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SIMULATION OF THE INTERACTION
OF THERMAL NEUTRONS WITH CATALYTIC COMPOSITION
(Pb, Bi, Po) IN AN INFINITE MEDIUM

M.Abishev', M.Khassanov', D.Utepoval, T.Aitasov'

'Kazakh National University named after Al-Farabi, Almaty, Kazakhstan
manas_khassanov@mail.ru

Key words: Catalytic composition, Monte-Carlo method, cyclic reaction.

Abstract. The purpose of this work is to simulate the interaction of thermal neutrons with catalytic
composition in an infinite medium which consist of isotopes Pb*"°, Pb’"”, Pb*" , Pb*” | Bi’"”, Bi’'’, Po’'’. During
the simulation the concentration of neutrons is constant and does not depend on time.

For simulating the process the cod was based on C++ using Monte-Carlo method for transporting and reactors
problem. Using this code we calculated the part of absorbed neutrons by each isotopes of catalytic composition. The
initial concentrations of each isotope of the catalytic composition was calculated in work [1]. The results of
simulation showed that the catalytic composition mentioned in work [1] is able to be simplified by excepting the
isotope Po’!! from catalytic composition initially.

VK 342.7(574)

MOJEJHUPOBAHUE B3AUMOJENCTBUSA TEILIOBBIX HEUTPOHOB
C KATAIMTHYECKHUM COCTABOM (PB,BLPO)
B BE3rPAHUYHOM CPEJIE

M.A6umes', M.Xacanos', I[.YTem)Bal, T.Aiitacos’
'KasHY um. anb-Dapabu, Gpusnko-TexHuueckuii pakyiisTer, r. Anmathl, Pecrybmuka Kasaxcran

KiroueBble ci10Ba: KaTaIMTHUECKUH cocTaB, MeTo MonTte-Kapio, nuknnyeckas peakiusi.

AnHotanusi. B pabore paccmarpmBaeTcss MOAETHPOBAHWE B3aUMOICHWCTBUS TEIUIOBHIX HEUTPOHOB C
DJIEMEHTAMH KaTAJIUTHYECKOIO COCTaBa, COCTOSIIMX M3 M30TOIOB Pp’%  pp*7 | pp?% | pp’” , Bi*” | Bi*'" po*°.
3aMOHAONIYI0 Oe3rpaHu4Hyr0 cpemy. KoHIeHTpanus HEHTPOHOB B JAHHOM CPEAE CUMTACTCSl NMOCTOSHHBIM M HE
3aBHUCHUT OT BPEMEHH.

Jliist MozenupoBaHusl JAHHOTO TIpoliecca Obula HamucaHa IMporpaMMa Ha si3bike C++ ¢ IpUMEHEHHEM MeTona
MownTte-Kapiio i TpaHCHIOPTHBIX M PEakTOPHBIX 3a1ad. C MOMOIIBI0 3TOM MpOrpaMMmbl ObLIa pacCUYUTaHA JOJIS
IIOIVIOUICHHUA TCIIJIOBBLIX HeﬁTpOHOB KaXIbIM H30TOIIOM KaTaJIUTHYCCKOI'O COCTaBa. HauanbHblie KOHIICHTpalunu
3JIEMEHTOB KaTaJIUTHYECKOTO cocTaBa ObUIM BbluMciieHbI B pabore[l]. [Ipu cpaBHeHnu pesynbraroB pabotsl [1] u
Pe3yJIbTaToOB MOJIEIIMPOBAHMS, TPOBEJICHHBIX B JaHHOM paboTe, ObIII0 00HAPYKEHO, YTO 3JIEMEHTHI KaTATUTHYECKOTO
COCTaBa, TPEIOKEHHbIE B PaboTe[1] MOXKHO COKpaTHTb, HCKIIOUMB H30TON Po’'’| ecinu M3HAYATBHO MCKIIOUUTH
Po’!! w3 xatanuTHUecKoro coctapa M CeNaTh NMEpPepacueT HAuaNbHBIX KOHIEHTDALMIl IS OCTABIIMXCS M30TOIOB
KaTaJIMTHYECKOT0 COCTaBa.

