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KoMO'IKOB M.M. Pl6-94-52 
BeJIH'IHHhl H ou,eHKH pa]J.HaU,HOHHOI'O pHCKa 

.Il.aHo onncaHHe ]J.Hlp(pepeHU,Ha.JlbHhlX H HHTerpa.JibHhlX BeJIH'IHH pa]J.Ha­
U,HOHHOI'O pucKa Ha OCHOBe peKOMeH]J.au,uii Me)KJJ.yHapO]J.HOH KOMHCCHH no pa­
,AHOJIOrH'leCKOH 3alIJ,HTe (MKP3). 3Ha1.1eHHS1 BeJIH'IHH u ux pacnpe]J.eJieHHSI no 
B03pacTy npe]J.CTaBJieHbl ]J.JISI Han6o.nee 3Ha'IHMhlX CJiy1.1aeB. AHanu3upyJOTCSI 
peKoMeHJJ.au.uu MKP3 no orpaHH'leHHJO noTeHa,HanhHOro o6Jiy1.1eHHS1 u ero 
BepoSITHOCTH Ha npnMepe runoTeTn1.1ecKux aBapuii Ha HBP-2 u HBP-30. IlpeJJ.­
CTaBJieHhl 33BHCHMOCTH ypoBHSI pa]J.uaa,HOHHOI'O pHCKa OT BpeMeHH C 1965 I'O]J.a 
JJ.JISI nepcottana OJHU1. 

Pa6orn BhlnOJIHeHa B OT]J.eJie pa]J.uau,uOHHOH 6e3onaCHOCTH H pa]J.HaU,HOH­
HhlX ucCJieAOBattuii OlHU1. 

Coo6w_e,me O61.e,nm,emtoro HHCTHTYTa !IACPHblX HCCJieAOBaHHH. ,l],y611a 1994 

TiepeBOA aBTOpa 

Komochkov M.M. P16-94-52 
Quantities and Estimations of Radiation Risk 

Differential and integral quantities of a radiation risk described on the base 
of the International Commission on Radiological Protection (ICRP) 
recommendations are presented. The quantities values and their age 
distributions for the most important cases are given. The ICRP 
recommendations on constraint of potential exposures and their probability on 
the example of hypothetical accidents on PFR-2 and PFR-30 are analyzed. 
Time dependences of the radiation risk level since 1965 for the JINR personnel 
arc presented. 

The investigation has been performed at the Department of Radiation 
Safety and Radiation Researches, JINR. 

Communication or the Joint Institute for Nuclear Research. Dubna 1994 



B nocneAH1-1e r·OAbl ·ace yaw,e ·exoAs,tT a ,o5paw,eH1-1e •cnoeo 

p1-1cK,1-1 ·B YaCTHOCTl-1. paA1-1a41-1OHHWA PHCK (c~~Hanp1-1Me~ /1-

5/)._TaK,a npoeKTe 3aJKOHa·Pocc1-1AcKoA,<l>eAepa41-11-1 "O•PaA1-1a-

o6yc n oa.n eHHblA 

npeAnpHATHA AAepHO~TonnHeHoro 41-1Kna M Ha APvr1-1x Tepp1-1To­

p1-1Ax, rAe cyw,ecTayeT noTeH41-1anbHaA BO3MO*HOCTb npeawwe~ 

HHA ycTal4oeneHHblX AO3OBblX .npeAenoe · o6nyYeH"1A"•· B coape­

MeHHblX peKOMeHAa41-1Ax Me*AYHapoAHO.;'t KOM1-1cc·1,11,1 • no paA1-1on o­

r.1-1YecKo>'t :3aw.1-1Te (MKP3) OAHHM 1,13 Heo5XOA"1Mb1X · ycnoei-1.;'t AB­

o6ny­

yeHHA;/1,6/. TaKHM o6pa3oM,KOHeYHOR 4enb~·KOHT,POnA o5~ 

nyYaeMOCTH. n~Ae,;'t. "1OH"13"1py~W,"1M 1,1:3ny'-'leH1-1eM cneAyeT CY"1Ta-

'Tb 3HaYeH1-1.;'1 

"1MeHHO aTa een1-1Y1-1Ha no::,eonAeT O4eH1-1Tb 

4"1OHHO.;'t 5e::,onac HOC Tl-1' 

pa3nMYHWX .aKTopoe•1,1n~ cyMM"1poeaTb MX. 

noHAT"1e f>"1CK,"1. B '-'laCTHOCTH W~• K HaCTOAW,eMy ap~Me-

a TaK:,oce onacHOCTb nocneACTBM.;'t OT 

noTeH41-1anbHWX aeap1-1A 1-1n1-1 npo1-1cwecTa1-1R /6-8/~•3Ta MHoro­

rpaHHOCTb 

np1,1 aToi-t iyKa:a,an;.,KaKo.;'t ··epej,:\Hb1.;'t' eq,•eKT ·.c,-iK1-1AaeTCA:He1-1·::,ne­

...,.,.Mb1.;'t paK • 1,1::,ne'-'1"1Mbl>'t paK • TF1:,ocen1,1,;-i· HacneA<:Tee'HHb1.;'t e·•q,eKT 

1-1 T. A• Aononi-11-1Tenb1-10,;-i· YaCTb~ onpeAerieH1-tR paA1-1a41-10HHoro 

pHCKa ABnAeTCA 



pa~aeTCR Yepe3 HaTeMaT~~eCKOe 

nyYeHH.A: 

o~~AaH1-1e nocneACTBH~~oO-

w = ? pi. w, ' ( 1) . 
rAe Pt eepOATHOCTb Ka"'Aoro onacHoro HnH epeAHDro 3q,-

q,eKTa i.npHHeHHTenbHO K CTOXaCTHYeCKHH 3q,q,eKTaH o5nyye­

HH.A (1) HOll(HO npeACTaBHTb CYHHOA Tpex COCTaenAIO~HX /2/; 

H3fleYHHOro paKa, 

He~3neY~Moro paKa, 

TA)O(eOWX HacneACTBeHHWX 3q,q,eKTOB. 

