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Beedenue: Ouenxa nomenyuanvbhoeo ywepba, céa3aHHO20 ¢ 8030elicmeuem UOHUBUDYIOuee0 U3AYHeHUs
Ha 4enoeexa, s64s1emcs 0OHUM U3 OCHOGHbIX SMAN08 NPUHAMUS YNpAeAeHHeCKUX peuieHull @ KOHmeKcme
000CHOBAHUA  pACX0008 HA NPAKMUMECKYIO pearu3ayuio mpeboeanuii no o0becneveHuro paouayuoHHoU
bezonacrhocmu. Haubonee ynueepcanvhoil aensemes oyenka yuiepda 6 denedcHvlx edunuyax. Hecmompsa na
mo, umo demanvHvle pacvemsvi MAaKoeo yuiepda A6AAIOMCA CcHeyuuuecKumu 045 Kajicooeo cueHapus
UCNOAb308AHUS UCIOYHUKO8 UOHU3UPYIOWe20 U3NyHeHus, 045 epyooli KOHCep8amuaHoll MOHemapHoU OueHKu
B03MOJICHO ~ UCNOAB308AMb  Memoouky, npedcmaerenHylo 6 Hopmax paduayuonnoii 6e3onacnocmu
HPE-99/2009. lleavto OanHoii  pabombsl 56434acb OUeHKA NOMEHUUAAbHo20 yuepba, Ces3aHH020
¢ paduayuonnsim 6osdelicmeuem Ha uenoeeka 6 Poccutickoii Dedepayuu, 6 MOHEMAPHOM BbIPAJICEHUU.
Kpamkoe codepocanue: B oOannoil pabome onucanvl o0cpaHuteHus NPUMEHUMOCMU OAHHOU MemoouKy
U GbINOAHEHA OUeHKA yujepda 045 DPa3AUYHLIX UCHOYHUKO8 UOHUBUPYIOWee0 U3AyueHus. 3akatoueHue:
Pesyavmamol pabomsr M0dcHO UChoab3086amb 045t 000CHOBAHUSI PACX0008 HA OP2AHU3AUUI0 MepOnpUsmull
no obecneueruto paduayuornot sauumot 6 Poccuiickoi ®edepayuu.

KoioueBbie cioBa: paduayuonnbiil yuepo, UCMOYHUKU UOHUBUDYIOWE20 U3AYHeHUs, KOAAeKMUBHAS
dosa, monemapnas oyenxka, Hopmol paduayuonnoii 6ezonacnocmu.
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Introduction: Assessment of the potential radiation detriment is one of the key elements in decision-
making processes within the context of the practical implementation of radiation safety requirements.
In the absence of more suitable indicators, the most universal approach is based on the evaluation
of detriment in monetary terms. Although detailed calculations of such detriment are specific to each
scenario involving the use of sources of ionizing radiation, a rough conservative monetary evaluation can
be performed using the methodology outlined in the Norms of the Radiation Safety NRB-99/2009.
The objective of this study was to assess the potential detriment associated with radiation exposure
in the Russian Federation, expressed in monetary units. Summary: The work describes the limitations
of this methodology and provides an evaluation of detriment for various sources of ionizing radiation.
Conclusion: The results of this study can be used to justify and estimate the effectiveness of radiation
protection measures in the Russian Federation.
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BeepgeHue

MpakTnyeckas peanusaumns NPUHLMNOB 0BOCHOBaHUS 1
ONTUMM3AUMN  PAONALIMOHHON 3awwmTbl TPebyeT peLueHus
3a[a4M COMnocTaB/IeHMs NONb3bl U Bpeaa, CBSA3AHHbIX C N3Me-
HeHnem cutyaumm obnyderms [1, 2]. Mpu aTom conocTasne-
HWe Monb3bl U Bpeaa OO/PKHO OCYLUECTBASATLCH B COM3MeEpPU-
MbIX €AMHNLAX, a Hanbonee YHUBEPCANbHOM N3 TakKUX eaHNL,
ABNAETCHA CTOMMOCTHOE BbIpaXXeHune nofb3bl 1 «Bpeda» (3a-
TpaT UM U34epXeK, BbI3BAHHbIX U3BMEHEHMEM CUTyaLmn 06-
nydenuns) [3, 4]. MoHeTapHas oueHka Bpega, CBA3aHHOro
C UCMOSIb30BaHMEM  MOHU3MpyoWero  mnanydenus  (UN)
B YNPaBNseMbIX YCNOBUSIX, ABNSIETCS KOMMIEKCHOM 3aaa4ein n
MOXET BKJIIo4aTb B Ce0S1 MHOXECTBO (PaKTOPOB, HE CBA3AHHbIX
Hanpsimyto ¢ Bosgenctemem UMW Ha 4yenoeka. Hanpumep,
NP OLLEHKE MOSIHOro yuepba, CBSA3AHHOMO C MEOVLUMHCKUM
00Ny4EHNEM, K YMCNY U3OEPXKEK MOXHO OTHECTU HE TOJbKO
CTOMMOCTHOE BblpaxeHue ylepba s 300p0Bbs NALMEHTOB,
CBsA3aHHOrO ¢ Bo3gerictenem M npm npoBegeHun nccnepo-
BaHWUS, HO U U3OEPXKN, CBA3AHHbIE CO CHUXEHMEM AMarHo-
CTUHECKOM unn TepanesBTnyeckon apdeKkTMBHOCTM npoueny-
pbl, BO3MOXHbLIM Pa3BUTMEM NOBOYHBLIX 3PPEKTOB OT NpoLie-
Oypbl U/VNN PaaVALMOHHbBIX aBapuii U NPOUCLLECTBUIA, CBS-
3aHHbIX C Nepeobny4yeHeM NaumneHToB 1 npoyee [3-5].

