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1. KomnieHcanisi CioTBOpeHb IPY BUMIiPIOBaHHI IapaMeTPiB aTOMHO-EMIiCIIHUX CIIEKTPiB, 3apEE€CTPOBAHUX

fparatoejeMeHTHUMHU ONTUYHUMU CE€HCOpaMu

2. Distortions compensation and parameters measuring of atomic emission spectra recorded by multi-element
optical sensors

Pedepar:

1. MeTta po60TU - HOCTIANTY MexXaHi3MU BUHUKHEHHSI CTIOTBOPEHbD ITPU PeecTpallii 306paskeHp 6araToeieMeHTHUMU
CEHCOpaMHU, PO3POOUTH METOAMKYM KOMIIEHcallii TOXMOOK IIPU peecTpallii 306pakeHb aTOMHO-€MICiliHUX CIIEeKTPIB i
3aIPOIOHYBATU METOVMKY BU3HAYEHHS TapaMeTPiB PE30HAHCHUX CIIEKTPAJIbHUX JIiHiN y peajlbHUX YMOBAax
3alIyYMJIEHHSI CUTHAJIy Ta IEPETUHAHHS CIIeKTPaJIbHUX JiHilA. O6'€KT AOCTiIKeHb — IIPOLleC aTOMHO-eMiCiliHOTro
aHasli3y eJIeMeHTHOrO CKJIaZly PEUOBMHHU Ta CIIOCOOM M0ro Y 0CKOHAaJIeHHs TeopeTuyHi Ta IPaKTUYHi pe3yJIbTaTu.
Po3po6s1€HO Ta CTBOPEHO EKCIIEPUMEHTAJIbHY YCTAHOBKY JJ151 BUITPOOYBAHHS B Pi3HUX TeMIIEpaTypHUX yMoBax [133
ceHcopis ¢pipmu Toshiba TCD1304AP /DG, ski Haii6inbl MacoOBO MOMKPEHi B ATOMHO-EMICIIIHMX CIIEKTPOMETpax.

Cnekrtporpad ICII-51 nonoBHeHUI CUCTEMOIO 3CYBY 300pa’ke€HHSI CIIeKTpa Ha pOoOHY YacTUHY Mikcessi. CTBOPeHo



CUCTEMY peeCTpallii, Ika pEECTpy€e OAHY U Ty CaMy AUISIHKY CIIEKTPA, aJI€ 3CYB 3apsifiB y CEHCOPax 3MiMCHIOETbCS B
[IPOTWJIEKHOMY HarpsMKy. CTBopeHe nporpamue 3abesnedeHHs (I13) nis peectpalii criekTpa, KepyBaHHS
o0s1aHaHHSM, 30epiraHHs pe3ysbTaTiB, 00pPOOKU Ta BUAAUi faHuX. HOBU3HA HAyKOBUX pe3yJbTaTiB. PO3BUHYTO ifeto
BMKOPHMCTaHHSI 0COOJIMBOCTeN curHany I133 ceHcopiB /119 BUMipIOBaHHS TEMIIEPATypy 6€3 3aCTOCYBaHHSI OKPEMUX
TeMIIEPaTyPHUX JATYMKIB i MepeBipeHO TaKy MOXJIMBICTb Ha npukiafi [133 cencopis TCD1304AP /DG.
3aIpoIroHOBaHO aBTOPChKY METOAMKY KOMIIJIEKCHOI KOMITeHcallii HesliHinHOCTI [133 ceHCcopiB 3 BUKOPUCTAaHHSIM
0€37,aTYNKOBOrO BUMIpPIOBAaHHS TeMIIEpaTypu. Brieplue 11okazaHo NPaKTUYHY MOXJIABICTb PO3LIMPEHHS
IVHAMiYHOTO Jjialla30Hy ONTUYHUX 0araToeJeMEHTHUX CEHCOPIB y JeKijIbKa Pa3iB 32 PaXyHOK BUKOPUCTAHHS
edekry 6s1yMiHra, SIKUI paHille BBasKaBCs HETaTHBHUM SIBUILEM, IIPU peecTpallii aTOMHO-eMiCiliHUX CIIEeKTpiB.
3arporioHOBaHO OpUTiHATIBHUM MiJIXi[l 11070 PO3B'sI3aHHS TPO6IeMY HETIOBHOTH IaHUX TIPU MifBULIEHH] PO3AiJIbHOI
3J1aTHOCTi 6araToeJIeMEHTHUX CEHCOPIB 3a PaXyHOK 3CYBY 300pa’K€HHs Ha JJPOOHY YaCTHHY ITiKCeJ,
BUKOPUCTOBYIOUM OCOOJIMBOCTI aTOMHO-EMICIIHUX CIIEKTPiB. Briepiie 3anponoHOBaHO aBTOPCBKY METOJUKY
BMMIipIOBaHHS aMILIiTyJ aTOMHO-eMiCiliHUX JIiHi{ 3 ypaXyBaHHSIM alpiOpHUX JAaHUX 00 anapaTHOi PyHKLii
criekTporpada Ta arpiopHo BiJlOMUX MOKJIMBUX 4aCTOT BUIIPOMIHIOBaHHS, sIKa BUKOPUCTOBYE METOJ, MaKCUMaJbHOI
MIPaBIOIONiOHOCTI. MeToau JOoCiIKeHb 6a3yI0ThCS Ha 3arajibHil Teopii MaTeMaTUYHOI 0OpOOKU pe3yJIbTaTiB, a
€JIEKTPOHHI Ta ONTUYHI IPUJIaAU PO3POOJIEHI 3 3aCTOCYBAaHHSIM TEOPETUYHUX METO/MiB PO3PaXyHKY Ta
KOMITIOTEPHOTO 1 eKCIIepUMEHTAIbHOTO MOJIeJIt0BaHHs. TakoX BUKOPUCTOBYBAJIMCh CTATUCTUYHI METOAU OLiHKU
napaMeTpiB mymy. 17151 OLiHKM JIiHITHOCTI POTOYYTIMBUX CEHCOPiB BUKOPUCTOBYBABCS €MIIIPUYHN IPUHLIAIL
B3a€MO3aMiHHOCTI €KCIO3ULIii Ta iIHTEHCUBHOCTI onpoMiHeHHs byHsena-Pocko. CTyniHb yIIpOBaJKEHHS.
PesynbTaT pobOTH BIIpOBaIKeHi Ha 6araThox MifgnpueMcrsax Ykpainu. Cpepa BUKOpUCTaHHS. Po3pobiieny B