BBenenune. Ha cerogusimauii 1eHp OJJHON M3 aKTyalbHBIX POOIEM B PEaKTOPHOU (PHU3UKE SBISETCS
YIy4lICHHE Ka4YeCTB KOHCTPYKLUOHHBIX MAaTEPUAJIOB B aKTUBHOM 30HE PEAKTOpa U YBEIMYEHUE CPOKA UX
5




Hoxnaowr Hayuonanenoii axademuu nayx Pecnyonuxu Kaszaxcman

skcrutyaTanuu. [lociie 1oyiroro o0y4eHus: B HUX HaKaIrUIMBaeTCs BOAOPO U rejiuid, o0pa3ys HaOyxaHue
Y TIPUBOJISI K YMEHBIIICHHIO KOHCTPYKIIMOHHBIX KaYEeCTB, a TAKXKE MOSBIIACTCS HABEICHHAS PajHaIis U3-3a
HEUTPOHHON aKTHBAIMKM. BO3MOXXHBIN CITOCOO YBEIMYEHHUS CpOKa SKCIUTyaTallldl JdaeT HEUTPOHHO-
KaTaJIMTUYCCKUM COCTaB, CBOWCTBA U COJACP)KAHUE D3JCMEHTOB KOTOPOTO HE MEHSETCS BO BpeMs
ob0nyuenust HeliTpoHamu. B pabore [1] B kauecTBe Takoro marepuaia ObUT TPEIOKEH KaTAIUTHICCKUAN
cocTaB. JlaHHBIN COCTAaB COCTOHUT U3 U30TOIOB Py’ pp*"  Pp°%  pp*” , Bi*” B’ po*! 0, Po’"! . Ha
pucyHke 1 - cxema KaTaJUTUYECKOW peakluHy, MpeasoxeHHas B padore [1].-

Pucynok 1 — CxemaTHueckuid BUJ HEMOYKH AACPHBIX peakIUii HEUTPOHHOTO KaTanu3a.

Kak BHIHO M3 pHCYHKa |, B CXeMe CyIIecTByeT pasBeTBIeHHe Ha n3otone Po’’’ mo mBym xaHanam
peakimii. OMH M3 THX KaHAJIOB peakuuil 06ycioBneH TeM, uto Po’'’ HMeeT ceueHHe MOTNIOIICHHS
HeiTpoHOoB, paBHBI 0.0300126 OapH ansd  TerwoBBIX HeiTpoHoB. Ho mpu  KOMIBIOTEpHOM
MOJICTMPOBAHUN BTOPOW KaHAN JaBall MPEeHeOPE)KUMO Maiblil BKJIAJ, TAKUM OOpa3oM, Mbl HCKITIOUWIN
m3oton Po’'! U3 KaTamuTHYECKOro cOCTaBa, mpeanoxkeHHoro B pabore[1]. Ha pucyHke 2 mokasana cxema

KaTATHTHYCCKOH peakuun 6e3 n3otona Po’’.
B o
:,
»

o %5 ""Po_z_l(:% .
/.

B
i

Pucynok 2 — CxemMaTHyecknii BU] LENOYKH SACPHBIX pEaKIUi HEUTPOHHOTO KaTanu3a 0e3 ydacTus uzoromna Po" .

[Mocne ympoIeHUsT CXEMbl KaTaJTUTHUECKOW peakIuil, MpeIoKEeHHON B pabote[l], MCKIIOYMB
u3oton Po’’’, Mbl 3aHOBO PacCUNTATN HAYAIbHBIC KOHIEHTPAIMH H30TOIOB B KATAIUTHYECKOM COCTABE U
MIPOBEPUITU PE3YIBTATHI IIyTEM MOJICIHPOBAHUS JaHHON cXeMbl MeTo1oM MoHTe-Kapio B 6e3rpanudHoit
cpene.

Pacuer HavaabHBIX KOHHIeHTpamumii. B paGore [1] Obum HaliieHBI W W3y4YeHH HauOolee
NOAXOMSIINE 3JIEMEHThI Uil KaTaJUTUYECKOr0 COCTABA W BBIYMCIEHBI KOHIEHTPALUU 3JIEMEHTOB JUIS
3TOr0 cocTaBa. J[j1s BEIUMCIEHUST KOHLIEHTPAIUil cCoOcTaBa UCIOIB30BaNach CUCTEMa ypaBHeHUH balitmMana
[5], KoTOpasi ONMUCHIBAET COACPKAHUE U AKTUBHOCTh B LICTIHOM ANIEPHOW pPEaKIUU B 3aBUCUMOCTHU OT
BPEMEHH, HA OCHOBE CKOPOCTH PEaKIMil 1 HAaYaJIbHBIX COAEPIKaHMI:
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. (1)
- = “AiNi+ AioqNi4 (2)
d
% = Ag-1Ng—1 3)
— yn n—-1 n e Mt
Na(8) = Ty [ N;(0) + (TTF ) * (27 (m ) C))

