AHOTAIISA

Huoaies /1. O. Komm’rwrepHi MeTOoAM pO3Mi3HABAHHA, aHAJNi3y Ta
BUMIpIOBaHHSl NapaMeTpiB CHEKTPOMETPUYHUX cuUrHadiB. — Ksamdikariiina
HAyKOBa Ipallsd Ha paBaxX PYKOIIUCY.

Hucepramiss Ha 3700yTTsS CTymeHs JoKTopa ¢urocodii 3a CHEIialbHICTIO
122 Komm 'rorepHi Hayku (I"amy3pb 3HaHb 12 [HpopmaiiitHi TexHO0r1i). — XapKiBChKHMA
HaulioHaiabHUM yHiBepcuTeT iMeH1 B. H. Kapasina MinictepcTBa OCBITH 1 HAyKH Y KpaiHH,
Xapkis, 2026.

Huceprairis  npucBsideHa  po3poOIll  METOAIB  KOMIT IOTEPHOTO  aHAI3y
CHEKTPOMETPUYHUX CUTHAIIB, a TAKOXK BJIOCKOHAJIEHHIO MaTeMaTHYHUX MOJENeH 1
METO/IIB KOMIT FOTEPHOTO MOJIEIIOBAaHHS TaKUX CUTHaNiB. OCHOBHA M€Ta JOCIHIKEHHS
MOJISITAE Y CTBOPEHHI HOBUX QJITOPUTMIYHUX TIJIXOJIB, SKI JO3BOJSATH MIABUIIUTH
TOYHICTh OOPOOKHU JaHUX Y KOMIT IOTEPHUX CHCTEMAaX CIEKTPaJIbHOTO aHali3y.

Y nepumomy po3aiji 0yyio AeTaabHO PO3TISHYTO ICHYIOU1 JOCIIKEHHS 1 poOoTH
MPUCBAYEHI METOJAM pO3MI3HABAHHA Ta BHU3HAYEHHS NapameTpiB CHEKTPOMETPUUYHUX
curtaiiB. HaBeneHo Orisii OCHOBHHMX €TamiB Ta MiJIXOJIB 10 0OpoOKM onu@poBaHUX
IMITyJIbCHUX CHUTHATIB, TAKUX SIK: BU3HAYCHHS 0a30BOi JIIHII CUTHATY, PO3MI3HABAHHS
OKpPEMUX IMITYJIbCiB, BUMIPIOBAHHS 1X MapaMeTpiB (aMILTITY/IH, 4ac peecTpailii, ToIo), B
TOMY YMCJI1 32 JONOMOIOI0 MAalIMHHOIO HaBYaHHS 1 HEHPOHHUX Mepex. PosrisHyTo
OCHOBHI MpOOJEeMHU MpPU BU3HAYEHHI BUIE3a3HAYEHUX I[apaMEeTpiB, MpOaHaI30BaHi
1CHYIOU1 TIAXO0IU JIJIsl BUPIIICHHS PO3MISTHYTUX MpoOseM. 30kpema, 0yJio Mmoka3aHo, 110
TOYHICTh PO3MI3HABAHHS MAapaMETPiB IMITYJIbCIB MOXKE 3HUKYBATHUCS, OCOOJMBO MpHU
BHCOKHMX PIBHSIX 3aBaHTXCHHS 1 YacTi Cymepriosuilii IMImynbCiB. Byno HaBemeHo
MepeBar 1 HeIOJMIKY MPOCTUX METOIIB aHaITi3y, a TAKOXK OUTBII CKIAJHUX METOIB, SIKi
BUKOHYIOTh JIOJJATKOBY 0OpPOOKY OIM(POBAHOTO CUTHAITTY.

