
J@8Mn CXMHEP, AOBMRX H e O K a 3 a H M  M ~ A U ~ H C K O ~  IIOMOqH, 

XoBAPA XY : WMeHyeTCH A 0 3 0 3  MO (M - AeTaAbHafl AO- 

M AflMCTEP BYflBOPA . 3a, 50-npoqe~~~oe nopaxe~ue). & B~POC- 
noro YenoBeKa o H a  c o c T a e n R e T  4 3ueepa. 

M o~u3npy101qaa pa- : M~oraa ~ O - A H ~ B H ~ I ~  CPOK T a m e  y n o M n H a e T -  

~ ~ a q n f i  M O X ~  ~ b l  
• CII B Ha3BaHYIW AO3bI - 1\P50/6OO O ~ ~ I Y H O  On- 

3b lBaTb CTOXaCTHYe 
PeAeIUIeTCR PRA p a 3 A U Y H b l ~  ~ 0 3  4 5 0 ,  B 3aBH- 

c K n e  ( p e ~ n e )  H A e  : c n M o m n  OT K o m e c r B a  mei (T) nocne KOTO- 

T e p m H u m c i u i e  (mu He- 
. porn H ~ ~ N O A ~ H M ~  3a A ~ T ~ ~ H ~ I M H  u c x o A a M n  

CTOX~CTHY ec~ne )  noc- n p e K p a q a e T c R .  

AeACTBWR. A~T~PMHHHCT- &in nos 0 6 ~ y y e w n n  M e H e e  n o p R A K a  1 3n- 

CKHe ~@@~?KTBI  B03HHKa2 
: s e p a  ~ a u 6 o ~ b m y ~  o n a c H o c T b  n p e A m a s A A -  

IOT I IpH npeBbIlUeHWH MH- 
D T  CTOXaCTHSeCKHe nOCAeACTBWH. OCHOB- 

H H M ~ A ~ H O ~ ~  A 0 3 b I  0 6 ~ ~ -  HbIe  CTOXaCTWYeCKHe nOCAeACTBtlR, PaKOBbIe 

YeHHR. C B e p X  A a H H O r O  
: sa6oneea~n~ H HaMeACTBeHHbIe  reHeTWYe- 

YPOBHR ~ O C A ~ A C T B H R  Ha-  
CKHe nOpOKW MOrYT nPORBWTbCR Y e p e 3  MHO- 

6 ~ 1 0 ~ a m . ~ c n  y 6onsmns- me rOAbI H AeCRTWAeTWR nOCAe 06nyre~ns. 

CTBa lI0ABeprHyBWWXCR 
: Ilpe~nonarae~crr, YTO n o m A e H n H  no- 

O ~ A ~ Y ~ H W I O  nlonek H ypo- A O ~ H ~ I X  ~ O C A ~ A C T B U ~  H e  C Y ~ ~ C T B Y ~ T  MWHW- 

BeHb n O p a X e H H R  BQ3paC- 
MaAbHbIX A03;  no M e p e  CHMXeHMR A03bI  nOC- 

T a e T  B 3aBHCHMOCTW OT 
AeACTBWA n o - n p e X H e M y  BOSMOXHbI, HO HX 

. BepORTHOCTb CTaHOBHTCII M e H b ~ e i .  OAH~KO 
c T e n e H b m  y s e p e s i H o c T u  MOXHO n p e ~ c ~ a 3 a ~ b  . Rmuu no n@w$oacrn6y . 
nORBAeHHe H YPOBeHb AeTePMHHWCTCKHX no- . n a ~ o u ,  0bmra, ~ a o -  . H e o n p e A e n e H H o c m  npn n o n y y e H n n  H M ~ K H X  

c n e ~ m ~ n k  N namoro n o p a x e H H o r o .  Pa- : aRryeziCR 66autrc z.ae . A 0 3  (10 MHMU3UBePTOB HAW ~ e ~ e e )  OYeHb 

. BennKn.  B T e v e H u e  n o c n e A H n x  nm nepe- 
~ s r a w o ~ ~ b l f i  oxor H B U ~ ~  n p m e p o ~  ~ e -  . ,,ass, unnorn Ozolio, nw . 
TePMHHHCTCKOrO 3 @ @ e ~ ~ a .  CMOTP OqeHOK. ~ a c m ~ a 6 o s  ~ o C A ~ A C T B H ~  Ma- 

Y B~POCA~IIX H e c T o x a m m e c K n e  n o c n e A -  - utaoaum n o z p y q r n o p u ~  . 

CTBWH RBUIOTCH AOMHHWPY#)IIO(HMH, KOI'Aa 

~ o 3 a  0 6 n y ~ e ~ n n  B c e r o  o p r a ~ n s ~ a  n p e s b x m a -  . 
' eT IIpWMepHO OAUH 3HBepT. HCKNOY~HU~M 

R B M e T C R  IIORBAeHHe B ~ ~ M ~ H H O ~  C T ~ ~ W A ~ H O -  : 
CTH y MyXYHH, ~a6~10~am1qeec~  IIpW nOAy- . 
YeHHH ~ A U H O B ~ ~ M ~ H H O ~ ~  A 0 3 b I  P a A H a q H H  

OKOAO 0,15 rpeesl. Y A e T e i i  nopor norane- . 
HMR IIOPOKOB H H e H O P M U b H O r O  pa3BWTWH . 
OqeHHBaeTCR B 0,25 I'peeB paAMaqWOHH0- 
ro O ~ A ~ Y ~ H H R  n o n y Y e H H o r o  B T e Y e H n e  AO . 
28 ~ ~ e k  B ~ M ~ P U O H H M ~  n e p u o A .  

I $ w ~ o ~ p e ~ e s n b ~ e  ~ o 3 ~  o6ny~e~1.1~ cwpx . 
1 I'pM BbISbIBaDT A y l l e B p  doneam, CtlMnTO- . 
Mb1 K O T O ~ O ~  M0l"yT BWW)PaTb P B W ,  IIOHOC. : 
H H 0 l ' ~ a  6 0 ~ e 3 w b  C O n p o s o x q a e T c a  M X O P W -  . 
K O ~  H reMOPPOMAaAbHbIMH RBAeHUHUM. Ae- . 
T U ~ H ~ I ~  n c x o ~  namynam B ' ~ e n e ~ n e  He- : 
C K O ~ ~ R H X  YacoB, ~ ~ e k  mn H e A e f i .  B saencn- . 
M ~ H  m no~pessok A O ~ M  O ~ A ~ ~ H H I I  H ero . 
HHTeHCHBHOCTH M O X e T  T a m e  BQ3HHKHYTb ' 

r n p ~ l l b ~ o c ~ b  H p w a q H o H m e  oxom. Aosa, 
K O T O P ~  npueopsrr K rn6m ~ O A O B H ~ I  nopa- . 
x e H H o r o  H a c e n e H n n  B T e P e H n e  60 B yc- . 



AHWTA CET M A P W H  M A K X M W H M  . . 

nMAeMMOAOrHYeCKHe MCCAeAOBaHMR M3yWIOT BO3HMK- . 
H o s e H n e  H p a c n p o c T p a H e H w e  3a60nesa~nfi cpenw Ha-  . 
cenesnr. K ~ K  npasnno, arn n c c n e A o B a H n r r  ~ a q e n e ~ b c :  
H a  BbIRBAeHMe B3aWMOCBR3U M e X A y  B O ~ A ~ ~ ~ C T B H ~ M  . 

~ 0 3 6 y ~ n ~ e n e i r  sa6onesa~nR n c o c T o r r H n e M  3a60nesae~o- . 
cTn cpenn H a c e n e H w a .  M M ~ ~ T C R  TPH O C H O B H ~ I X  T n n a  3 n ~ -  . 
AeMHOAOI'MYeCKHX M C C A ~ A O B ~ H M ~ ~ .  C p a B ~ H T e ~ b ~ b l e  HCCAe- : 
AOBBHMR COnOCTaBABIOT B O ~ A ~ ~ C T B U ~  H a  A I O A ~ R ,  n O A B e p r -  . 
UHXCR 3a6one~ae~oc~n ,  C B O ~ A ~ ~ ~ C T B H ~ M  H a  TeX, K T 0  3 T O - .  

MY sa6one~a~nm H e  nonseprcn. M C C A ~ A O B ~ H ~ R  n o c T o R H -  : 
HOB B ~ I ~ O P K H  A H q  W3YYaIOT pa3AHYHR B YPOBHRX aa6onesa- . 
eMOCTM M e X A Y  nOABepI'UIHMCr! H HenOABeprUHMCR BpeA- - 
HOMY B O ~ A ~ ~ ~ C T B H I O  HaCeAeHHeM. B 3KOAOrHYeCKHX HCCAe- ' 

AOBaHHRX paCCMaTpMBaeTCR YpOBeHb 3 a 6 0 n e s a e ~ o c ~ ~  Ha-  : 
c e n e H n R  B O n p e A e n e H H o M  reorpa( t )u~ec~o~ paiio~e H a  oc- . 
HOBe C p e A H n X  O q e H O K  BpeAHOrO B O ~ A ~ ~ ~ C T B H ~ ! .  ~ O C K O A ~ K Y  ' 

B ~ K O A O ~ H Y ~ C K H X  HCCAeAOBaHHRX H e  E13YYaeTCR p e a n b ~ b l f i  

YpOBeHb HHAMBHAyaAbHOI'O BpeAHOrO B O ~ A ~ G C T B H R ,  OHM. 

M e H e e  aHaAHTHYHb1 no CPaBHeHHIO C nepBblMH AByMr! T u n a -  ' 

MH W, nO3TOMY, K MX BbIBOAaM CAeAyeT OTHOCZiTbCR C OCTO- . 
POXHOCTbKI. 

B HCCAeAOBaHHRX @ ~ K C ~ ~ O B ~ H H O ~ ~  B b d 0 p ~ H  I 'pynnbI .  

nnq, r A e  n p e A M e T o M  n s y ~ e ~ n a  rrBnReTcR noaseprmarrca: 
B p e A s o m y  B O ~ A ~ ~ ~ C T B H I O  rpynna H a c e n e H n H ,  s n n ~ e ~ n o n o -  . 
I'M PaCCqHTblBaIOT O T H O C W T ~ A ~ H ~ I ~  PUCK H COOTHOIlleHHe- 

PHCKOB MSI s a p a ~ e ~ ~ o r o  H a c e n e H n s  n y T e M  oqemn ypos- . 
HR ~ ~ ~ O A ~ B ~ ~ M O C T H  HAM CMePTHOCTH CPeAH IlOABeprUel'O- : 
crr B p e A H o M y  ~ o s ~ e i i c ~ s n ~ o  H a c e n e H w R  n n o c n e A y I o q e r o .  

AeAeHHR nOAyYeHHblX p e 3 y A b T a T O B  H a  A a H H b l e  YpOBHH 3a- ' 
6onesae~oc~n ~ o ~ ~ p o n b ~ o i i ,  H e  no~seprrneiic~ sapaxe- : 
HHIO, I'PYnlIbI AHq. B 3nHAeMHOAOrHYeCKHX HCCAeAOBaHH-. 

ZIX M O X e T  T a K X e  COIIOCTaBARTbCR KOAMY eCTBO CMepTeAb- .  

HblX CAYYaeB B p e 3 y A b T a T e  PaKOBbIX 3a60nesa~nfi C ~ ~ A U :  
nopaxe~~of i  r p y n n b !  ~ a 6 n r o ~ a e ~ u x  co c p e A H n M H  n o ~ a - .  
s a ~ e n n ~ n  AASI B c e r o  H a c e n e H n r r .  n p n c y ~ c ~ ~ y m q n i i  nnn. 
A O ~ O A H H T ~ A ~ H ~ I ~ ~  PHCK PaCCYHTblBaeTCH n y T e M  BbIY HCAe- ' 

HHR p a 3 H H q b l  (a H e  C O O T H O U ~ H M R )  M e m y  YPOBHRMM 3a60-: 
A e B a e M o c T n  WAH C M e p T H o c T n  n o p a x e H H o r o  H H e n o p a -  

X e H H O r O  HaCeAeHHR. BO BCeX 3nHAeMMOAOI'HYeCKHX HC-' 

CAeAOBaHHIIX B a X H O  YYnTbIBaTb T a K H e  @BKTOPM, KaK ~03-1 

PaCT,  n O A  H B p e A H b l e  npHBhlYKH H ~ ~ A I O A ~ ~ M ~ ~ X  (~anpn- .  
M e p ,  ~ y p e ~ n e ) ,  n o c r o n b K y  y p o s e H b  s a 6 o n e ~ a e ~ o c ~ n  B. 

~ H ~ Y H T ~ A ~ H O ~ ~  CTeneHW pa3AHYaeTCH B 3aBHCHMOCTW OT: 

rpynn H a c e n e H n s .  

M C C A ~ A O B ~ I M R  B o6nac~w BOCCTaHOBAeHHfi nOAy¶eHHbIX. 

A 0 3  OqeHHBaIOT CTeIIeHb B O ~ A ~ ~ ~ C T B H R  H a  MHAWBHAYYM HJLM: 

H a  I'pyIIny HaCeAeHHfi T a K O r O  ~ o 3 6 y ~ n ~ e m  ~ ~ ~ o A ~ B ~ H M R , .  
KaK PaAMaqMR. OqeHKH CTeneHH B O ~ A ~ ~ ~ C T B H I  H ~ O ~ X O - .  

AMMO 3 H a T b  KOAHYeCTBO 3aI'PR3HHTeAR, npOM3BeAeHHOrO : 
n n o v H n K o M  3arp~3ne~n11 ( n a ~ ~ ~ e  no B ~ I ~ ~ O C ~ M ) ,  B onpe-. 
A e n e s s y w ,  c p e A y  - a~~oc(t)epy H n n   BOA^, nnn o 6 n a a ~ n e .  
TOYHbIMH PeTpOCneKTnBHbIMn AaHHblMU 0 nOIIaAaHHH 3a-. 
rpn3~u~ener i  B a~~oc(t)epy,  BOA^ H nowy. A ~ a n n 3  ny~ef i  3a-: 
P a X e H H R  n 0 3 B O J M e T  n p O R C H n T b  3aYaCTyIO BeCbMa KOMn-. 

AeKCHble c n o c o 6 b 1 ,  nOCpeACTBOM KoTOPblX 3arPII3HMTeAM' 

nopaxam nm~eii  ~ e p e s  o K p y x a i o q y x o  cpeny. BTO no3~0-: 
MeT n p e 0 6 p a 3 0 ~ a ~ b  OqeHKM B ~ I ~ ~ O C O B  B OqeHKH OOAYYeH-. 

HblX A03. H a n p ~ ~ e p ;  3 a r p R 3 H H T e A H  M O Y T  D A H O B P ~ M ~ H H O  
BAbIXaTbCff C B O ~ A ~ ~ O M  H ndni )LSa~b B w T p b  d p r a H ~ 3 M a  BMe- . 
q e  c 3a rph3~e~~of i  n n ~ b e s o i  ~ o ~ o i i  nh 'pnqek Kpome~o- . 
r0, HaCeAeHUe M o X ~ T ~ ~ O A ~ ' ~ J ~ T ~  ~ 0 3 b i  H 3  H~TOYWWKOB, HBXO- : 
ARqHXCR KaK BHe, T a K  H BHYTPH OPraHW3Ma: ~ ~ C F ~ A O B ~ H ? I I  . 
A 0 3  AOAXHbI npOBOAHTbCR H ~ ~ ~ B H C H M O  OT $n~M~wonorn- .' 
YecKMx nccne~osa~nii, HO o H n  M o r y T  n o M 6 v b  snnbemono- : 
r a M  c A e n a T b  6onee T O Y H ~ I O  ~ b 1 6 0 p ~ y  n o p a x e H H b l x  rpynn . 
HaCeAeHHII. 



P06EPT 6PYKC M AHMTA CET 

C 0 BpeMeHH CBOerO OTKPblTHR B 1789 r. H A 0  H a v a n a  XX ' 

BeKa Y P a H  HCnOAb30BaACR B KaYeCTBe KPaCHTeAR H no- . 
K ~ ~ I T M R  x e p a M H n H  H c ~ e ~ a . 1  B n e p H A  M e m y  HaYa- . 
AOM XX BeKa H 30-MH Pr. OH PaCCMaTPHBaACfi B KaYeCT- . 

B e  O T X O a  n p W  npOH3BOACTBe PaAHR ( K O T O P ~ I ~  HCnOAb30- 
B a A M  I f p H  npOH3BOACTBe pa3AlNHbIX HHCTPYMeHTOB H AIO- . 
M n s e c q e H T H o r o  IIOKP~ITHR AAR q a c o B ,  a T a m e  B M e m q H H -  - 
CRHX qe~rx). K p y n ~ o ~ a c m ~ a 6 ~ a a  ~ o 6 v s a  ypawa n a y a a a c b  
TOAbKO I I O U e  OTKPbITWR AeAeHHR R A e p  B 1938 r. XOTR OH : 
snpetxaews B I f p u p o n e  B n e 6 o n b m n x  K o m q e m s a x ,  ypaw . 
~06bleae~a  B IUaXTaX, r A e  el% ROHqeHTpaqHR C O C T a B M e T  

OT 0,1 A 0  0,s n p O q e H T O B  PyAbI. B PeAKHX O H a  npeBbUIlaeT 
10 npoqems, nan, H a n p n u e p ,  B Cacnasesa~cnnx M e n o P o -  . 
m e m x  B b ~ a j j e ,  HAH A o c T n r a m  e4e 6 o ~ b m e l i  q n @ p b ~ .  . 
Cynlecmye~ q e T b 1 p e  OCHOBH~IX M e T o A a  ~ o b b l t l n :  

n y T e s r  3anan~sa~wa p a m s o p n T e n a  "in situ". B  TOM CAY- : 
Y a e  PaCTBOpWTeAb, B YaCTHOCTH, XAOpHCTal  KHCAOTa, . 
q e A o n b  y r n e p o A a  n n e p o K c n A  B o A o p o A a ,  3a~asnsae~ca . 
IIOA 3 e M N O  C qeAbIO PaCTBOPHTb co~epxau@c~ B PYAe 
YpaH. m H A K H e  OTXOAbl BblKaYHBalOTCR H a  IIOBePXHOCTb. . 

' W M  PaCTBOpeHHn OTXOAOB. A ~ H H ~ I ~  MeTOA n p e A y C M a -  : 
: T p H B a e T  ~ 0 6 ~ i y  Y p a H a  KaK COIIyl.CTByIO4eI'O npOAyKTa,  
- c o n e p x a q e r o c f f  B rpai i~e ~ ~ A H ~ I X  pynax, n m o p b l e  06- ' 

pasym~cr B p e 3 y A b T a T e  A O ~ ~ I P H  sonma n @oc@a~os. : 
BTOT npoqecc n p e A y c M a T p n e a e T  M H o r o K p a T H o e  n p o i t a -  . 

. ¶HBaHHe PaCTBOpHTellrr ( C ~ P H O ~  KHCAOTbl HAM K a p 6 0 H a T a  
- ~MMOHHR) nepes p y ~ y  c qenbro H ~ B A ~ Y ~ H H R  y p a H a  AO T e x  : 

nop, n o K a  ero K o H q e H T p a q n R  B p a c T B o p e  H e  c T a H e T  ~ o c -  . 
TaTOYHO B ~ I C O K O ~ .  

n epepa6o~~a  y p a H a  3 a ~ n l o u a e r c n  B H ~ B A ~ Y ~ H H W  y p a H a  : 
n3 p y ~ b r  H ero nepepa6o~~y B n o p o m o K  o r c n A a ,  n o A A e x a -  . 
q n k  T p a n c n o p m p o s K e .  M n o 6 b l u a ,  H n e p e p a 6 o ~ ~ a  ypana . 
XIPHBOAHT K B O ~ A ~ ~ ~ C T B W I O  H a  nepCOHaA,  OKpeCTHOe HaCeAe- 
H n e  H o ~ p y x a ~ ~ q y r o  c p e A y  pa3nnu~oro p o A a  nopaxam- . 
WHX @ ~ K T O ~ O B .  B q e A R X  AyWleI 'O IIOHHMaHHR 3THX @ ~ K T O -  . 
pOB, H ~ O ~ X O A H M O ,  IIpeme BCerO, UOHRTb COCTaB Y ~ ~ H O B O ~  : 
PYW* 

IIpnpo~ns~i  ypan COCTOHT ~3 T p e x  ~ 3 n y ~ a l o ~ x  a n b @ a -  . 
YacTHqhl  H30TOnOB: U-238, U-235 Ei U-234. K p o ~ e  TOrO, 3TH ' 

~ s o ~ o n b r  B~IA~WIIOT H r a ~ ~ a - ~ 3 n y ~ e ~ u e .  Ha~60nee n a c T o  : 
B C T ~ ~ Y ~ I ~ I I I H ~ ~ C J I  H30TOn,  U-238 (OH C O C T a B M e T  99,2 np0- 
q e ~ ~ a  B n p n p o A n o M  ypa~e), 0 6 ~ a ~ a e r  nepuonosl nonypac- - 
n a A a  OKOAO 4,s a m p ~ ~ e ~ .  IIepnou~ n o n y p a c n a A a  U-235 : 
(OKOAO 0,7 I I ~ o ~ ~ H T o B )  H U-234 ( W O  AOA% COCTaBAIIeT BCWO . 
0,005 npOqeHTOB,  HO H a  H e r 0  npliXOAHTCR IIOYTH nOAOBHHa ' 

PaAHOaKTHBHOrO H 3 A P e H H R  y p a ~ a )  COCTaBAIIDT, COOTBeT- : 
CTBeHHo, 704 MAH.A~T H 245 T ~ I C . A ~ T .  Pacna~ ypa~a-238 . 
IIPHBOAWT K nORBAeHWIO MHOrWX PaAMOaKTHBHblX IIPOAYK- ' 

TOB AeAeHHR, BKAIOYaII TOPH~~-234 W -230, pa~~f i -226,  pa- 
AOH-222 H n 0 ~ 0 H H f i - 2 1 8  H -214. ~ T M  nPOAYKTbI AeAeHWR BCe- . 
r A a  BCTpeYaIOTCR B P y A e  BMeCTe C nPWPOAHblM YpaHOM. 

