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[lenp: [Tpoananu3MpoBaTh MOCIEACTBUS HCIIONB30BAHUS TPAHCIIOPTAOETBLHOCTH BMECTO JIOJH HYKIIHAA £, KOTOpas NEPEXOMUT B KPOBb €
OTHOCHTEIIBHO OOJIBIIEH CKOPOCTBIO B paHHEH (a3e J1eroyHoro KIMpeHca A yIydIlIeHHs KauecTBa MoJenei MeTaboau3ma HyKiInia, no-
cTpoeHHBIX Ha ocHoBe [lyomukamuu 66 MKP3 (ICRP-66).

Marepuan u meronsl: B 6nodusnueckoit maboparopun IOxHO-Ypanbckoro ¢eaepaabHOT0 HaAyYHO-KIMHUYECKOTO [EHTPAa MEIULIUHCKON
61o(U3NKH PACTBOPUMOCTD MPOMBIIUICHHBIX COSIMHEHUI IUTyTOHHS C TEXHOJIOIMYECKUX Y4acTKOB [IpOM3BOJCTBEHHOTO OOBEIMHEHUS
«MAJSIK» ompezernsinach METOIOM JTHaIN3a B (pU3HOIOTHIECKOM pacTBope PuHTepa M XapakTepr30Baiach MoKaaresieM TPaHCIIOpTadeb-
HOCTH, KOTOPBIH SBIISICTCS KOJMYECTBEHHBIM KPUTEPUEM I8 KJIACCH(MKALMU MPOMBIIUICHHBIX a’3po30jieil. B pamkax Teopuu TpaHc-
noprabenbHOCTH HaOofaeMas AByX CTa/lMiiHas KMHETHKA JIHann3a OObsICHACTCS TeM, 4TO TBepAas (aza adspo3oiist NPEACTaBICHA ABYMs
(hpakuusmu: OBICTPOI (TpaHCTIOPTaOETbHOM) U MeIeHHOH. TpaHcmoprabenpHas (Gpakus JOCTATOYHO OBICTPO MOKHUIACT TBEPAYIO a3y
U TIEpeMeIaeTcs B pacTBop, OyaydH 3aBeIOMO FOTOBOH K 3ToMy. Monens apixarensHoro Tpakrta ICRP-66 npemaraet Tpu kiacca pacTBo-
pUMOCTH MHTanupyemoro a’po3oist F, M u S, n ycraHaBiuBaeT Juist 3THX KJIaCCOB MapaMeTpbl aOCOpOLMY U3 JbIXaTeJIbHONH CUCTEMBI B
KpoBb. B Mmozenmsax FOsxHO-Ypanbsckoro ¢epeparsHOT0 HayIHO-KIMHIYECKOTO IEHTPa MEAUIMHCKOH Onodmukn (10 MWDS-2013 Bxtio-
YHTEJBHO) 10T HYKJIUAA £, KOTOpas MEPEXOUT B KPOBb C OTHOCUTENLHO OOJIbIIei CKOPOCTHIO B paHHEH (hase IErodHoro KIMpeHca, nocie
OCaKJICHUS B JIIXaTeIbHOM TPAKTe, IPUPABHEHA K [TOKA3aTeII0 TPAHCIOPTA0EIbHOCTH S, BRIPAXKEHHOHN B JOJISIX.

Pesynerarer: [Tokasano, 4to TeopeTUdeCKas MPOIEHTHAs PA3HHUIIA MEXTY f 1 S OTHOCUTEINBHO f, He mpeBbImaet 4,36% st TMOKCUNa TITy-
TOHHS ¥ CMEIIAaHHOTO COCTaBa, a JUIs HUTPaTa ITyTOHUsS oHa MeHee 1%, HO 13-3a UCIONB30BaHNUS B BHIUMCICHHUAX OKPYTIEHHBIX 3HAYEHUI
S, IpOLIEHTHAs pa3HHLIA MOYKET HAXOAUTHCS B Ipeaenax or —24% 1o 18%.

3axmodenue: ITokazana MpUEMIEMOCTh UCTIONB30BaHMUs TPAHCIOPTA0ETBHOCTH BMECTO nomu Hykimunaa f. u3 ICRP-66. Ipennoxen BO3MOK-
HBIH MyTh YIy4qIIeHHs KauecTBa MOfieNiel MeTabonu3Ma HyKIHIa.

