MHUHHUCTEPCTBO ObPA3OBAHMSA PECITIYB/IMKUA BE/TIAPY Cbh
BEJIOPY CCKUM I'OCYJAPCTBEHHBII YHUBEPCUTET

«MEXXITYHAPO/HBIN I'OCYIAPCTBEHHBIN 9KOJIOTUTUYECKUI
NHCTUTYT UMEHU A.Jl. CAXAPOBA»

®aKy/JIbTeT MOHUTOPHHTA OKPY)Kalolel cpebl
Kadeagpa obmieit 1 MeAMIMHCKON (PU3UKHU

E®MMEHKO
Anekcangp JmutpueBru

AJI'OPUTM UBMEPEHNA AKTUBHOCTHU MHOI'OKOMIIOHEHTHOI'O
PAJUOHYK/INAHOI'O NCTOYHUKA /11 PAAINOMETPA
CIIEKTPOMETPUYECKOI'O THUIIA ITP1 OAHOBPEMEHHOM
N3MEPEHUN CYMMAPHOM AKTUBHOCTU

MunnomMHas paboTa

HayuHblli pyKOBOZWTE/IB!

HauvaJ/IbHUK OT/e/ia 10 UH)XeHEPHOMY
obecrieueHuto JTy4eBo Teparuu
PHIILI OMP um. H.H. Anekcanzposa
ITerkeBuu M.H.

Hadya/IbHUK CEKTOpa paJOMeTpUr
Y CIIEKTPOMeTpUU

YII «<ATOMTEX»

T'opuikos /[1.B.

HayuHbIli KOHCY/TbTaHT:
K.T.H. AHuiakos O.M.

[ormylieH K 3amure

« » 2021t

3aB. kadeapoii ob1Ieli ¥ MeIULUHCKON (DH3UKU
KaHuJaT (PU3MKO-MaTeMaTHueCcKux Hayk, foiieHT H.A. CaBacTeHKO

MuHck, 2021



PE®EPAT

NuryiomHass pabora o6bemMoMm 47 cTpanHul] cofepkut 13 wumoctparui, 11
TabmI] ¥ 13 HCII0Mb30BaHHBIX NCTOUHHUKOB.

OOBeKT wuccreoBaHUs — MaTeMaTUueCKue MeTOAbl U TIOAXOAbI /st
onpezie/ieHHs] aKTUBHOCTHM MHOTOKOMITOHEHTHBIX CMeCei.

Lenp - pa3paborarb aArOpUTM onpejeieHUs aKTUBHOCTH
MHOTOKOMITOHEHTHOTO ~ PaJIMOHYK/IMJHOTO  WCTOYHMKA TNPU  OJHOBPEMEHHOM
V3MePeHUY CyMMapHOU aKTUBHOCTH.

B pabore paccmoTpeHa JiMHeWHasi Mofe/ib  WU3MepeHUs aKTUBHOCTH
MHOT'OKOMITOHEHTHOTO PaJUOHYK/IUJAHOTO UCTOUHUKA, €e TOrPelIHOCTh U YCJIOBUS
MPUMEHUMOCTH [/ pajJuOMEeTPUYeCKUX UcciefoBaHu. [IpoBesieH aHamvM3 MeTO0OB
pellleHus] CUCTeM JTMHEMHBIX anreOpanuecKUX YPaBHEHUM [I7Is 3a/1a4 PaIiOMeTPHH.

OljeHeHa MOTPeIIHOCTh PaJUOMETPUUYECKUX W3MEPEeHUM C MCI0/b30BaHUEM
NPSIMBIX METO/IOB PeIlleHHsI CHUCTeM JIMHeMHBbIX ajreOpanuecKnxX ypaBHEHUW C
pa3MUHbIM UYKUCJIOM OOYyC/IOBIEHHOCTH MaTpuiibl. [Ifisi pellleHusT HeKOPPEeKTHBIX
33/lau pacCMOTPeHa BO3MOXXKHOCTh TIPMMEHEHUs] MeTO[0B HauMEHbIIMX KBaJpaToB
(MHK), cunrynsipHoro pasnoxxkeHusi (SVD) u perynsipusaiiuu TuxoHoBa.