Y p a H  PaAHOaKTMBeH H XWMWYeCKH TOKCHYeH. H a x o m c b  ' 

BHe OpraHJi3Ma,  n p H p 0 ~ H b l f i  y p a H  llpeACTaBA%eT AMmb He- : 
3HaYHTeAbHyIO j'rp03y W3-3a CBOerO OTHOCHTeAbHO cna6oro . 
r a M a - H 3 A f l e H M R  (B CAyYae,  eCAH er0 B O ~ A ~ ~ ~ C T B M ~  H e  HO- ' . - 
CUT A A H T ~ A ~ H O M  ~ a p a ~ ~ e p a ) .  H p H  BAblXaHHH MAW n O n a A a -  : 
HHW B H ~ T P ~  op ra~nma  A p y r n M  n y T e M  OH, BbrAenalr  a n b a a -  . 
Y a m n q b r ,  n o s b l m a m  PUCK ~ ~ ~ O A ~ B ~ H H R  p a K o M  nemnx wnn . 
KOCTHbIX T K ~ H & .  ~ ~ O A ~ K T ~ I  P a C I I a A a  ypa~a-238 CO3AaK)T : 
AOIIOAHHTeAbHble YrP03bI .  TOPH~-234 P a C n a A a e T C I I  H a  MeC- . 
Te,  B TO BpeMH KaK TO~M~-230  HMeeT T e H A e H q H D  K HaKOIJAe- . 
HHIO B KOCTHblX TKBHIIX. IIOAOHHR HaKanAHBaeTCR B MM'KHX : 
TKaHfix,  a T a m i c e  B KOCTIIX. Pami, KaK H ~ a ~ b q u i ,  H a K a n n n -  . 
BaeTCR H a  nOBepXHOCTW K O C T ~ ~  H, n 0 3 A H e e ,  B KOCTHbIX MPT- 
PHqaX.  P w f i  IIBARCTCII H3BeCTHbIM B O ~ ~ Y A H T ~ A ~ M  P a K a  KO- ' 

mei. 3 ~ 0  6 b u o  06napyxewo B pesynSa~e ne- : 
Y M b H O r O  O n b I T a  HCnOAb30BaBIIIHX p a ~ ~ f i  Xy- 

A O ~ H K O B .  P w i i  n o n a A a n  B H Y T P ~  HX 0pra~n3- 
Ma, KOrAa OM O ~ A H ~ L I B ~ A W  KOHYWKH K H C T ~ ~ ~  AAII : 
nOAYYeHHR TOHKWX A E I H H ~  

ra3 ~WOH-222 npfACTaBAReT cod03 npOAyKT 
p a c n a A a  pa~~rr-226 H n m e e T  n e p n o A  nonypacna- : 
A a  p a e s b l l 3 , 8 2  AHA. PWOH H ero n p o A y K m 1  A e n e -  . 
HHR IIPHBeAH K POCTY 3a6one~ae~om PaKOM ' 

C p e m  n e p C O H a A a  YpaHOBbIX PyAHHKOB. O ~ ~ I Y H ~ R  
n o ~ 3 e ~ e a a  m a x T a  - ~ a n 6 o ~ e e  onacna nepco- . 
H a A a  H3-3a nOBbImeHHOr0 B O ~ A ~ ~ C T B H I I :  npOAyK-  . 
TOB pacnana panosa. I I I a x ~ e p b ~  B U I x a l o T  c o A e p -  : 
xaqnics  B ~ o s ~ y x e  nono~nii-218, csn~eq-214, . 
BWCMYT-214 H nono~nii-214. I l p o n c x o ~ 4 ~ i i  B . 
AeMCHX P a C n W  3TWX PaAWOHyKWAOB H RBAReTCII : 
OCHOBH~IM n y T e M  n o p a x e H n n  n e p c o l r a a  y p a H o -  . 
B ~ I X  PYAHRKOB. B O ~ A ~ ~ ~ C T B U ~  p a A o s a  H ero npo- . 
~ K T O B  pacnwa W ~ M ~ P R ~ T C R  B " p a 6 0 ~ ~ x  ypoe- ' 

CM. YPMOBOfi6PEMII H A C  16 . 



AbIX A 0 3  0 6 n y ~ e ~ n s  IIPHBOAHA K HX Y B e A H Y e H H n  OAH~KO 
c a M n  a m  o q e H K n  O c T a n T c f i  n p e W e r o M  pasnornacwii.Mo- 
~~3wpyroqan p a A n a q n R  n o p a x a e T  rese~~gecx~ir  M a T e p n a n  

IIpaKTHW?CKH n1060ti M e T K H ,  U M O X e T  BbI3BaTb p a K  BO MHO- 

r H x  TKaHHx H Y a c m x  oprasns~a. Y a c ~ n v ~ o  nopaxaioqne 
B@@KT~I 3aBUCIIT OT C ~ O C O ~ O B  O ~ A Y Y ~ H H R .  Hanpn~ep, 
BHeIUHee O ~ A ~ S ~ H H ~ ,  CKiUKeM, IIOCPeACTBOM PeHTreHOBCKMX 

nnn rau~a-nyreii, n o p a x a e T  ,h,HK B K p o s e T e o p H b I x  KAeT- 
KaX UAH BO MHOrHX O p r a H a X  TaKHM 06pa30~, YTO PaKOBbIe 

3 a 6 o ~ e ~ a ~ m  3TMX O p r a H O B  IlpORBARIoTCR MHOrHe AeCRTH- 

A m H R  CnyCTR. Heo6xo~n~o OTMeTHTb, ¶TO 'IYBCTBHTeAb- 

HOCTb T K ~ H &  K PapStaqHOHHOMy I IOpaXeHHIO HeOWHaKOBa.  

T ~ K ,  MyCKYAbHbIe TKaHH M e H e e  YYBCTBHTeAbHbI, P e M  KOCT- 

Hblk  M 0 3 r .  

C y n l e ~ ~ ~ y € ! T  MHOrO C U O C O ~ O B  n o p a x e H H 8  O P r a H H 3 M a  

p a m a 4 H e f i  H3HYTPH. ~ P O A Y K T ~ ~  P a C l I W a  P W O H a ,  H a X O M -  

q M e C R  B IIOA3eMHbIX YPaHOBblX PYAHHKaX, BmXaIOTCII  m a X -  

T e p a w l  H O C e A a m  B HX AWKUX. Y ~ C T H ~ ~ I  M~TOHHI-239 H 

ApyrI4X aKTHHOHAOB KOTOpbIe, B OCHOBHOM, H3A)QaIoT BbICO- 
K o n n T e H c n B n b r e  (high . L E T )  a n b @ a - s a c ~ n q b ~ ,  nonapam Ye- 

pe3 AbIXaTeAbHbIe I I p  n OCeAaIoT B 3IIHTeAUIIX 6 ~ 0 ~ x 0 s  
n e r K w x .  n o ~ o 6 ~ o e  06nyre~ne yeennrnsaq PUCK p a K a  ner- 
KHX. Y p 0 M e  TOrO, X R p K H e  YaCTHqbI M O r y T  I IOI 'AO~aTbCH H 
PaCnpOCTpaHRTbClr  IIO O p r a H H 3 M y  er0 KPOBeHOCHbIMH HAM 

n n ~ @ a ~ n ~ e c ~ n ~ u  cHcTeMaMu.  H e ~ O T o p b I e  aneMeHTbr,  KaK 

H a n p n M e p ,  p w k ,  C T P O H ~ H ~  wnn HOA, m e m  TeHAeHquK) 

HaKanAHBaTbCR B OnpeAeAeHHblX O p r a H a X .  T ~ K ,  H 0 ~ - 1 3 1  

IIPHBOAHT K KOHqeHTpaqWH H O H H ~ H P Y K ) ~ ~ ~  pa# lavH B 

m a H A a x ,  YTO A e n a e T  HX   an donee B e p o r T m I M  M e m o M  p a K o -  

B ~ I X  sa6onesa~uk. MOA-131 T a m e  ncnonasye~c~ 2yur nene- 
HHIi P a K a  ~ H T O B U A H O ~ ~  XeAe3b1 ,  IlOCKOAbKy BbIAelureMaR HM 

O ~ ~ H K H  PWCKB PaKOBblX 3a60ne~a~uii BCAeACTBne 0 6 ~ ~ -  
: r e H u n  uo~n3npyroqeii pa~naweii P ~ M B O ~ T C R  pa3AWYHbl- 
. MU HHCTHTYTaMH, I I p e X A e  BCerO, H a y q f f b u f  KOMHTeTOM 
OOH no s++e~~asa a~omnok p a A H a q H n  (UNSCEAR), Ko- 
MHTeTOM H a ~ w o ~ a n b ~ o i r  A ~ a ~ e ~ n n  H a y K  CmA UO 6 ~ 0 ~ 0 -  

: mYeCKUM ' 3 $ + e ~ ~ a ~  H O H H ~ H P Y K ) ~ ~ ~  paAMaw (BEIR) U 
- M e a y ~ a p o ~ ~ o i i  KOMHCCH~~~ no p ~ o ~ o r n q e c ~ o i i  3aqn~e  

(ICRP). ~ T M  OqeHKH, B OCHOBHOM, OCHOBaWI H a  H3y' leHHH 

: nnq, n e p e x H s l o n x  60~6apmpo~m ~ P O C H M ~ I  H Haraca~m, 
a T a m e  OT pa3AHYHbIX I'PYIIII HaCeAeHHR, IIOABeprmHXCR 

06nynes~10 B T e p a n e s T H v e c m x  nm A n a r H o m n y e c K H x  qe- . 

NIX, nn60 ~a p a 6 o ~ e ~  M e c T e  (npn pabme c pang-co~ep- 
X a q H M H  KpaCHTeUMEI HAM B YPaHOBblX UIXT~X). 

M C U ~ A O B ~ H H R  X e p B  aTOMHbIX 6 0 ~ 6 a p ~ n p o ~ o ~  X H p 0 -  

C H M ~ I  H H a r a c a ~ ~  no~asann s~anmefi~oe n o s b m e H n e  c T a -  

THCTHKW PaKOBbIX 3a60nesa~nii IIpn AO3aX CBbIlIIe 0,2 I'peeB. 

~ T H  A03b! 6 b 1 n n  HOAyYeHbI B H e 3 a n H 0 ,  H ~ ~ O C ~ ~ A C T B ~ H H O  110- 

CAe B3pblBa. npn 0 4 e H K e  PHCKOB PaKOBbIX sa6one~a~nii  B 

p e 3 y n b ~ a ~ e  n o n y v e H n a  HHIKRX ~ 0 3  ~ 0 ~ ~ 3 n p y 1 0 ~ e i i  p a A n a -  

q # H  HAM A03,  n p ~ 1 0 6 p e ~ e ~ ~ b I x  BCAt?ACTBHe MeAAeHHOrO Ha- 

K O U e H U f f ,  B03HHK P R A  up06ne~. 
n e p ~ a ~  npo6ne~a comonna B a K c T p a n o n r r q m u  B ~ ~ R M O -  

CBH3H M e W y  ~ \ 0 3 0 k  H IIOCAepCTBHIMH I I p H  UpOBeAeHMR HH- 

cxouqero asanma B H a n p a B n e H n u  sce 6onee H H ~ K H X  1\03. 
0 6 b m ~ o  n p e n n o n a r a e T c 8 ,  ¶ T o  c y 4 e C T B y e T  J U ~ H ~ ~ H M  3aBH- 

CHMOCTb 6e3 B b l p a e H H b I X  IIOPOrOBbDl 3 ~ a ~ e H d  - Tee. PHCK 
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03b1 P a A n a q u n ,  npu KOTOP~IX ~ H O A O ~ H Y ~ C K H ~  nocneAcTBnR nennoii p a ~ u a w o n n o f i  A O ~ ~ I ,  He n p u ~ o r n n i i  K HeMeMennblM 
npowemmca vepes o n p e ~ e n e ~ ~ b I i i  cpor, n o A n a A a m  n o A  nposisnenum tapennor0 B O ~ A ~ ~ C T B H R .  

o6qee H a n M e n o s a n u e  U ~ ~ 3 ~ o a ~ ~ ~ ~ ~ a n  p a ~ ~ u a q n a " .  IIoc- Cornac~o A ~ H H ~ I M  ~ o ~ n a ~ a  BEIR NQ 5, y p o s e ~ b  sa6one~ae- 
K O A ~ K Y  npn pa3nnYnbIx YPOBHRX p a A u a p n  ~ a 6 n l o ~ a m c ~  MOCTH nepexwemnx 6 0 ~ 6 a p ~ ~ p o ~ ~ y  x e p e  XHPOCHMLI H Hara: 

a AHvHbIe @ H ~ H S ~ C K H ~  a@@eK~bI,  B03HHMa H3BeCTHaff nylla- CaKH COCTaBAReT 0,08 CAyYaeB CMepTeAbHbIX PaKOBbE sa60ne- A 
HHW o T n o c m e n b n o  B e p x n e r o  nopora H H ~ K O ~ K T H B H O ~ ~  paAna-  s a n ~ i i  B pacwre Ha 1 susep~ nonyvennoii A O ~ ~ I .  3TO ~a3imae~- 
W H *  CEI ~PYT'IQ-PHCKOM &W H H ~ K O ~ K T H B H O ~ ~  p & I a v H ;  IlOCKOAbKY 

IIonmenue ~ o h y e e t s a  6 w  K ~ B R H ~ E  lum~ npomu- s ~ e c b  ~ Y H T ~ ~ ~ T C H  mmb s@@em nonygemrsn emoospeenno 
e T c x  yxe npn ~ o s a x  B pas~epe 0,l rperr (Gy), OAna~o nocKonb- ~ 0 3  B TeYeHHe ~ o p o T K o r o  n p o M e m  BpeMem.  B odamno~ 
Ky IIPH HOApeHHH ~ O B P ~ M ~ H H O %  A03bI MeHee 1 Gy OCHOBHbI- IIPaKTHKe, O C H O B ~ H H O ~ ~  I'MBHbW o6paso~ Ha H 3 y n e W  2kHBO'P 
m AOArOBpeMeHHbIMH n o c n e A c l g n m  jwmmx C T O X ~ ~ H P &  MIX, n p e A u o A a r a m x  miwine M e m m e r o  PHCKB - OT 0,04 AO 

cswe *~KT~I ,  n p e a e  Bcero, paKoss te  3ahemnlur, M n o r u e  0,05 cnyuaeB a e p T e A b n a r x  paKosbnr sadoneea~ufi Ha 1 smep 
perympy~oq~e opraHbI nonaralol;  TO p-aqm Menee  1 Gy OT- A O ~ ~ I ,  U O A ~ ~ ~ M O ~  B n e p n o A  1 ~ ~ ~ ~ e ~ a n o r o  BpeMenH. 3TO Ha3bl- 
HOCHTCEI K U ~ ~ 3 ~ ~ a ~ m ~ ~ f i " .  Iio~bmue A O ~ M ,  n o n p a e M b I e  B Te- Barn- @~KTOPOM nm-puma.  XOTII B m p a T y p e  c o A e p x a T -  
veme donee menanor0  s p e M e m ,  T a m e  n o m a A a m  n o A o n -  CC~IAKH Kaa  Ha donee nn~rne,  TaK H na 6onee BarcoKue ypo~-  

. peAenenHe U ~ ~ 3 ~ o a ~ ~ ~ ~ n o k  pawaq~u", emu OHH He n p n B o m  HH p n c K a  B pacvme Ha eAnnnqY p a m a q r 4 o n n o r o  B O ~ A ~ ~ T B H R ,  
K B03HHKHOBeHHI6 HeMeMeHHbIX n 0 ~ e A C T B H k  Hanpn~ep, A03b1 Mb1 IlOAaraeM, YTO, K O B @ @ H ~ ~ H T ~ ~  6 ~ ~ 0 -  H HeTK)-PHCKOB 
pannaqun Menee  0,OS Gy, n o n y r a e v l i l e  B T e s e n n e  roAa, ss 30 A ~ T  n p e A m a s n s m  co6ok p a s y ~ n b l k  MeToA j v ~  nparcTnyecKoro HC- 
npasowr K HaKonnenum ~ 0 3 ~  B pamepe 1,5 Gy. Ho OHM no- I I O A ~ ~ O B ~ H H ~ .  Iionee H H ~ K H ~  O ~ ~ H K H  pcra, s a ~ q n q a e ~ b ~ e  iieKo- 
npeXHeMy OTHOCliTCff K u ~ ~ 3 ~ ~ a K T ~ ~ ~ ~ k  paAUaqHHn, n0CKOAb- TOPblMH lIPeACTaBHTeAlUIH BgBAeMH9eCKOII) ~006rmqec~~a H nw- 
Ky He C O n p ~ X e H b I  C AeTepMHHHCTCKHMH llOCAeACTBHIIMHr. B qe- M ~ ~ ~ A ~ H H o C T ~ ,  He A O m b 1 ,  Ha Ham B S I ' w ,  UPHMeMTbCl B M e  
AOM, WpMHH u ~ ~ 3 ~ ~ a ~ ~ H ~ ~ a f f  pW4HaqHRn He CAeAyCl' IIOIiUAUlTb, A H ~ H C K O ~  IlPaKTHKe, IIOCKOAbKY oI~U'IIO~BOJM~OT HIjTepnpffH- 
KaK oTcyTcrewe p ~ c m  H ~ H  H H ~ K O ~  K o m e m B o  o6qeii s ~ e p -  p o m ~ b  HeonpeAeAexnocTu B n o n b s y  donee s b r c o m x  ~ o s .  
run, ~a~oniie~nofi  B o p r a ~ ~ 3 ~ e .  DTO - m b  y p o w n b  nony- 
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3 a 6 0 ~ e s a ~ n f l  npnuo n p o n o p q n o H a A e H  nose, 6e3 n p n c y T c T -  
BHR n O p O r a  B O ~ A ~ ~ ~ C T B H R .  ~ O C K O A ~ K ~  OCHOBHblM p e 3 y A b T a -  
TOM HH3KHX A 0 3  O ~ A ~ ~ H H J I  RBMIOTCR PaKOBbIe aa6onesa- 
HHR - 6 0 A e 3 ~ b  IIIHPOKO p a C n p O C T p a H e H H a R  H Bbl3bIBaeMaR 
pa3AUYHbIMH IIPHYHHaMH, A H H ~ ~ H ~ R  6ecnoporosaa 3aBHCH- 
~ o m a  H e  n o m a e T c a  n p o e e p K e .  T ~ M  H e  MeHee ,  HMeloTcR 
3HaYHTeAbHble ~ ~ A H O ~ H O A O M Y ~ C K H ~  CBHAeTeAbCTBa B OOA- 
A e p X K y  3~0fi TeOPHH H HMeHHO O H a  o 6 b m ~ o  HCnOAb3yeTCR 
B q e M X  3 a q H T b I  3 A O P O B b l  HaCeAeHWR, B YaCTHOCTW, n p U  yC- 

TaHOBAeHHH CTaHAapTOB. 
B T O ~ ~ R  n p o 6 ~ e ~ a  s ammuae~c~  B H ~ O ~ X O A ~ M O C T M  npen- 

nonoxe~wli 06 H3MeHeHHH PaCYeTOB PMCKa sa6onesaemo- 
CTH PaKOM B 6 y ~ y q e ~ .  B KOHVe KOHqOB, 6onee nOAOBHHbl 
A l o ~ e f i ,  nepexnslnnx 6 0 ~ 6 a p ~ ~ p o e ~ y  XHPOCHM~I H Hara- 
caw, ~o CHX nop x n e b I .  B H a c T o a q e e  spem H a m y r u n e  
AaHHbIe IIOAyYaIOTCR n p H  HCnOAb30BaHHH MOAeAU OTHOCH- 

TeAbHOrO PHCKa - T.e. PHCK ~ ~ ~ O A ~ B ~ ~ M O C T M  PaKOM OqeHH- 
BaWCR KaK n p ~ n ~ p q H ~ ~ a A b ~ b l k  "C~IOHT~HHOMY" HAM "erne- 
CTB~HHOMY" PHCKY. E C n H  AaHHaR MOAeAb BepHa,  CAeAyeT 
o x n A a T b  pamyrqee YHUO cnyraes 3a60~eeae~oc~n p a n o M  
B p e s y n b ~ a ~ e  p a A n o a K T H B H o r o  n o p a x e H m  no M e p e  mape- 
HHR X e p B  0 6 n p e ~ ~ s .  

