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BCTYIIHE CJIOBO
Hava/lbHUKA XapKiBChKOI0 HAIOHAILHOIO YHIBEpCHTETY
HosiTpanux Cua imeni IBana Koxxenyda 1o yuacaukis XXI mizkHapoaHoi
HayKO0BOI KOH(pepeHUiT XapKiBChKOro HaliOHAJILHOIO YHiBepCUTETY
HosiTpanux Cua imeni IBana Koxenyoa
“HoBiTHi TeXHOJIOTII — UIf1 3aXUCTY NOBITPAHOIrO NPoCcTOpy”

Dear participants of the Conference!

It has already become a good tradition for representatives of Ukrainian and
foreign science to gather in the spring at lvan Kozhedub Kharkiv National Air Force
University.

The Air Force of the Armed Forces of Ukraine is one of the main instruments of
deterrence against air threats, just like at the beginning of the armed aggression. The
university carefully collects, studies and implements modern combat experience,
which is enriched in the course of practical activities of the troops.

Today, scientific researchers face a wide range of new tasks and challenges.
Together with us, the scientific community of partner countries studies the
experience and contributes to deterring the aggressor country.

Three years of large-scale aggression have posed new challenges and tasks for
the Air Force specialists, and the achievements have been recognized
internationally, where they have received and continue to receive the highest marks.

Scientific progress in military affairs has received an unforeseen acceleration,
and some models have begun to actively use sophisticated technologies of the future.

The scientific community of the world's leading countries is observing the
combat use of the latest technologies, such as artificial intelligence, machine vision,
energy weapons, cyberspace and other innovations that lay the foundation for the
future technological ecosystem.

In conditions of limited resources, the scientific component creates effective
solutions. Thus, Ukraine has proved that the size and military power of the enemy
can be compensated for by other factors, the main one being the thirst for victory.

I am convinced that the conference will be held in a creative atmosphere with a
free exchange of views, productive scientific discussion, and a comprehensive
consideration of all problematic issues by representatives of different scientific
schools, which will bring the establishment of scientific truth as close as possible
and allow us to formulate sound, theoretically and practically significant scientific
results.

I hope that its results will certainly be useful in the further practical activities of
military command and control bodies, troops (forces), military education and
research institutions.

I believe that professional reports, intelectual discussions and creative
atmosphere will contribute to the development of national and world science and
bring our Victory closer.

Glory to Ukraine! Glory to the heroes!

Together to Victory!

Hauanbank XapKiBCbKOr0 HalliOHAJIBHOTO YHIBEPCHTETY g

[Mositpsinux Cuin imeni IBana K a .
OpuraaHuil renepan @ w  Annpiit BEPEXXHUUA
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OPI'AHIBALIMHUN KOMITET KOH®EPEHIII{

I'osnoBa opranizaniiiHoro komirery:

Opuranuuii remepan Amgpiii  BEPEXXHUM, Hauanemuk — XapKiBChKOTo
HanioHanbHOro yHiBepcuteTy [loBiTpsauux Cun imeni IBana Koxeny6a.

3acTynHUK roJIOBH OpraHizaniiiHoro xomirery:

nonkoBHUK KoctsautnH BACIOTA, 3acTynHUMK HadaldbHUKA YHIBEPCHUTETY 3
HayKoBOi po0oTH XapKiBCHKOTO HallioHaJIbHOTO yHiBepcuteTy IloBiTpsHux Cnn
imeHi [Bana Koxenyo0a.

Yuienu oprasizaniiiHoro komirery:

TIOJIKOBHUK Bononumup BACHWJIMIINH, Ha4aJbHUK Kagenpu
pamioeneKTpOHHUX CHUCTeM MyHKTIB ympasninas I[loBitpsuux Cun Qakynbrery
aBTOMaTH30BaHHX CHCTEM Ta HAa3eMHOTo 3a0e3leueHHs TONbOTIB  aBiamii
XapkiBcbkoro HamioHansHOro YyHiBepcureTy [loBitpsaux Cun imeni IBama
Koxeny0a;

nonkouuk Ceprii  BOUTEHKO, nHauansHuk Kadeapu MeTpojorii Ta
CTaHJapTH3allil (aKkyIbTeTy MICISAUIUIOMHOI OCBITH XapKiBCHKOTO HAI[IOHATBHOTO
yHiBepcutety IloBiTpssHux Cun imeHi IBana Koxeny0a;

Empman Tisc TAIIMMOB, mnpodecop A3zepOaifkaHCBKOTO TEXHIYHOI'O
yHiBepcuteTy, mnpodecop HamionamsHOro yHiBepcuteTy o000opoHH, baky,
Asepbaiimxan;

nonkoBHUK Irop KOBTOHIOK, HavanpHuK Kadeapu iHXeHEpHO-aBiamiiHOTO
3a0e3MnedyeHHs iHKeHEepHO-aBialliifHoro (akyipTeTy XapKiBCBKOTO HALliOHAIBHOTO
yHiBepcutety IloBiTpssHux Cui iMeni IBana Koxxeny6a;

nonkoBHuK Bacume KPOTIOK, HawaneHuK Kadeapu nenaroriku Ta MCHXOJOTii
XapkiBcbKoro HarioHaapHoro yHiepcurety [loBitpstanx Cuit imeHi IBana Koxenyo6a;

nonkoBHUK ['ennanii JIAI'VTIH, nHavanpHuk Kadeapw eneKTpOTeXHIYHUX
CHCTEM KOMIUIEKCIB 030pO€HHS Ta BiIChKOBOT TEXHIKU (PaKyIbTETy MiCIITUIIOMHOT
ocBiTH XapKiBChKOTo HamioHanbHOTO yHiBepcutery [loBitpsaux Cun imeHi IBana
Koxeny0a;

nosnkoBHUK Bomonumup JIYIIAH/JIH, 3acTynmHMK HavajgbHMKa HayKOBOTO
uentpy IloitpssHnx Cun 3 HaykoBoi poOoTH XapKiBCBKOTO HaI[iOHAIBEHOTO
yHiBepcutety IloBiTpssHux Cun imeni IBana Koxeny6a;

nonkoBank  Cepriii  XMEJIEBCBKWIA, wauanshuk kadempn  GOHOBOTO
3acTocyBaHHs Ta ekciutyarauii ACY QakynabTeTy aBTOMAaTH30BaHHX CHCTEM Ta
Ha3eMHOT0 3a0e3nedueHHs TMOJbOTIB aBiamii XapKiBCBKOTO  HAI[IOHAIBEHOTO
yHiBepcurety [loBiTpstarx Cun imeHi IBana Koxxemy0a;

nmonkoBHUK ['eHHaniit XY/J1OB, HauanpHUK KadeApH TaKTUKH PaTiOTEXHIYHUX
Bilficbk  (akynpTeTy pagioTeXHiYHHX Biiicbk XapKiBCHKOIO  HalliOHAIBHOTO
yuiBepcurety [loBiTpstHux Cun imeHi IBana Koxeny0a;

nonkoBHUK [Opiit IIEBIIOB, HavamsHHMK (akynIbTeTy MepeniaroToBKH Ta
MiABHIIEHHS KBamiikamii aBiallifHOTO MepcoHaTy XapKiBChKOTO HAaIliOHAIBEHOTO
yuiBepcurety [loBiTpstaux Cun imeHi IBana Koxemny0a;

ninosnikosnuk Banepiii BOTHOB, 3acTynuuk HauanbHuKa (akyJbTeTy 3
HaBYaJbHOI Ta HAyKOBOI pOOOTH — HAYaJIbHUK HABYAIBHOI YAaCTHHH (DaKyIbTETY
OpOTHIOBITPsIHOT 000poHM CyXONyTHHX BIHCHK XapKiBCHKOTO HAIliOHAIBHOTO
yniBepcutety IloBiTpsinux Cun imeni IBana Koxeny6a;
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nignonkoBuuk ITaBno MAPTUHEHKO, HavanbHHK HaykoBO-iH(pOpMaLiiiHOTO
BimineHHs HaykoBoro IeHTpy IloBiTpsHnx Cmn XapKiBCBKOTO HalliOHAIBHOTO
yuiBepcurety IoBiTpstHux Cunn imeHi IBana Koxeny0a;

migmonkoBauk — Cepriid HELII/ITAI\/'UIO, HAYQIPHUK  HAYKOBO-JOCIITHOT
nabopaTopii GakyIbTeTy 3eHITHHX pakeTHHUX BIHChK XapKiBCHKOTO HAI[lOHAJIEHOTO
yuiBepcutety [loBitpstHux Cuin imeHi IBana Koxxeny0a;

mpauiBauk  3C  Vkpainm Canim KAJIKAMAHOB, 3aBimyBau kadempu
aepoAMHAMIKK Ta JWHAMIKH TIOJMBOTY JBOTHOrO (akynbTeTy XapKiBCHKOTO
HamioHanabpHOTO yHiBepcuTeTy [loBiTpsnux Cui iMeHi [Bana Koxenyo6a;

npaniBHuK 3C Ykpaian Bonomumup KAPJIOB, 3aBinyBau xadenpu ¢isuku Ta
pamioenekTpoHikd XapKiBChKOTO HaliOHaJbHOTO yHiBepcuteTy I[loBiTpsuHux Cun
imeHi IBana Koxenyo6a;

mpamiBHuk 3C VYkpaiam Ilerpo KBITKIH, mpodecop xadenpn dinocodii
XapkiBchkoro HarioHansHOro YyHiBepcurery IloBitpsamx Cun imeni IBana
Koxeny0a;

mpauiBauk  3C  VYkpainm Amnaronmiii KOB3€B, mpoBigHWii HaykoBHit
cHiBpoOITHUK HAayKOBO-AOCHiAHOTO Bifainy (po3Bigku IloBiTpsHux Cuit) HayKoBO-
JOCIHIHOTO YIPaBIIiHHA (CIEHiaJbHAX JOCTIIKEHb) HAyKOBOTo LeHTPY [loBiTpsHMX
Cun yHiBepcuteTy XapKiBCHKOTO HallioHaJIbHOro yHiBepcuteTy IloBiTpstHux Cui
imeHi IBana Koxenyo0a;

npaniBHuk 3C Ykpainu [laBno KOCTEHKO, mpodecop xadenpu aBiamiinux
pamioOTeXHIYHMX CHCTeM HaBiramii Ta mnocaigku (akyJIbTeTy aBTOMAaTH30BaHHX
CHCTEM Ta Ha3eMHOTO 3a0e3MeUeHHs MOJIBOTIB aBialii XapKiBCHKOTO HAI[iOHABHOTO
yHiBepcurety [loBiTpstaux Cun imeHi IBana Koxxemy0a;

mpauiBauk  3C  VYkpaimm Omnekcii JIEOHTBEB, ronoBHMiA HayKOBUI
CHiBpOOITHUK HAayKOBO-JOCHIIAHOTO YIpPaBIiHHSA (PO3BUTKY, 3aCTOCYBaHHS Ta
3abe3neyenns asianii IloBiTpsaux Cuin) HaykoBoro ueHtpy Iloitpsaux Cun
yHiBepcHuTeTy XapKiBChKOTO HalioHansHOro yHiBepcutery IloBiTpsHux Cui iMeHi
IBana Koxenyo6a;

Iepxapa MOK, 3actynHuk mnpodecopa Kadeapu MeTaleBUX MaTepiain
[HCTHTYTY MaTepiamiB i TexHOJNOTIH 3’€mHaHHA. TeXHONOTiA MaTepiaiiB
Marzebyprepkoro yHiBepcutety OTTo-oH-I'epike, MarneOypr Himeuunna;

Hxysernme HAPJIOHI, npe3unent akagemii Hapnoni, bpemris, ITamis;

rerepan guBizii Biliceka Ilombcekoro borycmas ITALIEK, mpodecop
Srenoncekoro yHiBepeutety, Kpakis, [Tonbina;

npauisank 3C VYkpainu Tuaa PEBPIM, sasimysau kadeapu iHO3eMHHX MOB
(baxynbpTeTy MiCISAUIUIOMHOI OCBITH XapKiBCHKOTO HAIiOHATBHOTO YHIBEPCHUTETY
Hositpstanx Cun imeHi IBana Koxxemy0a;

npauiBHuk 3C  VYkpaiun Onexcanap COTHIKOB, mnpoBimuuii HaykoBuit
CHIBpOOITHUK ~ HAYKOBO-IOCTiMHOTO  Bimmimy  (omepartuBHOro  (60i0OBOrO)
3abe3nedyenns [loBiTpsaux Cumil) HayKOBO-IOCIHIZHOTO YIIPABIIHHS (CIIEialIbHUX
JOCII/DKeHb) HayKoBoro HeHTpy [loBitpsamx Cumia XapKiBCHKOTO HAIiOHAIBHOTO
yuiBepcurety [loBiTpstHux Cun imeHi IBana Koxeny0a;

Banentun VYYAHIH, npoBinuuii HaykoBuii chiBpoOiTHHK mnaboparopii
BUXPOCTPYMOBOrO KOHTpoito Di3uko-MexaHidHOro iHcTUTYTy HarioHanbHOT
akazneMmii Hayk YkpaiHu;

Bikropiss ®EJIOPYAK, crapmmii BHKIajau BiCHKOBHX HayK Kadeapu
BIICPKOBUX HayK BimminenHs moBitpsHuX omepaniii IlIBencekoro yHiBepcHTETY
ob6oponu, Crokromnsm, LlBeris;
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npaniBauk 3C Ykpainn Onexcangp @YPCEHKO, 3aBigyBau kadenpu BUIIOL
MaTeMaTHKN XapKiBCHKOTO HamioHaJdbHOTO yHiBepcurery [loBiTpstHMX Cuil iMeHi
IBana Koxenyo0a;

lamina YEPHEBA, 3aBimyBau Kkadenpu eNeKTPOTEXHIKY YHIBEPCUTETY
tpancnopty Tonopa Kab6nemkosa, Codist, bonrapis;

npauiBauk 3C VYkpaiaun Opiit IIEBSJKOB, aupekrop iHCTUTYTY UMBUIBHOT

aBialii — 3acTYNHUK HadaJbHUKA YHIBEPCHTETY IO poOOTi 31 CTyAeHTaMH
XapKiBChKOro HalioHanbHOro yHiBepcutery IloBiTpssHux Cun imeHi IBana
Koxeny0a;

npaniBHuK 3C Ykpainu Cepriit SIPOIILI, npodecop kadeapu TakTHKN 3€HITHUX
pakeTHUX BIHCBK (aKyNbTeTy 3C€HITHHX pPAaKeTHHX BIHCBK XapKiBCHKOTO
HanioHanbHOTO yHiBepcutety [loBiTpsaux Cun iMeni IBana Koxemy6a.

BignoBizanbHuii cexperap opranizauiiiHoro komirery:

niamonkoBauk Onekcanap KYPEHKO, HawanbHUK HayKOBO-OpraHizamiiHOTO
Bigaiay XapKiBChbKOro HalioHANBHOTO yHiBepcuteTy [loBiTpsiHux Cun imeHi IBana
Koxenyoa.
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CEKIIIA 1

HPOBJIEMHA BOEHHOI'O MUCTELTBA, YIIPABJIIHHS BINCbKAMM
(CHJIAMH) B CYYACHMX BIMHAX (KOH®JIIKTAX) TA ITPA BIJCIYI
3BPOMHOI ATPECII POCIMCBHKOI ®EJEPAIIII IIPOTH YKPATHH

KepiBHUKH cekil: K.BilficbK.H. TONKOBHHUK beitnic JI.B.;
n.Bilicbk.H. mpod. mp. 3C Ykpainu SApom C.I1.
Cexperap cexil: Mmaifop IIpocsnuk B.B.

INNOVATIVE TECHNICAL AND TECHNOLOGICAL SOLUTIONS
TO INCREASE THE EFFECTIVENESS OF COMBATING
MEANS OF AIR ATTACK

V. Shamko
Air Force Command of the Armed Forces of Ukraine

Taking into account the results of the analysis (russia's capabilities to
manufacture long-range missiles and drones; the real state of technology
development in Ukraine; the capabilities of defense industry of Ukraine and the
urgent need of the army for technological weapons “should have been yesterday”) it
is advisable to focus on the development and implementation of military
technologies and technical solutions that have already been implemented in weapons
at the stages of trial operation, testing or creation of prototypes.

First of all, it is about the development and creation of: weapon of kinetic
impact; electromagnetic weapon; laser weapon; unmanned interceptor aircraft;
swarms of unmanned systems and artificial intelligence technologies.

Weapon of kinetic impact can destroy ballistic and aerodynamic targets.
Electromagnetic weapon is capable of affecting the electronic equipment and power
supply systems of means of air attack. The development of laser weapon can be seen
as a long-term perspective. However, a specific example of a laser weapon could be
a ground-based tactical combat laser system on mobile platforms for physical
destruction of air targets.

Unmanned interceptor aircraft are capable of contributing to air superiority by
intercepting air targets.

The use of swarms of unmanned systems can provide electronic reconnaissance,
information support for ground units, defeat (disruption) of the enemy's air defense
system, etc.

The prospects for the artificial intelligence use include automated target
detection, trajectory prediction and fire control, coordination of air defense systems,
etc.

Recently, the issue of developing innovative technologies in the Air Force of
Ukraine has become increasingly important. This is due to new high-tech challenges
on the battlefield, namely, the fight against reconnaissance and fighter drones,
guided bombs, etc.

The results of research on possible ways to combat these threats and the
developments of Ivan Kozhedub Kharkiv National Air Force University specialists
show that there is currently a need for the following promising developments: air
defense system simulators, dual-use Unmanned Aviation System, situational
awareness systems, FPV-drone defense systems and automated control systems.
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JESKI TPOBJIEMHI ITIATAHHSA KJIACUPIKAIIIT
“3ACIB TOBITPSHOI'O HAITAY”

JLB. Beiinict, k.siiicox.n.; C.I1. Apows?, 0.6ilicok.1., npog.;
II.A. Tpub?, K.6iticbK.1., Ooy.
Komanoyeanns IHoeimpsnux Cun 36poiinux Cun Yrpainu;
2Xapxiecvruii nayionanvuuil ynisepcumem Iogimpsanux Cun im. I Koocedyba

VY nmomoBini HaBOAATBCS Pe3ydbTaTH IOCTIPKEHb MPOOJIEMHHX IHTAaHb IIOTO
BUKOPHUCTAHHS TIOHATTSA ‘3acCO0M MOBITPSHOTO Hamaxy”’ y HOPMAaTHBHHX
JNOKYMCHTaX, i3 METOK HOT0 BHKOPUCTAHHS MPH JOCTIDKCHHI BiJIOBIIHOCTI
BiJITIOBITHUX BUMOT JI0 CUCTEM MPOTHITOBITPSIHOT 000POHHU.

Knacugikaniro 3aco6iB noBiTpsiHoro Hamaay (3IIH) mpoBeneno 3a o3Hakamu,
[0 BiAPI3HAIOTH BiA IHIIKMX 3ac00iB, TaKWX SK: 3aCO0M PaKETHOrO, KOCMIYHOTO i
iHmoro Hamany. Hasenmeni pesynpraté nocmimkenHs Kiracudikanii 3[IH 3a
HACTYITHUMHU O3HAaKaMu: 3a c()eporo 3aCTOCYBAHHS; O3HAKAMHM IOJIBOTY; O3HAKAMH
moOyayBaHHA 1 KOHCTPYKIIi; 00’€KTaMH TOpaXE€HHS; CTYNEHEM KEepOBaHOCTI;
noOynoBu cucteM npotuxii 3[TH.

OxkpeMa Bu3HaueHi neski o3Haky kiacugikamii 3[IH mpu BusBieHni ix y
moJboTi 3acobamu po3siaku I1I10.

VY nomoBini BU3HAUCHO MpoOJeMHE MHUTAaHHSA, M0 [UIA BH3HAYEHHS 3aco0iB
MOpaXEHHS pIi3HOTO (DI3MYHOrO BIUIMBY Ha OO0’€KTH BIMCBK 1 IMBUIBHOI
iHppacTpykTypH Ta Ooenpunacis, sik 3[1H, BoHH MalOTe MaTH BHIIE HepernideHi ix
O3HaKH.

METHODOLOGY FOR THE FORMATION OF RATIONAL STRUCTURE
OF COVER AND SECURITY COMPANY AS THE MAIN ELEMENT
OF THE SYSTEM OF COMBATING UNMANNED AERIAL VEHICLES -
BARRAGE MUNITIONS IN UNIT (SUBUNITS) OF ANTI-AIRCRAFT
MISSILE TROOPS

D. Huriev
Ilvan Kozhedub Kharkiv National Air Force University

The main element of the structure of the system of combating unmanned aerial
vehicles — barrage munitions in the unit (sudunits) of anti-aircraft missile forces
should be the cover and security companies of anti-aircraft missile forces units. The
methodology has been developed to form a rational structure of cover and security
companies for the main units of an anti-aircraft missile forces military unit to
organize effective combat against unmanned aerial vehicles — barrage munitions.

The initial data for the methodology are: the type and number of unmanned
aerial vehicles — barrage munitions, which must be able to withstand the anti-
unmanned aerial vehicle system created in the anti-aircraft missile forces unit; a
given probability of performing a combat mission by the anti-unmanned aerial
vehicle system — barrage munitions.

Determination of the mathematical expectation of the number of unmanned
aerial vehicles — barrage munitions that should disrupt the performance of a combat
mission by the created combat system, which must be achieved during its formation,
is carried out using the indicator of the ability to perform the assigned combat
mission by the anti-aircraft missile forces' anti-unmanned aerial vehicle — barrage
munitions system. The main subsystems of the system for combating unmanned

10



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

aerial vehicles — barrage munitions are: intelligence; control; direct cover; fighter-
unmanned cover; electronic warfare; passive defense.

The methodology, taking into account the experience of combat operations,
determines the share contributions of subsystems (those implemented in the course
of forming cover and security companies: direct cover, fighter-unmanned cover,
electronic warfare) to the effectiveness of the system of combating unmanned aerial
vehicles — barrage munitions created in the unit (subdivision). Accordingly, the
required number of unmanned aerial vehicles — barrage munitions that this
subsystem must disrupt the task is determined. The determined share contributions
are not constant and vary depending on the level of development of technologies for
combating unmanned aerial vehicles — barrage munitions within each of the
subsystems of the combat system.

Next, the units of direct cover, electronic warfare and fighter-unmanned aerial
vehicles of the cover and security company are formed in turn by the additive
method, which are able to provide the required value of the mathematical
expectation of the number of destroyed unmanned aerial vehicles — barrage
munitions.

To develop the organizational structure of the cover and security companies, an
organizational design method called the goal structuring method was used.

PECULIARITIES OF PLANNING AIR COMMAND ACTIONS
AS A COMPONENT OF MILITARY ART PROBLEMS IN
REPELLING THE ARMED AGGRESSION OF THE
RUSSIAN FEDERATION AGAINST UKRAINE

Ye. Karmannyi, Candidate of Technical Sciences, Associate Professor;
V. Kalachova, Candidate of Technical Sciences, Senior Researcher, Associate Professor;
V. Prosianyk
Ilvan Kozhedub Kharkiv National Air Force University

The Air Command (AiC) is an operational-tactical unit and is intended to protect
the country's facilities, Armed Forces groups, and important military facilities within
established boundaries from enemy air strikes and to prevent its flight deep into the
territory of Ukraine.

The experience and lessons of repelling the armed aggression of the russian
federation against Ukraine show that the planning of AiC actions as an important
modern component of the military art problems has acquired new significant
features. Thus, when planning AiC actions, the following main features must be
taken into account.

The combat composition of the AiC depends on the number and importance of
the objects being covered; the importance of the air direction in which it is deployed;
the physical and geographical conditions of the combat area; the expected
composition and character of the air enemy actions within the AiC's area of
responsibility.

On the planning of the AiC forces and means actions is influenced by: the
rapidity of operations (combat actions), their acquisition of an interspecies, large-
scale, highly maneuverable character; getting ahead of the enemy and achieving
operational suddenness by starting operations with a limited composition; the
widespread use of modern information technologies in automated control systems;
the possibility of remote high-precision fire impact on the entire enemy territory;
high compatibility of disparate control, reconnaissance and communication systems;

11



XXI midicnapoona nayxosa xonghepenyisn XHYIIC im. 1. Koowceoyba, 09.04-10.04.2025

the complex character of fire damage to the enemy, achieving victory by inflicting
selective high-precision strikes on the most important enemy objects (targets); the
organization of interaction using means of visual displaying a picture of the combat
operations area; ensuring the security of rear objects by specially trained divisions;
high autonomy of troops (forces) actions.

FORECASTING THE DEVELOPMENT DIRECTIONS OF THE AIR
AND MISSILE DEFENSE MANAGEMENT SYSTEM

O. Babenko, Candidate of Military Sciences, Associate Professor;
D. Sizon; M. Kovalenko
Ilvan Kozhedub Kharkiv National Air Force University

Forecasting in the process of choosing directions for the development of the
anti-aircraft and anti-missile defense control system is carried out by combining
forecasts.

The combination of forecasts is offered due to the combined use of the results of
both different mathematical forecasting methods, as well as jointly mathematical and
expert forecasting methods.

The combined method can be used according to the following scheme:

1. An analysis of the forecasting object is carried out, the main factors affecting
the forecasted parameters are identified, and a model of the forecasting object is
created.

2. With the help of the developed model, the object parameters are evaluated
using mathematical and expert methods.

3. A comparison of the data obtained from the results of forecasting by
mathematical and expert methods is carried out. The purpose of the comparison is to
identify their "contradiction™ or "non-contradiction".

4. After identifying the possible reasons for the contradiction of forecasts
obtained by different methods, appropriate adjustments are made and forecasting,
comparison and joint processing of forecast data are carried out again.

For specific cases of forecasting, the general scheme is supplemented with
features depending on air defense and anti-missile defense means.

METHODOLOGICAL ASPECTS OF REFLECTIVE MANAGEMENT
OF COMBAT OPERATIONS IN ARMED CONFLICTS

B. Demidov?, Doctor of Technical Sciences, Professor;

M. Borysenko?, Candidate of Technical Sciences, Senior Researcher;
T. Ivakhnenko?, Candidate of Technical Sciences, Senior Researcher
!lvan Kozhedub Kharkiv National Air Force University;
2Central Research Institute of Armaments and Military Equipment

The management of its troops (forces), combat and support assets should be
highly efficient, conflict-resistant, flexible, covert, adaptive, reflective, operational,
automated and innovative. Management innovativeness should be based on the use
of new information technologies, including artificial intelligence technologies, the
principles of reflexivity and sustainability of management, etc.

Reflexivity of management of the enemy's actions is seen as a way of imposing
specially prepared disinformation on him to persuade him to make a management
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decision that is unfavourable to him and favourable to our side. In this case,
motivating disinformation of the enemy is of particular importance.

The goal of reflexive management is to force the enemy to make a wrong
decision, which contributes to his defeat. Reflection becomes more effective when
each of its steps is accompanied by variations in the ways of motivating the enemy's
behaviour, as well as in the methods of disinformation. In this case, it is important
not only to monitor the enemy's behaviour and respond to his actions, but also to
anticipate his intentions, periodically misleading him about his own intentions.

Ways of implementing reflective control can be represented by simple and
complex influences. Simple methods are limited to influencing only the process of
reflecting the situation in the enemy's control subsystem. Complex and deeper
methods are to influence the decision-making process in the enemy's control
subsystem, i.e. to control the reflection itself.

Reflexive management is based on the fact that the opposing party will
inadequately assess the state of the managed process and make the wrong decision
on the strategy and tactics of its behaviour. A prerequisite for disinformation is that
it is believable to the opponent.

ASSESSMENT OF ADDITIONAL RISKS WHEN CONDUCTING FIELD
TESTS AT COASTAL RANGE UNDER MARTIAL LAW

K. Kulahin, Candidate of Technical Sciences, Senior Researcher; K. Kvitkin
Ilvan Kozhedub Kharkiv National Air Force University

The problem of risk assessment during combat firing and field tests of weapons
and military equipment (WME) in peacetime is a compound scientific and technical
problem associated with the systematic analysis of complex military-technical
systems of the type "potentially dangerous object — dangerous factors — means and
measures of protection — recipient”, with a known structure of connections between
elements, standard input influences, algorithms for the operation of elements under
given operating conditions and the corresponding output reactions of the system. In
conditions of martial law, additional risks are the negative impacts of potentially
dangerous enemy objects, which can be expressed in the risks of using weapons of
mass destruction, conventional weapons, electronic warfare means, means of
information and psychological influence, etc.

The report analyzed and assessed the risks of using conventional WME against
positions and facilities deployed at coastal ranges, which constitute a range base for
testing or WME practical use training with a medium and long range outside urban
areas. The analysis took into account the tactical and technical characteristics of the
russian means of destruction, which have a range of over 150 km, their accuracy and
striking characteristics. To reduce the risks of damage to WME and special facilities
at the test range, a number of security measures have been proposed, including
information training measures, measures to mislead the enemy regarding the time
and scale of the planned events, measures for the engineering equipment and
camouflage, measures for organizing situational awareness and control over the
locations of equipment deployment and temporarily restricted areas in land, air and
sea space, measures for other types of support for test range activities and the
creation of a background-target environment.
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FEATURES APPLICATION OF ASSAULT AUTOMATIC RIFLES
MANUFACTURED BY OF THE CONCERN "FORT" UKRAINE

V. Kotsiuba, Candidate of Technical Sciences, Associate Professor;
O. Koplik; P. Miroshnichenko
Ilvan Kozhedub Kharkiv National Air Force University

The experience of combat operations of units (subunits) of the Defense Forces of
Ukraine confirms the effectiveness of the use of assault automatic rifles of domestic
production Fort-227 (229), created according to the classical scheme based on
automation with and Fort-221 (224), which are built according to the built according
to the bullpup design.

This weapon meets the standards adopted by NATO countries and is
manufactured under the license of the Israeli company Israel Military Industries,
which is a line of of Galil ACE advanced automatic weapons. A common feature of
these assault rifles is the use of 5,56x45 caliber ammunition, which is accepted in
many countries in Europe, Asia and America.

The company produces a wide range of other weapons, components and
accessories: submachine guns, rifles, hand grenade launchers, pistols, ammunition,
ammunition and grenade launchers, and modernizes various AK systems.

Urgent tasks to be solved to provide the Ukrainian Defense Forces with modern
weapons and ammunition

creation of an individual, reliable and functional 12 (18) mm submachine gun
for effective destruction of FPV drones at a distance of several tens (hundreds) of
meters in any weather conditions, day and night;

production of ammunition and rounds of a certain caliber to provide ammunition
for various types of weapons used by the military of the Armed Forces of Ukraine;

improvement of the characteristics and functionality of weapons currently used
in the units of the Defense Forces of Ukraine and designed to destroy enemy
manpower during combat missions.

COMPONENTS OF THE COMBAT CAPABILITIES OF SMALL
TACTICAL GROUPS CONSIDERING THE EXPERIENCE
OF THE RUSSIAN-UKRAINIAN WAR

S. Huzchenko, Candidate of Military Sciences, Associate Professor;
S. Teliukov, Candidate of Technical Sciences; V. Yavtushenko
Ilvan Kozhedub Kharkiv National Air Force University

The experience of units of the Armed Forces of Ukraine and the actions of the
enemy during the Russian-Ukrainian war show that small tactical groups (MTGs)
played a significant role in the successful performance of tactical tasks in hostilities.

Analysis of specific tactical episodes observed during hostilities allows us to
propose an approach to determining the components of combat capabilities, which is
based on the following:

A small tactical group is considered a small unit (up to and including a platoon).

The combat capabilities of a small tactical group can be assessed based on a set
of components that determine:

effectiveness: enemy neutralization, protection from enemy strikes, and
command and control of the unit during operations.

personnel training, proficiency, and motivation.
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availability of reconnaissance assets, countermeasures against enemy tactical-
level unmanned aerial vehicles, and comprehensive logistical/logistic support.

The relative importance of these components depends on the specific tasks
assigned to a given unit.

The proposed approach and the identified components of STG combat
capabilities provide a foundation for developing a methodology or sequence for
assessing the effectiveness/effectiveness of STG combat employment.

OPTIMISATION OF THE ORGANISATIONAL STRUCTURE
THE AVIATION ENGINEERING SERVICE TO INCREASE
THE EFFECTIVENESS OF COMBAT USE FOR AVIATION

UNITS IN MODERN WARFARE

D. Berdochnik, Ph.D.; D. Sizon; L. Poberezhnyi; N. Salna
Ivan Kozhedub Kharkiv National Air Force University

Modern armed conflicts demonstrate the need to adapt the organisational
structure of the engineering and aviation service to the changing conditions of
combat operations, in particular, to the dispersed basing of aviation units and
increased requirements for the efficiency of maintenance.

In order to determine the optimal organisational structure of the aviation
engineering service, a study was carried out, within the framework of which
alternative options for building the organisational and staffing structure of the
aviation engineering service were generated, taking into account the impact of
various methods of organising the maintenance of aircraft. The methods of analysis
and synthesis, military-economic analysis, and simulation modelling were used to
assess the effectiveness of the proposed options.

The results of the study allow assessing the impact of the structure of the
aviation engineering service on the efficiency of aircraft maintenance and the level
of combat readiness of units. The most effective organisational models that ensure
the optimal ratio between the number of aviation engineers, the level of combat
readiness and resource consumption are identified. The obtained results can be used
to optimise the organisational structure of the aviation engineering service of
aviation units, which will contribute to the efficiency of combat use of aviation of
the Air Force of Ukraine.

FEATURES OF PREPARATION AND FIGHTING
IN THE STEPPE TERRITORY

Yu. Oliynyk; V. Prokofiev
Ilvan Kozhedub Kharkiv National Air Force University

On the territory of modern Ukraine, the steppe occupies 240 thousand km?, or
40% of the entire territory of the country.

In the steppe area, defense is built on a wider front. During the preparation of a
defensive battle in the steppe area, the unit commander, in addition to the usual
issues, must organize: conducting reconnaissance to a greater depth than in normal
conditions; defeating the advancing enemy from extreme ranges; setting up clearly
visible and stable landmarks; carrying out measures to protect firing positions and
structures from sand drift, dust suppression when conducting direct fire from tanks
and guns.
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The fire system is organized taking into account the favorable conditions of the
open terrain and the possibility of firing at the enemy at extreme ranges.

When engineering the positions, the walls of trenches and shelters are secured
with sandbags, measures are taken to protect the firing positions from sand drifts.

Fire damage to the enemy begins from the maximum range. As the enemy
approaches the front edge of the defense, the unit's fire is brought to the maximum.

When organizing an offensive battle in the steppe area, the platoon commander
additionally indicates: the azimuth of the direction of the attack, the features of the
preparation of munitions, and the prevention of overheating of personnel.

During the fire preparation of the attack, infantry fighting vehicles and tanks are
widely used.

Taking into account these features contributes to the successful implementation
of the combat missions set by the units in the steppe area.

ROSY RAPID OBSCURING SYSTEM ON UAV

A. Gutchenko; M. Kachan
Ivan Kozhedub Kharkiv National Air Force University

ROSY is a completely new rapid aerosol curtain deployment system (RAPID
OBSCURING SYSTEM), created by Rheinmetall Defence to protect equipment
from the use of weapons that require direct guidance, such as small arms, RPGs and
laser-guided weapons systems.

ROSY can be easily installed on the appropriate type of UAV using a "one-click
adapter".

The main difference between ROSY is its mounting system. Firstly, it provides
easy and quick installation of a 40 mm grenade launcher unit, and secondly, the
units can be installed one on top of the other in any quantity. Only the sensor unit
remains permanently installed on the UAV. This provides the following advantages
of the system: installation only when necessary for the task (weight savings), quick
assembly is usually performed in the camp, simple installation in "one click" (even a
"blonde" can do it).

The system is effective in the visible, laser and infrared ranges.

ROSY grenades are fired at a distance of up to 32 m? from the launch base to
create camouflage or blinding, a curtain measuring 90 m2. The aerosol curtain can be
initiated in approximately 0.53 seconds. Under the influence of the aerosol curtain,
blinding is carried out and remote mining of the road can be carried out in a short
time in front of the "enemy’s nose" or a hidden approach of strike UAVs to the
enemy’s column or positions. That is, strike UAVs are combined with: camouflage
means and means of destruction.

COMBAT SERVICE RECOMMENDATIONS ON INCREASING
THE EFFECTIVENESS OF COUNTERACTION WITH
BARRIERING AMMUNITION

M. Sapoga
Ilvan Kozhedub Kharkiv National Air Force University

After detecting an enemy UAV over the unit's position at a distance of 5-10 km
and closer than 2-5 km, if possible, immediately move the weapon sample to a safe
distance (100-200m), prohibit the personnel from using mobile communications.
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Set a task for the personnel who are directly covering the position to destroy the
"lancet" ammunition in the air in a timely manner. If it is impossible to destroy it,
make a decision to cover the personnel.

For each unit, have 3-4 spare and 1-2 false positions. Ensure an immediate
change of positions after the enemy's reconnaissance UAVs fly by within a radius of
10-15 km.

Reserve positions should be chosen at a considerable distance from settlements,
in false positions actively carry out measures to simulate life, actively use aerosol
camouflage.

For accelerated folding of position elements in order to move to a safe place,
remove the vehicles from the jacks, raise and secure the jack brackets using cotter
pins, disconnect the power harnesses from the power units.

ANALYSIS OF FACTORS THAT INFLUENCE THE PLANNING
AND MANAGEMENT PROCESSES OF AIR FORCE GROUPINGS
OF THE ARMED FORCES OF UKRAINE WHEN PERFORMING
AIR AND MISSILE DEFENSE TASKS, TAKING INTO ACCOUNT
THE EXPERIENCE GAINED DURING THE LARGE-SCALE
INVASION OF THE RUSSIAN FEDERATION INTO UKRAINE

O. Voznyi
Ivan Kozhedub Kharkiv National Air Force University

Based on the analysis of sources, the capabilities of the Air Force groups of the
Armed Forces of Ukraine to participate in the performance of air and missile defense
tasks are revealed, and the content of planning and management of the use of the Air
Force groups of the Armed Forces of Ukraine is analyzed. Factors influencing the
process of planning and management of the use of Air Force groups of the Armed
Forces of Ukraine are analyzed, the impact of existing planning and management
processes on achieving the goal of conducting air and missile defense is determined.

An analysis of the features of planning and management of the Air Force groups
of the Armed Forces of Ukraine when performing air and missile defense tasks was
conducted, as well as an analysis of the impact of internal and external factors on the
effectiveness of planning and management of the Air Force groups of the Armed
Forces of Ukraine when performing air and missile defense tasks and qualitative
criteria for assessing the planning and management of anti-aircraft missile and
fighter aircraft cover of air and missile defense systems according to the components
of the capabilities of the Armed Forces of Ukraine have been defined.

The main result obtained is an analysis of factors that influence the process of
planning and managing the use of Air Force groups of the Armed Forces of Ukraine
Air Force of the Armed Forces of Ukraine.

THE RUSSIAN-UKRAINIAN WAR AND ITS MULTIDIMENSIONAL
IMPACT ON THE SOUTH CAUCASUS

A. Musayev
Military Scientific Research Institute (Baku, Azerbaijan)

This article examines the multifaceted impact of the Russian-Ukrainian war on
the South Caucasus region, comprising Azerbaijan, Armenia, and Georgia. By
analyzing political, economic, military-strategic, and humanitarian dimensions, the
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study assesses how the conflict escalated since 2022 has reshaped regional
dynamics. Politically, the war has forced South Caucasus states to reevaluate their
foreign policy orientations amid growing pressure from global powers. The paper
explores Georgia’s cautious pro-Ukrainian stance, Armenia’s internal tensions
between Russia and the West, and Azerbaijan’s pragmatic balancing strategy.

Economically, the study highlights Azerbaijan’s growing importance as a
European energy partner and the emerging role of Georgia and Azerbaijan as critical
transit hubs due to the disruption of Russian trade routes. Armenia’s economic
vulnerability due to its dependence on Russia is also addressed. Militarily, the
research outlines how Russia’s declining presence has undermined its traditional
security role, particularly in Armenia, while Tiirkiye has expanded its strategic
influence, especially in Azerbaijan.

The article also investigates humanitarian effects, including increased migration
and social unrest, particularly in Georgia. The study concludes that the ongoing war
presents both risks and opportunities for the South Caucasus, requiring adaptive
strategies and enhanced regional cooperation in a rapidly evolving geopolitical
landscape.

Referencies
1. Ralph M. Wrobel, The Chinese Belt and Road Initiative between Economics
and Geopolitics: Consequences for Armenia. / Ordnungspolitische Diskurse — Erfurt,
No. 2022-1, — p. 23.
2. Piriyev, H.K., Hashimov, E.G. The Second Karabakh War : military-political
and military-technical aspects // — Baku: Proceedings of the Military Institute named
after Heydar Aliyev, — 2023. No. 1 (40). — p. 7-16.

FEATURES OF ENGINEERING RECONNAISSANCE OF WATER
SOURCES, ITS EXTRACTION WHEN CONDUCTING COMBAT
OPERATIONS IN ARRID REGIONS OF UKRAINE

M. Sapoga; V. Stryzhak
Ilvan Kozhedub Kharkiv National Air Force University

Currently, water in the south of Ukraine, namely in the Kherson region, is a
strategic resource, and taking into account the loss of the Kakhovka reservoir, the
absence of rivers and reservoirs on the left bank of the Dnieper, this issue takes on a
very important role in the process of planning and conducting combat operations.

The destruction of the Kakhovka HES and the Kakhovka Sea entailed the
outflow of groundwater over a very large area. Water deposits were at a deeper
distance from the surface of the earth (up to 50 m). Before the destruction of
resources, groundwater from low-capacity aquifers lay at a depth of 3 m and was
extracted by horizontal fence. Now for military formations from the battalion and
above, the main water extraction will be from a greater depth — up to 25 meters or
more.

One of the methods of groundwater extraction is the installation of water wells.
Water is pumped out of them using a screw pump with a capacity of up to 1.5 m3/h.

Taking into account the above, engineering exploration of water sources should
be organized and planned in advance and move behind the second-echelon units in
readiness for the search and extraction of water. To provide personnel and
equipment with water (at an air temperature of more than +25°C), a battalion must
have at least 2-3 wells capable of meeting daily needs for domestic and drinking
water — up to 30 liters, and sanitary and technical water — up to 50 liters per
18
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serviceman. Therefore, it is important to plan in advance the preparation of water
supply sources as a guarantee of the success of combat operations in arid regions of
Ukraine.

Fix the antennas with improvised means (tightening belts), then move 150-200m
to a safe city for further completion of folding.

SIMULATION OF CHANGES IN THE OPERATIONAL ENVIRONMENT
IN THE MILITARY DECISION-MAKING PROCESS USING THE
"DELTA" INFORMATION AND COMMUNICATION SYSTEM

S. Lukianov; D. Kozlov
Ilvan Kozhedub Kharkiv National Air Force University

Commanding troops based on a single, automated system to which all
commanders on the battlefield have access is a modern NATO approach.

In order to make a justified and timely decision, the unit commander needs to
have complete and reliable information about the combat situation in a timely
manner.

The use of the "DELTA" situational awareness system when planning a battle
provides an opportunity to see what is happening on the battlefield in real time, to
exchange information with neighboring units and senior staff, to efficiently organize
management, interaction and comprehensive support of troops.

It is proposed to carry out a study of the process of modeling changes in the
operational situation during the execution of training tasks on making a military
decision using the data of the ICS "DELTA". The study involves cadets who are
studying in the framework of the study of combined military disciplines under the
educational program of the L-1A professional military education course.

The relevance of the review is due to the achievement by the students of
education of the competence to organize a battle and manage a unit in the main types
of combat.

As a result of a preliminary study, the implementation of the "DELTA" system
platform in the educational process at tactical-special training with cadets of the 4th
year showed high efficiency in working out training tasks on battle planning
according to the TLP procedure.

THEORETICAL APPROACHES TO CLASSIFYING ARMED
CONFLICTS IN MODERN CONFLICTOLOGY

Z. Najafov
National Defense University (Baku, Azerbaijan)

This article explores the role and significance of classification in the field of
military conflictology, emphasizing its value as a methodological tool for
organizing, analyzing, and comparing armed conflicts. Classification enables
researchers and military analysts to better understand the nature, origins, and
dynamics of conflicts, thereby aiding in the development of appropriate response
and resolution strategies. The study presents three principal forms of classification:
typology, systematics, and taxonomy — each offering a unique perspective on how
conflicts can be categorized based on essential characteristics, structural
relationships, and hierarchical frameworks.
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Key classification criteria discussed include the purpose of conflict (e.g.,
colonial, national liberation), scale (local to large-scale), methods of
warfare (offensive, guerrilla, defensive), theater of operations (land, sea, air, cyber),
and moral considerations (just vs. unjust wars). The article also compares Western
approaches, such as the "spectrum of conflicts" model, with Russian conflictological
perspectives, which integrate Marxist-Leninist theory and contemporary strategic
analysis.

By applying a systematic classification framework, military conflictology
enhances the ability to interpret complex conflict scenarios, identify patterns, and
formulate effective strategies for conflict prevention, management, and resolution.
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DECISION-MAKING AS A KEY ELEMENT OF THE COMMANDER'S
MANAGEMENT ACTIVITIES

V. Sluzhenko?; I. Laptiev?
lvan Kozhedub Kharkiv National Air Force University;
2National Defense University of Ukraine

War is always danger, fear and uncertainty. The constant threat to health and
life, psychological and physical stress, loss of comrades, the threat of being captured
all this falls on the shoulders of the commander. No civilian leader can simply
imagine the difficulties a commander faces when making a decision during or before
a battle.

Decision-making is a key process of a commander's managerial activity. The
effectiveness of management is determined by the quality and timeliness of
decisions made, because they determine the directions of actions of subordinates,
ensure coordination of work and contribute to the achievement of set goals.

The decision-making process by the commander is constant, it is adjusted
depending on the changing situation during the execution of the task. Operational
decisions are made by the commander quickly based on the current situation and are
aimed at solving short-term or urgent tasks. Strategic decisions are made by the
commander with a long-term perspective, they are aimed at ensuring success in the
implementation of the main strategy or plan through the solution of current goals.

Decision-making is a key element of a commander's management activity. The
success of the assigned tasks, the efficiency of the units' work, and the preservation
of personnel depend on how accurate and timely the decisions are. The commander
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must constantly improve his decision-making skills, taking into account both
strategic and tactical factors, for the successful management of subordinates and the
timely and high-quality fulfillment of assigned tasks.

MANAGED OPERATIONAL UNCERTAINTY OF THE ENEMY

O. Ivanov!; V. Pomogaibo?; V. Yelin?
lvan Kozhedub Kharkiv National Air Force University;
2National Defense University of Ukraine

Operational command and control of troops is always characterized by a certain
level of uncertainty, which has informational, situational, and psychological
components and is a phenomenon that can be both a threat and a tool for achieving
an advantage. Uncertainty is a state of not knowing or being unpredictable.
Operational uncertainty is inherent in the dynamics of the combat environment, the
lack, contradiction, or excess of information, stress, fatigue, the cognitive load on
decision-makers, and the risk of making wrong or ineffective decisions. This
contributes to the manifestation of certain patterns of behavior of commanders,
which can both contribute to effective decisions and create risks of ineffective
decisions.

The subject of the study is to achieve controlled operational uncertainty of the
enemy. The focus is on such aspects as creating uncertainty and ensuring a balance
between information control and "deliberate chaos". To create uncertainty, a set of
tactical, informational, technical, and psychological measures is used. The
combination of modern information technology and human thinking is certainly
effective.

The basis of the enemy's uncertainty is the operational unpredictability of
possible actions of the opposing forces.

The enemy's forces and intentions may change over time. An uncontrolled
increase in operational unpredictability can contribute to a decrease in one's own
combat effectiveness. It is important to take into account the enemy's decision-
making processes. The impact of uncertainty depends on its level, which is assessed
through the quality of the information situation in the combat environment.

The use of automated decision support systems allows us to analyze combat
scenarios and model their development.

HOBYJOBA MEZPE)KEBOi IHOPACTPYKTYPHU IHOOPMAIIIIMHO-
KOMYHIKAIIMHUX CUCTEM CHHEHIAJIBHOI'O NIPU3HAYEHHS

0.0. Jlaspym, 0.m.n., npo.; T.B. Jlaspym, k.ceoep.H., cm.0.;
B.O. Konecrnuk,; B.B. Kicinesuu
Hayionanena axkademis cyxonymuux giticox im. cemomana I1. Cazatioaunozo

MepexeBa iHpacTpykTypa iHpopMamiiiHo-koMyHikaniiianx cucreM (IKC) €
OCHOBOIO 0araTboX HaWBaXUIMBILIMX MPOLECIB i CIyxk0 yCTaHOBM 4M OpraHizaii, i
TOMYy il SKICTh O€3MOCepeaHbO BiJOMBAETHCS Ha SKOCTI MOCIYT, SIKi L1 yCTaHOBA
Hagae wiientam IKC. OcnHoBHa BuMora, mo BucyBaethes 10 IKC: mporpamu Ta
cepBicn moBHHHI OyTH noctymHuMHu. Came TOMy 1O MepeXeBoi iH(pacTpyKTypH
IKC BuCyBarOThCS HACTYIIHI BUMOTH:
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— HaiiHICTh, MaciITabOBaHICTh, KEPOBAHICTh;

— Oe3meka, peHTa0eIbHICTh, CPEKTUBHICTB;

— BHCOKa NPOIYKTHBHICTh, MOJMIIMBICTH BIIPOBA/PKYBaTH HOBI pIIICHHS Ta
peanizoByBaTH HOBI CEpBICH 3 MiHIMAJIBHUMH 3aTpaTaMHu.

Ha BimMminy Bix MepexeBoi iHQPACTpyKTypH 3arajJbHOrO IpU3HAYEHHS,
HaNpHKIaja, Mepexi [HTepHeT, B sKiii mpoBaiiiepu MEpIIOro piBHSA MAaIOTh JAOCUTH
po3BuHEHY KabenbHy iHGPACTPYKTypy Ta po3HeceHy iH(GPacTpyKTypy JaTaleHTpiB,
iz gac mobymoBu abo MozepHizawii mepeeBoi iHppactpyktypu IKC creniansHOro
npusHaueHHs (CII) Ha etami ckiaagaHHs TexHiuHOTO 3aBHaHHs (1T3) Ha OyIiBHUIITBO
abo wmonepHizamito IKC CIT 3 meror BusHadeHHs peHTabempHOCTI IKC CII
JOMATKOBHM KPHTEpiEM 0 HagiHOCTI MepexkeBol IH(QPAacCTPYKTypH OLIIBHO
BKa3aTH 1 KUIBKICT By3JIiB Mepexi 3 pO3TalllOBaHUMHU Ha HUX CepBicaMy (OCHOBHUX
Ta pe3epBHHUX), a TaKOXX KUIBKICTh BY3JiB IIEPIIOTO piBHSA, depe3 sKi Oyne
3aificaroBatncst Mapmpytusanis Tpagdiky IKC CII mo cepsiciB Ta B 3BOPOTHOMY
HalpsIMKY.

CTBOPEHHSI KOHCYJIbTATUBHO-IOPAYMX HEHTPIB 35POMTHUAX
CIJI YKPAITHHU 3 IATAHb HAYKOBOT'O TA HAYKOBO-TEXHIYHOI'O
CIIIBPOBITHUILTBA 3 JEP)KABAMU-TIAPTHEPAMHU

O.B. @ininnenkos, o.¢inoc.; A.B. Bracos, k.m.H., cm.o.,
1.0. XKyxos; /I.M. lllabanos
Hasuanvro-nayxosuii eunpodysanvruil nosieox
BUCOKOMEXHONI02IUH020 030POEHHSA MA BILICbKOBOT MEXHIKU
Hepotcagrnoeo Hayko60-00ciono20 iHcmumymy eunpobysaus i cepmuixayii
030pPOEHHS MA GICLKOBOL MEXHIKU

BpaxoByroun J0oCBiz NpOTHCTOSIHHS YKpaiHu 30poiiHiii arpecii pd moynHawoun 3
2014 poky, miATpUMKa MapTHEPIB € HaABAXINBOI. JloBipa KpaiH-TapTHEPIB MOXKe
OyTH BHKIMKAaHa HH3KOKO (DaKTOpiB, OMHHM i3 SKHX € Ce(QEKTHBHE HAYKOBE 1
HAYKOBO-TE€XHIYHE CITIBPOOITHUITBO B iHTepecax 30poiHux Cun YKpaiHu.

AHami3 HamiOHANFHOI HOPMATHUBHO-TIPABOBOi 0a3W IIONO HAYKOBOTO Ta
HAYKOBO-TEXHIYHOTO CITIBPOOITHHITBA 3 JEp)KaBaMHU-TIAPTHEPAMH, MiJTHOBOTO
MPU3HAYEHHs Ta 3aBJaHb ICHYIOUMX KOHCYJbTaTHBHO-J0PaJUUX OpPraHiB B CUCTEMi
MiHictepcTBa 00OpoHM YKpaiHu, X B3a€MO3B’A3KiB Ta KOOPAMHYIOUHX MiH,
JOCIIJDKEHHST iX ITOBHOBWXEHb, 3aBJaHb Ta OCHOBHUX (YHKUIH 00yMOBIIOE
BHECEHHS 3MIH IIOJIO MOpPsAAKY opraHizamii ix mismpHOCTI. CekTop Oesmeku Ta
o0opoHU YKpaiHH Ma€e Ta TOBUHEH CHCTEMHO OHOBHTH OPTaHi3allilo, ITaHyBaHHS Ta
peamizaiifo HayKOBOTO 1 HAyKOBO-TEXHIYHOTO CIIBPOOITHHITBA BiJIOBIIHO [0
BHAMOT Cy4YaCHOCTI 1 JOCBiTy KpalH-IApTHEPIB 32 IIUM HAIIPSIMOM.

B monoBixi mogaHo pe3ynbTaTH JOCIHIIKEHb Ta MPAKTUYHI peKOMEHIAI] 1010
po3BaHTakeHHI CTpyKTypHHX migpo3aiaie 3C VYkpalHu Big BHKOHAHHS He
HNpUTaMaHHUX iM (YHKLIIOHAIBHUX OOOB’S3KIB Ta BH3HAUYCHHs (PO3MEXyBaHHs) 1X
MOBHOBaXEHb 3 IMTaHb HAYKOBOTO Ta HAYKOBO-TE€XHIYHOTO CIIiBPOOITHULTBA 3
Jep)KaBaMH-TIapTHEpPAMH y BOEHHIH cdepi, nepedopmaTyBaHHs iCHYIOYOT CHCTEMH
KOHCYJIBTaTHBHO-IOPAIINX [IEHTPIB 32 HANPSIMOM HAayKOBOI Ta HAyKOBO-TEXHIUHOL
iSIIBHOCTI.

22



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

MMPOBJEMH BOPOTBBN 3 KPHJIATUMMH, BAJIICTHYHUMHA
TATINEP3BYKOBUMU PAKETAMMU, HIJISIXW IX BUPIINIEHHA

O.b. Cmenanos, K.6icvk.H., 0oy.; I1.B. [l{unancekuil, K.6ilicbK.H., npod.;
11.B. Opixoecvruii; C.M. Basino, 0.¢hinoc.
Hayionanvhuil ynigepcumem oboponu Yrpainu

AmHamiz JOKaJbHUX BIHH 1 30poHHHMX KOH(MIIKTIB OCTaHHIX JECATHPIUL Ta
mypoxroMacmrabHa arpecist pociicekoi denepanii npotu YkpaiHU CBiT4ATH, IO B
CyJacHHX yMOBaX YCHiX Oy/b-sIKOI BOEHHOI KOMIIaHIl 3aJeXHTh BiJ pe3yJbTaTiB
30poitHOT GOPOTHOM y OBITPSIHOMY MIPOCTOPI.

3 moyaTKy IIMpoKoMacIITabHOI arpecii pocilicbka ¢eepariis 3aBaaBaia pakeTHi
ynapiB o teputopii Ykpainu y cknaai 6inbmie 10000 paker pizHux TumiB (KpHiaTi
pakeTu MOBITPSHOTO, MOPCHKOTO, Ha3eMHOro Oa3yBaHHA, OaJiCTHYHI pakeTH Ta
iHmi), B ToMy umcii Ouneime 120 rimep3BykoBux paker. LlimsiMu ynapy cranu
BICHKOBI 00’€KTH, TOPTH, OO €KTH KPHUTHUYHOI iHPPACTPYKTYpH Ta IHMBLIBHI
00’€eKTH.

Ha mincraBi mpoBeneHOTo aHami3y IOCBiAy CIiI OYiKyBaTH, IO TaKTHYHI Ta
OTEpaTUBHI Kpmiari, OaliCTHYHI Ta TMEPCHEKTUBHI TiMEep3BYKOBI pakeTH B
MaiiOyTHIX BiiHaX 1 KOH(IIKTaX 3aIUIMIATEMYTHCS BAXKIMBUM 3aCO00M HAaHECEHHS
PaKeTHUX yIapiB MO BaXKIMBUX 00 €KTax BIHCHKOBOTO Ta JAECP>KABHOTO YIPABIiHHSA,
cucremi III1O. Ha mouarkoBOoMy erami BiffHM Mix 9ac MOBITPSHOI (MOBITPSHO-
HACTYMAaIbHOI) omepamii ciif O4iKyBaTH IEKUIbKa MAaCOBAaHHUX pPaKETHO-aBialllHHUX
yaapiB, y mepriomy emenoHi skux mopsn 3 KP ta BP MoxyTe 3acTocoByBaTHCH
I3KP mns mpopuBy cuctemu IIIIO Ta ne3opradizamii cucTeMH YIpaBIiHHS.
3acTocyBaHHIO HMM B yIapax HEOOXiJHO TNPOTHUCTABUTU AJEKBATHI 3aXOAH, SKi
MOBUHHI MaTH KOMIUIEKCHHI XapakTep MIOAO0 iX BHSBJIEHHS CHCTEMOIO PO3BIIKH,
OMOBIIIEHHSI TPO IX 3aCTOCYBaHHs, 3HUIIECHHS AKTUBHUMH 3aco0aMU CHCTEMH

3MIHU Y IPOTUBOPCTBI B IIOBITPSIHOMY ITPOCTOPI
MIK 3ACOBAMM NNOBITPSIHOT'O HATIAZLY
TA IPOTUIIOBITPAHOI OBOPOHU

O.b. Tumapenko, K.8iliCbK.H., 00Y.,
10.0. I'opobeyy, x.siiicok.H., 0oy., €.B. Bracenko,; C.B. Apemenxo
Hayionanvnuil ynigepcumem oboponu Yrpainu

Pociiicpko-ykpaiHCpKa BiifHa cTana BUNPOOYBAaHHSAM ISl CyYaCHHX CHCTEM
npoturoBiTpsHoi oboponu (III1O) ta 3acobiB mositpsHOro Hamamy (3[1H). PD
OIMPOKO  3aCTOCOBYE  BHCOKOTOYHE  O30pO€HHS,  O€3MUIOTHI  JHTaNBHI
anaparu (BIIJIA) Tta 3acobu pamioenekrpoHHoi Oopotebu (PEB), mnparayun
npopBatH ykpaiHceKy cuctemy IITIO. V Bingmoine YkpaiHa akTHBHO MOAEpPHI3ye
[I1O, iHTerpyroum 3axifHi TEXHOJOTIl, 3MIHIOIOYM TaKTHYHI TIIXOAH Ta
aanTyIOYNCh 10 HOBUX BUKIIUKIB y MOBITPSTHOMY TIPOCTOPI.

EBodromiss moBITPSIHOTO MPOTHOOPCTBA IEMOHCTPYE MOCTIHHHI 3CyB y OanaHci
MDK HamagoMm Ta oGoponoro. Cmowatky P® 3acTocoByBama pakeTHO-aBiamiiiHi
ynapu (PAY), po3paxoByroun Ha IIBHAKE 3HHUIIEHHA ykpaiHchkmx cuctem III1O.
[pote ii epexTrBHA POOOTA 3MyCHIIa POCIHCHKY apMil0 alaliTyBaTH CBOT ITiIXOJH:
3pOCII0 BUKOPUCTAHHS IPOHiB-KaMiKaa3e, XUOHUX IUJIeH, paJioeIeKTPOHHHX aTaK Ta
KOMOIHOBaHMX MOBITPSHUX ynapiB. 31 cBoro 0Ooky VYkpaiHa oTpuMana Ta
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inrerpyBana cydacti cucremu IITIO (Patriot, NASAMS, IRIS-T), mo mo3Bosmio
e(EeKTUBHO NPOTHIISATH KpPWIATHM 1 OamicTHYHUM pakeraM. Hapasi mositpsiHe
mpoTHOOpCcTBO HaOyBae O3HAaK “BIMHM Ha BHCHaXeHHS . Pocis BHKOpPHCTOBYE
JIeIIeBi IPOHH, HAMATraroYHuCch BHUEpIaTH pecypcu ykpaincskoi I1T10.

TakuM 4YWHOM, JWHaMika IOBITPSHOTO TPOTHCTOSIHHS  CBIMYHTH  MPO
MIOCTYNOBHI  Tepexig  Big  TpaguIliifHOI  pakeTHo-aBialifHOI  BiffHM 1O
BHCOKOTEXHOJIOTIYHOTO ~ HPOTHOOpPCTBA, Jie¢  KIIOYOBY  POJb  BIIrparoTh
aBTOMaTH3allisd, ITYYHHH IHTENIEKT Ta aJaNTOBAHICTh OOHOBHX CHCTEM 10 HOBHX
3arpo3. [lomampme BrockoHaneHHs cuctemu IIIIO Ta MibKHapomHa MiATpUMKA
CTaHyTh BU3HAYAJILHUMH (DaKTOpaMu y MaiiOyTHbOMY MOBITPSIHOMY ITPOTHOOPCTBI.

NomyK PAHIOHAJIBHUX BAPTAHTIB PO3IIOALTY 3YCHJIb
PI3BHOPITHUX 3ACOBIB YI'PYIIOBAHHSI BIUCB (CHWJT)
3A BOMOBUMMU 3ABJIAHHAMU

A.O. 3sapuu, K.6iticoK.H., cm.0.
Lenmpanvuuil Hayxoeo-oocaionuil incmumym 36potinux Cun Yrpainu

CydacHi  TeHaeHmii 30poiiHOI  OOpOTHOM, BIOCKOHAJICHHSA  CHOCOOIB
3aCTOCYBaHHA BIMCBK (CHJI) CTaBIATh WiABUINEHI BHMOTH [0 IUIAHyBaHHS
omepauii (00ioBUX [iif) yrpymoBaHb BICBK (CHIT), 30KpeMa MOIIYKY PaliOHATBHUX
BapiaHTIB PO3MOJIITY 3YCHIIb PI3HOPITHUX 3aCO0IB 32 3aBIaHHIMU.

OOrpyHTYBaHHS  palliOHATBHHX  CIIOCOOIB  3aCTOCYBaHHS  YIpyHOBaHb
BIMCBK (CHJI) — KIIIOYOBA 3a7ava MPeAMETHOI 00JIacTi JOCTiIKEHHs ONeparlii, 1e Ha
TENepilIHii Yac po3paxyHKH BUKOHYIOTHCS, IIEPEBKHO, IUIsI OJHOTO BapiaHTa il
MIPOTUBHUKA. 3a PEaJbHOr0 PI3HOMAHITTS YMOB OOHOBHX Aili, A€ NMPOTHBHUK Mae
MOXJIMBICTH ONITHMAJIBHOTO PO3IMOALTY CBOIX pecypciB, TakKi MiIXOIH JAIOTh 3HAYHY
MOXHUOKY.

VYce me crnoHykae 0 MOLIyKY Ta peaji3amii HOBUX METOIMYHHUX MiAXOMIB 10
ontuMizamii OOHOBUX [ilf pI3HOPIMHUX 3acO0iB SIK OCHOBH MJJsI OOTPYHTYBaHHS
peKOMeHIamiii IIoM0 WiABWINEHHA e(QEeKTUBHOCTI iX 3aCTOCYBaHHS B CKIai
YIpYIOBaHb BiiCBK (CHII).

[IponoHy€eTbCS yAOCKOHAJCHA METOJHMKA PO3MOAUTY 3YCHIIb Pi3HOPITHHUX
3aco0iB 3a 3aBJaHHSAMH B OIlepallii yrpyHnoBaHHS Bificbk (cui), mo 0a3yeThcs Ha
aHATHYHIA AWHAMIYHIA MoJemi. Y Hild, Ha BiAMiHY BiJ] iCHYIOUYHX, HAa OCHOBI Teopil
mudepeHiaTbHAX irop TpoIec TUIAHYBaHHS 3aCTOCYBaHHS PI3HOPITZHHX 3aco0iB
3BEJICHUI 10 PO3B’sA3aHHS ONTUMI3aliiHOI 32 JBi CTOPOHM 3ajadyi 3a MiHIMAKCHUM
KpUTEpieEM y BHIVLIAI HENIHIHHOI iHTerpasbHO! 3rOpPTKM IOKa3HWKIB. PimieHHs
3HaXOJMTBhCS Yy BHIVIANl JUCKPETHHX 3a JIHAMH onepamil 4yacoBuX (YyHKIH
ynpaBniHHsa. Takui minxig ngae 3Mory OoOIPYHTYBaTH palliOHAIBHUI BapiaHT
pO3MoiTy pi3HOPITHKUX 3acO0iB 3a 3aBJAHHIMHU Ta €TallaMK BeIeHHS OOHOBUX Mild.

CHUCTEMA YIIPABJIIHHS ABIALIIMHUM IIPUKPUTTSM
B CYYACHHUX YMOBAX

B.M. I'opbenko, k.giticok.H., 0oy.; O.b. Tumapenko, K.8iliCbK. ., 00Y.;
A.B. Cioaw; O.B. Mocmosuii
Hayionanvnuil ynigepcumem oboponu Yrpainu

HocBin TpuBaw4oi pOCIHCHKO-YKpPaiHChKOI BIffHM CBiTYHTH NPO  CTIHKY
TEHJICHIIII0 3pOCTaHHs poli 3aco0iB moBiTpstHOTO Hamaxy (3[1H) B ymoBax cydacHUX
oreparii.
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Icnyroui moxmmBocti 3C YkpaiHH 1100 MPUKPUTTS BifiCBK Ta 00’€KTiB Bix
yAapiB 3 TOBITpS XapaKTepH3YIOTBCS 3 OXHOrO OOKy, MAaHEBPEHICTIO Iii
BIMCBK (CHUI) Il 9ac BEAEHHs ollepamiif, a 3 IHIIOT0 — OOMEXEHICTIO MaHEBPOBHX
MOXIIMBOCTEH CHJI Ta 3aco0iB 3€HITHOTO pakeTHOro mpukputts. Lle BucyBae Ha
TiepIe Miclie BUHHIYBaNbHY aBiamito (BA), sk cuity, 37aTHY MUTTEBO BiipearyBaTH
Ha 3MiHHU Y TOBITPSHIH 0OCTaHOBII.

OnHuUM 3 HampsAMKIB MigBHIIEHHS e(EeKTHBHOCTI OpraHizamii ympaBiiHHS
MiACUCTEMOI0  aBlallifHOTO  NPUKPUTTS  MiA  dYac  BUKOHAHHS  3aBIaHb
MIPOTHUIIOBITPSIHOI OOOPOHHU B OMEpaLisfiX CHJI OOOPOHH € CTBOPEHHS 1HTErpOBaHOI
cucremu [1I10. BpaxoBytoun nparaenus Yxpainu 1o HaOyTTs wieHctBa B HATO ta
JOCBiJ KpalH-TapTHepiB moxo ctBopeHHS ACY MOBITPSHHMH CHJIAMH JOILIJIBHO
posrmsiHyTH ACY Air Command and Control System (ACCS), sx HaiOuTBII
cyqacHy ACY asiamii ta I1I1O kpainu HATO. Jlana ACY 3a0e3mneuye iHTerpamito
KOHTPOJIIO Ta YIpaBJiHHS BciMa BHAaMH aBiamiiiHnx cui. IlepeBaru iHTerpoBaHoi
cucteMu ympapiiHHA aBianiero Ta 110 me mBuake NPUHHATTS PillleHb, 3HIKECHHS
pusuky friendly fire 3aBmsaku edekTuBHIN imeHTH(]IKALil IIieH, MTiIBUILECHHAS
epexTuBHOCTI Iiit aBiamii Ta [1I10, MOXIUBICTE 1HTETpaLii Pi3HUX THITIB BIHCEKOBHX
3aco0iB (aBiamis, Ha3eMHi BiiCbKa, PaKETH TOLIO).

BIPOBAIKEHHS B 3BPOMHUX CAJIAX YKPATHH
IVIAHYBAJIBHUX ITPOLEAYP 3A CTAHJIAPTAMMU HATO

C.1O. Myxin, o.¢inoc.
Hayionanvnuil ynigepcumem oboponu Yrpainu

CraHOM Ha CBHOTOJHIIIHIM NEHb TPHBA€ aKTUBHE OOTOBOPEHHS MOXIIHBOCTI
BrpoBakeHHs y 3C YkpaiHu IDIaHYBaldbHUX TPOLENYp 3a CTaHIapTaMH KpaiH-
uaneniB HATO. Opnieto 3 takux mpouexyp € MDMP (Military decision making
process) — BiiCbKOBHHA [IPOLIEC TPHUHSTTS PILIIEHHS.

MDMP — ne cTpyKTypOBaHMIA MiAXiJ 10 BUPIMICHHS BIICHKOBHUX 3aBIaHb, KA
BUKOPHUCTOBYETHCS Y 30pOMHUX CHIax OaraThboX KpaiH, AU aHAN3y CHTyaIiil Ta
IUTaHyBaHHA onepamiid. Llel mporec nomoMarae KOMaHIUpaM 1 iXHIM ITiUIETIIAM
YXBaJIOBaTH OOTPYHTOBaHI Ta OOOyMaHi pIMIEHHS B yMOBaxX HEBU3HAYCHOCTI Ta
cTpecy OoioBoi oOctanoBku. [Iporec BimmoBimae 3a CIHibHE Ta MapalielbHe
IUTaHYBaHHA, TPH SIKOMY BHIIE pO3TAIIOBAHWI KOMAaHIHWN IITad TOCTIHHO
3BEPTAETBCA [0 OTPUMAHHS JaHUX 1 HEmepepBHO OOMiHIOEThCs iH(opMarieo
CTOCOBHO MaiOyTHIX omepamidi 3 MiAJIerTAMH  OAWHUISAMH, B3aEMOIIIOYNMHU
KOMITOHEHTAaMH Ta i IpO3AiJIaMu.

VY 3C VYkpaiau meit mporec BOpOBaKeHO y JlecaHTHO-IITypMOBUX BilicbKax.
OnHuM 3 TIpoOIEMHHX THUTaHb OO0 BIpoBapkeHHs mporecy MDMP e Te, mo BiH
Mae€ TPUHTH Ha 3aMiHy NpOIECY IUIaHYBaHHS, BU3HaueHoMy y ‘“‘Hacranosi 3
onepaTtuBHOi poboTH mTabiB, yactuHa II (BiiickkoBa yactuHa)” (nani — HOP).

[Ipy 1BOMY MOCIHIOBHICT MPOLEAYP ABOX 3a3HAYCHUX MPOILECIB Mae IMEBHi
BigminnocTi. Ane B8 HOPi, Ha Binminy Bin MDMP, BpaxoBaHo crierugpiky okpeMux
BUIiB Ta poxiB Bilickk 3C Vkpainu. 30kpema, BeJMKa yBara IPHIULIETHCS
0COOJMBOCTSIM BIJUIPAIIOBAHHS JIOKYMEHTIB Ha OKDEMHX eTanax IUIaHyBaHHA Y
Bif{CPKOBHX YaCTHHAX aBiallil, 3eHITHUX PaKETHUX BifCbK Ta PaJiOTEXHIYHNX BiliCbK
[Mositpsiaux Cuit 3C Ykpaiuu. B Toit yac, sk mporiec MDMP 1ux ocobiuBocTeit He
BPaxXOBYE.
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IMopymiene nuTaHHS BUMAara€ peTelIbHOTO JOCTIIKEHHS Ta ONPAMIOBAHHS 3
METOI0 NPHHHATTS ONTHMAJIBGHOTO DIlIEHHS JUI1 BHUKOHAHHS 3aBIaHb IUIAHYBAaHHS
0oifoBHX milf B yMOBaxX Cy4acHOI BilfHU.

HAYKOBO-METOAUYHE MEHTOPCTBO 3 IIUTAHb
INPOBEJEHHS BUITPOBYBAHD 3PA3KIB OBT

O.B. @ininnenkos, o.¢inoc.; A.B. Bracos, k.m.u., cm.o.; LI". funa; 1.0. JKyros
Hasuanvro-nayxoeuil unpodysanvrutl nouicox
BUCOKOMEXHOI02IUH020 030POEHHA MA BILICbKOBOT MEXHIKU
Jepoicasroeo Hayko60-00cioH020 tHCmumymy sunpobysams i cepmugixayii
030pPOEHHS MA GIICLKOBOI MEXHIKU

B Tenepimnix ymoBax 30poiHOI arpecii pociiicekoi ¢eneparii icHye HarajabHa
notpeba m1o10 301IbIIeHHsT 00CSTIB 3 pO3p0OJICHHS Ta BUTOTOBJICHHS BITYM3HIHAMHU
BUPOOHMKAMH Cy4acHHUX 3pa3KiB 030po€HHs Ta BiiicbkoBoi TexHiku (mami — OBT) 3
MepEeBIPKOIO  BIJMTOBITHOCTI TaKTHUKO-TEXHIYHHX XapaKTePUCTHUK LUX 3pasKiB 3a
pe3ynbTaTaMy MPOBEICHHS BUIPOOYBaHb.

3 MeTOr0 3MEHIIIEHHs Yacy Ha eTalH IATOTOBKH i MpoBeneHHs BUIIPOOYBaHB,
npodeciiHOTO CTAHOBIICHHS, PO3BUTKY i anantaii BupoOHukiB OBT, migBumeHHs
e(eKTHBHOCTI KOOpAWMHAWii Jif yCiX 3amiKaBlIeHHX CTOpiH B IHCTHUTYTI
3alpoBaDKEHO MEHTOPCTBO. lle po3mmproe MOMIMBOCTI CHiBIpali BHPOOHHUKIB
OBT 3 GinbII JOCBITYEHUMH KOJIETaMH, 3a0e31euy€e peryJsipHuil 3BOPOTHUH 3B’ 130K
1 MIATPUMKY, IONOMAara€ PO3BHHYTH MOTpeOy B IMOCTIHHOMY YIOCKOHAJICHHI Ta
3aCBOITH OCHOBH BHUINPOOYBaJbHOI MISUIBHOCTI AJIS OpraHizamii Ta MpOBEOCHHS
3aBOACHKUX (momepeaHix) BumpoOyBanb OBT 3 Mmeroro mopampinoi koamdikarii
3pa3kiB OBT Tta BBenmeHHs iX B ekcrutyaTamito B 30poiiHux Cuiaax YKpaiHH, 1HIIHX
CKJIJIOBUX CHJI OOOPOHHL.

B nmomoBini mogaHo pe3yabTaTH aHANI3y AOCBiIY Ta JOCHTIKEHb MO0 MOPSIIKY
oprasizarii MEHTOPCHKOI MiATPUMKH BITYM3HSHUM BHpoOHMKaM 3paskiB OBT, #oro
KOOpJAWHAIli, OCHOBHI TpaBa Ta PEKOMEHMAIlI i MEHTOpa i MEHTi, OCHOBHI
MPOMO3UIIiT MO0 TX yIOCKOHAJICHHS.

OBI'PYHTYBAHHS PILIEHDb IIOJ0 BOPOTBEU 3 3AI'PO3AMU
YAAPIB BAJIICTUMHUMU PAKETAMU

B.M. I'opbenxo?, k.éiiicok.n., 0oy.; B.B. Kipecnko', k.siticvbk.n., doy.;
B.B. Kamincoxuit!, k.siticok.n., ooy.; JLJL. Tlobepecruti’
Hayionanvnuii ynisepcumem oboponu Yxpainu,
2Xapxiecvruii nayionarvnuii ynisepcumem Iogimpsnux Cun im. 1. Koocedyba

HocBin  BemeHHS  TPOTHUIOBITPAHOI  00OpOHM  YKpaiHM 3  IOYaTKy
[IMPOKOMACIITAOHOTO BTOPTHEHHSI POCIHCBKOT (enmeparii CBiqUUTh MPO CTIHKY
TEH/ICHIIII0 OO0 3POCTaHHS KUTBKOCTI 3acTocyBaHHS OamictuuHuX paker (BP)
NPOTHBHUKA, BHKOPHMCTaHHA pIi3HMX KiaciB Ta THMiB BP s ypaxeHHs, sK
BifiCEKOBHX 00’€KTIB TaK i 00 €KTiB KpUTUYHOI iHGPACTPYKTypH. 3MiHA TAaKTHKHU Jiit
MOBITPSHOTO MPOTHUBHHKA, HOro IIBHIKA aJanTallis OO 3MiH B IOBITPSIHOMY
OTepalifHOMy CEpEeOBHINI BH3HAYAIOTh BAXIUBICTE MOOYIOBH e(EeKTUBHOI
nporupaketHoi oboponn (ITPO) B cyuacHHMX yMmMoOBax Ta NONIYKY HOBHX HIIAXIB
mpoTHIIl pakeTHUM 3arpo3am. OIWMH 3 MOXONIB Tependadae 3acTOCYBaHHS
OC3MUIOTHUX aBiallifHUX KOMIUIEKCIB, SIKi 3MIHCHIOIOTH TOBITPSHY PO3BIAKY Han
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IMOBIpHMMH paifOHaMH JHCJIOKAaIlii Ta pO3ropTaHHS MOOUIBHUX ITyCKOBUX
ycranoBok bP (TEL — Transporter Erector Launcher) ta mnepemaioTs TouHy
indopmariiro npo BusBIEH 1l K0 myHKTY ynpasimiHaA [IPO. Takox MOXyTs OyTH
3acTocoBaHi Taki moBiTpsHi miarhopmu, sk E-3C (AWACS — Airborne Warning
And Control System) a6o E-8 (JSTARS — Joint Surveillance and Target Attack
Radar System). Konueruist 1aHoi cucremu 6a3yBajacs Ha o0y0Bi 6aratopiBHEBOT
cucremu ITPO.

Metoro  [OCHIKEHHS € TMPOBEOCHHS aHai3y [JOCBiAYy 3acTOCYBaHHS
OaiCTUYHUX pakeT B JIOKAIPHHX BiHAX Ta 30pOWHUX KOHQIIKTaX, aHamizy
cnoco0iB mpoTHAil 3arpo3am yaapis cydacHux BP 3 meToro BU3Ha4eHHS MOTPiOHHUX
3aXOMiB MO0 MOOYMOBH e(EeKTHBHOI CHCTEMH IIPOTHpakeTHOI 00OpOHH 3
BpaxyBaHHS (DakTOpiB, SKi OyIM OTpHMaHi, B TOMY YHCIIi, IiJ 9ac 3acTocyBaHHs bP
B pociiicbko-yKpaiHChKiii BilfHI.

FEATURES OF USING THE METHOD BASED ON THE ASSESSMENT
OF CAPABILITIES TO SOLVE THE TASKS OF PROTECTING CRITICAL
INFRASTRUCTURE FACILITIES OF UKRAINE FROM AIR ATTACK

M. Deniezhkin?, Doctor of Military Sciences, Professor;
I. Romanenko?, Doctor of Technical Sciences, Professor
1Central Research Institute of the Armed Forces;
2lvan Kozhedub Kharkiv National Air Force University

The relevance of the problem under study is that the method of development of
the Armed Forces, based on the assessment of capabilities, is adapted to solve the
tasks of protecting critical infrastructure facilities of Ukraine from air attacks, where,
in addition to military forces and means, security forces, civilian means are used. As
a result, there is a need to take into account the specifics of the tasks, the conditions
for their implementation, as well as the properties of the protection facilities to
ensure their uninterrupted functioning and restoration in the event of damage. Due to
the fact that the article is aimed at revealing the features of using the method based
on the assessment of capabilities to solve the tasks of protecting critical
infrastructure of Ukraine, the purpose of the article is to highlight the features of
using the method based on the assessment of capabilities to solve the tasks of
protecting critical infrastructure facilities of Ukraine from air attacks. The proposed
method is based on the use of the difference in requirements for indicators of the
ability of forces and means of protecting objects to create operational effects (obtain
results) and current indicators to obtain the necessary measures of changing the
basic components (parts of capabilities) to bring the current indicators of the ability
to the requirements for them.

The list of these measures is used to calculate the necessary resources and their
cost, time for implementation, and the selection of the performer. The article
presents the main features of using the method to solve the task, identifies and
discloses the content and their impact on the intermediate and final results of the
research, substantiates the characteristics of the indicators of the development of
forces and means of protecting critical objects to perform the tasks set. The materials
of the article are of practical value for departments of ministries, agencies,
educational institutions for the use of experience in adapting the known method to
solve not only purely military tasks.
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METHODOLOGICAL SUPPORT FOR CAPABILITY
ASSESSMENT PLANNING

O. Malyshev', Candidate of Technical Sciences; O. Patyukov?
!nstitute of Problems of Mathematical Machines and Systems
of the National Academy of Sciences of Ukraine;
2lvan Kozhedub Kharkiv National Air Force University

An essential part of managing the capabilities of organizational structures and
organizations as a whole is to assess the current state of these capabilities. This
activity should be carefully planned. The assessment planning should be based on
the availability of:

— existing requirements to the assessed object — the bearer of capabilities, on the
one hand, and requirements to its capabilities, on the other;

—methods and means of determining the current level of provision of the
capability carrier with each of the necessary types of resources;

—methods and means for determining the actual level of each of the required
capabilities of the carrier;

—scales for evaluating the data obtained on the levels of resource availability
and capabilities;

— necessary information technologies to support the assessment process;

—a set of documentation that should accompany the assessment process, in
particular, to support expert work;

—trained personnel capable of carrying out the necessary activities to obtain
objective data and their evaluation;

A set of measures has been developed to maintain the secrecy of the work
performed and its results.

The development of plans for conducting assessment activities should take into
account the need for direct participation in assessment activities, in particular,
testing of capabilities, by the personnel of the capability holder, and the risks that
may arise due to possible distraction from the performance of direct official duties.

HPO®ECIAHA NIATOTOBKA BIHCbKOBOCJIY KBOBIIIB-
INPUKOPJOHHUKIB AIK OCHOBA E®EKTUBHOI'O
BUKOHAHHSI IPO®ECIAHUX 3ABJAHD

JL.O. Banazyp, x.neo.u., ooy.; M.O. Dininnos, K.ncuxoi.u., 0oy.
Hayionanvua axaoemis [epocasnoi npuxopoonnoi ciysxcou Yxpainu
im. b. Xmenvuuyvkoeo

Pu3nku Ta BUKIMKH B CHCTEMI 3aXUCTy YKpaiHU Bil pOCiiCBKOTO BTOPTHEHHS, 3
SIKUMH 3iTKHYyJIacst YKpaiHa CbOro/[Hi IPOBOKYIOTh (hOPMYBaHHS HOBOTO GadeHHs Ta
CTpaTeriii, a TAKOX OHOBJICHHS YSBJICHb ITPO HAI[IOHAIBHY O€3IeKy Ta MeXaHi3MH ii
3axucry. CyuacHi npouecu riobanizanii mopoaunu HeGe3NeKH, NPUBHOCIYH 10
CTPYKTYPU MDKIEp)KaBHHX BiJHOCHH HOBI acMMeTpii, Aucrmponoplii, aedopmariii,
aKTHBI3allil0 IHTErpaliiHUX MPOLECiB Ha IMOOANTFHOMY 1 perioHanbHOMY PIiBHSX,
(opMyBaHHSI HOBHMX MIDKHApOJHHX BiJHOCHH, HOBHUX CTPYKTYyp, 30KpeMa y cdepi
BoeHHOI Gesneku. HuHi akTuBi3yBanacsi morpeba OCMHCICHHS Ta BIPOBAKCHHS
HOBHX CTaHJAPTIB y MiATOTOBIII MIEPCOHANY BiJIOBIIHUX OpPraHiB, B MEXax 0a30BUX
KOMIIETEHIII SIKHX peaji3alis 3aXOJiB i3 JepKaBHOI Ta HAIIOHAIHGHOI OE3IeKH.
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OpHuM 3 PI3HOBUAIB HaIllOHANBHOI O€3MeKH € MPUKOPAOHHA Oe3meka, IIo
BU3HAYAETHCS SIK CTYIIHb 3aXMINEHOCTI JKUTTEBO BAXIMBUX IHTEpeciB ocobw,
CYCHIJIBbCTBA 1 JeprkaBH B ii IpUKOpHOHHIN cdepi, pu AKilf CyCHIIbCTBY, AepKaBi Ta
0co01 He 3aBIAETHCS KON, a HABMAKH, CTBOPIOIOTHCS YMOBH JUIS pearizamii IXHix
iHTepeciB, MOB’s3aHMX 13 CBOOOZOIO TEpecyBaHHS dUepe3 Jep)KaBHUH KOPIOH,
OINEPATHBHO BUSBJIAIOTBCA Ta HPHITMHAIOTHCS IPABONOPYLICHHS, 3IiHCHIOETHCS
MPOTHIIs 3arpo3aM HaIllOHAIBHIN Oe3meni Ha KOpAOHI Ta IUIAaHOMipHA IisUTBHICTh 3
YCYHEHHS TPUYMH IX BHUHHKHEHHSI. B cucTeMi HamioHaiapHOI Oe3leKkd BOHA
MPEe/ICTaBIse, HE OMUH 3 11 BHAIB, a ofHy 3 1i cnenudivHux obiacteld, TOMY L0
HpeTbest mpo Oe3neKy HaliOHAJNBHUX IHTEPECiB HaBiTh HE y HEBHOMY IPOCTODI
VkpaiHu, a y IpuUKOpAOHHIN cdepi, sKka 3HAYHO MIMpIIA 32 TEPUTOPIaTbHI MEXi
nepkaBu. OJHUM 3 OCHOBHHUX Cy0’€KTiB CHCTEMH NpHKopaoHHOI 6esmneku € JAIICY,
sIKa € TAKOXK CKJIQIOBOIO CEKTOPY Oe3nekr i 000poHN YKpaiHu.

AHAJII3 ®YHKINIOHYBAHHS CUCTEMMU YIIPABJITHHS
MPOTUIOBITPSIHOI OGOPOHOIO B OIEPAIIIAX,
MPOBJEMHI IUTAHHA TA IIJIAXH IX BUPIIIEHHA

O.b. Tumapenko, K.6iUcbK.H., 0oy.,; B.B. Tkauos, K.6iliCbK.H., npog.;
FO.M. Knaban,; C.O. Cemimko
Hayionanvnuii ynieepcumem o6oporu Yxpainu

Iporunositpsina obopona (ITIIO) B Xoxi BeaeHHs omepaliid crajga TaKHUM jKe
BUpIMIATbHAM (AKTOPOM SIK 1 CIIBBIAHOIIEHHS CTOpiH, IO BOKIOTH, SK 1
cHiBBiZHOIIEHHS 00HOBUX 3ac00iB, IO 3aCTOCOBYIOTHCSA. Lle 00yMOBIIEHO pilrydnm
1 MaHEBPEHUM XapakTepoM OOMOBHX id, MIBHIKOIUIMHHOIO 3MiHOIO OOCTAaHOBKH,
HEOOXIZHICTIO MiATpUMaHHA Oe3MepepBHOI B3aeMoAii MK  HiIpO3IiTamu,
BIICbKOBUMH YaCTHHAMHM, 3’€IHAHHAMH Ta 00’€JIHAHHIMH, IIO 3aTy4alOThCs JIO
MIPOTHUIIOBITPSIHOT 06OPOHHU.

O0csr 3aBans, sKi MokIanaTbes Ha cuctemy I1T10 B oneparii (kammnaHil) cun
000pOHN Ta CcrOCOOW X BHKOHAHHS BHUCYBAIOTh MiJBHIIEHI BUMOTH JI0 CTBOPEHOL
CHCTEMH YTIPaBIiHHSA.

OTtxe, ynockoHaleHHs cucteMu ynpasiminas [11O B omepanisix moBUHHO OyTH
peari3oBaHUM Ha OCHOBI €JMHOTO CHCTEMHOTO ITiJXOXy, BUKOPHCTaHHS HOBITHIX
iHpOPMaIifHNX TEXHOJOTIH 1 aBTOMAaTH3allii 3aBHaHb YNPaBIiHHA U TNOOYIOBH
Cy4acHOI TMPOCTOPOBO-PO3MOMALIECHOI  iH(pOpMaIiitHO-60iioBoT  cuctemu III1O
YkpaiHu.

TakuM YHHOM, OJHMM 3 KJIOYOBUX (akTopiB peamizaiii pobOTH
KOMaH/yBa4iB (KOMaHAUpiB) € 3abe3nedyeHHs CTIHKOCTI YIpaBIiHHA MiJ dYac
BEICHHS TMPOTHIOBITPSIHOI OOOpOHM B omepamii cui o0OOpOHM y  30HI
BIJITIOBITATGHOCTI TOBITPSHUX KOMAHAyBaHb BIAMOBITHO N0 MEX CTBOPEHHX
YTpYIOBaHb BiHCBK (CHIT).

IleHTpanizoBaHe ympaBliHHSA 1 JACLEHTPaTi30BaHE BHKOHAHHSA AAIyTh 3MOTY
3a0€3MeYnTH MIMPOKY TI00anbHy ab0 MOBHOMACIITAOHY CIPSIMOBAHICTH Ha Tearpi
BOEHHHX Jiif, MPOSBIAIOYN ONEPATHBHY THYYKICTh Ul JOCSATHEHHS BiITOBiIHUX
ineii. Bonu 3a0e3neyars KOHIEHTPALIIO 3yCHIIb, 30€piralouu Mpu HbOMY SKOHOMIIO
CHIL
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YAOCKOHAJIEHA METOINKA CKJIAJAHHA TABJINIb
CTPLUIBBU JJIS1 APTUIEPIMCBKUX CUCTEM

AM. Jliyman, x.m.n., ooy.; FO.B. Miwenxo
Hayxoeo-0ocnionuil yenmp pakemuux 6iticok i apmuiepii

InpokomacimitabHa BifiHa pociiicekol ¢enepanii mpotd YKpaiHH CcTBOpHIa
NIepeIyMOBH JI0 HaJlaHHS KpalHaMH-TIApTHEPAMH 3HAYHOI KUTBKOCTI apTHIIEPIHCHKHX
cucTeM Ta Ooenpurnacis iHo3eMHOro BHpoOHUNTBA. Hapasi iHo3eMHi apTHiIepifichKi
CHCTEMH IIOCTA4alOThCSl HE TUIBKM 31 INTaTHUMH OoemnpumacaMu, a # 3
Ooernpumnacamy, sKi MaroTh CyMiCHI KOHCTPYKTHBHI XapaKTepPHCTUKH, aje He MAloTh
TaOHIIb TS CTPUTEON HIMHU.

IcHyroui mixxoau A0 cKIagaHHS TaOMHLb CTPLIEOU HE 330BOJBHAIOTH BUMOTH
CBOT'OJICHHS Y 3B’A3KY 31 3HAYHUMH BUTPATaMH yacy Ta pecypCHOTO 3a0e3MeueHHs.

Takox BHHUKAaE HEOOXIOHICTH ypaxyBaHHA MIOXOAIB Ta CTaHIApPTIB A0
CKJIaJaHHS TaONUIb CTPUIBOH, SKi BUKOPUCTOBYIOThCA B KpaiHax-wieHax HATO,
OI0 BiONOBiZAa€ CTpPATETiyHOMY Kypcy JAepKaBH Ha HAaOYTTS MOBHOIPABHOTO
wieHcTBa B Opranizanii [liBHIYHOATIIAaHTUYHOTO JOTOBOPY.

Y [omoBigl MpeACTaBICHO YIOCKOHAIEHY METOAWKY CKJIaZaHHS TaOnuib
CTPLIBOM AJIS apTHIIEPIHCHKUX CHCTEM, IO 3aCTOCOBYIOTH OOENPHIIACH 3BUYAHHOTO
CHOPSIDKEHHST TOOTO SIKi PyXaroThCsl BUKIIOYHO MO OalicTHuHii Tpaekropii. [ana
METOAMKA IPYHTYETHCS HA YIOCKOHAJICHIH MaTeMaTHYHIi Moaemi pyXy Ooempumnaca
10 TPAEKTOPIi Ta METOIUII BU3HAYCHHS OAIiICTUYHUX BIACTHBOCTEH OoempHmaca.

VYci po3paxyHKH TPOBOISATHCS HAa ABTOMATHU30BaHI CHCTEMi IS CTBOPEHHS
TabIuLb cTpiTsOH, po3podneniit y H/ILL PBiA.

Po3pobiena ymockoHargeHa METOAMKA CKIaJaHHA TaONUIb CTPUIBOM Uit
APTUIIEPIHCHKUX CHCTEM, IO 3aCTOCOBYIOTH OOEMPHIIACH 3BUYAITHOTO CIIOPSKCHHS,
MOPIBHIHO 3 ICHYIOUOKO BITYM3HSHOI METOIMKOIO JO3BOJMIA CKOPOTHUTH 4ac Ha
CKJIaJaHHs TaOnuip cTpinmeOu y 3 pasu, 3MEHIIUTH KUTBKICTh OOempumaciB i ix
ckragaHHs y 5-10 pasiB, a Tako 3HAYHO CKOPOTHTH Tepenik 3aco0iB
MaTepiaJbHOTO 3a0e3MeueHHs Ta BUMOT 110 00’ €KTiB BUPOOYBaIbHOI Oa3H.

POJIb TEOITPOCTOPOBOI IATPUMKH B YIIPABJITHHI
NIAPO3AIAMM CYXOIYTHUX BIMCBK
35POUMHUX CHUJI YKPAIHU

LB. Ilemnwok, k.m.H., cm.0.; €.B. Puxcos, k.m.n., cm.0.; C.M. I'enema,; K.K. Icmomin
Hayionanvha axademia cyxonymuux giticok im. cemvmana I1. Cazatioaunoeo

CydacHH# pO3BUTOK iH(OpMamifHUX TEXHOJOTIH IaB MOIITOBX PO3BUTKY
TeONPOCTOPOBOI (TOMOTe0Ae3NYHOI Ta HaBiramiiHOi) MIATPUMKH, IO TO3BOJISE Ha
OUTBII SIKICHOMY piBHI BHpINIyBaTH 3aBJaHHSA HIOAO YINpPAaBIiHHSA BiChbKaMH Ta
HazeMHUMH pyxoMmuMu 06’ektamu (HPO) BilicbKOBOTO HpH3HAUEHHS, 0COOIMBO B
X0l POCIfiChKO-yKpaTHCHKOT BIHHHU.

BukoHaHHsS 3aBIaHB TeONpPOCTOPOBOI MIATPUMKH BIiHCBK (CHI) 3a OyAb-SKUX
YMOB 0OCTAQHOBKH JIOCSATAETHCS IIIIXOM CTBOPEHHS, BIPOBAIKEHHS i MOJAJIBIIOTO
PO3BHUTKY CHCTEMH TOIOT€0Je3UYHOT0 1 HABIraliifHOro 3a0e3neyeHHs .

B mpoueci ¢yHKIIOHYBaHHSI cuCTeMH reonpoctopoBoi miarpumkn 3C Ykpainu
NOBMHHAa OyTH mepexbadyeHa opraHizamis HOCTiifHOI B3aemonil 3 iHIIMMH
MiJICUCTEMAaMH Ta €JIEMEHTAMH CHCTEMM KOCMIYHOIO HaBiramiiiHO-4acoBOIO
3abe3neyeHHsT Ykpainu. Bs3aemonis mepeabavae oTpuMmaHHs (TepelaBaHHs) 3a
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CHEIiaTbHIM 3allUTOM BUXiIHOI iHpopManii y mudpoBoMy BUIIISAIL 3a JOMOMOTOIO
TEJICKOMYHIKaIifHOT Mepexi. B okpemux Bmmazkax oOMiH iHdopmariero Moxe
3IIHCHIOBATHCS 3a JOIIOMOTOI0 MAarHiTHUX HOCIIB pi3HUX THUIIB. ToMy HaBirariiHuit
mporec y cucreMax ympasiiaHs pyxoM HPO ckiagaeTsest 3 mocimioBHAX omneparii,
sIKI Tpeba BpaxoByBaTH IS IIOCTIHHOTO BU3HAYEHHS MICIS PO3TAIIyBaHHS BiliCBK i
HPO (BTP, BMII, Tanka, caMOXiTHO apTHIEPIHCEKUX Ta MPOTUTAHKOBHX 3aC00iB),
Ta OUTBII e(EeKTUBHOIO IUIAaHYBaHHA 1 BeAEHHs OOHOBHX [iif, 3acTOCYBaHHS
030pO€HHS 1 BifiChKOBOI TEXHIKH, CTBOPEHHS CHPHATINBHX YMOB UISI TOYHOTO Ta
0e3MeyHoro NepeMilieHHsT Ha3eMHUX 00’ €KTiB.

DAKTOPH, IO BIVIMBAIOTH HA EOEKTUBHICTh CUCTEMUA
CUTYAIIWHOI OBI3HAHOCTI 3 YPAXYBAHHSM IHO®OPMAIIII
BIJ BE3NIJIOTHUX ABIALIAHAX KOMILIEKCIB B ONEPALILI
YI'PYIIOBAHHSA OB’€JHAHUX CHJI

O.1 Jlyyesam®; A.B. Apowenko®, Ph.D.; A.C. Spowenxo?;
M.IO. Mupomoxl, K.6IUCBLK.H., CM.O.
Hayionanvnuii ynisepcumem oboponu Ypainu,
2[leporcasnuii Hayko6o-00CiOnul incmumym asiayii

Oco06muBocTi moBHOMacIITabHOI 30poifHOT arpecii 3 60Ky pociiicbkoi deneparii,
oOMeKeHICTP pecypciB, 3MiHa icHyroumx ¢(opm 1 cHocoOiB 3acTocyBaHHS
YIpYIOBaHb BIiMCHK IiJ] BIULTMBOM CY4YacHOT'O O30pPO€HHS Ta BiHICHKOBOI TEXHIKH Ta
OIMPOKOTO  3aCTOCYBaHHS Oe3MUIOTHHMX (Oe3eKimakKHUX) amapariB  BH3HAYAE
HEOOXiAHICTh PO3POOKH aBTOMAaTH30BaHUX cucTeMHu ympaimiHHA (ACY) Bilicbkamu
Ta 30pO€I0, PALliOHAIFHOTO IUIAHYBaHHS Ta €()EKTHBHOTO BHKOPHCTAHHS HAsBHHUX
pecypciB, TONIYKY HOBHX METOJIB IMiJBHIICHHS €(EKTHBHOCTI CHJI Ta 3aco0iB B
CYJYacHHX YMOBax BE/ICHHS PO3BiJIKH Ta BOTHEBOTO YPa)KCHHsI IPOTHBHHKA.

VY nomoBimi, B 3araibHOMy BHIJIII, PO3MNITHYTI IOHSTTS CHTYyalilHOT
00i3HAHOCTi, OCOOJIMBOCTI CHUCTEM CHTYyaIliiiHO1 00i3HaHOCTi, 1Xx Micue B ACY
BificbkaMM (030pO€HHSM), TPOBEIECHO aHali3 (akTopiB, IO BIUIMBAIOTH Ha
e(eKTHBHICTh CHCTEMH CHTYyaliliHOI 00I3HAHOCTI 3 ypaxyBaHHsAM iH(popMmamii Bix
0e3nioTHHX JiTaiabHuX anapatis (BriJIA).

3a pesysbTaTamMy OILiHIOBaHHS ()aKTOpiB, HAHOUTBINMI BIJIMB Ha epEKTHBHICTH
CHCTEMH CHUTYyaliifHOi 00i3HAHOCTI MalOTh Tpymu (akToOpiB, Taki SK: “TeXHIYHI
xapaktepuctukn bBrnJIA” (pamiyc nii Ta aBTOHOMHICTb, SKICTb CEHCOPIB i
obnamHaHHs, cTiiikicTh 10 3aco6iB PEB Ta yac nepeOyBaHHs B MOBITpi); “iHTErparis
3 Ha3eMHUMH cucteMamu” (OOMIH JaHMMH B peaJbHOMY 4Yaci, CHHXpOHi3aiis 3
Ha3eMHHMMH CEHCOpaMH Ta CHCTEMaMHd YINpPaBIiHHSA, KOOpIHMHAWisA i MDK
oneparopamu briJIA i Ha3eMHUMU Tipo3ainamn).

NPOBJIEMHU NOBY1OBU TA ®YHKIIOHYBAHHS CUCTEMM
MNPOTHUIIOBITPAHOI OBOPOHMU, HIJIAXHU IX BUPIINEHHSA

O.b. Tumapenxo, k.8ilicbK.H., 0oy., I1.B. Opixoecvkuil;
0.0. Pu6 ’aueys, F0.J1. [lepenunuys
Hayionanenuii ynisepcumem oboponu Ykpainu

Xix BifiH 1 BIiCPKOBHX KOH(]IIKTIB OCTAaHHIX POKIB Ta 0€3MOCEPETHBO JOCBI[
POCifiChKO-YKpaiHChKOI BIHHH CBiTYHTH, MO OOHOBI JiT HOYHHAOTHCS 3 MIPOBEACHHS
MOBITPSAHOI ~HACTyManbHO! ormepaiii abo peTenbHO CIUIAHOBAHUX —PAKETHO-
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aBlalliifHUX yIapiB, y XOAI SIKMX IOPSJ 3 TAKTHYHOIO METOI0 Ha TPUBAIMU Iepiox
MOX€ CTaBUTHCS CTpaTeriyHa MeTa — HAaHECEHHSI TAKOT0 BOEHHOTO Ta €KOHOMIYHOTO
30MTKYy, SKHH CYTTEBO 3HIDKYE CIPOMOXKHICTH CTOPOHH, IO OOOPOHSETHCS,
mpoJoBXyBaTH OoifoBi nii. Ilpm 1mBoMy pome 3aco0iB  TPOTHHOBITPSIHOI
o6oponn (I1T10) y BoeHHOMY IPOTHOOPCTBI CTa€ BUPIMIANBHOIO.

OcHOBOIO 3a0e3neueHHs yCmixy y 60poTs0i i3 3aco0aMy MOBITPSHOTO Hamamy
ClIi BBaKATH MHIUIBHY, TIHMOOKO emenoHoBany cuctemy IO 3 pi3HOMaHITHAMH
3ac00aMM BHSBIICHHS 1 ypakeHHs MOBITpsHuX wmineil. IToOynosa Takoi cucremu
[IITO BuMarae rauOOKUX MOCIIUKEHb OOHOBHX MOJMIJIMBOCTEH CydYacHHX 3aco0iB
MOBITPSIHOTO Hamaxy Ta TaKTHUKM iX JiH, 3HAXOHKEHHS METOMIB HaAifHOTO
BUSBJICHHS Ta YPa)KCHHS MOBITPSHUX IiJICH, HAYKOBOTO OOIPYHTYBAaHHS PillIeHb, SKi
MpUAMAIOTECS IOJO MPOTUIOBITPAHOI OOOpPOHH, oOpraHizamii Ta 3AiHCHEHHS
BcebiuHOro iH(opMarLiiiHOro 3abe3MeueHHs] MPOLECIB YMpaBIiHHA CHJIaMH Ta
3aco0aMM IPOTUIIOBITPSHOT 0OOPOHHU.

B nomnosini BukianeHi mpobiaeMu ¢GyHKIIOHYBaHHA 1 moOynoBu cucremu [1I10
Ta IUIXH X BUPIIICHHS.

Ha ocHOBi y3araipHEHHS JOCBiLy BeICHHS 30pOWHMX KOH(IIKTIB OCTaHHIX
JEeCSITUPIY, POCIfiChKO-YKpalHChKOI BiHHM OOIPYHTOBaHI BUMOTH 1O palliOHAIBHOL
o0y OBH CHCTEMH HPOTHIOBITPSIHOI OOOPOHM 3 ypaxyBaHHSM OCHOBHHX
MIPUHIIMIIIB 11 MO0y T0BH.

MOKJINBI ]_[I.JISIXI/I._B3A€MOI[Ii MIXKBUJIOMYHUX CKJIAJOBHUX CHJI
OBOPOHM YKPAIHU B YMOBAX ACUMETPHYHOI'O BEIEHHA
BOUMOBHX AIN

FO.A. J[3106enko, k.siticok.H., ooy.,; I.C. Cmenanos, K.8ilicbK.H., 00Y.;
€.K. Kaporcay; I1.11. Bepouuiscoruii
Hayionanvnuii ynieepcumem o6oponu Yxpainu

AcumerpuuHe BesleHHs 60HoBUX niit Bumarae Bifg Cuin 000poHN YKpaiHH HOBHX
MiAXOIIB O B3aEMOJIT MiX Pi3HUMH BioMcTBaMH. E(EKTHBHA KOOpIMHAINS Mix
BIICEKOBUMHM, IPAaBOOXOPDOHHMMH OpraHaMH Ta LUBIIBHHUMH CTPYKTYpaMH €
KPUTUYHO BAXIUBOK JJsi 3a0e3medyeHHs HarioHambHOT Oesneku. OcoOauBoi
aKTyaJIbHOCTI 1€ 3aBJaHHsI Ha0yBa€ B yMOBAaX BE/ICHHS IIOBHOMACIITAOHUX GOHOBHX
.

B 70omoBiZi BH3HAUEHO 3MICT 3aXOJiB, BIPOBAKCHHS SKHX CIPHATHME
MiZBUIIICHHIO B3aeMOJii B XOmi 3a0e3MeueHHs Kibep3axHCTy HamiOHAIbHUX
CTPYKTYp, iHPOPMAIIHUX CUCTEM Ta 0a3 JaHHX, sKi MOXYTh OyTH BUKOPHCTAHI SIK
IHCTPYMEHT aCHMETPHYHOI BIHHH.

OCHOBHHMMH 3 HHX €: OLlIHKAa PH3HUKIB (iZeHTHdiKalis Bpa3IMBOCTeH Ta aHaii3
3arpo3); MDKBIIOMYa KOOpAMHAMIS A 3a0e3MedeHHS CIiBOpaIli MK Ppi3HUMH
Jep’KaBHIMH CTPYKTypaMH, IPHBATHAM CEKTOPOM Ta MDKHApOIHUMH TapTHEPaMH
Ui OOMiHY iH(OpMAIIi€l0 Ta pecypcaMu; BCTAHOBJICHHS CTaHAAPTIB OE3MEeKH IS
OpraHizamiif, SKi INpamioloTh y KPUTHYHHX CEKTOpaX, TAKUX SK EPEHTeTHKa,
TPAaHCIOPT Ta 3B’A30K; BIPOBAMKEHHS CHUCTEM 3aXHCTy (CHCTEM BHUSBICHHS
sropruesb (IDS), aHTHBIpyCHUX mporpam Ta pitreHHs it 3axucty Big DDoS-araxk);
CyMiCHI HaBYaHHSI Ta IiIrOTOBKA MEPCOHANY (BKIFOYAIOUM OPraHi3allilo HaBYaIIbHUX
CUMYJALINA KkibepaTak Jaiusl TEpEBIpKA TOTOBHOCTI CHUCTEMH pearyBaHHS Ha
IHIIMJICHTH); BIPOBA/DKCHHS CHUCTEM Ul TOCTIHHOTO MOHITOPHHTY MEpeXi Ta
BUSIBJICHHS aHOMAJIFHOT aKTHBHOCTI; PO3pO0Ka WiTKUX MPOLELYp IS pearyBaHHs Ha
KiOepiHIIMICHTH, BKIIFOYAIOUH BUSBJICHHS, aHANI3, YCYHEHHs Ta BiTHOBJICHHS.
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IMPOBJIEMH YIIPABJIIHHS BINCBKAMH B YMOBAX
POCIMCBKO-YKPATHCHKOI BIMHA

O.M. I'pecw
Vrpaincokuil Hayko060-00ciOHULl iHCmumym cneyianibHoi mexXHiKu ma cyooeux
excnepmus Cnyocou 6esnexu Yrpainu

EdextnBHe ynpaBmiHHS BIHCBKAMH € KPUTHYHO Ba)KIMBUM JUIS YCIIIIHOTO
Be/IeHHs OOHOBHX Jilf B yMOBaX pOCIHCHKO-YKpaiHCHKOI BIHHH.

OcHOBHI ITpo6JIeMH yTpaBITiHAS BiCBKaMu:

HenmocraTHa koOpauHAIisl MK MiAPO3ALTaMHU: NMPOOJIEMH 3 KOMYHIKALEI0 B
yMOBaX iHTEHCUBHHUX OOMOBHX Iiil.

3acrapini ynpaBiiHCBKI MeTOAM: Opak CydacHHX TEXHOJIOTIH Ta amamTauii A0
JUHAMIYHUX YMOB BilfHH.

Kagposi mpobiemu: Hecrada IOCBITYEHHMX KOMAHAMPIB, BHCOKI BTpaTH
0diepcbKOro CKIamy.

[IcuxomnoriyHe HaBaHTaXXCHHS: BIUIMB CTPECOBHX CHUTyallild Ha NPHAHATTA
pimieHs.

[otpeba y uumdposizamii mporeciB ympaBliHHS BiiCBKaMH AJISL IiIBHIICHHS
OTEPAaTUBHOCTI Ta TOYHOCTI il KOMaHTyBaHHS.

Jlorictnune 3abe3medeHHs, 30KpeMa 3aTPUMKH Yy IIOCTa4aHHI 030pOEHHS,
aMyHIIil Ta pecypciB: BaKIUBICTh ONEPATHBHOTO Ta CBOEYACHOTO 3a0e3NeueHHs
BIHCBK [T €()EKTUBHOTO BEJICHHS OOMOBHX Il

MortuBanis Ta JUCHUIDIIHA: HIATPUMKAa MOPANBHOTO AyXYy Ta 3TypTOBAHOCTI
BIICEKOBUX KOJICKTHBIB, 3MII[HEHHS aBTOPHUTETY KOMAaHIHOTO CKJIQLy depe3
e(heKTHBHE JIiJePCTBO.

OTxe, BIPOBAPKEHHS CYYacCHMX TEXHOJIOTIH Yy CHCTeMy KOMaHJIyBaHHS;
MiJABUIICHHS PIBHA IIATOTOBKM KOMAaHIMPIB Ta IHCTPYKTOPIB; ITOKpAIIEHHs
KOMyHIKalii Ta KOOpIWHAII MK pI3HUMH MiIpO3AiiaMu; 3a0e3NeUeHHs
MCUXOJIOTTYHOT M ATPUMKH JUT1 KOMaHIHOTO CKJIJIy Ta BiliChKOBOCITY>KOOBIIIB MOXE
CIIPHATH BUPIIIEHHIO NPOOJIeM YIIpaBIiHHA BificCbKaMU B YMOBax Bil{HH.

AKTYAJIBHI IMTAHHS YIOCKOHAJEHHA CUCTEMHA
YIIPABJIIHHSI MIPOTUITIOBITPSIHOIO OBOPOHOIO
VKPAIHM HIJ YAC BIICIUI 3BPOMHOI ATPECTI

I1.B. Onenvko, k.m.H., cm.0.; I1.B. [l{unancokuil, K.6iCbK.H., npO.;
JLJL T'ypeyy; I0O.M. Knaban
Hayionanvnuil ynigepcumem oboponu Yrpainu

AKTyaJTLHiCTL HaBEeZEHOT 3a/1a4i MiAKPECTIOETHCS 3POCTAKOUMMH MOXKIMBOCTAMH
3ac00iB MOBITPSHOTO Hanaly MpOTHBHHKA (LLIBI/I)IK]CT]: niamna3oH, MOOLIBHICTB,
TOYHICTh, NPUXOBAHICTh, JICTAJBHICTH), SAKI  BHMAaralTh Bl CHCTEMH
npotumnoBitpsinoi ob6oponu (III10) VYkpaiHu THyYKOCTI Ta IHTErpOBaHOCTI IS
3abe3neyeHHs eeKTUBHOT IM MPOTHIIL.

