AHOTAIISA

I'yneyos Il. C. ABTOMaTtM3oBaHE KEpyBaHHS CTaHAMU OO0 €EKTIB, IIIO
PYXaroThCsl BIILHOIO TPAEKTOPIEIO Mij Yac JuHaMivHUX 30ypeHb. — KBamidikariitna
HayKoOBa po0OOTa Ha MpaBax PYKOIHCY.

Huceprariisi Ha 3100yTTS HAYKOBOT'O CTYIEHs JokTopa (inmocodii 3a
crietiayipbHICTIO 151 — aBTOMaTH3allis Ta KOMI FOTePHO-1HTETPOBaH1 TEXHOJOTI. —
HauionansHuit yHiBepcutet «Oneceka nonitexnika» MOH VYkpainu, Oxneca, 2024.

Huceprariitna poboTa NpHUCBSYEHA BU3HAYEHHIO ONTUMAJBHOTO Yacy
0O0MOBOr0 3aCTOCYBaHHS ApTUIEPIMNCHKOI rapMaTy IMij 4ac TPUBATUX AUHAMIYHUX
30ypeHb CHocOOOM  YJIOCKOHAJIGHHS IMITallliHMX MoOJeNied Ta METOIB
ABTOMATU30BAHOTO KEPYBAaHHS CTaHaMU JJig 3a0e3leyYeHHs MIHIMAJIbHUX BTpAT
apTWIEPIMChKUX CHapsAAiB 1 30epekeHHs Ooe3maTtHOcTi rapMartu. Lleit mpouec
YMOKJIUBITIOETHCSA TIPU aBTOMATH30BAaHOMY KEpYyBaHHI CTaHAMHU TapMaTd TiJ] 4yac
MPAKTUYHOI CTPUTLOM JJIS BUSBJICHHS MEKOBOTO TMOKa3HWKA JAITBHOCTI MOJIBOTY
cHapsiga. [lomyk HaliOUIbIl €(pEeKTUBHOrO 4Yacy JJjisi OOMOBOrO 3acTOCYBaHHS
rapMaTd 3IIMCHEHO MeETOJ0M MapKiBCHhKOTO MOJICTIOBAaHHS MW KOMIT IOTEPHOI
CUCTEMH aBTOMATHU3AIlll CTPYKTYPHOIO BEPHUPIKALIEID MOCTPUTYy apTHIEPIACHKUM
CHapsI0M 3aCO00M ONTHUMI3aIlli TEHETUYHUM aJITOPUTMOM.

VY nepmomy po3aim «CrnocoOu BU3HAYEHHS CTaHIB apTUIIEPINCHKOI rapMaTH
1] 9yac AMHAMIYHUX 30ypeHb)» OJIEp>KaHO TaKl pe3ysbTaTH.

— MiHimizanis 4acy Ha TPUHHATTSA PINICHh 1 TOJaiblna iX peasizaiis
CUCTEMOIO KepyBaHHSI € OCHOBHUM KpUTEpieEM OOMOBOTO 3aCTOCYBaHHS apTHUJIEPIi.
JIns uboro mij 9ac JOCHIKEHHS BapTO 3AIMCHUTH YJOCKOHAJICHHS IMITAIlAHOI
MO/IEJTi PO3IO/IIICHOTO YTBOPEHHS MOPOXOBUX Ta3iB MO JIOBXKUHI CTBOJIA TapMaTH B
MpoIIeCl MOCTPLTy HA OCHOBI OJHOBUMIPHOI 3a/1adi KEpyBaHHS TEMIEpaTyporo Ta
MeTOAy ii BW3HAYEHHS IO PIBHOBAXHIA MOJENI JJIi BUSIBICHHS CTaHIB SK
JOJATKOBOI M1arHOCTUYHOI O3HAaKU [UJIsl ampOKCHMAIIMHOT MOJedl AalbHOCTI

NOJILOTY CHapsny. HaWaomiapHIIMM  cocoOOM  OTPUMaHHS — HEOOXIJTHHUX
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ONEpaTHUBHUX JaHUX i1 (OpMyBaHHA TOTOYHOTO TMOCTPUTy TiJ  Yac
aBTOMATHU30BAHOTO KEPYyBaHHS € aHami3 1HpopMalii mpo MOmepeaHiil MOCTpia
apTUJIEPINCHKUM CHAPSAOM.