T p e ~ b R  npo6ne~a CBR3aHa C TeM, qT0 O T H O C H T ~ A ~ H ~ R  

~ H O A O ~ H Y ~ C K ~ R  ~ @ @ ~ K T w B H o C T ~  O ~ A ~ Y ~ H H R  YBCTHYHO 3a- 
BHCHT OT 3 H e p r H H  P a A H a W H .  Hanpn~ep, H M e l o q H e c R  AaH- 
HbIe CBweTeAbCTBYIOT 0 TOM, YTO HH3K03HePr'eTHYeCKHe 
H ~ ~ T ~ O H ~ I  U a A b @ a - Y a c T n q b ~  M O T  6 b 1 ~ b  6o~ee  ~WKTMB- 
HU B n A a H e  u p u Y H n e H H a  6no~ornsec~oro yqep6a no tpas- 
HCHHKJ C BbICOKO3HePreTUYeCKHMH YaCTHqaMH (B PaCveTt! H a  
~ A H H H ~ Y  ~ ~ C O ~ ~ H ~ O B ~ H H O ~  a ~ e p r n n ) ~ .  T ~ K H M  06pa3011, 
0 6 f q e n p H ~ R ~ b 1 e  n p e A n o n o m e s n r ,  o c H o a a H H w e  H a  H ~ H ~ M ~ H -  
HOCTH KaYeCTBeHHblX @~KTOPOB, MOrYT HHOrAa UPHBOAnTb K 

HeTOYHbIM OqeHKaM AO3b1. 
H ~ K o H ~ ~ ,  WMeloTCR HeOIlpeAeAeHHOCTH, CBR3aHHble C 

B O ~ A ~ ~ ~ C T B H ~ M  HH3KHX A 0 3  H CKOPOCTH HX HaKOnAeHHI I IpH 
O ~ A Y Y ~ H H H  H H ~ K O I I H T ~ H C M B H O ~ ~  (Iow-LET) pa~aqnefi .  B ~ I -  
BOAbI, CAeAaHHbIe BEIR, ICRP H PRAOM A p y r H X  opra~nsa- 
I@, CBHAeTeAbCTBylOT 0 TOM, YTO HH3KHe A03bI  H CKOPOCTH 

HX H a K O M e H H R  I IPR o 6 ~ y e ~ n n  H H ~ K O H H T ~ H C H B H O ~  pama- 
qnei M e H e e  onacm c TOYKH B P ~ H H R  3 a 6 0 ~ e ~ a e ~ m ~ n ~ p a -  
KOM, n p e x A e  ecero, A e f i K e ~ H e f i ,  s e M   TO BbITeKaAo bar n3 
A H H ~ ~ H O ~ ~  3KCTpaIlOMIqHH AaHHbIX n0 H H ~ K O H H T ~ H C H B H O ~ ~  

p a A n a q m  npn B~ICOKHX ~ o s a x  H BbrcoKHx T e u n a x  nx HaKo-  
IIAeHHR (TX. I IpU HH3KHX AO3aX H T e M n a X  H a K O M e H H R  3@- 

@eKT H e  R B M e T C R  A H H ~ ~ H ~ I M ) .  K COXaAeHHIO, 3IIHAeMHOAO- 
r H Y e C K M  6a3a AaHHbIX AASi OqeHKH IIpaBUAbHOCTH y K a 3 a H -  
HbIX I IOnpaBOK BeCbMa OTPbIBOYHa. 

H e c ~ o ~ p a  H a  nOTeHqHaAbHble  O r p a H n n e H H a ,  6 0 n b m u ~ -  

CTBO nepCneKTHBHbIX OqeHOK PaKOBblX sa60~esa~Hk n p O -  
A O A X a e T  OCHOBbIBaTbCR H a  HCnOAb30BaHMH (PBKTOPOB PHC- 
Ka, PaCCPHTaHHbXX 0 @ H q H a A b ~ b r ~ H  KOMHTeTaMH IIO parno- 
A O ~ H Y ~ C K O ~  3 a q H T e .  HX COBpeMeHHbIe OqeHKH CAeAyK)I[IHe: 

UNSCEAR, 1993:~ O,11 CMepTeAbHblX c n y y a e s  sa6onesa- 
HHR p a K o M  H a  1 ~ e ~ . - s n ~ e p ~  upn e b ~ c o l o u  ~ o s a x  (conoc- 
TaBHlllblX C IIOAyYeHHbIMH n p H  6 0 ~ 6 a p ~ n p o ~ ~ x  XHPOCU- 
M ~ I  H Haraca~n). @ HH3KHX A 0 3 ,  UNSCEAR W M m u ,  
S T 0  no @ a K T O p y  C O K p a q e H H f i  PHCKa " ~ e A b 3 R  COCAaTbCJf 
H a  na~ylo-nn60 o n p e n e n e H H y m  qn@py", HO "RCHO, YTO 
3TOT @ ~ K T O ~  HeBeAMK. A ~ H H ~ I ~  RnOHCKHX H C C A ~ A O B ~ H H ~  

: ~ O K ~ ~ ~ I B ~ I O T ,  YTO OH H e  n p e s b l l u a e r  Zn4. &a H a c e n e H n s  B 
BO3paCTe OT 18 A 0  64 A e T  (YTO COOTBeTCTByeT BOBPaCTY, 

THnHVHOMY MR I I P o M ~ ~ I U A ~ H H O ~  pa6ovefi c H A ~ I )  @ K T O ~ ,  
. p a B ~ b 1 g  2 , 0 3 H a Y a m  PHCK 3 a 6 0 n e ~ a ~ n ~  PaKOM CO CMep-, 
- T e f i H b I M  HCXOAOM npn ~ n s ~ n x  nosax B pas~epe  0,04 H a  

YeAe-3HBePT. 

BEIR Committee, 1990:' 0,08 c ~ e p e ~ b ~ b ~ x  c n y q a e s  pa- - 
: K O B ~  aa6o~esa~wli H a  1 ~en.-3neep~ npn n o n y v e H n n  

~ A H H O B ~ ~ M ~ H H O ~  A03b1, P ~ B H O ~  0 , 1 3 H B e p T y .  Y ~ a 3 a ~ ~ b 1 e  
AaHHbIe n0A)WeHbI n p H  H 3 F e H H H  X e P T B  XHPOCHM~I H 
Haraca~n H H e  OTKOPPeKTHPOBaHbI H a  C O K p a q e H H e  PHC- 

. K a  npn H H ~ K M X  ~osax. 

ICRP, 1991:6 0,Oj CMepTeAbHbIX HCXOAOB H a  1 Yen.-3H- 
- B e p T  ecero H a c e n e H H a  n 0,04 c M e p T e n b H b I x  c n y v a e B  

s a 6 o ~ e ~ a ~ w i  PaKOM H a  1 Yen.-3HBepT B3pOCAOrO 
. IIepCOHaAa. 06e OqeHKH nPMB0ARTCR AAR HH3KHX A 0 3  H 

YYHTbIBaEoT @ ~ K T O ~  C O K p a q e H H R  TeMnOB HaKOIIAeHHR 

AO3bI p a ~ ~ b l f i  2, 

A ~ ~ H T C T B O  OXpaHbI  o~pyxaloqefi C p e p b l  CmA HCnOAb- 
. 3yeT @aKTOp PHCKa 3a60nesa~n~ PaKOM p a B ~ b 1 2  0,06 H a  

1 Yen. -3HBep7.  ~ O C K O A ~ K ~  BepORTHOCTb 3a60neea~~n  
PaKOM H a  50 n p O q e H T O B  IIpeBbIIIIaeT BePORTHOCTb CMep- 

: TeAbHbIX HCXOAOB, PHCK CMePTeAbHbIX PaKOBblX 3a60~e- 
B ~ H H ~  c o c r a B n l r e T  0,04 H a  1 uen.-sneep~. 

O ~ ~ H K H  p n C K a  B p a C Y e T e  H a  e A H H H q y  A 0 3 b I  M O r y T  6 b 1 ~ b  

O M T b  LXOABeprHyTbI Cy~eCTBeHHbtI4 l  H3MeHeHHRM ( K ~ K  B 
6onbrny10, T a K  n B MeHbUIYlo CTOPOH~I). K ~ K  o T M e Y a e T  BEIR, 
"~OA~II IHHCTBO X e P T B  aTOMHbIX ~ O M ~ ~ P A H P O B O K  n o - I I p e X -  
HeMy XUBW H IIOKa3aTeAM CMePTHOCTH CpeAH HHX AOAXHbI 
YYHTbIBaTbCR AAII IXOAYYeHHJI HaAeXHbIX OqeHOK PMCKOB H a  

IIpOAOAXeHHH B c e i  XH3HH.  TO O C O ~ ~ H H O  B a X H O  M R  TeX 

H 3  HHX, KOTOPble IIOABeprAHCb I X O p W e H H l o  6 y ~ y s n  AeTbMH 
HAM HaXOARCb B M ~ T ~ P H H C K O ~ ~  y~p06e H B H a C T O R q e e  BPeMR 

AOCTHrAH BOapaCTa, C O n p R X e H H O r O  C ~ a n 6 o ~ b l u n ~  PWCKOM 
~ ~ ~ O A ~ B ~ H H R  p a ~ o ~ 8 .  

* llepenesaraeo c pa3peme~~si H ~ A ~ T ~ A J I  ~ 3 :  Nuclear Wastelands, Arjun 
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M C C A ~ A O B ~ H I ~ ~  3arp83HeHMJI M PaAMaqMOHHOrO 
~osaei ic~s~a OT sa~oaa  ( D e p ~ a n ~ ,  ruTaT Oraiio (CIIIA) I 

a H H a R  CTaTbR, n e p B O H a Y a A b H 0  O ~ ~ ~ A H K O B ~ H H ~ R  B Ha-  . 
UIeM aMepblKaHCKOM 610nne~e~e " C a f i e H c  @0p AeMOKP3- . 
THK ~ K U I H "  YHay~a 3a AeMOKPaTHYeCKOe A ~ ~ T B H ~ " ) ,  : 
TIpM3BaHa npeAOCTaBMTb ~ O C C M ~ ~ C K O M ~  YMTaTeAIo HeKO- . 

T oe n p e A c T a s n e H w e  o c n T y a q u u  B C O ~ A H H ~ H H ~ I X  I I IT~T~x ,  . A 
C B H ~ ~ H H O ~ ~  C H3yYeHHeM PaAMOaKTMBHOCTM B p e 3 y A b T a T e  : 
@ Y H K ~ H O H W P O B ~ H H R  ~ P ~ A I I P W R T W ~  no QPOH3BOACTBY RAep-  . 
HOrO OPYXHR. M b l  T a K X e  IIPHBOAMM KPHTePHM, npeACTaB-  . 
nnmqne B a n H o c T b  l~ur o n p e A e n e H n R  T o r o ,  c n e A y e T  A n  npo- - 
BOAMTb MeAMqnHCKUe MCCAeAOBaHMR M KaK#M o6paso~ 3TO : 
AeAaTb. 

Hnxe npeACTaBAeHbl  ABa MCCAeAOBaHnfl no n p e A n p M -  ' 

R T H ~  B Q e p ~ a u e ,  r A e  nponsso~nnca ~ e ~ a ~ n ~ e c ~ n i i  y p a H  

AAR ~ M ~ ~ H K ~ H C K O ~ ~  n p 0 r p a M M b l  R A e p H O r O  OPYXHR. OAHO . 
M3 HWX I IOCBR4eHO OKPeCTHOCTRM 3aBOAa, A P y r O e  - AO3aM . 
ans n e p c o a a A a .  06a n3 HHX 6 b m n  n p e A n p u H n r b 1  B p a M r a x  : 
cy~e6soro p a 3 6 H p a ~ e A b c ~ B a  npOTHB KOMnaHHn " H ~ ~ H A  . 
AJA 0Q O X ~ ~ O "  (HAO), XIOApRAYJiKa Mnnnc~epc~sa  3 H e p -  . 
r e T n K n ,  ynpasnnslnero s a s o ~ o ~  c 1951 no 1985 rr. I'Ipu- : 
H a A A e ~ a B l l J n f i  MHHHCT~PCTBY 3 H e P r e T H K A  ~ ~ H T P  U @ n ~  . 
Ma~epwans ~ ~ O A ~ K U H "  6 1 3 1 ~  P a C n O A O X e H  OKOAO P. 0- . 
H a n A  B xuTaTe  Oraiio ( n a s e c ~ e ~  KaK a a ~ o ~  Q e p ~ a n ~ )  n npo- : 
H ~ B O A M A  ~ e ~ a n n n q e c ~ t r i i  ypas, B OCHOBHOM, AAR npennpn- . 
R T ~ & ?  no npOM3BOACTBy IlAyTOHMR, H a X O A R ~ M X C R  B C ~ B ~ H -  
~a-Pusep-C~RT ( m r a ~  D x n a n  K a p o ~ n ~ a )  n X J H @ O ~ A  ' 

( U T ~ T  Bamu~mow). &BOA QepHalLA BKAIOWA 10 npOU3BOA- : 
CTBeHHbIX 4eXOB H p R A  BCnOMOraTeAbHbIX 3 ~ a H n k  Ha AaH- 

HOM o6 . ae~~e  H ~ x o A H ~ ( M ~ ~ c R  B pa3AWYHblX @OPMBX y p a H  ' 

( p y ~ ~ b l e  KOHqeHTpaTbl ,  AOM, n O B T O p H 0  H ~ B A ~ Y ~ H H ~ I ~ ~  ypa- 
~oco~epmaqni i  ~ a ~ e p u a n )  n e p e p a 6 a ~ b 1 e a n c n  ma nonyre- . 
HHII M e T U A l W C K O r O  YpaHa.  m e c ~ b  X p a H n A M q  OTXOAOB H a  ' 

n p e A n p H R T M H  C O A e p X a A U  KaK PaAHOaKTHBHbIe, T a K  H H e p a -  . 
AWOaKTWBHble XHMnYeCKMe BeQeCTBa,  BKAIoYaR W30TOIIbI . 
ypasa, ~opnii-230 (OTXOA~I OT npoqecca n p o n 3 ~ o ~ c ~ s a  
ypa~a) ,  T o p n f i - 2 3 2  H COAH 6apwr. K p o ~ e  TOrO, UIaXTbl K- : 
65, n p e A c T a s n R e m n e  co6oii p a c n o n o x e H H b l e  B n p e A e n a x  . 
0 6 . a e ~ ~ a  p e s e p ~ y a p b ~ ,  c o A e p x a A n  pa~nii-226 ( n p o ~ y ~ ~  . 
P a C n a A a  BblAeARIolqerO P a A O H  ypa~a-238), HeKOTOpOe KO- : 
AHYeCTBO TOPHR-230 H pa3AHYHble  HepaAHOaKTHBHbIe TOK- . 
CHYHbre B e q e c T s a .  B T e s e H n e  scero nepnona s K c n n y a T a q n a  . 
npeAl'IpHRTWII MHHHCT~PCTBO 3HePl'eTHKH H eI'0 nOAPRASH-. 

KM IIOCTORHHO YTBePXCAaAW, YTO OKpeCTHOe HaCeAeHHII H e  . 
n O A B e p r a e T C R  BPeAHOMY B O ~ A ~ ~ ~ C T B H I O  H YTO 3 T 0  B O ~ A ~ ~ ~ C T -  . 
BMe HaXOAHTCR B I I p e A e A a X  YCTaHOBAeHHblX HOpM. ~ T H  YT- : 
B e p X A e H H R  6 b 1 n n  OCIIOpeHbI B 1985 r. B XOAe cy~e6soro . 
p a 3 6 t r p a T e A b c ~ B a ,  HaYaTOrO MeCTHbIM HaCeAeHMeM nPOTHB . 
HA0. B 1985 r. An3a Kpoy@op~, B e ~ y q k i f i  n c T e q ,  3anpoc~- : 
A a  AaHHbIe  H ~ ~ A I O A ~ H H ~ ~  no nOCAeACTBnRM mHpOKOM3BeCT- . 
HOrO CAYWR B ~ I ~ P O C ~  Y p a H a  B p e 3 Y A b T a T e  a B a p H H  H a  U p e n -  . 
npnmnn B K o H q e  1984 r. n 06~apynma s a r p ~ s ~ e ~ n e  ypa- ' 

HOM CKBaXHHbI,  KOTOPYlO O H a  W ee CeMbR UCnOAb3OBaAn . 
b)rR IlOAyYeHHR I I H T ~ ~ B o ~ ~  BOAbl. Efi T a m e  YAaAOCb Y3HaTb, . 
YTO MHHMCT~PCTBO 3HePl'eTHKH H HA0 3HaAM 0 3 a r p R 3 H e -  

' 

HUM B T e y e H n e  Y e T b l p e x  AeT, HO we n~@op~wposann ee. B 
A ~ ~ T B ~ T ~ A ~ H O C T M ,  3aBOA Q e p ~ a A p ,  lIpOH3BeA pRA B ~ I ~ P O -  

COB B BOAY W ~TMOC@PY PaAWOaKTHBHbIX II HePaAHOaKTWB- 

HbIX BpeAHblX BeqeCTB,  OAHaKO MWHHCT~PCTBO 3 H e P r e T H K H  -* 
P a C n O A a r U O  AnUIb OYeHb OrpaHHYeHHbIMH AaHHblMH n0 He- 1 
KOTOPbIM M3 HHX, M H e  HMeAO AaHHblX no MHOrHM OCTaAb- . 
HblM. C p e & H  yKa3aHHblX BpeAHbIX B e q e C T B  6 b m n :  YpaH,  TO- 

pMfi, F a 3  PaAOH, pa~nfi ,  TexHeqMfi -99 ,  ~ M M O H M ~ ,  IIAaBHKO- ' 

BaR KHCAOTa, @TOP, a 3 0 T H a R  KHCAOTa, KePOCHH, XPOM H : 
CBnHeq. Han6onee O n a c H b l e  B ~ I ~ P O C ~ ~  ~ ~ I A H  CBR3aHbI C - 
y T e y K a M n  y p a H a  n rasa p a A o H a  B a ~ ~ o c @ e p y .  Ao cnx nop 
H e  npOH3BeAeH ~ e ~ a ~ b ~ b l f i  a H a A H 3  B ~ I ~ ~ O C O B  HepaAHOaK-  : 
THBHblX BPeAHblX B e q e C T B ,  H C Y q e C T B y I O q H X  AaHHbIX AAfl 

T a K O r O a H a A H 3 a  HeAOCTaTOYHO. 

B H Y T P ~ H H H ~  OqeHKH AeRTeAbHOCTH nPeAIIPHRTMII ~ ~ I A H  ' 

H a W T b l  B 1985 I'. M npOAOAXaAHCb A 0  3aKPblTHII 3aBOAa B : 
1989 r. B H a q a n e  1985 r. HA0 oqe~ueano 0 6 ' b e ~ b l  yTeYeK . 
ypaiia 3a 3 4 - n e ~ ~ ~ k  nepnon H a y n H a a  c 1951 r. ( ~ o r ~ a  B . 
C T P O ~  BCTYnMAn HeKOTOPbIe 0 6 ' b e ~ ~ b l  n p e ~ l X p H R ~ t l R )  n p H -  : 
M e p H 0  B 96 T. K 1987 r. OqeHKJi M O  6 b m  y B e M ' 4 e H b I  A 0  . 
136 T lIOCAe BKAIOYeHHII B HHX ~an6onee Cepbe3HbIX YTeYeK, . 
HMeBUIMX MeCTO B 50-e rI'. Y ~ a 3 a H H b l e  o @ ~ q H a A b H b l e  O q e H -  : 
KH WMeAn q e ~ b l f i  P f lA CePbe3HbIX HeAOCTaTKOB. C P ~ A U  B a X -  . 
~efirunx omnbo~ c n e n y e T  B b u e n n T b  cnenymqne: 

I ' I P ~ A ~ O A O X ~ H M ~  0 TOM, YTO, n p H  OTCYTCTBHH MHblX ABH- . 
HblX, ~ b l 6 ~ 0 ~ b l 6 b l ~ ~  HYAeBblMH. 

M c ~ o A ~ ~ o B ~ H H ~  c @ a 6 p n ~ o ~ a H H b l x  AaHHbIX, nOKa3bIBaB- 1 
IIIMX, YTO B ~ I ~ P O C ~ I  6 b 1 ~ c i  HyAeBbIMM, B TO BpeMII KaK M3- . 
MepeHHR B TeX MeCTaX W B T e  CPOKH B A ~ & ? C T B W T ~ A ~ H O C T M  . 
H e  X I p O B O ~ H C b .  

