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1. ABTOMaTH30BaHe [iarHOCTYBaHHS IIOCTPIJIiB apTUJIEPIACHKOI rapMaTy Ha OCHOBI iMiTalliiHOTO MOJEJIIOBAaHHS

CTaHiB JlaHIIoraMu Mapkosa

2. Automated diagnosis of artillery gun shots based on simulated modeling of states by Markov chains

Pedepar:

1. Inceprauiiina po60Ta IpUCBsSYeHa OLiHLi e(eKTUBHOCTI apTUJIEPIICHKOTO MiTpOo3LiNy, CKOPOUEHHIO
MiHIMaJIBHOTO 4acy nepebyBaHHS apTUJIEPiCbKUX YCTAHOBOK HA BOTHEBIN 1103ULlii Ta onTUMi3alii BUTpaTu
CHapsZiB 1J1 YPaKEHHS 32 HAasIBHOCTI BUIIQJIKOBUX 30ypeHb IIPU MIOCTPisax. Y nepmomy po3zini «ABTOMaTU30BaHi
crucTemMu 60110BOTrO 3aCTOCYBaHHS T0JIbOBOI apTUIepii 17151 AiarHOCTUKY CTaHy» OEP>KaHo Taki pe3ysbTaTu. Byso
PO3IJIIHYTO CUCTEMM aBTOMATU3aLlii YIIpaBIiHHSA apTUJIEPIICbKUMU Mifgpo3ainaMu. MiHiMi3alisg yacy Ha IPUAHATTA
pileHs i noganpina ix peasnisalis € OCHOBHMM KPUTEPieM BUKOHAHHS O0MOBOrO 3aBIaHHS apTuiepieto. [lokasaHo,
1[0 CTAHU CUCTEMMU «3apsiiHa KaMOPa — CTBOJI — 3aps]l — CHaps» MOXKHA IIPE/ICTAaBUTH OPi€HTOBAaHMM IpadoM.
[TpoaHanizoBaHo iHpOpMalifiHi MOJIEJi 0COOINBUX O3HAK IIOCTPLNY 32 JOIIOMOIOIO OIIEPATOPIB CeseKIi.
OO6rpyHTOBaHO CTPYKTYPY AOCJIPKEHHS i 3p00JIEHO OCTAHOBKY 3aBIAHHS, SIKE N0JIAAra€ B OLiHIi e(peKTUBHOCTI
apTUWIIEPiNiCbKOTO MOCTPijly, CKOPOUYEHHI Yacy nepebyBaHHS apTUJIEPiliCbKUX YCTAaHOBOK HA BOTHEBIH 1103u11ii Ta

ONTUMAJIbHIN BUTPATI CHAPSIB 17151 YpaXkKeHHs 32 HasiBHOCTI BUIIaIKOBUX 30ypeHb MOCTPiiB. Y Apyromy posmisi



