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Huceprariiitna poOoTa IMpHUCBSYEHA MIJBUINEHHIO HAAIMHOCTI apTUIEPIACHKUX
CUCTEM 3a YMOB JMHAMIYHUX 30ypeHb IUISIXOM pPO3POOKHM Ta BIOCKOHAJICHHS
MaTEMaTUYHOrO Ta 1H(GOpPMAIIMHOTO 3a0e3MeyYeHHs] aBTOMATHU30BAHMX CHCTEM
yIpaBJIiHHS 3acO00M IMITaIITHOTO MOJICJIFOBAHHSI ITPOIIECIB 3HOIICHHS, TIarHOCTUKH Ta
e(eKTUBHOCTI (YHKLUIOHYBAaHHS apTUJIEPIMCHKUX CTBOJIIB HA OCHOBI OO0’ €KTHO-
OpPIEHTOBAHUX METOIB. 3 1I€I0 METOI0 pO3pOOJICHO aNrOpPUTMIYHE Ta 1H(POpMaIliiiHe
3a0€3MeueHHs I MATPUMKH 3agaHoro piBHsA HamiiHocTi ACK mij 4yac BUKOHAHHS
00OBUX 3aBAaHb aPTHIIEPIACHKUMHU MIPO3A1IAMHA B yMOBaX TMHAMIYHHUX 3M1H 00HOBOT
cutyallii Ha OCHOBI MapKiBCbKHUX MOJE/CH Ta CUMYJISLIMHUX METOMIB IS ajarTarii
yOpaBiIiHHSA 3a 00CTaBMH HEBU3HayeHOCTI. CTBOPEHO METOJM MOHITOPUHIY CTaHIB
CTBOJIIB apTUJIEPINCHKUX TapMar, skl 3aCHOBaHI Ha 00poOIll aKyCTUYHUX CUTHAJIIB Ta
Bi3yajizalli pO3LIMPEHHS MOPOXOBHX Ta3iB, 10 BUHHMKAIOTH MiJ 4Yac MOCTPiIy, B
HaBKOJUIITHBOMY CEPEIOBUIIL.

Y nepmiomy po3aini «AHaii3 TOTOYHOTO CTaHy €QEeKTHMBHOCTI KepyBaHs
apTWIEPIUCBKUMHU CHUCTEMaMU 3a YMOB JAMHAMIYHUX 30ypeHb» OJEep:KaHO TakKi
pe3yNbTaTH:

— BusHaueHo kit0490Bi (pakTOpH, K1 BIUIMBAIOTh HA HAMIWHICTH 1 €()eKTUBHICTh
apTUIEPIMCHKUX CUCTEM 32 YMOB JMHAMIYHHUX 30ypeHb. AHaI3 MPOIIECiB MMOKa3aB, 110
HaBITh BITHOCHO HEBEJIMKE MEPEMIIEHHS 1111l 0e3 ypaxyBaHHS i1 JMHAMIKHA 3yMOBIIIOE
IpOMax 3 BIIXHWJICHHSAM TOYKH BJIyYaHHS, 10 3HAYHO IEPEBHUIIYE PAMIyC yparKCHHS

LIUJT1.
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— Iloka3aHo, 1110 BUTIAQJIKOB1 Bapiallii OaiCTUYHUX HapaMeTpPiB MOCTPLITY MOXKYThb
HIBEJIIOBATH 3YCHJIJIS 3 TOYHOTO HaBEJEHHS 0e3 BUMIpIOBaHHS (PaKTUYHOI IIBUAKOCTI
KOXKHOTO TIOCTPUTYy Ta BBEIEHHS IOIMPABOK HABITh MO HEPYXOMiH ITiTi HE TapaHTYe
BJIyYaHHS 3 TMEpIIoro noctpity. JlJis BUKOHAHHS LIbOTO 3aBJaHHS Cy4yacHI rapMaru
OCHAIIYIOTh JAaTYUKaMHU TyJbHOI MIBHUAKOCTI a00 CHCTEMaMU KOHTPOIIO TPAEKTOPIi
NOCTpLTYy, AaHl 3 SIKUX HAAXOAATh O CHUCTEMHU YTPABIIHHS BOTHEM 1 JO3BOJSIOTH
aBTOMATUYHO CKOPHUTYBAaTH HABEJICHHS Nepe]] HACTYITHUM IOCTPLIIOM.

