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AHHOTAIIHA B cmamve 000CHO8aH 6b100D NPOSPAMMHO20 KOMNJEKCA Ol NPOBEOCHUs HUCIEHHO20 MOOelUpOBaHIsL
NPOXOIAHCOCHUSL UOHUBUPYIOWE20 UBTLYUEHUs Yepe3 8eujecneo, NpueedeHo 0O0CHOBaHUE 8bIO0OPA KOPPEKMHO20 Memooda pacyema 003vl
U MowHOCMU 003bl NPU NPOGEOCHUE HYUCIEHHO20 MOOCIUPOBANUs NPOXONUCOCHUS UOHUBUPYIOWE20 UNYUEHUs Yepe3 Belyecmao.
Ilpeonoscena memoouka nodbopa annpoxcumupyroujeli KyCouHO-HenpepbleHOt QYHKyuu 0 pacyema Macco8o2o Kodgguyuenma
0CNabNeHUA 2aMMA-U3TYYEeHUs, He0DXOOUMO20 NPU pacyeme NO2IOWEHHOU U IKEUBANEHMHOU 003.

Kniouesvie cnosa: uonusupyioujee usnyuenue, uuciennoe mooenuposanue, GEANTY, noenowennas u sxeusanenmmuas 003a,
MOUHOCMb Q03bl.

CHOICE AND USE OF MATHEMATICAL METHODS TO DETERMINE THE
TECHNOLOGICAL PARAMETERS OF RADIATION-SHIELDING MATERIALS

V. MORGUNOV*, N. DIDENKO?*, R. TRISHCH!

L UEPA, Kharkov, UKRAINE
2 KhNAHU, Kharkov, UKRAINE

ABSTRACT lonization radiation is everywhere: cosmic rays, nuclear energy, medicine and etc. One of the main tasks during work
with the ionization radiation — human safety. There are a lot of radiation protected clothes. To define their protective characteristics
two way are possible: experimental and simulation. The numerical simulation allows to speed up experiments and cheapen
them.There are a lot of software toolkit for ionization radiation pass through the matter simulation. The article is devoted to
following tasks: selection of software toolkit for numerical simulation of ionization irradiation passage through the matter;correct
way of dose and dose ray calculation as dose rate should be calculated at the point; correct way of mass energy-absorption
coefficient approximation by piecwise continuous function. For numerical simulation GEANT4 software toolkit was chosen. The
GEANT4 is written in modern programming language: C++. GEANT4 is well documented, has a good supprot and free open
software. To calculate dose and dose rate calculation should be made for the point. The absorbed dose calculaation method which is
used in GEANT4 can not be used for dose rate calculation. Proper mathematical method for absorbed dose calculation was chosen
and was described in the article.

Keywords: ionization radiation,numerical simulation, GEANT4, absorbed and equivalent dose, dose rate.

BBenenue

Pacuer  3alUTHBIX  CBOWCTB  paJUallMOHHO-
3alIUTHBIX MaTepHaoB TpeOyeT MPOBEICHHS OOJIBIIOrO
KOJIMYECTBA SKCIEPUMEHTOB. 3HAYUTEIHHO COKPATHTH

9TOT 00BeEM pa6OTbI u BpPEMCHU IIO3BOJISIET
HCIIOJIB30BAHUEC MATEMATUYCCKUX METO/I0B.
Hcnonn3oBaHue METO0B YHUCJICHHOI'O

MOJICIMPOBAHUS IIMPOKO HCIOJB3YeTCs Ui pacyera
TEXHOJIOTUYECKUX MapaMeTPOB pa3MYHbIX IPOLIECCOB.
OCo0eHHO aKTUBHO 3TH METO/bI IPUMEHSIOTCS B 001acTn
MOACINPOBAHUA IIPOXOXKACHUA HNOHU3UPYIOUICTO
M3TY4YeHUS  dYepe3  BemecTBO. OJTO  OOYCIOBIICHO
CeAYIOMUMH  (AaKTOpaMu: POCTOM  BBIYUCIUTENbHON
MOIITHOCTHU KOMHB}OTepHOI\/’I TEXHUKHN U pa3sBUTHEM
MPOTrpaMMHOTO 00ECIIeUeHHUs; CYIIECTBYIOT CHTYal[HH,
Korjga HEBO3MOXHO H3MEPHUTH (bl/ISI/I‘IeCKI/IC BCJIIMYUHBI,

