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Pedepar:

1. Bynrakosa A.l. Ionizauis, pparmenTarnis ta 36y KeHHS. MOJIEKYJI TIIyTaMiHy, [JIyTaMiHOBOI KMCJIOTH i BasliHy
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esleKTpoHHoOi ¢iznku HAH Ykpainny, Yxropog, 2022. lucepTaniio NpHUCBSIY€HO KOMIIJIEKCHUM Mac-
CIIEKTPOMETPUYHUM Ta ONTUKO-CIIEKTPOCKOIIYHUM JOCIIIPKEHHIM MOJIEKYJ aMiHOKHCIIOT [JIyTaMiHy
(C5HI0N203), rnyraminosoi kucyiotu (C5HINO4) i Baniny (C5HIINO2), sik HeonnpoMmiHeHHUx, Tak i pafialliiHO
ONPOMiHEHUX. Y BCTYIIi OOIPYHTOBAHO aKTyaJIbHICTh OOPaHOi TEMU AMCepTaLiliHOI pOOOTH, BKa3aHO METY, 3aadi,
IIpeiMeT Ta 00'€KT NOCiIpKeHb. BUK/IaeHO MPaKTUYHY 3HAaYMMiCTh Ta HAYKOBY HOBU3HY OTPMMAHUX PE3yJIbTaTiB. Y
nepioMy po3zini «loHizauis, GpparmeHTalist Ta 30y KEHHS MOJIEKYJI €JIEKTPOHHUM yJIapOM» IIPECTaBIeHO OLJISL]
Ta aHaJsi3 MeTo/iB ioHi3alii, pparmenTauii Ta frcouialii MOJIEKYJI, @ TAKOXK 30yIKEHHS MOJIEKYJ €JIEKTPOHHUM
yaapoMm. Y apyromy posgini «EkcriepuMeHTasbHa arnaparypa Ta MeTOAMKa IOCIiIKEHb» PO3IJISHYTO
€KCIIEPUMEHTAJIbHY YCTAHOBKY 3 MOHOIIOJIbHUM Mac-crieKTpoMeTpoM MX7304A Ta 3arajibHy CXeMY €KCIIEPUMEHTY.
[IpencraBieHo Ta ONKUCAHO YCTAHOBKY [JIsL JOCIIIKEHHS ONITUYHUX CIIEKTPIB BUIIPOMIHIOBAHHS I1apiB MOJIEKYJI, &
TaKOXX YCTaHOBKY /111 OIIPOMiHIOBaHHSI MOJIEKYJI BUCOKO€HEPTreTUYHMMU €JIEKTPOHAMU MIiKpOTpoH M-30. TperTiit
po3zin «dparmeHTalis Ta ioHi3allis MOJIEKyJI TIIyTaMiHy, [JyTaMiHOBOI KMUCJIOTH i BajliHy €JIEKTPOHHUM yIapOM»
IIPUCBSIYEHO 6E3M10CEPEHBO ONUCY IIPOBEAEHUX MAC-CIIEKTPOMETPUYHUX JOCTII)KEHb BUXOAY [TO3UTUBHUX iOHIB y
rasoBiil ¢azi, yTBOPEHMX BHACJIIOK M COLiaTUBHO] iOHi3allii MOJIEKYJI IJIyTaMiHy, TJTyTaMiHOBOI KMCJIOTH Ta BaJliHy
€JIEKTPOHHUM YZapoM. [leTalbHO [TPOaHasli30BaHO OCOGJIMBOCTI POLIECiB YTBOPEHHS iOHIB-(parMeHTiB LUX
MOJIEKYJI, a TAKOX JOCJIiIKeHO AMHAMIKy BUXOZY i0HiB-(parMeHTiB B iHTepBasli TeMIepaTyp BUIIAPOBYBaHHS
BuxinHoi pevoBrHU 290-460 K. Onmcano pe3ysnbTaTv BUMIPIOBAaHHS €HEPTETUYHUX 3aJIEXKHOCTEN IIOBHUX NepePi3iB
ioHi3aLii MOJIEKYJI TTTyTaMiHy, IJIyTaMiHOBOI KACJIOTH i BaJliHy. BU3Ha4eHO eHeprilo 10Hi3alii MOJIEKYJI [IyTaMiHy
(EIE= 8,64 + 0,25 eB), rmyraminosoi kucinotu (EIE = 8,86 + 0,25 eB) ta Baziny (8,72 + 0,22 eB). [IpoBeneHo
IIOPiBHSIHHS Pe3yJIbTaTiB €eKCIIePUMEHTaJIbHUX NOCiIKeHb 3 TEOPEeTUYHUMU ab initio po3paxyHKamy MoTeHLiaiB