C ucrnionb3oBanvem paguoMerpa PKC-AT1329 nosydyeHbl MacCHBBI [JAHHBIX,
TIpeJiCTaB/IsitoNIe co00M pe3yabTaThl U3MepeHUs aKTUBHOCTA MHOTOKOMIIOHEHTHOTO
PaZMOHYK/IMAHOTO WCTOYHUKA. [lonmyueHHble [JaHHbIe TIOABEPTHYTHI aHaIU3y C
WCTIONTb30BaHWeM pa3paboTaHHOro anroputMa. [IpoBefjeH UMC/IeHHBIA aHAIU3
YCTOMUMBOCTH peLLIeHUs 3aauu Orpefie/ieHus] aKTUBHOCTM MHOTOKOMITOHEHTHOU
cmecu. [loka3aHo, UTO TIPSIMOM MeTO/, pellleHWss He MOKeT ObITh TpUMeHeH /s
JAaHHOTO TWIMA 3ajad. Meto perynspu3aiyd TUXoHOBa B TepMHMHAx oOOIIIei
(GhOpMYMPOBKA HaWMEHBIIIMX KBAaZ[paToOB, TII03BO/ISIET NOOWTHCS  HEoOXOAMMOM
TOYHOCTUA pelleHusl. YKa3aHHbIM aJrOPUTM S5TOrO Peryysipusvpyroliero CBOMCTBA
T03BOJISIeT MOYUUTh ONTUMAabHOEe YCTOMUMBOE pellieHUe 3aJjauu.

AJITOpUTM  HallleJl MpaKTUYeCKoe TIpUMEHeHue Tpu  MOJepHU3aLlur
MPOrpaMMHOI0 MOZYJIS pacueTa aKTMBHOCTHM PajUOHYK/IWJO0B, HCIIOIb3yeMOIO B
paguometrpe PKC-AT1329. B pjanbHeuiieM [aHHble pe3y/bTaTbl IJIAHUPYETCS
HCIM0JIb30BaTh B psifie u3zenni, BbimyckaeMbiX YII «ATOMTEX».

KrroueBble C/ioBa: pPaJMOAKTUBHBIA pacraj, JuHeWHas Mojenb, obpaTHas
3agaua, MHK, SVD, metop perynspusaiuu TrxoHoBa.



PODEPAT

HbiniiomHast pabora ab'émam 47 ctapoHak, 3msiiiyae 13 intoctpaipiid, 11 Tabirg
1 13 BBIKApBICTAHbIX KPbIHIL].

AG'eKT JaciefaBaHHSI — MaT3MaThIUHbIS MeTa/Ibl i TIaIbIXO/bI IS BbI3HAUIHHS
aKThIYHACL[i IMaTKaMIIaHEHTHBIX CYMeCsy.

M>sta - pacripaijaBarb aJrapbIT™M BbI3HAUSHHS aKTbIyHaCLi
IIMaTKaMIlaHeHTHara paZbléHYK/IiHal KPbIHILBI TPbl aJHAYaCOBBIM BBIMSIP3HHI
CyMapHau akTbIyHaCL|i.

Y mpauel pasrnemkaHa JliHEMHasg ~MaZAsb  BBIMSIDSHHS  aKThIyHACL{i
IIIMaTKaMITaHeHTHaM pafibIEHYK/TiTHal KPBIHII[bI, sie XiOHACIb i YMOBBI MPBIMSAHIMACLI
[J1s1  paJbleMeTpbIUHbIX JaciefaBaHHsdy. [IpaBesiseHbl aHami3 MeTazjay pallldHHSA
cicTaMm siHeltHBIX anrebpaiuHbIX payHaHHSY /i 3aflau Pa/IbIEMeTpay.

AippHeHass XiOHacIlb paJbleMeTPBIYHBIX BBIMSPIHHSY 3 BbIKapbICTaHHEM
TpaMbIX MeTajay pallldHHS CiCTAM JTiHeWHBIX anreOpaiuyHbIX payHaHHSY 3 PO3HBIM
nikam abymMoy/eHacli MaTpbIlbl. [I/is1 BhIpAllISHHSI HEKap3KTHBIX 3ajjau pasriie/pkaHa
MarybIMaclib TIPLIMSIHEHHSI MeTa/lay HaliMeHIIbIX KBagpatay (MHK), ciHrynaspHaciib
packaganHs (SVD) i parynspeizaipli LixaHaBa.