SKCIIOHATOB, pacyeT SKBUBAJIEHTHOI MOTJIOIIEHHON J103bI

BHYTPEHHUX OpraHOB); YHCJICHHOE MOJEINPOBAHHUE
JOTIOJIHACT JO3UMCTPUYCCKHUE HN3MEPCHUA, IIO3BOJIACT
MpOBOIUTH 00JIBIIIOE KOJIMYCCTBO BBIYHCJIIUTCIIbHBIX
9KCIEPUMEHTOB, YTO CIIOCOOCTBYET YIEUICBICHUIO U
YCKOPEHHIO ~ Pa3pabdOTKW  HOBBIX  paJHallMOHHBIX
TEXHOJIOTHI ¥ MaTepPHaJIOB H T.JI.
Lens padoTsl

Hns MO/JIEITUPOBAHHUS MIPOXOXKJICHUS

MOHU3UPYIOUICTO N3JIyYCHUA TTPUMECHAIOTCA

SMIHUPHUYECKUE, TONyISMIUPUIECKHE, CTOXACTHUECKUE H
JETePMUHUCTHYECKHE MeETOAbl. Takke, CyIIEeCTBYIOT
pa3iu4Hble  CcIOCcOOBI  pacyeTra TOTJIONEHHOW O3B
Br160p COOTBETCTBYIOMIETO MaTEMAaTHYECKOTO METOJa H
crocoba pacdera MOIJIOMEHHON MJO3BI JJs pacdera

OTHOCSIINECS K HMOHU3UPYIOMIEMY W3JIYYEHHUIO  paJMalliOHHO-3aLIMTHBIX CBOMCTB MaTEpPHAJIOB SIBISETCS
(HampuMep,  paauanuoHHas — o0paboTka  My3eHHBIX  IIEJIbIO JaHHOM CTAaThH.
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OnucaHne MaTeMaTHYECKHX METOI0B pacyera
MPOXO03KIEHUS] HOHU3MPYIOLIEro H3IyYeHus Yepe3
BelleCTBO

ABTOpaMH MpPEAJIOKEH PpPagUALMOHHO-3AIIUTHBII
MaTepual ¥ TOJIy4eH Ha HEro MaTeHT Ha MOJIE3HYIO
Mozmenb [1]. [nsa ompenmeneHuss o0JIacTH TpPUMEHEHHS
JAHHOTO Matepuaia TpeOyeTcsi 3HaTh €ro paJHualllioHHO-
3alIUTHBIE cBOMcTBa. OJHMM M3 BO3MOXHBIX CIIOCOOOB
OTNpeNeNeHus PaauallMOHHO-3aIUTHBIX CBOICTB ABIsAETCA
MaTeMaTuueckue MeToasl. B cTan mapre-pykoBoicTse [2]
OIMCHIBAETCSI BHIOOP M UCIIOJIB30BAaHHE MATEMaTHYECKHX
METOJIOB JAJIl TPOBEICHHUS pacuyeToB B  00JacTu
paauanoHHBIX npmiokeHnii. Kak OpUIo cka3aHo paHee
CYIIECTBYIOT HETBIPE METOAa [UISI MOICITHUPOBAHHUS
MPOXOXKICHAS  HOHU3UPYIOMIETO  F3JIyYeHHs  depes
BelecTBO: MeTol MoHTe-Kapio, aeTepMUHUCTUYECKUE,
MOIYSMIHPUIECKUE H IMITAPHICCKIE METOMIBI.