Pesynbrat  nmocmigKeHHS ~— CTaHIB  rapMatd Ta 11 TOCTPLIIB
IPOAEMOHCTPYBAIM, IO Yy IOJBOBUX YMOBax YAOCKOHAJEHHA pPOOOTH 30poi
YMOXJIMBITIOETHCS JIMIIE HMUIIXOM YpaxyBaHHS 30ypeHb, 1110 BIUIMBAIOTh HA HasBHI
¢13uuHi moJis. BiAmoBimHI JaHI MOXKHA OTPUMATH SIK HENPSIMUMHU BHUMIpaMH
aKyCTMYHUX I0JIIB, TaK 1 HA OCHOBI MPOSIBIB KEPYBaHHS TEMIIEPATYPOIO MOPOXOBUX
rasiB IiJ 4ac IOCTPLIIy.

— IlokazaHo, 1m0 AJis1 MOJAJBIIOTO YCMiXy BUKOHAHHS OOMOBOrO 3aBlIaHHS
HEOOX1IHO MpPOBECTU YAOCKOHAJIEHHd METOQy 1 Mofell e(QEeKTUBHOTO
ABTOMATU30BAHOIO KEpyBaHHA OOMOBOIO POOOTOIO APTUIIEPINCHKUM MiIPO3ALIOM
i 4ac ypaK€HHs IIIl 3a YMOBH 3MIHM BOTHEBOI IO3MINT JJIs 3a0€3MeUCHHS
HalMEHIO1 BTpaTh OO0€3JaTHOCTI Ta MIHIMAJIbHOTO 4Yacy PyXy apTUIEpPIMChKOTO
CHapsiia BUIBHOIO TPAEKTOPIEID HA MAaKCUMaJbHY JAalbHICTh. OOIPYHTOBAHO
BXXJIMBICTh PO3POOKH METOAY 1 MOJIET MapaboiyHOl anmpoKcuMaIllii BU3HAYEHHS
KOOpPAWHATH 3ITKHEHHS apTWIEPINCHKOTO CHaps/la 3 TOBEPXHEK Ha OCHOBI
peecTpaiiii 0amiCTUYHOI XBUJIl, YTBOPEHOI apTUJIEPIMCHKUM CHAPSIOM, IO JIETUTh
TPAEKTOPIEI0, PO3MOIIIICHOO Y MTPOCTOPOBOMY BITHOIICHHI CHCTEMOIO aKyCTHYHHUX
CEHCOPiB, CIIOCOOOM YIIPOBAPKEHHS KOMIT FOTEPHOI CUCTEMU aBTOMATHU3Alli.

— OOrpyHTOBaHO CTPYKTYpYy IOCHIIKEHHS 1 TOCTAaBJICHO 3aBIaHHS, SKE
NOJIATa€ 'y BHU3HAYEHHI ONTUMAJIBHOIO Yacy BHUKOHaHHS OOHOBOI 3ajadi
apTWIEPIMCHKOIO rapMaTolo IMiJi 4ac TPUBAIMX AMHAMIYHUX 30ypeHb 3ac000M
YIOCKOHAJICHHS IMITAIlIHHAX MOJICJICH Ta METO/11B KEpyBaHHS CTAHAMH TapMaTH JIJIs
3a0e3ne4eHHs] MIHIMaJIbHOT BTPATH ii 00€3JaTHOCTI.