KunroueBsle cioBa: memabonusm Hykauoa, mMooens pacmeopeHus, Mooenb ObiXamelbHbIX nymetl, NPOMblutleHHble a3PO30aU, OUOKCUO
NAYMOHUS, mpanchopmabeisnocmy, pacmeop Punzepa
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ABSTRACT

Purpose: To analyze the consequences of using transportability instead of the fraction of the nuclide /, that enters the blood at a relatively
higher rate in the early phase of pulmonary clearance. To demonstrate potential ways to improve the quality of nuclide metabolism models
built on the basis of ICRP 66.

Material and methods: In the biophysical laboratory of the Southern Urals Research and Clinical Center for Medical Biophysics, the solu-
bility of industrial plutonium compounds from the process areas of the MAYAK Production Association was determined by dialysis in
physiological Ringer’s solution and characterized by the transportability, which is a quantitative criterion for classifying industrial aerosols.
Within the framework of transportability theory, the observed two-stage dialysis kinetics is explained by the fact that the solid phase of the
aerosol is represented by two fractions: fast (transportable) and slow. The transportable fraction leaves the solid phase relatively quickly
and moves into solution, being predisposed to do so. The ICRP-66 respiratory tract model proposes three solubility classes of inhalable
aerosol: F, M, and S, and establishes absorption parameters from the respiratory system into the blood for these classes. In the models of
the Southern Urals Research and Clinical Center for Medical Biophysics (up to and including MWDS-2013), the fraction of the nuclide f,
that enters the blood at a relatively higher rate in the early phase of pulmonary clearance after deposition in the respiratory tract is equated
to the transportability, expressed as a fraction.

Results: The article shows that the theoretical percentage difference between f, and S relative to f. does not exceed 4.36% for plutonium
dioxide and mixed composition, and less than 1% for plutonium nitrate. However, due to the use of rounded S values in the calculations, the
percentage difference can range from —24% to 18%.
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Conclusion: The acceptability of using transportability instead of the nuclide fraction f. from ICRP 66 is demonstrated. A way to improve

the quality of nuclide metabolism models is proposed.

Keywords: nuclide metabolism, dissolution model, respiratory tract model, industrial aerosols, plutonium dioxide, transportability,

Ringers solution

For citation: Vvedensky VE. Harmonization of Nuclide Dissolution Models Proposed by the Southern Urals Research and Clinical
Center for Medical Biophysics and ICRP-66. Medical Radiology and Radiation Safety. 2026;71(5):61-64. DOI:10.33266/1024-6177-2026-

71-5-61-64

Beenenue

Mogens nixarenbaoro Tpakra [ICRP-66' mpemiaraet tTpu
KJIacca paCTBOPUMOCTH MHTamupyeMoro asposoisi F, M u S,
1 YCTaHABIUBACT JUIS ATUX KJIACCOB MapaMeTpsl adbcoponnu
U3 JIIXaTeIbHON CUCTEMBI B KPOBb. TpajiMIIMOHHO B OHodHu-
3udeckoit Jlaboparopun FOsxHO-Ypanbckoro denepaibHOro
Hay4YHO-KJIMHUYECKOTO ILEHTpa METUIHUHCKOW Onodusnku
(FOYp®HKIl MB) pacTBOPHMOCTH MPOMBIIUICHHBIX CO-
€IMHEHHUH TIIYyTOHUS C TEXHOJOTHYECKUX ydacTkoB [Ipomns-
BoncTBeHHOTO 00beauHeHHsS «MASKy (ITO «Masik») ompe-
JIeTIsIach METOJIOM JiMain3a B (PM3HOJIOTHYECKOM PacTBOpE
Punrepa n xapakTepu3oBajiach IMOKa3aTesIeM TPaHCIIOPTa-
0eTBbHOCTH, KOTOPBIH SBISIETCS KOTUUYECTBEHHBIM KPUTEPH-
eM JuIsl KJIacCH(UKALUKM MPOMBIIIICHHBIX a’p0O30Jiel, Kak
MPABUJIO, COCTOSIIIUX U3 CMECH Pa3IMYHBIX COCAMHEHHMH
mwryTonus. B mogensax IOYp®HKI Mb, no MWDS-2013
BKJIIOUMTENBHO [1, 2], nons Hykmmza® f,, KOTopas HepexoauT
B KPOBb C OTHOCHTEJIBHO OOJIBIICH CKOPOCTBIO B paHHEH
(haze JIErOYHOrO KIMPEHCA IOCIE OCAKICHUS B JIBIXATEIb-
HOM TpakTe, MPUPAaBHEHA K IOKA3aTei0 TPAaHCIIOPTAOEeb-
HOCTH S, BBIPQXCHHOU B JIOJIIX M M3MEPEHHON B pacTBOpe
Punrepa [3]:

