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HNunnomuas pa6ora: 70 crtpanun, 24 pucyHka, 18 HCTOYHHKOB,
6 NPUIIOKEHUH.

OJIYOPECHEHIIMA, KPUBBIE 3ATYXAHUA OJIIYOPECHEHINU,
VHTEJUIEKTYAJILBHOE MOJIEJIMPOBAHME, OHJI®OTOHHBIM CYET,
ITMCTOI'PAMMA, OIITUMU3ALIMA, HAYAJIBHBIE TIPUBJIVOKEHNA,
MAIIIMHHOE OBYYEHUE, HEPOMHHBLIE CETH, ITPOIPAMMHOE
[MPUJIOXEHUE, SJIEKTPOHHAA LIUD®POBASA ITOAIIMCD.

Obvexm uccnedosamnus — KpUBbIE 3aTyXaHUs (PIIyOpECIISHITUH.

Llenvy pabomer — pa3paboTaTh MPOrpPaMMHBIE CPEICTBA U MPUIIOKEHUE IS
WHTEJUICKTYaJTbHOTO MOJICTUPOBAHUS CHCTEM (DIIyOPECIIEHTHON CHEKTPOCKOIIHH,
MIPEICTABJICHHBIX KPUBBIMHU 3aTyXaHUsS (DITyOPECIICHITNN.

Memoowt  uccnedosanuss ~ — — WHTEIUIEKTyallbHOE  MOJICIUPOBAHME,
WHTEJUICKTYaJIbHBIN aHAJIN3 TAHHBIX, IMUTAIIHOHHOE MOJICITMPOBAHHE .

B mHacrosmein paboTe TpoBENEH aHANM3 KJIACCMYECKOro MOIX0ja
MOJIETUPOBAHMS KPHUBBIX 3aTyxaHus QuyopecueHmu. Ha ocHoBaHuu aHanmsa
OPEJIOKEH METOJ HMHTENJIEKTYaJbHOIO MOJEIMPOBAHUS ISl aBTOMAaTU3alUUd U
YCKOpPEHHUsI Mpollecca aHajii3a ¢ MPUMEHEHHUEM METOJIOB MAlIMHHOIO OOY4eHHS.
[TonpoOHO paccMaTpUBaIOTCA AITOPUTMBI JIJIS KJIACCU(PUKAIIMK KPUBBIX 3aTyXaHUs
U TeHepallid HadalbHBIX NpUOMmKeHui. J[Jis mpemyio)keHHOro METoja aHajin3a
pa3paboThl MpOrpaMMHBIE CpPEJICTBA, KOMOWHHUPYIOLIME METOJAbl MAaIIMHHOIO
o0y4yeHusl, UMUTALIMOHHOIO MOJEIMPOBaHUS M onTUMu3auuu. Jlng ynpoiueHus
B3aMMOJICHCTBUSL I0JIB30BATENS C CHCTEMOM OOpa0OTKM NaHHBIX pa3paboTaHO
OpOrpaMMHOE NPUIOKEHUE C TpapUUEecKUM I0JIb30BAaTEIbCKUM HHTEpPPEicoM.
Peann3oBaH KOHTPOJIb LIETOCTHOCTH KPUTHYECKUX (DaliJIOB CUCTEMBI aHAIM3A.

B pe3ynbrare NpoOAEMOHCTpPUpPOBaHA aJE€KBAaTHOCTh pPabOTHI METOOB
MAIIMHHOTO O0Yy4YeHMsI Ul KJacCU(UKALWK KPUBBIX 3aTyXaHUs M TIeHepaluu
HayvyaJbHBIX MPUOIMKEHUH, a TaKkKe BBIOPAaHHOTO ONTUMU3ALMOHHOrO Merona. Ha
OCHOBAaHMM YETr0 MOXXHO CJI€JIaTh BBIBOJ O IPaKTUYECKOH NPUMEHMMOCTH H
3¢ (HeKTUBHOCTH pa3pabOTaHHOI'0 METOJa UHTEIIEKTYaIbHOIO MOIEIMPOBAHMUSL.



PODEPAT

Jlpimomuas padora: 70 craponak, 24 manronka, 18 kpeiHii, 6 qamgarkay.

OIIYAPOCIHOHIIBIA, KPBIBBIA 3ATYXAHHA ®OJIIYAPOCLDOHIIBI,
[HTOJIEKTY AJIbHAE MA/2JIXIBAHHE, ATHAD®ATOHHBI JIK,
I'ICTATPAMA, AIITBIMIBALIbIA, ITAYATKOBbBIA  IIPBIBJIDKOHHI,
MAIIIBIHHAE ~ AJIVKAILIBIS, HEWPOHBIS CETKI, TIPATPAMHAE
IMTPBIUTAJUDKOHHE, DJIEKTPOHHBI LILI®PABBI ITOATIIIC.