VY napyromy pozaini «MonentoBaHHS YTBOPEHHSI IYJIbHOTO BHUKHUAY SIK

J1arHOCTUYHOI O3HAKH CTaHy MOCTPLIY» OJIEpP:KaHO TaKl pe3yibTaTu:



— Bu3HaueHO NMPUYMHY HEMOXJIMBOCTI OMUCY SIBUIIA YTBOPEHHS Caxi y
BUKOPHUCTAHHI HasiBHUX MOJEJEH MpOIeCiB BHYTPIIHBOI OamicTuku. B ocHOBI ii
JEKUTh BIJACYTHICTH MOXJIMBOCTI KEPYBAaTH TEMIIEPATypOIO MOPOXOBUX abo
JTUMOBHUX Ta3iB MO TOBXHWHI CTBOJA Ta ii 3MiHa B Tporieci moctpiny. Ha mpuxmani
3aIPOIIOHOBAHOI MOJIENl Y BUIJISAAI OJJHOBHUMIPHOI 3a/1aul pO3paxyHKy mapameTpiB
METOJIOM KIHII€BO-PI3HUIIEBUX €JIEMEHTIB PO3POOJICHO aJITOPUTM BUPIIIICHHS 3a/1a4l
BHYTPIIIHBOI OATICTUKY 3 MOKJIMBICTIO BU3HAUEHHS TEMIIEPATypPU TOPOXOBHX I'a3iB
0 JOBXKHMHI CTBOJIa B PI13HI MOMEHTU 4acy Ha 0a3i pIBHOBAXKHOI MOJIEJl Ta MpH
PI3HOMY MOJIOKEHH1 apTUIIEPIMCHKOTO CHApPsIAA Y CTBOJIL.

— Ha ocHOBI1 aHaii3y yMOB, 3a IKUX B1AOYBa€ThCS PO3LIMPEHHS MOPOXOBUX
ra3iB IiJi 4ac apTUJIEPIMCHKOTO MOCTPLLY, MPOBEICHO MOJCIIOBAHHS PO3MOLITY
TEMIIEpaTypyu MOPOXOBHUX Ta3iB y MOPOXKHUHI CTBOJIA MIXK 3apsSIHOI0 KOMOPOIO 1
PYXOMHMM CHApsiIOM 3acO0OM OJHOBHMIPHOI 3ajadi 13 3aCTOCYBAHHSIM METOIY
KIHI[EBO-PI3HUIEBUX €JIeMEHTIB. [[0Ka3aHO MOXJIMBICTh 3MIHU MPOTSIKHOCTI 30HU
YTBOPEHHSI CaXKi 3aJIe)KHO Bl BUXIIHUX JAHUX NPU aBTOMATU30BAaHOMY KEpyBaHHI.
ImiTamiiina Mozienb 03BOJWIA OTPUMATH PE3yJbTaTH BUKOPHUCTAHHS CBIXKOTO
MIOPOXOBOTO 3apsly Ta AETPaayrdoro, AJis MOBHOTO Ta 3MEHIIICHOTO 3apsiy.

— Po3po0rieHo iMiTamiifHy MoOJeTb OJHOBUMIPHOI 3aJadl PO3MOJIIEHOTO
YTBOPEHHS TIOPOXOBUX Ta3iB, 30KpeMa Caxl, MiJ 4Yac iX PO3IIMPEHHS B CTaH1
NOCTPLTYy apTHIEPIACHhKOI TapMaTH, IO Jaj0 MOXIIUBICTH PO3POOUTH METOJ
BU3HAYEHHS 3MIHU iX TEMIIEpaTypH IO JOBXKHUHI CTBOJIA 3 BCTAHOBIICHHSM MEXOBOT
KUIBKOCTI Ca)ki METOJOM KIiHIIEBO-PI3HUIIEBUX €JEMEHTIB. TakuM YHWHOM JJIsi
peanizaiiii 3aBAaHHS aBTOMATH30BAHOTO KEPYBaHHS JOJAJINUCS JI1arHOCTUYHI
O3HaKH, HEOOXiJHI JyIsi BU3HAYCHHS €(EKTUBHOCTI MOCTPLTY ¥ KOHTPOJIO CTaHIB
rapMaTH.

