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Pedepar:

1. Incepraujiiina po60Ta IpUCBIY€Ha BU3HAYEHHIO ONTHMAaJILHOTO Yacy 600BOro 3aCTOCYBaHHS apTUJIEPiiChKO]
rapMary Mif, 4ac TpUBAIMX JVHAMIYHUX 30yPEHBb CIIOCOOOM YAOCKOHAIEHHS iMiTalliHUX MOJiesIell Ta METOLIB
aBTOMATM30BAHOTO KEPYBAHHS CTAaHAMU 17151 3a0€3Me€4eHHs MiHiMaJIbHUX BTPAT apTUJIEPIIIChKUX CHAPSIB i
30epeskeHHs 60e31aTHOCTI rapmaTiu. VY repuiomy po3snisi «Criocobu BU3HAUEHHS CTaHiB apTUilepiiicbkoi rapMartu
Iif yac JrHaMivHUX 30ypeHby» O€PKaHo Taki pe3ysbTaTi. — MiHiMizalig yacy Ha NpUMHSTTS pillleHb i ojaba ix
peasizallis CUCTEMOIO KEPYBAaHHS € OCHOBHUM KpUTEPieM O0MOBOr0 3aCTOCYBaHHS apTuiiepii. Pesyabratn
IOCJIiIKeHHSI CTaHiB rapMaty Ta ii IOCTpisliB IpOAEeMOHCTPYBaIH, IO Y IIOJIbOBUX YMOBAaX Y OCKOHAJIEHHS pOOOTH
30p0i YMOXJIMBIIIOETHCS JINLIE IUJISIXOM YpaxyBaHHs 30ypeHb, 110 BIJIMBAIOTh Ha HasiBHI Qi3uyHi noss. — [TokasaHo,
11O [1J1s1 MOAAJIBLIOTO YCIIiXy BUKOHAHHS 60MOBOTO 3aBIaHHS HEOOXiAHO IPOBECTU YIOCKOHAJIEHHS METOY i MO
e(peKTMBHOrO aBTOMaTHU30BaHOTO KEPYBAaHHS 00M10BOI0 POOOTOIO apTUIEPICHKUM MiIPO3/iNIOM Mif, Yac ypakeHHs

11iJ1i 32 yMOBY 3MiHM BOrHEBOi 11o3uii 17151 3a6e3re4eHHs] HallMeHIIoi BTpaTh 60€3[1aTHOCTI Ta MiHiMabHOTrO Yacy



