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Pedepar:

1. Y po6orti BupilleHe BaKI1Be HAyKOBO-TIPUKJIAZHE 3aBAAHHS — PO3POOJIEHHSI MATEeMAaTUYHOI MO Ta
BiZIITOBiTHOTO ITPOTPAMHOTO 3a6e3MneYyeHHs 4151 KOMITIOTEPHOTO MOJIeTIIOBaHHS B3aEMOi CBITI0BOTO
BUIIPOMIHIOBAaHHS i3 BOJIOKOHHO-JU(PPaKLiliHUMU €JleMEHTaM/ CEHCOPHUX CUCTEM MONEePEeKEHHS [IPO HEOe3eKy
BOTHEBOT'O YpakeHHs 3aCc00aMHU, SIKi 3aCTOCOBYIOTh JIa3€PHi CUCTEeMU [J1s1 HaBeJeHHs Ha 11ib. O6’eKTOM
TOCJIiKEHHS € IPOIeCU B3aEMOii CBITIOBOTO BUIPOMIHIOBAHHSI 3 MOJIiaHiTIHOBUMY BOJIOKHAMU ITUPPAKI[IHHOTO
ceHcopa. [IpegMeToM AOCIiIKEHHs € MaTeMaTUYHi MoJiesli QYHKIiOHyBaHHSI CUTHAJIBHOTO €JIeMEHTa BOJIOKOHHO-
IM(PaKLiliHOTO CEHCOPa, IHTErPOBAaHOTO B 60MOBE eKinipyBaHHs. HaykoBa HOBU3HA poboTtu: 1. Po3pobieHo
MaTeMaTU4Hy MOJIeJIb [1JIs KiJIbKiCHOTO OIMCY B3aeMO/Iii OJHOBUMIPHOI Ta ABOBUMIPHOI BOJIOKOHHO-AU(PAKLiHOI

I'PaTKH i3 JJa3epHUM BUIIPOMiHIOBAaHHSIM. 2. YIIeplle, 3acobaMy MaTeMaTUYHOrO i KOMIT'IOTEPHOI'O MOZIEJII0BaHHS