VY TpeTboMy po3aui «Y JOCKOHATIEHHS METOY i MO/iesi KepyBaHHS 00MOBUM
3aCTOCYBAHHSAM apTUJIEPINCHKOI YCTAaHOBKW» [JIsl aBTOMATH30BAHOT'O KEPYyBaHHS

CTaHaMU rapmar HiI[ qac IlI/IHaMi‘{HI/IX 36ypeHb BUKOHAHO TAaKC:
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— YI0CKOHANEeHO y3aralbHeHUH KUIbKICHUM KPUTEpid OIIHKY €(PEeKTUBHOCTI
CTPUTBOM apTUIIEPIMCHKOTO MAPO3IUTY IMiJ Yac aBTOMATH30BAHOTO KEPYyBaHHS 3a
HAsBHOCTI BHMMAJKOBUX 30ypeHb MOCTPUIIB, IO JIIOTh HA CHUCTEMY KOHTPOJIIO.
Kpurepiii cTpyKTypoBaHWN Ha OCHOBI PI3HOCTOPOHHBOI 3TOPTKH YACTHHHHX
(dhakTOpiB METOAOM 1/I€TbHOT TOUKH.

— Po3pobnieHo cToxacTUuHy MOJedb €(PEKTHBHOCTI MOCIIIOBHOI CTPLIHOU
apTWIEPIMCHKOro Mipo3AlTy Ha ©0a31 MapkiBCbKOro MojentoBaHHSA. Mojenb
JI03BOJISIE BPaxXyBaTH BUITQJIKOBI 30ypEHHS, HAsIBHICTh SKUX MOXJIMBA y KOXKHOMY
MOCTPUIl OKpEeMHUX rapmar. 30ypeHHs, (ikcalis sSIKUX HAaAXOAUTh B KOMII IOTEPHY
CUCTEMY aBTOMATH3allll, 3yMOBJICHI HEBUSABICHUMH PaHIIIE 3HOLIEHICTIO 3apsIHO1
KaMOpH TrapMmaTH, 3HOIICHICTIO CTBOJIa TapMaTd Ta HEMOBHUMH JaHUMHU B
1H(opMariiiHiid MOJIEsi PO CTaH BUKOPUCTAHOTO 1] 4ac MOCTPLUTY 3apsy.

— Po3pob6ieno monenb kepyBaHHSI OOMOBOrO 3aCTOCYBAaHHS apTUIIEPIMCHKOT
YCTaHOBKH, 110 peasli3y€e 3aB/IaHHs 3HUIICHHS 11J11 3a1aHOK0 KUIBKICTIO CHapS/IIB 32
YMOBU 3MIHM BOTHEBOI MO3MIII /JI1 3MEHIIEHHS MHMOBIPHOCTI ii BOTHEBOIO
ypaXXeHHsI apTUJIEpINChKOI0 YCTAaHOBKOIO BOPOXKOi CTOPOHH. J(MHaMika cucTeMu
B3a€MO/IIi «apTHJIEpiiiChbKa YCTAHOBKA aTaKylHO40i CTOPOHU — LUIb — apTUiepiiichka
YCTaHOBKA MPOTHUIII0Y0T CTOPOHM» PO3TISIAETHCS B Mpolecax Miid. Imitariiina
MOJIeNIb BU3HAYAE 3MEHIIIEHHS! 00€3/1aTHOCTI B Yaci 3a paXyHOK PanTOBHX BiJIMOB, a
TaKOX BIJIMOB U€pe3 3HOIICHICTH ITiJ] 4ac MpOBEACHHSI 00MOBOT pOOOTH Ta BIAMOB 3
INPUYMHU YPAKEHHS IPOTHOOPUOI0 CTOPOHOI0. MoIenh BpaxoBYe, 10 BC1 NOCTPLIN
e(eKTUBHI, TOOTO WMOBIPHICTh BIy4aHHSI KOXKHOTro Ounbine HiX 50%. Y monens
YBEJICHO TMPUITYIIEHHS, 110 KUIBKICTh BOTHEBHMX IO3MIIM JOPIBHIOE KIJIBKOCTI
MOCTPUTIB, HEOOXITHUX JUIsl YPAKEHHS 11T, a MIHIMaJIbHA KUIBKICTh MOCTPLTIB 3
BOTHEBOI MO3MUILII JOPIBHIOE OAMHMIN JUisi (OpMYBaHHS PO3B’A3aHHS METOJIOM
TeHETUYHOTO aJIrOpuTMy. Mojienb 3MiHM TO3UIlT HE Tiependayac TOBEPHEHHS Ha