B nomoBimi 1usi BUpIIIGHHS HaBEJCHOI 3ajadi BU3HAYEHI OCHOBHI YMOBH i
(axropu, sKi BILIMBAIOTh Ha e()eKTUBHICTH cucTeMu ympasninus [1I10 B onepauiﬂx
cHJ1 000pOHHM, a caMe IIMPOKE 3aCTOCYBaHHS BHCOKOTOYHOI 30poi, 3POCTaHHs! pom
yoapHHX —Ta pOSBl}lyBaJ'lel/lX 0e3miNoTHUX ~ aBiallifHUX  KOMIUIEKCIB,  SIKi
3aCTOCOBYIOTBCS /U BHPILICHHS TaKTHYHUX, OINEPATHBHUX Ta CTPATETivyHMX
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3aBJIaHb, a TAKOXK 30LTBIICHHS MOXJIMBOCTEH 3ac00iB pamioeaekTpoHHOT 60poTHOH;
HaOyTTs oneparisiMi 00’€MHOTO Ta BUCOKOMAaHEBPOBOTO XapakTepy 3 OXHOYACHUM
IIPOBEICHHAM B3a€MOIIOB’ SI3aHUX Ail pi3HHX cKianoBux CHir 000pOHU; MiIBUIIEHHS
yBaru 0 3aXUCTy BiJ Hamamy 3 HOBITPS SIK cTpaTeriqHoro 3aBaanHsa Cuia 000poHH.

3 Merol0 ymockoHaleHHs cucteMu ympasininHsa IO VYkpainm momizbHO
peanizyBaTH €JMHUA CHCTEMHUH ITiIXiA:

€THICTb 3yCWIIb, IIGHTPATi30BaHe IUIAaHyBaHHS Ta JELEHTpPali30BaHe BUKOHAHHS
MOBUHHI OyTH KiItouoBUMH acrnektamu wiany 110 Ykpainu, skuii € HeBix' eMHOIO
YacTHHOIO IuTaHy Kammasii Cuim 060poHH YKpaiHu.

BUKOPHUCTAHHS HOBITHIX iH(pOpMAaIifHUX TEXHOJOTiH 1 aBTOMaTrH3amil
BUKOHAHHS 3aBJaHb CHCTEMOIO YIPABIIHHS JUIl MOOYMOBU CY4acHOi IPOCTOPOBO-
posmnoxineHoi iHpopmaniitHo-60#oBoi cuctemu I1I10 Ykpainn.

MULTI-AGENT APPROACH AS A BASIS FOR CREATING
A MISSILE DEFENSE SYSTEM

A. Morozov, Academician of NASU; |. Romanenko, Doctor of Science;
A. Yalovets, Doctor of Science
The Institute of Mathematical Machines and Systems Problems
of National Academy of Sciences of Ukraine

One of the Institute's research areas is the creation of an automatic control
system (ACS) to solve missile/air defense problems in Ukraine.

The main novelty of the research is that the ACS will be a multi-agent
system (MAS), which can be the basis for the creation of a missile defense system. It
is assumed that the MAS will be capable of simultaneously controlling a number of
interceptor missiles in real time, the number of which will be equal to the number of
detected enemy missiles that need to be intercepted and destroyed at the current
moment. The MAS will be based on original algorithms for intercepting moving
targets.

The process of intercepting targets as a pursuit/escape process is traditionally
studied by the methods of differential game theory, a branch of game theory that
studies the control of a dynamic system in conflict situations. However, the methods
of differential game theory can only be used to study fairly simple situations in
which a limited number of pursuers/escapers moving in a straight line and at a
constant speed are considered. The multi-agent approach, which is used in our
research, does not have such limitations.

The report will outline the formulation of the problem of pursuit/escape in three-
dimensional space and characterize the main methods that are being developed.

ONTUMIBALIAA CUCTEMM YIIPABJIIHHSA BIICbKAMU
TA HAITPSAMU 11 BIOCKOHAJIEHHSA

1.B. Kowenvnux; A.I'. Bpuxoscvkuti
Hayionanena axademis [epoicagnoi npuxopoonnoi cayocou Yrpainu
im. b. Xmenvnuyorozo

CyuacHe BiliCbKOBE YIPaBJIiHHS 3ilITOBXYETHCS 3 YHCICHHUMHU BUKIUKAMH, SIKi
0o0yMOBJIEHI  IIBHMIKOIO 3MIiHOIO  XapakTtepy OOHOBMX  Jil, pPO3BHUTKOM
TEXHOJIOTIYHOTO MPOTrpecy Ta OCOOJIMBOCTAMHU Cy4dacHOro iHdopMariiHoOro
cepenoBuia. E(eKTHUBHICT yHpaBiiHHS BiliCbKaMM BIUIMBAaE HE TIIbKA Ha
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OIIepaTUBHHUI yCIiX BUKOHAHHS OOMOBOTO 3aBJaHHS, aje i Ha 3arajbHy CTPATEriio
Be/IeHHs 00IOBHX Jii Ta BiliHM B IiytoMy.JlnHamika O0HOBHX il y cydacHHX BiifHaX
XapaKTepPH3y€eThCsl CTPIMKUMH 3MiHaMH OOCTaHOBKH, SIKi BIUIMBAIOTH Ha IPOIIEC
BUKOHAaHHA  0OHOBOTO  3aBIaHHS, 30KpeMa: 3aCTOCYBaHHSI  IPOTHBHHKOM
BHCOKOTOYHOI 30poi (pakeTn pi3HOTO THILy, apTHiepis, APOHU-KaMiKazse), IO
JI03BOJIA€ 3aBJaBaTH yJapiB y MIMOOKOMY THJIY Ta 3HUIIYBAaTH KPUTHYHO BaXKIIHMBI
00’exTH; MacliTabHe ~ 3aCTOCYBaHHS ~ IPOTHBHHKOM  JIPOHIB  pI3HOTO
TUIy (pO3BioyBaJbHI, yHapHi), IO Ja€ MOXJIMBICTh IIBHAKO OTPUMYBaTH
inpopmariiro i B peXMMI peaJbHOTO dYacy 3aBJaBaTH yJapiB 3 PIi3HOTO BHIY
030pO€HHS 1 TEXHIKM; AaKTHBHE 3aCTOCYBaHHS IIPOTHBHHKOM  3aco0iB
panioenekTpoHHOI 60poTOM (mami-PEDB) rimymiHHS 3B’3Ky yCKIamHIOE Iepenady
po3MOpsi/DKeHb 1 HakasiB, BIUIMB Ha cucteMy bBmAK (36iif HaBiramii, BTpara
KOHTPOJIO), L0 BHUKIMKAaE 301 BiAE€O3B’A3KY 1 YHEMOKIUBIIOE 3AiHCHIOBATH
MOBITPSIHY PO3BiAKY, KOpETyBaHHS apTHiepii, HepeMillleHHsS MiIpo3diiiB, sKi
BUKOHYIOTH 00i0Bi 3aBmaHHS. IlpakTW4YHHMI 1OCBiA CBigYWTH, IO TPaXULIKHHI
MiAXOOW A0 YNpPaBIiHHSA BiHCHKaMHM, SKi XapaKTEPU3YIOTHCS TPUBAJIHM IHKIOM
YXBaJE€HHS pillleHb, NOCTYHNOBO BTPavyaloTh e(eKTUBHICTh. [ migBUICHHS
e(eKTHBHOCTI YIPaBIiHHSA CIiJ BHUKOPHUCTOBYBAaTH 3aXWIICHI KaHAIH 3B’f3KY,
JOTPUMYBATHCS PAJiOAMCHUILTIHM, YOOCKOHAIIOBATH IIATOTOBKY OCOOOBOTO
CKIIajy.

NIISIXW IOKPAIIEHHA YIIPABJIIHHS IIAPO3IIJIAMUA PBIA
B YMOBAX CYYACHHUX BOUOBHUX AU

FO.M. Maiibopooa
Hayxoso-0ocnionuii yenmp pakemnux 6ilicok i apmuaepii

3aBnaHHs YOpaBITiHHSL BiiCBKOBUMH OpraHi3aiifHO-TeXHIYHUMHU
cUCcTeMaMd (OI0 TOBHOK MIpOI0 CTOCYETBCS 1 YIpaBIiHHSA —IiIpO3AiIaMu,
yacTHHaMH Ta rpynamu PBiA) mMae Taki xapakTepHi pucH:

— CKJIQ[IHICTh (4Yepe3 BENHMKY KUIBKICTh (DaKTOpiB, IO BIUIMBAIOTH HA CHCTEMY
YOpaBIiHHS, Ta MACIITa0HICTh CAMOTO 3aBJaHH);

— MIJBUIIEHUN AUHAMI3M OOHOBHX [iil, MIHIIMBICTh OOCTAHOBKU;

— BIAMOBIJaNbHICT, KOMaHIMpa (HAYaIbHUKA) 32 HACHIAKH HETPUUHATTS
PpilIeHHS.

VY po3BHHYTHX y BiiChKOBOMY BiITHOIIEHHI KpaiHaX CBITY e MOYnHa09H 3 60-X
POKiB MHHYJOTO CTOMTTA 10 ckiagy ACY moyamu BKIIOYATHUCS MPOTPAMHO-
TeXHIYHI 3aco0HM, IO HAJAIOTh JOMOMOTY KOMaHIUpy (HadalbHUKY) B IpoLeci
MiATOTOBKH i BUOOPY paliOHAIbHUX PillleHb B CKJIQJHUX CUTYAIlisIX, sIKi BHHUKAIOTh
y xoxi ympaeminHA. [Ipo me cBimunth anamiz ACY monboBoi aptuiepil
AFATDS (CIHA) ta ACY Boraem mnomboBoi aptwiepii ADLER II (®PH),
BATES (BenukoopuTanist) i ATLAS (®panuis).

ABTOPOM pPO3IJIAAIOTECS OCHOBHI 3aBIaHHs, WI0 IOKIAJAIOThCS Ha TaKy
cknanoBy ACY PBIiA, sik cuctema miaTpuMku npuitastrs pimens (CIIIIP), a came
3aBJIaHHSA 110J10:

— ynockoHanenHs pimens: CIITIP cTBoproroTh yMOBH pO3B’si3yBaTu Oijblie
npoOneM Ta NpUiMaTH PillIeHHS 3 YPaxXyBaHHSAM YaCOBHX, KOTHITUBHHX, PECYpPCHHX
Ta IHIIMX OOMEKEHD;

— 30UIBIIEHHS] MPOIYKTHBHOCTI JIiSUIHOCTI ONEPaTHBHOTO CKJIAgy OpraHy
YIPaBIiHHS;
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— JIONOBHEHHSI apceHaly IHCTPyMEHTAJNbHUX 3aco0iB INOJO0 JOOyBaHHSI,
(OpMyITIOBaHHS Ta CTBOPEHHS HOBHX 3HAHB;

— MOJIETTIIEHHST BUKOHAHHS 0THOTO a0 OiNbIle eTariB NPpUHHATTS pilleHb;

— YIOPSIIKYBAaHHS 1 IOJIETTIEHHS aHANi3y MOMIIMBHX MIIAXIB PO3B’S3yBaHHS
poGJIeM TOIIO.

3ACTOCYBAHHAA “IITYYHOI'O IHTEJIEKTY” YV COEPT YIIPABJIIHHA
HNIAPO3AIJIAMUA PAKETHUX BIMCBK TA APTHJIEPIL

C.M. Cail
Hayxoso-0ocnionuil yenmp pakemuux 6iticok i apmuiepii

ITigxin mo aBTOMaTu3allii MPOLECiB YIIPaBIiHHA BIHCbKaMU Ta 30pO€r0, KU Ha
JAHWH Yac OCHOBAaHWM Ha BUKOPUCTAHHI TPAAMLIMHUX METOAIB (dopmamizamii i
aJIropuTMi3allii, CTa€ HEIOCTaTHLO €()DEKTHBHHUM B YIPABIIHCHKHX CHTYAIlisiX, IO
BMHHUKAIOTh MiJ Yac BEICHHA OOWOBHMX i B yMOBaX NpOSBIB pi3HHX (aKTOPiB
HEBHU3HAYCHOCTI Ta pHU3MKIB. BuHMKae morpeba y TNPUHIMIIOBO HOBHX
YOPaBIIHCHKUX TEXHOJOTIAX, Y TOMY YHCII BHKOPUCTaHHI TEXHOJOTIi “IUITYYHOTO
inTenekty” (LI).

3a ocranHi poku mochimkeHHs B obmacti LI mocsrim 3HagHOrO mporpecy,
MpUYOMYy Habarato MIBHALIE, HIK Iependavanocs paHilie.

VY chepi ynpasninas migposaiiaMmu PBiA texHonorii LI gomineHo po3risiaata
SIK B&YKJIMBE JOTIOBHEHHSI JO JIOACHKMX PECYPCIB 3a HIUJIMM CIEKTPOM HAampsMiB,
30KpeMa: PO3UIMPEHHS CHTYaIiiHOI 00i3HAaHOCTI Ta OOMIH JAaHWMH; KOOPIAHHALLISA
KOMaHAyBaHHS 1 YNOpaBIiHHA MiAPO3JUIaMHU; PO3MOALT IIiIeil; KOOpAMHAIlSA
(hyHKIIIOHYBaHHSI CEHCOPIB 1 3acO0iB ypa)XCHHS, BHSBJICHHS Ta 1ACHTH(IKALIS
3arpo3, CKOPOUYEHHS Yacy peakilii Ha HHUX; OLIHIOBaHHS HaMipiB; BHOIp 3aco0iB
ypaKeHHs; po0OTa 3 MEHIIMMH PecypcaMH 3 YacTKOBHUM BHIIYYEHHSM JIOJUHH 3
MPOIIeCy MPUIHATTS PillieHb TOIIO. Y MEPCIEKTUBI ONTUMAIbHUN BUOIp KOMOiHAIIT
CEHCOpPIB 1 3ac00iB ypaKeHHs 3aleXKHO BiJ 3arpo3 Mae 37iHCHIOBaTHCS 32
nonomoroto I, pons sikoro Oyzme MOCTIHO 3pocTaTH sIK MiJ 9ac BHPILICHHS
3aBaHb ()OPMYBaHHS CUTYAIiHHOTO YSABJICHHS, TaK 1 MiJ 9ac MiATPUMKH MPUAHATTS
pillieHs.

Taxum unHOM, CTBOpeHHs Ta po3BUTOK 1] € ogHMM i3 MpiOPUTETHUX HATIPSIMIB
HayKOBO-TEXHIYHOTO MPOTPecy, Ti€l0 caMoio (QyHAaMEHTAIEHOIO TEXHOJIOTIEI0, sIKa
3aTHa JOKOPIHHO 3MIHMTH XapakTep BeleHHs OOHOBHX Jiif. YpaxoByrouw
3a3Ha4yeHe, po3poOJICHHS MPOMO3HLIT [I0/I0 3aCTOCYBaHHS “IITYYHOTO iHTEJEKTy” B
iHTepecax PaKkeTHHX BIMCBHK 1 apTHIIepii € aKTya bHUM 3aBIaHHSM.

OAXIA o0 OUNIHIOBAHHSA PIBHS INIAI'OTOBKU 30BHIIITHIX
IIJIOTIB BILIA, IO 3ATYYAKOTBHCS 10 IEPEXOIIVIEHHS
PO3BIAYBAJIbHUX TA YJAPHHUX JPOHIB MIPOTUBHUKA

A.B. Apowenxo, Ph.D.; B.B. I'epacumenko, 0.8iliCbK.H.;
O.M. Ileuenexo, O.€. Buuckyn, Ph.D.
Hayionanvnuil ynigepcumem oboponu Yrpainu

CyuacHi 0oifoBi omepamii JeMOHCTPYIOTh CTifiKe 3pOCTAaHHS KiTBKOCTI
Oe3minoTHUX JiTanbHUX amapartiB (brnJIA) Ha mom 6oro. Y 3B’sA3Ky 31 3HAYHHMH
TeMoamu BUpOOHHMITBa BrJIA, BHCOKOIO BapTICTIO 3€HITHMX KEpOBaHHMX Ta
aBiallifHUX pakeT BHHUKAE HEOOXINHICTh TMOIIYKY MNUIAXiB MIOJO MPOTHMIIT
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po3BimyBanbHEMM Ta yxapHuM brJIA mpormBHmka. Haii6imem exoHOMIUHO
JOLIIBHUM criocoboM mpotuaii BrmJIA mporuBHHKAa € iX NepexoIrieHHsS 3a
nornoMoror FPV-npoHiB-niepexoruntoBadiB. KpiM Toro, Bce 4acTime NPOTHBHUK JIJIS
NIPUKPUTTS  PO3BIAYyBaJbHUX  JAPOHIB  TakoX BUKopucroBye FPV-mponu-
MePEXOTLTIOBAYi, 110 BIAKPHIO [T OE3MIIOTHOI aBiallii HOBUI eTal pO3BUTKY — €py
noBiTpsiHKX 00iB BriJIA.

BukonanHs 3aBaaHb o0 nepexoruieHHs BrJIA nporuBHUKA BinOyBaeThes y
emuHit cuctemi IO nmepxkaBu. OCOONUBICTIO OIIHIOBaHHS 3O0BHINIHIX IJIOTIB
FPV-nponu-nepexormoBadiB € Te, IO ITOKa3HHKH TEOPETHYHOI Ta HPaKTHIHOI
MiATOTOBKH, AOCBixy OOHOBHX Miff IOBHHHI BpaxOBYBaTH 3HAHHS 3 aepOJHMHAMIKA
MOJNBOTY i 9ac IMOBITPSHOTO 000, TAKTHYHMUX HMPUHOMIB BEJECHHS IOBITPSHOTO
0010, TIOPSTOK BUKOHAHHS HaBEJCHHs Ha IOBITPSHY Lijib 3a BKa3iBKaMu odinepa 3
OoiioBoro ympapiiHHA. TakoX, 3OBHIIIHIM MNOT MOBUHEH PO3YMITH, SK
OpraHizoBaHa CHCTEMa MPOTUIOBITPSAHOI OOOpPOHU JAepXKaBW, HOBITPSHUH PyX Y
B3a€MOJII 3 MIJIOTOBAHOIO aBialli€l0 Ta JOTPUMYBATUCH 3aXOMIB 3 OE3MEKH MOJIBOTIB
3 METOI0 YHHKHEHHS aBiallifHMX MoAil Ta iHUWAEHTiB. BpaxyBaTu Taky KiTbKiCTh
PI3HOPIIHUX MOKAa3HUKIB JO3BOJISIE MATEMATHYHUH arapaT HEYiTKOT JIOTIKH.

MOJEJIb 3BACTOCYBAHHSA CHJI 1 3ACOBIB MIPUKOPJJOHHOTI'O
3AI'OHY Y CKJIAAI CUJ OBOPOHHA

J.JI. Kapacvos
Hayionanvna axademis /leparcagroi npuxopoontoi ciyaxcou Yrpainu
im. b. XumenvHuyvkoeo

[IpukopnoHHMH 3ariH € BaXJIMBAM €JIEMEHTOM CHCTEMH TPHKOPIOHHOI
Oe3nexy, Mo 3AIHCHIOE OXOPOHY Ta 3aXHCT Jiep)KaBHOro KopaoHy. Ha ocHoBI
MOCJIIOBHOCTI  ITAHYBAaHHS ~ OIIEPATHUBHO-CIY)XO0OBOI  IISTIBHOCTI  BH3HA4YECHO
3aBJaHHs Ta MOOYZOBaHO MOJENb 3aCTOCYBaHHS CHJI 1 3aCO0IB NPHUKOPIOHHOTO
3arOHy Yy CKJIaJi CHJI OOOpOHH. 3 ypaxyBaHHSM CY4acCHHX BHKIIHKIB, 30KpeMa
BilicbkoBOi arpecii pocilicbkol (eneparii, BaXkJIHMBOI CKJIAJOBOI e(EeKTUBHOIO
BUKOHAaHHA OOWOBMX Ta CHEI[ialbHUX 3aBJaHb € YiTKE BU3HAYEHHS IOPSIKY
3aCTOCYBaHHs CHJ 1 3aco0iB NPUKOPJOHHOIO 3aroHy y CKJIaai CHJI 00OpOHH
YkpaiHu.

3anporoHOBaHAa MoOJeNb 0a3yeThcs Ha aHaNi3i pIBHS 3arpos3, CIeHapiiB
peamizaimii 3arpo3 (cueHapiiB, SKi MaloOTh MICIle Ha JaHWWA Yac), a TaKOXK
CIIeHapiiB (MOPSAIKY) BIAMOBIMHUX i CHi i 3ac00iB MPUKOPJOHHOTO 3aroHy 3
METOI0 e()eKTHBHOI'O Ta CBOEYACHOTO pearyBaHHs Ha 3arpo3d. B mopanbiomy
chopMoOBaHi 3aBIaHHS NPHKOPIOHHOTO 3aroHy, SIKMH BXOIUTh IO CKJIAagy CHII
oboporn. OpmHMM 13 OCHOBHHX OJIOKIB MOZENI € OpraHi3amis CTPYKTYpH
MIPUKOPJOHHOTO 3aroHy, sKa aJalToBaHa 0 CHelHu(piYHUX YMOB BHUKOHAHHS
OOHOBHMX Ta CHEUiAIPHUX 3aBHaHb. HactymHumii Onok Monenmi € ¢opMyBaHHS
BJIACTHBOCTEH, sIKi OyAyTh XapakTepu3yBaTH HOro 34aTHICTh AOCSATTH BU3HAYECHOTO
pe3yabTary (edekty) BUKOHAHHS 3aBJIaHHS, BCTAHOBJICHOT'O
HOpPMATHUBOM (CTaHIApPTOM), BIAMOBITHO IO BH3HAUCHHX CICHApiiB [Iiif mpu
BH3HAUEHHX pecypcax 0araTo4rncebHOI KOMOIHAII€0 3ac00iB 1 crmocoliB mild.

VYV migcymMKy 3ampoIiOHOBaHa MOJETb JIO3BOJISE TiABUIIMTH e(hEeKTHBHICTH
3aCTOCYBaHHS CWJI 1 3acO0IB TPHKOPJOHHOTO 3aroHy y CKIaai CHiI OOOpOHH,
3a0e3neynTy  ePeKTUBHY TNPOTHIAII0O HAasBHUM 3arpo3aM Ta ONTHUMI3yBaTH
BUKOPHCTAHHS HAasBHUX pECypCiB Ul BHKOHAHHS BH3Ha4eHHMX OOOBHX Ta
CreniaabHUX 3aB/IaHb.
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OCOBJIMBOCTI @YHKIHIOHYBAHHSI MOHITOPHMHI'OBOT'O HEHTPY
(3 NPOTHUAII TEXHIYHUM PO3BIIKAM)

/.C. Kocmepes, B.A. llenveecmep,; FO.M. Kyniniu
Kumomupcokuii giticokoguii incmumym im. C.I1. Koponvoea

[MoBHOMacIITabHE  BTOPTHEHHS  pociiickkoi  demepamii  IepeKOHINBO
MATBEPDKYE 3pOCTaroue 3HAYSHHS PO3BIOKH SIK OJHOTO 3 HallBa)XKIMBIIIMX BUJIB
orepaTuBHOTO i O0HoBOrO 3a0e3medeHHs Aill BINCHK (CHII) Ta BU3HAYAE BaXKIMUBICTh
IFOTO BHUJIy B CydYacHHX orepamisx. Ycmix OoifoBux mii 6arato B YoMy
BU3HAYAETBCS  OpPTraHIi3alli€l0  PO3BIAYyBAJIbHOTO 3a0€3MEUeHHS, ITPH  LHOMY
BiOYBa€THCS 3pOCTAHHS POJIi BCIX BUIB TEXHIYHOT PO3BIIKHL.

lonoBHUM 3aBIaHHAM TNPOTHAIl TEXHIYHUM PO3BIAKAM € HEIOMYLICHHS
BUSIBJIICHHS IPOTUBHUKOM BiZIOMOCTEH IiSUIBHOCTI BIHCBK (CHIT).

OmHUM 13 METOMIB NPOTHIIT TEXHIYHIM PO3BiJKaM € BIUIMB Ha TEXHIUHI KaHAIH
300py iHdopmamii, skuii TONATaE B 3aCTOCYBaHHI iH)KEHEPHO-TEXHIYHHX 1
cHemialbHUX 3aco0iB Al BHBEACHHS 3 Jdany (YCKIaaHEHHS (yHKIIOHYBaHHS,
MOIIKO/)KEHHS a00 3HENIKO/PKEHHS) 3aco0iB  TEXHIYHHMX PO3BIOOK Ta/abo
CIIOTBOPEHHS cepenoBuIa aoOyBaHHS iH(opMamii mpo AeMacKyBalbHI O3HAKH
00’eKkTiB TpOTUAIl 1 3AIMCHIOETBCS LUIIXOM 3aCTOCYBAaHHS aKTHBHUX 3aco0iB
MPOTHIIl TEXHIYHUM PO3BIAKAM 3 MOXIHMBICTIO IOAANBLIOTO IEPEXOIUICHHS,
MEXaHIYHOTO (BOTHEBOT'0) YpaXKeHHs a00 3HHUIICHHS 3ac00iB TEXHIYHUX PO3BIIOK.

Y  gomoBigli  mpoaHami30BaHO  Ii0YYy  CHUCTeMy  opraizamii  pobotu
MOHITOPHHTOBOTO LIEHTPY 3 MPOTUMIl TEXHIYHIM PO3BiIKaM B YAaCTHHI IJIaHYBaHHS
3aBJaHb MOOUTPHHM TpylaM MpPOTUAIl TEXHIYHHM pO3BigKaMm; IMOPSAKY HECEHHS
OOHOBOTO YepryBaHHS Ha MOHITOPUHTOBOMY LICHTpi, 300py Ta aHami3zy OTpHMaHOl
iHpopMalil; B3aeMoii Ta 0OMiHy iH(MOpPMAIi€0 3 MiAPO3aiIaMK; KOOPAUHALIT Jii
MOOUIBHUX IIAPO3IIIB MPOTHIIl Ta BOTHEBOTO YPA)KCHHS; KOHTPOIIO 33 CTAaHOM
BUKOHAHHS 3aBJIaHb.

BIPOBAJKEHHS TOCBIAY 3ACTOCYBAHHAA BIVICBK (CHT)
B HABYAJIBHUU MPOLEC MIATOTOBKHA ®AXIBIIB KOMILJIEKCY
BOPOTBEMU 3 BE3INIVIOTHUMM JIITAJIBHUMU AITAPATAMMU “HOTA”

Bao. A. Paukinoa; I'JI. Jlisiyokuii;, Bim. A. Pauxinoa, O.0. Byosincerka
Kumomupcokuii giticokosuii incmumym im. C.I1. Koponvosa

[MocriitHa 3MiHa TaKTHKKA Ta HOMEHKJIATYPH 3aCTOCYBaHHS KPaiHOK-arpecopom
0E3MUIOTHHX JITAIBHUX anapariB BUMarae akTHBHOI MPOTHAii 3acobaM MOBITPSIHOT
PO3BIIKM Ta BOTHEBOTO YpPaXEHHS Ta TMOCTIHHOrO BJIOCKOHAJIEHHS TaKTHUKH,
croco0iB Ta METOJIiB 6OPOTHOH 3 HUMH.

Y po6oTi po3risHyTa MPaKTHKA BpaxXyBaHHS 00HOBOTO JOCBiy B yrpyNOBaHHIX
BIiCBK  (B/4, MigPO3AiJax) ONEPaTHBHO-CTPATETIYHE YTIPYIMYBaHHA  BiliChK
“Xopruis” SKui MiCTHTBCS y iHGOpManiiiHoMy OronereHi “Buxopucranus 3C PO
Mg dYac [HpOKoMacmTabHOi arpecii poO3BiqyBalbHO-YIapHHUX OE3MIIIOTHUX
KoMIUTeKciB TakTHuHOro piBHA BmAK S “KaprmBopa” (Nell6/1/18632/mck Bin
29.12.22), indopmaniiino-ananitudai marepiaan mog0 BrJIA tumy Gapaxyrodwii
6oemnpumnac (Bx. Ne37 Big 04.01.23), nmpu mixrorosii ¢axiBIiiB KOMIUIEKCY 60pOTHON
3 Oe3MUIOTHUMH JiTanbHUMH amapatamMu  “Hora” Ha Kypcax ITiJBHUINCHHS
KkBamidikamii 3 MATaHb TEXHIYHOTO 3aXHCTy iH(opMamii Ta MPOTHIIT TEXHIYHEM
po3BinKam.
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ABTOpU IaHOI JOTOBI/I BBaXAIOTh, [0 POrpaMa IirOTOBKH Mae e(eKTHBHUI
Ta OOIPYHTOBaHWI MIiNXil MIOAO MIATOTOBKH (axiBIiB 3 MPOTHIII 3acobam
MOBITPSIHOI PO3BIAKM NPOTHBHHKA, SIKa B IOJAIBIIOMY IIPH BIPOBA/UKEHHI B
MiATOTOBIII MOKPAIIUTE siKicHe criBBimHOIIeHHs npoTuii brJIA 3C P® ocobauBo
THUITIB Oapakylounii Goenpurac, o Ha ChOr0JHI € 0COOIMBO aKTyaIbHHIM.

VY mporpamy MmiArOTOBKH BKa3aHHX (DaxiBIliB, sKa 3IHCHIOETHCS BIAMOBIIHO J0O
“CranmapTy IHAUBIIyaJbHOI IIJTOTOBKM 3a HANpPSMOM IIATOTOBKH OXOpOHA
JiepKaBHOI TaeMHHMI (TakTH4HOI JlaHKK ynpasiinas 3C Ykpainu mig oginepis 3C
Vxpaian) CTI 052A.431 (E,K)”, BkiIo4eHO BHUBUCHHS OOWOBOTO JOCBIIY B
YTPYTOBaHHAX BIMCBK OIIEPAaTHBHO-CTPATETIYHOTO YIpyIyBaHHS Biifchk “XopTHis”.

TaKkTHKO-TEeXHIYHI XapaKTEPUCTUKH 3aCO0IB TAKTHYHOTO PIBHA SIK BITYM3HSIHUX
TaK ¥ 3aKOPJJOHHUX BHPOOHHUKIB, SIKi 3aCTOCOBYIOThCs 30poitHuMu Crnamu YKpaiHu
U1 60poTHOU 3 OE3MIIOTHUMH JiTAIFHUMU arlapaTaMy BOPOTa.

3acTocyBaHHS KoMIUlekcy “Hota” Ha MoOinpHHMX 0a3ax Ha CHOTOAHI Bimirpae
Ba)XXJIMBY POJb B MPUKPHUTTI HAIIMX MiAPO3IUTIB Bil BOPOXKUX 3ac00iB MOBITPSHOT
PO3BiAKK Ta e(EeKTUBHO MOAABIIOIOTH iX. [IpOBIBIIM MOCTIIKEHHS Ta BU3HAYMBIIN
Koe]imieHT eeKTUBHOCTI 3aCTOCYBAaHHA JaHOTO BUPOOY.

[IporoHyeThC BBEAEHHS HOBHX €IEMEHTIB B TAaKTHKY 3aCTOCYBaHHSI
MiAPO3ILTIB SKI BUKOPHCTOBYIOTH KOMIUIeKC “Hora”.

OKpeMo pO3IJISHYTI BapiaHTH MOKPAIIECHHS TAKTUKO-TEXHIYHUX XapaKTEPHCTHK
KOMILIEKCY OOpOTHOH 3 OE3MUIOTHIMU JITATbHUMH anapaTaMu TUITY “OapaKyrodnid
6oenpumac”, pieas bnAK S “KapauBopa” 3amponoHoBaHi HOBI MeToau 60poTsOU Ta
yAOCKOHaNIeHHs BHpoOy “Hota”.

PE®JIEKCUBHICTbD B YIIPABJIIHHI: KOHIIEIITYAJIbHI
ACIIEKTHU TA IIPAKTUYHE 3HAYEHHS

H.IO. Cemeniox
Lenmpanvruii Haykoeo-0ocrionuil incmumym 36potinux Cun Yrpainu

AKTyaJbHICT  JOCHI/UKEHHS pedIeKCHMBHOCTI B  yNpaBNiHHI  3HaHIUIA
BioOpakeHHs] y PO3BUTKY iH(MOpMaumiiHUX Mopenei, ae pedaeKCHBHI MiaXoau
IHTErpoBaHi B YNPAaBIiHCBbKI CHCTEMH Ha PiBHI i€papXi4HOi CTPYKTypH iX omucy.
BpaxyBaHHs peIeKCHBHHX MEXaHi3MIiB CIIPHSUIO €BONIOLIT KJIacHYHOI Teopii irop
Ta JOCII/DKeHb Olepaiidi, pO3MIMPIOIYH aHAIITHYHI MOXJIMBOCTI y cdepi
MIPUIHSATTS pillIeHb.

PednexcuBne ynpapninHs HaOyBae 0COOJMBOIO 3HAUCHHS y BiiChKOBIi cdepi,
Jie BOHO pO3IISIIA€TBCS SIK CTpaTeridyHuil iHGoOpMaumidHMiIl IHCTPYMEHT, IO B
OKpEMHUX BHUIIaJIKaX MOXKE MaTH BHpilllaJbHE 3HAUEHHS, IMepeBaXKaloun TpPaJuLiiiHi
METOAM BifiCKOBOTO BIUIMBY. 30KpeMa oOpraHizamis pe(IeKCHBHOTO YHpaBIiHHI
Bifirpae KIOYOBY ponb B iHQopMamiiHMX BiifHaX, CHOPSIMOBAaHUX MPOTH
TepOPUCTHYHNX OpraHizaiiii. Moro MeToonoriuna yHiBepcaabHiCTh Ta MOKIMBOCT
aganTamii A0 Ppi3HUX cdep AUIBHOCTI 3yMOBIIOIOTH IMONABIN  MEPCHEKTUBH
PO3BHTKY.

OcobmuBy yBary B Cy4YacHHMX YIPABIIHCBKUX MJOCTIIPKCHHSIX IpHBEPTae
KOMyHikaTuBHa peduiekcis. Ile MOHATTA 3a3HAIO CYTTEBOTO DO3ILIMPEHHS: BiJ
TPaTUIiHHOTO TPAKTYBaHHS SIK caMopedieKcii 10 ycBimoMIIeHHs peduiekcii ysBIeHb
PO BHYTPIMIHI CBiTH iHMMX cy0’ekTiB. Takuii minxiy 3HAWIIOB 3aCTOCYBaHHS Y
MOJICIIIOBaHHI  pe(IeKCHUBHUX CTPYKTYp, IO JO3BOJISiE TIJMOIIe aHAT3yBaTH
B3aEMOJIII0 MK CYy0’€KTaMH yIIpaBIIiHHS.
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CEKIIISI 2

HAYKOBE CYHPOBO/IXEHHSI, PO3BUTOK, FOMOBE
3ACTOCYBAHHS TA EKCILTYATAIIISI ABTOMATH30BAHO{
CUCTEMMU YIIPABJIIHHA ABIAHIE€IO TA IPOTUITIOBITPAHOIO
OBOPOHOIO INOBITPAHUX CHJI

KepiBHUKH ceKIIil: noikoBHUK [Tanuenko C.JI.;
K.T.H. C.H.C. MANOJKOBHUK Aekcanzipos O.B.
Cexperap cexil: K.T.H. mianoiaxkoBHUK YepTok O.A.

WAYS OF INTEGRATING FOREIGN-MADE COMBAT AVIATION
ASSETS INTO MODERN AUTOMATED AND INFORMATION
SYSTEMS FOR SPECIAL PURPOSES

O. Aleksandrov?, Candidate of Technical Sciences, Senior Researcher;
S. Panchenko?; A. Romaniuk*
!lvan Kozhedub Kharkiv National Air Force University;
2Air Force Command of the Armed Forces of Ukraine

Currently, Ukraine is working on ways to enhance the capabilities of the Air
Force (AF) of the Armed Forces (AFU) to counter the armed aggression of the
Russian Federation by increasing the component of combat fighter aviation,
including foreign-made aircraft. One of the promising options for strengthening
these capabilities in the short- and medium-term is the procurement of foreign-made
fighter aircraft. To date, member states of the Aviation Coalition have officially
confirmed their decision to provide over 60 F-16 fighters. At the same time, the
government of the French Republic has announced plans to transfer Mirage 2000
fighters to Ukraine. The first batches of these aircraft are already performing combat
missions in Ukraine.

The effective combat use of F-16 and Mirage 2000 fighters is possible only if
they are integrated into the overall automated control system of the combat assets of
the Ukrainian Air Force. One of the primary tasks of integrating these fighters into
the automated control system of the combat assets of the Ukrainian Air Force is to
study ways of organizing their information-technical interaction with modern
automated and information systems that are in service with the Ukrainian Air Force.

The proposed stages of organizing the information-technical interaction of these
aircraft with the automated control system (ACS) from the domestic Aviation and
Air Defense Automated Control Systems of the Ukrainian Armed Forces (UAF) are
outlined.

To ensure informational compatibility with foreign-made aircraft, a set of
protocols has been defined, which will enable the automated control of the status
and position of the fighters in the airspace, allow for combat management, and
receive reports, significantly enhancing the effectiveness of their combat application.
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NONLINEAR SCALING OF TIME INTERVALS IN INTERVAL
ENCODING OF COMPLEX SIGNALS

V. Lysechko?, Doctor of Technical Sciences, Professor; O. Shevchenko?;
V. Khrapchynskyi?, Candidate of Technical Sciences
lvan Kozhedub Kharkiv National Air Force University;
2Air Force Command of the Armed Forces of Ukraine

Interval encoding of complex signals is particularly effective in conditions of
limited spectral resources. However, traditional approaches that use linear scaling of
time intervals have several drawbacks, creating obstacles in signal formation.

To overcome the limitations of linear interval encoding, several approaches
exist, with one of the most promising being nonlinear scaling of time intervals. This
method optimizes the distribution of time gaps between signal pulses, thereby
increasing signal noise immunity without significantly complicating the system.

The main types of nonlinear scaling include:

— Logarithmic scaling, which reduces the impact of additive noise.

— Exponential scaling, which enhances protection against radio interference.

— Power scaling, which allows for fine-tuning the ratio of time intervals to
specific signal transmission conditions.

The proposed methods can be implemented in communication systems with
adaptive signal parameter adjustment according to transmission conditions and
provide the following advantages: increased noise immunity compared to linear
scaling; optimized use of spectral and energy resources; flexibility in parameter
tuning for various signal transmission conditions; no need for complex error
correction algorithms at the receiver level.

The proposed methods of logarithmic, exponential, and power scaling help
reduce decoding errors, improve energy efficiency, and adapt signal transmission to
real-world conditions.

THE NEED TO DEVELOP AN AUTOMATED TACTICAL-LEVEL
CONTROL POST FOR THE CONTROL OF UNMANNED
AERIAL VEHICLES

M. Volodin, Candidate of Technical Sciences, Senior Researcher;
D. Svystunov, Candidate of Technical Sciences, Senior Researcher;
S. Seleznev; E. Pershyna
Ilvan Kozhedub Kharkiv National Air Force University

Three years of experience in waging a war unleashed by the Russian
Federation (RF) against Ukraine shows that the enemy is significantly increasing the
number of UAVs of various types and purposes of both domestic and foreign
production. During January 2025, the enemy switched to daily massive
attacks (using about 100 units, and sometimes more) throughout Ukraine using
attack UAVs, and the average daily number of battlefield drones (FPV drones) in
January reached more than 2,000 units. This confirms the fact that the war is
gradually taking on the signs of drone warfare and whoever provides an advantage
in their effectiveness will receive advantages based on the results of hostilities.

In order to streamline the use of UAVs of various types and purpose of the
tactical level and to create a single field of detection, control and guidance in the
combat zone, as well as in order to increase the effectiveness of their use and fight
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against enemy UAVS, it is necessary to develop and implement an automated control
post (APU) of tactical level UAVs. The UAVs of the tactical level will allow solving
the issue of integrated use of UAVs of various types and purposes of the tactical
level, as well as FPV drones (kamikaze drones) and electronic warfare and
reconnaissance means, according to the plan of the commander of a certain tactical
formation, whose units are conducting combat operations in their area of
responsibility.

DEVELOPMENT OF INFORMATION FUNCTIONALITY FOR MANUAL
GUIDANCE OF UAV-INTERCEPTOR TO AERIAL TARGET

P. Tsiupka; S. Leshchenko, Doctor of Technical Sciences, Professor;
S. Sidchenko, Candidate of Technical Sciences, Senior Researcher; Y. Shevchenko
Ilvan Kozhedub Kharkiv National Air Force University

Reconnaissance and attack unmanned aerial vehicles (UAV) are actively used by
the enemy on the contact line and deep into the territory of Ukraine. For their
destruction, UAV interceptors of various types began to be actively used. Priority air
targets include enemy reconnaissance drones of the "Orlan-10", "ZALA" and
"Supercam" types. Today, there is no single solution to automate targeting process
for their destruction. Targeting is carried out in manual mode and/or with the use of
automatic guidance to the area of visual contact with the target.

To improve the efficiency of information, it is advisable to display processed
information from the general situational awareness system about the air situation and
raw information from centimeter radars on one map. Raw information from
centimeter radars should be filtered by speed, height, effective target scattering
surface, etc. Additionally, it is advisable to display weather information on the map,
namely layered wind and weather formation.

To increase the radar visibility of your own UAV interceptor, it is advisable to
use corner reflectors or cover with special materials.

Targeting can be performed in two ways. The first option involves flying the
UAV to the target.It implements the chase method. The second option involves
flying to the calculated interception point. It implements the interception method. In
the guidance window, the course, range and flight time of the UAV interceptor to a
certain target or point should be constantly calculated.

EXTENSION OF THE COOLEY-TUKEY ALGORITHM
TO THE TRUNCATED FOURIER TRANSFORM IN FINITE FIELDS

S. Dudenko, Candidate of Technical Sciences, Senior Researcher,
S. Aleksandrov, Candidate of Technical Sciences, Senior Researcher; O. Kudrynskyi
Ilvan Kozhedub Kharkiv National Air Force University

In the theory of error-correcting codes, information processing systems, and
recently in the development of cryptographic protocols, number-theoretic
transformations are widely used. The most well-known transformations to date are
the Fourier transform and the truncated Fourier transform in finite fields. These
transformations, not overlapping with each other, form a space of vector lengths that
can be used for computations.
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For the classical Fourier transform in finite fields, fast algorithms exist (Fast
Fourier Transform (FFT) algorithms), among which the Cooley-Tukey and Good-
Thomas algorithms stand out. These algorithms significantly reduce the
computational complexity of transformations through reindexing of vector points.

The Cooley-Tukey algorithm for the truncated Fourier transform (TFFT) is
introduced, which reduces the number of multiplication operations for the TFFT
from n? go n-(n'+n") + 2.n.

As shown by the analysis of symmetric block ciphers, the size of the data block
processed by one operator during one cycle of the encryption function is 16 bytes.
This block size is achieved through the use of linear transformations during the
transposition step of the input block. For example, in the RC6 algorithm, a linear
transformation based on MDR codes with a 16x16 matrix was used, which can be
considered as a 16-point vector transformation. The complexity of such a
transformation is n2.

The truncated Fourier transform in the field GF(28) exists for a vector length of
n = 16. By using the Cooley-Tukey FFT algorithm, the computational complexity of
transformations in the transposition step of the input block can be reduced from 256
multiplication operations (for MDR codes) to 160 (for the Cooley-Tukey algorithm),
which will lead to an increase in transformation speed.

THE MAIN TASK IN THE WAR WITH THE RUSSIAN FEDERATION
IS ENSURING INFORMATIONAL CONTROL OVER THE TROOPS
OF THE AGGRESSOR

O. Vozny; Yu. Kucherenko, Candidate of Technical Sciences, Senior Researcher;
Z. Zakirov, Candidate of Technical Sciences, Senior Researcher
Ilvan Kozhedub Kharkiv National Air Force University

The war with the Russian Federation, which has been going on for almost three
years, is being waged with signs of an information war, because of the following
reasons. There is a massive use of high-precision weapons (missiles of various types
and basing, unmanned aerial vehicles and battlefield drones, guided aerial bombs).
The role in the use of reconnaissance and information and reconnaissance-strike
systems, especially at the tactical level (air reconnaissance, radar equipment,
electronic warfare and electronic reconnaissance) has significantly increased. There
is a large-scale use of various information complexes and systems (radiotechnical,
navigational, automated control of troops and means, telecommunications,
information and psychological) to ensure the achievement of information
domination over enemy troops in the combat zone and to increase the psychological
impact on the consciousness of citizens and the military-political leadership of the
enemy state.

Therefore, the main task in the war against the aggressor, in order to achieve
victory is the need to ensure information dominance in the information sphere and
over the aggressor’s troops on the battlefield. This will make it possible to get ahead
of him in actions, due to the use by the governing bodies of more complete,
accurate, reliable and timely information about changes in the operational situation
on the battlefield and influence consciousness and the decisions adopted by the
military-political leadership of the enemy's country.
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THE NEED TO INTRODUCE A NETWORK-CENTERED SYSTEM
OF COMMAND AND CONTROL OF INTERSPECIES
GROUPINGS OF TROOPS

Yu. Kucherenko?, Candidate of Technical Sciences , Senior Researcher;
A. Nosyk?, Candidate of Technical Sciences, Senior Researcher; S. Simonov?
lvan Kozhedub Kharkiv National Air Force University;
2National Technical University "Kharkiv Polytechnic Institute";
SLimited Liability Company "System Electronic Export"

The analysis of three years of the Russian Federation's full-scale armed
aggression against Ukraine (in the airspace, on land, at sea, as well as in the
information space) indicates the need to use mobile, well-armed multifunctional
formations, especially at the tactical level, which would be formed as a certain
interconnected set of combat groups, each of which is a separate combat system that
interacts with others through the use of both command and control and
personnel (crews, combatants, and combatants).

Effective management of such advanced troops is impossible without the
introduction of network-centric control systems for interspecies groupings of
troops (including air defense troops), the functioning of which will ensure: full
situational awareness of the leadership (command and control bodies) of the
situation in the area of responsibility of each formation; significant reduction of
cycles of command and control of troops and assets; integrated and synchronized
use of forces and assets in real time; being ahead of the curve in making informed
decisions, in accordance with the current situation and the actions of its troops on the
battlefield, in relation to the enemy.

THE NECESSITY TO CREATE AN INTEGRATED AUTOMATED
CONTROL SYSTEM FOR FIGHTING WITH UNMANNED
AIRCRAFT DEVICES

Yu. Kucherenko?, Candidate of Technical Sciences, Senior Researcher;
O. Dovbnia?, Candidate of Technical Sciences, Senior Researcher;
O. Bodiak?, Candidate of Technical Sciences; E. Pershyna®
lvan Kozhedub Kharkiv National Air Force University;
2L imited Liability Company "System Electronic Export"

Three years of combating the means of the air-strike component of the armed
forces of the Russian Federation eloquently testify to the fierce confrontation with
them in the airspace of Ukraine.

As of January 24, 2025, the Defense Forces of Ukraine have destroyed more
than 23162 units of unmanned aerial vehicles of operational-tactical level (OTR
UAVs), and the average daily intensity of the enemy's usage of kamikaze
drones (FPV drones) on the battlefield reached a value of up to 2000 or more units
in January. This indicates that the usage of OTR UAVs and FPV drones (battlefield
drones) is of decisive importance in this war. Their usage in this war has become
massive in scale and integrated in nature, and in the future their role will only
increase when performing both strategic (operational) and tactical tasks directly on
the battlefield.

Therefore, the creation of an integrated automated system for the control of anti-
UAVs, which will ensure the integrated and synchronized usage according to the
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unified idea of the command, the creation of the means of all inter-specific
components of the Defense Forces of Ukraine (firearms, electronic warfare and
radio reconnaissance, radar and navigation aids, electromagnetic radiation, acoustic
means) operating in the country's air defense system, has decisive importance for
ensuring effective combat against them in the airspace of the state.

DEVELOPMENT OF METHODS FOR FORMING TEAMS OF VARIOUS
UNMANNED AIRCRAFT FOR PERFORMING COMBAT MISSIONS

D. Sizon; D. Zapara, Candidate of Military Sciences
Ilvan Kozhedub Kharkiv National Air Force University

In combat conditions, situations often arise when it is necessary to solve
complex and dynamic tasks, using a combination of heterogeneous UAVS it is
possible to obtain more flexible and adaptive characteristics and capabilities.
Another important fact is that the use of different types and classes of UAVs allows
you to distribute risks and ensure reliability in performing tasks, even if one or more
UAVs turn out to be unsuitable.

The development of methods that allow them to be effectively combined into
teams can significantly increase the overall efficiency in achieving goals. An
improved method for forming a team of heterogeneous UAVs to perform combat
tasks is based on finding the necessary structure of the UAV team, determining its
optimal capabilities and obtaining a rational composition. Planning the use of UAVs
involves the distribution of the flight resource determined by the commander in the
interests of the actions of the troops (forces) by tasks and areas of concentration of
main efforts. The basis for advance planning is the distribution of the flight resource
and combat orders of the management body of the appropriate level. That is, the
specificity of the use of a UAV team is due to the fact that the team must perform
tasks over a large territory in a decentralized distributed manner. This feature
requires the strategic level commander to decompose a complex task into (tactical,
operational, strategic) tasks. Hence the need to solve the problem of determining
which lower-level commander has the appropriate types (by functional purpose) and
classes of UAVs in accordance with the constituent subtasks in
groups (reconnaissance, damage, mixed, etc.), that is, the structure of the UAV team
is formed. The distribution is carried out using criteria for belonging to class and
type. Given the fact that UAVs of each class and type are represented by a wide
variety and in real conditions it is not always possible to use them promptly in
certain areas, there is a need to conduct additional research on the rationality of
choosing the necessary UAVs.

These solutions can be implemented on the basis of a thorough study of their
capabilities. Hence the need to solve the problem of choosing the optimal
capabilities of the corresponding UAVSs, taking into account the required form and
method of their application. Thus, the search for the necessary UAV team should
begin with an assessment of the correspondence of the type and class of the UAV to
each component of the subtask. Where the first indicator found will be the
correspondence of the type and class of the UAV to the subtask that needs to be
solved. The second indicator characterizes the adaptability of the UAV to the
performance of each component of the subtask, which makes it possible to
determine the best adaptability of the UAV team to the performance of the task in
operations (combat, military operations).
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PROPOSALS FOR INTEGRATING CENTIMETER RADARS
INTO AIR SITUATIONAL AWARENESS SYSTEMS

P. Tsiupka; S. Leshchenko, Doctor of Technical Sciences, Professor,
S. Sidchenko, Candidate of Technical Sciences, Senior Researcher;
M. Baturynskyi, Candidate of Technical Sciences, Senior Researcher
Ilvan Kozhedub Kharkiv National Air Force University

Recently, centimeter radar stations of various types, for example, such as
RADA, ELR, etc. have been actively used to detect air targets. They provide
accurate information about air objects against the background of false data. False
objects can include flocks of birds, cars moving along roads, hydrometeors and
clouds, etc. The intensity of information output by modern centimeter radars is high.
The detection range of aerial objects is limited to tens of kilometers.

Processing information from such radars can lead to a loss of accuracy and
efficiency of information, and manual processing will lead to a significant additional
burden. Therefore, it is proposed to issue raw radar information to users in
combat (special) task zones.

It is proposed to use an integration server that collects radar information using
ASTERIX protocols from the radar and provides it to users at certain IP addresses in
a certain area and/or from certain radars. Proprietary radar protocols should be
converted into ASTERIX category 62 protocols. Users can be automated workplaces
in one information system or information systems as a whole. The use of VPN
technology in the scheme of connecting the radar to the electronic communication
network will ensure the implementation of a secure communication channel. Target
coordinates should be issued from the radar and circulate in the network in the
format of the WGS-84 geodetic coordinate system. This makes it impossible to
disclose the location coordinates of the radar accompanying the target.

FEATURES OF CREATING MODERN WEB APPLICATIONS
BASED ON THE NEXT.JS FRAMEWORK

O. Kolomiitsev?, Doctor of Technical Sciences, Professor; O. Liubchenko?;
V. Komarov?, Candidate of Technical Sciences, Senior Researcher; Ye. Zarichniak®
!National Technical University "Kharkiv Polytechnic Institute";
’Kruty Heroes Military Institute of Telecommunication and Information Technologies;
3lvan Kozhedub Kharkiv National Air Force University

Today, web applications play an important role in human life. They provide
users with convenient and efficient tools for various types of information exchange,
communication, etc. They allow users to quickly access the necessary information
and share it with others.

Taking longer to load images, text, files, and other page elements reduces user
interest and patience. Therefore, the speed of content loading is the most important
factor that positively affects the reader's behavior and the reputation of the site as a
whole.

The distance from the server to the user plays an important role. The longer the
distance, the longer it takes for the data to appear on a personal computer monitor.
Cloud technologies make it possible to use and connect servers that are located
closest to users, which reduces waiting time and helps speed up page loading for all
visitors, regardless of location.
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With the help of cloud technologies, web applications serve millions of users
around the world and ensure rapid deployment of web applications and high
availability. For example, the most popular web applications are: Amazon Web
Services and Content Delivery Network.

The report analyzes well-known web applications of Amazon Web Services and
Content Delivery Network. The peculiarities of creating modern web applications
based on the Next.js framework are proved.

THE NEED TO INTRODUCE A NETWORK-CENTERED AIR
AND MISSILE DEFENSE MANAGEMENT SYSTEM

Yu. Kucherenko!, Candidate of Technical Sciences, Senior Researcher;
A. Nosyk?, Candidate of Technical Sciences, Associate Professor; T. Kulieshoval
lvan Kozhedub Kharkiv National Air Force University;
2National Technical University "Kharkiv Polytechnic Institute"

The experience of almost three years of warfare by the Russian Federation
against Ukraine shows a tough confrontation with the air strike component (ASC) of
its armed forces in the airspace of our country. From February 24, 2022, to January
24, 2025, the Ukrainian Defense Forces (UDF) destroyed air attack assets: 369
airplanes, 331 helicopters, 23,162 operational and tactical level unmanned aerial
vehicles (OTLU), and 3,051 missiles of various types. In the future, we should
expect even more massive use of OTL UAVs and various FPV drones (battlefield
drones) by the enemy, which requires network control of all forces and means of the
Armed Forces of Ukraine involved in various tasks in the state's air and missile
defense system.

Therefore, in order to increase the efficiency of command and control of the
forces and means of the Ukrainian defense forces performing tasks in the air defense
system, it is necessary to introduce in the Armed Forces of Ukraine a network-
centric system of command and control of the state's air defense forces, which will
ensure the integrated and synchronized use of all fire and information means of the
Ukrainian defense forces, in real time to combat the enemy's air strike component
and according to a single command plan in accordance with the situation in the
airspace.

INTEGRATION OF THE AIR FORCE OF UKRAINE INTO NATO'S
UNIFIED INFORMATION SYSTEM THROUGH LINK-16 STANDARDS:
EXPERIENCE AND OPPORTUNITIES FOR UKRAINE

O. Lavrov, Candidate of Technical Sciences; O. Bespalko; A. Lavrov
Ivan Kozhedub Kharkiv National Air Force University

The integration of the Ukrainian Air Force's automated control systems (ACS)
into NATO's unified information system is an important step to improve the combat
capability and efficiency of military operations. This will ensure interoperability
with international partners, which is critical in modern military conflicts.

The Link-16 standards, which are actively used by NATO, allow for the
exchange of operational data and the integration of control systems from different
countries. Their implementation in the Ukrainian Air Force's ACS will allow
connecting national and international information networks, increasing the
effectiveness of command and control. NATO countries already have successful
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experience in using these standards to integrate their command and control systems,
which allows for coordination during combat operations and rapid response to
threats.

For Ukraine, integration into NATO's unified information system will improve
data exchange, increase operational efficiency, and enable integration with modern
NATO weapon systems, which will increase the effectiveness of combat operations.

The integration process will require modernization of the ACS, cybersecurity,
and training of personnel to work with new technologies. However, these measures
open up new opportunities for the development of defense systems and ensure
NATO compatibility and strengthen the country's defense capabilities.

USE OF NON-PARAMETRIC STATISTICS IN SECONDARY
PROCESSING OF RADAR INFORMATION

V. Slobodyanuk, Candidate of Technical Sciences; L. Pavlii; K. Trifonenko
Ivan Kozhedub Kharkiv National Air Force University

Secondary processing of radar information consists in a comprehensive analysis
of data obtained from primary sources of radar information in order to increase the
probability of detection, accuracy of classification, tracking and prediction of the
parameters of the movement of objects. As a rule, parametric methods of processing
radar information are used to solve these problems, which are based on the
assumptions that information about the distribution of the parameters of the
movement of objects or the density of the probability distribution of interference is
known a priori.

However, often in practice, a priori information regarding the distribution of
object motion parameters and the distribution of interference is either unknown, or
the selected (proposed) model does not correspond to reality.

At the same time, there are known nonparametric methods of information
processing that are not oriented towards a specific distribution law and allow
ensuring acceptable quality of information processing in conditions of a priori
uncertainty regarding the density of the probability distribution of interference.
Among them, nonparametric BDS-statistics and SG-statistics should be
distinguished.

Numerical modeling has demonstrated that the use of these statistics allows
solving problems of both primary and secondary processing of radar information in
the absence of a priori information regarding the density of the probability
distribution of interference and the type of signal-interference interaction.

ADAPTIVE FREQUENCY PLANNING FOR OPTIMIZING
INDIVIDUAL SUBCARRIER SPACING IN QOFDM

V. Lysechko?, Doctor of Technical Sciences, Professor; V. Doskach?; I. Kharchenko?
lvan Kozhedub Kharkiv National Air Force University;
2Ukrainian State University of Railway Transport

Existing methods for generating frequency plan ensembles utilize static
algorithms based on predefined parameters (e.g., fixed subcarrier spacing,
determination of optimal subchannel width, pairwise frequency position
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comparison) to minimize mutual interference and ensure a low level of intra-system
disturbance.

Static frequency planning algorithms compute the optimal subcarrier distribution
once during the design phase, after which the obtained parameters are used over an
extended period without adaptation to changes in the external environment.

Adaptive frequency planning involves integrating a real-time system that
monitors the current spectral conditions (including interference levels and the
activity of other users) and dynamically updates the subcarrier distribution
parameters.

The proposed adaptive solution can employ optimization techniques (such as
evolutionary algorithms or machine learning) for rapid identification of optimal
spacing parameters, enabling maximum spectral efficiency under variable
conditions.

With the adaptive approach, the system can promptly respond to interference
variations by adjusting both the subcarrier distribution and subchannel width,
ensuring more flexible utilization of the frequency spectrum.

The proposed approach extends the concept of individual subcarrier spacing by
integrating adaptive algorithms, allowing not only the predefined configuration of
each frequency plan but also real-time adaptation for further improving
communication quality and increasing network subscriber capacity.

INTEGRATION OF WESTERN AIR DEFENSE SYSTEMS INTO A SINGLE
INFORMATION NETWORK OF THE AIR FORCE OF UKRAINE WITH
AVIATION AS A MULTI-ECHELON AIR DEFENSE SYSTEM

O. Lavrov', Candidate of Technical Sciences; A. Lavrov'; T. Yakymenko?
lvan Kozhedub Kharkiv National Air Force University;
2Hetman Petro Sahaidachnyi National Army Academy

Modern air threats require flexible and effective air defense systems. In the
context of Ukraine's war with Russia, there is a growing need to integrate Western
air defenses into a single information network, which will increase defense
efficiency and adapt combat control standards to NATO levels.

Multi-echelon air defense involves the integration of means of different
ranges (in particular, NASAMS, IRIS-T, Patriot) into a single network with rapid
information exchange. A key element is the use of a network-centric command and
control architecture that integrates ground-based air defense assets and aviation for
synchronized action against threats.

The integration of Western systems involves the use of artificial intelligence and
machine learning algorithms to automate the analysis of radar data, predict the
trajectories of enemy targets, and prioritize their destruction. This reduces the human
factor and increases the speed of response.

Interaction between the aviation component and air defense involves the use of
common communication protocols, in particular Link 16, which provides for
standardized real-time data exchange. The implementation of NATO procedures for
situational awareness and coordination between the branches of the Armed Forces of
Ukraine will facilitate their effective integration into the Alliance's common air
defense system, allows for more effective multi-echelon defense of critical
infrastructure. Automation of target detection and engagement processes allows for
reduced response time and losses, which increases the overall combat capability of
collective security.
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PROPOSALS FOR THE DEVELOPMENT OF FUNCTIONALITY
FOR INFORMING ABOUT ALERTS AND TARGETS
IN SITUATIONAL AWARENESS SYSTEMS

M. Baturynskyi, Candidate of Technical Sciences, Senior Researcher;
S. Sidchenko, Candidate of Technical Sciences, Senior Researcher;
S. Burkovskyi, Candidate of Technical Sciences, Senior Researcher;

L. Polshyna
Ilvan Kozhedub Kharkiv National Air Force University

The analysis of combat experience shows that various air situational awareness
systems are actively used to control mobile firing groups and interceptor UAV
crews. Therefore, they should have the functionality to inform designated units
about combat readiness signals and targeting of air targets.

First, the electronic map must identify the positions (locations) of subordinate
units and display current information about the air situation. The information signs
of the units must be linked to the IP addresses of the automated workstations they
use. In this case, all commands that will be given to a certain unit on the map will
automatically be transmitted by similar commands to a certain IP address.

Second, operator actions when issuing commands should be simple and
visualized. For example, issuing a targeting command (for destruction, firing) or a
prohibition to fire at a target can be carried out by the following sequence of actions:

1) use one of the buttons (“targeting” or "firing prohibition™) to switch to the
specified mode of operation;

2) select the required target on the map using the mouse manipulator;

3) select the required unit on the map;

4) complete the selection of objects, for example, click on an empty place on the
map.

The result is visualized in the form of a target (for targeting) around the target
with a dotted line showing which unit was commanded and on which target.

When the air situation is issued to a specific IP address for targets, additional
features corresponding to the commands for the unit will also be transmitted.

PROPOSALS ON THE USE OF RELATIONAL DATABASES
IN SITUATIONAL AWARENESS CENTERS FOR ANALYSIS
OF AIR ENEMY ACTIONS

V. Samsonov!; 4. Trystan?, Doctor of Technical Sciences, Professor
lvan Kozhedub Kharkiv National Air Force University;
2State Scientific Research Institute of Armament and Military Equipment
Testing and Certification

During the Russian-Ukrainian war, the enemy massively uses strike drones. In
order to make a timely and correct decision to destroy strike drones at command
posts, it is necessary to have complete, timely, and accurate information. Currently,
situational awareness centers are deployed at command posts. Data is received by
these centers in real time. The large volume of incoming information complicates
the analysis of the air situation and enemy air actions by commanders of the relevant
levels. An urgent task arises to reduce the information load on commanders to
facilitate a comprehensive analysis and make a timely and optimal decision to repel
a massive enemy air strike.
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To increase the efficiency of analyzing the actions of the air enemy in situational
awareness centers, it is proposed to use a relational database. To manage the
database, special software must be created. The special software must include three
main functional blocks. These blocks must generate: specialized and operational
reports, additional reports at the operator's request, information about hidden
patterns in the actions of the air enemy, etc. The main purpose of the listed
functional blocks is to provide exclusive information that is directly intended for
each individual combat crew number and commander.

The use of a relational database and specialized blocks that generate exclusive
reports can reduce the information load and increase the efficiency of air situation
analysis. It can also increase the speed of making optimal decisions, which will
increase the effectiveness of repelling massive strikes by enemy air attack means.

INTEGRATION OF THE UKRAINIAN AIR FORCE INTO THE SINGLE
NATO INFORMATION SYSTEM THROUGH THE LINK-16 STANDARD
AND OPPORTUNITIES FOR UKRAINE

O. Lavrov, Candidate of Technical Sciences; A. Lavrov
Senior Researcher lvan Kozhedub Kharkiv National Air Force University

The integration of the Ukrainian Air Force's automated control systems into
NATO's unified information system is an important step to improve the combat
capability and efficiency of military operations. This will ensure interoperability
with international partners, which is critical in modern military conflicts.

The Link-16 standard, which is actively used by NATO, allows for the exchange
of operational data and the integration of control systems from different countries.
Their implementation in the Ukrainian Air Force's will allow connecting national
and international information networks, increasing the effectiveness of command
and control. NATO countries already have successful experience in using these
standards to integrate their command and control systems, which allows for
coordination during combat operations and rapid response to threats.

For Ukraine, integration into NATO's unified information system will improve
data exchange, increase operational efficiency, and enable integration with modern
NATO weapon systems, which will increase the effectiveness of combat operations.

The integration process will require modernization of the automated control
systems, cybersecurity, and training of personnel to work with new technologies.
However, these measures open up new opportunities for the development of defense
systems, ensure NATO compatibility, and strengthen the country's defense
capabilities.

INTEGRATION OF NATO AIR DEFENSE SYSTEMS INTO A SINGLE
INFORMATION NETWORK OF THE UKRAINIAN AIR FORCE WITH
AVIATION AS A MULTI-ECHELON AIR DEFENSE SYSTEM

O. Lavrov, Candidate of Technical Sciences, A. Lavrov
Senior Researcher Ivan Kozhedub Kharkiv National Air Force University

Modern air threats require flexible and effective air defense systems. In the
context of Ukraine's war with Russia, there is a growing need to integrate NATO air
defenses into a single information network, which will increase defense efficiency
and adapt combat control standards to NATO levels.
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Multi-echelon air defense involves the integration of means of different
ranges (in particular, NASAMS, IRIS-T, Patriot) into a single network with rapid
information exchange. A key element is the use of a network-centric command and
control architecture that integrates ground-based air defense assets and aviation for
synchronized action against threats.

The integration of NATO systems involves the use of artificial intelligence and
machine learning algorithms to automate the analysis of radar data, predict the
trajectories of enemy targets, and prioritize their destruction. This reduces the human
factor and increases the speed of response.

Interaction between the aviation component and air defense involves the use of
common communication protocols, in particular Link 16, which provides for
standardized real-time data exchange. The implementation of NATO procedures for
situational awareness and coordination between the branches of the Armed Forces of
Ukraine will facilitate their effective integration into the Alliance's common air
defense system, allows for more effective multi-echelon defense of critical
infrastructure. Automation of target detection and engagement processes allows for
reduced response time and losses, which increases the overall combat capability of
collective security.

ANALYSIS OF THE USE OF INTERMEDIATE TRANSPARENT
ENCRYPTION BLOCKS IN GEOGRAPHICALLY DISTRIBUTED
INTRANET NETWORKS FOR SPECIAL PURPOSES

O. Perepelytsial, Candidate of Technical Sciences;
O. Bespalko?; P. Aleksandrova®; O. Laban*
Limited Liability Company "System Electronic Export";
2lvan Kozhedub Kharkiv National Air Force University;
3Kharkiv National University of Radio Electronics;
4Air Force Command of the Armed Forces of Ukraine

In the context of repelling armed aggression by the russian federation, modern
intranet networks for military purposes are a priority target for cyberattacks from the
enemy. According to international organizations that continuously monitor and
analyze cybersecurity trends, the number of cyberattacks on government intranet
networks in 2024 increased by nearly 70% compared to the previous year. As a
result, the issue of information security in such networks has become particularly
relevant.

The application of modern encryption technologies in geographically distributed
intranet networks (GIN) enhances the level of information protection, providing
reliable authentication and defense against potential attacks, while maintaining
network interaction efficiency. Intermediate transparent encryption blocks (ITEBS)
are an effective solution for securing data in GINs due to several key advantages:
high security level, transparency for end-users, speed, and low data transmission
latency; flexibility and scalability, as well as protection against external threats.

This paper presents the results of analyzing well-known schemes for using
ITEBs in GINSs. It proposes methods for employing well-known modern encryption
standards, such as AES, RSA, SSL/TLS, IPSec, and Diffie-Hellman.

The results of testing the proposed ITEB application schemes in special-purpose
GINs indicate that their implementation ensures a high level of security, minimizes
delays, and allows for the rapid integration of encryption into the existing
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infrastructure, ensuring data integrity and confidentiality during transmission
between remote points. The use of these encryption standards guarantees data
protection at all stages of processing and transmission.

MAIN WAYS TO CREATE A NETWORK-CENTERED CONTROL
SYSTEM FOR AIR AND MISSILE DEFENSE OF UKRAINE

Yu. Kucherenko, Candidate of Technical Sciences, Senior Researcher;
0. Bespalko; A. Lavrov
Ilvan Kozhedub Kharkiv National Air Force University

In the third year of the russian federation's full-scale armed aggression against
our country, Ukrainian troops are actively using many different information systems
and complexes, especially at the tactical level, to carry out automated control of
various units (battlegroups) of the Armed Forces of Ukraine in combat
operations (in airspace, on land and at sea). In order to combat the means of air
attack used by the Russian Federation on a daily basis, it is necessary to synchronize
and integrate the use of all available forces and means of the Armed Forces of
Ukraine performing their tasks in the air and missile defense system, in real time.

To do this, it is necessary to identify the main ways to create a network-centered
air (missile) defense command and control system and implement it in the Armed
Forces of Ukraine. The main ways to create a network-centered air and missile
defense command and control system include:

determination of the appropriate number and types of control objects to be used
in the fight against air attack (aircraft, anti-aircraft missile systems, electronic
warfare and other information sources);

development of functional subsystems, namely: intelligence, strike,
comprehensive support, communications and telecommunications;

creation of unified multifunctional complexes of automation tools of different
levels of the network-centered air (missile) defense control system to control the
defined control objects.

DEFINITION OF APPROACHES TO THE USE OF AUTOMATED
AND INFORMATION SYSTEMS FOR SPECIAL PURPOSES OF
GEOGRAPHICALLY DISTRIBUTED CLOUD TECHNOLOGY WITH
THE CAPABILITY OF OPERATING IN CONDITIONS OF
DEGRADED COMMUNICATION WITH THE BASE CLOUD

O. Perepelytsial, Candidate of Technical Sciences*;

V. Kapranov?, Candidate of Technical Sciences?;V. Mikhalaki
Limited Liability Company "System Electronic Export";
2lvan Kozhedub Kharkiv National Air Force University;

3Automated Systems Testing and Support Center

Currently, in the context of repelling the armed aggression of the russian
federation against Ukraine, the development and modernization of existing
distributed automated and information systems (AIS) for military purposes are being
explored. To increase the survivability of systems of this class, possibilities for using
cloud-based technologies are being considered.

Distributed cloud technologies provide flexibility and scalability; however, their
effective use in conditions where partial or complete degradation of communication
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with the base cloud is possible requires further research. In conditions of insufficient
or unstable communication between the nodes of these systems, there is a need to
develop approaches that ensure their continuous operation and integration.

The main directions for solving tasks of this class include the following:

Data Processing Optimization — Offloading part of the computations to edge
devices to reduce the amount of data that needs to be transmitted to the central
cloud.

Communication  Redundancy - Using alternative  communication
channels (satellite communication, mobile networks, Mesh networks) to maintain
stable access to the base cloud.

Dynamic Traffic Management — Adaptive routing algorithms ensure the
effective use of available communication channels, even in the case of their
degradation.

Implementation of Caching and Replication Mechanisms — Allowing the storage
of necessary data locally, reducing dependence on the central cloud and minimizing
latency.

Use of Hybrid Architecture — Combining centralized and edge computing
optimizes resource usage and improves system efficiency.

The use of distributed cloud technologies in modern AIS for military purposes
will enhance their key reliability and survivability metrics, while added encryption
mechanisms and protection against GPS spoofing will increase the security and
reliability of distributed cloud systems in the face of external threats and unstable
communication.

ANALYSIS OF PROBLEMATIC ISSUES IN THE IMPLEMENTATION
OF ARTIFICIAL INTELLIGENCE IN THE UNMANNED SYSTEMS
CONTROL SYSTEM

O. Chertok!, Candidate of Technical Sciences;
V. Mudryk?, Candidate of Technical Sciences, Associate Professor; V. lichenko®
lvan Kozhedub Kharkiv National Air Force University;
2National Academy of the National Guard of Ukraine;
3Military unit 44104

The use of artificial intelligence elements in modern control systems has a
number of advantages. However, there are typical risks that must be considered,
particularly when implementing artificial intelligence in unmanned systems control
systems.

In complex conditions of electronic warfare, when artificial intelligence makes
autonomous decisions based on sensor data, there is an increased risk of making
incorrect decisions due to access to low-quality input data. Granting artificial
intelligence enhanced rights and the absence of human control when making the
final decision may carry the risk of unpredictable actions by the system.

Additionally, insufficient flexibility in countering electronic warfare means
should be considered. When the enemy uses active jamming of control commands or
signal spoofing, the control system relies solely on the effective functioning of
artificial intelligence algorithms. Otherwise, this may lead to the disruption of the
entire system.
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False target identification and "friendly fire": Computer vision algorithms may
reduce efficiency due to low-quality images, increasing the risk of friendly fire on
one's own objects.

It is important to consider the impact of modern combat factors on the
completeness of machine learning models. The combat situation is very dynamic, so
even with satisfactory results during training missions, systems utilizing artificial
intelligence in real conditions may make incorrect decisions. This is due to the lack
of quality data for adaptive Al learning.

Cybersecurity and data manipulation: Systems using artificial intelligence are
typically built on common architectures, which makes them vulnerable to hacking
through known vulnerabilities and “poisoned" by input data manipulation, leading to
"incorrect learning".

Adherence to moral, ethical, and legal standards when using artificial
intelligence in unmanned systems control systems. When unintended losses are
caused by autonomous decisions, it is quite difficult to determine accountability for
actions. Moreover, the loss of the operator's leading role in the control system may
prompt the enemy to take active actions to seize the object of control.

Thus, the implementation of artificial intelligence in unmanned systems control
systems has significant potential but is also associated with numerous risks that must
be considered when carrying out combat missions.

ANALYSIS OF THE MANAGEMENT SYSTEM IMPLEMENTED IN
THE NATO INTEGRATED AIR AND MISSILE DEFENSE SYSTEM

O. Vozny; T. Dzeverin; V. Novichenko
Ilvan Kozhedub Kharkiv National Air Force University

The NATO Integrated Air and Missile (NATO Integrated Air and Missile
Defence System NATINAMDS) includes:

— a system of bodies and control points equipped with elements of an automated
control system ACCS (Air Command and Control System);

— a network of various types of reconnaissance sensors;

—ground and air fire weapons.

The components of the ACCS operational level (automation systems) are
deployed at control points:

— AIRCOM (Ramstein, Germany) — Allied Air Command,;

—CAOC (Combined  Air Operation Centre, Torrejom  (Spain),
Udem (Germany) — joint Air Operations Centers (stationary);

— DACCC (Deployable Air Command and Control Centre, Poggio Renatico,
Italy) is a mobile air traffic control and management center.

The tactical-level ACCS elements use the hardware and software complexes
"Nexdom" and "BC3", which directly interact with national reconnaissance sensors
and fire control systems.

For direct data exchange between elements of the control system and control
objects, a protocol is used Link-16).

To expand the capabilities of transmitting tactical data over long distances, a
protocol is used JREAP (MIL-STD-3011D).

The protocol is divided into the following structural components:
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—JREAP A - a protocol that regulates the transmission of tactical data using
satellite communications;

— JREAP B - a protocol that regulates the transmission of tactical data in point-
to-point mode using telephone lines;

—JREAP C - a protocol that regulates the transmission of tactical data using IP-
networks.

METHODS OF PROTECTING CONTENT MANAGEMENT SYSTEMS —
ANALYSIS OF VULNERABILITIES AND WAYS TO ELIMINATE THEM

L. Pavlii
Ilvan Kozhedub Kharkiv National Air Force University

Modern web resources are mostly created with the help of Content Management
Systems (CMS). According to statistics, the most popular CMS is WordPress, which
is used to build 30% to 40% of all websites running on CMS.

WordPress is an optimal choice for beginners due to its ease of use. However, if
the website is considered a long-term project with scaling potential, an alternative
might be Joomla CMS, especially when using demo data installation. Paid CMS
systems provide a higher level of flexibility, reliability, and functionality, making
them popular among commercial projects. However, their main drawback is the high
cost.

Vulnerabilities in content management systems can become targets for malicious
attacks. The main threats include:

— SQL injections;

— Cross-Site Scripting (XSS);

— Information leakage about CMS versions;

— Default location of the login page.

As the most popular CMS, WordPress is especially vulnerable to threats such as:

— Exploiting weaknesses of neighboring websites on a shared server;

— Using outdated versions of CMS core, themes, and plugins;

— DoS and DDoS attacks;

— Brute-force attacks on admin accounts;

— CSRF (Cross-Site Request Forgery) attacks;

— Credit card skimming;

— LFI (Local File Inclusion), RFI (Remote File Inclusion), RCE (Remote Code
Execution) attacks.

To enhance the security of CMS, it is recommended to implement the following
measures:

— Hiding the CMS version;

— Restricting access to the login page;

— Configuring .htaccess file security;

— Changing the database table prefix;

— Regularly updating the system and its components;

— Using multi-factor authentication;

— Limiting access rights for different user groups.

Thus, effective CMS protection requires a comprehensive approach, which
includes both system configuration and the use of additional security tools.

56



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

DEVELOPMENT OF HIGHLY DECOUPLED MICROSERVICES
USING THE SIDECAR PATTERN

S. Nosko
National Technical University "Kharkiv Polytechnic Institute"

When developing microservices, it's essential to separate business logic from
tasks like authorization, logging, and caching. This separation keeps the core
business modules focused solely on their specific functionality, necessitating
changes only when there's an update in business procedures. These business
modules can be set up across various infrastructures and can communicate in
different ways.

The sidecar pattern is quite popular in microservices architectures and proves
useful in this context because it allows microservices to function smoothly without
getting bogged down by the complexity of the infrastructure. A sidecar is an extra
component attached to the main microservice, taking care of additional duties such
as monitoring, configuration management, security, failure recovery, rate limiting,
and acting as an APl gateway. It works right alongside the main service, sharing its
lifecycle, and is deployed at the same time.

The report proposes an efficient implementation of the sidekick pattern using
advanced tools and techniques to optimize performance. Such an implementation
can be considered intelligent due to the integration of artificial intelligence, which
provides dynamic decision-making on caching strategies. Through the use of
artificial intelligence, the sidekick can evaluate and select the most efficient
methods, which further improves the overall performance and reliability of the
system. This approach not only improves scalability but also effectively adapts to
changing workloads. One of the crucial goals of implementing the sidecar in this
work was to make it very performant and cost-effective, because the sidecar is a new
component in the system, and as such, it consumes memory and CPU resources for
the additional container it requires. To achieve this, the Quarkus framework was
used in native mode with GraalVM’s capability for ahead-of-time compilation,
which compiles directly to native code.

FEATURES OF UDDI TECHNOLOGY APPLICATION
FOR INTERACTION BETWEEN ORGANIZATIONS

Y. Zarichnyi
National Technical University of Ukraine
"lgor Sikorsky Kyiv Polytechnic Institute”

Today, businesses are increasingly facing the need to interact with various
partners. Web services facilitate integration between enterprises (for example, in the
context of business-to-business interaction).

The Web Service Discovery Engine provides Universal Description, Discovery
and Integration (UDDI), a platform-independent tool for publishing Web Service
Descriptions (WSDL) to enable them to be found by other
organizations (enterprises) and integrated into their systems. UDDI provides
centralized storage and access to information. However, due to a number of security
concerns, most organizations prefer to create their own private UDDI registries
within their corporate networks. Unlike public registries, private registries are hosted
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within secure internal networks and are accessible only to invited business partners
through various user authentication mechanisms.

Thus, UDDI defines a business registry where Web service providers can
register services and developers can search for the services they need.

The report analyzes UDDI, which is based on elements of four types: Business
Entity, Business Service, Binding Template, and Technology Model. Famous
companies are considered: IBM, Microsoft, and Ariba, which have created their own
UDDI registries and combined them into a Web registry. In one of them, developers
can register their Web services, after which the data is automatically replicated to
other registries. It is emphasized that in the modern world of Web services there is a
transition to more flexible, decentralized approaches, such as service mesh and
microservices. Such technologies offer better scalability, adaptability and
compatibility with modern architectural solutions, which UDDI lacks.

MATEMATHUYHA MOJIEJIb BUABJIEHHS IIOBITPSIHUX 3ACOBIB
3AJIEZKHO BIJ CTAHY INOBITPSAHOI'O CEPEJJOBHUIIIA

M.M. [Jigiziniok, 0.¢p.-m.n., npog.; O.B. Dappaxos, k.m.H.
Lenmp inopmayiiino-ananimuunozo ma mexHiuHo2o 3a0e3neyeHHs MOHIMOPUH2Y
00 ’exmis amomuoi enepeemuxu Hayionanvroi akademii Hayx Yxpainu

BusiBneHH0 6€3MUIOTHHX yIapHUX 3ac001B TEPOPUCTHYHOTO BILIMBY Ha 00’ €KTH
KpUTHYHOI 1HOPACTPYKTypH YKpaiHH, II0 OXOPOHSIOTHCS, IPUTAMAaHHUH OCHOBHUH
HEIOJNIK, TAaKUH SK BiJICYTHICTD BpaxXyBaHHs (DaKTOPIiB MOBITPSIHOIO CEpEeIOBUIIA, 110
MOCTIHHO 3MIHIOETBCS. Y TOH K€ 4Yac BpaxyBaHHS (PAaKTOpIB CTaHy IPH3EMHHX
mapiB atMocgepyu JO3BOJINUTH HPOBOJIUTH TOUHI PO3PaXyHKH JATBHOCTEH BHSBICHHS
[iTIeH  paJioNIOKANifHUMU  CTaHISIMA 1, SK HACTiJOK, WiJBUIIUTh CTYIiHb
3a0e3neyeHHs Oe3mekH 00’€KTIB  KpUTHYHOI 1HQPACTPyKTypH Ta  IHIIMX
CTpaTeriyHux 00’ €KTiB, IO OXOPOHSIOTHCSL.

MatemaTH4Ha MOJENb € CHCTEMOIO 3 YOTHPHOX MAaTEMAaTHYHHX 3aJICKHOCTEHl.
[lepmra 3 HUX BH3Ha4Yae 3Ha4YeHHS KoedilmieHTa 00’€MHOTO  3racaHHS
€JIEKTPOMArHITHUX XBWJIb B aTMOC(epi, 3aJIe’KHO BiJ YaCTOTH XBHWII, BOJOTOCTI Ta
TEeMIlepaTypH IMOBITPs, aTMOC(EPHOr0 TUCKY Ta KOHIEHTpALil aHTPOIOTreHHHX
JOMIIIOK. J[pyra omucye 3aKOHOMIPHICTh CMay iHTEHCHBHOCTI €EKTPOMArHITHOT
XBHJII, IO MOUIMPIOETHCS, KA BU3HAYAETHCS POOOUOI0 YACTOTOIO PaliofOKaIiiftHOT
cTaHWii i CTaHOM mpu3eMHHX MapiB atMocdepu. Tpers 3anexHICT y cHCTeMi
JIO3BOJISIE OOYMCIUTH EHEPreTHYHHI MOTEHIIAN CTaHIii paxiojoKalii 3a MEeBHOIO
ninTro. YeTBepTa 3aekHICTh BU3HAYAE YMOBY OTPHMAaHHS MaKCHMAIIBHOT JaTbHOCTI
BUSIBJICHHS PaIiOIOKAIIHHOT IIiTi.

HNIABUINEHHS EOEKTUBHOCTI OIHIOBAHHS AAKOCTI
BUKOHAHHSI NIOJIBOTHOI'O 3ABJIAHHS

O.M. Yepeonixos, k.m.u., ooy.; B.M. ®edenvko
Heporcasnuii Hayko80-00CaiOHUL IHCMUmMym sunpobysans i cepmuixkayii
030pOEHHS Ma GIICLKOBOL MEXHIKU

HesBakaroun Ha Te, IIO MEpeBaKHAa KUIBKICTh ONeEpaliii B TEXHOJOTIYHOMY
npotieci BUIpoOyBaHb aBialiiHo1 TexHiku (AT) cTanmapTH30BaHi Ta MaIOTh MEBHHUI
aNTOPUTM BHKOHaHHS poOiT, cydacHuii cra 3abe3neuenHs 30poitnux Cun Ykpainu
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AT mnotpebye yIoCKOHaJIEHHS OpraHi3amii Ta MPOBEAEHHS ASSIKUX BUAIB poOiT 1 ix
aBTOMAaTH30BaHOTO JOKYMEHTAIBHOTO O(GOPMIICHHS 3 METOI0  IIiJABHUICHHS
e(eKTUBHOCTI BUNPOOYBaHb B3arali.

VY nmocnijpkeHHI IPOBEICHO aHANi3 JIIOYMX BHUMOT 3 ITIOPSIKY HPOBEICHHS Ta
opOpMIICHHS pE3yJIbTAaTiB BHIPOOYBaHb O30pOEHHS Ta BIHCHKOBOI TEXHIKH,
BCTAaHOBJICHUX HAIliOHAJGHUMH IHCTPYKIISIMA Ta JEpXKaBHUMH CTaHAapTaMu.
BusHaueHi OCHOBHI HampsIMKH YJIOCKOHAJICHHS CHCTEMH aBTOMAaTH30BaHOTO
JOKYMEHTOOO0Ir'y, sIKi BIUINBAIOTH Ha SIKICTh 1 epeKTHBHICT POOIT 3 BUIIPOOYBaHb.

3anponoHOBaHMK MiIXid Mae MOTEHIaN A1 HAJaHHS MepeBar y 3acTOCyBaHHI
Ta PpO3MOBCIO[UKEHHI 3HAHb MNPHUHATTA pillleHb A0 MPOBEOCHHSA OI[HKU
e(eKTHBHOCTI, YHi(iKaIlii alrOpUTMIB OL[IHIOBAHHS SIKOCTi BUKOHAHHS MOJIbOTHOTO
3aBmaHHA. YHiQiKamis 3abe3medye CKOpOYeHHs Yacy Ha CKJIQJAHHS IPOTOKONY Ta
ONTUMI3AIIII0 YIIUTPHEHHS 3aMHCiB, MOKIIMBICTh BUOIPKOBOT 00pOOKH, OpraHi3aIlio
0araToacreKTHOTO MOIIYKy iH(popMarii, IPHCTOCYBaHHS JOKYMEHTAIIi 10 po3po0KH
y CKJIaJli aBTOMATH30BaHOi 0a3¥ JaHHX.

[Iporiec  BUMpOOyBaHb Ma€ pEraMEHTHI OOMEXKECHHS B  Yaci, YUM
3a0e3MedyeThCd CBOEYACHE BUKOHAHHA JEPXKaBHUX IIPOTpaM i3 NpUUHATTA Ha
030pO€HHS HOBITHIX Ta MOJIEPHiI30BaHUX 3pa3kiB AT.

3a pe3yiapTaTaMd MOPOBEICHOIO aHANi3y BHIUICHO 3arajbHi  acleKTH
MiABUIIEHHS €(EeKTHBHOCTI 3aCTOCYBaHHA YHi(iKOBaHHMX IIa0JIOHIB alTOPHUTMIB
OLIIHIOBAaHHS SIKOCTI BHKOHAaHHsS IIOJILOTHOTO 3aBHaHHSA 3a IporpaMaMy Ta
METOJIMKaMH BHIIPOOyBaHb rapMOHi30BaHUMH 3 cTangaptamu HATO.

EXTENDING THE METHOD FOR DEVELOPMENT OF DOUBLE-LOOP
CONTINUOUS TRACKING SYSTEMS EQUIVALENT TO COMBINED
ONES TO DISCRETE TRACKING SYSTEMS

V. Revenko, Candidate of Technical Sciences, Associate Professor;
N. Karashchuk Candidate of Technical Sciences, Associate Professor;
V. Chetvertak
Zhytomyr S.P. Korolev Military Institute

The purpose of the article is to use the method of synthesis of high accuracy
continuous tracking automatic control systems equivalent to combined ones, when
we have a controlled variable (entry useful action) which cannot be measured for
discrete tracking systems.

The proposed method is advised for development of discrete tracking systems
based on angular coordinates (in particular, radio systems, where the entry useful
action can't be measured, and therefore combined control is impossible), as well as
in stabilization systems and control systems for aircraft of various purposes. The
authors have considered using the method for synthesis of continuous double-loop
automatic control systems for discrete systems equivalent to combined systems
subject to simultaneous entry useful (preset) action and external disturbances and
interferences. The developed method makes it possible to synthesize discrete high-
precision automatic control tracking systems equivalent to combined ones when we
have a controlled variable (entry useful action) which can't be measured. In this
discrete tracking system, equivalence to combined systems, unlike the differential
coupling method, is achieved by two control loops and not by three loops.
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We have synthesized a double-loop discrete automatic control system equivalent
to a combined system. We have calculated and made a stochastic regulator, and the
influence of this regulator on the astatism of the system (that is, on its accuracy) has
been analyzed.

PEKOMEHIALII H[OJ0 BUBOPY PALIIOHAJILHOT'O BAPIAHTY
PO3BUTKY €IMHOI ABTOMATU30OBAHOI CUCTEMM YITPABJITHHS
35POMHUMHU CUJIAMU YKPAIHU HA TEPIOA 4O 2030 POKY

1.0. Yepnosybxin, k.m.u., ooy.; O.A. [lompan
Lenmpanvruil Haykoeo-0ocaionuil incmumym 36poinux Cun Yrpainu

Hocein Binourts 36porinumu Cunamu (3C) Ykpainn noBHOMacuITabHoi arpecii
pociiicekoi denepanii CcBiTUUTH HPO BAKIUBICTh HASBHOCTI ONEPAaTHBHOIO Ta
CTIMKOTO yNpaBiiHHA BiMCPKAMH (CHJIAaMH) Uil JOCATHEHHA YCHIXy B
onepauisfx (0OHOBHX [isX), IO JOCATAETHCA IIIIXOM KOMIUICKCHOI aBTOMaTH3aIlil
MPOIIECCIB  YIPABIiHHA Ta IOCTIHHOTO Ta CHCTEMAaTHYHOTO PO3BUTKY €AWHOT
aBTOMaTH30BaHOI cuctemu ynpasninasa 3C Ykpainn (EACY 3C Ykpainn).

Ha cporognimniit nerp €ACY 3C VkpaiHH CTBOPIOETBCS SIK IHTEIpOBaHa
CHCTEMa YIPAaBIIiHHA, 10 NOOYJI0BaHA 33 €IMHOIO 1JICOJIOTIE€I0 Ta KOMILUIEKCHO, Ha
OCHOBI 3araJlbHOCHCTEMHOTO NPOEKTYBaHHs, MOEJHYE Y CBOEMY CKJIaJi Ha €IMHUX
(YHKIIOHABHUX, oprasizanifHux i TEXHOJIOTTYHUX MIPUHIMIIAX
aBTOMaTH30BaHi (iHdopMamiiiHi), iHpopMamiiHO-KOMYHIKaNiiiHI CHCTEMH, 3aco0H
aBTOMaTH30BaHOTO YIPABIIHHSA Ta iX KOMIUIEKCH PIi3HOTO (YHKIIOHAIBHOTO
npu3HadeHHs. Bona oxommoe yci Bumu misiibHocti 3C  VkpaiHuM Ta piBHI
YIOpaBIiHHS Ha OCHOBI BIANOBITHUX OIEPAaTUBHO-CTPATETIYHHUX (OIEpaTHBHO-
TAKTHYHUX ), 3aTaIbHIX, (YHKIIOHAJBHHUX Ta TAKTUKO-TEXHIYHUX BHMOT.

BpaxoBytoun icHyrounii ctan cucremu ynpasiuiHHs 3C YkpaiHu, BUpOOHUUHIA,
E€KOHOMIYHHMH Ta HAyKOBHH IOTEHIIan YKpaiHHW, JOCBi pO3pOOJICHHS MOAiOHHX
CHCTEM Yy IHIIMX KpaiHaX CBiTy, pO3BUTOK ckiagoBux €CACY 3C Vkpainu
MIPOTIOHYETHCS 3IHCHUTH 3a TPhOMa BapiaHTaMU.

Y nomnoBini HaBeAEHO pe3yJbTaTH MOPIBHSIIEHOTO aHali3 KOXKHOTO 13 BapiaHTiB,
00TpYyHTOBaHO paIliOHAFHHUHN Ta po3po0IIeHO peKOMEH AT o0 HOoro peari3arii.

BUBIP TA OGTPYHTYBAHHS NIOKA3HUKIB EOEKTUBHOCTI
OYHKIIOHYBAHHSA CUCTEMMU BITHOBJIEHHS 3ACOBIB
HA3EMHOT O 3ABE3ITIEYEHHS IMMOJIBOTIB ABIAIIIT CHJT
OBOPOHMU B OIIEPANIAX

€.0. Cmuuenxo; B.B. Ioniwyx, K.6iticbK.H., 00Y.;
L1 [ynenxo, k.m.u.; O.1 Llanpan
Hayionanvhuii ynisepcumem o6oponu Yxpainu

3a0e3neueHHs: OOEroTOBHOCTI Ta Oe3mepeOiiHOro GyHKIIOHYBaHHS aBialliiHUX
nigpo3ainie Cui 000pOHM 3HAYHOIO MIpOIO 3aNeKHUTh Bif epEeKTHBHOCTI CHCTEMH
BIZIHOBJICHHS 3ac00iB Ha3eMHOro 3abe3neuerHs monboTiB (3H3II). 3azHaueHi 3acobu
Bi/IirpaloTh KPUTHYHO BKIMBY POJIb Y BUKOHAHHI 3aBAaHb 3 00HOBOTO YepryBaHHs,
NEepeBEe3CHHsT BAaHTAXIB, ©BakKyallil Ta I[HIIMX OMNEpaliif, M0 3aifCHIOIOThCS
Bi{CbKOBOIO aBialli€ro.
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VY cydyacHMX yMOBaxX iHTCHCHBHOTO BHKOPHCTAHHS aBiamii Ta 3pOCTaHHS BHMOT
Jno i OIepaTMBHOCTI Ta HAmiHHOCTI OCOOJIMBO BaXXJIMBHM € PO3POOIECHHS
OOIPYHTOBAaHHMX IIOKA3HHKiB e(eKTHBHOCTI cucTeMH BimmHoBmemHs 3H3IL Ix
MIPaBWJIGHUN BUOIp O3BOJISIE OLIHIOBAaTH IOTOYHMI CTAH CUCTEMH, IIPOTHO3YBATH il
PO3BUTOK Ta ONITHMI3yBaTH IIPOLECH TEXHIYHOTO 0OCIYyTrOBYBaHHS I PEMOHTY.

Po3poOka Ta BOpPOBAa/KCHHS [I€EBUX MEXaHI3MIB OIHKA €(EKTHBHOCTI
(GYHKIIOHYBaHHS i€l CHCTEMH € BaKJIUBAM 3aBHAHHAM JUIS IiABUINCHHSA 11
HaIIHOCTI Ta onTuMizanii pecypciB. Bubip BiImoBiqHNX MOKa3HUKIB €hEeKTUBHOCTI
JIO3BOJISIE 00 €KTUBHO OIIHIOBATH CTaH CUCTEMH BiJHOBJICHHS, BU3HAYATH 1i claOKi
MicIsl Ta MpuiiMaTy OOTPYHTOBAHI PIllIEHHS OO0 MOKPAIIeHHs poOOTH.

OOrpyHTOBaHI NMOKa3HUKN €(EKTUBHOCTI HamayTh 3MOTY O0’€KTHBHO OIIIHUTH
CTaH CHCTEMH BiJHOBIICHHS, ONITHMI3yBaTH BHKOPHCTAHHS PECYpCiB i IOKpaIIUTH
yIOpaBIIiHHA OPOLIECAMU TEXHIYHOTO 3a0e3MeUeHHS.

TakyuM YWMHOM, BHUKOPDHCTaHHS LHUX TIOKa3HUKIB CIPHATUME ONTHMi3awii
pecypciB, TiABUINEHHIO HAIHHOCTI CHCTEMH Ta 3a0e3ledYeHHI0 Oe3nepebiiHOoro
BUKOHaHHS OOHOBHX 3aB/IaHb.

PO3POBKA HAYKOBO-METOJUYHOI'O AITAPATY
EKCIHHEPUMEHTAJIBHUX JOCJII/KEHDb TA BUITPOBYBAHb
CHEMIAJBHOI ABTOMOBLJIBHOI TEXHIKH JJISI IIOTPEE IO

B.I Canown; I'.1. 3200a; O.0. Jlucuii, x.m.1.; B.M. Pychax, K.6iliCbK.H.
Hasuanvro-nayxosuil eunpobysanvhuil nomieox
BUCOKOMEXHONI02IUH020 030POEHHS MA BILICbKOBOT MEXHIKU
Leporcasrnoeo nayko6o-00caiono2o incmumymy
6unpobyeans i cepmuixayii 036poeH A Ma GiLiCbKOBOT MEXHIKU

Bupimenss 3amadi 3 po3poOKH HayKOBO-METOAWYHOTO arapary OLIHIOBaHHS
XapaKTEPHUCTHK CIIENiabHOI TEXHIKN 3a0e3Meuy€eThCsI BUKOPUCTAHHIM CHCTEMHOTO
MiAXOQy Ta palioHATBHOTO TIOEJHAHHS TEOPETHYHHX 1 EKCIIEPUMEHTAIBHUAX
JOCHI/KeHb, y3arajJlbHEHHS 1 aHaji3y BiJOMHX HAayKOBHX PE3YNbTaTiB, a TaKOX
BHUKOPHUCTAHHSI MATEMAaTHYHOT'O MOJICTIOBAaHHS, MaTeMaTHYHOI CTaTHCTHKH, BIIEpIIe
PO3pO0IICHHX CTeIiaTbHIX METOIHK.

ExcriepyMeHTanbHI  JOCHIDKEHHST MOXIIMBO peajli3yBaTH 3 BHKOPHCTaHHSIM
JIarHOCTHYHO-BUMIpPIOBAJILHOTO KOMIUIEKCY, —aJalTOBAHOTO JUISl  OLHIOBAHHS
XapaKTEepHUCTHK criemiaabHoi aBroMoOinbHOI TexHiku i [II1O [IC 3C Ykpainn.
Jns  omiHIOBaHHS TapaMeTpiB SKOCTI Mi€l TEXHIKH 3aCTOCOBYIOTBCS METOIU
HATYPHHX BUIPOOYBaHb.

ITpakTU4He 3HAYCHHS OJIEP)KAHUX PE3YJIbTATIB MOJATAE B TOMY, IO OTPUMAaHI
HAyKOBi pEe3yJbTaTH CTAaHOBJIATh €JUHHH KOMIUIEKC JOCII/DKEHb (KOHLeIIis,
NPHUHIMIH, KPUTEPil, METOJM Ta MaTEMaTHYHI MOJIEi).

L{i mocmipKeHHs AO3BOJIATh HAMOUIBII MOBHO 1 SIKICHO, BUBYATH BIUIUB OJHHX
XapaKTEePHUCTHK (TTapaMeTpiB) Ha mporiec (00’ €KT) MPH BapitOBaHHI IHIINX.

TakuMm 4MHOM pO3poOKa HAyKOBO-METOIUYHOTO arapary eKCHepHUMEHTaJbHHX
JOCII/PKEHb Ta BUIPOOYBaHb CIIEialibHOT aBTOMOOUTRHOI TexHiku mist [1I10 TIC,
3poOHTH OUIbII  SKICHUM  METOHOJIOTTYHUNA migxix a0 MIPOBEICHHS
EKCIePUMEHTAJIBHUX JOCHII/DKEHb Ta BHIPOOYBaHb 3 MiATBEPIDKEHHS il TaKTHKO-
TEXHIYHAX BHMOT Ta TEPEBIPKH MPAaBWIBHOCTI OOpaHHWX i OOTPYHTYBaHHS HOBHX
TEXHIYHHX PillICHb.
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CTBOPEHHS CUCTEMM CUTYAIIMHOI OBI3HAHOCTI IIOJI0
BUABJIEHHS BE3NIJIOTHUX JIITAJTBHUX ATIAPATIB IPOTUBHUKA

A.0. Conomamin, x.silicok.H., c.H.c.; O.1 Jhyyeeam
Lenmpanvruil Haykoso-0ocaionuil incmumym 36poinux Cun Yrpainu

3acTocyBaHHS IPOTHBHUKOM OE3MINOTHHX JiTanbHHX amapariB (brnJIA) mae
3HAYHUI BIUIMB Ha BeJICHHS OOHOBHMX Jiii Ha mOJi 000, a TaKoXX Ha 00’ €KTH
KpUTHYHOI 1H(QPACTpyKTypH nepkaBH. HasBHI cHCTeMH BHSBIEHHS 3aco0iB
MIOBITPSIHOTO Hamany, 30kpema briJIA, He cpoMOXkHI TTOBHOIO MipOI0 BHKOHYBaTH
3aBJaHHS 3 BUSBJICHHS, icHTH(]IKAIl Ta BHJa4l IJICBKa3aHHSA Ha X ypaKCHHS,
TOMy BHHHKa€ TI0Tpe6a y CTBOPEHHI e(EeKTHBHOI CHCTEMH CHTyalilHOI
ob6iznanocti (CCO) mopao BusiBneHHs briJIA mpoTtuBHUKa.

Taka cuctema noBuHHA 3a0e3nedyBatu 30ip, 00poOKy, aHaJIi3 BEJIUKOTO MAaCHUBY
JaHUX, 010 HAAXOAWTH 3 Pi3HHUX JKepeln iHdopMarii, MOAETIOBATH CUTYalii (moxii),
HAJIaBaTH BUCHOBKH (IIPOTHO3M).

s 3a0e3neueH s HaJISKHOTO PiBHSA CUTYaliiHOT 0013HAHOCTI PO HOBITPSHOTO
MPOTHBHUKA HEOOXITHO CTBOPUTH BINOBIAHY MEPEXKY 3 PISHOMAHITHHUX Kepeln
iHpopmarii, a came i3 pamgioNOKalifHUX, PaTiOTEXHIYHUX, aKyCTUYHUX, OITHKO-
€JIIEKTPOHHUX CTaHILil Ha3eMHOTO Ta MOBITPSHOTO 0a3yBaHHS, a TAaKOX CIICI[ialIbHI
MporpaMHi 3aco0u.

Kpim Toro, CCO moBHHHa BKIIOYATH MPOTPaMHI Ta amaparHi 3aco0u mist
aHaJi3y BeMMKOro MacuBy maHux (Big Data), mporao3yBaHHs Ta MOJETIOBaHHS, a
TaKOK CHCTEMY 3aXHIICHOTO 3B’ 53Ky Ta Mepeaadi JaHUX MK CIIOKHBaYaMHU.

[IpoBeneni mocmikeHHs CBimq4aTh, mo BrpoBakeHHss CCO 1momo BUABICHHS
BrJIA mpoTHBHUKA [O3BOJNIUTH TiIBHUINUTH OOHOBI CHPOMOMKHOCTI 1CHYIOYOI
CHUCTEMH TPOTHIIOBITPSIHOI OOOPOHU Ta MOXKE CTaTH OJHHUM 3 1l KIFOUOBHX
eneMeHTIiB y 60poTh0i i3 BriJIA.
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CEKIIIA 3

MIITOTOBKA, BOMOBE 3ACTOCYBAHHSI YACTHH (IIIPO3/ILTIB)
ABIAII, BOVOBE MAHEBPYBAHHSI TA JIbOTHA EKCILTYATAIISI

JITAJTBHUX AITIAPATIB
KepiBHukn cexmil: Opuranuuii reaepan 3axapayk O.I',;
1.1.H. npo¢. np. 3C Ykpainu Kankxamanos C.A.
Cexperap cexil: maifop Illynsra O.C.

EMERGENCY TAKEOFF OF AIRCRAFT TO PERFORM
OPERATIONAL MISSIONS

0. Zakharchuk?; V. Ishchuk?;
S. Kalkamanov?, Doctor of Technical Sciences, Professor; I. Oliiynik?
1Air Force Command of the Armed Forces of Ukraine;
2lvan Kozhedub Kharkiv National Air Force University

A study of the possibilities of aircraft takeoff from various sections of the
airfield, including those with limited dimensions, taking into account the influence
of operational and external factors is necessary to ensure the minimum takeoff time
of aircraft, as well as to develop methodological recommendations on the
possibilities, options and methods of its implementation in extreme conditions.

The main operational and external factors affecting the takeoff characteristics of
aircraft are: barometric altitude of the runway, takeoff weight and aircraft center of
gravity, dimensions, angle of inclination, condition of the runway surface,
approaches and meteorological conditions in the airfield area.

The main parameter influencing the decision-making process and methods of
performing an emergency takeoff by aircraft crews is the takeoff run length. To
analyze the possibility of a shortened takeoff, the dynamic equation of aircraft
motion during takeoff and the integral equation of the takeoff run length were used.
The takeoff run length primarily depends on the liftoff speed, the value of which is
determined by the lifting properties of the aircraft. The lifting properties of the
aircraft during takeoff and landing are increased by using takeoff and landing
mechanization. At the same time, the release of the wing mechanization leads to an
increase in drag, which reduces the acceleration of the aircraft and increases the
takeoff run length. In order to reduce this negative effect of the wing mechanization,
the paper studies the effect of delaying the release of the wing mechanization in
order to increase acceleration during the takeoff run, which in turn will lead to a
decrease in the takeoff run length. The issues of the occurrence of dynamic forces
and moments are also studied.

METHODOLOGY FOR IDENTIFYING MATHEMATICAL MODELS FOR
DETERMINING THE FLIGHT AND TECHNICAL CHARACTERISTICS OF
UAVS BASED ON DATA FROM ONBOARD SENSORS

S. Kalkamanov, Doctor of Technical Sciences, Professor
Ilvan Kozhedub Kharkiv National Air Force University

Determining the flight performance of UAVs based on onboard sensor
measurements enables the rapid solution of problems related to developing new
UAVs and improving existing ones. The report presents a methodology for
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identifying mathematical models for determining the flight performance of small
UAVs based on flight test results. To calculate the main flight performance, the
aerodynamic characteristics of the UAV (wing) and the characteristics of the power
plant (thrust, efficiency, power) are required. Engine power, thrust, and propeller
efficiency in on-site operation are calculated using mathematical methods and
adjusted based on bench test data for the propeller-motor group. Determining the
propeller efficiency in real UAV flight mode based on onboard sensor measurements
presents a certain difficulty. Determining the angle of attack and true airspeed also
presents some difficulty. The paper considers the method of identifying
mathematical models for calculating the aerodynamic and flight performance
characteristics of UAVs based on the canonical expansion method and using the air
flow velocity measurements in the jet from the propeller using an additional velocity
sensor (Pitot tube). Using the canonical expansion method, dependencies are
obtained that allow calculating the values of aerodynamic angles based on the
overload measurements. The obtained values of aerodynamic angles allow
determining the polar of the UAV wing. Measuring the air flow velocity in the jet
from the propeller allows specifying the propeller efficiency values in various flight
modes. The final identification of mathematical models for calculating the UAV
characteristics is carried out by the least squares method using the integral data of
the flight experiment.

TARGETING WITH LARGE-SCALE MAPS USING RADAR SIGHTING
ON A RADAR LANDMARK

O. Sheyhas, Candidate of Technical Sciences, Associate Professor;
H. Dubovyk, Candidate of Technical Sciences; O. Stepanko; O. Torchylov
Ilvan Kozhedub Kharkiv National Air Force University

Practical experience shows that the accuracy of air delivery is highly dependent
on the precision of target parameter determination, the method of aiming, and the
crew's proficiency.

Assessing the situation in the drop zone enables the selection of an appropriate
and justified aiming method, which will influence the accuracy and effectiveness of
the mission. There may be no distinct visual reference points along the
predetermined flight path in the drop zone. Moreover, in a combat zone, it is not
always feasible to mark the aiming point with a radar beacon. These factors make it
impossible to use the previously discussed aiming methods, leaving large-scale map
aiming with radar sighting on a radar landmark as the only viable autonomous
option.

Large-scale map aiming with radar sighting on a radar landmark integrates two
previously known aiming methods into a combined approach. This document
outlines the navigator's procedures when utilizing this method.

This technique is independent of the time of day and weather conditions,
eliminating the need for airborne support personnel to mark the aiming point. In
modern combat scenarios, this autonomy allows the crew to conduct almost covert
airdrops.

Such an aiming method has never been considered in the classical sources on
parachute landing theory.
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MIRAGE-2000 AND F-16: PROSPECTS AND CHALLENGES
OF ADAPTING THE FLIGHT TRAINING SYSTEM

1. Cherepenko?; I Oliinyk?;
D. Sinenko?, Candidate of Pedagogic Sciences, Associate Professor
tAir Command "Skhid";
2lvan Kozhedub Kharkiv National Air Force University

The retraining of Ukrainian pilots on Western aircraft models, in addition to the
language barrier, highlighted a number of factors that need to be considered even at
the stage of cadet pilots acquiring higher military education.

Technical and technological factors are associated with significant differences in
aviation and radio-electronic equipment, and especially — weapons systems of
aviation equipment models, which are gradually replacing Soviet-made aircraft.
Organizational factors are due to differences in theoretical and practical (flight)
training systems. In general, national training systems for future pilots have their
own peculiarities, which depend on the general training concept in a particular
country.

The advantages of the US Air Force cadet flight training system include a three-
stage training system with a large number of flight hours and the use of modern
aviation simulators, a high level of funding and access to the latest technologies. In
the French and Israeli Air Forces, academic education and practical training are
harmoniously combined. Particular attention is paid to tactical training and
individual skills of cadets.

Ways to improve training on modern training equipment are proposed for
discussion, including the need to develop a pilot's ability for creative tactical
thinking. Emphasis is placed on the fact that the professional training of cadets is a
very complex and lengthy process that requires starting from the first years of study.

THE USE OF MODERN TRAINING TOOLS TO ENHANCE THE
EFFECTIVENESS OF STUDYING AIRCRAFT FLIGHT DYNAMICS

V. Kozak; S. Kalkamanov, Doctor of Technical Sciences, Professor;
. Oliinyk; Yu. Chaun
Ilvan Kozhedub Kharkiv National Air Force University

In the system of professional training for future officers, there is an urgent need
to address at least two issues: improving the quality of military education in the
study of military-specific disciplines and implementing updated educational
programs and methods aimed at forming a new leadership style and readiness for
professional activities, taking into account the needs of NATO integration and our
own combat experience.

This report considers the relevance of using flight simulators to improve cadets'
understanding of the laws of aircraft motion under various conditions and to provide
them with modern tools (methods) for solving flight dynamics problems in their
future professional activities.

The results of testing the use of flight simulators in the study of theoretical
issues of aircraft flight dynamics are presented. The advantages of simulators in
terms of perceiving aircraft motion dynamics, forming and developing a verbal-
analytical image of flight, and increasing the intellectual activity of students, as well
as mastering elements of NATO standards, are described.
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It is emphasized that, in general, the introduction of the method of using modern
flight simulators during classes on aircraft flight dynamics contributes to a deeper
understanding of the material, develops cadets' creative thinking, stimulates and
increases their interest in knowledge of aerodynamics and aircraft flight dynamics.

IMPROVING THE EFFECTIVENESS OF COMBAT MISSIONS
PERFORMANCE BY TACTICAL AVIATION AIRCRAFT THROUGH
THE USE OF TEMPORARY TAKEOFF AND LANDING SITES

A. Sushko; O. Leontiev, Doctor of Technical Sciences, Professor;
0. Vovk, Candidate of Military Sciences, Associate Professor; O. Kucheriaviy
Ilvan Kozhedub Kharkiv National Air Force University

The experience of countering russian aggression has demonstrated that almost
the entire territory of our country is vulnerable to enemy missile strikes, particularly
in the operational-tactical depth of the front. Based on this and considering the
enemy’s extensive intelligence capabilities, there is a need for rapid relocation of
airfields.

One of the ways to enhance the effectiveness of combat missions for tactical
aviation is the use of temporary landing sites (sections of highways) for preparing
aircraft for repeated combat sorties.

Ensuring aviation operations from highway sections requires not only a high
level of pilot training but also the full range of aircraft preparation measures,
including refueling, maintenance, and arming with combat payloads. This, in turn,
creates significant challenges for support units. Therefore, the concept of using
highways for aviation operations has substantial limitations related to the
capabilities of the mobile logistics and command systems.

To ensure the mobility of logistics and the set of measures for preparing a
tactical aviation aircraft for repeated combat sorties from temporary airstrips, it is
proposed to use operational-tactical transport aircraft with short takeoff and landing
capabilities.

RESEARCH ON THE TACTICAL AND TECHNICAL CHARACTERISTICS
OF MULTI-PURPOSE AIRCRAFT THROUGH THEIR COMPARISON
WITH OPERATIONAL-TACTICAL REQUIREMENTS

S. Yarosh, Doctor of Military Sciences, Professor; P. Hrytsenko; I. Trach
Ivan Kozhedub Kharkiv National Air Force University

This research presents a comparative assessment of the compliance of the
tactical and technical characteristics of multirole fighter aircraft (MRFA) available
on the modern arms market with the operational and tactical requirements (OTR) for
them. Among the most common types of MRFA capable of performing a wide range
of missions, the study examines the JAS 39 A/B, Mirage 2000-5, Typhoon Tranche
2, and F-16 A/B Block 15.