31eck A; — 3TO TIOCTOSIHHAS paclaja WIM CKOPOCTh peakiuii i-ro u3orona. Bee cedeHns noriaoueHus
HEUTPOHOB (T.e. peakuui (1,g)) WM MepUOABl MOJypacmana SIEMEHTOB OBUIM B3STHI M3 0a3bl NAaHHBIX
snepHbix peakunid EXFOR. Pe3ynbraThl BbIUMCIEHUS CHCTEMbl ypaBHEHHUs baiiTMaHa caenaHHble B
pabote[1] mpuBeneHsbI B TabHIIe 1.

Tabnuua 1 — npoLieHTHOE COOTHOLIEHUE U30TOIOB

W3oron MPOLUCHTHOC COJACPKaHUEC U30TOIIOB
Po°T? 1,6 %
Py’ 0,0435 107 %
Po’" 0,0126 10~7%
LY 0,0317 %
Py°% 97,53 %
Py°” 0,01898 %
Bi’T? 0,673 %
Bi’” 0,07 %

I/ICHOJ'IBSYSI JaHHYKO CUCTEMY ypaBHCHI/Iﬁ B3I>iTMaHa, HO HCKJIIOUHMB H3 COCTaBa POZH, MBI COCIIaJIn

nepepacyeT HAYaNbHBIX KOHIICHTPAIMH H30TOMOB KATATUTUYECKOTO COCTaBa. Pe3ysbTaThl BBIYMCICHHUH
MIpUBEICHBI B Ta0IHIIE 2.

Tabnuua 2 — NpoLIeHTHOE COOTHOLIEHUE U30TOIOB

I/I30TOH HpOHeHTHOG COI[ep)KaHI/Ie HN30TOIIOB
P’ 0.39 1073%
Pp% 0.78%
v 0,3489%
Pb% 98,2993%
Po’” 38107 7%
B 141075
Bi’” 0,5718%

U3 Tabaupi-1 1 TabIuIB-2 BHAHO, YTO HAHOOMBIIYI0 KOHIGHTPALHIO 001agaet usoron PH™". Dro
CBSI3aHO C TEM, YTO CEUYCHUE MOTJIONICHUS HEUTPOHOB 3TOT0 M30TOMAa 04eHb Majo (6 = (.23 M0) 1 4TOOBI
CKOpPOCTh peakiuii ObLT OIMHAKOBBIM C OCTAILHBIMH W30TOIIAMH, HYKHO, 9TOOBI €r0 KOHIIEHTpAIus ObLia
BBICOKOH.

Iponecec mogeaupoBanusi. B xauecTBe MeToa MOACTUpPOBaHUs ObUT BBIOpaH MeTox MonTte-Kapiio
JUTSL TPAHCTIOPTHBIX 33]1a4, KOTOPask OCHOBBIBACTCS HA PO3BITPHIIIC [UTMHBI CBOOOTHOTO MPOOETa YaCTHUIIBI.
JlmHa cBoOOMHOTO TIpodera ISl HEUTpOHa pacCIUTHIBAETCS IO hOopMyIIe:

L="In(w) )

3aech L -anuHa cBoOoaHOTO Tpodera, - MaKpOCKOIIMYECKOE CEYEHHE COCTaBa, vV - CIydaillHOe YHCIo.
Cam npouecc npoTekaeT B 0e3rpaHUYHON Cpefe, 3al0JHEHHON KaTaTUTHYECKUM COCTaBOM U TETIOBBIMU
HelTpoHaMmu. [y ynpoleHus mporecca MOAENUPOBAaHUA CUUTAETCS, YTO KOHLEHTpaLus HEHTPOHOB B
cpejie He 3aBHCHT OT BPeMeHH U cocTaBiuseT 5 * 108 HeifTpoHOB Ha KyOuueckuii CaHTHMETp, TaKKe
HEUTPOHBI HAXOATCS B TEPMOJMHAMHUECKOM PAaBHOBECHH C KATAIUTHYECKHM COCTAaBOM, TAKUM 00pPa3oM,
cpenHsist sHeprusi HeUTpoHOB cocTapisieT 0.0253 snekTpoH-BoNbT. [lpH TakuxX 3HEPrusix HEUTPOHA y BCex