I I p e ~ n o ~ o x e ~ n e ,  YTO o y n m H o e  O ~ O P Y A O B ~ H H ~ ,  n p e A H a -  1 
~ H ~ Y ~ H H O ~  AAR y A a e H n R  y p a H a  n3 ~ b r c o ~ o ~ n c ~ o ~ ~ n x  . 
B ~ I ~ ~ O C O B ,  BCerAa @ ~ H K ~ U O H M ~ O B ~ A O  B P a M K a X  YCTaHOB- . 
AeHHbIX npOl43BOaMTeAeM CTaHAapTOB, HeCMOTPR H a  TO, : 
S T 0  BHYTPeHHRR AOKyMeHTaqnR 3 a B O A a  CBtlAeTeAbCT BO- . 
B a a  06 O ~ ~ ~ T H O M .  

Mcnona3oea~ne HeBepHbIX @ O ~ M ~ A  m I I  PaCYeTOB BbI- . 
 POC COB npOH3BOAHMblX OqHCTHblM O ~ O P Y A O B ~ H W ~ M  B YC- ' 

AOBMIIX ~ ~ ~ A M Y H O ~  ~ @ @ ~ K T H B H O C T H  er0 p a 6 0 ~ b 1 .  

B 1987 r. IEER H a t u r n  IOpHAHYeCKyIO KOMUaHMIO 'Y3fi~, . 
m ~ a f i ~ e p ,  E ~ ~ A ~ c c  3HA %!CAM" AAR IIpOBeAeHHR P R A a  3KC- ' 

n e p T H b l x  w c c n e ~ o ~ a ~ ~ f i  no A e n y  O e p ~ a ~ .  I I p o s e ~ e s e b ~ i i  

IEER a H B A n 3  AOKyMeHTaqHH IIOKasaA, q T 0  aAMMHIICTPaqMR . 
npeAnpHRTHfl  3 H U a  0 MHOrMX HeAOCTaTKaX npn OqeHKaX . 
B ~ I ~ P O C O B .  Hanpn~ep, HeUpaBHAbHOCTb @OPMYA~I PaCYeTOB 1 



W YTeYeK H 3  O ~ O P Y A O B ~ H U I I  O T M e Y M a C b  B COCTaBAeHHOM B . 
1971 r. OAHHM n3 HHlKeHePOB XIpeAnPHRTHII MeMOpaHAYMe. 

' 

T ~ M  3 T a  @ O ~ M Y A ~  XapaKTepH3OBaAaCh KaK ' B ~ X A ~ H H O  : 
@ ~ ~ I U H B ~ I I " ,  ROCKOA~KY npn ee n c n o ~ b s o ~ a ~ ~ n  nonyua- . 
AOCb, YTO UO M e p e  YCTapeBaHHR 0 6 0 p y ~ 0 ~ a ~ H f f  KOAHYeCTBO . 
B ~ I ~ P O C O B  AOAXHO YMeHbluaTbCII -. B IIOAHOM npOTHBOpeYHH : 
c HCTHHO~~. 

~ O A  AaBAeHHeM 0 6 1 q e c ~ ~ e ~ ~ o r o  M H e H H I  H C Y A ~ ~ H O ~ O  . 
p a 3 6 n p a ~ e ~ b c m a  K o r m a H n a  UBec~n~rays* - ~ o s b l k  n o A -  

PRAYWK (n. ~ e a ~ ~ r m q a a c n  O T B ~ T ~ N K O M )  - B H O B ~  nepecM0. r -  : 
p e A a  o + n q n a n b s b ~ e  A a H H s l e  3a nepnoo 195 1-85 rr. H 3aa~w- - 
Aa, YTO 0 6 ' b e ~ b l  B ~ ~ ~ P O C O B  3a AaHHblfi  IIePHOA COCTaBHAH OT ' 

180 A 0  250 T. XOTI y ~ a 3 a ~ ~ b l e  OqeHKH ~ ~ I A H  CytqeCTBeHHo : 
BbIWe, OHM IIO-IIpeXHeMY HrHOpWPOBaAH MHOrHe W3BeCT- . 
H b l e  @ a ~ ~ b l .  Hanpw~ep, HeyYTeHHbIe n O T e p H  B TeYeHHe . 
sceii 3 7 - ~ e ~ ~ e i i  wmopnn npennpnnrna o q e H n s a n n c b  scero : 
n p H M e p H 0  B 300 Kr, T O r A a  KaK, COrAaCHO HHyTpeHHeMy AO- 

KyMeHTy 3aBOAa, 3TH I IOTepH IIpeBblIUaAH yKa3aHHyIO qH@- ' 

py B T e v e H n e  M e c a q a .  Bo B P ~ M I  c y ~ e 6 ~ o r o  p a 3 6 n p a ~ e n b c r r -  
sa B 1988-89 rr. IEER 
CK0HqeHTpl ; rpOBaACa 
o q e H K a x  norepa ypaaa, Of&HI<M BM6POCO8 YPAHA 

BOBaAH soo6qe. Harua Ae- IEER, 1989 390 000 oL(eHKH He np08ownncb 
R T ~ A ~ H O C T ~ .  HOCHAa nOA- 

u e p ~ s y ~ o  n p e ~ ~ a p n ~ e ~ b -  RAC1996 310 000 82 000 

o6paso~, I IOTOM~ YTO 

1EER'6b1n He cocTorHnn MCTOYHME IIOMUMO ~ o ~ n a ~ a  RAC 1996 r. o630p ~cicyccnu aorpyr o q e ~ o r  0 6 % ~  B J A ~ ~ ~ C O B ,  a Tame 6.6- 
i I 0 A y s H T b  AOCTyn K B 1 X -  nuorpa+u~, no s r o ~ y  sonpocy CM. B: Makhijani and Franke 1989. 
H ~ ~ ~ U H M  AOKYMeHTaM A M -  
TeAbHOCTH ~ ~ ~ W I P M I I T H I I ,  
a T a K X e  K AOKyMeHTaqHH UO ~ @ @ K T M B H O C T H  O~OPYAOBLOBB- . ~ O C A ~  yp£!ry~Hp00a?IHfl cy~e6woro p a 3 6 H p a ~ e A b c ~ ~ a  no 
wnr no KOHTPOAIO 3a sarpr3~enne~.  Bonee T o r o ,  ranemso . A e n y  Oepsanp. 6 w  nposene~ q e n b f i  pan i i che~osa~nf i  no 
AaHHbIX, KOTOPblMH Mbl P a C n O A a r a A H ,  6 b m o  BeCbMa HH3KHM O q e H K e  B ~ ~ ~ ~ O C O B  PaAHOaKTHBHblX M a T e p H U O B  B pe3yAbl.a- 

H HeKOTOpbIe  H 3  HHX OTAHYaAHCb B H ~ T P ~ H H ~ ~  HellOCAeAO- . 
BaTeAbHOCTbIO. T ~ M  H e  MeHee ,  MbI npHWAH K BblBOAy, ¶TO 
0 @ I 4 4 H a ~ b H b l e  OqeHKH, C K O p e e  BCerO, O I L ~ H ~ O Y H ~ I ,  H YTO B : 
~ ~ ~ ~ C T B M T ~ A ~ H O C T M  B b l 6 ~ 0 ~ b l  IIPeBbICMAH B ~ ~ X H H ~  O@M[IH- . 
a A b H b l k  I I p e A e A  B 250 T, a IIPeAeAbHO AOnYCTHMble HOPMbl . 
~ o r i q e ~ ~ p a q n n  y p a H a  B a ~ ~ o c @ e p e  ~ ~ I A H  n p e e b r m e a a r ,  KaK ' 

MHHHMYM, H e c K o A b K o  par. C o r ~ a c ~ o  o q e w K a M  IEER, B ~ I -  : 
6 p o c b 1  y p a H a  H a x o A H n H c b  B n p e A e A a x  OT 270 no 1400 - 
Talc-Kr,  n p H  3TOM CPeAHIIlI O q e H K a  COCTaBARAa 390 TbIC*Kr. ' 

Kpome TOFO, IEER PeKOMeHAOBaA n p o B e A e H n e  A a ~ b H e f i -  : 
U H X  AeTaAbHbIX H C C A ~ A O B ~ H H ~ ,  nOCKOAbKy CAeAaHHbIe Bbl- - 
BOAbI HOCHAH BeCbMa I I p e ~ B a p H ~ e A b ~ b l f i  X a p a K T e p ,  MHHH- ' 
CTePCTBO 3HePreTHKH,  BbICTyIIaBLUee B KaYeCTBe OTBeTYHKa . 
3a ceoero n o A p u w l t a  - HAO, A o c T n r A o  B c e p e A n H e  1989 . 
r. AOrOBOpeHHOCTH 06 YAaXHBaHHH A e A a  3a 78 MAH.AOAA., - 

M c c n e ~ o s a ~ ~ a  IEER noaasanu, YTO n o ~ o d ~ a s  C n y a q n ~  
wMeeT ~ e c T o ;  H B OTHOII I~~HH AO~-A,~EI  n e p c o H a n a  npe~npn-  
R T H ~ ~ .  Hper p a 3 6 w p a ~ e ~ b c r ~ e  no ~pyrohsy c y k 6 ~ o ~ y  ncny, 
~ o d y ~ ~ e l i ~ o ~ y  n e p c o ~ a n o ~  saso~a O e p ~ a h ~ ,  MM o6ka- 
p y x u ~ n ,  YTO B o n p e K n  o@~urqnana~b~My~sepx~e~ns~  o TOM, 

OTMeTHB R p H  3TOM, YTO HH OHO, HH el'O IIOApffAYWK H e  CO- ' I T 0  n e p C O H a A  H e  nOAyYaA A 0 3  CWPX AOIlyCTMMb!X, 6onee 
B e p l u a A H  K ~ K H X - ~ ~ 6 0  HeHpaBOMepHbIX ~ e f i c T B H f i ,  OTPElqafl . nOAOBHHbl P ~ ~ O T H H I ~ O B  nOABepPaAHCb ' f p e 3 M e p H O M y  803- 

A a X e  B03HHKHOBeHMe TeXHHYeCKHX npo6ne~. % C T ~  YKa- . A e f i c r B ~ I O  ~ a k ~ b l f i  rOA, 3a HCKAloneHHehi dn~oro, B n e p H O A  
saseoi C ~ M M ~ I  6 b 1 ~ a  H a n p a s n e H a  wa nposeAenne ~ e ~ n q m -  : 50-x n H a n a n a  60.x rr., H  TO s i r a n n ~ e n b n o e  K O A M ~ ~ C T B O  pa- 
CKOrO H ~ ~ A I O A ~ H M R  U o A B e p r r u e r o c H  B p e A H o M y  ~03~efic.r- . 6 0 ~ ~ ~ ~ 0 8  XIOAYYBAO' X X O B ~ I ~ U ~ H H ~ I ~ ~ ~ A O ~ ~ I  H BnOCAeACTBHW. 

. . 
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4 e n ~ p a n b w a ~  npo6ne~a a a ~ ~ m u a n a c b  B B O ~ A ~ ~ ~ C T B H H  ypa- , 
~ o ~ o f i  n u n ,  n p o ~ u ~ a ~ l n e f i  ~ ~ y r p b  oprann3~a. H xmn no- , 
CAe 1968 r. y MHOrHX pa60~nq~os U3Mep%AaCb.KOHqeHTpa- , 
qnn y p a H a  B woke H B nerxux, mi ~ s ~ e p e n u a  H e  n c n o ~ l ~ o -  , 
B m H C b  OqeHKH A 0 3  P a m a q U H  H H e  PerHCTPHPOBaAHCb B , 
M~AHL(HHCKHX KapTaX.  T ~ K U M  o6pa30~, MUHHCT~~CTBO . 
s H e p r e T n K t i  M O ~ A O  y T B e p m a T a ,  YTO n e p c o H a n  n p e A n p n -  

. 
nTUff H e  IIOABepI'UCS n O B b I I R e H H 0 ~  B O ~ A ~ ~ C T B H H )  H a  N H O -  : 
BaHHH HX M e m q H H C K H X  KapT, HrHOPHPYrJ TOT @KT, S T 0  3TU . 
KaPTbI  ~006qe H e  C O A e p X a A H  OqeHOK IIOAyYeHHbIX BHyTpH . 
o p r a n n s M a  ~o3.  PUC~HOK nilate n o r a 3 b 1 e a e ~  AOAH) pa6o~nu- : 
KOB ~ ~ ~ N P H I I T H I I  c H a K O m e w m i  ypana B nermx, KO*-' . 
pare n o A y n n n n  p a w a q x o n i i b r e  ~ o 3 b 1  B. p a c n e T e  H a  nerme . 
cmme 15 peM,  Tee. n p e s b l m a l o q n e  MaKcHaJaAaHo A o n y c r n -  : 
uble nepconma A O ~ H  ~a TOT nepnoh Aarepu~a~cme . 
a n n A e M H o n o r n s e c m e  H c c A e A o m m n  n o A B e p r m e r o c r r  p w -  . 
aqHOHHOMY B O ~ A ~ ~ ~ C T B H I O  I IepCOHaAa HyJXAaIOTCR B C e p b e 3 -  1 
HbrX YTOYHeHWIX, UOCKOAbK)' OHM OCHOBaHbl H a  AaHHbIX UO . 
AOSaM, U O A F e H H b n [  H 3  BHeLIlHHX HCTOYHHKOB, H H e  P H T b I -  . 
B u n  ~03~ekCT~Jie ~ ~ o H ~ K A H A o B ~ o u ~ B ~ U H X  BHyTpb 0p.n- 1 
HH3Ma. h ~ e e  TO~O, Hakee'I'CR MHOM) BOIIPOCOB OTHOCMTeAb- . 
HO TOYHOCTU, IIO K p a f i ~ e i  M e p e ,  HeKOTOpbIX A ~ H H ~ ! X  no 06- 
A y e H H # ,  H 3  BHeIJIHHX HCTO'IHHKOB. 

MU. Baxno, s ~ o 6 b r  O q e H K H  B O ~ A ~ ~ C T B H R  I I P O B O A ~ H C ~  H a  1 
OCHOBe ~ ~ P B H P H O ~ ~  H H @ O P M ~ ~ U M ,  6 y ~ b  3 T 0  AaHHble  lI0 803- . 
A ~ ~ ~ C T B H K )  H a  n e p c o H u ,  mu c o g e T a H n e  c ~ e ~ e ~ n f i ,  nonyqes- 
HbIX B p e 3 y A b T a T e  3KOAOI'HYeCKOrO MOHHTOPHHra U a H U U 3 a  . 
AaHHblX no B b l 6 p o c a ~  AAR OKpeCTHOrO HaCeAeHHrJ. n p M  BbI- . 
pa6or~e PeaAbHbIX OqeHOK H ~ O ~ X O A U M O  T q a T e A b H O  aHaAU- . 
3HPOBaTb KaPeCTBO H H @ O P M ~ ~ H H  H ee aAeKBaTHOCTb. 6 0 A e e  : 
TOM), e C n H  AaHHbIe no e b r 6 p o c a ~  K p a f i H e  HH3KOKaWCTBeH- . 
HbI, KaK 3TO- O ~ ~ I Y H O  ~ ~ I B W T  B OTHOIIIeHHH MCCAeAOBaHHbIX . 
IEER o ~ ~ K T o B  Ijfunncre CTBa 3HePreTHKH,  T O  O q e H K a  A 0 3  
BeCbMa 3aTpyAHHTeAbHa. l!a K UpaBHAO, ~ b r p a 6 0 T a T b  OqeHKU . 
H W B H A Y ~ A ~ H M X  ~ 0 3  mn ~ 0 3  H a c e n e H m  ~anoi j  uuc- - 
nenwocm ropa3~0 cxoxwee, near MR nacenenm 6 o n b m o f i  : 
¶HCAeHHOCTHe B &TUX YCAOBHRX, M e H e e  CAOXHO H, HHOrAa, . 
6mee qe~ecoo6pas~o HCCAeAOBaTb BOnpOC 0 I I p e B b W I e H H l u  

n p e A e A b H 0  AOlIyCTHMblX B npOulAOM H B H ~ C T O R ~ ~ ~  BpeMH 
HOPM B03AefiCTBWI B OTHOUeHHH PaJWOaKTHBHbIX HAW H e p a -  . 
m o a K T n B n b H  TOKCHPHHX M a T e p u a n o s .  Hanpmep, c p e A -  . 
HIOH) KOHqeHTPaqHIO B ~ T M O C @ ~ P ~  Y p a H a  H HeKOTOPbIX APY- : 
I'HX PaAUOaKTHBHblX M a T e p H U O B  XI0 nepHMf3"I'y I'paHHq . 
IIpeAIIpHSITHR MOXHO OnpeAeAMTb U COnOCTaBUTb C HkeK)- . 
~ H M H O I  n p a s H n a M n .  IIpn oqenne ~ 0 3 ,  n o A p e H H b r x  oipem- : 
H ~ I M  H a c e n e H n e M ,  ~ e o 6 x o ~ u ~ o :  

aom nepco~ana, nomeprrueroccl -mieromo~y soqekcss~lo, 
cpannn tcoHqewrpawn ypaHa B nenolx, coorse~ciey~o~an 

B poae~e  Ha nemoe B 15 p w  H 6onee 
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rw 
U m c ~  D.Fnnke and K.R.Gmey, 'Estimates of Lung Burdens for Worken at ihe Feed Materials 

Production Center, Femald, Ohiou, (Takoma Pwk IEER, l994), p.8. 

2. C O ~ O C T ~ B M T ~  AaHHbIe 

3KOAOI'HYeCKOrO MOHWTO- 

puma n n o A y a e H H b 1 e  B pe- 
3 y A b T a T e  MOAeAUpOBaHMR 

CBeAeHUR 0 K O H q e H T p a q H H  
pa3AMYHblX B e q e C T B  B OK- 

pyxaarqeii c p e A e  c npo- 
LUAblMH H A ~ ~ ~ C T B Y I O ~ M M M  
3KOAOrHqeCKUMH CTaHAap- 
TaMM. ~ T H  CTaHAaPTbI no- 
AyYeHbI  H a  OCHOBe ripe- 
AeAbHO AOnYCTHMbIX A039 
STO ~ O ~ B O J M ~ T  n y T e M  co- 
nOCTaBAeHHR C I IOAAeXa-  

lqHMH PeI'YAWPOBaHHIO 

YPOBHRMH K O H q e H T p a q H M  
BbIRBHTb HH&HBH&yUbHbIe  

M u O T ~ ' ~ ' ~ I ~ C K H C !  AO3bl 06nyve~~n yKa3aHHbIMU KOHqeHTpa-  

. qHRMH BPeAHhlX BeqeCTB. 

nucrepema anepremru CIIIA, IEER n p H m e A  K BMBOA~, ¶TO . 
n p o s e A e H n e  M e A W q n H c K n x  u c C A e ~ ~ a n n k  H a  Y K ~ ~ ~ H H M X  

. n p e A n p n n T n n x  oqenb n a m  c y q e c T B e H H o  3a~py~me~cr r  He- . 
W C T a T K O M  AaHHbIX, HX HH3KUM KaYeCTBOM, He&OCTaTO¶HblM ' . 
cTamCTHVecE(HM ySeTOM C O ~ P ~ H H M X  C B ~ A ~ H H ~ ~ ,  H, B H e K M O -  . : psu onyuaax, A a x e  o~~posenwofi @a6pma~efi. 3ace~pe- . 

. weanue H y c T a x i o m e H n e  orpanmennom A o C T y n a  K ne06- . 
XOAHMMM C W A e H W M  3aYaCTyIO CO3AaeT AOnOAiiUTenbHMe 

: TpyAHOCTHe Bonpoc o TO¶HO~M M ~ A H ~ H U C K H X  HccAeAoBa-  . 
. wnk ~paihie mosices, no n o c p a c ~ ~ o ~  l l e n o ~ ~ o s a ~ ~ ~  p u a  

npsiaqnnos MOXHO o n p e A e n n m ,  6wu rn A a w w u e  mcche~o- : 
, BaHHR UpOBeAeHbI B CooTBeTCTBHH C H a p H b l M H  CTaHAapTa- . 



4. O n p e ~ e A H T b ,  6 b ~  AH P T e H b I  BCe BO3MOXHbIe n y T H  

P w H O a K T H B H O r O  B O ~ A C ~ ~ C T B W I  A 0 q e H e H a  OTHOCHTenbHaR: 
B a 3 H O C T b  K a X A O r O  H 3  HHX. ~ Y T U  B03AefiCTBWI BKAIOYBIOT: 
npmoe B O I A ~ ~ ~ C T B H ~  gepes so3~yx H n n T a e e y r o   BOA^, 3a- 
I'Pll3HeHHYKl IIOYBY H IIHQY, l4AH B p e 3 Y A b T a T e  KOHqeHTpa-  
qun B n n q e s a p n T e n a H o u  T p a K T e  ( K ~ K  no ,  H a n p m e p ,  npo- 
HCXOAMT C HOAOM-131 H HeKOTOPbIMH APYIXMH OpraHHYe-  

CWMH H e p ~ O a K T H B H b l M H  ~ ~ I ' P J I ~ H H T ~ J ~ R M H ) .  