— KommuiekcHuid aHani3 CydyacHUX aJIfOPUTMIB YIPABIIHHS MOKa3aB, IO KOJIEH
He 3a0e3neuye ONTUMAIBLHOTO MOETHAHHS aJalTUBHOCTI, €pEKTUBHOCTI Ta HAJIHHOCTI.
[Ipornoctnuni MPC-cuctemu BiA3HAYalOThCSI BUCOKOIO TOYHICTIO Ta THYYKICTIO, aje
NOTpeOyIOTh 3HAYHUX OOYUCIIOBAIBHUX PECYpPCIB 1 OCOOJIMBO UYTJIMBI 0 IITICHOCTI
MaTeMaTUYHUX Mojieneil. PoOacTHI perynsaropu TapaHTyIOTh CTIMKICTh 110 30ypeHb,
MpoTe CKIaAHI B peam3anii. [HTeneKkTyalbHI KOHTPOJIEPHM HEUITKOI JIOTIKH YH
HEHPOHHUX MEpEeX 37aTHI NMPUCTOCOBYBATHUCS 1O HENIHIMHOCTEH, OJHAK BUMAararTh
BEJIMKHUX HaBYAIbHUX BUOIPOK 1 HE rapaHTYIOTh cTaOUTLHOCTI. Lle ycknagHoe ix npsiMe
3aCTOCYBaHHS 32 YMOB PEAJbHOro 000, IO 3YMOBIIOE MOTPEOYy B AKICHO HOBOMY
KOMITJIEKCHOMY PIIIICHHI.

— OOrpyHTOBAHO HEOOX1IHICTh YIOCKOHAJICHHS IMITAllIMHUX MOJIEIEH 3HOIIICHHS
CTBOJIIB 3 YpaxXyBaHHSAM aKyCTHYHUX Ta ONTUYHUX MPOSBIB MOCTPLITY, PO3POOKH HOBHX
aJanTUBHUX aJITOPUTMIB YIPaBIiHHS CTPLILOOI0 HA OCHOBI MapKiBChKHX MPOIIECIB Ta
BOXKJIMBICTh CTBOPEHHS METOJIB OINEPATUBHOTO MOHITOPUHTY CTaHy TrapMar 3a
CUTHAJIaMH TTOCTPLTY 3 METOI0 Bepuikallii pe3ynbTaTiB CTPLIHOU B peaabHOMY Yaci.

Y napyromy posain «IHpopmariiiine MOAETIOBaHHS 3HOCY apTHIEPIMCHKUX
CTBOJIIB» YJOCKOHAJICHO IMITAIifHI MOJEJl 3HOIICHHS apTUJICPIMCHKUX CTBOJIB 1
3apsAAHUX KaMop, SIKI BpaxOBYIOTh aKyCTUYHI Ta Bi3yasbHi MOJISA, 3 METOIO 3a0€31EeUEeHHS
TIarHOCTHKYU X CTaHy 3a MUTTEBOIO HIBUAKICTIO CHapsIa, KW BUXOIUTH 3 KaHATY

CTBOJIA, 1 00’ €My MMOPOXOBUX T'a3iB, 10 YTBOPIOIOTHCS MiJT Yac MOCTPLIY.



— 3anponoHOBaHO IMITAIHY Ta IHQOpMAaIIiHY MOJIeIl BHYTPIIIHBOI OaTICTUKU
MOCTPUTY 3 TMOCTYNIOBUM 3HOIICHHSM KaHaly CTBOJIA, SKI BIEpIIE BpPaxOBYIOThb
TeHepaIlil0 aKyCTUYHMX Ta ONTHUYHUX TMOMIB, IO CYNPOBOKYIOTH IOCTPLI, AJIS
JIarHOCTUKH TEXHIYHOT0 cTaHy rapmatu. [IpoBeieHO po3paxyHKOB1 €KCIEPUMEHTH, SIKi
JO3BOJIMJIM  JAOCHIAUTHA BIUIMB KIIOYOBHX (akTOpiB (THCK MOPOXOBHUX Ta3iB,
TEeMIlepaTypa, BJIACTUBOCTI 3apslly, CTYMHIHb 3HOIIEHOCTI CTBOJIa) Ha MapameTpu
MOCTPLTY Ta HOTO HACHIJIKK AJsl pecypcy rapmatu. Ha oCHOBI CHHTE30BaHMX CHUTHAJIIB
BUJIJIEHO 1H(OPMATUBHI O3HAKH aKyCTUYHOTO MOJIA, 30KpEMa aMILTITyAa 1 TPUBAIIICTh
OalicTUYHOT Ta JyJbHOI XBUJIb Ta CIEKTPaJbHI XapaKTEPUCTUKH, SIKI YYTIUBI IO
CTYIICHSI 3HOIIEHOCTI CTBOJIA.