Macwtab 1 CnoXHOCTb 324241 OLEHKW MOMb3bl U Bpeda
NPy MEAVNLMHCKOM 00/Ty4EHNN NMALMEHTOB 3aK/IOHAIOTCS eLLe U
B Pa3/IMYHOM pacnpeseneHnn nosb3bl 1 Bpeaa BO BPEMEHW.
MoTeHumanbHasa nonb3a OT mcnonbdoBaHus NN peannsyetcs
(Mpn yoa4yHOM CTeyYeHur 0b6CTosATENbCTB) NMOO Hemocpen-
CTBEHHO MOCsie NPOBEAEHVS nccnenoBaHus (bnarogaps ObICT-
POMY MOJTyHEHUIO HEOOXOAMMOW AMArHOCTUYECKON MHMOpPMa-
umm), nMbo CnycTs HekoTopoe BpeMs (Gnarogapsi cBoespe-
MEHHOW MOCTaHOBKE AmarHo3a, 9POEKTUBHOMY JIEYEHMIO W”
YBEJIMYEHNIO MPOOOIHKUTENBHOCTN 340POBOM XU3HU MNaLVeH-
Ta). BO3MOXHbIN Bpen OT MEAMUMHCKOrO OOMy4YeHusI MOXeT
peanu3oBaThCa CrycTs rofsl 1 Aaxe AecsTuneTus'. AHanoryy-
Hble PACCYXOEHVS MPUMEHNMbI U K MHbIM CUTYaUMsIM U CLEHa-
puam obnydenus [6, 7]. Tem He MeHee, faxe KOHCepBaTVBHas
MOHeTapHasi ouLeHka Bpega (ywepba) no3sonut obecrneynTb
HeobxoaumMyto 6a3y Ans peLleHns NpakTUYecknx 3aaay obec-
neYyeHns pagmaLmoHHON 3aLLNTbl HACENEHVS.

Llenb nccnepoBaHmns — oLeHKa NOTEHLMANBHOMO yLep6a,
CBAI3@HHOrO0 C pagMauMoOHHbIM BO3AENCTBMEM Ha YenoBeka
B Poccuiickon deaepaupmu, B MOHETAPHBIX BENIMYMHAX.

B CanluH 2.6.1.2523-09° npepnaraetcs cieaytoLLmin noga-
X0[, K MOHETAPHOI OLeHKe MOoTeHUMasbHOro yuepba, cBs3aH-
HOrO C pPagvauViOHHbIM  BO3OEMCTBMEM Ha  YENOBeKa:
«[nsi 0BOCHOBaHMSI PAcCXOO0B Ha PaAMALUMOHHYIO  3alLuTy
npv peanM3aumm NpuHUMNaG ONTUMU3aUMM NMPUHUMAETCS, YTO
obnyyeHre B KONNEKTUBHOM 3ddekTrBHoOn no3e B 14en.-3B
NPUBOOUT K NOTeHUManbHOMY ylepOy, paBHOMY noTepe npu-
MEpHO 14en.-roga XusHu HaceneHus. BennunHa neHexHoro

Introduction

The practical implementation of the principles of justification
and optimization in radiation protection requires addressing
the challenge of comparing the benefits and detriment associated
with changes in exposure situations [1, 2]. Comparison of benefits
and detriment must be conducted in commensurate units, with
the most universal of these being the monetary expression
of benefits and "detriment” (costs or losses induced by changes
in the exposure situation) [3, 4]. The monetary valuation of detri-
ment associated with the use of ionizing radiation (IR) in controlled
situations is a complex task that may encompass a wide range
of factors not directly related to the impact of IR on humans.
For instance, when assessing the total detriment associated with
medical exposure, the costs may include not only the monetary
valuation of reduction in patient health due to IR exposure during
procedures, but also expenses related to reduced diagnostic
or therapeutic effectiveness of the procedure, potential develop-
ment of side effects from the procedure, and/or radiation acci-
dents and incidents resulting in patient overexposure [3-5].

The scale and complexity of the task of assessing benefits
and detriment in the context of medical exposure of patients are
further compounded by the differing temporal distribution
of benefits and detriment. The potential benefits from the use of
IR are realized (under favorable circumstances) either immedi-
ately following the procedure (due to the rapid acquisition
of necessary diagnostic information) or after some time (due to
timely diagnosis, effective treatment, and an increase
in the patient healthy lifespan). In contrast, the potential harm
from medical exposure may manifest years or even decades
later'. Similar considerations apply to other exposure situations
and scenarios [6, 7]. Nevertheless, even a conservative mone-
tary valuation of harm (detriment) can provide the necessary
basis for addressing practical challenges in ensuring the radia-
tion protection of the population.

The objective of this study was to evaluate the potential
detriment associated with radiation exposure to humans
in the Russian Federation, expressed in monetary terms.

In SanPiN 2.6.1.2523-09 ("Norms of the Radiation Safety
(NRB-99/2009)"’, the following approach to the monetary es-
timation of potential detriment associated with radiation expo-
sure to humans is proposed: "To justify expenditures on radia-
tion protection in the implementation of the optimization princi-
ple, it is assumed that exposure resulting in a collective effective
dose of 1 person-Sv leads to potential detriment equivalent
to the loss of approximately 1 person-year of population life.
The monetary equivalent of the loss of 1 person-year of life is
established by separate federal-level documents and
set at no less than 1 annual per capita national income.”

