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1. Incepraniiina po60Ta IpUCBIYeHa po3po0Li iHBapiaHTHOI [0 30ypeHb CUCTEMU K€PYBaHHS ONITUYHOIO BiCCIO
KaMepHu /714 aBialiiHUX | KOCMIYHMX 3aCTOCYBaHb, 110 O3BOJISIE CTA01Ii3yBaTH i KOHTPOJIIOBATY 300PasKEHHS 3
ONTUYHUX [IPUJIATiB 3 BUCOKOIO TOUHICTIO B yMOBaxX HEBU3HAUYEHUX 30BHIIIHIX 30ypeHb. TemaTuka AOCiIpKeHHS
IIOB'sI3aHA 3 PO3POOKOIO CUCTEM KEPYBAHHS, SIKi MAIOTh iHBapiaHTHICTb 10 30ypeHb i 3a0e311e4yIoTh CTabisbHe
KEPYBaHHS ONTUYHOIO BiCCI0 KaMe€pY B YMOBaxX HEBU3HAYEHUX i 3SMIHHMX 30BHIIIHIX BIJIMBIB. CucTeMHu cTabinisanii
Ta KEPyBaHHS, SIKi 31aTHI [IpaIl0BaTH 3 BUCOKOIO TOYHICTIO B YMOBaX HEBU3HAUYE€HOCTI, MalOTh OCOOJIMBE 3HAYEHHS
L7151 cydacHoi aBialiiiHoi Ta KocMiuHOI TexHiku. OfHi€0 3 HAMBAKIMBIIKX 33/a4 € 3a0e31eUeHHsI CTabibHOCTI i
TOYHOCTi aBTOMaTUYHUX CUCTEM KEPYBAHHS, AKi KEPYIOTb ONITUYHOIO BiCCIO KaMep TEIIOBI3iNHUX IPUCTPOIB, 110
BUKOPUCTOBYIOTbCS HA JIiTaZIbHUX anapaTax pisHOro npusHadeHHs. [Ipy Lbomy 0co611Ba yBara npuaiaseTbCst

31ATHOCTI CUCTEM [0 aJjalTallii B yYMOBaX HEBU3HAYEHUX 30BHIIIHIX 30YPeHb, SIKi MOXXYTb CYTTEBO BIIJINBATH Ha



($opMyBaHHS 300pa’KE€HHS J151 KOPEKTHOTO PO3Ii3HABAHHS Ta HaBeleHHsL. [Ijisl BUPIlleHHs LuX 3a7a4 HeoOXinHe
3aCTOCYBaHHSI HOBITHIX METO/IiB MaTEeMAaTUYHOTO MOJIE/II0OBAHHSI, PO3POOKU aJIrOPUTMIB KepyBaHHS Ta