3HaYeH"'A 9Tl-1X COCTaBnAW~l--1X w AnA HaceneHHA H B3pocnwx, 

pa50Ta1<1~Hx ..ia eAHHH4y 3q,q,eKTHeHoi;-, AD3b1 E, MO::iKHO Ha~1Tl-1 B 

pa5oTax /1,9/. BenHYHHbl Pt Wt , B YaCTHOH cnyyae Ha3b1Bal<IT 

HO~HHaflbH~MH K03q,q,H4HeHTaHH eepOATHOCTH AnA CToxaCTHYec­

KHX 3q,q,e~Toe; B HeKOTOp~x pa5oTax HX Ha3wea~T K03q,q,H4H­

eHTaMH paAHa4HoHHoro pHcKa /9/ KPP HnH npocTo K03q,q,H4H­

eHTaHH pHcKa, KOrAa ACHO H3 TeKCTa, YTO eenHYHHa xapaK­

TepH3yeT epeAHhlA 3q,q,eKT o5nyye~HA paAHa4HeA /10/. BenH­

YHHhl KPP Aal<IT B03HO)O(HOCTb 04eHHTb CTOXaCTHYeCKHe nocneA-

CTBHA' A'n.A rpynnbl nl<IAeA, 'npeACTaeneHHblX 060HMlf nonaMH"" 

paBHOHepHO e'ceMH B03pacTaHH AaHHOA KaTeropHH (HaCeneHHA 

"'""' e3pocnb1x>, a TaKllCe, An.A cpeAHero "1HAHBHAYYMa "13 ~TOA 

rpynnb1. B o5w.eM coyYae '04eHKY nocoeACTeHA o5nyYeHHA coe­

AYeT Bb1nonHATb c yYeTOM eo3pacTHoro pacnpeAeoe,HHA O><>AeA 

"'epeHeH"1 o5oyYeHH.A. K HaCTOA~eHy apeMeHH AOCTaTOYHO Ha­

Aell(HO pa3pa5oTaHa MeTOAOOOrH.A 04eHK"1 noCOeACTBHA o5nyYe­

HHA H nooyYeHhl pe3yObTaTW 0"1Wb AO.A OAHOA H3 ~pex COCTae­

flAIO~HX (1) - HeH30eY"1MOro paKa. 

U,eob HaCTOA~eA pa50TW - AaTb npeACTaeoeHHe O co-

CTOAHHH BeflHYHH paAHa4HOHHO~O PHCKa "1 B03MOllCHOCTAX 04eH-

KH HX 3HaYeHHA, B yacTHOCTH AnA nepc oHao a Ollls:11/1. 

2. BeOHYHH~ AHq,q,epeH4HaObHOro pHCKa 

OcHoeoA npeACTaeoeHHA AHq,q,epeH4HaObHoro pHcKa ABOA-

eTCA noOTHOCTb eepoATHOCTH CMepTH /2/ G(t). 

Ha"1HeHOBaH"1A 3TOA eenHYHHW ABO.AIOTC.A; 

CHHOHHMaMH 

nOOTHOCTb CMepTeA B 3aBHCHHOCTH OT B03pacTa /3/ t, 

:- HHTeHCHBHOCTb CMepTHOCTH /11/. 

2 

.. 

BenHYHHa G(t) - eepOATHOCTb HaCTynneHHA CHepTH dS/SCt) 

0 TeYeH~P 6eCKOHeYHO Manero apeMeHHoro HHTepean'a dt e 

B03pacTe t,.OTHeceHHaA K Afl"1TenbHOCTl-1 3TOro ~HTepeana, 

rAe S<t> 

G(t> = -tl/SCt)JdS/dt, 

eepOATHOCTb ADll(HTb AD B03p~cTa t 

4H.A A0ll(~THA): t 

S(t) = e'xpc':... J G(t)d't'] 
0 ' 

B HeToAonorHH MKP3 npH ~D3AeAcTeH,;, 

(2) 

HflH q,yHK-

(3) 

1,13n yYeH"1A Ha 

fl~APA G(t) npH HeKOTOpWX ycnOBHAx· /2/ HOll(eT npeAcTaenA~ 

TbCA°CYHHDA ~~~~ tnara~~wx: 

G(t) = G~Ct> ~ dp/dt. (4) 

3AEeCb. G
0
(t) - q,oH ycooeHoi;-1 nooTHOCT,;, eepo.ATHOCTH, CMepTH 

(the background conditional death probabilit~ rate> 

nnoTHOCTb eepoATHOCT~ CMepTH' OT ecex np"1YHH An.A HeKoTo-

pore c~eAHero HH~HBHAYY~a B 3aeHCHHOCTH OT ero B03p~~Ta. 

YAOBneTBOpHTenbHWM npH5nHll(eHHeM An.A onHCBHHA Go(t) npH 

t>lO neT A•oAeTc~ q,opMyn~ ycTaHoen~HHa.A e npownoM ~eKe: 

•-Ae A,B H C 

G
0
.ct,) f:' A• exp<B';t> ·+ c·, 
AeMorpa'q,"1Yec K He K OHC T aHTbl. 