'B pamkax HacTosiLLei CTaTbi He PacCMaTPUBAIOTCS M3AEPXKKN, OTHOCSLLMECS K Nepuoay, NpeaLlecTayioLemMy nepromy o6aydermns. K Takum na-
[epXkkaMm MOXHO OTHECTW PACXOAbl M PUCKM, CBA3aHHbIE C Pa3paboTKol, NPON3BOACTBOM, JIOMUCTUKOM, SKCNyaTaumein n obcnyxnesaHmem 060pyao-
BaHUS, SIBNSIOLLErOCS UCTOYHUKOM WU, a Takke WHble W3AEPXKM, HE OTHOCSLUMECS HEMOCPEACTBEHHO K cuTyaumm obnydeHus denoseka. [With-
in the scope of this article, costs pertaining to the period prior to the exposure period are not considered. Such costs may include expenses and risks
associated with the development, production, logistics, operation, and maintenance of equipment serving as a source of IR, as well as other costs

not directly related to the situation of human exposure (In Russ.)]

*HopMbl paavaLpoHHoi 6e3onacHocTy (HPB-99/2009): CaHvTapHble npasuvina u HopMaTyviebl CanluH 2.6.1.2523-09. YTepkaeHb! NOCTaHOBIe-
Huem [MaBHOro rocyaapCTBEHHOro CaHUTapHOro Bpada Poccuiickor @epepauym ot 07.07.2009 Ne 47 (3aperncTprpoBaHo B MUHMCTEPCTBE I0CTULMA
Poccuiickoin depepauvn 14.08.2009, pernctpaumonHbin Ne 14534). [Norms of radiation safety (NRB-99/2009). Sanitary rules and norms
SanPiN 2.6.1.2523-09. Approved by the resolution of the Chief state sanitary doctor of the Russian Federation of 07.07.2009 No. 47 (registered with the
Ministry of Justice of the Russian Federation on 14.08.2009, registration No. 14534). (In Russ.)]
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9KBMBaAsieHTa noTepu 1 4Yen.-roga XWU3HW yCTaHaBNMBAETCS
OTOENbHBIMU AOKYMeHTamMu defepanbHOro ypoBHs B pasmepe
He MeHee 1 rogoBoro AyLLEBOro HALMOHAIbHOrO 4OX0Aa».

YkazaHHble 3Ha4EHNS BbIBELAEHDI 113 CIEAYHOLLIIX COODPaKEHWIA:

1) puCK pPasBUTUS CTOXaCTUHECKUX 3hDEKTOB 0by4eHus
npuHMmMaeTcst pasHbiM 0,057 Ha 1 yen.-3B KONNEKTUBHOW A03bI
B cooTBeTCcTBMM C . 2.3 HPB-99/2009;

2) cpenHsa NOTeps NET XU3HU, CBA3aHHAsi C BOSHNKHOBE-
HVMEeM OHKoJlormyeckoro 3abosniesaHusi, B COOTBETCTBUM C [y6-
nukaumer 103 MKP3 [1] npuHsiTa paBHoi 15 rogawm;

3) ob6nyd4eHne B KONNeKTMBHOW 9bdEKTMBHOM [03€e
B 1uyen.-38  npuBoaMT K nNoTepe  NpuUbBAU3UTENBHO
0,057 -15=0,855 yen.-roga XnsHu;

4) pons HecmepTeNbHbIX 3aboneBaHul B 00OLWEeM paava-
uMOHHOM Yyuepbe cocTtasnsieT nopsiaka 10 %, 4To no3sonsiet
OKPYIANTb NOTEPU A0 1 YeN.-rofaa XnUsHu.

YkazaHHble COOBPaKEHNS MO3BOMSHOT MPUMEPHO OLIEHWTb HXK-
HIOIO MPaHWULLy BO3MOXHbIX HEMPSMbIX SKOHOMUYECKUX MOTEPb
HaypoBHe 1 CpemHeronoBOM BENMYVHBI BAIOBOrO BHYTPEHHEMO
npoaykTa Ha OyLly HaceneHvsi, «Hernpou3BeOEeHHOro BCNeACTBME
noTepu pabo4vero BpeMeHu (oHel 1 neT) 3abonesLunm» [8] nnm He-
MPOW3BEAEHHOrO BCNEACTBME HEOOXOOMMOCTM yXOda 3a JIMLOM,
HY>KOQIOLLMMCS B TaKOM yxoZe (npu 3abonesaHnm pebeHka, NeHcu-
OHepa WM MHOrO INLA). BaXHO OTMETUTB, YTO MOyHEHHAs Tak1M
06pa3oM oLieHKa BO3MOXHOIO yLLep6a paccumnTaHa InLLb Ha peLue-
H1e 33824 060CHOBaHUS PACcX0OB Ha 0becreyeHne payialyioH-
HOW 3aLLMThl. He cneayeT BOCMPUHUMATbL JaHHYIO OLIEHKY B KQYECTBE
NporHo3sa peasnbHoOro aKoHOMKUYeckoro yulepba [3, 4]. Tem Gonee,
He cnenyeT pacCcMaTpmBaTh YKa3aHHYIO BENVHVHY B KQYECTBE OLIEH-
Kk yLiepOa B CUTyaumsix, CBA3aHHbIX C PAANALIMOHHBIMM aBapusiMu,
MOCKOJIbKY OLEHKa HEepaauiauviOHHbIX MOCNEACTBUN TakvX aBapuii
ABNSIETCA OTAENBbHOM C/IOXHOM 334a4€eln, MpY PeLLEHNN KOTOPOM
HENOCPeACTBEHHO PaaMaLMOHHBIA BPEeL, A1 300PO0BbS 3a4aCTyto
He MrpaeT 3Ha4MMO POV B CyMMAPHOM yLLiepOe.