Takoxx Oyyno OOIPYHTOBAaHO HEOOXITHICTh BJOCKOHAJEHHS Ta PO3POOKHU

MaTEeMaTHYHUX MOJIETEeH 1 METO/IIB KOMIT IOTEPHOTO MOJEIIOBAHHS CIIEKTPOMETPUYHHIX



CUTHAIIB. AJPKE TOYHUHN CKJIaJ JaHMX, OTPUMAHUX MiJ 4ac peaibHUX E€KCIEPUMEHTIB
MOXke OyTH BIJIOMHM TUIbKH HaOJMI)KEHO 4Yepe3 BHUITAJIKOBICTH Ta Herepen0adyBaHICTh
IpolieciB Ha BXo1 AeTekTopa. KoM roTepHe MojientoBaHHs upoBOro o0paszy CUrHaity
7A€ MOJKJIMBICTh 3T€HEPYBATH MAaCHBU BXIJHUX JaHUX JJII METOIB KOMII IOTEPHOTO
aHali3y 3 MOBHICTIO BIIOMHMH TapaMeTpamMu Ta 00 €KTHUBHO OIIHUTH €(PEKTUBHICTH
po0OOTH BXKE BiIOMHUX Ta PO3POOJIECHUX METOIB. 3a3HAUCHO, 1110 3 II€F0 METOI0 BAXKJIHBO
TaKOXX PO3POOUTH MPOrpaMHUN anropuT™M Bepudikallii pe3yJbTaTiB KOMI IOTEPHOI
00pOOKH CTIEKTPOMETPUIHUX JTAHUX.

BianoBiiHO 10 BU3HAYEHHMX MPOOJIEM, MPUTAMAHHUX KOMII IOTEPHUM CHUCTEMaM
CHEKTPAILHOTO aHaJI3y Ta MOKJIMBUM METOJaM BHUPIIICHHS 3a3HaYeHHUX Mpodiem, Oyia
MOCTaBJICHA METa Ta 3ajadya JoCHipKeHHs. s mocsrHeHHsT MeTu Oyiau copMoBaHi
JIeTabH1 3aBJIaHHS JTOCIIIJKEHHS.

Y apyromy po3aijai crioyatky OyJio MpeACTaBICHO METOJ aHali3y MapaMeTpiB
CIIGKTPOMETPMYHMX  CHUTHAJIB Mg  Ha3Bow  BiacrexenHns. OcoOauBOCTIMHU
3aMpONOHOBAHOTO METOJIy € BUKOPUCTAHHSA MPOrpaMHUX (PUIBTpiB, MOOYIOBAaHUX Ha
OCHOBI 3aCTOCYBaHHSI aJITOPUTMIB HIBUAKOTO JTUCKPETHOTO mepeTrBopeHHs Dyp’e, Ta
noJiajipliia KOMIT I0TepHa 00poOKa CHUTHANy 13 BHKOPHUCTAHHAM MEXaHI3MYy KOPEKITIi
aMIUTITY]] IMITYJIbCIB, 1110 HAKJIAJIAIOTHCS OAMH Ha ofHOTO. Lle mo3Bosmiio 3i1CHIOBATH
buIbTpaLilo CUTHaNY Bia IIyMy 0€3 CyTTEBOi 3MIHM KOPHUCHOI CKJIAJ0BO1 1 TOYHIIIE
BU3HAYATH aMIUNTYIU IMIIYJbCIB MpU iX 4YacTid cyneprno3uiii. s migBUILEHHS
IIBUJKOCTI pOOOTH JTaHOTO METOJIa MPU HU3BKUX PIBHAX 3aBAHTAKCHHS 1 BIJHOCHO
HU3BKIA MIIJIBHOCTI IMIYJIbCIB Oy0 pO3pOOICHO Ta ACTAIBHO OMHCAHO CICHiabHUN
ITOPUTM ONTUMI3AII.

Takox Oyno po3poOJieHO HOBUM METOJ aHalli3y CIEKTPOMETPUYHUX CHUTHAIIB,
3aCHOBAHMI Ha BUKOPUCTAHHI JTUCKPETHUX BEHBIIET-TIEPETBOPCHb Ta aJallTUBHOTO
anroput™my BayesShrink. IlpeactaBnenuii MeTon € OUIbII  yHIBEPCAIBHUM Yy
3aCTOCYBaHHI, HI>XK MeTOJ1 BiicTexXeHHsl, aJKe 103BOJIsIE aBTOMAaTUYHO BU3HAYATH PIBEHb
myMy npu (GiabTpalii CUrHamy 1 He moTpedye miadopy mapaMeTpiB IIyMOIMOAABICHHS

IUIA PI3HUX HaOOPIB CIEKTPOMETPUUHUX JaHUX.