<5'> 

YcnoeHa.A nnoT,,HOC',T'.,.: ee'poATHOCTH CMepTH (the COT)di­

tiona.1 death proba'bi lit'!,! ,rate)' dp/dt,' KOTOpaA onHCb1eaeT 

nnoTHOCTb aepOATHOCT"1 CMepTH, Bbl3BaHHOA, o5nyYeHHeM pa-,' 

AHa4HeA. BenHYHHa dp/dt A~nA-~CA' ~pHpa~eHHeM Go<i> H 

onMcwsaeTCA ABYMA HoAenAMH: aAAHTHBHoA. H MynbTHnnHKa-

THBHoA /2/. Bo ecex cny~a.Ax ycooeHeH npHHeHHHOCTH dp/dt 

ABnAeTCA 

( d p / d t ) /G O Ct >' <.<. 1 • 

5e3ycnosHa.A nnOTHOCTb eepoATHOCTH c_t-1epTH 

(6) 

the uncondt-

tional rate> dr/at AenAe...,-c·A npoH3BeAeHHeM Cdp/dt> H 

siT~t) ~~o~pOATHOC~H BWll(~Ba~HA, MOAMq>H~~~6eaHHOA npHpa­

~ei-➔HC'H 'pHCKa 'oT o50yYeHHA: 

dr/dt ·= SCT,t>•Cdp/dt)., -c 7 > 

3AeCb T epeHA Ha~~oa:o5oyYeHHA HOH ;HHll(H.AA rpaHH4a·Hop-

M>1poeK"1 dr/dt. 

llnOTHOCTb eee_o.ATHOCTH eo3pacTa cMepTH (the proba-

bi lit!:§ densit!:§ oF the age oF death> eap"1al,\HA dr/dt c 

eo3pacTo~ewnooHeHHa.A TaK,YTo5~ nno~aAb noA KpHeoA dr/dt 

3 



• 
paBHAnaCb xapaKTepHO~ no:iK"13HeHHOH eepoATHOCTM CMePTM 

R, onpeAeneH"1e KoTopo.;, AaHo e cneAY~~eM pa3Aene. 

3. Ben"1Y"1H~ MHTerpanbHOrO p"1CKa 

--------------------------------
OcHoBOH npeACTaaneH"1A "1HTerpanbHOro pMcKa ABnAeTCA 

xapaKTepHaA nO*S,,,13HeHHaA eepoATHOCTb CMepT~ 

table \iFetime proba~ilit~ oF death) /2/: 

R ·=} (dr/dt>dt. 
T 

(the attribu-

(8) 

B pa6oTe /3/ een"1Y"1Ha,aHanor"1YHaA R,onpeAenAeTcA HecKo­

nbKO no•MHOMY (HeCA TY :,ice CM~cnoey~ Harpy3Ky) "1 Ha3~Ba­

eTCA nO:iK"13HeHHaA eepOATHOCTb CMepT"1, o6ycnoeneHHaA o6ny­

YeHHeM paA1,1a41,1e.;,. 
AHanor1,1YHaA een"1Y"1Ha e MeTOAOnor"1"1 /11/ MMeeT np"1H-

41,1n1,1anbHO MHOe onpeAeneHMe C HaMMeHoeaHMeM - no:iKM3HeHH~H 

paAMa4MOHH~A pMcK. 
Aeno c een S,,,1"-tl-'1H0~1 R, onpe-B AanbHeHWeM 6yAeM MMeTb 

AeneHHOA (8) He CTOnbKO 1,13-3a MeXAYHapOAHOro xapaKTepa 

peK0MeHAa41,1A/2/, CKOnbKO 1,13-3a np1,1eeAeHMA 3HaYeHMH 3TMX 

een"1Y"1H AnA PAAa npaKT"1YecK"1 eaxH~X cnyYaee /2/. 

0AHOH 1,,13 ea:,icHblX een"1Y"1H, xapaKTep1,13y~_~1,1x paA1,,1a4"10H­

H~H p"1CK, ABnAeTCA cpeAHAA noTepA npoaon:,ic1,1TenbHOCT"1 :iK"13 

!:!!::!.. Cthe mean loss oF liFetime> 

V 

Jyct>· (dr/dt)dt 
T 

Jcdr/dt )dt 
T 

OCTaTOK OXMAaeMOH X"13H"1 

(9) 

B 3ae"1C"1MOCTM OT 3AeCb y(t) 

eo3pacTa. BenMYMH~ V "'R no3eonA~T onpeAen"1Tb een1,1Y"1HY 

CH"1:iKeHMA npoAOnx1,1TenbHOCT"1 O~MAaeMo.;", X"13H"1 6-h_, T.e. Ma-

TeMaT"1YeCKOe OX"1AaH"1e n0Tep1,,1 npOAOnX"1TenbHOCT"1 :,1(1,13H"1, 

o6ycnoeneHHoe onpeAeneHH~M o6nyyeH"1eM: 

AL R·Y (10) 

4 

DaTb 

4. Mepbl paAMa41,10HHoro p1,1cKa 

----------------------------
B KaYecTee Mep paA1,,1a41,10HHOro p"1CKa MOXHO paccMaTpM-

3~~eKTMBHY~ 3KBMBaneHTHY~ A03Y He,a~~eKTHBHy~ A03Y 

E"' A030B~H 3KBMeaneHT opraHa HT, KOTOpb1e, e .np1,1H41,1ne, 

"13MepAeMbl, YTO B 6onbWeH CTeneH"1 OTHOCMTCA K Ha.,Co~nac­

HO peK0MeHAa41,1AM MKP3 Cny6n1,1Ka4MA 60) eenMY"1Hbl E 1,,1 HT on­

peAeneHbl cneAY~~MM 06pa30M: 

E = ~ WT HT ; HT= ~ W11. D-.11., ( 11 > 

rAe WT - B3BeWMBa~~.,,.;, TKaHeBblH ~aKTOP (Ta6yn1,1poeaH) /1/, 

WR 

OTA, 

B3BeW"1Ba~~.,,.;, ~aKTOp 1,13nyYeH"1A R (Ta6yn1,,1poeaH) /1/, 

cpeAHAA norno~eHHaA A03a AnA opraHa 1,1n~ TKaH"1 "T", 

3AeCb 

€TP. 
DTR .= 

mT 

CTR- nepeAaHHaA opraHy 

1,13nyYeH1,1eM R. 

