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Baunkeeuu I1. I1. "MopentoBaHHsl TIOIIMPEHHS CBITJIOBHX IIPOMEHIB uepe3
€JIEMEHTH BOJIOKOHHO-IU(pakuiiaux ceHcopis". — Ksamidikamiina HaykoBa
npais Ha IpaBax PyKOMHCY.

Jluceprartiist Ha 3100yTTs CTymHeHs JokTopa (inocodii 3 ramysi 3Hanb 11 —
MaremaTrka Ta cTaTUCTHKaA 3a cruerianpHicTio 113 — Ilpuknagra maTematuka. —
[HCTHTYT mpuKiIagHuX mpodieM MexaHiku 1 matematuku M. f. C. [lizctpurauda
HamionanbHoi akagemii Hayk Ykpainu, JIbBiB, 2024.

VY po6oTi BUpillIeHE BaXKIIMBE HAYKOBO-TIPUKIIAHE 3aBAaHHS — PO3POOICHHS
MaTeMaTUYHOI MOJEJNl Ta BIAMOBIAHOTO MPOTPAMHOTO 3a0e3MedYeHHs Uil KOM-
M'IOTEPHOTO  MOJENIOBAaHHSA B3a€MOJIl CBITJIOBUX NIPOMEHIB 13 BOJIOKOHHO-
TUGPaKIIHHUMHI €J1EMEHTaMU CEHCOPHUX CUCTEM IOIEpEKEHHS MpOo HeOe3neKy
BOTHEBOTO Ypa)K€HHS 3aco0amu, $KI 3aCTOCOBYIOTh JIa3€pHI CHUCTEMH JJIs
HaBEJICHHS HAa I1JIb.

006’ekTOM 10CTIIZKEHHS € TPOIECH B3a€EMO/IIT CBITJIOBUX MTPOMEHIB 3 MOJIi-
aHUTIHOBUMU BOJIOKHAMH JU(PPAKIIHHOTO CEHCOpa.

IIpeaMeTom A0CiIZKEHHS € MaTEMaTUYH]1 MOJeNl (DYHKIIIOHYBaHHS CUTHA-
JHLHOTO €JIEMEHTa BOJIOKOHHO-TU(PPAKIIIHHOTO CEHCOopa, IHTETPOBAaHOTO B OOMOBE

eKIMpyBaHHS.

HaykoBa HoBM3HA po0OTH:

1. Po3po0neHo MareMaTHuHy MOJEIb [Js KUIbKICHOTO OMUCY B3a€MOJIl
onHoBuMipHoi (1D) Ta nBoBuMmipHOi (2D) BOMOKOHHO-AM(pAKIIHHOT
IpaTKH 13 JIA3€PHUM BUIIPOMIHIOBAHHSM.

2. Ynepiiie, 3aco0aMy MaTeMaTUIHOTO 1 KOMIT'IOTEPHOT'O MO/JICIIFOBAHHSI TPO-
IIECIB TIOIIUPEHHS CBITJIOBUX IMPOMEHIB 4epe3 AudpakiiiHy TIpaTKy 13
MOJTIAHUIIHOBUX BOJIOKOH, MPAKTUYHO MMiITBEPHKEHO TMOSBY AUPaKIIiii-
HUX CMYT Y BUTJISIJ1 PO3CISHUX KPHUBHUX JAPYroro Mmopsiaky (eminc, rimep-

0ona, mapabosna), popMa SKHX 3yMOBJICHA SIBUIIEM KOHIYHOT nudpakiii 1
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3aJIeKUTh BiJl KyTa MaJiHHS MPOMEHS Ha TPaTKy, IO A0 MOXKJIHBICTh
PO3pOOHTH CUTHATILHUH €IEMEHT BOJIOKOHHO-TU(DPaKIIIfHOTO CEeHCopa.