— [lokazano, 110 3a 1H)pOpPMAaTUBHUMHU O3HAKAMH aKyCTHUHHX 1 ONTHYHHUX IOJIIB
HOCTPULy MOXXKHA aBTOMAaTHMYHO KJacU(iKyBaTH TEXHIYHMNA CTaH CTBOJIa TapMary.
Boanoyac BUKOpHUCTaHHSI METOIY OTIOPHHUX BEKTOPIB JO3BOJUIO JOCATTH MOKIHUBOCTI
pO3Mi3HABaHHS CTaHy «CIpaBHUK a0o0 3HOmeHHI». s 3a0e3nedeHHs IITICHOCTI
aHaii3y BIEpILIE 3allpONOHOBAHO HOBHM TUN 1H(GOpPMALITHOI OAMHMII, 1O 00’ €qHYE
CUHXPOHI30BaHI MapaMeTpu AaKyCTUYHOIO Ta ONTHUYHOIO CIOCTEPEKEHb. Taka
iH(dopMaIliiiHa OAMHUIIT peaii3oBaHa K aOCTpakTHUN 0a30BUU Kiac, IO JO3BOJIE
YHI(DIKOBAHO 1HKANCYJIOBATH PI3HOPIJHI JaHl, Y3TOKYBaTH YacOBI XapaKTEPUCTUKH
MOCTPITy, CIPOIIyBaTH iHTEpQeiicu 0OpoOKH B CUCTEMI YIPABIIHHS Ta IMiIBUIYBaTH
y3arajibHeHy TOYHICTh OLIHIOBAaHHS TEXHIYHOTO CTaHY.

— Opepxani  pe3yiabTaTH  MIATBEPIKYIOTH  JOLUIBHICTE  BUKOPUCTAHHS
00’eHAHNX aKyCTUYHUX Ta ONTUYHUX MapaMeTpiB y dopmaTti €eauHoi iHPOpMaIiiiHOT
OJIMHUII JJISI ONEpPaTUBHOI J1arHOCTUKH 3HOIIEHOCTI, a BH3HAYEHHS IMOYaTKOBOI
MIBUAKOCTI Ta SCKPaBOCTI AYJBHOTO CcClajaxy Ja€ 3MOTy pO3paxOBYBaTH pIBEHb
Jerpajaiii CTBOJIAa B PEXHMI peaJbHOTO uacy. IMiTaifiiiHe MOJETIOBaHHS CIPHSIIO
JOJIaTKOBOMY JIOCJIIJI)KEHHIO BIUIMBY BapiaTMBHOCTI XapaKTEPUCTUK OOEMPUIIACIB.
BcranoBnieHo, 110 mOpOXOB1 3apsAy 31 3HAYHUM TEPMIHOM 30€piraHHs 3yMOBIIOIOTH

NPUCKOPEHHSI  €pO31MHOI  3HOIIEHOCTI. YJIOCKOHaJEeH1 IMITalliiHl Mojenm 3
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BUKOPHUCTAaHHSAM HOBUX 1H(OpMAIIMHUX OJAUHUIL (GOPMYIOTH 0a3y s 1HTErpOBaHOI
CHUCTEMHU MOHITOPHHTY 3a JIOMTOMOTOIO MPOTPAMHOTO 3a0€3eUeHHS, 3IaTHOTO BUSBIISATH
KPUTHYHY 3HOILIEHICTh Oe3mepepBHO, O€3 BUBEJACHHS rapMartu 3 00M0OBO1 eKCIUTyaTallii.

