa+ux Cus, 4 (66), 85-91. https://doi.org/10.30748/zhups.2020.66.12

6. Xutpsak, O., Copokatuii, M., & MeTpyyeHko, O. (2016) [eski 3acTocyBaHHA AndepeHLianbHUX PIBHAHb B BIICbKOBII cnpaBi. 36ipHUK HaYKOBUX
npayb HayioHansHoi akademii 0epcasHOIi NpUKOPOOHHOI cayxbu YKkpaiHu, cepis: gilicokosi ma mexHiyHi Hayku, 1(67), 319-330.

7. Xom'tok, |.B. (2004). Mpo popmyBaHHA NpodeciiHOi CNpAMOBaHOCTI CTyAeHTIB TexHiYHMX BH3 y npoueci BUBYEHHA Teopii MMoBIpHOCTEN.
BicHuK BiHHUYbK020 nonimexHi4yHoz2o yHieepcumemy, 3, 85-89.

8. UYyes, B.lO. (2011). BepoATHOCTHasA mogenb 608 MHOTOUYUCAEHHbIX FPYNNMPOBOK. BecmHuk MITY um. H. 3. baymaHa, cep. «EctectBeHHble
HayKku», 223-232.

9. Yyes, B.l0., Oy6orpain, U.B., & [bsakosa, JI.H. (2017). “CmewaHHble” BEPOATHOCTHble MOAENM ABYCTOPOHHWUX 60eBbiX AeNcTBUi
MHOFOUYUCNEHHBIX FPYNNMPOBOK. Mamemamuyveckoe ModenuposaHue U YucaeHHsie memoosl, 1, 91-101. https://doi 10.18698/2309-3684-
2017-1-91101.

10. Armstrong, M.J. (2004). A Stochastic Salvo Model For Naval Surface Combat. Sprott School of Business, Carleton University.

11. Armstrong, M.J. (2011). A verification study of the stochastic salvo combat model. Annals of Operations Research, 186(1), 23-38.

12. Armstrong, M.J. (2014). The salvo combat model with a sequential exchange of fire The Journal of the Operational Research Society, 65(10),
1593-1601.

13. Kearney, M. J., & Martin, R. J. (2019) On a stochastic version of Lanchester’s model of combat. Department of Mathematics, Imperial College
London.

14. Kress, M. (2020). Lanchester Models for Irregular Warfare. Operations Research Department, Naval Postgraduate School, Monterey.

15. Thomas, W.L. (2000). The Stochastic Versus Deterministic Argument for Combat Simulations: Tales of When the Average Won't Do. Military
Operations Research, 5(3), 9-28.

16. Vesa, K. (2015). A Combat Equation Derived from Stochastic Modeling of Attrition Data. Military Operations Research, 20(3), 49-69.

REFERENCES (TRANSLATED AND TRANSLITERATED)

1. Bondarenko, Z.V. (2004). Jakisnyj analiz rozv'jazkiv system dyferencialjnykh rivnjanj jak zasib formuvannja dejakykh komponentiv profesijnoji
kuljtury studentiv. [Qualitative analysis of solutions of systems of differential equations for the formulation of the actual components in the
professional culture of students]. Visnyk Vinnytskoho politekhnichnoho instytutu — Herald of the Vinnytsia Polytechnic Institute, 1, 115-120.
(in Ukrainian).

2. Bukatar, M.l., Drin, I. 1., & Lavrenchuk, V.P. (2009). Z dosvidu vykladannja vyshhoji matematyky dlja studentiv ekonomichnykh specialjnostej
[Practice of studying higher mathematics for students of economics specialties]. Metodolohiia vykladannia matematychnykh dystsyplin dlia
nematematychnykh spetsialnostei u suchasnykh umovakh — Methodology for the study of mathematical disciplines for non-mathematical
specialties among the savage minds, December 16-18. (pp. 39-41). SumDu. (in Ukrainian).

3. Kyriy, V.V., & Fastova, N.I. (2014). Prykladni zadachi modelyuvannya ekonomichnykh protsesiv [Applied problems of modeling economic
processes]. KHNURE. (in Ukrainian).