[Ipu BeluMcneHHAx MeTonoMm  MonTe-Kapio
MIPOU3BOJIUTCA MOJETUPOBAHUE TPACKTOPUIl KOHEYHOTO
4yurciia 4aCcTull, IPpUBOAAIUX K MOHU3AIUU U IMTPOUCXOAUT
pacyeT pasINnIHbIX (bI/I3I/I‘IeCKI/IX BCJIIMYHUH, TaKHUX Kak,
MIOTJIOIIEHHAs 032, SHEPIUs YaCTHIIbI, € KOOPAUHATHI U
MHoroe gnpyroe. IlpeumymiecTBoM 3TOro Merona
SABJIACTCA, TO, YTO B OTJIMYUEC OT APYTUX METOOAOB, METO/
Mownrte-Kapro, B mpuHINIIE, MOXET MPOMOICIHPOBATH
BCE TPEKH YACTHIl U WX B3aWMOJICHCTBHE C BEIIECTBOM,
MONMYYUTh  PCANHCTHUSCKYI0  KapTHHY  aKTyaJbHBIX
CTOJKHOBEHUH ¥ TOTEpU SHEPTHH MPH CTOIKHOBCHHUSX.
Bce KOMIIOHEHTHI BKIIa/ia B TTOTEPIO SHEPTHH YaCTUIIAMU
MOTYT OBITh y4TeHB. B momomHenme, meronm MoHTe-
Kapio - MeTos, KOTOpBINf MOKET NpeI0CTaBUTh Hanboee
MOJHYI0 WH}OpMamUI0 B TPEXMEPHOM HM3MEPEHHHU.
Henocratkom 3T0Or0 mMerona ABISETCSA TO, YTO IEKTPOHBI
¢ osHeprusiMu B jauanazoHe ot 50 x»B mo 10 MaB
MIPETEPIIEBAIOT OTPOMHOE KOJIMYECTBO CTOJIKHOBEHHH,
TOYHOE MOJICIHPOBAaHUE BCEX TPEKOB HE BBITIOTHAMO FLTH
MpeJCTaBIsIeTCS  3aTPYOHHUTENBHBIM. Bwmecto  3Ttoro,
HCTIONB3YIOTCS METOJIBI Momnre-Kapio co
KOHJICHCHpOBaHHO# uctopueii (condensed history Monte
Carlo methods).

JUIS  KaXIOro CiIy4as MOJCIHPOBAHUS HEOOXOIUMO
OMPENENATh SMIUPUICCKUAC 3aBUCHUMOCTU. TakKxke, Takue
METO/bI MOTYT BbBI3BaTh 3aTPyIHCHHUS B CIyd4asx, MpU
KOTOPBIX MPUCYTCTBYIOT CJI0KHAsI TEOMETPHSL.

B [2] mepeducneHbl ~ CIEXyOIINE
BBIOOpA MaTeMaTHYECKOTO METO/IA:

KpHUTEpUHU

e crnenuduKanusg TUNA HCTOYHMKA ¥ €ro
TeOMETPHH;

e creuuduKanys YCTaHOBKH (oObekTa):
TeOMETPUYECKOEe  ONUCAaHHE  OHOJIOrMYecKoi
3amuThl  (KaMepel — OOJydYeHHMs), OIHCAHUE

KOHBelepa, BCIIOMOTaTeIbHBIX JIEMEHTOB;

e  crneuuduKanys Marepuana o0yyaeMoro
00BEKTa M €r0 TEOMETPHSI.

Ha pamHBIii MOMEHT HET OIyOJMKOBAaHHBIX
METOJIOB BBIOOpa MPOTPAMMHOTO OOECIIeYeHUs IS
BEIOOpa B TOM WIM HHOM ciydae. OmHaKo, TJIaBHBIC
KPHUTEpUH BBIOOpPA CIEeIyIOIINE:

® OMIUPUYECKHE  ypaBHEHHA  MOTYT  OBITH

pa3paboTaHbl, CpaBHEHBI c

OKCIICPUMECHTAJIbHBIMU pe3ybTaTaMu, u B

cllydae COBNAJCHHS pe3yJbTaTOB pPAaCUYETOB C

OKCIICPUMECHTAJIbHBIMU MOTYT OBITH MPUHATBI U

HpI/IMeHeHI)I;