PYXy apTUJepiliCbKOro CHapsiJa BiIbHOIO TPAEKTOPI€I0 HA MAKCUMAJIbHY JaJIbHICTh. OOIPYHTOBAHO BaXKJIUBIiCThb
PO3pOOKU MeToy i Mogesi mapabosivHoi alpoKcuMallii BU3HaYeHHS KOOPAUHATH 3iTKHEHHSI apTUjepiliCbKOro
CHapsja 3 IOBEPXHEI0 Ha OCHOBI peecTpallii 6aiCTUYHOI XBUJIi, yTBOPEHOI apTUJIEPifiCbKUM CHAPSIIOM, 110 JIETUTb
TPAEKTOPi€l0, PO3MNOAINIEHOI0 Y IPOCTOPOBOMY BiJHOIIEHHI CUCTEMOIO0 aKyCTUYHUX CEHCOPIB, CIOCOO0M
yIIPOBA/IKEHHSI KOMITIOTEPHOI CUCTEMU aBTOMaTU3allii. — OGIPyHTOBAHO CTPYKTYPY AOCJIiIKEHHS i TOCTaBI€HO
3aBJIaHHS, SIKe T0JISITa€e Y BU3HAYEHHI ONITUMAaJIbHOTO 4acy BUKOHAHHS OOMOBOI 3a/1a4i apTUIepiliCbKOI0 rapMaTolo
Iifl yac TpUBAJIMX JUHAMIYHUX 30ypPEHb 3aCO00M YJJOCKOHAJIEHHS iMITal[iiHUX MOZEJIeN Ta METOIiB KEPyBaHHS
CTaHaMU rapMaru [jisl 3ab6e3nedeHHs! MiHiMaIbHOI BTpaTH ii 60€31aTHOCTI. V Ipyromy poszini «MozneaoBaHHS
YTBOPEHHS NYJbHOTO BUKUAY SIK JialrHOCTUYHOI 03HAKM CTaHY IIOCTPily» OAEP>KaHO TaKi pe3yabTaTH: — BusHayeHo
[IPUYMHY HEMOJKJIMBOCTI OIMCY $IBUIA YTBOPEHHS CaKi y BUKOPUCTAaHHI HAABHUX MOJIEJIEN ITPOLECIB BHYTPIlIHbOI
6asnictuky. Ha npuksazi 3anporoHoBaHOI MOJesli po3p06JIeHO aIrOPUTM BUPILIEHHS 33[1a4i BHYTPIIIHbOI 6a/1iCTUKU
3 MO>XKJIMBICTIO BU3BHAY€HHS TEMIIEPATypHY [IOPOXOBHUX Ia3iB MO JOBXUHI CTBOJIA B Pi3Hi MOMEHTH yacy Ha 6asi
PIBHOBa)KHOI MOJI€JIi Ta IIPU Pi3HOMY I10JIOXKEHHI apTUIJIEPINCBKOro CHapsaa y CTBoJli. — Ha 0CHOBI aHami3sy ymoB, 3a
SIKUX BilOyBa€TbCs PO3LMIMPEHHS IOPOXOBUX Ia3iB MiJ] YaCc apTUIEPIIICbKOr0 NOCTPisy, IPOBELEHO MOJIE/II0BAHHS
PO3I0LiNy TeMIIEPATyPH IOPOXOBUX Ta3iB y IOPOXHUHI CTBOJIA MDK 3apsiAHOI0 KOMOPOIO i pyXOMUM CHapsiioM
3ac000M OJITHOBMMIiPHOI 33/1a4i i3 3aCTOCYBaHHSIM METOAY KiHILIeBO-Pi3HUIIEBUX €JIeMeHTIB. — Po3pobiieHo
iMiTalifHy MOZEJb OAHOBMMIPHOI 3a/1a4i PO3IIOLiJIEHOrO YTBOPEHHS [IOPOXOBUX ra3iB, 30KpeMa Ccaxi, Mif 4ac ix
POBLIMPEHHS B CTaHi MOCTPily apTUEPiliCbKOi rapMaTH, IO [aJI0 MOKJIMBICTb PO3POOUTU METO]], BUSHAUEHHS
3MiHH iX TEMIIEpATypu MO LOBXMHI CTBOJIA 3 BCTAHOBJIEHHAM MEXKOBO] KiJIbKOCTi CaXki METOIOM KiHIIEBO-
pi3HULIEBUX eJlIeMeHTIB. Y TpeTbOMY PO3iJi «YI0CKOHaTIEHHSI METOLY U MOJiesli KepyBaHHs 60110BUM
3aCTOCYBAHHSM apTUJIEPiAChKOI YCTAHOBKM» 711 aBTOMATU30BaHOIO KEPYBaHHS CTaHAMU rapMar IIif Jac
IVHAMiYHUX 30yPEHb BUKOHAHO TaKe: — YJOCKOHAJIEHO y3arajbHEHUN KiJIbKiCHNI KPUTEPill OLiHKYU e(EeKTUBHOCTI
CTpinb6M apTUiIepificbKOro MiApo3Aiay i yac aBTOMaTU30BaHOTO KEPYBAHHS 32 HAsIBHOCTI BUINAIKOBUX 30ypeHb
IIOCTPIJIiB, 10 Ail0Th HA CUCTEMY KOHTPOJIIO. — PO3p06J1€HO CTOXaCTUUHY MOZeJb €(PEeKTUBHOCTI OCiJOBHOI
CTpiNbOM apTUIIEePiNiCHKOrO MiApo3Ainy Ha 6a3i MapKiBCbKOTO MOZEIIOBaHHS. — PO3p006I€HO MOJeJIb KEPYBaHHS
6010BOT0 3aCTOCYBaHHS apTUJIEPiCHKOI YCTAaHOBKY, 110 peaslidye 3aBAaHHS 3HUILIEHHS i 3a/1aHOI0 KibKICTIO
YCTaHOBKOIO BOPO>K0i CTOPOHU. — PO3p06siIeHO MeTOoy, NTOMIYKY PillleHHs IPO CTaH BUKOHAHHS 60MOBOTO
3aCTOCYBaHHS apTUJIEPINCBKOI0 YCTAHOBKOIO aTaKyl040i CTOPOHU IO 3alIPOIIOHOBAHIN MOJeli. Y YeTBEPTOMY
po3nisi «MeTtop napabosriyHOi ampoKCcUMallii BU3HaY€HHSI KOOPAMHATY 3iTKHEHHS apTUJIEPifICbKOTO CHapsIa 3
IIOBEPXHEIO» OCATHYTa METa AUCEPTALiIIHOro JOCiI)KEHHS, a came: — Po3po6sieHO Ta AOCiIPKEHO MOJelb Ta
MeToJ, Bepu@ikauii apTuaepilicbKoro nNocTpiny 3 BUIAAKOBUMHU 30ypeHHIMU. PO3p061eHnII METO, A€ MOKJIUBICThb
npoBecTy Bepu@ikaliiio ocTpiny 1e 10 npu3eMyieHHs CHapsa Ta Noro po3pusy. — [IpoBeeHO 06YNCIIIOBAIbHUN
iMiTaliliHU eKCIIePUMEHT, SIKWI ITPOJIEMOHCTPYBAB, 110 PO3PO0JIEHUI METOJ, I03BOJIsSIE CYTTEBO OOMEKUTH Yac
BOTHEBOI peasisallii apTusepilicbKoi CUCTEMU Ta 3MEHIIUTY BUTPATU CHAPSAIB Y KOMIIEHcallii AMHAMIYHUX 30ypeHb
MIOPIBHAHO 3 TPAAMLIMHNAM IPUCTPIZIOM. — Briepiie 3anpornoHOBaHO METO], BiICTEKEHHS apTUIIEPICLKOTO CHAPALY
iz 9ac [ii Ha HpOro IMHAMIYHKX 36ypeHb Ha OCHOBI peecTpalii 6anicTUYHOI Ta Ay/IbHOI XBUJIb Ha BiCTaHi, 10