4. Kozlakova, G.O., & Kovalyuk, T.V. (2009). Naukovo-metodychna pidtrymka rozvytku vyshhoji pryrodnycho-matematychnoji osvity v
tekhnichnykh universytetakh [Scientific and methodological support for the development of higher natural and mathematical education in
technical universities]. Metodolohiia vykladannia matematychnykh dystsyplin dlia nematematychnykh spetsialnostei u suchasnykh umovakh
— Methodology for the study of mathematical disciplines for non-mathematical specialties among the savage minds, December 3-14. (p. 208).
SumDu. (in Ukrainian).

5. Fursenko, 0.K., & Chernovol, N.M. (2020). Lanchesterovsjki modeli boevyih deystviy [Lanchester models of combat operations]. Zbirnyk
naukovykh prats Kharkivskoho natsionalnoho universytetu Povitrianykh Syl — Collection of Science Practitioners Kharkiv National Air Force
University, 4(66), 85-91. https://doi.org/10.30748/zhups.2020.66.12. (in Ukrainian).

6. Khitryak, O., Sorokatiy, M., & Petruchenko, O. (2016). Dejaki zastosuvannja dyferencialjnykh rivnjanj v vijsjkovij spravi [Certain
implementation of differential equations in military field]. Zbirnyk naukovykh prats Natsionalnoi akademii derzhavnoi prykordonnoi sluzhby
Ukrainy, seriia: viiskovi ta tekhnichni nauky — Book of Science Works of the National Academy of State Bridging Service of Ukraine, Serie: in
science and technology, 1 (67), 319-330. (in Ukrainian).

7. Hom'yuk, 1.V. (2004). Pro formuvannja profesijnoji spriamovanosti studentiv tekhnichnykh VNZ u procesi vyvchennja teoriji jmovirnostej
[Formation of professional skills of students in technical higher education institutions during educational process of the probability theory].
Newsletter of the Vinnytsia Polytechnic University, No. 3, pp. 85-89. (in Ukrainian).

8. Chuev, V.Yu. (2011). Veroyatnostnaya model boya mnogochislennyih gruppirovok [Probabilistic model of battle of numerous groups]. MGTU
im. N. E. Baumana, ser. «Yestestvennyye nauki» — MSTU im. N. E. Bauman, ser. "Natural Sciences", 223-232. (in Russian).

9. Chuev, V.Yu., Dubograi, I.V., & Dyakova, L.N. (2017), “Smeshannyie” veroyatnostnyie modeli dvustoronnih boevyih deystviy
mnogochislennyih gruppirovok” [“Mixed” probabilistic models of bilateral military operations of numerous groups], Matematicheskoye
modelirovaniye i chislennyye metody — Mathematical modeling and numerical methods, 1, 91-101. https://doi 10.18698/2309-3684-2017-1-
91101 (in Russian).

10. Armstrong, M.J. (2004). A Stochastic Salvo Model For Naval Surface Combat. Sprott School of Business, Carleton University.

11. Armstrong, M.J. (2011). A verification study of the stochastic salvo combat model. Annals of Operations Research, 186(1), 23-38.

12. Armstrong, M.J. (2014). The salvo combat model with a sequential exchange of fire The Journal of the Operational Research Society, 65(10),
1593-1601.

13. Kearney, M. J., & Martin, R. J. (2019) On a stochastic version of Lanchester’s model of combat. Department of Mathematics, Imperial College
London.

14. Kress, M. (2020). Lanchester Models for Irregular Warfare. Operations Research Department, Naval Postgraduate School, Monterey.

15. Thomas, W.L. (2000). The Stochastic Versus Deterministic Argument for Combat Simulations: Tales of When the Average Won't Do. Military
Operations Research, 5(3), 9-28.

16. Vesa, K. (2015). A Combat Equation Derived from Stochastic Modeling of Attrition Data. Military Operations Research, 20(3), 49-69.

Mamepian Hadiliwos 0o pedakyii 01.12.2023p.

This work is licensed under Creative Commons Attribution-NonCommercial-ShareAlike 4.0 International License.

69