5. n p o B e p U ~ b ,  ~ W H  AH npOaHaAH3HPOBaHbI  UAH, XOTR 
6b1, y n o M m p b 1  H e p a K o B b l e  H c n i i e p r e m ~ e c K n e  J@@~KTY. 

P a c K p b I T H e  n e p B H Y ~ 0 2  I I H @ O P M ~ ~ M H  H AOKyMeHTaqHH B 

c@epe MeAHqnwbl  n a K o n o r n H ,  A a s n e n n e  co C T O ~ O H ~ I  Kon- 
r p e C C a ,  X y p H a A H C T O B  H HelIpaBHWAbCTBeHHbIX O p r a H H 3 a -  
q H i  C b l r p a A H  OYeHb B a X H y E  P O A b  B IIOBblllleHHW KaYeCTBa 

U C C A ~ A O B ~ H H ~  no M ~ A U ~ ~ H C K H M  I4 3KOAOMYeCKMM IIOCAeA- 

CTBU%M I I p O H 3 B O ~ C T B a  8AepHOI'O O p y X H H .  B H a C T O f l q e e  
BpeMlr B CO~AHH~HH~!X I I IT~T~X n o ~ o 6 n b t e  UCCAeAOBaHHR 

IIpOBOAlITCS BeAOMCTBaMM, H e  CBH3aHHbIMH C MUHMCT~~CT-  
BOM 3HePFeTWKH, B BeAeHHH KOTOpOl'O HaXOAaTCa aMePH-  
KaHCKHe SaBOAb! no npOH3BOACTBy RAepHOI'O OpyXWH. He- 
c M o T p a  H a  TO, YTO @ H H ~ H C H P O B ~ H U ~  BTMX n c u e ~ o ~ a ~ n i i  
npOBOAHTCR MHHHCT~PCTBOM 3HepreTHKJ4, 3a HX OCyqeCTB-  
AeHHe H IIOHCK IIOAPIIASHKOB OTBCYOIOT A p y r H e  HpaBHTeAb- 

c T s e H H n r e  BenoMcTBa,  T a m e  KaK ~ ~ H T P  no KOHTPOAH) H 
n p e A o T s p a q e n n m  sa60nesa~nii H H a q u o n a n b n b ~ k  HHCTH- 
TYT 6e30nacnoc~n H s ~ p a ~ o o x p a ~ e ~ u  H a  pa60~nx M e m a x .  
9 T a  CHCTeMa B03HHKAa B p e 3 y A b T a T e  TOrO, YTO HCCAeAOBa- 

HHII, n p o t a o w m I e  MHHWCT~PCTBOM ~ H ~ P ~ ~ T U K E I  B n e p n o A  
'XOAOAHO~~ B O ~ ~ H ~ I " ,  6 b ~  C03TeHb1, KaK IIpaBHAO, HeAOCTO- 

BepHblMH. 
B H a C T O R q e e  BpeMR HaYMHaeTCR p e a A H 3 a q H R  COBMeCTHO- 

ro poccHiic~o-a~epu~a~cxcoro n p o e K T a  B p a M K a x  Koopm- 
Ha4HOHHOI'O KOMUTeTa no HCCAeAOBaHHIo PaAMaqHOHHHX 

~ @ @ ~ K T O B  no H3yW?HHK) MeAJfqHHCKHX I I o c A ~ A C T B H ~ ~  @YHK- 
q n o H H p o e a H n a  n p e m q x u i T m   mas^^ NUI ero n e p c o n a A a  H 

OKpeCTHOW HaCeAeHMR. Cpem OCHOBHbIX HHCTHTYTOB, BO- 

BAeYeHHblX B 3TOT IIPOeKT, - MOCKOBCKI~~~ MHCTHT~T 6e30- 
nacnoro paseu~na amunofi sneprenwl (HPA3) Poccnii- 
C K O ~  A K a ~ e b m H  HayK, #1 M o c ~ o ~ c ~ o r o  ~ H O # I H ~ H -  
neaoro n n m w r y T a  B Osepc~e H YPWCKM~~ H ~ ~ Y H O - H C C A ~ -  

A O W T ~ A ~ C K U ~ ~  4 e H T P  ~ W ~ ~ H O H H O ~  h I e m q H H b 1  B Yenrr6m~- 

CKe. ~ ~ ~ A c T ~ B J U I ~ T C I ~  BaXHbIM, YTo6bI  n p H  p e a A H 3 a q H H  3TO- 
r0 n p O e K T a ,  KaK H A p y y X  MeAJfwHCKHX M C C A ~ A O B ~ H ~ ,  OT- 

' 

KPMTO X I ~ ~ A M K O B ~ A M C ~  CBeAeHHIl IIO MeAl4qHHCKHM H 3KOAO- : 
I'HYeCKMM a C n e K T a M  B 4eAj lX IlOBbImeHWf A O B e p H a  06qec~- - 
BeHHOCTH K er0 p e 3 y A b T a T a M ,  a T a K X e  ANI npOBeAeHHR He-  

' 

3aBMCHMbIX OrjeHOK er0 BblBOAOB. 

1 IIo~pdnee a,: Arjun Makhijani, Release Estimates of Radioactive and . 
Non-Radioactive Materials to the Environment by the Feed Materials ' 

Production Center 1951-85 (Takoma Park: Institute for Energy and : 
Environmental Research, 1988); and Arjun Makhijani and Bernd Franke, . 
Addendum to the Report 'Release Estimates of Radioactive and Non- . 
Radioactive Materials to the Environment by the Feed Materials . 
Production Center 1951-85 (Takoma Park: Institute for Energy a d  - 
Environmental Research, 1989). 

2 K coxmenurn, He 6m cAeAan aaupoc Ha wynenme ~ o q e i i m u a  Hepa- : 
AUOaKTHBHbU T0KCHP)IMX b@TePMO& 

3 RAC no,?goToBHAa pRA UpOMeIRYTOWibIX U OKOHPaTeAbAbac BapJfWOB . 
AOKAW, Ha ocnose nmpblx H 6m comameH ~ o l t ~ a ~  1996 r. C ~ ~ A U  . 
OCHOBH~~X u3 HHX, uMernqux oTHomeHme K A ~ H H O ~  cram,  aenpqme: . 
Voilleque et al., Fernald Dosimetry Reconstruction Project: Tasks 2 and . 
3: Radionuclide Source Terms and Uncertainties, Draft Report (Neeses, . 
South Carolina: Radiological Assessments Corporation, 1993); a T u e  
Killough et al., Fernald Dosimentry Reconstruction Project: Task 6: . 
Radiation Doses and Risks to Residents from FMPC Operadons from . 
1951-1988, Draft Report (Neeses, South Carolina: Radiological . 
Assessments Corpora tjon, 1996). 

H e ~ o Y H b l e  H HenOAHbIe  AaHHbIe  no 3arpR3HMTeARM. 
B qeAoM,  nerse o q e i i n T b  A O ~ ~ I  n e p c o H a n a ,  ~o~oparii ,  
KaK npaenno, n o A e e p r a e T c a  n o c T o n H H o M y  H ~ ~ A I O A ~ H M ~ O  
(XOTH Sam0 H H~AOCT~TOYHOMY), P e M  AIM OKpeCTHOrO 

nacenenna, no KOTOPOMY O ~ L I Y H O  H e  H u e e T c a  ~ H H ~ I X .  
OAH~KO u~@opuaqn~  no ~ e p a ~ u o a ~ m s m ~ ~  TOKCHYH~IM 
M a T e p H a A a M  3aYaCTyIO HeAOCTaTOSHa KaK B OTHOmeHHH 
n e p c o H a n a ,  T a K  H M e c T H o r o  H a c e A e H u s .  

TP~AHOCTH B BbSAeAeHHH IIOABepTIllerOCI 3 a p a X e H H l o  

H a c e n e n n f l ,  Hanpn~ep, nepconan r p y n n H p y e T a  B 3a~w- 
CMMOCTH OT IlOAYYeHHMX BHelIIHHX A 0 3  OT 6e~a- H r a M -  

M a - p a w a 4 # H ,  nOSKOAbKy AaHHble  IIO BHYTPeHHHM AO- 

a a ~ ,  K ~ K  npaemo, H e A o m a T o Y H b l .  ECAU n o A B e p r m e e c a  

BPeAHOMY B O ~ A ~ ~ ~ C T B H I O  H a C e A e H U e  H e  M O X e T  6 b 1 ~ b  

Crpyl I I IHpOBaHO H C X O M  H 3  Y ~ O B H ~ ~  IX0A)'WHHbIX A 0 3 ,  
K p a f i ~ e  3 a T p y A H l r a T c R  O q e H K n  AOnOAHHTeAbHOrO PHC- 
Ka.  TO m e e T  0c060e 3nase~ne B cnynae, e m  ~e6of i -  
maa rpynna nomepmreroa CHA~HOMY B O ~ A ~ ~ ~ C T B H K )  Ha-  

cenema n o n a A a e T  B OAHY 6o~ee m H p o K y i o  rpynny c m- 
L\aMH C OTHOCHTeAbHO HeBblCOKHM 3 a p a X e H H e M .  

CM. -0fWXJME ~0~ HA C I9 



aAHOaKTHBHbIe 3AeMeHTbI  0 6 n a ~ a m ~  H ~ C T ~ ~ U A ~ H ~ I M  ' 

RAPOM. n 0 3 T 0 M y  OHM TP~HC@OPMWPYIOTCB B A p y r H e  ' 
3AeMeHTb1, n p H  STOM, KaK n p a B H A 0 ,  IIPOHCXOAHT BMHC- . 
cnrr n a c ~ ~ q  (a H H o r l j a  H MX nor~oqe~ue).   TOT npoqecc, . 

Ha3blBaeMbIii  PaAHOaKTHBHbIM PaCnaAOM, O ~ ~ I Y H O  IIpUBOAMT . 
K H 3 A p e H H K )  aAb(Pa- # 6 e ~ a - Y ~ C T E ~ ~  H 3  H ~ K O T O ~ ~ I ~  . 
P a H O H y K A H A b I  npno6pe~am C T ~ ~ M A ~ H O C T ~  IIOCAe OAHOrO ' 
P a C n a A a ,  OAHaKO &pyrJie PaCnaAaIOTCfi H a  H ~ C T ~ ~ H A ~ H ~ I ~  : 
3AeMeHTbI. B CAyYae  T R x e A b I X  H 3 0 T O n 0 8 ,  TaKHX KaK YPaH- . 
238, IIPOHCXOAHT q e ~ b l f i  P f lA PaCnaAOB, I I p H  KOTOpbIX BHOBb . 
06pasy10qwecr ~ A ~ M ~ H T ~ I  pacnaljamca no T e x  nop, n o K a  . . 
H e  06pasye~cn O K O H Y ~ T ~ A ~ H ~ I ~  ~ T a 6 H A b H b l i i  3AeMeHT.  TOT ' 

I IpOqeCC H3BeCTeH KaK qeIXH0ii  P a C I l W ,  B qeAOM, HYKAH@I C, 
OAMHaKOBbIM KOAHYeCTBOM nPOTOHOB M H ~ ~ T P O H O B  CTB- . 
6 n ~ b ~ b l .  n e p ~ o ~  no~ypacna~a  p a A H o a y n n n A o s  o 3 ~ a ~ a e ~  . 
n e p H O A  BpeMeHM, B T e q e H H e  KOTOPOrO nOAOBHHa aTOMOB ' 

a n e ~ e ~ ~ a  n o A s e p r a e T c a  PaAMoaKTuBHoMy p a c n a A y ,  
h@a-racwqa n p e A c T a w e T  co6oii Z I A ~ O  a T o M a  rennn : 

(K-lf M3 KOMPbIX COCMHT H 3  P$YX H ~ ~ ~ T P O H O B  H ABYX np0- . 
MHOB), Txxeme ~ A ~ M ~ H T ~ I ,  HaIIpMMep, YP~H-238 H I I A y ~ o ~ n f i -  
239, npn pacnae B ~ ~ ~ I O T ,  B OCHOBHOM, m ( P a - ~ a m p ~ .  . 

Hanpn~ep, npn p a c n a A e  nny~o~~rr-239:  
94Pu-239 -- 92U-235 + 2He-4 (CM; ~ ~ a r p a ~ ~ y )  

I 1 '  

I : 
B b l ~ e M e M a f l  a A b ( P a - W c T H q a  HeCeT 6 o n b m o e  KOAHVeCTBO ' 

3Hepl'HH, IIOp%AKakS MAH* 3AeKTPOH-BOAbT* ATOM WAHR l l P U  1 
K O M H ~ T H O ~  T e M U e  06fianae~ a~eprnek, P ~ B H O ~ ~  0,025 . : ~ A ~ K T ~ O H - B O A ~ T .  nopaxesne p a ~ ~ a q ~ e k  . 

. IIPOMCXOAMT HMeHHO BCAeACTBHH 6 0 n b m o f i  3 H e p r H U  Y a C T J i  . 

. w s ~ p e ~ ~ b r x  B npoqecce p a c n a A a  n n o n a a r o u j n x  B u e T K t i  - 

HO H H ~ K O ~ ~  n e p e A a 9 H  3HePrMH H a  eAMHHqy W H b I  (POTOHOB . 
n BAeKTpOHOB ( low L E T - p a ~ H a q H B ) .  T ~ P M H H ~ I  "high" (Bbl- ' 

COKBII) H " ~ o w " ( H R ~ K ~ R )  0 3 H a Y a I O T  CKOPOCTb nf!peAaPH 
sseprun H a  e A H H H q y  A A H H ~ I  npu 06nyre1inn. 

G m a - u a c ~ t r q a  n p e A c T a e n r r e T  co6ok ~ A ~ K T ~ O H  mn nosn- . 
TPOH ( ~ O A O X U T ~ A ~ H O  saprrxe~~as  namqa, B o c T a f i H o M  aHa-  . 
AOrHYHaR ~ A ~ K T ~ o H ~ ) .  &~a-~aCTHqb13HaYllTeAbHO A e N e  m b -  ' 
@a-samuq H n p o H n K a m  ropa3~0 A a i m e .  IIpw 06nal ja~u~ 
~ o m a ~ o v ~ o i i  aseprneii, OHM C ~ O C O ~ H ~ I  n p o m K a T b  ~ e p e s  KO- . 
Xy. n 0 3 T O ~ y  HeKOTOpbIe HCTOYHHKM 6 e m - n ~ p e ~ ~ 1 1 ,  AaXCe . 
HaXOMCb BHe OpraHH3Ma,  IIpeACTaBARIOT codofi 3HaYMTUb- . 
HYIO OlIaCHOCTb, O C O ~ ~ H H O  PjUI ~ W M @ ~ T H Y ~ C K O ~ ~  CHCreMbI. OC- ' 
H O B H U  YaCTb 6 e ~ a - p a ~ ~ i a ~ p i n  M o r n  6 b 1 ~ b  3KPaHHPOBaHa A e P  : 
~ o i i  C M C T ~ M O ~  3aqn~b1, H a n p m e p ,  KYCKOM A e p e s a  mn He- . 
CKOAbKMMH AnCTaMH 6 y ~ a r ~ .  OAH~KO HeKOTOpble HCTOYMKM, . 
B YICTHOCTH, H~TPM~-24,  ~ p e 6 y ~ ) ~  6onee T I U K ~ A O ~ ~  3 a w T b I .  

P a p s r o a ~ ~ n s ~ b ~ i i  pacnan T a K r e  vamo conposomamcn : 
BblAeAeHMeM r a M M a - P a A H a V H ,  f lBMIOujef icB OYeHb BblCOKO- . 
YaCTOTHbIM 3AeKTPOMaI'HHTHbIM W3AYYeHHeM (Hal IpHMep,  . 
~ ~ H T ~ ~ H O B C K M M ) .  3aqma OT rav~a-nyseii ~ p e 6 y e ~  T n x e n o r o  
3KPaHHPOBaHMR, B YaCTHOCTH, IIOCPeACTBOM HCnOAb30BaHMII 

' 

c s n H q a   AH cTanw. r a ~ ~ a - ~ p n  COCTOBT u3 (POTOHOB, n p e A -  1 
CTaBMIOqMX co6oii COYeTaHHe K B ~ H T O B O ~ ~  il3AeKTpOMarHHT- . 
HOG 3 H e  rMU. BbI&eAeHne  @OTOHOB H e  IIPWBOAMT K TPaHCMY- . 
TaqHH. 8 A H a K O  IIOCAe n e p B O r 0  "CTOAKHOB~HHB~ @ O T O H ~  H - 
MOAeKyAbl, Up# KOTOPOM IIPOHCXOAMT llOl'AO4eHHe @OTOH~, ' 
MOAeKyAa COXpaHReT AHJIIb ~ e 6 o ~ b l r r y 1 0  AOAIO er0 3 H e p r H n .  
0 6 b l Y ~ 0  OCHOBHaR ee YaCTb nOBTOPHO B~I&M~TCII B (POPM~ . 

I 1 '  

, . 0 p r a ~ n 3 ~ a .  : 6ma-~acrnq ( ~ A ~ K T ~ o H ~ )  HAM A p y r O r O  @OTOH~. %'0 HiwbIBa- 

hb*a-Yacmqb' oTHocrrTcn TaxeAbbun nepeAaloT , ~ @ @ ~ K T O M  K O M ~ T O H ~  (cM.~HaI'pa~h¶y). 3TM 3AeKTpOHb1, . 
1 C B O ~  ~ H ~ P F M ~  A P Y ~ H M  aToMaM 14 MOA'KYA~M ~a s ~ a ~ ~ e ~ b -  . a T a m e  SAeKTpoHbI, 06pa3yloqweca B p e 3 y A b T a T e  ~ a b ~ e k -  : 

H" MeHbmeM VTn, qeM r O P a 3 A O  AerKHe 3AeKTPoHb1, . (yonKHoseHwk c  HOB^^ ( P ~ o H ~ M H ,  IBAR&cR OCHOB- . 
~ P ~ A C T ~ B A H ~ ~ ~ W ~  co60fi OCHOBHO~ C P ~ A W O  P ~ A ~ ~ ~ M O H H O -  . 

HblM HCTOqHnKoM O n a c H o m n  n p H  F a M M a - p a A H a q W ,  ro B O ~ A ~ ~ ~ C T B H I I  rarma- H 6e~a-u3~y'le~nn. npn  H a x o m e -  : 
HHM B H ~  o p r a ~ n 3 ~ a  a n b @ a - u a c ~ u q b i  H e  n p e A m a B ~ a m  yr- . A n b a a - ,  6e~a-  H m M M a - p a & H a q m  o6na~a10~ Pa3AWYHbIMH ' 

: PY, IXOCKOAbKY OHM H e  B COCTOBHHH IIPe0AOAM"l' B H ~ I U H H ~  . C B O ~ C T B ~ M M ,  HO BCe OHH IIPeACTaBMlOT C O ~ O ~  HOHM3HPYY)- 

~ e p ~ ~ ~ ~ f i ~  c~o f i  K o x a .  O A H ~ K ~  n p H  n p o H w K H o B e H n H  . qym paAnavlo*  H3 Tpex P~~~~~~~~~~ ' 

: sliy~p~, o p r a ~ ~ a ~ a  n v e ~  ~ e x a ~ ~ q e c ~ o r o  n o n a ~ a ~ ~ n ,  BMI- 
~ a e ~  AOCT~TOYHO~~ ~ H ~ P M T W K O ~  PJLB P ~ ~ P Y * ~ H H ~  XHMHqe- . 

XaHHB H m  n o n a a H H H  nepe3 p a H b I  w nope3b1 ,  a b ( P a - y a n l r -  CKMX c ~ ~ e i i  H, T e M  C ~ M ~ I M ,  cnoc06~a n o ~ p e m a ~ b  IUH YHHY- : 
q b l  O' leHb OnaCHbl,  IIOCKOAbKY O P H  IIPeOAOAeHHH ~ e 6 o ~ b -  : xHBbie K a ~  ranwa-ApH, BmHMblk YeAoBe- . 
IIIHX ~ ~ c C T O R H H ~ ~  B XHBblX TKaHRX OHH IIOCToRHHo 60~6ap- . YecKHM r A a 3 o M  c B e T  T a K x e  R B A n m a  3 ~ e ~ ~ p o ~ a r ~ ~ n l o 3  

: nnpym o K p y x a m q n e  KAeTKH H TKaHn. h b ( P a - p ~ a q u  . 3 ~ e p ~ e f i ,  OPiHaKo 0 6 ~ a ~ a m q e f i  6o~ee m3~0fi PamOTHO- ' 

. n M e H y e r c n  paa~aqneii c B ~ I C O K O ~  nnneii~ofi nepe~avefi - CT~IO. #OTOH~I BWHMO~O c s e T a  H e  pacnonarawr A o c T a T o q -  : 
high L E T - p a H a q ~ e f i ,  r & e  LET - c o K p a u j e H n e  ' H 0 f i  3 ~ e p ~ e ~ H ~ 0 f i  &UI TOrO, d b t  BbI3BaTb H O H H 3 a ~ I O .  Pa- . 

energy transfern), B o r A H q n e  or m o c m e n b -  : WOBOAH~I eqe donee H H ~ K O Y ~ C T O T H ~ I ,  q e M  B M A ~ M ~ I ~ ~  CB~T.  . 