3. Ymepiie 3 BHUKOPHUCTAHHSIM CHUTHAJIBHOTO €JIEMEHTAa BOJIOKOHHO-
TUQPAKIIfHOTO CEeHcopa MAaTeMAaTHYHO BU3HAYCHO KYTOBI ITOJOXCHHS
JUKEpelia  BUMPOMIHIOBAHHS, IO JaJI0 MOXJIHMBICTh BHKOPHUCTATH
pO3pO0JICHI CUTHAIBbHI €JIEMEHTH ISl MOOYIOBU CHUCTEMH BHUSBIICHHS
JKepena BUIIPOMIHIOBAHHS Ta WOTO TMO3UIIIOHYBaHHS B OJHIN TUIOIIWHI:
JoKepeno Hebe3neku 3iiBa (abo Bropi), crpasa (a0o BHH3Y).

4. JIociiIPKeHO XapaKTEPUCTUKU MOJTIMEPHOTO BOJIOKHA TMOJIaHUIIHY 3a J0MO-
MOTOI0 a/IalITOBAHMX M1/1 BUPIIICHHS MOCTABJICHOTO 3aBJIaHHS TEOPETUKO-
EKCIIEPUMEHTAILHUX METO/iB, TIOKa3aHO MOXKITUBICTh BUKOPHUCTAHHS TaKO-
ro BOJIOKHA JJ1s1 (hopMyBaHHsSI BOJOKOHHO-TU(MPAKIIIMHUX MIKpOJaBayiB,
3IaTHUX BUSABJISATH 3aCOOM BOTHEBOTO YPaKCHHS, B SIKUX BHUKOPHCTO-
BYETHCSI CIIPSIMOBAHE JIa3€pPHE BUIIPOMIHIOBAHHS K YMHHHUK 30HyBaHHSI.
OOTrpyHTOBaHO MOKJIMBICTD IHTETPYBaHHS €JIEMEHTIB BOJIOKOHHOT ONITUKHU
B TEKCTHJIbHI MaTepiajii 00MOBOro eKiipyBaHHs BIICEKOBOCTY>KOOBIIS Ta
ix momudikamiro mia (QYHKIO peecTparlii AIF0YUX 330BHI MPUIIIBHO

CIIPpAMOBAHUX OIITHYHHX HpOMeHiB .

IIpakTHYHe 3HAYEHHS OTPMMAHUX Pe3yJIbTATIB MOJATa€ B TOMY, 1110 BOHU
0e3rmocepelHb0 BUKOPUCTAH1 TIPU po3po0JIeHH] (HI3UYHOTO MPOTOTHUITY BIIMOBI-
HUX CUTHAJIbHUX €JIEMEHTIB JJIs MOOYI0BU CUCTEMU BUSIBICHHS 3aC001B BOTHEBOTO
YpaKEHHS Ta iX MO3UILIOHYBAHHS MO BIIHOUIEHHIO JO CHUTHAJIBHOTO €JIEMEHTA.
3anponoHOBaHO TAaKOX CTPYKTYpY, CKJIajJ 1 MapaMeTpu CUTHAJIbHOTO €JIEeMEHTa
BOJIOKOHHO-AU(PAKLIHHOTO CEHCOpa MEPCIEKTUBHOI 1HTETPOBAHOI KOMIT FOTEPHOT
MepexXi JUIs BHUSBJICHHS JIOKAlii BUIpOMiHIOBaHHS. UYyTiMBI  eleMeHTH
1H(pOpMAaIIHHUX CHCTEM TMOMNEPEIKEHHs MpPO HeOe3MeKy IHTerpoBaHO B OoiloBe
eKIMpyBaHHS.

Pobora ckiagaeTbest 31 BCTyMy, M'STH PO3JLIIB, BUCHOBKIB, MEPENIKYy BU-

KOPUCTAHMX JKEPEN Ta I0JATKY.
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VY BCTymi HaBeIEeHO OOIPYHTYBaHHS BHOOPY TEMHU IOCIIIKEHHS; chopmy-
JHOBAHO METY, 00 €KT, MPEIMET 1 3aBIAaHHS JUCEpPTaliitHOI poOOTH; BITOOpaKEHO
HAyKOBY HOBH3HY 1 NMPaKTWUYHE 3HAYEHHS OTPUMAHHMX PE3yJbTaTiB; BUCBITICHO
3B’SI30K pOOOTH 3 HAYKOBUMU MPOrpaMaMH, IIaHAMH, TEMaMHU 1 rpaHTamMu. Takox
BiJI3HAYEHO BHECOK 3700yBada, BiZIOMOCTI MPO ampoOallifo pe3ysibTaTiB TOCHTiJI-
KEHb, HABEJCHO CHHUCOK NyOmikamii 3100yBada, MOJAHO CTPYKTYpYy 1 oOcsr
poboTH.