PaccmatpuiBas aKoHOMUHECKUI YLLEPO, CBS3aHHbIM Henocpes-
CTBEHHO C BO3aenicTBreM VIV Ha 300p0oBbe YenoBeka B Pas3nnyHbIX
cuTyaumax oBnydeHVs, crnegyet pasnuyatb YNpasisemMylo U He-
ynpaBAsemyio cocTaBnsiowme yuiepba (CyMMapHOro pmucka
onsa 300poBbst). K HeynpaenseMor COCTaBNsitoLLEN OTHOCATCS
ncTousHkn VI, Bknam, KOTOPbIX B KOJUIEKTVBHYIO J03Y OOIyHeHMs
MPUHLMANMANIBHO HE MOXET ObiTb CHIDKEH padyMHbIMK criocobamm
(Hanpumep, oBnyyeHiie 3a cueT “K, conepxalLerocs B Tene Yernose-
Ka, W 32 CHET KOCMIMHECKOrO M3yHeHNst). Heynpasnsiemble pycku
cneayet BOCTIPUHUMATE HE KaK «PUCKW», HO KaK YCIIOBUST XKM3HW.
B NpOT1BOMNONOXHOCTL MM K YMpaBAsieMol COCTaBSIOLLEN yLepba
OTHOCSTCS UCTOYHVKN U, BKnaa, KOTOPbIX B KO/UIEKTUBHYIO 03y
MPYHLMNMANBHO MOXET KOpPekTMpoBaTbes. OaHako, paccmarpu-
Bas ynpaensiemble UCTO4HVKM I, cnenyeT pa3nensTb CBA3aHHbIE C
TaKMM UCTOYHMKAMM PUCKN Ha NPEAOoTBPpaTUMbIE U HENPeaoTBpa-
TUMble. B oTnumne oT ynpaBnseMbiX 1 HeyrnpaBnseMbiX, rpaHmua
MeXay NPefoTBPATUMBbIMU 1 HEMPEAOTBPATUMbIMU PUCKaMM MEHEE
CcTpora M MOXET OMNpenesnisaTeCsl WUCXOAs U3 LienecoobpasHocTy
BMeLLlaTenbCTea. prmMepoM, [AEeMOHCTPUPYIOLLMM  HECTPOroCThb
rPaHVUbl, MOXET CIYXUTb CUTYaUMsi MPUPOOHOTO  OOsyHeHMs.
Mo paHHbIM dyHKLIMOHMPYIoLLEro B Poccuiickor Penepalyiv B pam-
kax EouHOM rocynapCTBEHHOM CUCTEMbI KOHTPOSIS U ydeTa A03 06-
nydeHus rpakpaH (ECKWA) 6onee 20 net depepanbHoro GaHka
[[aHHbIX 03 00/TyHEHIS 32 CHET ECTECTBEHHOIO 1 TEXHOMEHHO U3Me-
HEHHOro pagvaLmoHHOro hoHa (dDELI,OI'Il/I)3, CpenHepernoHasibHbIe
[[03bl 00TYHEHVSI HACENEHMSI 3a CHET MPUPOOHBIX UCTOYHUKOB (32
BbIHETOM HEYNpPaB/SeMOro KOMMOHEHTA, COCTaB/SIOLLEro B Cpes-

These values are derived from the following considerations:

1. The risk of developing stochastic effects from radiation
exposure is taken as 0.057 per 1 person-Sv of collective dose,
in accordance with Clause 2.3 of NRB-99,/2009;

2. The average loss of years of life associated with the onset
of an oncological disease is assumed to be 15 years, in accord-
ance with ICRP Publication 103 [1];

3.Exposure resulting in a collective effective dose
of 1 person-Sv leads to a loss of approximately
0.057-15=0.855 person-year of life;

4. The proportion of non-fatal diseases in the total radiation-
induced detriment is approximately 10 %, which allows rounding
the loss to 1 person-year of life.

These considerations allow for an approximate estimation
ofthe lower bound of potential indirect economic losses
at the level of 1 average annual per capita gross domestic prod-
uct, "not produced due to the loss of working time (days
and years) by the affected individual” [8] or not produced due
tothe need to care for a person requiring such care (e.g.,
in the case of illness of a child, pensioner, or other individual).
Itis important to note that the estimate of potential detriment
derived in this manner is intended solely for the purpose of justi-
fying expenditures on radiation protection measures. This esti-
mate should not be interpreted as a prediction of actual eco-
nomic detriment [3, 4]. Furthermore, it should not be regarded
as an assessment of detriment in situations involving radiation
accidents, as the evaluation of non-radiation consequences of
such accidents constitutes a separate and complex task,
inwhich direct radiation harm to health often does not play
a significant role in the total detriment.