P W n a q H o H H o e  n o p a x e H n e  YeAoBeKa H ~ M ~ P I I ~ T C R  KOAH- . 
YeCTBOM 3 H e p r H H  P W H a q W H ,  I I O A Y S ~ H H O ~  er0 OPT~HHS- 1 
MOM; n o p a x e H n e  H a c e n e m a  n s ~ e p ~ e ~ c n  CyMMnpoBa-  . 
HHeM HHAHBMAYaAbHbIX A 0 3  06nyqe~m1. Ep~l~nqeii  H3- . 

MepeHHR A 0 3 b I  06~yuewnn RBAReTCIl rpek.  OH^ H 3 M e p f l e 7  : 
KOAUYeCTBO HOHU3aqHH, B O ~ H U K U ~ ~ ~  B p e 3 Y A b T a T e  0 6 ~ y ~ e -  . 
HWI n n p e A c T a B n l r e r  co6oii w m  @ n s n q e c ~ y l o  enunnqy ~ 3 -  . 
snepewwr. Apyrne @~KTOPM, H a n p m e p ,  T u n  pawaqun ( a n b -  ' 

@a, 6 e ~ a  u Ten.), a T a m e  nacm o p r a ~ ~ 3 ~ a ,  n o A B e p r H y B m a -  : 
acs n o p a x e H n a ,  o n p e A e n a m  6 ~ o ~ o r n n e c ~ ~ i i  a @ @ e ~ ~  06- 
AyYeHHIl. r@4 BHeCeHHH KOPPeKTHB C YSeTOM 3 T O r O  (P~KTo- ' 
pa n c n o n b 3 y e ~ c n  A p y r a s i  ewwnqa ~3caepe~m - 3 ~ ~ e p ~ .  Ilpu : 
o g e H K e  nopaxesus rpynn H a c e n e H w R  H C I I O A ~ ~ ~ ~ C R  n o K a -  . 
a a ~ e n b  seno~e~o-3nsep~. Ao3b1, n o n y v e w n b l e  H a c e n e H u e u ,  . 
H~M~PRIOTCII B ue~o~e~o-rpesx H S ~ A O B ~ K O - ~ H B ~ ~ T ~ X  - B 3a- . 
BHCHMOCTH OT TOFO, U3MePIIeTCII AH HaKOnAeHHe 3 H e P I H H  . 
nm 6nonorn~ec~~i i  yqep6. 

B cnygae y p a H o s b m  maxr n p m e H a e T c R  n A p y r a R  emm- : 
qa - pa6ounk YpOBeHb (PY) - KOAMSeCl'BO IIpOAyKTOB P a C n a -  . 
na panona ( T a m e  HMeHyeMbtx  n o n e p H n u n  ~ A ~ M ~ H T ~ M H )  H a  . 
O W H  AMTP B o a p a ,  KOTOPble IIPHBeAyT K HMYYeHHI) 130 : 
MAPA. 3AeKTpOH-BOAbT 3Hepl'UH aAb@a-SaCTHq. E e n H  no- . 
Y e p H H e  3AeMeHTbI P a A O H a  H a X O q T C I l  B COCTOIIHHH PaBHOBe- . 
CHR C PaAOHOM B B 0 3 A y X e  (T.e., eCAH P W O H  OcTaeTCR B 803- : 
A y x e  B T e u e H n e  O n p e A e A e H H o r o  B ~ ~ M ~ H H ) ,  TO n p n M e p H o  100 . 
IlUKOKlopH ($7 be~~epeneii) P U O H a  H a  AHTp BO3AyXa CO- . 
CTaBAReT 1 pa6o~nii YpOBeHb. M e c n ~ ~ b l i i  pa6ou~ii YpOBeHb : 
(MYP) n p e A c T a s A a e T  co6oii n o ~ a s a ~ e ~ b  o6qeii ~ o 3 b 1  papu- . 
aqw, KOTOPYIO nonynaer mamep npn BAbIxaHnu 1 pa6oue- . 
ro YPOBHR B T e Y e H n e  OAHO~O pa6o~ero M e c s q a  (170 saco~). ' 

MCTOYHUK~MM A 0 3  P W a q H H  MOl'YT 6 b 1 ~ b  KaK HaXOAIIWH- 

eCR BHe OQraHU3Ma,  T a K  H BeWeCTBa, nPOHHKIUHe BHYTPb OP- . 
r a ~ n 3 ~ a  npn eAe,  n w r b e ,  W x a H n n ,  mn vepes n o p e s b ~  wnn . 
PaHbt.  O ~ ~ H H T ~  p O 3 b I  P a p S l a q H H  n p H  O ~ A ~ S ~ H H H  a M M a - A y -  : 
naun n A n  6 e ~ a - ~ a c r m q a ~ ~ ,  npn H~AHYHH H ~ O ~ X O A H M O ~ O  ~ 3 -  
M e p H T e A b H O r O  060py~o~a~wa, AOBOAbJiO AerKO. 6 0 ~ e e  ' 
CAOXHbIM RBAIIeTC3 H 3 M e p e H H e  A 0 3 b I  P a M a q H H  OT HCTOS- 

.ma, H a x o p l l q e r o e s  E H ~ T ~ H  opra~u3~a.  Pamep ~ o 3 v  6y- . 
A e T  3aBHCeTb O T  X H M H P ~ C K O ~ ~  @OPM~I M a T e p H M a ,  n y T H  er0 ' 
IIPOHHKHOBeHHIl H MeCTOIIOAOXeHHR B OpraHH3Me,  a T a m e  . 
OT CKOPOCTH BbIBeAeHHR H 3  O p r a H H 3 M a  H PHAa A p y r H X  @ a ~ -  . 
TOPOB. B~IBOA PaAHOHYKAHAOB H 3  OPPaHH3Ma, KOK IIpaBHAO, . 
npenmaansm co6ok B e c b M a  e n o x H o e  senensie; ero  oxn no 1 
A H U b  BeCbMa ~ P H ~ A H ~ H T ~ A ~ H O  OIIHCaTb IlOCpeACTBOM KOH- . 
qenqnn ' 6 ~ 0 ~ o r ~ n e c ~ o r o  nonypacna~a" - speuesn, ~eo6-  . 
x O ~ M O r 0  Ms BbIBeAeHHIl H 3  O p r a H U 3 M a  nOAOBUHbI MaTepM- 
Ma. 

I l p H  O q e H K e  A 0 3  O T  IIPHPOAHO~~ PaAJiOaKTHBHOCTH n p R -  . 
MOe H 3 M e p e H H e  K O M W C T B a  PaAHOHYKAHAOB B O p r a H H 3 M e  
npaKTHYeCKH HeBO3MOXHO. Heo6xom~o IIpHMeHffTb KOMn- . 
AeKCHble KOMnb#>TepHbIe MO&3M, U C T O  B YCAOBHflX npM- . 
CYTCTBHR ~ O A ~ U I O ~ Y )  S H C M  IIapah¶eTpOB H CB113aHHbIX C HHMH 
~eonpe~ene~~omei i .  3m o c o 6 e ~ ~ o  x a p a K T e p H o  M a  oqen- : 
KH A O ~ ,  n o A y P e H H b m  H a c e A e H n e M  3a n p e A e n a m  o h e ~ ~ a ,  . 
r A e  OTC~TCTBOB~AO npmoe n s ~ e p e ~ n e  nos HAM H a K o n n e -  . 

b ~ ~ e p e n ~  (w crallbapnan memynapoAnan e ~ n n ~ q a  
pamoamnBnocrn, paenaH OAHOMY pacnany 3a cepynny. 
3 r o  - onena nedonamaa eAunnqa, paBnaa npmepno 27 nn- 
KOKIOPH. 

pas eAnnnqa ns~epenna nornoqennoii ~osbs  paAnaqnn, on- 
pe~enae~oi i  KaK HaKonnenne 100 sproB aneprnn Ha 1 
I'paMM TKaHH. 

Pernew: . C~apaa  emnnqa. ns~epenna paAnaquonnoro B03- 
~ e i i c r ~ n a .  I I p e ~ m a ~ m e ~  c060ii e m n n q  rama-pa~na-  
qnn, n 3 ~ e p ~ e ~ p  YPOBH~M H O H H ~ ~ ~ M H  a~~oc@epbs. OT 1 
pemrena HeKocrnbse 6nonorn~ec~ne TKann nonyvam pa- 
maqnonnoe ~03neiicr~ne, paenoe npmepno l paAy. 

Pem (paauaunon~uA 3 ~ e n ~ a n e m  uenoseKa, OT awn. 
radiation equivalent man): eAHHn9a H3MePeHnR 3 s ~ ~ -  
' ~ a n e ~ ~ n o ~ n o r ~ o r q e n n  AOS~I pamaqnu, pmbmamqan 

paumnbse nym nepwnn 3neprnn OT no~n3upy10qek pa- 
WaqHH TKaHRM PeAOBePeCKOXU OpraHH3Ma ( u ~ B ~ C T H ~  TaK- 
n e  KaK oTHOCHTenbHa% 6 n o n o r m e c ~ a ~  ~@@KTHBHOCT~). 
B TO ~ p e m  K ~ K  B panax n rpems n s ~ e p a e ~ c ~  naiconnenne 
3HePrUH B TKOHIIX, PeMM H 3HBepTbl H3MePRIOT 6no~orme- 
c ~ u i i  yqep6. B cnynae 6 e ~ a -  n ra~~a-pannaqun p a w  n pe- 
MbI PaBHbS Apyr Apyry. OAH~KO, IIOCKOAbKy a~b@a-pa~Ha- 
qua HaHOCHT ropa3~o 60nbmnii yqep6 Ha eAHHH4Y 3Hep- 
run, na~omennoji B XWBLIX manfix, n s ~ e p e ~ n a a  B paAax 
a~b@a-paAUay~% AOAXHa 6bnb YMHOXeHa Ha paB~bSfi 20 
K O ~ @ $ H ~ H ~ H T  C TeM, Y T O ~ ~ I  IIOAyYUTb pe3yAbTaT B PeMaX. 
Y ~ a 3 a ~ ~ b l f i  K O ~ @ $ H ~ H ~ H T  20 (~a3bSBaeMblii KaYeCTBeHHbIM 
@~KTOPOM) IIPHHRT B HaCTORqee BpeM%, OAHBKO B 6 y ~ y q e ~  
OH MoxeT 6b1~b H ~ M ~ H ~ H  B pe3yna~a~e nepeoqeHKn nano- 
c i l ~ o n ,  p a ~ a q n e i i  yqepba. B n a m s q e e  s p e m  ICRP pe- 
KoMenAyeT orpanFenne A O ~ ~ I  B npeAenax 2 p e d r o ~  
nepconana H 500 ~ m n p e t & o ~  AAR naceneiinfi. 

qenose~o-meepr: Ao3a AAH nacenenm, onpeAenReuar K ~ K  
cyma U H A U B U A ~ ~ H H X  A O ~  nacmenna onpe~ene~noii  B ~ I -  
6op~n.  

: E ~ n w q a  A O ~ ~ I ,  ncno~b3ye~ar  npn 
yposenb npeAcTamneT co6oji 

W H H ~ Y  KonqenTpaqHn B ~ o 3 ~ y x e  nmnqnana~oi i  afi@a- 
SHCPmH, Us~ynae~ofi PaAOHOM H er0 IIpOAyKTaMH AUe- 
H N .  ECAH PaAOH IlpHCyTCTByeT B BO3AyXe B TeYeHHe Onp€!- 
AeAeHHOrO BpeMeHH, 1 pabounk YpOaeHb pasen npHMepH0 
100 IIHKOKIOPH PaAOHa Ha 1 AHTP ~ 0 3 ~ ) i ~ a .  



H n o n a A a H n n  P a A n o a K T n B H o m H  B H Y T P ~  o p r a ~ n 3 ~ a  
n o n y n a e M a R  ~ o s a  sasncn~  OT ~ H ~ P ~ H H ,  ~ ~ U B H O C H M O ~ ~  
00 BHYTPeHHHe OPl'aHbI - AeI'KOe, ~ H T O B H A H Y I O  X e A e -  
y, KoCTH! K03+@nyiem KOHBePCHH A 0 3 b I  n 0 3 B O M -  Il 

eT U e p e B e c T H  KOAMqecTBO ~ ~ A H O ~ K T H B H O C T ~ ~  (H3MepfleMofi  0 
~ m p n  HAH 6e~~epenax) B ~ o 3 y  (rime n e M y m  B percax H n n  

t! sn~ep~ax) .  M c n o n b s y e ~ ~ e  npn e b r p a  o T K e  npaenn H HOPM 
K O ~ @ @ H ~ M ~ H T ~ I  PaCCYHTbIBaIOTCII KaK l I P H  HCnOAb30BaHHH 
3KCnepHMeHTaAbHblX AaHHblX, T a K  H H a  OCHOBe MaTeMaTHYe- 
C K O M  M O A ~ ~ M ~ O B ~ H H R .  C\FR KaXCAOIQ OTAeAbHO B311TOr0 pa- 
AMOHYKAH&a yKa3aHHblf i  K O ~ @ @ H ~ H ~ H T  3aBHCHT OT I IepHOAa 
nonypacnma P W o a K T n s H o r o  M a T e p n a n a  n OT T u n a  n3ny- 
nae~oii pauaqnn (ans@a-, 6e~a-, ra~ua-). OH T a m e  3asn- 
CHT OT TOM), H a u c o n b K o  A e m o  PWOHYICAHP, cnoc06e~ npo- 
HHKHYTb 0 OPl'aHH3M. C\FR MaTepHaAOB, C ~ O C O ~ H ~ I X  IIPOHHK- 
HYTb 0 T P b  I IyTeM BAaJxaHHfl, YYHTbIEaeTcR UX PaCTBOPH- 

M 0 C T b . L  .MaTePHUOB, I lpOHHKalonylX C n H l q e k ,  P H T b I B a -  
eTCR HX 3a6op 0 O P r a H H 3 M  - KOlM¶eCTBO M a T e p H U a ,  n O r A 0 -  
qaeuoe K ~ B L ~  B ~ a n o k  KwnrKe. 

Pacreop~~cxm o3~anae~,  c ~arcofi s e p p ~ ~ o c r b x o  arawpn- 
an pamopm B BoAe. Y ~ M  OH M e H e e  P a c T B o p m ,  c T e u  boa- 
IUHMH CAOXHOCPl?MU AJUI OPraHH3Ma CeR3aHO er0 BbXWAeHHe 
H 3  AWKHX. 0 6 b m ~ 0  IIOCAe ~ O ~ A O ~ e ~ ~  H ~ ~ ~ C T B O P H M ~ ~  Ma- 
~epnm ~ a x o ~ l r c ~  B opra~n3ue B T e P e m i e  60~ee M n m b H o -  
ro epe lureen ,  m n HBOAHT K 6 o a u e ~ y  yqep6y. 3THm o6wc- 
ru~e~ca, gn, db n b m h c ~ e a  pwo-OB ~epacrsopn- 
Mblb @pMbl U M e w  6onee B ~ I C O K ~  K O ~ @ $ H ~ ~ H T  KOHBePCHH 
AOSI no c p a m e m  c 06~iil01qmw d o ~ b r n e l  pacmopmo- 
CTbIO. A H ~ A O ~ H ~ I M  06 a 3 0 M ,  PaPJIOHJWW&bl C M e H b ~ e g  
c~eneww nornoxqew d' b ~ c r p e e  B ~ I B O ~  n3 o p r a ~ n 3 ~ a  n 
npnnnmmr ~ e m d  ynlep6. nomuy npn onrrria~o~ok pa- 
AMOaKTHBHOCTH MX ~03@@~q~eH'i' KOHBePCHH HH)Ke. 

P ~ a q n o ~ H s ~ e  m a y a p  p/u nepconaa n H a c e n e w  
H3MePII#YPCII B 3 ~ B H W h e H l f  A03bIp I I O A ~ ~ ~ H H O ~  OpraHH3MOM 0 
4eAOM. HO B A ~ ~ C T B ~ H O C T M  OPI'aHH3M K @ H ~  W O  - eC- 
M ~oobrqe ~or~a-m6o - n o A P a e T  paenouepnoe d ~ y n e ~ n e ,  
H oTAeiuHb1e  en, namu H opraw sanaerylo n o p a x a m  
6 o ~ b u e ,  n e M  A p y m e .  %o nponcxow'r, nmofiny npoHHKa-  
mqne s opram3~ P ~ P J I O H ~ K A H A ~ ~  H e p a B H o M e p H o  p a c n p e A e -  
~ m r c n  M e m y  p a ~ w b m  opraiiauu (nanpmep; pwoan- 
T U B H ~ I ~ ~  k o ~  K o H q e m p H p y e T C Z I  B qmo~woi i  xene3e, a no- 
naAaIOIl@ Wpe3 A b I X a W H b l e  IIYTH MJWOHM~ HaHOCMT HOH- 
h ~ e e  c y q e c r e e H t i o e  nopaxeiine nemu, m r A a  nan crpon- 
I@ H a K m w e T C I I  B KOCTRX). ICpo~e  om, H e  H c m v e H a  
EO3MOXHOCTb H TOIY), STO BHeII l iUd ~ a q ~ 0 ~ H b f j i  HCTOqHHK 
n p n B o m  K n o p a x e H m  TOA~KO qacm opram3~a. 

~ @ @ ~ K T H B H ~ I ~ ~  3 K E M B U e H T  AO3bl IIPeACTaBAReT ~ 0 6 O f i  
MeTOA npeo6paso~a~n~ P e U b H O M  BeCbMa CAOXHOrO np0- 
4 e C C a  p ~ O a K T H E H O I ' 0  B O ~ A ~ ~ ~ C T B H R  0 6o~ee  IIpOC'I'yJO KOH- 
qenqnn A O ~ ~ I ,  nopaxaxolqek o p r a ~ n s ~  B q e A o M  - Tee. nony- 
PeHHaRAOK~bHOAO3ay~OBHOpaCnpOCTpaHaeTcfl :HaEeCb 
OpraHU3M.  TO RBMeTCII  MeTOAOM K O A H P ~ C T B ~ H H O ~ ~  0 4 e H K H  
nOBbIlIWHHR BepOfiTHOCTH 3aboneea~nfi BCAeACTBHe nOAy-  
PeHHR A03b19 S T 0  R3MePReTCH, I'AaBHbIM obpaso~, A O ~ H H -  
T m 6 H M M U  CAYnaRMH CMepTeAbHbIX PaKOBblX 3a6oneea~nii H 
HaCAeACTBeHHbIX 60nes~eii. ~ @ # W K T H B B H ~ ~ ~  A03bI  n03BOA11- 
K)T &eAaTb COnOCTaEAeHHR M e m y  pa3AHrHbIMH BHAaMH pa- 
AHaqHOHHOrO B O ~ A ~ ~ C T B H ~ ~ .  

1 h e e T  M e m o  KaK e#lHOBpeMeHHOe, T a K  H IXOCTORHHOe 
. p;ySHaqHOHHOe B O ~ & ~ ~ C T B H ~ .  E ~ H o B ~ ~ M ~ H ~ ~ o ~  003AefiCT- 

BHe BO3HHKaeT n p H  q p e 3 ~ b I q a g H b l x  06crorr~e~bcreax, B Sa- 
CTHOCTH, ~ E ~ ~ W ~ X , . ~ O C T O ~ ~ H H O ~  B O ~ A ~ ~ ~ C T B H ~  M O X m  BO3HH- 
KaTb 0 p e 3 Y A b T a T e  PeI'yJUIPHbIX B ~ I ~ P O C O B  P W O a K T H B H O -  

. CTH B B O ~ Y X  nm  BOA^, H O c y q e c T s w T b  nopaxeme B T e u e -  
- HHe O ~ ~ I Y H O ~ ~  U O B C ~ A H ~ B H O ~ ~  XH3HH. 