Ab6'exm dacnedasanns — KpbIBBIA 3aTyXaHHS (DIyap3CLIHIIBII.

Mb>ma pabomwvl — pacmpalniaBallb MparpamMHbIs CPOJKI 1 MPbUIAJKIHHE IS
IHTAJIEKTyaJlbHATa ~ MaJdJIsIBaHHS  CcIicTOM  (JIyapdCLPHTHAM  cHeKTpackarii,
MpaJCTayICHBIX KPbIBBIMI 3aTYXaHHS (PIIyapICIPHIIBII.

Memaowi dacnedasanus — THTINEKTyaldbHAEe MaJAJISIBAHHE, 1HTIJICKTYaIbHBI
aHa13 Jaa3eHbIX, IMITaIbIHHAe M IIBaHHE.

VY nanzenail mpaiibl MpaBe3€HbI aHAI3 KJIacluHara najblXoay MaJdJisiBaHHs
KPBIBBIX 3aTyXaHHs (iyapacipHIUbl. Ha acHoBe aHamizy mpanaHaBaHbl METajl
IHTAJIEKTyajlbHara MajdJisIBaHHS Uil ayTamaTbl3allbll 1 TACKapIHHS MparpCcy
aHamizy 3 TpBIMIHCHHEM MeETajay MallblHHara HaBydaHHs. [laapaOs3Ha
pasrisgarolia aarapbITMbl I Kiiacidikaibll KpbIBBIX 3aTyXaHHS 1 T'eHepailbli
NA4aTKOBBIX MPBIOIDKIHHAY. [[71s1 mpamaHaBaHara MeTany aHali3y pacrpaliaBaHbl
nparpaMHbIs  CpPOJKI, KaMOIHYHOYbII  METaJbl  MalllblHHara HaBy4YaHHS,
IMiTaIpliiHAra MaadJsIBaHHS 1 anTbiMizanbil. JUJIs chpanrdsHHs Y3aeMaj3esHHS
KapbICTaJIbHIKA 3 CICTAMall ampaioyki JaJ3eHbIX pacipaliaBaHa IparpaMmHae
NpbUIaKIHHE 3  rpadiuHbIM  KapbICTAIBHINKIM 1HTAIp(deiicam. PoanizaBaHbl
KaHTPOJIb IPJIACHACII KPBITHIYHBIX (Dailyiay CiCTIMBI aHAITI3Y.

VY BBIHIKY IpaJdMaHCTpaBaHa aJIPKBaTHACIh Mpallbl METajay MalllbIHHAra
HaBY4YaHHS Ui Kiacidikanbll KPBIBBIX 3aTyXaHHS 1 TIeHepallbli MadaTKOBBIX
NPBIOJIKIHHSY, a TakcaMa BblOpaHara anTtbIMi3allbliiHara Mmeraay. Ha acHoBe uaro
MOKHa 3palillb BBICHOBY a0 TMPaKThIYHBIM MPBIMSHEHHI 1 3(eKThIYHACIII
pacmpaliaBaHara MeTaay 1HTAJIeKTyajbHara MaIdJisiBaHHSI.



ABSTRACT

Thesis: 70 pages, 24 figures, 18 references, 6 appendices.

FLUORESCENCE, FLUORESCENCE DECAY CURVES, INTELLIGENT
MODELING, SINGLE-PHOTON COUNTING, HISTOGRAM,
OPTIMIZATION, INITIAL APPROXIMATIONS, MACHINE LEARNING,
NEURAL NETWORKS, SOFTWARE APPLICATION, DIGITAL SIGNATURE.

The object of research — fluorescence decay curves.

Objective — to develop software tools and an application for intelligent
modeling of fluorescence spectroscopy systems represented by fluorescence decay
curves.

Methods — intelligent modeling, intelligent data analysis, simulation
modeling.

This work analyzes the classical approach to modeling fluorescence decay
curves. Based on the analysis, an intelligent modeling method is proposed to
automate and accelerate the analysis process using machine learning methods.
Algorithms for classifying decay curves and generating initial approximations are
examined in detail. For the proposed analysis method, software tools have been
developed, combining machine learning methods, simulation modeling, and
optimization. A software application with a graphical user interface has been
developed to simplify user interaction with the data processing system. Integrity
control of critical system analysis files has been implemented.

As a result, the adequacy of the machine learning methods for classifying
decay curves and generating initial approximations, as well as the chosen
optimization method, is demonstrated. Based on this, it can be concluded that the
developed intelligent modeling method is practically applicable and effective.