Y T1perboMy po3aun  «AnroputMmiuHe Ta iH(opmariiine 3a0e3nedyeHHs
a/IalITUBHOTO YIPAaBJIIHHS apTUIEPIACEKUMU CUCTEMaMI» PO3TISTHYTO 3MiHY 00MOBO1
cuTyallii Ha OCHOBI MapKiBChbKHUX MOJIEJCH Ta CUMYJISALIMHUX METOMIB JJIsl ajarTaiii
aBTOMATHU30BAHUX CHUCTEM YTPABIIHHSI 3a yMOB HEBU3HAYEHOCTI Ha 0a3l 00’€KTHO-
OpIEHTOBAaHUX METOJIIB Ta OAEPKAHO TaKl PE3YJIbTATH:

— 3anpornoHOBaHO MOEAHAHHS CTOXACTHYHOI MOJIENl CTaHiB 00MOBOi poboTH 3
MO/[1€EBO-OPIEHTOBAHOIO CUMYJISIIIIKHOIO MOJCIUII0 i MAPO3AUTYy, IO J03BOJISIE
OpUiiMaTH PIIICHHS HA OCHOBI MPOTHO3Y UMOBIPHICHUX TPAEKTOPIH MOJBOTY CHApsAA.
Takuii miaxia 6a3yeTbcss Ha 00'€KTHO-OPIEHTOBAHOMY IMPECTABICHHI apTHIIEPIACHKOI
Oarapei, B K1 KepoBaHI O0’€KTH MOENHYIOTH SK BJIACTHUBOCTI (pecypc, TOYHICT,
00€3/1aTHICTh), TaK 1 AUHAMIYHI CTaHH (MIEpPEMIIeHHS, BOTOHb, BUX1J 3 Jady, pEeaKIis
Ha 3arposy).

— Po3po61eH0 KII0U0BUIM METO]T B3a€EMO/I1T MK CUMYJISIIIHOIO M1ICUCTEMOIO Ta
SJIPOM YIIPaBJIIHHS Yepe3 3anpornoHoBaHy 1H(GOpMaIlIiHY OJUHUII0. Y Cl CEHCOPHI JaH1
PO CTaH rapMaTH MICIs MOCTPTy (aKyCTUYHI Ta ONTHYHI) KOMIUIEKTYIOTHCSI B OKpEMI
cTpykTypH. L1 006'ekTH POPMYIOTH TTOTIK CITIOCTEPEKEHD, JIe HA OCHOBI XapaKTEPUCTHUK
xBUIb (At, cmekTp, cmanax, SCKpaBiCTh, IUIOMIA IOJYM’S TOINO) BUKOHYETHCS
OI[IHIOBAHHS TEXHIYHOTO CTaHy rapmartu. Jlaii OHOBJIEHHWI CTaH arperyerscs 1
nepeaaeTbesa 10 MapKiBChKOI MOJENi, sika BUKOPUCTOBYE 1110 1HQOpMAIlito s
KOPUTYBAaHHS MMOBIPHOCTEH MEPEXO0IiB MI>K CTAHAMU Ta TIEPETIISAY CTPATET1i.

— BusHaueHo MeTOJ, SKHI 3yMOBIIOE€ OHOBJICHHS MapKiBCHKOTO KOHTPOJIIO
CTaHIB, IO 3a0e3reuye 3BOPOTHUM 3B’S30K MK TMOTOYHHMH BJIACTUBOCTSIMHU
apTHJIEPIACHKOTO 030pO€HHST 1 TMporHo3amMu B iHQoOpMaIidHii Mozjem. Sk
KiacudikaTop 1IeHTU(PIKY€E TOYATKOBI O3HAKH KPUTUYHOTO 3HOIIEHHSI, TO HMOBIPHICTh

YCHIIIHOTO Yypa)K€HHS 3MEHIIYEThCS, IO COPUYMHSAE 3MIHY CTpaTerii: rapmara



THMYacOBO BWJIYYA€ThCS 13 3aimy abo 1AeHTHU(]IKYeThCS SK MEHIN 3aTpeOyBaHa B
posmoauni moctpimiB. lle 3abesmeuye peamizamito amanTUBHOTO YIPABIIHHSA, 1€
MapkiBcbki cTaHU HE € (PIKCOBAaHMMH, a JMHAMIYHO YTOYHIOIOTHCS Ha OCHOBI
CUMYJISAIIMHUX CITIOCTEPEKEHbD, 110 MTPHUHIIUITOBO BIJIPI3HAE JAHUM M1X11 BiJl KJIACHUHUX
CXEM 3a3HAYCHUX MOJENEH.