Y mepuioMy po3iii BUKOHAHO OTJISi[ BOJOKOHHO-AM(PAKIIMHUX CEHCOPIB,
K1 MOXKYTh OYTH BUKOPUCTAHI JIJIsl JIarHOCTYBaHHS PI3HUX HEOE3MEUHUX CUTYaIllN
B PEXKUMI PEaNbHOTO Yacy, 30KpeMa CUTYyalllii MOKJIMBOTO BOTHEBOTO Ypa)KeHHS
BiiicbKOBUX. HaBeneHO Oriis MEeTOiB BUSABICHHS 3aC001B BOTHEBOTO YpPayKE€HHH,
K1 3aCTOCOBYIOTH JIa3e€pHI CHUCTEMHU JUIsl HABEJEHHA Ha IIb, T4 MOMXJIMBHUX
TEXHIYHUX pillleHb B apMiax kpaiH-uieHiB HATO, B pe3ynbrari sSIKOro 3po0jaeHo
BHUCHOBOK MPO HEOOXIJHICTH, HOBOI pO3pOOKH, 3/1aTHOT B aBTOMATUUYHOMY PEKUMI
BCTAHOBIIOBATH (paKT MPOBEJACHHS MPUXOBAHOTO BIJEOCTIOCTEPEKEHHS 1 PO3BIIKU
y CKJIaJHUX YMOBaxX pelbedy MICIEBOCTI Ta BHUSIBISATH MICIIE3HAXOKEHHS
JoKeperia JIa3epHOro BUMPOMIHIOBAHHA. BaXKTMBUM YMHHUKOM 3a TaKWX OOCTaBUH
€ MOXJIUBICTb ii IHTErpyBaHHS B KOMIUIEKC OoiloBoro ekimipyBaHHd. I[lokazaHo 1
TEOPETHYHO OOTPYHTOBAHO, IO JJIS I[OTO MOYKHA BUKOPUCTATH ONTHYHI BOJIOKHA
13 YYTJIMBUX MOJIMEPHUX MaTepialiiB, SIKI OPTraHIYHO 1HTErPYIOTHCS y 3BUYAMHI
TEKCTHJIbHI MaTepiasii. BUTroTOBJICHAa 3 ONTUYHOTO BOJOKHAa TKAHWHA 3/1aTHA
pO3ropTaTH BY3bKO-aNEpTypHUN JIa3epHUM TMPOMiIHb 30HAYBAaHHS Yy CBITJIOBY
IJISIMY, TMPOCTOPOBUM PO3MOJILI IHTEHCHUBHOCTI SIKOi 3aJIGKUTHh B KYTIB MaJIiHHS
MIPOMEHSI.

JI7ist po3po0JIeHHST TAKOTO THUITY BOJIOKOHHO-AU(MPAKIIMHUX CUCTEM TIOTepe-
JOKEHHS TIpOo HeOe3neKy HeOoOX1THO BUKOHATH HU3KY €KCIEePUMEHTAIBHUX JOCIi-
JUKEHBb 3 METOIO BUSIBJICHHSI OCOOJIMBOCTEN B3a€MOJIIT JJa3epHOTO BUIPOMIHIOBAHHS
3 BOJIOKOHHO-IU(MPAKIIHHUMHU €JIEMEHTaMH CEHCOPHHUX CHUCTEM 1 BCTAHOBJICHHS
CKCIIEPUMEHTAJIbHUX 3aJICKHOCTEH CIOCTEePE)KYBAaHUX SIBHIN BiJl KyTa ITaJIiHHS
Ja3epHOTO MPOMEHS Ha €JIEMEHT; PO3POOUTH METOJUKY YHCEIhHOI ampoKCcHMaIlii