nonepeani. OnTuMizaiisi IepeMilieHHs] 3 OJHI€l MO3UIi HA 1HIIY BiIOYBa€ThCS



MOCIIIJIOBHO MO OJHINA 3 JOPIT MEBHOI SKOCTI Ta PI3HOI WMOBIPHOCTI Yypa>K€HHS
MPOTHOOPUYOIO CTOPOHOIO.

— Po3pobsieHo MeToll MONIYKY PIIIEHHS MPO CTaH BUKOHAHHSA 00HOBOTO
3aCTOCYBaHHS  apTUJIEPIMCHKOIO  YCTAHOBKOIO  aTaKylo4yoi  CTOPOHH  TIO
3aMponoHOBaHii Mojeni. BBegeHO NOHATTS MOTOYHOI CTPYKTYPH BHUKOHAHHS
OOMOBOr0 3aBlIaHHS, IO SBJISIE COOOIO IMOCIIIOBHICTh KIJIBKOCTI IMOCTPUIIB Ha
KOJKHI# 13 BOTHEBHX MO3UIII Ta HOMEPIB AOPIT, AIKUMHU B1JIOYBAETHCS 3M1HA MTO3UITIH.
Meronx momryky pilleHHS TpO CTaH BHUKOHAHHS OOMOBOTO  3aBJaHHS
apTUJIEPINCHKOI0 YCTaHOBKOIO MOYKHA BIJIHECTHU 10 PO3B’sI3aHHS
[TapeTo—opieHTOBaHMX 3adad, abd0 3aJay JWHAMIYHOIO MporpamyBaHHsS. Aule
KUIBKICTh BXIJTHUX TapaMeTpiB 1 3MIHHMX apryMEHTIB JIO3BOJIMJIM OTPUMATH BCi
MOKJIUB1 PO3B’sI3yBaHHS MPSMUM TIEPEOOPOM.

VY uyerBeproMy po3aimi «MeTtoa mapaOomiyHOI anmpoKCHUMAIll BU3HAYCHHS
KOOPJIMHATH 31TKHEHHS apTHJIESPIHCHLKOTO CHapsaa 3 MOBEPXHEIO» JTOCATHYTA METa
JTUCEPTAIIHOTO TOCITIKEHHS, a caMe:

— Po3pobneno Ta AOCHIHKEHO MOJedb Ta METOoJ  Bepudikaiii
apTUJIEPINCHKOTO MOCTPUTY 3 BUIMAJKOBUMHU 30ypeHHSIMHU. MeToJl 3aCHOBaHUN Ha
peecTpaiiii 0amicTUYHOI XBWUJI, YTBOPEHOI CHApSAOM, IO JIETUTh TPAEKTOPIEIO,
PO3IOIIICHOI0 Y MPOCTOPOBOMY BITHOIICHHI CHCTEMOIO aKyCTHYHHX CEHCOPIB.
Po3pobienuii MeTos J1ae MOMUIMBICTh MPOBECTH BepUQIKaIllI0 MOCTPUTY IIe IO
MPU3EMJICHHSI CHapsAJla Ta MOro po3puBY. B OCHOBY METOAy MOKJIAAEHO MOJEi
crangapty HATO.

— IlpoBegeHo oOuMCIIOBaJIBbHUN  IMITALIMHUI ~ €KCIIEPUMEHT, KU
MIPOJICMOHCTPYBAB, IO PO3POOJICHUI METOM JO03BOJIAE CYTTEBO OOMEKHTH Yac
BOTHEBOI peaii3allii apTHIepiiChbKOi CHCTEMH Ta 3MEHILIWTUA BUTPATU CHAPSAIIB Y
KOMITCHCAI1 JUHAMIYHUX 30ypeHb TMOPIBHSHO 3 TPAIUIIWHUM MPUCTPLIOM.