YTBOPIOIOTHCSA 3a ,ILEI]IbHiCTIO [TI0JIbOTY CHapsa.

2. The dissertation is devoted to determining the optimal time of artillery gun combat use during lasting dynamic
disturbances by improving simulation models and methods of automated state control to ensure minimal artillery
shells losses and preserve the gun's combat efficiency. In the first chapter "Methods of determining the states of an
artillery gun during dynamic disturbances" results were as follows: - Minimizing the decision-making time and
further execution by the control system is the main criterion for artillery combat use. The results of the conditions
study of the gun and its shots showed that in field conditions, improving the weapon's operation is possible only by
considering disturbances affecting the existing physical fields. - It is shown that further combat task success
requires an improvement of the method and model of effective automated control of artillery unit combat work
during the target engagement under condition of changing the firing position to ensure least loss of combat
capability and minimum time of artillery projectile movement along a free trajectory to the maximum range. The



importance of developing a method and model of parabolic approximation for determining the collision
coordinates 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 research structure is substantiated, and the
task is set, which lies in determining the optimal time for combat task execution by an artillery gun during lasting
dynamic disturbances using improving simulation models and methods of controlling the gun states to ensure
minimal loss of its combat capability. The following results were gained 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. On example of the proposed model, an algorithm for solving the problem of internal ballistics was
developed with possibility of determining the powder gases temperature along the barrel length at different
moments based on the equilibrium model and varying artillery projectile positions in the barrel. - Based on
analysis of conditions where powder gases expand during artillery fire, the temperature distribution of powder
gases in the barrel cavity between charging chamber and moving projectile was modeled using a one-dimensional
problem using the method of finite-difference elements. - A simulation model of the one-dimensional problem of
distributed formation of powder gases, in particular soot, during their expansion in the state of an artillery gun
shot was developed, which allowed to develop a method for determining the change in their temperature along the
barrel length with the establishment of the limit amount of soot by the method of finite-difference elements. In the
third chapter "Improving the method and model of controlling the combat mission of an artillery installation" for
the automated control of the gun’s states during dynamic disturbances, the following is done: - The generalized
quantitative criterion for evaluating the artillery unit firing efficiency during automated control in the presence of
random disturbances of shots acting on the control system was improved. - A stochastic effectiveness model of
sequential artillery unit firing based on Markov modeling was developed. — A control model for the combat use of
an artillery installation was developed, which implements the task of destroying a target with a given shells
number, subject to a change in firing position to reduce probability of its fire damage by an enemy artillery
installation. - A method of finding a solution on the state of execution of combat use by attacking side's artillery
installation based on the proposed model was developed. 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 dissertation was achieved, namely: - A model and method for verification of an artillery shot with random
disturbances was developed and investigated. Developed method allows to verify shot before the projectile lands
and breaks. - A computing simulation experiment was conducted, which showed that the developed method
allows to notably limit the time of artillery system fire implementation and reduce the cost of projectiles in
compensation for dynamic disturbances compared to traditional firing. - A method of artillery projectile tracking
during the effect of dynamic disturbances on it was firstly proposed based on registration of ballistic and muzzle
waves at a distance formed by the projectile flight range.
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