Considering the complexity and multi-factor nature of the process of selecting
optimal aircraft models for the Armed Forces of Ukraine, the research focuses on
developing a methodology for comparative evaluation of information models of
multirole fighters based on determining the degree of approximation of their tactical
and technical characteristics to the criterion values.
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The advantages of this methodology include the ability to quickly select the best
MRFA in terms of characteristics from any analyzed set of aircraft, a clear physical
meaning of the MRFA efficiency indicator, informativeness (the possibility of
numerical representation), and sensitivity to changes in the initial values of the key
characteristic used for MRFA evaluation. Additionally, it eliminates the need to
involve a large number of aviation experts in the evaluation process, as a
preliminary assessment of the importance of MRFA characteristics for each type has
already been conducted, and a representative set of characteristics has been
identified.

Based on the conducted analysis and modeling, information models of aircraft
that best meet modern OTR for MRFA have been determined. This enhances the
justification for aircraft selection, potentially contributing to increased combat
capability and efficiency of the aviation component of the Air Force of the Armed
Forces of Ukraine.

ESTIMATION OF THE COMPOSITION AND CAPABILITIES
OF THE ENEMY'S UAVS

O. Shulha; O. Sitkov; B. Teliltnyk; I. Mazhara, Ph.D.
Ilvan Kozhedub Kharkiv National Air Force University

The analysis of the quantitative and qualitative composition of enemy UAVs
shows that the most numerous group is made up of micro-UAVs and mini-UAVs.
The analysis of information from open sources of the russian-Ukrainian war allows
us to conclude that the most dangerous for the Ukrainian Defense Forces is the
Lancet munition UAV in a group flight together with the Orlan-10 reconnaissance
UAV.

Progress in the development of combat unmanned aircraft systems is driven by
human, economic, scientific and technological factors. Unmanned aerial vehicles are
relatively cheap, have a modular design, small size, small effective scattering
surface, and less vulnerability to air defense fire compared to manned combat
aircraft. This makes them an effective tool in today's armed conflicts.

The analysis of the use of UAVs during hostilities shows the important role of
unmanned aircraft in armed confrontation. With the increasing intensity of hostilities
and the long length of the frontline, the number of recorded enemy UAYV flights is
growing significantly with each month of the war.

However, the problem of effective destruction of small mobile targets and
enemy equipment located at a considerable distance from the front line remains
unresolved. The problem of having a large number of unmanned aerial vehicles to
engage moving and stationary enemy targets in the Air Force of Ukraine needs to be
solved.

FEATURES OF COORDINATION OF STATE AND CIVIL AVIATION
IN THE USE OF AIRSPACE

A. Dubnyuk, Candidate of Technical Sciences, Associate Professor;
O. Solomakha; O. Shulha; B. Teliatnyk
Ilvan Kozhedub Kharkiv National Air Force University

The regular, effective, and safe utilization of airspace necessitates collaboration
among users, particularly in the coordination between state and civil aviation. In
contemporary circumstances, the traditional concept of permanent airspace
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allocation has become obsolete. As stipulated by the European Organization for the
Safety of Air Navigation (Eurocontrol), of which Ukraine became a member on May
1, 2004, the notion of "flexible use of airspace” has been adopted. This airspace
allocation process is governed by the Air Code of Ukraine, based on submitted
applications and established priorities.

A distinctive aspect of the coordination between state and civil aviation involves
the establishment of a unified civil-military air traffic management system in
Ukraine, as set forth by the Resolution of the Cabinet of Ministers of Ukraine dated
July 19, 1999, No. 1281. The implementation of this unified system markedly
enhances the cooperation among airspace users regarding:

— Increasing the efficiency of the national integrated air traffic management
system;

— Advancing the technical modernization of the air navigation system;

— Influencing strategic decisions related to the future development of airspace
utilization;

— Participating in pan-European air traffic management initiatives;

— Enhancing the appeal of Ukrainian airspace;

— Ensuring the consistent application of regulatory flight safety requirements;

— Providing timely information and access to the latest satellite air navigation
technologies.

ENHANCING THE COMBAT EFFICIENCY OF UAVS THROUGH
AERONAUTICAL NAVIGATION AND AVIATION COMBAT
MANAGEMENT

O. Torchylov; O. Sheyhas, Candidate of Technical Sciences, Associate Professor;
O. Stepanko; E. Eliseev
Ilvan Kozhedub Kharkiv National Air Force University

Integration of Modern Navigation Technologies: Utilize global satellite
navigation systems (GPS, Galileo) and inertial navigation systems to ensure precise
positioning of UAVs in combat conditions.

Development of Autonomous Combat Management Systems: Apply artificial
intelligence and machine learning to create autonomous systems capable of making
decisions and performing combat tasks with minimal human intervention.

Ensuring Flight Safety: Implement collision detection and avoidance systems
using radar, LIDAR, and optical sensors to improve situational awareness and
ensure the safety of UAV flights.

Automation of Airspace Management: Develop automated systems for the
efficient management of UAV and other aircraft movements in the airspace,
ensuring coordination and conflict avoidance.

Integrated Combat Management Systems: Create integrated systems that
combine data from various sources and ensure prompt decision-making during
combat operations, utilizing modern communication and data processing
technologies.

Energy Efficiency of UAVs: Employ new materials and technologies to reduce
energy consumption and increase the autonomy of UAV flights, allowing for longer
and more complex missions.
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Legal Regulation and Standardization: Develop regulatory frameworks and
standards for integrating UAVs into airspace, ensuring their safe and efficient use in
combat conditions.

PECULIARITIES OF COMBAT USE OF FIGHTER AIRCRAFT IN THE
FIGHT AGAINST AIRCRAFT BOMBS EQUIPPED WITH A UNIVERSAL
PLANNING AND CORRECTION MODULE

R. Nevzorov, Candidate of Pedagogical Sciences, Associate Professor; V. Ishchuk
Ilvan Kozhedub Kharkiv National Air Force University

The analysis of the enemy's combat use of bombs with a universal planning and
correction module (UPCM) showed that they, as objects of action of fighter aircraft,
have the following features: small geometric dimensions; small reflective surface;
long range; the ability to simultaneously drop a large number of bombs from
different carriers; short time in the air; the need for a stable horizontal flight of the
carrier to prepare the UPCM for use; subsonic flight speed; lack of defensive
weapons and jamming equipment; use against predefined targets; low
maneuverability; lack of means of detecting the attacking fighter; low survivability
under the influence of destruction means. In connection with the above features, the
possibility of using fighter aircraft weapons against them is limited for the following
reasons: the need for a long stay of the fighter above the area of the line (strip) of
combat engagement, i.e. in the areas of destruction of enemy ground-based air
defense systems (S-400, S-300) and carrier cover fighters; low capabilities of the
onboard radar station to detect the bomb and its short time in the air relative to the
time required for the pilot to aim and launch guided missiles with a radar homing
head. Thus, it is advisable to combat bombs equipped with UPCMs by destroying
carrier aircraft before they drop bombs. For effective countermeasures, it is
necessary to predict the bomb-threatened areas.

MILITARY CONFLICTS MODERN MILITARY CONFLICTS

O. Stepanko; O. Sheyhas, Candidate of Technical Sciences, Associate Professor;
E. Eliseev; O. Torchilov
Ilvan Kozhedub Kharkiv National Air Force University

The potentially high accuracy of the use of aviation ballistic munitions provides
the ability to defeat a large group of important enemy objects and targets, control
points, communication centers, mobile missile systems, radar stations, enemy anti-
aircraft missile systems, ammunition and fuel and lubricant depots, as well as lightly
armored military equipment, aircraft on the ground and in the air with non-nuclear
weapons.

In modern military conflicts, airborne barrage munitions will conduct individual
and group strikes on targets with known coordinates, acting on command from
ground (air, ship) control points, or conduct independent “hunting” in certain areas.
Weapon systems such as airborne barrage munitions can perform the following
tasks:

—air support of troops (forces) performing combat missions to destroy
ground (surface), mainly small and mobile targets at tactical and near operational
depths;
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— fire damage to the enemy by troops (forces) of the joint aviation groups and air
defense, damage to enemy aviation and anti-aircraft facilities, communications and
equipment, and conducting naval and air attacks mainly in operational depth.

When striking ground (surface) objects and targets using onboard expert
systems, such munitions should have the following modes of operation:

—construction and maintenance of airborne barrage munitions combat
formations;

— overcoming enemy air defense;

— targeted attacks and group action mode.

INTEGRATING THE ADVANTAGES OF THE "SWISS CHEESE" MODEL
AND THE "DOMINO" THEORY INTO THE SHELL MODEL

S. Fedyuk; O. Kolodiazhnyi, Candidate of Technical Sciences, Assosiate Professor;
O. Torchylov; V. Kashko
Ivan Kozhedub Kharkiv National Air Force University

Modeling "human-machine—environment" systems is complex due to the
necessity of identifying and accounting for all factors influencing the efficiency and
safety of airspace utilization. Therefore, one of the approaches to enhancing the
effectiveness of the aeronautical navigation system and its operation is the search for
ways to integrate various models that consider the impact of human factors on their
functioning.

The SHELL model, described in detail in the ICAO Digest, is utilized in all
ICAO circulars on human factors. This model enables the identification of key
elements of human factors and their interrelationships.

James Reason’s "Swiss Cheese" model develops the theory that hazardous
incidents and events are not the result of a single or a few independent occurrences
but rather the consequence of multiple interrelated factors that collectively lead to a
system-wide failure.

G. Heinrich proposed the "Domino" theory, where the term "domino™ serves as a
reminder that human errors almost always form a sequence in which the first
mistake inevitably triggers the second, the second leads to the third, and so on.

In considering the impact of human factors on the operation of the aeronautical
navigation system and aviation personnel training, the SHELL model serves as a
fundamental framework. However, it has certain limitations that can be partially
mitigated by integrating the advantages of other models, such as the "Swiss Cheese"
model and the "Domino" theory, leveraging their positive attributes to enhance the
overall approach.

CONTROL ARCHITECTURE FOR UAVs SWARM IN ADVERSARIAL
ENVIRONMENTS UTILIZING BEHAVIOR TREES

O. Kompaniiets, Candidate of Technical Sciences
Ivan Kozhedub Kharkiv National Air Force University

Recent research underscores the growing focus on the development of
unmanned aerial vehicles (UAVs) within military operations, particularly
highlighted by their extensive use in the Ukrainian Defense Forces. This has
prompted the evolution of swarm systems designed for autonomous functionality in
unpredictable combat scenarios. In this context, Finite State Machines (FSMs) and
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Behavior Trees (BTs) are prevalent for modeling the behavior of autonomous
agents. The inherent hierarchical structure of BTs facilitates the delegation of
specific tasks across nodes, effectively orchestrating the overall behavior of the
system. BTs provide a robust framework for enabling autonomous decision-making,
which is crucial for enhancing swarm coordination and operational strategy. The
integration of BTs with artificial intelligence in simulating autonomous swarm-agent
behavior within hostile environments is increasingly recognized as a vital
consideration in contemporary software engineering practices.

Future UAVs swarm operation models must effectively address the intricacies of
dynamic battlefield environments and be underpinned by robust control
architectures. A comparative qualitative analysis of BTs and FSM was conducted,
revealing that BTs excel in orchestrating UAVs swarm in antagonistic environment
contexts. In addition, the relationship of complexity, scalability, and modularity with
respect to the number of behavioral models in these architectures is quantified. The
results demonstrate that BTs maintain lower system complexity with an increase in
states, showcase superior modularity attributed to their hierarchical framework and
reduced interdependencies among modules. This study underscores BTs-based
architectures as a compelling choice for UAVs swarm control in antagonistic
environment.

THE USE OF BARRAGE MUNITIONS IN MODERN
INVESTIGATION OF THE METHODOLOGY OF OPERATION
OF PILOTS IN PREPARATION FOR FLIGHTS AT SMALL
AND EXTREMELY SMALL HEIGHTS

0. Kolodiazhnyi, Candidate of Technical Sciences, Assosiate Professor;
S. Fedyuk; O. Torchylov
Ilvan Kozhedub Kharkiv National Air Force University

Flying at low and extremely low altitudes is one of the most effective tactical
techniques for achieving stealth, overcoming enemy air defenses, ensuring surprise
and increasing the effectiveness of means of defeating ground targets. Flying at low
and especially at extremely low altitudes is the most complex type of combat
training and requires from the pilot, in addition to high flight training, great
psychophysiological stress.

Flight control at low and extremely low altitudes is characterized by the
following features:

— increased neuropsychic stress and fatigue of the pilot, caused by the proximity
of the ground,;

—the problem of maintaining visual orientation due to limited overview of the
terrain;

—high angular velocities of movement of landmarks, short time of their
observation for recognition;

— limited possibilities of using a map in flight;

— reduced range of radio-technical flight control means;

— increased fuel consumption.

The listed features require the pilot to pay increased attention both when
preparing for the flight task and during the flight, especially with regard to
maintaining altitude and specified navigation elements. Special attention when
preparing for a flight in these conditions must be paid to studying the terrain.
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VIEWS ON THE PRINCIPLES OF FORMING METHODS OF GROUP
APPLICATION OF UNMANNED AVIATION OF THE AIR FORCES
OF THE ARMED FORCES OF UKRAINE

V. Petrov, Candidate of Military Sciences; O. Oleksenko, Ph.D.;

V. Tretyak, Candidate of Technical Sciences, Senior Researcher;

I. Kostenko, Candidate of Military Sciences, Senior Researcher
Ilvan Kozhedub Kharkiv National Air Force University

A promising way to accomplish the tasks of unmanned aerial systems (UAS) of
the Air Force of Ukraine is the group use of unmanned aerial vehicles (UAVS).

It is noted that in the case of group use of the ASUW, special attention should be
paid to the order of use of forces and means, i.e., the choice of the method of combat
operations and the development of tactical techniques for performing combat and
special tasks. The combination of the chosen method of combat operations and
tactical techniques of the group of UAVs in the performance of tasks will be the
method of use of UAVs.

When forming the methods of group use of UAVS, it is proposed to take into
account the combat specialization of UAVSs in the group, the principle of building a
combat order and the combat composition of the group. According to combat
specialization, groups can be targeted and multipurpose. According to the principle
of building a combat order, UAV groups can be ordered, where the combat order is
determined by the functional purpose of each element of the group, and unordered,
where the combat order is determined by the sequence of UAV launch. According to
the combat composition, UAV groups can be homogeneous (of the same type),
heterogeneous and mixed.

The proposed approach to the formation of methods of group use of UAVs can
significantly increase the effectiveness of combat operations of the Armed Forces of
Ukraine, requires further research into the tactics of UAV groups and amendments
to doctrinal and guiding documents on their use.

TRANSFORMATION OF AVIATION APPLICATION METHODS
IN THE CONTEXT OF CHANGES IN ITS QUANTITATIVE
AND QUALITATIVE COMPOSITION

V. Afanasiev, Candidate of Technical Sciences, Associate Professor;
A. Yerilkin, Candidate of Military Sciences, Senior Researcher;
S. Puzhai-Chereda; O. Korobetskyi
Ilvan Kozhedub Kharkiv National Air Force University

The experience of countering the military aggression of the Russian Federation
has confirmed the possibility of confronting the enemy and disrupting its plans in the
face of a significant military and economic imbalance.

Coordinated transformation of aviation in these conditions is possible through
continued rearmament with foreign-made aircraft from NATO member countries,
such as the F-16, Mirage 2000, as well as unmanned aerial systems. The use of
modern technological solutions in the development of aviation and its application is
the basis for the development of the military potential of the aviation of the Air
Force of Ukraine.

The justification of the directions of transformation of aviation employment is
based on the results of the study of the model for assessing the effectiveness of the
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aviation component in the operations of the Ukrainian defence forces. This approach
makes it possible to assess its capabilities for the existing composition of the forces
by aviation branches and to justify the required composition of the aviation
component.

The proposed model allows to take into account the variable nature of indicators
for variants of the number of aircraft sorties per day, the state of serviceability of
aircraft, etc.

The practical implementation of the results is being considered within the
framework of amendments to the doctrinal documents on the use of manned and
unmanned aircraft of the Air Force of Ukraine.

WAYS TO REDUCE LOSSES OF ARMY HELICOPTERS DURING
COMBAT OPERATIONS

O. Miroshnichenko; O. Sitkov; I. Mazhara, Ph.D.
Ilvan Kozhedub Kharkiv National Air Force University

Analysis of the statistical data of the Russian-Ukrainian war suggests that army
aviation helicopters suffered the greatest losses during firing missions during the day
in simple meteorological conditions from being hit by anti-aircraft surface-to-air
missiles during the flight to the area of the combat mission and operations in the
target area.

Given this analysis, it can be said that in order to successfully perform combat
missions with minimal losses, helicopter unit commanders need to deepen their
knowledge of the tactics of Army units in modern combat, clearly understand the
role and place of army aviation at various stages of combat and in the performance
of various tactical tasks by the Army. In addition, for the successful use of army
aviation in combat, it is necessary to be able to coordinate, timely clarify and
interact with units and subunits of other branches of the army (types, agencies).

Possible ways to reduce the level of losses of army aviation helicopters during
combat operations in modern conditions may include the following steps

organizing the supply of modern foreign-made combat (transport and combat)
helicopters;

ensuring the possibility of using high-precision guided missile weapons day and
night in simple and difficult weather conditions, with a launch range of 10-12 km on
a "fire and forget" basis;

equipping with high-resolution optical and infrared targeting and search
systems (from 100x magnification);

Thus, the identified ways should ensure the successful completion of combat
missions with minimal losses of army aviation helicopters during combat operations.

TACTICAL ROUTE PLANNING FOR EFFECTIVE
COMBAT OPERATIONS

O. Sitkov; S. Tokarev; M. Maksymov; I. Mazhara, Ph.D.
Ilvan Kozhedub Kharkiv National Air Force University

Based on the analysis of open data of combat operations of russian invasion ,
certain conclusions can be drawn regarding the improvement of the effectiveness of
route planning during combat missions by helicopters of army aviation:
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— equipping helicopters with multifunctional devices for displaying information
with the ability to receive and transmit it in an encrypted state in a single automated
system;

—equipping helicopters with modern radio stations capable of providing an
extended range of two-way secure radio communication between helicopters in the
air and ground control points (command posts of individual army aviation brigades,
combat control groups, forward air gunners, etc.) with the ability to transmit tactical
information and targeting instructions on board the helicopter;

—equipping the command posts of military units of the army aviation with
UAVs-reconnaissance, target designators and repeaters to organize continuous
communication and transmit the tactical situation during helicopter flights at
extremely low altitudes in the command post — helicopter crew — combat control
group — forward air gunner link;

—the ability to launch guided and corrected missiles without direct enemy
visibility and further tracking and guidance of guided missiles by an advanced
aviation gunner or UAV;

—equipping forward air gunners with infrared target marking devices and
infrared beacons to guide helicopter crews at night.

Thus, the selected routes should guarantee the effective performance of combat
missions with the least losses of army aviation helicopters in combat operations.

CURRENT PROBLEMS OF TRAINING COMBAT COMMAND OFFICERS
USING SIMULATION SYSTEMS

I Mazhara, Ph.D.; A. Dubnyk, Candidate of Technical Sciences, Associate Professor,
B. Teliatnyk; O. Shulha
Ilvan Kozhedub Kharkiv National Air Force University

In the context of combat operations, the intensity of training flights is
significantly reduced, which creates the problem of loss of practical skills of combat
control officers in managing crews and the need to constantly maintain the level of
practical skills.

The most effective means of professional training for combat control officers are
simulators that provide artificial reproduction of the conditions and factors that
occur in the process of controlling real aircraft.

Maintaining professional qualities and restoring them through training is one of
the main types of training for combat control officers, which allows them to
consolidate and deepen their knowledge, acquire skills and abilities in managing
crews in any navigational and tactical situation.

The report identifies that a possible way to maintain the appropriate level of
professional training of combat management officers is to improve and introduce
simulation complexes into the educational process and the process of professional
training, and to improve the methodological support for conducting classes using
these complexes, improving the mathematical and software of simulators. The use of
simulators and simulation complexes (systems) allows combat command officers to
create an environment for managing an object that is as close to the real one as
possible, provided that measures are taken to implement such systems in practice.

Further research should be aimed at substantiating and creating a unified
methodology for the construction of training complexes based on the use of new
information technologies and technical solutions.
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THE ROLE OF AVIONICS IN NETWORK-CENTRIC WARFARE

D. Pshenychnykov, Candidate of Technical Sciences, Associate Professor; A. Pedko
Ilvan Kozhedub Kharkiv National Air Force University

Network-Centric Warfare (NCW) represents a fundamental shift in modern
military operations, emphasizing the integration of advanced communication,
surveillance, and data-sharing technologies. Avionics, the electronic systems used in
aircraft, play a crucial role in enabling NCW by enhancing situational awareness,
communication, and operational effectiveness.

NCW is built on the principles of connectivity, shared situational awareness, and
enhanced decision-making. It relies on advanced communication systems, integrated
sensor networks, distributed computing and autonomous and semi-autonomous
systems.

Key avionics technologies in NCW: secure and high-speed data links (Tactical
Data Links, including Link 16 and Joint Tactical Information Distribution System);
advanced radar and sensor systems; electronic warfare and cyber capabilities;
artificial intelligence (Al).

Impact of avionics on NCW.

Enhanced situational awareness — avionics systems provide real-time data,
enabling commanders to make informed decisions.

Improved interoperability — standardized communication protocols facilitate
seamless coordination among different military branches and allied forces.

Increased survivability — electronic warfare and stealth avionics improve aircraft
survivability in contested environments.

Force multiplication — UAVs and Al-driven systems expand operational
capabilities without increasing personnel requirements.

Avionics serve as the backbone of NCW by integrating advanced
communication, sensor, and electronic warfare technologies. As warfare continues
to evolve, avionics systems will become even more sophisticated, leveraging Al,
cyber capabilities, and autonomous operations to maintain a strategic advantage.

STUDY OF THE GENERAL REQUIREMENTS FOR FLIGHT EQUIPMENT
OF THE FLIGHT PERSONNEL OF THE ARMED FORCES OF UKRAINE
WITH REGARD TO COMBAT EXPERIENCE

R. Viedienieva; O. Lihoy;
M. Kolmykov, Candidate of Technical Sciences, Senior Researcher
Ilvan Kozhedub Kharkiv National Air Force University

Modern conditions of warfare, technological progress and growing requirements
for flight safety necessitate continuous improvement of flight crew equipment. The
success of combat missions by aviation largely depends on the efficiency and
comfort of the pilot. An important element of equipment to ensure these conditions
is a flight suit (LS). With the modernization of the aircraft fleet of the Armed Forces
of Ukraine and the complication of combat missions, the issue of improving the LC
is of particular relevance. Today's AFU pilots' suits have a number of drawbacks,
such as limited functionality, insufficient comfort, and outdated materials.

The research conducted, based on a thorough study of current trends, analysis of
the combat experience of the Russian-Ukrainian war and armed conflicts in other
countries, and the development of our own innovative solutions will provide
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aviation personnel of the Armed Forces of Ukraine with modern, safe and effective
equipment.

Taking into account the realities of combat, the improvement of flight overalls is
a necessary step to increase the effectiveness of combat operations.

COMPARATIVE EVALUATION OF METHODS FOR CREATING
PROPULSIVE FORCE ON FOUR-ROTOR BEARING SYSTEMS

V. Berdochnyk, Candidate of Technical Sciences, Associate Professor;
D. Berdochnyk, Ph.D.
Ilvan Kozhedub Kharkiv National Air Force University

Existing aircraft with a four-rotor bearing system, called quadrocopters, are
widely used in many areas of human activity, primarily as light and ultralight
unmanned systems.

To provide horizontal flight of a quadcopter, its tilt is used in the direction of the
required direction of movement, i.e., the appropriate pitch angle is created. The
transition from hovering to horizontal flight occurs by increasing the thrust of the
rear pair propellers by increasing their rotational speed. To compensate for the
decrease in the quadrotor lift component due to the tilt of the total propeller thrust
vector, the rotational speed of all the system's propellers is increased.

In horizontal flight, there is a significant mutual influence of the front propellers
pair vortex wake on the aerodynamic characteristics of the rear pair, which is
manifested in a decrease in the value of their thrust. The level of aerodynamic
interference between the front and rear pairs of propellers is determined by their
relative geometric arrangement.

In addition to the method of creating a propulsive force by giving the quadcopter
an appropriate pitch angle, it is possible to use the tilt of the rotation planes of all
four propellers, which will determine a slightly different spatial arrangement of the
propellers and their vortex wakes.

The paper presents the results of numerical modeling of the flow regimes of the
four-propeller bearing systems with different ways of realizing the propulsive force:
changing the pitch angle and tilting the propeller planes.

DETERMINATION OF THE DIFFERENCE IN THE POWER INPUT
TO THE FRONT AND REAR PAIRS OF ROTORS OF A FOUR-ROTOR
BEARING SYSTEM IN HORIZONTAL FLIGHT

V. Berdochnyk, Candidate of Technical Sciences, Associate Professor;
A. Berdochnyk
Ilvan Kozhedub Kharkiv National Air Force University

In the horizontal flight of an aircraft equipped with a four-rotor bearing system,
a significant influence of the front rotors pair’s vortex wake on the flow conditions
of the blades cross-sections of the rear pair rotors observed. The presence of an axial
component of the inductive velocity caused by the operation of the front pair of
rotors in the area of flow around the blade cross-sections of the rear pair of rotors
causes a decrease in their thrust. As a result, the four-propeller system is subject to a
positive pitching moment.

To ensure the longitudinal balancing of the quadrotor, it is necessary to: create a
propulsive force that will balance the drag of the aircraft; increase the thrust of all
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the propellers to ensure that the lift is equal to the weight of the quadrotor;
compensate for the pitching moment from the difference in thrust of the front and
rear pairs of propellers. The latter is accomplished on existing quadrocopters by
increasing the rotational speed of the rear pair of propellers.

If we consider a possible design of a perspective full-size four-rotor aircraft, it
should be equipped with variable-pitch propellers and a system for stabilizing the
propeller rotation speed. In this case, any necessary change in the thrust of an
individual propeller will be achieved by changing the angle of the blades.

The report presents the results of numerical modeling of the flow regimes of the
four-rotor bearing systems in a horizontal flight balanced by forces and moments.
The difference in the powers supplied to the front and rear pairs of propellers are
estimated.

A PROMISING INTEGRATED COMBAT LOGISTICS SYSTEM
FOR ARMY AVIATION

A. Krasnorutskyi, Ph.D.; V. Grytsyshyn, Ph.D.; S. Nemynushchyy; O. Timoshenko
Ivan Kozhedub Kharkiv National Air Force University

Maintenance and repair of aviation equipment is organized and carried out by
the forces and means of logistics support of army aviation, enterprises, institutions
and organizations regardless of ownership. Therefore, we propose an alternative
model of an integrated combat logistics system for the Army aviation based on the
ILIAS platform. The goal is to provide the necessary materials in a timely manner
and minimize the cost of their procurement. Case study logistics solutions for
mission support and real-time asset visibility are proposed. The combat logistics
system for aviation of the Armed Forces on the ILIAS platform enables aviation
personnel to focus their time on solving basic combat tasks; generates technological
processes based on technical documentation and, therefore, ensures their
implementation in accordance with regulatory procedures; reserves tasks,
determining the combat rhythm for the allocation of resources — personnel,
materials, tools and infrastructure. It simplifies a dialogue on productivity between
industry, contractors and end users. Situational awareness is provided to minimize
downtime. Offline capability enables management of critical resources without
connectivity, synchronizing data when the connection is restored.

It provides an alternative model to ensure the integration of logistics support for
ground forces aviation into the NATO logistics structure. The ILIAS platform
combines theoretical and practical aspects of logistics support and fully meets the
requirements of STANAG 2406.

UNMANNED AIRCRAFT WITH FIBER-OPTIC CONTROL CHANNEL

S. Smyk, Candidate of Technical Sciences; O. Sapelnykov;
V. Petrov, Candidate of Military Sciences; O. Gurin
Ilvan Kozhedub Kharkiv National Air Force University

In the context of the widespread use of electronic warfare, solutions are
emerging that allow eliminating the impact of these means. One such solution is a
fiber-optic control channel. These control channels have been used for a long time in
anti-tank missile systems and have received a new impetus for development when
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used in unmanned aerial vehicles. The main advantages of unmanned aerial vehicles
with a fiber-optic control channel are the elimination of the impact of electronic
warfare and the absence of radio signal radiation. Accordingly, such means cannot
be suppressed by electronic warfare means and direction finding. At the same time,
unmanned aerial vehicles with a fiber-optic control channel have a number of
disadvantages, including: limited range, determined by the length of the fiber-optic
cable, reduced mass of the combat load and increased visibility in the optical range,
caused by the need to use a rather voluminous reel with a fiber-optic cable, limited
maneuverability characteristics associated with the peculiarities of the location of
the fiber-optic cable and the need for the UAV crew to be relatively close to the line
of combat contact at the time of launch, which is caused by the limited length of the
fiber-optic cable. Accordingly, these disadvantages make it possible to organize
countermeasures against such UAVs. Thus, their detection is possible using
specialized radars at long distances and optical means at short distances. An increase
in the mass of the combat load is possible only by increasing the dimensions of the
UAV. Destruction of UAVs with a fiber-optic control channel is possible with
specialized UAV interceptors at long distances and fire weapons at shorter distances.
In addition, it is necessary to provide additional protection for military equipment.
Thus, UAVs with a fiber-optic control channel are a rather highly specialized
means, the use of which is advisable in conditions when the target cannot be hit by
other means and which can also be effectively destroyed by using their weaknesses.

SIMULATOR AS A TOOL FOR SAFE SIMULATION
OF COMPLEX SITUATIONS

O. Solomakha; B. Telyatnik; 1. Mazhara, Ph.D.
Ilvan Kozhedub Kharkiv National Air Force University

A simulator as a tool for the safe simulation of complex situations is one of the
key aspects in the training of air traffic controllers, as it allows them to recreate
dangerous or emergency situations without the risk of actual harm to people or the
safety of air traffic. Simulators make it possible to replicate scenarios that are
impossible or extremely difficult to reproduce in real life but could occur during the
course of work. Simulators allow for the recreation of various complex, unusual, and
emergency situations, such as: Unstable weather conditions: fog, storms, strong
winds. Technical failures: communication breakdowns, navigation equipment
malfunctions, or flight control system failures. Unusual situations with aircraft:
emergency landings, route changes, air or ground collisions.

These scenarios, despite their danger, can be safely simulated on simulators,
providing air traffic controllers the opportunity to practice handling them effectively
without putting real lives or equipment at risk. Real emergency situations are
associated with high levels of stress and psychological pressure. Simulators help
controllers learn how to stay calm and make correct decisions under pressure.
Through repeated exposure to such situations, even if they are simulated, the
simulator helps develop important qualities such as: Speed of response. Confidence
in actions. Ability to make decisions under uncertainty by simulating real, often
stressful scenarios, the controller becomes better prepared to act in emergency
situations. In real life, an error by an air traffic controller can lead to catastrophic
consequences. However, mistakes on a simulator do not result in fatal outcomes.
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CONTROLLED PARAMETERS IN THE PROCESS
OF FLIGHT MANAGEMENT

0. Solomakha; O. Shulha; B. Teliatnyk; O. Sitkov
Ilvan Kozhedub Kharkiv National Air Force University

Controlled parameters in the process of flight management include the goals and
motivations driving pilot activities. Among these motivations, the levels of
achievement and aspiration significantly influence performance. Pilots place
considerable importance on their work being evaluated by the flight management
team. A survey conducted among cadet pilots revealed that their primary motivation
is the desire to execute high-quality flights, particularly regarding maneuvers visibly
assessed by the flight management group, such as takeoff, pre-landing glide, and
landing. However, other motivations, identified as personal negative motivations,
were also noted.

Negative motivations can lead to detrimental emotions, which impair a pilot’s
precision, disrupt movement coordination, scatter attention, and increase the
likelihood of errors during critical tasks. This adverse effect is particularly
pronounced in diligent pilots, who may experience heightened tension and self-
doubt. Hence, the success of flight management depends on acknowledging the
individual psychological characteristics of pilots.

In conclusion, the psychological traits inherent in pilots as subjects of
management fundamentally shape the management activities of the flight
management team.

DEVELOPMENT AND PROSPECTS OF APPLICATION OF MODERN
NANO-UNMANNED AVIATION SYSTEMS FOR TACTICAL
INTELLIGENCE

A. Sinchuk; V. Snitsarenko; Y. Shevchenko; O. Salnyk
Ilvan Kozhedub Kharkiv National Air Force University

The current geopolitical situation in the world is becoming increasingly unstable
due to the growing tension between the countries of the world community. This is
directly reflected in the systematic increase in the number of military conflicts over
the redistribution of existing interstate borders. In the course of active hostilities, one
of the necessary components of future victory is the availability of up-to-date
tactical intelligence information.

In order to obtain it qualitatively, leading world manufacturers continue to
improve specialized nano-unmanned aircraft systems (UAS). The most famous of
which is the UAS Black Hornet 4 PRS from FLIR Defense, which is currently used
in more than 40 countries around the world and has undoubtedly proven its
effectiveness.

But the high cost (80-190 thousand dollars) and a number of restrictions on the
purchase of this UAS encourage people to turn to alternative UAS. They are
equipped with a digital video channel and a first-person video control system. This
makes it possible to successfully perform tactical reconnaissance tasks. The main
advantages of such NBAS are significantly lower cost, availability in free access, the
ability to independently create custom NBAS for specific tasks. The most modern, at
the moment, is NBAS, which includes digital video glasses DJI Goggles 3 and nano-
unmanned aerial vehicle model Nimdle HD O4 65 mm Tiny Woop.
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The prospects for the development of NBAS include the systematic
improvement of their technical characteristics and the use of artificial intelligence to
increase autonomy, the ability to act as part of a "swarm" to perform complex
mission scenarios.

INCREASING THE EFFICIENCY OF DETERMINING
METEOROLOGICAL CONDITIONS USING
UNMANNED AIRCRAFT

V. Buzenovsky; K. Buzenovska; O. Yakovlev
Ilvan Kozhedub Kharkiv National Air Force University

Unmanned aerial vehicles (UAVS), or drones, in modern conditions of war have
shown their effectiveness in many areas. UAVs are used to collect intelligence
information about the enemy, adjust missile forces and artillery, and also to strike
manpower and equipment. Thanks to the development of technologies and
improvement of UAVs, it’s possible to obtain detailed and actual information about
the weather.

During combat operations, meteorological support of troops plays a decisive role
in ensuring the success of military operations. The influence of weather conditions
and incorrect weather forecasts can lead to the failure of combat missions, and even
worse, to the loss of military equipment and personnel. Therefore, accurate and
timely weather forecasts allow for the effective planning and conduct of military
operations.

Yes, the weather can change very quickly, and this can have a significant
impact, so it’s important to have actual information about the current weather
conditions in the area of combat operations. Atmospheric parameters such as
visibility, cloudiness, wind, temperature, humidity, and other can significantly affect
the use of aviation, the range of missiles, the accuracy of firing, complicate the
movement of military equipment and personnel, make visual reconnaissance
impossible. Extreme weather conditions can also negatively affect soldiers' morale,
cause fatigue, and reduce combat effectiveness.

NUMERICAL METHOD FOR DETERMINING THE AERODYNAMIC
CHARACTERISTICS OF A DAMAGED UAV

Y. Kolesnik; Y. Krepko
Ilvan Kozhedub Kharkiv National Air Force University

The large number of attack UAVs used in combat operations is due to the
simplicity and relative cheapness of their manufacture and operation. Thus,
Ukrainian production opportunities for the manufacture of such UAVs in 2023
amounted to 300 000 units, and in 2024 — about 4 million units. An analysis of the
combat survivability of attack UAVs was conducted, it was shown that determining
the characteristics of UAVs taking into account combat damage is a relevant
scientific and practical task.

The numerical method for determining the aerodynamic characteristics of UAVs
with damage is based on the modified method of discrete vortices with closed vortex
frames. Since the selected method is based on the model of an ideal inviscid fluid,
semi-empirical dependences are used to determine the drag coefficient of the UAV
at zero lift.
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To verify the developed methodology, the results of calculations were compared
with the results of an experiment in a low-speed wind tunnel T-4 (KHAI) with an
open working part at Reynolds numbers Re = 0.68 x 108, which correspond to small-
sized shock UAVs. The satisfactory coincidence of the results of our own
calculations with the experiment allows us to state the adequacy and operability of
the developed methodology. The results of studies of the moment characteristics of
an aircraft-type shock UAV with combat damage and production asymmetry are
presented. The maximum capabilities of the control elements for compensating for
the received combat damage are determined.

INTERACTION BETWEEN THE AIR FORCES OF THE ARMED FORCES
OF UKRAINE AND THE AIR DEFENSE OF THE DEFENSE FORCES
OF UKRAINE

S. Martynenko; O. Shmyhlenko; V. Ralko; O. Khudaiev
Ivan Kozhedub Kharkiv National Air Force University

The interaction of aviation with the air defense (ADF) of the defense forces of
Ukraine is organized during joint actions with the aim of successfully completing
the assigned tasks.

The interaction must be continuous and ensure coordinated actions in solving the
main task, which is the safety of the flight of its aviation over the combat formations
of the Ground Forces and the exclusion of its strikes on its troops. Which, in turn, is
achieved by mutual recognition.

Of the variety of issues of organizing the implementation of mutual recognition,
the most complex are:

— providing aircraft crews in the air with information about the position of their
troops and strike targets;

—recognizing signals prohibiting the launch of anti-aircraft missiles at their
aircraft, as well as missile launches, bombing and shooting from
aircraft (helicopters) in cases where their troops may be hit.

Of particular difficulty is the recognition by the troops (air defense complexes)
of their aircraft returning across the line of combat contact after completing the task,
as well as our fighters participating in repelling a massive enemy air raid.

The analysis shows that mutual recognition of interacting forces and means with
sufficient reliability can be ensured provided that the skillful integrated use of
available radio-technical and visual means, as well as clear interaction between the
command bodies of the Ground Forces and aviation, is carried out.

COUNTERING UNMANNED AIRCRAFT WITH ELECTRONIC
WARFARE MEANS

0. Kazimirov?, Candidate of Military Sciences, Associate Professor;
P. Onypchenko?, Candidate of Pedagogic Sciences, Associate Professor;
O. Gromyko?, Candidate of Philosophical Sciences, Associate Professor

!National Academy of the National Guard of Ukraine;
2lvan Kozhedub Kharkiv National Air Force University

Countering unmanned aerial vehicles (UAVS) is a promising area of application
of electronic warfare (EW) means.
There are two main ways to use EW means when combating UAVs, namely:
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— preventing the receipt of reliable information or introducing false information
into the UAV’s control and data transmission system;

— preventing the receipt of reliable information or introducing false information
into the UAV’s navigation system, which uses signals from satellite radio navigation
systems.

An analysis of the advantages and disadvantages of using EW means against
UAVs shows that EW means are a highly effective and promising means of
combating UAVs.

Unfortunately, at the current stage of their development, EW means cannot
100% guarantee the termination of the UAV’s flight to the object being covered. In
addition, EW means have limitations in terms of their range of application, require
electromagnetic compatibility with other EW means, and do not have a high level of
selectivity with respect to targets for suppression by jamming.

Thus, when considering countermeasures against UAVS, it is advisable to use
EW means in combination with other countermeasures, primarily fire weapons.

FEATURES OF THE USE OF TRANSPORT AVIATION
IN PEACEKEEPING OPERATIONS WHEN LANDING
TROOPS TO THE ADVANCED AIRFIELDS

V. Momont; K. Prodeus; O. Motuzov
Ilvan Kozhedub Kharkiv National Air Force University

Conducting military operations by peacekeeping forces today is caused by the
need to ensure the laws of democracy in certain regions (countries) of the world. The
conditions and natural and geographical features of such regions can be
unpredictable. Therefore, in areas where there are certain problems with the delivery
of troops, weapons and equipment, the potential of military transport aviation forces
should be fully utilized.

Military transport aviation allows for a rapid response to changing conditions in
the forward areas, quickly changing the location of forces and resources to optimize
the performance of tasks.

However, the tasks of delivering military forces to the front lines of combat
operations are quite dangerous. During such missions, transport aircraft may come
under fire from enemy air defense systems, the influence of enemy fighter aircraft,
or be destroyed by ambush by portable air defense systems of the enemy subversive
reconnaissance group. Therefore, the issue of reducing the likelihood of aircraft
damage during such missions always remains relevant.

The main direction to improve the results of airborne troop delivery remains to
reduce the time (exclude) the time spent by aircraft in the area of enemy forces.
This can be achieved through: comprehensive and integrated reconnaissance of
enemy forces, "camouflage" of aircraft, use of the most optimal flight routes, and
rapid (energetic) maneuvering in takeoff and landing areas.

For NATO military transport aviation, a document has been developed that
defines the rules for such air transportation —- STANAG 3998 ATP-3.3.4.3.

The task of the aviation specialists of the Armed Forces of Ukraine is to adapt
this standard to the conditions and capabilities of the military transport aviation of
Ukraine and to determine the methods of conducting such flights in the conditions of
Russian aggression.
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PLOTTING OF UNMANNED AERIAL VEHICLES ROUTES
WHEN COUNTERING ENEMY EW MEANS

D. Lytvynchuk; S. Martynenko; V. Chebanenko
Ilvan Kozhedub Kharkiv National Air Force University

The main problem in the use of unmanned aerial vehicles (UAVS) in modern
warfare is the effective planning of their flight routes. This process is characterized
by significant time and computational complexity due to the need to take into
account numerous factors, such as weather conditions, the presence of obstacles, the
activity of enemy air defense (AAD) and electronic warfare (EW), as well as the
need to optimize resource consumption and ensure maximum efficiency of searching
and monitoring objects.

The lack of effective models and methods for laying routes leads to the loss of
aircraft, insufficient efficiency in performing assigned tasks and increased costs for
UAV operation. Given the high cost and complexity of UAV maintenance, it is
important to develop intelligent decision support systems that will automate the
processes of planning UAV routes during combat operations in conditions of
counteraction to enemy EW.

Thus, the issue of studying UAV routing when countering enemy electronic
warfare and air defense means is relevant in order to increase the effectiveness of
their combat use based on modern mathematical optimization algorithms, the use of
geographic information systems, and algorithmic methods of artificial intelligence.

Based on the above, the following issues were addressed during the study:

— the capabilities of the Russian Armed Forces’ electronic warfare capabilities to
suppress UAVs during combat missions were analyzed;

—recommendations were provided regarding the flight of UAVs along a
specified route during combat missions.

THE USE OF THE CASE METHOD IN THE STUDY OF THE DISCIPLINE
"FLIGHT OPERATION AND COMBAT USE OF AIRCRAFT"

D. Sinenko’, Candidate of Pedagogic Sciences, Associate Professor;
0. Vovk’, Candidate of Military Sciences, Associate Professor;
0. Golovan? Candidate of Military Sciences, Associate Professor; A. Sushko’
"lvan Kozhedub Kharkiv National Air Force University;
’National Academy of the National Guard of Ukraine

The training of future military pilots under the current conditions of military
aggression by the Russian Federation against our state is of particular importance.
One of the results of this training is the mastery of aircraft by graduates in terms of
piloting techniques, navigation, and combat use. The theoretical foundations for
achieving these results are taught in the discipline "Flight Operation and Combat
Use of Aircraft".

An important result of studying this discipline is the acquisition of knowledge
and skills by cadets to act in special cases during flight. To achieve this goal, it is
advisable to use the case method (case-study) — a method of active problem-
situational analysis, which is based on learning through solving specific tasks —
situations.

In our case, solving the case will consist of: studying the proposed emergency
situation in flight (case); obtaining and analyzing flight information; discussing
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possible scenarios of the situation and the crew's actions; working out the best
solution.

The immediate goal of the method is to conduct, through the joint efforts of a
group of cadets, an analysis of an emergency flight situation that arises at a certain
stage of the flight, and to make a practical decision regarding actions in a special
case during flight. The result of this process is the evaluation of the proposed
algorithms of practical actions and the selection of the best one in the context of the
problem posed.

The use of this method will allow cadets to deepen their knowledge and improve
their skills in making decisions regarding actions in emergency situations and
special cases during flight.

GROUP APPLICATION OF UNMANNED AERIAL VEHICLES
AND GROUND ROBOTIC SYSTEMS: CHALLENGES, SOLUTIONS,
AND PROSPECTS FOR CLOUD-AGENT TECHNOLOGIES

I Kliushnikov!?, Candidate of Technical Sciences; Senior Researcher;
M. Kasatkin!, Candidate of Technical Sciences; A. Serediuk!
!National Aerospace University H.E. Zhukovsky "Kharkiv Aviation Institute";
2lvan Kozhedub Kharkiv National Air Force University

The combined use of unmanned aerial vehicles (UAVs) and unmanned ground
vehicles (UGVs) is a growing trend in areas such as environmental monitoring,
disaster relief and infrastructure inspection. Working together, these systems can
improve mission success, but they also pose challenges in terms of communication,
task allocation and route planning under changing conditions.

Many recent studies have used advanced algorithms such as A*, particle swarm
optimization and genetic algorithms to solve problems such as route planning, risk
management and energy conservation. These methods help to balance speed and
accuracy in missions, although adverse weather and complex terrain can still affect
performance.

The research proposes a new approach that uses multi-agent systems in the cloud
to control UAVs on the ground. In this system, independent cloud-based agents
work together to manage both UAVs and UGVs. They calculate optimal routes and
assign tasks by collecting real-time data from the field, reducing the heavy
computational load on the vehicles and improving mission reliability.

By using these cloud agents as a multi-agent system, the facility can quickly
respond to changes in the environment, such as bad weather or unexpected
obstacles, and adjust the routes for the UAVS. This not only saves energy, but also
increases overall performance. Future work should focus on further improving this
approach and ensuring that it remains reliable in real-world conditions.

FEATURES OF THE USE OF HELICOPTER
OF HELICOPTER UNITS IN CASE OF FIRE
DAMAGE TO THE OF DIFFERENT TYPES OF ENEMY

V. Pomazuiev; I. Miltsyn; O. Miroshnichenko
Ilvan Kozhedub Kharkiv National Air Force University

In 2024, Army Aviation (AA) units were involved in intercepting and engaging
airborne targets (AT). One of the main problems faced by helicopter crews when
intercepting AOs is the ability to detect UAVs at night in simple meteorological

84



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

conditions (SMC). To solve this problem, additional helicopters with special
optoelectronic and light onboard equipment were assigned to the strike groups. This
proved to be quite effective. Searchlights helped to detect and recognize the UAVs
when using night vision goggles (NVGs). Also, the presence of thermal night vision
devices with laser pointers on board ensures a fairly high efficiency of UAV
detection.

The areas of operation of helicopters were limited by the enemy's ability to use
S-400 air defense systems against Ukraine, the helicopters' capabilities in terms of
speed, range and duration of flight, as well as the areas of concentration of air
defense systems, and the capabilities of our units' radar stations to detect UAVS,
which provide the relevant air guidance points. The effectiveness of intercepting the
airborne targets depended on the availability of an altimeter at the airborne targeting
point (to inform the crew of the interceptor helicopter about the height of the enemy
UAV).

Thus, to increase the effectiveness of attack helicopter groups, it is proposed to
equip these helicopters with special optoelectronic, thermal imaging and light
onboard equipment. It is also necessary to provide the UAVs involved in the tasks of
guiding helicopter strike groups to enemy UAVs with modern radio altimeters to
accurately determine the altitude of the UAV.

METHODS AND MEANS OF AUGMENTED REALITY AND DIGITAL
TWINS FOR INTELLIGENT UNMANNED SYSTEMS FOR SEARCHING
EXPLOSIVE OBJECTS

I Kliushnikov'?, Candidate of Technical Sciences; Senior Researcher,
O. Oliinyk!; M. Kasatkin?, Candidate of Technical Sciences
!National Aerospace University H.E. Zhukovsky "Kharkiv Aviation Institute";
2lvan Kozhedub Kharkiv National Air Force University

Explosive objects are a global problem and a constant threat due to the fact that
they can remain active and unpredictable and potentially explosive even decades
after the end of hostilities in liberated territories.

The purpose of this work is to develop methods and means of augmented reality
and digital doubles for intelligent unmanned systems for searching for explosive
objects.

There is already a solution using augmented reality for searching and manual
demining in the form of a smartphone app. The existing solution is called UXO-AID
and is an application for mobile devices, which is able to determine exactly what
type of UXO the operator sees based on the existing database of objects through the
smartphone camera.

After the analysis, it was established that a solution is needed that can provide
information about UXO using the latest technologies. The application will process
data that will be provided by the UXO locating system in the form of a database
from a drone or using Computer Vision. The input data are as follows: the location
of the object (GPS coordinates and depth level, if available); predicted type of UXO.
The application processes this information and provides an interactive map of the
area with markers on explosive objects. The application also has an augmented
reality mode, where the user can see information about UXO in real time through the
camera.

Thus, such a system can provide information about UXO quickly and
conveniently.
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ANALYSIS OF CLASSIFICATION FEATURES
OF UNMANNED AERIAL VEHICLES

V. Bezdielnyi'!, Ph.D.; O. Shulha’
!Ministry of Defence of Ukraine;
’Ivan Kozhedub Kharkiv National Air Force University

A critical analysis of the classification features of unmanned aerial vehicles by
their weight, configuration, level of application and type of power plant. It has been
established that the national classification of unmanned aerial vehicles does not fully
take into account the development of unmanned technology, so there is a need to
introduce changes to it. An improved classification of unmanned aerial vehicles by
type of propulsion system has shown that a promising direction for improving the
flight performance of unmanned aerial vehicles is the introduction of hydrogen and
hybrid propulsion systems.

In the context of combat operations, it is impossible to imagine the actions of
ground troops without air reconnaissance, combat support and targeted strikes on
tactical and strategic enemy targets without the use of UAVs. The integration of the
advantages of airplanes and helicopters into UAVs is of great interest to the aviation
industry. Further research will focus on analyzing the requirements for hybrid
unmanned aerial vehicles and synthesizing aerodynamic layouts of hybrid and
hydrogen UAVs.

The national classification of UAVs does not fully take into account the trends
in the development of unmanned vehicles. The improved classification of UAVs by
the type of power plant is a promising direction for improving the flight
characteristics of aircraft.

CALCULATION OF CORRECTIONS FOR FLIGHT TIME AND AIMING
ANGLE OF UNGUIDED AIRCRAFT ROCKETS (UAR)

V. Kozak; Y. Mykytyn; P. Liasota; B. Osypets
Ilvan Kozhedub Kharkiv National Air Force University

For operational calculations to determine aiming parameters when firing UARS
from dive and horizontal flight, the corrections to the flight time and aiming angle,
which arise due to the peculiarities of taking into account the non-linear change in
the UAR's speed along the trajectory, are of great importance in determining the
aiming angle.

Taking into account changes in some ballistic characteristics of the most widely
used UARs, it became necessary to adjust the reference data for operational
calculations.

When calculating the aiming angle when firing a UAR, there is a difference
from calculating the aiming angle for a projectile, which arises from the fact that the
UAR's flight trajectory has two sections: the active section, where the UAR engine
is operating, as a result of which its speed increases; the passive section, where the
UAR, like a projectile, flies by inertia with a decrease in speed. Taking into account
such a change in speed to find the aiming angle and flight time of the UAR is
possible only by calculating the equations of motion of the rocket along the
trajectory, which requires rather complex calculations and is unacceptable for
operational calculations. When performing operational calculations, the law of speed
change of the UAR on the trajectory is replaced by some calculated projectile that
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repeats the nature of the UAR's movement on the passive section. But due to the
increase in the average speed of the equivalent projectile on the trajectory, pre-
calculated corrections are used to calculate the exact values of the aiming angle and
flight time of the UAR.

INVESTIGATION OF THE INFLUENCE OF MANEUVER PULL-OUT
ALTITUDE ON THE CONDITIONS OF ATTACK WITH UNGUIDED
AIR-TO-AIR ROCKETS FROM A PITCH-UP MANEUVER

V. Kozak; Yu. Chaun; A. Gorobec
Ilvan Kozhedub Kharkiv National Air Force University

Currently, the tactic of launching unguided air-to-air rockets (UARs) from a
pitch-up maneuver is actively used, which allows engaging enemy personnel and
equipment while excluding aircraft from entering the enemy's air defense
engagement zone or reducing the time spent in the dangerous zone to a minimum.

The flight range of UARs, in addition to the characteristics of the rocket itself,
significantly depends on the launch conditions (speed and pitch-up angle).

When performing an attack from a pitch-up maneuver, along with the flight
range of the rocket, the maximum altitude of the aircraft in the immediate vicinity of
the line of combat engagement is of great importance.

Performing a UAR attack with pitch-up angles of 40-45° and a speed of 800
km/h allows hitting a target at distances of over 10 km from the starting point of the
maneuver, but after completing such a maneuver, the aircraft gains over 1400 meters
of altitude, which will create more favorable conditions for enemy air defense
systems to detect and destroy the aircraft.

The report presents the results of an analysis of the relationship between the
speed of entering the maneuver and the pitch-up angle, which will minimize the
altitude gain when performing the attack and ensure an acceptable flight range of the
UAR.

INFLUENCE OF HEAVY PRECIPITATION
ON THE LEVEL FLIGHT SAFETY

V. Boiko; V. Ishchuk
Ilvan Kozhedub Kharkiv National Air Force University

A decrease in the level of flight safety in conditions of heavy downpours can be
caused by the deterioration of the aerodynamic and flight technical characteristics of
the aircraft, the complication of piloting conditions, the effect on the operation of air
pressure receivers and the stability of the engines. Deterioration of aerodynamic and
flight technical characteristics occurs as a result of a slight increase in the weight of
the aircraft, loss of Kkinetic energy, roughness of the surface of the fuselage and
bearing surfaces of the aircraft.

The biggest complications in piloting during torrential rain occur when flying at
extremely low altitudes and when landing.

The impact of heavy downpours on the flight of an aircraft depends on the
intensity, which is estimated by the height of the column of precipitation that falls
per unit of time. The dispersed composition of raindrops is important for assessing
the impact of heavy rain on flight.
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One of the methods of researching the influence of heavy downpours on the
peculiarities of the movement of aircraft is the method of mathematical modeling. A
mathematical model of aircraft movement that takes into account changes in
aerodynamic characteristics and ensures the implementation of optimal control
allows to study the influence of various operational factors.

Based on the simulation results, it can be concluded that the impact of heavy
rain on the flight of the aircraft is manifested in a decrease in the forward speed and
an increase in the vertical speed.

The simulation results showed that in conditions of rain with an intensity of 400
millimeters per hour during the approach to landing, the flight characteristics of the
aircraft may deteriorate, equivalent to a wind shift of the order of 5 meters per
second in a layer of 30 meters, and the time required to restore the disturbed
balancing due to the influence of rain is 20-25 seconds.

GAINING AIR SUPERIORITY THROUGH THE DEVELOPMENT
OF SMALL AIRCRAFT MISSILES WITH ADVANCED CAPABILITIES

V. Lenets
Ivan Kozhedub Kharkiv National Air Force University

Experts from the world's leading companies involved in the development and
manufacture of modern air-to-air missiles believe that further improvement of the
homing heads of advanced air-to-air missiles will significantly reduce the
effectiveness of traps and decoys currently used by airplanes and helicopters.

There is a need to develop so-called anti-missiles to protect aircraft from enemy
air-to-air and anti-aircraft guided missiles.

At the beginning of the twenty-first century, the first homing missile warheads
appeared in service, which are capable of providing a direct hit to kill of a ballistic
missile or air-to-air missile.

The report addresses the following key issues:

— the impact of anti-missile development on tactical aviation (TA) tactics;

—ensuring self-defense of TA aircraft in the near combat zone;

— the possibility of penetrating the A2/AD environment with minimal damage to
TA aircraft;

—the possibility of repelling group launches of air-to-air missiles and anti-
aircraft guided missiles of the enemy.

Air-to-air missiles may become one of the main elements of gaining air
supremacy in the future, and their development should become one of the main
priorities for arming the aircraft of the Ukrainian Air Force.

FLIGHT SIMULATORS - FEATURE OF MODERN AIR FORCES

V. Liashenko; I. Oliinyk
Ilvan Kozhedub Kharkiv National Air Force University

An analysis of the usage of educational and training complexes in world’s
leading aviation countries shows that, along with modernization of aviation
technique, newest solutions are introduced in the training of flight personnel. One of
these tendencies are upgrading educational system of cadet pilots by introducing
modern flight simulators of different classes (Full Flight Simulator, Full Training
Device etc.) with arranged Fixed Wing system and Flight and Navigation
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Procedures Trainer, virtual reality (VR) and artificial intelligence (Al) unified by
Federal Aviation Administration and European Union Aviation Agency.

Aviation trainers with arranged system Fixed Wing allows cadets to develop
their motor memory while working with airplane equipment.

Training Aviation Combat Training Systems and Air Combat Training System
will help to get virtual combat experience in the use of various types of modern
weapons and counter enemy’s air defense system, Beyond Visual range module will
help to train air combat with current aerodynamic means of enemy air attack.

Also, other special advantages of modern trainer complexes and systems are the
opportunity to study aviation English, joint education with allies to practice
interoperability, including in a hybrid environment (simultaneously with real
aircraft), which can significantly increase the effectiveness of training.

ANALYSIS OF THE EFFECTIVENESS OF SIMULATOR COMPLEXES
IN THE TRAINING OF PILOT CADETS AND SUGGESTIONS
FOR IMPROVING THE TRAINING PROCESS

B. Beskubskyi; 1. Oliinyk
Ivan Kozhedub Kharkiv National Air Force University

The active changes in the nature and methods of modern warfare require
improving the methods of theoretical and practical training of cadets, updating
(modernizing) the training facilities to ensure that the process of improving theory
and practice is effective and complementary, and that future airmen have the
opportunity to choose their own ways of performing combat missions and find a way
out of non-standard situations by quickly analyzing the situation and choosing the
best actions.

This report compares two types of aviation simulators: a personal computer-
based flight simulator with control lever imitators and an open cockpit aircraft flight
simulator. The advantages and disadvantages of these technical training tools were
considered in terms of the complexity (simplicity) of maintenance and operation, the
list and complexity of training tasks, realism and interaction between trainees, etc.

Ways to improve training on modern training equipment are proposed for
discussion, including the need to develop a pilot's ability for creative tactical
thinking. Emphasis is placed on the fact that the professional training of cadets is a
very complex and lengthy process that requires starting from the first years of study.

SMALL WIND TUNNEL PROJECT

S. Kalkamanov?, Doctor of Technical Sciences, Professor;
0. Maksimovich?, Doctor of Technical Sciences, Professor; M. Skiral; V. Kozak!
!lvan Kozhedub Kharkiv National Air Force University;
2Lviv Polytechnic National University

The wind tunnel is one of the effective devices for demonstrating the basic laws
of interaction of bodies with the air flow. The report presents the results of the work
on the development of a series of projects of a small-sized low-speed wind tunnel
for conducting laboratory classes on the academic discipline "Flight Principles".

Open-type wind tunnel, up to 1.3 m long. Cylindrical prechamber with a
diameter of up to 0.5 m. After the prechamber, a confuser is installed — a
Vitoshinsky nozzle with a round outlet section with a diameter of up to 0.3 m. The
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working part is open. The electric motor is asynchronous, with an electronic fan
speed controller. The controller allows you to smoothly change the air flow speed in
the tube.

The power of the electric motor is determined by energy losses on the
equalizing (deturbulizing) structural elements inside the wind tunnel and the air flow
speed in the working part. With an engine power of up to 0.6 kW and an air flow
velocity of up to 22 m/sec, only a honeycomb with a step of 0.04 m can be used to
equalize the flow inside the pipe. With this option, the degree of flow turbulence in
the pipe exceeds 2.5%. When using a 2 kW engine, it is possible to reduce the
degree of flow turbulence in the pipe to 0.8%. This requires the installation of a
straightening device behind the fan, a deturbulizing mesh with a drag coefficient of
2.0, and a honeycomb with a step of 0.02 m.

At the Department of Aerodynamics and Flight Dynamics of the Kharkiv
National Air Force University, a portable small-sized wind tunnel with an air flow
speed of 12 m/s has been developed and is used in the educational process.

THE POTENTIAL OF THE JAS 39 GRIPEN IN THE AERIAL
OPERATIONS OF THE UKRAINIAN AIR FORCE

V. Fedorchak, Ph.D., Associate Senior Lecturer
Swedish Defence University (Stockholm, Sweden)

The air war over Ukraine illustrated significant changes in how modern warfare
in general and aerial warfare specifically could look like and which tasks aerial
assets can achieve on their own or in conjunction with others. Although the initial
stages of warfighting in Ukraine illustrated the establishment of mutual air denial,
the necessity of modernisation of piloted tactical aviation, introduction and
consequent increase in Western aircraft in the Ukrainian Air Force has only
increased with the continued demands of high-intensity warfighting and protraction
of this war.

Various Western aircraft, such as the F-16 and now the Mirage 2000, were
introduced into the Ukrainian arsenals in different stages of the last year. The
remaining question is about the potential introduction of the famous Swedish JAS 39
Gripen. The purpose of this presentation is to address how distinctive characteristics
of the Gripen can strengthen Ukrainian air power in opposing Russian aggression.

Gripen is one of the most agile 4th generation fighter jets, built specifically for
the employment of dispersed basing and constant move, which means it allows for
short take-off and landing in rather contested operating environments. It was
designed to be less demanding in servicing, allowing a few conscripts to conduct
fast maintenance and rearmament within 10-15 minutes. These features
corresponded to the Swedish concept of maximising the number of sorties and
reduction of viable targets as a means of reducing the enemy’s numeric superiority.

Gripen has significant manoeuvrability and agility aimed at outmanoeuvring the
opponent when required. However, the primary focus was also placed on identifying
the enemy aircraft earlier and, hence, engaging the target sooner than direct air-to-air
combat would require. This is primarily achieved through state-of-the-art avionics.
Furthermore, it is equipped with eight hard points and an internal 27mm cannon. Its
payload is maxed at 4,200 kg, with six pylons and two rails for missiles. It is
completely compatible with other Western weapons.
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Its utility for Ukraine cannot be overestimated since it can be employed across
most of the air power roles and tasks. This aircraft was built for dispersal, constant
movement and operating in the most contested environments.

INTEGRATION OF ARTIFICIAL INTELLIGENCE IN CADET
TRAINING ON AIRCRAFT SIMULATORS:
NEW OPPORTUNITIES AND PROSPECTS

0. Rohozhynskyi; V. Kashko; O. Kovalenko; S. Fedyuk
Ilvan Kozhedub Kharkiv National Air Force University

The relevance of integrating artificial intelligence (Al) into cadet training on
aviation simulators is especially increasing in the context of the war in Ukraine,
where highly qualified pilots are critical to ensuring national security and effectively
carrying out combat missions.

In conditions of limited resources and a complex economic situation, the
integration of Al into cadet training on aviation simulators has become a necessity.
Al allows the creation of simulators that quickly adapt the training process to
specific conditions and requirements, simulate realistic combat situations, and
ensure high training effectiveness without significant financial investments in
physical equipment, which is difficult to obtain in wartime. This greatly improves
pilot training and reduces the time needed to master essential skills.

The possibilities of implementing Al in cadet training on aviation simulators are
explored, and the ways to address problems that can be solved with these
technologies are detailed. This includes the personalization of the learning process,
automated error analysis, the creation of complex and realistic training scenarios,
and the use of augmented and virtual reality technologies.

The integration of Al significantly improves the accuracy of training, automates
the error analysis, and creates simulators that realistically imitate non-standard
situations.

The use of Al in aviation training enhances the efficiency of cadet preparation
by adapting the process to current requirements, ensuring high safety and training
effectiveness, which is extremely important in the context of the ongoing war in
Ukraine.

USEFULNESS OF USING VIRTUAL REALITY TECHNOLOGY IN THE
TRAINING OF CADET PILOTS IN PRACTICAL AERO-DYNAMICS

R. Kyryluk; A. Olieinykov; I. Oliinyk
Ilvan Kozhedub Kharkiv National Air Force University

The application of new technologies in the field of training of military specialists
is one of the key trends in the development of the army in the XXI century. In
particular, the introduction of virtual reality (VR) tools in the process of training of
linemen is an important step in improving the efficiency and safety of lineman
training.

The advantages of the use of VR tools in the training of cadets — pilots in terms
of realism, efficiency and speed of learning, the possibility of "boring™ in the
educational process, repeated repetition of a complex (critical) element of the
training for the immediate identification of errors and consolidation of competent
actions, ensuring the individual-oriented approach, safety and economy of resources.
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In the process of studying the issues of practical aero-dynamics, VR tools allow
to visualize (to represent in detail) the changes in the points of attack, speed,
wraparound and forward thrusts, vibration, vibrations, etc., giving the opportunity to
see how the changes in operational factors affect the characteristics of the aircraft's
flight and behavior, which is important in the formation of the "image of the
aircraft".

The work proposes ideas for improving the effectiveness of the introduction of
VR-technologies in the training of pilot cadets. It is stated that the implementation of
VR together with piece intellect in the training of military pilots can be considered a
strategically important trend in the development of military education (professional
training) of aviation personnel.

ANALYSIS OF AIRCRAFT BEHAVIOR AT STEEP
GLIDESLOPE ANGLES

M. Osovytskyi; Yu. Chaun; V. Kozak; D. Mykhailichenko
Ivan Kozhedub Kharkiv National Air Force University

Due to the Russian-Ukrainian war, there has been a need for accelerated
approach and landing maneuvers at airfields (sites) with limited approaches, which
is very often accompanied by atypically steep glideslope angles.

The main factors influencing aircraft behavior in these flight regimes are the
capabilities of the aircraft and the level of crew training. Objective complicating
circumstances include: enemy countermeasures; negative environmental
influences (icing, wake turbulence, turbulence, wind shear); aircraft system failures
(power plant failures, control system failures, flight instrumentation failures).
Subjective factors include crew errors and violations caused by excessive stress.

The report analyzes the key role of wing high-lift devices and examines various
wing mechanization schemes for different aircraft types. The crew's capabilities to
perform approaches and landings at airfields with limited approaches and steep
glideslope angles are substantiated.

It is proposed to consider the possibility of using modern aircraft with more
advanced wing high-lift devices and the use of the Coanda effect for such flights. It
is proven that the An-74 aircraft has the necessary aerodynamic properties for safe
and effective approaches with steep glideslope angles, which opens new
perspectives for its use in difficult conditions at airfields with limited approaches.
The results obtained can be used to justify recommendations for performing landings
at steep gradients during combat operations.

ASSESSMENT OF THE POTENTIAL FOR UPGRADING
THE HELICOPTER FLEET OF THE ARMED FORCES OF UKRAINE

V. Bezpalyy; R. Nikolaev; Yu. Singaevskyi
Ilvan Kozhedub Kharkiv National Air Force University

Helicopters are an essential component of defense forces in modern warfare with
the Russian Federation. They continuously perform combat and transport missions.

As a result of the full-scale aggression of the Russian Federation against
Ukraine, the existing helicopter fleet is inevitably decreasing. In addition, new tasks
are emerging for army aviation units. Currently, the aviation units of the Armed
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Forces of Ukraine are significantly limited in their capabilities due to the presence of
outdated aircraft equipment, including helicopters.

The production and development of new models, technical and scientific
solutions in the modernization and creation of new helicopters is a complex issue for
our country in terms of their implementation (costly financing, necessary safe
production facilities, long time).

Improving the capabilities of the helicopter component of aviation units can
primarily be associated only with the replacement of obsolete Soviet-made
helicopter models with existing modern models of foreign-made helicopters.

A comparison of the flight-technical characteristics (FTC) of Soviet-made
helicopters, which are in service with the Armed Forces of Ukraine, and the FTC of
helicopters of similar foreign-made purpose makes it possible to select a
replacement for the outdated helicopter fleet of the Armed Forces of Ukraine with
modern models.

Thus, it is possible to offer modern analogues of combat, transport and training
helicopters, which can be put into service with the Armed Forces of Ukraine in the
near future.

BIANOBIIHICTH HOBITHHOI'O IOKOJIIHHS ABIALIHHAX
JABUI'YHIB ESG-IIPUHIIUIIAM

€.B. Jlaiicvke; H.M. [lanmeneesa, 0.e.H., K.m.H., npog.
Jlepoicasnuil HayKo80-00CaiOHULl IHCIMUmym eunpo6yeaus i cepmuixayii
030pPOEHHA Ma BiliCbKOBOI MeXHIKU

3a mporHo3oMm y 2032 p. KamiTaii3ailis pHHKA aBiallilHUX JBUTYHIB TOCSATHE
600 muta non CHIA mpotu 250,7 M mon CIHA B 2022 p. Ilependadaernbes, 1mo
IpaiiBepoM I[bOT0 CTPIMKOTO 3pOCTaHHsA OyJe PO3BUTOK HOBITHHOTO MOKOJIHHS
aBiariiHux nBUTYHIB (AJl), a1anTOBaHMX IMiJ BUMOTH IIUJICH TI100ATBHOT KOHIETIIT
cTaioro  po3BuTKy. Ilpm  1mpoMy, aiId  KOMIaHid, B TOMy  4HMCHi
aBiaJBUIyHOOYy/IyBaHHs, OOOB’S3KOBOIO YMOBOIO cTae BiamoBimHicTh ESG-
MpUHIMNAM (BiCYTHICTh 3HAYHOI IIKOAM i TMO3UTHBHUH e(eKT Ui CyCHiJIbCTBA).
Bonu moBuHHI peanizoByBaTHCs SK B HOBOMY MOKOJiHHI A/Jl, Tak i opraHizamii Ta
YOpaBIiHHI MPOIECOM iX CTBOpeHHA. Tak, €KONOTiYHI NPUHIUIH — YIPaBIiHHA
SIKICTIO, 3MEHIIEHHS! HeraTHBHOTO BIUIMBY HAa HABKOJMIIHE CEPEIOBHIIE IULIXOM
3HIKEHHS IIyMOBOTO 3a0pynHeHHs, 3MeHmieHHsS BukuaiB CO2 Bim A/l, a Takox
po3poOri/ekciuryaramii HOBHX THIB JBUTYHIB (EJIEKTpHYHHX 1 TiOpuaHO-
€JIEKTPUYHUX), eKoNoriuHo uncroro (SAF) 1 anbrepHaTMBHHX BHIIB IAIWBA.
[puknagom € mpoexktn AJ] UltraFan (Rolls-Royce) ta AEPS (Honeywell),
ceprudikoBannii enexrpoasuryn ENGINeUS 100 (Safran). CowmiampHi mpHHIHUITN
CTOCYIOTBCS COLiaTBHOT BiIIOBIaIbHICTh NTPU YIPABIiHHI IEPCOHANIOM, B3a€MOJIIT 3
napTHepaMH, KITi€HTaMH Ta CYCHiIbCTBOM. KopropaTHBHE ymHpaBiliHHS BKIIOYA€e
KOMIUIA€HC, TPAHCIOPEHTHICTh, OOPOTHOY 3 KOPYMILI€l0, JIOTICTHKY, yNpaBIiHHA
pusukamH. B mpakTHKy aBiaZBUryHOOYyBaHHS MOCTYIOBO BXOIHUTh mojganHs ESG-
3BiTHOCTI i mpoxokenHs ESG-monitopunry. Tak, minepu punky Rolls-Royce
Holdings (Benuko6puranisi) i Safran SA (Dpanuisi) maroth cepentiii piens ESG-
pusuky (23,1/3 mo3uwist i 28,1/17 nmo3uuis B raiysi BiAMOBIAHO).

OTxe, HOBITHE TOKONIHHA AJ] IEeMOHCTpye BIPOBA/UKEHHS EKOJIOTITHO
BiJITIOBiTaIbHUX BIMCHKOBHX TEXHOJIOTIH, 110 BIAMIOBIA€ MIJSIM CTAIIOTO PO3BHTKY 1
ESG-npunmmmam.
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ON THE RELEVANCE OF USING SATELLITE NAVIGATION SYSTEMS
IN THE CONDITIONS OF THE USE OF ELECTRONIC WARFARE

O. Kovalenko; R. Onyschenko; V. Kashko
Ilvan Kozhedub Kharkiv National Air Force University

The experience of hostilities in the Russian-Ukrainian war testifies to the
importance and necessity of timely response to the placement of radio interference,
which affects the operation of satellite navigation systems. Modern electronic
warfare equipment allows you to suppress the operation of satellite navigation
systems in two directions:

first, they can suppress the frequency at which signals are transmitted from
satellites. This does not allow satellite navigation systems to determine their location
in space;

second, they can deliberately introduce an error in the operation of satellite
navigation systems (the so-called "spoofing"). In this case, the satellite navigation
system seems to determine the coordinates of its location, but the coordinates of its
location are incorrect.

The listed radio interferences are widely used by electronic warfare equipment
of both their own and enemy troops in the areas of hostilities. This makes it difficult
to use satellite navigation systems when performing combat missions in these areas.

To ensure the reliability of navigation during combat missions, in areas where
the use of electronic warfare equipment is possible, a necessary condition is the
integrated use of navigation equipment, high-quality visual orientation and the use
of inertial systems.

APPLICATION OF IMPACT UNMANNED AIRCRAFT IN THE SYSTEM
TO COUNTER DISPOSABLE UNMANNED AIRCRAFT "SHAHED-136"
("GERAN-2")

0. Odosiit; O. Korobetskyi?
Aviation Command of the Air Force Command of the Armed Forces of Ukraine;
2lvan Kozhedub Kharkiv National Air Force University

One of the main features of the Russian Federation’s hostilities against Ukraine
is the widespread use of single-use "Shahed-136" (“Geran-2") unmanned aerial
vehicles during mass strikes.

In the conditions of the numerical advantage of the enemy and the active use of
single-use unmanned aerial vehicles "Shahed-136" ("Geran-2"), which are used to
destroy objects critical infrastructure, there is a need to modernize the existing
countermeasure system taking into account the strengths and weaknesses of the
identified unmanned aerial vehicles. The countermeasure system includes such
components as:

— means of detecting unmanned aerial vehicles;

— countermeasures with the use of weapons;

— countermeasures using means of radio-electronic warfare.

In order to increase the effectiveness of combating single-use unmanned aerial
vehicles "Shahed-136" ("Geran-2"), it is advisable to implement an unmanned air
cover system that will be a component of the overall system countermeasures and
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must interact with ground means of countermeasures and supplement its capabilities.
This will increase the effectiveness of the system of combating unmanned aerial
vehicles of single use "Shahed-136" ("Geran-2").

ASSESSMENT OF THE IMPACT OF CHANGING WEATHER
CONDITIONS ON UAV OPERATIONAL CHARACTERISTIC

V. Bezpalyy; O. Pidlisnyi; Yu. Chaun
Ilvan Kozhedub Kharkiv National Air Force University

The active use of unmanned aerial vehicles (UAVS) during combat operations in
the war with the Russian Federation has revealed a number of problems that hinder
their effective use in challenging weather conditions.

Low air temperatures reduce the operating time of UAV batteries. Cold and
humid air leads to icing of the propellers and, as a result, loss of their functionality.

Precipitation in the form of rain and snow makes the use of UAVs ineffective or
even impossible. Strong wind make it difficult to control UAVs.

In most UAVs of various designs, propellers are used as the propulsion system,
the operation of which depends on air parameters such as density, pressure, and
temperature. Studying the influence of these air parameters on the operation of UAV
propellers provides an understanding of the possibility of their use in difficult
weather conditions.

As the air temperature increases, its density decreases. Conversely, as the
temperature decreases, the air density increases.

With increasing altitude, both atmospheric pressure and air temperature fall,
having mutually opposite effects on air density.

Humidity can significantly affect the behavior of a UAV. Water vapor is lighter
than air, so with increasing water content, the air becomes less dense. This increases
the density altitude and worsens the aerodynamic characteristics of the UAV. For
specific selected conditions, the air density is minimal when it contains the
maximum amount of water vapor.

BEHAVIOR OF AIRCRAFT IN CRITICAL FLIGHT REGIMES
RESULTING FROM ENTERING COMPLEX SPATIAL POSITIONS

Y. Chaun; M. Osovytskyi; V. Bezpalyy; D. Mykhailichenko
Ilvan Kozhedub Kharkiv National Air Force University

According to statistics, approximately 30% of accidents in transport and
commercial aviation are attributed to aircraft entering complex spatial
orientations (CSO) followed by stalls and spins.

The primary factors contributing to aircraft entering these flight regimes are:
adverse environmental conditions; aircraft system failures; and pilot errors or
violations (breaches of flight operations manuals, spatial disorientation).

The reasons for the inability to recover from CSOs include the inability to
quickly recognize the aircraft's spatial orientation on instruments when experiencing
high bank and pitch angles, and incorrect pilot actions upon entering a CSO.

The causes of failure to recover from a stall or spin include: the crew's lack of
understanding of how aircraft and engine characteristics change at high angles of
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attack; the inability to recognize the onset of a stall; incorrect pilot actions upon
entering a stall or spin; and the inability to recover the aircraft from these conditions.
This report analyzes crew errors and examines the primary methods for
recovering from CSOs. It provides a rationale for crew procedures when recovering
from CSOs, stalls, and spins. It identifies dangerous approaches to operational
limits. The report suggests considering the inclusion of theoretical justifications for
pilot actions when entering CSOs in training materials, and deepening pilots' skills
in recovering from CSOs, stalls, and spins using flight simulators and light aircraft.

OCOBJIMBOCTI 3ACTOCYBAHHS 155-MM APTHJIEPIMCHKOTI'O
CHAPSAJA VULCANO GLR Y BOUOBUX YMOBAX

B.B. Peovka
Hayxoso-0ocnionuil yenmp pakemuux 6iticok i apmunepii

Hocein OolioBux aili YkpaiHu mpoTu 30pOMHUX CHJI pociiickkol (eneparil
MiATBEPKYE BAXKJIMBICTH 3ac00iB BOTHEBOTO YPaXKCHHS BEIUKOi IaJBHOCTI.
[IpoTHBHUK Mae KUIBKICHY TIiepeBary y BOTHEBHX 3aco0ax, 30KpeMa aBialii,
pPaKkeTHHX KOMIUIEKCAaX, PEaKTHBHUX CHCTEMax 3ajllOBOr0 BOTHIO, apTuiiepii Ta
yaapaux briJIA, mo 103BoJIsie oMy 3aBAaBaTé yaapiB IO MiAPO3AiIax K y paidoHax
30CepeKeHH s, Tak 1 mix yac MaHeBpy. OOMeXeHi MOXKIIMBOCTI PaKeTHHX BIHCBHK i
apruiepii 3C VYkpaiHu momo mpoTHAil TakUM 3arpo3aM BHMAaraloTh ITOLIYKY
e(EeKTUBHUX PIlICHB.

OJHUM 13 MOXKITUBHX CIIOCOOIB MiZIBUIIICHHS ¢()EKTUBHOCTI BOTHEBOI MiATPUMKH
€ 3aCTOCYBaHHS JaJeKOOIMHMX BHCOKOTOYHHX apTWIIepiiichkux Ooenpunacis,
30kpema 155-mm cHapsima Vulcano GLR, sikuii HaAXOAWTh B MEXKax MiKHAPOIHOL
BIICHKOBO-TEXHIUHOI gomoMoru. Jlanuii Goenpumac cymicHuit 3 OimpmricTio 155-Mm
apTUIIEPIHCHKIX CHUCTEM, Ki € Ha 030poeHHI miapo3ainiB aptuiepii 3C Ykpainu.

Pazom 3 THM, e(heKTHBHICTH 3aCTOCYBAaHHS BHCOKOTOYHOTO apTHIICPIHCHKOTO
CHaps/Ja 3aJeXUTh Bi BIUIMBY 3aco0iB PEB mporTuBHUMKA B paifoHi Wimi, a Takox
METEOPOJIOTIYHUX Ta OaTiCTHYHUX YMOB CTPiIbOH.

3Bakaroud Ha 3a3HaucHe, mepen 3actocyBaHHS 155-mm cHapsama Vulcano GLR
HEOOXiZHO 3IIMICHIOBAaTH TIOCTIHHMH MOHITOPHHT 3acTocyBaHHA 3aco0iB PEB
MPOTHBHUKOM.

HOBI MIAXOAH 3ABE3NNEYEHHS BE3BIIMOBHOCTI
BE3NMIJIOTHUX ABIAIIMHUX KOMILJIEKCIB

10.0. Kamax
Jlepoicasnuil Hayko80-00CiOHULL IHCIMUmMym eunpo6yeaus i cepmuixayii
030pOEHHA Ma BIlICLKOBOI MeXHIKU

[ToOynoBa cHcTeM MOHITOPUHTY 3amisi  3a0e3neueHHs  Oe3BiIMOBHOCTI
Oe3minoTHHX aBianiitnnx koMmekciB (bnAK) BiTuu3HsHOrO BUPOGHHUIITBA IOBUHHA
BPaxXOBYBATH HOBI ITiIX0IM EPEIOBHUX apMiii CBITY.

Y [npoMy KOHTEKCTI i IMIUIEMEHTamii B YKpaiHi TNpencTaBise iHTepec
meronoioris  RAMS  (Reliability, Availability, Maintainability, Safety), ska
BKJIFOUCHA 0 BiiicbkoBHX craHmapTie MIL-STD-785, MIL-STD-470, MIL-STD-
1629, MIL-STD-189 (CILA, 3abe3neueHHs] HaAIHOCTI, aHai3 BIUIMBY BiZMOB i iX
kputuynocti, Tomo), DEF STAN 00-42 (Benuko6purasnis), STANAG 4107 i
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AECTP (HATO). Bukopucranusi RAMS 0XOIUIIOE MIMPOKHiA CIIEKTP METOLIB, SKi
opieHTOBaHI Ha 3a0e3medeHHs Oe3BimMoBHOI pobotn BmAK ymponosxk 3amaHoro
nepiogy 4acy, OIIHKY TOTOBHICTH JO BUKOHAHHS Micii y OyAb-sIKMii MOMEHT dacy,
3a0e3nedyeHHs MIBUIKOCTI 1 JISTKOCTI IIPOBEAEHHSI PEMOHTHUX POOIT Ta TEXHIYHOTO
oOCIIyroByBaHHs, TapaHTyBaHHS Oe3me4yHol eKcIUTyaramii 0Oe3 3arposum mis
orepaTtopa, HaBKOJHMIIHBOTO CepeloBHINa Ta Tperix oci6. Texwomnorist Health and
Usage Monitoring Systems (HUMS) moske 3actocoByBaTthcst uisi Ge3nepepBHOTO
MOHITOPHHTY CTaHy Ta eKCIUTyaTalii, NPOrHO3YBaHHA BIAMOB i aBTOMAaTHYHY
niarnoctuxy BnAK. Ii oco6mmBocTi, K TeXHONOTiYHOrO MifIXOAy, BU3HAYAIOTHCS
IHHOBALIMHICTIO, KOMIUIEKCHICTIO, 3JaTHICTIO 3a0e3MeYnTH  aBTOMATH3alliio0
MOHITOPHMHTY, BHKOPHCTaHHSIM TexHoJoriii Big Data, mammHHOrO HaB4YaHHS i
IITYYHOTO IHTENEKTy, MOMYJBHOCTI 1 MacmraboBanocti. Hampurman, HUMS
YBIHIIIIa B IPakTHKY po3poOku Ta ekciuryaranii BnAK cepii MQ Predator (CILIA).

Yuposamkenas HoBux miaxoaie RAMS i HUMS nmotpebye cucteMHHX 3aX0[IiB
Ha BCiX PIBHAX €KOCHCTEMHU BHPOOHUIITBA Ta eKCIUTyaraii ykpaincpkux bnAK.

TUNOJIOT' IS KEPOBAHHUX ABIALIIMHUX BOMB

€.10. Pawescokuil; HM. [lanmeneesa, 0.e.H., K.m.H., npo.;
M.E. Xymopna, 0.e.n., npogh.; O.0. ['onuapenxo, x.e.H., 0oy.
Jlepoicasnuil Hayko80-00CaiOHULL IHCIMUmMym eunpo6yeaus i cepmuixayii
030pPOEHHS Ma GIICLKOBOL MEXHIKU

KepoBana asiamiiina Oomba (KAB) — mne asiamiiiamii 3aci® ypaskeHHs,
OCHAIIEHUH CHCTEMOIO YIPAaBIIHHSA, IO JO3BOJSIE KOPHIYBATH HOTO TPAEKTOPIIO
MOJIBOTY U TOYHOTO ypaskeHHs LT, He BXOsuH y 30Hy aii [1110. BoHu akTHBHO
3aCTOCOBYIOTBCS, OCKUIBKH 3HIDKYIOTH PH3HMK IOOIYHMX BTpaT 1 MiABHIIYIOTH
e(heKTUBHICTD aBianiitHux onepaiil. [Turanus tunonorii KAb e BaxauBuM 3 TOUKH
30py TMOMIMONEHHS TEOPETUKO-METONOJIOriYHOro 0a3ucy OOIpyHTYBaHHS iX
MPAKTUYHOTO 3aCTOCYBaHHs. 33 KIIACHYHHM IiJIX00M THIOJIOTIYHUMH O3HAKaMH, 32
SKUMH MOXYTb Bifpi3usartucs KAB, €: cucremu / criocoOu HaBeIEHHS; TUII i Kamiop
OofioBoi wacTmHHU (aBiamiiiHoi OomOuM — ADB); HasgBHICTH/BIACYTHICTH IBHUTYHA,
TEXHIYHI XapaKTePUCTUKH Ta 1HIII.

OO0uparoyn THITOJOTIYHIMHU O3HaKaMH JalbHICTH 1 TouHicTh KADB, mpononyemo
Bigpisusati Taki ix Buau: 1) KpAB — kopuroBana AB (mambHiCTh BiAmoBimae
OayTicCTHYHOMY BigHOCY BinbHOMamarouoi AB, TOYHICTH ypakeHHs IiIBHUINCHA 3a
paxyHOK CHCTEM YIPaBIIHHS i HaBeIeHHSI, SKi KOPUTYIOTh OaJliCTHYHY TPA€EKTOPIIo;
2) [InABb — kopuroBaHa IuiaHepytoua AB (majpHICTh IepeBHINye OamiCTHIHHI
BiZlHOC BimbHOMamaro4oi AB 3a paxyHOKk Hecyuux (aepoAMHaMIYHHX) TOBEPXCHb,
TOYHICTh Ypa)KeHHS Mi/JBUINEHA 32 PaXyHOK CHCTEM YIPaBIiHHSA 1 HaBEICHHS, SKi
KOPHUTYIOTh IuiaHepyoody tpaekropiio); 3) KITAB — kopuroBana ruianepyioda Ab
MiIBUIIIEHOI ANBHOCTI Jii, KA MOEJHYE MOMepeHi BUAH (HaTbHICTh BU3HAYAETHCS
3amacoM TIanuBa JUIsI MapIioBOTO JABWTYHA, HampHUKiIajg MamorabapurHoro TP/I.
3ayBaxkumo, 1o npu 3actocyBani KpAb i II1AB B pexumi kabpyBaHHs JaJbHICTD
30iIBIIYETBCS 32 PaXyHOK 30iMbLICHHS BUCOTH Y BEpXHid Touli OamicTHIHOL
Tpaekropii (monibHo BinbHomamarodiii AB). BukopucTaHHsS pakeTHHUX [IBUTYHIB
TBEpAOro ManuBa (CTAPTOBUX IPHCKOPIOBAdiB) y I[bOMY BHUINAJKy 3abe3medye Iie
OLTBITY JaNBHICTH MOJBOTY.
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BHUIIPOBYBAJIBHA JISVIBHICTD ¥V ITPOLECT
MOJEPHI3AIII CUCTEM PAAIO3B’ A3KY
HA BEPTOJIBOTAX TUITY MU-24

A.B. Koeanenxo; H.M. Ilanmeneeea, k.m.u., 0.e.H., npogh.;
M.E. Xymopmua, 0.e.n., npog.; B.O. Cuoopenro
Jlepoicasnuil Haykoeo-00CiOnutl iHcmumym eunpo6yeans i cepmuixayii
030pPOEHHS MA GIICLKOBOL MEXHIKU

B ymoBax BenmeHHs O0oioBHX [ e(eKTHBHICTh BHKOPHCTAaHHS 3aco0iB
pamio3B’s3Ky Ma€ KIIOYOBY pOJNb Yy KOOpAMHALIi BIfiCBKOBHX Milf Ta CyTTEBO
BIUTMBAE HA XiJ 1 pe3ynpTaTd 30poitHoi 60poThOH. BaxkinBo ypaxyBaru, o pocis
aKTHBHO MOJEpHI3ye TexHoJjoril y wiit chepi Ta BmpoBamkye mudpoBi cucremu
3B’s13Ky Ta Kpunrorpadiuti 3acobu 3axucty indopmarii. ToMy HarajapHOIO € 3aMiHa
HU3BKOHAIIHHOT0, MOPAITbHO-3aCTapiIOr0 pagioo0IaJHAHHS OBITPSHUX CyICH.

JHAI BC OBT mpoBiB KOHTpOJBHI BUIpoOyBaHHS IH(POBOi pamiocTaHLii
aMEpUKaHCHKOTO BHPOOHUWIITBA, KA MpPU3HAUCHA U Pagio3B’s3Ky 3 HA3eMHHUMH
paxmioctanmismu Ta Mk [IC y mositpi. Pamiocranmis 3abesmnedye TenedoHHHIA
pazmio3B’s30k 1 muppoBy nepegady MaHUX B METPOBOMY Ta JACHHMETPOBOMY
niama3oHaX XBWJIb B MeXax NPsAMOI BUAMMOCTI 3 a0OHEHTaMHU 13 MOXKIIHBICTIO
BUKOPHUCTAHHA 3alIM(POBAHUX KAHATIB 3B 3Ky Ta aJlTOPUTMIB PalioeICKTPOHHOTO
3axucTy. Y mpormeci BuIpoOyBaHb 3iiiCHIOBasacs TEpeBipka MOKIHMBOCTI
3aCTOCYBaHHS paliOCTaHLii B CKJIaAI OOPTOBOTO PaaiOCICKTPOHHOTO OOJaTHAHHSI
BEPTONBOTY THITy Mu-24; BU3Ha4YaIHCs 0COONUBOCTI eKCIuTyaTamii 10001aqHaHOTO
BEpPTONBOTY, Yy TOMY YHCII 3aaiasd YTOYHEHHA [HCTpykmii ekimaxy Ta
eKCIUTyaTaliiHOi JOKyMEHTalil BEepTONBOTY. 3a pe3yibTaTaMH IOPIBHSIBHOTO
aHali3y BUSBICHO, 10 oO0ianHaHHs [IC HagaHUM JOCTITHUM 3pa3KOM JIO3BOJIUTH
OTpPUMAaTH HU3KY HOBHX EKCILUTyaTalliifHUX MOXKJIHMBOCTEH, 30KpeMa: peryiboBaHHH
piBEHB LIYMOIIOTJIMHAHHS; TOJaTKOBI P&KHUMHU poboTH (L poBHii, nepenadi JaHuX,
mrpyBaHHs, paioeIeKTPOHHOTO 3aXUCTY); 30LIbIICHY MOTY)XHICTh IepeiaBaya Ta
KUTBKICTh pa/lioKaHaJiB; MiBUIIICHY YyTIUBICTh MepeaaBaya.

HOBITHE BUCOKOTEXHOJIOI'TYHE O35PO€HHA:
CYYACHI TPEH/IA 1 PEAJITI BIMHA B YKPATHI

B.I'. Bawwuncokuii, 0.m.un., npog.; 11 Tabypeyv?, k.e.n.
Ylepacasnuii nayxoso-oocrionuti incmumym eunpobyeans i cepmuixayii
030pOEHHs Ma IIICLKOBOI MEXHIKU;
2Yepracekuii 0epaicagHutl mexnono2iunuil ynigepcumen

CyyacHe  BHCOKOTEXHOJIOTiYHE  O30pO€HHS  3aJMINAETBCS  JpaiBepoM
TpaHCHOPMAIITHAX 3MiH TPUPOMU 1 XapakTepy BiifH, MPO MO CBIJYUTH BOEHHA
icropist 1 cydacHict. ChOrToAHI BXKE BH3HAYMINCS IIICTh HOTO TPEHAIB, IO
0a3yeThbCsl HA MOTEHIIANI TaKUX TEXHOJOTIH, SK TEXHOJOTIS CIPSMOBAHOI e€Heprii,
rinmep3ByKOBa TEXHOJIOTIS, TEXHOJOTIl IMITYYHOTO IHTENEKTY, KOCMIYHI i KBaHTOBI
TEXHOJIOTi1, KibepHeTHuYHi TexHoorii. KoXHa TEXHOJOris J03BOJISIE CTBOPIOBATU
JeKinbKa pI3HOBUAIB 1 peamizaliii 030pO€HHS, AEMOHCTPYIOUM 3MiHH, IIEBHI
nepeBard i OOMEKeHHI TpW BeIeHHI 00ioBUX miil. PiBeHb MOBHOTH 1 HIBHIKICTH
PO3pOOKH HOBITHBROI'O O30POEHHS 3aJeKHTh BiJA CKIAAHOCTI CaMol TEXHOJOTiI,
MOXKJIMBOCTI CTBOPEHHS MPOTOTHUITY 3pa3Ka Ta HOro BUNPOOYBaHHS, IO MOB’SA3aHO 3
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HasBHICTIO JOCTaTHHOTO IHHOBAL[MHOrO TMOTEHUiaNy 1 MOTPeOO 3HAYHKX
pecypcaux Butpar. Ilin wac moBHOMacmTabHOI BIMHHM, Ha IYMKY 3aXiJZHHX
eKCHepTiB, YKpaiHa cTajla CBOEPITHOK  BHUIPOOYBAJIBHOI  JIAOOPATOPIEID
BHCOKOTEXHOJIOTIYHOTO 030poeHHs. Tak, MOCHIEHO IIPOTHPAKETHY OOOPOHY
3acobamu 3PK Patriot i APC M142 HIMARS mnporu Trinep3ByKOBHX pakeT
“Kumxkan” (X-47M2). BukoHyroTbCS BUNPOOYBaHHS [OCTIJHOTO 3pa3ka HOBOI
nasepHoi 30poi “Tpu3y0” i ypakeHHS JITakiB Ta IHIIUX PYXJIMBUX IiIeH.
TexHODOTii IITY4HOrO IHTENEKTY BXKE BHKOPHCTOBYIOTBCS B T€ONPOCTOPOBIH
po3Biali, aHami3i JaHUX Ha 1oii Ooro, OOHOBOMY pO3Mi3HAHHI 00MNYb,
panioenekTpoHHiH 60poTHO1 TOIIO.

OTxe, B yMOBax IIOBHOMACINTAOHOI BIHM TPHCKOPIOETBCS pPO3poOKa 1
MIOIINPIOETECS  JIOKaJIi3alil BHPOOHHMITBA BHCOKOTEXHOJOTIYHOTO O30pOEHHS 3a
ydacti KpaiH-apTHepiB, IO BIJNOBiJae IEPETOBHM TEXHOJOTIYHHM TpPEHIAM,
PO3BHBAETHCS IHTETpAIlisl IHHOBAI[ITHUX TOTEHINATIB PETiOHIB 3aJUIsl 3MIIHCHHS
HaIllOHaJIbHOI 00OPOHHU.

OCORBJINBOCTI BUITPOBYBAHbD PAJIIOJOKAIIIIMHOIO
BIAIOBIJAYA HA BEPTOJIBOTAX TUITY MU-24

A.FO. Crocupes; /I.B. Cusopakwa; T.1. /[yonux;
M.E. Xymopmna, 0.e.H., npogh.
Jlepoicasnuil Haykoe0-00CiOHUll iHCmumym eunpo6yeans i cepmugixayii
030pPOEHHS Ma GIICLKOBOL MEXHIKU

BaxximBoro nepeayMoBOI0 Oe3NeKH IOJIBOTIB € 00JiaHaHHSI MOBITPSIHOTO CyIHA
CYyJacCHHMH paJiONOKAI[IfHIMU HPUCTPOSMH, Y TOMY 4YHCII paioNoKariifHIM
pignosimauem. JIH/II BC OBT mpoBiB KOHTPOJBHI BHIIPOOYBAaHHS TaKOTO
MPUCTPOI0  BITYM3HSHOTO BHPOOHMKA, SIKUH NpU3HA4YeHHH sl poboth 3
BTOPHUHHUMH PaIioJIOKaTOpaMH CUCTEMH yHpaBiiHHSA moBiTpssHIM pyxoM ATC RBS
BignoBigHO n0 BUMOr ICAO B pexxumax “C”, “A”, “S” i aBToMaTH4HOi mepenadi
HA3eMHHM CHCTEMaM Ha iX 3amuT iHpopMaIllil mpo MOBITPsHE CYIHO.

Mertoro BurpoOyBaHb Oyiia OIiHKa BiAMOBITHOCTI TEXHIYHUX 1 €KCIUTyaTaiiHIX
xapakrepucTik (TEX) BcTaHOBIEHOTO pamiofOKAaIliifHOTO BiANOBigaYa BHUMOTaM
TEXHIYHOT JOKyMEHTalii; Ta SKOCTi (YHKLUIOHYBaHHS B CKJIaai OOpTOBOTrO
obnasHaHHA BepPTONbOTY THIY Mu-24. V mporeci KOHTPOJBHHX BHUIPOOYBaHb
OLiHKAa JOCNIJHOTO 3pa3ka 3AiHCHIOBajacs 3a TAaKUMH HampsMaMu: Horo
MPU3HAYEHHs Ta CKJIal; BUMOTH J0 EJIEKTPOMArHIiTHOI CYMICHOCTi; BHMOTH 1O
HAJIHHOCTI Ta Ge3MeK! MONIbOTIB; KOHCTPYKTUBHI, @ TAKOX BUMOTH J0 €PTOHOMIKU
Ta TexHigHO1 ecteTuku. [1logo HanmiftHOCTI, 6e3neKkn Ta KOHCTPYKTUBHUX BHMOT, TO
yBara MpUIiIsUIacs TAKHM aclekTaM: (akTy eKCIUTyaTallii BepToNboTy THITy Mu-24
BiOBiTHO 10 [HCTpYKIil exinaxy Ta JOMOBHEHb 10 HEl B YACTHHI BCTAaHOBJICHOTO
oOnasHaHHS; 3HAYCHHSIM BaroBMX Ta LEHTPYBAIBHHUX NaHUX; (aKTy JOCTATHOCTI
l'lOTy)KHOCTi IITAaTHOI CHUCTEMHU CICKTPOXXUBJICHHA BEPTOJLOTA JIA KHUBJICHHA
BCTAQHOBJICHOTO  OOJIa[HAaHHS, MIIHOCTI KOHCTPYKLii 3HOB BCTaHOBJICHOTO
obnamHaHHA Ta BY3JiB HMOro KpirieHHs. 3rigHO 3 pe3yjbTaTaMyd BUNPOOyBaHb
BcTaHOBNeHO, 1o TEX nocmigHOTO 3paska BiAMOBIiZalOTh BUMOTaM TEXHIYHOI
JNOKyMeHTamii, Ta 3abe3medyeTbcss HOro (yHKIIOHYBaHHS TpU MPOBEICHHI
Ha3eMHHX BHIIPOOYBaHb.
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maxia 10 BAUSHAYEHHS BAPIAHTIB MAPIIPYTIB ITOJIBOTY
ABIAIIII B XOI INIAHYBAHHSI BOMOBHUX 3ABJAHb BOTHEBOI'O
YPAXKEHHS IPOTUBHUKA B YMOBAX OCOBJIMBOI'O IIEPIOAY

A.B. Tkauenxo; O.11. Kosba; O.P. Mapmuniok, K.m.H., 0oy.
Hayionanenuii ynieepcumem oboponu Yrpainu

B ymoBax mmpoxomacmtabHOi arpecii pocii mpotu YkpaiHu mepen apiali€ro
[OCTaJM BHMCOKI BHUMOTIM IIOJO OOIPYHTOBAHOTO Ta CBO€YACHOTO IPUHHATTS
pimernHs Ha 1i 3acrocyBaHHs. [IIBHIKOIUIMHHICTH 3MIH OOCTaHOBKH, OOMEXEHHS
4acy Ha MiATOTOBKY JILOTHOTO CKJIaJy, SIKHH 3aly4aeThcsl 10 HAaHECEHHS aBialliifHuX
yZAapiB, BUMarae 3a0e3nedeHHs SKiCHOI MiATOTOBKY EKIMaXKiB A0 MOJIBOTY.

BuzHaueHHs MapmpyTy Ta Npodigio IOJbOTY € OJHIEI0 3 YMOB YCIIIIHOTO
BUKOHaHHs 0OOWOBHX 3aBnaHp apiamiero [loBiTpsHux Cuiu. B Xozi miaAroToBKH 10
0OHOBOTO BHJIBOTY HEOOXIHO BpaxoBYBaTH MOPSIOK i Ha KOXXHOMY eTami
MoNBOTY, 3axoau mpotupii 3acobam I1IIO 3PB, BunmmyBanbHii aBiamii Ta PEB
MIPOTUBHHUKA OCOOJIMBO B paiiOHI BUKOHAHHS 3aBJIaHHSI.

BpaxyBaHHS BCiX YMHHHKIB Hepenbadae 3HaYHy BHTpATy dyacy L0 HPHBOIUTH
IO 3HIDKCHHS OOIPYHTOBAaHOCTI BH3HAYEHOTO BapiaHTy MapuipyTy Ta Hpodiiaro
MOJBOTY. MapmpyT Ha aBialiifHUN yoap 3HAXOOUTHCS Y TICHOMY B3a€EMO3B’SI3KY 3
3aBaHHSAMH IIOA0 3a0e3MedeHHs TiIMHU PI3HUX TPyN TaKTUYHOTO HpPU3HAYCHHS.
s KOKHOTO 3 IUIAaHIB aBiamiHOTO yAapy MOXYTh OyTH BH3HAa4€HI MapLIpyTH
HOJILOTY, SIKi MOXKYTb BHSIBUTHCh HEPUHHATHUM 3 IIMTaHb OE3MEKH.

ToMy BHHHUKAae HEOOXiJTHICTH CTBOPCHHI MOJIEMI MOJILOTY MiAPO3IUIIB aBiamii 3
ypaxyBaHHSIM TaKTHYHOI MOOYIOBM OOHOBOTO MOPSIKY, ONEPaTHBHO-TAKTHYHOL
00CTaHOBKH METOZOM BH3HAYEHHs BAPiaHTIB MapIIPYyTiB MOJIBOTY 3 BUKOPHCTAHHAM
KOMOIHAaTOPHOI ONTHUMI3allii KIITHHHAX aBTOMATIiB, Ta CHHTE3y BapiaHTy MapIIpyTy
3a METO/IOM 3Ba)KEHOT CyMH OLIIHKH KPHUTEPIiB.

OCORBJIUBOCTI OPI'AHI3AII B3AEMOII BAHUIIY BAJIbHOI
TA BE3IUIOTHOI ABIAIIIT I YAC BUKOHAHHS 3ABJIAHD
MPOTUIIOBITPSIHOI OBOPOHU

A.B. Apowenxo, Ph.D.; O.M. Ileuenexo; O.€. Buuckyn, Ph.D.;
O.P. Mapmuniok, K.m.H., 00y.
Hayionanvnuil ynigepcumem oboponu Yrpainu

EdexrtuBHicTh cydacHHX OOWOBHX Hili B 3HA4YHIA Mipi 3aleXHTh Bif
edpextuBHOCTI B3aemoxii. Tak, y 2024 pomi ans BHKOHAHHS 3aBIaHb IOJO
nepexoruieHHs yaapaux BriJIA tumy “Shahed-136” mouamu 3acrocoBysatu FPV-
IpoHu-niepexorutoBayi. [le pillleHHs 103BOJNMIO 3HATH 3 BHHHUILYBAJIbHOI aBialii
Mositpstanx Cun 36poiinnx Cun YkpaiHu, CKIagHe 3 TEXHIYHOI TOUYKH 30Dy,
3aBJaHHS LIOJ0 iX MEPEeXOIUICHHS Ta 30CEPeAMTH 1XHi 3yCHJUISI Ha HEepeXOIUICHHI
KPUJIATUX PaKeT MPOTUBHHUKA.

I[Mporte, mixg yac KOMOIHOBAaHUX PAKETHHX yJapiB MPOTHBHUK HE BiAMOBISETHCS
BiJl 3aCTOCOBYBaHHS YAapHUX IPOHIB, APOHIB-TIPIMAHOK JUIS BiIBOJIIKAaHHA CHJI Ta
3aco6iB 11O Ta BBesmeHHs iX B omaHy. ToMy, BUHMKAe MUTAaHHS LIOAO OpraHi3aii
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e(eKkTUBHOI B3aeMOAii MDK BHHHIIYBajJbHOK aBiaumiero Ta FPV-mponamu-
nepexorutroBadamu. [ oprasizaiii sIKiCHOT B3a€MOJIil B OJHIN 30HI 3 PO3IOAITIOM
3yCHJIb IO LUIAX HEOOXiZHO CTBOPIOBATH CYMICHI IYHKTH YIPaBIiHHS MiJOTOBAaHOT
Ta OC3MUIOTHOI aBiamii, J¢ BH3HAYCHI KOMaHAWpH depe3 odimepiB 3 00HOBOrO
yHOpaBiiHHA OyAyTh 3[1HCHIOBATH KEPiIBHULITBO 000BOIO pPOOOTORO.

CKJIamHICTh BHINE3a3HAYEHOTO INHUTAHHS IIOJIITa€ B TOMY, KPHJIATI pakeTH i
yAapHi IpOHH MOXXYTh BUKOHYBaTH IHOJIT Ha OJHOMY CIIENOHI, 3 OJHOTO i TOro x
HampsIMKy, IO MOXXE MNpU3BeCTH OO0 KOH(DIKTHOI curyarii B moBiTpi. Tomy,
oprasizarlis BUKOHaHHS 0OHOBOTO 3aBJaHHS B TAKHX yMOBax IOTpeOye CTBOPEHHS
HaJIHHOTO PaAioJIOKaLlifHOTO TOJIS 3 BUCOKOIO PO3AUIBHOIO 3IATHICTIO, HAAIHHOTO
JIBOCTOPOHHBOT'O Pazio3B’sI3Ky, a TAKOXX 3aIy4EeHHSI BHCOKOKBai(hiKOBAaHOTO CKIIaLy
IpyNHu KEepiBHULTBA MOJIBOTAMHU.
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CEKIIS 4

CTBOPEHHS, EKCILUTYATAIISI TA PEMOHT ABIAIIIHO{ TEXHIKH
3 YPAXYBAHHAM JOCBIAY BIACIYI IOBHOMACIHITABHOI
35POUHOI ATPECII POCIUCBKOI ®EJEPALIIL

KepiBHuKkH cekmii: renepan-maiiop Cxopenpkuii [LE.;
I.T.H. npo¢. nmonkoBHUK KosroHtok I.B.
Cexkperap CeKIii: minonkoBHUK Kpyts O.A.

RESEARCH OF THE INFLUENCE OF PRODUCTION DEFECTS
ON THE CHARACTERISTICS OF THE NOZZLE-FLAP VALVE

P. Skorenkiy!; A. Litvyak?, Doctor of Technical Sciences, Associate Professor;
S. Komar?, Candidate of Technical Sciences, Associate Professor
1Air Force Command of the Armed Forces of Ukraine;
2lvan Kozhedub Kharkiv National Air Forces University

During ground tests of turboshaft gas turbine engines of the TV3-117 type,
unsatisfactory operation of the automatic regulation system of the free turbine speed
is often noted, which manifests itself as steady-state oscillations of engine
parameters. Studies have shown that the cause of this defect is the nonlinear static
characteristic of the free turbine speed regulator of the NR-3 type units used on
engines of this type.

The report presents the results of computational studies of the flow of working
fluid in the nozzle-flap type control valve of the free turbine speed regulator, which
is used in the NR-3 pump-regulator. As part of the research, an analysis was made of
the influence of various factors on the fluid flow in the nozzles, in particular, design
factors, such as the flap installation angle, the radius of rounding of the nozzle outlet
edge and the width of the nozzle section.

The studies have shown that the design factors of real nozzle-flap control valves
have a significant effect on the integral characteristics. The damper skew, the
rounding of the outlet edge and the increase in the nozzle cross-section width reduce
the throttling properties of the annular gap, which leads to an increase in the flow
coefficient. The greatest influence of the listed factors is exerted by the nozzle cross-
section width. Therefore, the lack of instrumental control over the cross-section
width and the non-rigid requirements for this parameter lead to an uncontrolled
change in the flow coefficient of the control valve, which ultimately negatively
affects the dynamics of the regulator and can lead to the development of self-
oscillations or unstable operation.

WAYS TO IMPROVE THE QUALIMETRIC MODEL OF HELICOPTER
PROPERTIES THAT DETERMINE THE DEGREE OF SUITABILITY
FOR THE TASK

O. Leontiev, Doctor of Technical Sciences, Professor;
O. Ursol; A. Konstantinov; S. Kyrylenko
Ilvan Kozhedub Kharkiv National Air Force University

The loss of aircrafts and the rapid exhaustion of the existing aviation fleet of the
Armed Forces of Ukraine in the course of repelling the armed aggression of the
russian federation against our country will inevitably lead to the issue of re-
equipping the aviation with modern foreign-made cargo helicopters.
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One of the key issues is the issue of quantifying the quality of any type of cargo
helicopter in order to select a specific type of helicopter from possible alternatives
for the purchase of new aircraft. To address this issue, it is necessary to create
appropriate models and methods for comparative evaluation of alternative helicopter
types, based on a limited number of factors determining the helicopter's
performance, to obtain the value of a generalised product quality indicator in solving
the targeted tasks for the intended purpose, and, according to the selected criteria, to
determine the best helicopter type to replace the existing one in the modern
helicopter fleet.

The existing qualimetric model of helicopter properties that determine the
degree of its suitability for airborne transport tasks is described by a formalised
linear dependence of the generalized helicopter quality indicator on a number of its
defining technical characteristics — the model factors. The existing model does not
allow predicting the value of the coefficient of combat potential of a helicopter
beyond the values of the model factors within the interval in which the model was
built. Detailed analysis of the essence of the factors included in the existing
qualimetric model indicates the doubtful independence of the constituent elements
of the factors space.

The existing qualimetric model is considered to be imperfect and requires a
revision of the factors space to build the dependence of the generalised quality
indicator (combat effectiveness) of a cargo helicopter on its tactical and technical
characteristics and to build the model in a non-linear form, adding, as a minimum,
quadratic forms.

ANALYSIS OF THE INFLUENCE OF COMBAT DAMAGE
ON THE AERODYNAMIC CHARACTERISTICS OF AN AIRCRAFT

I. Kovtonyk, Doctor of Technical Sciences, Professor;
S. Drozdov, Candidate of Military Sciences; Y. Kolesnik; O Sivik
Ilvan Kozhedub Kharkiv National Air Force University

The participation of aviation in combat operations is one of the decisive and
most significant factors in protecting the airspace of the state. Based on statistical
data, it can be stated that combat damage to the airframe of an aircraft is decisive in
terms of their impact on the aerodynamic characteristics and aerodynamic
survivability of an aircraft. The main types of combat damage include: complete and
partial destruction of an aircraft airframe elements, volumetric and surface
deformation of an aircraft surface (geometry violation and asymmetry of the wing),
airframe cracks, convexity (curvature), dents (deflections), waviness, roughness,
burns, melting and holes in the skin. The greatest danger is caused by damage to the
end parts of the wing, tail, and control surfaces.

Critical analysis of the combat survivability of an aircraft that participated in
combat operations allows us to state the need to determine the maximum level of
damage to the an aircraft airframe at which its aerodynamic and flight technical
characteristics can ensure the performance of the combat mission. There is also a
need to determine the possibility of the an aircraft flying from the operational
airfield to the place of repair, the possibility or impossibility of the an aircraft
continuing to perform combat missions in full, the possibility of performing combat
missions with restrictions. Further research will be aimed at determining the impact
of various types of combat damage an aircraft on its aerodynamic and flight
technical characteristics.
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PROSPECTS OF USING ELECTRIC ENGINES
IN AVIATION POWER PLANTS

Ye. Ukrainets, Doctor of Technical Sciences, Professor;
Ye. Spirkin, Candidate of Technical Sciences; O. Drol
Ilvan Kozhedub Kharkiv National Air Force University

Modern gas turbine engines fully meet the energy needs of aircrafts, but their
use has serious consequences due to environmental and visibility requirements. In
the face of increasing environmental requirements and the need to reduce emissions,
as well as the need to reduce the infrared visibility of military aircraft, electric
engines are becoming a more attractive alternative.

