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2.1. Tema guceptauii

2.2. AHoTauia ancepTauii

[HCTUTYT AgepHUX ZocNigKeHb HalioHanbHOT akagemii HayK YkpaiHu
(izeHTUikauinHmin ko 23724640)

1. 3po6yBau cTyneHs gokropa ¢inocodii

Mw3HikoB AMNTPO EBreHoBNY

47753 ®di3vka agpa, Pisvka enemMeHTapHNX YaCTUHOK i BUCOKMNX
eHeprin; agepHo-Gi3nYHi ycTaHOBKY; padiayiiHa ¢isnka
KOHZAEHCOBAHOro CTaHy; ¢i3nKa nnasmMu i agepHoro cnHTesy (104
®i3nKa Ta acTpoOHOMISA)

Hi

2. Anceprauin

HepagioximiuHi meToan peecTpauii pagioHyknigis 10Be, 36Cl, 59,63Ni,
90Sr i3 BiaxoaiB AEC

AwvcepTayia Ha 3406yTTS HayKOBOro CTyrneHs KaHAnAaTa $isnko-
MaTeMaTUYHUX HayK (gokTopa ¢inocodii) 3a cneujianbHicTio 104 di3vka
Ta aCTPOHOMIA. IHCTUTYT Af4epHUX AocifKeHb HauioHanbHOI akagemil
HayK YkpaiHu, Knis, 2023.

AncepTauiliHa poboTa NpucBaYeHa po3pobLi HOBUX MeTOAiB peecTpauii
AOBrOXMBYYUX PaSIOHYKNIAIB, LLIO PO3MaAatoTbes 6e3 BUNyCKaHHS
ramMma-KBaHTIB Ta HaMpaLbOBYOTLCSA B MpoLeci poboTy aTOMHUX
peakTopiB, a TakoX 3aCTOCYBaHHIO PO3PO6IeHNX METOAIB ANs
AOCNIAKEHHS NoBeAiHKM pagionyknigis y 30-km 30Hi YAEC.

Y nepLuomMy po3gini guceprauii onnmcaHo cyyacHi MeToam peectpadii
TaKUX PasioHYKNIAIB | HArONOLLYETLCS, WO IXHE BUKOPUCTAHHS A4
npoBe/eHHA MacoBMX BUMIPIOBaHb TEXHIYHO CKNlagHe, BKpali
TPYZAOMICTKE i Ay>Xe Aopore.