Hatypna mnonboBa mepeBipka 1 BHUKOpUCTaHHS MeToniB crangapry HATO
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MIATBEPIWIA TPABWIbHICTD OCHOBHHUX HAYKOBHUX Ta TEXHIYHUX KOHIICTIIIH,
MOKJIAJCHUX B OCHOBY JTOCIIIPKEHOTO METOIy BepHdiKarlii.

— Brepiie 3anpornoHoOBaHO METOJ BIJICTEKEHHS apTHIIEPIACHKOTO CHApAIY
M7 9ac il Ha HhOTO JWHAMIYHHMX 30ypeHb Ha OCHOBI peecTparrii OamicTHIHOI Ta
ITyJbHOT XBUJIb HA BIJICTaHI, [0 YTBOPIOIOTHCS 3a AJBHICTIO MOJLOTY cHapsiaa. Lle
JTIO3BOJIMJIO 3JIMCHUTH Bepu(]iKallilo CTaHy MOCTPUTY apTUIEPIHCHKOI rapMatH 1
BU3HAYUTH TOYKY 3ITKHEHHS CHapsja 3 MOBEPXHEI HAa OCHOBI NapabodivyHOi
anmpoKcUMaIiiHoOT Mojeni Horo Xapaktepuctuk. Merton Bepudikaiii 3aco0om
OTPUMAaHOI apoKcUMaNiiHo1 Mojeni BianoBigae ctanaapty HATO.

Kuarw4yoBi ciaoBa: aprunepiiicbkuii  cHapsij, OJHOBUMIpHa 3ajaya,
aBTOMATHU30BaHE KepyBaHHs, OoioBe 3actocyBaHHs, cTannapT HATO, nanbHiCcTh
MOJLOTY CHapsiia, IMITalliiiHa MOJEeib, KOMIT' IOTEpHA CHUCTEMa aBTOMAaTH3allii,
MapkiBCbKe MOJENIOBaHHS, ONTHUMI3allisl T€HETUYHUM aJIrOPUTMOM, CHCTEMa
KEpyBaHHS, METOJ KIHIEBO-PI3HUIEBUX €JIEMEHTIB, alpOKCHUMAallliiHa MOJENb,

PIBHOBa)KHA MOJI€JIb, KEPYBaHHS TEMIIEPATYPOIO.

CIIUCOK IMYBJIKAIIN 3JJOBYBAUA

HaykoBi mpaiii, B SKWUX OITyOJIKOBAaHO OCHOBHI HAayKOBI pe3yJbTaTu
JUcepTallii:

1. Development of the model and the method for determining the influence of
the temperature of gunpowder gases in the gun barrel for explaining visualize of free
carbon at shot, Brunetkin O. Maksymov M. Brunetkin V. Maksymov O. Dobrynin
Y. Kuzmenko V. Gultsov P.. Eastern-European Journal of Enterprise Technologies.
2021. 4/1 (112). P. 41-53. Indexed in SCOPUS, DOI: 10.15587/1729-
4061.2021.239150

2. Boltenkov V, Brunetkin O, Maksymova O, Kuzmenko V, Gultsov P,

Demydenko V., Soloviova O. Devising a method for improving the efficiency of
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artillery shooting based on the Markov model. Eastern-European Journal of
Enterprise Technologies. 2021. Vol 6. Ne 3 (114). P. 6-7. Indexed in SCOPUS,
doi.org/10.15587/1729-4061.2021.245854.

3. Maksymov M.V., Boltenkov V. O., Gultsov P. S., Maksymov O. M.
Verification of artillery fire under the influence of random disturbances for the
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No.4: p. 362-375. DOI: https://doi.org/10.15276/aait.06.2023.24. (Peectp
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4. Maksymova O.B., Boltenkov V.O., Maksymov M. V., Gultsov P.S.
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5. Maksymova O., Boltyonkov V., Gultsov P., Maksymov O. Improvement
of the model and method of artillery installation target damage control with minimal
combat capability loss. Proceedings of Odessa Polytechnic University. Issue 2(68).
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6. Crioci6 BU3HAYEHHS KOOPAMHATHU 3YCTpidul apTUIEPIMCHKOrO CHapsna 3
NOBEPXHEI0: MaTeHT YkpaiHu Ha BuHaxia. Ne 127193; 3agsn. 28.04.21 ; omyOq.
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ABSTRACT

Gultsov P. S. Automated state control of objects moving along a free trajectory
during dynamic disturbances. - Qualifying scientific work on manuscript rights.