Ham Oyno JeraqbHO PO3TJSHYTO MIAX1A 0 KOMIT FOTEPHOTO MO/IETIOBAHHS
CHEKTPOMETPUYHUX CUTHAIIIB, & TAKOXK MPEICTABICHO BIIOCKOHAICHI MOJIEI Ta METOIU
MOJIeNIIOBaHHsl LHU(pPoBOro o0pa3y curHaiay. bysio ommcaHo JgBa METOIM CHUHTE3Y
1upoBOTO 00pa3y CIEKTPOMETPUIHOTO CUTHAITY 3 TOTPIOHUM PO3MOALIOM aMILIITY/T
IMITyJIbCIB HA OCHOBI MOMEPEAHbO 3aBAHTAXKEHOIO IMIA0NOHY — TaOmM4HOl (PyHKIIT
posnoauty aMmrutiTya. [lepmmuii minxin 6a3yeThcsl HA BAKOPUCTaHI CTATUCTUYHUX METO/TIB
Ta BIJPI3KIB UMOBIPHOCTEH Il BUBHAUYCHHS aMILTITY]T IMITYJIbCIB B TIPOIIECI CTBOPEHHS
1 poBoro 06pazy curHaity. B oCHOBI Apyroro mijgxory KOMI IOTEPHOTO MOICIIIOBAHHS
MOKJIaJICHO BUKOPUCTAHHS JCTEPMIHOBAHMX KIHIICBUX 3HAYCHb PO3IMOALTY aMILTITY/]
IMITyJIbCIB Y CTBOPIOBaHOMY curHami. OKpiM 1bOro OyJI0 MPEACTaBICHO METO]I
MOJICJIIOBAHHSI CIIEKTPOMETPUYHUX CHUTHAIIB 3 MIABUUIEHOIO JAeTam3aniero. Lle
JTIO3BOJIAJIO MPOTPAMHO Te€HEPYBaTH IU(POBUI 00pa3 CUTHAITY 3 JUCKPETHICTIO, SIKa Ha
MOPSZOK a00 OlIbIlIEe MEPEBUIILYE YACTOTY ONUGPYBaHHS AKITA3epOM, Ta BPaXOBYeE
MOJKJIMBE 3MIIIeHHS (a3 IMITYJIbCIB BIIHOCHO TOYOK JUCKPETH3AIlIi.

Hampukinili mpencTaBieHO anropuT™M Bepudikaiii TOYHOCTI pO3Mi3HABAHHS
napaMmeTpiB IMITYyJIbCIB METOJAAaMU KOMIT IOTEPHOT OOpOOKM Mpu iX JOCHIHKEHHI Ha
CUMYJIbOBaHMX JaHUX. lle Hamamo MOXIMBICTH OLIbIIT 00'€KTUBHO OIIHUTH TOYHICTH
pO3Mi3HaBaHHs MapaMeTpiB IMITYJIbCHOTO CUTHALY PI3HUMHU METOJAaMHU KOMII IOTEPHOTO
aHai3y Ta BBECTU MOHATTS BEPU(PIKOBAHOI TOYHOCTI POOOTH KOKHOTO 3 METO/IIB.

Y TperboMy po3aiai aucepralii OyJ0 AETaAIBHO PO3TJSHYTO Ta OMUCAHO BHOIp
mporpaMHuX 3aco0iB i peanizaiii po3poOJieHWX METOJIB aHalli3y Ta METOIB
KOMIT FOTEPHOTO MOJICITIOBAHHS CIIEKTPOMETPUYHUX curHaiiB. OOrpyHTOBaHO BHUOIp
MOBU TmporpamyBaHHs C++ 3 MOMIDXK JEKUJIBKOX TMOIIMPEHUX MOB, 3a PAXyHOK ii
(GyHKIIOHATBHOCTI, KpOCTUIaT(HOPMHOCTI, €hEKTUBHOCTI POOOTH 3 TTaM SITTIO Ta TAHUMHU,
a TaKOX MOJKJIMBOCTI HU3BKOPIBHEBOTO MPOTpaMyBaHHS. TaKoX PO3TJISHYTO JIEKiIbKa
BapiaHTIB MpHU BUOOP1 MOXKIIMBOI 1IHTETPOBAHOI cepeld PO3POOKH, HABEJACHO 1X OCHOBHI
nepeBaru Ta HejoJiku, aprymenToBano Buoip QT Creator B sikocti IDE. Byno onucano
iHTep(eiic kKopucTyBaua Ta OCHOBHI MOXIJIMBOCTI pO3pOOJIEHOTO B paMKaxX AOCTIIKEHHS