Y apyromy posgini onncaHo Metoj peectpalii 10Be B KOHCTPYKLiNHMX
MaTepianax AEC. na po3B'A3aHHA NOCTaB/1€HOr0 3aBAaHHSA BrepLue B
LLMPOKOMY Aiana3oHi eHeprili BUMipsiHO BUXoAun 7Be Ha aTomax bopy Ta
6epunito. NMpoBeseHO TeOPETUYHI po3paxyHkU BUxoay 7Be 3a
AOMNOMOroK NporpamMHmx kogis TALYS 1.96 i EMPIRE 3.2. CnekTtpwu
rajJisMiBHVX raMma-KBaHTiB pO3paxoByBasiv 3a JOMNOMOroLo
nporpamHoro kogy GEANT4. ina po3paxyHKy TeEOPETUUYHUX
iHTerpasbHUX BUXOAIB rasibMiBHi CNeKTpY 3ropTaamcs 3
po3paxoBaHUMU GYHKLiAMN 36yaKeHHs (Y, 2n)- i (Y, p2n)-peakLili.
Pe3ynbTat po3paxyHKiB JeMOHCTPYHOTh, LLIO 3i 3pOCTaHHAM eHepril
rasibMiBHUX raMMa-KBaHTIB JOMiHYOTb CTAaTUCTUYHNI i
nepeApiBHOBaXXHUI MeXaHi3M1 SAepHNX peakuii. Ha nigcTasi
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NpoBeseHUX JOCNifKeHb NPOAEMOHCTPOBAHO, LLO B AiNAHLI eHepril
raibMiBHOro BunpomiHoBaHHA 30-40 MeB Buxia (y, 2n)-peakLii Ha 9Be
Ta (y, p2n)-peakuii Ha 10B y mexax noxmbku BUMiptoBaHb HabyBatoTb
OZHOrO 1 TOro CaMOoro 3HaYeHHs. 3 ypaxyBaHHSAM TOro, Lo nepepis (n,
y)-peaxuii Ha 9Be i (n, p)-peakuii Ha 10B npn6aAn3HO 0AHaKOBI,
3anponoHoBaHO MeTo B1MiptoBaHb 10Be 3a gonomoroto
doTOaKTMBALNHOIO aHanisy, B AKOMY BM3HAaYaETbCA Ki/IbKiCTb aTOMIB
9Be i 10B B onNpoMiHEHMX KOHCTPYKLiNHMX MaTepianax. Anga Banigauii
3anpornoHoBaHOro MeToAy NpoBeAeHO OMPOMIHEHHS rasibMiBHUMU
raMMa-KkBaHTaMu 3 rpaHUYHO eHeprieto 36 MeB 3paskis
KOHCTPYKLiMHMX MaTepianis 3 2-ro eHepro6aoky YAEC. Y pe3ynbTaTi
6yN0 BMU3HaUeHo aKTMBHICTb 10Be y 3paskax, Aka onnHunacs B
AianasoHi (0.01-0.09) bk/r. MepeBipKy TOYHOCTI MeTOAy 34iicHI0BaNn
yepes po3paxyHoK akTUBHOCTI 94Nb po3pobaeHnM MeTOAOM i 3i
CMeKTpPiB raMMa-npoMeHiB, CynyTHix po3nagy 94Nb.

Y TpeTbOMYy PO34ini PO3risHYTI MEeTOAN PeecTpaLii AOBroXNBYUYNX
isoToniB 59,63Ni, 55Fe Ta 36C| BigHOoCHO akTnBHOCTI 60C0. MeTanesi
KOHCTPYKLUiMHI maTepiann AEC MiCTATb 3HaYHy KiNbKiCTb Hikenw (40
30%). Sk JoMilLKa HiKeno B X MaTepianax MicTUTbCA | kobanbT. Ans
BU3Ha4YeHHs akTBHOCTI 63Ni 6yB po3pobaeHnii $oToakTMBaLINHWIA
MeTOZ, Lo 6a3yeTbCA Ha BU3HaYeHHI KinbkocTi aTomie 62Ni i 59Co.
Mepioa HaniBpo3nagy 63Ni ctaHoBUTL 100 pokiB i BiH po3NajaeTbes 3
BUMYCKaHHAM e/1eKTPOHIB 3 TPaHNYHOK eHeprieto 67 keB. AKTUBHICTb
60Co B nepLUi poKW Mic/IA 3yNUHKN PeakTopa € AOMIHYHUOI0 B
KOHCTPYKUIMHNX MaTepianax i nerko BUMIprOETLCA 3a raMma-
NPOMEHSIMU, LLIO CYNPOBOAXYHOTb MOro po3nada.

