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AHHOTAIIHA B cmambe npednoxcen Memood pacuema no2noujeHHou (IKeUSaienmHoll) 003bl U MOWHOCMU HOLOUWEHHOU
(oxsusanenmmnoti) 003l uoHUZUPYIOWE20 UzTYYeHus (2amma-, HeUmpOHHOe U JNeKMpOoHHOe uziyuenue) ¢ mouke. IIpednodicenvi
annpoxcumupylowue @QYHKYuU U paccuumansvl coomeemcmeyiouue kodp@uyuenmol. Ilpusedenvt epaghuxu  3asucumocmeri
Koaghpuyuenmos nepesoda guioenca yacmuy u Quoenca HepauL yacmuy 6 No2NoujeHnyio (IKGUBAIEHMHYIO) 003 6 3A8UCUMOCTU
om snepauu vacmuy.
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CALCULATION METHOD OF THE ABSORBED (EQUIVALENT) DOSE AND
ABSORBED (EQUIVALENT) DOSE RATE OF THE IONIZING RADIATION
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ABSTRACT One of the perspective way to calculate absorkediyalent) dose and their rate is numerical sirtiolan GEANT4 is
one of the software toolkibr the simulation of the passage of particles tigio matterThe article is devoted to define correct way of
dose and dose rate calculation as dose rate shbedcalculated at the point; correct way of dose ewsion coefficient
approximation by piecwise continuous function. Catiah method of the absorbed (equivalent) dose amgbrbed (equivalent)
dose rate of ionizing radiation (gamma, neutron aldctron radiation) at the point is proposed irethrticle. Approximating
functions are proposed and the corresponding aueffts are calculated. Figures with coefficients efggencies of particles fluence
and particle fluence energy depending on the enefgihe particles are given. These coefficients re@eded for calculations of
absorbed (equivalent) dose. The absorbed dosecalteilation method which is used in GEANT4 can notiged for dose rate
calculation. Proper mathematical method for absafldese rate calculation was chosen and was destiibéhe article. Also, the
method of absorbed (equivalent) dose rate calautedire given. Proposed calculation method of theoated (equivalent) dose and
absorbed (equivalent) dose rate of the ionizingiatidn may be used for numerical simulation of mation radiation passage
through the matter, for example, with the use of SEA

Keywords: ionization radiation, numerical simulation, GEANTabsorbed and equivalent dose, absorbed (equit)ali@se rate.

BBenenune

YucneHHble METOABI pacueTa MOTIOUIEHHON J103bI
W MOIIHOCTH TMOTIOIMIEHHOW J03bI OT PagrOaKTHBHBIX

XOTs 9TW NPOrpaMMHbIE KOMIUIEKCHI UCIIONb3YIOT METOJ
Momre-Kapiao u JaroT COmIACyroIuecs pes3yibrarsl [6],
pa3HUIIA B UX YaCTHOM NPMMEHEHHH MOXKET J€JaTh OIUH
KOMILIEKC NPEANOYTUTENBHEE APYrMX. B IpOrpaMMHbBIX