E i
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M30TOIOB KAaTaIMTUYECKOI'O0 COCTaBa CYLIECTBYET TOJBKO JBa KaHajda peakUMid: 3TO - peakuus
MOTJIOIEHNS] HEMTPOHA U30TOIOM C MOCIEAYIOUINM BBITYCKaHUEM raMMa YacTHLbI U peaklys yIpyroro
paccesHHs HEWTPOHA, BCE OCTAJIbHBIE KAaHAJIBI PEAKIWH OIS BCEX HM30TOINOB 3aKPBITHI M3-3a MaJOCTH
3Hepruu HeWTpoHoB. Ho mpouecc 3axBaTa HEUTPOHA TEM MM MHBIM U30TOIIOM KaTAIUTUYECKOTO COCTaBa
HE TOJIBKO 3aBHCHUT OT CYIIECTBOBaHMs KaHala peakUUd M CEUeHHUs peakiyil, HO TaKXe 3aBUCHT OT
KOHIIEHTpallMii TOro0 WM HMHOTO H30TONMa B COCTaBe. JTO O3HAYAET, YTO YMEHBIIas MPOLEHTHOE
COOTHOILICHHE M30TOIA, MOXHO IPAaKTUYECKU 3aKPbITh KaHaJIbl peakuuid. Busyanusanus mnporecca
MOJIEIMpOBaHMA TOKa3aHa Ha pucyHKe-3. ToukamMu OTMedeHbl MecTa B3aMMOACWCTBUS HEWTpOHa C
M30TONAaMU KaTAIMTHYECKOTO COCTaBa.

Pucynok 3 — Buszyanusanus nporecca MOJISITUPOBAHUS.

Pe3ysabTaThl Moae1upoBaHusi. MoaenpoBaHue NpOU3BOAUIOCE IS HEHTPOHOB (JOCTaTOYHO
Ui Habopa CTaTUCTHKH) JJIsl COCTaBa, 3aloNIHSIONIYI0 Oe3rpaHnyHyl0 Ccpely ¢ MPOLCHTHBIMH
COOTHOLICHUSIMH YKa3aHHbIM B Tabnuue-2. B pedynbrare MoaenupoBaHus ObUIM MOJTYYEHBI CIEAYIOIINE
pe3ybTaThL:

e CpenHss CKOPOCTH HNOIJIOLICHUS HEUTPOHOB 3a €AUHUILY CEKYH/Ibl KATAIMTUIECKUM COCTABOM.

e (CpexnHee YMCIO HEWUTPOHOB, MOIVIOIIEHHBIX KOKIBIM 3IEMEHTOM COCTaBa 33 €ANHUILY BPEMEHHU

e (CpenHee KOIUYECTBO HEUTPOHOB OTEPIEBIINX Pacal 3a €AUHUILY BPEMEHU B COCTABE.

Takum 00pa3oM, KaTaIUTUYECKUN COCTaB 3a COUHUILY CEKYHIBI B CpEeIHEM Tmoriomaer 8252
HelTpoHoB u3 10000 neiitpoHoB. CpenHee KOIMYECTBO HEWTPOHOB MOTEPHEBIIMX pacHaja 3a €IUHUILY
BpeMeHu coctaBui 861 HelitponoB u3 10000 HelTpoHOB. 887 HEUTPOHOB MPOAOIKAIOT CYIIECTBOBATH 3a
NepuoJ BPEMEHHU OFHA CeKyHaa. B Tabmuue3 mokasaHo paciipeneseHHE IOITIOUICHHBIX HEHTPOHOB IO
M30TOIaM COCTAaBa.