Mepepisn (N, y)-peakuin B eniTensioBili A4insaHui obepHeHO NponopLiiHi
LIBUAKOCTI HEMTPOHIB, TOMY Nif, Yac po3paxyHKy akTmsHocTi 63Ni i 60Co
nornpaska Ha eHeprito HeNTPOHIB, SiKi ONMPOMIHIOTbL KOHCTPYKLiAHI
mMaTepianu, byae ofHa i Ta cama. 3 ornagy Ha ue B guncepTadii
MoKasaHo, LWo nepepisn (n, y)-peakuin Ans HeNTPOHIB 3 eHeprieto 0.025
eB 3abe3neuyoTb KOPEKTHY OLiHKY BUX0AiB akTuBHOCTI 63Ni i 60Co.
[nsa BU3HauYeHHSA KinbKOCTi aTOMIB Hikento Ta KobanbTy BUMIPAHO Ta
npoaHanizoBaHO ekcnepuMeHTanbHi AaHi Ans (y, n)- i (y, p)-peakuin Ha
58Ni i 59Co gnda ranbMiBHUX raMMa-KBaHTIB 3 TPaHUYHOK eHeprieto 19
MeB. BukoHaHO TeopeTUYHi po3paxyHKn GyHKLUIT 36yaxeHHs (y, n)-i (Y,
p)-peakuiiin 3a ;onoMororo nporpamHoro kogy TALYS1.96 i npoBeaeHo
3ropTKY PO3paxyHKOBUX 3HaY€Hb 3i CNEKTPOM rajibMiBHOIO
BUMPOMIHIOBAHHS, 3MOZe/1bOBaHOro B MporpaMHoMy kogi GEANTA4.
lNokasaHo, WO 3 TOYHICTIO, Kpaw,oro 3a 10%, Buxoam (y, n)-peaku,ii Ha
58Ni i 59Co 36iratoTbCs 3 ekcnepuMeHTaNbHUMIM 3HAYEHHAMMU.
3anponoHOBaHVM MeTOAOM BU3HAUEHO aKTMBHICTb 63Ni B
OMPOMIHEHMX KOHCTPYKLINHMX MaTepianax 2-ro eHeprobaoky YAEC, sika
B pPi3HMX 3pa3kax ctaHoswmna Big 1.6+0.16 bk/r o 41.3+4.1 bk/r. Ang
Banijauii 3anponoHoBaHOro Metoay 6yno NpoBesieHO pasioXiMiyHi
DOCNIAKEHHA LMX 3pa3kKiB Ta iaeHTMdIKOBAHO aKTUBHICTb Big <2 Bk/r go
42.3+4.3 bk/r, TO6TO cnocTepiraeTbCs xopoLua 3roAa. AKTMBHICTb 59 Ni B
OMpOMiHeHuX 3pa3kax ctaHoBwuAa Big 0.02+0.01 bk/r go 0.52+0.05 Bk/r,
Lo niaTeepannmn pagioximiuHi gocnigxeHHs Big <0.05 bk/r o 0.68+0.15
b/T.

[nsa Bu3HaueHH:A akTUBHOCTI 55Fe i 36C| B KOHCTPYKLiHWX MaTepianax
AEC BMKOPWCTOBYBaBCH TOW Xe Niaxid, Lo i 415 AOBroXnBYy4YMX i30TOMNIB
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Hikenr. 119 Lboro 6ynu BUBYeHi cepesiHb03BaXeHi No NoToKy
rafibMiBHOro BUMPOMIHIOBaHHSA BUXOAM (Y, N)- i (Y, p)-peakuiri Ha
npupoaHoMYy 3aisi i xiopi.