«Mopenp yTBOPEHHS BiJIbHOTO BYIJIELIO IIPY IIOCTPijl apTUIepiiicbKOi rapmMaTi» OfepsKaHo Taki pe3ysbraTy: Ha
OCHOBI aHali3y yMOB, 3a SIKUX BiZJ0yBa€ThCsl PO3IKPEHHS [I0POXOBUX ra3iB IIPU apTUJIePifiCbKOMY ITOCTPiI,
BM3HAUEHO XiMiYHY peaxliilo, sika JO3BOJISIE [IOSICHUTY YTBOPEHHS BiJIbHOTO BYIJIELIO B IIpolieci BUGYXy i ropiHHSA
3apazy. [i 0co6uMBICTIO € 3MillleHHs cTaHy piBHOBAry y Gik yTBOPEHHS BiIbHOTO BYIJIEIIO TIPU 3MEHIIEHH]
TEMIIePaTyPHOro 1oJsl. PO3po6s1eHO METO, BU3HAUYEHHS TEMIIEPATYPHOTO 10J1s1 Ta €HEPTii IOPOXOBUX rasiB Mo
IOBXXWHI CTBOJIA IIpY apTUJepilicbkoMy ITOCTPiJi HAa OCHOBI 3aIIpONIOHOBaHOI iHpopMalifiHoi Mogeri. Ille onHieto
OCOOJIMBICTIO € PO3IJISLH, HAIIPSMIIEHO] KiZIbKOCTI KiHIIEBUX €JIEMEHTIB Y IIPOLIECi PO3B'sI3aHHS Y BUTJISIA]
OPi€HTOBAHOrO rpay CTaHiB. 3HAAEHO MEXi IIPOLIECY YTBOPEHHSI KOHAEHCOBAHOI (pa3y BiJIbHOTO BYIJIELO 110
IIOBXXMHI CTBOJIA. BUBHAUYE€HO pO3MOAia TEMIIEPATYPHOTO MOJISl Y IIPOCTOPi CTBOJIA MiXK 3apsiAHOI0 KOMOPOIO i
CHapsIOM, L0 € IIEPElyMOBOIO YTBOPEHHSI OpieHTOBaHOro rpady cradis. Ha 0CHOBI IUX JaHUX BU3HAYEHO 3MiHYy
IOBXXVHM 30HM BUHMKHEHHS XiMiuHOi peakuii. B TpeTbomy po3nisni «MeToq nifBuieHHs e(eKTUBHOCTI
aBTOMATM30BAHOI CUCTEMU YITPaBIliHHS apTUJIEPiChKOi CTPib6M Ha OCHOBI MapKiBCbKOi MOJi€J1i» BUKOHAHO
HacTyIHe: BoockoHaseHo MeTonuKy ki1acudikalii epeKTUBHOCTI apTuiepificbKoro MOCTpisly Ha OCHOBI GiHapHOI
xiacudikauii oLiHKY e(peKTUBHOCTI IOCTPisly 32 NapaMeTPaMy CTBOPIOBAHOTO HUM aKyCTUYHOTO IOJIs.
Po3paxoBaHO KibKiCHI MOKa3HMKU SIKOCTI Kiacu@ikauii egekrnBHOCTI nocTpisny. [lokazaHo, Mo onepaTop cesyeKii
y popmi F-mipu cranosuts 0,95, Ipu LIbOMY MMOBIpHICTh IOMUJIKM 2-T0 poay nopiBHIoe 0,04. — Po3pobieHo
MapkiBcbKy MOgesb €(PeKTUBHOCTI CTPinboU. IHPopMaLiliHa MoZesIb 103BOJIS€ BpaxyBaTH BUNAAKOBi 30YpEHHS,
IIPUCYTHICTD SIKUX MOXJIMBA Y KOKHOMY IIOCTPiJli OKpeMuXx rapmar. Lli 30ypeHHs 3yMOBJI€HI HEBUSIBIEHUMU
3HOIIEHHSIMMU 3apSIHOI KAMOPH i CTBOJIAa rapMaTH Ta HEMIOBHOIO iH(OpMalii€lo PO CTaH 3HaY€Hb F€POHTOJIOTI]
1opoxiB 3apsiay. [TokazaHo, 110 HasIBHICTb BUMAIKOBUX 30ypeHb 3HIKY€E MOBIpHICTb €(pEeKTUBHOIO IIOCTPINY HO
0,25 rpu CcTpinb6i apTUIEPiiChKOrO Miipo3Ainy TphOMa rapMaTaMu yKe Micjisl TPbOX cepiil mocTpiniB. Po3pob6ieHo
METO]], YIIPaBJIiHHS CTPiIbOOI0 apTUJIEPiICHKOTO Migpo3iny MiABUIeHOi e(DeKTUBHOCTI Ha OCHOBI 3aIIPOIIOHOBAHOI
MapkiBcbkoi Mozesti. MeToz, y BUTJISiZi opieHTOBaHOro rpada 03BoJIs€ KepyBaTH BOTHEM apTUIIEPilicbKOTro
IiApO3Ainy MIJISIXOM BUSIBJIEHHS FapMarT 3i 3HOILIEHICTIO 3apsIHOI KaMOpU a0 3HOLIEHICTIO CTBOJIA Ta BUKJIIOYEHHS
ix i3 nopgasnpmoi cTpinbbu. OCHOBA METOAY — MIMOBIPHOCHMI CTaH CUCTEMH «3apsigHa KaMmopa — CTBOJI — 3apsif, —
CHaps» y BUITISZi opieHTOBaHOro rpada. [TokaszaHo, 10 Ipy ONTUMi3allii KepyBaHHSI, B pa3i BUJIyY€HHS 3i CTPinboU
apTusepiiicbKOro minposniny NBOX BUSBIEHUX AedEeKTHUX rapMarT 403BOJIslE BUKOHATH 3aBJJaHHS ypasKeHHsI Lijli 3
ekoHoMielo 18 nocrpiniB. CGopMoBaHO y3arajbHEHUH OllepaTop ceseKlii eeKTUBHOCTI CTPisibby apTUIEPiliICbKOTO
IiApo3ainy 3a HAsBHOCTI BUIIAAKOBUX 30YPEHb CUCTEMU «3apsiHa KaMmopa — CTBOJI — 3aps[, — CHapsa». IlokazaHo,
110 NpY CTPinbOi 3 yIIpaBliHHSIM 3HAUEHHS y3araJbHEeHOro KpuTepiio epeKTUBHOCTI Maike B 5 pasiB nepesulye
110r0 3HA4YEeHHs IIPY CTPIisbOi i3 IPUCTPIiNOBaHHIM. B ueTBepToMy po3gini «Cuctema aBTOMaTU30BaHO] [iarHOCTUKU
IIapaMeTpiB CTaHy IOCTPijly 32 O3HAKaMHU Pi3HOi (i3MYHOI IpUPOAM» AOCITHYTA METa AUCEPTaLiliHOTO
IocIigKeHHs, a came: [IpoBeleHo HATYpHUM eKCIIEPUMEHT 3 BifleO peecTpalielo IyJIbHOT0 BUKUIY [IOPOXOBUX
rasis, 110 CyIIPOBOJKY€ IOCTPiJ 3 rapMaTH, BUCOKOIIBUIKICHUMU BileokamMepaMu y BUIMMOMY Ta iHQpauyepBOHOMY
Jliara3oHax 3 PisHMMU PaKypCaMU CIIOCTEPEKEHHS, IKUH T10Ka3aB CYyTTEBI BiIMIHHOCTI IMHAMIKU PO3BUTKY
IyJbHOTO BUOYXY IIpU CTPifb0Oi 3 ypaXyBaHHSIM CTaHY CUCTEMU «3apsiHa Kamopa — CTBOJI — 3apsif, — CHapsny. Lle
IaJIo mifcTaBy AJis po3po6ku kiacudikaTopa CTaHy IOCTPisly 3a BiZleopeecTpalieio NyJIbHOTO BUOYXy. BCTaHOBIEHO
iHpopMaTUBHi 03HAKH, SIKi BiIpi3HAIOTh CTaHU NOCTPiiB. Lle mo3Bonma0 po3podbutu 6iHapHU KiacudikaTop Ha