®  eCIIM SMIHMPHUYECKHEC METOJBI HE YIOBICTBOPSIOT

KPHUTEPHUSIM, KOTOPBIE OTPEEIIHII T0Ib30BaTENb,

TO CIIEyeT MCIOJIb30BATh ETEPMUHUCTHIECCKUE

WIN cToXacTHdeckne Metonpl. Ha ocHoBaHmm

pe3yNbTaTOB  BBIYUCIEHHMH  C  TIOMOILBIO

JETePMUHUCTUYECKIX W/WIN CTOXaCTHYECKHUX

METOAOB MOTYT 6I)ITI) BBIBCICHBI SMIIMPUYCCKUC

COOTHOIICHUS, KOTOPHIE MOI'YT HCIIOJIB30BaTHCA

B JlaJIbHEHIINX pacyueTax.

Bo Bcex ciyuasx He0OXOIMMO IIPOBECTH BallMJALUIO
pe3yIbTaToB c UCIIOJIb30BAaHUEM peanbHBIX
OKCIICPUMEHTAJIbHBIX JaHHBIX. CpaBHI/ITeHLHaﬂ
XapaKTEepUCTHKA PA3IMYHBIX MaTEeMaTHYECKHX METOJIOB
MOJIEITMPOBAHHMS TIPOXOXKJICHUS HNOHU3HPYIOIIETO
M3JTy4eHHs Yepe3 BEeLIeCTBO NpHBeeHa B TabuI. 1.

Tabmuma 1 -  CpaBHHTENbHBIN aHaJIN3
JleTepMHHUCTHYECKHE  METOABl  HCIOJB3YIOT
MaTE€MaTUYECKUX METOZ0B MOJECJIMPOBAHUS
YpPaBHEHHUs, ONHUCBHIBAIOIIME NPOXOXKICHUE HU3IIy4YECHHUS B
MPOXOXKAECHUST  HOHM3UPYIOIIETO  M3Iy4YeHHs  4Yepe3
BEIIECTBE M  HAOpsAMYIO  BBIUMCHAONIHE  oOriee BEIIECTBO
panuanmuoHHOE I10JI€, MOTJIOLIEHHYIO 03y H ApYyrue ’
BeauuuHbl.  I[IpeumymectBom €TEPMUHUCTUYECKUX
P ym sierep 6 [Tapametp Meron | JlerepMHUHUCTH [ony- u
MCTON0B  JBILIETCA,  TO  HTO  CKOpOCTE  pabOTHI Monte-Kapio yeckre MeTo1bl SMIUPUIECKUE
MIPOTPaMMHOTO O0€CIeueHHs, OCHOBaHHOTO Ha 3TOM METOIBI
METOJIe, MOXKET OBITh ObICTpEe M0 CPAaBHEHHUIO C METOJIOM PasMepHOCT 3-D 3-D -
Mounte-Kapno. HenocraTkoM JaHHOro MeToja sBISETCA DNEKTPOHBI Jla Ia Ia
TO, YTO OTOT METOJ MOXET OBITh UYBCTBHUTEICH K T'amma-, Ja Ha Ha
OCLMJUIMPYIOIIMM PEUICHUSIM W OIIMOKaM CKOPOCTH PEHTI€HOBCKOE
CXOAMMOCTH PEIICHU. U3JTy4deHHC
DMIMpHYECKHe M TONYdMIMPHYECKHE MeTomgpl  CKOPOCTB Mennennas | Cpennss Brictpad
4YCTOB
OCHOBAHBI Ha CTaTUCTHYECKUX COOTHOILIEHHUAX ](a)ac e1o it
o o 1ICHKa a - -
U3MEpEeHul U1 KOHKPETHOM cucteMsl. IIpenmyiiectsom OYHOCTH
JTAHHBIX METOMOB SIBISETCS MX CKOPOCTh M HE TPeOyroT Heo6X0auMocTh Jla Jla Jla
JIaHHBIX II0 CEYEHHsAM, Y4€Ta BTOPHYHBIX DJIEKTPOHOB U BepudUKaLMH
¢ororoB. Ho HEZOCTaTKOM TakWX METOIOB €CTh, TO, YTO
BICHUK HTVY "XTII" Ne 12 (1184) 57
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Ha ocHoBanumn pCKOMCHHaHI/Iﬁ n B CBA3H C TEM,
qTo Tpe6yeTc;1 OLCHMBAaTh TOYHOCTb W MPOU3BOJUTH