IIPOLIECIB NOMMUPEHHS CBITJIOBUX IPOMEHIB 4epe3 JudpakuiiiHy I'PaTKy i3 M0JiaHilIHOBUX BOJIOKOH, IPAaKTUYHO
IiATBEpAKEHO NOSIBY AUPPaKLUiHUX CMYT Y BUTJISI PO3CISIHUX KPUBUX JPYroro nopsuky, Gopma sSIKUX 3yMOBJIeHa
SIBUILEM KOHIYHOI nudpakuii i 3a1e>KUTh Bif KyTa NaiHHs IPOMEHS Ha I'PATKY, 10 [1aJ10 MOKJIMBICTb pO3pOOUTU
CUTHAJIbHUI €JIEMEHT BOJIOKOHHO-JU(PPaKLiiHOro ceHcopa. 3. Yreplie 3 BAKOPUCTAHHSIM CUTHAJIbHOTO €JIEMEHTA
BOJIOKOHHO-AU(PaKILiTHOrO CEHCOPAa MAaTEMATUYHO BU3HAUYEHO KYTOBI [10JIOKEHHS I)KEPeJsia BUITPOMiHIOBAHHS, 10
IaJ710 MOXJIUBICTb BUKOPUCTATU PO3PO0JI€HI CUTHAJIBbHI €JIEMEHTHU 17151 IO0Y0BU CUCTEMU BUSIBJIEHHS JpKepesia
BUIIPOMIHIOBaHHS Ta Or0 MO3ULIIOHYBAHHS B OJHIi MJIOMWKHI. 4. JOCIIiIKEHO XapaKTEPUCTUKH I1OJIIMEPHOTO
BOJIOKHA IOJIiaHi/NiHy, IOKa3aHO MO>KJIMBICTb BUKOPUCTAHHS TaKOTO BOJIOKHA 17151 GOPMYBAaHHS BOJIOKOHHO-
IrdpakuiliHuX MiKpOoaBayiB, 3aTHUX BUSIBJISITY 3aCOOU BOTHEBOTO YPasKeHHS], B SIKUX BUKOPHUCTOBYETbCSI
CIIPSIMOBAHE JIa3€PHE BUIIPOMIHIOBAHHS SIK YMHHMK 30HAYBaHHS. [IpakTUYHE 3HaYEHHSI OTPUMAHUX PE3YJIbTaTiB
IOJISITa€ B TOMY, 1I0 BOHU 0€3M0CcepelHbO BUKOPUCTaHi IpYU po3p006JIeHHi (Pi3sMYHOro NPOTOTUITY BiNOBIHUX
CUTHAJIbHUX €JIEMEHTIB /111 IOOYIOBY CUCTEMU BUSIBJIIEHHSI 3aC0O0iB BOTHEBOT'O YPa)KE€HHS Ta iX MO3ULII0HYBaHHS 110
BiJHOLIEHHIO 10 CUTHAJILHOTO eJleMeHTa. PoboTa ckianaeTses 3i BCTyIy, II'ITU PO37iJiB, BUCHOBKIB, II€PEJIiKy
BHMKOPHMCTAHUX JIKEpeJI Ta JOAATKy. Y BCTYIIi HaBeleHO OOIPYHTYBaHHS BUOOPY TeMHU, CHOPMYJIbOBAHO METY, 00 €KT,
IIpeIMeT i 3aBHaHHs AUCcepTaliliHOI poO0TH; BilOOPa)KEHO HAyKOBY HOBU3HY i IPAKTUYHE 3HAYEHHS OTPMMAHUX
Pe3YJIbTaTiB; BUCBITIEHO 3B'SI30K pOOOTH 3 HAYKOBUMU ITpOrpaMaMy, IJIaHaMU, TeMaMHU i rpaHTaMu. Takoxx
BiZI3HaY€HO BHECOK 37100yBaya, BiZlOMOCTi IIPO anpobaliilo pe3yJibTaTiB JOCiIKeHb, HABe4EHO CIIMCOK MyobJriKalii
3100yBaya, IOJAHO CTPYKTYPY i 06¢CAr poboTH. Y IEPIIOMY pPO3ijli BUKOHAHO OIJIs]] BOJIOKOHHO-AU(PaKLiMHUX
CEHCOPIB, SIKi MOXKYTb OYyTY BUKOPUCTAHI /17151 1iarHOCTYBAHHSI Pi3HUX HEOE3MEeYHUX CUTYaLlill B PEXXUMi peabHOTO
yacy. 3po6s1eHO BUCHOBOK IIPO HEOOXiTHICTh HOBOI pO3pO0OKH, 3aTHOI B aBBTOMAaTUYHOMY PE>KHMMi BCTAHOBJIIOBATH
(axT NpoBeleHHS IPUXOBAHOTO BiZJlE€OCIIOCTEPEKEHHSI Ta BUSBJISITU MiCLIE3HAXOKEHHS JKepeJia J1a3epHOro
BUIIPOMIHIOBaHHS. Y IPyroMy po37isi IOJaHO ONUC PE3YyJIbTaTiB €KCIIEPUMEHTAIbHUX AOCiIPKEHb, BUKOHAHUX 3
METOIO BUSIBJIEHHSI OCOOJIMBOCTEN B3aEMO]Iii JIa3€PHOTO BUITPOMIHIOBaHHS 3 BOJIOKOHHO-AUDPAKIiIMHUMU I'PATKAMM.
OTtpumaHo nudpakuiiiHi KapTUHY 3aJI€XHO Bifl PiKCOBAHOTO NOJIOKEHHS AUPPaKLiiiHOi I'paTKU. Y TpeTbOMY pO31ii
3aIPONIOHOBAHO MAaTEMATUYHY MOJIEJIb IJ1s1 KiIbKICHOTO OIMCY B3aeMOZii Au(paKLifiHOi I'PaTKU i3 1a3€pHUM
BUNPOMiHIOBaHHAM. OTPUMAHO, 1O NPU NOBOPOTI I'PATKU HA NEBHUM KYT PE3YJIbTATOM B3a€MO/IIi CBiT/Ia 3
IrdpakuifiHoo rpaTkolo € nudpakiiiHa CMyTa, gKa € [epepi3oM KoHycy audpakuii IIoMmKuHOW0 ekpaHa. [Ipu
nepeTyHi AudpakiitHOro KOHyCy IIJIOIMHOI0 eKpaHy GpopmMa AudpakLiliHuX CMYT HabyBae BUTJISYy PO3CITHUX