pe3yibTaTiB E€KCIEPUMEHTAIbHUX JIOCHI)KEHb Ta BIANOBIAHY MaTeMaTUYHY
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MOJIEIb JUIS KIJBKICHOTO OIKCY MPOLIECIiB B3a€MOJIi CBITJIOBUX IPOMEHIB 3
YYTJIMBUMHU BOJIOKOHHO-TU(PAKIIIHIMU €JIeMEHTaMH CEHCOPHUX CUCTEM, a TaKOXK
CTBOPHUTH BIAMOBIIHE MpoTrpaMHEe 3a0€3MedeHHs, SKE TacTh 3MOTYy B PEXKHMI
pealbHOT0 Yacy OTpMMYBaTH 1H(OPMAIII0 MPO OPIEHTAII0 YYyTIUBOTO €JIEMEHTa
CEHCOPHOI CHUCTEMH BIHOCHO CIAJHOTO MPOMEHS YH, IHIIUMH CIOBaMH, KyTOBI
KOOPJIMHATH JHKepesia BUTTPOMIHIOBAHHS BOPOXKOT JIA3epHOT CUCTEMU HaBEICHHS.

VY npyromy po3iii MoJaHO OMUC Pe3yJbTaTiB €KCIEPUMEHTAIbHUX JOCITIA-
K€Hb, BUKOHAHHX 3 METOIO BUSBJICHHS OCOOJMBOCTEH B3a€EMO/Iii JT1a3€pHOTO BUIIPO-
MIHIOBaHHS 3 BOJIOKOHHO-TU(MpaKIIMHUMU TpaTkaMu. [[71s CTBOpPEHHS TaKHUX
I'PATOK BUKOPUCTAHO JOCTYITHI MOJIAHIIIHOBI BOJIOKHA, 3 SKMX BITHOCHO JIETKO
c(OopMyBaTH SIK OJTHOBUMIpHI, TaK 1 IBOBUMIpPHI IEPIOANYHI CTPYKTYpPHU.

ExcniepuMenTansHo oTpuMaHo TudpakiliiiHi KapTUHU 3aJekHO Bia (ikco-
BaHoro nosioxkeHHs: 1D ta 2D nudpakmiitnoi rpatku. JlocnipKeHO 3alIekKHICTh
OTPUMYBaHUX JTUMPaKIIHHUX CMYT BiJ KyTa TaJiHHS JIa3€pHOTO TPOMEHS Ha
rpatky. [loka3zaHo, 1110 OTpUMaHi CMYTH MalOTh BUTJISAJT PO3CITHUX KPUBHUX JPYTroro
MOPSIIIKY.

PenpezenToBaHo MeToaM OmMparfoBaHHs MUPPOBUX 300pa’KeHb, K1 CTOCY-
IOTbCSI TIOKPAILIEHHS iX SIKOCTI, 3MIHM KOHTpAacTy, Uu(poBOoi (iapTparii TOIIO.
JleTanbHO PO3IIISIHYTO OMEpaIlil0 BUIAIJICHHS KOHTYpIB (TpaHULb €JIEMEHTIB 30-
Opaxxenb) Ta inbTparito muppoBux 300paxens. [IpuBeneHo ontumanbHi GUILTPH
JUTSl 3371241 BUIUIEHHS KOHTYPIB.

VY TperboMy po3/iJii 3aPONOHOBAHO MaTEeMaTUYHY MOJEb JIJIsl KIJTbKICHOTO
omucy B3aemoxii 1D mudpakmiifHOi rpaTKH 13 JIa3epHUM BHUIIPOMIHIOBAHHSIM.
3aco6aMy MaTEMaTUIHOTO MOJICITIOBAHHS OTPHUMAHO, III0 IMPU TTOBOPOTI I'paTKH Ha
KYT (g p€3yJbTaTOM B3a€MOJII CBiTIA 3 AUMPAKIIIHOI IPaTKOI0 € nudpakxiiiHa
CMyTa, siKa € TepepizoM KOHycCy audpaxiiii mionmHow ekpana. [lpu mepeTtuni
TudpaKIitHOT0 KOHYCY TUIONIMHOIO eKpaHy GopMa audpakiifHuX cMyTr HaOyBae
BUTJISIAY PO3CISHUX KPHUBUX JPYroro MOPSAKY y BHUIIISAL emirnca (as KyTiB
¢g > 45°), mapabonu (@g = 45°) um rinepooiu (@ < 45).