nporpaMHOro 3aco0y. CTBOpeHMI JAOAATOK J03BOJSIE BUKOHYBAaTH KOMII IOTEPHE



MOJIEJIFOBAHHS CIIEKTPOMETPUYHOTO CUTHAITY, a TAKOK 3/11MCHIOBATH POrPaMHMM aHaTI3
CUMYJIbOBAaHMX a00 3aBAHTAKEHUX 3 peajbHUX EKCIEPUMEHTIB JIaHUX 3a JIOIIOMOTOI0
IPOrpaMHO pEali30BaHUX ICHYIOUMX Ta 3alpOlOHOBAHUX METO/IB KOMI IOTEPHOL
00poOku.  [leTallbHO  PO3TJSTHYTO — apXITEKTypy  PO3POOJIEHOr0  MPOrpaMHOrO
3a0e3neyeHHs, OCHOBHI KOMIIOHEHTH, KJIacH Ta (PyHKII1, IKi BOHU BUKOHYIOTb.

Jlami  OyJno pO3TASHYTO TPOTPaMHY peali3allifo  po3poOJICHOTO METOdY
Biacre:xxeHHs Ta MeTOJy 3 BUKOPUCTAaHHSM BEHBJIET-NIEPETBOPEHb JUISI aHAI3y
CHEKTPOMETPUYHUX CcuTHamiB. PoOoTy paHux MeromiB Oylio TMepeBIpeHO Ha
CUMYJIbOBAHMX JIaHUX 3 MOBHICTIO BIJOMUMH IapaMeTpamu, siki OyJu 3reHepoBaHi 3a
KUIbKOMAa CIICHapisIMH 3 PI3HUMHU PIBHAMH 3aBAHTAKEHHS 1 PI3HOIO BIPOTIIHICTIO
CyHepIo3uilii 1MIyJbciB. Po3po0seHi MeTonu MNpoAEMOHCTPYBAIM BUCOKY TOYHICTH
pO3Mi3HaBaHHS NapaMmeTpiB OLU(PPOBAHUX CHUTHAJIB MpPU MEpeBipll Ha 0a30BUX
cueHapisix ( 3 HU3bKOIO BIPOTIIHICTIO HAKJIQJaHHS IMITYJIbCIB OJMH Ha OJIHOIO) Ta B
CIIeHapisfX 3 OUIBII BUCOKOIO IHTEHCUBHICTIO T€HEPAIlil IMITyJIbCIB.