An analysis of the technical capabilities of creating aircraft electric engines
showed that modern electric engines have a specific power of up to 5 kW/kg, while
gas turbine engines can reach 8 kW/kg.

The technology of using superconducting materials can significantly increase the
specific power of electric motors. A hybrid system consisting of a gas turbine
engine, an electric generator and an electric motor can achieve a specific power of
more than 10 kW/kg, which exceeds the performance of gas turbine engines.

In 2024, H3X Technologies created a ready-made electric motor HPDM-1500
that creates a specific power of 12 kW/kg.

An assessment of the development trend of electric motor technologies shows
that electric motors have great potential for use in aviation power plants. They can
provide not only economic benefits, reduced noise and pollutant emissions, but also
reduced infrared visibility in military applications. However, to realize this potential,
a number of technical and economic challenges must be overcome, including the
development of new technologies such as superconductors, rechargeable batteries
and liquid hydrogen. Investment in research and development in this area can lead to
significant changes in the future of aviation, making it more environmentally
friendly and efficient.

ORGANIZATIONAL AND METHODOLOGICAL ASPECTS
OF THE DEVELOPMENT OF AVIATION ARMAMENT
OF THE STATE'S ARMED FORCES

B. Demidov, Doctor of Technical Sciences, Professor;
D. Grib, Candidate of Military Sciences, Associate Professor;
O. Khmelevska, Candidate of Technical Sciences, Associate Professor
lvan Kozhedub Kharkiv National Air Forces University

The report states that the management of aviation armament development should
be carried out within the framework of the overall development of the state's armed
forces weapon systems. The strategic goal of aviation armament development should
be to ensure compliance with the tasks and structure of the aviation weapon system
within the state's capabilities regarding national defense expenditures.

The justification for the concept of tactical aviation development and its weapon
system within long-term and medium-term planning periods, the definition of
operational-strategic and operational-tactical requirements for its structural
components, as well as the formation of a prospective outline and determination of
system parameters, should be considered key tasks in preparing the draft program
for aviation armament development.
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The issue of acquiring defense products for aviation armament development is
currently one of the priority areas of activity in the military-technical field. The
object of planning and managing the technical equipment of tactical aviation should
be the process of forming, placing, and fulfilling orders, procurement, and supply of
combat and support assets to equip the tactical aviation of the armed forces with the
latest models of multifunctional aviation technology.

The report argues that the formation of a prospective tactical aviation fleet must
consider its current state, development dynamics, and forecasting the
implementation of advanced technologies and innovations to create the necessary
aviation armament to counter modern threats.

EVALUATION OF THE AFTERBURNER COMBUSTION
CHAMBER EFFICIENCY

V. Rublev, Candidate of Technical Sciences, Associate Professor;
N. Otreshko; R. Rubleva; O.Tereshchenko
Ilvan Kozhedub Kharkiv National Air Forces University

An afterburner combustion chamber is a key element of aircraft turbojet engines,
which allows to significantly increase thrust by additional fuel injection into the
flow of gases that have already passed through the turbine. It is mainly used in: —
military aviation (aircraft such as Su-24, Su-27, F-16, MiG-29) for rapid speed and
maneuverability; supersonic civilian aircraft (Concorde, Tu-144 and advanced
supersonic aircraft projects); research and experimental projects (hypersonic
aircraft). Afterburning allows for a short-term increase in thrust of up to 50-70%, but
is accompanied by a significant increase in fuel consumption and an increase in
engine temperature.

Several key indicators are used to evaluate the performance of an afterburner
combustion chamber: traction characteristics, specific fuel consumption, temperature
conditions, aerodynamic drag, and environmental indicators.

The following approaches are used for a comprehensive analysis of the
afterburner operation: experimental methods, bench tests, flight tests, analysis of the
chamber behavior in real operating conditions; use of computer fluid dynamics
methods; heat and power analysis; acoustic analysis.

Efficient operation of the afterburner combustion chamber faces a number of
problems: thermal loads; optimization of fuel spraying; vibration loads.

JUSTIFICATION OF RECOMMENDATIONS FOR IMPROVING
THE SYSTEM OF DIAGNOSTICS AND RESTORATION OF AIRCRAFT
UNDER CONDITIONS OF REPELLING THE ARMED AGGRESSION
OF THE russian federation

V. Yashchenok?, Candidate of Technical Sciences, Associate Professor;
O. Bratus?; O. Melnyk; V. Kapytsia!
Ylvan Kozhedub Kharkiv National Air Force University;
2Air Force Aviation Command of the Air Force Command
of the Armed Forces of Ukraine

The primary task of the Air Force of the Armed Forces of Ukraine in the defense
of the State is to repel the armed aggression of the russian federation. The Armed
Forces of Ukraine are equipped with aircraft (AC) that meet a range of specific
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requirements. Ensuring continuous aviation combat operations in any military
operation requires the timely restoration of damaged aircraft and maintaining their
operational readiness at a specified level. With the onset of hostilities, the volume
and nature of aircraft repairs have significantly changed, necessitating a well-
developed military repair network, which includes both military units and aviation
repair enterprises. Therefore, under combat conditions, to maintain the required level
of operational readiness and organize the rapid restoration of aircraft, it is necessary
to establish ad hoc repair groups. Their primary purpose is not only to restore
aircraft but also to predict their technical condition within the aviation brigades of
the state aviation of Ukraine.

Methods for integrating the aircraft restoration system for combat-damaged
aircraft with the system for predicting their technical condition have been
formulated. The main requirements for this system include rational echeloning of the
repair network, coordination between military and factory aircraft repair systems,
mobility, comprehensiveness, productivity, and regional autonomy. The dependence
of effective management of the repair network on ensuring the combat operations of
aviation brigades, as well as the quality of organization and execution of repairs, has
been determined. This allows for an accurate assessment of the capabilities of the
repair network in maintaining the high combat readiness of state aviation aircraft in
the context of repelling the armed aggression of the russian federation.

MODERNIZATION OF THE HELICOPTER TRANSMISSION
AND ROD CONTROL SYSTEM

S. Komar, Candidate of Technical Sciences, Associate Professor;
O. Tereshchenko; N. Otreshko; M. Tonkonog
lvan Kozhedub Kharkiv National Air Forces University

The helicopter's tail rotor is designed to compensate for the reactive moment and
control the course. The tail rotor rotation drive is carried out using cardan shafts
from the main rotor gearbox to the tail rotor gearbox through an intermediate
gearbox. The tail rotor thrust is controlled by the pedals in the cockpit by changing
the propeller pitch. From the point of view of reliability, the failure of the tail rotor
and its transmission lead to uncontrolled flight and a possible disaster.

It is proposed to rotate the tail rotor using an electric motor. For the drive, it is
proposed to use an asynchronous AC motor with the ability to control the rotation
speed.

The tail rotor rotation speed is synchronized with the rotation speed of the main
rotor to compensate for the torque. Power is provided from the main power supply
system of the helicopter with power backup from an emergency AC generator. The
electric motor rotation speed control system uses a transistor device with a pulse-
width modulation (PWM) generator. The PWM signals come from the rotor speed
measurement system, from the pilot's control pedals, and from the autopilot's
heading channel via electrical connections.

Replacing the mechanical transmission of the tail rotor with an electric drive will
allow:

—to increase the part of the power supplied to the tail rotor;

—to exclude the shaft, intermediate gearbox and tail rotor gearbox from the
rotation transmission scheme, thus increasing the reliability of the aircraft;

— to exclude the cable and traction transmission from the control system;

— to increase the maneuverability and control quality of the helicopter;

— to reduce operating costs.
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REALIZATION OF CONVECTIVE FILM COOLING
OF COMPRESSOR TURBINE NOZZLE BLADES

S. Komar, Candidate of Technical Sciences, Associate Professor; K. Indutnyi
lvan Kozhedub Kharkiv National Air Forces University

An important task in solving the problems of further development and
improvement of aviation equipment is its modernisation of existing models in order
to increase their combat effectiveness.

To increase the engine power, it is proposed to increase the combustion
temperature upstream of the compressor turbine, namely, to switch from a
convective cooling system to a combined one.

When the gas temperature upstream of the turbine is increased to 1300 K, the air
consumption required to cool the nozzle blades with combined cooling reaches 8%
of the air consumption at the compressor inlet.

The design feature is that it is proposed to make cylindrical cavities in the body
of the nozzle blade on the surface from the back, trough and edges along the entire
length of the blade. The cavities should be closed with a hole plate on top.

This will reduce the intensity of turbulent transport in the film boundary layer
and laminarisation of the flow, and therefore the protective effect of the cooling air
film will increase and remain at large distances from the blower.

In combination with convective and film cooling of the blade, this will make it
possible to increase the gas parameters upstream of the turbine to the specified
value, increase the service life and reduce the cooler consumption, and thus
significantly increase the turbine efficiency.

The proposed engineering solutions will increase engine power by 9% and
reduce specific fuel consumption by 3%, which will have a positive impact on
combat effectiveness and high-speed performance and expand the range of tasks
performed by the helicopter.

INFLUENCE OF OPERATIONAL FACTORS AND COMBAT DAMAGE
ON THE VIBRATION LEVEL AND RESOURCE CONSUMPTION RATE
OF MI-8 HELICOPTER

V. Onishchenko, Candidate of Technical Sciences, Assosiate Professor;
A. Derevianko
Ilvan Kozhedub Kharkiv National Air Force University

The Mi-8 helicopter is one of the most common multi-purpose helicopters
widely used in the military. The Mi-8 helicopter is operated in various conditions,
which significantly affects its load and technical condition, service life and flight
safety.

The main operational factors affecting a helicopter are variable overloads and
environmental influences, material fatigue, corrosion, and mechanical wear of
components. An additional aspect is operational and combat damage, which can
significantly change the load of the structure and cause increased vibration levels
and even the appearance of dangerous self-oscillations.

Increased vibration in the helicopter structure adversely affects the working
conditions of the crew and equipment, reduces flight safety, and accelerates the rate
of consumption of the airframe, individual components and assemblies. Thus,
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vibration loads can cause premature material fatigue, which increases the risk of
failure of critical components.

The study of the impact of operational factors and combat damage on vibration
levels and the rate of resource consumption is a task to ensure the long and safe
service of Mi-8 helicopters in intensive operation.

It is necessary to use modern diagnostic methods to detect damage, ensure
timely maintenance and restoration of the equipment. This will extend the service
life of helicopters, which is especially important in military operations.

EVALUATION OF THE WING LOADING OF THEMIG-29 TYPE
WHEN USING DIFFERENT WEAPONS OPTIONS

V. Onyshchenko, Candidate of Technical Sciences, Associate Professor;
B. Kuruchenko
Ilvan Kozhedub Kharkiv National Air Forces University

The relevance of the work is due to the fact that in connection with Russian
aggression, the Air Force faced the task of increasing the combat effectiveness of
aviation complexes based on the adaptation of modern weapons installed on aircraft.

It became possible to arm the Mur-29 aircraft with such types of weapons as
AIM-120 AMRAAM, AIM-9 Sidewinder, AMG-88 HARM, JDAM and GBU-39
SDB.

There is a problem of researching the effect of this weapon on the load of the
power structure, its stiffness and stability. Different weapon options have certain
mass and inertial characteristics. To estimate the structural load, it is suggested to
use calculated mathematical models of the airframe load. For all new weapon
options, it is necessary to establish the maximum permissible overload of the aircraft
and determine the internal force factors in the wing sections. In the event of combat
damage to the structure, it is necessary to develop new options for restoring and
strengthening pow.

Based on the mathematical model, an application package is created in the
Mathcad environment, which allows you to estimate the load, strength and stiffness
of the structure. It is proposed to estimate the internal force factors in different
sections of the wing for different operating conditions.

Thus, such a mathematical model allows you to quickly conduct parametric
studies on the influence of operational factors on the load and performance of the
structure.

RESEARCH ON THE IMPACT OF OPERATIONAL FACTORS
ON THE LOAD OF THE MAIN GEARBOX MOUNTING FRAME
OF THE Mi-24 TYPE HELICOPTER

V. Onishchenko, Candidate of Technical Sciences, Assosiate Professor;
K. Andriichenko
Ilvan Kozhedub Kharkiv National Air Force University

The Mi-24 helicopter is one of the key combat helicopters, actively used in
military operations. Its operation occurs in various conditions, which significantly
affect the load on the structure, technical condition, resource, and flight safety.

The main factors influencing the helicopter’s performance include overloads,
vibration loads, changes in environmental temperature, material fatigue, corrosion,
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and mechanical wear of critical components. Additionally, combat damage can lead
to changes in the loads on the structure, increasing vibration levels, altering dynamic
characteristics, and even causing dangerous oscillations.

Increased vibration negatively impacts crew conditions, equipment functionality,
and significantly accelerates the wear of the fuselage, individual components, and
systems. This, in turn, reduces overall flight safety.

Studying the impact of operational factors on the load of the main gearbox
mounting is a crucial element in ensuring the reliable operation of the Mi-24
helicopter. Analyzing such loads allows for the development of recommendations
for improving the design and selecting optimal materials to ensure durability and
safety. It also aids in the development of more efficient maintenance methods to
prevent potential failures and extend the service life of the equipment.

MODERNIZATION OF THE EXHAUST DEVICE
OF THE Al-450B ENGINE

V. Rublev, Candidate of Technical Sciences, Associate Professor;
N. Otreshko; R. Abbasov
Ilvan Kozhedub Kharkiv National Air Forces University

The Al-450V engine has an increased risk of surge during hovering and yaw
maneuvers. This problem is caused by the close location of the outlet diffuser to the
engine compressor, which causes gas recirculation.

The purpose of the work is to ensure — stable operation of the compressor due to:
profiling the aerodynamic shape, which reduces resistance and improves gas flow
characteristics; reducing the level of acoustic interference, which significantly
reduces noise during flight; the effect of thermal transfer, which reduces infrared
radiation of the helicopter.

Exhaust pipes are used for helicopters, which ensure effective exhaust gas
removal and reduce acoustic impact.

Analysis of proposed solutions.

To avoid gas recirculation at the compressor inlet, the following solutions were
considered and proposed:

1. Installing an extension pipe with an ejector at the end. The proposed scheme
eliminates the ingress of gases into the compressor inlet.

2. Use of splined joints to unify and strengthen the structure.

3. Use of ejectors of various types to ensure a stable gas output.

Conclusions and recommendations.

1. Use of an extension pipe with an ejector reduces the risk of surge.

2. Provides increased efficiency, reduced infrared radiation and reduces noise
pollution.

STUDY OF WAYS TO IMPROVE THE FUEL
EFFICIENCY OF THE MI-24 HELICOPTER

V. Rublev, Candidate of Technical Sciences, Associate Professor; O. Rozputanyi
lvan Kozhedub Kharkiv National Air Forces University

The Mi-24 helicopter is one of the most massive used multi-purpose attack
helicopters, which has found a wide range of applications in military aviation.
However, its use also has a negative impact on the environment, characterized by the
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emission of harmful substances into the atmosphere during the combustion of
aviation fuel, kerosene. During takeoff and climb, when GTEs operate at higher
power, the amount of sooty impurities increases. In steady-state flight, when the
engines operate at rated power, carbon monoxide and hydrocarbon emissions
decrease, but nitrogen oxides increase. During the landing approach, CO and
hydrocarbon emissions increase, while nitrogen oxide emissions decrease.

There are several ways to reduce the negative impact on the atmosphere during
helicopter flights. One of the key ways is to improve engine efficiency, which leads
to a reduction in exhaust emissions.

The new gas turbine engines of the 21st century are equipped with advanced
combustion chambers, improved fuel injection systems, more efficient compression
in compressors, and modern ignition technologies that ensure more complete
combustion of fuel.

Thus, the remotorization of existing Mi-24 helicopters and improvement of their
flight performance directly affect the reduction of environmental pollution and
contribute to the helicopters' fuel efficiency.

ON THE SYSTEM OF ACCOUNTING FOR THE PERFORMANCE
OF STEEL ROPES

L. Oleksiyeva, Candidate of Technical Sciences, Associate Professor;
Y. llenko, Candidate of Technical Sciences, Associate Professor;
Y. Vakulko; M. Dudnyk
Ilvan Kozhedub Kharkiv National Air Force University

To date, there are a large number of works on determining the service life of
mechanisms and mechanical systems of lifting and handling equipment. When
considering the choice of a particular element of the mechanism, it is necessary to
scrupulously study the causes of low durability and identify ways to increase the
service life.

As a management process, forecasting the performance of a particular
component of the general list of equipment is one of the varieties of information
management. It includes forms of obtaining information, analyzing it, processing it,
and then transmitting the results.

In this case, we propose a variant of building an information and reference
system for selecting the most rational design of a steel rope for the mechanisms of
lifting and handling equipment. Building a software scheme means describing the
structure of a software system using the maximum amount of data on steel ropes
used in practice. This applies to both the design features of the rope and the
manufacturing technology, the quality of the wire material, the parameters of wire
stranding, stranding into a rope, compliance with the necessary rules when hanging
it, and, of course, the operating conditions of the rope.

The efficiency of using helicopters and airplanes for cargo transportation
depends not only on the excellence of the aircraft, but also on the excellence and
performance of steel ropes used for loading and unloading operations in the cargo
cabin or for external suspension. Thus, the issue under consideration is of practical
importance.

Thus, the creation of an information retrieval system makes it possible to select a
steel rope for certain operating conditions that will have maximum strength,
reliability, and performance for a specific application.
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DEPENDENCE OF RELIABILITY OF STEEL ROPES
ON RIGIDITY COEFFICIENTS

L. Oleksiyeva, Candidate of Technical Sciences, Associate Professor;
Y. llenko, Candidate of Technical Sciences, Associate Professor
Ilvan Kozhedub Kharkiv National Air Force University

The efficiency and safety of operation of lifting equipment are largely
determined by such elements as steel cables (ropes). This is one of the most
important elements of the design, the choice of which should be made with great
responsibility. The task of increasing the efficiency, reliability and stability of steel
ropes is very difficult and depends on a number of factors of a constructive,
technological and operational nature. It was established that during the
transportation of large-sized cargo with the help of the external suspension of the
helicopter, a significant untwisting occurs during stretching, as a result of which
there is a change in the winding angles of the helical elements of the rope, which
causes a geometrically non-linear nature of the deformations: elastic elongation and
torsion under the action of the load. At the same time, the rope acquires the shape of
a spatial spiral line, which is one of the reasons for the outer layer of wires to
protrude, as well as the corkscrew.

A study of the influence of some factors on the operation of steel ropes was
carried out in order to ensure the reliability and efficiency of their use for the
external suspension of the helicopter. Generalized equations of statics were used to
describe the deformations of the rope, but the elastic properties of the rope and its
constituent parts were taken into account.

A mock-up of the mechanical model of the rope was obtained, which works for
tension and torsion, provided that the generalized stiffness coefficients of the rope
are taken into account. The use of the obtained model makes it possible to solve the
problem of distribution of the weight of the final load between the strands of a
straight rope depending on the conditions for fixing its end. Using the proposed
approach will help to solve the problems of increasing the reliability and durability
of steel ropes.

TECHNOLOGIES OF TRIBOTECHNICAL REPAIR
FOR EXTENDING THE RESOURCE OF GROUND
SUPPORT EQUIPMENT FOR FLIGHT OPERATIONS

R. Dzhus, Candidate of Technical Sciences, Senior Researcher; S. Reznikov
Ilvan Kozhedub Kharkiv National Air Force University

Recently, technologies have become widespread that allow for the processing of
components and aggregates without disassembly and removal during operation, by
adding specific additives to the lubricating material. These technologies are known
as tribotechnical repair technologies (TRT). The significant advantages of applying
TRT in the operation and repair of most machinery have been driven by the rapid
development of these technologies at the beginning of the 21st century. Therefore, it
is entirely logical to consider the possibility of using such effective tools for
extending the resource and repairing the components and assemblies of automobile
base chassis (ABC) of ground support equipment (GSE) for flight operations.

Furthermore, in terms of friction intensity, the operating conditions of these
systems are among the most unfavorable, characterized by primarily rigid, unstable

111



XXI midicnapoona nayxosa xonghepenyisn XHYIIC im. 1. Koowceoyba, 09.04-10.04.2025

conditions of frequent "start-stop™ cycles, significant cyclic loads with alternating
signs, and low speeds of movement in the friction pairs of engines and
transmissions, leading to intensive wear. These operating conditions of GSEs result
in their power units having only 26-47% of the planned resource, with the wear of
components increasing 2 to 5 times compared to regular vehicle operation
conditions.

The report presents the results of research indicating that extending the resource
of the ABC of GSEs is a crucial and relevant task. The analysis shows that one
possible solution may be the application of TRT, and the causes of resource loss can
be eliminated or significantly delayed through the use of modern tribological repair
technologies.

CREATION AND COMBAT USE OF RECONNAISSANCE
AND STRIKE SYSTEMS IN UKRAINE

S. Pleshkunov, Doctor of Philosophical Sciences; A. Semenov
Ilvan Kozhedub Kharkiv National Air Forces University

These systems are characterized by their ability to integrate cutting-edge
technologies, including unmanned aerial vehicles (UAVs), advanced sensor
networks, and precision-guided weaponry. By combining real-time intelligence
gathering with high-accuracy strike capabilities, Ukraine has successfully enhanced
its battlefield efficiency and defense mechanisms in response to evolving threats.

The creation of such systems not only underscores Ukraine's growing
technological and military potential but also demonstrates the importance of
innovative approaches to asymmetric warfare. Reconnaissance-strike complexes
allow for more effective decision-making processes, enabling commanders to act
with speed and precision in rapidly changing combat scenarios. These capabilities
reduce collateral damage, improve resource allocation, and ensure that critical
targets are neutralized efficiently.

Furthermore, the development of these systems reflects the broader global trend
toward the digitization and automation of warfare. By leveraging artificial
intelligence, satellite communications, and high-speed data transfer, Ukraine has
positioned itself as a leader in adopting next-generation military solutions. The
combat deployment of such systems has not only strengthened the country’s defense
posture but also contributed to reshaping the strategies used in regional and global
conflicts. As these technologies continue to evolve, their role in future warfare will
undoubtedly expand, making them a critical asset in maintaining sovereignty and
security.

PROSPECTS FOR CREATING AN AUTOMATED SYSTEM
FOR SUPPORTING THE OPERATION OF AVIATION
EQUIPMENT OF THE STATE AVIATION OF UKRAINE

R. Chyhryn, Candidate of Technical Sciences, Senior Researcher;
P. Timoshenko; Y. Ovcharenko
Ilvan Kozhedub Kharkiv National Air Force University

Rearmament of the tactical aviation fleet with new models of foreign-made
combat aircraft significantly expands the capabilities of the aviation of the Air Force
of the Armed Forces of Ukraine. On the other hand, the presence of a large number
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of different types of combat aviation equipment significantly increases the workload
of the engineering aviation service and requires the development and
implementation of unified approaches to accounting, analysis, forecasting and
organization of work in the system of operation of aviation equipment.

Currently, the Air Force has adapted for use and uses the ILIAS system of
support for the operation of foreign-made aircraft, which significantly simplifies the
processes of operating these models. In turn, its adaptation for implementation in the
system of operation of the existing aviation fleet of domestically produced aircraft is
not envisaged.

The report analyzes approaches to the creation of a promising automated system
for supporting the operation of aircraft of the state aviation of Ukraine, taking into
account the experience of operating the ILIAS system. The list of tasks that the
specified system should solve is considered and the requirements for its components
are substantiated. The proposed system is designed to ensure operational monitoring
of the operation, technical condition, reliability andrestoration of aviation
equipment, repair planning, availability and replenishment of spare parts, units and
consumables, as well as the generation of reports for making informed management
decisions on engineering and aviation support, which in general will contribute to
the optimization of aviation activity processes.

RESEARCH OF OPERATIONAL FACTORS AFFECTING
THE TRANSMISSION OF A COMBAT HELICOPTER

O. Kruts; V. Andreev
Ilvan Kozhedub Kharkiv National Air Forces University

The transmission is one of the key elements of a combat helicopter, directly
affecting the reliability, efficiency, and longevity of aviation equipment. During
combat missions, the transmission is exposed to various operational factors such as
loads, temperature conditions, vibrations, and component wear. Understanding the
impact of these factors is critical for ensuring the reliable operation of the helicopter
and reducing maintenance costs.

The study identifies and analyzes the main operational factors affecting the
transmission of a combat helicopter and develops recommendations to enhance its
operational reliability.

The primary operational factors influencing the transmission of a combat
helicopter are:

—overloads that occur during maneuvering or combat operations, significantly
affecting the wear of transmission components;

—elevated temperatures during intensive operations, which can lead to the
degradation of lubricants and thermal expansion of components;

—resonance phenomena and the impact of rotational torques, which create
additional mechanical stresses on the transmission;

— gradual wear of parts (gear teeth, bearings) caused by friction, corrosion, and
other factors.

An analysis of maintenance and repair data from helicopters under real
operational conditions revealed critical transmission operating regimes that
contribute most to its wear. Based on the findings, recommendations were developed
to improve the structural features of the transmission to reduce the impact of
operational factors. Optimization of the maintenance system was proposed,
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including the use of modern lubricants and diagnostic systems for monitoring the
transmission's condition.

The study of operational factors affecting the transmission of a combat
helicopter allows for increased efficiency, extended service life of components, and
reduced risks of failures during combat missions. Further research is aimed at
integrating advanced technologies into the production and maintenance of
transmissions to ensure maximum efficiency and reliability.

RESEARCH ON WAYS TO IMPROVE THE TRANSMISSION
PERFORMANCE OF A LIGHT HELICOPTER

O. Kruts; M. Vershyhora
lvan Kozhedub Kharkiv National Air Forces University

The transmission of a light helicopter is a crucial component of the powertrain,
ensuring the transfer of power from the engine to the main and tail rotors. Its
efficient operation is essential for flight safety, maneuverability, and operational
cost-effectiveness. Given the increasing demands for reliability and durability in
aviation technology, there is a need to explore ways to enhance the performance of
light helicopter transmissions.

The study involves research and the development of recommendations for
improving the reliability, service life, and efficiency of a light helicopter
transmission by analyzing operational issues, identifying weak points, and
implementing modern technologies. An analysis was conducted on the materials
used for manufacturing gears, bearings, and shafts, as well as methods for reducing
energy losses during power transmission, including optimizing gear geometry and
utilizing more efficient lubrication systems.

The effectiveness of advanced lubricants was studied, focusing on their thermal
stability and wear protection under high loads. Recommendations were developed
for balancing transmission components and improving damping systems to reduce
vibration loads. The use of high-strength composite materials and wear-resistant
coatings was proposed, along with the implementation of automated transmission
condition monitoring systems. These systems enable early defect detection through
vibration and acoustic signal analysis.

As a result of the conducted analysis and research, a set of measures has been
proposed to extend the service life of the transmission, reduce maintenance costs,
and improve the operational performance of light helicopters. Special attention has
been given to the implementation of advanced materials and innovative diagnostic
methods, which enhance flight safety.

METHODOLOGY FOR DETERMINING THE PROPELLER THRUST
OF AUAV ENGINE IN FLIGHT

Ye. Krepko; S. Shevchenko
lvan Kozhedub Kharkiv National Air Forces University

The flight experiment provides the final estimates of the UAV's aerodynamic
and flight characteristics and is highly reliable. However, determining the thrust of
the UAV engine propeller in flight is associated with several theoretical and
technical difficulties, so developing a reliable express method for estimating the
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thrust of the UAV engine propeller at forward speed is an urgent scientific and
practical task.

The paper shows the possibility of using the pulse method to measure the thrust
of a UAV engine propeller. Some assumptions and the peculiarity of the chosen
method require preliminary analysis and careful development of the test
methodology. The specificity of UAV flight testing is that this work involves an
increased risk to the material part. Also, the most significant methodological issues
that can take place will be addressed in preparation for UAV testing including issues
related to test safety.

An experimental setup was developed on a car basis with the research object —a
UAV with a running engine — on an external mount. The experimental equipment
and the research team are placed in the car interior. Determining the pattern of
changes in propeller thrust with engine speed and movement speed will allow
determining the aerodynamic and flight characteristics of the UAV itself, and
verifying the design methods and propellers verification calculation.

THE MI-8 HELICOPTER PROTECTION SYSTEM WHEN
ENCOUNTERING OBSTACLES SUCH AS POWER LINES
BY USING SPECIAL DEVICES

M. Altukhov; V. Lavrenko
lvan Kozhedub Kharkiv National Air Forces University

The Air Force of the Armed Forces of Ukraine is actively involved in the
protection of the territorial integrity and sovereignty of the country in the conditions
of a military conflict with Russian aggression. They play an important role in
providing defense capabilities of the country and the performance of tasks to remove
enemy threats and aggression. The modernization of the Air Force of the Armed
Forces plays a key role in strengthening the country's defense and ensuring that its
military capabilities meet the requirements of the modern military situation.

Therefore, the main task of the work is to improve the characteristics of Mi-8,
which are often used in various fields. Collision with obstacles such as power lines
can cause serious damage to helicopters threats to the lives of the crew and
passengers. Therefore, solving this problem is of great importance for the safety of
aviation operations.

In this work, we research and develop an optimized protection system for the
Mi-8 helicopter, which will ensure its safety when encountering power line
obstacles. The system will include the development of new technologies and
methods for detecting and avoiding obstacles, as well as improving existing
protection systems.

The main areas of research will include:

— research into current protection systems, their limitations and opportunities for
improvement;

—study and development of new technologies and methods for detecting and
classifying obstacles;

— development of new algorithms and methods for effective avoidance of
collision with obstacles;

—carrying out various tests to verify the effectiveness of the new protection
system.
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The basis of this research is the development of an effective protection system
that will be able to significantly reduce the risk of the Mi-8 helicopter colliding with
power line obstacles, thereby increasing flight safety and mission efficiency.

RESEARCH ON WAYS TO IMPROVE THE PERFORMANCE
OF THE AI-450V ENGINE

K. Wang; V. Melnyk
lvan Kozhedub Kharkiv National Air Forces University

In the modern aviation industry, the Al-450V engine, as one of the leading
developments in the field, demonstrates high efficiency, reliability, and cost-
effectiveness. However, to ensure its competitiveness in the global market,
continuous analysis and improvement of its technical characteristics are necessary.

The study conducts research, exploration, and justification of ways to improve
the performance of the Al-450V engine by enhancing its fuel efficiency, reducing
emission levels, optimizing component operation, and improving the automatic
control system. Within the scope of the work, the feasibility of using new materials
to reduce component weight and increase their resistance to high temperatures has
been analyzed and investigated.

An analysis of thermal and gas-dynamic processes affecting the engine's
efficiency has been carried out. Measures have been proposed to reduce engine noise
and emissions, as well as to implement modern control algorithms based on adaptive
and neural technologies. Recommendations have been provided for optimizing the
technological processes of engine manufacturing and maintenance.

The proposed improvements, including the use of advanced materials, the
implementation of innovative control algorithms, and the optimization of
technological processes, not only enhance the engine’s technical characteristics but
also ensure its compliance with modern market demands.

The conducted analysis and research have identified the main directions for
improving the performance of the Al-450V engine, which include enhancing its fuel
efficiency, optimizing thermal and gas-dynamic processes, reducing noise levels and
harmful emissions, as well as improving the automatic control system.

IMPROVEMENT OF A TURBOJET ENGINE TURBINE
TO ENHANCE THRUST PERFORMANCE

R. Shulha,; D. Snizhko
I. Kozhedub Kharkiv National Air Force University

Enhancing the thrust characteristics of a turbofan afterburning engine is a crucial
area of modern research in aviation engine construction. One of the key methods of
improvement is replacing the turbine blade material with a more heat-resistant one,
which allows for an increase in the working cycle temperature and, consequently,
enhances engine efficiency.

The use of heat-resistant alloys, such as niobium or nickel-based superalloys, as
well as ceramic composites, significantly increases the thermal resistance of the
blades. This helps reduce their wear, extend engine lifespan, and enable operation at
higher gas flow temperatures.

Replacing the turbine blade material of the AL-31F aviation engine, used in Su-
27 fighters and its modifications, is one of the promising methods for improving its
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efficiency. This method can enhance thermal efficiency and extend engine lifespan,
but the choice of material must be well-founded and carefully considered, as not
every material meets the established criteria. This depends onoperating conditions,
quality standards, and safety requirements.

Thus, improving the turbine by utilizing more heat-resistant materials is a
promising direction that contributes to increasing power, lifespan, and overall
efficiency of modern aviation engines.

THE ROLE OF INFORMATION AND TELECOMMUNICATION SYSTEMS
IN AVIATION MAINTENANCE

K. Myronenko; M. Shelydko
Ilvan Kozhedub Kharkiv National Air Force University

Modern aviation is characterized by a focus on creating more cost-effective
maintenance systems due to the general trend of increasing operational expenses.
The task of efficiently managing technical resources and spare parts, as well as an
integrated approach to organizing the work of engineering and technical personnel,
requires modern solutions centered on information systems. These systems help
reduce time and financial costs for record-keeping, planning, and conducting repairs.

The implementation of the ILIAS Solutions platform is being considered as a
universal software suite designed to optimize aircraft maintenance at all stages of the
life cycle — from spare parts supply planning and repair process control to
monitoring the readiness of aircraft and other air assets. The uniqueness of this
solution lies in its modular structure, which allows for system customization to meet
specific user requirements and enables the application of resource management
algorithms. The system supports integration with other IT solutions and allows for
functionality expansion as the fleet grows or new technologies are introduced, which
is critical in the dynamic environment of the Ukrainian Air Force. This approach not
only optimizes budget utilization but also ensures a rapid response to the evolving
needs of aviation operations.

Preliminary results from ILIAS Solutions implementation in several defense
agencies worldwide confirm that adopting such a platform reduces aircraft
downtime and enables more efficient flight preparation while complying with all
technical regulations. Additionally, the centralized analytics system embedded in
ILIAS Solutions allows for in-depth analysis of operational performance and
accurate forecasting of spare parts requirements based on real data rather than rough
estimates.

Based on the obtained assessment, it can be concluded that for both routine
flights and tactical missions in military aviation, the use of this system contributes to
increasing continuous operational time, reducing maintenance costs, and improving
overall flight safety indicators.

SWARM STRIKE UAV CONFIGURATION

O. Dovzhenko
Ilvan Kozhedub Kharkiv National Air Force University

The experience of combat operations in Ukraine has demonstrated that the use of
strike UAVs in swarms increases operational effectiveness. The swarm approach
improves strike coordination, reduces vulnerability to electronic warfare (EW)
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systems, and enables the massive deployment of UAVs in complex combat
conditions. Strike UAVs operating in swarms effectively conduct both precision and
large-scale strikes, as well as suppress air defense systems.

A key advantage of a swarm of identical UAVs is the potential reduction in total
costs due to the large overall quantity of standardized units. However, a
disadvantage of such a swarm is the lower efficiency of non-specialized UAVS when
performing diverse tasks compared to specialized models. Conversely, the
advantages and disadvantages of a swarm consisting of different types of UAVs are
the opposite of those of a swarm of identical UAVs.

The development of swarm systems, therefore, requires a fundamental
configuration that ensures the ability to be rapidly and cost-effectively modified into
strike, reconnaissance, or interceptor UAVS.

The basic configuration of a swarm UAV features an arch-ring wing design,
incorporating a ring section to close the structural loop of the arch-shaped wing and
enhance the efficiency of the propulsion system's air propeller, which is housed
within the arch-ring wing. The modular design of this swarm strike UAV
configuration allows for adaptable payloads depending on mission requirements —
ranging from munitions to electronic warfare equipment.

RESEARCH ON METHODS FOR IMPROVING THE FUEI EFFICIENCY
OF AFIGHTER JET

R. Buriak
Ivan Kozhedub Kharkiv National Air Force University

Optimizing the operation of turbojet and turbofan engines by updating the
engine control system software helps reduce excessive fuel consumption in various
flight modes. The use of advanced materials, such as heat-resistant composites and
superalloys, allows for higher combustion temperatures, increasing engine
efficiency.

Installing improved fuel injectors ensures more efficient fuel atomization and
combustion, reducing fuel consumption without compromising power. Modernizing
compressors and turbines enhances the compression ratio, improving the overall
performance of the powerplant.

The use of adaptive air intakes optimizes airflow to the engine depending on
speed and altitude, reducing unnecessary energy losses. Implementing new thrust
management algorithms, including adaptive engine operation modes, enables more
efficient fuel distribution based on mission requirements.

A comprehensive modernization of the powerplant, without the need for
complete replacement, is an effective way to enhance the fuel efficiency of existing
fighter jets, reducing operational costs and improving combat effectiveness.

VISUALIZATION OF UNMANNED AERIAL VEHICLE DROP
STABILIZERS FLOW IN THE TH-1 KHNAFU AERODYNAMIC TUBE

A. Mostovyi; S. Bondarenko
lvan Kozhedub Kharkiv National Air Forces University

Strike unmanned aerial vehicles (UAVSs) have gained significant prevalence in
the russian-ukrainian war, with most of the drops from these UAVs being
improvised and homemade, which negatively affects their accuracy. The accuracy of
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such drops is improved through a trial-and-error approach. Aerodynamic
enhancement of drops will contribute to improving their accuracy and the systematic
improvement of UAVs drop design is a relevant scientific and practical challenge.

The task of aerodynamic design of drop stabilizers can be solved through
experimental and theoretical aerodynamic methods. At the initial stage of
aerodynamic design, theoretical aerodynamic methods are employed, while
experimental methods are used to verify and refine the results. The theoretical part
of the aerodynamic design of drop stabilizers is carried out using the well-known
and extensively validated modular software package "Integration 2.1", which
determines the optimal shape and position of a stabilizer that ensures the stability of
the munition after being dropped from UAVSs. For the experimental investigation of
the influence of drop stabilizer geometry on its acrodynamic characteristics, the TH-
1 KhNAFU aerodynamic tube has been modified. The visualization of the drop flow
pattern is performed using the silk thread method, which allows to identify and
eliminate the flow separation on the drop stabilizers. The final outcome is a drop
stabilizer design that eliminates flow separation zones and ensures guaranteed
stability of the drop’s flight, thereby increasing its accuracy.

DEVELOPMENT OF DEVICE MODELS FOR TESTING MAXIMUM
OPERATING MODES OF Mi-8MT HELICOPTER ENGINES

T. Tkach
Ilvan Kozhedub Kharkiv National Air Force University

The extensive use of helicopter aviation in combat operations during the full-
scale invasion by the Russian Federation has presented challenges in conducting a
complete cycle of powerplant tests for the Mi-8MT helicopter. Due to the high
engine power, the helicopter may lift off the ground even when testing a single
engine at elevated power settings.

To address this issue, a structural modification of the Mi-8MT helicopter's main
rotor blades has been proposed by integrating a specialized blade loading device.
This enhancement will facilitate engine testing in takeoff and emergency modes
without requiring the helicopter’s total weight to be increased to 13,000 kg.
Furthermore, it enables testing on landing sites that lack mooring equipment.

The proposed loading device is designed for testing Mi-8 helicopters equipped
with the high-power TV3-117 engine series. It is mounted on the main rotor blade
near section No 21.

Performance analysis of the device demonstrates that it absorbs 1,455 kW of
power, which accounts for 88% of the total engine output. This ensures the
capability to conduct a full-cycle powerplant test at maximum operating conditions
without causing the helicopter to lift off the ground.

IMPLEMENTATION OF ARTIFICIAL INTELLIGENCE:
METHODS FOR PREDICTING AIRCRAFT ENGINE FAILURES

0. Pankul; O. Kuziv
Ilvan Kozhedub Kharkiv National Air Force University

During combat operations, flight safety requirements remain at a high level,
necessitating the search for new ways to improve the maintenance system, develop
new methods and tools for monitoring the technical condition of aircraft, and
enhance predictive maintenance techniques.
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The diagnostics of aircraft engines using artificial intelligence (Al) is becoming
increasingly relevant due to the growing demands during combat operations for
safety, efficiency, and reduced maintenance time for aviation equipment.

Given the importance of restoring operational capability as quickly as possible,
Al-based systems can be developed to analyze potential errors (error codes) in real-
time data and predict the likelihood of future defects or performance degradation.
This ensures timely maintenance, reduces unexpected engine failures, and optimizes
repair planning.

The integration of Al with aircraft engine monitoring and diagnostic systems
requires compatibility with existing aviation systems to ensure the seamless
incorporation of new algorithms into onboard systems. For high reliability and
safety, Al systems must undergo rigorous validation and certification, as errors in
predictions can have serious consequences for flight safety.

The implementation of this technology introduces new advantages, expanding
the traditional aspects of aircraft maintenance while modernizing them through
adaptability, predictability, mobility, and autonomy.

RESEARCH ON WAYS TO IMPROVE THE TACTICAL
CHARACTERISTICS OF THE LIGHT MILITARY
TRANSPORT AIRCRAFT AN-26

A. Vyun
Ivan Kozhedub Kharkiv National Air Force University

The modernization of the current transport aviation fleet of the Air Force of
Ukraine is critically important for ensuring national security and the effective
defense of the country. Modern conflicts require high speeds, mobility, and the
ability to transport essential cargo, especially under limited resource conditions.
Upgrading the fuel system of the light military transport aircraft An-26 is a key
direction for enhancing its tactical characteristics. Updating the fuel supply, storage,
and management system can significantly improve engine efficiency, increase flight
range and duration, and enhance the overall reliability of the aircraft in combat and
logistical missions. The main areas of improvement include the use of new fuel
pumps and filters, the implementation of an adaptive fuel consumption control
system, the use of lightweight composite materials to reduce the weight of fuel
tanks, and the potential integration of alternative fuel blends to reduce dependence
on traditional fuel types. Modernization will extend the operational lifespan of the
An-26, reduce maintenance costs, and adapt the aircraft to the modern requirements
of military transport aviation. This is critically important in the context of expanding
operational capabilities and enhancing the combat readiness of the aircraft fleet.

DIRECTIONS FOR IMPROVING THE TACTICAL AND TECHNICAL
CHARACTERISTICS OF THE MH1-24 HELICOPTER

V. Kapytsia
Ilvan Kozhedub Kharkiv National Air Force University

Attack and transport helicopters play an important role in modern combined
arms combat. Combat experience has become the basis for modernizing helicopters
to make them more suitable for the conditions of the modern battlefield. The Mu-24
is a multi-purpose attack helicopter that combines the ability to fire on the enemy

120



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

with the transportation of troops. However, given the current requirements for
combat aircraft, its tactical and technical characteristics need to be significantly
updated.

The main areas of modernization include increasing combat effectiveness and
protection, upgrading engines and flight characteristics, improving avionics, and
optimizing operational parameters. Improving combat capabilities involves
replacing outdated missiles with modern guided munitions. An important step is the
modernization of sighting systems, including optoelectronic stations and helmet-
mounted targeting systems. The helicopter's survivability can be significantly
improved by reinforced armor using composite materials and the integration of
active defense systems to counteract heat-seeking missiles. The upgrade of flight
and tactical characteristics involves the installation of modern engines, which will
provide more power, maneuverability and payload.

Thanks to a comprehensive approach to modernization, the Mi-24 will be able to
remain an effective combat helicopter in modern conflicts. The introduction of
modern weapons, improved protection, updated engines and avionics will
significantly increase its combat capability and extend its service life.

THE IMPORTANCE OF SWITCHING TO WESTERN STANDARDS
OF AIRCRAFT MAINTENANCE DURING RUSSIA'S INVASION
OF UKRAINE

N. Fomuk
Ilvan Kozhedub Kharkiv National Air Force University

Russia's full-scale invasion of Ukraine has posed a critical challenge to the Air
Force and defense industry to ensure the continued combat capability of aircraft in
the face of active hostilities and the destruction of traditional logistics chains. In
these circumstances, the transition to Western standards for aircraft maintenance has
become strategically necessary to preserve and enhance the combat capabilities of
Ukrainian aviation.

The Ukrainian army is actively switching to Western aviation, receiving F-16,
Mirage 2000 and other types of weapons from partners. The maintenance of these
aircraft requires the introduction of new maintenance standards, the use of modern
materials, digital diagnostic technologies and automated CBM (Condition Based
Maintenance) systems.

Integration into the western MRO (Maintenance, Repair and Overhaul) system
provides access to modern technologies, spare parts and maintenance methods,
which extends the life cycle of aircraft. At the same time, some Soviet aircraft are
still in service, and to continue their operation, it is necessary to adapt their
maintenance to Western methods.

Western repair standards provide increased efficiency and safety. NATO and
EASA (European Aviation Safety Agency) standards impose stricter requirements
for quality control of maintenance, modernization of technicians, and the use of
certified components. This not only increases the reliability of aircraft in combat
conditions, but also reduces the risk of accidents and malfunctions.

The switch to Western repair standards will facilitate Ukraine's integration into
NATO's collective security system. The use of unified maintenance standards will
allow the Ukrainian Air Force to interact more effectively with allied military
aircraft, simplifying joint operations, logistics and resource sharing.
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RESEARCH ON THE FUEL EFFICIENCY OF THE IL-76 MILITARY
TRANSPORT AIRCRAFT

D. Kolotukhin; D. Snizhko
Ilvan Kozhedub Kharkiv National Air Force University

The analysis of fuel efficiency in transport aircraft manufactured between 1960
and 2020 has highlighted the need to increase flight range and enhance fuel
efficiency in this class of aircraft. Given the rapid advancement of aviation
technologies, optimizing fuel consumption and improving the overall operational
efficiency of transport aircraft remain highly relevant issues.

A detailed technical study of the combat missions of the 11-76 aircraft has been
conducted, allowing for an assessment of its current capabilities and potential
upgrades. Various approaches to meeting tactical and technical requirements have
been examined by improving the fuel efficiency coefficient, which is a key
parameter for modern aviation systems.

Additionally, the relationship between aircraft fuel efficiency and their year of
production has been analyzed, enabling the identification of aviation technology
development trends and directions for further modernization. As part of the study,
design calculations have been performed to replace the structural elements of the Il-
76 aircraft engine, along with a verification calculation under maximum allowable
load to ensure reliability and operational safety.

The proposed method allows for fast and accurate technical calculations, the
establishment of operational limitations, and the determination of necessary
measures to extend the flight range of the 1I-76 aircraft. This, in turn, opens up
opportunities for further optimization of its characteristics and expansion of its
applications.

DIRECTIONS FOR IMPROVING THE TACTICAL AND TECHNICAL
CHARACTERISTICS OF A TRAINER AIRCRAFT
BASED ON COMBAT EXPERIENCE

Kh. Sachko
Ilvan Kozhedub Kharkiv National Air Force University

Trainer aircraft play a crucial role in preparing pilots for combat aviation. The
experience of modern armed conflicts has demonstrated the need to enhance their
technical and tactical characteristics to better adapt future pilots to real combat
conditions. The main areas of modernization include avionics upgrades,
aerodynamic and performance enhancements, increased safety measures, and the
integration of modern weapon systems. Avionics upgrades involve the
implementation of digital cockpit displays, advanced navigation, and targeting
systems, bringing the training process closer to the operational environment of
modern combat aircraft. Enhancing performance is achieved through new engine
installations, improved maneuverability, and an optimized airframe design, enabling
the simulation of complex flight scenarios.

Safety improvements include the integration of next-generation ejection seats,
enhanced armor protection for critical components, and the implementation of
automatic collision avoidance systems. To approximate real combat conditions,
trainer aircraft may be equipped with simulated weapon deployment systems, along
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with provisions for light weapon systems to support training and low-intensity
combat operations.

Thus, the modernization of trainer aircraft will significantly improve pilot
training quality, enhance their readiness for real combat operations, and increase the
operational effectiveness of such aircraft in military aviation.

DIRECTIONS FOR IMPROVING THE TACTICAL CHARACTERISTICS
OF THE MI-8 COMBAT TRANSPORT HELICOPTER

R. Bezkrovnyi
Ilvan Kozhedub Kharkiv National Air Force University

The Mi-8 transport and combat helicopter is one of the most massive and
widespread multi-purpose helicopters in the world. However, modern requirements
for conducting combat operations and transporting troops require improving its
tactical characteristics. The main areas of improvement of the Mi-8 are:
modernization of the power plant, namely, replacement or improvement of engines
to increase power, reduce fuel consumption and increase altitude and speed
characteristics. Strengthening the reservation — improving the protection of the crew
and critical components from small arms and enemy anti-aircraft weapons.
Improving avionics and navigation systems — installing modern electronic control
systems, sensors and communication means to increase the effectiveness of combat
missions. Expanding the range of weapons — integrating modern guided missiles,
airborne guns and active protection systems to increase firepower. Reducing
visibility — implementing technologies to reduce thermal and radar visibility to
reduce the likelihood of detection and damage by the enemy. Automation and
digitalization the use of modern digital control systems to increase the autonomy and
accuracy of combat use.

Improving the tactical characteristics of the Mi-8 will significantly increase its
combat effectiveness, survivability in difficult combat conditions and compliance
with modern requirements of military aviation. The report proposes a variant of
modernizing the helicopter by improving its landing and transport equipment.

OPTIMIZATION OF AIR INTAKE DESIGN FOR ENHANCED
AIRCRAFT ENGINE PERFORMANCE

Y. Miroshnichenko; V. Buts
Ilvan Kozhedub Kharkiv National Air Force University

The air intake is a critically important component of an aircraft gas turbine
engine, ensuring the delivery of air to the compressor with optimal parameters. Its
design directly affects engine performance, fuel efficiency, and the overall flight
characteristics of the aircraft.

The main types of air intakes include:

— Subsonic air intakes used in subsonic fighters, transport aircraft, and
commercial airliners

— Supersonic air intakes utilized in fighter jets such as the F-16, Su-27, MiG-29,
as well as in supersonic aircraft like the Concorde

— Hypersonic air intakes applied in experimental and next-generation aircraft,
such as scramjets.
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The efficiency of an air intake depends on several key parameters: pressure
recovery factor, pressure losses, flow uniformity at the exit, aerodynamic drag, and
stability under disturbances.

A comprehensive analysis of air intake performance involves the following
methods:

Experimental research, including bench tests, flight tests, and real-world
operational analysis. Numerical modeling based on computational fluid
dynamics (CFD analysis). Thermo-aerodynamic analysis to assess thermal loads.
Acoustic analysis to minimize noise characteristics.

RESEARCH ON IMPROVING THE TACTICAL AND TECHNICAL
CHARACTERISTICS OF A MILITARY TRANSPORT AIRCRAFT
BASED ON COMBAT EXPERIENCE

M. Bulatov
Ivan Kozhedub Kharkiv National Air Force University

With the experience of modern armed conflicts, increasing the effectiveness of
military transport aviation (MTA) through the improvement of its tactical and
technical characteristics has become crucial. The primary areas for improvement
include enhancing the aircraft’s survivability and protection, increasing payload
capacity, extending flight range, upgrading navigation and electronic systems, and
integrating advanced active and passive defense systems.

This report aims to analyze current MTA development trends, the specific
features of aircraft deployment in combat zones, and propose ways to optimize
aircraft design and systems. Particular attention is paid to the use of modular
solutions for adapting aircraft to various mission types, improving communication
systems and interoperability with other units, and the implementation of new
materials and technologies to reduce structural weight while simultaneously
increasing strength.

The author proposes a prototype aircraft modernization project by improving the
flight control system and wing mechanization, which should enhance the aircraft’s
maneuverability and controllability.

The improvement of these characteristics will contribute to increased combat
readiness of military transport aviation, expand its functional capabilities, and ensure
greater flexibility in performing both combat and humanitarian missions.

METHODOLOGY OF AERODYNAMIC DESIGN OF AN AIRCRAFT
PROPELLER FOR AN AIRCRAFT-TYPE UAV

M. Sheludko; K. Myronenko
Ivan Kozhedub Kharkiv National Air Force University

The experience of using UAVS in this armed confrontation demonstrates that
unmanned aircraft have become particularly important in modern combat operations.
Due to its versatility and relatively low cost, UAVs perform a wide range of combat
missions, so there is an urgent scientific and practical task of increasing the range of
UAYV flight with different variants of its combat load.

The paper presents a methodology for the aerodynamic design of a fixed and
variable pitch propeller based on the vortex theory. The results of the design
calculation of the propeller are the input data for determining the aerodynamic and
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flight characteristics of an airplane-type strike UAV in the software package
"Integration 2.2". The software package made it possible to conduct comprehensive
parametric studies of the UAV, determine its limitations in terms of range, flight
duration, the impact of the bomb load, and flight speed at a given flight altitude.

The analysis of the obtained results led to the conclusion that the most
significant factors in improving the flight characteristics of the UAV under study are
the improvement of its wing aerodynamics and the design of an optimal propeller for
a specific combat mission with a different combat load. The implementation of the
concept of an optimal propeller for a specific combat mission is proposed in the
form of a set of propellers when completing a UAV.

Thus, the methodology for aerodynamic design of fixed and variable pitch
propellers, combined with the methodology for determining the aerodynamic and
flight characteristics of aircraft-type UAVs, allows developing practical
recommendations for improving the aerodynamic and flight characteristics of UAV.

RESEARCH ON FUEL EFFICIENCY OF THE MILITARY
TRANSPORT AIRCRAFT AN-26

D. Lavrenchuk; V. Zhyrun
Ilvan Kozhedub Kharkiv National Air Force University

A statistical analysis of the fuel efficiency of aircraft produced between 1960
and 2020 has revealed the need to increase the flight range of aircraft in this class.
Based on this, the issue of improving aircraft fuel efficiency as a whole arises.

This study conducted an engineering analysis of the combat missions of the AN-
26 aircraft. The feasibility of meeting the specified tactical and technical
requirements was justified by improving the fuel efficiency coefficient of the AN-
26. An analysis of aircraft fuel efficiency based on the year of manufacture was
carried out. Design calculations were performed for the structural elements of the
AN-26 aircraft engine that were replaced, along with a verification calculation under
maximum allowable load conditions.

The proposed methodology enables the rapid execution of engineering
calculations and the determination of operational limitations necessary to increase
the flight range of the AN-26 aircraft.

FUEL EFFICIENCY OF HELICOPTERS

V. Zhyrun; D. Lavrenchuk
Ilvan Kozhedub Kharkiv National Air Force University

Air transport significantly impacts the Earth's atmosphere due to the use of gas
turbine engines in modern helicopters. These engines, powered by jet fuel, emit
exhaust gases primarily at high altitudes, with a small amount near airports. Aviation
consumes about 4% of total fuel used in all transportation, contributing to air
pollution. Key pollutants include carbon monoxide, unburned hydrocarbons,
nitrogen oxides, and soot. Emissions vary with engine performance: during low
throttle and landing, carbon monoxide and hydrocarbons rise, while nitrogen oxide
decreases. At steady flight, carbon monoxide and hydrocarbons decrease, but
nitrogen oxide increases. Soot emissions are highest during takeoff and climb when
engines use more power.
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Reducing harmful emissions can be achieved by improving engine efficiency,
fuel consumption, and flight operation methods, such as increasing payloads and
locating airports farther from cities. Technological advancements, including
improved GTE designs and better fuel efficiency, are key to reducing environmental
impact. In conclusion, modernizing helicopters and their engines can improve fuel
efficiency, directly benefiting the environment.

CHARACTERISTICS DETERMINATION OF AN AIRCRAFT
RADAR VISIBILITY IN A MODEL EXPERIMENT

S. Shevchenko?; O. Pastushenko?, V. Bezdielniy?, Ph.D.
lvan Kozhedub Kharkiv National Air Force University;
2Vinnytsia National Technical University;
3Department for International Military Assistance and Monitoring
of the Ukraine Ministry of Defence

The experiment verifies mathematical model adequacy and provides final
estimates of radar visibility characteristics. The high reliability of the experimental
determination radar visibility characteristics results is achieved by using
metrological and methodological support of the experiment, taking into account the
factors that significantly affect the test results and depend on the features and
parameters of the experimental setup, other environmental parameters. It is shown
that the main factors affecting the experimental results are: the positioning accuracy
of the emitting, and receiving antennas together with the UAV model; irradiation
frequency and sensitivity of the receiving antenna sensor.

In the model experiment, the radar visibility parameters of the promising Celera
5001 aircraft were determined. It is shown that the method of aiming the antennas at
the maximum signal from the sphere does not provide the required accuracy of
determining the azimuthal angle and the angle of position zero values. An aeroplane-
shaped template with a simple fuselage, arrow-shaped wing, and plumage is
developed. The design of the model's dielectric suspension is developed, which
provides large model tilt angles, which is important for determining the radar
visibility characteristics of small UAVs. It is shown that the characteristics of radar
visibility obtained in the model experiment are in good agreement with other known
reliable data, which indicates the adequacy and efficiency of the experimental
methodology for determining the characteristics of aircraft radar visibility.

OPTIMIZATION OF ARTILLERY FIRE CONTROL SYSTEM USING UAV

S. Suleymanov, Ph.D.; A. Bayramov, ScD, prof.; F. Abdullayev, ScD, prof.
Republican Seismic Survey Center (Baku, Azerbaijan)

The main advantage of an unmanned artillery fire control system operating using
UAVs with Al is the fastest possible decision-making without human factor based
on a flexible assessment of the environment (situation), the type of enemy weapons
and the category of their importance, as well as the distance to enemy military
installations. As can be seen from the analysis of the problems of automating
artillery fire control [1-7], the development of existing and future automated control
systems at the tactical level is almost always carried out in conditions of a limited
number of artillery systems. Therefore, as the first objective function of the problem
of optimal synthesis of an automated workstation for the commander of an artillery
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battery (brigade, division), it is proposed to use the total firepower Po of its
components. This optimization problem is proposed to be solved using the objective
function.

The purpose of the report is to present the results of the developing a complex
for remote control of unmanned artillery fire, developed using UAVs with artificial
intelligence. The developed unmanned system includes sensor modules for assessing
the environment, collecting and processing data, planning and decision-making, and
preparing commands for the commander of an artillery battery, battalion, division or
brigade. To solve the problem of optimal synthesis of an automated workstation for
an artillery battery commander, it was proposed to use the total firepower of its
components as an objective function. A mathematical model was proposed for the
optimal use of artillery installations and shells to destroy enemy targets using UAVS.
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3ACTOCYBAHHSI BIVIA UIsI NPOBEAEHHS JE®@EKTOCKOIIYMHOI' O
KOHTPOJIIO BUCOKOPO3TAIIOBAHUX KOHCTPYKIIN IIJIAHEPA
JITAJIBHOI'O AITAPATY

O.B. Konomitiyes', 0.m.H., npo.; B.I". Caiixo?; B.O. Komapog?
'Hayionanvnuil mexuiynuil yHigepcumem “‘Xapxiecokuil noaimexuiynul incmumym’”;
Biticbkosutl incmumym menekoMyHikayitl ma inghopmamusayii in. I'epoie Kpym

OHUM 13 3aXO0JIiB 1H)XECHEPHO-aBIAIIMHOT CITy>KOM MO0 MiATPHUMKH JIITATBHUX
amapariB  (JIA) y cmpaBHOMYy CTaHi, € TPOBEIEHHA JIe(PEKTOCKOIMIYHOTO
koHTpomio (JIK) 11X KOHCTPpYKTHBHHX €JIEMEHTiB. 3acTOCyBaHHS CIOCO0iIB
neheKTOCKOIIIT /Ui KOHTPOJIIO 30BHIIIHIX MOBEpXOHb IuiaHepa JIA, a came, METOay
Bi3yaJIbHO-ONTHYHOTO  KOHTPOJIIO, 3a0e3redye BHSBICHHS  eKCIUTyaTalifiHuX
MOIIKO/UKEHb — TPILIMH, epO3iHHUX Ta KOPO3IffHHX MOBEPXHEBHX MOIIKO/KCHB,
BUOOTH, IMOJIPSAINH, BUKPALICHHS Marepiary B OOIIMBII KOHCTPYKTUBHHX €JIEMEHTIB
[UIaHepa JITAIBHOrO amapaTy, HacamIiepes, BaKKUX TPAHCHOPTHHX JITAaKiB THUITY
UPOKO(IO3eIDKHUX  BUCOKOIUIaHiB Tuny [n-76, An-70, Au-124 “Pycnman” 3
po3maxoMm Kpuia He MeHmie 20 MeTpiB i BHCOTOIO HE MeHIIEe 8 MeTpiB. Al
HEOOXIZIHO BCTAHOBIIOBAaTH OONAIHAHHA Ul JOCTYNy JO MiClb OINISAYy, IO
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notpedye 3Ha4HOro Yacy. ToMmy, 3 METOI0 yJOCKOHAICHHS 3a3Ha4YEHOTO BHIIE
merony JIK i1 3MeHIIeHHs 4Yacy Ha JIarHOCTYBaHHS KOHCTPYKWiH ImiaHepa JIA,
pO3TalmIOBaHMX HAa BHCOTaX 3-5 M 1 Oimblle, MPOMOHYETHCS 3aCTOCOBYBATH
Oe3miyioTHi  miTanpHi  amapatu  (bnJIA) Tumy KBampokomTep,  CHOPSDKEHi
BI3yaIbHUMH  TmpwiagamMu  peectpamii  300paxenns  (BIIP3), 3oxpema,
BiJjleOKaMepaMi 3 BHCOKOIO PO3AUIBHOI0 3JAaTHICTIO, MiAKITIOUEHHX dYepe3 OOk
nepepavyi 300paKeHHS Ha HAa3eMHHUH IyJNbT JIarHOCTUKH, IO 3a0e3Ne4uTh
MOKIIMBICTh OTIISIIY/medeKTocKomii Beiel 30BHINIHBOT MoBepxHi Mmianepa JIA (6e3
3aCTOCYBaHHS TEXHOJIOTTYHOTO OOJaJHAHHSA) 32 YacC B JCCATKH Pa3iB MEHIIHH, HiX
Ipu “pydHOMY”” 0OCTENKEHHI.

AOIYCK 10 EKCILUTYATAIII ABIAIIIMHUX IBUTYHIB B YMOBAX
AII TIPABOBOI'O PEXKMMY BOEHHOI'O CTAHY

A.A. ynvein, k.m.H., cm.0.; O.I. Kapacvos, k.m.u., c.u.c.; I.O. LLyminin
Heparcasnuil Hayko80-00CaioHull iHcmumym asiayii

B agiamii IIC 3C YkpaiHu eKCITyaTyIOThCS aBialliiiHi JBHTYHH TPETBOTO Ta
YEeTBEPTOTO TIOKOJIiHb 0€3 aBTOPCHKOTO CYIPOBOIKEHHS.

3a aHamii3oM crany mapky apuryHiB Ha 01.01.2025 poky BH3HAYEHO, IO MCBHA
iX KUIBKICTh EKCIUTyaTY€ThCS 032 MEXaMH IPH3HAYEHOTO Ta MIKPEMOHTHOTO
pecypciB (HampalloBaHHS B TOIWHAX, MUKIAX, 3aIlyckax) BiamoBimHo mo “TlpaBun
IHKeHEepHO-aBiallifHOTO 3a0e3MeUeHHs i Yac MPUBEACHHS aBialliiHUX BiICHKOBHX
YacTHH y BUILI CTyIeHi 0010BOT TOTOBHOCTI Ta B YMOBaX OCOOJIMBOTO mepiomy”.

Jnst 3abe3medeHHsT OIMYCKy A0 €KCIUTyaTalii TakuX JBHTYHIB PO3pPOOJIEHO 1
BIIPOBA/KEHO ITOETAITHe BUKOHAHHS TIEPEIIKiB pOOIT, SIKi YTOUHSIOTHCS Ha KOXKHOMY
eTami 3a pe3yJbTaTaMH OLIHKH TEXHIYHOTO CTaHy i BUSBJICHHX HECHPaBHOCTEH.

OcCoOMuBICTIO JIBHT'YHIB YETBEPTOTO IOKOJIHHS € HAasBHICTH OCOOJIMBO
BIATIOBIZANBHUX JA€TaNell, BENWYMHA TIPU3HAYEHOTO PECypCy SKHX MEHIIe
MPU3HAYEHOTO pecypcy ABHUTYHA. JI0 HUX BIZHOCSATHCS AWCKH KOMIIpecopa i
TypOiHH, MiAMUITHAKA Ta iHmIe. [ iHAWBiAyaTbHOTO NOMYCKY OBHTYHA 3 LHAMH
JeTalsIMH 10 eKCIUIyaTamii 1mo3a MeXaMH TPH3HAaYeHHX  MOKa3HHUKIB,
3alpONOHOBAHO TPH OLIHKK HOrO TEXHIYHOTO CTaHy BHKOPHCTOBYBAaTH HOBITHI
METOJH JIIarHOCTUKH Ta Pe3yJbTaTH PO3PaxyHKOBOI OLIHKH 3aJIHMIIKOBOTO pecypcy
Ha OCHOBI aHaJi3y OTPHUMAHOI MOIIKOIKEHOCTI OCOOIUBO BiAMOBIJATBHUX JCTANCH
3a yBech Iepiofl 3 IOYaTKy eKCILTyaTarlil.

MPIOPUTETHI HAITIPSIMHM PEAJII3AIIIN MOHITOPUHT'Y
TA MIPOTHO3YBAHHS PIBHA TEXHIYHOI TOTOBHOCTI
CHUCTEM O35POEHHS TA BIMCHKOBOI TEXHIKA

I1.B. Onenvro, x.m.n., cm.o.; B.H. Cemon, d.m.m., npog.
Hayionanenuil ynisepcumem oboponu Yrpainu

AKTyaIbHICTh 3a/1a4i BU3HAYAETHCS CyYaCHUMH MOTpeOaMu 1010 3a0e3eueHHs
NPU3HAYCHUX IOKAa3HUKIB OOWOBHX CHPOMOXKHOCTEH BiiicbkoBHX (hOpMyBaHb, Ha
030poeHHI skux nepedyBaioTh cucteMn OBT, siki XapakTepH3yIOTHCS TOCTaTHBO
TPUBAIUM TIepeOyBaHHAM Ha CTalifiX JKHUTTEBOTO LHWKIY “BHKOPHCTaHHA  Ta
“migrpumka”. KpiM TOro, BHacmioK iCHYIOYMX OOMEXKEHb MIOJ0 MOXKIMBOCTI
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MPOBEACHHS BiJMOBIIHUX PEMOHTIB (pobiT) i 3abe3rmedeHOCTi MaTepialbHUMH
3acobamu (pecypcamu, rmociryramu) 3a3HadeHi cucremMu OBT npakTiuuHO BHUepnamy
Ipu3Ha4YeHi TepMiHH ciyx6u (pecypcn). Orxe, minrpumanHs cucteM OBT B
0oe3maTHOMY cTaHi JUIl €(eKTHBHOTO BMKOHAHHS 3aB/JaHb B Cy4JacHHX yMOBax
NoTpedye CYTTEBOTO yJOCKOHAICHHS HOTO JIOTiCTHYHOTO 3a0e3eYeHH .

B nonoBigi 3ampomoHOBaHI PEKOMEHAAIil MO0 NMPAKTUYHOTO 3aCTOCYBaHHS
METOAY OpraHizallii MOHITOPHHTY Ta NPOTHO3YBAaHHA PiBHS TEXHIYHOI FOTOBHOCTI
cucteM OBT B icHyrounii cucteMi rianyBanss peMonty OBT, ki 103BOJISAIOTS, 1O-
mepuie, NONEPEAUTH JOCATHEHHS 3a3HAUCHUMH 3pa3KaMH T'PAaHUYHOTO CTaHy
MIPOTSATOM IHTEpBAJy Yacy MDK KOHTPOJSIMH TPAaHWYHOTO CTaHy, Ta, HO-APYTe,
OoOIpyHTYBaTH NOPSAOK IDIaHyBaHHS BHXOLy y peMoHT 3paskiB OBT, sxi 3a
pe3yNbTaTaMy MPOTHO3Y CEePeHBOT0 HapoOITKy Ha BiIMOBY IOCSTalOTh I'PAaHUIHOTO
CTaHy 10 HaCTYITHOTO KOHTPOJIIO TpaHUYHOTO cTaHy. HaBeneHi pekomeHmanii momo
MPAaKTUYHOTO  3aCTOCYBaHHS  METOAWYHOTO  MiOXOJy  INOJO  OLIHIOBAaHHS
e(EKTHBHOCTI PAKETHO-TEXHIYHOTO 3a0e3ledeHHs BiHCHKOBOI YACTHHM IS
3a0e3MeYeHHs] MOHITOPHUHTY Ta MPOTHO3YBAHHS PiBHS TEXHIYHOI TOTOBHOCTI CHCTEM
OBT, nmpoBemeHO OILiHIOBaHHA 30€peXyBaHOCTI BHUPOOIB  OIHOKPATHOTO
3aCTOCYBaHHS Ta OTPHUMaHHUH Koe(illieHT 30epeXyBaHOCTI 3a3HaUCHUX BUPOOIB.

BUBIP METOJY NPOTHO3YBAHHSA IPOIECY 3MIHU TEXHIYHOI'O
CTAHY PAJIOEJIEKTPOHHOI'O OBJIAJTHAHHS MOBITPSTHUX
CYJIEH JEPKABHOI ABIAILIII

11.B. Onenvko, k.m.H., cm.o.; B.B. Kopnentox
Hayionanvnuii ynieepcumem o6oponu Yxpainu

AKTyaJbHICTh HaBEIEHOTO NMUTaHHSA OOYMOBJICHO HEOOXIIHICTIO CBOE€YACHOTO
BUSIBJICHHS MOMEHTIB BHHHMKHEHHS TPAaHHMYHUX CTaHIB  PajiOeNeKTPOHHOTO
obnamnanus (PEO) nositpsanx cyzaen (IIC) HdepxasHoi asianii (JJA) B cydacHuX
yMoBax ekcrutyartanii. [Ipy npoMy HEoOXiZHO BpaxoByBaTH, II0 MOMEHTH MOYATKY
MpoOIIeCiB Jerpajaliii € BUMAJKOBHUMHU 1 IHAWBIAyaJbHUMH JUIS KOKHOTO THITY
BUpOOIB, 1[0 BHOCUTH YAacTKy HEBHM3HAYCHOCTI CTOCOBHO TEPMIiHIB IepeOyBaHHS
3aco6iB PEO y BU3Ha4eHOMY TEXHIYHOMY CTaHi.

B momoBimi s BHUpIMIEHHA AaKTyaJbHOTO TIMTaHHA BHOOPY METOOY
MIPOTHO3YBaHHs nporuecy 3MiHu TexaigHoro ctany PEO I1IC JIA B icHyrounx ymoBax
OyJI0 TPOBEAEHO MOCHI/HKEHHS INOJAO0 3aCTOCYBaHHS ICHYIOUOTO METOJHYHOTO
amapary. [lig gyac DOCIHiKeHHSI BCTAaHOBJICHO, HIO IS MPOTHO3YBAHHS TOKA3HUKIB
HAJIHHOCTI 3aCTOCOBYIOTBCS, SK NPABHJIO, METOAM EKCTPAamoJsilii HasBHOI
iHpopmaii. Cepen HIX HAUOUIBII 3PYYHUMH JUTSI BUKOPHCTAHHS € METOIH JIHIHHOT
perpecii. Ane, aHaJi3 pe3yNbTaTiB 3aCTOCYBAaHHA NAaHWX METOMIB CBIIUUTH IIPO TE,
[0 TOYHICTh MPOTHO3HUX AaHuX He nepesumlye 50-60 %. Lle mosicHIoeThCs TUM, 10
MIPOTHO30BAaHHUH TOKA3HUK HAMIHHOCTI TPENCTABISAE€ThCA Yy BHIIIAAI (PyHKHii abo
KaJCHIApHOTO TEePMiHYy eKCIUTyaTamii 3a mepiomamu (Micslli, KBapTallk, POKH), abo
HapoOiTKy, BEIMYMHA SKOTO 3MIHIOETHCS BHIIAJKOBO. B TOif ke 4ac BHIaIKOBICTH
HapoOiTKy He mpuramanHa Bupobam PEO, mo 3naxonsarecs Ha 60opty [1C, ne BoHn y
3HAYHIN Mipi 3aXHIIeH] Bi Aii pAoy HETATUBHHUX KIIIMATHYHUX (aKTOpIB.

Taxkum 4nHOM, JUIS BUPIIMICHHS 3aBJaHHS KOPOTKOCTPOKOBOT'O IPOTHO3YBaHHS
OOIPYHTOBaHO BHMKOPHCTaHHS METOJIB JIiHIHHOI perpecii, sK Takux, IO
3a70BOJILHSIOTH 33/1aHAM YMOBaM.
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HNOKPAINEHHA JIbOTHO-TEXHIMTHUX XAPAKTEPUCTHUK
BEPTOJIBOTY IIJIAXOM MOJAEPHI3AILII PYJIBOBOI'O I'BUHTA

M.IO. Kubanvnuii, C.0O. [Jeemapenxo; K.b. barywox
Axyionepne mosapucmeo “MOTOP CI4”

[ToxpaieHHs TbOTHO-TEXHIYHUX XapAKTEPUCTHUK 1CHYIOYOTO apKy BEPTOJIHOTIB
€ aKTyaJbHOI 3aJauel0 Ha CHOTOAHINIHIA NeHb. ICHye nexinpka Hi€BUX CHOCOO0iB
JOCATHEHHS TaKoi METH, cepel SKMX IOKpAlIeHHA XapaKTepUCTUK PYIbOBOTO
IBUHTA € OJIHAM 3 HAMOIBII aKTyalbHUX (IS BEPTOJIBOTIB THITy Mi-8 Ta Mi-24).

Bepromsotn THmy Mi-8 Ta Mi-24 Big caMoro mOYaTKy eKcIUTyaTawii
3IIITOBXHYJHCA 3 NPOOJEeMOI0 HEIOCTAaTHIX 3amaciB KepOBaHOCTi, OCOOIMBO B
yMOBax BHCOKOTIp’s Ta IPH MAaKCHMaNbHUX 3MITHUX MacaX. L1 mpobiaeMa moBHICTIO
HE yCyHyTa 1 Aoci, Xxo4a 1 Oyso 34iiCHeHO AesKi poOOTH B LIbOMY HAIPAMKY (3MiHa
HampsiMy oOepTaHHS pYyJBOBOTO TBHHTA, HOTO TIOJIOKEHHS BIIHOCHO KiJf,
301IBIIIEHHS XOPIH JOMATi).

BukopucTraHHS pyIbOBOTO IBHHTa HOBOI KOMIOHOBKH THITYy “HOXHII” Mae€ psil
CYTT€BHX IepeBar, cepell SIKUX: 3HIDKEHHs aKyCTHYHOTO PiBHA IIyMY, TIOKpaIIeHHS
MaHEBPEHOCTI, 30UTBIICHHA MaKCHMAalIbHOI IIBUIKOCTI IOJBOTY, MOXKIIHBICTh
301LTBIIEHHS] MAaKCHMAJIBHOI 3JTITHOI Macd BEPTOJILOTY Ta PO3MIMPEHHS YMOB HOTO
eKCILTyaTaIii.

CyyacHUH CTaH pO3BUTKY METOJIB YHCEIHHOTO MOJICIIOBAHHS JI03BOJISIE
JOCIIJINTH CKJIAJHY BHXPOBY CTPYKTYPY B3a€MOJil HEpEryIIpHO PO3TAIIOBAaHUX 3a
a3UMyTOM JIONIaTeH Ta OTPUMATH ONTHUMAIIBHI KYTH IX pO3TallyBaHHS.

BukopucTaHHs pynbOBOrO TBHHTAa KOMIIOHOBKM THITY “HOXHII~ JO3BOJIUTH
CYTTE€BO MOKPAIIUTH JILOTHO-TEXHIYHI Ta eKCIUTyaTalliiiHI XapaKTepPUCTUKH
BepTONLOTIB THITY Mi-8 Ta Mi-24 pa3oM 3 MiABUIIECHHSM pPiBHS O€3IEeKH MONBOTIB.

MOJEJYOBAHHSI NPOLECIB SMINHEHHA
JETAJIEN JIITAJIBHUX AITAPATIB

M.I. Boiimosuu?, x.¢h.-m.n., ooy.; X 1. Jliwuncokal, x.m.n., doy.;
AII. Cenur®, x.¢p.-m.u., ooy.; FO.A.Cenux®, x.m.m.
Hayionanvna axademis cyxonymmux 6iticoK;
2Hayionanvnuii ynisepcumem “Jlvgiecora nonimexuixa”;

oMb i o ..
SHayionanvnuii ricomexnivnuii ynieepcumem Yxpainu

3 pO3BHUTKOM aBialiifHOT TEXHIKM 3pOCTAlOTh BHMOTH 10 €(EeKTHBHOCTI,
€KOHOMIYHOCTI Ta HaIiHOCTI JITaTbHUX amapariB, IO MOB’S3aHO 31 3MEHIICHHSM
MaTepialOMiCTKOCTI KOHCTPYKII TP 301IbIIEHHI MTUTOMOT MIIIHOCTI Ta JKOPCTKOCTI
neraneil KOHCTPYKIii, 3acTOCYBaHHSAM BHCOKOMIITHHX CIUIaBiB, IO BaXXKO
nedopmyroTecs. BurortoneHHs neraneidl i3 BHCOKOMIIHMX CIUIaBiB HaKIalae Ha
TEXHOJIOTIYHUHA TpoIec HHU3KYy OOMEKEeHb 3a yMOB TEpPMIYHOI OOpoOKH Ta
TpaHIYHHX JeopMaIlii.

BHUKOpPHCTOBYIOYM BIUIMB [OTOKIB €HEprii BENHUKOI MOTYKHOCTI MOXKHA
BUKOHYBATH PIi3HI TEXHOJOTIUHI omeparii 0e3 MeXaHIYHOTO CHJIOBOTO BILIHBY
THCTpYMEHTY Ha JIeTajlb i 0e3I0CepeJHHOr0 KOHTAKTY MiXK IHCTPYMEHTOM 1 JICTAILTIO
BUKJIIOYHO 32 PaXyHOK BHKOPUCTaHHS crielu(iuHNX I KOXXHOTO BHAY MOAIOHHX
BIUTHBIB (Di3WYHUX 1 XIMIYHUX SIBUIIL.

3anpomoHOBaHa ~MaTeMaTH4Ha MOJENb IS YHCEJIbHOTO  BHU3HAUYCHHS
TEXHOJIOTIYHMX MapaMeTpiB BIUIMBY IMOTOKY €HEpPril BEINKOI MOTYXHOCTI Ha pobody
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MIOBEPXHIO JeTajli 3 METOIO IPOTHO3YBAaHHS 00JIACcTi TEPMIYHOTO 3MIIHEHHS Ta 30H
MOXIJIMBOTO OIUIaBIEHHS Ta pyHHyBaHHA. Ha ocHOBI moOymoBaHOI MaTeMaTHIHOL
MOJIeNi Iporecy TepMidHOI 0OpOOKH IMOBEpXOHb BHPOOIB i OTPHMaHUX PO3B’S3KIB
NIPOBEACHO YWCIIOBI JOCTI/DKCHHS PO3MOJULYy TEMIEepaTypHOro IO Ta
TeMIIepaTypHUX HANpPYKeHb B TUTAX MWIHIPUIHOI (GOPMHU IS PI3HUX THIIB CTaIi.
UncnoBi IOCHiKEHHS HPOBOJWINCH 3 BpaxXyBaHHSAM pI3HMX YMOB Iii JpKepena
eHeprii Ayt Mozeni, IO BpaXxOByBala TEPMOYYTIUBICTh Marepialdy, a TaKoX IIPH
IHTeTpaNbHO yCepeIHEHNX XapaKTePHCTHKAX.

METOIUNKA MMPOTHO3YBAHHS BE3ITEYHOT'O NOWIKO/[ZKEHHSI
OCOBJIMBO BIAINNOBIJAJIBHUX JETAJIEU ABIAIIIMHUX TBUT'YHIB

B.I'. Cuosiuenko, k.m.n., cm.o0.; B.B. [lokposcokuii, 0.m.H., npogh.
Incmumym npobnem miynocmi im. I.C. Iucapenko
Hayionanvnoi akademii nayk Ykpainu

B ymoBax moBHomacmTabHOi arpecii P® akTyampHOIO 3amadero € HayKOBO-
TeXHIYHE  OOIPYHTYBaHHsS  OLIHKM 1  MOUIYKM  IUIAXiB  IIOJOBKCHHS
BCTaHOBIICHOTO (IIPOEKTHOTO) PECypCy OCOOIMBO BiAMOBINAIBFHUX ACTaJCH TAKHUX SIK
pOTOpH aBialiiHUX JBUTYHIB BiHCHKOBOI aBiaii.

B po6oTi po3riasHyTO METOAMKH MPOTHO3YBAaHHS OE3MEYHOrO IOIIKOMKCHHS
IUCKIB KOMIIpECOpiB Ta TypOiH CTalliOHapHUX Ta aBiamiiHUX Ta30TypOIHHUX
neuryHiB (AI'T/I) Ha cranii ZOKPUTHYHOTO PO3BUTKY TPIIIMH U1 3a0e3MedeHHs
npopoBkeHHA pecypcy AI'T/I 3a Ge3neynoi Ta peHTabenbHOT eKCIuTyaTaLii.

[IponoHy€eThCS MPH3HAYEHHS MDKOTJLIIOBHX MEpIOAiB Ta TEPMiHIB Ta 00cCATIB
MIPOBENICHHS PETIAMEHTHHUX POOIT 3 ypaxyBaHHIM 3aKOHOMIPHOCTEH JOKPUTHYHOTO
po3BUTKY TpimmH. [Ipym IIbOMY BpaxoBYIOTHCSI OCOONMBOCTI poOOTH MartepianiB
CTaI[lOHApHUX JBUTYHIB (IiKOBi, cramioHapHi pexumu), AI'T/] (THUIOBI MONBOTHI
UKIK), (GOpPMHU IUMKIIIB HaBaHTa)XEHHS, TeMIepaTypHi pexumu, Gopmu ¢poHTy
TPILIMHY Ta OTO KPUTHUYHI PO3MIpH TOLIO.

ExcriepyMeHTanbHe BH3HAYECHHS KIHETHKM PO3BHTKY TPINIMH B Marepianax
poropie AT'T/l 3 ypaxyBaHHAM Jerpajaiii MeXaHIUYHHX BJIACTUBOCTEH MIiCIIs
HAaIpalfoBaHHs HaJaCTh MOXKJINBICTb TPOTHO3YBAHHS MEPioy PO3BUTKY TPIIHH Bij
MOYAaTKOBOTO PO3MIpY /10 KPUTHYHOTO 3 METOI0 HEIOMYIIEHHS KaTacTpodiyHOro
pyinyBanHs qucky AI'TJl y BMmaaky SKIIO TpilIMHA IHINIIOETBCS MDK JBOMa
perJlaMeHTHUMH OTJISIIaMU.

BIGPOJIATHOCTUKA MEXAHI3MIB ABIAIIIMHOI TEXHIKUA
METOJAMM IIKBII

LM. Heopcoxuiit, 0.¢p.-m.1., npogh.; P.M. FOzedposuu?, 0.m.u., npogp.;
P.I Ienuneyv?; B.P. Komapuuyvkuii*
L Disuxo-mexaniunuii incmumym im. I'.B. Kapnenxa
Hayionanvuoi axademii nayx Yxpainu;
2Hayionanvnuii ynisepcumem “JIvgiecoka nonimexuixa”

VY mpakTumi MiarHOCTHKH OOEPTOBUX BY3IIB aBiaIliifHOI TEXHIKM BUSBIICHHS,
JIOKaNi3amis Ta BU3HAYCHHS CTYTICHS PO3BUTKY Ae(eKTy i HOro O3HaK, MOXKJIHMBI Ha
OCHOBI JIETaBHOTO JOCIIKEHHS CTPYKTYPH BiOpaliiHIX CHTHANIB Ta i1 3B’S3KYy 3
KIHEMaTHKOK 1 IWHAMIKOIO MEXaHi3MiB. ICHYIOYi METOAM CTaTUCTUKU MEPiOJHIHO
KopenboBaHuX BumankoBux mpomneciB (ITKBII) 3acrocoByioTsess miust aHamisy
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BiOpaliffHUX CHTHaNiB 3 METOI0 BHSBJICHHS 1 BCTAHOBJICHHS THIIB JedeKTiB
obeproBux By3miB MexaHi3MmiB. [IKBII-monens BiOparmiiiHoro curaaimy pgae
MOXIIMBICTh ONHWCAaTH SK LUKIIYHY IIOBTOPIOBAa-HICTH BiOpamiii Tak 1 ix
CTOXaCTHYHICTb, @ 3 BUKOPHCTAHHAM CIIYIIHHX OLIHOK MAaTeMaTHYHOTO CIOAiBaHHS,
Kopersniiinol (yHKIIi, crekTpanbHOI IyCTHHH, iX KoedimieHTiB Pyp’e KUIBKICHO
omiHuTH iX B3aemomito. CrienudidHi 0COOIMBOCTI KOPEISIIMHOI 1 CIEKTpaIbHOT
[MKBII-cTpykTypn BiOpalifHOro CHTHalIy, a TaKOX TapMOHIUYHHMH CKIax
JIETepMIHOBAHOI CKJIAJ0BOI, KA OINHCYETHCS Maibke MepioAnYHOI0 (QYHKIIE —
BiZOOpaXaroTh XapaKTepHI PHUCH SIK PO3MOMITIECHHX, TaK 1 JOKAJII30BaHUX IE(EKTIB.
HiarnoctnuHi o3Haku 1oOynoBaHI 3 BHKOpHCTaHHAM imoBipHux [IKBII-
XapaKTePHUCTHK IIEpPIIOro i JAPYroro HOPSAKIB JAlOTh MOXJIMBICTH BHSBUTH TaKi
nedexTn BKe Ha paHHIM cramii iIX po3BuUTKy. Taki MiarHOCTHYHI O3HAKW €
iHpOPMATUBHUM IHCTPYMEHTOM, OCKUIBKH, Ha iX OCHOBI MOYXHa BH3HAYHUTH
TEXHIYHUH CTaH 00’€KTa, ONTHUMI3yBaTH IUIAHYBaHHS MOTOYHOTO 1 KamiTalbHOTO
PEMOHTY, 30iIBIINTH MIKPEMOHTHHI iHTEpBaJ, 3MEHIIUTH BHTPATH Ha 3aKyHiBIIO
3aIl4acTHH Ta MaTepialiB.

YAOCKOHAJIEHHSA CUCTEMHU YIIPABJIIHHSA PECYPCOM
ABIAIIAHUX JBUATYHIB BINCHbKOBOI'O MPU3HAUYEHHS

A.A. Ulyavein, x.m.H., cm.0.; B.O. Xapuenxo
Heparcasnuil Hayko80-00CaioHull iHcmumym asiayii

3 MOMeHTy HaOyTTs1 He3aJe)KHOCTI MapK aBialliifHUX ABUTYHIB BiliCBKOBOTO
NpU3HAYEHHsS HE IIONOBHIOBAaBCS HOBMMHM  BHpoOaMy, TOMy mpobiema
MaKCUMAaJIBFHOTO BHKOPUCTaHHS (DAKTUYHOTO 3alUIIKy IXHBOTO pecypcy €
HaI3BUYalHO aKTyaJlbHOI0. B yMOBax BOEHHHX /il NUTaHHA €(EeKTHBHOTO
YIOPaBIiHHSA PECYpcoM YCKIQAHWIOCS Ie Oinblle dYepe3 3arpo3y MOCTIHHHUX
o0CTpiiB, 3HauHMI AediuuT uyacy Ta 0OiOBI MOmMKOMKEHHA. Yci Li (akropu
CTBOPIOIOTH CEPHO3HI BUKIMKM JUIsl ICHYIOYOi CHCTEMH MiATPUMAaHHS CIPaBHOCTI
aBialliifHUX IBUT'YHIB BifiCbKOBOTO MPU3HAYCHHS.

ABTOpaMH 3alpoOIIOHOBAHO KOMIUIEKCHHH MiIXiJ IO BIOCKOHAJEHHS 1CHYIOUOi
CHCTEMH YIpaBIiHHA pecypcoM TMapKy aBialliiHUX JABUTYHIB BiliCBKOBOTO
MIPU3HAYEHHS, a caMe:

— ONEpaTHBHUA  MOHITOPHHT  TapaMeTpiB  poOOTH  JABUTYHAa  IIIIXOM
BIIPOBA/DKEHHSI HOBOTO TIOKOJIHHS O€3KOHTAKTHHX JAaTYHWKIB 13 BOYJOBaHOIO
TEXHOJIOTi€r0 nepenadi ganux 10T,

—3aCTOCYBaHHS METONy KPUTHYHHX €JEMEHTIB s IHTETpalbHOI OIIIHKH
TEXHIYHOTO CTaHy JIBUTYHA;

— CBO€YaCHE KOMII'IOTEPHE MOJENIOBAHHS TEIUIOBOTO Ta  HaIpyXKEHO-
nehOpMOBaHOTO CTaHy OCHOBHHX JeTajiell ABUTYHA i3 BpaxyBaHHSIM MOMITHBOTO
BIUTMBY 0OIOBHX MOIIKO/KECHB;

— po3poOka aBTOMaTH30BaHOi iH(OPMAIifHOT CUCTEMH Ha OCHOBI €IMHOI 0a3u
NaHUX, CTBOpeHOi BimmoBimHo no koumemmii Big Data, i3 BukopucraHHsM
ITOPUTMIB MAallMHHOTO HAaBYAHHS U ONTHMi3amlii MONIyKy Ta aHamizy icropil
eKCIUTyaralii ABUryHa.

Pearmizamiss 3ampomoHOBaHHX pilleHb 3a0€3MEYUTh BHUCOKY HAIIHHICTH Ta
e(eKTHBHICTh eKCIUTyaTalil aBiallifHMX JBUTYHIB BiiCBKOBOTO NpPHU3HAYCHHS 3a
MeXaMH BCTAaHOBIICHUX PECYPCHHUX MOKA3HHKIB.
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PEKOMEHJIALII II[OJI0 YAOCKOHAJIEHHSI MATEPIAJILHOI BA3H
CHCTEMH TEXHIYHOT'O OBCJIYTOBYBAHHSI TA PEMOHTY
CHCTEM O3BPOCHHS TA BIICLKOBOI TEXHIKH

11.B. Onenvko, k.m.H., cm.o.
Hayionanvrhuil ynigepcumem ob6oponu Yrpainu

AKTyaJbHICTP TIMTAHHA NOJSITa€ y HEOOXITHOCTI MIATPUMAHHS CHCTEM
030poeHHs Ta BilicbkoBoi TexHikH (COBT) B ycTaHOBIEHHX CTYHEHSIX TOTOBHOCTI
IO 3aCTOCYBaHHSA Ha CTaiil JKHTTEBOTO IMKIY “BHKOPHCTAHHS IIIIXOM
LJISCIIPSIMOBAHOTO BIUTMBY Ha €JIEMEHTH iX (YHKIIOHAJBHUX CHCTEM, a caMe
Oe3nocepeHBO Ha panioenekTpoHHy amaparypy COBT Ta 3acob6u migrpumyBaHHS,
BUNpOOYBaHHsS, BHUMIPIOBaHHS Ta [IarHOCTYBaHHSA CHUCTEMH iX TEXHIYHOTO
obcmyrosyBanHs 1 pemonty (TOIP).

B nmomoBiai s BUpIlIEHHS HaBEACHOTO 3aBJAHHS 3allPOIIOHOBAHO MPAaKTHYHO
peamizyBat MeTon (OPMYBAaHHS palliOHAIBHOI KOHCTPYKIIl ((yHKIiIOHATBHOL
ctpykrypu) COBT Ta 3aco6iB ix TOiP B uwacTuHi, moO CTOCY€TbCS PO3pOOKH Ta
BIIPOBA/UKEHHS 3ac0o0iB  MiATPUMYBaHHS, BHUNPOOYBaHHSA, BHMIPIOBaHHSI Ta
miarHoctyBanHs cuctemu TOiP COBT Tta ymOB, fKki Ha 1€ BIUIMBAIOTh.
OOrpyHTOBaHO pO3poOKy 3a3HaYeHHUX 3aco0iB Ha MPHKIAAi YHIBEpPCAIBHOTO
peMoHTHO-AiarHOCTHYHOTO KoMIutekcy (YMPJK), npakTuaHe BUKOPUCTAHHS SKUAX
UL TATPUMAaHHS TpH3HA4YeHOro piBHA OoioBoi rorosHocti COBT yrpymyBans
Bilicek IloBiTpsHnx Cun 3C Ykpainu 3a0e3neduts Oe3mepepBHICTH MOHITOPHHTY
TexHIYHOTo cTaHy 3pa3kiB COBT, 3acTocyBaHHI KOMIUIEKCY YHi(iKOoBaHHX 3ac00iB
BIICBKOBOTO PEeMOHTY, KoMIUIeKTiB 3III, a TakoX omepaTHBHHN MaHEBp CHJIAMH 1
3aco0aMM MiAPO3AUTIB JIOTICTHYHOTO 3a0e3MEeYeHHS il BiTHOBICHHS 3pa3KiB
COBT, sKki XapakTepH3yIOThCS ICTOTHMM BIUIMBOM Ha piBeHb O0O0€31aTHOCTI
yrpymyBaHHs Bilicbk. HaBemeno Bapiant ctpykrypun YMPJK COBT, peanizarmii
iHpopMaLiifHOT MINTPUMKM TEXHOJOTIYHUX MPOLECIB PEMOHTY Ta CHCTEMH
YIPaBIiHHS TEXHOJIOTIYHUM LIUKJIOM PEMOHTY CKJIAJI0BUX YacTHH BUpoOiB OBT.

MEPCIEKTUBHI HATIPSIMU OPTAHIBALIT YIIPABJIIHHS
3AITACAMM MATEPIAJIBHUX 3ACOBIB I3 YPAXYBAHHSM
IHTEHCUBHOCTI EKCILIYATALII TA CTPATEI TEXHIYHOI'O
OBCJIYTOBYBAHHS I PEMOHTY CUCTEM O3BPOEHHSI
TA BINCBKOBOI TEXHIKH

I1.B. Onenvko, K.m.H., cm.o.
Hayionanvnuii ynieepcumem o6oponu Yxpainu

AKTyaJbHICTh MUTAHHS MOJSATa€ B HEOOXiqHOCTI 3a0e3ledeHHs] MpU3HaYeHOTro
piBHS TeXHIYHOI TOTOBHOCTI Ta JOCTAaTHIMH 3allacaMd MaTepialbHHX 3aco0iB
CyJacHHX cHCTeM o030poeHHS Ta BilicbkoBoi TexHikn (COBT) Cun oboponm y
BiJITIOBITHOCTI IO BUMOT iCHYIOUMX HOPMATUBHHUX JOKYMEHTIB JIepXKaBH. 3a3HaUeHE
¢opmye HaranpHy mMoTpe0y B YAOCKOHAIICHI OpraHi3allii YIpaBIiHHS 3armacamu
Marepianbaux 3aco6iB COBT, B ToMy umcmi 3 0O0OB’S3KOBHM ypaxyBaHHSIM
IHTEHCHBHOCTI eKcIUTyartalii Ta peami3amii cTpaTerii TeXHIYHOTO 00CITyroByBaHHS 1
PEMOHTY.

B gomoBimi s BUDIMICHHS 3a3HAYEHOrO IUTAHHS  3alpPOIOHOBAHO
BUKOPUCTAHHA METONy YIPABIIHHA 3allacaMH MaTepialbHHX 3aco0iB (pecypcis,
oCiIyT). YTOYHEHO Mepernik 3axO[iB, SKi MOTPiOHO BHKOHATH MJIS MPaKTHYHOTO
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3aCTOCYBaHHS 3a3HaY€HOTO METOXy, a came, Io-mepiie — (OpMyBaHHS IEpeNiKy
BUXIHUX JAHUX JUI1 BU3HAUCHHS XapaKTepHCTHK MapHIpyTiB  JOCTaBKH
pecypciB (HaliMeHyBaHHS a0o mmMpPU  pecypciB, 3aralbHa KUIBKICTH  iX
THUIIB (PO3Mip HOMEHKJIATypH) B CHCTEMI JOCTaBKH; IIOYaTKOBHI Ta KiHIIEBUH BY3IJIH
JUISL KOXKHOTO THILYy PECypcCiB; THUII BHTpAT HA PECypC; TUIH Ta XapaKTEPUCTHUKH
TPAaHCIOPTHUX 3ac00iB, II0 BHKOPHCTOBYIOTHCS; XapaKTEPUCTHUKH  JUITHOK
TPaHCIOPTHOI Mepexi); MO JApyre — BH3HAYEHHS KITBKOCTI XapaKTepHCTHK, SKi
ONTHMI3YIOThCSL (Jac JIOCTaBKH PECypcCiB; BHTpAaTH Ha JOCTaBKY peCypciB; dac
JOCTaBKH peCypciB IpH OOMEXEHHSX BHTPAT Ha JOCTABKY; BUTPATH Ha JIOCTABKY
pecypciB Ipr 0OMEXEHHSIX Ha Jac JOCTaBKHU); IO TPeTe — BU3HAYCHHS PallioHAIBEHOT
TPaHCIOPTHOI MepeKi B CHCTEMI JIOTICTHYHOTO 3a0e3IeueHHSI.

HIATPAMAHHS JHOTHOI IPUJATHOCTI HOBAX ABIAIIMHAX
IUIAT®OPM 3AKOPIOHHOT'O BUPOBHUITBA ¥ IIOBITPSIHUX
CHUJIAX 3bPOMHUX CUJI YKPAIHU

O.B. Paovko, k.m.H., 0oy., c.H.c.; A.B. Koyropyba, B.Il. Bouapuikos, 0.m.H., npog.
Hayionanvnuil ynigepcumem oboponu Yrpainu

[octymoBe sKicHE Ta KUIBKICHE OHOBJIEHHS HAsBHOTO BITYM3HSHOTO MAapKy
OotioBoi asiamiiiHoi TexHiKH (AT) 3a paxyHOK CydacHHMX aBialliiHUX MIaTdhopm
3akopaoHHOTO BHpOOHMITBA (AII3B) € 0gHMM i3 OCHOBHUX HUIIXiB 3a0€3MEeYEeHHS
BigmoBigHOCTI cipoMoxkHocTelt asiamii [loBitpstHux Cun 3C Ykpainu icHyrounm
3arpo3aM mix Jac BigOuTTs 30poiiHoi arpecii pd. Excrmyaramis y IIC 3C Ykpainu
mitakiB F-16 BuaBmia mpoGiemu B ajanTarii BITYM3HAHOI CHCTEMH EKCILTyaTawii
AT nmo BIAMOBIMHMX CHCTEM Ta JOCBiMy KpaiH momepeanboi peectparii AII3B, a
TaKO)X y TPUBEJCHHI  HaliOHAIBHOI  CHUCTEMH  IATPUMAHHS  JBOTHOI
npunatHocTi (IJIIT) y BignosiaHicte no MikHapomuux Bumor (ICAO, EASA,
MAWA Forum, EDA).

VY nomoBifi HaBeAEHO NUIIXM BHPILIEHHS 3a3HAYEHHX INPOOJIEM: CTBOPEHHS
opraHizaiii yTpuMyBaya HaliOHaJBHOTO cepTHdikaTa THmy (BiHCBKOBOTO) JUIs
AII3B Ta 1i cxBajeHHs BigmoBimHo m0 YacTuHu-21B; CTBOpeHHS Ta CXBaJCHHS
BignoBigHo mo0 Yactunu-MB opranizanii 3 ynpasminas [1IJIIT ATI3B, no Yactunu-
145B — opranizauii 3 TtexnigHoro o6cayroByBanHs (TO) AII3B; cxBaneHHs
IIporpamn  TexHiuHOrO oOCimyroByBanHs AII3B; BHIaHHS HaliOHAILHOTO
ceptudikaty Tumy Ta cepTH(dIKaTiB JHOTHOI NpUAATHOCTI Ha KoxkHy AII3B;
migroropka mnepconany (3 TO — 3 oTpumMaHHsAM cepTHdikaTy BiANOBITHO 0
YactuHU-66B, JTHOTHOTO CKJIady, IHCIEKTOPIiB TOIIO); BIPOBAIKCHHS CHCTEMHU
ynpaBmiHHs Oesnekoro monboTiB AII3B Ta ceprudikamis ekcruryaranta AII3B;
3a0e3MedyeHHs Ta JOMYyCK aepoApoMiB 1o ekcruryaTanii AII3B 3a BcraHOBIEHHM B
Jep>kaBHiH aBiamii YkpaiHu HOPSIIKOM TOIIO.

IAXTA 1O TEXHIKO-EKOHOMIYHOI'O OBI'PYHTYBAHHS
ONTUMIBALII MPOLECY TEXHIYHOI EKCIITYATALIIL
NNOBITPAHUX CYJEH

1L€. Caghonos, o.¢pinoc.; 1.I1. Kopogin, k.m.H., doy.
Hayionanenuii ynisepcumem oboponu Yrpainu

Ha cporozHi muTaHHs 3HWKEHHS BUTPAT Ha SKCIUTyaTallilo i pEeMOHT MOBITPSIHUX
CyIeH 3a yMOBM MiATPUMAaHHS 3aJaHOTO DiBHS O€3NEeKU IMOJBOTIB € OTHHUM 3
aKTyaJbHHUX Ta BKJINBHX 3aBJaHb {H)KCHEPHO-aBialliitHOl CIy0Ou.
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OnruMansHui TIepio] HapoOITKy MOBITPSHOTO CyJHA MDK BiIHOBIIIOBAJIbHIMH
poboTamMM MOKHAa BHM3HAYaTH 3a KpHUTEpiEM “BapTicTh — e(EeKTHUBHICTE” abo
KpHUTepieM 3a0e3nedyeHHs MIHIMyMy CepelHiX IHTOMHX BHUTpaT BiJ BiIMOB Ta
IUTAHOBOTO TEXHIYHOTO OOCIYyrOBYBaHHS IIPOTATOM BH3HAUEHOro Iepiony. [l
IIPOBEICHHS PO3PaxXyHKIB HEOOXITHO BUKOPHCTOBYBATH BHTPATH JIOJUHO-TOJWH Ha
Pi3HI BUIH BIAHOBITIOBAJILHUX POOIT Ta cepeHi 3HAYCHHS OIUIATH TaKUX POOIT.

3HaueHHs HANPAIIOBAHHS MOBITPSIHOTO CyJHA, IO BiIIOBIJalOTh ONTHMAJIbHII
NIepioANIHOCTI TIPOBEICHHS IUTAaHOBO-TIONIEPEKYBaJIbHUX 3axXO0lIiB,
BCTAHOBIIIOIOTBCSL 32 MAaKCHMAQJIBHAM 3HAUCHHSAM KoeQillieHTa TEeXHIYHOTO
BUKOPHCTAHHS Ta MIHIMIPHAM 3HAYE€HHSM IIMTOMOI BapTOCTi OIHi€] TOIUHH
3HAXO/PKEHHSI OBITPSIHOTO CyJHA Y MIPAlle3aTHOMY CTaHi.

[ToGynoBa TpadiuHuX 3aNeXHOCTEH KpHUTEpiro e(pEeKTUBHOCTI eKCILTyaramii i
BapTOCTi NepeOyBaHHS MOBITPSHOTO CyJHA y CIIPABHOMY CTaHi Bif MepioAWYHOCTI
MIPOBEICHHS POOIT 3 TEXHIYHOTO 00CIIyTOBYBaHHS A03BOJISIE BU3HAYUTH KOO LIHOIO
JOCSTAETHCS] MAKCUMAJIbHE 3HAYCHHS KOC(IIIEHTY TEXHIYHOTO BUKOPHCTAHHS.

ExoHoMiuHa e(eKTHBHICTh EKCIUTyaTalii MOBITPSHOTO CyIHA IOCSITAETHCS
[UIIXOM BHU3HAYEHHS ONTHUMAJIBHOTO Yacy WOro HapoOITKy 0 HACTYyNHHUX poOiT 3a
EKCTpEeMaJbHUMH 3HAYeHHSIMH IiTb0BOI (QyHKUII MpH 3aaHOMY piBHI HamTiiHOCTI
(YHKIIOHAIBFHUX CUCTEM 1 BUPOOiB Ta OE3MEKH MOJIBOTIB.

3ACTOCYBAHHS I''BPUJHUX BILJIA IIOBITPSI-BOJA

C.O. I'punuax, k.m.n.; B.M. Jloconos, B.B. Kanoukin, K.2.-M.H.
Hayxoso-oocnionui yenmp 36potinux Cun Yrpainu “/lepocasnuil okeanapiym”
Inemumymy Biticbkoso-Mopcvkux Cun Hayionanvhoeo ynigepcumemy
“O0decvka mopcvka axademisn”

BiifHa y miOBOAHOMY NpPOCTOPI CYTTEBO BigpI3HAETHCSA BiA BIMHM y I1HIINX
omepatuBHUX cdepax Mopcbkoi BilfHH. Ilim Bomoio Bkpail HU3BKA CHTYyaliiHa
00i3HaHICTh, YCKIAIHEHE TIIO3UIIOHYBaHHS, HH3bKAa IIBHIKICTH 1 IIPOITyCKHA
3MIaTHICTB T1IPOaKyCTHYHOTO 3B SI3KY.

B xpainax HATO mnpoBoasTeCsi iHTEHCHBHI pPoOOOTH MIOAO TPHHHATTS Ha
030poenHs BITJIA Mopcekoro mpu3HaueHHs, a caMme KBaapokonTepy “Aqua-Quad” 3
ribpugHoro MoOUTEHICTIO. “Aqua-Quad” 3HaXomM4uCh B OE3MIyMHOMY pPEXHAMI
nopeiipy, BuKOHye 3amady mmymomenenranii B IIUB, o¢ikcyroun mymun y
cnekTpanbHoMy miamaszoni 2 I'm — 10 k['m. Amapar BigcTexxye pU3UKH 3aXOIUICHHS i
MOXE TPOTHMIATH [BOMY IIUIIXOM IIE€PECYBaHHS TOBITpSAM, ab0 ILIIXOM
TUMYacoBOTO 3aHypeHHs mix Boay. Aqua-Quad, 3maTHWI NpPUBOMHIOBATHCS 1 B
CKJIaai TPYIH, YTBOPIOIOYH MEpEeKeINeHTpHuHy cucreMy. AquaQuad wmoxe
migHiMaTHcs Ha Bucoty 150 M 1 mepenaBati iH(OpPMAIiO PaIio3B’sI3KOM.
TpuBanicte poOOTH HE MeHIIE 3-X MicAliB. Y CBITJIMH Yac A00W 3IiHCHIOETHCS
HOBHa 3apsika coHs4HOi Garapei moryxHictio 340 BT, mo mo3Boisie 3milicCHUTH
OJTHOPA30BHI MEPEeNiT 3 MAKCUMAJIBHOIO TPUBAIICTIO 25 XBWIMH 31 MIBHAKICTIO 10
54 xm/rouHy.

Ha cporojHi, BiICyTHICTh CHCTEMH BHCBITJICHHS MiABOAHOT 0OcTaHOBKH y BMC
3C YkpaiHu Jja€ MOXKJIMBICTh IPOTUBHUKY HAHOCUTH YJAapH 3 MiJ BOAU

OTxe, AIs CTBOPEHHS TMEPCIEKTHBHOI CHCTEMH BHCBITICHHS ITiBOJHOT
obcranoBkn BMC 3C VYkpainM BHHHKae HarajgbHa MOTpeba MOCTAaHOBKH Ha
030poennst cucremu I[[UB BMC 3C Vkpainu riopuaaux BITJIA anamorom
wiaTopMu sKoi € kBaapokonTep “Aqua-Quad”.
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NEPCIEKTABHI HATIPSIMKA BU3HAUEHHSA HATIMHOCTI
HNIJIOTOBAHUX JIITAJIBHUX ATIAPATIB ITPU BUITPOBYBAHHSAX

B.M. Yynpuna, 0.m.u., ooy.; O.B. Kywnipenxo, B.M. @edenvko
Jlepoicasnuil Haykoeo-00CiOnutll iHcmumym eunpo6yeans i cepmuixayii
030pPOEHHS MA GICLKOBOI MeXHIKU

Cyu4acHi METOIU OLIHKHA HaIiiHOCTI OXOIUTIOIOTH aHaJITHYHI,
eKCIIepUMEeHTaJIbHI T4 KOMOIHOBaHI MiAXOAHW, SIKI JO3BOJIIOTH OTPHMATH TOYHI
Ppe3yNbTaTH HaBITh Y pa3i 00MexXeHOI KiJIbKOCTI BUIIPOOYBaHb.

OMiHIOBaHHS HAJIMHOCTI JIITATBHUX amapaTiB TaKOXK Iependadyae po3paxyHOK
Koe(IIi€HTIB 3a1acy MIIHOCTI, [0 € BU3HAYAIBHUM (aKTOPOM IS MiATBEP/KEHHS
3aTHOCTI KOHCTPYKILIii BUTPUMYBATH HaBaHTAXEHHS Oe3 BTpATH Hpale3laTHOCTI.
BUKOpHCTaHHS ~ MaTEMaTHYHOTO  IUIAHYBAaHHS  ©KCIEPUMEHTIB  Jla€  3MOTY
ONTUMI3yBaTH Mpouec BHUNIPOOyBaHb, MIHIMI3yIOWH BHUTPATH pECypciB 1 dacy.
BukopucraHHS BipTYaJIbHOTO MOJETIOBAHHS Ta LU(PPOBHX TEXHOJIOTiH 3HAYHO
PO3IINPIOE MO>KJIMBOCTI OIIIHKH, JO3BOJIIOYM HE JIMIIE IPOTHO3YBATH MOMIIUBI
BiIMOBH, a 1 TecTyBaTu €()eKTUBHICTh KOHCTPYKTHBHUX 3MiH y PEXKHMi pealbHOTO
yacy. Lle mae 3Mory MiHIMI3yBaTé PH3HKU Ta BAOCKOHAIUTH TEXHOJOTIUHI PillIeHHS
IIe Ha eTaIli MPOeKTYBaHHS.

ITepcrneKTUBHUM HAIpPSIMOM PO3BUTKY € PO3pOOKa aJalTHBHUX METOAUK OLIHKH
HAAIHHOCTI, IO TMOEAHYIOTh  TPAAWIIMHI  PO3PaXyHKOBI  MmIXoau 3
CKCHICPUMEHTAJIBHUMH ~ JOCTIDKEHHSIMU Ta  IHTENEKTYaJbHUMH TEXHOJOTISIMH
aHami3y. ABTOMAaTH30BaHI CHCTEMH MOHITOPUHTY TEXHIYHOTO CTaHy JITaTbHUAX
amapariB, mo 0a3ylOTbCs Ha JarTdMKax KOHTPOJIO Ta AaIrOPUTMax LITYYHOTO
IHTENEeKTy, MOXYTh 3HAYHO MiJBHUIINTH C€(PEKTUBHICTh BHABICHHS MOTCHUIHHHUX
mpoOJeM Ta JO3BOJIATH 3IMCHIOBATH CBOEYAacHE TEXHIYHE oOcmyroByBaHHs. lle
COPUATHME HE JIMIIC MiJBUIICHHIO PiBHS O€3MEeKH MOJIBbOTIB, a i ONTUMI3aIlil BUTPAT
Ha eKCIUTyaTalliio aBiaiiHOl TeXHIKH.

BU3HAYEHHS BILIMBY EPO3IAHOIO T'OPIHHS
TBEPJOI'O PAKETHOI'O ITAJIUBA

C.C. Bacunis, k.m.H.
Inemumym mexniunoi mexaniku Hayionanvroi akademii nayk Ykpainu i
Jleporcasrnozo kocmiunoz2o azenmemea Yxpainu

BaxmuBOIO ~ XapaKTEpPHUCTHKOI,  sSKa  BIUIMBAE HA  MpaIe3laTHICTh
TBEPIOMAIMBHOTO [BUTYHA, € €pO3iiHWN BIUIMB HAa IIBHIKICTH TOPIHHS MpPU
oOTiKaHHI 3apsay TOTOKOM ra3y. PaHine s OIHKA I[bOTO  BIUIMBY
BUKOPUCTOBYBaBcs Kputepiii [loOemoHOcHeBa, SKUH Uil KaHAJIBHUX 3apsfiB
MOJISITaB Yy BU3HAYCHHI CITIBBIJHOIIEHHS IUIONII TOPIHHS 1O IUIONI BHXiTHOTO
MepeTHHY KaHaJy.