— IlpoBeneHo imMiTariiiHe MojeIIOBaHHS OOHOBOI pOOOTH, sSKE MiATBEPIUIIO
e(eKTUBHICTD 3alpPOINIOHOBAHOI 1IHTErpallii. Y CIeHapisix 3 JUHAMIYHUMU 3arpo3aMu Ta
HEBHM3HAYEHICTIO (HampUKIal, KOHTpOaTapeiiHUM BOTHEM a0O0 YacCTKOBOIO B1JIMOBOIO
o0JiaiHaHHSA ) aanTHBHA cucTeMa 30epirana j10 85 % 60e€31aTHOCTI, TOA1 K TpaauIliifHa
BTpayasa ii Maii’ke MOBHICTIO. 3alpOIOHOBaH1 1H(OpPMAaLiiHI OJUHHUII 3a0€3MeUUIH
€IMHY Y3TO/PKEHY TOUYKY JOCTYITY O TOTOYHUX MapaMeTpiB MOCTPLIY, IO CIIPOCTUIIO
iHTepdeic MK MiJICHCTEMaMH Ta 3MEHIIMIIO TPUBAIICTh aHaiizy. TakuMm YHHOM,
po3pobsieHa aBTOMATH30BaHA CHCTEMa YMPaBIiHHS JO3BOJWIIA BIEpIINE peani3yBaTH
3BOPOTHUM ITUKJI «IOCTPIJ — MOHITOPUHI — OHOBJICHHSI CTaHy — HOBE PIIICHHS» B
apTUJIEPIMCHKIN MiJICHCTEMI YIPABIIIHHS HAa OCHOBI 1HTErpaiii MapKkiBCbKHX MPOLECIB
3 CHUMYJSILIMHOIO MOJEIII0, MIATPUMYBAHOK 1HQOpMaUiMHUMHU oauHuugaMH. Lle
3a0e3Me4mnsIo MiABUIICHHS TOYHOCTI, aJalTUBHOCTI Ta €()EKTUBHOCTI BOTHEBUX PIIlICHb
3a yMOB JIWUHAMIYHMX 30ypeHb, IO W 3YMOBWJIO JOCSTHEHHS IOCTAaBJICEHOT METU
JUCEPTAIIITHOTO TOCITIIKEHHS.

VY yerBepTOoMy po3auli «MeTonu MOHITOPUHTY Ta aJalTUBHOTO YIPaBIIHHSA
0010BOIO POOOTOIO APTUIIEPINCHKUX YCTAHOBOKY MEPECTiAyBaiach MeTa 3a0€3MeUCHHS
OTIepaTHUBHOI BepudikaIlii mporecy CTpuIbOU i MATPUMKH 33JaHOTO PiBHSA HAIIMHOCTI
apTUJIEPIMCBLKOTO 030pO€HHS 3a YMOB AMHAMIYHMX 30ypeHb, 110 3a0e3Meyusio Taki
pe3yNbTaTH:

— Po3pobiieno y3aranbHeHy CTPYKTYpy 1H(DOpMaIiHHO-aHATI THYHOT MiICUCTEMHU
MOHITOPUHTY CTaHy rapMar 1 aJanTHUBHOTO YIPaBIiHHS BOTHEM, peajli30BaHy 3a
NpUHIMIIOM  Oe3mepepBHOro  300py JaHUX Ta  aBTOMATHU30BAHOTO  ITUKITY

«CeHCOpHU—aHali3—ynpaBiiHHs». [ligcucTemMa BKIIIOYa€ aKyCTUYHI 1 ONTUYHI CEHCOPH,
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MOy onf)pyBaHHs 1 OTIEpeHLOT 0OPOOKHM CUTHAJIIB, OCHAIIIEHa aBTOMAaTH30BaHOIO
CHUCTEMOIO yMpPaBIiHHS 1 0aTiCTUYHUM OOYMCITIOBAYEM IMOJIBOTY CHapsja Ta BU3HAYAE
KOOpAMHATH HOTo 3ITKHEHHA 3 moBepxHer. CTpykTypa moOyJoBaHa Ha 3acajgax
00’ €KTHO-OPIEHTOBAHOTO MPOEKTYBAHHS, 1110 3a0€3IMeuye MOYJIBHICTD 1 CYMICHICTb 13
HAsSIBHUMHU CUCTEMaMH YIPaBIiHHS.