(12) 

1,,1n1,,1 TKaH"1 MaCCOH m 31;iepr"1A 

CornaCHO peK0MeHAa4"1AM MKPE / 12/ 3~~eKT"1BH~_"I 3KBl,1-

eaneHTHaA A03a -

HE = L wTHT, 
T 

(13) 

cpeAHAA 3KBl,1BaneHTHaA A03a AnA opraHa 1,1n1,1 TKaH"1 

rAe 

QT 

DT 

HT = Q-,-DT' 

C 1 / mT D > f Q D dm, 
rn.,. 

(14) 

< 15 > 

(16) < 1 /rry f D dm. 
mT 

3Aecb D - norno~eHHaA A03a e aneMeHTe Mace~ dm, Q - Ko-

3~~1,,141,,1eHT KayecTea. 

Q (1/D) f QCL>D1,.dL, 
I. 

(17) 

rAe D1.dL - Ta YaC!b'norno~eHHOH A03bl, KOTopaA nepeAaeT­

CA YacT1,14aM1,1 c CHeorpaH"1YeHHOH) n1,1HeAHoA nepeAaYeA aHep-

r1,,11,1 ME!:iKAY L 1,1 L' +dL. - 3aB"1C,"1MOCTb 

cneAY~~"1M o6pa3oM: 

5 

Q(L) on1,1c blBaeTC A / 1 / 



Q(L> 
{

1 A0A 

O.32L -

300/ R 

L < 10 

2.2 

·AnA· 

A0A 10 < L < 100 

L ?> 100. 

CpaeH·eH·,-,e ·e·en'i-',y,-,H E ,-, HE noKa3b1eaeT • · 

(18) 

...... To: H·ecMOTpA 

Ha ~A~HaKo~oe ripeAHa~HaYeHl-1e,,-,x ~0H4en4,-,,-, pa3n"1YHw; 3Ha-

YeH"1A E ~ HE AO~ OAHoro ~ T6ro ::oce nonA-~3nyYeHa-,A 

np"16n"13"1TenbHO coenaAa~T /12/. 

-'-taCTO 

5; hp,-,Mep~ 3HaYei-ia-,A eerl"1Y~H paAa-,a41,1dHi-ioro pa-,cKa 

-------·-- .. ------ __ . __ ------- ------- ------
5.1. PacnpeAeneHl-1e ycnOBHOA nnOTHOCT"1 eepoATHOCT"1 

CMepTK /2/ 

·~oH ycnoBHO~ nnoTHOCTl,,1 eepoATHOCTVI CMepTVI (OT ecex 

npKYHH) G 0 Ct>,,, ycnoeHaA nnOTHOCTb eepOATHOCT"1 CMepTM 

(o~ 66nyY~H1-1A) dp/dt'npeAcTaeneHw Ha p"1c~1 e 3aa,-,c1-1Moc­

T"1 OT BO3pacTa.Pe3y0bTaTw pacYeTa dp/dt nony~eHW'·Ha oc­

HOBe aAA.;,Tl-1BHo',;'t· AOA. ·MY"''-'"'H · (aM) ,,, Myn1>T"1nn1-1KaTl-1BHo,;, A0A 

MY)l(Yl-1H (HM) 1-1 ::oceHW,"1H (HF) MOAene"1 npl-1 o6nyYeHvt"1·'e• 'TeYe­

H"1e ece"1 )l(l-13H .... AO3OH 5 M3e. 

5.2. PacnpeAeneH .... e 6e3ycnOBHOH nnOTHOCT"1 eepoATHOCT .... 

cHepTK /2/ 

HeoSxoA"'HY~,,, AOCTaTOYHY~ ...,Hq,opHa4...,~ o p"1CKe MOXH9 

nony~1,,1Tb Ha OCHOBe 6e,3ycrio~HC:,,:,, nnoTHOCTM eepOATHOCT"1 

dr/dt M SC 18, t) • G
0
Ct), pacnpeAeneH...,A KOTOpb1x npMBeAeHbl Ha 

·p"1C. 2. 3Ha"-ieH...,A dr/dtM nony"-ieHb~ ,Ha ocHoee. HynbTKnnMKa­

T"1BHOH MOJ:(en"'1,' a· ·dr/dtci, · '- Ha ocHoee aAAl-1TMBHo,;, ·MOAenM 

npa-, e::oceroAHO"1 AO3e o5nyYeH"1A HY::OC"-i"1H 50 H3e, c 18-T...,•AO 

65-TM neT. 3Ha"-ieH"1A SC18,t)•G
0
(t) Aa~T 6e3ycnoaHy~ nnoT­

HOCTb ·eep6ATHOCTM CHepT"1 o~-ecex'npl-1'-iMH,a 6(18,t) - ee­

POATHOCTb AOX"1Tb AO eo3pacTa t,MOA1-1q>M4"1poeaHHY~ ycnoe,-,-

eM HOp'H"1p0BK ... : H .... XHAA rpaH1-14a ·onpeAeneH .... A p"1CKa -. 18, ne.T. 

AeHorpaq, .... YeCK .... e q,yHK4M"' S Cl 8:, t.) J,1, Go ( t), ,OTHOCATC:..A !<·. Ha-

cene,.:.,,-,~ .wee41-1,-,:J2/ •. npeAC.TaeneHHble .H~. P"'.c. 2 pe3y.ObTaTbl. 

noKa3b1Ba~T, "-iTO A1-1q>q,epeH4...,anbHb1,:;, P"'CK .no aAA"''.T"'BHOH Mo­

,qen..., BblWe, "-ieH no HY0bT .... nn1-1KaT"1BHOH AO ~ 60 neT, a nocne 

60 neT dr/dtM>dr/dto.. 