Takox Oynu JOCHIKEHI TMPOTPaMHO peai3oBaHi MOJENl Ta METOIU
KOMIT'FOTEPHOTO  MOJICJIIOBAHHSA CIEKTPOMETPUYHUX CUTHAIIB 3TITHO  33J]aHOTO
mabmony. BigMiueHo, 10 MeTOA MOJCIIOBAHHA 3 BUKOPUCTAaHHSM BIJIPI3KiB
WMOBIPHOCTEH JT03BOJISIE€ MOCIIIIOBHO MOJICIIIOBATH BECh X1/ €KCIIEPUMEHTY, MOCTYIIOBO
(dopMyrour y pearbHOMY Yacl CHEKTpaJbHHUI CUTHAJ 13 BKa3aHUM 3aKOHOM PO3MOALTY
ammtityn. IlpoTe mpu JIOCHIIKEHHI JIaHOTO METOAY 3 BHUKOPUCTAHHSAM IITYYHO
CTBOPEHOTO MIA0JOHY 3 JIHIMHUM CHEKTpOM, OYyJI0 BHUSBIEHO TIE€BHI 3aKOHOMIPHIi
CTATUCTUYHI BIAXWJICHHS BiJ JiHiIMHOTO po3noaury. [licma 1mporo Oyio 31ailiCHEHO
MOJIETIIOBAHHSI CUTHAIY 3T1JHO 33JJaHOT0 IIa0JIOHy APYTUM METOAOM, 110 0a3yeThCs Ha
BUKOPUCTAHHI JIETEPMIHOBAHUX KIHIIEBUX 3HAYCHb PO3MOILTY aMILTTY] IMITYJIbCIB.
Jlanuii miaxig B MiACYMKY JO3BOJIMB 3MOJICNIIOBATH CUTHAJN 3T1IHO 3aBAaHTAKEHOTO
daiiny-11absoHy 3 JaHUMH, 1110 B TOYHOCTI BIJIMOBIAAIOTH CIIEKTPY PEaIbHOTO JHKepesia

BUIPOMIHIOBaHHS 0€3 CTAaTUCTUYHUX BIJIXUJICHb.



Hanpukinmi po3auty O0yJio mpeacTaBiIeHO MOJCIb PO3MOJUICHOI KOMIT I0OTEPHOI
CUCTEeMH [JJIsi OTPUMaHHS, Tepeadi MO MepekKi Ta KOMIT IOTepHOrO aHali3y

CHEKTPOMETPUYHUX JaHUX 1 OMMCAHO MPOrPaMHy peati3alliio IPOTOTUITY TaKOT CUCTEMHU.

B yeTBepTOMY po3aijai Oyiio MpoBeaeHO OIIHKY TOYHOCTI Ta MIBUIKOIIT poOOTH
PO3pPOOJICHUX METO/IIB KOMIT FOTEPHOTO aHATi3y CIIEKTPOMETPUYHUX CUTHAIIB (METOIY
BiacrexxeHHss Ta METOJQy Ha OCHOBI JHMCKPETHUX BEUBIIET-NIEPETBOPEHb) Ha
CUMYJIbOBAHMX JAHMX Ta MOPIBHAHHS 3 ICHYIOUUMH MeTogamMu Makcumymy Ta [Tinbopy.
Jlns mepeBipkd poOOTH PO3POOJEHUX METOJIB y TOPIBHSHHI 13 BXXE BIJIOMHMH 3a
JIOTIOMOTOI0  KOMIT FOTEPHOTO MOJICTIOBAaHHS OYJIM MIiATOTOBJICHI MAacCUBH BXIJHUX
YUCJIOBHX JTaHMWX 13 Hamepe] BU3HAUYCHUMHU TMapaMmeTpaMu. Takok OyB BHKOPHUCTAHUN
po3po0IeHuil anropuT™M Bepudikallli KO>KHOTO pO3Mi3HAHOTO IMIyJbey. B pesynbrari
Oynu OTpUMaHI OCHOBHI XapaKTEPUCTUKH METOJIIB, TaKl SIK TOYHICTh PO3MI3HABaHHS
CUTHAJIIB Ta MIBUJKICTH OOPOOKU JaHUX, JUIsl KIJTBKOX CIIEHAPIiB 3 Pi3HOIO TPUBATICTIO
Ipoliecy MOJICTIOBaHHS Ta PI3HUM pIBHEM 3aBaHTaxkeHHs. HaBeneHo MOPIBHMIIBHI
METPUKH €(hEKTUBHOCTI JIJIsl BCIX OMMCAHUX METO/I1B MPOrPaMHOTO aHai3y. B miacyMKy,
cepen AOCHIHKEHUX CHEHapiiB po3po0JieHI METOAM MOKa3ald Kpauly pO3Mi3HAaBAIbHY
3J1aTHICTh, HIXK PO3TIISHYTI ICHYIOY1 aJIbT€pPHATUBHI METO/IH.