— [IpoBeneHo iMiTalliiHUN eKCIIEPUMEHT, SIKUH 3aCBITYUB BUCOKY €(hEeKTHBHICTh
IHTErpOBaHOI CHUCTEMHU. IMOBIPHICTh ypaXKeHHsI Il MEPIIMM MOCTPLIOM 3pocia A0
78%. Cepenus BuTpata OO€NpHUIIaciB HA OJHY L1JIb 3MEHIUIACh 3 6,1 10 3,8 mocTpiy,
a cepelHii Jac ypakeHHs 11l ckopoTuBcs 3 130 ¢ 1o 85 c¢. Y3araibHeHNN MOKa3HUK
€(PEeKTUBHOCTI CTPUILOM (KOMIUIEKCHO BpPaxoOBYE TOYHICTb, IIBUAKICTh 1 HAJIMHICTD)
nigBuIIKUBCS Ha 60% MOPIBHAHO 3 TPaAWIIIMHUM BapilaHTOM. AJAITUBHUNU PO3IOILIT
HABAaHTAKEHHS ONTHUMI3y€ BHSIB 3HOIICHOCTI MaTepiaibHOI 4YacTUHU. HaiOinbin
3HOIIIEHA rapMaTa BUBOJUTHCS 13 3allly, @ OCHOBHE HABAHTAXCHHS MEPEHOCHUTHCS Ha
e(eKTUBHI CIIpaBH1 YCTAaHOBKHU.

— [IpoBeaeHo imiTaniiiHl cTpiabOH, i Yyac AKuX O0yio 3adiKCOBAaHO 3MEHIIEHHS
IOyJbHOT MIBUJKOCTI HA OJJHOMY 31 CTBOJIB Ta OyJIM BHECEHI BIAMOBIAHI MOMPABKHU, y
pe3ysbTaTi 4YOro CepeJHE BEPTUKAIbHE BIAXWJICHHS TOYOK BIyYaHHS BH3HAUYEHUX
KOOPJIMHAT 3MEHIIMIIOCH TprOIu3HO Ha 30% y MOpIBHSAHHI 31 CTPUILOOI0 O€3 KOPEKIIii.
Bxkazani KiJIbKICHI pe3ysibTaTH CBIIYATh PO pajuKaibHE MiJBUIIECHHS €(PEKTUBHOCTI
apTWIEPIMCHKUX oOmepamid 3aBAsSKM BIOPOBAKEHHIO aJalTHUBHOTO YNPAaBIIIHHS.
Cucrema 3a0e3neuye BUCOKY WMOBIPHICTh YPaKEHHS LIl BKE MEPUIUM MOCTPLIOM 1
3HaYHO CKOpOYYy€ 3arajJlbHUi Yac BHMKOHAaHHS BOTHEBOTO 3aBJaaHHA. [HTerpoBana
MiJICUCTEMA MOHITOPUHTY ¥ YIHpaBIiHHA YCHIIIHO NPOMIUIA EKCIEPUMEHTAIbHY
MepeBIpKy Ta MPOJAEMOHCTPYBaJa 3HAYHE IMiJIBUIICHHS TOYHOCTI W €(EeKTHUBHOCTI
apTHJIEPIACHKOTO BOTHIO Y TIOPIBHIHHI 3 TPAJAUIIITHUMU T1IX0aMHU.

OTxe, OTpUMaHI B 3a3HAYEHUX PO3/1JaX HAYKOB1 pe3ysbTaTH 3a0€3MeUniid B

IIJIOMY JOCSITHEHHSI TIOCTABJICHOT METH JAUCEPTALIMHOTO JTOCIIIKEHHS.
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ABSTRACT

Maksymov O. M. Enhancing the reliability of artillery systems under dynamic
disturbances by improving information support of automated control systems. —
Qualification scientific work, manuscript.

Dissertation for obtaining the scientific degree of Doctor of Philosophy in
specialty 151 — Automation and Computer-Integrated Technologies. — National
University «Odesa Polytechnic» of the Ministry of Education and Science of Ukraine,
Odesa, 2025.