HUCTOYHUKOB HAXOJAT INUPOKOC TMPHUMEHCHHE. OJTO  KOMILICKCaX, MOJICTHPYIOIIUX MIPOXOXKACHHE
00yCIIOBJIEHO IIPOrpeccoM B pa3paboTke, HOHU3UPYIOIIETO HU3JIYYCHHS Yepe3 BEIIECTBO, MOXKHO
YCOBCPIICHCTBOBAHUIO, BEpUBUKAIMKA IPOrPAMMHOTO  TIONYYUTh CICAYIOUIYI0 HH(GOPMANUIO. KHHETHYECKYIO
obecrieueHust u pocToM MIPOU3BOJUTEIIEHOCTH  JHEPTUI0, MOMCHT YaCTHIIBI; JUIMHY IIara; MOTIOMCHHYIO
KOMITBIOTEPHO!N TEXHUKH. SHEPrUI0 YacTHILIbI;, BEIIECTBO, B KOTOPOM MPOHU3OILIO
[IporpaMmbl Ui YHCJICHHOTO MOJCIMPOBAHKS — MOMIOMICHUE SHEPrHH YaCTHUIBI; MOMIOIICHHYIO 03y H
MPOXOXKACHHUS  HMOHM3HPYIOUIETO  HM3MydeHHWs  depe3  Jp.
BEIIECTBO HCIONB3yI0oT Metonm Monrte-Kapmo [1]. 3a [ormomenHas 103a B YIOMSIHYTBIX MPOTPAMMHBIX
MoCIeNHUe  JCCATWIeTHsS  pa3paboTraHo  OoJbpImoe  KOMIDIEKCAX PACCUMUTHIBACTCS B KOHEUYHOM oObeme. s
KOJTM4IEeCTBO (OKOJIO MIECSATKA) MPOTPAMMHBIX KOMIUIEKCOB  TOCJEAYIOIIEr0 pacuera MOIIHOCTH TIOTJIONICHHOM O35
UIE  Takoro  MOICNMPOBAHMSA, HO  dYalle BCErO  JKEJIATeNIbHO 3HATh IMOMIOHNICHHYIO 03y B  TOYKE.
UCTIONB3YIOTCS  CJIEAYIONMX  TPU  NPOrpaMMHBIX  lIpuBeneHHBIIH MeTOJ MTO3BOJISET paccunTaTth

komruiekca: GEANT4 [2, 3], MCNP [4]u FLUKA [5].

MOTJIOIICHHYIO A03Y U MOLIHOCTbH HOFHOIIIGHHOﬁ J03bI B
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TOYKE, YTO JaeT OOJiee TOUHBIC PACUETHI.
ens padoTsI

B crarbe mpuBeneH MeToa OmNpeneseHUs MOTVIOIEHHON
(PKBUBAJEHTHOM) O3Bl M MOLIHOCTH IIOTIOIIEHHOM
(9KBHMBAICHTHOW) O3B JJIS Pa3WYHBIX HCTOYHHKOB
HMOHU3HUPYIOILIETO U3TyUYCeHUs. raMMa-yuei, HEUTPOHOB U
AIIEKTPOHOB B TOYKE, YTO HEOOXOAMUMO Ui MPOBEICHHUS
YHCIICHHOTO MOJIETUPOBAHUS MPOXOXKICHUS
HMOHU3HUPYIOIIETO U3JTYYCHUS yepes BEIIECTBO.
[MpuBeneHsbl anmpoOKCUMUpYOIHe GYHKIMU ISl pacyera
k03¢ duieHToB NIepeBoaa (QIrocHCa YaCTHIl U (IIIOCHCA
SHEPTUH YACTHIL B TIOTIONICHHYIO (9KBHBAICHTHYIO) 03y
B 3aBHCUMOCTH OT SHEPTUH YaCTHII.

Pacuer norsiomeHHoi (3KBUBAJIEHTHOI) 10351

Jns  pacdyera MOIVIOMIEHHOW [A03bI TramMMma-
HM3JIy4YeHHUs] HCTIONB3YETCS CJEYIOIIHIA IOJXO/.
[Tormomennass fm03a raMMa H3JIy4€HHS B TOUKE
paccUYMThIBaCTCs MO clenyromeit popmye:

dD, = 1,610 [ Fer 1)

p
rae dD, — normomieHHas [03a B TOYKe OT raMma-
nznyuenust (DIOCHC SHEPTUM — KOJIUYECTBO JHEPTHH,
[IEPEeHECEHHOM  YacTULAMHU  4Yepe3  DJIEMEHTapHYIO

TUIOIIA/KY, TEPICHIUKYIAPHYIO Tydky (mis ciydas

\.