Y TpeTboMy po3gini obrosopeHo 90Sr, oaunH i3 pagiobionoriyHo
Hebe3neyHiWwnx pagioHyKNiAgiB, AKMN PO3NajaEeTbCs 3 BUNYCKaHHAM
ABOX rpyn eNneKkTPOHIB i3 rpaHMYHo0 eHeprieto 0.55 MeB i 2.5 MeB. Ang
peecTpauii enekTpoHiB BukopuctoByBanuca Nal (Tl)-cnekTtpomeTpu 3
TOHKVM BXiJH/M BiKHOM. 3apeEeCTPOBaHi ekCrnepmMeHTanbHi cCnekTpu
MOPIiBHIOBANNCS 3i crekTpamMun enekTpoHiB daHToMmiB 90Sr, 137Cs i 40K.
MNpuy BUMipHOBaHHI CMEKTPIB eNeKTPOHIB y "TOBCTMX" 3paskax I'PyHTy abo
B XXMBWX 06'€KTax BUXif eNeKTPOHIB 3 TakMX 3paskie ¢pakTUUHO
obepHeHO NPONOpPLiNHWIA LWiNBHOCTI MaTepianiB y UMX 3paskax. Y
po60Ti MpoBeAeHO AOCNIAKEHHS 3 ypaxyBaHHAM CaMOMOMINHAHHS
eNeKTpoHiB. Yepes 6e3nepepBHICTb CNeKTpa enekTPoHiB, Lo
CYyNnpoBOAXYHOTL po3nag 90Sr, i 3 ypaxyBaHHAM TOrO, LLO B 3pa3kax
r'pyHTY 3 30-KM 30HU YAEC npucyTHICTb 90Sr 3aBXAN CYyNnpPOBOAXKYETHCA
137Cs, po3pobneHnii MeTOA BpaxyBaHHS 3MiHW MYCTUHM 3paskKiB 3a
KOHBEPCiiHNM MiKOM efIeKTPOHIB, Ki CynpoBoAXyoTb po3nag 137Cs,
Ta NOKa3aHo, LLIO NonpasKa A8 akTMBHOCTI 90Sr npsiMo nponopLinHa
Pi3HWULI eHepriii KOHBEPCIiHNX eNekKTPOHIB Y AOCNIAXKYBaHOMY 3pa3kKy i
KanibpyBanbHomy daHTOMI. OAHi€t0 3 MepeBar po3pobsieHoOro MeToay
BU3HaYeHHA akTUBHOCTI 90Sr € MOX/INBICTb NPUXKUTTEBUX BUMIPIOBaHb
Oro akTMBHOCTI B XXMBUX 06'ekTax. OgHaK Npuv NOAIGHNX AOCNIAKEHHSAX
BaXJIMBO BPaxoBYBaTV reOMeTPIt0 i PO3MIp AOCNIAXKYBaHMX 06'EKTIB.
Byno npoBeAeHO AOCNIAKEHHS MULLOMOAIGHNX FPU3YHIB i MTaxiB,
BrnoBneHnx y 30-km 30Hi YAEC pi3HKX po3MmipiB, 3a 4OMOMOro0
3anponoHOBAHOI0 MeToAy Ta PaAioXiMiYHUX AoChigKeHb. [Toka3aHo,
L0 Yepes 0cobamBoCTi po3noginy 90Sr y KicTkax MULLOMOAIGHNX
rPU3yHiB i NTaxiB HeObXiAHO BBOAUTW MOCTIHNIA MONPaBOYHNIA
KoediLieHT Npu gocnigxeHHi nTaxis. OTprUMaHo HaniBeMnipnyHy
3aNeXHiCTb PO3paxyHKy akTMBHOCTI 90Sr 3an1eXHO Big po3Mipis (Macw)
MULLOMOAIGHNX FPU3YHIB.

Mpwn focnigXeHHi akTUBHOCTI PafioHyKNiAiB, WO po3najaroTbCs 3
BUMYCKaHHAM XapakKTepPUCTUYHOIO i HN3bKOEHepreTMYHOro
BUMPOMIHIOBAHHSA B 3pa3kax HaBKOIMLLHLOIO CepeAoBMLLa, BUHVKAE
TaKOX HEOBXiAHICTb BpaxyBaHHS CaMOMOMINHAHHS LX raMMa-KBaHTIB.
Bynu npoeegeHi gocnifxeHHs akTMBHOCTI 137Cs y 3pa3kax rpyHTY 40
rn6uHY 30 cM, po3paxoBaHi 3a BUXOAAaMU XapakTePUCTUHHOIO
BUMPOMiHIOBaHHS b6apito 3 eHeprieto 36 keB i 3a BUXO40M ramma-
BUMPOMIiHIOBaHHS 3 eHeprieto 661 keB. 3 oTpMMaHWx pesynbTaTis 6yno
chdopMynbOBaHO BMPa3 AN BU3HAYEHHS akTUBHOCTI 241Am 3
ypaxyBaHHAM CNiBBigHOLIEHHS akTUBHOCTen 137Cs, BU3HaYeHMX
BULLEONNCaHMMM Ccriocobamu.