IYCepTaLiliHiil MEeTOIUKY 06pOOKM MOXXHA BUKOPUCTOBYBATU IPY aHaIi3i IHTEHCMBHOCTI CIIEKTPAJIbHUX JIiHi.

2. The purpose of the work is to investigate the mechanisms of distortions in image registration by multi-element
sensors, develop methods for compensating errors in the registration of atomic emission spectra images, and
propose methods for determining the parameters of spectral lines under conditions of signal noise and spectral
line overlap. The object of research is the process of atomic emission analysis of elemental composition of
substances and methods for its enhancement. Theoretical and practical results. An experimental setup has been
developed and created for testing CCD (Charge-coupled device) sensors from Toshiba model TCD1304AP /DG
under various temperature conditions, which are the most widely used in atomic emission spectrometers. The
ISP-51 spectrograph has been equipped with an image shift system to finely shift the spectrum image by a
fractional part of a pixel. A registration system has been established to capture the same spectral region, but
charge shifting in the sensors occurs in the opposite direction. Additionally, software (SW) has been developed for
spectrum registration, equipment control, results storage, data processing, and data output. Novelty of scientific
results. The idea of using the features of the CCD sensor signal to measure temperature without the use of
separate temperature sensors was developed, and this possibility was tested using the example of CCD sensors
TCD1304AP /DG. Author's methodology for comprehensive compensation of CCD sensor non-linearities using
temperature measurement without a sensor was proposed. The practical feasibility of expanding the dynamic
range several times by utilizing the blooming effect, which was previously considered a negative phenomenon, was
shown for the first time. An original approach to addressing the data incompleteness problem in increasing the
resolution of multi-element sensors by shifting the image to a fractional part of a pixel using the characteristics of
atomic emission spectra were proposed. A novel method for measuring the amplitude of spectral atomic emission
lines using prior knowledge of the spectrometer's hardware function and emission frequencies, employing the
maximum likelihood method, was proposed. Research methods are based on the general theory of mathematical
result processing, while electronic and optical devices are designed using theoretical calculation methods and
computer-aided and experimental modeling. Statistical methods for noise parameter estimation were also
employed. Empirical Bunsen-Roscoe reciprocity principle was used to assess the linearity of photosensitive
sensors, involving the interchangeability of exposure and irradiation intensity. Degree of implementation. The
results of the work have been implemented in numerous Ukrainian enterprises. Scope of use. The developed
processing methodology can be utilized in spectral line intensity analysis.
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