When considering the economic detriment directly associat-
ed with the impact of IR on human health across various expo-
sure situations, it is necessary to distinguish between the man-
ageable and unmanageable components of detriment (total
health risk). The unmanageable component includes sources
of IR whose contribution to the collective dose cannot, in princi-
ple, be reasonably reduced (e.g., exposure due to K present
in the human body or due to cosmic radiation). Unmanageable
risks should be perceived not as "risks” but as inherent condi-
tions of life. In contrast, the manageable component of detri-
ment encompasses sources of IR whose contribution
to the collective dose can, in principle, be adjusted. However,
when examining manageable IR sources, it is important to fur-
ther differentiate the associated risks into preventable and un-
preventable categories. Unlike the distinction between manage-
able and unmanageable components, the boundary between
preventable and unpreventable risks is less rigid and may be
determined based on the feasibility of intervention. An example
illustrating the flexibility of this boundary is the case of exposure
to natural background radiation. According to data from
the Federal Dose Data Bank on Exposure from Natural and
Technogenically Altered Radiation Background, which has been
operating in the Russian Federation for over 20 years as part of
the Unified System for Monitoring and Recording Individual Ra-
diation Doses of Citizens (ESKID)®, the average regional doses
to the population from natural sources (excluding the unman-
ageable component, which averages about 15 %) vary widely—
from slightly above 2 to nearly 9 mSv/year. At the same time,

*MocTaHoBneHve MpasuTtenscTea Poccuiickoin @enepaupm ot 16.06.97 Ne 718 «O nopsiake co3naHvs eamHol rocyaapCTBEHHON CUCTEMbI KOH-
TPONS U y4eTa MHAMBUAOYyasbHbIX 003 00ny4eHus rpaxpaH» [Decree of the Government of the Russian Federation No. 718 of June 16, 1997,
"On the Procedure for Establishing the Unified System for Monitoring and Recording Individual Radiation Doses of Citizens "(In Russ.)]
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HeM okoro 15 %) BapbMpyOTCS B JOCTATOYHO LUMPOKUX Npeaenax — the classification of dose levels in national regulations has been
OoT uyTb 6onee 2 fo noutvt 9 m3s/roa, Mpw atom knaccudukaums  established largely on an expert basis (e.g., after accumulating
YPOBHEN 103 YCTaHOB/IEHA B OTEHECTBEHHbIX CAHUTAPHBIX MPABIANAX, a 10-year dataset of actual exposure doses, the initial thresh-
Mo CyT, 3KCMEPTHO (Hampumep, nocne HakorvieHus 10-neTHero olds for acceptable, elevated, and high levels of public exposure
MaCCmBa [IaHHBIX O PEabHbIX A03ax OOMyHeHNs MepBoHaYaNieHbE  to natural background radiation set in OSPORB-99* were re-
FPaHnLkbl N03 NPMEMNEMOrO, NOBLILLEHHOO 1 BbICOKOTO npmpo,um- vised upward by a factor of two in OSPORB-99/2010°). Accord-
ro o6nyHeHusi HaceneHus, YCTAHOBTIEHHLIE B OCMOPB-99', Gbm nqiy, risks are considered preventable if their reduction to an
nepecmoTperbl 8 OCTIOPB 99/2010° BCTOPOHY yBe/MH4EHMS B 4B »aocentable” level is, in  principle, addressed  within
pa3a). COOTBETCTBEHHO, MPEOOTBPATUMBIMM MONAratoTCA PUCKW, the framework of the radiation protection system [6, 7].
CHVDKEHIE KOTOPLIX A0 «TIPVEMJIEMOTO> YPOBHS! B TDVIHLMINE Pac- For the predictive monetary estimation of potential detriment
CMATPVEAETCH BpaMK?XCMCTeMbI pa'cfmaLMOHHOM sauwe [6, 7]. to the population of the Russian Federation caused by various
ymeﬁgg H::s:;gﬁjgogocgsgszgsggue%giﬂ;msarcl:TeeTHy:L)L::;:;?;z type§ of IR sources, data on the struptgre of the gollectiyg dqse,
BIATIOB MCTOUHIKOB VIV Gl MCTION30BaHb! AHHBIE O CTPYKTYPE obtalnedefrom the. .results of radlatlon-hyglenlc certlflcatlgn
KOSIEKTVIBHOM [103bi, MOMTYYEHHbIE N0 PE3Y/ITATAM PaaMALIOHHO- for 2023., werg ut|I|zec_i. For the palculatlons_, the per capita
gross national income in the Russian Federation was adopted

FUMVeH4EcKol nacnopTusauwm 3a 2023 roa’. [ins pacyeTos uc- - 7 i
MONL30BANV BENUUMHY [yLLIEBOr0 BANIOBOrO HALMOHANLHONO [0X0- as 1.1 million RUB'. The results of the calculations are presented

na B Poccwiickon denepaumn, npuvHsityio 3a 1,1 man py6neir.  inthetable.
PesynbTaThl pacyeToB MPeACTaseHb B Tabnmue.