MOJCIUPOBAaHUE  IMPOXOXKACHHS  HEHTPOHOB  uepes
BEIIECTBO I  HM3Yy4YCHHS  paJUallHOHHO-3aIIUTHBIX
cBO¥CTB ObLT BEIOpaH MeTo MonTe-Kapio.

Cpemn TPOTPaMMHOTO obecrieyeHus,
peanu3yIomero MOJIETNPOBaHUE MPOXOKIACHUS

HOHU3HPYIOIIETO M3Iy4eHUs OBII BHIOPAH MPOTPaMMHBIN
kommiekc GEANT4 [3, 4]. O6ocHoBaHue BBIOOpA
JTAHHOTO MPOrPaMMHOT0 KOMILJIEKCa OBIJIO PACCMOTPEHO B
[5], rme ObUIO TPOBENCHO CpaBHEHHE C JPYTUMHU
MaKETaMH, MMO3BOJISIOIIMMH MOJICIUPOBAThH MPOX0XKICHHE
HMOHU3UPYIOIIETO H3IYYCHUS 4Yepe3 BEIIECTBO METOIIOM
Mowure-Kapio [6 - 9].

Bb160op 1 060cHOBaHNEe METOIMKH pacyeTa
TIOTJIOIEHHOI 10351 M MOITHOCTH J103BI

B BbIOpaHHOM  NpPOrpaMMHOM  KOMIUIEKCE
GEANT4 - Oonbmoii nepedeHb (U3NYECKUX SBICHUH U
BEJIMYMH, KOTOPbIE MOTYT OBITH MPOMOJEIHPOBAHBl U
paccyMTaHbBl: MOMEHT M KMHETHYECKasi SHEPrHsl YacTHL U
(OTOHOB, KOOpPAMHATHEI M BpeMs IIara, IOIJIOIMICHHAS
11032, pa3IndHas reoMeTpudeckas nHGopMaIus 1 MHOroe
apyroe. s pacdera MOLIHOCTH JO3bI M MOIIHOCTH
9KBHBAJICHTHOW O3Bl IMPOCTOE JEJICHUE ITOTIONICHHON
036l M DKBHBAJEHTHOW J03bI Ha BpeMs 00paboTKu
(3Kcro3unMK) He MOAXOIUT, TaK Kak IOTJOIIeHHas 103a
W OKBUBAJICHTHAs IOIJIOIIEHHAS 1038 PaCCUMTBHIBACTCS
JUIl KOHEYHBIX OOBEMOB, W BEIMYMHA JTUX O0BEMOB
MOTYT OBITh 3HAYHUTEIbHBIMU. MOIIHOCTD ITOTJIOMECHHON
JO3Bl M 3KBUBAJICHTHOM 03Bl MMEET CMBICHI B CIIy4asX,
KOI'JIa pacCYUTaHBl B TOYKE M 332 KOPOTKUH MPOMEKYTOK
BpemeHn, T.e¢. paBHa dD/dt. KoppekTHbii pacyer
MOIIHOCTH HOTJIOMIEHHOH /03Bl U KBHBAJCHTHOH J03bI
npelylaraeTcs — BBINOJHATH — CICAYIOIIMM  00pa3oM.
[MornomieHHass J03a B TOYKE raMMma H3IYYCHHS
paccuuThIBaeTCS MO clenyroliei Gpopmyore:

— /uen
dD-S”7, (1)

rae dD - mornomenHas no3a, I'p; w - ¢uroeHc sHeprun

M>sB/cm?; Ha
p

raMmma H3J1y4YCHUs, MAacCCOBBIN

ko> PuLeHT ocaabnenus, cM/r.