Takox 3anmporoOHOBaHI METOAU KOMIT FOTEPHOT OOPOOKH OyJIM BUKOPHUCTAHI JJIS
aHaii3y COEKTPOMETPUYHUX JAHMX, OTPUMAHUX 1] Yac peajbHUX €KCIIEPUMEHTIB. 3a
JIOTIOMOTOI0 CTIEKTPOMETPUYHOTO 00JIaJHAHHS Ta JIJKITai3epa OyJio 3anucado (aitnm 3
ou(pOBaHMMH CHTHAIAMU Bij 3paskiB marepianis mxepen sunpominroBanus Cs'’7 ta
Co® . Byno npoBeneHo KoM IOTEPHUI aHali3 Takux (aililiB po3poOIEHUMH METOIAMH,
O00YHMCIICHO Ta BI3yalli30BaHO CHEKTPHU JOCHIIKEHUX 3paskiB. B misomy moOymaoBaHi
JiarpaMy BIJTOBIIAIA OYIKYBAaHUM CIIEKTpaM JaHUX MaTrepialiB, IO MiJATBEPIKYE
MOJKJIMBICTh BITPOBA/KCHHSI Ta MPAKTUYHOTO 3aCTOCYBaHHS 3alpONOHOBAHUX METO/IIB
00pOOKM TaHUX B KOMIT IOTEPHUX CUCTEMAaX CIEKTPaIbHOTO aHATi3y.

Jlani 6yJi0 BUKOPUCTAHO PO3POOICHHUI METO MOJIEIIOBAHHS CIIEKTPOMETPUUHHX
CUTHAIB 3 TMIABUIICHOIO JCTANIZAINEI0 IS CHMYJAIIl €TAJIOHHOTO CUTHATY Ta

BHU3HAUEHHS MaKCUMAJIbHOTO 3HAYCHHSI MOXUOKU PE3yJIbTaTiB KOMIT FOTEPHOTO aHaNi3y



UX JIaHUX TPOCTUM METOAOM MaKkCcuMyMiB, IO CIIPUYMHEHA AUCKPETU3ALIE€I0 CUTHATTY
(1 pi3HUX YacTOT onudpyBaHHs AipKiTalizepoM ). BpaxyBaHHs BIUTMBY TaKO1 OXUOKH
MOXe OyTH OCOOMMBO BAXKIUMBUM MPU TMPOBEJEHI peaTbHUX EKCIIEPUMEHTIB 3
BUKOPWCTAHHSM HAaIiBIPOBITHUKOBUX a00 CIUHTWISAIIAHUAX JCTEKTOPIB 3 HU3BKUM
pPIBHEM BJIACHHX IITYMIB.

HampukiHii  HaBeAeHO MPaKTUYHI  pPEKOMEHJallli IMoJA0  3aCTOCYBaHHS
PO3pOOICHIX METOJIIB KOMIT FOTEPHOTO aHAIi3y Ta MOJCITIOBAHHS CIEKTPOMETPHUUHUX
CUTHAJIIB.

CyKyIHICTh OTPUMAHMX Yy JUCEPTAllil HAYKOBUX PE3YyJbTATIB, IMIATBEPKEHHS
dakTy iX JTOCTOBIPHOCTI, HAYKOBOI Ta MPAKTUYHOI 3HAYYIOCTI JIal0Th 3MOTY BBaXKaTH,
mo chopMyIbOBaHA HAyKOBa 3aJada pPO3POOKM HOBUX METOIB pO3Mi3HABAHHS Ta
BHU3HAYCHHS TMapaMeTpiB CIEKTPOMETPUYHUX CUTHATIB ISl OCSTHEHHS IMOCTaBJICHOI
METH M1ABUIIEHHS TOYHOCTI OOPOOKH JaHUX B KOMIT FOTEPHUX CUCTEMAaX CIIEKTPAIBHOTO
aHaI3y € pO3B’sA3aHOI0, a IOCTABIIEHY METY — JOCATHYTOIO.

KawouoBi cuaoBa: xomn’'tomepruti  aumaniz  CNeKMpPOMEMpPUYHUX — CUSHAIS,
KOMN tomepHa cucmema, wiym, MOOEN08AHHS, PEeKOHCMPYKYid, MAMeMamuyHi Mooeli,
Moougikayin, onmumizayitiHa 3aoava, eepugikayis, cueHanu, nepemeoperus Dyp’e,
MAauwluHHe HABYAHHA, HEUPOHHA Mepedca, OemeKmop 2aMMa-8UnpoMIHIO8AHH,

CYUHMUTAMOP.