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, 2024 .

The dissertation is devoted to determining the optimal time of combat use of
an artillery gun during long-term dynamic disturbances by improving simulation
models and methods of automated control of states to ensure minimal losses of
artillery shells and preserve the combat effectiveness of the gun. This process is
made possible by the automated control of the gun's states during practical shooting
to detect the limit indicator of the projectile's flight range. The search for the most
effective time for the combat use of the cannon was carried out by the Markov
modeling method and the computer automation system by the structural verification
of the artillery projectile shot by means of genetic algorithm optimization.

The following results were obtained in the first chapter "Methods of
determining the states of an artillery gun during dynamic disturbances".

— Minimizing the time for decision-making and their subsequent
implementation by the control system is the main criterion for the combat use of
artillery. For this purpose, during the research, it is necessary to improve the
simulation model of the distributed formation of powder gases along the length of
the gun barrel during the firing process based on the one-dimensional problem of
temperature control and the method of its determination based on the equilibrium
model for identifying states as an additional diagnostic feature for the approximation

model of the projectile flight range . The most expedient way to obtain the necessary
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operational data for the formation of the current shot during automated control is the
analysis of information about the previous shot by an artillery projectile.

— The results of the study of the conditions of the gun and its shots
demonstrated that in field conditions, the improvement of the weapon's operation is
possible only by taking into account disturbances affecting the existing physical
fields. Corresponding data can be obtained both by indirect measurements of
acoustic fields and based on the manifestations of controlling the temperature of
powder gases during a shot.

— It 1s shown that for the further success of the combat task, it is necessary to
improve the method and model of effective automated control of the combat work
of the artillery unit during the engagement of the target under the condition of
changing the firing position to ensure the least loss of combat capability and the
minimum time of movement of the artillery projectile along a free trajectory to the
maximum range. The importance of developing a method and model of parabolic
approximation for determining the coordinates of the collision of an artillery
projectile with a surface based on the registration of a ballistic wave formed by an
artillery projectile flying along a trajectory spatially distributed by a system of
acoustic sensors, as a method of implementing a computer automation system, is
substantiated.

— The structure of the research is substantiated and the task is set, which
consists in determining the optimal time for the execution of a combat task by an
artillery gun during long-term dynamic disturbances by means of improving
simulation models and methods of controlling the states of the gun to ensure minimal
loss of its combat capability.

The following results were obtained in the second chapter, "Modelling of the
formation of muzzle discharge as a diagnostic sign of the state of the shot":

— The reason for the impossibility of describing the phenomenon of soot

formation using existing models of internal ballistics processes was determined. It
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is based on the lack of ability to control the temperature of powder or smoke gases
along the length of the barrel and its change during the firing process. On the
example of the proposed model in the form of a one-dimensional problem of
parameter calculation by the method of finite-difference elements, an algorithm for
solving the problem of internal ballistics was developed with the possibility of
determining the temperature of powder gases along the length of the barrel at
different moments of time based on the equilibrium model and at different positions
of the artillery projectile in the barrel.

— Based on the analysis of the conditions under which powder gases expand
during artillery fire, the temperature distribution of powder gases in the barrel cavity
between the charging chamber and the moving projectile was modeled by means of
a one-dimensional problem using the method of finite -difference elements. The
possibility of changing the length of the soot formation zone depending on the output
data during automated control is shown. The simulation model made it possible to
obtain the results of using a fresh powder charge and a degrading, full and reduced
charge.