Po3pobnena wmaTemMaTMyHa MOJENb y3arajdbHeHa Ha BuUMmamok 2D

nudpakiiifHoi rpaTkd. 3aco0aMu MaTeMaTUYHOTO MOJISTIOBAHHS OTPUMAHO, IO
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BHaciiok audpakiii Ha 2D audpakiiiiHiii TpaTiii, Opi€HTOBaHIM JIOBUIBHUM
YUHOM Yy MPOCTOPi, BUHUKAIOTH AB1 TU(PPAKIIHHI CMYTH.

YucnoBy anpokcuMariiio AUPPaKIiHHUX CMYT Ui JOBUIBHUX KYTIB MOBO-
poTy nudpakiiiiHoi IpaTKH 31HCHEHO 3 BUKOPUCTAHHIM MOAM(IKOBAHOTO METOTY
HallMEHIIIUX KBAJpPaTiB Ta METOY perpecii OpTOroHaIbHHUX BIJCTaHEH.

VY 4eTBepTOMY PO3ALII MPUBEACHO PE3yJIbTaTH OLU(PPYBAHHS E€KCIIEPUMEH-
TaJbHUX JIaHUX. 3a JOMOMOIOI0 pEerpeciiHuX METOMAIB aHami3y JaHuxX Y
3araJlbHOMYy aHAJIITUYHOMY MPEICTaBICHHI OTPUMAHO KOCQIIIEHTH PO3CITHUX
KPUBUX JAPYroro MOpSAIKY, SIKI HaMKpalle OMMCYIOTh IU(pakUiiHI CMyTH Js
KoH1uHOT qudpakiii Ha 1D 1 2D nudpakmiitaiit rpatii. 3acobamMu MaTeMaTHYHOTO
MOJICJIFOBAaHHSI BU3HAYEHO BIANOBIAHI KPUBI IPYroro MOPSANKY IS 33JJaHUX KYTIB
NajiHHSA MPOMEHIB Ha rpaTky. Ha 1iifi ocHOBI po3B's3aHO oOepHEHY 3ajady —
BU3HAUEHHS KyTOBUX KOOPJIMHAT JDKepeia Ja3epHOro BHUIIPOMIHIOBAHHS (IO
CTAaHOBUTh HANOLIBINY IIHHICTH IS MPHKIAIHOTO 3acToCyBaHHs). Budopom
EeMIIIPUYHUX NapaMeTpiB y CHIBBIIHOIICHHAX 3alpPONOHOBAHOI MAaTEMaTUYHOI
Mojiell  3a0e3MedyeHo  HaMkpamle  Y3TOJKEHHsT MoOyJoBaHUX  3aco0amu
MaTEeMaTUYHOTO MOJIEIOBAaHHS KPUBUX 3 EKCIEPUMEHTAIbHUMHU. BcTaHOBIEHO,
[0 METOJ perpecii OpTOroHaJIbHUX BIJICTAHEH € TOYHIIIUM 1 YHIBEPCAIbHIIITUM
METOJOM BHM3HAYEHHS KOE(DIIIEHTIB KPUBHX IPYroro MOPSAKY y MOPIBHSHHI 3
METOJIOM HalilMEHIIIMX KBaJpaTiB.

VY n’satomMy po3aull 3alpOIOHOBAHO BapiaHT MPaKTUYHOI pealtizallii CucTeMu
HOTEPE/KEHHSI MPO HeOe3NeKy BOIHEBOIO0 YPa)KeHHS Ha OCHOBI BOJIOKOHHO-
nudpakIitHOTO CEHCOopa; CHUCTeMa CKIAMAeThCs 3 OUdpaKIiitHOl TIpaTku Ta
npuiiMaya, 1O PEECTpPy€e JABOBUMIPHE 300pa)K€HHS 1 KOHTPOJIOETHCS KOMIIAKT-
HUMU MIKpOKOHTposiepamu. [Iporpamne 3a0e3meueHHs IS MIKPOKOHTPOJEpa,
KWW Ma€ OnpalboOBYBaTH JlaHl B peajbHOMY MaclTadi yacy 13 BUKOPUCTAHHSIM
CKJIQJHUX aJTOPUTMIB aHaJi3y 300paxKeHb, 3HAXOHKCHHS PErPeCciiHUX KOePIIieH-
TiB, BU3HAYEHHsSI KyTOBUX KOOPAMHAT JKEpesia JIa3epHOr0 BUIIPOMIHIOBAHHS 3a
OTPUMaHUMH JUPPAKIIAHUMH KApTUHAMU TOLIO, PO3POOJEHO B MPOrPAMHOMY