The dissertation is devoted to enhancing the reliability of artillery systems under
dynamic disturbances by developing and improving mathematical and informational
support for automated control systems through simulation modeling of wear processes,
diagnostics, and performance efficiency of artillery barrels based on object-oriented
methods. For this purpose, algorithmic and informational support has been developed
to maintain a specified reliability level of automated control systems during combat
operations by artillery units in dynamically changing combat scenarios using Markov
models and simulation methods for adaptive control under uncertainty conditions.
Methods for monitoring the condition of artillery barrels based on acoustic signal
processing and visualization of the expansion of propellant gases in the surrounding

environment arising during firing have been developed.
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The following results have been obtained in Chapter 1, «Analysis of the current
state of artillery systems control effectiveness under dynamic disturbances.»

— Key factors influencing the reliability and effectiveness of artillery systems
under dynamic disturbances have been identified. Analysis of the processes
demonstrated that even relatively minor movements of a target, if not accounted for,
cause a miss with a deviation significantly exceeding the effective target radius.

— It has been shown that random variations in ballistic parameters of the shot can
negate precision aiming efforts. Without measuring the actual muzzle velocity for each
shot and adjusting accordingly, even stationary targets cannot be guaranteed to be hit
with the first shot. Modern artillery systems address this issue by incorporating muzzle
velocity sensors or projectile trajectory monitoring systems, whose data feeds into the
fire control system, enabling automatic adjustments in aiming before the subsequent
shot.

— Comprehensive analysis of modern control algorithms showed that none
provide an optimal combination of adaptability, responsiveness, and reliability.
Predictive MPC systems offer high accuracy and flexibility but require considerable
computational resources and depend heavily on precise mathematical models. Robust
controllers ensure disturbance stability but are complex to implement. Intelligent
controllers based on fuzzy logic or neural networks can adapt to nonlinearities but
require extensive training datasets and do not guarantee stability. This complicates their
direct application under real combat conditions and further substantiates the need for a
fundamentally new comprehensive solution.

— The necessity has been substantiated for: improving simulation models of barrel
wear, considering acoustic and optical effects of firing; developing new adaptive fire-
control algorithms based on Markov processes; creating methods for real-time
monitoring of gun conditions using firing signals to verify shooting results promptly.

In Chapter 2, «Information modeling of artillery barrel wear», improved

simulation models of artillery barrel and chamber wear have been developed,
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incorporating acoustic and visual fields generated during firing to enable diagnostics
based on the instantaneous projectile velocity exiting the barrel channel and the volume
of propellant gases produced during firing.

— Simulation and informational models of the internal ballistics of a shot with
progressive barrel wear have been proposed, which, for the first time, consider the
generation of acoustic and optical fields accompanying the shot for artillery technical
condition diagnostics. Computational experiments have been conducted, allowing
investigation into how key factors—such as propellant gas pressure, temperature, charge
properties, and barrel wear level—influence shot parameters and barrel life expectancy.
Based on synthesized signals, informative features of the acoustic field, including
amplitudes and durations of ballistic and muzzle waves, as well as spectral
characteristics sensitive to barrel wear levels, have been identified.

— It has been demonstrated that the informative features of acoustic and optical
fields during firing allow automatic classification of the gun barrel's technical condition.
Specifically, the use of the support vector method has enabled recognition of the barrel
condition as either «serviceable» or «worn» with high probability. To ensure analytical
coherence, a novel type of informational unit integrating synchronized acoustic and
optical observation parameters has been introduced for the first time. This informational
unit is implemented as an abstract base class, enabling unified encapsulation of
heterogeneous data, synchronization of shot timing characteristics, simplified interfaces
for processing within the control system, and improved generalized accuracy of the
technical condition assessment.

— The obtained results confirm the practicality of utilizing combined acoustic and
optical parameters within a unified informational unit format for the real-time
diagnostics of wear. Determining the muzzle velocity and the brightness of muzzle flash
enables calculation of barrel degradation levels in real time. Simulation modeling has
allowed additional research into the impact of ammunition characteristic variability,

establishing that propellant charges with extended storage durations accelerate erosive
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wear. Improved simulation models employing informational units form the foundation
for an integrated monitoring system utilizing software capable of continuously detecting
critical wear without withdrawing artillery from combat positions.

In Chapter 3, «Algorithmic and informational support of adaptive artillery
systems control», changes in combat scenarios are examined using Markov models and
simulation methods to adapt automated control systems to uncertainty conditions based
on object-oriented methods, yielding the following results.