6a3i MallMHYU ONIOPHUX BEKTOPIB i3 HAIMEHIIMU KBaApaTaMH.

2. The dissertation work is devoted to the evaluation of the effectiveness of the artillery unit, the reduction of the
minimum time spent by artillery units at the firing position, and the optimization of the consumption of projectiles
for damage in the presence of random disturbances during firing. This becomes possible when considering the gun
automation system as a set of conditions that contribute to the formation of free carbon during the explosion and
the burning of the charge during an artillery shot. The search for an effective state is carried out through the
application of the Markov model and automated structural shot identification, which are the result of different
physical nature of the signs of the states. The following results were obtained in the first chapter "Automated field
artillery combat application systems for state diagnostics". Automation systems for controlling artillery units were

considered. Minimizing the time for decision-making and their subsequent implementation is the main criterion



for the execution of a combat mission by artillery. The importance of solving the diagnosis task is determined by
the fact that the use of currently available selection operators for diagnosing the states of the trunk system makes
it possible to resolve the contradiction between the high requirements for reliability, operational efficiency and
effectiveness of combat work as a component of the control system and the limited period of time for the
execution of the combat task under the condition of maximizing time finding the barrel system in combat
condition. It is shown that the states of the "chamber - barrel - charge - projectile" system can be represented by
an oriented graph. Such conditions have a probable origin and can be structurally identified by considering the
special features of the shot, which have a different physical nature of occurrence. In their quality, the visual
manifestation of the shot can be used, firstly, in the form of a muzzle blast and, secondly, the sound manifestation
of the shot in the form of the acoustic field of the muzzle and ballistic waves. The information models of special
features of the shot were analyzed using selection operators. The structure of the research is substantiated and
the task is set, which consists in evaluating the effectiveness of artillery fire, reducing the time spent by artillery
installations at the firing position, and optimal consumption of projectiles for damage in the presence of random
disturbances of the fire. For this, selection operators are used for states that contribute to the formation of free
carbon during the shot. The Markov model determines the parameters of states of different physical nature of
occurrence and changes in the life cycle of an artillery shot. The following results were obtained in the second
chapter, "The model of free carbon formation during the firing of an artillery gun": On the basis of the analysis of
the conditions under which the expansion of powder gases occurs during an artillery shot, a chemical reaction was
determined, which allows to explain the formation of free carbon during the explosion and combustion of the
charge. Its feature is a shift in the equilibrium state towards the formation of free carbon when the temperature
field decreases. Modeling of the parameters of the powder ga expansion process is based on the equations of the
first law of thermodynamics for the adiabatic process and Newton's second law in differential form. The specific
enthalpy of combustion and explosion is determined by the strength of the gunpowder. The molar mass of powder
gases is determined considering the results of solving the problem of chemical kinetics of combustion and
explosion. The information model made it possible to detect changes in the temperature field along the length of
the barrel. This made it possible to determine the state of formation of the condensed phase of free carbon. A
method of determining the temperature field and energy of powder gases along the length of the barrel during an
artillery shot based on the proposed information model was developed. The peculiarity of the method is the use of
a constant part of the mass of the burning gunpowder as a characteristic value of the final element. Another
feature is consideration of the directed number of finite elements in the solution process in the form of an
oriented graph of states. The limits of the formation process of the condensed phase of free carbon along the
length of the barrel were found. The distribution of the temperature field in the space of the barrel between the
charging chamber and the projectile is determined, which is a prerequisite for the formation of an oriented graph
of states. Based on these data, the change in the length of the zone of occurrence of the chemical reaction was
determined.
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VIII. 3aKkJII04Hi BiZoMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI TonKoHOTMil Bosioaumup Muxaitnosuy

TOJIOBH pajgu



BaacHe IlpizBumie Im's ITo-6aTbKOBI TonkoHOrui Boslopumup MuxaiioBud
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiznoBigasbHUH 3a MiATOTOBKY Kpuspa Bikropis Iropisxa

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