004U CII0BAIbHUX 3a2CO0iB, SIKi J03BOJISIIOTh OTPUMATU CTabi/IbHY, BUCOKOTOYHY CUCTEMY KEPYBaHHSI. JlOCIiIpKEeHHSs
(POKYCY€eTbCS HA CTBOPEHHI CUCTEM aBTOMAaTUYHOT'O KEPYBaHHS, sIKi 6a3yl0ThCs Ha IPMHLMANAX 0OEPHEHO]
IvHaMivyHOi Mogeri cuctemu. Lle 3a6e3nedye MOXIINBICTD MiABUIIUTY TOYHICTS i CTIMKICTh B yMOBax 30BHIIIHIX
30ypeHb 3aBSKY KOMIIEHCallii HEKOHTPOJIbOBAaHUX BIIUBIB y peajibHOMY yaci. OCo0JIMBY PoJib Y IIbOMY BiZlirpaloTh
MaTeMaTU4Hi MO, sIKi ONUCYIOTh JUHAMIKY CUCTEM K€PYBAaHHS ONITUYHUMU CUCTEMAMU i I03BOJISIOTh
nepen6avnTy ii moBeiHKy B pi3HUX YMOBaX eKCIUTyarauii. MeToo nucepTaniitHoi po60Ty € HifBULIeHHS TOYHOCTI
cructeM aBToMaTuyHoOro kepysaHHs (CAK) onITUYHOIO BicCIO KaMep LIJISIXOM PO3POOKU Ta BIIPOBAI>KEHHSI
iHBapiaHTHOI 10 30ypeHb CUCTEMU K€PYBaHHS 3 BUKOPMCTAaHHSM aJlallTUBHOIO KoedillieHTy Ha OCHOBi 06€pHEHO]
IVHAMiYHOI MOZEJIi CUCTEMH, IO AO3BOJISIE NOCITTU FrapaHTOBAHOI TOYHOCTI B YMOBax HelepeadadyBaHUX
30BHIIIHIX BIJIMBIB. Y EPLIOMY PO3/iJli TPOBEIEHO BCEOIiYHNMIA aHAali3 iICHYI0UMX METOIIB i aITOPUTMIB KEPYBaHHH,
sIKi BUKOPUCTOBYIOTHCSI [JIs1 CTabisi3alLlii Ta KepyBaHHS ONITUYHMMU OCSIMU Kamep. PO3IJISIHYTO OCHOBHI cy4acHi
niAxonM, 30KpeMa 3BOPOTHY AUHAMIUHY CUCTEMY, aJJalITBHE KEPYBAaHHS, POOACTHE KEPYBaHHS Ta METOJ, aKTUBHOTO
KOMIIEHCYBaHHS 30ypeHb, 110 J03BOJISIIOTh 320€311€YUTH BUCOKY TOUHICTh po60oT CAK. Ha OCHOBI 11bOTO aHai3y
cpopMyIbOBAaHO BUMOTHY JJ0 PO3POOJIEHHS] HOBOI CUCTEMU KEPYBaHHS, SIKa BiANOBiZaTMe Cy4YaCHUM BUKJIMKaM B
aBialifiHiN ranysi. Jpyruil po3nin npucssieHo po3pooui matematuyHoi mogesni CAK nyist kepyBaHHS Ta cTabinizanii
ONTUYHOI OCi KaMepH, sIKa 3a0e31edye rapaHTOBaHy TOYHICTB i CTiMKiCTh IE€PEXiJHUX TPOLECIB IPYU 3MiHHUX
30BHIIIHIX yMOBaxX. MaTemaTuyHa MOZEJIb BPaXOBY€e OUHAMIKy CUCTeMU CTabisi3alii Ta KepyBaHHS ONITUYHOIO
CHCTEMOIO Ta 3abe3Ieyuye BUCOKY TOUHICTb cTabisnizalii 306paxeHHs. TpeTiit po3fis MiCTUTb PO3POOKY alIrOPUTMY
aBTOMAaTHUYHOTI'O KEPyBaHH4, 110 3a6e31e4ye iHBapiaHTHICTh 10 30ypeHb. 3alIpOIIOHOBAHO HOBUI aJITOPUTM
¢dopmyBaHHS KoedillieHTiB 3BOPOTHOTO 3B'$13Ky Ha OCHOBI IapaMeTpiB ONTUMAJIbHOI CUCTEMU 3 BUKOPUCTAHHIM
obepeHeHoi JuHAMIYHOI MOZIesIi CUCTeMU Ta JOJATKOBOI'O KOHTYPY SIKWii 6a3yeThCsl Ha HAGIMKEHHI 3MiHHOI CTaHy
IO IOIIYCTMMOI MeXi Ta [103BOJISI€ [OCAraTU rapaHTOBaHOI TOYHOCTI cTabisnizallii npy HenependadyBaHUX
BigxuaeHHsX. [IpeficTaBieHo MeTo ], BUSHAYEHHS [1apaMEeTPiB J0JATKOBOrO KOHTYPY KEPYBAaHHS [J1s1 3a0€311€YEeHHS
CTIMKOCTI Ta aalITUBHOCTI CUCTEMH, 1O [NO3BOJISIE CUCTEMI MINJIAIITOBYBATUCS [0 3MIHHMX YMOB B PEAJILHOMY 4aci.
YeTBepTuil po3[ii NPUCBSIYEHO MaTeMAaTUYHOMY MOJIEJIIOBAHHIO POGOTU PO3POOJIEHOI CUCTEMU KEPYBaHHS
rapaHTOBaHOI TOYHOCTI. [I0Ka3aHo, 1110 3alIPOIIOHOBAHUI aJITOPUTM 3abe3Iedye BUCOKY €(PEKTUBHICTb B yMOBaX
HEBU3HA4YEHUX 30ypeHb. [IpoBeieHO OPIBHSHHS 3 TPALULIHHMMYA METOJAMY, 1O JEMOHCTPYE CYTTEBE
[IOKpAILeHHS! SIKOCTI ITepexifHoro npouecy KepyBaHHs Ta cTabinizaunii. [IpakTiuyHe 3Ha4eHHS POOOTH IOJISITAE Y
MOSKJIMBOCTiI BUKOPUCTaHHS PO3PO06JIEHOI CUCTEMH B aBialliltHUX Ta KOCMIYHUX CUCTEMax JJisl MifBULIeHHS

e EeKTUBHOCTI POOOTH TEIJIOBI3iiHUX KaMep i ceHCopiB. Lle JocsraeTbesl MIISIXOM 3a0€311€4EeHHS] TapaHTOBAHO]
TOYHOCTI B pOOOTi CUCTEMU KEPYBaHHS 32 YMOB [Iii HEeBU3HAY€HUX 30ypeHb, 3MEHILIEHHS TIOXUOKM CcTabisnizawii Ta
[IOKpallleHHs! SIKOCTi POpMyBaHHs i 06po6KM 300pakeHb. PO3p0o06JieHi aropuTMH MifBUILYIOTh TOYHICTh
1IiJIeBKa3iBKH, 3MEHIIYIOTh BILJIMB 30BHIIIHIX (PaKTOpiB, TaKUX 5K BiOpallii Ta cyxe TepTs, i 3a6€3ne4yIoTh

aJanTUBHICTDb 4O 3MiH Y 30BHIIIHbOMY CEPEOBHULIL.