cepenoBuILi Ha 0a3i anropurmiuyHoi MoBU Python.
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Bxkazano cnocoOu 1 migxoau A0 MPaKTUYHOTO BTIJICHHS HU3KM JaBadiB Ha
OCHOBI JTU(PaKIIMHUX IPATOK 3 MOJIAHITIHOBUX BOJIOKOH, sIKI MOXKHA 1HTEIpyBaTH
B TEKCTHJIbHI CTPYKTYPH €KiMipyBaHHs BIHCHKOBOCITY>XOOBIIS 1 SIKI MpUAATHI AJis
BUKOPUCTAHHA B CUCTEMAaX MOMNEPEKEHHS PO HeOE3MEeKy BOTHEBOTO YPAKEHHS.
CtBOpeHe mporpaMHe 3a0e3NeueHHs Ha OCHOBI po3p00JieHOT MaTeMaTUIHOI
MOJIe]l B3a€MOJIi JIa3epHOTO BUIPOMIHIOBAHHS 3 BOJIOKOHHOIO IU(PaKIiiHOIO
I'PAaTKOIO 3allpOTIOHOBAHO Il BUKOPUCTaHHS MpU PO3pOOJICHHI (PI3UYHOTrO
OPOTOTUITY CUTHAJIIBHUX €JEMEHTIB Ha OCHOBI TMOJIaHUIIHOBUX BOJIOKOH JUJIS
cucteMHu BusiBiieHHS Bopora Ha TOB "Texnpuan'.
OcCHOBHI pe3yJIbTaTH JIOCHIIKEHb, OTPUMaH1 B JucCepTallii, OmyOJIiKOBaHO B
22 HayKOBUX Tpallfix, 30Kpema 7/ cTaTeil y HayKOBUX (paxOBUX BUJAHHSIX (3 HUX 2
cTaTeil omyOJIIKOBAaHO B MEPIOJMYHUX BUAAHHSX, IO BXOJATH O MIKHAPOIHUX
HayKoMeTpuuHMX 0a3 ganux WoS abo Scopus), 14 Te3 Ta ponosiaeit B 301pHUKAX

MaTepianaiB KoH(pepeHITiH.

Kuarw4oBi cioBa: maTeMaTHdHEe MOJEIIOBAHHS, YUCIOBE MOJICTIOBAHHS,
OOYHUCIOBAJIbHE MOJIEJIIOBAHHS, €JIEKTPOMArHITHE BUIIPOMIHIOBaHHS, OOEpHEHa
3a/laya, ONMTUYHI BJIACTUBOCTI, (DOTOCIEKTPUYHI BJIIACTUBOCTI, ONTUYHI MaTepiaiu,
MoJiMepH, TMOJiaHUIIH, aBTOMAaTH3allisl, aHAJITUKO-YUCIOBI METOJM, aHaJITUYHI

PO3B'sI3KM, MaTeMaTU4H1 3a/1a4l, JaBayi, ONTUYHI ePeKTH

ABSTRACT

Vankevych P. P. "Modeling of the propagation of light rays through the
elements of fiber diffraction sensors." — Qualifying scientific work as a manuscript.

Dissertation for the degree of Doctor of Philosophy (PhD) in the field of
knowledge 11 — Mathematics and statistics in the specialty 113 — Applied
Mathematics. — Ya. S. Pidstrygach's Institute of applied problems of mechanics
and mathematics of the National Academy of Sciences of Ukraine, Lviv, 2024.

The work solves an important scientific and applied task — the development
of a mathematical model and appropriate software for computer simulation of the

interaction of light rays with sensitive fiber-diffraction elements of sensor systems
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for warning about the danger of fire damage by weapons that use laser systems for
targeting.