L AL e
»

»

SR e s

My4yKka), WIM 4Yepe3 MOBEPXHOCTh JIIEMEHTapHOM chepbl
(nmst cmydass aubdysnoro mons wacrum)), Ip; w —
ﬂen
p

(mmoeHc JHepruu ramma u3aydeHus', MasB/cm?;

MaccoBbIil Kod(uuuenT ocnabnenus, cM/T.
Jns

ocJiabneHust

pacdera  MaccoBoro  Kod(QuimeHTa

luen

p
B3aThl u3 [/]. Ha puc. 1 mnpuBeneHsl 3aBUCHMOCTH
MacCOBOTO KOX(QUIMEHTa OCIAOICHUS A BOABI OT
SHEpruM ramMma KBaHTa  (00O3HAYEHBI  TOYKAMH).
OtobpaxeHnbie Ha puc. 1 jgaHHBIE B HCTOYHHKE
OpPUBEJCHBI B TAOIMYHOM BHIE, C OOJBIIHM [IIATOM
MEXIy COCETHUMH 3HAYCHHSIMH SHEPrHil TaMMa KBaHTA,
MOITOMY JUIS pacueTa IMOIVIOMEHHON (PKBHBAJEHTHOM)
JIO3BI HEOOX0IUMO TaOIMIHBIE JTaHHBIE
ammpokcumupoBath. C  9TOM  [ENbI0  TPHUMEHSIICST
nporpammusiii komiuieke ROOT [8].B cBsizu ¢ TeM, 4To ¢

Bxogsmero B Gopmyny (1) mannsie

YBEJIMYCHUEM DHEPrUM TraMMa KBaHTa  3HaueHHE
MaccoBoro  koaddunueHnra  ocnabneHust  OBICTPO
YMEHBIIACTCS nogo0parhb aMIpOKCUMHPYIOILYIO

(YHKIMIO Ha BECh MUANa30H YHEPTHHA He ynmanock. Jlns
peuIeHus 3Toi mpoOIeMbl AUATIa30H YHEPTHIA pa3OuBaCcs
Ha MaJjblc WHTEPBAJIBI JHEPTUN raMMa KBaHTa, W I
Ka)XJOro HMHTEpBaja MOAOUpaNach anmpoOKCHMHUPYIOIIas
byHKITHS.

ster=rtazernne, Ak

Puc. 1 —3asucumocms maccosozo kod¢ppuyuenma ocrabnenus 0 600bl OM dHepauu 2amma keanma. A - mabauunvie
OanHble 3A8UCUMOCTIU KOIDDuyueHma maccogo2o ociabnenus 0Jis 600bl.
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Pesynbrarel nogoopa annmpoKCUMUPYIOUIMX (GYHKIMH pUBeaeHs! B Taom. 1.

Tabmuma 1 — 3aBucHMOCTD KOX(PQHUIMEHTOB aNmpOKCUMHUPYIONINX (YHKIMH OT AWama3oHa YHEPTHH raMma-
KBaHTA.

Juana3on sHepruii, MoB | Bun dyskimm | po P P2 Ps P4 Ps Ps p7
0,0+0,002 JKCIL. 10.371 -2063,95

0,002+0.004 9KCIL. 8,64225 6,9475

0,004+0,006 9KCIL. -1111,52 -636,505

0,006+0,008 9KCIL. 5,83839 -443,043

0,008+0,01 JKCIL. 5,07754 -347,937

0,01+0,016 9KCIL. 4,15907 -256,09

0,016+0,032 1,927770.34753126,253

0,032+0.06 TIOJIMHOM. 0.34753 -10.3335 84.65

0,06+0,3 MIOJIMHOM. 0.06051 -0.98887 9.59759 -34.3428 -5.00379 347.75-835.313 | 621.782
0.3+1.5 TIOJIMHOM. 0.022611 0.0318272 0.064041H.358006 0.511662 -0.309909 0.0689375
1.5+5.0 9KCIL. -3.40742 -0.115632