CydJacHi METOIUKH TPOEKTYBaHHS TBEPAONAIMBHUX [BUTYHIB Iepen0adaroTh
BAKOPHUCTAHHS 3aJISKHOCTI IIBUAKOCTI TOPIHHS MAlMBa BiJX MIBHIKOCTI Ta3y, IIO
oOrikae Horo moBepxHP. OJHAK, OTPUMAaHHS TaKUX HaHUX BUKINKAE MEBHI
TpynHomi. Hacammepen BoHH OOYMOBICHI CKIAQIHICTIO BHMIpPIOBaHb ITapaMeTpiB
MOTOKY MO 00’eMy KaMepH, OCKUIBKH TeMIleparypa HpPOIYKTIB TOPIHHS csArae
3naueHb 2000-3500K.

Jns oTpuMaHHS HEOOXITHUX NAHWX MIOA0 €pO3iHOTrO BIUTMBY MOTOKY ra3y Ha
[IBHIKICTH TOPiHHS TBEPJOTO PaKETHOTO MaMBa 0yJI0 po3pobiieHo MeTonuKy. BoHa
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MOJIATAE Y TIOEHAHHI aHUX 3 €KCIIEPUMEHTAIbHUX IOCIIDKEHb 3 KOMI IOTEPHUM
MOJICTTIOBaHHAM. BumnpoOyBaHHS Ha Mojeni Tra3oreHepaTopa IO3BOJSIE 3HAWTH
CIIBBITHONIEHHS IUIOII, IIPU SKOMY 3 SIBIISIEThCS epo3ifiHmil BIUMB. B cBOIO uepry,
KOMIIT' IOTEpHE MOJIETFOBAHHS J{03BOJISIE BU3HAYMTH IIBUAKICTH IIOTOKY, SIKHH 00TiKae
3aps] i TPOBOKYE 30UTBIICHHS BUKOCTI TOPIHHS IS THX XK€ YMOB.

Po3pobnena Meronuka Mo)ke BHKOPHCTOBYBAaTHCH ISl IIPOCKTYBaHHS 3pasKiB
paxetHOTr0 030poeHHs 11t HoTped Cui O6opoHH YKpaiHu.

OLIHKA ITOTOYHOI'O CTAHY HOMKOJ’KEHOCTI CHJIOBHUX
EJIEMEHTIB KOHCTPYKIII JIITAJIbHUX AITAPATIB

O.M. Macno, k.m.n.; A.A. Komnsapenxo, k.m.n.; B.I1. [lleeyv, k.m.H.;
€.0. Kouopsxos, k.m.H.
Incmumym npobnem miynocmi im. I.C. [Tucapenka
Hayionanwnoi akademii nayk Yrpainu

MOHITOPUHT TIOTOYHOTO CTaHy METaly CIIOBHX €JIeMEHTIB KOHCTPYKII1
JMTaJbHUX amlapariB € BaXJIUBOK CKIAJOBOI0 3a0€3MeUYeHHs eKCIUTyaTamiiHOL
HAJIHHOCTI aBialiffHOT TEXHIKHM, a TAKOX aHaNi3y NMPHYHMH MOMIIMBHX aBapiitHUX
cuTyamiid. 3alekKHO Bi TUIY KOHCTPYKILIiH, MaTepiajB, HOCTYIHOCTI €IEMEHTIB i
HEOOXiJJHOTO piBHS JeTamizamii AiarHOCTUKH 3aCTOCOBYETHCS IIMPOKHH CIEKTp
HEpYHHIBHUX METOJIB KOHTPOMIO. J[OCTaTHEO IONIMPEHHMH Ta IIPOCTUMHU Y
TEXHIYHOMY 3a0€3MCUCHHI € METO/TH, 1110 0a3yI0ThCS HAa BUMIPIOBaHHI TBEPIOCTI.

VY pomoBini mpencraBieHi pe3yibTaTH eKCIEPUMEHTAJIbHHX IOCIIKCHB,
CIpSIMOBaHMX Ha OI[IHKY IOTOYHOTO CTaHy IIOBEpXHI CHJIOBHX EJIEMEHTIB
KOHCTPYKIII JiTaJbHOTO amapaTy, MO 3a3Hald Jii MepeBaHTaXeHb y Mporeci
ekcrutyatamii. [IpoBegeHo aHadi3 BIUIMBY CTaTUYHUX HABAaHTAXXCHb HA 3AJIMIIKOBI
nedopmarii KOHCTPYKTHBHUX eJeMeHTiB. Po3poOmeHo HaONMMKEHy METOIHKY
OIIIHKA PIiBHS HampyKeHb, IO CIPHYMHWIN BUsBIEHI nedopmamii. BeranoBieHo
KOpEJLSILII0 MDK pIBHEM 3aJMIIKOBHX HANpyXeHb Ta 3MiHaMH XapaKTepHCTHK
TBEPAOCTI MOBEPXHEBOIO IIapy MaTepiayly, IIO JO3BOJISIE 3IICHIOBATH EKCIIpec-
OLIIHKY IIOTOYHOT'0 CTaHy MOIIKOKEHOCTiI KOHCTPYKII.

AOCIKEHHA TEXHIYHOI'O CTAHY JIITAKIB TUITY CY-27,
AKI EKCIVIYATYIOTBCS B YMOBAX AII IIPABOBOI'O
PEXKUMY BOEHHOI'O CTAHY

O.M. Jlobpuoenko, k.m.u., c.n.c.; M.C. Cmpena, 0.¢inoc.
Jlepoicasnuii nayko8o-00caionull incmumym asiayii

Y 3B’a3Ky i3 BENSHHAM TIOBHOMACIITa0HWX OOWOBHX [ilf 3 3alydeHHSIM
asianiitHoi TexHiku [loBiTpsHrx Cmn 3C YkpaiHH € akTyanbHHM 3aBHAHHS IIOJO
3a0e3rnedyeHHs aBiallifHuX BiCHKOBUX YAaCTHH MAaKCUMAaIbHO MOYMJIMBOIO KiIBKiCTIO
niTanpHUX anapariB. 30KpeMa, OJJHUM i3 HaiOinblI 3aTpeOyBaHUX THUIIIB JITATbHUX
amaparis € sitak tuiy Cy-27.

BiamoBigHO 10 KepiBHMX HaKa3iB, a TAaKOX BKa3iBOK TOJIOBHOTO iHXKEHEpa
asianii IIC, BBexeno Ilepeniku 060B’s13k0BHX POOIT Ta MEpPeBIpOK Mpare3aTHOCTI
aBialiifHOI ~TEXHIKM, MO0 BUKOHYIOTBCS TMiJ dYac poOIT 31 30LIBOICHHS
pecypcey (IpOIOBXKEHHS CTPOKY CIIykO0M) 3a Tunamu JIA.
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Jlitaku Ty Cy-27, Mo eKCINTyaTyIOThCSl B yMOBaX BOEHHOTO CTaHy, MaloTh
Pi3HI HaIpaIIOBaHHS y MPOJOBKEHUX CTPOKAX CIYKOM Ta HAIBOTY, i TaK caMo Pi3Hy
KiJIBKICTB €TalliB IIPOIOBXKEHHS PECypPCHUX MTOKa3HUKIB.

Crnin 3a3Ha4YnTH, 1O TEHJCHIisA 30UTBIICHHS 3aTpaT Ha BiJHOBIICHHS 3HAYHO
3aJIeKUTH BiJl HAKOMMYIEHOI MOIIKO/PKEHOCTI, KA Y CBOIO Yepry 3aJIeXHTh BiJ] YMOB
Ta IHTCHCUBHOCTI €KCILTyaTallii.

3arpaTn Ha BiJHOBJICHHS, a caMe BapTICTh BIIHOBIIOBAJIBHUX POOIT OJHi€l
onuaULi JIA B yMoBax BilicbkOBOi YaCTHHU BHPAaXOBYETHCS 33 (POPMYIIOIO:

C C
CB.p. = Cpern 'kCTp 'k6.yp. )
pe Cypp, — BApTICTb BiAHOBIIOBAIBHUX POOIT B yMmoBax 4aCTHHM; Cpery

BapTICTh BUKOHAHHS PErJIaMeHTHUX PoOIT “Baxkkoi popmu” 3a IlepenikoM poOdiT Ha

eTar; kCCTp — koedirieHT cTapiHHs.

BILTUB MOJU®IKAIIl HTOBEPXHEBOI'O IIIAPY HA .
JOBI'OBIYHICTBb TPYBYACTOI'O EJIEMEHTA KOHCTPYKIII
B YMOBAX TEPMOANHAMIYHUX HABAHTAXKEHb

11.0. bynax, k.m.n.; B.I1. Lllgeyw, k.m.H.;
B.€. Jlanunox, k.m.n.; €.0. Konopsakos, K.m.H.
Incmumym npobnem miynocmi im. I.C. Ilucapenka
Hayionanvnoi akademii nayk Ykpainu

VY poboTi 3aponoHOBAaHO METOIUKY KOMILICKCHOI OI[IHKH BIUTHBY 3MiH (i3HKO-
MEXaHIYHUX BJIACTHBOCTEH MOAM(IKOBAHOTO IOBEPXHEBOTO IMIapy TpyOdacToro
€JIeMEeHTa KOHCTPYKLii Ha HOrO JOBTOBIYHICTB, 3 ypaxyBaHHIM EKCILTyaTaliifHUX
YMOB y OPiBHSIHHI 3 BUXIJTHIM CTaHOM MaTepiaiy.

3a pesynmbTaTaMH KOMIUIEKCHUX JOCTIDKEHb, IO BKIIOYAIH TPUOOIOTIUHI
BUNpOOYBaHHS Ta IHCTPYMEHTOBAaHE IHICHTYBaHHs, OyJlO BH3HAYEHO MapaMeTpu
TepTs Ta (Hi3MKO-MeXaHIuHI XapaKTePUCTHKH MOII(PIKOBAHOTO IIOBEPXHEBOTO IIAPY.
OTpuMaHi pe3ynbTaTd TMOKa3ald HOro TO3WTHBHHN BIUTMB Ha IiIBHIICHHS
3HOCOCTIHKOCTI TPYOYaTOro eJieMeHTa KOHCTPYKIIii.

Pe3ysbTaTé 4MCENBFHOTO MOJENIOBAaHHS IMpoleciB nedopMyBaHHS TpyO4acToro
eleMeHTa KOHCTPYKWii B peaJbHMX YMOBaX eKCIUTyaTalii, 3 ypaxyBaHHIM
Mo uGiKkanii TOBEPXHEBOTO IIAPY, Y3TOMKYIOTHCS 3 €KCIIEPUMEHTAIEHUMH JaHHMH,
OTPUMaHHMH B YMOBax TEPMOAMHAMIYHOTO HaBaHTA)XEHHs. BcTaHOBJIEHO, IO
3acTocyBaHHs1 MOJM(iKalil MOBEPXHEBOIO IMIApy CYTTEBO 3HMKYE BIUIMB BTOMHHX
MpoLeciB y Marepiaii IiJ 4Yac HaBaHTAXKEHHs, II0 CIpUsE MiJBUIICHHIO IOro
JIOBTOBIYHOCTI.

HIOA0 AHAJII3Y BILIUBY PEXXUMIB EKCILTYATALII
HA 3HOLIEHHS ABIAINIMHUX HIWH

I1.I1. Kynvba; B.M. @edenvro
Heporcasnuii Hayko80-00CaiOHUL IHCMUmMym sunpobysams i cepmuixayii
030pPOEHHS Ma GIICLKOBOL MEXHIKU

CydacHa aBiallist — 11e raiy3b, Ji¢ KOXXCH KOMIIOHEHT Ma€ BHpIMIaTbHE 3HAYCHHS
i Oe3nekd, e(EeKTHBHOCTI Ta HANIHHOCTI TOBITpSHHX cyaeH. Cepen Takux
KIIIOYOBHX €IEMEHTIB OCOONIMBE MiCIle 3aiiMaiOTh aBialliiiHi [IUHH, SKI

138



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

3a0e3nedyloTh Oe3leKy 3JbOTy, ITOCAIKH, PyXy JIiTaka Mo 3JiTHIH cMy3i Ta #oro
MaHEeBpPYBaHHS Ha 3€MJIi.

OpHak, Ha jkajab, BITYM3HSHE BHPOOHUITBO Hapasi HE MOXeE 3aJOBOJIBHHTH
MoTpeOH y BUTOTOBJICHHI CIelialli30BaHUX MIMH YIS aBialii, 0 3MyIIIy€e BIABATHCS
70 IMIIOPTY Ta PETEeIHHOrO BiNOOpY HAMAKICHIMNX 3pa3KiB cepel IPOMO3HILIH
IHO3eMHHX BUPOOHHKIB.

CaMme TOMy JOCIIZHA eKCILTyaTallisl aBiallifHUX IMUH i1HO3EMHOTO BUPOOHUIITBA
BKpall BaXJMBa 1 CHPSIMOBaHA Ha BH3HAUCHHS ONTUMAIBHHUX pIMIeHb UL
eKCIITyaTalifHNX yMOB. AKIIGHT POOUTHCS Ha KPHUTEPISX OLIHKH SKOCTI, TAKHAX SIK
3HOCOCTIHKICTB, CTiHKICTP [0 eKCTpeMaJbHHUX HaBaHTaXeHb, TeMIlepaTypHa
CTaOUIBHICTE Ta BIATIOBIAHICTS MIXXKHAPOJHUM CTaHapTaM Oe3IeKH.

ABianiifHi MWHA e CKIaJHUI KOHCTPYKWIHHMI eJIeMeHT, NMpHU3HadeHHH It
poOOTH B yMOBaxX BEIMKHX MIBHAKOCTEH Ta 3HAYHUX MEXaHIYHHMX Ta TEMIIEPaTyPHHUX
HaBaHTaXeHb. JlocmigHa eKcIulyartallisi HoJsrae B eKcIUTyarTamil aBiamifHUX IIWH
3TiAHO 10 [if0Y0i eKCIUTyaTaliiHOl MOKyMeHTamii, 3 (iKCyBaHHSAM 3a3HAUYEHHX
mapameTpiB, TOOTO JTak HE MOBHHEH BHKOHYBAaTH BHIIPOOYBaJIbHI TONBOTH, a
JITAaTH 3TiTHO MPOTPAMU JILOTHOT MiATOTOBKH.

VY KOHTEKCTI BIJICYTHOCTI BIIACHOTO BHPOOHHITBA OCOOJHMBOTO 3HAYCHHS
Ha0yBae CHCTeMHHMH MigXiA [O TECTYBaHHS IMIOPTHHX IIMH, OIO JO3BOJIIE
MiHIMI3yBaTH PH3HKH Ta 3a0€3MEYUTH TOBTOCTPOKOBY €KCIUTyaTaliiHy IPUAATHICTh
o0paHuX Mozemel.

OCHAIIEHHSA BE3NIVIOTHUX JIITAJIBHUX AITAPATIB
CYYACHUMMU BOENTPUITACAMMU PI3HOT'O THUITY

M.O. Criocapenko, k.m.u., cm.o.; C.b. [lonkog
Lenmpanvruil Hayxoeo-oocaionuil incmumym 36potinux Cun Yrpainu

[IupokomacimiTabHa BifiHa pd mnpoTH YKpaiHM HPOAEMOHCTpYyBaja CyTTEBE
3pOCTaHHsl poJii 1 Micis Oe3miIoTHUX JitanbHux amapatiB (BnJIA) y Beneni
OoitoBux miii. Taki miTajnpHi amapaTH CTajdM HEBiJ €MHOI0 YaCTHHOIO CYYacHOTO
apMIlChKOTO apCceHaly, 31aTHUMHU BIUTMBATH Ha Xix omepaiiii (OoioBux miif). Y
LBOMY KOHTEKCTI aKTyaJTbHUMU CTaIOTh MUTaHHS OCHaIIEeHHS
ynapHux (po3BinyBansHO-ynapanx) brnJIA 6oenpunacamu pizHOTO THITY.

o nepeniky BnJIA, siki BUKOPHCTOBYIOTH OO€IpHIIacH Pi3HOTO THITY B XOi
mpoKoMacmTabHoi BiiHM pd mpoTH YkpaiHu, y ToMy uucii, HajexaTs i brnJIA
MysnbTuKkonTepHoro tumny. Ilpu upomy bBnJIA OGaratopa3oBoro 3acTocyBaHHS
BHUKOPHCTOBYIOTh OOEINPUIIACH 10 BU3HAUCHUX LIIIX CIIOCOOOM ckuaaHHs, a briJIA
Pa30BOTO 3aCTOCYBaHHS MICTSTh BOYJOBaHi (a0 mifBicHi) OOHOBI YaCTHHH Pi3HOTO
TUIY, OI0 TIEPETBOPIOE iX Ha OapaKyrodi OOEMpHIIacH, IO 3/IaTHI ypakaTH Ha3eMHi
OUTI TPSAMHAM BIYYEHHSM B HuUX a00 3a JOMOMOTOI0 MipHBY y Oe3mocepemHiit
OJIN3BKOCTI BiJ HUX.

BopHouac, Gunpmricts i3 3a3HadeHHX OoenpwumaciB s briJIA He € BupoOamu
MIPOMHUCIIOBOTO BHPOOHHUIITBA i BUTOTOBJISIOTHCS 31e01LTBIIOTO
pyuHEM (“KycTapHUM”) TIEpepOOJICHHSM HAasBHUX MiH Ta CHApsIiB, MPHU3HAYCHUX
JUIS. BAKOPHCTAHHS Y CKJIaJi 030pOEHHS 1HIIOTO TUITy. BodeBnap, Takuil migxim 10
BUTOTOBJICHHS OO€MpUIAciB HEraTHBHO BiIOMBA€ThCA Ha iX aepoOJMHAMIYHHX
XapaKTEePHCTHKAX, TOYHOCTI BIIyUSHHS Y LI Ta 3PEIITOI0 He 3a0e3neduye nmoTpioHy
e eKTHBHICTh 3acTocyBaHHA ynapHuX BrJIA. 3okpema, 3a TOCBiIOM 3aCTOCYBaHHS
BrJIA y mmpokomacmitadHiit BiitHi pd nmpoTr YkpaiHu BioMo, o Sk OoempHmnacu
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i BriJIA mupoko BUKOPUCTOBYIOTHCS MEpepoOieHi Uil CKAAAHHS TMOCTPLUIN Bif
PYYHHX IPOTHTAHKOBUX TPAHATOMETIB.

3a3HaycHEe BHIIEC 3YMOBIIOE BAXKJIMBICTh 3aBIAaHHS IMOJO OCHameHHs bnJIA
Cy4YacCHUMH OOEMPHUITACAMH 3 METOIO 3a0e3MeueHHs e()eKTHBHOTO BOTHEBOTO BILIHBY
Ha MPOTHBHUKA 3 YpaXyBaHHIM 0COOIHUBOCTEH BeICHHS 30pOifHOT GOPOTHOH.

OCOBJIMBOCTI MATEMATHUYHOI'O MOAEJIIOBAHHS
XAPAKTEPUCTHUK INOBITPSITHUX I'BUHTIB JJI51 BEJTUKHX
MBUAKOCEH ITIOJIBOTY

A.A. Kowenv, 0.m.n., npogh.; M.M. Mimpaxosuu
epoicasne nionpuemcmeo “leuenxo-Ilpoepec”

Cyuacuuii nositpstauii rBUHT Mae KKJI no 82...86%, mo € mpuBabiauBuMm 3a
€KOHOMIYHICTIO, TIOPIBHSHO 3 TypOOpEakTUBHUMH JBHUT'YHAMH, JUISI HOTO
3aCTOCYBaHHS Ha BUCOKUX J03BYKOBHUX IIBHUAKOCTSX MOJBOTY 10 M=0,9.

Pa3oM 3 TuUM, MOBITPSHUN TBUHT MAa€ CYTTEBI OOMEKEHHS KOHCTPYKTHBHOTO i
€KCIUTyaTallifHOTO XapakTepy MIOJ0 3aCTOCYBaHHS Ha BHCOKHX J[O3BYKOBHX
MIBHAKOCTAX MONB0TYy. OCHOBHUMH 3 SIKHX € “‘e)eKT 3amupaHHs’ 1 3HaYHUIl piBEHBb
aKyCTUYHOT'O BUIIPOMiHIOBAHHS.

Y JomoBiAl HAaZaHO OCOOJMBOCTI  YIAOCKOHAJIEHOI METOIMKUA PO3pPaxyHKy
XapaKTEePHUCTHK TMOBITPSIHOTO T'BHHTA, 3 BUKOPHCTAHHSAM XapaKTEPHCTHK Iepepi3iB
JIonaTel MOBITPSHOTO I'BHHTA ITPH Ha3BYKOBUX IIBUAKOCTSX.

KnrouoBuMu  0coONMMBOCTAMH METOOWKH € Te€, IO HE BPaxXOBYETHCS
MiJICMOKTYBaHHs TOTOKY 1 3aMiCTh BUKOPHUCTAHHS TMOHSATTS I'PaHUYHA IIBHIKICTB,
BHUKOPHUCTOBYETHCS TMOHATTS ONITUMAIBHOTO KyTa IPUTIKaHHS CTPYMEHIB.

Taxwuii miaxix mo3osste po3paxoByBatu KK/ BUCOKOMIBHIKICHOTO TOBITPSHOTO
I'BHHTA, 10 BU3HAYAETHCS JBOMA IapaMeTpaMU: KyTOM INPUTIKaHHS CTPyMEHiB, JO
BIAMOBIAHOTO TPOQII0 Imepepidy JomaTi Ta aepoAMHAMIYHOIO SKICTIO mpodimio
nepepizy.

Ipu oMy BUOIp ONTHMAJIBHOTO KyTa NMPUTIKaHHS CTPYMEHIB NMPU3BOJMTH JIO
CYTT€BOI 3MIHM T'€OMETPHYHUX IapaMeTpiB MOBITPSHOrO TI'BHHTA, a 301IbLICHHS
4acTOTH HOro oOepTaHHs NMPU3BOAUTH JI0 TOTO, L0 BCE Mepepi3y JIonati NpamoTh
B HAJA3BYKOBOMY pE&KHMi 1 JiaMeTp NOBITPSHOrO TBHHTA, NOTPiOHMI uist
MIOTJIMHAHHS 33/1aHOT MOTY)KHOCTI, 3MEHIITY€ThCSI.

OINTUMIBAISA TIAPAMETPIB TA XAPAKTEPUCTHUK TP
3 HAJIBUCOKHUM CTYIHEHEM JBOKOHTYPHOCTI

J1.0. ITnakywuii, 0.m.1., npog.; M.M. Mimpaxosuy
Hepoicasne nionpuemcmeo “leuenxo-Ilpoepec”

Buxopucranus TP/I/l 3 HaABHCOKHM CTyIIEHEM JABOKOHTYPHOCTI € aKTyaJlbHUM
HAIpPsMOM MiJBUIICHHS e(DEeKTHBHOCTI CHIIOBOT YCTAaHOBKM JIITAIIFHOTO amapary Ha
BHCOKHX JIO3BYKOBHX HMIBHIKOCTSIX ITOJIHOTY.

ITanuBHa edextuBHicTs TPJIJl 3anexuTh Bijg mapamerpiB poOOYOro mporecy
IBUTYHA (TeMreparypa rasy mepen TypOiHOK Ta CTYINEHb ITiIBUINEHHS THUCKY B
KOMITpPeCopi) 1 CTyMeHs ABOKOHTYPHOCTI.

OnTuMansHAA  po3mofin eHeprii Mix koHTypamu TP/J] mpu He3MiHHHX
30BHIIIHIX YMOBaxX Ta Mmapamerpax poOOYoro Mporecy, MPH MiABUINEHHI CTYIEHS
JIBOKOHTYPHOCTI, IPU3BOJUTSH /10 301bIIeHHs moapoTHOTO KK/I.
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Pa3oM 3 TUM, NiABUILIEHHS CTYIEHS IBOKOHTYPHOCTI NPH3BOJMTD 10 3POCTaHHS
TiIpaBIiYHUX BTpaT y 30BHIHbOMY KOHTYpi TPJI/I. ToOTO migBHINEHHS CTyNeHS
nsokoHTypHOCTI TPJI/1 ctBOproe ymoBy, mpu sikux KK/ pymis Mmae MakcumyM abo
IIITOMA BUTPATa MaJuBa Ma€ MiHIMyM.

[TixBumEeHHs CTyIEeHsT JBOKOHTYPHOCTI TAaKOXK BIUTMBAE Ha 30LIBIICHHS MiIEIio
MOTOTaHJIOJIU IBUTYHA, 10 301IbIIY€E HOTO acpOoAMHAMIYHUMN OIIIp.

3 ypaxyBaHHSM IMX MOJOXEHb Ta BIUIUBY JAIbHOCTI MOJBOTY HAa ONTHMAalbHE
3HAYEHHsI CTYNEHs JIBOKOHTYPHOCTI 3aja4ya ONTHMi3alii CTyNeHs ABOKOHTYPHOCTI
TP/ BupinryeTsCs NIULIXOM BpaxyBaHHS BIUIMBY 3MIiHH HOHTOMOI poboTu
IUKITy (4epe3 OCHOBHI IapaMeTpH poOodoro Iporecy), BTpaT B 30BHINIHEOMY
KOHTYpI ABUTYHA, BTPAT BiJl BIUITMBY 30BHIIIHHOTO aepOJIUHAMIYHOTO OTIOPY JIBHIYHA
1 JaJTBbHOCTI MOJBOTY JITAIBHOTO amapaTy Uil 3a0e3lmedeHHsT MiHiMizamii muroMoi
BUTPATH NaJHBa.

BUSIBJEHHSA EKCIUTYATAIIAHUX JEGEKTIB JITAKIB
BUXPOCTPYMOBHUM METOJOM

B.M. YVuauin, 0.m.u., c.n.c.
Dizuxo-mexaniynuu incmumym im. I B. Kapnenka
Hayionanvnoi akademii nayk Ykpainu

VY ®izuko-mexaniyHoMy iHctuTyTi iM. I'.B. Kapmenka po3poGieHo HH3KY
e(eKTUBHUX TEXHOJIOTIH BHSBICHHS IPUXOBAaHHX MAE(EKTIB eKCILIyaTauiifHOro
MMOXOJKEHHS Y By3JIaX aBialliifHOT TEXHIKH.

CTBOpEHO BHCOKOYACTOTHI Je(EeKTOCKOMHM M BHABICHHS ITOBEPXHEBHX
nedekTiB  aBiamiMHUX KOHCTPYKIIH Ta MABHTYHIB, Yy TOMY YHCIl Uepe3 mIap
nako(hapOOBOro MOKPHUTTS TOBIIMHOKO 10 0,5 MM.

Po3pobieHo  HHM3BKOYACTOTHI  BHXPOCTpyMOBi  meperBoptoBaui  (BCII)
nmoBiitHOTO MudepeHiiroBanHs (qianazon podouux yvactoT Big 0,2 mo 1,0 MI'm).
BCII maroTh BHCOKY TIJIMOMHY KOHTPONIO Ta YYTJHMBICTH [0 ITiJIIOBEPXHEBHX
nedexTiB, TakuxX SK BTOMHI TpimmHu abo JoKajbHI KoposiiiHi Bupasku. BCII
BHUKOPHCTAHO ISl BUPIIICHHS aKTyaJIbHUX 3a1a4 Je()eKTOCKOIIii, 30Kpema:

1) BusiBNeHHsM MiAMOBEpXHEBHUX HAe(eKTiB y OararomapoBux By3Iax, 30Kpema,
Ha 3BOPOTHIl CTOPOHI OOIIMBKH;

2) BUSBIICHHSIM BTOMHHUX TPILIMH y BHYTPILIHIX Iapax 0araromrapoBuX BY3IIiB
mo0JIN3Y 3aKJIETIOK 3 aTIOMIHIEBOTO CIUIaBy abo ()epoMarHiTHOI cTai;

3) BUSIBJIEHHSI BTOMHHX TpIilllMH 4Yepe3 [IieleKTPUYHE MOKPUTTS abo repMeTHK
TOBIIUHOIO 10 8-10 MM;

4) BUSIBJICHHSI TPILIMH Yepe3 PEMOHTHI HAKJIaJKH, BUTOTOBICHI 3 alfOMiHIEBOTO
criaBy abo BYTJICTUIACTHKY;

5) BusiBIICHHsI JIOKAJBHUX KOPO3IMHUX TOMIKO/KEHh HAa 3BOPOTHOMY GOII
OOIIMBKY;

6) BusBIICHHSI TPIIIUH Y epOMArHiTHUX KOMITOHEHTaX (miaci, peiiku To1o).

3anporoHOBaHI  TEXHOJOTii  CTBOPIOIOTH  MOXIIMBICTH UL BHSIBIICHHS
MOIIKO/PKEHh KPUTHYHUX BY3NiB 0e3 iX po30upanHs. Po3pobneHi TexHOMOTI
nedexrockorii BukoprcToBytoThes Ha JIIT AHTOHOB, MOTOP-CIY, AI1 IBuenko-
nporpec, Gipmi Jleonapmo (Itamist), asiapemonTHHX 3aBogax (JIbBiB, JIyIk,
Konorom) Tomo.
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MOJEJIb AEPOTEPMOTI'ASOAMHAMIKHN HAZI3BBYKOBUX
ITINEP3BYKOBUX BXIJIHUX ITPUCTPOIB CHJIOBUX
YCTAHOBOK JITAJIbHUX AITAPATIB

A.O. Xopoxopoin, o.m.u., npog.; M.M. Mimpaxosuu
epoicasne nionpuemcmeo “leuenxo-Ilpoepec”

Po3poOka MaTeMaTHYHHX MOJENEH aepoTepMOra3oJWHAMIKA HAJI3BYKOBHX, 1
0COOJHBO TINEP3BYKOBHX, BXITHUX MPHUCTPOIB, 1[0 BPaXOBYIOTh 3MiHYy KoedillieHTa
ajiabaTé MpH MiJABHIICHHI TEMIIEPAaTypH IMOBITPS € JyXKE BaXIMBHM, 00 CYTTEBO
BIUTBAE Ha TOYHICTH pe3yibTaTiB MojenmoBaHHs (mpu M = 4 moxubka cxiiamae 1o
30%).

VY nomoBiai HalaHO pe3yIbTAaTH PO3POOKH MAaTeMaTUYHOI MOJET, 1[0 BPaXxOBYeE
BILTMB TEMIIEPATypU HABKOJHUIIHBOTO CEPEIOBHINA Ha KOS(IIEHT aaiadaTH.

IIpu 30iiblICHHI TeMIepaTypH MOBITPS MHUTOMA TEIIOEMHICTh € (YHKIIE
TeMIIEPAaTypH, OCKUIbKM B TOBITpI BiIOYBAIOTHCA XIMIYHI peakilii 1 NMOYMHAIOTH
30UIBIIYBAaTHCS MDKMOJICKYJISIpHI CHIIM  B3aemonii. Ilpu 1boMy 3MeEHINYEThCS
TyCTHHA TOBITPs, IO MPHU3BOIUTH A0 30UIBIICHHS TOBXHWHHU BIIBHOTO IMPOOITy
MOJICKYJI, SIKAa MOXKE€ CTaTH CYyMIpHOIO, a TMOTIM TNEPEBEPUIMTH PO3MIpH Tija, IO
o0TikaeTbcs. ToOTO 3MiHA BJIACTUBOCTEH TOBITPS MPH 3HAYHOMY 30UIBIICHHI
TeMIIEpaTypi BIUIMBA€ Ha 30Yy/KCHHS BHYTPILIHIX CTYINEHIB CBOOOMI MOJICKYII,
JUCOIIIAII0 Ta3iB, IO BXOAATh O CKIAAy IOBITPs, XIMiUHI peakiii, i0HI3aIlilo,
mudysito 1 TepmMoandysiro Mpu 3HAYHIA 3MiHI B’S3KOCTI 1 TEIUIONPOBIAHOCTI
po6Godoro Tina.

3 BUKOPHCTAaHHAM pe3ynbTaTiB EKCIIEPUMEHTAIbHUX JOCIIDKEHD
TEPMOJIMHAMIYHUX BJIACTHBOCTEH MOBITPS MPH BUCOKHMX Temmepatypax (Bixg 500 K
no 15000 K) orpumana 3aiexHICTh KoedilieHTa aaiabaTH Big TeMIepaTypu
MOBITPsI, IO 3aJOBUIBHO AMPOKCUMYETHCS MOJNIHOMOM (yHKIii 1 Moxe OyTh
BUKOPHUCTaHA JJIsl TiIBUILECHHS TOYHOCTI MATEMATUYHOTO MOJICTIOBAHHS MapaMeTpiB
Ta XapaKTePUCTUK BXITHUX MPUCTPOIB CHIIOBUX YCTAHOBOK.

HNEPCIHIEKTHUBU PO3BUTKY BUCOKOTOYHUX CHAPSAIB

J.B. Caguyx
Hayxoso-oocnionuii yenmp pakemnux 6iticok i apmuaepii

Amaniz 3acTocyBaHHS apTwiepil y BilHI YKpalHW NpOTH pocii Ta BOEHHHX
KOH(JIIKTIB OCTaHHIX MECATHIITh CBIMYUTH TPO TE, IO CTIHKOKW TEHICHIIIEID
PO3BHUTKY 30poitHOT OOpPOTHOM € MiABHMIICHHS pOJi BHCOKOTOYHOI 30poi, sKa
JO3BOJIAE 3MIHCHIOBAaTH e(eKTHBHE JajlbHE BHOIPKOBE YpakKeHHS HaHOLIbII
B)XJINBHUX 00’ €KTiB IPOTHBHHKA.

VY To#f xe 9ac OCHOBY OOEKOMIUIEKTY apTHIIEPICHKUX CHCTEM CTaHOBIATH
MEPEBAXKHO HEKEPOBaHi CHApAIM B OCKONKOBO-()yracHOMY CHOpSKEHHI. Ix
OCHOBHHMH HEJ0JIIKAMH 3aCTOCYBAHHS €: BEJIHKa BUTpATa IPH yPaKCHHI TPYHOBHX
LI, 10 MPU3BOJUTH IO 3HAYHOIO 4acy BHKOHAHHS BOTHEBOTO 3aBJIaHHA, a SK
HACIIIOK — 3MEHIIEHHSI )KUBYYOCTi apTHIEPIHCHKUX T1IPO3ALTIB.

ToMy BUHHKa€ HEOOXIFHICTH y pPO3pOOJEHHI, MPUHHATTI Ha O030pOEHHS Ta
BKJIIOYECHHI /IO CKJaay apTHIEPICBKMX CHCTEM Cy4YaCHMX BHCOKOTOYHHX
apTUIICPIHCHKUX CHApSAIiB, IIO JO3BOJNUTH 3HAYHO TIIBUIIUTH €(QEKTUBHICTH
BOTHEBOT'O YPaKCHHS NPOTHBHHKA, 3MECHIIIMTH BUTPATy CHApSIIB I Yac ypaKeHHs
MaJIOpO3MIpHHX IijIeil Ta 3SMEHIIMTH Yac BUKOHAHHS BOTHEBOT'O 3aBJaHHSI.
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Ha nanwit yac BiZoMi BUCOKOTOYHI CHAPSIM TPHOX IMOKOJiHb, & CaMe:

— CHapsay, N0 BUKOPUCTOBYIOTH HAIIBAKTUBHE JIa3¢PHC CAMOHABEICHHS 3
ITiICBIYyBaHHSM IJIi JTa3epHUM [UICTIOKAKIHKOM-TAICKOMIpOM;

— CHapsI¥, OCHAIICHI aKTUBHOIO PaJiOJOKAI[IifHOI0 TOJNIOBKOIO CaAMOHABEICHHS
MITIMETPOBOTO  Jiama3oHy ab0  TACHBHOK  iH(PAYEPBOHOI  TOJIOBKOIO
CaMOHAaBE/ICHHS;

— CHapsI¥, 10 BUKOPHCTOBYIOTH JUIS HABEACHHS Ta KOPEKIl TpaekTopil naHi
KOCMIYHOT paJliOHaBITaIliifHOT CHCTEMH.

TakuM 4YHHOM, MOKHA 3pOOWTH BHCHOBKH, IO PO3POOJICHHS CYYacHUX
BHUCOKOTOYHHUX CHAPSIJIIB € aKTYAILHUM 1 IEPCIICKTUBHIM.

MIAXOIU OJ0 OGTPYHTYBAHHS BAPTOCTI JKUTTE€EBOI'O
OUKJTY 3PA3KA O3BPO€HHS TA BIMCBKOBOI TEXHIKHA

M.II. Cmonspenko
Hayxoso-0ocnionuii yenmp pakemnux 6ilicok i apmuaepii

Bapricte XHTTEBOTO IMKIY 3pa3ka 030pO€HHS Ta BiHCHKOBOI TEXHIKH (maii
OBT) — cymapHi BUTpaTH TPYJOBHX, MaTepialbHHUX i (iHAHCOBHX pecypciB B iX
IPOIIOBOMY BHPa)KECHHI, ITOB’s3aHI 3 pealli3ami€cro )KUTTEBOTo UKy 3pa3ka OBT.

3 MeTol0 omTHMi3aulii 3aTpaT Ha po3poOieHHs (NMpUAOAaHHSI) I eKCILTyaTaIlifo
3paskiB OBT, a Takox BHOOPY 3 HUX HAWOLIBII €KOHOMIYHO JOIJIBHOTO BapiaHTy €
HarajipHa TmoTpeba B po3poOJCHHI ab0 YIOCKOHAJICHHI ICHYIOYOI METOIMKU
0OIpYHTYBaHHS BAPTOCTI iX )KUTTEBOTO UK.

OOrpyHTYBaHHS BapTOCTI MOKE IIPOBOIAUTHCS SIK JUISI BCHOTO JKUTTEBOTO IMKITY
3pa3ka OBT, Tak i s okpeMux Horo crafiii (eTamiB), a TAKOXK AJIS PI3HUX YaCOBHX
IHTEpBaJIiB )KUTTEBOTO IIHKILY.

BpaxoBytoun ocoOIMBOCTI BHTPAT HA BIANOBIAHUX CTAisIX JKUTTEBOTO LUKITY
3pazka OBT, oOrpyHTYBaHHS BapTOCTI HOTO IKHTTEBOTO LUKy JAONJIHHO
3[IHCHIOBATH HA MiACTaBi KOMIUIEKCHOI METOMMKH, SKa BKJIIOYAE PSJ YACTKOBHX
METOAMK, a CaMeé METOAMK OOIPYHTYBaHHS BapTOCTi: PO3POOJICHHS OINEpPaTHBHO-
TaKTUYHHUX (TaKTHKO-TEXHIYHHUX) BUMOT 10 3paska; BukoHauHs HJIJIKP; 3akymisii
3pazka OBT 3akopmoHHOTO BHPOOHHWITBA; cepiifHoro BupoOHHNTBa 3paska OBT;
eKCILTyaTalii Ta KamiTaabHOro peMoHTy 3pa3ka OBT; yrumizamii 3pazka OBT.

BxigHuM#E maHUMH JUIS pO3pOOJIEHHS 3a3HAUYeHOI KOMIUICKCHOI METOIMKH €:
MMOKAa3HUKWA Ta KpHUTEpii BIAMOBIMHUX €TamiB >KATTEBOro mUKIy 3pa3ska OBT;
KOHCTPYKTOpPCbKa, eKCIUTyaTallifiHa Ta pEMOHTHa JIOKyMEHTallii Ha 3pa3ok;
obmikoBa mokymeHTamis 3paskiB OBT, mo excryatyioTbes (GopMymisapH, KapTKH
00Ky TOIIO); HOPMATHBH BHUTPATH PECYPCiB; BapTICTh 3pa3ka-aHaora; IaHi Mpo
Ppe3yNbTaTH eKCIUTyaTallii aHaJIOTiB; TeHAEPHI MaTepialy TOIIO.

BITHOBJIEHHA EKCILTYATALIMHUX IOKA3SHUKIB
BTOMHOI MIIIHOCTI ATPETATIB MO/IU®IKYBAHHSM
INIOBEPXHEBOI'O HIAPY ENNIJIAMAMMUM

P.B. Cemeniox; M.®D. Binui
Hayionanvhuii ynisepcumem o6oponu Yxpainu

B nomoBini HaBeneHO pe3yNbTaTH NOCHIIKEHb 3 OOIPYHTYBAaHHS MOMIIUBOCTL
BUKOPHCTAHHS TEXHOJIOTIH emilaMyBaHHs, K Cy4acHOTO 3aco0y BiJHOBJICHHS
EKCILTyaTaliiHIX MOKa3HUKIB MII[HOCTI ITOBEPXHEBOTO APy CHJIOBHX EIIEMEHTIB
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aBiawiitHoi Ta aBTOMOOLIBHOI TEXHIKHM TIiJ] Yac TpuBajol ekcrutyarauii. [IpoBeneni Ha
TENepilHIi Yac MOCTIIPKEHHsS IIOKa3ald, IO eNiIaMyBaHHS JO3BOJISIE CYTTEBO
MIiBHUIIIATH BTOMHY MIIIHICTB 1 3HOCOCTIHKICTh CITOJMYYCHUX JCTaleH 1, K HACIIIOK,
MOJNIMIIUTH JIUHAMIKy POOOTH PI3HOIO TEXHOJIOTIYHOTO YCTAaTKyBaHHS, a TaKOX
CHJIOBHX CJIEMEHTIB TPAHCIOPTHMUX 3aco0iB. OnHak dYepe3 HU3BKY poOouy
temneparypy (150...160)°C ix 3acTOCOBYIOTh B OCHOBHOMY y HpHJIafo0yaiBHOMY
BUPOOHUITBI JUIA 3HIKCHHS TEPTA ¥ yTpUMAaHHS 3MAalleHHS B KOHTAKTHiH 30HI, a
TaKkOXX JUIA JOJAHHA JACSKUM MartepiagaM TigpodoOHHX 1 iHIIMX cHeuugpidHuX
BJIACTHBOCTEH. Y IOCTI[KEHHAX BIiepuie OyJi0 BUKOPHCTAHO EMiUIAMyBaHHS IS
MiJBUIICHHS 3HOCOCTIMKOCTI CHIIOBHX €JEMCHTIB TPHOOCHCTEM aBialliifHoi Ta
aBTOMOOLTBHOT TexHikH. Taka oOpoOka Mae psin IepeBar y IOPIBHSHHI 3 1HIINMHA
TEXHOJIOTISIMH B LiH ramy3i. 3HOC IIpW TPHUBAJIH eKCILTyaTanii CHIOBHX €IEeMEHTIB
TEXHIKH Ma€ BTOMHY MPHPOAY, TOMY IIJIKOM OOYMOBICHHM € BHKOPUCTaHHS
eMIaMyBaHHS JUIS TiJBUINCHHS BTOMHOI MIITHOCTI CHJIOBHX CJIEMEHTIB TEXHIiKH.
[Ipu HaHeceHHI emilaMy Ha MOBEPXHIO TBEPIAOTO TiJia, HA HBOMY YTBOPIOETHCS
TOHKHMII IIap MOJICKYJI, OPIEHTOBaHUX CIICHiaJlbHUM YHHOM, IO JIO3BOJISIE HAJATH
MOBEPXHI aHTU(PUKIIHHI, aHTHaAre3ilHi, rigpodoOHI 1 meski iHmI cnenugivHi
BiacTuBOCTi. Cepell MEXaHi3MiB IO3UTHBHOTO BIUIMBY Ha MOBEPXHIO TPUOOCHCTEMHU
MOXHA BUJILTUTH HACTYIHI: 3MEHIIYEThCS MIOBEpXHEBa eHepris
Marepiany (mpuomsao B 1000...10000 paziB). Mikpormopun H MIKpOTpilIUHK
M030aBISIIOTECS  MOXJIMBOCTI KOHIIGHTPYBAaTH HAmpyr ¢ IiepecTaroTh OyTH
MOTCHIIIHHUMH IIEHTpaMU pPYHHYBaHHS; 3aXWHCT IOBEPXHI BiJ BIUIMBY BOJOTH U
arpecUBHHUX PEUOBHH, IPUCYTHIX Y MACTHIBLHOMY CEPEIOBHILI TPHOOCUCTEM.

JOCJIKEHHSI EOEKTUBHOI'O IIOTEHIIAJY ABIALIIMHOL
TEXHIKU JEPKABHOI ABIALIIT

O.B. Kapnenko
Jlepoicasnuii naykoeo-00caionull incmumym asiayii

Y ymoBax pedopMyBaHHS CEKTOpy Oe3mekd Ta OO0OpoHH YKpaiHH,
BIIPOBA/DKEHHS CYYacHHMX METOMIB YIPAaBIiHHA Ta OHOBICHHS KIIOYOBHX 1
(YHKIIOHANBHUX TIOJITHK HOBOT Moneni CHUcTeMH iHTErpoBaHOi 0OOPOHH, 30KpeMa
BIICPKOBO-TEXHIYHOI TOJNITHKH, KIIOYOBOIO CKJIAZOBOI0 €  CHPSMOBAaHICTh
00OPOHHOTO TIJIAHYBaHHS Ha PO3BUTOK BCIX 0a30BHX CKIIAZOBHX CIIPOMOXKHOCTEH, a
caMe MiABUIEHHs NOTEHIiaTy CUCTEMH.

[MutanHs BHOOPY ONTHUMAJIBHOTO BapiaHTYy PO3BUTKY O30pPO€HHS Ta BIHCHKOBOI
TEXHIKA Ta NUIAXIB iX peamizaiii 3aBxau Oynau, € i OyayTh aKkTyalbHHMH Ta
nuckyciiaumu.  OTke, IOCTIKEHHS e(EeKTHBHOTO TMOTCHINaly —aBiamidHOl
texHiku (AT) mepxaBHol aBiamii YKpaiHH CHPHUSIOTH BH3HAYCHHIO ONTHMAaIbHUX
HanpsIMKIB PO3BUTKY Ta MOJEpHi3alii aBialliiiHOT CKJIaJioBOT CHJI 0OOPOHH JIepiKaBH
Ta 3AIHCHIOIOT MiATPUMKY NPUIHATTS YIPABIIHCHKUX PIllICHb.

EdextuBnmii  moteHmian AT gepkaBHOi aBiamii — 1me  KOMIUIEKCHA
XapaKTEepPHUCTHKA, sKa BigoOpakae piBEeHb BIANMOBIMHOCTI HasBHOro mapky AT
YMOBaM CBOTOJCHHS, a TaKoX BHKIMKAM Ta 3arpo3aM I[IPOTHO30BaHOTO
MaliOyTHhOro. BiH OXOIUTIOE SIK TaKTUKO-TEXHIUHI XapaKTepPUCTHUKH, TakK i
eKCIlTyaTaliiiHi, opraHi3amiiiHi, TEXHIKO-€KOHOMIi4YHI Ta iHIN (akTopH, aHawi3
CTafill )KUTTEBOTO LHUKITY, MiATOTOBKY MEPCOHAIY TOLIO.

144



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

Po3pobka mertomuku Bu3HaueHHs edexrtuBHOro mnoreHuiany AT nepkaBHOI
aBiallil 03BOJINTH PO3POOHUTH HAyKOBO OOIPYHTOBaHI peKOMEHJAIIl MO0 BHOOPY
ONTHMAJILHUX BapiaHTIB PO3BUTKY Ta MOe OyTH BHKOpHCTaHA Ha Oy/Ib-IKOMY eTari
PO3pOOIIEHHS MPOTPaMHUX 1 INTAHOBUX JIOKYMEHTIB 100 po3BuTKy OBT.

3AXHCT IHTEJIEKTYAJIBHOI BJIACHOCTI I YAC
TPAHC®EPY TEXHOJIOI'TM

B.A. Mipowmnuuenxo; T.FO. Kyposcvka
LlenmpanvHuil HayKo60-00CAiOHUL IHCMUMYmM 030POEHHA MA BiICbKOB0T MEXHIKU
36pouinux Cun Yxpainu

[HO3eMHa MaTepianpHO-TEXHIYHA JonoMora Ykpaii Ta ii 36poitaum Cuinam Bifg
MapTHEPIB Biirpae KIOYOBY POJIb Y IPOTUCTOSHHI pociiicbkilt arpecii.

O30po€eHHs, BifiCbKOBa TEXHiIKa y OULIBIIOCTI CBOid € OOCHTH CKIQTHUM 1
BHCOKOTEXHOJIOTIYHUM TipoaykToM. Jlitaku F-16 Ta pakern Storm Shadow/SCALP
EG roBopsTh 6araTo mpo 1mo.

Iepenatoun y BHKOpPHCTaHHS TaKy TEXHIKY i 030po€HHs mapTepu (akTUIHO
3IIHCHIOIOTH TPaHC(Ep TEXHOJOTIH.

BucokoTexHonoriuHa TeXHika Ta O030pOEHHS 3aBXIU MICTSITH B coOl
3alaTeHTOBaHy Ha MDKHAPOJHOMY PiBHI iHTEJIEKTyalbHY BIAaCHICTb.

Vkpaina Ha cebe BIANMOBiAHI  3000B’SI3aHHS  IIOAO  OXOPOHH  Ta
HEPO3IOBCIO/DKEHHS TaKO1 IHTEIEKTYaJIbHOI BIACHOCTI.

[pakTrka nokasye, o He BCi MAPTHEPU TOTOBI DUIMTHCS CBOIMH PO3POOKAMHU.
AJDKe Ha 1ie € IeKOTpi MpUYMHH. SIK paBHiIo 0QiuiifHO HArOJIONIYIOTECS Ha MIEBHUX
MOJTITHYHUX acCHEKTax.

Ale cepel NpHUYMH, IIO CHOHYKAalOTh MapTHEPIB YTPUMYBATHCH BiJ mepenadi
Takoi TEeXHIKM Ta 030poeHHs (HAa HIH He AakICHTYIOTh YyBary) € Imepejaava
HaJ3BUYaliHO TEXHOJIOTIYHOI TEXHIKH Ta 030pPOEHHS, SKa MICTHUThH IHTEJIEKTyalbHY
BJIACHICTb 3aKPUTOIO XapakTepy Ta SKOI BOHM HE XOYyThb JUIUTHCS abo
HEZIOBIPSIOTH MOKIIUBOCTI 320€3MEYHTH 11 OXOPOHY Ta 3aXHUCT.

[Ipaktuka mokasye, mo YkpaiHa poOOHTH yce MOXIHMBE M 3a0e3MedeHHs
HaJIIHHOT OXOpPOHM 1 3aXUCTy TepenaHoi il iIHTEeIeKTyaJbHOI BIaCHOCTI. 3ragyemMo
nporiec otpuManHs 30poitaumu Crtamu Ykpainu mitakiB F-16.

[Ipu 3xmilicHEHHI PEMOHTY UM MOXJIMBOI MOJEpHi3amii 3pa3ka TEXHIKH 3aBXKIU
HEOOXiZTHO  BpaxOByBaTH  MDKHApoaHi  3000B’S3aHHA  [IOAO0  IepenaHoi
IHTENeKTyaIbHOT BIACHOCTI.
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CEKIISI 5

KOMIUIEKCH I CUCTEMH BOPTOBOTI'O OBJIATHAHHSA
BIMCBKOBUX MOBITPAHUX CYJEH, BITAK
TA ABIAIIIMHE O36PO€HHSA

KepiBHUKH cekil: nonkoBHUK lemsakin O.M.;
K.T.H. JIOLl. oJKoBHUK bapcykoB O.M.
Cexperap cexil: Mmaifop Martsees €.B.

DEVELOPMENT OF PROPOSALS FOR IMPROVING THE COMMAND
SIGNAL BLOCK OF THE FUEL MEASUREMENT AND FLOW SYSTEM
STR-7-2 OF THE Su-27 FIGHTER JET TO ENHANCE THE RELIABILITY
AND ACCURACY OF FUEL QUANTITY AND RESERVE
DETERMINATION

O. Shelyakin?; Y. Georgiev?; A. Sikorskyi?
1Air Force Command of the Armed Forces of Ukraine;
2lvan Kozhedub Kharkiv National Air Force University

Ensuring precise control over fuel quantity and consumption in combat aircraft
is a crucial aspect of their effective operation and mission performance. The fuel
measurement and flow system (FMS) STR-7-2, installed on Su-27 aircraft, plays a
vital role in fuel level monitoring and optimization of its usage. However, existing
limitations related to measurement inaccuracies, outdated signal processing
algorithms, and the lack of efficient self-diagnostics can lead to errors in
determining the remaining fuel on board, which, in turn, affects flight safety and
operational readiness of aviation units.

This study focuses on identifying key issues in the operation of the STR-7-2
command signal block and developing proposals for their resolution. The proposed
approaches include upgrading the sensor base, improving signal processing
algorithms, and implementing advanced diagnostic techniques. The conducted
analysis has demonstrated that the use of enhanced methods significantly reduces
measurement errors, increases system stability under dynamic flight conditions, and
ensures effective fuel resource management.

The obtained results are of significant importance for improving the reliability of
the STR-7-2 FMS and optimizing its functionality, which will contribute to
enhancing the operational characteristics of the Su-27 aircraft. The proposed
measures will substantially improve the accuracy of fuel reserve monitoring, thereby
reducing the risk of emergency situations and increasing the combat readiness of the
Air Force of Ukraine.percentage of cases, ice formation may be allowed for a time
sufficient to allow the UAV to leave the icing zone.

JUSTIFICATION OF REQUIREMENTS FOR THE PROSPECTIVE
ONBOARD RADAR OF A FIGHTER AIRCRAFT

K. Vasiuta, Doctor of Technical Sciences, Professor; 1. Kazmirov
Ivan Kozhedub Kharkiv National Air Force University

In modern air combat, the main system for detecting, recognizing, and tracking
targets is the onboard radar system. For an aircraft to successfully execute a combat
mission, the onboard radar must meet certain requirements and have up-to-date
parameters and functionality.
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Modern onboard radar systems of fighter aircraft in the leading countries of the
world, as well as their advantages and disadvantages, are considered. The main
parameters of both existing and promising onboard radars are analyzed: target
detection range with a specified radar cross-section, LPl (Low Probability of
Intercept) technology, limits of the field of vision in elevation angle and azimuth,
coordinate measurement accuracy and the presence of phased antenna arrays.

It has been established that parameters such as the detection range and the limits
of the vision zone are not decisive for the effectiveness of the radar, especially
during the operation of enemy’s electronic warfare. For example, modern onboard
radar AN/APG-77 of the F-22 aircraft, due to the use of LPI technology, complicates
the detection and identification of its operation. It is important that similar radars
with a digital signal processor and phased antenna arrays can be programmed and,
by improving the code, increase the performance of the radar without replacing its
components.

As a result of the analysis of works on this topic, it was determined that the
concept of cognitive onboard radars is promising, which, in turn, is the evolution of
radars with LPI. It opens up new opportunities for adaptive radar control and the use
of neural networks and machine learning.

Thus, the report justifies the requirements and defines the necessary parameters
that a prospective onboard radar of a fighter aircraft should meet.

DEVELOPMENT OF A TRAINING SIMULATION MODEL
OF THE POWER SUPPLY SYSTEM OF A MULTIROLE AIRCRAFT

O. Shelyakin?; Y. Georgiev?; T. Kupriienko?
LAir Force Command of the Armed Forces of Ukraine;
2lvan Kozhedub Kharkiv National Air Force University

In a time when the Armed Forces of Ukraine are carrying out critically
important tasks to protect national sovereignty, the Air Force units must maintain a
high level of combat readiness and ensure the effective deployment of aviation
technology. The reliability of a multirole aircraft’s power supply system is a key
factor in the successful execution of combat missions, as it supports the operation of
all vital onboard systems, including navigation, communication, targeting, and
weapons control.

Modern warfare requires rapid responses to technical malfunctions that arise due
to the intensive operation of aircraft and the impact of combat damage.
Implementing a training simulation model of the power supply system will
significantly enhance the preparedness of engineering personnel, allowing them to
practice diagnostic and troubleshooting methods in realistic conditions without
posing risks to actual equipment.

The relevance of this development is driven by the need to improve the
reliability of aviation power systems, optimize the training process for technical
specialists, and minimize aircraft recovery time. The use of simulation technologies
will contribute to enhancing the effectiveness of combat aviation operations within
the Ukrainian Air Force, which is critically important in the current wartime
environment.
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INVESTIGATION OF ALTERNATIVE WAYS TO DETERMINE
THE LOCATION OF A FIGHTER AIRCRAFT IN CONDITIONS
OF INTENSE JAMMING

0. Barsukov, Candidate of Technical Sciences, Associate Professor;
D. Sokolova; V. Kudryashova; V. Strubchevskyi, V. Zynchenko
Kozhedub Kharkiv National Air Force University

Experience in the russian-Ukrainian war has shown that aviation plays a key
role. Undoubtedly, for the successful completion of a combat mission and a higher
probability of aircraft safety, there is a need to improve the reliable operation of
instruments. At present, one of the main challenges is to ensure that the aircraft's
location is determined during flight in conditions of radio silence and intense enemy
jamming.

This report considers an alternative way to determine the location of an aircraft
in conditions of intense jamming. We propose a way to increase jamming resistance
using the Swedish GNSS Market (Global Navigation Satellite System) or the EGI-
M (Embedded GPS inertial navigation system) GPS module (Global Positioning
System) manufactured by Northrop Grumman, USA. This module can operate in
two modes: online and offline. In the offline mode, a storage device is used to store:
terrain maps, a given route and the distance travelled by the aircraft, additionally, it
provides capabilities to read the speed, pitch and roll of the aircraft.

Thus, in the course of the considered alternative way of determining the
aircraft’s location, the pilot will not lose the location and the set direction of the
fighter in the event of intense jamming, which will ensure the success of the combat
mission.

ON THE DEVELOPMENT OF AN IMPROVED QUALIMETRIC MODEL
FOR ASSESSING THE COMBAT CHARACTERISTICS
OF A PROSPECTIVE ATTACK HELICOPTER
FOR ARMY AVIATION NEEDS

O. Leontiev, Doctor of Technical Sciences, Professor;
A. Dmytriev, Candidate of Technical Sciences, Senior Researcher;
M. Sheremet; V. Popov
Ilvan Kozhedub Kharkiv National Air Force University

The need for modern "express methods" to assess the combat characteristics of
attack helicopters remains highly relevant during the rearmament of the army
aviation helicopter fleet. The use of an improved qualimetric model for evaluating
the combat characteristics of an attack helicopter will enable comparative
assessments of relevant weapon and military equipment samples at the early stages
of the decision-making process. The significance of this tool is determined by the
need to consider modern trends in the advancement and increasing technological
sophistication of aviation weapon systems, the expanding range of helicopter
applications, and associated economic constraints.

Dependencies that describe the connection between technical characteristics and
combat effectiveness indicators are derived using regression analysis methods. This
means that the connection between variables can be quantitatively expressed as a
specific combination of these variables.
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To enhance the accuracy of the improved approximating model, it is necessary
to reduce the examined factor space by eliminating insignificant factors or folding
them, as well as excluding variations with identical technical characteristic values.
The goal is to obtain results that more accurately reflect the connections between
parameters, facilitating the further development of an improved qualimetric model
for assessing combat characteristics.

STUDY OF THE CHOICE OF DESIGN CONDITIONS DURING DESIGN
OF DE-ICING SYSTEMS

A. Krasnorutskiy, Candidate of Technical Sciences, Associate Professor;
Y. Vyshnivskyi; V. Matvieieva; D. Bobrivnyk
Ilvan Kozhedub Kharkiv National Air Force University

The use of unmanned aerial vehicles in modern military operations is becoming
increasingly important, as these vehicles provide a high level of mobility and strike
accuracy. Due to their use in various climatic conditions, the issue of icing and
effective protection against it is of particular importance.

There are basic meteorological characteristics, such as temperature, water
content, and droplet size, that a designer must deal with when designing de-icing
systems for unmanned aerial vehicles. When selecting their design values, the
primary consideration is flight safety in icing conditions. This takes into account the
probability or recurrence of certain weather conditions. It should be borne in mind
that if you use meteorological data, in which temperature and water content are
usually considered separately, the probability of their joint occurrence in the clouds
is obviously equal to the product of their probabilities. In addition, the probability of
encountering more severe conditions than the calculated ones is of great importance
for assessing flight safety.

When designing de-icing systems for power plants, water content values that are
1.7 times higher are used as design values. These requirements provide a higher
degree of engine protection against icing. In practice, protection is provided in all
meteorological flight conditions.

STRUCTURE OF A UNIFIED TEST STAND
FOR AVIATION EQUIPMENT CONTROL

O. Zienovych, Candidate of Technical Sciences, Associate Professor;
A. Samus; S. Yurchuk
Ilvan Kozhedub Kharkiv National Air Force University

Control of the technical condition of aviation equipment is one of the main types
of work during their technical operation and is carried out at all stages of aircraft
preparation for flights, in the process of performing routine work and repairs.

Existing means of elemental and complex control are outdated, the verification
process is not automated, which requires a lot of time to carry out work and does not
have the ability to accumulate information about the state of control objects.
Existing automated means of control reduce the verification time, allow you to
accumulate information, but are not unified and are not suitable for checking various
equipment.
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The structure of a unified test stand is proposed, consisting of sources of
influence on the tested device (power sources and load), means of measuring the
results of these influences, switching equipment and a personal computer.

The problem of unification is solved both hardware and software using a set of
verification algorithms for various elements of aviation equipment.

The task of test automation is solved with a high degree of reliability of results
and with high accuracy using a personal computer equipped with interaction bodies
with the operator, sensors and actuators. Along with diagnostics, the task of
predicting the technical condition of the system can also be solved, which will allow
moving to a more progressive method of operation — operation by condition.

WAYS TO IMPROVE VOLTAGE REGULATORS
OF AVIATION GENERATORS

O. Zienovych, Candidate of Technical Sciences, Associate Professor;
A. Hrytsiuk; O. Kolesnyk
Ivan Kozhedub Kharkiv National Air Force University

For normal operation of aircraft equipment, the voltage of aviation generators
must vary within specified limits regardless of the flight mode and the magnitude
and nature of the electrical load. Therefore, aviation generators work together with
voltage regulators, which provide stabilization of the voltage of generators by
changing the magnetic flux of the electric machine. Currently, voltage regulators of
different operating principles are used on airplanes and helicopters of the Air Force
aviation, which are proportional-integral-differential regulators (PID-regulators).
But these regulators cannot always provide consumers with electricity of the
required quality, because the dynamic properties of the generator as a control object
significantly depend on the operating mode.

An analysis of modern methods of voltage stabilization by introducing adaptive,
intelligent and robust regulators into power supply systems has been carried out.

Virtual models of a generator with a PID-voltage regulator; a self-tuning PID-
regulator; an adaptive regulator with a reference model have been developed in the
MATLAB environment. The study of the characteristics of the quality of electricity
under the influence of various disturbances has been carried out. The results of the
study show that the use of adaptive voltage regulators allows maintaining the
voltage at the generator output with significant changes in the rotation frequency and
load. In addition, the characteristics of transient processes are improved.

WAYS TO IMPROVE AVIATION RECTIFIER DEVICES

O. Zienovych, Candidate of Technical Sciences, Associate Professor;
T. Naida; M. Zavoritnii
Ivan Kozhedub Kharkiv National Air Force University

On aircraft and helicopters of the Air Force, unregulated rectifier devices of the
VU-6A and VU-6B types are used as the main secondary sources of direct current.
When the supply voltage, frequency, and load change, the output voltage of the
rectifier devices fluctuates significantly. To stabilize the voltage, special voltage
regulators must be used.

An analysis of voltage stabilization methods for rectifier devices was conducted,
including the use of saturation chokes, controlled rectifiers, pulse voltage stabilizers,
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and double energy conversion circuits. Based on this analysis, it was concluded that
for the modernization of the VU-6A and VU-6B, it is advisable to apply a pulse
voltage stabilizer while retaining the low-frequency transformer and replacing
semiconductor components with modern ones.

A virtual model of the rectifier device with a pulse voltage stabilizer was
developed in the MATLAB environment, and a study of the power quality
characteristics was conducted. The research results indicate that when the supply
voltage, frequency, and load change within operational limits, the output voltage of
the stabilized rectifier device remains unchanged. Additionally, voltage ripple is
reduced, and its harmonic composition is improved.

ANALYSIS OF POSSIBILITIES FOR INCREASING THE AUTONOMY
OF UAV NAVIGATION

0. Klimishen, Candidate of Technical Sciences, Senior Researcher;
A. Bovkun; 4. Martynenko
Ivan Kozhedub Kharkiv National Air Force University

The navigation system of unmanned aerial vehicles is a key element for
accurately determining their position in space. Autonomous navigation systems
allow flights even in areas where satellite communication is blocked by electronic
warfare. It is the level of autonomy of these systems that determines the
effectiveness and combat stability of UAVs in the conditions of a modern conflict
with an aggressor.

Operation in autonomous mode ensures flight stability in difficult conditions,
allowing the UAV to perform tasks even in the absence of external navigation
signals. This is especially important for reconnaissance and reconnaissance-strike
UAVs, where reliability and accuracy are critical.

To increase the efficiency of autonomous navigation, the use of modern methods
for correcting the main navigation parameter meters is proposed. An example of an
algorithm for joint processing of data from inertial meters and a technical vision
system is also given. This will significantly expand the capabilities of UAVs,
making them less vulnerable to electronic interference.

A separate issue in the report is the assessment of the possibility of using such
navigation  technologies as VBN (visual navigation system) and
MAGNAYV (magnetic anomaly navigation technology).

A modern autonomous navigation system is the key to the effective use of
UAVs in the current trend of warfare.

IMPROVING METHODS OF DIAGNOSING THE TECHNICAL
CONDITION OF AIRCRAFT SYNCHRONOUS GENERATORS

0. Klimishen, Candidate of Technical Sciences, Senior Researcher; 1.-A. Barchyn
Ilvan Kozhedub Kharkiv National Air Force University

Aircraft synchronous generators are key elements of aircraft electrical systems,
providing stable power supply to onboard systems. The reliability and efficiency of
their operation largely depends on timely and accurate diagnostics of their technical
condition.

Diagnostic methods for aircraft synchronous generators include vibration
analysis, spectral analysis of currents and voltages, thermal monitoring, and
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mathematical modeling. However, current approaches need to be improved to
increase the accuracy of defect detection, reduce diagnostic time, and introduce
automated monitoring tools.

A possible area of improvement is the use of machine learning to recognize
typical failures and predict the state of generators. The use of multi-parameter
control, which combines traditional methods with algorithms for processing large
data sets, is also promising.

The integration of the latest diagnostic methods into modern maintenance
systems will help improve the operational reliability of aircraft.

CREATION OF A COMBAT UNMANNED AERIAL VEHCLE
OF THE AIRCRAFT TYPE

A. Krasnorutskyi, Candidate of Technical Sciences, Associate Professor;
D. Vasiekin; O. Kurman
Ivan Kozhedub Kharkiv National Air Force University

For the effective execution of combat missions, unmanned aerial vehicle (UAV)
units require a significant number of various UAVS, including those provided by
partner countries. However, this creates a challenge in training professional
operators, as each new system requires retraining courses. Another issue is the high
cost of such UAVs.

Given this, the Armed Forces of Ukraine, particularly unmanned aviation units,
require mass production of a modern combat UAV that, in terms of its
characteristics, will not be inferior to foreign counterparts but will be significantly
cheaper and easier to operate.

The analysis of UAVs in modern combat conditions confirms the necessity of
creating a first-class combat UAV of the aircraft type with appropriate
characteristics.

During the study, a model of such an unmanned aerial vehicle was developed,
taking into account the current battlefield requirements. Experimental research was
conducted on its characteristics and parameters under various conditions that may
arise during combat missions.

The research results indicate that the use of a first-class combat UAV of the
aircraft type allows for the execution of a wide range of combat missions. Moreover,
its low cost and ease of operation provide a significant advantage over existing
counterparts, while its simple manufacturing process enables rapid mass production.

DIAGNOSTICS OF THE TECHNICAL CONDITION OF THE CONTROL
APPARATUS OF A DC GENERATOR FOR A LIGHT CARGO AIRCRAFT

V. Khlopiachyi, Candidate of Technical Sciences, Associate Professor;
A. Shkabura; O. Haliopa
Ilvan Kozhedub Kharkiv National Air Force University

In modern aviation, electronic voltage regulators are predominantly used to
regulate the voltage of DC generators.

Despite the obvious advantages of electronic voltage regulators, carbon voltage
regulators continue to be used in aviation due to their simplicity and reliability, ease
of maintenance, lack of additional power supply requirements, interchangeability,
and long service life.
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Carbon voltage regulators are used in older-generation aircraft, where
transitioning to electronic counterparts is complex and costly.

The main failures of carbon voltage regulators are usually associated with wear
or sintering of carbon pucks, mechanical wear, or deterioration of contacts. To
extend their service life, it is important to periodically inspect, clean, and replace
worn components.

An analysis of the technical condition of a carbon voltage regulator without
dismantling it from the aircraft is advisable to conduct based on objective control
results after engine testing, adding not only changes in engine speed but also the
activation of high-power DC consumers to the test program. Analyzing transient
voltage changes on the emergency bus will allow for conclusions regarding the need
for more in-depth diagnostics of the carbon regulator in laboratory conditions.

For laboratory diagnostics of a carbon voltage regulator, in addition to the
PPUR-42 test panel specified by the technology, it is considered appropriate to use
digital oscilloscopes and signal analyzers to record the dynamic processes of
generator voltage regulation, as well as automated test stands with microprocessor
control to ensure precise measurement of voltage recovery time, analysis of the
regulator’s temperature stability, and detection of uneven wear of carbon pucks.

MASSIVE USE OF DECOY DRONES AND COUNTERMEASURES
AGAINST SUCH DRONES

A. Korniienko, Candidate of Technical Sciences, Senior Researcher;
Y. Skoryi, Candidate of Technical Sciences; R. Liashchenko
Ilvan Kozhedub Kharkiv National Air Force University

Since the beginning of the full-scale invasion in 2022, the Russian aggressor
troops have been using decoy drones to breach Ukrainian air defenses.

Since the summer of 2024, there has been an increase in the number of decoy
drones of the "Gerbera" and "Parodiya" types by the enemy. This is due to the
establishment of their mass production.

A new threat to the Defense Forces of Ukraine has been the installation of high-
explosive fragmentation warheads on Gerber-type decoy drones, which is happening
more and more often.

However, the biggest threat is posed by thermobaric warheads, the installation of
which on decoy drones is provided for by a plan called Operation False Target, the
purpose of which is the massive joint launch of unarmed and armed decoy drones
with various warheads. Thermobaric warheads of unmanned aerial vehicles (UAVS)
are the most destructive when they hit buildings and structures. Mass production of
such decoy drones, along with the well-known Shahed UAV, which can also carry a
thermobaric warhead, is taking place at a factory in the Russian special economic
zone Alabuga.

Since the end of 2024, more than half of the drones used by the enemy over the
territory of Ukraine are decoy drones, of which up to 5% have a thermobaric
warhead.

Therefore, due to the uncertainty regarding the target detected by radar
systems (whether it is armed or not), the Ukrainian air defense faces a difficult task
of allocating limited resources to destroy the enemy with firepower or electronic
warfare means.
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The report provides the features of the construction, tactical and technical
characteristics of well-known decoy drones, options for their equipment and
suggests ways to counter them.

DIFFERENCES OF DIGITAL SYSTEMS OF AUTOMATIC CONTROL
AND MONITORING OF AVIATION ENGINE OPERATION

S. Kochuk, Candidate of Technical Sciences, Associate Professor;
A. Martynenko; A. Bovkun
Ilvan Kozhedub Kharkiv National Air Force University

Modern aircraft (aircraft) are increasingly using digital automatic control
systems (ACS) and aircraft engine (AE) control systems.

Previously, MiG-29 aircraft used analog engine control systems. However,
analog systems have a number of disadvantages, such as limited accuracy,
sensitivity to noise and external influences, and limited functionality.

In contrast to analog systems, digital systems use discrete values of the physical
parameters of the aircraft engine .Digital systems have significant advantages over
analog systems, such as:higher control and monitoring accuracy, implementation of
complex control and monitoring algorithms, easily integrated with other digital
aircraft systems, such as the ACS and navigation system.

The introduction of digital systems (ACS and engine control on MiG-29 aircraft
made it possible to increase the comprehensive automation and efficiency of AE
control, reduce fuel consumption and increase flight range by optimizing engine
operating modes, and reduce the probability of failures of AD subsystems due to
more accurate control and diagnostics.

Digital ACS and control of the MiG-29 AE are a significant step forward
compared to analog systems. They provide more precise and reliable engine control,
which contributes to increasing the safety and efficiency of aircraft flights.

APPLICATION OF TRAJECTORY FLIGHT MODES OF ASAC TO
IMPROVE THE PERFORMANCE OF AN AIRCRAFT'S FLIGHT MISSION

S. Kochuk, Candidate of Technical Sciences, Associate Professor; O. Hryshyna
Ilvan Kozhedub Kharkiv National Air Force University

Performing flights in trajectory modes requires high-precision control, which is
complicated by external factors: atmospheric disturbances (wind gusts, turbulence);
dynamic changes in the flight mission (route correction, obstacle avoidance);
navigation data errors.

Modern SAC algorithms are not optimal and have certain limitations in terms of
speed and control accuracy. Therefore, improving control methods will increase the
efficiency of the flight mission and reduce the risk of deviations from the assigned
trajectory.

It is proposed to use digital processing of flight data and optimization of SAC
algorithms, as well as machine learning methods for adaptive tuning of SAC
parameters in real-time mode.

Expected results:

Synthesis of a disturbance compensation algorithm that takes into account both
static and dynamic factors (wind gusts).
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Improved SAC performance accuracy, which will reduce deviations from the
assigned route by 15-20%.

Development of recommendations for the integration of the improved SAC into
modern aviation complexes and automated flight control systems.

The results obtained can be used to modernize existing SACs, which will
increase the accuracy of the flight mission and reduce the pilot's workload.

DEVELOPMENT OF A PORTABLE RADIO RECEIVER
FOR THE AVIATION FREQUENCY RANGE

A. Krasnorutskyi, Candidate of Technical Sciences, Associate Professor;
O. Kurman; D. Vasiekin
Ilvan Kozhedub Kharkiv National Air Force University

In today's warfare, aircraft maintenance is increasingly performed in the field,
which greatly complicates the use of large and stationary test equipment. The
engineering and technical staff of the Armed Forces of Ukraine faces the problem of
quick and efficient inspection of onboard communication equipment, as
communication is critical to the successful completion of combat missions.

The development of a modern aviation frequency band receiver is an important
step for the Armed Forces of Ukraine and will significantly improve the process of
testing onboard radio communication systems in the field.

The device will combine ease of setup and operation, allowing the engineering
staff to quickly and efficiently check radio settings, minimizing the possibility of
errors. Due to its compact size and light weight, the receiver will be easy to
transport, which is especially important when performing tasks in the field.
Autonomous power supply from a 12 V power bank will ensure independence from
stationary power sources, which is important in conditions of limited access to
electricity. Frequency coverage of 118-136 MHz (AM) for aviation radios and 88-
108 MHz (FM) will allow you to quickly check the settings at the required
frequencies, which will guarantee stable communication.

REQUIREMENTS FOR A COMPACT SUSPENSION CONTAINER
OF INDIVIDUAL PROTECTION FOR AIRCRAFT

Y. Retenko; V. Berezanskyi;
0. Berezanskyi, Candidate of Technical Sciences, Associate Professor
Ilvan Kozhedub Kharkiv National Air Force University

The study of the development directions for a small-sized suspended individual
protection pod for an aircraft is a promising area in the improvement of aviation
technology that ensures flight safety. Such a pod will provide protection for the
aircraft against guided air-to-air and surface-to-air missiles equipped with infrared
and radar homing heads.

The small-sized suspended individual protection pod must meet the following
requirements:

— have minimal aerodynamic drag to maintain the aircraft's maneuverability.

—to reduce the pod’s weight, it is advisable to use lightweight, heat-resistant
materials.

—the countermeasure ejection/dispensing mechanism should have a rotating
system for distributing countermeasures in different directions.
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— pyrotechnic countermeasures should be of a combined type, including both
infrared and radar countermeasures.

—the use of specialized pyrotechnic compositions (containing magnesium,
aluminum, and perchlorate components) to create bright heat sources. Radar
countermeasures will be in the form of dipole reflectors.

— countermeasure activation and control systems: automated threat detection
systems.

— deployment modes: programmable control and manual countermeasure
dispensing.

— cartridge diameter: 50 mm.

— the pod must be compatible with various types of aircraft.

Such a pod could become a crucial element in the protection of both fighter
aircraft and helicopters, significantly increasing the survivability of aerial vehicles in
combat conditions.

CONCEPTUAL BASES OF MIXED AVIATION GROUPS
IN THE CONTEXT OF THE JOINT USE OF MANNED
AND UNMANNED AVIATION

A. Babych, Candidate of Military Sciences, Associate Professor;
V. Kryvonos, Candidate of Technical Sciences;
A. Babych, Candidate of Juridical Sciences, Assosiate Professor; I. Tupitsya, Ph.D.
Ivan Kozhedub Kharkiv National Air Force University

The use of aviation in armed conflicts and wars of the late 20th and early 21st
centuries indicates a significant technological breakthrough, which is associated
with the emergence of unmanned aircraft systems of various classes and categories,
the range of tasks of which is constantly expanding, which allows us to predict the
possibility of replacing manned aircraft with more effective ones according to the
criterion "costs — results" unmanned aerial vehicles (hereinafter referred to as
UAVs). The undeniable advantages of UAVSs over manned aircraft are: the
remoteness of control operators from combat areas, the possibility of autonomously
solving a certain set of tasks without human intervention, relative cheapness. At the
same time, as the experience of the Russian-Ukrainian war shows, the losses of
UAV operators on the ground, especially operators of unmanned aircraft
complexes (hereinafter referred to as UAVs) of the first class, exceed the losses of
flight crews, a significant layer of UAVs: quadcopters, FPV drones, cannot
autonomously solve tasks if they lose contact with the operator, and the production
of UAVs with artificial intelligence, which can independently make decisions about
hitting an object, is defined by many countries as a global danger. Along with the
trend of maximum reduction in the cost of unmanned aerial vehicles, multi-value
projects of strategic strike and reconnaissance UAVSs are also known. It is precisely
this deeper analysis of the advantages declared by supporters of the unmanned future
of aviation that allows us to verify the correctness of the statements that the machine
cannot adequately replace the pilot's decision-making ability, intuition or perception
and, that Manned aviation will continue to be an important weapon for gaining and
developing an advantage in armed conflict. This is confirmed by the multi-billion
dollar investments of developed countries in the development of 6th generation
manned aircraft. Today, when the use of aviation is defined as a decisive condition
for the success of any operation or combat, the approaches of most well-known
military experts often consist not so much in how to choose one winning system, but
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in how to combine such things as manned and unmanned aircraft and ammunition
into a single force that will be much greater than the sum of the forces (capabilities)
of the individual components. The prospects of the idea of mixed aviation
formations of manned and unmanned aviation, which will allow rational use of the
combat capabilities of the components depending on the current or predicted
situation, have prompted a number of scientific studies.There are several concepts
for the joint use of manned and unmanned aircraft, which have acquired the status of
national programs in countries such as the USA, Great Britain, Sweden, and China.
The basic methodology of most concepts is artificial intelligence, which allows
controlling the actions of mixed tactical aviation groups without human
involvement, if the leaders in such formations are unmanned aerial vehicles, and
with minimal pilot intervention, if the leaders are manned aircraft.

DEVELOPMENT OF QUANTUM KNOWLEDGE ENGINEERING
SOFTWARE TO SUPPORT THE DECISION-MAKING PROCESS IN
SPECIAL FLIGHT CASES

0. Kurenko, Candidate of Technical Sciences, Senior Researcher;
O. Tokarev, Candidate of Technical Sciences; O. Bespalko
Ivan Kozhedub Kharkiv National Air Force University

The increasing complexity and responsibility of decision-making tasks, the
increasing cost, uniqueness, and complexity of aviation equipment, creates situations
where the pilot and flight controller work at the limits of their intellectual and
psychophysiological capabilities.

Existing methods of knowledge-based solutions to such problems require
improvement or radical change. In contrast to traditional methods, a knowledge-
based approach to the problem of decision-making is developing, which offers the
explicit use and manipulation of simple algorithmic structures — knowledge quanta.
The concept of building expert decision-making support systems based on the
method of approximate multi-level algorithmic knowledge quanta is proposed.

Knowledge engineering is focused on building computer systems whose goal is
to extract the knowledge possessed by specialists and use it most effectively in
automated decision-making.

An expert decision support system has been developed in an object-oriented
environment based on quantum knowledge engineering, which is intended for
computer support of approximate identification and forecasting decisions of the
flight controller and the pilot for special flight cases. The decision maker is given
recommendations on making decisions with the highest probability when solving the
recognition problem, or in a majority form when solving the forecast problem.

STUDY OF THE CHEMICAL COMPOSITION OF DECOY FLARES
IN PASSIVE COUNTERMEASURE SYSTEMS TO ENHANCE
AIRCRAFT PROTECTION

O. Baranik, Candidate of Technical Sciences, Associate Professor; V. Toporovska
Ilvan Kozhedub Kharkiv National Air Force University

In the context of modern military conflicts, particularly the Ukrainian-Russian
war, the issue of enhancing aircraft protection against weapon systems has become
especially relevant. The increased use of missiles with infrared homing heads (IR

157




XXI midicnapoona nayxosa xonghepenyisn XHYIIC im. 1. Koowceoyba, 09.04-10.04.2025

seekers) has necessitated improvements in passive countermeasure systems. One of
the most effective countermeasures is decoy flares, designed to generate intense
infrared radiation that helps divert missiles from actual targets.

Decoy flares are pyrotechnic devices containing specialized mixtures capable of
producing infrared radiation of specific intensity and within a defined spectral range.
The primary factors influencing the effectiveness of decoy flares include the
chemical composition of the pyrotechnic mixtures, their ability to ignite rapidly, the
intensity and duration of the radiation, and the reduction of detectable indicators,
such as excessive smoke generation.

The typical chemical composition of modern decoy flares includes
magnesium (Mg), polytetrafluoroethylene (C,F,, Teflon), and Viton as a binding
agent.

Given the increased sensitivity of modern infrared guidance systems, which are
capable of distinguishing between the thermal signatures of real and decoy targets,
there is a need for continuous improvement in both the chemical composition and
the design features of decoy flares. In addition to optimizing the composition of
pyrotechnic mixtures, the effectiveness of decoy flares can be enhanced by
increasing the number of pyrotechnic cartridges. Thus, the comprehensive
advancement of decoy flares is a key factor in ensuring the reliable protection of
aircraft in modern combat conditions.

OPTIONS FOR CONSTRUCTING A BATTLEFIELD DRONE
DETECTION AND DISTRIBUTION SYSTEM

A. Babych, Candidate of Military Sciences, Associate Professor;
V. Kryvonos, Candidate of Technical Sciences; O. Eremenko; H. Eidelshtein
Ilvan Kozhedub Kharkiv National Air Force University

The detection and recognition system can function effectively — to obtain the
necessary result with possible resource savings, if for each battlefield situation that
has developed or is predicted, an adequate variant of its application is determined
and justified. A variant as a type of system construction can include a different
composition of forces and means and their location (dispersion), the direction of
focusing the main efforts, maneuvers of the system components (movement,
buildup), methods of coordinating the actions of forces and means. If we understand
the situation as a set of conditions and circumstances that create a battlefield, then
the conditions and circumstances that can influence the formation of a variant of
building a detection and recognition system are the nature of the actions of our
troops and enemy troops, possible types of air attack means and tactics of their
actions, meteorological conditions, time of day, terrain, etc.

The experience of the Russian-Ukrainian war has shown the effectiveness of an
unconventional method of detecting drones before they take off. This method is
based on information about possible drone launch sites, which comes from the
population, intelligence units, including air reconnaissance groups. Unfortunately,
the enemy used this method before us, the traitors provided information about the
locations of our UAV calculations, which are subjected to powerful mortar strikes.
This method allows you to obtain important information, which can also affect the
determination of options for the system's functioning. The condition for its
implementation is constant monitoring of intelligence information.

The fluidity of the battlefield environment necessitates maneuvering by the
forces and means of the detection and recognition system. Maneuvering
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capabilities — an organized change of positions while observing a certain combat
order, is implemented precisely by portable means, preparation of calculations for
their collapse and deployment in a short time, and the promptness of making the
necessary management decisions. An important condition for the mobility of the
system is the ability of the means to combine several functions, for example, the
function of detecting and determining the location of an air target. detection and
identification of the object, detection and auto-tracking.

PRINCIPLES OF BUILDING A POLARIZATION SYSTEM
FOR INFRARED RADIATION IMAGE REGISTRATION
BASED ON METASURFACES

V. Yachenok, Candidat of Technical Sciences, Associate Professor,; V. Korepanov
Ilvan Kozhedub Kharkiv National Air Force University

Metasurfaces are the subject of significant research and are used in various
applications due to their unique ability to manipulate electromagnetic waves at
microwave and optical frequencies.

Metasurfaces are two-dimensional structures made from nanomaterials that
possess unique electromagnetic properties not found in nature. They are capable of
controlling the characteristics of light (amplitude, phase, polarization) at the
nanoscale. In the infrared (IR) range, these filters play a key role in spectral-spatial
filtering due to their high selectivity and compactness, which surpass traditional
optical systems.

When light passes through two metasurfaces, its properties — such as amplitude,
phase, and polarization — change. The first surface generates what is called polarized
structured light, in which the polarization spatially varies according to a specific
pattern. When this polarized light is reflected or passes through an object, the
polarization of this structured beam changes. This change is captured and analyzed
by the second metasurface to create the final image — in a single shot.

Overall, these principles ensure the creation of systems that can accurately
register infrared images, which is particularly important in fields such as scientific
research, military, and security applications.

JUSTIFICATION OF THE MAIN TACTICAL-TECHNICAL
CHARACTERISTICS OF PROSPECTIVE DETACHABLE
HELICOPTER AUTOMATIC TURRETS
FOR DESTROING UAVS

B. Holovko, Candidate of Technical Sciences, Assosiate Professor; D. Pikalov
Ilvan Kozhedub Kharkiv National Air Force University

The issue of protecting the vital interests of the country during the development
of the armed struggle is becoming more and more urgent, especially in the direction
of combating unmanned aerial vehicles (UAVS) in the conditions of rapid changes in
the tactics of their combat use and the development of technical characteristics.

Unfortunately, the existing directions for the modernization of helicopters do not
provide for the development (improvement) of aviation artillery installations,
especially in the direction of the use of mobile, automatic turrets, which can
negatively affect the safety of flights and the effectiveness of defeating a wide class
of UAVs.
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Despite this, works are being carried out in Ukraine on the modernization of
artillery installations, which involves performing additional calculations on not
exceeding the limit values of the strength characteristics of helicopter equipment
when moving turrets are placed outside the axis of the construction horizontal plane
of the helicopter fuselage. The substantiation of the main characteristics of
prospective helicopter automatic turrets was carried out taking into account the
analysis of problems related to the detection, recognition and formalization of
tactical techniques of a wide class of UAVS, the required modes of operation (firing)
of a mobile machine gun (artillery) turret in automatic mode, taking into account the
limitations of the regular modes of operation of the helicopter air weapons control
system during the combat use of unified helicopter nacelles (GUV) of the GUV-1
type (machine gun variant).

Thus, the presented approach allows, in modern conditions, to improve the
existing methodical base for the formation of a rational outline of the removable
weapons of helicopters of the Armed Forces of Ukraine during the combat use of
mobile automatic turrets.

RESEARCH ON THE METHOD OF MODERNIZING
AIRCRAFT DE-ICING SYSTEMS

R. Drevenchuk; V. Melnyk; Y. Sukhanov
Ivan Kozhedub Kharkiv National Air Force University

Ensuring the safe operation of aircraft in challenging meteorological conditions
requires effective de-icing systems. Existing technologies often have limitations in
terms of energy efficiency, reliability, and operational costs. Therefore, researching
methods for modernizing de-icing systems is highly relevant to enhance their
effectiveness and reduce maintenance expenses.

To improve the de-icing system, an innovative method of combined
electrothermal and nanocoating protection has been proposed. The system
incorporates flexible graphene heating elements that evenly distribute heat across
critical areas of the aircraft, along with a special superhydrophobic nanocoating that
prevents ice adhesion. This technology significantly reduces energy consumption
compared to traditional methods, as it combines both active and passive ice
protection.

Research results confirm that implementing the modernized de-icing system
significantly improves ice protection efficiency, reduces energy consumption, and
enhances aircraft reliability. Furthermore, the proposed technology contributes to
lower operational costs and expands aviation capabilities in extreme conditions.

RESEARCH OF WAYS OF IMPROVEMENT OF THE SYSTEM
OF TEMPERATURE LIMITATION AND ROTATION CORRECTION
OF THE AN-26 TRANSPORTATION AIRCRAFT AIRCRAFT

0. Tsemma; R. Romashov
Ilvan Kozhedub Kharkiv National Air Force University

The temperature limit and revolution correction system PRT-24 of the AN-26
airplane performs a critical function of controlling and maintaining optimal
temperature conditions and correcting engine revolutions. However, like any
technical system, it has certain drawbacks that affect its performance and reliability.
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The problem with this system is the imperfect design of the URT-24 unit itself and
its cooling, which leads to unstable operation and failures at high temperatures,
reducing its efficiency.

Almost all failures of the URT-24 unit occur due to overheating and failure of
the unit's element base (capacitors).

To improve the system performance, it is proposed to use modern temperature
sensors with higher resolution to reduce the system error.

To improve the design of the URT-24 unit, it is proposed to replace electrolytic
capacitors with solid-state ones, which will significantly increase the service life and
reduce the risk of unit failure due to the drying of the liquid electrolyte of the
capacitors. Replacing conventional operational amplifiers with high-speed ones with
lower error and using MOSFET or IGBT transistors instead of mechanical relays for
faster system control and adding a switching voltage regulator will reduce the unit's
heating and power consumption.

These changes will help to improve the performance of the PRT-24 system and
the URT-24 unit, making it more accurate, reliable and efficient to use.

MODERN TECHNOLOGIES IN POWER SUPPLY SYSTEMS
FOR COMBAT AIRCRAFT FOR AIRSPACE DEFENSE

R. Drevenchuk; S. Nadolishna; D. Shoris
Ilvan Kozhedub Kharkiv National Air Force University

The power supply systems of combat aircraft are one of the most critical
components of modern aviation technology, as they provide energy to all vital
electronic and mechanical systems, from avionics to weapon control systems — all of
which require stable electrical power to perform their tasks in the challenging
conditions of moder combat.

A modern solution is the use of high-voltage direct current (DC) onboard the
aircraft. This allows for powering consumers with reduced current, which in turn
enables the use of wires with smaller cross-sections. As a result, the weight of the
aircraft is decreased. This solution is employed in many modern Western aviation
technology examples, such as the F-22 Raprtor, F-35 Lightning II, and etc.
Additionaly, the use of Li-ion battery, which are also utilized in the latest models of
Western aviation technology, ensures greater efficiency and longer service life
compared to traditional lead-acid batteries, in the way reducing maintenance and
replacement costs.

The latest technologies in the power supply systems of combat aircraft
contribute to enhancing their efficiency, reliability and combat capabilities. The
integration of new solutions allows for the creation of more modern and adaptive
platforms capable of meeting the demands of the contemporary combat
environment.

DEVELOPMENT OF A TRAINING SIMULATION MODEL
OF THE POWER SUPPLY SYSTEM OF A MULTIROLE AIRCRAFT

Y. Georgiev; T. Kupriienko
Ilvan Kozhedub Kharkiv National Air Force University

In a time when the Armed Forces of Ukraine are carrying out critically
important tasks to protect national sovereignty, the Air Force units must maintain a
high level of combat readiness and ensure the effective deployment of aviation
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technology. The reliability of a multirole aircraft’s power supply system is a key
factor in the successful execution of combat missions, as it supports the operation of
all vital onboard systems, including navigation, communication, targeting, and
weapons control.

Modern warfare requires rapid responses to technical malfunctions that arise due
to the intensive operation of aircraft and the impact of combat damage.
Implementing a training simulation model of the power supply system will
significantly enhance the preparedness of engineering personnel, allowing them to
practice diagnostic and troubleshooting methods in realistic conditions without
posing risks to actual equipment.

The relevance of this development is driven by the need to improve the
reliability of aviation power systems, optimize the training process for technical
specialists, and minimize aircraft recovery time. The use of simulation technologies
will contribute to enhancing the effectiveness of combat aviation operations within
the Ukrainian Air Force, which is critically important in the current wartime
environment.

DEVELOPMENT OF A SYSTEM OF OBJECTIVE CONTROL
OF MODERN BODIES AND UNIFIEDATION OF GROUND
PROCESSING SYSTEMS

Y. Heorhiiev; K. Karlov; E. Vasylenko
Ivan Kozhedub Kharkiv National Air Force University

Analysis of existing systems and equipment of modern UAVs allows us to
clearly determine their use for creating UAV information systems and take these
aspects into account when developing a CQC in accordance with the tasks set and
classification by functional purpose.

Studies have shown that in order to form a unified approach to creating a CQC
of modern UAVs, it is necessary to establish mandatory technical requirements for
registering the maximum possible amount of information about the state of UAV
systems and equipment during the flight, as well as for developing software and
algorithmic support for automated processing and analysis of the collected data, at
the stage of developing the tactical and technical task.

The solution to this problem is possible thanks to the proposed implementation
options for the CQ system for UAVs. The introduction of a unified CQC in the
Armed Forces of Ukraine will increase the safety of UAV use, and will also provide
effective tools for assessing and predicting the technical condition of UAVS,
analyzing the performance of the flight task and crew actions.

DEVELOPMENT OF WAYS TO IMPROVE THE AIRBORNE HORIZON
DUPLICATOR TO INCREASE THE ACCURACY OF AERODYNAMIC
PARAMETERS MEASUREMENT

R. Vasylenko; V. Matvieieva; D. Bobrivnyk
Ilvan Kozhedub Kharkiv National Air Force University

Modern aircraft, which perform a wide range of tasks in a wide range of flight
characteristics, require equipment with accurate readings of aerometric parameters.
The requirements to the accuracy of piloting, navigation of aircraft and the
effectiveness of their combat missions are constantly increasing. In order to improve
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safety, redundancy of the main flight parameters is envisaged (for example, the use
of an airborne horizon duplicator). This device combines a variometer, an electric
turn indicator, and a glide indicator. The disadvantages of the airborne horizon
duplicator are the relatively low accuracy of the vertical speed measurement and the
correct indication of the roll angle only at a fixed flight speed.

To improve the quality and efficiency of the airborne horizon duplicator, it is
necessary to investigate ways to improve it in the areas of increasing the accuracy of
determining the vertical speed and providing the ability to determine the roll angle in
the full range of aircraft speeds.

Increasing the accuracy of the airborne horizon backup in determining the
vertical speed can be achieved by optimal processing of the signals of vertical
acceleration and the derivative of the absolute flight altitude.

To develop a model of the universal turn indicator, we approximated the
functional dependence of the roll angle on two arguments of the linear flight speed V
and the angular rate of turn @y, built the corresponding Simulink model, and proved
its performance in the full range of flight parameters.

RESEARCH OF OXYGEN EQUIPMENT BY UTILIZING
AN OXYGEN GENERATOR

Y. Georgiev; D. Nesterova; Y. Myroniuk
Ilvan Kozhedub Kharkiv National Air Force University

Today, there is not a single aircraft system that would not require improvement;
the requirements for the efficiency, reliability and safety of the operation of aircraft
are constantly increasing, especially those of multi-purpose aircraft designed to
perform a wide range of tasks. One of the important aspects of crew support is a
reliable and continuous supply of oxygen to sustain the crew at high altitudes.

The oxygen system of the multi-purpose aircraft is outdated and has many
failures at the beginning of operation. In the conditions of modernization of aviation
equipment, an important task is to improve this system in order to increase its
autonomy, reliability and reduce operational costs.

To improve and modernize the oxygen system of the aircraft, it is proposed to
use an oxygen generator.

The use of an oxygen generator as an alternative to traditional oxygen cylinders
is one of the promising directions for improving the oxygen system of a
multipurpose aircraft. This approach allows for continuous production of oxygen in
flight, reduces the need for maintenance of the oxygen system and reduces the
weight of the aircraft, which positively affects its combat characteristics.

DEVELOPMENT OF PROPOSALS FOR THE IMPROVEMENT OF THE
EXTERNAL LIGHTING EQUIPMENT OF THE MIG-29 FIGHTER
AIRCRAFT FOR THE USE OF NIGHT VISION GOGGLES (NVGS)

Y. Georgiev; M. Holyshev; N. Holysheva
Ilvan Kozhedub Kharkiv National Air Force University

Modern military conflicts demonstrate the growing role of aviation in ensuring
air superiority and carrying out combat missions at any time of day. The effective
use of aircraft in nighttime conditions is becoming particularly relevant, requiring
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appropriate modernization of their systems and equipment. Military operations in
recent years have highlighted the need to upgrade combat aircraft in accordance with
modern operational and technical requirements, particularly for multirole aircraft.
One of the key directions for their modernization is the enhancement of lighting
equipment to improve navigation, increase the accuracy of combat missions, and
reduce visibility during nighttime operations. Achieving these goals requires the
implementation of advanced technologies that ensure effective interaction between
aircraft and night vision goggles (NVGs).

The adaptation of lighting equipment must take into account combat experience,
particularly the need to reduce aircraft visibility in the infrared spectrum and
improve NVG image quality. The key areas of improvement include the use of LED
or laser light sources, the implementation of special filters, and the optimization of
spectral lighting characteristics.

The modernization of lighting equipment for multirole aircraft in response to
modern warfare challenges will enhance the effectiveness of nighttime combat
sorties, reduce the risk of pilot disorientation, and improve the overall safety of
military aviation.

PROPOSALS FOR THE USE OF UNMANNED AERIAL VEHICLES
FOR OPTICAL AND VISUAL INSPECTION OF HIGHLY
LOCATED STRUCTURES OF THE AIRCRAFT AIRFRAME

0. Kolomiitsev?, Doctor of of Technical Sciences, Professor;
V. Komarov?, Candidate of Technical Sciences, Senior Researcher;
V. Pavlii3, Candidate of Technical Sciences, Associate Professor; L. Pavlii®
!National Technical University "Kharkiv Polytechnic Institute";
’Heroes of Kruty Military Institute of Telecommunication and Information Technologies,
3lvan Kozhedub Kharkiv National Air Force University

Ensuring the high efficiency of the intended use of aircraft is associated, on the
one hand (internal factors), with the normal operation of automated control and
regulation systems, digital computers and various elements, components, blocks,
products, etc., and, on the other hand (external factors), with the integrity of the
structural elements of aircraft for airworthiness.

One of the measures taken by the aviation engineering service to maintain
aircraft in good condition is to conduct flaw detection inspection of their structural
elements. The purpose of such control is to timely detect cracks, corrosion, and
disturbances in the normal position (structural failure) in order to take measures to
eliminate the detected defects. Undetected critical and significant defects can lead to
the destruction of the aircraft structure during operation.

The report reveals the features of inspection of highly located structures of the
airframe. The advantages and disadvantages of the optical-visual method of
diagnostic control of aircraft are proved. A method of defectoscopy of the external
surfaces of the airframe using UAVs equipped with modern video cameras (visual
inspection tools) is proposed. The method will allow to obtain complete reliable
information about the technical condition of the airframe structure under control
quickly and with minimal labor intensity.
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PROPOSALS FOR THE USE OF MACHINE LEARNING TECHNOLOGY
TO IMPROVE THE SAFETY OF A GROUP OF UNMANNED AERIAL
VEHICLES DURING MONITORING

0. Kolomiitsev?, Doctor of of Technical Sciences, Professor;
I. Rudakov!; A. Biesova'; A. Berdochnyk?
INational Technical University "Kharkiv Polytechnic Institute";
2lvan Kozhedub Kharkiv National Air Force University

Improving the system of reliable avoidance of various types of objects is crucial
for the operation of autonomous unmanned aerial vehicles (UAVS) designed to
conduct various types of monitoring. At the same time, UAVs use different types of
sensors for autonomous navigation. One of the options for avoiding obstacles by
using image data as a source of accurate information is a vision system. Computer
vision is widely used in robotics and autonomous vehicles.

The rapid development of artificial intelligence opens up new opportunities for
the development and use of UAVs. The main categories of artificial intelligence
include machine learning, neural networks, and optimization algorithms.
Optimization algorithms can be used to solve many tasks related to improving the
functionality and efficiency of UAVs in monitoring urban areas.

Thus, the disclosure of the features of the application of machine learning
technology to improve the safety of UAVs is an urgent scientific task.

The report analyzes the main approaches to machine learning: supervised
learning, unsupervised learning, and reinforcement learning. It is noted that machine
learning algorithms provide partially or fully automated methods of data analysis.
The main regression methods are considered: linear, logistic, polynomial, ridge,
Least Absolute Shrinkage and Selection Operator and ElasticNet. It is noted that
ensemble learning distributes the decision-making process to prevent bias.

MULTI-SCALE SIGNAL PARAMETER METER

O. Kolomiitsev?, Doctor of Technical Sciences, Professor;
V. Pustovarov?, Candidate of Technical Sciences; V. Kolomiitsev!; Ye. Maksymkin?
!National Technical University "Kharkiv Polytechnic Institute";
2lvan Kozhedub Kharkiv National Air Force University

For cases where it is necessary to create a highly accurate, economical, reliable
and time-efficient signal parameter meter with a wide a priori range, a multiscale
meter is often used, which can surpass other types of meters in the vector of the
named quality indicators. A multi-scale meter is a meter in which an accurate scale
containing an accurate discriminator meter with a periodic discriminator
characteristic is supplemented by coarse periodic scales that resolve the ambiguity of
measurements on the accurate scale.

The most accurate is the phase meter, which has a higher signal strength and
slope near zero. Therefore, the best periodic signal for scales is the harmonic, which
allows for the narrowest frequency band, i.e. a high signal-to-noise ratio and,
accordingly, high accuracy due to the high slope.

The advantages of the meter include high accuracy at a low signal level due to
the narrow bandwidth. The disadvantage is the ambiguity of one scale, which
requires several scales (nonlinearity of scales). High accuracy in measuring signal

165



XXI midicnapoona nayxosa xonghepenyisn XHYIIC im. 1. Koowceoyba, 09.04-10.04.2025

parameters can be achieved not only by increasing the signal level, but also by
increasing the steepness of the discriminator (measuring frequency of oscillations).
However, the numerical methods for studying multiscale systems described in
well-known works do not allow us to determine the general patterns inherent in
multiscale systems.
The report presents a systematic analysis of the quality indicators of multiscale
signal parameters meters and proves their general regularities.

DEVELOPMENT OF THE STRUCTURE OF A PROSPECTIVE UNIFIED
SYSTEM FOR OBJECTIVE CONTROL OF THE CONDITION
OF AIRCRAFT AND HELICOPTERS

O. Tsemma; R. Yatskiv
Ilvan Kozhedub Kharkiv National Air Force University

Objective control is a set of measures that includes the recording, storage,
reproduction, and analysis of parameters that characterize the condition and
functioning of an aviation system using special technical means. This is done in the
interest of improving training methodologies, enhancing the quality of personnel
education, increasing flight safety, ensuring the reliability of aviation equipment,
and assessing its technical condition.

The main means of objective flight control (OC) in aviation are onboard flight
data recording devices (FDRs) of general purpose. These are complexes of technical
devices designed to record and store information that characterizes the flight
parameters of the aircraft, the condition and operating modes of its powerplant and
onboard equipment, as well as the actions of the flight crew.

The development of data transmission from onboard recorders during flight
directly to control centers and to flight information processing groups via remote
automatic methods is a promising direction.

Reducing the time required to deliver and process flight information at ground
control stations can be achieved through certain design changes in the aircraft's
onboard equipment system and the creation of a transmission device. This device
can be integrated with the existing onboard equipment of the aircraft to maintain its
weight and size characteristics while ensuring the operation of the information
recording system with minimal changes.

DEVELOPMENT OF THE STRUCTURE OF THE STAND FOR
CHECKING THE TECHNICAL CONDITION OF THE REGULATING
EQUIPMENT OF AVIATION DIRECT CURRENT GENERATORS
OF A MULTI-PURPOSE AIRCRAFT

Y. Georgiev; I. Saveliev
Ilvan Kozhedub Kharkiv National Air Force University

In conditions when the Armed Forces of Ukraine carry out heroic defense of the
sovereignty and territorial integrity of the state, the Air Force units must be ready to
perform a wide range of combat missions, including the intensive use of aviation
equipment in difficult war conditions. One of the critical elements that ensures the
uninterrupted operation of aircraft is the stable operation of aviation DC generators,
on which the functioning of numerous electrical systems depends.
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The development of a stand for checking the technical condition of the
regulating equipment of such generators is extremely important for ensuring the
safety and efficiency of the operation of aviation equipment. This stand allows you
to quickly diagnose technical malfunctions, identify potential defects and carry out
the necessary maintenance of generators without significant delays, which is critical
in combat conditions. The accuracy of checks and the stability of the operation of
the regulating equipment directly affect combat readiness, ensuring the energy
independence of aircraft and the reliability of task performance.

The promptness of defect detection is especially important, since a malfunction
of the regulating equipment can lead to serious consequences, including the
equipment being out of order at the most crucial moment. The development of such
a stand allows to increase the efficiency of aircraft maintenance, optimize resources
and reduce the risks of emergency situations, which, in turn, is an important factor in
ensuring the safety and effectiveness of combat operations of the Air Force units of
Ukraine.

ANALIS OF MODERN DIAGNOSTICS
OF ACCUMULATORY BATTERIES

Y. Georgiev; D. Nesterova; Y. Myroniuk
Ivan Kozhedub Kharkiv National Air Force University

Auviation batteries are one of the key elements of the direct current electrical
equipment of aircraft. They provide reserve electric power supply to a variety of
aircraft systems, especially during engine start-up, when the main power source
fails, or in emergency situations. Flight safety, the efficiency of avionics systems
and other critical systems depend on the stable operation and reliability of batteries.

Diagnostics of the technical condition of aviation batteries is an integral part of
the maintenance process of aviation equipment. This allows timely detection of
deviations in the operation of batteries, prevention of possible failures and extension
of their service life. Given the harsh operating conditions, including variable
temperatures, vibration, and high loads, it is especially important to ensure proper
control of battery parameters.

In order to improve the diagnosis of the technical condition of aviation storage
batteries, it is proposed to apply modern diagnostic methods.

Modern diagnostics of accumulatory batteries is a set of measures aimed at
assessing the state of the battery and determining its remaining resource.
Technological progress has made this process more accurate, fast and informative.

JUSTIFICATION OF PROPOSALS FOR THE COMPOSITION
OF A UNIVERSAL OPTICAL-ELECTRONIC RECONNAISSANCE
CONTAINER CONSIDERING THE PRINCIPLES OF CONSTRUCTION
AND FUNCTIONING OF OPTICAL-ELECTRONIC SYSTEMS
OF RECONNAISSANCE AIRCRAFT OF LEADING COUNTRIES
OF THE WORLD

Y. Georgiev; M. Holyshev; N. Holysheva
Ilvan Kozhedub Kharkiv National Air Force University

Modern air forces of the world’s leading countries actively use electro-optical
systems for reconnaissance, monitoring, and target designation. A promising
direction is the integration of these systems into universal pod-mounted containers,
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ensuring their flexible use on various aviation platforms. The main principles of
creating such containers are modularity, multispectral capability, high resolution,
real-time data processing, and protection. The proposed container includes an optical
system consisting of high-sensitivity cameras, hyperspectral sensors, and laser
rangefinders; an infrared system with thermal imaging cameras for medium- and
long-wave IR ranges; an electronic intelligence system for radio signal interception
and passive radar detection; a computing module with Al and secure storage; a data
transmission system with secure communication channels and masking
technologies; and a stabilization system with gyrostabilized platforms and distortion
compensation algorithms. An analysis of global experience (DB-110, MS-110,
AREOQOS) shows that leading countries use multispectral sensors, Al for data
processing, and protection against electronic warfare. The proposed container
configuration ensures high image quality, operational efficiency, flexibility, and
stealth capabilities, significantly enhancing aerial reconnaissance effectiveness.

COMPARATIVE ANALYSIS OF THE INFRARED SEEKERS
OF AIM-9X AND R-27T MISSILES

A. Datsenko; S. Yakushevskyi; Y. Nezhyvyi
Ivan Kozhedub Kharkiv National Air Force University

The comparative analysis of the infrared seekers of the AIM-9X and R-27T
missiles reveals significant technological differences. The AIM-9X utilizes an
imaging infrared (IIR) seeker, which provides high image resolution, target
recognition capability, and effective protection against infrared countermeasures due
to advanced digital processing algorithms. Its infrared seeker offers a wide field of
view, high resolution, and operates in the mid-wave infrared (MWIR) spectrum,
enhancing its effectiveness in dynamic aerial combat. In contrast, the R-27T is
equipped with a thermal (infrared) seeker optimized for detecting weak thermal
signals in the MWIR/LWIR ranges. It ensures high sensitivity to thermal emissions
even in the presence of strong background noise, allowing effective tracking of
targets with a pronounced thermal signature, such as aircraft engines. Unlike the
AIM-9X, the R-27T seeker is less resistant to active infrared countermeasures but is
capable of detecting targets at greater distances.

The key distinguishing features of these infrared seekers are: Operating
principle — the AIM-9X utilizes IIR technology for image analysis, whereas the R-
27T relies on traditional infrared homing.

Countermeasure resistance — the AIM-9X has superior resistance to infrared
flares due to digital data processing, while the R-27T is more dependent on thermal
contrast.

Targeting accuracy — the AIM-9X provides more precise tracking through target
recognition algorithms, whereas the R-27T is more effective at locking onto targets
with intense thermal emissions.

Thus, the AIM-9X is designed for high-precision engagement of maneuvering
targets in complex tactical conditions, whereas the R-27T is effective for detecting
and engaging targets with strong thermal signatures at long distances. The choice
between these systems depends on tactical objectives and combat application
conditions.
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DEVELOPMENT OF RECOMMENDATIONS FOR IMPROVING
THE EFFICIENCY OF THE FUEL METERING SYSTEM
OF THE MIG-29 FIGHTER AIRCRAFT

R. Vasylenko; S. Kalmutskyi
Ilvan Kozhedub Kharkiv National Air Force University

To ensure the successful completion of a combat mission, a pilot needs
information about the operational status of all aircraft avionics. Information on the
fuel supply and consumption of the MiG-29 fighter aircraft is provided to the pilot
by the STR6-2A system, the main purpose of which is to ensure uninterrupted fuel
supply to the aircraft engines and accurate measurement of fuel supply and
consumption. The issue of studying the operation of the MiG-29 fighter jet fuel
consumption system in order to improve the accuracy of measuring the fuel level on
board the aircraft is of great importance.

The report analyzes the fuel and consumption system of the aircraft, which
resulted in the main disadvantages of this system, namely, that the system includes
fuel level sensors of the DT-36A type, which are obsolete and have large errors in
measurement and subsequently in the calculation of the remaining fuel on board the
aircraft (the error reaches up to 10% of the actual value). Given this drawback, to
improve the accuracy of fuel level measurements, it is necessary to reduce errors by
integrating ultrasonic sensors.

To improve the accuracy of fuel level measurement on board the MiG-29
aircraft, it is proposed to replace the DT-36A sensors in the STR6-2A system with
an ultrasonic fuel gauge sensor of the ultrasonic fuel gauge type that does not
depend on the type of fuel, which in turn will reduce the measurement error to 1-2%.

This change of sensors will improve the accuracy of measuring the fuel level on
board, thereby potentially increasing the combat radius and enhancing the combat
capabilities of the aircraft.

DEVELOPMENT OF PROPOSALS FOR THE STRUCTURE
OF ADVANCED CONTROL AND TEST EQUIPMENT FOR AEROMETRIC
INSTRUMENTS OF A MULTIPURPOSE AIRCRAFT

R. Vasylenko; E. Rodiuk; I. Steblyuk
Ilvan Kozhedub Kharkiv National Air Force University

The experience of aircraft operation shows that today the control and test
equipment of air pressure transducers used to check aneroid membrane devices and
air pressure transducer systems is obsolete and requires significant modernization.

As part of the development of the structure of advanced test equipment for
aerometric instruments for aircraft, it is important to create effective equipment for
checking the tightness of air pressure transducers, the performance and accuracy of
aneroid membrane devices.