ABSTRACT

Tsybliyev D. O. Computer methods of recognition, analysis and measurement
of spectrometric signals parameters. — Qualification scholarly paper: a manuscript.

The dissertation submitted for obtaining the Doctor of Philosophy degree in
Informational Technology: Specialty 122 Computer science. V. N Karazin Kharkiv
National University, Ministry of Education and Science of Ukraine, Kharkiv, 2026.

The dissertation is devoted to the development of methods for computer analysis
of spectrometric signals, as well as the improvement of mathematical models and
methods for computer modeling of such signals. The main goal of the research is to create
new algorithmic approaches that allow to increase the accuracy of data processing in
computer systems of spectral analysis.

The first chapter provides a detailed review of existing research and works
devoted to methods for recognizing and determining the parameters of spectrometric
signals. An overview of the main stages and approaches to processing digitized pulse
signals is provided, such as: determining the signal baseline, recognizing individual
pulses, measuring their parameters (amplitudes, registration time, etc.), including using
machine learning and neural networks. The main problems in determining the above-
mentioned parameters are considered, and existing approaches to solving the problems
considered are analyzed. In particular, it was shown that the accuracy of pulse parameters
recognition may decrease, especially at counting rates and frequent pulse superposition.
The advantages and disadvantages of simple analysis methods, as well as more complex
methods that perform additional processing of the digitized signal, are given.

The need to improve and develop mathematical models and methods for computer
modeling of spectrometric signals was also substantiated. Because the exact composition
of data obtained during real experiments can only be known approximately due to the
randomness and unpredictability of processes at the detector input. Computer modeling
of a digital signal makes it possible to generate input data arrays for computer analysis

methods with fully known parameters and to objectively assess the efficiency of already



known and developed methods. It is noted that for this purpose it is also important to
develop a software algorithm for verifying the results of computer processing of
spectrometric data.

In accordance with the identified problems inherent in computer spectral analysis
systems and possible methods for solving these problems, the goal and objective of the
study were set. To achieve the goal, detailed research tasks were formed.

In the second chapter, a method for analyzing spectrometric signal parameters
called Tracking was first presented. The features of the proposed method are the use of
software filters built on the basis of the application of fast discrete Fourier transform
algorithms, and subsequent computer processing of the signal using a mechanism for
correcting the amplitudes of pulses superimposed on each other. This allowed filtering
the signal from noise without significantly changing the useful component and more
accurately determining the amplitudes of pulses with their frequent superposition. To
increase the speed of this method at low counting rates and relatively low pulse density,
a special optimization algorithm was developed and described in detail.

A new method for analyzing spectrometric signals was also developed, based on
the use of discrete wavelet transforms and the adaptive BayesShrink algorithm. The
presented method is more versatile in application than the Tracking method, as it allows
for automatic determination of the noise level during signal filtering and does not require
the selection of noise reduction parameters for different sets of spectrometric data.

Next, the approach to computer modeling of spectrometric signals was considered
in detail, and improved models and methods for modeling the digital signal image were
presented. Two methods for synthesizing the digital image of a spectrometric signal with
the desired pulse amplitude distribution based on a pre-loaded template — a tabular
amplitude distribution function — were described. The first approach is based on the use
of statistical methods and probability intervals to determine the amplitudes of pulses in
the process of creating a digital image of the signal. The second approach to computer
modeling is based on the use of deterministic final values of the distribution of pulse

amplitudes in the generated signal. In addition, a method of modeling spectrometric



signals with increased detailing was presented. This allowed for the programmatic
generation of a digital signal image with a discreteness that is an order of magnitude (or
more) higher than the digitizer's digitization frequency and takes into account the possible
phase shift of the pulses relative to the sampling points.