ioHi3allii MOJIEKYJI IJTyTaMiHOBOI KMCJIOTH i IJIyTaMiHy B aZjiabaTMYHOMY HabJIMKEHHI Ta 32 €HEPriSMU 3B’3KY
HOMO- i LUMO-opb6iTtasnei HeATpaJbHUX MOJIEKYJI, & TAKOX 3 PO3PAaXxOBAaHNMU CYMapHMMU IepepizaMu
OJIHOEJIEKTPOHHOI i0Hi3alii 060X MOJIEKYJ eJIeKTPOHHUM yaapoM B Binary-Encounter-Bethe mopnesni Ta 3a
dopmyoro I'pusincekoro. [TokasaHo, 110 po3paxoBaHi IEPEPi3U J0OPE y3roAKyIOTbCS 3 OTPUMAHUMU
€KCIIEPMMEHTAIbHUMU IaHUMU. B yeTBepTOMy po31ii «30yA’)KEHHS MOJIEKYJI BaJliHy Ta IJIyTaMiHy €JIEKTPOHHUM
yIapOM» OIMCAHO LUKJI IPOBEAEHUX €KCIIEPUMEHTAILHUX JAOCIiIKEHb IPOLECIB 30yI)KEHHS €J1IeKTPOHAMU
MOJIEKYJI BaJIiHy Ta IJIyTaMiHy B ra3osiil ¢asi. BumipsiHo ontryHi QyHKUii 30yI)KeHHS HANIHTEHCHBHIIINX eMiciii
(ciexTpasbHUX JIiHIN Ta CMYyT) BUIPOMiHIOBaHHS. BUsIBIE€HO, 1110 €HEPreTUYHI IOPOTH 151 BCiX BUIB €MicCiit
3HAXOAAThCA B Mexax 10-11 eB, mo, IMOBipHO, TOB'sI3aHO 3 (pparMeHTallielo MOJIEKyJ M BajiHy. BcTaHOBJIEHO, IO
BHACJIiZOK JIMcoLianii MOJIeKyJI rilyTaMiny Halle(eKTHBHIle YTBOPIOIOTHCS MOJIEKYJIsIpHi emicii pagukany OH i
IesSKUX IHIINX MOJIEKYJIIPHUX PPAarMEHTIB, a TAKOXX PEECTPYIOTbCS CIIEKTPaJIbHI JIiHil 30yI)KEHNUX aTOMIB BOJHIO.
3HaleHo, 0 €HePEeTUYHI IOPOry 30YIPKEHHSI MOJIEKYJIIPHUX eMicill 3HaxozsaTbcs B Mexax 10-12 eB, Topi sk nJ1st
aTOMapHUX JIiHi# BOAHIO — B MeXax 13-15 eB. Briepuie MeTo0M ONTHUYHOI CIIEKTPOCKOIII] JOCTiIKEHO MPOoLec
€JIEKTPOHHOT O 30yI>)KEHHS MOJIeKYJI IJIyTaMiHy B ra3oBiil ¢asi fo i micsis onpoMiHeHHS 3pasKiB (eJ1eKTPOHaMU 3
enepriewo 11,5 MeB) Ha mikporponi M-30 no3amu 10 kI'p. [I71s1 HaM6iIbII iIHTEHCUBHUX JIiHii1 BUTPOMIHIOBAaHHS
MOJIEKYJISIPHUX (PParMeHTiB, 110 3HaXOASAThCS B 00J1acTi eHepriit 4,4-11,8 eB BU3HaueHo iX Moporu Ta eHepreTuyHi
3aJIeXKHOCTI e(peKTUBHOCTI 30y/I>)KEHHS B Jiania3oHi eHepriil esekTpoHiB 1o 30 eB. InenTudikoBaHo npouecu Ta
KaHaJy, BiNOBiabHi 32 BUTTPOMiHIOBaHHS. BCTaHOBJIEHO, 1O BilMiHHICTh XapaKTE€PUCTUUYHUX OCOBIUBOCTEN
ONTUYHUX (PYHKLIN 30yI>)KEHHS OIPOMIHEHOrO TJIyTaMiHy MOXKe OYTH IIOB'SI3aHa 3 IPUCYTHICTIO B HBOMY
MeTacTabiIbHUX CTaHiB, SIKi BiZICYTHI /1J11 HEOIIPOMiHEHOTO 3pa3ka. JocimkeHo posb pagialii y popmyBaHHi
MeTacTabiIbHUX MOJIEKYJISIPHUX CTPYKTYP, IKi BU3HAYa0Th OCOOJIMBOCTI ONITUYHUX i MAaC-CIIeKTPiB OIIPOMiHEHUX
3pasKiB IIyTaMiHy. BcTaHoBiIeHO, 110 BUOIp Aiana3oHy eHepriil CKaHyI0UOoro Iy4Ka eJ1IeKTPOHIB € BaKJIUBUM [1JIs1

JiarHOCTUKM pafialiiHUX YIIKOIKEHb 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.