BukopucToByrtoun po3pobneHi MeToAm 6yno OLiHEHO BHECOK HOBUX
HaAXOKeHb PajioHyKNiAiB Yy BepXHi wapw rpyHTiB 30-kM 30HM YAEC
yepes yCTaHOBKY KOH}aMeHTa i NOKa3aHOo 3Ha4YHy 3MiHY KOHLeHTpauii
pagioHyknigis 60Co, 94Nb i 241Am no6ansy ob'ekta "Ykputra".
3anpornoHoBaHi pernepu KOHTPOJIKO HOBUX PaAioakTVBHUX HAAXO4KEHb
3a akTMBHicTO 94Nb.

Mpwn fgocnigkeHHsX BepTUKaAbHOI Mirpauii pasioHykNiAiB Ha NOAIroHax,
o npuMmkaoTb 4o 30-kinomeTpoBoi 30HM YAEC 6yno nokasaHo, Lo
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Mirpauis pagioHykniAiB NannBHMX BUNagiHb BigbYBaETLCA aHaNOriYHO,
AK i no6an3y o6'ekta "YkpuTTa". OCHOBHa KOMMNoHeHTa 137Cs
NnoB'A3aHa 3 aepo30/IbHUMUN BUNAAIHHAMM i pagioHyknign 137Cs
3B'A3YIOTbCA B MOBEPXHEBOMY LUAPI.

HanisemnipnyHi popmMynu BpaxyBaHHS BMIMBY HEOAHOPIAHOCTEN y
AOCNIAKYBAHMX 3pa3kax Ha PO3PaxyHKW aKTUBHOCTI pagdioHyKiAiB
NiABNWMNTE AOCTOBIPHICTb BU3HAUEHHS akKTUBHOCTI y 3pa3kax AOBKinns.

Po3pobneHi meToan BU3HauYeHHS akTUBHOCTI i30ToniB 10Be, 58Ni, 63Ni i
55Fe y KOHCTpYKUinHMX MaTepianax AEC MOXyTb 6yT BUKOPUCTaHI Ans
BUBYEHHS aKTUBHOCTI B KOHCTPYKLIMHNX MaTepianax 3HATOro 3
ekcnayaTau,ii 2-ro eHepro6aoka YAEC i pasioakTUBHUX BigXOAIB 3 iHLINX
npaurorounx AEC YkpaiHw.

Myznikov D.E. Non-radiochemical methods for detecting 10Be, 36Cl,
59,63Ni, 90Sr radionuclides in nuclear power plant waste. - Manuscript.

Thesis for a scientific degree of Doctor of Philosophy in specialty 104
Physics and Astronomy. Institute for Nuclear Research of the National
Academy of Sciences of Ukraine, Kyiv, 2023.

The dissertation is devoted to the development of new methods for
recording long-lived radionuclides that decay without the release of
gamma rays and are generated during the operation of nuclear
reactors, as well as the application of the developed methods to study
the behavior of radionuclides in the 30-km zone of the Chornobyl NPP.

The first chapter of the dissertation describes modern methods of
registration of such radionuclides and emphasizes that their use for
mass measurements is technically difficult, extremely laborious and
very expensive.