The object of research is the interaction of light rays with polyaniline fibers
of an diffractional sensor.

The subject of the research is mathematical models of the functioning of the
signal element of the fiber diffraction sensor integrated into combat equipment

Scientific novelty of the work:

1. A mathematical model for the quantitative description of the interaction of
1D and 2D fiber diffraction gratings with laser radiation was developed.

2. For the first time, the appearance of diffraction bands in the form of
scattered curves of the second order (ellipse, hyperbola, parabola), whose shape
caused by the phenomenon of conical diffraction and depends on the angle of
incidence of the beam on the grating, which made it possible to develop the signal
element of the fiber diffraction sensor.

3. For the first time, using the signal element of the fiber-diffraction sensor,
the angular positions of the radiation source were mathematically determined,
which made it possible to use the developed signal elements to build a system for
detecting the radiation source and its positioning in one plane: the source of danger
on the left ( or above), right (or below).

4. The characteristics of the polyaniline polymer fiber were studied with the
help of theoretical and experimental methods adapted to the solution of the task. It
is shown the possibility of using such a fiber for the formation of fiber-diffraction
microsensors capable of detecting means of fire damage, in which directed laser
radiation is used as a probing factor. The possibility of integrating elements of
fiber optics into the textile materials of combat equipment of a military serviceman
and their modification to the function of registration of optical rays acting from the
outside is substantiated.

The practical significance of the obtained results is that they are directly
used in the development of a physical prototype of the corresponding signal
elements for the construction of a system for detecting means of fire damage and

their positioning in relation to the signal element. The structure, composition and
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parameters of the signal element of the fiber-diffraction sensor of a promising
integrated computer network for detecting radiation locations are also proposed.
Sensitive elements of information systems for warning about danger are integrated
into combat equipment.

The work consists of an introduction, five chapters, conclusions, a list of
used sources and an appendix.

The introduction provides the rationale for choosing the research topic; the
goal, object, subject and tasks of the dissertation work are formulated; the
scientific novelty and practical significance of the obtained results are reflected;
the connection of the work with scientific programs, plans, topics and grants is
highlighted. The acquirer's contribution, information on the approval of research
results, a list of the acquirer's publications, the structure and scope of the work are
also noted.

In the first section, an overview of fiber-diffraction sensors that can be used
to diagnose various dangerous situations in real time, in particular, situations of
possible fire damage to the military, is performed. An overview of the methods of
determining the means of fire damage, that use laser systems for targeting, and
possible technical solutions in the armies of NATO member countries is given, as a
result of which a conclusion is made about the need for a new development
capable of automatically establishing the fact of covert video surveillance and
intelligence in difficult conditions of the terrain and to find the location of the
source of laser radiation. An important factor in this case is the possibility of its
integration into the complex of combat equipment. It is shown and theoretically
substantiated that it is possible to use optical fibers made of sensitive polymer
materials that are organically integrated into ordinary textile materials. Fabric
made of optical fiber is able to deploy a narrow-aperture laser probe ray into a light
spot, the spatial distribution of intensity of which depends on the angle of
incidence of the ray.

To develop this type of fiber-diffraction hazard warning system, it is
necessary to perform a number of experimental studies with the aim of identifying

the peculiarities of the interaction of laser radiation with fiber-diffraction elements
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of sensor systems and establishing the experimental dependence of the observed
phenomena on the angle of incidence of the laser ray on element; to develop a
method of numerical approximation of the results of experimental research, to
develop a mathematical model for the quantitative description of the processes of
interaction of light rays with sensitive fiber diffraction elements of sensor systems,
as well as to create appropriate software that will allow in real time to obtain
information about the orientation of the sensitive element of the sensor system
relative to the falling beam or, in other words, the angular coordinates of the
radiation source of the enemy laser guidance system.

The second chapter describes the results of experimental studies carried out
in order to identify the features of the interaction of laser radiation with fiber
diffraction gratings. To create such lattices, available polyaniline fibers were used,
from which it is relatively easy to form both one-dimensional and two-dimensional
periodic structures.