At the end, an algorithm for verifying the accuracy of pulse parameter recognition
by computer processing methods when studying them on simulated data is presented.
This made it possible to more objectively assess the accuracy of pulse signal parameter
recognition by various computer analysis methods and introduce the concept of verified
accuracy of each method.

In the third section, the choice of software tools for implementing the developed
methods of analysis and computer modeling of spectrometric signals was considered and
described in detail. The choice of the C++ programming language from among several
common languages is justified due to its functionality, cross-platform, efficiency of work
with memory and data, as well as the possibility of low-level programming. Several
options for choosing a possible integrated development environment are also considered,
their main advantages and disadvantages are presented, and the choice of QT Creator as
an IDE is justified. The user interface and main capabilities of the software tool
developed as part of the research are described. The created application allows for
computer modeling of a spectrometric signal, as well as for software analysis of simulated
or downloaded data from real experiments using software-implemented existing and
proposed computer processing methods. The architecture of the developed software, the
main components, classes, and the functionality they perform are considered in detail.

Next, the software implementation of the developed Tracking method and the
method using wavelet transforms for spectrometric signal analysis were considered. The
performance of these methods was tested on simulated data with fully known parameters,
which were generated under several scenarios with different counting rates and different
probability of pulse superposition. The developed methods demonstrated high accuracy
in recognizing the parameters of digitized signals when tested in basic scenarios (with a

low probability of pulses overlapping each other) and in scenarios with a higher intensity



of pulse generation. Software-implemented models and methods of computer modeling
of spectrometric signals according to a given template were also investigated. It was
noted that the simulation method using probability ranges allows for the sequential
simulation of the entire course of the experiment, gradually forming in real time a spectral
signal with a specified amplitude distribution law. However, when studying this method
using an artificially created template with a linear spectrum, certain regular statistical
deviations from the linear distribution were found. After that, the signal was simulated
according to the given template by a second method based on the use of deterministic
final values of the pulse amplitude distribution. This approach ultimately allowed to
simulate the signal according to the loaded template file with data that exactly matches
the spectrum of a real radiation source without statistical deviations.

At the end, a model of a distributed computer system for receiving, transmitting
over the network, and computer analysis of spectrometric data was presented and the
software implementation of a prototype of such a system was described.

In the fourth chapter, the accuracy and speed of the developed methods of
computer analysis of spectrometric signals (Tracking method and method based on
discrete wavelet transforms) were assessed on simulated data and compared with the
existing Maximum and Fitting methods. To verify the performance of the developed
methods in comparison with the already known ones, arrays of input numerical data with
predefined parameters were prepared using computer simulation. The developed
algorithm for verifying each recognized pulse was also used. As a result, the main
characteristics of the methods, such as the accuracy of signal recognition and data
processing speed, were obtained for several scenarios with different duration of the
modeling process and different counting rates. Comparative performance metrics are
presented for all described software analysis methods. As a result, among the studied
scenarios, the developed methods showed better recognition accuracy than the existing
alternative methods considered.

The proposed computer processing methods were also used to analyze

spectrometric data obtained during real experiments. Using spectrometric equipment and



a digitizer, files with digitized signals from samples of Cs'*” and Co® radiation source
materials were recorded. Computer analysis of such files was carried out using the
developed methods, the spectra of the studied samples were calculated and visualized. In
general, the constructed diagrams corresponded to the expected spectra of these
materials, which confirms the possibility of implementing and practical application of
the proposed data processing methods in computer systems of spectral analysis.

Next, the developed method of modeling spectrometric signals with increased
detail was used to simulate the reference signal and determine the maximum error value
of the results of computer analysis of this data by the simple method of Maximum, which
is caused by signal discretization. Considering the influence of such an error may be
especially important when conducting real experiments using semiconductor or
scintillation detectors with low self-noise.

At the end, practical recommendations are given for the application of the
developed methods of computer analysis and modeling of spectrometric signals.

The set of scientific results obtained in the dissertation, confirmation of their
reliability, scientific and practical significance allow us to believe that the formulated
scientific task of developing new methods for recognizing and determining the
parameters of spectrometric signals to achieve the set goal of increasing the accuracy of
data processing in computer systems of spectral analysis has been solved, and the set goal
— achieved.
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