The report shows the structure of advanced test equipment, which includes
automated modules for checking the functioning of aneroid membrane devices
during operation and during aircraft maintenance. The proposed structure of this
equipment is flexible for adaptation to different types of aircraft and operating
conditions, and also takes into account the possibilities of remote diagnostics and
calibration, which in turn will improve the usability of the test equipment.
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Proposals are made on the structure of the advanced control and test equipment
of aneroid-membrane devices of a multipurpose aircraft using modern electronic
regulators and intelligent pressure sensors controlled by microcontrollers and
wireless communication, which in turn will help reduce the time for aircraft
maintenance and increase flight safety.

FEATURES OF THE APPLICATION OF SMALL PACKED
CHARGES AMMUNITION

A. Khyzhniak; A. Babsky; D. Piven
Ilvan Kozhedub Kharkiv National Air Force University

Small shaped charges (SSC) are explosive devices that combine small size and
mass with the ability to inflict significant damage through the cumulative effect.
This effect is achieved due to a special shape of the charge, which allows the energy
of the explosion to be concentrated into a narrowly directed jet.

The principle of operation of SSC is based on a phenomenon known as the
Monroe effect. Its essence is that when a charge with a recess of a special
shape (most often conical) is detonated, the energy of the explosion is concentrated
in a narrow direction. As a result, a cumulative jet is formed, consisting of molten
metal and explosion products, moving at a speed of up to 10 km/s and having a huge
penetrating ability.

Small shaped charges, despite their effectiveness and wide range of applications,
have a number of problems that limit their use and require constant improvement.

Due to their small size, SSCs have a limited amount of explosive, resulting in a
lower explosive power compared to larger charges. This reduces their penetration
ability and effectiveness against thick armor or large objects.

Producing high-quality SSCs with precise specifications can be complex and
require specialized equipment and technology.

Continuous research and development of new technologies allow us to gradually
solve these problems and expand the scope of application of small shaped charges.

In summary, we can say that small shaped charges, despite their effectiveness
and wide range of applications, have a number of problems that limit their use and
require constant improvement.

METHODS AND MEANS OF DETECTING FAILURES OF AVIATION
STATIC CONVERTERS TAKING INTO ACCOUNT THE EXPERIENCE
OF INTERMITTENT FULL-SCALE ARMED AGRESSION
OF THE RUSSIAN FEDERATION

Y. Georgiev; 4. Kozyr; O. Malik
Ilvan Kozhedub Kharkiv National Air Force University

Modern aviation equipment is one of the key components of the state's defense
capability, which is especially relevant in conditions of full-scale armed aggression.
The reliability of aviation equipment, in particular the power supply systems of both
direct and alternating current, determines the safety of flights and the trouble-free
operation of the aircraft.

On modern multi-purpose aircraft, the main power supply system is the
alternating current system. Also, static converters on some types of aircraft are
emergency power sources that ensure the operation of the main systems of the
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aircraft in the event of damage to the main power supply system, namely generators.
Therefore, rapid detection of failures and the use of more modern methods of
diagnosing static converters in conditions of combat operations will make it possible
to return the aircraft to the performance of a combat mission in a shorter time, and
spend less time eliminating damage and malfunctions.

The methodology and equipment for testing static converters today are outdated
and do not guarantee quick recovery, therefore it is proposed to develop and
consider improved ways and methods for diagnosing this aviation equipment so that
this does not lead to changes in the characteristics and failures of static converters,
but ensures their quick elimination and stable and trouble-free operation.

UNMANNED VEHICLE CONTROL ALGORITHM

S. Suleymanov, Ph.D.; A. Bayramov, ScD, prof.; F. Abdullayev, ScD, prof.
Republican Seismic Survey Center (Baku, Azerbaijan)

At the present stage, various navigation methods have been proposed: inertial
navigation, satellite navigation and observation-based navigation. However,
depending on the task at hand, it is necessary to select the optimal autonomous
navigation technology for the unmanned air vehicle. One of the effective ways is the
technology of Artificial Intelligence (Al), which is widely used in the field of
engineering research [1-8]. Al can detect anomalies and predict potential scenarios,
respond to changing situations, study complex problems associated with huge
volumes of data, and find patterns that humans might ignore. It can analyze and use
external factors to improve the maneuvering of UAVs.

The purpose of the report is to present the results of the developing an algorithm
for controlling and navigating an unmanned vehicle using the artificial intelligence
method. The process of functioning of an intelligent unmanned vehicle control
controller with the choice of a global navigation satellite system is considered. An
algorithm has been developed for using a visual or inertial navigation system to
determine the coordinate and time characteristics of an unmanned aerial vehicle in
the event of non-functioning of the global satellite navigation system. The proposed
algorithm and control architecture are applied to an unmanned aerial vehicle
intended to perform a reconnaissance flight.
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AUTONOMOUS NAVIGATION AND WEAPONIZATION
OF UAV SWARMS FOR COMBAT MISSIONS

A. Talibov, ScD; A. Pashaev, Ph.D.; E. Sabziev, ScD
Institute of Control Systems (Baku, Azerbaijan)

The use of a swarm of unmanned aerial vehicles (UAVs) in modern military
operations has emerged as a strategic approach to overcome the limitations of
individual UAVs. This paper explores the fundamental principles and tactical
applications of UAV swarms in combat missions. Key components of effective
swarm deployment include route-based flight control, formation integrity, target
detection and recognition, target assignment, safe transport of hazardous payloads,
and precision weapon deployment. Route planning prioritizes low-visibility paths —
such as valleys and riverbeds — to enhance covert movement, while advanced
algorithms ensure safe navigation and collision avoidance. Swarm UAVs transition
from en-route flight to battle formation and align laterally before engaging targets.
Each UAV autonomously selects a designated target based on a distribution
algorithm. Critical attention is given to the secure handling of explosives through
intelligent electronic switching systems and power supply controls, which activate
only after takeoff. The detection and targeting modules rely heavily on artificial
intelligence (Al), utilizing image recognition and real-time adjustments to maintain
the target in the camera's field of view. A software system is proposed to identify
enemy silhouettes and guide the UAV precisely toward destruction zones. Overall,
this research underlines the growing role of Al and intelligent coordination in the
effective and safe use of UAV swarms in combat environments.
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THE RISE OF UAVS IN MODERN WARFARE

V. Jahangirov; S. Babayev, Ph.D.; S. Umudov
H. Aliyev Military Institute (Baku, Azerbaijan)

This article examines the strategic and tactical role of unmanned aerial
vehicles (UAVs) in the Russian-Ukrainian conflict, highlighting their impact on
modern battlefield operations. The study categorizes UAVs based on their functions:
reconnaissance (e.g., Orlan-10, Bayraktar TB2, RQ-20 Puma), strike drones (e.g.,
Lancet, Shahed-136), loitering munitions, and commercial drones like DJI Mavic
repurposed for military use. The key issues explored include the integration of
UAVs in real-time surveillance, artillery fire correction, precision strikes, and close-
quarters combat via FPV drones.

The article also investigates how UAV effectiveness has led to the rapid
development of electronic warfare (EW) systems and anti-drone defenses. Their use
has improved artillery accuracy, reduced dependence on manned aviation, and
introduced asymmetric threats to armored units and fixed positions. In response,
Russia and Ukraine have invested in counter-UAV technologies, marking a new
phase in electronic and drone warfare.

The paper further addresses future trends such as Al-driven drone swarms,
autonomous UAV systems, and enhanced commercial drone modifications. Overall,
the article underlines how UAVs have revolutionized military strategy, making them
a defining element in contemporary and future conflicts.
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DEVELOPMENT OF PROPOSALS FOR IMPROVING THE COMPUTING
POWER OF THE FLIGHT AND NAVIGATION COMPLEX
OF A MULTIPURPOSE AIRCRAFT

R. Vasylenko?; V. Chyhrin?
lvan Kozhedub Kharkiv National Air Force University;
2Military unit 40449

Modern flight and navigation systems are critical to ensuring the safety and
efficiency of flights. However, the increasing amount of data processed during a
flight requires improved computing power. Traditional systems (inertial navigation
systems) have some limitations in terms of information processing speed and
calculation accuracy.

Integration of artificial intelligence into flight and navigation systems can
significantly increase the speed and accuracy of data processing, reducing the risks
of human error.

The analysis of the neural network shows that they analyze navigation and
meteorological data, predicting the flight path and warning of possible deviations.
Adaptive algorithms automatically change the navigation parameters depending on
external conditions, providing more accurate control of the aircraft.

The report presents proposals for automated data analysis, which in turn allows
for the rapid processing of telemetry information to make optimal decisions in real
time. The use of artificial intelligence in flight and navigation systems will automate
the route and flight control and predict and prevent failures in navigation systems.

Automation of data processing will minimize technical risks and adapt aviation
systems to modern challenges.

STUDY OF THE INERTIAL NAVIGATION SYSTEM OF THE SU-24
AIRCRAFT TO IMPROVE THE ACCURACY OF ITS FUNCTIONING

R. Vasylenko?; D. Mazurok?
!lvan Kozhedub Kharkiv National Air Force University;
2Military unit 40449

Modern aircraft perform combat missions at large combat radii and have high
maneuverability, which necessitates that the pilot know the exact spatial position
and location of the aircraft.

Inertial navigation systems (INS) are most commonly used to determine flight
and navigation parameters, the accuracy of which depends significantly on the
quality of the initial setting of their gyro platforms in the horizon and azimuth. Some
of its operations are quite complex, and the time of alignment largely determines the
time of preparation of onboard systems.

We analyze the algorithms of operation and the structural scheme of a small-
sized inertial system, methods and means of initial azimuthal alignment of the INS,
develop a mathematical model of the system, and use it to study the influence of
azimuthal alignment errors on the accuracy of determining navigation parameters.

Recommendations were developed to optimize the preparation of systems for
use, namely, the need to develop a comprehensive heading setting device with
optimal characteristics.
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STUDY OF APPLICATION FEATURES OF MODERN PLATFORM-FREE
INERTIAL NAVIGATION SYSTEMS BASED ON
FIBER-OPTIC GYROSCOPES

R. Vasylenko?; T. Parashchenko?, Ph.D.
lvan Kozhedub Kharkiv National Air Force University;
2Scientific Research Institute of Armament and Military Equipment
Testing and Certification

The modern realities of warfare place new demands on navigation systems,
which are key elements of aircraft control. Even very reliable navigation systems
often depend on Global Positioning System (GPS) signals, which can be easily
disrupted in combat operations. Therefore, the question arises of developing a
modern navigation system capable of operating in the absence of a GPS signal.

Using the results of the analysis, it was found that in the next 2-3 years in the
production of platform-free inertial navigation systems (PFINS), namely, the
improvement of technology, fiber-optic gyroscopes (FOG) will completely displace
all other types of gyroscopes from the market of sensitive elements of medium and
high-precision navigation. The BINS based on such gyroscopes has no moving parts,
is absolutely silent, does not require special maintenance, has good MTBF (up to
80,000 hours) and low power consumption.

Considerable attention is paid to the use of a new element base, namely the use
of polarization-preserving fiber, as well as the analysis of factors affecting the
sensitivity of the device, as this is the main issue of improving its performance.

The report presents proposals for the creation of a depolarized radiation FOG
scheme and the use of constructive and algorithmic methods to compensate for the
effect of temperature on FOG sensitivity, which makes it possible to integrate the
BINS with other avionics systems, creating a single information environment. This
allows the pilot to receive comprehensive information on navigation, combat
situation and aircraft status, which significantly increases the efficiency of mission
performance.

DEVELOPMENT OF A DIGITAL AIR SIGNAL SYSTEM MODEL
FOR MULTI-PURPOSE AIRCRAFT WITH DANGEROUS
ALTITUDE WARNING FOR LOW-ALTITUDE FLIGHTS

V. Kolesnik!; I-A. Barchyn?
IMilitary unit A1356;
2Military unit A0959

Existing aircraft dangerous altitude warning systems have both methodological
and instrumental errors in determining the true flight altitude of the aircraft. The
development of an adaptive digital air signal system will improve the efficiency of
critical altitude warnings and reduce the risk of emergency situations.

This report addresses the issue of improving the safety of multi-purpose aircraft
during low-altitude missions. A model of a digital air signal system is proposed,
which ensures accurate determination of dangerous altitude and automatic warning
of the crew about the threat of collision. This model is based on digital processing of
altimeter readings and inertial navigation system data in the signal limiting system
computer to compare current altitude parameters with set limits.
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The proposed dangerous altitude prediction algorithm takes into account both
static (terrain relief) and dynamic (course changes, speed, sudden turbulence) data
using adaptive sensitivity adjustment of the system depending on flight conditions.

Recommendations for the hardware implementation of the proposed system
model in the aircraft's onboard aviation complex have also been developed.

ALGORITHM FOR OPERATION OF AVIATION EQUIPMENT
"ACCORDING TO TECHNICAL CONDITION" USING
GROUND MAINTENANCE CONTROL AND ON-BOARD
MEASUREMENT SYSTEMS

Y. Georgiev; K. Karlov; V. Horbenko
Ilvan Kozhedub Kharkiv National Air Force University

Years of underfunding and lack of procurement of modern aircraft have resulted
in the majority of the fleet in Ukraine being operated only according to its technical
condition.

It is advisable to create a single set of data that will be accumulated during the
work with aircraft, with access to it provided to operators, developers and repair
companies in Ukraine. Such an information and technical base will reduce
troubleshooting time by promptly providing technicians with the necessary
information to identify the causes of failures, place orders for spare parts, and
improve aircraft design and equipment.

The development of technical diagnostics and monitoring systems will
eventually make it possible to abandon periodic maintenance, performing work
solely on the basis of technical condition. The schedule of such work will be
optimised based on actual operation, which will help save financial and human
resources. An integrated approach involving ground and onboard diagnostic tools
will help prevent sudden failures of aircraft systems.

The introduction of such an algorithm in the context of the current development
of Ukraine's civil aviation will provide the ability to predict failures, which will
significantly increase the level of flight safety.

RESEARCH ON WARHEADS OF AVIATION AMMUNITION
FOR EFFECTIVE DESTRUCTION OF TACTICAL-LEVEL UAVS

A. Voronin; V. Hirnyi; M. Skarazhonak
Ilvan Kozhedub Kharkiv National Air Force University

The development of military technologies in the 21st century has led to the
active use of tactical-level unmanned aerial vehicles (UAVSs). Their use has
significantly influenced the conduct of hostilities, in particular during the Joint
Forces Operation (JFO) in eastern Ukraine. Modern challenges require the
improvement of warheads of aviation munitions to increase the effectiveness of
hitting such targets.

Unmanned aerial vehicles, due to their mobility, compactness, and ability to
perform both reconnaissance and strike functions, have become one of the key
elements of the modern battlefield. Their widespread use in the Joint Forces has
demonstrated the need to develop specialized means of combating them.
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Traditional aviation munitions were developed primarily to engage larger, less
maneuverable ground or air targets, which reduces their effectiveness against UAVs.
Therefore, research aimed at adapting warheads to new threats is extremely relevant.

Ased on an analysis of combat experience and technical characteristics of
aviation ammunition, several types of warheads can be distinguished that can
potentially be effective in combating UAVSs:

High-explosive fragmentation warheads;

High-explosive fragmentation warheads;

Programmable guided warheads.

The proposed solutions allow to increase the effectiveness of combat against
tactical UAVSs, which will contribute to the conditions of modern combat.

RESEARCH ON THE ADAPTATION OF TRANSPORTATION
MEANS FOR AIM-9 TYPE AVIATION WEAPONS UNDER
MIG-29 AND SU-27 AIRCRAFT

B. Revko; S. Pavlichenko
Ivan Kozhedub Kharkiv National Air Force University

Ensuring the effective and safe transportation of aviation weapons (AW) is a
crucial stage in preparing combat aircraft for mission execution. This study explores
ways to adapt transport trolleys for carrying AIM-9 Sidewinder missiles during the
maintenance and preparation of MiG-29 and Su-27 aircraft.

The structural features of existing transport platforms, their compatibility with
both Western and Soviet mounting standards, and potential modifications for the
safe and convenient transportation of missiles are analyzed.

Options for improving support elements, fixation systems, and adaptation to
different types of suspended weaponry are considered. The research findings can be
used to enhance the efficiency of aircraft ground maintenance and optimize logistics
processes in the operation of mixed aviation weapon fleets.

RESEARCH ON A UNIFIED MEANS OF CARGO TRANSPORTATION
AND SUSPENSION FOR AIRCRAFT

B. Revko; V. Miakota; M. Sosulin
Ilvan Kozhedub Kharkiv National Air Force University

The preparation of an aircraft for departure becomes more complicated when
considering the following trends in aircraft development:

—an increase in aircraft flight duration, in many cases, leads to an increase in
aircraft preparation time;

—the increase in aircraft load, consequently leading to an increase in cargo mass,
its range, and the number of suspension points, primarily results in a longer
preparation time for the next flight.

The entire process of preparing aviation weapons, transportation, and suspension
onto an aircraft can be divided into stages or elements, considering execution time
and the share of manual labor. The preparation time can be reduced by:

1. The delivery of aviation weapons as complete sets.

2. Reducing manual labor through the automation of suspension operations.

3. The capability of self-loading by the transportation means.
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At present, due to underfunding, the industry hardly produces mechanization
equipment, and the existing ones do not meet the characteristics and capabilities
required by operating units.

Based on the above, it can be stated that the purpose of the research is to develop
a standardized suspension system for the transportation of aviation weapons with a
load-bearing module.

By analyzing the existing mechanization means, it can be concluded that
domestic ones significantly lag behind foreign counterparts, and it can be said that
we have no such analogs. In recent years in Ukraine, due to repeated underfunding
of the Armed Forces of Ukraine, the production of mechanization means has
completely ceased.

Therefore, in order to reduce the aircraft preparation time, which has the highest
payload of aviation weapons compared to other domestic aircraft, and in the
conditions of limited funding for the Air Force, it is necessary to carry out a series of
works on the development and creation of a cheap and practical means of
transportation and suspension of aviation weapons.

The use of a standardized suspension and transportation system for aviation
weapons through a load-bearing module will reduce the aircraft preparation time,
and especially with a full combat load, it will significantly shorten the preparation
time for a subsequent sortie.

RESEARCH INTO DIRECTIONS FOR DEVELOPMENT
OF A UNIVERSAL SUSPENSION DEVICE FOR VARIOUS
TYPES OF AIRCRAFT VEHICLES

M. Sorochkin; D. Chuchvaga; I. Sitalo; E. Matvieiev
Ilvan Kozhedub Kharkiv National Air Force University

Research into the development of a universal means of transportation and
suspension of air-to-air weapons (ATO) is an important task in the context of
modern military aviation technologies. One of the most critical aspects of combat
training of aviation platforms is ensuring fast, safe and reliable loading of ATO. In
this context, the development of universal trolleys for transportation and suspension
of ATO allows optimizing the preparation of aircraft for combat missions, reducing
labor intensity and time for maintenance.

Automation of the processes of transportation and suspension of ATO faces a
number of difficulties. Modern aviation ammunition has significant differences in
mass, dimensions, shape and method of attachment. Traditional loading means are
often specialized, designed for a certain type of ammunition, which complicates
their universal use. The lack of universality leads to an increase in the costs of
purchasing and maintaining specialized equipment, and also reduces the efficiency
of preparation for departure.

A universal means of transporting and suspending the ATO should be built on
the basis of a modular principle. This will ensure: flexibility of adaptation to
different types of ATO, reduction of logistics costs, convenience in repair and
modernization. Modules can be quickly replaced or updated without the need for
complete dismantling of the system.

The development of a universal means of transportation and suspension of the
ATO has significant potential for improving the combat training of aviation units.
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STUDY OF PARAMETERS OF A PROSPECTIVE AIRBORNE
WEAPON FOR DESTROYING MODERN LIGHTLY ARMORED
GROUND TARGETS

M. Onyshchenko,; A. Semenyik; O. Yurkovska
Ilvan Kozhedub Kharkiv National Air Force University

Modern combat operations require high-precision and effective weapons for
engaging lightly armored targets such as infantry fighting vehicles, armored
personnel carriers, and mobile command posts. As a result, the demand for
developing advanced airborne weapons (ABWSs) capable of delivering high
accuracy, mobility, and efficiency with minimal ammunition expenditure is
increasing.

This study focuses on determining the key parameters of a prospective ABW,
including the type of warhead (high-explosive, fragmentation-high-explosive,
armor-piercing, or shaped charge), optimal caliber, guidance method (laser, inertial,
satellite, or a combination), and the feasibility of modular designs for adaptation to
various combat conditions. The study also examines the potential application of new
explosive compounds, materials, and technologies to enhance target engagement
effectiveness.

A comparative analysis of existing counterparts, such as the Hydra 70,
Brimstone, and APKWS, with emerging designs under development is conducted.
Tactical scenarios for ABW deployment are considered to ensure maximum
effectiveness while minimizing risks to aviation platforms.

The research results provide recommendations for improving the combat
characteristics of a prospective ABW, including the implementation of adaptive
guidance algorithms, weight reduction while maintaining destructive power, and
enhanced resistance to electronic warfare measures. The proposed solutions will
contribute to increasing the combat capability of aviation units and the effectiveness
of mission execution in modern warfare conditions.

SYNTHESIS OF ALGORITHMS FOR DETERMINING
CHARACTERISTICS OF ADVANCED AVIATION
GUIDED MISSILES TO TARGET ENEMY RADAR

SYSTEMS SUCH AS THE AGM-88 HARM

O. Sorochkin; D. Marchenko; P. Mershuk
Ilvan Kozhedub Kharkiv National Air Force University

The synthesis of algorithms for determining the characteristics of next-
generation aviation-guided missiles targeting enemy radar systems such as the
AGM-88 HARM aims to develop intelligent systems capable of adapting to the
dynamic conditions of modern electronic warfare. A key aspect is the integration of
artificial intelligence methods, particularly deep learning for radar signal analysis,
with sensor synthesis technologies to accurately identify target coordinates,
frequency, and type.

The algorithms must ensure autonomous real-time threat identification and
prioritization, accounting for tactical scenarios such as radar masking, decoy signals,
or active electronic countermeasures. Special attention is paid to adaptive guidance
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trajectories that consider terrain geometry, target movement, and the missile's energy
constraints.

To enhance system robustness, the proposal includes neural networks trained on
large datasets of radar signals and modular algorithm architectures enabling rapid
updates to targeting logic. Implementing these algorithms will increase target
detection range, reduce the likelihood of false targeting, and ensure effective radar
suppression even in high-countermeasure environments. This will lay the foundation
for a new generation of missiles capable of autonomous operations in complex
combat environments, which is critical for achieving superiority in air and space
operations.

RESEARCH ON WAYS TO REDUCE THE MISSION OF MANIPULATED
AIRCRAFT VEHICLES IN HITS ON AIR TARGET

P. Mershuk; D. Marchenko; O. Sorochkin
Ivan Kozhedub Kharkiv National Air Force University

Hitting a target with an aircraft guided missile is a complex event consisting of
two random events that occur sequentially in time.

The first random event is that the missile warhead detonates at a given point in
space with coordinates x, y, z relative to the target center. The probability of this
event is determined by the error law f(x,y,z).

The second event is that the striking elements of the missile warhead, which
explodes at a given point in the trajectory with coordinates X, y, z, will hit the target.

The dispersion of the warhead explosion points relative to the target is a
consequence of the errors of pointing the missile at the target in the coordinate plane
o(y,z) and the dispersion of the points of activation of the non-contact fuse (in the
case of a direct hit on the target, the detonation of the warhead is provided by the
contact fuse). In turn, the density of the dispersion of the points of activation of the
contact fuse can be described by a law of the form:

When using the concept of the conditional coordinate law of target destruction:

Thus, to determine the probability of hitting a target with one missile, it is
necessary to know:

— the law of distribution of target targeting errors ¢(y,z) in the picture plane;

—the dependence of the probability of triggering the non-contact fuse on
targeting errors f2(y,z);

— the conditional coordinate law of target destruction Go(y,z).

IMPROVEMENT OF METHODS OF MAINTENANCE
OF RADIOELECTRONIC EQUIPMENT OF MIG-29
BY MEANS OF INCREASING COMBAT READINESS

K. Lyman; O. Khizhnyuk
Ilvan Kozhedub Kharkiv National Air Force University

Modern requirements for the combat readiness of MiG-29 fighters in a full-scale
armed aggression of the russian federation require continuous improvement of the
methods of maintenance (MOT) of radioelectronic equipment(REE) on the aircraft.
Outdated maintenance methods are based on hands-on approaches and a reactive
approach to troubleshooting. They lead to increased equipment downtime, increased
repair costs, and reduced overall operational efficiency. To achieve the optimal level
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of combat readiness, it is necessary to make a transition to effective and fundamental
changes in the MiG-29 REE strategies. A key area of improvement is the
introduction of predictive maintenance systems (PMS). Analyzing data from
onboard diagnostic systems, using sensor technologies to monitor the condition of
REE components, and applying artificial intelligence to predict potential
malfunctions will allow the transition from a reactive to a proactive approach.[4]
Timely detection and elimination of possible malfunctions can reduce the number of
unplanned outages. Daily monitoring of the REE status will keep aircraft in constant
readiness to perform combat missions. Thus, the transition to predictive maintenance
is a key factor in increasing the efficiency of the MiG-29 fighter aircraft operation
and ensuring their combat readiness in modern warfare.

RELEVANCE OF AVIONICS DIAGNOSTIC PROCESSES

M. Digtar; Y. Khmel
Ilvan Kozhedub Kharkiv National Air Force University

Diagnostics of radio-technical short-range navigation systems (RSBN) as an
element of avionics is a crucial stage in ensuring their effective operation.

The problem of diagnostics lies in detecting malfunctions, assessing the
technical condition of equipment, and predicting possible failures.

The implementation of this process is possible through the analysis of system
operating parameters, the use of automated control tools, and mathematical
modeling methods.

The primary diagnostic method for RSBN s traditional scheduled maintenance
checks. Automated diagnostics using sensors and analytical algorithms enhance
RSBN efficiency. Predicting system conditions based on the analysis of large
volumes of data reduces the probability of errors.

Diagnostic tools monitor temporal and functional characteristics, while modern
conditions enable self-diagnostics based on artificial intelligence.

Failures and malfunctions generate a stream of statistical data used in the
synthesis of system data.

The obtained diagnostic results allow timely failure prediction, reduce
equipment downtime for recovery, and improve flight safety.

The relevance of using modern diagnostic technologies lies in optimizing system
operation processes.

Successful implementation of diagnostic systems requires the integration of
hardware and software components, as well as regular updates of analytical methods
considering technological advancements.

PROSPECTS FOR THE DEVELOPMENT OF THE ON-BOARD
DEFENCE SYSTEM

S. Karateev; S. Dukh
Ilvan Kozhedub Kharkiv National Air Force University

In the current conditions of armed confrontation, it is necessary to use aircraft,
which in turn must be equipped with modern and effective means of individual
electronic protection.

The main threat to aircraft performing missions in the combat zone is primarily
man-portable air defence systems (MANPADS), surface-to-air missiles (SAMs) and
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anti-aircraft artillery systems (AAS), as well as aviation weapon systems and
systems equipped with optoelectronic and radar guidance systems, guided missiles
with infrared (IR) and radar homing heads (RHH).

Most of the existing protective measures installed on the aircraft of the Air
Force (AF) of the Armed Forces (AFU) of Ukraine, developed in 1970-1980, are
technically outdated and ineffective against modern air defence systems. In
particular, the Su-24M aircraft, in the on-board defence system, uses L-082-Mak-UL
heat signatures based on infrared sensors with an imperfect algorithm for screening
out false targets.

The development of the on-board defence system installed on Su-24M aircraft of
the Ukrainian Air Force as a key element of electronic warfare is gaining more
importance.

It has been established that rocket engines use fuel with the addition of special
additives, which, when burned, leaves a characteristic trace in the ultraviolet (UV)
range of the spectrum.

This phenomenon can be used to detect the fact of an attack and identify the type
of ammunition.

Additional equipment of the missile warning station with UV sensors will
significantly increase the probability of detecting the type of missile, which will
reduce the time of counteraction and apply the most effective countermeasure.

RESEARCH ON WAYS OF INCREASING THE IMITATION RESISTANCE
OF THE SECONDARY RADAR AIR TRAFFIC CONTROL SYSTEM

M. Boiko
Ilvan Kozhedub Kharkiv National Air Force University

Analysis of combat experience of the Russian-Ukrainian war shows that the use
of aviation significantly affects the course of hostilities. Currently, secondary radar
radio systems, which are used in air traffic control system (ATCS), are widely used
in aviation. ATCE is used to guide aircraft into the landing zone of an aerodrome,
approach for landing, and ensure a safe landing. Aircraft transponders (AT) are an
integral part of ATCS. Upon a specific request signal, the AT provides automatic
transmission of information about the aircraft's tail number, remaining fuel, and true
flight altitude.

The main requirement for an AT when performing a combat mission is the
interference immunity of the response signal transmission channel. Such a channel
must be provided with immunity to imitation, speed and reliability of information
transmission during the use of electronic warfare systems. One option for increasing
the immunity and stealth of an AT is to use noise-like signals.

The report considers a variant of increasing the immunity of the AT response
signal using a chaotic nonlinear dynamic system as a carrier. A mathematical model
of binary sequence transmission and its extraction based on observation of a chaotic
signal is presented. The main characteristics of a chaotic signal are analyzed:
pseudophase portrait, amplitude-frequency spectrum, and autocovariance function.

Thus, the study of the mathematical model using the MathCad program
demonstrated the adequacy of the algorithm for recovering information from the
received chaotic signal, which is distorted by noise.
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PROSPECTS FOR THE DEVELOPMENT OF AN ON-BOARD
RADAR SYSTEM

O. Khizhnyuk
Ilvan Kozhedub Kharkiv National Air Force University

An airborne radar is one of the most important elements of onboard electronic
equipment, the technical capabilities of which largely determine its effectiveness in
solving the tasks assigned to a modern tactical fighter aircraft. According to foreign
experts, radars will remain the main means of detecting, tracking targets and guiding
guided weapons at them in the near future.

With the development of on-board computing systems and software
improvements, it will be possible to operate radars in two modes simultaneously:
tracking air and ground targets, tracking air targets and passing through terrain, and
others.

Therefore, the on-board radar system requires additional research to improve its
functioning, which will help to improve the operation of the on-board radar system.

Conclusion: The airborne radar station (ARS) is a key element of modern fighter
aircraft that provides target detection, tracking and weapon guidance. Thanks to
advances in computing technology, modern pulse Doppler radar systems can
perform multiple functions simultaneously due to the development of computing
technology.

ANALYSIS OF THE USE OF VOR RADIO NAVIGATION SYSTEM
IN UNMANNED AERIAL VEHICLES

T. Kryva
Ilvan Kozhedub Kharkiv National Air Force University

The use of the VOR (VHF Omnidirectional Range) system in common in
aviation, but unfortunately its application in unmanned aerial vehicles (UAVS) is
limited.

Nevertheless, some large UAVs can be equipped with VOR as a backup
navigation system for reconnaissance and high altitude missions. This is particularly
relevant in situations where there is a need to fly in civillian airspace in compliance
with traditional aviation regulations.

Today, modern VOR systems use machine learning algorithms that are able to
adapt the system to peculiar terrain features or common obstacles specific to a
particular location. These systems analyse data on signal transmission conditions
and use the necessary settings, thereby improving accuracy in difficult condition.

Digital signal processing is becoming more common in VOR systems. It is
characterised by the following features: it has higher measurement accuracy due to a
lower susceptibility to noise; digital algorithms can be easily modified and adapted
to any operating conditions; the latest microprocessor elements allow implementing
complex processing aigorithms in small devices; these systems are easily combined
with other aircraft systems.

Although, VOR isn’t the leading navigation system for UAVs, it can be used by
some large and specialised vehicles.
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ADVANCED AIRBORNE RADAR SYSTEM FOR A FIGHTER AIRCRAFT

V. Zhuk; R. Dehtiarenko; D. Holovko
Ilvan Kozhedub Kharkiv National Air Force University

The effectiveness of airborne radar systems in contested electromagnetic
environments is crucial for achieving air superiority and mission success. Therefore,
ensuring radar performance against active jamming is a primary concern. Several
techniques, including frequency, time, and spatial selection, can improve the
interference immunity of airborne radar receivers.

Modern technological advancements have led to the development of new
methods for enhancing the interference immunity of airborne target detection
systems. The integration of cognitive radar technology is a particularly promising
area. Cognitive radar systems, capable of automatically adjusting their parameters to
a changing electromagnetic environment, are a key focus of current research. These
systems leverage artificial intelligence to boost the effectiveness of radar operations.

A suitable operational algorithm is essential for implementing such a
multifaceted approach. The specific algorithm must be chosen based on the
electromagnetic conditions within the radar's operational area. Critically, the ability
of artificial intelligence to select the most effective target tracking method at any
given time improves the probability of detecting moving airborne targets.

Consequently, the implementation of cognitive airborne radar systems offers a
significant potential advantage for enhancing operational efficiency and ultimately
securing air dominance.

STUDY OF WAYS TO INCREASE THE RANGE OF TARGET DETECTION
BY AVIATION OPTOELECTRONIC SIGHTING SYSTEMS

T. Hrynchuk; K. Malyshok; O. Hnusenko
Ilvan Kozhedub Kharkiv National Air Force University

On the modern battlefield, the ability to detect targets at long distances is critical
to the effectiveness of combat operations and is therefore a priority area for aircraft
development.

Optical-electronic target designation systems used by combat aircraft such as the
Su-27 and MiG-29 play an important role in target detection and tracking.

The study is aimed at studying the possibilities of increasing the range of target
detection using aviation optoelectronic target designation systems.

To achieve the possibilities of increasing the range of target detection, it is
proposed to use: computer modeling, real-time data analysis and comparative
analysis of various systems. It is planned to increase the range of target detection by
aviation optoelectronic sighting systems by improving signal processing algorithms
and using modern technologies, namely matrix photo detectors in the design of
equipment.

A method of modernization has been proposed — expanding the spectral range of
IR radiation, by replacing the photodetector FPU-1 with a modern matrix
photodetector, which in turn will improve target detection ranges and resolution.

To increase the reliability of recognition, it is planned to display the image of the
target on a multifunctional indicator (screen) in the cockpit or on the visor of the
pilot's helmet.
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DIGITAL ADAPTIVE FILTERING AS A MEANS OF ENHANCING
THE INTERFERENCE IMMUNITY OF AN AIRBORNE RADAR

R. Dehtiarenko; D. Holovko; Z. Tsiurak
Ivan Kozhedub Kharkiv National Air Force University

In dynamic environments, digital adaptive filtering is a powerful technique for
enhancing the interference immunity of radar systems, including the product H019.
Using the Kalman algorithm for filtering and target position correction significantly
mitigates the effects of random signal fluctuations and noise, leading to more
accurate real-time target positioning. The Kalman algorithm dynamically adapts to
changing noise and interference conditions, crucial for unstable operational
environments, by evaluating and adjusting the target trajectory based on the
statistical characteristics of the signal and noise.

Wiener filters offer optimal filtering by minimizing the mean square error
between input and output signals, effectively reducing noise at the system output.
This is particularly beneficial for processing weak signals in the presence of strong,
persistent interference, a key requirement for detecting small targets amidst radio
frequency noise. By optimizing the signal-to-noise ratio, the Wiener filter improves
target detection and localization accuracy, especially when the signal is significantly
weaker than the interference. Combining these methods in the radar ensures high
system reliability, precision, and efficiency across a broad range of interference
scenarios, which is essential for modern military applications.

Improving digital adaptive filtering in airborne radars, specifically through the
application of the Kalman algorithm and Wiener filtering, significantly enhances
interference resistance. This leads to more precise target position correction and
effective noise suppression, which is particularly important for detecting small
targets in high-interference environments. The integrated use of these techniques
contributes to increased radar system reliability and efficiency in challenging
conditions.

WAYS TO INCREASE THE ACCURACY OF DETERMINING
THE HEADING ANGLE OF THE RADIO STATION
BY AUTOMATIC RADIO COMPASS

M. Melnyk; A. Kozlova; M. Semko
Ilvan Kozhedub Kharkiv National Air Force University

The automatic radio compass is designed for aircraft navigation on drive and
broadcast radio stations, it provides a continuous reading of the heading angle of the
beacon. An automatic radio compass is a device that uses radio signals from ground
radio beacons to determine the course of an aircraft. The device automatically
adjusts only to receive signals and determines the direction to the beacon.

The accuracy of determining the heading angle of the radio depends on the
conditions of propagation of radio waves, the flight mode and the characteristics of
the system itself.

Under normal conditions, the radio compass receives a vertically polarized radio
wave. However, due to the presence of horizontally arranged elements of the frame
on it under abnormal conditions of propagation of radio waves affects the field with
horizontal polarization. Under these conditions, curvature of the directional pattern
and direction finding errors may occur.
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To improve the accuracy of bearing determination and reduce the influence of
mirror reflections for the medium-wave range, it is proposed to use the Adcock
cross-loop, which consists of two or four vertical dipoles arranged in pairs. Each pair
of dipoles creates an electrical equivalent of a loop antenna. To compensate for
phase distortions that occur in the antenna system, phase correctors are used, which
allow to improve the accuracy of determining the direction to the radio station,
especially in conditions of influence of the structural elements of the aircraft.

Thus, using the above proposals, it is possible to improve the operation of the
automatic radio compass, which will allow more efficient performance of combat
missions.

ADAPTATION TO LIMITED AIRCRAFT MAINTENANCE PROCESSES

M. Dihtiar; A Tambovtsev; O. Babych; I. Skliar
Ivan Kozhedub Kharkiv National Air Force University

Problems in the technical operation of on-board radio-electronic equipment in
limited conditions and measures to reduce risks. In limited operating conditions,
maintenance of on-board electronic equipment (REE) faces numerous problems,
primarily related to the erroneous actions of the operating personnel. To ensure a
high level of flight reliability and safety, it is necessary to implement a set of
measures.

The integration of automated diagnostic and monitoring systems will make it
easier to detect faults in real time and significantly reduce the time to fix. The use of
portable tablet-type electronic computing devices (PECD) with specialised software
will help mitigate the operational risks associated with REE.

Upgrading the skills of technical personnel through the implementation of
training programs based on empirical calculations can reduce maintenance time by
15-20%.Modelling of combat scenarios is becoming more common in modern
military practice. The inclusion and use of training simulators, based on the
experience of foreign partners, is a priority in specialised training. Accounting for
external factors and sudden situational changes requires dynamic adjustments and
adaptations in maintenance procedures. Stochastic technological processes in such
conditions can be solved by developing mathematical models that combine the
maintainability of the system with key performance indicators.

The comprehensive application of these measures will increase the efficiency
and reliability of REE service under operating constraints, ultimately ensuring
sustainable combat readiness.

RESEARCH ON WAYS TO IMPROVE THE SECONDARY RADAR
AIR TRAFFIC CONTROL SYSTEM

M. Boiko; D. Zuienko; D. Dolynyuk; Z. Tsotok
Ilvan Kozhedub Kharkiv National Air Force University

Considering modern requirements for ensuring flight safety and enhancing the
operational efficiency of aviation, the development of air traffic control
system (ATCS), is highly relevant. The outdated component base of existing devices
limits their functionality and reliability, increasing risks during mission execution.

A method to improve secondary radar of ATCS is proposed through the
implementation of addressed aircraft transponders and collision avoidance systems.
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This involves the modernization of aircraft transponders CO-69 and CO-72 to ensure
compatibility with RBS and Mode S operations.

The development aims to enhance the reliability of ATCS by duplicating altitude
data, thereby minimizing the number of conflict situations during flights. It also
provides automatic real-time warnings to the crew about hazardous situations.

Thus, the proposed development enables the integration of modern technologies
into existing ATCS, improving their efficiency, reducing collision risks, and
optimizing airspace usage.

OPTIMIZATION OF UAV ROUTE PLANNING FOR EFFECTIVE
DETECTION OF ENEMY OBJECTS

V. Kryvonos', Candidate of Technical Sciences;
O. Datskiv’; V. Kukharenko®; O. Halepa’
lvan Kozhedub Kharkiv National Air Force University;
2Military Unit 40449;
SMilitary Unit 41850

Unmanned aerial vehicle (UAV) systems have become an indispensable tool for
conducting aerial reconnaissance and detecting enemy objects. The effectiveness of
target detection depends on a number of factors, such as weather conditions, time of
day, terrain characteristics, as well as the enemy's capabilities for radar and optical
surveillance. To ensure maximum efficiency of aerial reconnaissance, careful
planning of flight routes is required. Optimizing this process improves the accuracy
of reconnaissance data, reduces resource costs, and ensures mission safety.

One of the promising approaches to improving route planning efficiency is the
integration of artificial intelligence (Al) systems. Such systems enable the creation
of adaptive and dynamic flight trajectories, taking into account a wide range of
variable factors. These include current weather conditions, the activity of enemy air
defense systems, and the risks of UAV detection by enemy radar stations.

The implementation of advanced technologies, particularly artificial intelligence,
significantly enhances mission efficiency, reduces risks for unmanned vehicles, and
increases the likelihood of successful target detection. This makes UAVs an even
more powerful and reliable tool for conducting modern military operations,
providing a strategic advantage on the battlefield.

PERFORMANCE OF COMBAT TASKS BY UNMANNED AERIAL
SYSTEM UNITS OF VARIOUS PURPOSES

Y. Krepko?; K. Akimenko?; O. Lova’
!lvan Kozhedub Kharkiv National Air Force University;
2Military unit A1850

The modern experience of using unmanned aerial systems (UAS) in combat
conflicts confirms their high effectiveness. They reduce risks for personnel, provide
target accuracy, and improve decision-making speed. However, to achieve
maximum efficiency, factors such as counteraction from the enemy, weather
conditions, and the technical capabilities of UAVs must be considered. UAS units of
various functional purposes, such as reconnaissance, strike, electronic warfare, and
others, are actively used to achieve strategic objectives on the battlefield.

The main tasks performed by UAS units are reconnaissance and surveillance,
target destruction, electronic warfare, logistics, and communication.
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Unmanned aerial system units of various purposes are a key element in modern
combat operations. Their effective use requires careful planning, consideration of
combat experience, and integration of advanced technologies to optimize task
performance.

FEATURES OF SWARM APPLICATION OF UNMANNED AIRCRAFT

V. Ivanyuk?!, Candidate of Technical Sciences Associate Professor;
P. Martynenko?!; O. Shmyhlenko?; R. Smyk?®
lvan Kozhedub Kharkiv National Air Force University;
2Military unit 44355

The experience of modern military conflicts and the Russian-Ukrainian war
indicates the growing role of various types of unmanned systems on the battlefield.
Currently, there has been a transition from the use of single unmanned vehicles to
their group use and a transition to the use of unmanned vehicles as part of a swarm is
underway.

A feature of the modern organization of complex systems is that the
predominant organizational structure is not a hierarchy, but a network. Network
structures are more mobile, more stable, more reliable; the failure of some network
elements does not lead to the failure of the entire network, various information is
distributed more quickly over the network and interaction between different
organizational and technical levels is carried out.

The analysis shows that the defining and implemented with a high degree of
reliability innovation in the combat use of unmanned systems is the possibility of
active exchange of information between control objects in real time, the organization
of not individual, but collective behavior of combat and error-prone means and
making collective decisions with their effective individual implementation. The
main component in the infrastructure of combat use is a single network of intelligent
unmanned systems with a specially organized control system.

In many countries of the world, research is being conducted on the tactics of
using swarms of reconnaissance and strike unmanned systems based on unmanned
aerial vehicles for various purposes.

It is worth noting that the spread of the ability to inflict guaranteed damage on
mobile and camouflaged objects protected by air defense systems, as well as objects
with a priori unknown coordinates, causes significant interest among the leading
countries of the world in implementing the idea of swarm use of unmanned aerial
vehicles.

JO IMIMTAHHSA 3ABE3IIEYEHHSA CTIP'IKOCTJ I KUBYYOCTI KAHAJIY
YHPABJIIHHS BE3IIJIOTHUX ABIAIIIMHUX KOMILJIEKCIB

O.B. Craspos; M.M. Paouenko; A.B. Tumapenxo; B.I". Caiiko
Biticokosuii incmumym menexomynixayii ma ingpopmamusayii im. I'epoie Kpym

KuBydicth 1 CTIHKICTh KaHaJly YNpPaBIiHHA BH3HAYAETHCS SK 3IaTHICTDH
36epiratu cBoi poOodvi MmapaMeTpu B YMOBax BIUIMBY Ha HBOTO Pi3HOMaHITHHX
necTabinizyrounx (aKTopiB y BHIVISI HEHAaBMHCHHX | HaBMHUCHUX pajio3aBa.
OaHUM 13 HampsAMKIB BHPINICHHSA 3aBIAHHA IOJ0 3a0e3MeueHHsS CTIHKOCTI i
JKMBYYOCTI KaHany ynpasiiHHsi BnAK e cTBopeHHs ajqbTepHaTHMBHHX MapLIPYTiB
NPOXOJ/DKEHHs Kepyrodoi iHdopmaliii nIUsiXoM pe3epByBaHHs KaHANIB yNPaBIiHHI.
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TexHiuHi XapakTepUCTHKH OOJIaHAHHSA MIIOYMX KaHamiB ympasimiHHA bBbnAK
JIOIYCKAIOTh MOPYIIeHHs ynpapiiHHsS BIAK NumsxoM 3acTocoBYBaHHS BiJIIOBITHHAX
3aco0iB pamioenekrpoHHoi OGoporsbu (PEB) mpormbopuoio croponoro. Jlms
BUpIIICHHS 3aBJaHHs HaliifHOCTI KepyBaHHs bAK mpomoHyeThcs 3acToCOByBaTH B
SIKOCTI  JTOJaTKOBOTO IHCTPYMEHTy, /IS YHUKHeHHsS BBy 3acobiB  PEB,
nomatkoBoro moxymo LTE-3B’s3ky. 3anmponoHoBaHMH MOJyJb HOBHHEH OyTH
CYMICHHM y po0OTi 3 00aHaHHSIM 0A30BHX CTaHINH Y THX YaCTOTHHX Jiala3oHax,
O MiITPUMYIOTECS Ha OCHOBI yacToTHUX OeHaiB (B1, B3, B7, BS), sxi mo3BoneHi
JUIL BHUKOPHCTAHHS YKpaiHCBKUMH MOOUTBHMMH omepartopamu. OcoOnMBiCTh
3aCTOCYBaHHSI HaBEJCHOTO MOJYJIIO IIOJISITAE y TOMY, IO Y BHUNAAKY NPHITYIICHHS
poboTn OCHOBHOTO pajiokaHay kepyBaHHS BTAK HaBMHCHOIO panio3aBajoro, II0
opraHizoBane 3 jgomomoror 3aco0iB  FHSS pamio3s’s3ky, 3miiicHIOETBCS
MEePEKIIIOYCHHST Ha PE3ePBHUIl KaHal YIPABIIHHSA, L0 OPraHi30BYeThCA LUIIXOM
nigkmodeHHs Moxyisi LTE-3B’s13Ky. 3B 530K 3a0e3medyeTbes 3aBASKU HAsABHOCTI Y
ckiaagi momyns LTE-3B’s3Kky nABox akTtuBoBaHMX SIM-KapT THX omeparopis
MOOLTBHOTO 3B’S3KY, SKi 3a0e3MeUyOTh pPATIONOKPHUTTS Ha MICLHEBOCTI, e
3IiHCHIOETBCA 3acTocyBaHHS bAK.

AHAJII3 MOKJIMBOCTEM ICHYIOUYHUX ITPUJIAJIB BUMIPIOBAHHS
IMIYMY TA iX TEXHIYHUX XAPAKTEPUCTHK
JJIs1 TIPOBEJEHHSI BUIIPOBYBAHD

M.B. Anopywro; O.€. Kysvmiu; €.0. I'y3iii; A.M. Anopywxo
Jlepoicasnuil HayKko80-00CaiOHULL IHCIMUmMym eunpo6yeaus i cepmuixayii
030pPOEHHA Ma BIlICbKOBOI MeXHIKU

CyyacHa  BOEHHO-TEXHIYHAa  TIOJITHKA  XapaKTepPU3YeTHCS  BUCOKOIO
JUHAMIYHICTIO, THYYKICTIO, CKOHIIGHTPOBAHICTIO Ha IPIOPUTETHUX HANpPsIMKax
BOEHHO-TEXHIYHOTO OyAiBHHMITBA /I JOCATHEHHS TEXHOJIOTIYHOI IepeBarn Ta
30iTbIIeHHs iHpOpMaIiiftHOI CKiIamoBOi 3a0e3meyeHHs omepamiii (00HOBUX Iiif).
HasBHiCTh CHIpaBHOTO, TOTOBOTO 10 HETAHHOTO 3aCTOCYBaHHS BUCOKOTOUHOrO OBT
€ O00O0B’SI3KOBOI0 yMOBOIO TIpH BUKOHAHHI 3aBJaHHSI y pPI3HOMaHITHHX 30HaX
OoifoBHX miit.

Ha nmanwmit wac npu po3pobieHi (MoAepHi3allii) TeXHIKH BUKOPUCTOBYIOTh Pi3Hi
METOAM MePEeBIpKU MO0 BUMOT HAIIHOCTI AeTaliei i 3aXHCTy BiA pi3HHX 3aco0iB
ypaxeHHs. B mepeBaxkHiil OUIBIIOCTI iCHYIOYi METOIHU TEPEBIPKH HE NAlOTh 3MOTY
OTpUMAaTH OUTBII MOBHY 1H(OpPMALIO 100 BHYTPIMIHIX Ae()EKTIB Ta IMOIIKOKEHb
MaTepiany. BaxxmBy poiis B IbOMY aCIIE€KTi BiIirpa€e IMIyMOBa MOMITHICTh 00 €KTY.

HopMaTtuBHMMH Ta TEXHIYHHIMH JOKyMEHTAMH BHU3HAYAETHCS, IO JUI aHANIZY
Ta OI[IHIOBAHHS IIyMy Y HaBKOJHIIHBOMY CEPEIOBHINI BUKOPUCTOBYIOTh HACTYITHI
TapaMeTpu:

— piBeHb 3BYKOBOTO THCKY (sound pressure level) — me nBamusTh AECATKOBUX
norapuMiB BITHOCHHHM CEPEIHBOKBAJPATUIHOTO 3HAYCHHS ITAaHOTO 3BYKOBOTO
THCKY JI0 OTIOPHOT'O 3BYKOBOTO THCKY;

— piBeHb 3ByKkoBoro BIUMBY (sound exposure level) — me necsiTb AeCSITKOBHX
norapu(MiB BiTHOCHHH 3BYKOBOTO BIUIMBY JIO OINOPHOIO 3BYKOBOTO BILIUBY;
OTNOpPHUM 3BYKOBHUH BIJIMB — NOOYTOK KBaJpara OIOPHOTO 3BYKOBOI'O THCKY Ta
OMOpHOrO iHTEepBaly 4acy 1 ¢ — cepegHid 3a vacomM ab0 eKBiBaJICHTHUH
Ge3nepepBHuii piBeHb 3BYKY (Leq);

— piBeHb ITIKOBOTrO THCKY 3BYKY (PeakMAX).
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BumiproBansHuil npuiIaz, SIKHH BUKOPUCTOBY€ETHCS JUIS OL[IHKA PiBHS HIyMy abo
3BYKY IUIIXOM BHMIPIOBAaHHS 3BYKOBOTO THCKY Ta YacTO Ha3WBAIOTh BHMipIOBaueM
pIBHS 3BYKOBOTO THCKY, BHUMIpIOBadeM JeluOen, BHUMIpIoBaueM MIyMy a0o
IIyMOMIPOM.

Bynp-sike BuMiproBanbHe 0oONagHAHHS MiIOUPAETHCS MiJl KOHKPETHY CHUTYAIIifo,
MIPUYOMY BPaxOBYETHCS 1 HOTO KJIac TOYHOCTI.

Crig BiIMITHTH, IO Hapsay 3 IIyMOMipaMH B AaHid o0JiacTi 3aCTOCOBYIOTHCS
BIOpOMETpH Ta aHaNII3aTOPH 3BYKY.

OcCHOBHI TIpOOJIEMH NPH BHKOPHCTAHHI JIa3epPHUX BiOPOMETpPIB — BHMOTH IO
CBITJIONIPOBITHOTO CEPEOBHIIIAa MiX JIa3€pOM 1 IOBEPXHEI0 BHMIPIOBAHOTO 00’€KTa
Ta HEMOXKJIMBICTH TPOBEJCHHS BHMIpPIOBaHb Oe3IOcepeHhO HA POOOYHMX MICIIX.
Taxox 3HAaUHMMH OOMEXEHHSMH € TIIHOOKI (Di3MKO-MaTeMaTHdHI OCHOBH METOY,
BHCOKa TEXHIYHA CKJIQJIHICTh Ta BapTiCTh 00JIaAHAHHS.

OcHOBHi 00;1aCT1 BUKOPUCTAHHS JIa3€pPHUX BIOPOMETPIB:

— BIMIPIOBaHHS MapaMeTpiB pyxy 00’€KTa B yMOBaX poOOTH, KOJH iCHY€ BIUIUB
30BHIIIHIX (aKTOPiB, TAKUX 5K TEMIIEPATypa, THCK, arPECHBHE CEPEAOBHIIE TOLIO;

— BUMIPIOBAHHS MapaMeTpiB MEXaHIYHUX KOJIUBAHb JeTalell Ta KOHCTPYKLIH 3a
YMOB BHCOKHMX [IHHAMIYHUX HABAaHT@XCHb, SKi BHUHUKAIOTh IPH TPOBEICHHI
BiOpaIiifHuX BUIPOOYBaHb;

— BUMIPIOBaHHS MapaMeTpiB MEXaHIYHMX KOJNMBAaHb IiJl Yac METPOJIOTIYHOI
aTecrarii BiOpo BUMIpIOBAILHOI amapaTypH.

HalfnomupeHimowo  OJWHHIECI0O aKyCTUYHOTO  BHUMIPDIOBAaHHA 3BYKy €
neuuben (nb), ogHak gedKki ITyMOMIPH TaKOX BH3HAYAIOTh EKBIBAJICHTHHH
Oe3mepepBHUH piBeHb 3BYKY (Leq) Ta iHII aKyCTHYHI MapaMeTpH.

Binpmricte BUMipIOBaHp IIyMy OOMEKEHO MAaKCHMAaIbHHM DPIBHEM 3BYKOBOTO
TucKy B mianmasoni Big 140 mo 150 b, ame, icHye psag morped, Takmx SK
BUMIPIOBAaHHSI IIOCTPLTY, IIYMy PO3KPUTTS IOBITPSHOI MOAYINIKM TOIIO, SKi
NoTpeOyIOTh BUMIpIOBaHb (IIyKTyalliil AMHAMIYHOTO THCKY, BiIIIOBITHOTO pPiBHS
3BYKOBOro THCKy Bume 160 nb, mo xapakTepHO Ui MPOBEIECHHS BHCOKO
IHTEHCUBHUX BHIIPOOYBaHb.

3ACTOCYBAHH BUMIPIOBAJIbHUX CUCTEM TA JATUHUKIB
BIBPALII ITIIJT YAC BUITPOBYBAHDb BI/ITHOBJIEHUX TA
MOJUPIKOBAHUX BEPTOJILOTIB

O.€. Kysvmiu; I1.JI. Apkywenko, k.m.H., cm.0.; M.B. Anopywxo
Jlepoicasnuil Haykoeo-00Ccionull incmumym eunpo6yeans i cepmuixayii
030pPOEHHS MA GIICLKOBOI MEXHIKU

MMix wac Bixcium mmpoxomaciTabHOi 30poitHoi arpecii pociiicbkoi (enepartii
MpOTH YKpaiHH € icTOTHa HeoOXiHICTh B IHTEHCHBHOMY 3aCTOCYBAaHHI BEPTOJBOTIB
Pi3HOTO LITBOBOTO MPU3HAYCHHS ISl BUPILICHHS 3aBJlaHb MiATPUMKH Ha3eMHHX CHII
o6oponn Ykpainn.

B xoni anHamizy AOCBiIy eKcIuTyararii BEpPTOJITHOTO MapKy MiJ 4Yac BEACHHS
OoioBMX miif 3’scOBaHA HEOOXIAHICTh, 3 METOK TIOKpAaIleHHS OOHOBHX
XapaKTepUCTUK Ta MiJBUIIEHHS O KUBYYOCTi, BCTAHOBJEHHS JIOIATKOBOTO
oOmagHaHHS ~ (KyJleMeTiB, IIyCKOBMX  KOHTeiiHepiB, oOmagHanas  PEB,
MOJICpHI30BaHUX EKPAHOBHXJIOMHUX MPUCTPOIB Ta TEIIOBUX MACTOK TOILO).

BcraHoBIIeHHST TOMATKOBUX CreHU(iYHUX KPIIUICHb Ha (rO3eNshKi BEPTONBOTA
COpUYMHSAE 3MIHM B TOBITPSHOMY IIOTOII B3JOBX XBOCTOBOi Oaiku Ta
TOPH30HTAILHOTO CTablIi3aTopa, 0 B CBOO Yepry MOTEHIIHO MOXe BILTHHYTH, K
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Ha JIbOTHO-TEXHIUHI XapaKTepHCTHKU TaK 1 CIPHUYHMHATH JOJAaTKOBE BiOpariiiHe
HaBaHTA)XEHHS HAa XBOCTOBY 0aJIKy BEpTOJIBOTA, IO € JyKe KPUTUIHHM.

Jnst OTpUMaHHS YHCIOBHX 3Ha4deHb BIOpamifHMX HaBaHTaXEHb B3TOBXK
XBOCTOBOI OajKkW Ta TOPU3OHTAIBHOTO CTadiii3aTopa MOTPIOHO BCTAaHOBUTH
aKceJIepoMeTpH, sIKi OyAyTh IEepeTBOPIOBATH BIOpaIil0 B €NEKTPUYHHN CHTHAI i
BU/IaBaTH HOTO Ha CHCTEMY OOPTOBUX BHMIpPIOBAHb.

3 MeTOI0 PO3yMIiHHSI MOXKJIMBOTO BIUTMBY BHECEHUX 3MiH (pi3HI HE CTaHIApTHI
BapiaHTH 30BHIIIHBOI MIJBICKA Ta BCTAHOBICHOTO JOJATKOBOTO OOJIaHAHHS)
BHUHHKA€ HEOOXIAHICTH B IPOBEIECHHI BUIPOOYBaHb, 3 3aIy4eHHSIM MOIM(iKOBaHOTO
1 He MOIM(IKOBAHOTO BEPTOIHOTA, ITiJT Yac SIKMX OyJ/ie HaJaHO BiJMOBIh Ha CKITBKH
CYTT€BO 30UIBIIMINCH BiOpamiifHi HaBaHTa)XCHHS IpH poOOTi Ha 3eMIIi Ta Ha BCIX
eKCITyaTallifHuX peXHUMax IOJbOTYy B 3aIEKHOCTI BiJ BapiaHTIB 3aCTOCOBaHOL
MiJABICKM Ta BCTAHOBJICHUX MPUCTPOIB.

Ha mouatky HaszemMHuX BUIpoOyBaHb HEOOXITHO MPOBECTH NETANBHHN aHAaJi3
MOBEIIHKM XBOCTOBOi YacTMHHM BEPTOJNbOTA B CYKYIHOCTI 3 BCTaHOBJICHHM
JI0IaTKOBHM 30BHIIIHIM 00J1aHAHHSM.

JaHi TecTu MOBHHHI MiATBEPAUTH CTPYKTYPHHH BIUIMB KOHCTPYKTHBHHX 3MiH B
HaBiCHOMY 00JIaHaHHI BEpPTOJIHOTA HA BCIX MEpeA0auYeHUX PEKUMaX HOIbOTY.

[lix wac npOTHOI 4YacTUHM BUNPOOYBaHb MOTPIOHO TEPEBIPUTH BILIHB
BCTaHOBJICHOTO JIOAATKOBOTO HABICHOTO OONaHAHHS 1 BCTAHOBICHUX IPUCTPOIB Ha
XBOCTOBY YaCTHHY BEpPTOJIbOTA.

3 MeTor0 3a0e3MedYeHHs MOPIBHIIBHUX Pe3yIbTaTiB 3aBAaHHS HA IOJIT HOBUHHO
OXOIUTIOBATH BECh EKCIUTyaTalliiHUH Iiala3oH MO IIBUAKOCTI, BHUCOTI, KpeHy Ta
TaHTaXy. EKimaxXy HOBITPSHOTO CyqHa HEOOXiIHO BUKOHATH JaHE 3aBHAaHHS Ha
MOJIT, SK 3 BCTAHOBJICHMM [OJATKOBMM OOJIagHaHHSAM Tak 1 0e3 Hboro. lle
JO3BOJIUTH OOTPYHTOBAHO OLIHUTH HACTIAKH MO (piKariii.

IIpoBenenHss Takoro poxy BUNPOOYBaHb  JO3BOJHTH  BiJIpalIOBaTH
00IpyHTOBaHI pEeKOMEHAIll, BU3HAUCHI KPUTHYHI PSKHUMH Ta BHECTH BiJIOBIIHI
3MIiHHM JI0 KepiBHUITBA 3 JILOTHOI €KCIUIyaraiii, 0 JO3BOJHTH OLIbII Ge3nedHo
EKCIITyaTyBaT MO (ikOBaHHI BEPTOIIT.

MOIJISIN HA MIIBALEHHS ®YHKI[IOHAJTBHOI EGEKTUBHOCTI
BOPTOBUX CUCTEM PO3INI3HABAHHSI BIJIA PO3BIIKHN
TA KOPET'YBAHHS BOI'HIO APTUJIEPIL

A.IT. Menvnux®; B.O. Cynpyn?
Haykoeo-0ocnionuii yenmp paxemmux 6iiicbk i apmunepii;
2Cymcbrutl Oeparcasnuii yHigepcumem

BinbutTst pociiicbkol arpecii BKOTpe IOBOJUTh €()EKTUBHICTH 3aCTOCYBaHHS
Oe3minoTHHX JiTaabHuX anapaTi (BrnJIA) po3Bigku Ta KOperyBaHHs BOTHIO.

EdexTuBHICTE 3acTOCyBaHHs, NepIl 3a BCe, IOB’sA3aHA 3 paAiycoM i
3a3HaueHNX BmJIA, yacom 3HaXOmXKEHHS B IOBITPi, @ TAaKOXX MOIIMBOCTIO OO0
pO3BiIKK (IOPO3BiAKH) Ta pO3MI3HABAHHS Ha MICHEBOCTI 00 €KTiB (IIiieii)
MIPOTUBHUKA. Y CBOIO dUepry, peamizamis MoxkiamBocteil BrJIA momo po3Bimku
MOB’s3aHa 3 OCHAIICHHSAM IX CyYaCHHMH ONTHKO-€JICKTPOHHHMH CHCTEMH Ta
6oproBuMH cucteMamu posmizHaBaHHs (BCP).

Ha cporomHi OCHOBHI HaNpsIMKH TiIBUIIEHHS (yHKIioHATEHOCTI BCP moB’s3ani
3 MiJBHIICHHSM €(EeKTUBHOCTI i TOYHOCTI pO3Mi3HaBaHHA 00 €KTiB, amamTamii a0
YMOB OOCTaHOBKH Ta 30UIBIICHHS aBTOHOMHOCTI, IIO JOCSATAETBCA 3a PaxyHOK
BIPOBA/DKEHHS IITYYHOTO IHTENEKTY.
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ABTOpaMH aHaNI3y€eThCsl HANPSIMOK, MOB’sI3aHUK 3 TIHOoKMM HaB4daHHAM BCP,
SIKMH 0a3yeThesl Ha peanizalii TaKnX HeHPOHHNX MEpeX, IK:

— konBoutoutifini  Hediponni Mepexi (CNN), peamizamiss sKux 03BOJISIE
aBTOMATHYHO 1 3 BHCOKOIO TOYHICTIO BUSIBIATH, KJIACH(IKyBaTH Ta BiICTEXYBaTH
00'€KTH B CKJIaJJHUX YMOBAaX, TAKHUX SK TyMaH, AWM, c1a0Ka OCBITJIIEHICTh TOIIO, 11O
€ KPUTHYHO BOKJIUBHUM Y CyJacHHX YMOBaXx;

—pekypentHi  Hediponni wmepexi (RNN), peamizamist sikux —3abesnedye
00poOJICHHS BiJICONOTOKIB, CEHCOPHHMX MJAHMX Ta PaioJIOKAiHHUX CHTHAIIB Yy
PEKHUMI peasbHOTO Yacy, IO J03BOJIIE IIOKPALUTH TOYHICTh BUSBICHHS.

KOMIUVIEKCHI MOHITOPUHI'OBI JOCJIIJUKEHHA
KOMIO3UUIMHAX MATEPIAJIIB ®PAI'MEHTIB 3PA3KIB
IIJIAHEPY BILIA TEPAHB-2 PI3HUX CEPIN

JLIO. Hosocao, k.m.H., C.H.cC.
LenmpanvHuii HaAyK080-00CTIOHULL IHCIMUMYM 030POEHHSA
ma siticbko6oi mexwixu 30pounux Cun Yxpainu

VY xoni mpoBeaeHHS JOCHIIKEHb OYIIM MPpOoaHali30BaHi 0COOINBOCTI CTPYKTYypH
3pas3KiB, CKJIa] MOJIiMEpHUX KoMIo3umiifaux Marepianis (IIKM), ix BmacTuBocTi.

I[IKM BrJIA T'epanbp-2 pi3HHX cepiif € KOMIIO3UTH 3 aMOP(HOIO MOJIIMEPHOIO
MaTpHUIICI0 PI3HOTO CTyNeHS CTPYKTypH3alii Ta pi3HUMH HallOBHIOBaYaMH,
MOKPUBHUM ImapoM 3 ¢apboro (30kpema, rempkoyT). lllapu ByriemracTuka, 1o
MICTSTh 3-4 mapu OIHOCHPSMOBAaHHMX BYTJENeBHX BoJIoKoH 3 [TAH mpexypcopis,
ykirageHux mia kytom 900 (B3a€MHO TEpIEHIUKYISIPHO), OIHOCIPSIMOBAHUX
CTPIYOK, YKIQAEHUX Mg KyToM 45°, mmapu CKIOTKaHHMHU IIOJIOTHSHOTO
TIepeTUICTEeHHSI.

IpoBeneni mocmimkeHHs enekTpo-(isnunux BnactuBocted [TKM, mposeneHi
BUMIPIOBaHHSI OINPOMIHIOBaHHS KOMIO3HUIIHHUX MaTepiaiiB, a TaKOX PO3pPaxyHKH
3MiHH €JIeKTPOMarHiTHUX BilacTHBocTed MarepianiB briJIA mpu 3MiHi cknany [TKM
KOHCTPYKIIi1 y miama3oni yactoT Big 3 [Ty mo 16 I'T.

HocmimkenHs, sKi 3AiHCHIOBAINCh TPH KyTOBOMY BIIOWTTI CHTHaly Ta
pe3yiabTaTH  PO3paxyHKIB TOKa3ald, MOI0 Marepiajad, sSKi BHTOTOBIEHI 3
3aCTOCYBaHHSM BYIJICIICBUX BOJIOKOH, BOJIOJIIOTH BHCOKIM pIiBHEM BiIOHTTS
CHTHATy Ta HE3HaYHOIO MIpPOI0 IOCTYMAIOThCs METajJeBUM 3pa3kaM. [laHuii edexr,
HMOBIPDHO, TOSICHIOETBCSI BHMCOKIM  3HA4YEHHSM  JIieNISKTPUYHOI HPOHHKHOCTI
KOMITO3UTHOTO MaTepiay.

B nmopanbiioMy, OTpuUMaHi pe3ysNbTaTH MOXYTh OyTH BpaxoBaHi IpHU
(bopMyBaHHI peKoOMeH alliil Ipy po3poOJIeHH] BITYM3HIHUX NepcrekTHBHUX BriJIA.

OCHOBHI BUMOI'! 1O BE3MLIOTHOI ABIALINHOI TEXHIKH
JJIS IOTPEB 35POMHUX CHJT YKPATHU

B.A. Ilonnascokuii
Lenmpanvruil HayKo80-00CIIOHULL iHCIMUMYmM 036pOEHHS MA BIIICbKOBOL MEXHIKU
36poiinux Cun Yxpainu

Ha nanmii wac Ge3ninotHi aBiamiiHi komruieken (nani — bnAK) bnAK akruBHO
3acTocoBytoThcs Cuiamu o0opoHu Ykpainu. [IpOTHBHHMK JOCTaTHHO €(PEKTHBHO
BIIPOBA/DKY€ 3aXOAM MAacCKyBaHHs IO3HMIH, 00’€kTiB, BificbkoBoi TexHiku. Kpim
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TOTO, CHOCTEpIracThcsl IHTEHCHBHAa pobOoTa 3aco0iB PajioeNeKTPOHHOI GOpOTHOH
MIPOTUBHUKA.

OCHOBHMM HANpsIMKOM BHpIIIEHHS 3aBIaHb IOJ0 OTPHMAaHHS JOCTOBIpHOI
po3BimyBanbHOI iH(opMarii € 3actocyBanHs BtAK BiT4n3HSIHOrO BUpOOHUITBA, SIKi
TIOBUHHI MaTH TaKi BIACTUBOCTI:

¢Gro3esDK Ta  KOHCTPYKTHBHI  €IIEMEHTH  O3IIJIOTHOTO  JITAJIBHOTO
amapaty (mani — brJIA), GoproBa aBioHIKa NMOBMHHI BHTPHUMYBATH OaraTOKpaTHI
HaBaHTA)XEHHS (3MIT-MIPU3EMJICHHS, Y1apH), BIIyJaHHs KyJb, TOIIO;

nisoBe HaBaHTakeHHS BIAK (BHEOBI Ta mapamMeTpudYHi CHCTEMH HOBITPSIHOI
PO3BiZKH, cnenianbHe OOJIQJHAHHS) IMOBHHHI BiJIOBIIATH SKICHUM Ta KUIbKICHHM
BumoraMm 36poitanx Cun Ykpainu;

BrnAK moBuHEH BMKOHYBAaTH 3aBIaHHS y BH3HAUEHMX Mialla30HaX BHCOT Ta
LIBUAKOCTEH, MaTH BH3HAYEHI MapaMeTpH MAalbHOCTI (30KpeMa HaiabHOCTI il
KaHaliB mpuilomMy Ta mepenauyi maHux 3 Oopty bmJIA), TpuBamocTi HOJBOTY,
e(eKTHBHY IUIONTY PO3CIFOBaHHS, TOMIO;

amaparypa KaHaJliB IpUHOMY Ta Iepeaadi gaHux 3 6opty brnJIA moBuHHA OyTH
u(poBoIo, 3aBaJ03aXUIIEHOIO;

amapatypa bnAK rmoBuHHa 3a0e3medyBaTH  aBTOMAaTHYHE BH3HAUCHHS
KOOPJAWHAT IIijiel 3 He0OX1THOIO TOYHICTIO;

BnAK mnoBuHEeH (YHKIIOHYBaTH BAEHb Ta BHOYi, B MPOCTUX Ta CKIAJHHUX
METEOYMOBaX, MPHU il BOPOKOI CHCTEMHU MPOTUHOBITPAHOI 0OOPOHH Ta MOCTAHOBKH
PanioeIeKTPOHHUX MEPEIIKOI.

MATEMATHUYHA MOJEJb THHAMIYHOI CHCTEMHU
“CAY-BILIA-JIA” Y BOKOBOMY KAHAJII ITPU ITIOJIBOTI
V IUIbHUX BOMOBUX MOPSIIKAX

A.JIL 3ipra, k.m.1., Cm.o.; O.0. Paccmpuein, 0.m.x., npog.
Llenmpanvruil HayKo80-00CAIOHUL IHCMUMYM 030POEHHA MA BIICbKOB0T MEXHIKU
36potinux Cun Yxpainu

HocnimkeHHs: Ta BU3HAYCHHS MapaMeTpiB pyxy BrJIA mpu monmsoTi y miimeHEX
0oifoBHX MOpsAAKaxX 3 MUIOTOBAHMM JITAKOM IO BEJAE € CKIaJHUM Ta HOBHM
HAayKOBMM 3aBHaHHsAM. OOHMM 3 BapiaHTIB pIlICHHS TAaKOTO 3aBIaHHS MOXKeE
IPYHTYBAaTUCh HA 3aCTOCYBaHHI 3aralbHAUX METOJIB TeOpii ONTHMAIFHUX MPOIIECiB
YOpaBITiHHS.

Hopeun, Peanizamis TaKOTO peXHMY MOJIBOTY MOKHA IIEBHUM YHHOM CIIOJIOOUTH
3 MOJHOTOM Ha J03aMpaBJiCHHs JITaKiB y TOBITPI, [€, K CBIIYUTH JOCBIT TaKHX
MOJIBOTIB, HAHOINBII CKIAJHOII TOB’s3aHi 3 HeOe3mekow mnoTparisiaas JIA y
CYMyTHIN CITij JliTaKa-TaHKEPa, & TAKOX 3aroOiraHHs iIMOBIPHOTO 1X 3iTKHEHHS. Y
3B’SI3Ky 3 L[MM Ha MPAKTHUI YiTKO PETJIAMEHTYETHCS 3HAUSHHS BiJHOCHOI IIBHIKOCTI
30JIMDKEHHS JIITaKiB, IHTEpBay MDX HUMH, TPHHIDKCHHS, JUCTAHLIT MK JiTakaMu
Ha KOJKHOMY 13 eTarliB.

Panire OyJi0 MPOJEMOHCTPOBAHO, LIO HASBHICTh CYMYyTHBOrO ciiny 3a JIA €
CNTIZICTBOM CXOJy 3 HECYy4YHMX MOBEPXOHb BUXPOBOI MEJICHU Ta 3rOpTaHHA il y mapHi
BUXPOBI /DKTYTH 32 JIITAKOM, II[0 POCTUPAIOTHCS Ha 3HAYHI BiICTaHI y MOPIBHSHHI 3
nmiHiiHOME po3mipamu camoro JIA. HasBHICTH BHUXPOBHX pyXiB B paifoHi ix
icCHyBaHHs OyqyTh BIUIMBAaTH Ha CTaOUNBHICTH PyXy, HepuI 3a Bce, Y OOKOBOMY
KaHali, TOMy BUTPUMYBaHHs Oe3MeuHHX BifcTaHel 1o GppoHTy Ta raubiHi 6010BOrO
HOPSAKY [UIs 3a0e3nedeH s Oe3IeKH MOJIbOTY CTAE AY)KE aKTyalbHHM Ta Ba)XKIIMBHM.
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Jani HaBe#eHO MaTeMaTHMYHAa MOJENIb HaBEICHOI AWHAMIYHOI CHCTEMH Yy
0OKOBOMY KaHaJi y HPOIIECi OJIBOTY Y IIITBHUX OOHOBUX MOPSIKAX Ta Pe3ysIbTaTH
JOCIIJDKEHb TMHAMIYHUX BJIACTHBOCTEH MPH OLIHII BIUTUBY 30yproBaHNX (akToOpiB
Ha brJIA 3 ypaxyBaussam peaxuii #ioro CAY B kaHai 60KOBOTO yIpaBIiHHS.

BUKOPUCTAHHS CIIY®IHI'Y SIK YHACTUHHA KOMIIJIEKCY 3AXO/IB
PAJIOEJIEKTPOHHOI BOPOTBHEMU 3 BE3NIIVIOTHUMMU JITAJTBHUMHAU
AITAPATIMU KOIITEPHOI'O TUILY (FPV) IPOTUBHUKA

C.1. bozeoan; €.0. Ilopunoc; O.A. /Imumpicuro
Hayxoeo-0ocnionuii 6i00in nio2omosKku eKCnepumenmanbHo-001uosux niopo3oinie
Hasuanvro-nayxoeuil eunpodyseanvrutl RomieoH
BUCOKOMEXHONO2IUHO20 030POEHHS MA BIUCLKOBOT MEXHIKU

B ymoBax cTpiMKOi €BOMIOLIl CydaCHHX TEXHOJOTIH Ta 3pOCTaHHS 3arpo3
CJIIEKTPOHHOTO Xapakrepy, pamioenekTtpoHHa Ooporsba (PEB) crae BaxumBuM
€JIEMEHTOM BiHCBHKOBOI cTparterii Ta 6e3neku kpainu. Ha croromsi 3 ypaxyBaHHSIM
JIOCBiy BelneHHs 0oifoBUX miii B YKpaiHi ocoOnuBa yBara MpUAITISE€THCS MATAHHIO
MPAaKTUYHOTO 3aCTOCYBaHHA 3ac00iB pagioesieKTpoHHOI 00poThOM Ta cmydiHry, SK
OJIHOTO 31 coco0iB epeKTUBHOT OOPOTHOH 3 OE3MUIOTHUMH JITATBHUMH anapaTaMu
MPOTHBHHUKA.

AKTyaJnbHICTh JOCTIPKEHHS 00yMOBIICHA MOJJIMBICTIO MOKPAIIUTH BiHCHKOBO-
€KOHOMIYHY e(eKTHBHICTh BHKOPUCTAaHHs 3aC00iB palioe’eKTpoHHOI O0poTeOU Ta
3MEHIIUTH BIJICOTOK YCHIIIHO 3aBEPLICHUX 3aBJaHb OE3MUIOTHUMH JiTATbHUMHU
amaparamu (FPV) npoTuBHUKa.

A B miACyMKy 3 y3araJbHEHHSM Ta aHalli3oM O0cBixy Bukopuctanas (FPV) ta
cnyiHry , SK OJJHOTO 3 e)EKTUBHUX 3aCO0IB PaIi0eICKTPOHHOI OOPOTHOU B GOHOBUX
YMOBax JONIOMOXKE B CTBOPSHHI METOJIMK Ta MPOLEAYp NPaKTHIHOI IPOTHAIT BIUTUBY
3aco0iB  paioeNieKTpOHHOT OOpOTHOM JacTh 3MOTY TOKPAIIUTH  BiHCHKOBO-
€KOHOMIYHY e()eKTHBHICTH OE3MiIOTHHX anapariB KONTEPHOT'O THILY, iX )KUBYUICTh Ta
Pe3yJIbTATUBHICTS TPH BHUKOHAHHI OOMOBUX 3aBAaHb, JOCIIAATH MOXIHBOCTI i
BapiaTUBHICTh BUKOPUCTaHHS HPOTHBHHKOM METOJiB OOpoThOM 3i crmydiHrom Ta
Pe3yJIbTaTUBHICTh HAILIKX 3aC00iB pajioeIeKTPOHHOT 6OPOTHOH.

EBOJIIOIISA KEPOBAHUX ABIA].lIfII:II/IX BOMB B YMOBAX BIVHU:
BITUM3HAHUU JOCBIJ

JLM. Kipoeii; C.A. Kanemnik; O.0. 'onuapenxo, K.e.H., 00y.
Jlepoicasnuil Haykoe0-00Cionull incmumym eunpo6yeans i cepmugixayii
030pPOEHHS MA GIICLKOBOL MEXHIKU

3actocyBaHHs KepoBaHUX aBiauiiinnx O6om0 (KAB) mig vac BiiiHM He €
HOBAaTOpPCTBOM y cepi aiamiiiHux 3acobiB ypaxeHHsi. KAB e BucoxoTouHOIO
30po€to 3i 3HAYHUM PYHHIBHUM e(heKTOM, KoeillieHT HalOBHEHHS SIKOT CTAHOBUTH
0,4-0,7 (mns kepoBaHuX aBiamiiiHux paketr — 0,2-0,4), a BapTicTh € BiTHOCHO
HeBucokoro (GBU-12 Paveway Il — 22 tuc., Hydra 70 APKWS — 30 tuc. noi.). B
VYxpaini pocis Bnepmre 3actocyBasia KAB mie Ha modaTKy MOBHOMACIITaOHOTO
BTOpPTHEHHs, a 3 2024 poky posmoyanuch MacoBaHi aTaku (B cepegbomy 40
oauHMIb oAHA). Hapasi Bopor BukopucroBye Taky HoMeHknarypy KAbBis: YITAB-
1500B, “T'pom-322”, 6omba-riopun “T'pom-21”, kacetHa 6omba “JIpernp”, a Takox
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yHIBepcalbHi MOZYJI IUITaHEPYBaHHS Ta KOPEKLl, 0 CKIaay SIKUX BXOIITh (GyracHi
aBianiitai 6om6u (AB) kamiopy Big 250 mo 3000 kr. Ha mporuBary, YkpaiHna B
paMkax MbkHaponHoi momomorH, oxepkana KABu iHo3eMHOro BHpOOHHMIITBA, a
TAaKOXX pO3TOpHyJIa BHPOOHMITBO BIACHHX “pO3yMHHX 00M0”. OCHOBHHMH
3amagamu mipu po3pobui KABiB € 3abe3neueHHsT 3a7aHOi TOYHOCTI Ta 30UIBIICHHS
nanpHocTi. HasBHicTh 3amumkiB pagsacekux Ab O®AB-100-120, ODPAB-250T,
DAB-250-M62, DAB-500T 006yMOBHIO €KOHOMIUHY JOLIIBHICTE BUKOPUCTAHHS iX
sk 6a3oBux komMnoHeHTiB KADBiB. [[ys 3a0e3neyeHHs] TOYHOCTI BUKOPUCTOBYETHCS
cucreMa (MOIynb) 3MiHM HampsAMKy B mpomeci pyxy Ab (xopurosani AB).
30UTBIICHHST JAIBHOCTI PEaNi3yeThCsl 3a IOIOMOTOI0 BHCYBHHX aepoAMHAMIYHHX
MIOBEPXOHb — KOMIUIGKTIB (MOAyJiB) IUIaHepyBaHHA (wiaHepyiodi AB).
[lepcrieKTUBHMM  HampsMKOM  BITYM3HSHOTO PO3BHTKY € OcHameHHI Ab
TypOOpEeakTUBHUM JABUTYHOM (OoMOHM-riOpmam), mo 3a0be3mednTs 30UTBIICHHS
JATBHOCTI iX monboTy 1o 500 KM Ta peari3alilo BOEHHHX MPEBEHTHBHHUX 3aX0/iB Ha
TepuTopii arpecopa.

HNEPCHEKTUBA 3ACTOCYBAHHS CET-IIU®PYBAHHS B
CUCTEMAX YIIPABJIIHHA POBOTU30BAHUMU KOMIIVIEKCAMMU

I'M. I'anonenxo, x.neo.n.; 0.0. Hobpancoxkuii*; JI.®. Koromucyv?;
H.IT. I'anonenxo?
Yleporcasnuii nayxoeo-oocrionuii incmumym sunpobysans i cepmudpixayii
030pOEHHS Ma GIlICLKOGOI MEXHIKU;
2Biookpemnenuti cmpykmypruii niopo3oin Kam sneys-Ilodinscoruii paxosuil
KOJle0Jic HaguanbHO-peabinimayiiino2o 3axnady euwoi oceimu “KII”

IMowyaTox noBHOMacmTabHOT arpecii 3 OOKy pd CHOHyKaB YKpaiHLiB 10
CTBOpeHHsI 0araTthbOX BHIIB POOOTH30BAHMX KOMIUIEKCIB (CHCTEM) BiliCBKOBOTO
npu3HaueHHs. OmHEM 13 Takux crmoco0iB € TEepexOIUICHHS YIpaBIiHHS
poOOTH30BaHNMH KOMIUIEKCAMH depe3 3acTocyBaHHs cry¢inry. Hecankuiiine
BTPYYaHHS B CHCTEMH YINpABIiHHSA CYTTE€BO 3HMKYE €(EKTHBHICTh 3aCTOCYBaHHS
poOOTH30BaHNX KOMIUIEKCIB (CHCTEM) Ha TMOJMiI OO0 Ta MPH3BOAMTEH A0 3aruOeri
HamMx OiHiiB. BuHuKae rocTpa HEOOXiTHICT y CTBOPEHHI e(EKTHBHOI CHCTEMH
MIPOTHUIIT BOPO)KOMY HIEPEXOIUICHHIO YIIPaBIiHHA POOOTH30BaHUM KOMILIEKCOM.

OcranHi JocsTHeHHs B cdepi 3acTOCyBaHHS pOOOTOTEXHIKM B 30pOHIN
60poTHOI 3HANIIUIN CBOE BiIOOpaXKEHHS B KOHCTPYKTHBHOMY PIllICHHI 3aCTOCYBaHHS
CET umdpyBaHHA KaHaly YNOpaBIiHHA pPOOOTH30BAHUMH KOMIUIEKCAaMH Ta
mmdpyBaHHs  iHQOpMALIHHUX  CHTHATIB MDK  CTAli€l0  yNpaBIiHHA — Ta
PpoOOTH30BaHIM KOMILIEKCOM.

OpauM i3 cnoco6iB peamizarii nmokpameHHs mMuQpyBaHHS iHPOpMAaIll KaHAIIB
yHOpaBliHHA, Nepenadi 3amudposanoi iHdopmarii BigeocHrHamiB Ta 3B’S3Ky B
Mepexi Uil poOOTH30BaHMX KOMIUIEKCIB (CHCTEM) IOBITPSHOTO, Ha3eMHOTO Ta
MOpCBhKOTO 0a3yBaHHs, SIKi PO3POOJIAIOTHCS Ta BHUKOPUCTOBYIOThCS B 30pOMHHX
Cumax VYkpainw, BOayaeThcs B peamizailii  JOCHI/DKCHHS 33  HampsMoM
Manopecypcroro CET-mmdpyBanms.

Manopecypcae CET-mmdpyBaHHsS Ta BUKOPHCTAHHS HPOTOKONTIB CTIHKHX IO
PaJIioNeperIko € OJHUM 3 MEPCIEKTUBHIX METOMIB 3aXUCTY CHCTEMH YIPAaBIIiHHSI
PpOOOTH30BaHNX KOMILIEKCIB (CHCTEM).
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AJIATITAIIS ABIAIIITHUX PAKET SIDEWINDER

C.A. Kanemnix; O.0. I'onuapenxo, k.e.H., ooy.; €.B. [licknog
Jlepoicasnuil Haykoeo-00CiOHutll iHcmumym eunpo6yeans i cepmuixayii
030pPOEHHS MA GIICLKOBOI MEXHIKU

Po3mmpeHHss moTeHIiay HaIioHATFHOI OOOPOHM 3a0e3MedyeThesi, B TOMY
YHCI, 3a PaXyHOK MDKHApOAHOI BIiHCHKOBOI JONMOMOTH y (OpMi HOCTaBOK
kepoBaHHX aBiamiiHnx paker (KAP) wmacy “mositps-mositps”. Tak, mig dac
MIOBHOMACIITa0HOTO BTOprHeHHs1 pocii Ykpaina orpmmana Binm CIUA, Kanmamm i
Himeuunnu KAP tumy AIM-9 Sidewinder, sixi € yHidikoBaHuM 3ac000M ypakeHHs
TIOBITPSIHMX IiJIeH 3a paXyHOK MOJJIMBOCTI BUKOPHUCTAHHS HOTO 3 Pi3HUX IIaTHOpM.
3 momenty crBopernst KAP AIM-9 Sidewinder ortpumana 3HauHy KilbKicTh
MOJIepHi3alliif, OLIBLIICTh 3 SKUX BXKE HE 3HaXOIAThcs Ha 030poeHH] kpain HATO.
Haiinomupenimon Moaudikarieo, sky orpumana Ykpaina, € KAP tumy AIM-9
Sidewinder 3 migBMIIEHOO CTIMKICTIO 10 TEIJIOBUX IIACTOK; BIOCKOHAJIEHOKO
iH(PaYEePBOHOIO TOJOBKOIO CAMOHABECHHS; BUCOKOIO TOYHICTIO 1 €)EKTUBHICTIO Y
MOBITPSIHOMY ~ 000; MOXJmHBicTIO iHTerpamii B cucremu [IIIO. g ii
TPAHCIIOPTYBAaHHS Ta 3aCTOCYBaHHS BHKOPHCTOBYETHCS IYCKOBHH NPUCTPii THITY
LAU-7, saxuifi MOXe 3aCTOCOBYBATHCh Ha BHHHUIIyBayaX, IITYPMOBHKAX,
BepronsoTax. IIpore, BukopucranHs KAP tumy AIM-9 Sidewinder 3 myckoBum
npuctpoeM LAU-7 apiamiero IloBiTpsanx Cmin Ta apMiliChKOIO — aBiali€ro
CyxomytHux Bilicbk 3C YkpaiHu HeMo>kiIuBe 6e3 iHTerpallii y cucteMy yIpaBiiHHI
030pO€HHAM JIiTaka ab0 BEPTOJIFOTY, IO mepenadadae HEOOXiTHICTH PO3pPOOISICHHS,
BUTOTOBJICHHS, BUIIPOOYBAaHHS 1 IOMMYyCKY 1O €KCIUTyaTamii mepeXifHuX MPUCTPOiB 3
TaKUMH €JIEMEHTaMHU: TIePeXiTHI IPUCTPOI 3 eJIeMEHTaMH KPIIUICHHS 10 MOBITPSIHOTO
CyIHa; OJIOKM KepyBaHHs Ta CIPSDKEHHS 3 MEPEeXiTHUMHM JOKTyTaMu (IHTerpoBaHi y
nepexinui nmpucrpoi). Peanizanis 3axonis 3 inTerpanii KAP tuny AIM-9 Sidewinder
B YKpaiHCBKY CHCTeMY OOOPOHH CHpPHUSTHUME IiJBUIIEHHIO €()EKTUBHOCTI 3aXUCTY
BiJl MOBITPSIHUX 3arpo3.

METOJAUKA IIOBYAOBU Y3AT'AJIBHEHOI'O IIOKA3HUKA CTYIIEHIO
NPUCTOCOBAHOCTI BILJIA JUIS1 YPAKEHHSI HASEMHUX OB’€EKTIB
B OIIEPATUBHIU (OIEPATUBHO-TAKTUYHIN) I''IUBUHI

M.B. Komapos; M.B. Haymenxo, 0.m.H., C.H.C.
Jepoicasnuii HayKo80-00CAIOHUL IHCMUmMym
sunpobyeans i cepmuixayii 030poecH s Ma GiLICbKOBOT MEXHIKU

IMnanyBanns Oe3minoTHux JitanpHUX amapariB  (BmJIA) 1o GoiioBoro
BHUKOPHCTAHHS IIOJI0 YPa)KEHHS Ha3eMHHX O0’€KTiB B OIepaTHBHIil (omepaTHBHO-
TaKTUYHII) TTMOWHI, BIIMOBIIHO IO MPOTHO30BAaHUX CIEHApIiiB 3acTocyBaHHS CHil
ob6oponn Ykpainu, nependadae oOTpyHTOBAaHHI pO3paxyHOK MOTPiOHOT KITBKOCTI Ta
BU3HAUCHHS IX TMEBHUX THIIB Ui BHKOHAaHHA OOWOBOro 3aBIaHHA MpH
BCTaHOBIICHOMY piBHI €(EKTHBHOCTI, SKHH MOXXHA OI[IHUTH i3 BHUKOPHCTaHHSIM
TaKOro y3araJlbHEHOro MOKa3HHKa e()eKTHBHOCTI 0OHOBOrO 3acTOCYBaHHS 3pasKiB
OBT, sik koedimieHT 00HOBOTO MOTEHIIIATY.

Koedimienr GoiioBoro morenmiamy bBrmJIA, SK TOKa3HHUK  CTYIEHIO
MIPUCTOCOBAHOCTL BriJIA TUISt ypaKeHHsI HA3eMHHX 00’€KTiB B
OTIepPaTUBHIN (ONIEPAaTUBHO-TAKTUYHI)  TTIHOWHI, BIAMOBIZHO O  BiJOMHX
METOJMYHUX MiIXOIB II0A0 OOIPYHTYBaHHs HOTO KiJbKICHUX OLIIHOK MOXe OyTH
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MIPECTABICHNH y BUNIAAL NOOYTKY HMOBIpHOCTEH BUKOHAHHS OKPEMHUX IIiJeTalliB
00ifoBOTO 3aBIAaHHS, KOXKEH 3 SKHX XapaKTepH3YEThCS OKPEMHM y3aralbHEHHM
MMOKAa3HUKOM CTYINEHIO IpucTtocoBaHocTi BmJIA 10 BHKOHAaHHS NMEBHOI CKIagoBOi
6oifoBoi 3amaui.

Po3pobka HaykoBO-METOAMYHOro amapary MoOyIOBH MaTeMaTH4HOi MOJeli
koeoirienty 6oioBoro norenuiany bnJIA mependauae obrpyHTyBaHHS (HAKTOPHOTO
MPOCTOPY — MHOXKHHHU (pakToOpiB (MOKA3HHUKIB TaKTHKO-TEXHIYHHUX XapaKTEPHUCTHK
BrJIA), mo onucyroTh MOTEHIIHHI MOXIUBOCTI BrJIA momo ypaxeHHS Ha3eMHHX
00’eKTiB B oOIlepaTHBHIN (omepaTHBHO-TaKTH4HIA) rmubuHi. Lli daxropu OynyTsh
BUKOPHCTaHI NPH OOIPYHTYBaHHI (YHKIIOHAIBHOI 3aleKHOCTI MK HHMH Ta
MMOKa3HUKOM 0OHOBOTO MOTEHITIANY.

MOJEJII NOBYJOBH POIO BE3IIVIOTHUX JIITAJIBHUX AITAPATIB
JJIs1 @OPMYBAHHS CUTHATYP 111 YAC BUIIPOBYBAHb
BUCOKOTEXHOJIOI'TYHOI'O O35PO€HHSA
A.B. Tpucman', 0.m.u., npogp.; A.B. Illynexcko'; B.B. Illynesicko?, x.6iticoK. ., 00y.
Yleporcasnuii nayxoeo-oocrionuii incmumym eunpobysans i cepmudpixayii
030pOEHHA Ma BIICLKOBOT MeXHIKU;
2Xapxiecvruii nayionarvnuil ynisepcumem Iogimpsnux Cun im. 1. Koocedyba

VY cydacHMX YMOBaX PO3BHTKY BHCOKOTEXHOJIOTIYHOTO 030pPOEHHS 3pOCTalOTh
BHUMOTH JI0 BUIIPOOYBaHb, SIKi MMOBUHHI 3a0€3MEYUTH TOYHY OLIHKY XapaKTEPHCTHK
TEXHIKA B YMOBaxX pEaJlbHUX YW HaOMIDKEHHX N0 00iOBHX. 3acTOoCyBaHHS pOIO
Oe3miutoTHUX JiTanbHUX amapariB  (BnJIA) BimkpuBae HOBI MOXIIMBOCTI IS
(opMyBaHHS CHTHATYp Ta MOJCITIOBaHHS OOCTAHOBKH, IO BiIIOBigae OOHOBHM
CIeHapisiM.

Mopgeni  no0OynoBu poro BmJIA  GasyloTbess Ha  iHTerpamii IITy4HOTO
intenexty (1), amroputmiB camooprasizamii Ta JeLEHTPAli30BaHUX CHCTEM
YIpaBIiHHSA, O J03BOJISIE POEB] QYHKI[IOHYBAaTH aBTOHOMHO HaBiTh 32 YMOB BTPaTH
OKpeMux eneMeHTiB. OCHOBHMMH acIeKTaMH, 1[0 BPaXxOBYIOTHCS ITiJ] 4ac pO3pOOKH
TaKHX MOJIEIIEH, €:

AIanTHBHICTH A0 3MIHHHX YMOB cepefoBHma. Piii 3mareH 3MiHIOBaTH
KOH(]Irypamito Ta TpaekTopii MOIBOTY B peaJbHOMY Yaci, BPaXOBYIOUHM 30BHIIIHI
TIEPEIIKO/IH, TaKi sIK PalioeNeKTPOHHI BIUTHBH UM CKJIA/IHI TIOTOIHI YMOBH.

JeuenTtparnizoBaHe yHpaBliHHI. AJTOPUTMH 3a0€3MeUyIOTh KOOPAMHAINIO IIiit
MK amaparamMu 0e3 LEHTPai30BaHOTO KOHTpoJiepa, IIO IMiJBHIIYE CTIHKICTh
CHCTEMH JI0 30BHIIIHIX BIUIWBIB Ta MOKPAIIy€E THYYKICTh y BUKOHAHHI 3aBIaHb.

OnTuMmizamiss TpocTopoBOi KoH]irypamii poro. BukopucranHs cnemialbHUX
AITOPUTMIB JI03BOJISIE JOCATTH piBHOMipHOro posmoxiay BrmJIA B mpocropi mis
MIOKPHTTS 3aJaHuX oOnacTei a00 BUKOHAHHS MaHEBPIB.

Mopgeni TakoXX BKJIIOYAIOTh MEXaHI3MHM IPOTHO3YBAaHHS IOBENIHKH DPOIO Y
CKJIQJIHMX yMOBaX, LIO J03BOJISIE BpaXyBaTH MOJMJIMBI 3001 y KOMyHiKallil, BIJIMB
Heperiko/] abo BTpaTy OKPEMHX EIEMEHTIB CUCTEMH.

3acrocyBaHHs poto BriJIA 3a0e3neuye BUCOKY TOUHICTH (JOPMYBAHHS CUTHATYD
Ta 3HWXKYE BUTpPAaTH HAa TeXHiuHe 3a0e3medeHHs BHUNPOOyBaHb. OCHOBHHMH
nepeBaraMy € TIIBHUINCHHS NIBUIKOCTI BHKOHAHHS 3aBJaHb, MaclITaOOBaHICTh
CHCTEMH Ta 3HWKCHHS BILUTHBY JIFOJICBKOTO (hakTopa.

3anpomnoHoBaHi Mojeni MOOYyJOBH PO MAarOTh INPAaKTUYHE 3HAYCHHS IS
PO3pOOKH HOBITHIX METOMIB BHUIPOOYBaHHS O30pO€HHS Ta BIHCHKOBOI TEXHIKH.
BoHu MOXyTh OyTH ajanToBaHi Ui BHKOHAHHS LIMPOKOTO CIEKTPY 3aBlaHb,
BKJIIOYAI0YH PO3BIJIKY, IATPYJIIOBAHHS Ta ONIEPaTHBHE pearyBaHHS Ha 3arpo3H.
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TJIMBUHHE MAIINIMHHE HABYAHHSA Y ®OPMYBAHHI
AJAIITUBHUX TECTOBUX BUBIPOK JJIs1 YIIPABJITHHSA
POSMMU BE3NIVIOTHUX JIITAJIBHUX AITAPATIB

O.M. J[mimpies, 0.m.H., npogh.; E.K. Qumbanea; 1.B. Karnuboromuyx
Jlepoicasnuil Haykoso-00cionutl incmumym sunpo6yeans i cepmuixayii
030pPOEHHS MA GIICLKOBOI MEXHIKU

I'MmuOvHHe MamMHHE HABYaHHS € KIIOYOBHM EJIEMEHTOM Y IIPOIECi po3poOKH
aJanTUBHUX  AITOPUTMIB  YNPABNiHHA ~ POAMH  OE3MTOTHMX  JTAIBHAX
amapatiB (briJIA). Horo 3acTocyBaHHsS [03BOJSIE IIIABHINUTH  ©(EKTHUBHICTH
YXBaJICHHS pIlIeHb, 3a0€3MEeYUTH aBTOHOMHICTh Ta aJalTHBHICTH POIO O 3MIiH
HaBKOJMIIHBOTO  cepenoBuIna. [MOMHHI HEHpOHHI Mepexi I03BOJIAIOTH
MOJICJIIOBAaTH CKJIaJHI B3a€EMOJIi MK €JIEMEHTaMH POI0, aHai3yBaTH IHHAMIidHi
3MiHHU Ta IPOTHO3YBAaTH MOXIIUBI CIIeHapii pO3BUTKY O0MOBOT CHUTYyaIIii.

IMponec HaBuaHHS Mozeneil IMMOMHHOIO MAIIMHHOTO HAaBYAHHS 0a3yeThcs Ha
BEIUKOMY OO0Cs31 TecTOBUX BHOIPOK, IO BKIIOYAIOTh JaHI NPO Pi3HOMaHITHI
CIIeHapii MOJBOTY, TUIIOBI Ta AHOMANIbHI CUTYaIlil, a TAKOX 3MiHHI ()aKTOPH BILIHBY.
HeiipomepeskeBi Mozeni 34aTHI BHSABIATH TNPHUXOBAaHI 3aKOHOMIPHOCTI, MIO
BH3HAYAIOTh ONTHMANBHI CTparerii KoopAwHamii aif pol0 B peaabHOMY daci.
30KkpemMa, BUKOPUCTAHHS 3TOPTKOBUX HEHPOHHHX MEpEX CHpHsi€e e(PEKTHBHOMY
aHaJi3y Bi3yalbHHX [aHHUX, TOHl SIK PEKYPEHTHI HEHpPOHHI Mepexi I03BOJIAIOTH
MIPOTHO3YBATH 3MiHy TUHAMIYHUX ITapaMETPiB y Yaci.

3acTtocyBaHHS TJIMOMHHOTO MAIIMHHOTO HAaBUaHHSA 3a0e3ledye IigBHIICHY
TOYHICTh 1 MIBHAKICTE 0OpOOKH BXigHOI iH(pOpMAIii, IO CHPHIE ONEPATUBHOMY
KOPUTYBaHHIO TAKTUYHUX DPIlIeHb. AANITUBHICTE HEUPOMEPEKEBHX MOAENEH aae
3MOT'y POIO MIBUJIKO aIalTyBaTHCs 0 HOBUX 3arpo3 i HemepeaoadyBaHHX CHUTYyamil,
110 € KPUTUYHO BKIMBHUM JUIS YCIIIIIHOTO BUKOHAHHS 00ifoBHX 3aBianb. [loganbri
JOCTiDKeHHsT OyayTh CIpPsSMOBaHI Ha BJIOCKOHAJCHHS TNpOLECy HaBYaHHS
HEHPOHHHX MEPEXK Y PeaTbHOMY Yaci Ta ONTHUMI3allilo iXHbOT B3a€MOJIT 3 1HIIMMHU
eJleMeHTaM1 CUCTeMH yrpaBiiHHs briJIA.

TAKTHUKO-TEXHIYHI XAPAKTEPUCTHUKHU BE3NIVIOTHUX
JITAJIBHUX AITAPATIB SIK ®AKTOP 35EPEXKEHHSA BOE€3JATHOCTI

LA. ITinbkesuy, 0.m.1., npoh.; 1.A. Omenvuyx, I.B. Ceucmynosuu
Kumomupcokuii giticokosuii incmumym im. C.I1. Koponvosa

VY nmomoBini mpoaHaNi30BaHO KOHCTPYKTHBHI OCOOJIMBOCTI pi3HUX THIIB
JITaIBHUX anaparis, 3 OTJISY X PYXJIMBOCTI Ta MAHEBPEHOCTI.

Ioka3zaHo 3B’SI30K PYXJIMBOCTI Ta MaHEBPEHOCTI 3 IMOBIPHICTIO Ypa)KEHHS
JTaJbHOTO amapara, Ta OKPECICHO IUIIXH JOCITIIXKEHHS CEpBOIPUBOJIB, IO
3aCTOCOBYIOTh JUI1 TOOYIOBH O€3MIIOTHMX JITATBHHX amapaTiB, a TaKoX
ocobimBoCTi 1X KOHCTPYKI[i Ta BHKOPUCTaHHA JUIsi 3a0e3Me4eHHS BHUMOT
MaHeBpyBaHHs, 110 JAaCTh 3MOTY amapary OyTH HalMEHII BPa3jIMBHM JUIS CHCTEM
[II1O npoTnBHHKA.

VY myb6nixamii Banepis 3amyxnoro “@’rordepc po3BUTKY OE3MIJIOTHHX CHCTEM
36poiianx cun  Ykpainuw”  MilitaryScience, Vol. 2,No. 1(2024) BuknangeHo
MEPCIEKTUBHI HANpsIMH PO3BUTKY OE3MIJIOTHHX CHCTEM SK €IMHOTO MEXaHi3My
“poro”, mo 00’emHye B cO0l NeKiibKa amapaTiB, SKi BHKOHYIOTh OJHY OOHOBY
3amady. 3 oIy Ha Iie, TUTaHHS PYXJIHBOCTI Ta MaHEBPEHOCTI JiTAJBHUX arapaTiB
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IIOCTa€ Ha Ieplle Micue, 60 € KIIOYOBHM IIPH aBTOMaTHYHOMY BHBEJCHHI Ha LiIb
0E3MIOTHOTO KOMILIEKCY.

Takoxx y30ipHUKY HAayKOBUX IIpalb JIep>KaBHOTO HAYKOBO-IOCITIJHOTO
IHCTHTYTy BHIpOOyBaHb 1 ceprTHdikamii 030poeHHS Ta BICBKOBOI TEXHIKH,
BuIL 3(21) po3risHYTO MaTeMaTHYHI MoOJeli OOpaXxyHKy iMOBIPHOCTI ypasKeHHS
MOBITPSHNX Iided Ipu CTPinb0l pakeToro 3 TENEeBi3ifHUM ONTHYHHM Bi3HPOM
00if0BOT MamMHM, Jie TaKoX (PAKTOp IIBHIKOCTI JITAJBHOTO arnapara € KIFOYOBUM
JUISL 3MEHIIIEHHST HOT0 BPa3iMBOCTI. 3 ypaxyBaHHSM BKa3aHOTO BHWINE, y JOMOBimi
OKpECJIeHO NIIIXM BJOCKOHAJIEHHS (MOKPAICHHS) IUHAMIKHA IepeCTaBISTHHS
KEPMOBHX IIOBEPXOHb JHTAIBHAX AamapaTiB Ta HampsMH BIOCKOHAJCHHS
CEpPBOIPHBOJIIB, PYIIIiB JITATLHOTO anapaTa I HOAAIBIINX JOCIIKCHb.

TAKTHUKA 3HUIIEHHSA BOPOXUX TAKTUYHHUX I'PYII HIXOTH
nraPO3A1JIAMUA CUJI BE3IIIJIOTHUX CUCTEM

LA. Janumiok, x.m.H., ooy.; B.B. Kyyaes; I.B. [Jumban
Biticvroguii incmumym menexomyuixayii ma ingpopmamuzayii im. I'epoie Kpym

Ha cporopHimHii qeHs i 9ac BiffHE YKpaiHu 3 p) MPOTHBHUK BUKOPHCTOBYE
TaKTUKY M’SCHHUX IITYPMiB BEJIHKOIO KUTBbKIiCTIO TakTHYHHX rpym mixotu (TITI), sxa,
HaXallb, BHABISIETHCS EQEKTHBHOIO, 3aBASKM HEIOCTaTHHOI KIIBKOCTI CHI Ta
3aco6iB Cuin oboponn Ykpainu. st mpotuaii BKa3aHiii BOPOXIii TaKTHIl aBTOPU
MIPOTIOHYIOTh TAKTUKY BHKOPUCTAHHA CcIieliaii3oBaHuX JIaHOK cui Oe3mIOTHHX
cucreM (CBC) mis 3uumenns Bopoxux TTTI.

3anporoHOBaHA TaKTHKa mepenbadae BUPIMICHHS HACTYyNHHWX 3aBJaHb: 1.
3aBuyacHe BHsBICHHS BHCyBaHHS Bopoxux TITI. CroctepexeHHs 3ailicHIOE
ocoboBuii ckimax OoOHOBOro po3paxyHKy crocrepirauiB-omeparopie CBC 3
BUKOPHUCTAHHSIM  pPO3BigyBambHMX bBmJIA Ta  cremianbHOro  HPOrpaMHOroO
3a0e3MedyeHHs CUTYyaliifHOi 00i3HaHOCTI, Takux sgk: “Bexa”, “Oui”, “Tepminan”,
“Ilempra”, “Kpomusa”, “Bipax mmanmer”, “Griselda” Ta immi. 2. [lomepenHiit
PO3paxyHOK XapaKTEepUCTUK BOPOXKOTO HACTymy: Micls (TO3MMii), MapmpyTd
NepecyBaHHs, 4ac, HANPSMKH HACTyIy, YHCENBbHICTh Ta IHIIE 3a JOMOMOTOIO
cnenianizoBannx bnJIA. 3. 3actocyBanHs cnenianmizoBanux JlaHok BrJIA 3
BHUKOPHCTAHHSIM HACTYITHOI TaKTHKH, SIKa MOXe CKJIaJaTHCs 3 HacTynHux ¢as: daza-
1. JTanka-1 3xificHIOE ynepemKytoroue BusBiIeHHs BucyBanHs TT'TI Ha TpaHCcTopTi 3a
JOTIOMOTOoK0 po3BimyBanbHuX BrJIA. ®aza-2. JlaHka-2 3miiiCHIOE TOJIOBaHHS Ha
Bopoxxi TI'II ans 3HMIIEHHS iX mie Ha erami BucyBaHHS TI'TI Ha TpaHCHOPTI B 30HY
OotioBux nmiii. ®aza-3. JlaHka-3 BHKOPHUCTOBYETBHCS [UIi CIOCTEPEXKEHHS 32
TakTHYHUMHA Mikpo-Tpynamu mixota (TMITI). IIpu mpoMy AOUITBHO MOTEPEIHBO
3abe3neuntd  oOCTpin 30HM pozocepemkerHs TMITI aprunepiiicbkumu Ta
KaceTHUMH 3acobamu ypakeHHs. Da3a-4. JlaHka-4 BUKOPUCTOBYETHCS ISl 3a4MCTKH
micieBocti Bim TMITI. da3a-5. Crhocrepexenns 3a 3amumikamu TMITI, sike
3aificHioe Jlanka-3. ®a3a-6. Jlanka-4 3xiiicHIOe BUOIPKOBI aTtaku Ha PO3MOPOIIEHI
TMI'TI 1o iX MOBHOTO 3HUILIEHHS.

TakuM 49HHOM, 3aIPONIOHOBAHA ABTOpAaMM TAaKTHKa OO0 B yMOBaxX YHCENBHOI
repeBary BOpora, 3a0e3neunts edekruBHe 3HUMEHHS Bopoxkux TI'TI mixposnainamu
CBC, sKki 3HaXOJiAThCA B YKPUTTAX. ABTOPH BBaXKAIOTh, IO IPOJOBKECHHS
MacmtabyBaHHs Ta 3actocyBaHHs CBC Ha MOpAIOK NepenoMHTh XiJ BiHHHM Ha
KOPUCTb YKpaiHHu.
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PE3YJIbTATH EKCHEPUMEHTAJIBHOI'O JOCJJIIKEHHS
HOI'TMHAIOYUX ITOKPUTTIB JJI JITAIOYUX OB’€EKTIB

10.0. Konoc, k.m.u., ooy.; HM. Kapawyx, k.m.H., 0oy.
Kumomupcokuii giticokoguii incmumym im. C.I11. Koponvosa

HocBin cyyacHoi BiffHM CBiZYHTH NPO LIMPOKE BHUKOPHCTaHHSA OE3MUIOTHHX
nmitanpHuX amapariB (BmJIA) nans BemeHHS pPO3BIIKHM, HAHECEHHS BOTHEBOTO
YpaXeHHs TpPOTHBHUKA, 3 OXHOrO OOKy, BHKOPHCTaHHS paTiOJOKaliHHIX
cranuiii (PJIC) nns BusBneHns briJIA i HaBeaeHHs Ha HHUX 3ac00iB ypaxeHHs. s
I ABUIICHHS ’KUBY40CTi BriJIA BaIIMBO 3MEHIITyBaTH IMOBIPHICTH HOTO BHSBICHHS
pamionokariitaumu 3aco6amu. OOHHM i3 NUIAXIB JOCATHEHHS MaJONOMITHOCTI
JITaJbHUX allapaTiB € 3aCTOCYBaHHS MOTJMHAIBHUX Ta PO3CIFOBAJIbHUX MaTepiaiB,
10 OPUBOJUTH A0 3MEHLICHHS e(eKTHBHOI MOBEpXHI PO3CilOBaHHA. Baxiameum
€TarnoM po3pOOKH Ta BIPOBAKCHHS MOTJIMHAIBHAX Ta PO3CIIOBATBHUX MaTEpiajiB €
eKCIEPHMEHTAJIbHE JOCIHKCHHS e(QEeKTUBHOCTI TakuX MOKPHUTTIB. Tomy
aKTyaJbHUM € PO3IIII METOAUKH 1 Pe3ylbTaTiB eKCIIePHMEHTAIBHOTO JOCITIIKCHHS
MOTJIMHAKOYHX MMOKPUTTIB 1A JiTatouux 00’ ekTiB (JIO).