5=S )]

B cBsa3u ¢ BbllleckazaHHbIM, BO3HUKAET BOINPOC: Ha-
CKOJIBKO TIPaBOMEPHO HCITOIh30BaHUE COOTHOIICHUS (1).

B nanHo# cTathe npoaHalu3UpOBaAHbI MOCIEICTBUS UC-
M0JIb30BaHMsI TPAHCIIOPTAOEIBHOCTH BMECTO JIOJIH HYKJIHIA
(1), 1 moKa3aHBl BO3MOXKHBIC IYyTH YIYYIICHHUS KadecTBa
Mofeneil Mmetabom3Ma HyKIHIa, TOCTPOCHHBIX HAa OCHOBE
ICRP-66.

MarepuaJn u MeTobI

B pamkax Teopuu TpaHCIOPTaOEIBHOCTH HaOItogaeMast
[lByXCTaI[HﬁHaH KHMHETHKa Juajiu3a OG’I)HCHHCTCH TEM, 4TO
TBepaas (aza a’po30iisi MPeACTaBICHA ABYMs (PPAKIIUSIMHU:
OBICTpOI (TpaHCTIOpTabeIbHON) U MemIeHHOM [4, 5]. Mare-
MaTHYECKH 3TOT MPOIECC OMHUCHIBACTCS YPAaBHEHUAMHU BUIA

(puc . 1):

do

Sh=-,0,+ 1.0,

w0 L0 ()
= Q 5

dt 252

rae O, — aKTHBHOCTH TpaHCTOpTabenbHON (pakuuu, bk;
0, — aKTUBHOCTh HETPAaHCIOPTAOENbHON (pakumu, bk; 4, —
CKOPOCTh YOBIBaHMsI aKTHBHOCTH DPAIMOHYKIIUIA 32 CHET
MaccorepeHoca paJioaKTHBHOTO BEIIECTBA BO BHELIHUI
pacTBop, CyT '; A, — CKOPOCTh MEPEX0ia AKTUBHOCTH PajIno-
HYKJIHZIA B TPAHCIIOPTAOSIbHOE COCTOSHHE 3a CYET PAcTBO-
PCHUS ¥ pa3pylICHHs] KPYITHBIX YACTHII, CYT .

[TprHMMas HavyaIbHOE COJCPIKAHNE PAJMOAKTUBHOTO BE-
1ecTBa Ha GUIbTpe paBHbIM O, a JIOJII0 aKTUBHOCTH PAJIHO-

'ICRP, 1994. Human Respiratory Tract Model for Radiological
Protection. ICRP Publication 66. Ann. ICRP 24 (1-3).
2 Tam xe.

@

A,

Breurnuii pacteop

Q2

Puc. 1. Kamepnas Mozenb cucteMbl TMHEHHBIX HU(depeHInanTbHbIX
YypaBHEHHH IIepBoro nopsika (2)
Fig. 1. Compartment model of the system of linear differential equations
of the first order (2)

HYKJIHJIa, HAXOSIIYIOCS B TPAHCIIOPTAOEIbHOM COCTOSTHHH,
paBHOIA S, HauaJIbHBIE YCIOBHSI Oy/IyT UMETh BUJI:

Ol = QS
Ol,=9,(1-9)

Pemras cucremy ypaBHeHH# (2) mpu Ha4aIbHBIX yCIOBH-
X (3), MOXKHO TOJyYUTh BBIPAXKEHUE, KOTOPOE OMHUCHIBACT
AKTHBHOCTH a3PO30JIbHBIX YaCTHII, HAXOASAIINXCS Ha (HHIIb-
TpE B 3aBUCHMOCTH OT IPOIODKUTEIFHOCTH TIpoIiecca Ina-
nu3a Q(f), cnemytomiero Buaa (puc. 2 ):