Jns pacdera 5KBUBAJCHTHON 03Bl MPUMEHSIETCS
IOTOIHATENLHEIIT MHOXUTENL WR - B3BEIIMBAIOLIMI
K03 (ULMEHT, 3aBUCAIIMI OT THMNA W3JIydeHUS (11
raMMa ¥ PEHTTCHOBCKOTO W3JIYYCHUs, JIEKTPOHOB - 1,
JUIsl HEUTPOHOB MHOYKUTEIb 3aBUCHUT OT UX SHEPTUH, JIJIS
MPOTOHOB - 2).

MOIIHOCTh MOTJIONICHHOW (9KBHBaJICHTHOW) JO3BI
IpU  YHUCJIEHHBIX pacyeTax paBHAa  IOMIONIEHHOH
(3KBHBaJICHTHOW) J103€, paccUMTaHHOW 0 dopmyre (1) u
JIeJICHHONW Ha BpeMss { B TEYEHHUHM KOTOPOTO TEJO
TIOTJIOMIAET 3Ty J103Y:

._dD
D=—. 2
m )

Takum  00pa3oM, MOIIHOCTH  IOTJIOLICHHOW
(9KBHBAJICHTHOW) O3Bl OyAET pacCuWTaHa B TOYKE, IS
KOTOPOH MPOU3BOIUTCS MOAEIUPOBAHUE U TAKOW MOIXOL
MOYKET OBITH MIpUMEHEH ISt KOPPEKTHOTO
MOJIeTAPOBAHHSA pannaMoOHHO-3aIIUTHEIX
XapaKTePUCTHK MPEII0KECHHOTO MaTepHaa.

Jus  pacuera  maccoBoro  koddduimeHTa

ociiabeHus

en

P
B3saThl U3 [10]. Ha puc. | mpuBeneHsl 3aBHCHUMOCTH
MaccoBoro kod¢dduimenta ocmabieHus A BOABI OT
SHeprud TaMMa KBaHTa (00O3HAYEHBI TOYKAMH).
OtobpaxkeHHpIe Ha puc. | HTaHHBIE B HWCTOYHHKE
MPUBEJCHEI B TAaONMYHOM BHAE, C OOJBIINM IIaroM
MEXIy COCCIHUMH 3HAUCHUSIMH SHEPTHi raMma KBaHTA,
MMOSTOMY UL pacueTa MOTJIOIIECHHOH (IKBUBAJICHTHOM)
J103bI HeO6XOI[I/IMO T36HI/I‘IHI)IC JaHHBIC
anmpokcuMupoBath. C 3TOH I1eNbl0 HAMH TPUMEHSIICS
nporpamMubiil kommieke ROOT [11]. B cBsizu ¢ tem, 4uto
C YBCJIMYCHHUCM OHEPruM raMma KBaHTa 3HAYCHUC
MaccoBoro  kodddumnuenta  ocimabiaeHus  OBICTPO
YMCHBIIAeTCs moo0paTh ANMPOKCHUMHUPYIOIIYIO
(GYHKOMIO Ha BeCh AMANa30H SHEPruil He ymanoch. Jlims
pelIeHust 3TOH MpoOIeMBI IUana30H YHEPTHi pa3duBaics
Ha Maible WHTEpBAlBl JHEPrUil TaMMa KBaHTa, W JUIA
KaXIOTO HWHTEpBajla MOAOWpaiach amIpOKCHMHUPYIOIIAs
GyHKIHSA.

, Bxojgsmiero B dopmyny (1) naHHbIE

” AN

TS
Bai
[

eprun s, MsB

Puc. 1 - 3asucumocme maccosoeo xosgppuyuenma
ocnabnenust 01is1 600bl OM IHePeUl 2amMma Keanma. A -
mabauuHble OAHHbLE 3A6UCUMOCIU KOIPDPuyueHma
Maccosoeo ociabnenust OJist 00bl.

Pesyneratel  monbopa
(yHKIMH TPUBEICHBI B Ta0M. 2.