Posrnsimaroteess i3uuHi Ta METOJMYHI OCHOBU JOCHIKEHHsS. HaBomsThes
pe3yNbTaTH EKCIIEPHMEHTAIBHUX BHMIPIOBaHb TYCTHHH IIOTOKY IIOTYXKHOCTI (B
MKBT1/M?), sixa BinOuBaeThca Bij enemeHTiB mosepxHi JIO Ta mpoXoAuTh uepe3
€JIEMEHTH 00’€KTa IS BHIAJKIB BiJCYTHOCTI Ta HAsSBHOCTI PI3HMX NOKPHUTTIB Ha
gacrorax: 4-4,1 I'Tu; 5-5,1 [Tu. IToka3HUKOM €PEKTUBHOCTI € BiIHOCHI 3HAYCHHS
notyxHocteit Bigbutux Bim JIO 06e3 MOKpUTTA Ta 3 PI3HUMH HOKPHUTTAMH.
[pencraBnsAroTbCs pe3yIbTaTH EKCIEPHMEHTANbHUX BHUMIPIOBAHb IOTY>KHOCTEH
BinOuTHX panmioxBwis Ha vactotax 9 ITn, 9,92 I'Tu mpum 3MmiHi pakypcis,
nmoJsipu3arniii, Bincrani. HagaroThbcss BUCHOBKH OO €(EKTUBHOCTI 3aCTOCYBaHHS
MOTJIMHAIOYHMX MOKPHUTTIB, IO AOCHTiKYBAJIUCh.

KACTOMIBAIISA BE3IIJIOTHUX JITAJIBHUX AITAPATIB
B CYYACHUX YMOBAX BINCbKOBOI'O CTAHY TA ®AKTOPH,
10 BIVIMBAIOTH HA BUTIPOBYBAHHSA

O.1. Ilomanos, FO.B. Pe3nixos, k.m.H., c.u.c.; €.0. I'yziti; A.FO. Cadacs
epotcagnuil HayKo80-00CaiOHUL iHCmumymy eunpooyeats i cepmugpikayii
030pPOEHHA Ma BIlICLKOBOI MeXHIKU

Ha pmanwmii wac BiifHM Oe3miyoTHI mitampHi amapatu (mami — BITJIA) cramm
HEBiJ]’€MHOIO JaCTHHOIO BEACHHS OOMOBMX [iif Ta BUKOHAHHS JIOTICTUYHHX 3ajad.
OpnHak, y neskux Bumaakax woxeni BIIJIA He BimnosimaioTh crerudigHIM
BIiCBKOBUM BHMOTaM BHUKOHAHHS 0OIOBHX 3aBJaHb (Hanpmcnan, mognens BITIIA
Mavic 3). Tomy BHHHUKA€E HOTpe6a ajanrarii (KaCTOM13aull) i icHyrodi 3amavi. B
TOM k€ Yac  KacTOMi30BaHI ~ MOJENI  BHMAaraloTh  iX  JJOCKOHAJOl
NepeBipKy (TECTYBaHHS) 32  BIANOBIJHUMH  IPOTpaMaMH Ta  METOJUKAMH
BUNIPOOYBAaHb.

TaxknM 9MHOM, aKTyalnbHHM € 3aBJAaHHS 3 BUBYEHHS MOXIIMBOCTEH KacTomizamil
BIIJIA Ta po3poOKM MeTOAWMK IX TecTyBaHHS. BupilIeHHS IbOTO 3aBIaHHS
noTpeodye:

— IPOBE/ICHHS aHaJIi3y AOCTYITHUX TEXHOJIOTiH KacToMi3alii;
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— JIOCIIKEHHS IPUKIIAAIB IPAaKTUYHOTo HanamTyBaHHS BITIA;

— po3po0IieHHS peKOMEHAAITiH s eheKTUBHOT KacToMIi3alliT;

— po3po0IIeHHs peKOMEH alliil B MpOrpaMy Ta METOIMKH BUIIPOOYBaHb.

Kacromizamist BITJIA Bxiarouae:

— amapaTHi ITTOKpalleHHs: 3MiHa MOTOPIB, aKyMYJSITOPHHX OJIOKIB >KMBJICHHS,
TOMIO;

— po3po0Ky IPOrpaMHOro 3a0e3NeUeHHs: HAIAMITYBaHHS AITOPUTMIB ITOJIBOTY,
MapIIpyTH3amii Ta aBTOHOMHOCTI;

— OpraHi3aIlifo cXxeM BCTaHOBJICHHS JaTYMKIB Ta MOJYJIIB: BCTAHOBJIECHHS KaMep
BHCOKOI PO3/IITbHOT 3aTHOCTI, TEIJIOBI30PiB, JIiIapiB;

— po3poOKy MeToiB 3axucty Bin Bopoxxux PEB/PEIL.

Kacromizaist Moke IPOBOJUTHCH HACTYITHUMH CIIOCOOAMHU:

—3aCTOCYBaHHAM MOMYJIbHUX KOHCTPYKLii (BHUKOPHCTaHHA CTaHAAPTHUX
KpIIUICHb AT IIBUIKOT 3MiHH JeTalei);

— CTBOPCHHSIM CIICLialIbHAX MPOTPAMHUX HAJIAIITYBaHb (CTBOPECHHS YHIKaIbHUX
byHKLIH);

— 3aCTOCYBAHHSM CIICI[iali30BaHUX MOXYJIB (I0JaBaHHS HPUCTPOIB i 300py
JTaHMX, TOCTABKHM BaHTa)KiB a00 BUKOHAHHS 1HIIKMX 3aBJaHb).

[IpakTHYHOIO YACTUHOIO JOCHiIKeHHs Oyno 3xificHeHO kactomizamiro BITJIA
tuny Mavic 3, a came:

— BCTQHOBJICHO 301IbLICHUI aKyMYJISATOPHHUHA OJOK >KUBICHHS AJS 30UIbIICHHS
4acy MOIbOTY;

— IONAHO KaMepy 3 BHCOKOK PO3IIIBHOI0 3JaTHICTIO UIL  TOYHOL
aepooTO3HOMKH;

— HaJIAIITOBAHO cCHelianbHe mporpamHe 3abesmedeHHs (mami — CII3) mns
aBTOMATHYHOTO OOJIBOTY MEPEIIKO/I Ta 3MiHH PoOOTH JacToT KepyBaHHs BITJIA.

Pesynbprati BUNpoOyBaHb IMOKa3anu 30UbIICHHS Yacy monboTy Ha 20-30% i
MOKpAIlleHHsT TOYHOCTI 3ifoMkH Ha 30-40%.

Taxum unHOM, Kactomizanis BIIJIA € mepcrieKTMBHUM HaIlpsSIMKOM PO3BHUTKY,
sxkuii pusBenae 10 axanrtaiii BITJIA no cknamuux 3aga4. Y MaiibyTHbOMY po3poOKa
Ta PO3BUTOK MOIYJbHUX cucTeM 1 mokpamieHHs CII3 3pob6msate mporec Iiie
JOCTYITHIIITHM.

PO3POBEKA MOJIEJII CYMICHOiI POBOTH CBITJIOTEXHIYHOI'O
OBJIAIJHAHHA 3 OKYJISIPAMUA HIYHOI'O BAYEHHS

B.B. Konomieyw, C.B. 3anopooiceys, K.e.H., 00Y.;
FO.B. XKeosicepyn, k.e.n., ooy.; b.A. Cmynka, 0.¢hinoc.
epoicasnuii HayKo80-00CAIOHUL IHCMUmMym
sunpobyeans i cepmuixayii 036poEcH s Ma GiLICbKOBOT MEXHIKU

CymicHa po0OTa CBITIOTEXHIYHOTO OONamHAHHS JITANBPHOTO amaparty (mam —
JIA) 3 oxymipamm HiuHOTO OadeHHs (mami — OHB) mnepenbauae amamTariiro
TiICBidyBaHHS KaOiHM Ta 30BHINIHBOTO OCBITJIEHHS 10 Xapakrepuctuk OHB, mo6
3a0e3MeynTH HOPMaJbHYy pPOOOTY JIBOTHOTO eKilaxxy B YMOBaX HEIOCTaTHHOI
ocsitinenocti. OHBb mnpu3HaueHi s MOKpalleHHS BUAWMOCTI B YMOBaX HH3BKOT
OCBITJIGHOCTI Ta TPAIOTH 32 JOMOMOTOI0 TMOCWIICHHS CIAOKOTo CBiTia (B TOMY
YHCHi B iHppauepBOHOMY CIIEKTPI).

OcBiTneHHss TpwiIaAiB 1 maHenedl wmae Bignmosimatu BuMoram "NVG-
compatible” (cymicnocti 3 OHB) Ta O6yTH 3aTeMHEHUM a00 BUKOHAHUM y BY3bKOMY
CHeKTpi (HampuKiaj, 3eleHHH a0o TeMHO-CHHIH Koiip). 3O0BHINIHE OCBITIEHHS
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MIOBUHHE MaTH PEXHUMH poOOTH, siKi He 3aBaxkaroTh poboTi OHB. Y nockonanenus
CBITJIOTEXHIYHOTO OOJaJHAHHS JITATPHUX AallapaTiB MOMJIMBO JIUIIE IIIIXOM
Mepexo/1y Ha CydacHi Jpkepena CBiTIa.

Monens cymicHOi poboTH cBiTnoTexHIuHOTO OOnamHanHsa JIA 3 OHB Bkirouae
KiJIbKa KIIFOUOBHX KOMITOHEHTIB, IO B3aEMOJIIOTHL MK CO00I0 IS 3a0e3leuecHHs
ONTUMANbHOT BUAMMOCTI Ta O€3MEeKH MiJ 4Yac TMOJOTIB B YMOBaX HH3BKOT
OCBITJIGHOCTI. Taka MOJENb Ja€ YSABJICHHS PO OCHOBHI KOMIIOHEHTH Ta BUMOTH IO
CyMiCHOI poboTH cBiTIOTeXHIYHOTO oOmamHauHA JIA ta OHB misa 3abesnedenHHs
6e3mexu Ta eh)eKTUBHOCTI MOJBOTIB Y TEMPSIBI Ta CKIaIHUX YMOBaX.

Po3yminHg BUMOr Ta acmekTiB cyMicHoi pob6otu OHB Ta cBiTIOTEXHIYHOTO
obnagHaHHg JIA po3poOneHoi Moeni cTae KIIOYOBUM JUIA 3a0€3MeUeHHsS Oe3leKn
Ta YCHIIIHOCTI MOJBOTIB, OCOOIUBO B YMOBaX 0OMEXEHOI BUAUMOCTI.

OGIPYHTYBAHHS IOTPEBU CTBOPEHHSA ABIAIIITHOI KEPOBAHOI
PAKETH TPU3HAYEHOI 1JI1 YPAYKEHHS BE3IIIJIOTHUX
JITAJIBHUX AITAPATIB

O.M. Kannrok;, €.B. I'onuapenxo, 0.¢hinoc.
Hayionanvnuii ynigepcumem oboponu Yrpainu

Ha nmammii wac, cmocrepiraersCsi TEHACHILis A0 30UIBIICHHS iHTEHCHBHOCTI
3aCTOCYBaHHsl IPOTHBHUKOM ynapHux bnJIA Bemmkoi mampHOCTI, O TOTpedye
3aly4eHHs! IIUPOKOTO KOJA CHJI i 3aco0iB ISl iX IEepeXOIUICHHS, B TOMY YHCHI i
JIiTaKiB-BUHHUIILYBaYiB.

3acTocyBaHHsI BHHUIyBayaMHU Cy4acHHMX 3pa3KiB aBiallifHUX KEPOBAHUX paKeT
KJIacy “HOBITPS-TIOBITPS”, XapaKTEPUCTHKH SKUX J03BOJLSIIOTH HEPEeXOILTIOBATH
IIBHUIKICHI BUCOKOMaHEBPEHHI I[iJIi HA 3HAYHUX BIZICTAHSX MO BiTHOCHO MOBLILHUM i
MaJIOMaHeBPEHHUM yaapHUM bBrJIA € eKoHOMIYHO He BHIpaBIaHHM, 4epe3
HECIIBCTaBHY BapTiCTh 3aco0y ypakeHHA Ta wmum. Lle oOrpyHTOBye motpedy
HAYKOBOTO TOUIYKY, IIOA0 CTBOPEHHS 3pa3Ka aBialliifHOi KepOBaHOI pakeTH Kiacy
“NOBITPA-TIOBITPs” MIPU3HAYEHOI 1 ypakeHH briJIA.

OpHi€l0 3 TMEPCHEKTUBHUX KOHIEMIINA € pakera, 31 3MEHIICHOIO MaJbHICTIO
3aCTOCYBaHHS OOJNagHaHAa TENEBi3iHHOIO TOJIOBKOIO CAMOHABENEHHA Ta OOMOBOIO
YaCTUHOIO KIHETHYHOTO THITy. BUKOpHCTaHHS TaKMX TEXHIYHUX PIllIeHb CHPUSITHME
3HIKEHHIO BapTOCTi, y MIOPiBHIHHI 3 ICHYIOUNMH 3pa3KaMHu.

Pearmizamis xoHIemnmii aBiamiiiHOI KepoBaHOI pakeTH Kiacy ‘“‘NOBITPS-MOBITPS”
MaJyioi JanbHOCTI HpH3HadeHol il ypaxeHHs BrJIA 3a0e3meunTd MiABUICHHS
e(eKTUBHOCTI ypakeHHs yaapHHX BrnJIA 3a moka3sHHKOM JOCATHYTOTO e(peKTy 1o
3aTpayeHux pecypcis.

MNEPEBIPKA ITIPAHE3JATHOCTI TA AKOCTI ®YHKIIOHYBAHHSI
PAJIIOCTAHIII HARRIS RF-7850A-MR ITIJ] YAC ITPOBEJEHHS
KOHTPOJIbBHUX BUITPOBYBAHb

FO.B. JKeoxcepyn, k.e.n., ooy.; b.A. Cmynka, k.m.n.; P.B. Micyenxo; O.M. Iloxodenxo
Jlepoicasnuil Hayko80-00CaiOHULl IHCIMumym sunpo6yeaus i cepmuixayii
030pPOEHHA Ma BIlICLKOBOI MeXHIKU

KommnekcHa mepeBipka Mpame3gaTHOCTI Ta  SAKOCTI  (DyHKIIOHYBaHHS
pamiocranmii Harris RF-7850A-MR mepenbadae TpoBEINCHHS TIEPEBIpKH  3a
JIOTIOMOT'OK0 CHUCTEMH BOYIOBAHOTO KOHTPOJIIO, HEPEBIPKU SKOCTI pajio3B’si3Ky,
MEPEeBIPKH TPAle3aTHOCTI NMPH BHUKOPUCTAHHI 3amM(pOBaHMX KaHATIB 3B’fA3KY,
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MepeBipKM  MOXUIMBOCTI  Iepefadi/  OTPHMaHHS  TEKCTOBUX  (TOJIOCOBHIX)
MIOBiTOMJIEHb, HEPEBIPKA MOXKIMBOCTI BHOOPY KPOKY CITKH 4YacTOT pajioCTaHIl,
nepeBipky (YHKIIOHYBaHHS paJiOCTaHIIl B PEKHMi aBapifHOTO Masika, MepeBipKH
HasiBHOTO ITPOTPaMHOT0 3a0€3IeYeHHs Ta MOXKIIMBOCTI HOTO OHOBJICHHSI.

KoMrulekcHa mepeBipka Ipamne3faTHOCTI Ta  SKOCTI  (DYHKIIOHYBaHHS
pamiocranmii Harris RF-7850A-MR 3nilicHIOETBCS 3a JJOMOMOTO KJIaBillTHO-
mucreiinoro mynsta KDU. IlepeBipka sKOCTI pamio3B’si3Ky 3HIHCHIOETBCS Ha
3aIpOrpaMOBaHMX KaHalax B PI3HUX peXUMax poOOTH 3 BHKOPHUCTaHHIM
nepeHocHoi  pamioctanmii  Harris  RF-7850M-HH001 wa 3emmi.  OmiHka
mpane3fgaTHocTi B yMmoBax nii 3aco0iB PEB 3miliCHIOETBCS NpHM BHKOpHCTAaHHI
pamiocrannii P-844M B sxocti 3aco0y IIOCTaHOBKM IIMPOKOCMYTOBOI 3aBajil
aHaioroBoMy kaHaiy paxioctaHmii RF-7850A-MR min wac mepeBipku sIKOCTI Ta
CTIHKOCTI pamio3B’s3Ky 3 Ha3eMHOIO pajiocTaHuiero. Panmioctanuis P-844M
3HAaXOAUThCA Ha BifacTaHi Bif mitaka Mul-29. CxaHyBaHHS Ta IepeBipka 4acTOTH
pobotu  pamiocranmii  RF-7850A-MR  3miiicHIOETBCS 32 JOMIOMOTOIO
IIMPOKOCMYTOBOTO pajlionpHuiiMada aHaJoOrOBOr0 Ta LU(POBOrO CHIHALY THILY
RTL-SDR V4. Pagiocranuis RF-7850A-MR He mpaiifoe B peXuMi aBTOMaTHIHOTO
MpUHAOMY CHUTHAJIB aBapiiHUX pajioMaskiB. BInMBYy Ha SKICTh Ta CTIMKICTh
Panio3B’s3Ky HE BUSBIICHO.

MNOBYAOBA CUCTEM PO3III3HABAHHS TEXHIYHOI'O CTAHY BILIA

M.I'. Kongicap
Hayxoso-0ocnionuil yenmp pakemuux 6iticok i apmunepii

BoifoBuit mocBix oTpuMaHumil mij wac BiZOWTTS 30poiiHOI arpecii pociiicekoi
(benepanii npotn YkpaiHu mokasas, 1o Oe3miIOTHI aBiariiHi kommieken (bnAK)
BiZlirparOTh BAXJIUBY POJb B OTPUMaHHI PO3BidyBaJbHOI iH(poOpManii Ta 3xilicCHeHHI
BOTHEBOTO BIUTBY Ha IPOTUBHHUKA.

BoiioBi 3aBHaHHs i3 3aCTOCYBaHHAM Oe3minoTHUX JitansHux amapatiB (BriJIA)
BUKOHYIOTBCS B YMOBaX aKTHBHOI IMPOTHIii, Y TOMY YHCII i3 3aCTOCYBaHHIM 3ac00iB
panmioenektpoHHoi Gopotebu (PEB) mpoTmBHMKOM, 10 XapaKTepH3YIOThCS
PamnTOBICTIO i LINECTIPIMOBAHUM 3aCTOCYBAHHSM Ta CHJIBHO BIUTMBA€ Ha BUKOHAHHS
3aB/IaHb.

HasiBHMX MOXIJIMBOCTEH aBTOMIJIOTIB HEJIOCTaTHBO JuIsi ynpaBiiHH bnJIA B
CKJIQJIHUX YMOBAaX, a B OKPEMHX BHIAJKaX HEMOXJIMBO OLIHUTH PYyHHIBHUH BIUIMB
3aco6iB PEb mpoTuBHHKa Ha KaHamm 3B’3Ky Ta pobory BrmJIA. BusHaueHHs
TEeXHIYHOTO cTaHy brJIA BHacmiOK MpOoTHii MPOTHBHUKA Ta OIIHIOBAaHHS TAaKOTO
BIUTHBY € HETIPOCTHM 3aBJAHHSM, K€ YCKIATHIOETHCSA BIACYTHICTIO MaTeMaTHIHOL
MoJIel, sKa O BpaxoByBajla IapaMeTpy HaBKOJUIITHHOTO CEPEIOBHUINA, PI3HUN BILIHB
3aco6iB PEB npoTuBHuka Ha 60pTOBi npuitMaui pisuux tumis briJIA.

[nTenekryamizamiss GopToBuX cucTeM ynpasiiHHS bnJIA, mo BpaxoBye
0CcOONMBOCTI X KOHCTPYKI{, O3BOJMTH MiJABUIIMTH TOYHICTh pPO3IMi3HABAHHS
OOPTOBOIO CHCTEMOIO OCOOJNMBUX BHMAJAKIB MOJBOTIB, CBOEYACHO BHUABIATH
ypaxenHs 3acobamu PEDB, notounuii Texniunumii cran briJIA Tomo.

Jns moOymoBu CcHCTEM pO3Mi3HaBaHHS TEXHIYHOro crtaHy bmJIA pominmsHO
BUKOPHUCTOBYBAaTH MeTOX (OpMyBaHHS HaOOpy MaHHX UL  IIOJAJBIIOTO
BUKOPHCTAHHS B CHCTEMAaX IITYYHOTO IHTEIEKTY, SKi BAKOPHUCTOBYIOTH Pi3HI METOIN
MAaIIMHHOTO HAaBYAHHSI.
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YHPABJIIHHA I YAC CIIVIBHOT'O BOI719BOFO 3ACTOCYBAHHAA
IIJIOTOBAHOI TA BE3INIJIOTHOI ABIALII B 3AT'AJIBHIM CUCTEMI
OB’€IHAHOI BOI'HEBOI HIATPUMKHA

P.B. Mociiuyx
Hayionanenuii yrnieepcumem obponu Yxpainu

VY cydacHHX yMoBax BeJCHHS OOHOBHX i BaXJIMBY poJib y 3a0e3ledeHHi
e(eKTUBHOCTI Omepariif Bixirpae iHrerparmis pizHUX 00HOBUX IIAT(HOPM Ta CHCTEM
niarpuMku. CriinbHe 3aCTOCYBaHHS IIJIOTOBAaHOI Ta Oe3MUTOTHOI aBiamii B 3arayibHil
cucteMi 00’€HAHOT BOTHEBOI MIATPUMKHU € OJHUM 13 HAMOUTPII IHHOBALIMHHX 1
e(eKTHBHUX TiIXO/IIB J0 BEJCHHS Cy4acHOI BiHU.

OpuH 13 HaHOLTPIIMX BUKIUKIB MIPH CIIBHOMY 3aCTOCYBaHHI MiJIOTOBAaHOI Ta
0e3MUIOTHOI aBiamii mojsrae B HEOOXiHOCTI e()eKTUBHOI KOOPAUHALIT MK PI3SHUMHU
OOHOBHMH MiAPO3IiIaMH, aBIaIlifHUMH MiIPO3IiIaMH Ta KOMAaHTHHMH LIEHTPAMHU.
Bci eneMeHTH TOBMHHI IiITH 3a €JWHUM IUIAHOM, CHHXPOHI3YyIOUM cBOi mii i
OOMIHIOIOUNCHh [aHWMH B pEATPHOMY 4Yaci. YTpPaBIiHHA M€ I1HTETPOBAHOIO
CHCTEMOIO Tiepe0ayae HasBHICTh €AMHOTO KOMaHAHOTO IYHKTY, Ji¢ NPHHMAIOThCS
PIIIEHHS OO0 PO3MOLTY PeCypCiB 1 KOOpAMHAMLIT yaapiB.

VYrpaBimiHHA MiJ Yac CHOUIBHOTO OOHOBOrO 3acTOCYBaHHS MIOTOBaHOI Ta
Oe3MIOTHOT aBiamii B 3arambHiil cucreMi 00’€qHAHOI BOTHEBOI MIATPUMKH €
HaJI3BUYAHO CKJIAJJHUM, aJIe JKMUTTEBO HEOOXITHUM IJIs HOCSATHEHHS MaKCUMaJbHUX
pe3ynbTaTiB y CydacHHMX BIiHCBHKOBHX omepamisx. s ycHmilmHOro BHUKOHAHHA
omepaliii BaKJIMBOK € HE TUIBKM BHCOKOTOYHA IHTETpaIlisl NAaHUX Ta HaJICKHA
KOOpAWHALISA MDK pi3HEMHU 0OHOBHMH IUIaTGOpMamHu, ane i 3IaTHICTh ajanTamii B
YMOBaXx MIBUAKOI 3MiHH OOCTaHOBKH.

BukopucTaHHsS HOBITHIX TEXHOJOTiIH YIpaBIiHHs, aBTOMATH3alil CHUCTEM Ta
iHTeprepabenbHoCTi IaTGopM € KIIrodeM 10 epeKTHBHOCTI CIUIBHOTO (0HOBOrO
3aCTOCYBaHHS MJIOTOBaHOI Ta OE3MIOTHOT aBiallii B 3araibpHii cucTeMi 00’ €IHAHOT
BOTHEBOI MiJTPUMKH.

MOJEJII IOBYJJOBU CUTHATYP JJIs1 BUITIPOBYBAHbD
BUCOKOTEXHOJIOI'TYHOI'O O35PO€HHS 3 BUKOPUCTAHHSAM
POIO BE3IIVIOTHUX JIITAJIBHUX AITAPATIB

A.B. IIynexcko'; H.M. Bosuaniecora®; O.FO. Pozyns?
Ylepacasnuii nayxoso-oocnionuti incmumym eunpobyeéans i cepmuixayii
030pOEHHs Ma IIICLKOBOI MEXHIKU;
2Xapxiecoruii nayionansuuil ynisepcumem Iogimpsanux Cun im. 1. Koocedyba

CyyacHUH pPO3BHUTOK BiHCHKOBOI TeXHIKM HOTpeOye BIOCKOHAICHHS METOJIB
BUMPOOYBaHb, sKi MalOTh 3abe3ledyBaTH TOYHE MOJEIIOBAHHS XapaKTEPUCTHK
030pO€EHHS Y peallbHUX a00 HAOIIKEHUX 10 OOHOBHX.

DopMyBaHHS CHUTHATYD € KITIOYOBUM eTarnoM BUIIPOOYBaHb
BHCOKOTEXHOJIOTIYHOTO 030pO€HHS, OCKIJIBKH BOHH [O3BOJIIIOTH MO/ICITIOBATH
XapaKTePUCTHKH TEXHIKM y peajbHMX a0o HaOmmkeHuX 10 OoioBux. Piit
Oe3minoTHUX JitanpHuX amapaTiB (BnJIA) € mepcrekTHBHAM iHCTPYMEHTOM ISt
CTBOPEHHS Pa/iONOKAlifiHUX, TEMJIOBUX, AKYCTHYHHX Ta ONTHYHHX CHIHATYp
3aBJISIKM CBOTM THYYKOCTi, MOOLITFHOCTI Ta aBTOHOMHOCTI.

Mogpeni moOynoBu curHaTyp 0a3ylOThcs Ha IHTErpalii alrOpUTMIB MITYYHOTO
intenekry (ILI) Ta memeHTpamizoBaHumxX cucTeM ympamimiHHS. lle mo3Bossie poesi
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BrJIA anmanTtyBatHCs 1O YMOB CEpENOBHINA, BHKOHYBAaTH CKJIAJHI MaHEBPH Ta
CHHXPOHI3YBaTH [l JJIsl JJOCSTHEHHSI BUCOKOI TOYHOCTI pe3ysbTaTiB. MoJieni Takox
BPaxOBYIOTh AWHAMIYHE 3MIHEHHS IapaMeTpiB pOIO Ta B3aEMOJII0 MDK armapaTaMu
JUISL OITUMAJIBHOTO ITOKPHUTTS 0071acTi BUIIPOOYBaHb.

Buxopucranns poto BrnJIA 3HauHO minBmirye e(eKTHUBHICTH BHIIPOOYBaHb.
30Kkpema, aBTOMaTH3aIlis Ta MapaJIeNbHICT IPOIIECIB JO3BOJSIOTH 3MEHIIIUTH Jac Ha
(OpMyBaHHS CHTHATyp, 3HW3UTH BHTPATH Ta IIiABUIIUTH HAAIHHICTH OTPHMaHUX
JTAHUX HaBiTh 32 YMOB 30BHIMIHIX IEPEIIKO/I.

BrpoBajkeHHS TakMX MOJENEH BiIKpUBaE HOBI MOXJIMBOCTI IS OLIHKU
XapaKTEePUCTHK 030POEHHS, ONTUMI3alii TAKTUYHUX aJTOPHUTMIB Ta BAOCKOHAICHHS
MiAXOMIB 1O BUIPOOYBaHHS BiMCHKOBOI TeXHiKM. Y MailOyTHHOMY 3ampoOIIOHOBaHi
METOAM MOXYTh OYTH aJganToBaHI I8 BHpIMICHHS IHIIMX 3374a4, TaKUX SK
MOHITOPHHT, aTPYJIIOBaHHS Ta pearyBaHHs Ha 3arPO3H.

MOJEJIb BUMIPIOBAJIbHOI'O KAHAJIY AKYCTUYHOI'O AJIbTUMETPA

A.B. Oonoson; A.A. Mozuna, x.¢h.-m.H.
ITnemumym paoioghizuxu ma enexkmponiru im. O.A. Ycuxoea
Hayionanvnoi akademii nayk Ykpainu

BumiproBaHHs BHCOTH TMiaiioMy a0o0 BHCOTH HaJ pPIBHEM MOps, 30KpeMa
JiTaJbHHUX anapariB, 3aBKIM aKTyajbHa Ta IEpPCHEKTHBHA 3a]ada. AKYCTHYHI
IBTUMETPH JIOKALIf{HOr0 TUIy BUKOPHCTOBYIOTH BIACTHBICTH aKyCTHYHUX XBHIIb
BigOMBaTHCS Bill MOBEPXHI NOJUTY Pi3HUX 32 IIUIBHICTIO CEPEIOBHUIII.

Y 1omoBimi po3rANAIOTECA MOZETI BHMIPIOBATBHOTO KaHATy aKyCTHYHOTO
aIbTUMETPa 3 KOTEPEeHTHOI0 a00 HEKOTepPEeHTHOI LU(POBOI0 00pOOKOI0 BiOMTHX
curHaniB. [lepeBara BiJaeTbcss MOJIENI HEKOTEPEHTHOTO BHMIPIOBAIBHOTO KaHAITY
TaK SK IpUCTpoi, Mo MoOyJOBaHI Ha IX OCHOBI HpocTimn Ta nemresmn. Bimoma
MOJIeJTb IMITYJIbCHOTO HEKOTEPEeHTHOrO JIOKaTopa MOJEpHI30BaHa, L0 J03BOJIMIIO
3MEHIINTH NMOXMOKY BHUMIpIOBAaHHS 3aTPUMKH 32 4acoM, a OTXKe i BHCOTH. Buima
TOYHICTh BHMIpPIOBaHHS BHCOTH JOCSATAETHCS BIAIMM CIOJTYyYSHHSIM BUMipIOBaHHS
3aTPUMKH BiOUTOTO KOJMBaHHA 1O (POHTY iMmynbcy (0OBimHii) Ta mo ¢asi
BHYTPIIIHBO IMITyJIbCHOTO 3alIOBHEHHS. Y JIOTIOBi/i PO3TIISAAIOTECS YMOBH, KOTPUM
IIpH IbOMY TOBWHHI BiAMOBIJaTH MapaMeTpH 30HIYBaJbHOTO IMITYJIECY Ta MOXHOKa
BUMIpIOBaHHS.

[puiimau, mo moOynoBaHWK Ha  OCHOBI  3alpPOIIOHOBAHOI  MOJENi
BUMIpIOBAJIBHOTO KaHANy aKyCTHYHOTO aJbTUMETPa BUTOTOBJICHO Ta IEPEBIPEHO B
nabopaTopHUX yMOBax. EKCIepHMMEHTaIbHO BH3HAYCHA MOXHMOKAa BUMIipPIOBaHHS
BHCOTH JI0 TIOBEPXHI, IO BiJIOMBAE.

AHAJII3 ICHYIOUHX MIAXOAIB 10 OUIHKA EGEKTUBHOCTI
HNIVIOTA’KHO-HABIT'AINIMHUX KOMILJIEKCIB

O.M. Iloxooenxo,; T.B. Ilapawenxo, 0.¢inoc.;
B.O. Konecnuk; P.B. Micyenko
Jlepoicasnuil Hayko60-00CaiOHULl iHCIMumym sunpo6yeaus i cepmuixayii
030pPOEHHA Ma BIlICLKOBOI MeXHIKU

CyuacHUH piBEHb PO3BUTKY IIJIOTaXXHO-HABiralifHUX KOMIUIEKCIB (mam —
[THK) xapakTepu3yeThcsi MOCTIHHUM ITiJBUIIEHHSIM PiBHS CKJIAJHOCTI QYHKIIN sKi
BOHH BHKOHYIOTh. Lleit akT Bu3Ha4ae TeHAeHLII0, sika mpuTamanHa cydacHuM [THK
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Ta T0JIIrae y MUPOKOMY BUKOPHUCTaHHI IU(POBOTO MpecTaBIeHHs iH(opMarii, mo
y CBOIO uepry, GopMye HOBUI piBeHb BUMOT JIO OIIHKHU iX e(eKTUBHOCTI. B mux
YMOBax OCOOJHMBO B@KIMBO MaTH y PO3MOPSDKEHHI aBTOMAaTH30BaHYy METOIHKY
KinbkicHOT oniHku edexTrBHOCTI [THK.

3amaga oninku edekruBHocTi [THK y Tenepimmiii gac Bce gactime GopMyeThest
SIK 3a/lada KOMIUIEKCHOTO jaocmimkeHHs ckiaany [IHK, TakTwyHMX Ta TeXHIYHUX
xapakrepuctuk [THK Ha ycix eramax »KHTTEBOTO IIHKITY.

Po3p’s3aHHs  3amadui  kinmbkicHOl omiHkm edextnBHOcTi [ITHK Moxe Oyrm
3HAHJEHO NIIIXOM CHHTE3y DIlIeHb eJIeMEHTApHUX 3a/1ad OLIHKH e(eKTUBHOCTI,
nouynHaoun 3 omiHku edektuBHOcTi enementiB I[THK. Ilpu mpomy pesymeratn
YaCTKOBHX PO3B’SI3aHb € BUXITHUMH ITaHUMH JUIL OTPUMAHHS 3aralbHHUX OIIHOK
edexruBHOCTI. [Ipy mocTaHOBII Ta Po3B’s3aHHI YCi€i CYKYITHOCTI eJIeMEeHTapHUX
3aa4 OLIHKH e()eKTHBHOCTI BUKOPUCTOBYIOTBCS Ti JK caMi MPOLEAYPU Ta METOAH,
SKI y CYKYIHOCTI CKJIaIalOTh IOHATTS MaTeMaTU4HOrO 3a0e3MEeYEeHHS OLIHKU
e¢pextuBHOcTi [THK.

OCHOBHI IIOJIOXEHHS JOMHOBIAI MICTATH METOIMYHI IMAXOAUM IO OLIHKH
epextuBHOocTi [IHK, QopmanmsHO mnpencraBiaeHi Tpu MeToad (QOpMyBaHHS
y3arajgpHeHOTO TnokasHuKa edektuBHocTi ITHK, sxi mMoxyrs OyTm 3akiazeHi B
OCHOBY MaT€MaTHYHOTO anapaTy METOAUKH KiJbKicHOI oniHku edekruBHoCcTi [THK,
a came: Meroa (OpMyBaHHS MECUMICTUYHOI OLIHKH €(QEKTUBHOCTI, METOX
($hopMyBaHHS cepeIHbOI OLIHKN e(heKTHBHOCTI, MeTO (hOpMYBaHHS ONTHMICTHYHOT
OIIIHKU €()EeKTUBHOCTI.

METOJIUKA OLUIHKH EGEKTUBHOCTI IH®OPMAIIIHO-
KOMYHIKAIIIMHUX CUCTEM AKYCTHYHOI'O MOHITOPAHTY
HOBITPSIHOI'O MIPOCTOPY 11O BUSIBJIEHHIO 3ACOBIB
HOBITPAHOI'O HAITAAY TIPOTUBHUKA

T.B. Ilapawenxo, o.¢pinoc.; O.M. Mazy;
O.B. Jlanunenxo, I'.B. I'opbanw,; O.I". Tyny6
Jlepoicasnuil Haykoeo-00cionutl incmumym eunpo6yeans i cepmuixayii
030pPOEHHS MA GIUCLKOBOI MEXHIKU

[Ipobnema OIIIHKH e(eKTHBHOCTI iH(pOopMaLitHO-KOMYHIKaIiHHOT
cucremu (IKC) — 3amauya KOMIUIGKCHOTO JIOCTI/DKGHHS CKJIaay, CTPYKTYpH
mo0OynoBH, (YHKIIOHATBPHUX, TAaKTHYHHX Ta TEeXHIYHHX MoxkiamBoctedl IKC ms
(hopMyBaHHS Ha yCiX eTarax XUTTEBOTO NUKITY ONTHMAIBHUX PillleHb, TOB’I3aHHUX 3
ominkoro epexrrBHOCTI IKC.

EdexruBnicte IKC omiHIOETBECS TPUPOCTOM €PEKTUBHOCTI OOHOBHX  Iiit
BilichK (00I10BOTO 3acTOCYBaHHs) Mpu 3acTocyBaHHi nanoi IKC.

Jns ximekicHol ominku edektuBHOCTI IKC 32 momoMororw aBTOMaTH30BaHOTO
merony IKC mpencraBnsieTbest y BHIVISAL i€papXidyHOI JEKOMMO3HUIIi B TepMiHAX
cTpyktypHuX enemeHTiB IKC Ta 1x dyHKIii.

3anaua ouinku edexruBHocTi IKC npemapyeTbest Ha psii caMOCTIHHHUX 3a1ad4
OLIIHKH €(eKTUBHOCTI, CHOCIO MOCTAHOBKU Ta BUPIIICHHS SIKMX € THIIOBUM, TOOTO
iHBapiaHTHUM [0 CcKiaay 3amadi. Po3B’s3aHHA 3ajadi  KUTBKICHOI  OLIHKH
edpexrurHocTi IKC Moxe OyTH 3Hal/IeHO LUISIXOM CHHTE3Y DIllleHb eeMEHTapHUX
3a7a4 OLIHKK ¢EeKTUBHOCTI, MOYMHAIYN 3 OI[iHKH epekTuBHOCTI enemenTiB IKC.
[lpn 1poMy pe3yiabTaTd YacCTKOBHX pO3B’SI3aHb € BHXIJHUMH JAQHAMH JUIS
OTpPHUMaHHS 3araJIbHUX OI[IHOK €()eKTHBHOCTI.
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Hamu Oyma pospobiena merommka ominku edekruBHocTi IKC akyctudnoro
MOHITOPHHTY IIISIXOM PO3paxyHKY MOXKIMBOCTEH BHSBIICHHS MOBITPSHOT i Yepe3
KiJbKICTb BHSBIICHB 3a 4acoM NepeOyBaHHS LTI B 30HI BHSBIEHHS 1 KUIBKICTIO
JIaTYUKIB.

oaxIa 10 K.JIACI/Id)IKAI_IJi BO€EMNPUITACIB BE3IIJIOTHHUX
ABIAIIIMHUX CUCTEM

B.B. Cmpinaoa, k.m.n., doy.; /[.A. lwyenxo, x.m.H., ooy.
Kumomupcokuii giticokoguii incmumym im. C.I1. Koponvoea

VY cyuacHuX BilfHaX i 30pOHHMX KOH(QIIKTaX CYTTEBO 3pOCTAE POJIb OE3MIIOTHIX
aBianiiHux komiutekciB (mami — BmAK). JlocBinm pociiicbko-ykpaiHChKO1 BifHH
CBIIYUTDH MO pizke 30inbIneHHs KiTbKocTi BIAK, 1m0 BHKOPHUCTOBYIOTHCS miJ Yac
MiATOTOBKH Ta BeACHHA OOHOBMX midd. SIKIIO [0 MOYAaTKy ITOBHOMACIITaOHOTO
BTOPTHEHHSI IX 3aCTOCYBaHHS OOMEXYBAJIOCS BEACHHAM BHIOBOi MOBITPSHOI
PO3BIIKM, TO Ha IeH 4ac TepeNik 3aBJaHb, BUKOHAHHA SKUX IOKIATAETHCS Ha
BnAK, 3HayHO 30iMBIIMBCA 1 MPOAOBXKYE 3pocTaTd. Ha cporomHi 0coOIMBO
akTyanbHUM € 3actocyBanHs BiAK minposainamu 3C Ykpainu A 3aBIaHHA yaapiB
OE3MJIOTHUMH JHiTalbHUMK  anapatamu  (nam — BrmJIA) mo mimsx (00’exrax)
npoTuBHUKA. OFHUM 13 TUMOIB 3ac00iB ypaKeHHs, IO MOXE 3aCTOCOBYBATHCS Ha
yaapaux  (po3BimyBanpHO-ynmapHux) bmJIA  GaratopazoBoro Ta  pa3oBOTrO
3acTtocyBaHHs, € Ooempumacu. Y 2024 pomi MinictepctBo 000poHH YKpaiHu
Koan(iKyBaJo Ta JOIYCTHIIO O eKcIuTyaTamii 6mm3bpko 70 3pa3kiB Ooempumnacis st
BrJIA.

Y Takux yMOBax axkTyaJlbHUM CTa€ MUTaHHSA pPO3poOieHHs Kmacupikamii
OoempunaciB U yaapHHX (po3BixyBambHO-yaapHuX) BmJIA OararopaszoBoro Ta
pa3oBoro 3actocyBaHHs. Tak, cepeil HOBHX 3pa3KiB € yJIaMKOBO-(YracHi,
KyMYJIATHBHI, KOMOIHOBaHOI il Ta 0araToliiboBi OOENPUIACH, BOHH PI3HATHCA 32
Baroo: BiJ KIJIbKOX COTEHb IPaMiB J0 MOHA] KiJIbKOX KiJIOTpaMiB.

IpoaHanizoBaHO JOCBIJ 3aCTOCYBAaHHS IMX OOEMPUIACIB y IIHPOKOMACIITAOHIN
BiliHi pd mnporm VYkpaiHm, iX LIbOBE MpPU3HAYECHHS, OCHOBHI 3aBJaHHI,
00’exTH (IIi1i), MO0 SIKMX BOHH MOXXYTh BHKOPHCTOBYBAaTHCS, a TaKOXX OCHOBHI
YMOBH iX 3acTocyBaHHs. [IpoBeJeHO aHai3 OCHOBHUX (haKTOPIB, SIKi BIUIMBAIOTH Ha
(dopmyBaHHs O3HaK Kinacudikanii OoempumnaciB A yAapHHX (PO3BiLyBaJIbHO-
ynapuux) briJIA 6aratopa3oBoro Ta pa3oBoro 3aCTOCyBaHHS.

CUCTEMA CTABLII3ALII BILIA TUITY FPV JUISI YTPUMAHHS
PETPAHCJIATOPA Y BOMOBUX YMOBAX

1. Kyxapuyx;, H. beopiii
JKumomupcokuil siticoxkosuii incmumym im. C.I1. Koponvosa

HdocBin pocificbko-ykpaiHChKOi BiHH cBimumth, Mo bmJIA 1 kmacy
KBaJJPOKONTEPHOrO THUIY 3aCTOCOBYIOTHCS OOOB’SI3KOBO 13 3aKpUTHX MO3HILIH
(bminmaxis, mimBamiB). lle cmpuumHeHO HeoOXimHICTIO 3a0e3neueHHs Oe3MeKH
ekinaxy. B Toit ke Wac, 3akpHTi MO3UIII 3MEHIIYIOTh JAJTBHICTh Paio3B’s3Ky, IO
3HIKY€e edeKTuBHICTh KepyBaHHs BrJIA. J[ins yCyHEHHs 3a3Ha4€HOTO HENONIKY B
yMOBax 0OHOBHX [iif BHKOPHCTOBYIOTHCS BUHOCHI aHTEHH ab0 PEeTpaHCIISTOPH.

Ha cporomHimHiii &meHp OUTBOIICTE HASBHUX HA PHUHKY PETPAHCISATOPIB
CIIPOEKTOBaHI JJIs BUKOPUCTaHHs Ha TakuxX BrJIA kBagpokonTepHoro Tumy sk : DJI
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Matrice (30-300), Autel EVO MAX 4T, Mavic 3, mo B cBOl Yepry €
JOPOTOBapTiCHHUM.

JIns 3HWKEHHS BapTOCTI TaKMX CHCTEM AOLUIBHO PO3IVIIHYTH BHKOPHUCTAHHS
BrJIA tuny FPV sk Hocist peTpaHcisTopa.

[Tpn upomy BuHHMKae mpodiema crabimizamnii BriJIA tuny FPV mis yrpumanss
perpaHcisTopa y OoioBux ymoax. llltatHi mporpamHO-amapaTHi 3aco0u TakHX
BrJIA He 3a0e3medyroTs B HOBHIN Mipi BUPIMICHHS AaHOTO 3aBJaHHs.

ToMy, akTyaJbHUM IOCTa€ TATAHHS PO3pOOJICHHS cucTeMu cTabimizamii BriJIA
tunty FPV. 3anpononoBanuii npucTpiit ckiamaetbes 3 mubpoBoi kamepu 5 M,
Raspberry Pi Zero 2W Tta m01aTKOBOrO CHiBIpOLEecOpa, KU MiIKII0YAETHCS 0
nonsoTHOTO KOoHTposiepa (TX, RX) 3a mporokosom MavLink v2 (s ArduPilot)
a6o MSP (ms iNav, Betaflight). TonatkoBo HEOOXiIHO HOOMpALOBATA MPOrPaMHE
3a0e3neyeHHs OJILOTHOTO KOHTPOJIepa Ta CIIBIIPOIIecopa.

OTxe, 3anponoHoBana cucreMa crabimizamii briJIA tumy FPV s yrpumanas
peTpaHcisTOpa Ma€ 3HAuHUM TOTEHI[an s BiHiCBKOBOTO  3aCTOCYBaHHS,
JIO3BOJIIOYH 3HU3UTH BapTiCTh BUKOPHUCTOBYBAaHHUX PECYpCIB.

BUITIPOBYBAHHS PAJIOTEXHIYHUX KOMIIVIEKCIB
TA BOPTOBOI'O OBJIA/THAHHS JIITAJIBHUX AITAPATIB

O.M. Iloxooenxo; P.B. Micyenko; B.O. Konecnux; C.B. 3anopooiceyn, k.e.H., 0oy.
Jlepoicasnuil Haykoe0-00CiOHull iHcmumym eunpo6yeans i cepmuixayii
030pPOEHHS MA GICLKOBOL MEXHIKU

BunpoOyBaHHs palioOTEXHIYHIX KOMIUIEKCIB Ta 60pTOBOr0o 001aHaHHS 60iH0BOT
aBiamii € ckmagHUM 1 0araToacmeKTHHM IPOLECOM, SKWH BUMarae 00 €KTHBHOTO
MiATBEPPKEHHS BUCOKOTO PiBHS TOYHOCTI, HAAIHHOCTI Ta BIAMOBITHOCTI 3pa3KiB
CyJaCHAM HOPMATHUBHHMM cTraHaaprtam. L{i cucremMu BimirparTh KPUTHYHY POJIb Yy
3abe3nedeHH] e(QeKTHBHOI POOOTH TINOTOBaHWX Ta OE3MUIOTHUX JHTaIbHUX
amapariB, TOMY IXHS Mpale3JaTHICTh BUMArae peTeabHOI MEePEeBIPKH y BiIMOBIAHOCTI
JI0 BCTAHOBJICHHX YMOB Ta BUMOT.

B momoBimi  akTyanmi3oBaHO OCHOBHI €Talld Ta HANpsIMH  TPOBEICHHS
BUNPOOYBaHb PaiOTEXHIYHUX KOMIUIEKCIB Ta OOPTOBOrO 00OJaJHAHHSI, BH3HAYCHO
0COONMBOCTI iX MPOBENEHHS SK B THIOBUX (HOPMAaJbHUX) YMOBaX, Tak i B yMOBax
HU3BKHX 1 BUCOKHX TEMIIepaTyp, MiJBUIIEHOI BOJOTOCTI, CHIbHUX MEePEBAHTAXKEHb,
BBy 3aco0iB PEB. 3a3HaueHo, mo cy4acHi pagiOTEeXHIUYHI KOMIUIEKCH €
BHCOKOIHTETPOBAaHMMH CHCTEMaMH Ta CKJIAJalOThCS 3 BEIHMKOI  KUTBKOCTI
KOMILICKCIB, CHCTEM, OOJIaJHAHHS, CJICKTPOHHUX KOMIIOHEHTIB, MPOrPaMHOTO
3a0e3MeYeHHs, TOIIIO.

Ile OOrpyHTOBY€ JOLIJBHICTH IMOIIYKY HOBUX MiJXOMAIiB JO HPOBEICHHS
BUNPOOYBaHb Ha YMOBAX LIMPOKOTO 3aCTOCYBAaHHS KOMI'IOTEPHOTO MOJCTIOBAHHS,
SIKI JIO3BOJISIFOTH OUTHII €()EeKTHBHO OI[IHIOBATH TMPAIe3JaTHICTh PaliOTEXHIYHUX
KOMIUIeKCiB. J[OIIIbHAM € 3ampoBa/DKCHHS IHHOBALlIMHUX TEXHOJOTIH, mIO
JO3BOJISIIOTh  CKOPOTHTH TEPMIiHH [POBEICHHS Ta BapTICTh BHUIPOOYBAHb;
OpraHi3yBaTH JOCIIDKSHHs y BUMIipaX, HEMOXKIIHBUX JUIS BiITBOPEHHS B pEalbHUX
ymoBax. [Ipm 1pOMy JOLIJIGHO 3aCTOCOBYBATH INTYYHHH IHTENEKT s
aBTOMaTH3allii nporecy oOpoOKH JaHUX, BUSBICHHS HEBIIOBIJHOCTEH Ta HaJaHHS
iHpopMaNii st PUIHATTS PillICHb.
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IIIBUINEHHA EOEKTUBHOCTI 3BACTOCYBAHHA BUCOKOTOYHUX
APTHIEPIMCHKUX BOEMPUTIACIB (BTB) 3A PAXYHOK
OBJIAJHAHHS BITAK MAJIOT'TABAPUTHUM JAJTEKOMIPOM —
HNIJIENNOKAXKYUKOM

M.0. Cywuncokui
Hayxoso-0ocnionuil yenmp Paxemuux 6iticok i apmuiepii

Sk mokazaB JOCBiA pocificbko-YKpaiHCBKOI BiifHM, HEOOXITHICTh 3aCTOCYBaHHS
BHCOKOTOYHHX apTHJIEPIHCHKUX Oo€mpunaciB 00yMOBIEHa BHCOKOIO MOOIUIBHICTIO
cydacHHX OOHOBHX 3aco0iB, MiABHIICHHSM iX 3aXHCHHX BJIACTHBOCTEH, a TaKOX
0CcOOJIMBOCTSIMH BeJICHHS OOMOBHX il B yMOBaxX TyCTOHACeIEeHUX paloHIB, y MicTax
i IPOMHUCIIOBUX 30HAaX 3 OIVIAAY Ha O€3MeKy MHUPHOIO HACEJIEHHS Ta IPOMMCIOBHX
00’€KTiB MiJBHUIIEHOT HEOE3MEKH.

Ha nannii gac Bizomi BTB Tppox moxomiHs, a came:

Goernpunacy, IO BHKOPUCTOBYIOTh HAIiBaKTHUBHE JIa3epPHE CAMOHABEACHHS 3
MiACBIYYBAaHHAM I Ta3epHUM IIJICTIOKaKIUKOM-Aanekomipom (JILIT);

Ooenpumnacw, OCHAIIeH1 AKTHBHOIO pazmionoKamiitHoO TOJIOBKOIO
camonaseneHHs (I'CH) MIiJTIMETPOBOTO niarmazoHy abo MTACHBHOIO
in¢ppagepsonoto (I4) 'CH;

OO€mpHIIacy, 10 BUKOPUCTOBYIOTh JUIA HABEACHHS Ta KOPEKIil TpaekTopii AaHi
KOCMIYHO1 pa/lioHaBIiTaliifHO CHCTEMH.

Illupoke BUKOpHCTaHHSA pOCiCEKUMH Bilicbkamu 3aco0iB PEB mpakrtudano
3BOAMTH A0 MiHIMyMy MOXJIHBOCTI BukopuctanHs BTDB 3 paxionokariitHoro
TOJOBKOIO CaMOHaBEACHHS Ta Ooempumacd, OI0 BHKOPUCTOBYIOTH KOCMIiYHI
pazioHaBiramiiiHi CHCTEMH.

Omxe, obmamnanHs BnAK wmanorabapuTHHM JaneKoOMipoOM-IUIETOKaKIHKOM
NO3BOJAE€  BUpIMMTH  TpobieMy  BukopuctanHs BTB  aprtunepiiicbkumn
IiIpO3/1iIaMH Ha BENUKI TAJIBHOCTI Ta 3 BUCOKOIO e()eKTUBHICTIO SIK IO HEPYXOMHX,
TaxK i O PyXOMHX LIISIX.
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CEKIIISI 6

TAKTHUKA 3EHITHUX PAKETHHUX BINCHK, PO3BUTOK,
EKCILTYATAILISL, PEMOHT TA BOMOBE 3ACTOCYBAHHS
O3BPOEHHSI I BINCHKOBOI TEXHIKH 3PB 3 YPAXYBAHHSAM
JOCBIY BIACIUI 3BPOMHOI ATPECII

POCIACBHKOI ®EJIEPAIIII
KepiBHukH cexmil: Opuranuuii rerepain [lamaryra B.B.
J.T.H. C.H.C. minonkoBHUK Heunraitno C.B.
Cexkperap Cekii: I.¢inoc. minnonkoBHuk Mictok I'.B.

CTPATEI'IA PO3BUTKY 3EHITHUX PAKETHUX BIP'IQI)K TA
IMPOTUPAKETHOI ObOPOHM IMOBITPSIHUX CWJI 3bPOMHUX CUJT
YKPAIHMU JO 2035 POKY

B.B. Ilanacyma
Komanoysanus Iosimpanux Cun 36potinux Cun Ykpainu

Po3rnsamatoThCsl OCHOBHI TMOJIOXKEHHSI CTpATeril PO3BHTKY 3€HITHHX PaKeTHHX
Bifickk (3PB) Tta mnpormpakernoi oGoponu Ilositpsaux Cun (IIC) 36poiiHHx
Cun (3C) YkpaiHu Ha cepeJHbOCTPOKOBY Ta TOBFOCTPOKOBY IEPCIICKTHBY, a caMe:
roJOBHa MeETa CTpaTerii, eTamd Ta NULIXH ii peai3amii, MUTaHHS ONTHUMi3awii
opraHizamiifHoi Ta QyHKUioHaNpHOI cTpykTypu 3PB, HapomryBaHHS cucremu
3CHITHOTO PaKETHOTO MPHUKPUTTS, MUTAHHS PO3BUTKY Ta MiATPUMAaHHS 030pPO€HHS 1
BilicbKOBOI TexHikH 3PB Ta owikyBaHi pe3ynbTaTu peanisamii cTparerii.

HanaeTbcst xapakTepuCTHKA PO3BUTKY 3€HITHOTO pakeTHoro o36poenns [1C 3C
VYkpainu (3eHITHI pakeTHI KOMILUICKCH, 3€HITHI KepOBaHI pakeTH, aBTOMATH30BaHi
CHUCTEMH YTPaBIiHHSA TOIIO) 3a HampsMKaMH OHOBIICHHS, MOJEpHi3amii Ta
MiATpUMaHHS OO€roTOBOTO cTaHy. HaromomryeTbcs, Ha HEOOXIOHICTH CTBOPEHHS
CHCTEeMH MOOUTBHUX BOTHEBHMX TpYI SIK OJHI€l 31 CKIIaJOBHX CHCTEMH 3€HITHOTO
paKkeTHOro MPHUKPHUTTS Ta 3abe3nedyeHHs i1 moTpiOHUM 030poeHHsIM. Bukianarotses
OCHOBHI O4YiKyBaHI pe3yJbTaTH peaii3alii cTparerii, B TOMy YHCII MOMIJIHUBOCTI
36epexenns GoioBoro morenniany 3PB IIC 3C Ykpainu, HapouryBaHHS CHCTEMH
3€HITHOTO PaKeTHOTO BOTHIO Ta MPHKPHUTTS BAXJIMBUX JEPKaBHUX Ta BifICBKOBUX
00’€KTiB, 00’€KTiB KpUTHYHOI iHDpACTpyKTypH, 30inbmieHHs MoknuBocteir 3PB
[I0Z0 ypaKeHHS CyYacHMX Ta HOBITHIX 3ac00iB MOBITPSHOTO HAMagy MPOTHBHUKA
Ha MalnX, CepelHiX Ta BEJIMKUX BHCOTaX, AOCATHEHHS SKICHO HOBOTO CTYIICHIO
ocHameHHss 3PB HOBUM Ta MOJEpHI30BaHMM O30pPOEHHSM BJAacHOro Ta/abo
1HO3eMHOTO BUPOOHUIITBA.

Posrnsgaerbes 3alexHicTh GoiioBoro ckiaxy 3PB Bix 3aBnaHp Ta pO3BUTKY
OBT, HaBOAMTBCS KiNbKiCHA XapaKTepHCTHKA, $Ka BHKOPHCTOBYETHCS MPH
obrpyHTyBaHHI motped Ha po3BHTOK 3PB 3 ypaxyBaHHAM JOCBiLy pOCIHCBKO-
yKpaiHcekoi BiifHi. HaBomsaTbest opieHTOBHI moTpebm Ha possutok 3PB mo 2035
poky (monepuizanis i 3akyniBnsg OBT 3PB Ta iforo excrutyatariisi, BIOCKOHaJICHHS
iHppacTpyKTypH, MiArOTOBKAa 0COOOBOTO CKIIay TOILO).
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WAYS ON SOLVING ISSUES OF COMBAT USAGE OF SURFACE
TO AIR MISSILES BRIGADES OF MIXED COMPOSITION

S. Yarosh?, Doctor of Military Sciences, Professor; O. Reznichenko?; V. Palahuta?
lvan Kozhedub Kharkiv National Air Force University;
2Air Force Command of the Armed Forces of Ukraine

The combat usage of Surface to Air Missiles Brigade (SAM Brigades) of mixed
composition offers certain advantages, but it also raises a number of issues during
planning and execution of combat operations, firstly with the management of
subordinate units, organization of coordination, and ensuring the combat operations
of subordinate units. To address issues related to the management of subordinate
units in SAM Brigades of mixed composition, it is necessary to reconsider the
system of command posts for groups of SAM battalions, SAM battalions, and
separate SAM battalions, taking into account assigned tasks, organizational
structure, and combat experience.

The resolution of coordination issues during the combat employment of SAM
Brigades of mixed composition is proposed in the following areas: coordination
between SAM Brigades of mixed composition and fighter aviation; coordination
between SAM Brigades of mixed composition and UAV units; coordination
between different types of tactical fire units within the SAM Brigades of mixed
composition.

To improve the logistical support of SAM Brigades of mixed composition, the
following measures are necessary: organization of repairs for surface-to-air missile
systems (at enterprises and within units); creation of reserves of spare parts, tools,
and equipment; establishment of an effective training system for "field-specific"
specialists in the maintenance and repair of foreign-made surface-to-air missile
systems at educational institutions of the Ministry of Defense of Ukraine; changes to
the organizational structure of technical batteries; implementation of an effective
language training system for specialists operating foreign-made surface-to-air
missile systems; unification and adaptation of national logistical standards,
procedures, and documentation to NATO requirements and practices; use of modern
information technologies to automate logistical support processes.

RESEARCH OF POSSIBLE WAYS TO CREATE A GPS MONITORING
SYSTEM FOR MOVING OBJECTS OF FIRE UNITS OF ANTI-AIRCRAFT
MISSILE TROOPS OF THE AIR FORCE IN CONDITIONS
OF ENEMY OBSTACLES

S. Yarosh, Doctor of Military Sciences, Professor; D. Melenti; V. Yanchenko
Ivan Kozhedub Kharkiv National Air Force University

Modern combat operations are characterized by the active use of electronic
warfare to disrupt communication and navigation systems. This necessitates the
development and implementation of jamming-resistant GPS monitoring technologies
for moving objects of the fire units of the anti-aircraft missile forces of the Air
Force.

To study possible ways to create such a system, it is necessary to develop a
mathematical model of the functioning of GPS monitoring under the conditions of
active influence of enemy electronic warfare means. The main input data for such a
model should be: types and characteristics of the used interference; the ability to
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adapt GPS receivers to changing operating conditions; signal correction algorithms;
parameters of alternative navigation systems.

Using the resulting model will allow us to determine the optimal ways to
increase the stability of the GPS monitoring system, including integration with
inertial and alternative navigation aids, the application of signal filtering methods,
and the use of protected frequency bands.

The results of the study can be used to develop practical recommendations for
increasing the effectiveness of GPS monitoring in aircraft air defense systems in
combat conditions.

ANALYSIS OF SCHEMES FOR CONSTRUCTION OF TRAINING
EQUIPMENT FOR COMBAT SERVICE OF ANTI-AIRCRAFT MISSILE
COMPLEXES

V. Lukianchuk, Doctor of Technical Sciences, Professor;
I. Nikolaev, Candidate of Technical Sciences, Senior Researcher; S. Dontsov
Ilvan Kozhedub Kharkiv National Air Force University

The experience of developed countries of the world shows that it is methodically
correct to conduct training of personnel of anti-aircraft missile systems using
training equipment, which is designed to ensure systematic and systematic training,
exercises and support of acquired combat skills of combat service of anti-aircraft
missile systems without using real targets.

It is shown that to achieve this goal, dynamic computer simulators should be
used first of all, which should have programs that implement mathematical or
simulation models of the environment and the internal state of the anti-aircraft
missile system. Dynamic simulators are designed to train combat personnel of the
anti-aircraft missile system in the process of repelling an air attack. It is shown that
dynamic simulators should provide individual and group training and training of
combat personnel with the performance of all combat operations in all modes of air
situation review, detection, tracking and interception of targets. For this, the
simulator should be able to simulate the attack of single and group targets of all
types and model the corresponding visual situation with its display on
monitors (displays). In addition to dynamic simulators, static simulators should also
be used, which are designed to demonstrate, practice and verify the mastery of
certain procedures of action by combat personnel in fixed external and internal
conditions. Structural diagrams of static and dynamic training means of anti-aircraft
missile systems are presented and analyzed.

MAINTAINING OPPORTUNITIES REPAIR AND RESTORATION
BODIES ON TECHNICAL DIAGNOSTICS OF SAMPLES
AIRCRAFT MISSILE WEAPON

V. Lukianchuk?, Doctor of Technical Sciences, Professor; S. Baluchev?;
V. Kobzev?, Candidate of Technical Sciences, Senior Researcher;
A. Kovtunov?, Candidate of Technical Sciences
lvan Kozhedub Kharkiv National Air Force University;
2Command of the Air Force of the Armed Forces of Ukraine

Timely technical diagnostics (TD) of samples of anti-aircraft missile
weapons (AAMW) is a necessary condition for maintaining and restoring their
combat-ready state. The main component of this process is the determination of the
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current technical condition of the functional systems and the sample of the AAMW
as a whole, as well as the search for the point of failure in the event of a decision on
the inoperable state. The vast majority of specialized TD means, which are equipped
with the repair and restoration bodies of anti-aircraft missile forces, made on an
outdated element base, have a high level of selectivity of use (which determines
their sufficiently large nomenclature) and low adaptability to diagnosing weapons
samples supplied by partner countries. Modern means of forming and measuring
signals (generators, oscilloscopes, frequency meters) have much wider capabilities
compared to those that were supplied with the AAMW samples. However, the
number of signals they can generate or analyze at the same time is limited (usually
up to 4), so they cannot replace specialized test stands for blocks (subblocks,
modules, etc.).

A promising way to solve the mentioned problem is the development of
specialized devices that will have the possibility of simultaneous formation of
mutually synchronized pulse or analog signals or simultaneous analysis of signal
data with determination of their parameters. A prerequisite is the possibility of using
them for a wide range of AAMW samples. Proposals have been developed regarding
the construction and principles of operation of the specified devices on a modern
element base.

METHODOLOGICAL ASPECTS OF USING TRAINING EQUIPMENT
FOR THE TRAINING OF COMBAT SERVANTS OF AIRCRAFT MISSILE
SYSTEMS BASED ON MODERN INFORMATION TECHNOLOGIES

V. Lukianchuk, Doctor of Technical Sciences, Professor; H. Misiuk, Ph.D.;
I. Nikolaev, Candidate of Technical Sciences, Senior Researcher
Ivan Kozhedub Kharkiv National Air Force University

The continuous growth of combat capabilities and methods of combat use of air
attack means determines the relevance of creating and implementing in practice the
training of combat operators of anti-aircraft missile systems of simulators based on
modern information technologies. The report outlines the concept of creating
simulators for combat operators of anti-aircraft missile systems based on a network
system of computer simulators. It is shown that modern training facilities should be
based on a concept that involves the integrated use of virtual and constructive
modeling and is implemented by creating a multi-level system of simulation and
mathematical models of the anti-aircraft missile system and the environment. The
requirements are given and the main problematic issues of creating modern training
facilities are identified, the structure is given and the features of using computer
training facilities for combat service personnel of anti-aircraft missile systems of the
S-300 and "Buk-M1" types are identified.

It is shown that computer training facilities for combat service personnel of anti-
aircraft missile systems should be developed on the basis of a local computer
network, which should include a database server, an automated workplace of the
training manager with two monitors, automated workplaces of anti-aircraft missile
system operators and simulators of functional systems and devices involved in
training. The introduction of computer simulators will significantly increase the
level of theoretical and practical training of combat service personnel with minimal
expenditure on anti-aircraft missile systems and other material resources.
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IMPROVEMENT OF THE SECURITY SYSTEM SPARE ELEMENTS
OF SAMPLES AIRCRAFT MISSILE WEAPON

V. Lukianchuk, Doctor of Technical Sciences, Professor;

1. Terebukha, Candidate of Technical Sciences, Senior Researcher;
V. Kobzev, Candidate of Technical Sciences, Senior Researcher;
A. Kovtunov, Candidate of Technical Sciences
Ilvan Kozhedub Kharkiv National Air Force University

Maintaining the combat-ready state of samples of anti-aircraft missile
weapons (AAMW) determines the minimization of time delays between the
detection of the point of failure and the moment of delivery of the spare
element (SE) to the place of repair. Therefore, one of the important components of
the operation of AAMW samples is the effective functioning of the system of
providing SE. The purpose of the operation of this system is to maintain the reserves
of ferrous metals at a level that ensures rational costs for the creation and operation
of the specified system and minimizes the consequences of forced downtime of SE
samples in an inoperable state. The increased consumption of SE due to the increase
in the intensity of exploitation during the russian-ukrainian war, the gradual
reduction of resources of energy resources that were available at bases and
warehouses, the need to regulate the terms and volumes of procurement of certain
types of energy resources abroad, conditions the increase in requirements for the
quality of solving the tasks of substantiating the parameters of the system for
providing energy resources of the AAMW samples.

When adjusting the existing sets of spare parts and at the stage of designing a
system for providing SE for samples of spare parts of those types that have not been
operated in Ukraine before (for example, provided by partner countries), it is
necessary to develop the appropriate methodical apparatus. The main provisions of
the methodology for determining the nomenclature and quantitative composition of
ferrous metals in the spare parts sets of AAMW samples have been developed.

In addition to the above, the need for this methodology will arise: when making
changes to the operational and repair documentation, when changing the reliability
indicators of individual components or products as a whole due to modifications or
modernizations, improving the technology and organization of repairs, changing the
norms of SE based on the results of actual operation.

USE OF PRINCIPLES OF CONSTRUCTION OF DISTRIBUTED
COMBAT SYSTEMS IN CREATING PROSPECTIVE
ANTI-AIRCRAFT MISSILE SYSTEMS

S. Yarosh, Doctor of Military Sciences, Professor; D. Melenti
Ilvan Kozhedub Kharkiv National Air Force University

In the conditions of modern warfare, there is an urgent need for mobile,
multifunctional weapons models created according to the principles of distributed
combat systems.

When creating modern combat systems for anti-aircraft missile forces, it is
considered advisable to adhere to four main principles — the principle of a single
information space, the principle of control redundancy, the principle of a single fire
space, and the principle of echeloned cover.
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Distributed anti-aircraft missile system is a fundamentally new type of anti-
aircraft missile weapon. The difference of such systems is that the elements of its
main subsystems — information, fire and control subsystems — are distributed in
space in such a way that if the enemy hits one element, the nearest neighbor is not
hit. The main advantages of an anti-aircraft missile system of this structure are the
spatial separation of its elements, a significant reduction in the time required to
obtain and update information about the air situation, the possibility of adaptively
restructuring the structure of its control system, and the creation of prerequisites for
misleading the enemy regarding the configuration of the fire zone and the direction
of concentration of the main efforts, which certainly contributes to increasing its
survivability. In addition, the spatial distribution of fire installations practically
eliminates such a defect of the cover zone as dead space in the immediate vicinity of
the anti-aircraft missile system.

Thus, by implementing the anti-aircraft missile system as a distributed combat
system, it is possible to significantly increase the effectiveness of anti-aircraft
missile cover.

FUNCTIONAL RELIABILITY MODEL AIRCRAFT WITH OPEN
ARCHITECTURE AT SHOOTING AT ASINGLE TARGET

V. Lukianchuk, Doctor of Technical Sciences, Professor;
A. Ponomarov; K. Voytenko
Ilvan Kozhedub Kharkiv National Air Force University

The functioning of anti-aircraft missile systems (AAMS) with open
architecture (missile guidance stations, launchers, etc.) is carried out according to a
defined technological cycle with their non-simultaneous use. In addition, depending
on the combat mission of the AAMS with an open architecture (shooting a single
target, a group target, following a stream of targets from the composition of a given
strike of air attack means, etc.), the redundancy of its means and anti-aircraft guided
missiles changes. For a comparative analysis of competing variants of AAMS at the
stage of their development, modernization or procurement, it is necessary to
correctly take into account the above-mentioned features of the functioning of air
defense systems, which requires, in turn, the development of appropriate reliability
models.

Known models of the reliability of AAMS do not take into account the
architecture of the construction, the timing of the use of its various means and are
obtained for fixed requirements for their performance, which do not change
depending on the modes of combat use. At the same time, estimates of the reliability
indicators (RI) of AAMS are not very sensitive to the technological process of the
functioning of air defense systems with an open architecture, which does not allow
conducting a correct comparative analysis of various options for the construction of
AAMS. Therefore, there is a need to develop a reliability model for AAMS with an
open architecture when firing at a single target, which takes into account the non-
simultaneity of their use and different multiples of redundancy.

A model of operational reliability for AAMS with an open architecture adapted
to various modes of combat use and given target firing conditions is presented,
which, together with known reliability calculation methods, will allow to more fully
take into account the above-mentioned features. Taking these features into account
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will make it possible to make more reasonable demands for the RI of air defense
systems with an open architecture, to conduct a comparative analysis of various
options of AAMS during development, modernization or procurement.

KEY PRINCIPLES OF BUILDING UNMANNED AERIAL SYSTEMS
WITH OPEN ARCHITECTURE

V. Maliuha, Doctor of Military Sciences; Senior Researcher;
V. Gridina; S. Obrezkov
Ilvan Kozhedub Kharkiv National Air Force University

From the experience of the Russian-Ukrainian war, it is possible to identify a
trend of significant growth in the participation of unmanned aerial vehicles (UAVS)
in solving tasks at the tactical, operational, and even strategic levels of military
operations.

Typical tasks in which UAVs are most often involved in the Russian-Ukrainian
war include: aerial reconnaissance, fire destruction of important state and military
objects, personnel, weapons, and equipment, artillery fire correction, and other
special tasks.

To solve these tasks, functional and technical systems have been created —
unmanned aerial systems and complexes (UAS(C)), which include UAVs of various
functional purposes, as well as ground platforms for managing and supporting their
use. Existing UAS(C) have a deterministic architecture, which makes them limited
in their capabilities and designed to solve a specific set of tasks.

By analyzing the stages of the russian-ukrainian war, it is possible to predict
potential changes in the list of tasks that UAVs could be involved in.

Therefore, the issue of creating new UAS with open architecture is relevant, as
such systems could be adapted to specific tasks by changing their architecture:
introducing new elements into the system and removing excess ones.

IMPROVEMENT OF THE CRUISE MISSILE MODEL IN THE COMPLEX
OF ALGORITHMS AND PROGRAMS OF THE "ARGUMENT-2024"
GEOINFORMATION SYSTEM

S. Yarosh, Doctor of Military Sciences, Professor;
O. Rohulia, Ph.D.; A. Saveliev
lvan Kozhedub Kharkiv National Air Force University

As the experience of the russian-ukrainian war has shown, the priority task of
the anti-cruise missile defense system is the implementation of anti-cruise missile
defense. At the same time, the evaluation of the effectiveness of covering objects
during the planning of combat operations is carried out using decision support
systems. A significant number of these systems use simulation models to simulate
combat operations. In these models, sub-models are models of various types of anti-
aircraft missiles, including cruise missiles (CM). But until now, these models did not
provide for the use of CM-regulators of active radio-electronic interference.

One of these systems is a set of algorithms and programs developed by
specialists of the Kharkiv National University of the Air Force named after lvan
Kozhedub based on the "Argument-2024" geo-information system (GIS) to support
decision-making by commanders of units and units of the Air Force. The named GIS
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is widely used in anti-cruise missile defense system. It was on the basis of this
system that the improvement of the CM model was carried out.

The improvement of the model consisted in providing the CM with the ability to
set an active obstacle from its side during the flight along the given route. As an
indicator that characterizes radio-electronic interference, the power density of the
interference that can be delivered by CM is chosen. The interference power density
is entered before starting the simulation in the appropriate window of the program.

Taking into account the introduced changes in the CM model, further during the
simulation of anti-aircraft combat, the range of detection of CM and the range of
their damage is reduced depending on the entered value of the power density of
obstacles, which leads to a decrease in the number of firings of anti-aircraft units
and, as a result, to a decrease in the effectiveness of covering objects.

PRINCIPLES OF USE OF SIMULATORS TO PREPARE COMBAT
SERVICE ANTI -AIRCRAFT MISSILE COMPLEXES

V. Lukianchuk, Doctor of Technical Sciences, Professor;
I. Nikolaev, Candidate of Technical Sciences, Senior Researcher; V. Tkachik
Ivan Kozhedub Kharkiv National Air Force University

In the context of continuous improvement of air assaults (ZPNs) and methods of
their combat use, requirements for the level of training of combat services of anti -
aircraft missile systems (SAC) are increasing. It is shown that improving the
efficiency of combat training of SAM combat services is possible only if the training
and training tools (TTT), which should ensure the formation of a managed
educational and information environment and training based on its combat services
of SRCs in conditions adequate to real, as well as conducting Prerequisite training,
which allows you to maintain the acquired combat skills at the required level. On
this basis, the TTT should be developed and used as a complete gym.

The hardware base of the TTT is the distributed multitasket computing systems
of real time, computer visualization systems and specialized network information
technologies. The use of TTT will partially abandon training training with the
involvement of military equipment, which simplifies the educational process and
allows you to create a stable training system. In addition, the use of TTT increases
the safety of personnel by reducing the risk of serious injuries during training in
combat equipment due to the low professional training of the personnel of the SCR
in the early stages of training. It is shown that training and training of SAC operators
for the formation and improvement of skills and skills of practical work with remote
equipment and management bodies in different modes of work is advisable to carry
outatthe TTT.

TRACKING OF AIR TARGETS IN THE SPACE SURVEY MODE
BY THE RADAR STATION OF THE SELF-PROPELLED FIRING UNIT
OF THE SHORT-RANGE ANTI-AIRCRAFT MISSILE SYSTEM

O. Halytskyi, Candidate of Technical Sciences, Associate Professor; G. Sokolov
Ilvan Kozhedub Kharkiv National Air Force University

The paper analyzes the peculiarities of building a system for searching and
tracking an air target by a radar station of a short-range anti-aircraft missile system.

The peculiarities of construction and functioning of the search system by angular
coordinates are determined. The functional diagram and timing diagrams of the
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search system of the radar station of the short-range anti-aircraft missile system are
presented.

The peculiarities of the survey in the quasi-continuous radiation mode are
analyzed. The peculiarities of construction and functioning of the radar receiver are
analyzed.

The report considers the process of tracking targets simultaneously with the
space survey in the "Overview" mode. The principle of target tracking during the
space survey by angular coordinates is analyzed. A processor for processing radar
signals in the space survey mode at a high pulse repetition rate and a processor for
processing radar signals in the space survey mode at an average pulse repetition rate
are synthesized.

The results of the development of technical proposals for the implementation of
the target tracking mode in the survey mode for a radar station using broadband
signals are presented.

The synthesis of the structural diagram of the target tracking equipment during
the survey for a radar station in the linear frequency modulation mode with a quasi-
continuous signal is considered.

The developed proposals can be implemented during the modernization of
existing and development of advanced radar stations of short-range anti-aircraft
missile systems.

IMPROVEMENT OF THE AIR TARGET ACQUISITION SYSTEM
FOR AUTOMATIC TRACKING BY ANGULAR COORDINATES
OF THE RADAR STATION OF A SHORT-RANGE
ANTI-AIRCRAFT MISSILE SYSTEM

B. Chumak; O. Halytskyi, Candidate of Technical Sciences, Associate Professor
Ivan Kozhedub Kharkiv National Air Force University

To improve signal processing algorithms, it is necessary to: use adaptive
filtering algorithms to reduce noise and errors in determining target coordinates;
apply machine learning methods to improve the accuracy of target recognition and
tracking.

To optimize the antenna control system, it is necessary to: introduce more
accurate servos and feedback systems to respond more quickly to changes in the
target's position. Switch to digital control of the antenna post with the possibility of
programmatic adjustment of tracking parameters.

To increase the system's noise immunity, it is necessary to: implement adaptive
signal processing methods to separate the target from interference. Application of
coherent signal processing technology to reduce the impact of passive and active
interference.

Improving the air target acquisition system to automatically track the angular
coordinates of the radar station of a short-range air defense missile system is a key
area for improving the effectiveness of air defense. Improving signal processing
algorithms, optimizing the antenna control system, modernizing the computer
system, increasing noise immunity, and automating tracking processes will
significantly improve the system's accuracy and performance. This will ensure more
reliable detection and destruction of air targets in difficult combat conditions.

The developed proposals can be implemented during the modernization of
existing and development of advanced radar stations of short-range anti-aircraft
missile systems.
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PROBLEM ISSUES OF THE CLASSIFICATION OF MICRO AND MINI
UNMANNED AERIAL VEHICLES AS AIR ATTACK MEANS

O. Misiura, Candidate of Technical Sciences, Senior Researcher;
A. Piechkin, Candidate of Technical Sciences, Senior Researcher;
D. Grib, Candidate of Military Sciences, Associate Professor
Ilvan Kozhedub Kharkiv National Air Force University

The report presents the results of research on changing approaches to the
classification of air attack vehicles (AAV) in terms of micro and mini unmanned
aerial vehicles (UAVs). An analysis of regulatory documents in which there is a
concept of classification of UAVs shows that they do not include such a concept as
micro and mini UAVSs of various types.

Based on the results of the research, it is proposed to determine the approaches
to the classification of the above classes of UAVs in order to determine the
requirements for the corresponding countermeasure systems and complexes.

The report examines the objective imperfection of known organizational and
technical systems that ensure the protection of samples of weapons and military
equipment from micro- and mini-UAVs strikes of various types.

Problematic questions regarding the development of a system for countering the
use of UAVs of the specified types, which should include means of radio-electronic
and optical reconnaissance, means of suppressing control and navigation channels,
means of fire damage, are presented.

Thus, the determination of the classification for such types of anti-aircraft
missiles as micro and mini UAVs will make it possible to set requirements for
countermeasures against their use, taking into account the experience of anti-aircraft
defense in combat conditions.

USING OF MODERN DIGITAL TECHNOLOGY TO IMPROVE
TECHNICAL DIAGNOSTIC MEANS OF ANTI-AIRCRAFT
MISSILE WEAPON

V. Kobzev, Candidate of Technical Sciences, Senior Researcher;
A. Kovtunov, Candidate of Technical Sciences;
S. Volyuvach, Candidate of Technical Sciences; M. Fisun
Ilvan Kozhedub Kharkiv National Air Force University

The current state of equipment in the maintenance units of the anti-aircraft
missile forces is characterized by the fact that the vast majority of specialized
technical diagnostic (TD) equipment is made with old element base, has a high level
of application selectivity (this determines their large nomenclature) and low
adaptability to the diagnosis of weapons supplied by partner countries. Currently,
when  restoring the  operability of weapons, modern  measuring
instruments (oscilloscopes, generators) are usually used. However, insufficient
attention is paid to the development of specialized bench equipment.

A promising way to solve this problem is to create an universal hardware and
software complex (HPC) of the TD with the possibility of its application to a wide
range of weapons. The hardware component basis of this HPC TD is a test signal
generation module and an output signal analysis module. The first module task is the
simultaneous formation of interconnected input signals for the test object with many
input channels. Accordingly, the second module task is the simultaneous analysis of
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the output signals from test object for compliance with their input test influence with
subsequent transmission of the results to the indication and control module.

Propositions were developed regarding the element base, which should be used
when constructing the specified modules of the HPC TD. The possibilities of signal
generation and analysis are shown, which are already integrated into modern
microcontroller technology.

USING OF MODERN INFORMATION TECHNOLOGIES
TO IMPROVE INFORMATION SUPPORT PROCESSING
OF THE OPERATION RESULTS
OF ANTI-AIRCRAFT MISSILE WEAPON

V. Kobzev, Candidate of Technical Sciences, Senior Researcher;
A. Kovtunov, Candidate of Technical Sciences; M. Fisun
Ivan Kozhedub Kharkiv National Air Force University

The combat readiness maintaining task of anti-aircraft missile weapons is a
necessary component of the development and readiness of anti-aircraft missile
forces. Timely propositions justification for the implementation or adjustment of
measures for the weapon operation of will significantly contribute to the fulfillment
of the specified task. Therefore, one of the important components of the anti-aircraft
missile weapon operation is the effective functioning of the system for operation
results processing. The purpose of the functioning of this system is the prompt and
reliable accumulated information processing on failures (malfunctions) of functional
systems and the weapon in general, the consumption of spare elements in the
restoring operability process, the results of monitoring the functional systems
parameters, and the weapon resource consumption during operation.

For the organization, sorting, analytical processing of heterogeneous
information, it is proposed to create interconnected relevant databases. The specified
information accumulation over a certain time interval will allow to promptly obtain
calculations of quantitative values of single and complex reliability indicators of
anti-aircraft missile weapon and their components. The obtained statistical data and
reliability indicators values will allow to timely adjust the frequency and volumes of
operational measures to maintain the combat-ready state of anti-aircraft missile
weapon.

DEVELOPMENT OF A NETWORK MODEL FOR THE MAINTENANCE
OF FOREIGN-MADE SURFACE-TO-AIR MISSILE SYSTEMS

0. Doska, Candidate of Technical Sciences, V. Sydoryshyna
Ivan Kozhedub Kharkiv National Air Force University

Surface-to-air missile systems (SAMSs) play a crucial role in ensuring a country's
air defense during combat operations. Modern SAM systems, functioning in a high-
intensity  operational environment with heavy loads, require effective
maintenance (MRO) to ensure reliability and extend their service life. The
organization of SAMs MRO is based on the use of a scientifically grounded
mathematical framework for generating optimal solutions focused on: enhancing
maintenance efficiency through optimized planning and resource allocation;
reducing system downtime; and ensuring the timely detection and elimination of
malfunctions.
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Maintaining the operational readiness of the existing fleet of foreign-made SAM
systems presents significant challenges for the current MRO and repair system,
characterized by several key factors, including:

— high operational intensity of the weapon systems;

- acute shortage of spare parts and specialized equipment;

— insufficient qualification of maintenance personnel;

— limited number of certified facilities in Ukraine capable of servicing and
repairing foreign-made SAM systems;

—lack of necessary repair and technical documentation for the latest weapon
systems etc.

Considering these factors in the development of a mathematical model allows
for a more accurate representation of the SAMs maintenance process and increases
the reliability of the obtained results.

The importance of the proposed model lies in several key aspects. Firstly, it
significantly reduces the time required for maintenance, thereby minimizing SAM
system downtime. Secondly, the model ensures more flexible management of
available resources in wartime condition.

ALGORITHM DEVELOPMENT FOR ASSESSING THE AIR THREAT
TO DEFENDED SITES

O. Doska, Candidate of Technical Sciences; D. Fedoriaka; E. Riznichenko
Ivan Kozhedub Kharkiv National Air Force University

Modern military conflicts are characterized by a high level of technological
advancement and the widespread use of unmanned aerial vehicles, including those
employing artificial intelligence technologies. This necessitates the development of
new approaches to protecting critical infrastructure from airborne threats. A key role
in this process is assigned to tasks related to data collection on aerial targets, threat
assessment for defended objects, and decision-making regarding the allocation of
fire assets.

This study addresses the development of an algorithm for assessing the threat
posed by aerial targets to defended objects. The algorithm is based on considering
data on types of airborne threats and their movement parameters, evaluating the
vulnerability of defended objects, and analyzing their structural characteristics. The
application of this algorithm results in the creation of an effective defense strategy
that helps minimize risks and damage from potential enemy airstrikes.

The proposed algorithm enables a comprehensive assessment of airborne threats,
thereby enhancing the protection of defended objects. Further research will focus on
improving analytical methods and increasing the accuracy of threat assessments.

ANALYSIS OF THE EFFECTIVENESS OF THE THREAT EVALUATION
AND WEAPON ALLOCATION ALGORITHM WITH USING
THE BAYESIAN NETWORK MODEL

0. Petrenko, Candidate of Technical Sciences, Senior Researcher; A. Levenko
lvan Kozhedub Kharkiv National Air Forces University

Threat Evaluation and Weapon Allocation (TEWA) operators in air defense
situations assigned threat values to detected targets, values that were used to make
real-time decisions about the allocation of defensive resources to threat targets.
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Since TEWA systems operate in a critical environment where wrong decisions can
have fatal consequences, systematic evaluation of the performance of
automated (and semi-automated) TEWA systems becomes very important.

The specific implementations of algorithms for real-time threat evaluation and
weapon allocation, the Bayesian network for threat evaluation and fuzzy logic
algorithm for threat evaluation have been compared. The advantages of Bayesian
network for threat assessment lies in the adaptive flexibility and learning of the
system. Moreover, this approach allows to use kill assessment data to improve the
system for next threat evaluation process.

In this paper the method of combination of Bayesian network for TEWA with
method of expert evaluations for determining weight coefficients has been proposed.

The created Bayesian network model of the threat assessment in combination
with variable weighting coefficients showed the ability to improve existing variants
of the TEWA algorithm in various branches of science.

Thus, the use of the proposed approach allows to improve the process of making
recommendations due to the constant evaluation of the efficiency of the algorithm.

METHODOLOGY FOR DETERMINING RATIONAL MANEUVERING
OPTIONS FOR AIR DEFENSE MISSILE TROOPS UNITS EQUIPPED
WITH NEW TYPES OF SURFACE-TO-AIR MISSILE SYSTEMS DURING
AIR DEFENSE MISSILE COVERAGE OF TROOPS AND FACILITIES

M. Demenko, Candidate of Military Sciences, Associate Professor;
V. Voronin, Candidate of Technical Sciences, Assosiate Professor;
V. Tretiak, Candidate of Technical Sciences, Assosiate Professor;
D. Ramshov, Candidate of Technical Sciences
Ilvan Kozhedub Kharkiv National Air Force University

Under current conditions, periodic changes in positions within positional areas,
considering aerial, ground, and space conditions, have become especially critical.
Thus, determining the maneuver intensity of ADMU equipped with advanced
ADMS (or specific ADMS units) to reserve positions (ambush positions) or other
firing zones is crucial. This task requires accounting for key influential factors that
are essential for the methodology in question.

The proposed advanced methodology enables the evaluation of the combat
capabilities of ADMU equipped with advanced ADMS and the grouping as a whole
during the air defense coverage of troops and objects. It accounts for the parameters
of an airstrike, actions of enemy fire assets, including reconnaissance-strike systems,
ADMS characteristics, specifics of the grouping structure, maneuverability, and
operational conditions of air defense units.

RECOMMENDATIONS FOR THE PREPARATION AND CONDUCT
OF COMBAT OPERATIONS BY ANTI-AIRCRAFT
MISSILE UNITS "FROM AMBUSH"

S. Novichenko, Candidate of Technical Sciences, Senior Researcher; D. Dovhaliuk;
V. Kryvchun; A. Saveliev
Ilvan Kozhedub Kharkiv National Air Force University

The report states that the essence of the method of conducting combat operations
"from an ambush" consists in the sudden opening of anti-aircraft missile fire on
enemy air attack vehicles from a tactically advantageous and hidden position, which
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guarantees a high probability of completing the combat mission by the anti-aircraft
missile forces (AAMF) unit.

It is shown that for conducting combat operations of the AAMF unit "from an
ambush" it is necessary:

— at the appointed time, maneuver the air defense unit with a certain composition
to the ambush position in a certain manner, using pre-developed routes;

— after transferring the anti-aircraft missile system to a combat position, begin
analyzing the air situation using the automated workstation of the air defense or the
"Virazh-PPO" air situational awareness system based on the special software and
mathematical support "Virazh-Planshet";

—when conditions appear in accordance with the purpose of the ambush, open
anti-aircraft missile fire on air targets with subsequent maneuvering to a
reserve (combat) position or to cover to withdraw from the attack;

— if conditions in accordance with the purpose of the ambush were not created
during the safe stay at the ambush position, the air defense unit must maneuver to a
reserve (combat) position or to cover.

COMPUTER-ORIENTED METHOD FOR CALCULATING
THE CONFIGURATION OF THE SURFACE PROHIBITED ZONE
AND COMBAT ZONE OF AIR-DEFENSE GUIDED MISSILE SYSTEM
"IMPROVED HAWK"

0. Vedmid, Candidate of Technical Sciences, Associate Professor;
I. Nos, Candidate of Technical Sciences;
M. Romaniuk, Candidate of Military Sciences, Associate Professor;
M. Kamchatnyi, Candidate of Technical Sciences, Associate Professor
Ilvan Kozhedub Kharkiv National Air Force University

In order to ensure the conduct of exercises with combat firing by air-defense
guided missile units on the training ground, together with the surface area of danger
of air-defense guided missile system, the surface prohibited area and the combat area
are also defined. This makes it possible to increase visibility when deciding on the
conditions for firing. The well-known official method of determining the
configuration of the surface danger zone of the "Improved Hawk" SAM system does
not provide for the construction of such zones. Surface Prohibited Zone (SPZ) is the
impact aria of rocket fragments, warhead fragments or rockets in the event the radar
proximity fuze didn't operation, while other components of the rocket and ground
equipment are functioning properly. In the official methodology there is some
information that is necessary for the construction of the SPZ. The developed method
of determining the configuration of the SPZ is discussed.

The combat zone (CZ) is the intercept zone, which is limited by the boundaries
of the authorized firing sector. The far boundary of the horizontal section of the
intercept zone of the "Improved Hawk" SAM system in the relevant part is
approximated by straight lines. The elaborated method of calculating the
configuration of the combat zone for various variants of the trajectories of the targets
is discussed. The results of SPZ and CZ configuration calculations are demonstrated.
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ADAPTIVE COMPENSATION OF THE INFLUENCE OF IONOSPHERIC
DELAY ON THE ACCURACY OF RADIO NAVIGATION SATELLITE
MEASURED IN SINGLE-FREQUENCY USER EQUIPMENT ALGORITHM
WITH USING INFORMATION FROM THE NETWORK
OF CONTROL AND CORRECTION STATIONS

O. Petrenko, Candidate of Technical Sciences, Senior Researcher; B. Hadzymuradov
lvan Kozhedub Kharkiv National Air Forces University

Currently, for solving many applied problems, the problem of high-precision
navigation-time determinations based on information from satellite radio navigation
systems is becoming of great importance. The inhomogeneity of the dielectric
constant of the ionosphere causes a curvature of the signal trajectory, which leads to
an additional delay in the signal propagation time from the navigation satellite to the
receiver. Thus, the use of the proposed approach allows to improve the process of
making recommendations due to the constant evaluation of the efficiency of the
algorithm.

There are a lot of methods for determining and taking into account the
ionospheric delay. The most effective and accurate method is based on dual-
frequency measurements.

A significant disadvantage of this method is the fact that the size of the working
area of the control and correction station (CCS) is limited, and the consumer, when
determining his position vector, cannot always be in the near working area of the
CCs.

An algorithm has been obtained to compensate for the influence of ionospheric
error, including its fluctuation component, on the accuracy of CCS in single-
frequency consumer equipment using corrective information from the CCS network.

METHODICAL APPROACH TO BUILDING THE FASTEST ROUTE
FOR VEHICLES OF A MOBILE UNIT OF ANTI-AIRCRAFT
MISSILE FORCES OVER SHORT DISTANCES

S. Novichenko, Candidate of Technical Sciences, Senior Researcher;
A. Piechkin, Candidate of Technical Sciences, Senior Researcher;
V. Novichenko; D. Oparin
Ilvan Kozhedub Kharkiv National Air Force University

The enemy’s implementation of the “reconnaissance — fire — destruction”
principle when breaking through our air defense system gives special importance to
the mobility of anti-aircraft missile defense, an important process of which is the
execution of maneuvers. To conduct effective mobile anti-aircraft missile defense, it
is advisable to perform maneuvers within positional areas at short distances, from
several hundred meters to several kilometers (less often — several tens of
kilometers).

The report considers a methodological approach to building the fastest route for
vehicles of a mobile unit of anti-aircraft missile forces over rough terrain with the
possible use of a road network. For this purpose, models of three types of terrain
areas are used: rough terrain, prohibited areas (zones) and roads, which differ in the
permission (prohibition) of movement and speed of movement.

Models of prohibited zones are created using simple polygons and broken lines,
and road models are created using broken lines.
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It is proposed to construct the route of the anti-aircraft missile forces unit with
minimal travel time by constructing an oriented weighted graph of mutual visibility
of some points in space, which constitute sets of obstacle points, points of
exit (entry) from road sections, the initial position and the designated area on the
plane. It is proposed to use the Dijkstra algorithm to process the visibility graph.

ESTIMATION OF QUASI-BALLISTIC TRAJECTORY PARAMETERS
OF A SHORT-RANGE BALLISTIC MISSILE: BOOST PHASE

A. Dudush, Candidate of Technical Sciences, Associate Professor; R. Snovydovych
Ilvan Kozhedub Kharkiv National Air Force University

Short-range ballistic missiles such as 9M723 Iskander-M, KN-23, and KN-24
have been widely used during the Russian-Ukrainian war. These missiles'
peculiarities are a flat trajectory that does not exceed the Karman line and
maneuvering on the final (descending) phase. These parameters correspond to quasi-
ballistic trajectories, whose distinctive feature is the possible change of course and
flight altitude, making them less predictable and more difficult to intercept by
modern surface-to-air missiles.

A quasi-ballistic trajectory has three typical phases: boost, ballistic, and
maneuvering. The missile flight parameters are modeled during the boost phase by
solving the differential equation describing the missile acceleration using the Euler
method. To optimize the trajectory and obtain the required angle of attack at the end
of the boost phase, a pitch angle control program is set, described by a fourth-degree
polynomial.

A model of the flight trajectory of a short-range ballistic missile in the boost
phase was developed. It was integrated with a known ballistic trajectory model
based on Kepler's equations. Based on the operational characteristics of the 9M723
type missile, some variants of the flight trajectories of this missile were constructed,
and the corresponding graphs of changes in altitude and flight speed were presented.

ANALYSIS OF METHODS FOR AUTOMATION OF UAV DETECTION
BY SOFTWARE DEFINED RADIOS

O. Shapovalov, Candidate of Technical Sciences, V. Bezlepkin
Ivan Kozhedub Kharkiv National Air Force University

The use of unmanned aerial vehicles (UAVs) for reconnaissance and strike
missions has intensified significantly in recent years. These UAVs are controlled
remotely, with command and telemetry information transmitted via combined radio
links.

Automated signal processing has become an essential tool in detecting the radio
signals emitted by UAVs. By leveraging modern algorithms and data processing
technologies, it is possible to detect UAV signals rapidly and efficiently. These
advancements enhance the reliability of drone detection systems, which is crucial for
maintaining airspace security.

One notable example is the advanced passive radar and radio frequency
technology developed by Hidden Level. Their system can detect and precisely locate
drones, including those operating covertly without active transmissions. This passive
detection capability allows for the monitoring of unauthorized UAV activities
without alerting operators.
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In addition to high-end solutions, there is a growing trend toward using low-cost
software-defined radios (SDRs) to address UAV detection challenges. Devices such
as RTL-SDR, Airspy, and HackRF One have become increasingly popular due to
their affordability and versatility. SDRs enable flexible implementation of signal
processing algorithms, making them suitable for a wide range of detection and
analysis tasks.

The authors of this report analyze modern methods for automating UAV
detection and conduct research on the use of software-defined radios. A practical
implementation is presented using the HackRF One alongside the Python
programming language. This example demonstrates how accessible hardware and
open-source software can be combined to create effective UAV detection systems.

MAINTAINING THE PHYSICAL PERFORMANCE OF PERSONNEL
IN SURFACE-TO-AIR MISSILE FORCES THROUGH PHYSICAL
TRAINING DURING COMBAT DUTY

O. Tkachuk; V. Zolochevskyi, Candidate of Pedagogic Sciences, Associate Professor,
0. Reznichenko; Y. Zhukov
Ivan Kozhedub Kharkiv National Air Force University

The performance of functional duties during combat duty is accompanied by the
impact of adverse factors of military-professional activity on the physical condition
of military personnel.

Significant mental and psychophysiological stress, prolonged restrictions on
physical activity (hypokinesia, hypodynamia, monotony) are common. Military
personnel which operates military equipment is exposed to unfavorable physical and
chemical factors, which accelerate fatigue, reduce mental and physical performance,
and, consequently, significantly decrease the combat readiness of personnel.

The need to ensure the constant combat readiness of personnel to perform their
assigned tasks against the backdrop of prolonged mental and psychophysiological
stress highlights the urgency of developing and improving sets of physical exercises
aimed at maintaining the physical performance of military personnel during combat
duty.

The report presents physical training for military personnel during combat duty
and specifies the content of physical exercise complexes. It proposes the
implementation of a model for organizing specialized physical training for operators
during combat duty, which includes three stages: conducting training sessions in
physical preparation during the comprehensive preparation period for combat duty,
performing physical exercises during the combat duty period, and conducting
independent individual sessions during the rehabilitation period after combat duty.

IMPROVEMENT OF THE SYSTEM OF AUTOMATIC RANGE
SURVEILLANCE OF THE SHORT-RANGE RADAR
AIRCRAFT MISSILE COMPLEX

O. Yepifanov; B. Haibadulov
Ilvan Kozhedub Kharkiv National Air Force University

The analysis of the conduct of hostilities during Russia's full-scale aggression
against Ukraine showed that the requirements for a modern combat environment, the
improvement of the automatic long-range tracking system, require a comprehensive
approach to the development and implementation of new technologies.
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The report provides a justification for the need and possibility of improving the
automatic range tracking system of a short-range anti-aircraft missile system; an
analysis of the general principles of building a range tracking system is carried out,
and the features of building automatic range tracking systems in pulse radar stations
that use complexly modulated signals are analyzed.

Two variants of constructing automatic range tracking were considered — with
one and two integrators. The limiting values of dispersion and the mean square
acceleration values of the target, which can be tracked by automatic range tracking,
were calculated. From the results of the calculations, a conclusion was made about
the feasibility of using two integrators in the automatic range tracking used in a
multifunctional radar station (a system with second-order astaticism).

ASSESSMENT OF THE EFFECTIVENESS OF SURFACE-TO-AIR
MISSILE SYSTEM SUPPLIED BY UKRAINE'S PARTNER COUNTRIES
UNDER CONDITIONS OF INTENSIVE OPERATION

I. Koval, Candidate of Technical Sciences, Senior Researcher;
M. Dolyna, Candidate of Military Sciences, Associate Professor,
D. Kalugin, Candidate of Technical Sciences, Senior Researcher; S. Lapii
Ivan Kozhedub Kharkiv National Air Force University

Surface-to-air missile system (SAMs) provided to Ukraine by partner countries
as material and technical assistance are usually new, modern, highly reliable and
highly effective products. However, in the military operations, a characteristic
feature of the operation of SAMs is the increased consumption of their resources. In
this regard, the report analyzes the impact of the increased intensity of operation of
new SAMs on the effectiveness of their long-term operation.

Assessment of the effectiveness of air defense systems during long-term
operation is carried out using the coefficient of preservation of the effectiveness of
air defense systems. The report compares the dynamics of the effectiveness of the
use of SAMs in combat operations with increased resource consumption and in
conditions of moderate resource consumption. To evaluate the effectiveness of
SAMs, the developed models are used: a model of SAM operation according to a
typical cyclogram of intended use; a model of SAM reliability dynamics with an
established maintenance and repair system; and a model of anti-aircraft guided
missiles reliability dynamics during long-term operation. As input data for the
estimates, information on the life cycle parameters and tactical and technical
characteristics of Soviet-made SAMs, which are analogous to those SAMs provided
to Ukraine as logistical assistance, is used. The obtained estimates should be used as
a guide when drawing up plans for the technical equipment of the Air Force of the
Armed Forces of Ukraine.

IMPROVEMENT OF THE QUASI-CONTINUOUS SIGNAL PROCESSING
CHANNEL OF THE RECEIVING DEVICE OF THE RADAR OF A SHORT-
RANGE ANTI-AIRCRAFT MISSILE SYSTEM

T. Polishchuk; B. Haibadulov
Ilvan Kozhedub Kharkiv National Air Force University

In the context of full-scale military aggression by the Russian Federation, there
is a steady upward trend in the use of unmanned aerial vehicles for reconnaissance,
fire control, air support of units on the battlefield and the creation of active and
passive jamming.
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The report considers the properties of the main radar signals, compares them,
selects and justifies the signal that is most suitable for radar with increased
requirements for operation in conditions of passive interference; analyzes radar
information processing devices.

Based on the studies and comparisons of radar signals and their processing
devices, proposals are made for the construction of a quasi-continuous radiation
receiving channel in a short-range air defense radar station with increased
requirements for operation under conditions of intense passive interference.

Having considered the measures of distinguishing abilities of several common
signals in radar by comparing their autocorrelation functions, it is concluded that the
use of coherent packets of narrowband radio pulses allows the selection of moving
targets in a complex interference environment due to the presence of a large number
of passive interference in space. This signal is advisable to use in radar receivers
with increased requirements for interference protection against passive interference

To build a receiver with increased requirements for operation in conditions of
passive interference, it is advisable to use correlation-filter processing of a packet of
coherent radio pulses, which is reduced to pulse heterodyne and coherent
accumulation of frequency-transformed radio pulses in a narrowband frequency
filter.

STUDYING THE POSSIBILITY OF AUTOMATING THE PROCESS
OF ASSESSING THE ELECTRONIC WARFARE ENVIRONMENT
USING SOFTWARE-DEFINED RADIOS

0. Shapovalov, Candidate of Technical Sciences,; A. Klymenko
Ivan Kozhedub Kharkiv National Air Force University

Effective assessment of the electronic warfare environment is crucial for the
efficient allocation and use of the radio frequency spectrum, as it helps prevent
mutual interference between different users and services. Continuous analysis
enhances overall readiness and adaptability in a dynamic environment, making
automation an essential consideration to handle the complexity and volume of data
involved.

Identifying sources of interference and obstacles is vital for optimizing the
operation of electronic equipment.

To address these challenges, there is a growing adoption of accessible software-
defined radios (SDRs) like RTL-SDR, Airspy, and HackRF One. These devices
offer flexibility and affordability for monitoring and analyzing the electronic
environment. Additionally, methods embedded in modern communication and
information transmission systems, such as the use of the Simple Network
Management Protocol (SNMP), are becoming increasingly common.

The authors explore the feasibility of using the SNMP protocol in conjunction
with modern software-defined radios to gather current information about the state of
the electronic environment. They propose a solution for automating this assessment
by utilizing the Python programming language. This approach leverages the
capabilities of SDRs and the versatility of Python to create an automated system for
monitoring electromagnetic conditions. Such automation is essential for maintaining
efficient spectrum usage, enhancing interoperability among services, and ensuring
the resilience of electronic systems in the face of evolving electronic warfare tactics.
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DEVELOPMENT OF A SIMULATION MODEL OF THE RADAR
INFORMATION SHARING CHANNEL BETWEEN THE FDC AND THE
HIGHER COMMAND POST USING THE ASTERIX PROTOCOL

O. Shapovalov, Candidate of Technical Sciences;, N. Oshomok
Ilvan Kozhedub Kharkiv National Air Force University

The ASTERIX protocol (All-purpose Structured EUROCONTROL Surveillance
Information Exchange) is an important standard for the exchange of radar
information. It was developed by EUROCONTROL to ensure efficient and reliable
data exchange between different air traffic surveillance and control systems.

The ASTERIX protocol is a key element of modern air traffic control systems,
providing reliable and efficient information exchange between different systems and
applications. Its versatility, efficiency, and flexibility make it an indispensable tool
for ensuring the safety and efficiency of modern air defense systems.

There are many tools that allow you to model, analyze and test the operation of
the ASTERIX protocol: Scapy, ASTeRIX Validator, OMNet++.

The report discusses OMNeT++ (OMNeT++ is a powerful tool for modeling and
simulating network protocols and systems. Its modular architecture, open-source
nature, and support for multiple platforms make it highly versatile. OMNeT++
provides an integrated development environment (IDE) and tools for visualization
and debugging, which are invaluable for researchers and developers.), a powerful
tool for modeling and simulating network protocols and systems. approaches to
evaluating frame characteristics at the data link layer during ASTERIX protocol data
encapsulation/de-encapsulation are shown. The scheme of encapsulation/de-
encapsulation of ASTERIX protocol data in the data exchange channel between the
FDC and the higher command post is presented.

DYNAMICS OF THE EFFECTIVENESS OF THE FLEET OF SURFACE-
TO-AIR MISSILE SYSTEM TAKING INTO ACCOUNT PHYSICAL
AND MORAL AGING

I. Koval, Candidate of Technical Sciences, Senior Researcher;
Y. Belevshchuk, Candidate of Technical Sciences, Senior Researcher;
S. Seleznov, Candidate of Technical Sciences; Y. Trofimenko
Ilvan Kozhedub Kharkiv National Air Force University

The fleet of surface-to-air missile (SAMSs) of the Air Force of Ukraine includes
both physically and morally obsolete Soviet-made SAMs and modern (new) foreign-
made SAMs supplied by Ukraine's partner countries. These SAMs have different
calendar service lives, are characterized by different levels of technical condition
and reliability of ground combat vehicles (GCVs) and anti-aircraft guided
missiles (AAGMs), as well as different levels of obsolescence, which significantly
affects the effectiveness of their intended use.

The report considers a model of the dynamics of the effectiveness of the SAM
fleet during long-term operation, taking into account the factors of physical and
moral obsolescence. This model includes a set of models, namely: a model of SAM
operation according to a typical cyclogram of intended use; a model of SAM GCVs
reliability dynamics with an established maintenance and repair system; a model of
SAM reliability dynamics and a model of SAM obsolescence dynamics during long-
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term operation. The results of modeling the dynamics of the coefficient of
preserving the efficiency of the SAM fleet and the mathematical expectation of the
number of destroyed targets from the calendar duration of operation, taking into
account the factors of physical and moral obsolescence, are presented.

The developed model should be used in the development of methods for
assessing the effectiveness of the SAM fleet, as well as in the development of plans
for the technical re-equipment of the Ukrainian Armed Forces aircraft with SAMs
and AAGMs.

COMPUTER-ORIENTED METHOD OF CALCULATING
THE CONFIGURATION OF THE SURFACE DANGER ZONE
OF AIR-DEFENSE GUIDED MISSILE SYSTEM "IMPROVED HAWK"

0. Vedmid, Candidate of Technical Sciences, Associate Professor;
I. Nos, Candidate of Technical Sciences;
K. Kulahin, Candidate of Technical Sciences, Senior Researcher; O. Hubarieva
Ivan Kozhedub Kharkiv National Air Force University

There is an official method for determining the configuration of the surface
danger zone (SDZ) of the air-defense guided missile system "Improved Hawk",
which is focused on the manual construction of its graphic image. During the
preparation for the training of the units of the anti-aircraft missile defense unit with
combat firing on the training range, it is necessary to choose the conditions for their
conduct, including taking into account the provision of security.

The determination of conditions is usually done iteratively. Therefore, the use of
computer construction of the SDZ on the electronic map provides certain
conveniences.

The main provisions of the official methodology of construction of SDZ are
discussed. Appropriate formulas for calculating the SDZ configuration are given and
explanations are provided for their derivation. Some features of construction that are
not sufficiently defined in the official methodology are clarified. The graphic images
of the SDZ, which are made for two variants of the trajectory of the target's
movement, are given. The first is when the parameters of the trajectories of the
targets are the same, the second is when the parameters of the trajectories in relation
to the direction of movement are different (within certain limits). Calculations of the
SDZ configuration were made in Microsoft Excel and transferred to the "Viraz-
Planshet" system.

PROPOSALS FOR THE ORGANIZATION OF COMMUNICATION
BETWEEN SA-10B GRUMBLE TACTICAL FIRE UNITS
IN ORDER TO INTERACT DURING AIR COMBAT

Y. Ursakii; Ye. Ryapolov; D. Demianenko
Ilvan Kozhedub Kharkiv National Air Force University

An analysis of the interaction between SA-10B Grumble tactical fire units
during air defense combat showed the need to improve information support for the
air defense combat process, since the success of joint actions of units and subunits of
air defense missile forces directly depends on the availability of information to the
commander about the situation and conditions in which joint tasks are being
performed. Organizing the exchange of information between units will allow
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coordinating the efforts of units, maneuvering forces and means in a timely manner,
anticipating developments and making decisions that are more adequate to the
situation.

One of the possible ways to solve this problem is to interconnect the digital
computer complexes (DCC) 5E261 of all units with each other and create equipment
for an automated workstation for the unit commander. To organize interaction
between tactical-firing units of the SA-10B Grumble, in case of loss of control from
the control center, it is proposed to connect the DCC 5E261 of all tactical-firing
units of the SA-10B Grumble, as one of the options for organizing communication
between them in order to interact during air combat.

Thus, a combination of organizational principles, such as automation of
information processing, implementation of research results in the field of decision-
making theory, and technical equipment of command and control bodies, will ensure
reliable and efficient interaction of troops.

PROPOSALS FOR RISK EVALUATION DURING MANEUVER WARFARE

M. Romaniuk?; P. Kushch?; O. Vyhivskyit; O. Vozny?
!lvan Kozhedub Kharkiv National Air Force University;
2Military unit A2847

An analysis of warfare during the russian-Ukrainian war shows that the enemy is
trying to gain air dominance. One of the main tasks of the Ukrainian Defense Forces
is to repel an attack by enemy air means. As practice shows, at the present stage,
anti-aircraft missile units (SAM) perform their tasks outside the permanent
deployment locations and effectively use the tactical method of "ambush" warfare,
that is confirmed by the dynamics of losses of aircraft, helicopters and unmanned
aerial vehicles (UAVSs) by the russian federation.

The use of "ambush" air defense units is efficient when a covert maneuver,
reliable masking, a stable control system, and other factors are taken into
consideration when planning it.

However, there are a number of aspects that need to be paid special attention to,
such as the enemy's use of reconnaissance flights by strike UAVs to expose the
construction of an air defense system and destroy anti-aircraft missile systems.

The decision for an "ambush" is undoubtedly associated with the risk of losing a
unit during its organization. The risk can be evaluated by applying the concept of
acceptable risk, i.e. the ALARP principle ("As Low As Reasonably Practicable™).

The level of risk from hazards caused by the enemy's activities is "acceptable™ if
its magnitude (possible damage) is so small that the commander is quite willing to
take it in order to accomplish the combat mission.

WAYS TO ENSURE THE TECHNICAL CONDITION OF THE HAWK
ANTI-AIRCRAFT MISSILE SYSTEM

O. Hrechka; D. Riabota; Y. Harkusha; A. Isachenko
Ilvan Kozhedub Kharkiv National Air Force University

The successful mission accomplishment of the anti-aircraft missile units is
achieved by maintaining anti-aircraft missile systems (SAMs) in constant
operational readiness.
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Nowadays, our country receives a large number of air defense systems from
foreign partners, one of which is the HAWK. In order to maintain the performance
of equipment and weapons of the HAWK air defense system in accordance with the
requirements of operational documents, the specified types of maintenance are
carried out.

The maintenance system of the partner countries from which we receive SAMs
differs from ours. In peacetime, the main tasks of the partner countries' maintenance
organizations are to control the technical condition and repair of weapons and
equipment, and they face the same tasks in wartime. During the russian-Ukrainian
war, when air defense systems perform combat missions throughout the country and
often change their sites, the use of such a maintenance support will not be effective
in maintaining the technical condition of air defense systems.

Considering that the HAWK SAM supplied by partner countries was adopted in
1959, and the samples supplied to us were modernized in 1989, the methods of
technical condition control based on scheduled maintenance are outdated and
inefficient. Modern means of technical condition control are used with low
efficiency. Increasing the efficiency of the technical condition control of SAMs as a
result of increasing the efficiency of SAM operation is possible by improving and
developing new methods of technical condition control.