5.0+20.0 9KCIL. -3.8712 -0.0238322

[Mpuvedanwe. B ciydae, xorma B Tabnmie yka3aH BuA (QYHKIMM — <OKCIL.» BHI (QYHKIHH COOTBETCTBYET

9KCHOHEHINANbHON (QyHKIMU: Y = eXp(|d + Pr*X); «IOJIMHOM.» COOTBETCTBYET IOJMHOMHAILHOW (QyHKIHMHU: Y = [ +
P1-X + X2+ @' X3 + ...npuUUeM MOPSIOK IMOJMHOMHUAIBHON (DyHKIIMH COOTBETCTBYET MHJIEKCY KO3 dunmenTa P, ais
KOTOPOTO YKa3aHO 3Ha4YCHHE.

Jnst pacueTa NMOIJIONMIEHHOH (IKBHBAJIEHTHON)  HEWTpOHHOTO wu3nydeHus. KoadowuimeHtsl mepeBoaa
1036l HEHTPOHHOTO W3JIyYeHMsI HCIIOJb3YeTCsl MOJIX0A,  (uiroeHca IHEpruM HEHTPOHOB B SKBUBAICHTHYIO J03Y
AQHAJIOTHMYHBIA K pacyeTy MOMIOMICHHONW M03bI ramma-  mpuBefcHbl B Tabn. A.42 ICRP74 [9]u moxaszaHel Ha
n3inyueHusi. PaccMOTpUM pacueT SKBMBAJEHTHOW JO3BI  pHC. 2.

10% |

H*(10)/®, n3s-cm?

10" |

L - Il Il L L Il Il Il L L
1073 1072 107t 10° 10!
Dueprus HelTpoHos, MasB

| |
102

Puc. 2—3asucumocms 3navenus Kodsppuyuenma nepesooa Proenca s3Hepau HetimpoHO8 8 IKGUBAIEHMHYIO 003y OMm
9Hepeuu Heumponos. || - mabauunvle OaHHbvle.
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Pacuer  oKkBMBaJEHTHONH  103bl  NIPOBOAUTCS B
COOTBETCTBHH CO cleyoleii Gopmysoii:

dD, = @,(E)H (10)/ @, (1)
rne dDn, — »OKBUBaJeHTHas 032 B TOYKE OT
HEWTPOHHOTO wW3dydeHus, Ip; P, (E)— (roeHc

H’ (10)/®

HEHTPOHOB B

HEHUTPOHHOIO W3JIy4CHHUS, M>sB/cm?Z;
kod(ppuuueHT mnepeBoga (uioeHCca
SKBUBAJIEHTHYIO 103Y, 13B/cM?.

Kosdduument mnepesoga it HEUTPOHOB ¢
SHEPTHUAMH,  TPUXOMANIAMUCS  MEXIYy  TOUYKaMHU
rpaduka, anmpoKCUMHUPYETCs TPU ITOMOIIU JTHHEHHON
WHTEPHOIANNH. JJ1T BEIYHUCICHUS TOTJIOMIEHHON O35
OT JJIEKTPOHOB HCIONB3YEeTCS CIEAYIOMHN TIOIXO.
[Tornomennast 103a paccUMTHIBACTCS IO CJEAYIOIIEH
hopmyme:

10 — T T T — T T

dD_=1,6ElO’1°ED_(E)IZ—IS°—°', 2)
e e p
rie, dDe_ - TOTIIONICHHASL 1032 OT AJIEKTPOHOB, Ip;
o S
QD,(E) - (mroeHc JNMEKTPOHOB, M2, —2 - TopMO3Has
° p
CITOCOOHOCTH BOJIBI JIJISt SJIEKTPOHOB, M>sBcmr.
3HayeHWs] TOPMO3HOM  CIOCOOHOCTH  BOABI  JUJIS
SJIEKTPOHOB Pa3IMYHBIX SHepruil mpusBeneHsl B [10]
(cM. puc. 3).
Takke, KaKk W JUISI TaMMa-U3JIydeHHs, JUIs
ONpENeNICHUs] 3HAYCHHWH TOPMO3HOM CIOCOOHOCTH