Tabmia
CTpyKTypa KONNeKTUBHOM A03bl Hacenenusa Poccuiickoit Pepepaummn
U CBSI3aHHOIO C Heii NOTEeHUManbHOro ywepo6a B pa3sinyHbIX e AUHULLAX
[Table
Structure of the collective dose of the population of the Russian Federation
and its associated potential detriment in various units]
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JeatensHoCTb NpeanpuaTui,
MCMNONb3YIOLLMX UCTOYHUKM V.
B TOM uuncne: a a
L . : 3471 0,1 0,002 20 381,81 A A
[Activities of enterprises using [Yes] [Yes]
ionizing radiation sources
Including:]
— nepcoHana a a
[—pStaﬁ] 329,1 0,1 0,002 19 362,01 [\fles] [f'es]
— HaCeneHVst, MPOXMBAIOLLIErO
B 30Hax HAOMOAEHNS a Het
TononeH 18 0,003 - 1 19,8 a
[- Population residing [Yes] [No]

in observation zones]

*OCHOBHbIE CaHMTapHbIE NpaBuna obecredeHmns paamaLoHHoin 6esonacHocTv (OCMOPB-99): CaHntapHsie npasuna Cll 2.6.1.799-99. YTeepaeHbI
MaBHbIM rOCYIAPCTBEHHLIM CaHUTapHbIM BpadyoM Poccuiickolt Penepaumn 27.12.1999. [Basic sanitary rules for the provision of radiation safety
(OSPORB-99). Sanitary rules SP 2.6.1.799-99. Approved by the Chief state sanitary doctor of the Russian Federation 27.12.1999. Expired. (In Russ.)]

*OCHOBHblE CaHWTapHble MpaBuna OBecreYeHust paaviaLvoHHol GesonacHoct (OCTMOPE 99/2010): CaHuTapHble npasBuia M HOPMATMBbI
CIM2.6.1.2612-10. YTBEep>XAEHbI MOCTaHOBNEHMEM [IaBHOIrO roCyAapCTBEHHOro CaHUTapHOro Bpada Poccuiickoin Penepaumm ot 26.04.2010 Ne 40 (3ape-
rmcTpuposaHo B MuHucTepcTee toctuummn Poccuiickoi depepaumm 11.08.2010, peructpaupmoHHbin Ne 18115). [Basic sanitary rules for the provision
of radiation safety (OSPORB 99/2010). Sanitary rules and norms SP 2.6.1.2612-10. Approved by the resolution of the Chief state sanitary doctor of the Rus-
sian Federation of 26.04.2010 No. 40 (registered with the Ministry of Justice of the Russian Federation on 11.08.2010, registration No. 18155). (In Russ.)]

®MocTaHosneHwe MpasuTtensctsa Poccuiickoin Peaepat Ne 93 ot 28.01.97 r. «O nopsiake paspaboTki PaanaLMOHHO-FUrVIEHUHECKIMX Nacop-
TOB OopraHu3auuii n Tepputopuin» [Decree of the Government of the Russian Federation No. 93 of January 28, 1997, "On the Procedure for Developing
Radiation-Hygienic Passports of Organizations and Territories"(In Russ.)]

"HNoctynHo no  cobiike:  https://rosstat.gov.ru/storage/mediabank/VWP_na_dushu_s1995-2023.xls  (Jata obpaweHus: 01.02.2025)
[Available from: https://rosstat.gov.ru/storage/mediabank/VVP_na_dushu_s1995-2023.xIs (Accessed February 01.02.2025) (In Russ.)]
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[Type of radiation exposure i %.l—, b 5 S 2 g 825 :Ij 2% % ® o8 T8 8 8 § 2
in the Russian Federation] é:u o £ 4 @ £ e E o9 528 28 82 £ 3 8 3 é
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E 3 522y $58sc 5§ 88 &=
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g5 © g 2 3E = 5 >
< 5 £°2 2
T s
TEexXHOreHHO N3MEHEHHbIN
pagvaLmoHHbIA HOH.
B TOM umncne: Het Het
) 956,3 0,2 0,01 55 1,052-10°
[Technogenically altered [No] [No]
radiation background
Including:]
— 3a cyeT rMobasibHbIX Her Her
BbINaLEHNi 7401 0,1 0,01 42 814,11 N N
[ Due to global fallout] [NoJ [No]
— 3a cYeT paaviaLMOHHbIX aBa-
VI NPOLUbIX NET Het Het
pan i T 216,2 0,0 - 12 237,82
[- Due to past radiation [No] [No]
accidents]
[MpVpOAHbIE NCTOYHMKU.
B Tom uncne: a a
465983 73,4 3,15 26561 5,126-10° A A
[Natural sources [Yes] [Yes]
Including:]
— OT pagoHa 5 Ha Ha
259341 40,8 1,75 14782 2,853-10
[- Fromradon] [Yes] [Yes]
— OT BHELLHEr0 TEPPUIEHHOTO
ramma-usnyy4eHms a Het
yrenn 101633 16,0 0,69 5793 1,118+ 10° b
[- From external terrestrial [Yes] [No]
gamma radiation]
— OT KOCMWNYECKOro N3ny4eHnst Het Het
ro s 59207 9,3 0,4 3375 6,513-10°
[~ From cosmic radiation] [No] [No]
— OT NMULLM 1 NUTLEBOW BOAbI a Het
w SBON BOM 20640 3,3 0,14 1176 2,27-10° -
[- From food and drinking water] [Yes] [No]
— OT coaepxallerocst
B opraHuame “K . Het Het
25163 4,0 0,17 1434 2,768-10
[~ From naturally occurring “K [No] [No]
in the body]
MeonumHckne
[OyarHocTnyeckre Na Na
nccneaoBaHns 167627 26,4 1,13 9555 1,844-10°
[Medical diagnostic [Yes] [Yes]
examinations]
PannaumoHHble aBapum
1 MPOUCLLIECTBUSA
B OTY4ETHOM rogy Ja Ja
[Radiation accidents [Yes] [Yes]
and incidents
in the reporting year]
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Bcero no Poccuiickoi
depepaummn Ha Ha
) 634913 - 4,29 36190 6,984-10°
[Total for the Russian [Yes] [Yes]
Federation]
PeanbHo cHxaemas
KOMNNeKTMBHAs 0033, Yen.-3B
) " 427315,1 - - 24357 4,7-10° - -
[Effectively reducible

collective dose (person-Sv)]

