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Pedepar:

1. Bynrakosa A.l. Ionizauisi, pparmeHTanis Ta 30yI KEHHSI MOJIEKYJI IIIyTaMiHy, [JIyTaMiHOBOI KMCJIOTH i BasliHy
€JIEKTPOHHUM yzapoM. — Ksasni¢ikauiliHa HayKoBa Ipals Ha IpaBax pykomnucy. Jlucepraiist Ha 30,006yTTS HAYyKOBOTO
cTymeHs fokropa ¢inocodii 3a crnenjanbsaicTio 104 «®disuka Ta actpoHoMisny (10 - IIpuponHudi Hayku) — [HCTUTYT
esleKTpoHHoi ¢izuku HAH Ykpainu, Yxropog, 2022. lucepTaliio NpHUCBSIY€HO KOMIIJIEKCHUM Mac-
CIIEKTPOMETPUYHUM Ta ONTUKO-CIEKTPOCKOIIYHUM JOCIIIPKEHHAM MOJIEKYJI aMiHOKUCIIOT [JIyTaMiHy

(C5H10N203), rnyraminosoi kucyiotu (C5SHINO4) i Baniny (C5HIINO2), sik HeonnpomiHeHux, Tak i pagialiiHO



OIIPOMiHEHUX. Y BCTYIIi OGIPYHTOBAHO aKTyaJIbHICTh OOPaHOI TEMHU JUCEPTALIINHOI pOOOTH, BKa3aHO METY, 3a/1adi,
IIpeMET Ta 00'€KT NOCHiIpKeHb. BUK/IaeHO MPaKTUYHY 3HAaYMMiCTh Ta HAYKOBY HOBU3HY OTPMMAHUX PE3yJIbTaTiB. Y
nepioMy po3zini «loHizauis, GpparmeHTalist Ta 36y KEHHS MOJIEKYJI €JIEKTPOHHUM yJIapOM» IIPEICTaBIIEHO OLJIS]
Ta aHaJji3 MeTOoiB ioHi3auii, pparmenTauii Ta frcoLiaLii MOJIEKYJI, @ TAKOXK 30yIKEHHS MOJIEKYJ €JIEKTPOHHUM
yoapoM. Y gpyromy poszisni «EkcriepumeHTanbHa anaparypa Ta METOAMKA NOCIiIKEHb» PO3IJISIHYTO
€KCIIEpUMEHTAJIbHY YCTAHOBKY 3 MOHOIIOJIbHUM Mac-crekTpoMeTpoM MX7304A Ta 3arajibHy CXeMY €KCIIEPUMEHTY.
[IpencraBieHO Ta ONKUCAHO YCTAHOBKY [1JIs1 JOCJIiIKEHHS ONTUYHUX CIIEKTPiB BUIIPOMiHIOBaHHS I1apiB MOJIEKYJI, &
TaKOX YCTAaHOBKY 11711 OIPOMIHIOBAHHS MOJIEKYJI BUCOKOEHEPIETUYHMMU €JIEKTPOHAMU MIKpOTpoH M-30. Tperiii
po3zin «dparmeHTalis Ta ioHi3allis MOJIEKyJI TTIyTaMiHy, [JyTaMiHOBOI KMUCJIOTH i BaJliHy €JIEKTPOHHUM yIapOM»
IIPUCBSIYEHO 6E3M10CEPEHBO ONUCY ITPOBEAEHUX MAC-CIIEKTPOMETPUYHUX JOCTII)KEHDb BUXOAY [TO3UTUBHUX iOHIB y
rasoBiil azi, yTBOPEHMX BHACJIIJIOK JMCOLiaTUBHO] iOHi3allii MOJIEKYJI IJIyTaMiHy, TJIyTaMiHOBOI KMCJIOTH Ta BajliHy
€JIEKTPOHHUM YZapoM. [leTaIbHO [TPOaHasli30BaHO OCOOJIMBOCTI MPOLIECiB YTBOPEHHS iOHIB-(parMeHTiB LUX
MOJIEKYJI, @ TAKOXX JOCJIIKEHO NNHAMIKy BUXOAY iOHiB-QparMeHTiB B iHTepBaJji TeMIepaTyp BUIapOBYyBaHHS
BuxinHoi pevoBrHU 290-460 K. Onmcano pe3ysibTaTv BUMIPIOBAaHHS €HEPrETUYHUX 3aJIEXKHOCTEN IIOBHUX N1€PEPI3iB
ioHi3aLii MOJIEKYJI TTTyTaMiHy, I7IyTaMiHOBOI KACJIOTH i BaJliHy. Bu3Ha4eHO eHeprilo ioHi3allii MOJIEKyJI [JIyTaMiHy
(EIE= 8,64 + 0,25 eB), rmyraminosoi kuciotu (EIE = 8,86 + 0,25 eB) ta Baniny (8,72 + 0,22 eB). [IpoBeneHo