0)=0"+0",=Q [axe " +(1-a)e™], “4)

rae O, — 9TO HAYaIbHOE COIEPIKAHNE AKTUBHOCTH PAIHOHY -
kimaa Ha Guiierpe. HauanbHble ycaoBust OyayT UMETh BU:

Q'l= 0
Q'2|F0 = Q()(l - a)

U3 (2-5) momyyaeM OO aKTUBHOCTH PAHOHYKIIH/IA,
HaXOJSIIIYIOCSl B TPAHCIOPTAOEILHOM COCTOSIHUM, TaK Ha-
3bIBAEMYIO TPAHCIIOPTaOEIBLHOCTD [4]:

(1-a)l,
i 2

1

1>8>0 3)

2, >2,>0

1>a>0

)

S=a+ A>4,>0 (6)

[Ipu wucnonp30BaHUHM Moneneld MeTadoim3Ma HYKIH-
na, mocTpoeHHbIXx Ha ocHoBe ICRP-66°, Bo3Hmkaer mpo-
Oiema, cBsi3aHHast ¢ TeM, 4To pacTBopuMocTb B ICRP-66
(puc. 3 ) ompenensercst nHa4Ye, YEM TPAHCIOPTAOSIBEHOCTD
B IOYp®HKII MBb (puc. 1).

Cas3b Mex 1y MonensiMu A U B Ha puc. 3 crienyromias®:

Sp - ss +f;(sr - ss)
S, = (I=f)(s,.—s)

SrZSs

(7

*ICRP, 1994. Human Respiratory Tract Model for Radiological
Protection. ICRP Publication 66. Ann. ICRP 24 (1-3).
* Tam xe.
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PesysbTarsl u 00cyKaeHHE

[Ipu paccMoTpeHNH KaMepHOH MOJENN Ha PHUC. 2 B MO-
e A Ha puc. 3 O4EeBHIHO, UTO M300pakeHa OJJHA U Ta XKe
MOJIeNb, U, CIEI0BaTeNIbHO, COOTHOIIEHUS MEXAy Hapame-
TpaMH MOZENEH cleayonye:

s =4
5. =4, ®)
f,=a
l; l1
o — s .
=
Qo
2
=
s
I
g
2
' A e
Q2 2

Puc. 2. KamepHast MOZeIb CHCTEMBI THHEHHBIX 1H(pdepeHIHaTbHbIX
ypaBHEHHIt IIepBoro mnopsiyika (2)

Fig. 2. Compartment model of the system of linear differential equations
of the first order (2)

CreqoBarenbHO, COOTHOIICHHST MEXK/Ly MOJIEISIMH, H30-
OpaXeHHBIMHU Ha pUC. | ¥ Mojesu A Ha puc. 3 clieayroIue:

s =4
5 =1, 9)
LEESXA=4)(A=1)

Bripaskenue (9) 1aet peanbHOE COOTHOIEHUE MEXKY f 1
S. Ilpu ycnosuu 4, >> 1, , KOTOPOE BBITIONHAETCS JUIsl a9PO-
3o1eii quokcuaa mrytoHus (tadm. 1) [3], coorHomenue (1)
MpUOIIKEHHO BepHO. OIEHNM CHCTEMAaTHIeCKYIO TOTPerI-
HOCTb, BHOCUMYIO B Mojelb pactBopuMoctu ICRP-66 npu
ucnonb3oBanuu (1). st aToro Bocmonb3yemces pesylibrara-
MH HCCJICIOBAaHUH JIMHAMUKN PACTBOPEHHUSI HCCIELYEMBIX
a’po30JIel IITyTOHUS B pacTBOpe Punrepa, npeacrapieHHbIE
B 1a6i1. 1 [3]. [IpouenTHAs pasHULIA MEXKLY U3MEPEHHBIM f
1 BBIYMCJIEHHBIM S (Ta01. 1) OTHOCUTENBHO /. HE NPEBbIILACT
4,36% nJ1 qMOKcHJa TUIYTOHUSI M CMELIAHHOTO COCTaBa, a
JUIs HUTpaTa Iy TOHUS oHa MeHee 1%.

Tabruya 1

1'fr
e

MeieHHOE pacTBOpeHHE

s.