ANMPOKCUMUPYIOMIHUX
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Tabmuma 2 - 3aBucuMocTh  KOI(D(OHUIIMCHTOB
ANMPOKCUMUPYIOMIMX (YHKIUH OT JWana3oHa SHEPrui
raMma-KBaHTa.
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B cnyaae, korna B Tabnmie ykaszaHa Bux QyHKINH
- «OKCIL» BUJ GbyHKIMH COOTBETCTBYET
9KCIIOHECHIMaNbHOW ¢GyHKIMK: y = exp(po + P1-X);
«TOJIMHOM.» COOTBETCTBYET MOJMHOMUAIBHON (QyHKINU:
Y= Po+ prx+ p2x2+ p3:x3 + ... OpuyeM MNOPSIOK
MIOJMHOMHUANBHOW (YHKIIMM COOTBETCTBYET WHICKCY
ko3 dunrenTa p, 1yl KOTOPOro yKa3aHo 3Ha4YEHUE.

Yacte paboThl BBINOJIHEHA B paMKaX Hay4dHO-
nccienoBaTesbckoro koutpakta MAI'ATD Ne 18685.

BrIiBOABI

B xone pabotel OBLT BEIOpaHa MaTeMaTHUECKUI
METOJ MOJECTIHPOBAHUS NPOXOKACHUS HOHU3UPYIOIIETO
M3TydeHHsT dYepe3 BEImeCTBO U  crmocod  pacyera
MOTJIOIIEHHON (SKBMBAJEHTHOM) O3Bl U MOIIHOCTH
HOTJIONIIEHHOM (9KBUBANIEHTHOI) O3Bl B TOUKE, YTO Ooee
KOPPEKTHO  TIO3BOJIIET  TPOBOAMTH  BBIYHCICHHUSA.
O06ocHOBaH MaTeMaTH4eCKUi MOAX0A  pacyera
HOTJIONEHHOM (9KBUBANEHTHOH) JO3BI M MOIIHOCTH
TIOTJIOIIEHHOM (SKBUBAJICHTHOH) JO3HI.

[TpuBeneHst Ppe3yIbTaThl annpoKCUMAIAN
TaONINIHBIX JaHHBIX 3aBUCHMOCTH MaccoBOTO
ko3 punrenra TIOTJIOIEHHS oT SHEPTUH

HOHHU3HUPYIOIIET0 M3Ty4YeHHs ISl BOJABL DTO TMO3BOJIHT
BHEJIPUTH B MPOrpaMMHOe OOecredeHue  pacyer
MaccoBOro KO3(QQuIMeHTa OCIabeHUs] B 3aBHCUMOCTH
OT DHEPTHUU U3JTYUCHUSA IJIA 3HAYEHUH 3Hepr1/1171, JICXKalux
B IIPOMEXYTKE MEXAY TaOINYHBIMU JTaHHBIMHU.
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AHOTALIA Y cmammi 00IpyHmMo8ano 6ubip npospamnHo20 KOMIIEKCY OJisi NPOGEOCHHS YUCEIbHO20 MOOCTIO8AHHS NPOXOONCEHHS.
IOHI3YI04020 BUNPOMIHIOBAHHS Hepe3 PEeHuOBUHY, HABCOCHO OOIPYHMYBAHHS 6UOOPY KOPEKMHO20 Memody PO3DAXYHKY 003U i
nomyjcHocmi 003U NpU NPOBEOeHHs YUCENbHO20 MOOENIO8AHH NPOXOONCEHHS [OHI3YI0U020 GUNPOMIHIOBAHHA Yepe3 DevyOBUHY.
3anpononosano memoouky niobopy anpokCUMyHOHOl KYCKOBO-HenepepeHoi (QYHKYIl 0N PO3PAXYHKY Maco8o2o Koepiyichma
0CNAONeHHA 2aMMA-BUNPOMIHIOBANHS, HEOOXIOHO020 NPU PO3PAXYHKY NOIUHYMOI Ma eK8i8aleHMHOI 003.

Knwuoei cnoea: ionizyroue sunpominioganns, yucenvhe mooenosanus, GEANT4, noeaunena i exgieaneHmua 003a, NOMYHCHICMb
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