IIOPiBHSIHHS Pe3YyJIbTaTiB €KCIIEPUMEHTAJIbHUX NOCIIKeHb 3 TEOPETUYHUMU ab initio po3paxyHKamy NMoTeHiaiB
ioHi3alii MOJIEKYJI IJTyTaMiHOBOI KMCJIOTH i IJIyTaMiHy B aZiiabaTMYHOMY HaOJIMKEHHI Ta 32 €HEPriMU 3B’3KY
HOMO- i LUMO-op6iTtazneit HeUTpaJbHUX MOJIEKYJI, @ TAKOX 3 PO3pAaxOBaHMMU CyMapHUMH Iepepizamu
0/IHOEJIEKTPOHHOI i0Hi3allii 060X MOJIEKYJ eJIeKTPOHHUM yaapoM B Binary-Encounter-Bethe mopnesi Ta 3a
dopmyiioro I'pusincekoro. [TokasaHo, 10 po3paxoBaHi epepizu Jo6pe y3roKylTbCs 3 OTPUMaHNMU
€KCIIEPMMEHTAIbHYMU JAaHUMU. B yeTBepTOMy po31isi «30yI>)KEHHS MOJIEKYJI BaJliHy Ta IJIyTaMiHy €JIEKTPOHHUM
yIapOM» OIMCAHO LUKJI IPOBEAEHUX €KCIIEPUMEHTAIbHUX AOCIiIKEHD IPOLECIB 30yI)KEHHS €JIEKTPOHAMU
MOJIEKYJI BaJliHy Ta [JIyTaMiHy B ra3oBiil ¢paszi. BumipsHo ontuyHi QyHKIii 36yI)KeHHsT HalliHTeHCUBHIIIMX eMiciit
(ciexTpasbHMX JIiHIN Ta CMYyT) BUIPOMiHIOBaHHS. BUSIBJI€HO, 1110 €HEPreTUYHI IOPOTH 181 BCiX BUIIB €MicCiit
3HaXOAAThCS B Mexkax 10-11 eB, mo, IMOBipHO, TOB'sI13aHO 3 PparMeHTaliel0 MOJIEeKyJ Y BajliHy. BcTaHOBsIEHO, 0
BHACJIiZIOK McoLianii MoJIeKyJl rilyTaMiny Halle(eKTHBHille YTBOPIOIOTHCS MOJIEKYJIsIpHi eMicii pagukany OH i
IesSKUX iHIINX MOJIEKYJIIPHUX (PPArMEHTIB, a TAKOXX PEECTPYIOThCS CIIEKTPaJIbHI JIiHil 30yI)KEHNUX aTOMIB BOJHIO.
3HaliieHO, 1110 €eHEPETUYHI OPOry 30yI>)KeHHSI MOJIEKYJIIPHUX eMicill 3HaxoasaThcs B Mexax 10-12 eB, Toxi gk ayis
aToOMapHUX JIiHil BOAHIO — B MeXax 13-15 eB. Biepiie MeTogomM ONTUYHOI CIIEKTPOCKOTIii JOCTiAKEHO mpo1iec
€JIEKTPOHHOTO 30yI>)KEHHs MOJIEKYJI [JIyTaMiHy B ra3oBiil ¢azi o i micjist onpoMiHeHHSs 3pasKiB (eJ1eKTPOHaMU 3
eneprieo 11,5 MeB) Ha mikpotrponi M-30 no3amu 10 kI'p. [I71s1 Ha6iIbII iIHTEHCUBHUX JIiHil1 BUTIPOMIHIOBaHHS
MOJIEKYJISIPHUX QparMeHTiB, 0 3HaX0IAThCs B 0671acTi eHepriit 4,4-11,8 eB Bu3Ha4YeHO iX IOpOru Ta eHepreTuydHi
3aJIeXKHOCTI e(PeKTUBHOCTI 30y/I>)KEHHS B Jjiania3oHi eHepriil eseKTpoHiB 1o 30 eB. InenTudikosaHo npouecu Ta
KaHaJy, BiNOBiabHi 32 BUTIPOMiHIOBaHHS. BCTaHOBJIEHO, 11O BilMiHHICTh XapaKTE€PUCTUUYHUX OCOBJIUBOCTEN
ONTUYHUX (PYHKLIN 30yI>)KEHHS OIIPOMIHEHOTO TJIyTaMiHy MOXKe OYTH IOB'SI13aHA 3 MPUCYTHICTIO B HBOMY
MeTacTabiIbHMX CTaHiB, SIKi BiICyTHI 17151 HEOIpOMiHeHOro 3pas3ka. JlocimkeHo posb pagiatii y popmyBaHHI
MeTacTabiIbHUX MOJIEKYJIIPHUX CTPYKTYP, SIKi BUBHAYal0Th OCOOJIMBOCTI ONTUYHUX | Mac-CIEKTPiB ONIPOMiHEHUX
3pasKiB IIIyTaMiHy. BcTaHOBII€HO, 10 BUOIp Aiana3oHy €Hepriil CKaHyI0UOro Iy4Ka eJIeKTPOHIB € BAKJIUBUM [1JIs1

IiarHOCTUKM pafialiiHUX YIIKOIPKEHb aMIHOKHUCIIOT.