Jep>kaBHu# peecTpaniiiHuii Homep JiP:

IIpiopuTeTHHI HaNIpSIM PO3BUTKY HayKH i TEXHIKH:
CrpareriyHui NpiopUTEeTHUI HAIIPSIM iHHOBaLilHOI AiJIBHOCTI:
ITiZCcyMKH JOCTiI>KEeHHS:

Iy6sikaii:



HaykoBa (HayKOBO-TE€XHiYHa) IPOAYKILis:
ConiasIbHO-€KOHOMIYHA CIPSIMOBAaHIiCTh:

OxopoHHi gJokymeHTH Ha OIIIB:

BrnpoBazkeHHS pe3yJIbTaTiB AHCEpPTalLii:

3B's130K 3 HAYKOBUMH T€MaMH:

VI. BizomocCTi Npo HayKOBOr0 KepiBHHKA /KEPiBHUKIB (KOHCYJIbTaHTA)

Baacwue IlpizBumie Im's Ilo-6aTbKOBI:
1. 3aBinomnyso AHatosil MUKoanoBuy

2. Zavilopulo Anatoliy M.

KBasigikamis: 01.04.04

Inmentudikarop ORCHID ID: He zactocosyetbcs
JoparkoBa iHdopmamist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kop 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHOCTI:

Cdepa ynpasiriHHSL:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

VII. BizomocTi npo odiliiHuX OTIOHEHTIB Ta pelleH3€HTiB
OdiuiiiHi OIOHEHTH
BaacHe IlpizBume Im's I10o-6aTbKOBI:

1. OctpoBepx AnHa CepriiBHa

2. Ostroverkh Anna Serhiyivna

KBasigikamis: 05.02.01

InenTudirkarop ORCHID ID: He 3actocoByerbes
JoparkoBa indpopmanist:

IloBHe HaliMeHYBaHHSI IOPHUAHUYHOI OCOOH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHS:

dopma BiracHoCTI:



Cdepa ynpasiriHHS:
InenTudikarop ROR: He zacrocosyerscs

CeKTOop HayKH: He 3aCTOCOBYETHCS

Baacwue IlpizBume Im's Ilo-6aTbKOBI:
1. lla¢ppanbomr IBaH IBaHOBUY

2. Shafranyosh Ivan Ivanovych

KBasigikamis: 01.04.04

Inentudikarop ORCHID ID: He zactocosyetbcs
JonaTkoBa iHdopmalist:

TloBHe HaliMeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma BiTacHOCTI:

Cdepa ynpassriHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

Penensentu

Baacwue IlpizBumie Im'a Ilo-6aTbKOBI:
1. PomaH BikTopis [BaHiBHA

2. Roman Viktoriia I.

KBastigikamis: 01.04.04

InenTudikarop ORCHID ID: He sactocoByerbcs
JoparkoBa iHdpopmamuist:

TloBHe HaliMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €IPIIOY:

Micue3Haxoa KeHHS:

dopma ByracHoOCTI:

Cdepa ynpasiriHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Bykctiy Bacuibs CrenanoBuy

2. Vukstych Vasyl S.



KBasigikamis: 01.04.04

InenTudikarop ORCHID ID: He sactocoyerbcs

JonaTkoBa iHdopmais:

IloBHe HaiMEeHYBaHHS IOPHIHYHOI 0COOH:
Kopg 3a €1PIIOY:

Micue3HaxoaKeHHS:

dopma By1acHoCTI:

Cdepa ynpasiiHHS:

InenTudikarop ROR: He zacrocosyerscs

CeKTop HayKH: He 3aCTOCOBYETHCS

VIII. 3aKkJIr04Hi BiZoMOCTi

BiiacHe IIpizBuie Im's Ilo-6aTbKOBI

TOJIOBH pajgu

BiiacHe IIpi3Buie Im'sa ITo-6aTbKOBI

roJIOBYIOYOrO Ha 3aciJaHHi

BignoBigasibHuUI 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTparop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 3a peeCcTpallilo HayKOBOi

OisIIBHOCTI

Boposuk Osnekcanup OeKcaHapOBUY

Boposuk Onekcanap OneKkcaHapoBud

IOpuenko T.A.