— A simulation model of the one-dimensional problem of the distributed
formation of powder gases, in particular soot, during their expansion in the state of
an artillery gun shot was developed, which made it possible to develop a method for
determining the change in their temperature along the length of the barrel with the
establishment of the limit amount of soot by the method of finite -difference
elements. Thus, for the implementation of the task of automated control, diagnostic
signs were added, which are necessary for determining the effectiveness of the shot
and monitoring the conditions of the gun.

In the third chapter "Improving the method and model of controlling the
combat mission of an artillery installation" for the automated control of the states of

guns during dynamic disturbances, the following is performed:
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— The generalized quantitative criterion for evaluating the firing efficiency of
an artillery unit during automated control in the presence of random disturbances of
shots acting on the control system has been improved. The criterion is structured on
the basis of a versatile convolution of partial factors by the ideal point method.

— A stochastic model of the effectiveness of sequential firing of an artillery
unit based on Markov modeling was developed. The model allows you to take into
account random disturbances, the presence of which is possible in each shot of
individual guns. Disturbances, the recording of which enters the computer
automation system, are caused by previously undetected wear of the gun charging
chamber, wear of the gun barrel, and incomplete data in the information model about
the state of the charge used during the shot.

— A control model for the combat use of an artillery installation has been
developed, which implements the task of destroying a target with a given number of
shells, subject to a change in firing position to reduce the probability of its fire
damage by an enemy artillery installation. The dynamics of the system of interaction
"artillery installation of the attacking party - target - artillery installation of the
opposing party" is considered in the processes of actions. The simulation model
determines the reduction of combat capability over time due to sudden failures, as
well as failures due to wear and tear during combat work and failures due to damage
by the opposing side. The model takes into account that all shots are effective, that
is, the probability of hitting each one is greater than 50%. The model assumes that
the number of firing positions is equal to the number of shots needed to hit the target,
and the minimum number of shots from the firing position is equal to one to form a
solution using the genetic algorithm . The model of change of position does not
involve a return to the previous ones. Optimization of the movement from one
position to another takes place sequentially along one of the roads of a certain quality

and different probability of damage by the opposing side.
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— A method of finding a decision on the state of execution of combat use by
the attacking side's artillery installation based on the proposed model has been
developed. The concept of the current structure of the combat task is introduced,
which is the sequence of the number of shots at each of the firing positions and the
numbers of the roads by which the positions are changed. The method of finding a
decision on the state of execution of a combat mission by an artillery installation can
be attributed to the solution of Pareto-oriented problems, or dynamic programming
problems. But the number of input parameters and variable arguments made it
possible to obtain all possible solutions by direct enumeration.

In the fourth chapter " The method of parabolic approximation for determining
the coordinates of the collision of an artillery projectile with the surface " the goal
of the dissertation research was achieved, namely:

— A model and method for the verification of an artillery shot with random
disturbances was developed and investigated. The method is based on the
registration of a ballistic wave generated by a projectile flying along a trajectory
distributed spatially by a system of acoustic sensors. The developed method makes
it possible to verify the shot even before the projectile lands and breaks. The method
is based on NATO standard models.

— A computational simulation experiment was conducted, which
demonstrated that the developed method allows to significantly limit the time of fire
implementation of the artillery system and reduce the cost of projectiles in
compensation for dynamic disturbances compared to traditional firing. Real-time
field verification and the use of NATO standard methods confirmed the correctness
of the main scientific and technical concepts, which are the basis of the researched
verification method.

— For the first time, a method of tracking an artillery projectile during the
action of dynamic disturbances on it was proposed based on the registration of

ballistic and muzzle waves at a distance formed by the flight range of the projectile.
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This made it possible to verify the firing state of the artillery gun and determine the
point of contact of the projectile with the surface based on the parabolic
approximation model of its characteristics. The method of verification using the
obtained approximation model corresponds to the NATO standard.

Key words: artillery projectile, one-dimensional task, automated control,
combat application, NATO standard, projectile flight range, simulation model,
computer automation system, Markov modeling, genetic algorithm optimization,
control system,_ finite -difference element method , approximation model,

equilibrium model, temperature control.
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