2. The dissertation is devoted to the development of a disturbance-invariant optical axis control system for
aviation and space applications, which allows stabilizing and controlling images from optical instruments with high
accuracy in conditions of uncertain external disturbances. The research topic is related to the development of
control systems that are invariant to disturbances and provide stable control of the optical axis of the camera in
conditions of uncertain and variable external influences. Stabilization and control systems that are able to operate
with high accuracy in conditions of uncertainty are of particular importance for modern aviation and space
technology. One of the most important tasks is to ensure the stability and accuracy of automatic control systems
that control the optical axis of cameras of thermal imaging devices used on aircraft for various purposes. In this
case, special attention is paid to the ability of systems to adapt in conditions of uncertain external disturbances,
which can significantly affect the formation of an image for correct recognition and guidance. To solve these
problems, it is necessary to use the latest methods of mathematical modeling, develop control algorithms and
computing tools that allow obtaining a stable, high-precision control system. The research focuses on the creation



of automatic control systems based on the principles of an inverse dynamic system. This provides an opportunity
to increase accuracy and stability in conditions of external disturbances due to compensation of uncontrolled
influences in real time. A special role in this is played by mathematical models that describe the dynamics of
optical system control systems and allow predicting their behavior in various operating conditions. The purpose of
the dissertation is to increase the accuracy of automatic control systems of the optical axis of cameras by
developing and implementing a disturbance-invariant control system using an adaptive coefficient based on an
inverse dynamic system, which allows achieving guaranteed accuracy in conditions of unpredictable external
influences. The first section provides a comprehensive analysis of existing control methods and algorithms used to
stabilize and control the optical axes of cameras. The main modern approaches are considered, in particular the
inverse dynamic model, adaptive control, robust control and the method of active disturbance compensation,
which allow to ensure high accuracy of the ACS operation. Based on this analysis, requirements for the
development of a new control system that will meet modern challenges in the aviation industry are formulated.
The second section is devoted to the development of a mathematical model of the ACS for controlling and
stabilizing the optical axis of the camera, which provides guaranteed accuracy and stability of transient processes
under variable external conditions. The model takes into account the dynamics of the stabilization system and
control of the optical system and provides high accuracy of image stabilization. The third section contains the
development of an automatic control algorithm that ensures invariance to disturbances. A new algorithm for
forming feedback coefficients based on the parameters of the optimal system using the inverse dynamic system
and an additional contour is proposed, which is based on the approximation of the state variable to the permissible
limit and allows to achieve guaranteed stabilization accuracy under unpredictable deviations. A method for
determining the parameters of an additional control loop is presented to ensure the stability and adaptability of
the system, which allows the system to adapt to changing conditions in real time. The fourth section is devoted to
mathematical modeling of the operation of the developed control system of guaranteed accuracy. It is shown that
the proposed algorithm provides high efficiency under conditions of uncertain disturbances. A comparison with
traditional methods is made, which demonstrates a significant improvement in the quality of the transient process
and stabilization. The practical significance of the work lies in the possibility of using the developed system in
aviation and space systems to increase the efficiency of thermal imaging cameras and sensors. This is achieved by
ensuring guaranteed accuracy in the operation of the control system under conditions of uncertain disturbances,
reducing the stabilization error and improving the quality of image formation and processing. The developed
algorithms increase the accuracy of target designation, reduce the influence of external factors, such as vibrations
and dry friction, and provide adaptive.
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Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT bepecreiicbkuil, 6yg. 37, Kuis, 03056, Ykpaina
dopma BiracHoCTI:

Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZmoMOCTi
ByiacHe IlpizBumie Im's ITo-6aThKOBI Bypay Hazist IBaniBHa

TOJIOBH pajgu

BaacHe IlpizBume Im's ITo-6aTbKOBI Bypay Hapist IsaniBHa

rOJIOBYIOYOTO Ha 3acCiiaHHi

BiagmoBizasibHUH 32 MiATOTOBKY Ocoxkin Bragncnas CepriiioBudy

00JIIKOBHX JOKYMEHTIB

Peectpartop YkpIHTEI



KepiBHuk Bigginy YKpIHTEI, mpo €
BiZITIOBiZaIBHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

JisiIbHOCTI