BOJBI JUISL DJISKTPOHOB JUIS PAa3IMYHBIX 3HAYEHUH
SHEprui JJIEKTPOHOB, noaoupaich
annpoKcuMupyromue QyHKUHU. Pesynbrarsl mopbopa
ANMPOKCUMUPYIOIUX (QYHKINI IPUBEICHBI B Ta0M. 3.

2
v R o

1t

St /. MaDB-c

-t IS

10 10 1

Feeprug WiekTponos, MaB

Puc. 3 —3asucumocms mopmosnoii cnocobHocmu 600bl 015 INEKMPOHOE OM IHEPSUU INEKMPOHOB.

*

BuiBoaBI

B cratbhe mpemiokeH METoJ| ONpEeeICHUs MOTIONICHHOM
(PKBUBAJEHTHOM) JI036I M MOIIHOCTH IIOTIOIIEHHOM
(PKBHMBAICHTHON) O3B JUIS Pa3MYHBIX HCTOYHHKOB
HMOHU3HUPYIOIIETO U3TyUYeHUs: raMMa-ydei, HEUTPOHOB U
ANIEKTPOHOB B TOYKE, YTO HEOOXOAWMO JUIS MPOBEICHHS

- mabnuynsle Oanmble.

YHCIICHHOTO MOJICITUPOBAHHUS TIPOXOXKICHHUS
HMOHU3UPYIOIIETO U3ITYYCHUS 4yepes BEILIECTBO.
IIpuBeneHBI anmpoOKCUMHUPYIONIHE (QYHKIMH JUIsI pacdeTra
k023 PUIMeHToB nepeBoja (iroeHca JacTuil U (iroeHca
SHEPTHH YACTHIL B TIOTJIOMICHHYIO (SKBUBAIICHTHYIO) 03y
B 3aBHCUMOCTHU OT SHEPTUH YaCTHUII.
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Tabmuua 3 —3aBucuMOCTh K03 PUIMEHTOB aNIPOKCUMHUPYIOIMX (QYHKIUI OT iMana3oHa SHEPTUil AIEKTPOHOB.

Junanazon sHeprui, | Bux dyHkumm | po P P2 Ps Pa
MbsB
0.01+0.04 ITOJIMHOM. 42,2388 | -2673.44 76059.4 -770632
0.04+0.1 MOJIMHOM. 13,3505 -175,489 838,396
0.1+-0.6 MOJIMHOM. 7.17108 -43.8685| 151.899 -240.32411.624
0.6+-10.0 MOJINHOM. 2.02582 -0.22147 | 0.076930.00956 0.0004
5
10.0+20.0 ITOJIMHOM. 1.898 -0.00407 0.00207 -0.0001213333e-06
20,+100,0 ITOJIMHOM. 2.03675 0.00214 - 8.35556€e-3.9225e-12
6.29101e-9
-6
[Ipumeuanune. B cnydae, korma B Tabnuie ykazaHa BuJ (QYHKIMH — <OKCIL.» BHI (DYHKIMA COOTBETCTBYET

9KCHOHEHIUANbHON (QyHKIMU: Y = eXP(Pp + Pr*X); «IOJIHHOM.» COOTBETCTBYET MOJHMHOMHAIBHOW (QyHKIHU: Y = [p +
Pr-X + X2+ @ X3 + ...npUueM MOPSIOK IOJMHOMHUAIBHOHN (PyHKIIMHM COOTBETCTBYET MHJIEKCY Kod(duumenra p, s
KOTOPOTO YKa3aHO 3HaYEeHMUE.
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