DEVELOPMENT OF TECHNICAL PROPOSALS FOR IMPROVING
THE DEVICE FOR PROVIDING FIRING AT LOW-ALTITUDE
TARGETS OF THE S-125M1 SAM SYSTEM

M. Kamchatny; Y. Korobkov
Ilvan Kozhedub Kharkiv National Air Force University

The features of the combat operation of the S-125M1 air defense system on
targets at low altitudes are considered, taking into account the experience of
conducting combat operations in the Russian-Ukrainian war, technical means of
increasing the effectiveness of firing at low-altitude targets are analyzed, the
construction and functioning of the SNR-125M1 low-altitude firing support device
are considered.

When tracking targets at low altitudes, in addition to the main signal reflected
from the target, a signal reflected from the ground, which is called a "mirror”, may
appear at the input of the receiving device. To reduce tracking errors by shifting the
center of weights of the resulting signal, blanking of "mirror" signals in each
scanning plane has been introduced in the SNR. If selection is performed in the same
way when tracking a low-altitude target, then when the angular block gates are
moved towards the "mirror" signal, the comb of range-selecting pulses will also
move together with the gates and, accordingly, with the angular selecting pulse,
while passing the "mirror" signal to the input of the angular block. To reduce target
tracking errors and exclude the possibility of the angular tracking systems switching
to tracking the "mirror" signal in the LA mode, an additional error guard signal
discriminator has been added to the main discriminators of the angular block
tracking systems. This discriminator is fed with guard gates that adjoin the main
gates from the side of the larger elevation angle. At the output of the guard
discriminator, a guard error signal is formed.

Suggestions are made for improving the low-altitude device by balancing the
noise guard discriminators.
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PROPOSALS FOR IMPROVING THE EFFICIENCY
OF THE TRANSMITTER PATH IN RADAR SYSTEMS
OF AIR DEFENSE SYSTEMS AND ASSESSING LOSSES
IN PROBING SIGNAL POWER THROUGH THE USE
OF PHASED ARRAY ANTENNAS WITH OPTICAL EXCITATION

S. Bondarenko; M. Kalyta; T. Zalisko
Ilvan Kozhedub Kharkiv National Air Force University

The experience of the russian-Ukrainian war has shown that the decisive factor
in the engagement of air defense systems against enemy piloted and unmanned
assets is the timeliness of target detection and the decision-making process by the
combat crew of the surface-to-air missile division to destroy the target.

Among the many characteristics of radar systems in air defense systems, the
efficiency (coefficient of performance, COP) of the transmitter path is key when
calculating the potential capabilities for target detection. This efficiency consists of
the COP of the transmitter and the COP of the antenna system. It is crucial to choose
a design for the transmitter path that ensures target detection up to a specified range
while operating within the limited power supply capabilities. This imposes certain
constraints on the design options for the transmitter path and the radar system as a
whole. Currently, the actual COP values of transmitter systems generally do not
exceed 20 ... 40%. The most promising approach to meeting the requirements placed
on modern radar systems is the use of phased array antennas (PAA).

DETERMINATION OF THE EFFECTIVENESS INDICATOR
FOR THE RESTORATION OF SURFACE-TO-AIR MISSILE
SYSTEMS TAKING INTO ACCOUNT RESOURCE CONSTRAINTS

O. Kalyta; D. Nikolaiev; Y. Hudachenko; M. Kornev; L. Kuzmenko
Ilvan Kozhedub Kharkiv National Air Force University

The restoration of surface-to-air missile systems is a critically important aspect
of ensuring national security and defense capability. The effectiveness of restoration
depends on many factors, including technological capabilities, financial resources,
and time constraints.

A method for calculating the effectiveness indicator of restoration repair — the
probability of completing restoration repair within a time that does not exceed a
specified value has been developed.

Unlike existing methods, the proposed approach takes into account: limited
stocks of operational and restoration spare parts kits; the possibility of combat
damage to both components and spare parts of surface-to-air missile systems; the
potential use of components from decommissioned and disassembled missile
systems as spare parts during restoration repairs; time constraints for conducting
restoration repairs, eliminating the need for assumptions about the intensity of
request flows and restoration rates, thereby increasing the reliability of the results.

Determining the effectiveness indicator for the restoration of surface-to-air
missile systems is a complex task that requires a comprehensive approach.
Successfully addressing this challenge will ensure a high level of combat readiness
for the armed forces under limited resource conditions.
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RECOMMENDATIONS TO COMMANDERS OF ANTI-AIRCRAFT
MISSILE UNITS, WHICH ARE ARMED WITH ANTI-AIRCRAFT
MISSILE COMPLEXES WITH THE CAPABILITY OF SPATIAL
DISTRIBUTION OF ELEMENTS IN THE LOCAL AREA,
REGARDING THE CHOICE OF COMBAT POSITIONS

K. Zakutin; O. Kolomiets; D. Molchanov; V. Krivoshlyk
Ilvan Kozhedub Kharkiv National Air Force University

With the beginning of the full-scale invasion of the Russian Federation into the
territory of Ukraine, anti-aircraft missile systems from partner countries began to be
supplied to the anti-aircraft missile forces of the Air Force of the Armed Forces of
Ukraine, which are significantly different from those used by Ukraine.

To select combat positions of anti-aircraft missile units, approaches and methods
are used that do not sufficiently take into account the characteristics of foreign-made
anti-aircraft missile systems, in particular with the possibility of spatial separation of
elements on the terrain. This feature requires a change in approaches to the selection
of combat positions for anti-aircraft missile units armed with these complexes.

Based on data on the experience of combat use, recommendations are provided
to commanders of anti-aircraft missile units armed with anti-aircraft missile systems
with the ability to spatially disperse elements on the terrain, regarding the selection
of combat positions.

PROPOSALS FOR ALGORITHMS OF THE DETECTION
AND TRACKING SCHEME FOR BALLISTIC TARGETS
BY A MEDIUM-RANGE SURFACE-TO-AIR MISSILE SYSTEM

O. Kisil; E. Roshchupkin; R. Tytarenko; A. Lutsenko
Ilvan Kozhedub Kharkiv National Air Force University

Since February 2022, tactical ballistic missiles (TBM) have repeatedly struck
targets and military forces on Ukrainian territory, causing significant damage upon
impact. This necessitates the search for effective methods to counter TBM.

TBM represent a complex target for surface-to-air missile systems (SAMS) due
to their high speed and small radar cross-section. This makes them difficult to detect
and significantly reduces the time available for search, detection, tracking, and
engagement.

The S-300V1 SAMS has the capability to engage TBM. However, without a
specialized sector scanning radar that provides preliminary information about the
target's speed and location, the combat crew often lacks sufficient time to engage the
target.

During previous research, a scheme for detecting TBM was proposed, which
features digital processing of received signals at the first intermediate frequency. A
portion of the signal from the receiver path is fed into the scheme through a
directional coupler, and based on the processing results, a decision is made about the
presence of a target, and an estimate of its initial spherical coordinates is obtained.
However, questions regarding the algorithms for the proposed scheme remained
unresolved.

The report presents algorithms for detecting and tracking TBM using probing
signals of type 1B and IIT, which are employed by the 9S32 system when operating
against ballistic targets, along with estimates of their statistical characteristics.

234



Hogimui mexuonoeii — 01 3axucmy nosimpsaHozo npocmopy

PROPOSALS FOR ORIENTING RADAR SYSTEMS OF AIR DEFENSE
SYSTEMS USING MODERN NAVIGATION SYSTEMS

S. Bondarenko; M. Kalyta; A. Latonova
Ilvan Kozhedub Kharkiv National Air Force University

The experience of the russian-Ukrainian war has demonstrated that the
survivability of surface-to-air missile units depends on reducing the time spent at
primary or secondary positions. A significant portion of the time required to bring a
surface-to-air missile division to readiness level Nel after a march is dedicated to
conducting topographical referencing and orientation operations for the main
elements of the air defense system.

To ensure timely and rapid determination of the topographic coordinates of air
defense system assets and their orientation data, it is necessary to adopt modern
navigation tools and systems.

The use of modern navigation tools for determining coordinates and orientation
data of air defense system elements significantly enhances the survivability of
surface-to-air missile units, primarily by reducing the time required for
topographical referencing and orientation at new positions.

DEVELOPMENT OF PROPOSALS FOR IMPROVING
THE FAULT DETECTION PROCESS IN COMPUTING
DEVICES OF SURFACE-TO-AIR MISSILE SYSTEMS

O. Kalyta; D. Nikolaiev; Y. Hudachenko; M. Kornev
Ivan Kozhedub Kharkiv National Air Force University

Malfunctions in the computing devices of surface-to-air missile
systems (SAMS) can significantly impact combat readiness and system
effectiveness. Timely and accurate fault detection is critical to ensuring the
reliability and continuous operation of SAMS. Experience with the operation of
specialized computing devices in military units shows that, even under normal
operating conditions and with timely maintenance schedules, the reliability of these
systems decreases over time. This manifests as frequent malfunctions and
operational failures. The primary reasons for this are technical and organizational
shortcomings in maintaining system functionality. Daisy-chain type inter-block
connections are the most frequently failing components under normal operating
conditions. Repairing these connections in the field is typically done using a
multimeter, a process that is difficult for one person to perform and time-consuming.
A device for detecting faults in daisy-chain type inter-block connections interacts
with 50 inter-block connections of a specialized computing device during operation.
The use of this device significantly simplifies the search for faulty data transmission
lines in specialized computing devices and reduces fault detection time to two
minutes. The cost of such a fault detection device for daisy-chain type inter-block
connections will not exceed 500 UAH. In the context of the ongoing russian-
Ukrainian war, this is an optimal solution for detecting faults of this type in field
conditions.

Improving the fault detection process in the computing devices of SAMS is an
important task that requires a comprehensive approach and the implementation of
advanced technologies. The implementation of the developed proposals will enhance
the efficiency of maintenance and the reliability of surface-to-air missile systems.
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PROPOSALS FOR ALGORITHMS OF THE SYNCHRONIZATION
SYSTEM SCHEME FOR AN IMPROVED MULTI-CHANNEL RADAR
STATION OF A MEDIUM-RANGE SURFACE-TO-AIR MISSILE SYSTEM

B. Marchenko; V. Shulezhko; E. Roshchupkin; O. Ovcharenko
Ilvan Kozhedub Kharkiv National Air Force University

Currently, a problematic issue is the restoration of components of Soviet-era
surface-to-air missile systems (SAMS). This is due to the lack of necessary spare
parts and components. One of the ways to address this is the development of
equivalents for the required SAMS components using modern element bases.
Regarding the combat assets of the S-300V1 SAMS, there are proposals for
constructing certain components based on the outlined principle. In addition, while
preserving the main operational principles and tactical-technical characteristics, the
proposed schemes differ in: the number of elements and their configuration, as well
as the procedures for functionality and technical condition checks. This needs the
development of algorithms for the operation of the synchronization system to ensure
the normal functioning of the corresponding SAMS assets.

During preliminary research, a synchronization system scheme based on
microcontrollers was proposed for the 9S32 station. According to preliminary
calculations, the proposed scheme ensures the generation of highly stable
synchronization pulses and includes a memory device, microprocessor, and timer.
This allows the synchronization system to adapt to changes in the station's
configuration and ensures its normal operation. The report presents algorithms that
ensure the operation of the upgraded transmission, reception, and antenna-
waveguide systems.

EVELOPMENT OF PROPOSALS FOR IMPROVING THE ALGORITHM
FOR SEARCHING AND LOCALIZING FAULTS IN THE CONTROL
UNITS OF THE AK F2K USING INFORMATION EXCHANGE
CODEGRAMS BETWEEN DEVICES OF THE 5N63S RADAR

A. Mokriak; D. Nikolaiev; M. Kalyta; O. Belov
Ilvan Kozhedub Kharkiv National Air Force University

In modern conditions, the most important and urgent task for maintaining the
operational readiness of military equipment that has been in service for over 20
years is finding ways to improve its operational efficiency. One promising approach
to enhancing the efficiency of such equipment, which is in a critically operational
state under resource constraints, is the implementation of more advanced and time-
minimized search methods and schemes for detecting various types of equipment
failures, particularly in control units that bear the brunt of systematic load.
Considering the experience of surface-to-air missile (SAM) units of the Ukrainian
Air Force during the russian-Ukrainian war, as well as the requirements and
recommendations of the SAM command, there is a significant need to improve fault
detection algorithms due to the increased failure rate of equipment, especially under
conditions of frequent relocations due to position changes and physical wear and
tear. The speed of detecting any equipment malfunction, which often occurs after
deployment and activation at a new position, directly impacts the unit's effectiveness
in performing combat tasks. An analysis of existing fault detection algorithms and
schemes reveals that, for these types of equipment, deviations from established
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tolerances and failures of control units and components require increased time for
diagnosis. Given the current wartime conditions, maintenance personnel often lack
this time. Therefore, there is a need to improve fault detection methods by
minimizing the time required for diagnosis through the development of rapid fault
detection algorithms for key control units. This will prevent additional malfunctions
caused by incorrect diagnostics, which can affect the combat readiness of the SAM
system.

DEVELOPMENT OF PROPOSALS FOR THE TECHNICAL
IMPLEMENTATION OF ENHANCING THE INFORMATIVE
CAPABILITIES OF THE COORDINATE INDICATION DEVICE
FOR TRACKED TARGETS AT THE OFFICER'S WORKSTATION
IN THE AK F2K DURING COMBAT OPERATIONS
OF THE 5N63S RADAR

A. Mokriak; D. Nikolaiev; Y. Hudachenko; V. Koval
Ivan Kozhedub Kharkiv National Air Force University

Given the rapid growth and demand for technological advancements and
digitalization in the modern world, where computing devices have become not only
an integral part of our daily lives but also critical for military strategy and security,
the issue of rapid equipment functionality in military hardware is of utmost
importance. The experience of using the S-300P SAM system during the russian-
Ukrainian war has demonstrated its high effectiveness. However, due to outdated
hardware, the equipment used for combat operations requires improvement,
especially under conditions of massed air strikes by the enemy. Modernizing
existing devices for measuring and displaying coordinates has become a crucial
element in ensuring the accuracy and speed of delivering information about aerial
targets, thereby enhancing the effectiveness of combat operations under such
conditions. The development of a unified device for computing and displaying the
altitude, range, and speed of tracked aerial targets within the F2K hardware
container will enable personnel, particularly the acquisition officer, to quickly
determine and control the altitude of detected targets without unnecessary delays.
This will allow for timely monitoring of the characteristics of tracked and destroyed
targets, as well as rapid assessment of firing results by displaying all three
coordinates simultaneously on a single display. This improvement will enhance the
combat efficiency of the command post crew, led by the division commander, by
eliminating the need for time-consuming altitude calculations. This, in turn, will
increase the effectiveness of target engagement and improve the reporting of combat
operations' progress and results.

IMPROVEMENT OF THE RADIO PROXIMITY FUZE
FOR A COMMAND-GUIDED SURFACE-TO-AIR MISSILE
UNDER THE INFLUENCE OF PASSIVE JAMMING

D. Tikhonov; V. Borysov; M. Kalyta
Ilvan Kozhedub Kharkiv National Air Force University

Analysis of the combat employment of surface-to-air missile (SAM) systems
that are using command guidance shows that the probability of target destruction
depends on the effectiveness of the missile's warhead, specifically the alignment

237



XXI midicnapoona nayxosa xonghepenyisn XHYIIC im. 1. Koowceoyba, 09.04-10.04.2025

between the radio proximity fuze (RPF) activation zone and the warhead's lethal
area. When passive jamming affects the RPF's operation, the performance
deteriorates due to premature activation, reducing the probability of target
destruction, therefore, there is a need to correct the RPF activation timing.

In the semi-active phase-Doppler RPF of the 5V55 missile, two frequency
channels and one phase channel are used and warhead detonation occurs after all
three channels are triggered. Under normal RPF operation (in the absence of
jamming), the sequence of channel activation is as follows: the second frequency
channel, the phase channel, and then the first frequency channel. Thus, the first two
channels are arming channels, while the last one is the execution channel. In the case
of passive jamming, the first frequency channel triggers immediately, followed by
the phase channel, with the second frequency channel serving as the execution
channel. However, since the RPF is designed to trigger when the target signal passes
through the first frequency channel, it activates prematurely by the time interval
between the activations of the second and first frequency channels based on the
target signal.

Eliminating this effect under passive jamming can be achieved by measuring the
time of premature RPF activation and subsequently delaying its activation by the
measured time.

OBSERVATION THE CAPABILITIES OF RADAR SYSTEMS
OF PARTNER COUNTRIES TO RECOGNIZE GROUP TARGETS
FOR TARGETING AND RECONNAISSANCE

R. Gordienko; O. Klassen; R. Denysiuk
Ivan Kozhedub Kharkiv National Air Force University

Judging by the experience of the Russian-Ukrainian war, it can be concluded
that the enemy uses various types of air attack weapons during massive and targeted
attacks and is constantly improving them. The enemy is developing new methods of
overcoming anti-aircraft missile systems, including the use of unmanned aerial
vehicles (UAVSs) and cruise missiles (CMs) operating in small groups in the
breakthrough echelon.

In view of these trends, it should be noted that the use of these air attack
weapons can significantly affect the course of hostilities. Since UAVs and cruise
missiles are capable of causing significant damage and losses, air defense units need
to have information about their number and types to effectively destroy air attack
weapons.

Recognition of group targets involves timely detection and determination of
their actual number in the area of responsibility. Therefore, reconnaissance and
targeting radars must have high resolution in terms of angular coordinates, range,
and speed. However, partner countries do not provide complete information on
radars, including methods and algorithms for processing radar data. Increasing the
resolution of radars can be achieved by using algorithms that combine signal
processing methods to accurately recognize group targets.

Distinguishing group targets is aimed at expanding information capabilities and
improving radar accuracy, which will significantly increase the effectiveness of anti-
aircraft missile units and the air defense system as a whole.
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IMPROVING THE CONTROL CHANNEL JAMMING RESISTANCE
OF SURFACE-TO-AIR GUIDED MISSILES WITH FREQUENCY
HOPPING SPREAD SPECTRUM

K. Sushchyk; D. Kasianov
Ilvan Kozhedub Kharkiv National Air Force University

One of the possible ways of adversary interference with the operation of surface-
to-air missile systems is a noise jamming on the control command channel
frequencies, which may lead to a loss of missile control.

Frequency-hopping spread spectrum (FHSS) is a key technology that
significantly enhances the efficiency and jamming resistance of data transmission
systems. Its application in surface-to-air missile systems that use radio command
guidance for guided missiles ensures protection against jamming, improves control
stability, and complicates the operation of enemy electronic warfare (EW) systems.
Due to the constant frequency changes within a given range, the adversary cannot
effectively create targeted interference to intercept or jam the control signal. This
significantly increases the probability of a successful target hit even under strong
jamming.

In modern combat scenarios, surface-to-air missile systems often operate in a
multi-channel mode, simultaneously controlling multiple missiles or tracking several
targets. The use of FHSS also helps reduce mutual interference between different
control channels.

The implementation of FHSS in radio command guidance systems for surface-
to-air guided missiles is an effective means of enhancing security, reliability, and
control efficiency, allowing for the successful destruction of airborne threats even
under conditions of intense electronic countermeasures.

APPLICATION OF UNMANNED AERIAL VEHICLES IN SELECTING
THE POSITION OF AN ANTIAIRCRAFT MISSILE DIVISION

V. Stanenko; A. Parfenov; M. Kriachko
Ilvan Kozhedub Kharkiv National Air Force University

The experience of the Russian-Ukrainian war indicates that increasing attention
is being paid to the use of unmanned systems and complexes during armed combat.
This is primarily due to their extensive functionality. The recently, unmanned
systems have been implemented at all levels, from tactical to strategic.

The use of unmanned complexes allows for the rapid and effective execution of
assigned combat tasks with relatively low financial costs, one such task, for
example, is close-range reconnaissance in support of tactical-level commanders to
gather information for selecting and preparing positions for the deployment of an
anti-aircraft missile division. These systems enable real-time terrain assessment to
identify natural and artificial cover, determine optimal areas for positioning an anti-
aircraft missile system, and monitor potential threats by observing enemy actions.

In my opinion the adventahges, the use of unmanned aerial vehicles will allows
tactical-level commanders, under time constraints, to analyze the terrain for the
possibility of a quick position change if necessary.
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PROPOSALS FOR THE SCHEME OF A CONTROL AND ADJUSTMENT
DEVICE FOR QUADRATURE IDENTITY IN THE PHASE METHOD
OF SUPPRESSING THE IMAGE CHANNEL IN THE RECEIVER PATH

A. Shvydkyi; E. Roshchupkin; D. Kriuchkov; B. Haibadulov
Ilvan Kozhedub Kharkiv National Air Force University

Currently, superheterodyne receiver schemes for processing radar signals are
widely used. A drawback of superheterodyne reception is the presence of mirror
reception, which significantly affects the receiver's performance.

One method to combat the mirror channel is to reject the signal of the
corresponding frequency using a special filter. In the 9S32 station, this filter
introduces a loss of 2 dB in the useful signal, which reduces the detection range of
targets with a small radar cross-section and the accuracy of their coordinate
measurements. During preliminary research, the use of a phase method for
suppressing the mirror channel was proposed, which eliminates the aforementioned
drawback. But, it was found that the operation of the circuit implementing this
method significantly depends on the identity of its channels. Differences in
amplitude and phase characteristics significantly affect the circuit's performance. To
balance the characteristics of the quadrature channels, a control and adjustment
scheme has been proposed. Its operation is based on managing the gain coefficients
of the channels and their electrical path length. Amplitude control is achieved
through the implementation of negative backward connection, which eliminates
discrepancies in the amplitude transmission coefficients of the paths. Phase
adjustment is performed using tunable phase shifters.

The report presents the schemes implementing the proposed solutions and the
circuits that implement them.

DEVELOPMENT OF A DATA EXCHANGE CHANNEL MODEL
BETWEEN THE LAUNCHER MK-1 AND THE CTOC COMBAT
CONTROL POINT USING GNU RADIO SOFTWARE

A. Bidun; M. Abel; Y. Toropov
Ilvan Kozhedub Kharkiv National Air Force University

With the beginning of the Russian-Ukrainian war, the Ukrainian Armed Forces
received the foreign-made NASAMS anti-aircraft missile system (AAMS), in which
the MV600 multifunctional radio station based on the principles of Software-
Defined Radio (SDR) for data exchange between the launcher unit (LU) and the
combat control center (CC).

In an SDR, software is utilized instead of fixed hardware circuits to perform
various radio system functions, such as modulation, demodulation, filtering, and
frequency conversion. This grants SDRs greater flexibility and adaptability
compared to traditional radio systems, as their functional purpose can be altered by
modifying the software code rather than hardware modules.

The present study examines the structure and operation of the data exchange
channel between the LU and CC of the NASAMS AAMS. Using the GNU Radio
software, which provides tools for signal processing and is widely employed in
telecommunications, research, and radio frequency analysis, a simulation model of
the data exchange channel between the LU and CC of the NASAMS AAMS was
developed. The resulting model enables the evaluation of the technical
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characteristics of the data exchange channel, identification of potential issues such
as signal distortion, noise, delays, or signal loss that may impact the quality of data
reception or transmission, and the determination of opportunities for its optimization
and enhancement.

DISTINGUISHING AND ESTIMATING PARAMETERS OF AIR TARGETS
USING MDL AND MLE CRITERIA, IN THE SCOPE OF DISTINCTION

R. Gordienko; S. Trushyn
Ilvan Kozhedub Kharkiv National Air Force University

In the context of the current Russian-Ukrainian war, a significant aspect of
hostilities is the extensive use of air attack assets by the enemy. This use complicates
the identification and effective neutralization by air defense systems. These air
attack assets include single targets aimed at destroying critical infrastructure,
communication nodes, or military units. Groups of air attack vehicles operate in a
coordinated manner, employing heat traps and other countermeasures, necessitating
the creation of a more complex defense structure. Effective protection is provided by
anti-aircraft missile systems equipped with radar stations for airspace
reconnaissance, detection, and targeting.

A critical aspect is accurately identifying the nature of the targets, distinguishing
between single and grouped targets. In conditions of high density and noise,
identifying the number of targets becomes problematic. There is a need to enhance
radar data processing algorithms and develop new approaches to the analysis and
recognition of airborne objects.This paper addresses the issue of detecting and
estimating target parameters from radar data under conditions of dense object
location. The approach is based on the Minimum Description Length (MDL)
criterion for determining the number of targets and the Maximum Likelihood
Estimation (MLE) method for estimating parameters such as range, azimuth, and
angle.

The modeling of radar observations considers the total signal energy of
neighboring points of the matched filter sample, demonstrating the high efficiency
of the approach for target separation.

Distinguishing group targets is aimed at expanding information capabilities and
improving radar accuracy, which will significantly increase the effectiveness of anti-
aircraft missile units and the air defense system as a whole.

DEVELOPMENT OF A TRIGGERING AND ARMING UNIT TRIGGERING
ALGORITHM OF IRIS-T SLS SURFACE-TO-AIR MISSILE

E. Morhun; V. Bratychenko
Ilvan Kozhedub Kharkiv National Air Force University

Analysis of the operation experience of the IRIS-T SLM ground based air
defense (GBAD) system which includes launchers with IRIS-T SLS surface-to-air
missiles (SAM) in the Russian-Ukrainian war, shows, that the system is highly
effective in killing such air targets as unmanned aerial vehicles and cruise missiles.
At the same time, there is a need to improve the IRIS-T SLS operational safety,
minimise the risks of emergencies and abnormal situations, and improve the
effectiveness of air target engagement.
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To address this task, it is necessary to study the technical characteristics,
parameters and functioning of the radio fuze, the Safety and Arming Unit (SAU) of
the IRIS-T SLS warhead of the and to develop an algorithm for activation of the
IRIS-T SLS SAU. However, such research is difficult due to the lack of design and
technical documentation and relevant mathematical models.

The report examines the main stages of the IRIS-T SLS targeting process and
activation of the SAU. It presents the SAU activation algorithm and provides an
assessment of the delay time of the proximity fuze activation, which, in turn, enables
the determination of the required conditions for the SAU activation of the missile.

The significance of the proposed algorithm lies in:

— the ability to enhance the safety of missile operation by minimizing the risk of
malfunctions;

—ensuring the correct activation of the IRIS-T SLS SAU even in complex
conditions;

— effective use of GBAD system and educing missile expenditure during air
defense engagements.

Considering the above, the developed algorithm is a crucial component in
missile research to ensure the reliable and safe operation of the IRIS-T SLM.

ENHANCING ROCKET AND ARTILLERY EFFICIENCY THROUGH
MODERN AUTOMATIC CONTROL TECHNOLOGIES

Z. Muftiyev
Military Scientific Research Institute (Baku, Azerbaijan)

In modern warfare, the implementation of automatic control systems (ACS) in
rocket and artillery troops plays a crucial role in enhancing combat effectiveness.
These systems enable rapid and precise engagement of newly detected targets,
ensure coordinated fire control, and significantly reduce ammunition consumption.
By minimizing the time firing units remain in position, ACS also improve
survivability against counterattacks. This article explores the key advantages,
application domains, and future development prospects of automatic control systems
in rocket and artillery formations. Among the main benefits are improved accuracy
and efficiency of strikes, accelerated decision-making for high-priority targets,
enhanced coordination and integration, increased operational security, and more
efficient resource utilization. ACS are widely and effectively employed in unmanned
aerial vehicles (UAVs), reconnaissance systems, rocket complexes, automated
artillery batteries, and fire-control centers. Future developments are expected to
involve the integration of artificial intelligence, machine learning, and quantum
technologies, leading to Al-driven target recognition, fully autonomous combat
systems, cloud-based fire control, and advanced communication networks. These
innovations will reinforce the battlefield superiority of rocket and artillery troops,
making them a central force in future conflicts. Therefore, the development and
deployment of next-generation automatic control systems should remain a top
priority in military modernization strategies.
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DEVELOPMENT OF A MODEL OF THE RECEIVING PATH
OF THE DATA LINK CHANNEL BETWEEN THE IRIS-T SLS
LAUNCHER AND THE TACTICAL OPERATION CENTER (TOC)
USING GNU RADIO SOFTWARE

E. Morhun; A. Sydoryshyn
Ilvan Kozhedub Kharkiv National Air Force University

The analysis of the combat operations of anti-aircraft missile units armed with
the IRIS-T SLM ground based air defense (GBAD) systems in the russian-Ukrainian
war showed the importance of ensuring reliable and high-quality communication
between launchers and the TOC with controlled access and information security.
This GBAD system is equipped with contemporary radio stations for technical
communications such as SDTR VR5000 one of the key components of which is the
receiver path.

The development of a simulation model of the receiving path for data link
between the TOC and IRIS-T SLS launchers is advisable because the simulation
allows you to adjust the parameters of the path, such as sampling rate, bandwidth,
sensitivity etc. Thus, it is possible to enhance performance and adaptability to
various signal transmission conditions. New or improved existing signal processing
algorithms and more powerful processors can be used for this purpose. This can
improve the quality of reception and reduce the impact of noise and distortion,
which is especially important during combat operations when the enemy uses
electronic warfare (EW).
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Evaluating the technical characteristics of the receiving path will help identify
its weakness and make the necessary improvements to increase the overall system
efficiency. Systematic testing of the receiving path under different data transmission
conditions will allow for verification of its operational correctness.

ESTIMATION OF THE DETECTION RANGE OF THE BARRAGING
MUNITION ""SHAHED-136" BY RADAR MEANS
OF ANTI-AIRCRAFT MISSILE SYSTEMS

S. Nechytailo®, Doctor of Technical Sciences, Senior Researcher;
M. Surhai, Candidate of Technical Sciences;
1. Skliarov*; I. Nechytailo?
lvan Kozhedub Kharkiv National Air Force University;
2National Aerospace University "Kharkiv Aviation Institute"

During the large-scale war against Ukraine, the occupation forces of the Russian
Federation widely use unmanned aerial vehicles. On September 12, 2022, a Shahed-
136 kamikaze drone was shot down for the first time near Kupiansk in the Kharkiv
region. The use of drones of this type is constantly increasing. Thus, while in early
2023, on average, the enemy used 4 unmanned aerial vehicles (UAVS) of this type
per day, by the beginning of 2025 this number had reached 80.

Thus, the fight against Shahed-136 drones is on the priority agenda for the air
defense capabilities of the Ukrainian Defense Forces. The effectiveness of the fight
against such targets depends heavily on their timely detection by fire units. Anti-
aircraft missile systems remain one of the main means of combating such air targets.

The report presents the results of the estimation of the detection range of the
"Shahed-136" UAV by the radar means of anti-aircraft missile systems in service
with the anti-aircraft missile troops. The calculations were carried out taking into
account the secondary radiation diagrams of the "Shahed-136" UAV model and the
main characteristics of the radar means of anti-aircraft missile systems.

The calculations of secondary radiation diagrams of the "Shahed-136" UAV
model were performed using an original methodology for determining scattered
fields by air objects of complex shape developed at the Kharkiv National University
of the Air Force.

The obtained results of the detection range of these UAVs should be taken into
account when forming combat orders of air defense units and subunits.

DEVELOPMENT OF THE FUNCTIONING ALGORITHM
FOR A PROSPECTIVE TRAINER OF THE OPERATOR'S
WORKSTATION OF A MEDIUM-RANGE SURFACE-TO-AIR
MISSILE SYSTEM DURING COMBAT OPERATIONS
AGAINST BALLISTIC MISSILES

V. Kizub?; V. Dzhus?; S. Kukobko?
lvan Kozhedub Kharkiv National Air Force University;
2Limited Liability Company "UA Defense"

During the russian-Ukrainian war, the creation of software tools that provide
interactive visualization of the combat application processes of medium-range
surface-to-air missile systems (SAMs) remains highly relevant. At Kharkiv National
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Air Force University, continuous efforts are being made to develop and improve
such software tools. The adoption of foreign-made medium-range SAM systems by
Ukraine introduces new challenges in creating software tools that facilitate the
acquisition of primary combat operation skills on such systems.

This work substantiates the functioning algorithm of a prospective trainer for the
operator's workstation of a medium-range SAM system during combat operations
against single tactical ballistic missiles. The algorithm accounts for the specifics of
combat operations at the following stages: preparation for firing, target engagement,
and assessment of firing results.

During the preparation for firing at tactical ballistic missiles, the algorithm
analyzes the number and types of missiles on launch platforms, their deployment,
the specifics of assessing the air and jamming environment, the actions of the system
operator, the operational modes of the SAM system, the selection of firing modes
and weapon application modes, and the timing of missile launches.

During target engagement, the algorithm determines the coordinates of current
interception points, the specifics of displaying aerial objects on indicators, and
considers operator commands to cease engagement of tactical ballistic missiles.

During the assessment of firing results, the algorithm visualizes the scenarios of
interception between the surface-to-air guided missile and the tactical ballistic
missile. The quality of the medium-range SAM operator's performance is evaluated
based on speed, accuracy, and reliability in executing operations.

The proposed functioning algorithm for the operator's workstation of a medium-
range SAM system during combat operations against tactical ballistic targets is
advisable to apply in the development of new and improvement of existing SAM
simulation software tools. This will significantly enhance the quality of practical
training for cadets.

IMPROVING THE ANGULAR RESOLUTION OF ACTIVE JAMMER
DIRECTION FINDING FOR THE AN/MPQ-65 RADAR
OF THE PATRIOT AIR DEFENSE SYSTEM

A. Piddubko?; V. Dzhus®; V. Shulezhko?®; O. Zvieriev?
!lvan Kozhedub Kharkiv National Air Force University;
2Central Scientific Research Institute of Armament and Military Equipment
of Armed Forces of Ukraine

The PATRIOT air defense system, actively used in the russian-Ukrainian war to
destroy tactical ballistic missiles of the russian federation, performs its assigned
tasks under difficult jamming conditions. The radar elements of this system possess
powerful means to reduce the impact of deliberate enemy jamming, but the angular
resolution for direction finding of such jammers is limited by the beamwidth of the
AN/MPQ-65 radar of the PATRIOT system. A promising approach to improving the
angular resolution of this radar is the application of modern spatial spectral analysis
methods.

To justify the structure of a direction finder implementing spatial spectral
analysis methods, a preliminary comparative analysis of spectral analysis methods
under conditions approximating the operational environment of the PATRIOT
system was conducted. A simulation model was developed to provide quantitative
assessments of the angular resolution of the AN/MPQ-65 radar of the PATRIOT
system. A comparative analysis of spatial spectral analysis methods under the
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operational conditions of this radar was performed, and practical recommendations
for modernizing such radars were provided.

The results of this research are advisable to apply in the enhancement of
equipment for modern and prospective medium-range air defense system radars.

IMPROVEMENT OF TARGET TYPE RECOGNITION
BY THE BUK-M1 AIR DEFENSE SYSTEM TRACKING RADAR

V. Burtsev?; V. Burtseva?; V. Slyusak!
lvan Kozhedub Kharkiv National Air Force University;
2Military unit 40785

In modern radar systems, differences in the spectral and energy parameters of
the received signal are used to identify the type of target. Application of technology
to reduce the effective reflection surface of the target signal can lead to the
appearance of a significant error in the existing target detection equipment. That’s
why the task of improving the target detection equipment for the Buk-M1 self-
propelled missile system is crucial.

For each type of target, regardless of the technology used to reduce the effective
reflection surface, the proportion of their horizontal and vertical sizes remains
constant. For instance, this proportion ranges from 4.2 to 3.8 for heavy bombers, 3 to
3.5 for tactical fighters, 8 to 12 for cruise missiles, and 2.5 to 2.8 for aerial bombs.

To expand the capabilities of target-type detection equipment, an additional
device can be used, allowing the assessment of the proportion of the target’s
horizontal and vertical dimensions using the amplitude immediate direction-finding
method.

The report presents a method of mutual correlation processing of received
signals from the outputs of the summary and differential channels of the receiver.
This processing allows for emphasizing the maximum amplitude of signal
fluctuations in the vertical and horizontal measurement planes of the target’s
coordinates.

The report also provides a mathematical justification and a structural diagram of
the device for the selected method of mutual correlation processing with
normalization of the received signals of a target tracked by a radar. Including this
device as part of the target type detection equipment allows the commander of the
combat service of the Buk-M1 self-propelled missile system to make justified
decisions regarding the order of firing at the designated target.

RECOMMENDATIONS FOR INERTIAL AND SATELLITE NAVIGATION
SYSTEMS FOR TRAJECTORY MEASUREMENTS

V. Kuznecov!; V. Bratko!; M. Husak®, Candidate of Technical Sciences; K. Kvitkin?
IState Scientific Research Institute of Armament and Military Equipment
Testing and Certification;
2lvan Kozhedub Kharkiv National Air Force University

The development of recommendations for utilizing existing inertial and satellite
navigation systems for trajectory measurements during testing of weaponry and
military equipment (WME) is driven by the need to substantiate the optimal
conditions for applying research results to enhance test efficiency. These
recommendations are based on the findings of research related to the development of
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the test range and laboratory infrastructure of the State Scientific Research Institute
of the Armed Forces of Ukraine.

In cases where the deployment of optical-electronic and radar-based trajectory
measurement systems at test ranges is unfeasible, or when aiming to optimize human
and financial resources, the use of combined inertial and satellite navigation systems
is recommended. These systems can ensure the required measurement accuracy.

The specific configuration of combined trajectory measurement systems,
integrating inertial navigation and global satellite navigation systems for WME
testing, depends on the characteristics of the test objects, accuracy requirements, and
the cost of measurement systems.

At the technological level, a critical requirement during WME testing is the
capability to transmit measurement data in real time over distances of up to 20 km.
To meet this requirement, test ranges must be equipped with modern digital
electronic communication systems.

METHODOLOGY FOR STUDYING THE MUTUAL COUPLING
OF TX-MULTIPACKS OF ACTIVE PHASED ANTENNA ARRAYS

A. Dudush!?, Candidate of Technical Sciences, Associate Professor; D. Hrechko?
!lvan Kozhedub Kharkiv National Air Force University;
2Military unit A3730

Analytical methods allow to estimate the characteristics of an antenna, based on
the assumption of its isolation from external influences. However, in modern
conditions such approaches do not provide high-quality design of antenna radiators
intended for use in phased array antennas (FAA). Therefore, the current global trend
in the field of research of characteristics and development of antennas is the active
use of computer-aided design (CAD) systems at the design stage, such as CST
Studio Suite. This allows to determine with high accuracy the parameters of
elements and nodes of complex systems even before the start of their development,
which saves production and human resources. A methodology for studying the
coupling of TX-multipacks in CST Studio Suite CAD system is proposed, which
includes:

creation of a CAD model of the antenna radiator taking into account the
characteristics and parameters of the materials;

breaking down the antenna radiator structure using appropriate
meshes (Tetrahedral or Hexahedral);

calculation of the directivity characteristics of the antenna radiator using the
appropriate calculator (Transient Solver or Frequency Solver) and method (Finite
Integration Technique, Finite Element Method);

creation of a CAD model of the TX-multipack taking into account the
characteristics and parameters of materials;

creation of the phased array structure using the System Assembly and
Modeling (SAM) package;

calculation of the directivity characteristics of the phased array taking into
account the directivity characteristics of the TX-multipacks and their mutual
coupling.
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DEVELOPMENT AND APPLICATION OF PERSPECTIVE CONTROL
SYSTEMS FOR ANTI-AIRCRAFT GUIDED MISSILES
WITH AN ACTIVE HOMING HEAD

I. Pomohaiev?!; V. Kaleniuk!; D. Molchanov!; O. Momit?
lvan Kozhedub Kharkiv National Air Force University;
2Central Research Institute of Armaments and Military Equipment
of the Armed Forces of Ukraine

The precision weapons systems in service with the most developed countries
currently use fourth-generation guided missiles. The guidance systems of these
missiles are usually built according to the traditional (classical) topology.

The essence of this theorem is that under the quadratic quality criterion and
random Gaussian signals and interference, the optimal system consists of an optimal
linear filter necessary to obtain the current estimate of the state vector and a
deterministic optimal processor (controller) that generates all components of the
optimal control vector.

When synthesizing homing systems, the missile and target are represented as
material points. In this approach, the control object is no longer the missile, but the
kinematic component, which is a mathematical model that describes the relative
motion of the missile and the target.

The creation of fifth-generation precision weapons will be based mainly on the
use of guidance systems built on advanced topology. Perspective guidance systems
will use control laws that require the measurement of the missile-target range for
their implementation. The use of dual-band cm/mm semi-active-active guidance
homing head and the transition of active guidance homing head to the use of 3.5 mm
wavelength range are considered as promising.

BUKOPUCTAHHS BE3IIIVIOTHUX POBOTU30BAHUX MOAYJIIB
Y IPOTUITIOBITPSIHOMY IIPUKPUTTI OB’€EKTIB
KPUTAYHOI IHOPACTPYKTYPH

O.1. Conomuywkuil, 0.8ilicbK.H., c.H.c.; B.JI. Yepen, K.6ilicbK.H., cm.o.
Lenmpanvruil Hayxoeo-oocaionuil incmumym 36potinux Cun Yrpainu

VY xoni mmpoxomMactTabHo1 30poitHoi arpecii pd nmpoTu YKpaiHu BiI3HAYAE€THCS
3aBJaBaHHSA 10 00’ €KTaX KPUTHYHOI 1HOPACTPYKTypH KOMOIHOBAaHHMX YHapiB
pi3HOpiTHUMH 3aco0aMy TOBITPSHOTO Hamajy, 30KpeMa Oe3MUIOTHUMH JiTATbHIMA
anaparamu (bnJIA).

B icHyrouiii cuctemi 6e3mocepeHBOrO MPOTHIIOBITPSHOTO TIPUKPHUTTS IS
60poTE0H 3 ynapauMu BriJIA cnocTepiraerbcs Hectada BOTHEBHX CIPOMOKHOCTEH,
SIKy MOXXHa KOMIICHCYBATH 32 PaxyHOK 3aCTOCYBaHHS OE3IMLIOTHHX POOOTH30BAHHUX
moayiiB (BPM). Onnax HuHi Ha 036poeHHi 3C Ykpainu Hemae 3paskiB BPM, ski
MIpUIHATI Ha 030poeHHS (ocTavaroThest) 1o 3C Ykpainn.

JloLifbHO PO3MIISIHYTH MOXJIMBOCTI 1100 po3poOnieHHss BPM, ocHaiieHux
paKkeTHUM, 3eHITHO-apTUIIepiiicbKUM 030po€eHHM (Kantiopy Oinbiie 20 MM), 30po€ro
poTopHoro Tumy Kaniopy Bix 12,7 MM a60 KOMOIHOBAaHOTO THUILY.

[IpyknagoM CydacHHX 3€HITHHX POOOTH30BaHUX 3aC00iB € KOMIUICKCH, SKi
BKJIIOYAIOTh NMACHBHI i aKTHBHI €leMEHTH BHUSBICHH (pazapH, ONTHKO-EIEeKTPOHHI
CHCTEMH HaBeJICHH:I), 1110 103BOJIIIOTH BiJICTEXYBaTH LTI HA BEJMKIH JalbHOCTI SIK
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BIEHb, TaK 1 BHOYI Ta MalOTh MOXJIUBICTh BHUKOPUCTaHHS MpPOTpaMOBAHHUX
6oenpunacis (UT30MK3, Oerlikon Skynex, System Zwalczania Dronow).

[IpoBenennit aHai3 Ta po3paxyHKH CBiI4aTh, 0 BUKopuctanHs BPM no3Boise
KOMIICHCYBAaTH HeCTady BOTHEBHUX CHPOMOXHOCTeH cydacHux cucrem IIIIO,
T IBUIYI0UH e(eKTUBHICTE 60poTHOH 3 ynapauMu briJIA Ha pi3HHX BHCOTax.

TRENDS IN THE DEVELOPMENT OF EXTERNAL TRAJECTORY
MEASUREMENT SYSTEMS BASED ON INERTIAL NAVIGATION
AND GLOBAL NAVIGATION SATELLITE SYSTEMS

R. Barvinok'; V. Strigun'; 4. Zasjadko?, Doctor of Technical Sciences, Professor;
O. Hubarieva?
IState Scientific Research Institute of Armament and Military Equipment
Testing and Certification;
2lvan Kozhedub Kharkiv National Air Force University

The global trend in the development of external trajectory measurement systems
based on inertial navigation and global navigation satellite systems is focused on:

—enhancing the precision and miniaturization of inertial navigation system
Sensors;

—advancing algorithms and software that enable time synchronization of data
from multiple sources (modern sensors such as LiDARS, high-resolution cameras,
radars, etc.) to obtain sufficient information about the test object;

— improving technologies for use high-dynamic aircraft;

— deepening integration with other technologies, such as artificial intelligence
and machine learning, to enhance data analysis and decision-making processes;

—developing systems that are less susceptible to electromagnetic interference
and capable of operating in environments with high electromagnetic noise;

— implementing high-performance and efficient data storage and processing
solutions to ensure rapid and accurate analysis;

—enhancing security systems to protect against unauthorized access and to
ensure data integrity and confidentiality.

These development trends should be taken when determining the optimal set of
necessary measurement equipment and establishing the procedures for utilizing
measurement tools while accounting for the impact of external factors on the
measurement system.

METHODOLOGY AND MODEL FOR CALCULATING THE RANGE
AND PROBABILITY OF LOCKING ON TARGET
BY AN ACTIVE HOMING HEAD

I. Pomohaiev?; I. Maliar?; D. Molchanov?;
O. Zvieriev?, Candidate of Technical Sciences
lvan Kozhedub Kharkiv National Air Force University;
2Central Scientific Research Institute of Armament and Military Equipment of
Armed Forces of Ukraine

The methodology for calculating the probability of locking on a target by an
active homing head (AHH) is being developed to provide a real-time capability to
assess the probability of detection (false alarm) a target by an AHH on board an anti-
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aircraft guided missile (AAGM) and determine the range of target lock on for
autotracking. The methodology involves the formulation of a mathematical model
for the construction of a mm-wave AHH and should ensure that it can be used within
the model of the AAGM guidance loop.

The range of locking on a target by an AHH operating in the mm-wave band
significantly depends on the design features of the AHH equipment, the conditions
of electromagnetic wave (EMW) propagation and the air and target environment.
Most of these factors primarily affect the value of the signal-to-noise ratio. The
signal-to-noise ratio at the input of the AHH receiver is equal to the ratio of the
power of the received echo signal at the output of the receiving antenna and the
noise power supplied to the AHH receiver input.

The development of a methodology and model for calculating the range and
probability of locking on a target by an active homing head is an important step in
improving high-precision weapons. The proposed approach allows to take into
account a wide range of factors affecting the efficiency of the AHH and provides
high accuracy of its parameters™ prediction.

CBITOBI TEHJEHIIII PO3BUTKY OCHOBHUX THUIIIB
TA BUJIB 3EHITHUX CUCTEM TA KOMIIJIEKCIB

C.M. I[lempyk, k.m.H., cm.0.
Lenmpanvruil HAyK080-00CAIOHULL IHCMUMYm
030pocHHs ma iticbk0goi mexuixu 36potinux Cun Yrpainu

Ilix wac arpecii pociiicbkoi denepamii npotm YkpaiHu 3eHITHI pakeTHI
xomiuteken (3PK) Ta 3eHITHI apThiiepiiicbKi cHCTEMH BIiNIrpaloTh KIIOYOBY POJb y
cydyacHi# mpoTHNOBITPsiHIA o6opoHi (IIIIO). Po3BHTOK 3eHITHHX CHCTEM
3YMOBJICHHI 3pOCTaHHSAM 3arpo3 3 OOKy agiamii, OE3MIIOTHUX JITAIBHUX
anaparis (BIIJTA) Ta rinep3BykoBoi 30poi.

3 ypaxyBaHHSIM TMPOBEICHOTO AaHANI3y OCHOBHHX THIIB Ta BHJIB 3€HITHUX
CHCTEM Ta KOMIUIEKCIB, 3aCTOCYBaHHA IX B JIOKaJbHHX BiffHaX Ta 30pOHHHX
KOH(JIIIKTax Cy4aCHOCTIi, y3araJlbHeHO OCHOBHI CBITOBI TEHIEHIII iX PO3BUTKY, SKi
HaBEJICHO HIDKYE.

Posmmpenns miamazony ypaxenas. CydacHi 3PK mparHyTe 10 30imbIIeHHS
JaNbHOCTI Ta BUCOTH IIEpeXOIUIeHHs uinel. Ile mae 3MOry NMpOTHCTOSATH HE JIMILE
JiTakaM 1 BEpTONbOTaM, ane i OaliCTHYHHM pakeTaM, KPHJIaTHM paKeTam,
OE3MUIOTHUM JIiTATBHAM arapaTaM Ta Tiep3BYyKOBHM 00’ €KTaM.

MonynbHIiCTh Ta 6araToyHKIIOHATBHICTE. HOBI KOMIUIEKCH PO3pOOISIOTECS 3
ypaxyBaHHSAM MOMAYJIBHHX PIlIeHb, IO J03BOJIIE MBUAKY 3aMiHy PaIiOiOKaIiiHIX
CTaHIIi}, MyCKOBUX YCTAHOBOK 200 CHCTEM YTIPABIiHHS B 3aJIE)KHOCTI BiJl XapakTepy
3arpo3u. baraToQyHKIIOHaNBHICTH Ia€ 3MOTYy OJHOMY KOMIUIEKCY €(EeKTHBHO
MPOTH/IISATH Pi3HUM THIIAM MOBITPSHUAX IILTECH.

[HTerparist B Mepexi Ta CHCTEMH 3arajibHoi NpoTHIOBITPsiHOT 060ponu. 3PK Bce
JacTillle CTalOTh elleMeHTaMu iHTerpoBanux cucteM IIITO/ITPO, ne oOMiH qaHUMH
MDK pajapamy, KOMaHAHHMH HyHKTaMH Ta IHIIMMH 3aco0aMM BiOyBaeTbCsl B
pexuMi peansHoro yacy. Le migBuiiye cutyariiiny 00i3HaHICTh, KOOPANHALIO il
Ta e(heKTUBHICTD 3arajbHOI CUCTEMH MPOTUIIOBITPSIHOI 00OPOHH.

3acTocyBaHHs Cy4acHHUX CEHCODIB Ta TEXHOJIOT1H BUSIBJICHHS.
BrockoHamoThCA CHCTEMHU panionokariii 3 BUKOPHCTaHHAM
6araropynkuionansiux PJIC 3 ADAP (aktuBHHMH (ha30BaHUMH aHTEHHUMH
peIIiTKaMK), ONTHUKO-CICKTPOHHHX CHCTEM, MNAaCHBHHMX Ta 0araTomo3uIidHUX
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ceHcopiB. lle mimBuIMye 37aTHICTH BUSBICHHS MAaJIOMOMITHHX IIUICH, BKIIOYHO 31
cTeNnc-IiTakaMu Ta Manopo3Mipaumu BITJIA.

ABTOMAaTH3aIlil Ta IUTYYHUH iHTENEKT. BIpoBa/KEHHS E€JIEMEHTIB LITyYHOTO
IHTENIeKTy Ta MAIIMHHOTO HaBUaHHS 3a0e3ledye MIBHAIIC NPHUHATTSA pillleHsb,
aBTOMAaTH30BaHy OOpOOKYy IaHMX CEHCOpiB 1 3MEHIICHHS HaBaHTAXEHHS Ha
omeparopa. 3poCTa€e CTYIiHb aBTOHOMHOCTI KOMIUIEKCIB, SIKIi MOXXYTh CaMOCTiifHO
BU3HAYATH MPIOPUTETH IIijIei Ta ONTUMAIbHI PEXUMH yPaXKECHHS.

[Migumenns MoOuTbHOCTI Ta ckopodeHHs 4dacy peaknii. Hosi 3PK
MPOEKTYIOTBCSI 3  ypaxyBaHHSIM IIBHUAKOTO  pO3TOPTaHHsA, 3TOPTAaHHA  Ta
MepeMillleHHs, 0 a€ MOXKJIMBICTh ONIEPAaTUBHO pPearyBaTé Ha 3MiHH 0OCTaHOBKHU Ta
3a0e3mnedyBaTy IPOTUIIOBITPSHY 00OPOHY THHAMIYHHX TPYT BilCBK.

YpaxyBaHHS €KOHOMIYHOI €()eKTHBHOCTI Ta HaAIHHOCTI. BUpoOHUKM TparHyTh
CTBOPIOBATH CHUCTEMH, 1[0 NOTPeOyIOTh MEHINE TeXHIYHOTO IEePCOHANY, IPOCTIlli B
00CIIyroByBaHHI 1 MalOTh MEHIIY BapTiCTh KUTTEBOTO LUKIY, 3a0€3MeUyroun IpH
IbOMY BHUCOKY FOTOBHICTh Ta Ha Iii{HICTb.

TaxkuM 4MHOM, 3€HITHI CHCTEMH € Ba)KJIMBUM KOMIIOHEHTOM Cy4acHOI Oe3IeKH,
TXHIH PO3BHTOK BH3HAYAETHCS 3POCTAHHAM HOBHMX BHMKIHKIB Ta TEXHOJIOTTYHUM
mporpecoM.  MailOyTHE  MPOTHUHOBITPSHOI  OOOPOHM 32  IHTETPOBaHHMHU,
BHUCOKOTOYHHMH Ta aBTOHOMHUMH pilleHHSIMU. s e(eKTHBHOTO 3aXUCTy
HeoOXiZiHE MOCTiifHe OHOBJIEHHS Ta aJamnTalis 3€HITHHX KOMIUICKCIB 10 CYy4acHHX
3arpos.

METOAUKA BUSHAYEHHS IIOKA3HUKIB PYXOMOCTI
CIIEHIAJIBHUX KOJIICHUX ITACI KOMIIVIEKCIB
IPOTUIIOBITPSIHOI OBOPOHU

O.M. I'pebenux, K.m.H., C.H.C.
LlenmpanvHuil HayKo80-00CAIOHUL ITHCMUMYM 030POEHHA MA BIICbKOB0T MEXHIKU
36potinux Cun Yxpainu

[IpoBeneHHss 3axoniB 3 pO3POOJICHHS IEPCIEKTHBHUX 3pa3KiB KOMIUIEKCIB
MpOTUIOBITPsiHOT 00opoHn CyXONmyTHHX BIHCBK Ta MOJEpHi3alil iCHYIOUHX
YCKIIaIHEHO BUOOPOM CHIIOBHUX YCTAHOBOK iX criemiaibHuX KoJicHux mmaci (CKII).

3a pesynpTaTaMd  PO3pPOOJEHOI  JECKPUNTHBHOI MOJENi  3aCTOCYBaHHS
KOMIUIEKCIB Ta IPOBEJCHOTO iX (YHKI[IOHATFHOTO Ta CTPYKTypHOTO aHai3y
MPOBEICHO iX PO3MOJLT BiJMOBIIHO MO MpU3HAueHHs (OOHOBOro 3acTOCYBaHHS) Ta
MOXIIMBOCTEH (TEXHIYHOI JOCKOHAJIOCTI) Ha JBi rpynu: 1 rpyna — KOMIUIEKCH, IO
BUKOHYIOTH 0OMOBE 3aBIaHHS 3 NPUKPUTTS BiICBK (ITIAPO3ILIIB, KOJIOH) Y PYXOMHX
BUAax OOWOBHX Hid 3 Xon4y (BENEHHSA PO3BIOKH Ta CTpLIBOM mpH pyci) abo 3
KOPOTKHUX 3yIHHOK; 2 TpyIa — KOMIUIEKCH, IIJ0 BUKOHYIOTh 00HOBE 3aBIaHHS TiJbKH
MIPH PO3TOPTaHHI y OOWOBHI MOPSIOK (BEACHHS PO3BIAKH Ta CTPUIBOH 3 MICIST) 3
HOYEProBUM IX MepeMilleHHsAM (TlepeKkataMy) y HOBI paioHH 3 3a0e3neyeHHsIM
0e3MepepBHOTO MPUKPUTTSI.

[TpoBiBIIHM psi JOCTIKEHb BH3HAYEHO, IO MOKa3HUK HEOOXiTHOI PyXOMOCTi
CKII xommuiekciB 1 rpymu HOBHHEH OyTH HE MEHIIMM 33 MOKAa3HHK PYXOMOCTI
migpo3ainy (KomoHM), a TakTHUKo-TexHiuHi xapaktepuctukn (TTX) CKII we
ripmumu 3a TTX 3paskiB migposginy. ITokasank pyxomocti CKII xommiekcis 2
TpyNd TMOBHHEH 3HAYHO TIEPEBUIIYBATH MMOKA3HUK PYXOMOCTI MiIpo3/Aiiay (KOJIOHH),
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10 [IPUKPHUBAETHCS KoMIuiekcoM, a nokasHuku TTX CKII kpammmu 3a MoKa3HUKU
TTX 3pa3kiB migpo3ainy (KOJIOHH).

TakuMm 4YMHOM, pO3po0JEHa METOIMKA [O3BOJSE IPOBEICHHS BH3HAUCHHS
noka3HHUKIB HeoOxixHoi pyxomocti CKII xommiekciB Ta Moxe OyTH BHKOpPHCTaHA
IIpU CTBOpPEHHI nepcreKTuBHAX 3pa3kiB CKIIl koMmiekciB Ha cTazii MpOeKTyBaHHS.

®YHKIIAHI BUIIPOEYBAHHS 3EHITHOI'O PAKETHOI'O
O3BPO€EHHSA ITHO3EMHOI'O BUPOBHUIITBA

0.0. 3sepes, k.m.n., doy.; C.M. [lempyxk, k.m.H., cm.0.,
A.A. Opaancokuii; C.U. Crobodeniox
Llenmpanvruii Hayko6o-00caiOHULl iHCMUmMym
030pocHHa ma 6iticbko6oi mexuiku 36potinux Cun Yrpainu

OyHkIiiHI BUMPOOYBaHHS 3pa3Ka 3€HITHOI'O PAaKeTHOrO 030poeHHS (mami —
3P0O) iHO3eMHOTO BHPOOHHUIITBA MOBHHHI MPOBOJUTHUCS BiAMOBITHO 10 TIOCTaHOBU
Kabinery MinictpiB Ykpainu Bix 17.12.2021 Ne 160 ta JICTY B 15.210:2023
“CucremMa YIpaBliHHS JKUTTEBUM IIHKIOM O30pDO€HHS Ta BIHCHKOBOi TEXHIKH.
BumnpoOyBanHs 030poeHHS Ta BilCBKOBOI TexHIKH. (OCHOBHI ITOJIOKEHHS.
Knacugikamis”.

Oprasizaris Ta MOPsIOK MPOBEACHHS BUIIPOOYBaHb, MPaBa Ta 000B’SI3KH WICHIB
KOMicii, a TakoX TOpANOK MNPUHHATTA 3pa3Ka I1HO3EMHOTO BHPOOHHUIITBA Ha
030po€HHs (MOCTauaHHA) BU3HAYAIOTHCA HAKa3aMH JIEPKABHOTO 3aMOBHHKA.

OyHKUiiHI BUNIPoOyBaHHS MalOTh IPOBOIUTHUCS 3a [IporpamMoro Ta MeToIUKaMH
¢GyHKUIHHEX BUNpOOyBaHb, sKi po3podmsitoThes BimnoimHo mo JACTY B
15.211:2023 “CucteMa ympaBiiHHS JKUTTEBHM IUKIOM O30pOEHHS Ta BifICHKOBOI
TexHiku. [Iporpamu Ta Metonu BunpoOyBaHb. OCHOBHI ITOJOKEHHS .

3a pesymbTaTamM  (QYHKIIHHUX BHIPOOYBaHb CKIAQTAETHCS  MPOTOKOI
¢yHKUiHUX BUNpOOYBaHb Ta PIMICHHS JAEPKABHOTO 3aMOBHHUKA 32 MPOTOKOJIOM
(GYHKUIHHUX BUIPOOYBaHb, B SIKMX 3a3HAYAETHCS CTYIHB BIANIOBIAHOCTI 0OOBHX,
TEeXHIYHMX Ta eKCIUTyaTalliiHUX XapakTepucTHK 3pa3ka 3PO  iHo3eMHOro
BHUPOOHHUIITBA BUMOTaM JIep)KaBHOT'O 3aMOBHHKA.

Ha mixcTaBi MO3WTHMBHUX pe3yJbTaTiB (YHKUIHHAX BUNPOOYBaHb TOTYEThCS
Haka3 Jep>KaBHOTO 3aMOBHHMKAa Tpo MNpuHHATTS 3paska 3PO  iHO3eMHOTO
BHPOOHUIITBA Ha 030pOEHHS (IOCTaYaHHs).

3ACTOCYBAHHS KOMBIHOBAHOI CUCTEMM BUIIPOBYBAHB
JJIs1 JEP)KABHUX BUTIPOBYBAHBb JOCJIIJHUX 3PA3KIB
3EHITHUX PAKETHUX KOMILJIEKCIB

0.0. 36epest, k.m.n., doy.; B.B. Jlyk ’}zHltsz, 0.m.H., npogh.
H]enmpanvnuii nayko6o-00crionuii incmumym 036pocHs ma 6ilicbko6oi mexmixu
36poiinux Cun Yxpainu,
2Xapxiscoxuil nayionanvuutl ynisepcumem Iosimpsanux Cun in. I. Kooceoyba

BaXIMBOIWO ~ YaCTHMHOK ~ CTBOPEHHS  Cy4YaCHHX  3CHITHHX  paKeTHHX
xomrutekciB (3PK) e eram mepxaBuux BumpoOysans ([IB) mocmigaoro 3paska 3PK,
SIKi MalOTh MPOBOJMTHCS Ha TOJIrOHaX B yMOBax, MaKCHMalbHO HAaOJIMKEHHUX JO
peabHUX YMOB HOTo 60{OBOT0 3aCTOCYBaHHS.
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VY mpomeci Jep’kaBHUX BHIPOOYBaHb BHHHKAIOTH IPOTHPIYYS MiX BUMOTaMH
moao jgoctoBipHoi ominku TTX mocmimHoro 3paska 3PK ekcrepumeHTambHAME
METOJaMH Ta MOXJIMBICTIO CTBOPEHHS HEOOXiTHMX YMOB M TIPOBEIEHHS
BunpoOyBanp 3PK Ha momiroHi mpm noTpuMaHHI BHMOT IIONO 3a0e3NedeHHS
Oesmeky BUNPOOyBaHb Ta MiHIMI3amii BHUTpPAaT Ha IPOBEICHHS BHUIPOOYBaHB.
€1UHIM CIT0OCOOOM BHPIIIEHHS IIOTO HNPOTHPIYYS € OpraHisallis Ta MPOBEACHHS
HaTypHUX BHUIpoOyBaHp JjocmigHoro 3paska 3PK Ha 06a3i komOGiHOBaHOI
BunpoOyBansHoi cuctemun (KBC), ska 3a0e3medye onTuMainbHE MOETHAHHS
HaTypHUX EKCIEePHMEHTIB Ta BHIPOOYBaHb 3 BHKOPHUCTaHHSIM CIIEHiasli30BaHUX
3ac00iB iMiTalliifHOrO Ta HaNiBHATYPHOTO MOJETIOBAHHS.

KCB moxe OyTu peani3oBaHHi sSK KOMILUICKC TEXHOJOTIH, IO O3BOJITIOTH
BPaXxOBYBATH K MOXKJIMBOCTI OOJaIHAHHS PEabHOTO IOJITOHY, TaK i MOXKJIMBOCTI
BIpTyaJibHOI peaqbHOCTI (BIPTYaJbHOTO IOJNIrOHY) A 3a0e3led4eHHs YMOB i
0e3meKky BUNPOOyBaHb AOCIIIHOTO 3pa3Ka CHCTEMHU IPOTUIIOBITPSHOT 000POHHU.

BrpoBamxenss KCB 103BONMTh MiABUIIMTH TOYHICTH OIIIHOK XapaKTEPHCTHK
Ta edekTUBHOCTI mochigHoro 3paska 3PK 3a paxyHOK BHUKOPHCTaHHS BEIHKOI
KUTBKOCTI CTaTUCTUYHUX JAHWX, OTPUMAHUX 3aBISKH 3aCTOCYBAHHIO IMiTaliiHOTO
MOJICJIIOBAHHS Ta HAaMliBHATYPHUX BHIIPOOYBaHb.

PO3BUTOK 3ACOBIB YPAKEHHS BE3IIIJIOTHUX
JITAJTBHUX AITAPATIB IPOTUBHUKA

J.B. Pe3nik, K.6itlicbK.H., 00Yy.
Hayionanvnuii ynieepcumem oboponu Yxpainu

Po3BuTOK Ge3ninoTHHX JiTansHUX anapartis ( gam — BriJIA) y cyyacHux BilHax
CTaB OJHUM i3 KIIOYOBHX 4YHMHHHKIB TpaHcdopmarii BemeHHs OOWOBHX iil.
Macmtabne 3actocyBanHs brnJIA cTBopmito HOBI 3arpo3u Uil yKpaiHCHKUX BIiHCBK.
EdextuBHi TpaguiiiiHi 3ac00M MPOTHHOBITPSIHOI OOOPOHU YacTO BHUSIBILSUTHCS HE
MIPUCTOCOBAHUMHM JI0 MEPEXOIUICHHS MAacoBaHHX aTak Mikpo- Ta MiHi-bnJIA uepes
TXHIO MaJIOTIOMITHICTb i MaHeBpeHicTh. KpiM Toro, 3unmenHs briJIA npoTnBHuKa 3a
JIOTIOMOTOI0  3€HITHOI KepOBaHOI pAaKeTH IHKOIM € HEBHIPABIaHO JOPOTUM
PpilIeHHSIM.

Tomy, 3 cepenunu mumHsA 2024 poky B Ha cxoi YKpaiHH Po3MOYaniocs MacoBe
3acToCyBaHHA TMiApo3ainiB brJIA-mepexommoBadiB SKUMH 3a TIEpioA JIMIICHbB-
mucromnaz 2024 poky Oyio 3HUIIEHO Oinblne THCAYI po3BigyBanbHUX BriJIA.

[oxu Ttepmin “bnJIA-mepexommoBay” 1me HE BH3HAYCHUH B JCPKAaBHOMY
CTaHIApTI YKpaiHW, aie BHKOPUCTOBYBAETHCH SK TOHATIHHWN amapar, sSKAH
3po3yminuii Bcim daxiBipsimM 3 [0, a came mom0 BUKOHAHHS 3aBIaHb YPaKEHHS
Bopoxkux BnJIA — to6to “BbriJIA-mepexommoBau” a6o “UAVI (Unmanned Aerial
Vehicle Interceptors )”.

OO0uzBa TepMiHH BiINIOBINAIOTH CYTi MPUCTPOIO, ane “BriJIA-mepexorumioBay” un
“UAV Interceptor” € Gimbmn (opMaIBHUM 1 TEXHIYHUM, a “/IpoH-TIepexorumioBay”
abo “Interceptor Drone” kparie miaxoauTh st HeOPMAIFHOTO BUKOPUCTAHHS YK
CHUIKyBaHHS 3 MIHPIIOW ayauTopiero. Tomy mis oQimiiiHUX JOKYMEHTIB i
myOmikamii  pekomenmoBaHo BuKopucToByBatH “UAV Interceptor” (“BrJIA-
nepexoruioBay’”).

Omxe, Tepmin “brnJIA-nepexorumoBau” 1e Oinbll OMGIMIAHUNA 1 TEXHIYHUN
TEpMiH KMl BUKOPUCTOBYEThCS B JIOKyMEHTaX, BIHCBKOBIi TepMiHOJIOTII, Ta It
OIHCY CKJIAJIHUX CHCTEM.
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TEXHIYHAMN OBPUC PO3NOJALIEHOI MAJIOIIOMITHOI
CUCTEMM OBOPOHH BIJI ITIOBITPSIHUX 3AT'PO3
JIJIS JIOKAJIBHOT'O 3AXHCTY OB’EKTIB

P.M. JKusomoecwruil, k.m.H., cm.0.; O.0. Binobopooos, 0.m.H., cm.o.
Lenmpanvruii HayKo80-00CAIOHUL IHCMUMYN 030POEHHSA MA BILICbKOB0T MEXHIKU
36pouinux Cun Yxpainu

JocBin YkpaiHu, oTpUMaHH{ BIPOJOBX BEACHHS BiMHH, MOKa3aB, IO LILIIO
MOBITPSIHMX ~yJapiB CTalOTh BaXIMBI OO0’€KTH BIHCHKOBOI Ta LUBUIBHOI
indpacTpykTypu. Brucoka KinbkicTh 3ac00iB MOBITPSHOrO Hamaay MadbHBOI Iii He
JI03BOJIAIOTH 3[IHCHUTH TIPOTUIIOBITPSIHE IPUKPUTTS BCiX 00’ ekTiB. [IpoTHnoBiTpsiHa
obopoHa Ha JiHI{ 3ITKHEHHS yCKJIaJHeHa HaAMIPHOIO KITBKICTIO MaJIMX MOBITPSTHAX
IiJIEeH, a TAKOK JIEMAaCKyBaHHSIM aKTUBHHX PaJiOJOKAIifHUX 3aC00iB.

BupimenHs npoOieM JIOKaJbHOTO 3aXHCTy OO’€KTIB B YMOBaxX BEIUKOI
KUTBKOCTI TOBITPSHHX IiJIed MOXHa 3a PaxyHOK pO3pOOIEHHS pO3MOIiIEeHOT
MAaJIOTIOMITHOI CHCTEMH O0OPOHH, JI0 K0T BKIFOUAETHCS:

HaIliBaKTUBHA CHCTEMa DPAIiONOKAiHHOTO BHUSBIECHHA 3 OKPEMHMH (OKpEeMO
pO3TaNIOBaHNMH) aKTUBHUM 3aCO00M 1 MACHBHUMU 3ac00aMH;

crcTeMa PazioNIoKaifHOTO HaBeIeHHS Ta KOPEKILii MTOJIbOTY PaKeTH;

MaJIOpO3MipHi BUCOKOIIBH/KICHI 3€HITHI KEPOBaHI Ta HEKepPOBaHI paKeTH pi3HOI
JATBHOCTI i, 3 PI3HOTHITHUMHU TOJIOBKAMHU CaMOHABEJICHHS Ta Pi3HUMHU OOWOBHMH
YacTHHAMH (KOHTEHHEp paKeTHUX 3aco0iB 3 BapiaTUBHUM CKJIaJOM pakeT pPi3HOI
JAmbHOCTI, pi3HUX THIIB ToJOBOK camoHaBeaeHHs (I'CH) Tta/abo GoiioBux
yactuH (BY) 3 MOXIHBICTIO OKPEMOTO BiIaJ€HOTO PO3TAaIlyBaHHSA BiJ 3aco0iB
BUSIBIICHHS Ta HaBE/ICHHS).

VY 10omoBiAi TPENCTaBICHO TEXHIYHUH OOpUC Ta OCHOBHI XapaKTCPHUCTUKH
3aIpPONOHOBAHOI CHCTEMH.

BU3HAYEHHS ®AKTOPIB, SIKI BINIUBAIOTHb HA YAC
BIJHOBJIEHHS O35PO€HHSI TA BIMCbKOBOI TEXHIKA
YIPYINOBAHHS 3EHITHUX PAKETHUX BIHCBHK

O.B. I'no6a, o.¢inoc.; B.I'. [lamanaxa, K.6iiCbK.H., 00Y.,
10.0. I'opobeyy, .6ilicoK.H., 00Y.
Hayionanvnuii ynieepcumem o6oponu Yxpainu

[ix wac Qopmamizamii 3aBgaHHS 3 OLIHIOBaHHS €(QEKTUBHOCTI BiIHOBJIECHHS
OBT Ta yTOUHEHHS MOPSAKY MPOBEICHHS PO3PAXyHKIB ST BU3HAYEHOTO CKIIATy
yrpynoBanas 3PB, Oymo Bu3HaueHO, IO y SKOCTi IIOKa3HHKA OIiHIOBAHHS
epextuBHOCTI BimHOBNEeHHs OBT 3PB mominbHO oOupaTsm 4Yac TpOBENCHHS
PEMOHTHO-BiJHOBIIOBAIbHUX pPOOIT. [lpy 1bOMy, CIiI BpaxoByBaTH HACTYIHi
BHYTpilIHI (aKTOpH: KiJIBKICHHUI CKJa[ Ta KBamidikalis peMOHTHOTO IepCoHay,
HasBHICTh e(eKTHBHOI iH(OpMAaLiiHOT MATPUMKH NP BUKOHAHHI TEXHOJIOTTYHHX
omepaiiii peMOHTy ckianoBux 4acTuH 3paskiB OBT Ta 3paskie OBT B wninomy,
3abesnedenicts PBO iHcTpyMeHTaMm Ta MarepialaMH, HEOOXITHUMH I
MPOBEJCHHS PEMOHTY.
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[IpoBeneni  po3paxyHKH  BH3HAUWJIM  3aJ€KHICTh  4Yacy  PEMOHTHO-
BITHOBIIOBAIBHUX POOIT Bix 3a3Ha4eHHX (HaKTOpiB, IO HAJal0 MOXIIMBICTH
BU3HAYMTH, 3MiHa SKUX ITOKA3HWKIB Ma€ HaWOUIbIIMII BIUIMB Ha 9ac NPOBEIEHHS
PEMOHTHO-BITHOBIIIOBAJIBHUX pOOIT. AHaJi3 NPOBEIECHHX PO3PAXYHKIB JO3BOJIUB
TaKOX BHU3HAYMTH, IO IPU BIHOCHO HHU3BKHX 3HAUCHHSX KOE(ILI€HTIB TEXHIYHOL
TOTOBHOCTI HAaBYEHOCTI 0COOOBOrO CKJagy, HHM3bKOI HAsBHOCTI TEXHIYHOL
JOKyMEHTalii Uil 3MEHIIEHHS 4acy PEMOHTY MOIUIBHO 30iNbIIyBaTH caMe iX, a
SIKII0O BOHU JOBOJIi BHCOKi, TO MpPONOHYETHCS, 32 MOXJIMBOCTI, 30iMbIIyBaTu
KUIBKICTh 0cOOOBOTO CKJIaay THMH CIIEIialiCTaMU, Ki 3aTy4aloThCs 0 IPOBEICHHS
PEMOHTHHUX POOIT.

Takoxk, 3a pesyJibTaTaMd IIPOBEICHUX PO3PAxXyHKiB, JUIi MiJBUILECHHA
edpexruHocTi BigHOBIeHHs OBT yrpymoBanus 3PB 3wmimianoro ckiagy B 30HI
Be/leHHs 00HOBUX 1ilf, ChOpMyIIbOBaHO KiNbKa peKOMeHJamii, sKi MOKHa yMOBHO
MOJUIMTH HAa Taki, MO HEOOXiTHO 3ampoBa/KyBaTH “HETailHO” Ta Taki, IO
MOTPeOYIOTh “TUIAHOBOTO” 3aIIPOBAKEHHSL.

HATIPSIMHA TPAH®OPMAIIII CHCTEMH BIJHOBJEHHSI O35POE€HHSA
TA BIMCHKOBOi TEXHIKH 3EHITHUX PAKETHUX BIHCBHK
B CYYACHHUX YMOBAX

bK. Llxypam, o.¢inoc.; I1.A. [{pannuk, K.8IlICbK.H., C.H.C.;
J.B. Pe3nix, k. 8iliCbK.H., 00Y.
Hayionanvnuii ynieepcumem o6oponu Yxpainu

EdexTnBHE BUKOHAHHS 3aBJaHb MiIPO3/iNaMHy 3eHITHUX PaKeTHHX BificbKBUMarae
CBOEYACHOTO Ta ITOBHOTO JIOTICTUYHOTO 3a0e3MedYeHHs iX Iii, 30KpeMa 3 IHTaHb
BiZIHOBJIEHHSI 030pO€HHS Ta BiHCHKOBOT TexHikU. JI0CBiT pOCIHCEKO-yKpaiHCHKOT BiltHI
MIKPECTMB HasBHI Ta BHSABHB DA HOBUX MpoOlleM B OpraHi3amii peMOHTY Ta
TEXHIYHOTO 00CITyTOBYBaHHS 030POEHHS, 110 BILIMBAIOTH HAa O0€3/1aTHICTH MiAPO3/IIIiB
3EHITHUX paKeTHUX Biiicbk. TOMy 3alpOIIOHOBAHO CKOPWUTOBaHI NPHHIWIH JUIS
MOOY/IOBH OHOBJICHOT CHUCTEMH BITHOBJICHHS O30pPOEHHS Ta BiMCHKOBOI TEXHIKH,
30KpeMa 1010 BU3HAYEHHS! IIPHOPUTETIB Y BiZTHOBJICHHI 3pa3KiB 030pOEHHS HE TiBKH
Ha TJCTaBi 1X KPUTHYHOCTI JJIsl BEICHHS OOMOBHX Jiif, aje i TOCTYIMHOCTI 3amacHuX
YaCTHH Ta MOJMJIMBOCTEH PEMOHTHHX MiIPO3MiTiB. 3ampOIOHOBAHO YTOYHEHWUIt
po3Mozin 00CATIB PEMOHTY IO 30HaM BeleHHS OOWOBMX i B 3aJI@KHOCTI Bif iX
HaOMKeHHS 0 JIiHii OOHOBOTO 3ITKHEHHS Ta ICHYIOUHMX PHU3HKIB. AKIIEHTOBaHO
HEOOXiHICTh CTBOPEHHS ABTOMATH30BAaHOI CHCTEMH YIPABIIHHS BiIHOBICHHSIM Ta
HaBEJCHO OCHOBHI MpUHOUNK ii m1oOymoBH 1 QyHKUIioHyBaHHS. JlomaTkoBo
3alpOIIOHOBAHO  MIIXOAW JIO CTBOPEHHs YHi(iKOBaHMX 3aco0iB  TEXHIYHOIO
o0CITyroByBaHHSI Ta PEMOHTY IS IOKpALICHHS YKOMIUIEKTOBAHOCTI PEMOHTHHX
HiZPO3ALTIB 3 ypaxyBaHHAM OCOOJMBOCTEH €KCILTyararii 030pO€HHS Ta BiliCbKOBOT
TEXHIKH 3CHITHUX PaKETHHX BilCHK.

TakuM YMHOM, YJOCKOHAJICHa CHCTEMa BiTHOBIICHHS O30pOEHHS Ta BIHCHKOBOL
TEXHIKH J03BOJIUTH 320€3MeUUTH MOOUTBPHICTh PEMOHTHHUX OPTaHiB, MiIBUIIATH PiBEHb
TEXHIYHOTO 3a0e€3MEUCHHs Ta CTBOPUTH MEXaHI3MH OICPATUBHOI B3aEMOil 3
OpraHaMH IOCTa4YaHHs 1100 PEMOHTY Ta TEXHIYHOr0 0OCITyroByBaHHS 030pOEHHS.
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OCHOBHI TEHJAEHIIi PO3BUTKY BUCOKOTOYHOI'O
O3BPO€EHHS KJIACY “IIOBITPA-IIOBEPXHSA”

A.A. Ceonap, k.giticok.n., c.H.c.; B.M. [laciunux, K.8ilicbK.H.
Lenmpanvruil Haykoso-0ocaionuil incmumym 36poinux Cun Ykpainu

JlocBin BifH OCTaHHBOTO JECATHIIITTS Ta aKTUBHOI a3y poCiHChKO-YKpaiHCHKOT
BilfHH, oTpuMaHui npotsiroM 2022-2024 pokiB, CBiTYUTH, IO OJHIEI0 3 OCHOBHHUX
puc BemeHHS OOMOBHX [iif € HaHECEHHS MAacOBaHHMX paKeTHO-aBialiffHUX ynapiB
BHUCOKOTOYHHMH OaiCTHYHAMHM, aepoOaJlicTHYHUMH Ta KPHJIATHMH paKeTaMu.
[IpoBeneHnit aHani3 NO3BOJIMB BH3HAYHTH, IO O OCHOBHUX TEHAEHILIN PO3BHTKY
BHCOKOTOYHOTO 030pO€HHS KJIacy “TIOBITPS-TIOBEPXHS~ HaJeXKaTh:

pO3pOOIEHHs ONTUMANbHUX AaepPOAMHAMIUHMX CXEM, CHCTEM HaBEICHHS,
OopToBOro OOJagHAHHA Ta IBUTYHIB JUIA JOCSATHEHHS HEOOXiAHUX IOKA3HHUKIB
TOYHOCTI, JAIbHOCTI TOJNBOTY, HAOIMHOCTI POOOTH Ta TEXHOJOTIYHOCTI;
po3poOiieHHS Ta BHPOOHHITBO KEPOBAaHUX 3acO0IB ypaKeHHA TMiJ IIUPOKY
HOMEHKJIATYpy HOCIiB TOBITPSIHOTO, HA3eMHOTO Ta MOPCHKOro Oa3yBaHHS;
30UTBIIEHHS] TOTYXKHOCTI OOMOBHX YacTHH pPakeT Ta MajJbHOCTI X IMOIBOTY 3a
PaxyHOK BUKOPHCTaHHS €(QEKTUBHOTO XIMIYHOTO CKIany BHOYXOBHX PEYOBHH Ta
MOpOXiB (PiAMH); CTBOPEHHS HAIA3BYKOBHUX Ta TIMEP3BYKOBUX PaKeT 3a PaxyHOK ix
OCHAIIEHHS TypOOPEaKTUBHUMH [BHTYHAMH 1 TilNEep3BYKOBUMHU IPSIMOTOYHHMH
MOBITPSIHUMH PEAKTHBHHMH JBUTYHAMH; OCHAIICHHS PAKeT Cy4aCHUMHU CHCTEMaMHU
Hagiramii (tumy DSMAC, TERCOM), sxi MOpiBHIOIOTH 3aBaHTaXEHI y OOpPTOBHIA
KoMIT'10Tep UGPOBi JaHi Mpo penbed MICIEeBOCTI 3 JaHUMHU BijJ JaTYHKIB PAKETH,
o0  migBUIIye e(eKTHBHICTh iX 3aCTOCYBaHHA Yy IJIOMYy; 3MEHIICHHS
pazionoKaiifHol Ta TEIIOBOI MOMITHOCTI 3a PaxyHOK BHUKOPHCTaHHS Cy4YacHHX
MOTJIMHAIOYHMX TOKPHUTTIB; 3a0e3MeUYeHHs MOXKIMBOCTI aBTOMAaTHYHOTO BHOOPY
BUCOTH TOJILOTY Ha KIHIEBIH JUIAHIN TPaeKTOpPil MOJBOTY 3aJIC)KHO BiJl pelbedy
MiCLIEBOCTI.

BUKOPUCTAHHS IIKAJIA 30JI0TOI'O MEPETUHY
JIUIST OLIHIOBAHHS IMTPUMHSTUX PILIEHD OO
CHUCTEMM 3EHITHOT'O PAKETHOT'O IIPUKPUTTS

O.B. I'noba, o.¢inoc.
Hayionanvnuil ynigepcumem oboponu Yrpainu

KpurepieM npuifHATTS pimieHHs a1s BHOOpY BapiaHTy CHUCTEMH 3€HITHOTO
PaKeTHOTO MPHKPUTTS € TaKi 3HAYCHHS CHPOMOYKHOCTEH, 3a SKHX 3a0e3edyeThes
noTpiOHMI piBeHh BUKOHAHHA CHCTEMOIO 3aBJaHb B omepanifx. YacTKOBHMH
KpUTEpiAMH € TOTpiOHI 3HAYEHHS pe3yJIbTaTHBHOCTI, 30€pEKEHOCTI 00’ €KTIB
MIPUKPUTTS 1 yTPYTIOBaHb BIHCHK, 30€PEKEHOCTI CHCTEMHU.

[I106 OIHUTH CIPOMOXKHOCTI CHCTEMH 3€HITHOTO PAKETHOTO TPHUKPHTTS IyXkKe
4acTO MPOTIOHYETHCS TMOPIBHIOBATH YACTKOBI IMMOKa3HHUKH i3 BIIIIOBIIHUMH PiBHIMHU
0e3po3MipHOT IIKaIK 0akKaHOCTi, BIIOMOI Ie sSK mKama XappiHrToHa. 3a TakoTo
METO/ly y3arajJbHEHHH IOKa3HUK OOYHCIIOETHCS LUIIXOM BH3HAYCHHS DIiBHIB
CIIPOMOYKHOCTEH YaCTKOBUX ITOKA3HMKIB, BM3HAYCHHSIM BIIIMOBIAHHX LM PIiBHAM
CepesiHiX IHTepBaIbHUX 3HA4YCHb, 4 MOTIM — YCEPEAHEHHSM OTPHMaHHMX CEpeIHiX
IHTEpBaIbHUX 3HAYCHb YACTKOBUX IIOKA3HHMKIB Ta TIOPIBHSIHHAM OTPHMaHOTO
YCEpeAHEeHOTO 3HAUeHHS 31 MIKAJIO0 0aXKaHOCTI.
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I kputepil OLIHIOBaHHS CIIPOMOMKHOCTEH IIPOIIOHYETHCS OTPUMATH 3
BUKOPHCTAHHSM IIKAIHM, SIKa TpagydoBaHa B HPOIOPLIAX “30J0TOTO TEPEeTHHY .
[MpuHIMI 30J0TOTO MEPEeTHHY € NIMPOKO BIOMHM HPHHIMIIOM IPOIOPLIHHOTO
pO3MOLTYy LIIOr0 Ha HEPIBHI YACTWHH, 3a SKOTO I[iJIe BIIHOCHUTHCS JO OUIHIIOL
YaCTHHHM TaK, SIK HaliOUIbIIa YaCTHHA BITHOCUTHCS JIO MEHIIO].

Illkana XappiHITOHa y CBOIfl OCHOBI MICTUTH ICHXOJOTIYHE HiIIPYHTS, IIO
J03BOJIsIE KOMaHAWpPY (KOMaHIyBady) MOAUIATH HACTIAKM CBOiX DILIEHb Ha “myKe
no6pi”, “mobpi”, “cepenHi”, “3amoBUIBHI” Ta “HE3aA0BUIBHI” B PIBHUX MPOTMOPIISX.
HepiBHicTp BiacTaHeil MiX 3a3HaYeHHMM OLIHKAMHM IPH BHUKOPHUCTAHHI IIKaIH
30JI0TOTO TIEPETUHY, MOSCHIOETHCS MAaTEMATHIHUMHU OCOOJIMBOCTSMH i€l MPOIopIii
i ynmomo6aHHAME 0CcO0H, IO PUHMaE PilIeHHs.

METOAUKA BUBOPY MATEMATHYHHUX MOIIE.JIEFI I
OHIHIOBAHHS E@EKTHUBHOCTI IPOTHUIIOBITPAHOI OBOPOHHA

BbK. lxypam, 0.¢hinoc.
Hayionanvnuil ynigepcumem oboponu Yrpainu

[IpoTumoBiTpsiHa 000pOHA € HEBiA EMHOIO CKIaJOBOIO Cy4aCHHUX OOHOBHUX Iiif, a
MOCTIfHUH PO3BUTOK 3aCO0IB MOBITPSHOTO HAamamy, TAKTHKH iX 3aCTOCYBaHHS Ta
BHCOKA JHHAMiKa 3MiH 0OCTaHOBKM BHMAraroTh Bijl ITOCaJOBHX OCi0 IIBHIKOTO Ta
00rpyHTOBaHOTO BHOOPY cHOCOOY BHMKOHAHHS 3aBJAaHb 3 NPHKPUTTSA BU3HAUCHHX
00’ekTiB 3 mOBITps. Jlind 1bOro HEOOXIMHI BiAMOBIAHI MOJENI OLIHIOBAHHS
e(eKTHBHOCTI TPOTUIOBITPsSIHOI 000poHW. OnHAaK ICHYHOUI MOJENi 4YacTo He
BPaXxOBYIOTh KOMIUIEKCHICTh CHCTEMH IIPOTHIOBITPSHOI 00OpOHM, i CcydacHHH
cKian, Ta crhenudiky oO0cTaHOBKH. ToMy METOI JOCHI/DKEHHS € po3poOka
METOJVKHA BHOOpY MaTEMaTHYHUX MOJENeH M OLIHIOBaHHA e(QEeKTHBHOCTI
MPOTHITOBITPSIHOT 000pOHU. B XOmi JOCHI/KEHHS y3arajibHEHO MIiAXOAU 10
OLIIHIOBAaHHSI ©(EKTUBHOCTI IPOTHIOBITPSHOI OOOPOHM Ta  3alpPONOHOBAHO
METOJIMKYy BUOOpY MaTeMaTHYHUX MOJeJeH, sSika BpaXxoBy€e BHXIiJHI JaHi, O4iKyBaHi
Ta moOiuHi edektn OoioBux nii. Ha BimMmiHy BiA iCHyIOYMX, 3alpoNOHOBaHA
METO/IMKa Tepeadadae mpouec BUOOpy iHCTPYMEHTY MOJICIIOBAHHS, SIKHI 6a3yeThes
Ha KOMIUIEKCHOMY BpaxyBaHHI BUXIJHUX JaHUX.

3acTocyBaHHsS METOJVWKH CIpHSE TMiIBHIICHHIO OOIPYHTOBAaHOCTI BHOOPY
MaTeMaTHYHUX MOJieNiel, IO MOKpallye TOYHICTh OI[iHIOBaHHS e(QEeKTHBHOCTI
MPOTHITOBITPSIHOT 000pOHU. ['HYUYKICTHP METOAMKH J[O3BOJSIE i amanTaIiio a0
creu(ivHIX YMOB MOJEJIOBAaHHS, 3 YpaxyBaHHSIM JOCTYITHHX OOYMCITIOBAIBHUX
pecypciB Ta 0coOMMBOCTEH BUKOHAHHS 3aBJaHb. Pe3yJbTaTH AOCITiIKEHHS MOXKYTh
OyTH KOPHCHHMH KOMAaHJyBadaM YyTpPYyNOBaHb (KOMaHIUpaM BifiCBKOBHX YaCTHH)
MIPOTHITOBITPSIHOI OOOPOHM il Yac NPUIHATTS pilleHb Ha OOHOBI i, a TakKoX
HayKOBUM TpaIiBHUKAM TIiJ{ 9ac TOCIiKEHb.
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CEKIISI 7

TAKTHUKA PANIOTEXHIYHUX BIMCHK, PO3BUTOK TA BOMOBE
3ACTOCYBAHHSI PAJIIOEJEKTPOHHOI TEXHIKH PTB.
OCOBJIMBOCTI BEJEHHA PAIIOJOKAIINHOI
PO3BIJIKA B XOII BOMOBUX I

KepiBHukH cexmil: Opuranuuii reaepan JJoruenko M.M.;
I.T.H. po¢. monkoBHUK XyzoB [".B.
Cexkperap CeKIlii: matiop Jlsmenko O.1.

MEASURES TO INCREASE THE PROBABILITY OF DETECTION
AND QUALITY OF TRACKING OF AIR TARGETS WITH
LOW RADAR CROSS-SECTION

M. Donchenko?®; H. Khudov?, Doctor of Technical Sciences, Professor;
D. Zotova?
1Air Force Command of the Armed Forces of Ukraine;
2lvan Kozhedub Kharkiv National Air Force University

The experience of the Russian-Ukrainian war shows a significant spread of the
use of air and sea-based cruise missiles, shock unmanned aerial vehicles of the
Shahed, Gerbera, Lancet, Molnia and other types during air attacks on critical
infrastructure facilities of Ukraine. All these means of air attack, as radar
intelligence objects, are characterized by a small effective scattering surface, which
makes it much more difficult to detect and accompany them.

Domestically produced radar equipment, which are mainly in service with the
radio engineering troops of the Air Force of Ukraine, are mostly morally obsolete
and even at the development stage were not designed to detect and accompany air
targets, the effective scattering surface is several square centimeters. Therefore, it is
relevant to use radar stations such as SNOV, Global Master, Giraffe AMB, as well
as the creation of a complex for detecting unmanned aerial vehicles by combining
radar, acoustic stations, optoelectronic detection means and passive location means
that detect aircraft by scanning the UAV's own radiation.

The use of radars of partner countries, as well as an integrated approach to
airspace reconnaissance, will allow the timely detection of UAVs of various types,
both strike and reconnaissance, for further issuance of information to interacting
units for their destruction.

SPECIFICS OF FPV DRONE TACTICS BASED ON THE EXPERIENCE
OF THE RUSSIAN-UKRAINIAN WAR

H. Khudov, Doctor of Technical Sciences, Professor;
1. Khizhnyak, Candidate of Technical Sciences;
T. Kalimulin; I. Hridasov
Ivan Kozhedub Kharkiv National Air Force University

Modern armed conflicts have demonstrated the importance and high
effectiveness of First-person view (FPV) drones in military operations. These
systems have become a seamless element of state-of-the-art combat tactics due to
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their compactness, maneuverability, and capability for precision strikes.
Nevertheless, despite the advantages of FPV drones, they also have certain
limitations, primarily — their vulnerability to electronic warfare (EW) systems. This
flaw requires further improvements in technical characteristics to deny the enemy
capabilities to suppress drone control and video transmission channels, as well as to
intercept and spoof the signal. The maximum effectiveness of such drones can be
achieved only through a comprehensive understanding of their operational tactics.
Such an understanding is crucial for mobile units of radar troops, whose positions
have also been a target for FPV drones during the russian-Ukrainian war.

Important stages of FPV drone tactics include thorough reconnaissance of the
area, using other UAVs, or using recce units. Detection of potential targets, threat
assessment, and optimal flight path planning occurs at this stage.

Another crucial aspect is maintaining effective cooperation between different
military units. Synchronized actions of drone operators with ground forces and
artillery units help minimize the risks of losses and ensure the required level of
tactical support in the combat area.

Carrying out an actual mission with an FPV drone requires a meticulous
selection of the optimal attack moment, considering the target’s specifics and
environment. The operator controls the drone in real-time, maneuvering to an
optimal attack position. Using relays and enhanced outboard aerials lowers the
chance of enemies' EW interference, whereas a combined use of FPV drones with
other types of armament significantly increases military operations' effectiveness.

The further development of FPV drones requires enhancing their resistance to
EW systems and improving weapon guidance systems by introducing modern
automation algorithms. Ongoing research and development in the given area will
enhance the effectiveness of FPV drones in military operations and their better
integration into state-of-the-art combat control systems.

The research has been conducted with the support of grant funding provided by
the National Research Foundation of Ukraine call "Science to Strengthen Defense
Capabilities of Ukraine", name of the project "Information technology for automated
image segmentation of objects in targeting systems of strike FPV drones based on
swarm intelligence algorithms", registration number 2023.04/0153.

SEARCH OF OBJECTS BY SPECTRAL SIGNS ON ELECTRO-OPTICAL
IMAGES FROM RECONNAISSANCE UNMANNED AERIAL VEHICLES

H. Khudov, Doctor of Technical Sciences, Professor;
B. Lisohorskyi, Candidate of Technical Sciences,
O. Goorin, Candidate of Technical Sciences,; A. Hurin, Ph.D.
Ilvan Kozhedub Kharkiv National Air Force University

The report considers a method for searching for objects in optoelectronic images
from reconnaissance unmanned aerial vehicles using spectral filtering and computer
processing. A feature of the method is the use of spectral characteristics of the object
of interest and the background to calculate a hardware function (filter vector) to
increase image contrast. At the final stage, the resulting image is computer
processed, which involves dividing it into areas of equal size and determining the
area where the object of interest is located, based on the elements with the highest
brightness value.
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A mathematical model has been developed that searches for objects in an image
based on spectral features. The decision about the presence of an object of interest in
the image areas is made for areas with elements that have the highest brightness
value.

EVALUATION OF METEOROLOGICAL SIGNAL PARAMETERS
BASED ON EIGENVECTORS AND EIGENVALUES OF THE
CORRELATION MATRIX OF INPUT INFLUENCES

D. Atamanskyi, Doctor of Technical Sciences, Professor;
V. Vasylyshyn, Doctor of Technical Sciences, Professor;
R. Stovba; L. Prokopenko
Ilvan Kozhedub Kharkiv National Air Force University

The procedures for landing and takeoff of aircraft are often complicated not only
by poor visibility caused by heavy rain, turbulence, and gusty winds, but also by
turbulence resulting from the mixing of air volumes with different temperatures and
humidity levels. These optically undetectable meteorological phenomena are
difficult to identify due to low radar reflectivity values.

The features of detecting and assessing the Doppler spectrum width of such
meteorological phenomena are discussed based on the "pair pulse” method. It is
shown that estimation errors depend on the power ratio between the meteorological
phenomena themselves and the receiver's internal noise. A method for eliminating
this dependence is proposed. It is based on using the correlation matrix
representation of the input influences through its eigenvectors, dividing the matrix
into signal and noise components, and subsequently reducing the influence of the
noise component.

The effectiveness of the proposed method is illustrated with simulation results.
Analytical expressions are derived for the distribution density of both absolute and
relative errors in estimating the Doppler velocity fluctuation spectrum width of the
meteorological components.

IMPROVEMENT OF THE METHODOLOGY OF AUTOMATED
ASSESSMENT OF COMBAT CAPABILITY INDICATORS
OF RET UNITS ACCORDING TO THE RESULTS
OF COMBAT APPLICATION

S. Leshenko, Doctor of Technical Sciences, Professor;
O. Kolesnik, Candidate of Technical Sciences, Senior Researcher; R. Prymak
Ilvan Kozhedub Kharkiv National Air Force University

The experience of conducting combat operations during the repulsion of the
large-scale invasion of the Russian Federation into Ukraine has shown the need to
improve the existing methodology for assessing the combat capabilities of RTV
units based on the results of combat use using objective control of the information
and communication system "Virazh-planshet", which is widely used as a situational
awareness system for the air situation. The practice of using the information and
communication system "Virazh-planshet" shows the possibility of improving the
procedure for assessing indicators and the content of reporting documents, which
should be evaluated in an automated manner.
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The report proposes, based on the results of combat use of units and divisions of
radio engineering troops, to evaluate the air target tracking coefficient, which can be
calculated in an automated manner using the results of objective control of the
information and communication system "Virazh-planshet”. It is shown that the use
of automated processing of radar information allows to significantly reduce the time
for processing and creating reporting documents, to improve the completeness and
reliability of the obtained values of the combat capabilities of RTV units and
subdivisions. Proposals are made to improve the training methodology for radar
operators and unit tablet operators to assess the results of their combat work during
training.

SYNTHESIS OF MATHEMATICAL MODELS OF COMBINED SIGNALS
WITH LINEAR AND CUBIC FREQUENCY MODULATION LAWS

O. Kostyria, Doctor of Technical Sciences, Senior Researcher;
S. Kovalevskyi, Candidate of Technical Sciences, Assosiate Professor;
Y. Oliynyk; O. Liashenko
Ivan Kozhedub Kharkiv National Air Force University

This paper is devoted to the synthesis of radar signals with a reduced level of the
lateral lobes of their autocorrelation functions (ACF). For this purpose, it is
proposed to use combined signals (CS) consisting of time-sequenced fragments with
linear and cubic laws of intra-pulse frequency modulation. New mathematical
models are developed for the cases of current and shifted time. The results of
mathematical modelling indicate the absence of frequency-phase distortions of the
proposed CS, which is a sign of the adequacy and efficiency of the developed
mathematical models, which can be used to expand the nomenclature of sensing
signals of radioelectronic means for various purposes.

The position on the occurrence of jumps in the instantaneous phase derivatives
at the junctions of fragments and their subsequent influence on the frequency-phase
distortions of the resulting CSs is theoretically and practically confirmed. The
peculiarity of the used approach is to take into account the appearance of new
components of frequency-phase distortions caused by the emergence of the fourth
derivative (jerk) of frequency modulation. Compared to the signal consisting of two
linearly frequency modulated (LFM) fragments, the new signal provides a decrease
in the maximum level of the side lobes within 3 dB and a significant (up to 10
dB/dec) increase in the rate of decay of the level of the side lobes of the ACF. The
width of the main lobe of the ACF at 0.707 compared to the LFM-LFM signal
increased only slightly, by about 1.4 %.

MODEL OF THE SIGNAL REFLECTED BY A MOVING CRUISE MISSILE
AT THE OUTPUT OF A VHF BAND RADAR ANTENNA ARRAY

G. Zalevsky, Doctor of Technical Sciences, Senior Researcher; O. Borysenko
Ivan Kozhedub Kharkiv National Air Force University

The results of computer modeling of signals reflected by cruise missiles 3M-14
"Kalibr" and Kh-101 at the output of a VHF band radar antenna array are presented.
The developed electrodynamic model of the signal reflected by a cruise missile
enables the simulation of secondary radiation characteristics, taking into account the
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object's trajectory (aspect angle relative to the radar), the missile's surface geometry,
the parameters of the probing signal, and the characteristics of the antenna array.

The model's input data include arrays with spherical coordinates of target
illumination points, signal reception points, the frequency grid of the discrete
probing signal, as well as radar cross-section characteristics of cruise missile
models.

The energy graphs of signals reflected from moving cruise missiles following a
specified trajectory are discussed. The impact of the probing signal's discretization
step on modeling accuracy, as well as the effect of probing signal frequency
variations on the average energy of the received signal, are analyzed.

The developed model can be used to assess and refine the capabilities of existing
VHF band radars for detecting and tracking airborne objects, to substantiate
requirements during the design phase of radar systems, to develop time-frequency
signals processing algorithms and justification for the tactics of using VHF radar
systems.

ASSESSMENT OF THE POSSIBILITY OF DETECTING UNMANNED
AERIAL VEHICLES OF THE "SHAHED" TYPE, TAKING INTO
ACCOUNT THE CHOICE OF POSITION AND TERRAIN USING

SPECIAL MATHEMATICAL SOFTWARE "VIRAGE-RD"

V. Ocheredko; S. Melnik; H. Khudov, Doctor of Technical Sciences, Professor;
O. Patyukov
Ivan Kozhedub Kharkiv National Air Force University

Every day, the russian federation launches hundreds and thousands of "Shahed"
UAVs into the territory of Ukraine, which are designed to destroy ground-based
stationary objects by targeting and contact detonation of the UAV's warhead. Due to
their manoeuvrability and range, "Shahed" UAVs can fly at low and extremely low
altitudes, which in turn complicates their detection.

Therefore, the task of choosing a position for detecting "Shahed” UAVs by
radars of radio engineering troops in the southern direction is relevant. This is
especially important when the enemy tries to overload the air defence system,
destroy military facilities, critical infrastructure of cities and civilians.

Using special mathematical software "Virage-RD", the flight routes of the
"Shahed" UAV were calculated, and radar detection zones were calculated.

The modelling of the process in the southern direction was carried out taking
into account the experience of the russian-Ukrainian war. The quality of detection of
these aerial objects was assessed, taking into account the terrain to select a position.
Recommendations on the location of radars were provided.

DEVELOPMENT OF PROPOSALS FOR MODERNIZING
TRANSMITTING DEVICES OF LEGACY RADAR
SYSTEMS USING DDS GENERATORS

I. Leonov, Doctor of Technical Sciences, Associate Professor;
O. Kostianets, Candidate of Technical Sciences; A. Kalyna; O. Klimets
Ilvan Kozhedub Kharkiv National Air Force University

After three years of the Russian-Ukrainian war, the tactics of weapon
deployment have significantly shifted towards the use of robotic systems. These
technologies have proven effective on land, at sea, and in the air. Due to their low
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visibility and ability to operate in any weather conditions and at any time of day,
they achieve remarkable results. However, a critical vulnerability of such systems is
their control system, which can be disrupted by electronic warfare (EW) measures.

To counteract this, UAV control systems employ various techniques, including
operation in different frequency bands (including millimeter waves), rapid frequency
hopping, signal encryption, and more. Various devices are used to detect such
UAVSs, but radar systems (RLS) remain a priority due to their all-weather capability
and real-time tracking ability.

The use of radar systems for UAV detection has highlighted the need for
transmitter-receiver devices, probing signals, and processing algorithms that can be
adapted without replacing the station’s hardware base. Digital programmable
devices, including Direct Digital Synthesis (DDS) generators, offer such flexibility.

The paper analyzes and evaluates the capabilities of modern DDS shapers.
Variants of their construction are proposed for the synthesis of signals with variable
frequency-time parameters. Recommendations are given for the use of DDS shapers
in the modernization of the old radar fleet.

ANALYSIS OF THE EXISTING METHODS OF DETECTING
THE ENEMY'S UNMANNED AERIAL VEHICLES AT THE POSITION
OF THE RADIO ENGINEERING UNIT

R. Baliuk; I. Khizhnyak, Candidate of Technical Sciences; Y. Oliynik; O. Patiukov
Ivan Kozhedub Kharkiv National Air Force University

Analysis of the experience of the Russian-Ukrainian war shows that the
intensive use of reconnaissance and attack unmanned aerial vehicles (UAVS)
significantly affects the conduct of hostilities in general, as well as the effectiveness
of the combat use of units of radio engineering troops. Modern armed conflicts are
characterized by the active use of UAVs by the enemy for reconnaissance, adjusting
fire, and launching strikes.

Reconnaissance UAVs actively interact with attack UAVs to destroy fire
equipment, air defense system (APV) elements, and radar stations (Radar). The
experience of the Russian-Ukrainian war shows that, first of all, the enemy attacks
the positions of mobile radio technical units, particularly individual radar platoons.
Therefore, the issue of countering UAVS is gaining critical relevance.

In this regard, timely and effective detection of UAVs is extremely important for
ensuring the safety of personnel and protecting the positions of radio engineering
units. Today, there is a wide range of UAV detection methods, each of which has its
advantages and disadvantages.

The experience of the Russian-Ukrainian war shows that the main
reconnaissance UAVs that the enemy can use to scout the positions of a separate
radar platoon are drones of the Zala, Orlan, and SuperCam series.

The analysis of the existing methods of detecting UAVs allows us to single out
the following main trends:

1. The development of radar technologies involves the creation of radars with
increased sensitivity and resolution capable of detecting small UAVs at long
distances.

2. Automation of processes, which includes developing software for automatic
detection and tracking of UAVS, reduces the burden on radar operators.

The analysis shows that the effectiveness of each method depends on specific
combat conditions, the type of UAV used, and the countermeasures used. To achieve
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maximum efficiency, radio engineering units must actively use radio-electronic
suppression. Prospects for developing UAV detection technologies are associated
with improving data processing algorithms and constantly improving radio-
electronic means of combat.

IMPROVING THE QUALITY OF CRUISE MISSILE RADAR
SURVEILLANCE IN THE VHF BAND

O. Borysenko, G. Zalevsky, Doctor of Technical Sciences, Senior Researcher;
S. Kovalevskyi, Candidate of Technical Sciences, Associate Professor
Ilvan Kozhedub Kharkiv National Air Force University

At the moment VHF band radars (P-18 "Malakhit") are the main means for
obtaining radar information about air objects. Such radars characterized by high
mobility, reliability and long detection range.

Combat application of radars are systematically investigated for the purpose of
improving the methods of their using. Computer modeling can be used for obtaining
additional information about cruise missile radar scattering characteristics for
various conditions.

There was developed a calculation technique which allows simulating a cruise
missile responses for given parameters. Model is based on electrodynamic (integral
equation) method for calculation electromagnetic field scattered by cruise missiles.

Model allows simulating signals reflected by cruise missiles in the output of
antenna array with given parameters. Influence of ground interface on reflected
signals can also be taking into account.

Using developed software we have been obtained results of cruise missile radar
scattering for various conditions, for monostatic and bistatic cases.

We discuss some recommendations on impoving the quality of cruise missile
radar surveillance in VHF band based on obtained results.

Developed models also can be used at the stage of developing (modernization)
advanced VHF radars.

DEVELOPMENT OF PROPOSALS TO REDUCE THE MANEUVER

TIME OF A SEPARATE RADAR PLATOON (SRP) BASED ON THE

EXPERIENCE OF THE RUSSO-UKRAINIAN WAR TO ENHANCE
ITS SURVIVABILITY

Y. Solomonenko, Candidate of Technical Sciences, M. Khvalko
Ilvan Kozhedub Kharkiv National Air Force University

Ensuring the efficiency and survivability of a separate radar platoon (SRP) is
one of the key tasks in modern combat conditions, where the speed of decision-
making and adaptation to sudden changes in the air situation are among the primary
measures of radar reconnaissance. It is crucial to review maneuver execution
methods, considering the enemy’s reconnaissance capabilities.

Given the diversity of aerial attack assets, an analysis of the enemy’s
reconnaissance and strike capabilities against SRP combat formation elements was
conducted. As a result, the optimal deployment of the unit was determined to
minimize the risk of detection and destruction.

Based on the experience of the russo-ukrainian war, maneuver execution is
carried out by weapon of military equipment (WME) separately and via different
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routes. The primary task is folding and, if possible, relocating equipment mounted
on vehicle chassis while cable infrastructure remains in place after disconnection.
When selecting a position, it is essential to consider the terrain and its fire resistance
and plan maneuver routes to prepared locations.

Thus, proposals have been developed to reduce SRP maneuver execution time,
primarily by improving time efficiency in deploying and folding radar stations.
Using the example of the P-18 "Malachite" radar station, one of the key
improvements is the manufacturing of stands for the antenna-mast device (AMD),
which significantly reduces the time required to prepare the AMD trailer for
maneuvering.

ANALYSIS OF THE LATEST DEVELOPMENTS AND THE APPLICATION
OF THE MISSILE PROGRAM IN UKRAINE

V. Borovyi, Candidate of Technical Sciences, Associate Professor;
Y. Rafalskyi, Candidate of Technical Sciences, Associate Professor;
D. Paviov; A. Tkalych
Ivan Kozhedub Kharkiv National Air Force University

From the very beginning of the full-scale invasion, the russian federation has
been using a large number of missiles of various types and purposes against targets
on the territory of Ukraine. What is the state of development of modern missile
weapons by domestic producers and will they be able to surpass and worthily
confront the enemy?

Our state once developed domestic cruise missiles "Korshun" and "Blyzkavka".
But due to lack of funding, they remained at the development stage. The only project
that has been realized is "Neptun". This is the same missile that was used to sink the
cruiser "Moskva".

At the end of last year the President of our country announced that by 2024
Ukraine will have produced 100 of its own missiles and that four other types of
missiles of its own production are being tested. What kind of missiles are we talking
about? Apparently, they are the "Trembita” cruise missile and the so-called drone-
missiles "Palianytsia”, "Ruta" and "Peklo".

It is known that "Palianytsia” is completely designed and manufactured in
Ukraine. Its development took one and a half years. It is launched from a ground
platform and has several guidance systems. The warhead weighs up to 100 kg. Due
to its high speed, it can easily penetrate enemy air defense systems. The "Ruta"
cruise missile will have vertical take-off and landing, a range of up to 300 km and a
speed of up to 800 km/h. The "Peklo" missile is already in mass production. It has a
range of up to 700 km and a speed of up to 700 km/h. "Peklo" has two types of
guidance: inertial and GPS. The warhead of the latter two types weighs up to 50 kg.

DEVELOPMENT OF PROPOSALS FOR THE CONSTRUCTION
OF A MICROWAVE AMPLIFIER FOR A SMALL-SIZED
RADAR RECEIVER

O. Kostianets, Candidate of Technical Sciences; H. Tsiupka
Ilvan Kozhedub Kharkiv National Air Force University

The current state of component base development allows for the implementation
of effective methods for signal generation and processing in radar systems (RLS).
The experience of the Russian-Ukrainian war has demonstrated the effectiveness of
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small-sized radar systems of various purposes, which perform the functions of
detecting and measuring the coordinates of ground and aerial objects. Such radar
systems are used to provide radar information to mobile fire groups and units of the
Land Forces of the Armed Forces of Ukraine.

The primary equipment of such radar systems includes the 1P133 and 1P136
stations — short-and close-range surveillance radars designed for reconnaissance of
moving ground targets (tanks, armored personnel carriers, vehicles, individual
soldiers, and infantry units, as well as, more recently, unmanned aerial vehicles
flying at low altitudes) at any time of day or year, even in the absence of optical
visibility and against complex terrain backgrounds.

The observed objects for such radar systems include airborne targets with a low
effective scattering surface, moving at low and extremely low altitudes with low
speeds. The tasks performed by small-sized radar systems impose specific
requirements on the design principles of their transmitting and receiving devices.

This report proposes a structural scheme for a short-range radar system.
Recommendations are provided regarding the practical application of such radar
systems for ground object security. Through mathematical modeling, the key
parameters of the microwave amplifier and input filter (preselector) have been
determined. Their topology has been developed, confirming the feasibility of
practical implementation of the proposed solutions.

WAYS OF MUTUAL IDENTIFICATION OF UKRAINIAN
AND NATO WEAPONS AN