6 

~-

I 

..... 
!ct' 
0 
L ..... 
s 

0 
0 

10-~ 

m-2 

m-3 

MM ' 1
• 

. I 

. /J-

1 // 
.. f ---

/'~' / I' 
/ 

I 

.,/1-­
/ 

/ ,· 
. I 

/( 
oCt} 

m-3 

~o-4 

10-5 

10- 4 f I 1 1 1 1 1 1 1 I I 10-6 

o 20 Lio so ea -100 

B03PAC'l' t, rDAbl 

... 
I 
<t 
0 
L. .. 

+> 
~ ·a. 
-0 

P,-,c. 1. 3aBl-1C"1MOCTb ycnOBHOA nnoTHOCTM eepoATHOC!M•CMep­

TM OT eo3pacTa: G 0 Ct) - ace np...,YMH~ CMepT...,.(AaH­

Hwe.no.~ae4,-,M_,/2/l:,- dp/dt - exerOAHOe o6nyYeH"1e 

aq,q,eKT"1BHoA AODOA 5.M3o a TeYeH"1e ec;eA ::OCM3HH: 

~y::ocHHHW, aAA"1T"1BHaA ~oAenb. (Ma), 

MY::OCY"1Hw, MynbT1-1nna-,KaTwBHaA MOAenb (MM>, 

:.::eHw_,"1Hblt MynbTV1nnvtKa.T1,,1eHaA HOAeflb (MF) 
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-
~ 
L. 

~ 
i::' 

: .::J 

4-10-2 

3.w-2 

r-- ......... , 

I '" I·~ 
1 ·, .·-. \ 

I \ I 

-1,0 

0,8 

I ,}, 
\ 
\ 

0,6~ 
OJ .. -~ z;10-2 

I 
I 
I 
I 
I 
I 
I 

\ ~ 
,: t/'l 

\ a 
l!) 

-~ 

cO 
~ 
t/l 

10-2 

I 
I 
I 
I 

snB,t). GoCt) \ 
\ 
\ 
\ 
\ 
\ 

' \ 
I ,, 

0,4 

0,2 

I di-/dt" '• \ 
0 • \ , 
'0 k;;;;;rr- · - . - ~·- ---< \ ... ' -. ~·· ' ---:<;.\ I o 
1 :::t--:" ___ ,....----· +' 

20 60 80 ·100 

803PACT t 1 f0Ab1 

PMc.2. 6e3ycnoaHaA nnOTHOCTb aepOATHOCTM CMepTM: 

OT acex npMYMH - sc~a.tJ•G 0 CtJ, 

OT exerOAHoro o5ny'-leHMA 3••eKTMBHoA A03oA 50 M3e 

c 18-TMJl065-T.lineT - dr/dta. (aAAMTMBHaA MOAenb), 

dr/dt·"4(MynbTMnnMKuTMDHaA MOAenb); 

SC18,t> - eepOATHOC,b AOllCMTb'AO·B03pacTa t 

8 

) 

J 

1 

5.3. 3Ha'-leHMA aenM'-IMH paAMa4MOHHOro pMCKa 

3Ha'-leHMA OCHODHblX aenM'-IMH, xapaKTepM3Y~lll,MX paAMa4M­

OHHblA ,pMCK npeACTaaneHbl /2/ a Ta6nM4e 1. PaCC'-IMTaHHble c 

nOMOlll,b~ (7) 3Ha'-leHMA R none3Ho.cpaaHMTb C pe3ynbTaTaMM 

04eHKM 3TOA ae_nM'-IMHbt, onMpa.ACb Ha npocTei;,wy~ .OpMyny 

R = KPP. E . .0. t ' < 19 > 
KOTOpaA He Y'-IMTbtBaeT apeMe.HHblX 3aBMCMMOCTeH. aenM'-IMH:· pa-

AHaqMOHHoro pMCKa M paCC'-IMTaHa Ha CPBAHMe 3Ha'-leHMA KO-

3~q>M4MeHTOB paAMa4MOHHOro pMCKa KPP (HOMMHanbHble K03 •• M-

4MeHTbl aepOATHOCTM An.Fl CTOXaCTM'-leCKMX 3 •• eKTo~>;E -_Mow,­

HOCTb 3q>•eKTMBHOA A03bt,.o.t - nepMOA 06ny.'..teHMA.nony·._.e·i-<H'b1e 

c noMOlll,b~ C 19) 3Ha'-leHMA · R An A E paBHblX 1 • 3, 3, 5o'. M3B/ r_OA 

(CM.Ta6riM4y 1) COCTaanA~T 0,35%, 1,05~, 0,56%, 9,4% co-

OTBeTCTBeHHO. CpaaHeH1-1e 3TMX 3Ha'-let:<MA R c aHanorM'-1.HbtMM 

vt3 Ta6nM4bl 1 noKa3b1aaeT xopowee cornacMe co 3Ha'-le.HMAMM, 

nony'-leHHblMM c noMOlll,b~ MynbTMnnMKa4MOHHOA MOAenM, M ~OH­

cepDaTMBHblA xapaKTep (19). 