2. Bulhakova A.I Ionization, fragmentation and excitation of glutamine, glutamic acid and valine molecules by
electron impact. - Qualifying scientific work as a manuscript. Thesis is submitted to acquire the scientific degree
of Doctor of Philosophy in the specialty 104 “Physics and astronomy”. - Institute of Electron Physics NAS Ukraine,
Uzhhorod, 2022. The work is devoted to complex mass spectrometric and optical spectroscopic studies of the
amino acid molecules glutamine (C5H10N203), glutamic acid (C5HINO4), and valine (C5H1INO2), both unirradiated
and irradiated. The introduction substantiates the relevance of the chosen topic of the dissertation, indicates the
purpose, tasks, subject and object of research. The practical significance and scientific novelty of the obtained
results are outlined. The first chapter "lonization, fragmentation and excitation of molecules by electron impact"



presents an overview and analysis of methods of ionization, fragmentation and dissociation of molecules, as well as
excitation of molecules by electron impact. In the second chapter "Experimental equipment and research
methods" the experimental setup with the monopole mass spectrometer MX7304A and the general scheme of the
experiment are considered. The installation for the study of the optical spectra of the emission of pairs of
molecules is presented and described, as well as the installation for the irradiation of molecules with high-energy
microtron M-30 electrons. The third chapter " Fragmentation and ionization of glutamine, glutamic acid and valine
molecules by electron impact” is devoted directly to the description of mass spectrometric studies of the yield of
positive ions in the gas phase, formed as a result of dissociative ionization of glutamine, glutamic acid, and valine
molecules by electron impact. The peculiarities of the processes of the formation of fragment ions of these
molecules were analyzed in detail, and the dynamics of the release of fragment ions in the range of temperatures
of evaporation of the original substance 290-460 K. The results of measuring the energy dependences of the
complete ionization cross sections of glutamine, glutamic acid and valine molecules were described. The ionization
energy of glutamine molecules (EIE = 8,64 + 0,25 eV), glutamic acid (EIE = 8,86 + 0,25 eV), and valine (8.72 + 0.22 eV)
was determined. The results of experimental studies were compared with theoretical ab initio calculations of the
ionization potentials of glutamic acid and glutamine molecules in the adiabatic approximation and by the binding
energies of HOMO and LUMO orbitals of neutral molecules, as well as with the calculated total cross sections of
one-electron ionization of both molecules by electron impact in Binary-Encounter-Bethe model and Gryzinsky's
formula. It is shown that the calculated cross sections agree well with the obtained experimental data. The fourth
chapter "Excitation of valine and glutamine molecules by electron impact" describes the cycle of conducted
experimental studies of processes of electron excitation of valine and glutamine molecules in the gas phase. The
optical excitation functions of the most intense emissions (spectral lines and bands) of radiation were measured. It
was found that the energy thresholds for all types of emissions are within 10-11 eV, which is associated with the
fragmentation of the valine molecule. It was established that due to the dissociation of glutamine molecules,
molecular emissions of the OH radical and some other molecular fragments are most efficiently formed, and
spectral lines of excited hydrogen atoms are also recorded. It was found that the energetic excitation thresholds of
molecular emissions are within 10-12 eV, while for atomic lines of hydrogen - within 13-15 eV. For the first time, the
process of electronic excitation of glutamine molecules in the gas phase before and after irradiation of samples
(with electrons with an energy of 11,5 MeV electrons) on the M-30 microtron with doses of 10 kGy was investigated
by the method of optical spectroscopy. For the most intense emission lines of molecular fragments, located in the
energy range of 4.4-11.8 eV, their thresholds and energy dependences of the excitation efficiency in the range of
electron energies up to 30 eV were determined. Processes and channels responsible for radiation have been
identified. It was established that the difference in the characteristic features of the optical excitation functions of
irradiated glutamine can be associated with the presence of metastable states in it, which are absent in the non-
irradiated sample. The role of radiation in the formation of metastable molecular structures, which determine the
features of the optical and mass spectra of irradiated glutamine samples, was studied. It has been established that
the choice of the energy range of the scanning electron beam is important for the diagnosis of radiation damage to
amino acids.
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