Diffraction patterns were experimentally obtained depending on the fixed
position of one-dimensional (1D) and two-dimensional (2D) diffraction gratings.
The dependence of the obtained diffraction bands on the angle of incidence of the
laser beam on the grating was studied. It is shown that the obtained bands have the
form of scattered curves of the second order.

Methods of processing digital images are represented, which relate to
improving their quality, changing contrast, digital filtering, etc. The operation of
selection of contours (borders of image elements) and filtering of digital images is
considered in detail. The optimal filters for the problem of contour selection are
presented.

In the third chapter, a mathematical model for the quantitative description of
the interaction of a 1D diffraction grating with laser radiation is proposed. By
means of mathematical modeling, it was found that when the grating is rotated to
an angle o, the result of the interaction of light with the diffraction grating is a
diffraction band, which is a cross section of the diffraction cone by the plane of the
screen. When the diffraction cone is intersected by the plane of the screen, the

shape of the diffraction bands takes the form of scattered curves of the second
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order in the form of an ellipse (for angles ¢, > 45°), a parabola (o, =45°) or a
hyperbola (py < 45°).

The developed mathematical model is generalized to the case of a 2D
diffraction grating. By means of mathematical modeling, it was found that as a
result of diffraction on a 2D diffraction grating, oriented arbitrarily in space, two
bands appear. Numerical approximation of the diffraction bands for arbitrary
rotation angles of the diffraction grating was carried out using the modified method
of least squares and the method of orthogonal distances regression. The choice of
empirical parameters in the ratios of the proposed mathematical model ensures the
best agreement between the curves constructed by means of mathematical
modeling and the experimental ones. It was established that the most optimal
method of determining the coefficients of the second-order curves is the method of
orthogonal distances regression.

The fourth section presents the results of digitization of experimental data.
With the help of regression methods of data analysis, in the general analytical
representation, the coefficients of the second-order scattered curves, which best
describe the diffraction bands for conical diffraction on 1D and 2D diffraction
gratings, were obtained. The corresponding curves of the second order for the
specified angles of incidence of the rays on the grating were determined by means
of mathematical modeling. On this basis, the inverse problem was solved -
determination of the angular coordinates of the laser radiation source (which is of
the greatest value for practical application).

With the help of regression methods of data analysis, in the general
analytical representation, the coefficients of the second-order scattered curves,
which best describe the diffraction bands for conical diffraction on 1D and 2D
diffraction gratings, were obtained. The second-order curves and the angles of
rotation of the diffraction grating were determined by means of mathematical
modeling. The choice of empirical parameters in the ratios of the proposed
mathematical model ensures the best agreement between the curves constructed by
means of mathematical modeling and the experimental ones. It was established that

the method of regression of orthogonal distances is a more accurate and universal
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method of determining the coefficients of second-order curves in comparison with
the method of least squares.

In the fifth chapter, a variant of the practical implementation of a fire hazard
warning system based on a fiber-diffraction sensor is proposed; the system consists
of a diffraction grating and a receiver that registers a two-dimensional image and is
controlled by compact microcontrollers.

The software for the microcontroller, which must process data in real time
using complex algorithms for image analysis, finding regression coefficients,
determining the angular coordinates of the laser radiation source based on the
received diffraction patterns, etc., is developed in a programming environment
based on the Python algorithmic language.

Methods and approaches to the practical implementation of a number of
sensors based on diffraction gratings made of polyaniline fibers, which can be
integrated into the textile structures of a military serviceman's equipment and
which are suitable for use in fire hazard warning systems, are indicated

The created software based on the developed mathematical model of the
interaction of laser radiation with a fiber diffraction grating is proposed for use in
the development of a physical prototype of signal elements based on polyaniline
fibers for the enemy detection system at "“Tehprylad” LLC.

The main research results received in the dissertation have been published in
22 scientific papers, including 7 articles in scientific professional publications (of
which 2 articles have been published in periodicals included in the international
scientometric databases WoS or Scopus), 14 theses and reports were published in

conference proceedings.

Key words: mathematical modeling, numerical modeling, computational
modeling, electromagnetic radiation, inverse problem, optical properties,
photoelectric properties, optical materials, polymers, polyaniline, automation,
analytical and numerical methods, analytical solutions, mathematical problems,

sensors, optical effects
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