Heo5XOAMMO 3aMeTMTb, '-ITO 3Ha'-leHMA ~ L M3 Ta6nM4bl_ 1 

He cneAyeT OTHOCMTb K KaXAOMY '-lenoeeKy M3 rpynnbt '-IMCneH­

HOCTb~ N o5ny .... aeMbtX, T.K. OHM ABnA~T co5oA '-!Meno ·neT._He-

JlO~HTOe ,TeMH H3 

Hoe Ha N: 

·AL 

rpyrinbl N, 

n•V 

N 

KTO Y!'1-ep OT paKa (n), :UeneH-

R·Y. (20) 

5.4. PMCK npM noTeH4ManbHOM o6ny'-leHMM 

tMTya4M~ C noTeH4ManbHblM o5ny'-leHM0M ~~ryT B03HMKa-

Tb e 6onbWMHCTee, ecnvt He BO ecex,AeAcT~MAX C MCTO'-IHM-

KaMM MOHM3MPY~lll,MX M~ny....-eHi-tH; npM 3TOM B03MO)!(Hbl 50ll'bWMe 

eap1-1a4MM a nocneACTBMAX. AeapMM Ha AA~PHblX peaKTopax 

MoryT np1-1eeCTM K w1-1poK0My AMana3oHy nocneACTBMA,eKn~'-laA 

3KOHOMM'-leCKMe M C04ManbHbl~ noTpACeHMA. B,OTCyTCTBMe 06-

111,MX 3aKOHOB Ha npeAenb1 ~ orpaHM'-IBHMA (CAepx1-1eaHi-1A) 

npvt npoeKTMpoeaHMM "' 6KcnnyaTa41-11,1 nOA06HblX ycTaHOBOIC 

MKP3 /6/. pe1COM0HAYBT nocneACT.B"1A aeapi-tA , M npo1'1C wee TBM.;, 

"13 coo5pa:xeH"1A paAMa4MOHHOA 6e3onacHoc-i-i-t Bbl5MpaTb ': M3 

rpynn, npeACTaen9HH~1x ~- ,:_.a6n~4e 2. 

\ 
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• 
AaHHMe Ta6n1,,14w 2 npeACTaeneHw r1,,1cTorpaHHOA Ha pHc.3, 

TaM l!Ce H306pallCeHa 0"1H"1A paeHoro p1,,1cKa OT CTOXaCT"1Yec-

K"1X 3••eKTOB np1,,1 exeroA•~M o6nyYeH"1"1 A03oA 1 H3e. ToYK"1 

ABOAIOT co6oA r1,,1noTeT"1YeCKYIO aeap1,,1AHy10 C"1Tya41,,1io Ha Vl6P-2 

.... 1116P-30 011151111; eepOATHOCTb aeap1,,11,,1 3a1,,1HCTBOBaHa 1,,13 pa6o­

TM /13/, a A03M o6nyYeH"1A - 1,,13 pa6oTw /14/. CoAepxaH1,,1e 

Ta6n1,,14w 2 1,,1 r1,,1cTorpaHHM (p1,,1c.3) paCCHaTp1,,1ealOTCA /7/ KaK 

nepBb1A eapMaHT peKOHeHAa41,,1A ·no paA1,,1a41,,10HHoA 6e3onacHoc-

T"1, KOTOpMA 6yAeT npeAHeTOH peBl,,131,,11,,1 no Hepe HaKonneH"1A 

onwTa. B 3TOA CBA3"1 ,.,, , "1HeA BB"1AY OTCYTCTB"1e AOCTynHblX 

HaH KOHHeHTap1,,1ee no np"1HeHeH1,,1~ peKOHeHAa41,,1A Ta6n1,,14bl 1 1,,1 

r1,,1cTorpaHHM~1,,1c.3} 1 ~o3MO~Ha cneAy~111,aA "1HTe~n~eTa41,,1A pac­

nonoxeH"1A TOYeK V16P-2 1,,1 V16P-30 Ha p1,,1c.3. 

ToYKa Vl6P-2 nex1,,1T Ha ABa nopAAKa H"1xe eepxHeA rpa-

H"14bl r1,,1c TorpaHHbl, KOTopaA 6n"13Ka K n"1H"1"1 paaHoro pMcKa 

npM exerOAHOH o6nyYeHMM A030H_ 1 H3B. peKOHeHAOBaHHoi:-1 

MKP3 /1/ AOA OAHOrO 

MO~eT 03Ha~aTb~ ~TO 

Cn~6oro> YenoeeKa M3 HaceneH1,,1A. 3To 
-4 

np1,,1 aeap1,,11,,1 Vl6P-2 c BepOATHOCTb~ 10 

D rOA ,.,,_ Bbt6poce paA"10HyKn"1AOB B KOflf,1YecT·ee, yKa3,aHHOH e 

pa60Te/12/AonyCT"1HO nOABeprHyTb o6nyYeH"1~ A03aH"1 ~0,2 3e 

He 6onee 100 Xt,1TeneA. npt,1Ht,1HaA cpeAH~~ nnoTHOCTb no paA­

oHy r. AY6Hb1 250 YenoeeK/KH2 
,.,, 04eH"1BaA nn_o111,aAb c .3••eK­

T"1BHoi:-1 A030A o5nyYeHt,1A O, 2 3a paeHoA 16 -~-H2 ·- corn act-lo pa-

6oTe /14/, nonyYt,1H Yt,1Cno x1,,1TeneA ~4·10 3 • AnA Toro 7 YTo6w 

cneAoeaTb peK0HeHAa4t,1AH .MKP3-/6/, He06XOA"1HO nhoTHOCTb 

eepoATHOCT"1 r1,,1noTeTt,1YeCKOA aeapt,11,,1 /14/ "1HeTb:He 6onee 

2,5·10- 6 roA-t• 

AHanor"1YHM~ 04eHKf,1 •B OTHOWeHf,11,,1 V16P-30 n0Ka3wea~T, 

YTO ADnycT"1HaA nnoTHOCTb eepOATHOCTt,1 r1,,1noTeTt,1YeCKOH aea­

p1,,1t,1 C BM5pocoH paA"10HyKnt,1AOB B K00"1YeCTee,yKa3aHHOH a 

pa6oTe /14/, COCTaenAeT '~10-7 rOA-i• . 