BricTpoe pacTBOpeHne

s

YacTHusl B
TpaHcHOPMHPOBAHHOM

YacTHIBEI B HAYAIBHOM
COCTOSTHHH
COCTOAHII

lSP lsr

Puc. 3. [IBe KBUBaJICHTHbIE KAMEPHbIE MOJIEIIN PacTBOpeHUs A u B,
3aBUCSIINE OT BpeMeHH, npeaioxkenHsie ICRP-66
Ipumeuenne: ICRP, 1994. Human Respiratory Tract Model for
Radiological Protection. ICRP Publication 66. Ann. ICRP 24 (1-3)

Fig. 3. Two equivalent time-dependent dissolution compartment models: A
and B proposed by ICRP-66

3aki04eHue

[Tokazano, yro coorHomenue (1), ucromszyemoe B Mo-
nemsax IOYp@HKI[ MbB (mo MWDS-2013 BKIFOYHTENBEHO)
MPUOIIHKEHHO BEPHO I a’PO30JIeH TUOKCHAA ITyTOHUS.
Oro crienyer u3 (9) npu ycioBuu A, >> A, , KOTOPOE BHITIOJN-
HsieTcs B Tabn. 1. [IporeHTHAs pa3HHIAa MEXKIYy HU3MEPCH-
HBIM /M BBIYHCIIEHHBIM S OTHOCHTENBHO [ HE MPEBBIIAET
4,36 % JII. AMOKCHJIA TIYTOHUS W CMEUIAaHHOTO COCTaBa,
a JUId HUTpara IIyToHusl oHa MeHee | %. B momensx me-
tabommma HyknuaoB FOYp®HKI] Mb Bmecrto 3HaveHuUit
TpaHCIIOPTaOeIFHOCTH, YKa3aHHOU B Tabm. 1 (komoHKa 6), B
pacueTax HCHOIb30BATNCH OKPYIJIEHHBIC 3HAUEHHS TPaHC-
moptabensHoct {0,3%, 3%, 1%}. IlpoueHTHas pa3HHIa
MEKIY f M OKPYIJIEHHBIMH 3HAYEHHAMH S OTHOCUTENBHO f|
cocrasimsia {—11%,18%, —24%} coorBeTcTBEHHO. DTO TO-
Ka3bIBaeT BO3MOXKHBIC ITyTH YIYUIIECHHS KadecTBa MoOjeIen
MeTaboJIM3Ma HYKIIH/Ia, TOCTPOeHHBIX Ha ocHoBe ICRP-66:
JUTS TOTO, YTO OBI yOpaTh CHCTEMAaTHYECKYIO MTOTPEITHOCTb,
BEI3BAHHYIO MCIIONB30BaHNEM cOOTHOMICHH (1), HeoOxou-
Mo BMecTo (1) ucronb3oBarh cooTHomeHue f. = a (tabm. 1
KOJIOHKA 2).

ITapameTpsl pacTBOpeHHs 29P030.1eii JTHOKCHIA IUIYTOHHS B pacTBope Punrepa Ha 1uTeiiHO-MeXaHHYeCKOM H XHMHKO-MeTA/LIyPrHIecKOM
ydacTKax IJ1yTonuesoro npoussoiacrea [10O «Masik» [3]

Parameters of dissolution of plutonium dioxide aerosols in Ringer’s solution at the casting-mechanical and chemical-metallurgical sections
of the plutonium production facility of the Mayak Production Association [3]

Tun coeanHeHust Opakuusi, CriocodHast Ckopoctb yObiBanusi | @paxims, noasepraemasi | CkopocTh yObIBaHUS Tpancnop-
K OBICTPOMY pPacTBO- OBICTPOPACTBOPUMON | MEUICHHOMY PAacTBOpe- | MEIUICHHO PaCTBOPUMOIi | TaOEIBbHOCTD
penuio a, % bpakuun 4, eyt nuio (1-a), % Gpakiun 4,, cyt! S, %
Jluokeua Iy ToHus 0,34 2,19 99,56 0,0003 0,35
Hurpar mryToHus 2,53 4,59 97,47 0,0011 2,55
Ap030JH CMEIIaHHOTO COCTaBa 132 0.86 98.68 0.0005 138
(IMOKCHI M HUTPAT TUTYTOHHS)
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