KPUBUX JIPYroro nopsaxy. YucioBy anpokcumaliiio 1udpakiuiitHuX CMYT 1171 TOBiJIbBHUX KYTiB TIOBOPOTY
IrdpakuifiHOi rpaTKy 3iMICHEHO 32 LOIIOMOTOI0 PEerpeciiHiX METOiB aHAali3y JaHuX. Y YeTBepTOMY PO3Zii
IIPUBELIEHO Pe3y/bTaTy OLUM(PYBaHHS €KCIIEPUMEHTAIbHUX JJaHUX. Y 3arajlbHOMY aHaJiTUYHOMY IIpeCTaBJIeHHI
OTpUMaHO KoedillieHTH PO3CisIHUX KPUBUX JIPYroro NOPsAKY, sIKi HallKpallle ONUCYIOTh JU(PaKLiiiHi cMyry ajist
KOHIYHOI pudpakuii Ha TudpakuiiHii rpaTi. 3acobamy MaTeMaTUYHOTO MOJIEJII0BaHHS BU3HAYEHO BiAOBifHI
KPUBI APYroro MopsKy I 3aJaHUX KyTiB NIaZliHHs IPOMEHIB Ha rpaTKy. Ha 11ili o0CHOBi po3B's13aHO 0OepHEHY
33/lauy — BU3HAYEHHS KyTOBUX KOOPAUHAT IpKEPeJia JIa3epHOT0 BUIIPOMiHIOBaHHS. Y II'SITOMY pO3[ii
3aIpOINIOHOBAHO BapiaHT NPAKTUYHOI peasnizallii cucteMu nonepeikeHHs Ipo He6e31eKy BOTHEBOTO ypaKeHHS Ha
OCHOBi BOJIOKOHHO- U pakiiriHoro ceHcopa. CTBOpeHe mporpaMHe 3a6e3rnedyeHHs Ha OCHOBI po3po6yeHoi
MaTeMaTU4HOi MOJieJli B3aeMO/Iii JIa3epHOT0 BUITPOMIHIOBAaHHS 3 BOJIOKOHHOIO AMMPaKILifHOI0 IPATKOIO
3aIPOINIOHOBAHO 1711 BUKOPUCTAHHS IPYU PO3POOJI€HH] (Pi3sMYHOrO IPOTOTUITY CUTHAJIBHUX €JIEMEHTIB Ha OCHOBI

T10JIiaHiITIHOBUX BOJIOKOH [IJISI CUCTEMU BUsIBJIEHHS Bopora Ha TOB "Texnpunan”.

2. 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 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, 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. 4. The characteristics of the polyaniline polymer
fiber were studied. 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 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 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 is performed. A conclusion is made about the need for a new development capable of automatically
establishing the fact of covert video surveillance and to find the location of the source of laser radiation. 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. Diffraction patterns were obtained depending on the
fixed position of diffraction gratings. In the third chapter, a mathematical model for the quantitative description of
the interaction of a diffraction grating with laser radiation is proposed. It was found that when the grating is
rotated to a certain angle, the result of the interaction of light with the diffraction grating is a diffraction band,
which is a 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 second-order scattered curves.
Numerical approximation of the diffraction bands for arbitrary angles of rotation of the diffraction grating was
carried out using regression methods of data analysis. The fourth section presents the results of digitization of
experimental data. In the general analytical representation, the coefficients of the second-order scattered curves,
which best describe the diffraction bands for conical diffraction on 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. 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 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.
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