Aaxe l l P H  0 0 3 ~ e f i C T ~ H ~  P ~ O a i C T H B H O C T M  H a  O p r a H H 3 M  0 

1 T e r e H n e  orem K o p o T K o r o  n e p n o A a  s p e M e H n  ( n p ~  emospe- 
. - MeHHOM B O ~ A ~ ~ ~ C T B W H ) ,  ~ ~ O ~ K T H E H ~ I ~  M a T e p H U  OCTaeTCJI 

B 0 p r a ~ n 3 ~ e  H a  o n p e A e n e H H o e  s em, B T e n e r n e  K m p o r o  H 

: o ~ a 3 b 1 s a e ~  csoe soa~eiim~ne. &HTWHOCT~ B O ~ A ~ ~ C T E H R  

. o n p e ~ e n a ~ c ~  n e p n o A o M  nonypacnaa u a T e p n a n a ,  nonae- 

. IUel'O B OPraHH3M, u KOAUYeCTBOM BpeMeHU, 0 TeYeHHe KOTO- 
poro OH o c T a m  B o p r a ~ n s ~ e  ( ~ o ~ n ~ n p y m q m  n m e T c R  

~ e ~ b l ~ ~ f i  H 3  YKa3aHHbIX @~KTOPOB). Aoaa, O X H A a e M u  0 Te-  
1 Y e H n e  stem B@@~KTUBHOIY) n e p n o A a  ~o3~eGcrem p w o a K -  
. T M B H O ~  B opranna~e, m e H y e T u i  n o n p e ~ ~ o i i  ~03ok. 3 ~ -  

BHWAeHTOM I I o A J W ~ H H O ~ ~  A03bI, YCTaHOEAeRHbIM ICRP, R B M -  
' eTCR A 0 3 a ,  3KBHBUeHTHaff H ~ K O U A ~ H H O $  B T e g e H H e  50 A m  

nocne nanana ~08~ef ic~em p ~ w o H y m ~ a .  

: 1 h w i  mami nepenmma B ~ e p e p a h o ~  wpuake ~ 3 :  Kevin 
. Gurney, "DCFsW, Scime for Dcmxnztz'c Actt'un, vol, 2, No. 3 (Fall 1993), . 
. P& ' 



B n p H ~ e ~ e H ~ 0 f i  H H X e  ~a6nnqe nOKa3aHbI  YCTaHOBAeHHbIe 

K O M H C C H ~ ~ ~  IIO HAepHOMy peI'j'AMpOBaHHI0 (NRC) CIIIA 
n p e A e A b H 0  AOnyCTHMMe YPOBHH KOHqeHTpaqHH (w) 
B BOAe H BO3AyXe HeKOTOPbIX H3OTOIIOB, YaCTO BCTpeYa- 

IOqHXCfi B OKpeCTHOCTflX IIAePHbM O ~ % ~ K T O B .  ~ T U  CTaHAaP- 

TbI 0 6 ~ 3 a T e A b ~ b 1  PjUI O ~ ' ~ ~ K T O B ,  no&IeXaqnx AHqeH3MpO- 

BaHHK, NRC ( ~ a n p n ~ e p ,  HeBOeHHbIe npeAnpMRTHJl lI0 nepe- 
p a 6 o ~ ~ e  y p a H a  M A X ) ,  a T a l o g e  @r npepc~a~n~enek  06- 
~ e C T B e H H O C T H .  P a 3 p e I I I e ~ ~ b 1 e  YPOBHM B O ~ A ~ ~ ~ C T B M R  PJLR 
I IepCOHaAa RAepHbIX O ~ % ~ K T O B  HeCKOAbKO BbIIIIe. 

BTH paCC¶MTaHbI TaKHM o6paso~, YTO YPOBeHb AO- 

3 b l  H e  IIpeBbIUlaeT 50 M H M H p e M O B  B r 0 A  U R  K-Or0 pa- 
AMOHyICAHAa. ~ Y U T ~ ~ B ~ K I T C I I  AHUlb T e  PaAHOHYKAM.Abl, KOTO- 

~ T H  CTaHAapTbI H e  YWITbIBaIoT C?IOHOB~IO PaAUaqHIO, KO- 

T O p a R  OnpeAeJUIeTCfi  KaK " p a ~ H a q H R  M3 KOCMWYeCKMX HC- 

TOYHHKOB; llPMPOAHblX PaAMOaKTHBHblX M a T e p H U O B ,  BKAIO- 

.tax PaAOH ( U C K A ~ ~ Y ~ R  Tf! CAyYaM, KOrAa OH RBAleTCII n p O A y -  

KTOM P a C n a A a  HCTOYHMKa HAM CIIeIJMaAbHOrO JIAepHOrO Ma- 

TepMaAa)  I( r ~ o 6 a n b ~ b 1 x  OCaAKOB, IIOflB~BIIIHXCH B O K p y X a -  

K)~efi C p e A e  B p e 3 y A b T a T e  H C I I ~ I T ~ H M ~ ~  RAePHbIX B3PbIBHblX 

yc~poi ic~~"1.  Apyrmw cnoeanur, @o~osar  papnaqnr y q n -  

TblBaeTCR nOMHM0 mK. OAH~KO, eCAH I I O ~ A W ~ O C T M  HIXO- 

AMTCR ~pyl'ofi o 6 n e ~ ~  ( ~ a n p ~ ~ e p ,  HeCKOAbKO JaBOAOB, CO- 

CTaBASIOqHX e ~ n ~ b l f i  K O M ~ A ~ R C ) ,  o6qee 3 a r p R 3 H e H H e  OT 

3TMX n p e ~ n p ~ f i ~ ~ f i  AOAXHO 6 b 1 ~ b  H M e  w. 
p b r e  c n o c o 6 s b 1  n o n a ~ a ~ b  e ~ y ~ p b  o p r a ~ w 3 ~ a  nps B@IX~HWU : 
UH M e x a H H q e C K w  IIYTeM; n p o n o p q H o H ~ b H o  conpa- . 1 Nuclear Regulatory Commission, 10 CFR Pan 20.1002 (Washington, 
q a I o T C R ,  em# HMeeTCJI 6o~ee OAHOrO PaAHOHyKAUAa. . D.C., US Government Printing Office, 1994), p. 304. 

ma m ~ o -  CIP(K ma 
Pamony~mc~ P a m o p n m m  c@pw (pCi/l) BOW! (pCi/l) M ~ ~ ~ M Q M H C K ~ ~  nouIeAmua 
Bonopon-3 Hepac~eopn~~i  100 1 000 000 t i~s~o3~epr0~urec~oe 6 e ~ a - ~ s n y r e ~ ~ e .  8 +op~e  eonu 
(TPHTH~) P ~ C T B O ~ U W ~ ~  100 1 000 000 MOXeT 3aXBaTblBOTb OTOMOMH BO~OpOnO, HCJXOARUHMHCR 

B KneTKOX OprOHU3MO. HOXOARC~ B Bone, flpH eosnek 
CTBHH Ha 6epe~eH~blx xeHunH nponnKaer repes nna- 
WHTY H 06nyrae.r nnon 

CTPOHIQIG-90 Hepamopu~tdi . 0,006 - Mmyrae~ 6e~a-~OAHOUHIO. IIO~O~HO KOnbWQ KOHUeHT- 

P a ~ r s o p ~ ~ ~ i i  0,03 500 pupyera B K O ~ U X  TKaHnx 

Man- 1 3 1 Hepamop~~uR 0 2  1000 W3nycrae~ 6e~a-PCI~UOUHIO. K O H ~ ~ H T P H P Y ~ T ~ ~ ~  B ~ H T O  

POCTBOPHM~~~ 0 2  - 1000 ~HflHof i  Xene38, flpOHHKOeT, rn00HHM 06pa30~, (cepe3 
MOnOKO 

UesuR- 1 37 Hepacreop~~~R 0 2  1000 M3n)~ae.r 6e~a- H r w - p a ~ ~ a w l o .  flon06~0 KQIIHK), 
Pacrsop~~blR 0 2  1000 HOKClflnHBaeTcFl B MYCKYnbHbiX TKOHRX 

PO~OH-222 6e3 nponylcroe 10 - HOHOCHT y ~ e p 6  nocpeacTBoM, rnaeHblM 06paso~, KO- 

pacnana po~~oxueyuero anb+a-pacnana, ~a~annneaerc~ HO 

C f lponyna~~ 0,1 - CTeHKOX 6 ~ 0 ~ x 0 ~  H MOXeT Bb13blBOTb POK J I~~KHX 

pacnana 
Po~HR-226 Hepacreop~~wR 0,0009 60 WCTOVHHK anb+a-pw~al#~~., ~ O ~ O ~ H O  KCInb4HK). HOKafl- 

P ~ c ~ B o P H M ~ ~ ~ ~  0,0009 60 nHBOeTUI B KOCTHblX TKOHZIX. fl0flO~aeT B H F p b  OprOHH3- 

Ma, B OCHOBHOM, MeXOHHWCKUM flYTBM. 

f lpupon~~f i  y p u ~  Hepamop~~blA 0,00009 - B OCHOBHOM, HCTO'IHHK anb+a-~snyre~~~~, X H M H ~ ~ C K H  TO- 

Manopacreop~~w7 KCHWH, O C ~ ~ ~ H H O  WZI flO'le~. BAUXOHH~ H flpOH~KH088- 

POCTBOPH&~ 0,0009 - HUB B OPTOHH3M MeXOHHWCKUM IlyTeM flOBtJUJOeT PUCK 

0,003 300 sa6oneea~u~ p a ~ o ~  ner~ux H K O C T ~ ~ ~ .  

nnyrotinfi-239 Hepacrsopn~uR 0,00002 - MCTO~HHK an~&a-~snyrle~~~. OCHOBHOR yrpsa HCXO~HT 

Manopacreopu~uG OT BAblXaHHZI WCTHq H OT nOnaAaHHZI BHYTPb OPTOHHIM0 

Pam eopn~uA 0,00002 20 repes nopesu 

AMepu~nR-24 1 H~~OCIBO~HMUR 0,00002 20 MUO~HHK anb+a- H ~ O M M O - H ~ ~ ~ ~ ~ H H R .  flpo~ylcr pacna- 
Pacreopu~blR 0,00002 20 na Pu-24 1. npencraen~e~ oco6y10 onac~ocrb nnn nep- 

conana, pa6oralouero c 3~eprernrec~u~ Pu. 

MCTOPHHK: Nuclear Regulatory Commission, 10 CFR Part 20.1002 (Washington, D.C., US Government Printing Office, 1994). 

* C T ~ H A ~ ~ T M  A]UI nmbe~oii BOA~I, ycTaHoBAenHHe A~~HTCTBOM no oxpaue o~pyxalorqeii cperw (EPA), OCHOB~HM Ha ypoeHe 4 ~ ~ n n u p e d r o ~ ,  npu 
yc~onaa nonaAaHna pwaqau ssy~pb o p r a ~ a 3 ~ a  HCICAIOSHT~A~HO vepes naTbesp  BOA^. T ~ R H M  obpaaou, ycTaHosAwme EPA wK CmaBARroT, 
Kar npaeano, Menee neaa I / l O  npencTaeAeHHux B ~ a d n ~ q e ,  npa H ~ A H P H H  p w  pamonymmoB, Hanpuuep, TPHTHZI, wK eqe HHxe (20 THC. pCi.11). 



PaBMAa pa~Jiaql l0~~0fi  3 a q H T b l  OCHOBaHbl H a  T p e X  OC- : 
HOBHblX PeKOMeHAaqHRX, n e p B O H a Y a A b H 0  pa3pa6o- . 
TaHHbIX ICRP E 1977 re H BHOBb nOATBePXAeHHblX BnO- . 
CA~~CTBHH:', 

: ~enecoo6pa3~oc~b: 3anpeqe~a m6aa A e f i T e n s H o n b ,  . 
n p H  K o T O ~ O ~  YeAOBeK M O X f f  IIOABePrHyTbCll o 6 ~ p e -  : 
HHK), 38 HCKAK)YeHHeM TeX C A P a e B ,  KOrAa O H a  nPHHOCWT - 
c y 6 s e ~ ~ y  0 6 n y n e ~ n ~  HAM 06qecmy A o n a T o . c H o  6nar, . 

. ' ' i ~ 0 6 b 1  KOMneHCHpOBaTb H ~ H O C H M ~ I ~ ~  ~ ~ H a l y l e f i  yqep6. 

: Han6onee CAOXH~IM n3 m x  n p H H q H n o e ,  K TOMY x e  Aa-  ' 

AeKO H e  BCerAa a A e K B a T H 0  npHMeWIeMblM, RBAReTCR q e A e -  . 
C O O ~ ~ ~ ~ H O C T ~ .  O q e ~ ~ a  BCPOSTHOCTH Y H C T O ~ ~  BbIrOAbl, KO- . 

: TOPYlo  cnoc06~a npHHeCTM T a  HAM HHaR AeRTeAbHOCTb, OC- 1 
. HOBbIBaeTCR H a  3aKAK)YeHHRX 0 ~ ~ A ~ C O O ~ ~ ~ ~ H O C T H ,  KOTO- . 

P b I e  TPYAHO - J4AH HeB03MOXHO - KOAWIeCTBeHHO H ~ M ~ P H T ~ .  . 
:  TO n p w ~ a e ~  ICRP: 

"KOMHCCHR PeKOMeHAYeT, 9 ~ 0 6 ~  B CAy'laRx, KOrAa IlpeAnpHHH- . 
MaeMaR AeffTeAbHOcTb ~ p e d y e ~  UAH COAepXHT PUCK PaAHaqH- . 
ownom obnyue~u~,  n p ~ ~ o c m s b 1 8  em yqep6 A o m e n  6 b l ~ b  OA- ' 

: H O J H ~ W ~ O  s n n l o q e a  B npoqecc o c y o l e n s A e n m  ~ b 1 6 o p a .  Pac- 
. ~ M a ~ p H ~ a e M b f f i  yqepd He AOAXeH OrpaHHqHBaTbCR TeM, KOTO- , 

pblk  CBR3aH C pa~uaqnek, OH AOAXeH nPHHHMaTb BO BHHMaHHe . 
H APYrHe Bwb! yqep6a, a T a m e  CTOHMOCTb C ~ M O G  AeRTeAbHO- . 
CTH. 3auamym n p m u n ~ e ~ b s f i  p a~uaq~e i i  yxqepd  n e n R e T c a  

: numb ne3~asmmb~ok n a m b l o  o6qero yqep6a. T ~ K H M  o6pa- : 
 OM, qe~ecoo6pa3~om o c y q e m B n e m R  TO$ UAH H H O ~  AeR- . 

- W~HOCTH o n p e A e m e r c n  bo~ee mupowmu n p m H n a M n ,  YeM . 
p a A n a q n o H H a n  saqnra... ~ O H C K H  H a m y n m n x  BapuaHToB . 
0 6 b n ~ 0  HaXOARTCR 3a npeAeAaMH OTBeTCTBeHHOCTU BeAOMCTB, ' : ocyqecrsnnlolqnx pad~aqnonnya 3a1qmy 4. 

. 1 l l e p e o c q a ~ a ~ o  c pa3peue~n~ H ~ A ~ T ~ A R  n3: Nuclear Wastelands, Arjun : 

. Makhijani, Howard  Hu, and Katherine Yih, eds. (Cambridge: MIT Press, . 

. 1995), Chapte r  Fow "Health Hazards o f  Nuclear Weapons Production". . 

CUeKTp COqUaAbHbIX, 3KOHOMHqeCKHX H IlOAHTH9eCKUX npo6- . 
neu,.. Kpwrepwi qenecoo6pas~oc~u aeAReTcR Y a m m  IIOAHTH- 

. 
v e c K o r o  npoqecca npuHRTna  peme~nl ,  B xone ~ o ~ o p o r o  Tex- : 
HHYeCKMe H CBR3aHHble HCKAIOYHTeAbHO C IIpeHMY~eCTBaMH U , 

HeraTHBHbIMH CTOPOH~MH AeWTeAbHOeTSI, npe~nonaraloqek pa- . 
AHaqHOHHOe B O ~ A ~ ~ C T B U ~ ,  aCXeKTbI HrpaIOT XOTR H BIXHYIO, HO . 
OTHOCHTWbHO OlPaHlPleHHYlO 

B n e p e o ~ a s a n s ~ b ~ f i  nepnon p a 3 p a 6 m ~  mepnoro opy- . 
X H R  BOBAeYeHHbIe B H e e  Y W H b I e  M aAMHHMCTpaTOpb1 Ilona- 
ram, YTO coo6paxe~wr H ~ ~ U O H ~ A ~ H O ~ ~  6e3onac~om Ae-  
A a l o T  q e A e ~ 0 0 6 p a 3 ~ b l ~  c o n y l C T ~ y r o u @  a~oA pa3pa6o~~e . 
PHCK. K ~ K  OTMeTMA & K . H ~ I ~ ~ M  C T ~ H H ~ ~ A ,  "B 1947 r. AaH- . 
HbIe 0 IIAyTOHHH H A p y r H X  aKTHHHAaX HCIIOAb3OBaAHCb B XO- 1 
A e  cepnn ~ o ~ $ e p e ~ q n f i  ~ p e x  A e p x a B  no o r p a H n u e H M m  pa- . 
AHaqHOHHOrO B O ~ ~ ~ ~ C T B H ~ . . .  OHM T ~ ~ ~ O B ~ A H  nm~ok HH- . 
Tepnp(?X"M, ~ a n 6 0 ~ e e  KOHCepBaTHBHble H 3  KOTOPblX npM- ' 

BeAH 6b1 K 3aKpblTHlo  A O C - ~ B M O C ~ " ~ .  
n p n ~ q ~ n  q e ~ e c o o 6 p a 3 ~ o c ~ ~  n o - n p e x ~ e ~ y  o c T a e T c r  . 

KpaeyrOJlbHbIM KaMHeM [PHAOCO@HH ICRP, HO npMMeHM- ' 

MOCTb 31Y)M) I I p H H W I l a  B OTHOlueHHH K O H K ~ ~ ~ H O ~ ~  CHTyaqHH : 
B f l ~ e p n o f i  npOMbILUAeHHUcTH, KaK ~ ~ W K A ~ H C K O ~ ~ ,  TaK H BOeH- - 
~oii, 06cyatpamcs p e ~ ~ o 6 . 0 n ~ n ~ n 3 a q u i  n p e m o A a r a e T ,  YTO 
~ Y A ~ T  npUHRTa1 M e p b I  IIO CHUXeHHK) PllAHaqHOHHOM) 803- 

~e f imen~  AO T e x  nop, n o K a  B ~ I ~ O U I  ~ a n b ~ e i i r u e r o  corpaqe- . 
HHR H e  6 y ~ y ~  O n p a B a I B a T b  HX CTOWMOCTb. H e ~ c ~ o ,  KaKUM . 
obpaso~ MOXHO aKTHBH0 p e a A n 3 O B a T b  3TOT npHHqWn,  B OCO- 
~ ~ H H O C T H ,  n o c K o n b K y  OH ~ p e 6 y e ~  O n p e A e A e w H b l x  K o n u q e m -  . 
BeHHblX OqeHOK A ~ H ~ X H O ~ ~  CTOMMOCTW Y ~ A O B ~ Y ~ C K O ~ ~  XM3HW. - 
Ha npaKTHKe, O n T H M M 3 a w R  IIpnMeHReTCR AEyM5I IIYTRMM: : 
n o o q p e H n e M  " ~ a ~ n y v l u ~ x  A o c T y n H b l x  ~ex~onor~i i" ,  a T a m e  . 
OC03HaHHeM TOM), YTO npOCTOe COoTBeTCTBHe n p e A e A a M  RB- . 
AMTCR HeAOCTaTOYHbIM. ECAH ~ a A b ~ e f ¶ I l D i e  OrpaHUVeHMIi A 0 3  ' 
CTaHYT IIPMMeHHMbI B n p e A e A a X  pa3y~~0f i  CTOMMOCTH, HX . 
CAeAyeT MCnOAb30BaTb. K ~ K  npaEMA0,  OIITHMH3aLV(R OTHO- . 
CHTCR K KOMeKTHBHbIM, a H e  H W B H A Y a A b H b i M  A03aM. 

OCHOBH~I~  OPpaHHPeHHR A03,  PeKOMeHAOBaHHbIe B ny6- : 
AHKaqHH ICRP NQ 26 (1977 r.), COCTaBnRIoT: 50 MHMH3H- - 
BepTOB (5 p e ~ )  B r O A  AAR I IepCOHaAa p a A H a ~ H O H H O O n a C H b f X  , 

o 6 % e ~ ~ o s  H 5 MIUhH3HBePTOB (500 MMMHP~M) B I'OA @B Ha-  : 
cenesnr. C o n y ~ c ~ ~ y I o q a ~  P e n o M e n A a q n s  npehnonaraer . 
n O m e p X H B a T b ,  n O  B03MOXHOCTH, AO3bI W R  HaCeAeHMII B ' 
n p e A e n a x  1 M M A A H ~ H B ~ ~ T ~  s r 0 A e  Ona n o c T e n e H H o  c T a H o -  

BMTCR OCHOBHblM AOArOCPOYHblM AMMUTOM W R  HaCeAeHHR; . 
e X e r 0 A H O e  KpaTKOCpOYHOe B O ~ A ~ ~ C T B H ~  IIO-IIPeXHeMY AO- . 
n y c K a e T c s  B npeAenax 5 M H ~ ~ H ~ H B ~ ~ T O B .  

ICRP n p w o A a r a m  n p n M e H n T b  y ~ a 3 a ~ n u e  orpannse- : 
HHn M A  0 6 ~ y n e n ~ n  BCeMH HCTOqHHKaMH PaAMaqHU, 3a nc- . 
m q e H H e M  eneneennoro P w a q n o H H o r o  @o~a .  3 ~ a  op- : 
r a ~ ~ 3 a q ~ n  pa3pa6o~a~a  M e T o A o n o r H r o ,  ~ O ~ B O A R K ) L ~ Y I ~  . 
CyMMHpOBaTb A03b1, nOAyYeHHble H 3  pa3AHSHbIX HCTOYHH- . 
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2 1990 Recommendations of the International Committee on Radiological : 
Protection. ICRP Publication 60. Annals of ICRP, vo1.21, no.1-3. Oxford, . 