PeaynbTaTthl, NpeacTasneHHble B Tabnunue, No3BoNsioT cae-
naTb CneayloLme BolBOAbI:

— KONNeKTMBHas [o3a HaceneHus Poccuiickonn depepa-
umn  OT BCcex ucToyHukoB WK coctaBnsetr  Okono
630 Tbic. 4yen.-3B, 4TO cooTBETCTBYET NpUMmepHo 700 mnpp, pyo.
NOTEHLMaSIbHOr0 9KOHOMUYECKOro yLepba;
3HAQUUTENbHBIM BKIAL, B KOJUIEKTVMBHYIO OO3y U, Kak
cnencTeve, B MOTEHLMANBHBINA 3KOHOMUYECKUIA yLep® BHOCST
ncToyHmkn MIN, ynpaeneHne KOTOpPbIMW Ha TEKyLLleM YpPOBHE
pPasBUTUS TEXHONOMMIA MPUHUMNMANIBHO HEBO3MOXHO (Hanpwu-
Mep, OBJlydeHre 3a CYET KOCMUHECKOro uanydeHus uim “K,
NOCTyMaroLLEero B OpraHusm C MNuWen n BOAOW), WK Takoe
ynpaeneHue sBnsieTcs ManoaddekTMBHbIM (Hanpumep, obny-
YyeHMe 3a c4yeT obasbHbIX BbINAAEHUA WK MPOXVBaHME
Ha PagMoaKTUBHO 3ar PA3HEHHbBIX TEPPUTOPUSIX);

0719 psipa ynpaenseMblx MCTOHHMKOB MW oTeyTCTBYET pe-
aNbHbIN MOTEHUVIAN 19 3HAYUMOTO CHIDKEHWSI KOSINEKTUBHOM O03bI
(HECMOTPSI HA TO, YTO CHYVDKEHVE 003 )11 OTAENbHbIX MHAVBOYYMOB
BMOSHE peann3dyemo). K Takum kateropysMm MOXHO OTHECTU,
HanpuMep, BHELLHEE TEPPUIEHHOE raMMa-U3Ty4EHNE WS BHYTPEH-
Hee 00sy4eHVe 3a CHET PaaVOHYKIIAOB, COAEPXALLWMIXCS B MULLIE-
BbIX MPOAYKTax 1 NMUTLEBOM BOAE (Npexae BCero, NpUpoaHbIx) [6, 7].

Taknm 06pasom, peasibHOe 3HAYEHME NMOTEHLMANIBHO CHIKae-
MOW KOJUIEKTUBHOM [03bl OYAET 3HAYNTENBHO HKE. 3a BbIMETOM
KOMNEKTMBHOM [03bl OT UCTOYHUKOB, YNPABEHNE KOTOPLIMU He-
BO3MOXHO, /U OJ19 KOTOPbIX MOTEHUMAIbHOE CHVDKEHME KOJI-
JNIEKTVBHOM [03bl 3@ CYET Pa3Nn4HbIX 3aLMTHBIX MEPONpUSTU
ABNSETCS NPEHEOPEXMO MasibiM, PeasIbHO CHXKaemMasi Kosek-
TVBHasi [o3a HaceneHust Poccuiickoin depepaumm oueHBaeTcs
npumMepHo B 430 TbIC. 4en.-3B, B OCHOBHOM OT pafioHa 1 MeauLIMH-
CKMX UCTOYHMKOB W, DTOWM KONNEKTMBHOM [03€e COOTBETCTBYET
NOTEHUMAbHbI SKOHOMUYECKIMI yLep6 B 470 mnpa, pyo.

Kak yxe 6biflo OTMEYEHO BbilLe, OaHHbIN YLIepO BKIOHaET
BCEOS UCKIIOYMTENBHO HEMpsiMble  3KOHOMWYEcKMe  MoTepu
3aCYET BPEMEHHOrO0 WM MOCTOSIHHOMO UCKIIKOYEHUST JIOOEN
13 NPOV3BOACTBA BA/IOBOrO HALMOHABLHOrO NpoaykTa. Y4eT nps-
MbIX MOTEPb (32 CHET 3aTPAT HAa AMArHOCTUIKY U JIEHYEHVE NATONOMM-
YECKMX COCTOSIHWIM, BbI3BaHHbIX BO3aencTememM VN) B gaHHOM pa-

The results presented in the table allow for the following
conclusions:

— The collective dose to the population of the Russian Fed-
eration from all sources of IR amounts to approximately
630,000 person-Sv, corresponding to roughly 700 billion RUB
in potential economic detriment;

— A significant contribution to the collective dose, and con-

sequently to the potential economic detriment, is due to IR
sources whose management, at the current level of technologi-
cal development, is fundamentally impossible (e.g., exposure
due to cosmic radiation or *°K ingested with food and water) or
is of limited effectiveness (e.g., exposure due to global fallout or
residence in radioactively contaminated territories);
For a number of manageable sources of IR, there is no
real potential for significantly reducing the collective dose (de-
spite the fact that dose reduction for individual persons is quite
feasible). Such categories include, for example, external terres-
trial gamma radiation or internal exposure due to radionuclides
present in food products and drinking water (primarily of natural
origin) [6, 7].