Tabnuna 3 — cpeHee KOTMYESCTBO HEUTPOHORB MOTJIOMICHHBIX KaXKIbIM H30TOIOB

1/1301'01'[ KOJIMYCCTBO ITOTJIOUICHHBIX HeﬁTpOHOB
P 021 0 0
Pu°% 2060
Pb°? 2067
Pb% 2062
P b209 0
B i21 0 0
Bi’” 2063

B3akawuenne. Kak BUIHO U3 Ta6JII/ILILI 3, PaaAuOaKTUBHBIC HM30TOIIBI HC TMOIJIOMIA0T
HeﬁTpOHOB, TaK KaK UX MAaKpPOCKOMHUYCCKOC CCYCHUC MAJIO IO CPAaBHCHUIO C OCTAJIbHBIMH H30TOIIAMHU, a
CcTaOMIIbHEIC AApa MorjiomaroT MPpUMEPHO OAMHAKOBOC KOJIMYCCTBO HeﬁTpOHOB, 4YTO CBUACTCIIBCTBYET O
CTaOUIBLHOCTH KAaTaTUTHUCCKOU peaknuu, XO0Td U CYHICCTBYIOT MaJibI€ OTKJIIOHCHUA, HpH‘{HHOﬁ KOTOPBIX
MOTYT OBITh CTATHCTHYECKHUE MNOrp€HOCTU U HETOYHOCTb B CCHUCHUAX peaKI_II/If/i. CyH_IeCTBeHHLIM
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JKBLTYJIBIK HEATPOHIAPIBIH KATAJM3IBIK KOCIIAMEH (Pb, Bi, Po)
IIEKCI3 OPTAJIA OCEPJIECYIH MOJEJBJEY

M. AdoueB, H. Xacanos, /I. Yrenosa, T. Aiitacos

On-Dapabu aTeiHIaFsl Kazak YITTHIK YHUBEPCHUTETI , PU3HUKA )KOHE TEXHONOTHUS (PaKyJIbTETI ,
Anmvartsl, Kazakcran PecrryOnukacst

Tyiiin ce3mep: karanmu3aik Kocma, MonTte-Kapio oxici, THKIIBIK peakys.

AnHoTanus. JXyMBICTBIH MakcaTbl JKbUIYJIBIK HEHTPOHIApIbIH Py’ | pp?7 | pp?% | pp?”° s B’” | B’ po’"°.
W30TONTApbIHAH TYPATBHIH KaTalW3AiK KOCIIAMEH IIEeKCi3 OpTaja OpeKeTTeCyiH KOMIIBIOTEPIiK Mojenbaey. by opramarbi
HEWTPOHIap/bIH KOHIEHTPALMACH! TYPAKTHI )KOHE YaKbITTaH TYeINCi3 JIen ecenTeneai. by nporeccti KOMIBIOTEPITiK MOJIEIbACY
XKYprizy yuris c++ 6argapnay Tini MeH OeniiekTepi TacMainnayra apaanran Mounre-Kapio anici konmansuiasl. KoMmbrotepiik
MozielIbiey OapbIChIH/A KaTalM3/iK KOCHAJarbl 9p HM30TONTHIH KaHIIA HEWTPOH KBITATBIHBI ecentenii. bactankel meserreri
KaTaJlu3/iK KOCIAJaFbl op M30TONTHIH KOHIEHTpaluschl [1] sxkymbicta ecenrnenreH. KommproTepiik Moaenbsaey HoTmxkeci [1]
JKYMBICTa KOPCETIIreH KaTamm3ik Kocnagarsl Po’! m3otomsin Kocmaram/a, KaTanmmsgik peakiusiap mebiHaeri TapMaKTanyian
KYTBUTyFa OOJIATBIHBIH KOPCETTI.

Tlocmynuna 16.05.2016 2.
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For information on Ethics in publishing and Ethical guidelines for journal publication
see http://www.elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan
implies that the work described has not been published previously (except in the form of an abstract
or as part of a published lecture or academic thesis or as an electronic preprint, see
http://www.elsevier.com/postingpolicy), that it is not under consideration for publication elsewhere, that
its publication is approved by all authors and tacitly or explicitly by the responsible authorities where the
work was carried out, and that, if accepted, it will not be published elsewhere in the same form, in English
or in any other language, including electronically without the written consent of the copyright-holder. In
particular, translations into English of papers already published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE),
and follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct
(http://publicationethics.org/files/u2/New_Code.pdf). To verify originality, your article may be checked
by the originality detection service Cross Check http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works
which are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen
in such a way that there is no conflict of interests with respect to the research, the authors and/or the
research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote
publication of corrections, clarifications, retractions and apologies when needed. The acceptance of a
paper automatically implies the copyright transfer to the National Academy of sciences of the Republic of
Kazakhstan.

The Editorial Board of the National Academy of sciences of the Republic of Kazakhstan will monitor
and safeguard publishing ethics.
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