5.5. 04eHKa paA1,,1a4t,10HHOro p1,,1cKa <PP> OT ~CTOYH"1KOB" 

"13nyYeH"1A OV151VI 

BcecTopoHHee,.,, nonHoe onpeAeneH1,,1e PP a cooTeeTCT-

B"1"1 C Cl> Mc yYeTo~ A"1••e~eH4...,anbHMX pacnpeAeneH"1A ero 

cocTaenAIOlll,MX. a· HaCTOA111,ee apeHA He npeACTaBnAeTcA·,·ao3Mox-

12 

HblH M3-3a OTCYTC_TBl,,IA AOC TaTOYHoi:-1 "1H.OpHa4t,11,,1 / 1 /. B03MOX-
HOCTb ececTOpOHHero onpeAeneH"1A "1HeTCA nMWb B OTHoweH"1"1 

OAHOA 1,,13 COCTaenA~lll,"1X pp .- eepoATHOCT"1 CHepTM OT paKa R. 

An A Bb1non HeH."1A pac YeToe R oT 1,,1c TOYH"1K oe 1,,13_n yYeH"1A OVl51VI 
Heo6XOA"1Hbl A030Bbte pacnpeAeneH"1A B 3aB"1Ct,1HOCT"1 OT 003-

pacTa, nonyYeH1,,1e KOTOpMX ~naH1,,1pyeTCA.B OTCyTCTB"1e TaK"1X 

pacnpeAeneH1,,1A 04eHKY ypoaHeA R 1,,1 W ~wnonHt,1H Ha ocHoee 

HOH"1HanbHMX K03 •• "14"1eHTOB eepoATHOCTl,,1 CTOXaCT"1YeCK"1X 3·­

•eKTOB/1/ 1,,1n1,,1 KPP/9/,.,, 3ae1,,1c1,,1HocT1,,1 cpeAHeA 1,,1 KonneKT"1B~ 

HOA HOlll,HOCT"1 A03M o6nyYeH"1A OT apeHeH"1 

OV1$llll: R KPPc· E 

AOA COTPYAH"1KOB 

(21) 

(22) w = KPP·E 

r·Ae E HOlll,HOCTb ='••eKT"1BHOH A03M 0 

paA1,,1a4"10HHOro p"1CKa CHepT1,,1 OT paKa, 

KPPc - K0=>••,.,.41,,1eHT 

KPP - cyMHapHb1.:-1 KO-

='••1,,141,,1eHT paA1,,1a4"10HHOro P"1CKa no eceH CTOXaCT"1YeCK"1H 

•eKTaH: 

KPPc: 

KPPc 

KPP 

KPP 

4 • 10-2 3e-L 

5 • 10- 2 3e-i 

e3pocnbte Ct~ 18 neT>, 

ace HaceneH"1e, 

5, 6 • 10- 2 3a-l.- B3pocnbte Ct ~ 18 neT), 

7, 3 · 10- 2 3e-l __ ace HaceneH1,,1e. 

9.-

CornacHO pa6oTe/13/ cpeAHAA MOlll,HOCTb. 3 •• eKT"1BHOH A03bl a 

ycnoe1,,1Ax npox1,,1~aHt,1A X"1TeneA r.Ay6Hw cocTaanAeT 2,5·10- 3 

· 3e/roA; A03Y •opH1,,1py10T KaK np1,,1poAHbte, TaK ,.,, TexHoreHHble 

M_C TOYH"1K"1 "130 yYeH1,,1,;-1 • CpeAHAA HO"',HOCTb 3•·eKT"1BHOA A03bl 

o6nyYeH"1A nepcoHana OT "1CTOYH"1KOB 1,,13nyYeH"1H 011151111 3a no­

cneAH"1e HeCKOnb_Ko neT ·cocTaa·nAeT ~2 • lo-3 3e/roA. 3To Aa­

eT B03HOXHOCTb 04eH"1Tb ypoeeHb paA1,,1a4~0HHoro p"1CKa C no­

HOlll,blO (21) 1,,1 (22) : 

AOA OAHOro YenoeeKa t,13 HaceneHl,,IR eepOAT~OCTb CHepT"1 

3a roA C oc Ta_B"1T: 

RH= 5•10-2•2,5•10-3 1 , 25 • 1 O - 4 , 

a eepoATHOCTb 3a6oneeaH"1A 3a rOA cocTaa...,T: 

w,.= 7,3•10-
2
·2,5·10-3 ~ 1,0·10-"; 

AnA OAHOro YenoeeKa 1,,13 nepcoHana ypoaeHb AOnonH"1Te­

flbHOH aepoATHOCTt,1 CHepT"1 3a roA COCTaa1,,1T~ 

Rn= 4•10-
2
• 2-10-3 = o,e-10- 4 , 

a AOnOnH"1TenbHaA aepOATHOCTb 3a6oneeaH"1A 3a roA -
-2 -3 · .:, 4 Wn= 5,6·10 • 2•10 = 1,12·10 • 
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An A N eoTPYA~~KDB v1nK *MTeneA yposeHb ~~cKa 6yAeT B N 

pa:,, 6on·bu.ie. 

' 3aaMcMHOCTb' cpeAHero AOnonHMT·enbHoro yposH·A paAMa·-

4MdHH6ro p1--1cKa AnA n•pc0Hana O~~~,· pa6oTaswe~o c MCToY­

HHKa·MM 1--1ot-i1;13·v1py1<>w,v1·x , H~nyYeHi.-1.::-1, •Wv, v1 Wn· N oT epeHeHv1·· c 

1965'roAa ripeA°c·Taen·eHa t-ia pHc.4.nnow,aAH nOA KpHBblMH Aa-

AYT, OYeB~-AHO~-- AOrionHHTellbHbl.::-1 paAHa4HOHHWH pv1c~ Ka~ Ha 

OA..'.toro COTPYAH~Ka Ce cpeAt➔eM), TaK 

3a riepMOA c 1965' roAa-

l;1 H~ eeCb nepcoHan 

Cor~~CHO /i3/ yp6~e~b paAv1a4i.-10HHor6 p~cKa ~a ~A1➔0-

ro *HTenA OT r1--1noTeTi.-1YecKoA aeap1--1~ Ha peaKTopax O~~~ co~ 

CTaB1--1T: 

.... 
~ 
0 
I.. 