Hence, the actual value of the potentially reducible col-
lective dose will be significantly lower. Excluding the collec-
tive dose from sources that cannot be managed and/or
for which the potential reduction in collective dose through
various protective measures is negligibly small, the realisti-
cally reducible collective dose to the population of the Rus-
sian Federation is estimated at approximately
430,000 person-Sv, primarily from radon and medical
sources of ionizing radiation (IR). This collective dose corre-
sponds to a potential economic detriment of 470 billion RUB.

As noted earlier, this detriment encompasses solely indi-
rect economic losses resulting from the temporary or per-
manent exclusion of individuals from the production of gross
national product. The assessment of direct losses (due to
costs associated with the diagnosis and treatment of patho-
logical conditions caused by IR) was not considered in this
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Discussion

60Te He paccMmaTpuBasICs; Takue MoTepu OOMKHbI OLIEHNBATLCS
NMPUMEHUTENBHO K KaKAOMY CLIEHApPUIO 00AyHeHUs A1 Kakaoro
nctouHvka NN, B kadectBe npvimepa 3atpar Ha auarHOCTUKY U
NIEYEHNE  MOXHO MPVBECTM CTOMMOCTb  FOCMUTaIM3aumn
MO NPOUIIO «OHKONOMUst» U3 Tapudor POMC?, koTopas cocTas-
nset okono 230 Tbic. pybner 3a 0aHy rocnMTannsaumio.

3akJiloveHve

B naHHol paboTe BbINOMHEHA KOHCEPBATMBHAS NPOrHO3Hast
MOHETapHas OLEHKA HENMpPsiMbIX 9KOHOMUYECKNX NOTEPb 3a CHET
BO3OelcTBMSA pasnnyHbix M Ha HaceneHne Poccuiickoi depne-
pauun. MokadaHo, YTO NOTEHUMAIbHbIM 3KOHOMUYECKMA yLuepo
oT Bcex UMW, OueHeHHbI B COOTBETCTBUM C METOOUKOM U3
HPB-99/2009, coctaensieT npumepHo 700 mnpa, pyo.; OT ynpas-
nsiemMbIx U cHkaemblix M — 470 mnpa pyb. Mpu aToM gaHHas
MOHeTapHasi OLeHKa J0JIKHA UCMOb30BaTLCS AJ151 000CHOBaHUS
pacxonoB Ha nopaepkaHue AOCTUMHYTOrO YPOBHST PaaviaumOH-
HOIM 6e30MacHOCTU, 1 HE MOXET ObITb MCMOSIb30BaHa B Ka4eCcTBe
OLEHKM peasibHOro yluepba n/vnmn 3aTpaTt Ha ceefeHue yulepba
K MpeHebpexxnmMo MasibiM 3HadYeHusM. [aHHble 3Ha4YeHus Lene-
Cco06pasHo 1CMosbL30BaTh NPV NOArOTOBKE M 0O0CHOBaHMM pa3-
JINYHBIX YNPaBIEHYECKMX PeLLeHnii B chepe paanaumoHHON 3a-
LLMTbI 1 PagviaumMoOHHOM 6e30MacHOCTU HaceneHusl.

CeepieHus 0 IMYHOM BKJlaje aBTOpoB
B pabory Hap craTtben

BoposatoB A.B. paspabotan [gmsariH uccrnenoBaHus,
onpegenun uenn 1 3agadn, NoaroToBMA OKOHYaTeNbHbIN
BapuaHT pyKonmcu.

PenvH J1.B. pepaktupoBan NPOMEXYTO4YHbIN BapwaHT
pyKkonucu.

BrnbnvH A.M. pepakTMpoBan MPOMEXYTOYHbIA BapuaHT
pyKONuUcu.

KoHoHneHko  [.B.
BapVaHT PyKOMNUCH.

Fopckuin .A. pegakTypoBas NPOMEXYTOYHbIN BapuaHT
pyKONUcu.

pegakTpoBan  NPOMEXYTOUHbIN

Wnchopmaumsa o koHcpnukTe nHTepecos
ABTOpPbI 3a59BNSAOT 06 OTCYTCTBUM KOHMAMKTA MHTEPECOB.

CeepeHusa 06 uctouHuke oHaHCUPOBaHUSA

WccnenoBaHvie He MMesio CoHCOPCKO NMOAAEPXKKM.
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study; such losses should be evaluated separately for each
exposure scenario and each IR source. As an example of
diagnostic and treatment costs, the cost of hospitalization
under the "oncology" profile, based on the tariffs of the Fed-
eral Compulsory Medical Insurance Fund®, amounts to ap-
proximately 230,000 RUB per hospitalization.

Conclusion

This study provides a conservative forecasted monetary esti-
mation of the indirect economic losses caused by the impact of
various IR sources on the population of the Russian Federation.
Itis demonstrated that the potential economic damage from all IR
sources, evaluated according to the methodology outlined
in NRB-99/2009, is approximately 700 billion RUB, with 470 billion
RUB attributed to managed and mitigable IR sources. This mone-
tary estimation should be used to justify the expenses associated
with maintaining the current level of radiological safety and cannot
be considered as an evaluation of actual damage and/or costs
forreducing the damage to negligible levels. These values are
recommended for use in the preparation and justification of vari-
ous managerial decisions in the field of radiological protection and
the radiation safety of the population.
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