3 BbIKapbicTaHHeM pazabiéMeTrpa PKC-AT1329 arpbiMaHbl MaciBbl [aj3€HbIX,
AKist  yaynsroib  caboi  BBIHIKI  BBIMSPHHS aKTBIYHACI IIIMaTKaMITaHEeHTHara
pajbléHyKIIiiHara KpbIHILUbL. ATpbIMaHbI [Jaj3eHbls [1aJBeprHyThl aHaily 3
BBIKAPBICTAHHEM pacrpaljaBaHara aarapbiTMy. IIpaBefj3eHbl KOJBKAaCHBI aHaJIi3
YCTOW/TIBACL|i pallISHHS 3aZ,aubl BEI3HAYSHHS aKThIYHACL]i IIMaTKaMIIaHEHTHAW CyMeci.
[Taka3zaHa, 1ITO MpaMbl MeTaZ, PALIdHHS He MOXKa ObILb Y)KBITHI /IS jaZi3eHara ThIIy
3ajau. Mertan poryaspeaneli  LlixaHaBa Yy T3pMmiHax arynapHau  (hapmymnéyki
HalIMeHIIIbIX KBa/lpaTay, /a3Bajisie JaMarubiCs HeaOXofHall AaK/iaZHACL{i palldHHS.
YKasane! anrapeITM rstara pery/aspU3MpyOLIero yaaciiBaclii JasBajse aTpbIMallb
anTbIMaJ/ibHae yCTOM/IiBae palllsHHe 3a/jaubl.

AnrapeITM  3HAMIIOy TMpakTblYHae TPbIMSHEHHE TMpbl  MaJ3pHi3albli
riparpamMHara MOZYJISt BbI3SHAUSHHSA aKThIyHACLi paJibleHyK/Iifay, AKI1
BbIKapbICcTOYBaela y pagsiéMerpay PKC-AT1329. ¥ paneuibiM Aaf3eHbIsT BbIHIKI
TJlaHyelllla BBIKAPBICTOYBAl[b y MI3pary Bbipabay, sKisg BbImyckaroia YII
«ATOMTEX».

KitouaBbig C/I0BBI:  pafibleaKTbIyHbl pacriajl, JiiHelHass Maj>3/b, 3BapOTHast
3amaua, MHK, SVD, metap parynspei3anpli L{ixaHasa.



ABSTRACT

The thesis is 47 pages long, contains 13 illustrations, 11 tables and 13 sources
used.

The object of research is mathematical methods and approaches for determining
the activity of multicomponent compounds.

The purpose is to develop an algorithm to determine the activity of a
multicomponent radionuclide source while simultaneously measuring the total
activity.

The paper considers a linear model for measuring the activity of a
multicomponent radionuclide source, its error, and the conditions of applicability for
radiometric studies. Methods for solving systems of linear algebraic equations for
radiometry problems are analyzed.

The error of radiometric measurements is estimated using direct methods for
solving systems of linear algebraic equations with different matrix conditionality
numbers. The possibility of using least squares (LS), singular value decomposition
(SVD), and Tikhonov regularization methods is considered for solving ill-posed
problems.

Using the PKC-AT1329 radiometer, data sets representing the results of
measuring the activity of a multicomponent radionuclide source were obtained. The
obtained data were analyzed using the developed algorithm. A numerical analysis of
the stability of the solution to the problem of determining the activity of a
multicomponent mixture is carried out. It is shown that the direct solution method
cannot be applied for this type of problems. The Tikhonov regularization method in
terms of the general least squares formulation allows us to achieve the necessary
accuracy of the solution. The specified algorithm of this regularizing property allows
us to obtain an optimal stable solution to the problem.

The algorithm has found practical application in the modernization of the
software for calculating the activity of radionuclides used in the PKC-AT1329
radiometer. In the future, these results are planned to be used in a number of products
manufactured by «kATOMTEX».

Keywords: radioactive decay, linear model, inverse problem, LS, SVD,
Tikhonov regularization method.