The second section describes the method for registering 10Be in NPP
structural materials. To solve this problem, the yields of 7Be on boron
and beryllium atoms were measured for the first time in a wide energy
range. Theoretical calculations of the 7Be yield were performed using
the TALYS 1.96 and EMPIRE 3.2 software codes. The spectra of brake
gamma-rays were calculated using the GEANT4 program code. To
calculate the theoretical integrated outputs, the brake spectra were
convolved with the calculated excitation functions of the (y, 2n)- and (y,
p2n)-reactions. The results of the calculations demonstrate that the
statistical and pre-equilibrium mechanisms of nuclear reactions
dominate with increasing energy of the braking gamma quanta. Based
on the studies, it is demonstrated that in the range of braking radiation
energies of 30-40 MeV, the yield of the (y, 2n)-reaction to 9Be and the (y,
p2n)-reaction to 10Be acquire the same value within the measurement
error. Taking into account that the cross section of the (n, y)-reaction to
9Be and the (n, p)-reaction to 10B are approximately the same, a
method for measuring 10Be by photoactivation analysis is proposed,
which determines the number of 9Be and 10B atoms in irradiated
structural materials. To validate the proposed method, samples of
structural materials from ChNPP Unit 2 were irradiated with brake
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gamma quanta with a limiting energy of 36 MeV. As a result, the 10Be
activity in the samples was determined to be in the range (0.01-0.09)
Bg/g. The accuracy of the method was checked by calculating the
activity of 94Nb by the developed method and from the gamma ray
spectra accompanying the decay of 94Nb.

The third section discusses methods for detecting long-lived isotopes
59,63Ni, 55Fe, and 36CI relative to 60Co activity. Metal structural
materials of NPPs contain a significant amount of nickel (up to 30%).
These materials also contain cobalt as an impurity of nickel. 63Ni half-
life is 100 years and it decays with the release of electrons with a
limiting energy of 67 keV. To determine the activity of 63Ni, a
photoactivation method was developed based on determining the
number of 62 Ni and 59Co atoms. 60Co activity in the first years after
reactor shutdown is dominant in structural materials and is easily
measured by gamma rays accompanying its decay.

The cross sections of (n, y)-reactions in the epithelial region are
inversely proportional to the neutron velocity, so the correction for the
energy of neutrons irradiating structural materials will be the same
when calculating the activity of 63Ni and 60Co. In view of this, the thesis
shows that the cross sections of (n, y)-reactions for neutrons with an
energy of 0.025 eV provide a correct estimate of the activity yields of
63Ni and 60Co. To determine the number of nickel and cobalt atoms,
experimental data for (y, n)- and (y, p)-reactions to 58Ni and 59Co for
braking gamma quanta with a boundary energy of 19 MeV were
measured and analyzed. Theoretical calculations of the excitation
function of the (y, n)- and (y, p)-reactions were performed using the
TALYS1.96 program code and the calculated values were compared with
the spectrum of the brake radiation modeled in the GEANT4 program
code. It is shown that the outputs of the (y, n)-reaction to 58Ni and 59Co
coincide with the experimental values with an accuracy better than
10%. The proposed method was used to determine the activity of 63Ni
in the irradiated structural materials of ChNPP Unit 2, which ranged
from 1.61£0.16 Bg/g to 41.3+4.1 Bq/g in different samples. To validate
the proposed method, radiochemical studies of these samples were
performed and activity ranging from <2 Bqg/g to 42.3+4.3 Bg/g was
identified, i.e., good agreement was observed. The activity of 59 Ni in
the irradiated samples ranged from 0.02+0.01 Bg/g to 0.52+0.05 Bq/g,
which was confirmed by radiochemical studies from <0.05 Bg/g to
0.68+0.15 Bg/g.

To determine the activity of 55Fe and 36CI in NPP structural materials,
the same approach was used as for long-lived nickel sotopes. For this
purpose, the outputs of reactions on natural iron and chlorine weighted
by the flow of braking radiation were studied.