70 

.3_'30 
IO 
0 ...... 20 

10 

0,7 

0,6 

0,5 
..;.. 
I 
·4 

0,4 E 
,.. 

:~ 
o,~ z 
0,2 · 

0,1 

01'::"-:96=,5--~--'--~____,:___:_.J_ ___ ___.L _ ___j 

1975 1985 

roAbl 
1995 

0 

Pv1c. 4. YpoeeHb paAMa41--10HHoro pi.-1cKa cpeAH 
' '. :, -i, '' ,._,. 

N COTPYAHHKOB 

o~~~. paS_oTa,K>W,HX C 

Ye1➔v1A (nepcoHan): 

1--1CTO'-IHv1KaM"1 ~OHM3Hpy~W,MX H3ny-

/'N- cpeAHAA AOnOIIHHTellbHaA nnoTHOCTb BepOATHOCTM :,,a-

6011eea1➔1;1A coTPYAHHKa - W, roA-i, 

/\N- YHC/10 

cpeAM 

OXHAaeMWX.AOnOIIHMTenbHWX 

nepcot➔ana - W•N, roA-i 

14 

3a6on eeaH1,,1.;1 e roA 

Ra. 

wo. 
4 t 5 • 10-?_ BepOATHOC Tb 

6, 6 . 1 o-7 :- eepoAT HOC Tb 

cMepTVI 3a roA., 

3a6oneeaH"1A 3a roA. 

06w,MA ypoeeHb paAMa4MOHHOro pHCKa OT Bcex AeHCTByK>­

W,HX l,f r1--1noTeTHYeCKHX HCTOYH ... IKOB H3nyYeHHH 6yAeT; 

- AIIA Hae en eHvtA R = RH + Ro., 

w = WH + Wa., 

- AIIA nepco1➔ana . R = R,. + Rn + Ro., 

w •' = w,._ + Wn + w .... 
CpaeHeHMe 3Ha'-leHHl-1 ypoe1➔ ei::-1 paA1--1a41--10HHoro p"1CK~ 

CYPP) ~ APYrHMH BMAaMv1 pMcKa /13/ noKa3weaeT, YTO YPP e 

Ay6He He npeewwaeT lX OT cy~MapHwx 3HaYeHMH ypoeH~ p1--1c­

Ka oT ecex np1--1 ... 1--1H - 6onesHeH, HecqacTHblX cnyt1aeB H npoqero. 

6. 3aKn1<>YeH1--1e 

Pa3/IHYHWe MeTOAOIIOrHH ycTaHoeneHHA paAi.-1a4MOHHoro 
- # 

PHCKa,~a3pa6oTaHHWe K HaCTOAW,eMy epeMeH1--1,np1--1een1--1 K pa3-

IIMYHWM CHCTeMaM Be/lMYHH AIIA ero onMCaHMA. PeK0MeHAa4MM 

MKP3 / 1-3/ noKa He ynyYWMnH ci.-1Tya41--11<> e a-i-oi::-1 YaCTM, DAHa.:.. 

KO Aani.-1 B03HOXHOCTb Bb1nonHATb Ha1--16onee nonHble 04eHKt.-1 

3Ha':"-teHl,,,1~ OAHorci~ 1-13 C aMblX 3Ha'-1"1MblX KOMnOHeHTOB paAMa41--101➔-

Haro pv1cKa - CMepTM OT paKa, a TaKxe nonyYaTb ycpeAHeH­

Hwe no nony 1--1 eo3pacTy 3HaYeHHA eepoATHOCTH 3a6oneeaHMA 

B pe3yllbTaTe CTOXaCTM~eCKHX a~~eKTOB. 

Ha Hat1am,HoH cTal\t,u,, pa'.3f31,,1T1,,1A HaxoA...,..TcA MeTOAHKa 

04eHK"1 PMCKa OT n0Te1➔4wanht➔Oro o6nyYeHMA,YTO CBMAeTellb­

CTByeT O ABHOH OTCTaBaHMM OT Tpe6oeaHMH HaCTOAW,ero epe-

MeHi.-1, qpeBaTOM asapMHHWMH CMTya4HAM"1 c pa3/IM'-fHWMM MCTOY-

HHKDMM MOHM31--1py1<>w,1--1x v13nyYe1➔1;1A.B aToA CBA3M MMeeTcA ocT-

paA He06XOAMMOCTb 04eHKM eepOATHOC Tei::-, rv1noTeT1,,1Yec K vtx 

aeapM~ Ha ~6P-2 M Ha ~6P-30,YTo6w y6eAMTbCA e MX Henpo-

THB6pey1;11;1 c peKoMeHAa4MAMM MKP3/6/, a TaKxe c 

peAeneHMA CTeneHM Heo6xOAMMOh rOTOBHOCT ...... K 

nocneAcTBMA aeap1--1v1. 

YpoeeHb paAMa4MoHHoro pMCKa cOTPYAHMKOB 
- ' 

TaK>~HX C MCTO'-fHMKaMH MOHM3MpyKIW,HX M3llyYeHMA, 

H~e AeCATMneTMe ~na6o MeHADTCA BO epeMeH"1 1,,1 

4enbK1 on­

nMKBHAa41--1i.-1 

0~51~,pa6o-

3a nocneA­

conocTae1--1M 

C aHanorM'-fHWMM 3Ha'-feHMAMM 

pa3BMTWX CTpaH. 

B nOA06HblX Ha"9"YHblX 4eHT pax 
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