— A combination of a stochastic combat operation state model and an event-driven
simulation model of artillery unit actions has been proposed, allowing decision-making
based on predicted probabilistic projectile trajectories. This approach relies on an
object-oriented representation of the artillery battery, wherein managed objects integrate
both properties (resource availability, accuracy, combat readiness) and dynamic states
(movement, firing, malfunction, threat response).

— A key method of interaction between the simulation subsystem and the control
core was developed, based on informational units. All sensor data regarding the gun’s
condition after firing (acoustic and optical) are encapsulated into structured objects.
These objects form an observation flow, where the gun’s technical state is evaluated
based on wave characteristics (such as spectrum, flash intensity, brightness, flame area,
etc.). Subsequently, the updated state is aggregated and passed to the Markov model,
which utilizes this information to adjust state transition probabilities and recalculate
strategies.

— A method was developed that facilitates the updating of Markov state
estimations, providing feedback between the real properties of artillery systems and
predictions made by the informational model. If the classifier identifies initial signs of
critical wear, the probability of successful target engagement is reduced, modifying the
artillery strategy: the gun may be temporarily excluded from a salvo or allocated reduced
propellant charges during the battery’s salvo distribution. This approach enables

adaptive control, where Markov states are not fixed but dynamically refined based on
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simulation observations, fundamentally differentiating it from classical fixed
mathematical model approaches.

— Simulation modeling of combat operations confirmed the effectiveness of the
proposed integration. In scenarios featuring dynamic threats and uncertainties (such as
counter-battery fire or partial equipment failure), the adaptive system maintained up to
85% combat readiness, whereas traditional systems lost readiness almost completely.
The informational units provided a unified, coherent access point to current firing
parameters, simplifying subsystem interfaces and increasing analysis performance.
Thus, the developed automated control system enabled, for the first time, a closed-loop
cycle "firing — monitoring — state updating — new decision" in artillery control
subsystems by integrating Markov processes with simulation models powered by
software-fed informational units. This improved accuracy, adaptability, survivability,
and decision-making effectiveness in dynamic combat disturbances, achieving the goal
of this dissertation research.

In Chapter 4, «Methods for monitoring and adaptive control of artillery combat
operationsy, the following results have been obtained to provide real-time verification
of the firing process, ensuring a specified reliability level of artillery armament under
dynamic disturbances.

— A generalized structure of an information-analytical subsystem for gun
condition monitoring and adaptive fire control was developed, implementing principles
of continuous data collection and an automated "sensor—analysis—control" cycle. The
subsystem includes acoustic and optical sensors, digitization and preliminary signal
processing modules, an automated control system, and a ballistic computer for projectile
trajectory calculation and determination of the impact coordinates. The architecture is
based on object-oriented design principles, ensuring modularity and compatibility with
existing control systems.

— A simulation experiment confirmed the high efficiency of the integrated system.

The probability of hitting the target with the first shot increased to 78%. The average
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ammunition consumption per target decreased from 6.1 to 3.8 shots, and the average
time to engage a target was reduced from 130 s to 85 s. The generalized shooting
effectiveness indicator (comprehensively accounting for accuracy, speed, and
reliability) increased by 60% compared to traditional methods. Adaptive load
distribution optimizes equipment wear, with the most worn artillery pieces excluded
from the salvo, transferring the main load to more effective artillery units.

— Simulation firings were conducted, during which a reduction in muzzle velocity
was detected on one of the barrels, prompting the application of an appropriate control
action. As a result, the average vertical deviation of impact points from the designated
coordinates decreased by approximately 30% compared to firing without corrections.
These quantitative results demonstrate a significant enhancement in artillery operation
efficiency due to the implementation of adaptive control. The system ensures a high
probability of first-shot target engagement and significantly reduces the overall time
required to complete firing missions. The integrated monitoring and control subsystem
has successfully passed experimental verification, demonstrating notable improvements
in accuracy and responsiveness of artillery fire compared to traditional methods.

— Thus, the scientific results obtained in the chapters collectively enabled the
achievement of the dissertation's stated goal.

Keywords: automated control system, object-oriented methods, projectile flight,
informational model, monitoring, mathematical model, coordinate determination,
reliability, artillery operations and armament, decision support, Markov chains,

simulation modeling, software, disturbances, simulation methods
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