In the third section, we discuss 90Sr, one of the radiobiologically
dangerous radionuclides, which decays with the release of two groups
of electrons with a limiting energy of 0.55 MeV and 2.5 MeV. Nal(Tl)-
spectrometers with a thin entrance window were used for electron
registration. The recorded experimental spectra were compared with
the electron spectra of 90Sr, 137Cs, and 40K phantoms. When
measuring electron spectra in "thick" soil samples or in living objects,
the electron yield from such samples is actually inversely proportional
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to the density of materials in these samples. In this work, we have
conducted a study taking into account the self-absorption of electrons.
Due to the continuity of the spectrum of electrons accompanying the
decay of 90Sr, and taking into account the fact that in soil samples from
the 30-km zone of the Chornobyl NPP, the presence of 90Sr is always
accompanied by 137Cs, a method was developed to account for
changes in the density of samples based on the conversion peak of
electrons accompanying the decay of 137Cs, and it was shown that the
correction for 90Sr activity is directly proportional to the difference in
the energies of conversion electrons in the sample under study and the
calibration phantom. One of the advantages of the developed method
for determining 90Sr activity is the possibility of in vivo measurements
of its activity in living objects. However, in such studies, it is important
to take into account the geometry and size of the objects under study.
The study of mouse-like rodents and birds caught in the 30-km zone of
the Chornobyl NPP of different sizes was carried out using the
proposed method and radiochemical studies. It is shown that due to
the peculiarities of 90Sr distribution in the bones of mouse-like rodents
and birds, it is necessary to introduce a constant correction factor in the
study of birds. A semi-empirical dependence of the calculation of 90Sr
activity depending on the size (weight) of mouse-like rodents was
obtained.

When studying radionuclides that decay with the release of
characteristic and low-energy radiation in environmental samples, it is
also necessary to take into account the self-absorption of these gamma
quanta. The activity of 137Cs in soil samples up to a depth of 30 cm was
studied, calculated from the yields of characteristic barium radiation
with an energy of 36 keV and from the yield of gamma radiation with an
energy of 661 keV. From the results obtained, an expression was
formulated to determine the activity of 241Am, taking into account the
ratio of 137Cs activities determined by the above methods.

Using the developed methods the contributions of new radionuclide to
the upper soil layers of the 30-km ChNPP zone is estimated after the
installation of the confinement and a significant change in the
concentration of 60Co, 94Nb and 241Am radionuclides near the Shelter
is shown. The author proposes the control limits for new radioactive
arrivals based on 94Nb activity.

During the study of vertical migration of radionuclides at the landfills
adjacent to the 30-km zone of the ChNPP, it was shown that the
migration of radionuclides from fuel fallout occurs similarly to that near
the Shelter Object. The main component of 137Cs is associated with
aerosol deposition and 137Cs radionuclides are bound in the surface
layer.

Semi-empirical formulas for taking into account the influence of
inhomogeneities in the samples under study on the calculations of
radionuclide activity will increase the reliability of activity determination
in environmental samples.

The developed methods for determining the activity of 10Be, 59 Ni,

63Ni, and 55Fe isotopes in NPP structural materials can be used to
study the activity in the structural materials of the decommissioned
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ChNPP Unit 2 and radioactive waste from other operating NPPs in
Ukraine.

2.3. Kntouvosi cnoBa agucepTauii  doTosifepHi peakui, pagionoriyHo HebesneuHi pagioHyknigum, 10Be,
58Ni, 63Ni, 55Fe, 90Sr, 3pa3ku oNpOMiHEHUX KOHCTPYKLIAHNX
MaTepianis peakTopy, I'pyHTH, XunBi 06'ekTn, 30-kM 30Ha YAEC

2.4. MNocnnaHHs, 3a KM http://www.kinr.kiev.ua/aspirant/docs/zakhysty/myznikov/
PO3MiLLLeHO TeKCT gucepTaLil Dmytro%20Myznikov%20Disseration%20PDF_A.pdf.p7s

2.5. NMy6nikavii 3506yBava, 3apaxoBaHi A5 3aXUCTY
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Pik 2023
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spectrometry, nickel, ferrum
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Extracting the asymptotic normalization coefcient for the 14C 13B+p overlap from the 14C(11B,12C)13B
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