- New York: Pergamon Press, 1991, p. 28. 
3 ICRP 1991, para. 115. 1991 ICRP nepec~mpeAa nepBoHauanbHbre . 4 Nuclear Energy Agency, Committee on Radiation Protection and Public : C'l'allpaP'bI ~ a ~ n a q n o ~ ~ o f i  3aqHTbl~ rAaBHblM 0 6 ~ a 3 0 ~ 1  OT- ' Health. Applicability of the ICRP principle of justification of a practice . 

BW Ha EepeCMOTp AO3HMeTPHW H PHCKa aKOBblX 3a6onesa- : P to radiological protection standards. Journal of the Society for . 
HWR y x e p B  aToMHMx 6 0 ~ 6 a p ~ p o ~ o ~  . Ha~6onee 3~aun- . Radiological Protection, vo1.2, no.4 (1982), p.15, 
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U.S.Department of Energy, Office for Health and Environmental ' 

ro AuMnTa nepcoHaAa 20 MlmMn3nBep70B* 3T0 : Research. Oak Ridge, .Tennessee: Office of Scientific and Technical : 
n3~eHe~ne  ~ a n o  o~pa3nnocb Ha CyqeCTByIoWx npaBmax. . Information, U.S. DOE. October 1988. 

. 6 Ba3a MHHMX O P ~ ~ H H ~ ~ ~ H H  QUEST (1992 r.) coAepmT A H W ~  5 C C ~ U O K  . 
+ Ha npu~qnn " q e ~ e c o o 6 p a ~ ~ m ~ "  H 91 - H a  O ~ T H M H ~ ~ ~ H W )  (QUEST Data . 

1 Recommendations of the International Committee on Radiological . Base Vol. 26, 1992. [ C o s ~ a ~ a  H paccmamx ~opnopaqueii Radiation . 
Protection. ICRP Publication 26. Annals of ICRP, vol.1, no.3. Oxford, . Technology, inc., P.O. Box 10457, Silver Spring, MD 20914, USA.]) . 
New York: Pergamon Press, 1977, p. 3. 7 ICRP 1991. 

Y R C H ~ H H ~  eAHHH4 H3MepeHHII 
A 0 3  BeCbMa CAOXHO. YA~YLUMT~ 
C ~ O H  HaBbIKU nyTeM PeUIeHIlfi 
cne~ymqeii sa~aun. 

B ypa~oeok uraxTe Ann- 
K ~ H ~ O H  YPOBeHb KOH4eHTPaqMH 
paoHa comasnam 100 IIHKOKK)- 
pH Ha 1 A BO3AyXa. Ka~osa 6 y ~ m  
~ o 3 a  pamaqwn B paAax, HaKon- 
neHHafi B AerKoM UaxTepa, npo- 
pa6o~aamero TaM B Teueiine 1 
~ecfiqa? OAHOI'O r o ~ a ?  O T B ~ T  
6 y ~ e ~  ony6nn~osa~  B CAeAyIo- 
qeM HoMepe. 

KOAH~~CTBO BOsAyXa, BWIXa- 
eMoro UaxTepoM B TeqeHwe 
1 u ~axenoi i  @ H ~ H Y ~ C K O ~  pa- 
6o~b1, OqeHnBaeTca B 2000 
AMTPOB 

1 MYP = npon3ee~e~um 1 PY 
Ha 170 uacoB 

Bec AerKoro sspocnoro ueno- 
seKa oqeHnBaeTcrr B 1,2 Kr 

MT~K! B IIpOUIAOM BbInycKe YHTaTeAn He HaUIAH AOCT~TO'IHO~~ 

H H @ O P M ~ ~ H H  AlUI 3anOAHeHHR Ta6~nqbl Ha C. 8 B py6pn~e ' H ~ Y K ~  

Kpnmqecrtnx ~ a c c "  "3~5" NQ 3. Hnxe npneoAnTcfi ~a6nnqa, no~a3b1samrqaa 
pacnan nny~o~nfi-241, n HaKonneHlme a~epwqnfi-241. K ~ K  MM ynoMIiHyAn B 

2 ner 5 ner 14,4 net 28,8 ner 
0.91 0.79 0.5 

0.09 0.21 0.5 

nr~awie i i  npxaowd ypameme, 
, rAe No - Hanananoe romnecmo ~3 



Y p a ~  T a m e  HeCeT MHOrO APYrHX yrp03, H e  CBR3aHHblX C 

pa~naqneii. E y ~ y ~ n  x n M n u e c K n  TOKCRYHLIM T R x e n b l M  Me- 

TaAAOM, n p H  BAbIXaHHH HAM B p e 3 y A b T a T e  UH'heK4WH P a C -  

T B O P ~ H H ~ ~ ~  y p a H  nopaxaer noum. Ypa~osaa pyna, now- 
MO Y p a H a ,  C O A e P X H T  H A p y r H e  HepaAMOaKTHBHble TOKCMY- 

Hble  T R X e A b I e  M e T a M b l .  MX COCTaB MeHSeTCR B 3aBWCHMO- 

CTH OT MeCTOIIOAOXeHHR PYAHHKa, HO M O X e T  BKAIOSaTb, no- 
MHMO A P Y n X ,  MblUIbRK, CBHHeq, M O A H ~ A ~ H  H M a p P a H e q .  B 
p e 3 y A b T a T e  6 y p e ~ n r  o6pa3ye~cn KpeMHHeBafi  nbIAb, KOTO- 

p a R  n s A a e r c a  ~ 0 3 6 y ~ u ~ e n e ~  p a a n n ~ ~ b ~ x  3a60~esa~n8, me-  
HYeMbIX CMAMKO3aMM. CHAWKOSLI nPHBOART hOCTeneHHOMy 

n o p a x e H n I o  nemnx. OHH O r p a H n Y n B a m  + y ~ ~ q n n  A e r K o r o  

H M O r y T  nPHBeCTM K P a K Y  H nOBb1UeHHOMy PHCKy sa6onesa- 
HHR T Y ~ ~ P K Y A ~ ~ O M ,  PeBMaTHYeCKHMH a p T p H T a M n  M IIOYeY- 

~ b r r n n  ~ O A ~ ~ H R M M .  K ~ K  n r o p H n m  B q e n o M ,  n e p c o H a n  ypa- 
HOBblX ~ X T  n O A B e p X e H b 1  BblCOKOMy P n C K y  MeXaHHYeCKHX 

TpaBM; OAHaKO 3 T 0 T  PUCK n 0 l I l e A  H a  ~ 6 b I A b  n0 M e p e  COBep- 

UeHCTBOBaHHR B ~ O A ~ U I H H C T B ~  C T p a H  M e p  6e3onac~oc~n. 
AOS~I, n o n y q a e M u e  m a x T e p a M n  B y p a H o s w x  m a x T a x ,  

M O R H O  YMeHbIlIHTb nYTeM 06ecne~e~n11 A O A X H O ~ ~  B e H T M -  

qHH, IIPOBeAeHHR T q a T e A b H O r O  MPHHPOBPHHR, XOPOmHX 

KOHCTPYKTOPCKHX pa6o~  H ~ @ @ ~ K T H B H O ~  O p r a ~ n 3 a q n n  pa- 
~ O T ~ I .  OAH~KO IIOBCIoAy B MMpe BAaAeAbqbl UIaXT COnpOTMB- 

n n n W c b w e p a M  no y n y v u r e H n r o  ycnaenii T p y A a .  Hanpw~ep, B 

CmA BnAOTb A 0  CepeAHHbl 60-x rr. H e  C y q e C T B O B U O  M e p  
3 a q n T b I  IIpOTHB H3BeCTHblX [PIKTOPOB n O p a X e H n f f ,  A a X e  

HeCMOTPR H a  TO, YTO HCcneAOBaHHR,-npOBeAeHHble CAYX- 
6ofi o b q e c ~ e e ~ ~ o r o  3AOpOBbR CIIIA (USPHS) B H a q a n e  50- 
X I'I'., I IOKa3UW, S T 0  Yl'P03bl 3AOPOBbIO aMepMKaHCKMX pa- 
~ O Y H X  a H a n o r n Y H b 1  esponefic~nu, r A e  K TOMY B p e M e H n  yxe  

60~60fi, n p H c T y n n n a  K ~ ~ O M ~ I U A ~ H H O ~  ~ 0 6 b n e  n nepepa- 
6 o ~ ~ e  y p a H a  c H a r a n a  40-x rr. Ao 1968 r. H e  c y q e c T B o a a n o  

BepXHerO n p e A e A a  paAMqMOHHOr0 B O ~ A ~ ~ ~ C T B M R  AAR KaHaA- 

CKHX UIaXTepOB. A0 1954 r. C0BH"l'~Plfi C 0 I O 3  3KCnAyaTHPO- 

B a n  CBOH luaxTb1 B BOCTOYHO~~ repua~nn 6e3 npnuesens 
M e p  ~ ~ A H ~ ~ O H H O ~  3 a q n T b I .  B TeYeHHe A ~ c S I T U A ~ T H ~ ~  3TH 
IIIaXTbl O C T a B U C b  MeCTOM ~ K O A O ~ H P ~ C K O ~ ~  K ~ T ~ C T P O @ ~ I .  
3 ~ 0 p o B b e  H 6 e 3 0 n a c ~ o c ~ b  I IepCOHaAa UrHOpHpOBaAaCb H H a  

m a x T e  Poccn~r B Ha~n6nn .  B T e Y e H u e  n e p s b l x  T p e x  n e T  ee 
3KCnAyaTaqMH n e p c o H a A a  H e  XBARAOCb o ~ R ~ ~ T ~ A ~ H ~ I M  

HMeTb n p M  ce6e MHAHBMAyaAbHble CYeTWKH, BnOCAeACTBMH 

 TO n p a B n A o  6 b p o  p a c n p o c T p a H e H o  T O A ~ K O  H a  n e p c o H a n ,  

3 a ~ R ~ b l i  B KOHeYHblX n p O q e C C a X  H3BAeYeHHR Y p a H a .  Mccne- 
A o s a H n e ,  n p o s e A e H H o e  B 1992 r., no~a3uo. YTO "B nepnon 
[80-x IT.] npHHflTbIe B P O C C H H ~ ~  IXpOMbllllneHHble IWrMeHH- 

v e c K n e  cTaHAapTb1 c o A e p x a q e r o c R  B ~ 0 3 ~ y x e  y p a H a  

n p e B b 1 U a A n  PeKOMeHAOBaHHble ICRP IlpeAeAbHO AOnyCTM- 

Mbre n p n p o A H o r o  y p a H a  B 6 pas, u B 36 pa3 - A o n y c r n -  

Mblfi YpOBeHb, p e ~ o ~ e ~ ~ y e ~ b l f i  H O B ~ ~ ~ I I I M M M  HayYHbIMH UC- 

C A ~ A O B ~ H U R M H " ~ .  

B Pa3HblX CTpaHaX 6 b m  IIpOBeAeH q e ~ b l f i  P R A  MeAMqHH- 

CKHX n c c n e ~ o s a ~ ~ k ,  s a ~ o ~ y ~ e ~ ~ n p o s a s m n f i  ~ o s p a c ~ a ~ n e  
ypoem s a 6 o ~ e ~ a e ~ o c ~ n  p a K o M  nemoro. B Yexocnosa~un 
nocne 1970 r, 6 b m a  n p o e e A e H a  cepnn n s y n e ~ ~ i i  c o c T o n H n n  

3AOPOBbR HeCKOAbKWX FPYlIn UlaXTePOB. O ~ C A ~ A O B ~ H M ~  4042 
u r a x T e p o e ,  H a u a s u r n x  p a 6 m a ~ b  n o A  semek B nepnop, M e x A y  

1948 n 1957 rr., no~asa~o ,  YTO B 1985 r. K o m Y e m B o  c ~ e p e f i  
OT 3a60neea~nfi p a K o u  n e r K o r o  n p e e b l c m o  o x w a e ~ b 6 i  

Y p o B e H b  B n R T b  ~ a 3 ~ .  M C U ~ A O B ~ H ~ ~  "OHT~~MO" n p O a H U H -  

10 KPYllHEfiUIMX YPAHOBHX PYAHMKOB, 1996 r. 
('3ana~tiHblR ~np')  

06be;m % ot Mnposoro 
py#Wn~ b a ~ e n s q  Tnn ~ O b b l r i ~  npom8oAm (T) npome-mw 

K a ~ o ~ a  K~-ne i i~  Ka~e~o/K)pefiHep3 O~~pblTbIfi KOPbeP 5 429 1 5,4 
K a ~ a ~ a  P366n~-neR~ Ka~e~o/K)pehiep3 O~~pbl~blR ~apbepl 3 972 11,3 

nomeMHa9 ~ o 6 ~ r l a  

Aecrpann~ PeR~mep ERA OTKPHTM~ Kapbep 3 508 10,O ' ' 

HOMH~HR Poccn~r RZ o~~pbl~btfi Kapbep 2 452 7,o 

Hnrep AW K o x e ~ a / O ~ a p e ~  ~ O ~ ~ M H O R  ~ o 6 1 ~ r a  2 120 6 0  
Ka~ana Kna++Jefi~ Koxe~a OtKpbl~b~g ~apbep/ 1 963 5,6 

nOCWeMHOR ~o6urla 

Ascrponn~ O ~ H M ~ M K - P ~ M  WMC llo6ov~ufi IlPOAyKT 1 466 411 
(nobblrl~ ~ean), 
noweMHan no6ura 

Hnrep Apnm K o x e ~ a / O ~ a p e ~  ~ ~ ~ p b l ~ ~ f i  Kapbep 1 200 3,4 
K).A+pn~a Baa~lb-PH~C AHFJ~O-AM~PHK~H I I O ~ O W M R  npOAYKT 914 

(3on0~0~106blrl~) 
216 

noweMHa9 406~rla 

r a 6 o ~  O K ~ ~ O ~ O H A O  Koxe~a/Ta601i flon3e~~an n06wa 565 1 ,6 
a 

BCEI'O 23 589 67,O 
MCTOYHHK: The Uranium Institute. Web page http;//www.uilondon.org/utopmin.html 
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: s u p o ~ a ~ o  AaHHbIe no 50201 m a x T e p y  (B TOM wine, no 15000 . 
YeAoBeK, pa6maemx HCKAloYUTeAbHO H a  YpaHOBbIX PYAHH- - 
KaX OHT~PHO) 38 IIePHOA M e m y  1955 H 1986 rI'. B ~ I A O  0 6 ~ a -  ' 
P y X e H O ,  YTO K O M 4 e C T B O  CUejYRAbHblX PaKOBMX sa6o~e~a-  : 

. H H ~  n e r t r o r o  c p e A n  HHX 6 b u o  H a  120 6 0 n b m e ,  seu oxMae- . 
M a n  quapa B 171,8 ANI nnq, H e  n o A B e p r a s m n x c a  spewonuy 

: B O ~ A ~ ~ ~ C T B M I O .  B C O ~ A M H ~ H H ~ I X  m ~ a ~ a x  I I p O A O M U H C b  Ha-  : 
. ~ A I O A ~ H M  B OTHOIlleHHH rp)TlIlbI A n q ,  ~ 3 6 p a ~ ~ b 1 ~  USPHS, 

6 b ~ ~  XlpOBeAeHbI HOBbIe HCCAeAOBaHUn. B MCCAeAOBaHMH 
1988 r., n p O B e A e H H O r 0  XO~HYHI'OM M M ~ ~ H X ~ ~ A T O M ,  N B O -  1 

: PHAOCb 0 CHHepreTHWCKOM 3 @ @ e ~ T e  B O ~ A ~ ~ C T B H H  H a  O p r a -  . 
H M ~ M  ~ypewia c M r a p m  n o 6 ~ p e ~ n n  n p o A y K T a M n p a c n a a  . 

p a A o H a .  I l p e s b ~ l u e ~ n e  c ~ e p e k  OT p a K a  n e r K o r o  no cpquie- : : HHIO CO CPeAHeCTaTHCTHYeCKHM 6 b ~ 0  o 6 ~ a p y x e ~ 0  H B HC- . 
- CAeAOBaHHJIX COCTOnHWR 3AOpOBbH ~ B C T P ~ A U ~ ~ C K H X ,  BOCIY)q- . 

H o r e p u a H c m x  n + ~ ~ H I ~ U C K U X  m a x T e p o e .  k @ o p ~ a q m  06 ; 
. 3KOAOrHYeCKHX H M e m H C K H X  IIOCAeACTBHHX BO MHOrHX . 
. ApylWX pernosax, B YaCTHOCTH, A a p u ~ e ,  6 b l s m e u  C O B ~ T -  . 

CKOM C0lo3e, h ~ a e ,  OCTaIoTCJl TPYAHOAOCTyflHbIMH: T a M  1 
OCyuleCTBMAOCb M e H b m e  pa60~ B A ~ H H O ~ ~  06~acrn. 

A e n e H H e  y p a H a  n3 p y ~ b ~ ,  T a m e  O K ~ ~ ~ I B ~ S O T  B p e A H o e  M e w  * 

qHHCKOe H 3KOAOrMYeCKOe B O ~ A ~ ~ C T B H ~ .  I I p H  0 6 b F i ~ 0 f i  KOH- 
q e H T p a q H H  Y p a H a  B 0,2 UpOqeHTa,  BbIAeAeHHH 2 T Y p a H a  . 
~ p e 6 y m n  nepepa6mam lorn T ypa~osok pyuf - Tee. B OT- 

XOWI H a n p a m m c a  998 T n o p o u 1 . 3 ~ ~  OTXOAM, H u e H y e M b I e  
"XBOCT~MH", C O A e P X a T  85 I IpOqeHTOB PaAMOaKTHBHOCTW . 
n e p ~ o H a Y a A b ~ 0 f i  PYAbI, nOMtlMO XHMHYeCKH TOKCWYHbIX Be- ' 

q e C T B  H TIIXeAbIX M e T a M O B ,  06pa3y10quxc~ B pe3YAbTaTe : 
eoa~e3mwn ~ c n o f i 3 y e ~ b 1 x  npu nepepa6o~~e pearemos, B . 
YaCTHOCTM, C ~ P H O ~  KUCAOTbI H XAOpUAa BMMOHMR. 

06papasymq~ecn B p e s y ~ b ~ a ~ e  nepewssoro 060raqe~nn : 
Y p a H a  "XBOCT~I' COCTOHT, n p H M e p H 0 ,  H a  40 n p O q e H T O B  H 3  . 
T B e p S I X ,  H H a  60 TIpOl&HTOB - M3 XMAKHX OTXOAOB. ~ A K H ~  
OTXOAbI IIPOHHKaIOT B IIOYBy H C 0 3 A a l o T  PUCK 3 a r P R 3 H e H H R  
I'PYHTOBblX BOA. BWP~I  p a 3 H O U i T  ~ e 6 o n b m n e  PaAUOaKTHB- . 
HbIe WCTHqbI  CyXHX OTXOAOB, KOTOPbIe IlPW BAblXaHHH IIO- . 
paxam n e p c o H a n  H O K p e m H o e  H a c e n e H H e .  " X e o m b ~ "  Talr-  . 
Xe YaCTO HCflOfi3OBiUMCb I I p H  CTpOHTeAbCTBe XWLbIX AO- . 
MOB, 4 T O  IIPUBOAJUO K HaKOlIAeHHIO 3HaYHTeAbHblX A 0 3  pa- - 
AOHa y HX XHAbqOB. O C H O B H ~ I ~  PaAUOaKTHBHbIe KOMIIOHeH- 

CMYPAHOBOE6PEMIIHAC20 . 



C n W  AERKEMMM B O K P E ~ O C T F U (  AA-XAr M CEJUlAOW 

P 
amoxa~~sec~nfi  s a e o p ,  B ha-Xar, Opa~qm, a m m -  B e p r l n e e c R  BpeAHoMy B O ~ A ~ ~ ~ C T B H I O  H a c e n e H n e  c p a B H n -  

CR ~ p y n n e i m u ~  n p e w p H m H e M  csoero T u n a  B M n p e  s a n o c b  c w e n o p a x e ~ n s t ~ ) ,  n p o s e A e n H o e  BO O p a ~ ~ n  
(CM. " 3 ~ e p r r m ~ a  H 6 e 3 0 n a c n o c ~ b "  N 2), 06na~am- : ( T ~ M  6 b 1 ~ o  n p O B e A e H 0  AHmb ~e6ofimoe KOAU¶eCTBO Me- 

~ U M  M O ~ H O C T ~ I O  B 1650 T o ~ p a d o ~ a ~ ~ o r o  T O n M B a  B . H e e  myborux H C C A ~ A O B ~ H U ~  no M e A H v H C K H M  IXOCAeA- 

rOA. M C C A ~ A O B ~ H U ~ ,  O I X ~ ~ M K O B ~ H H O ~  B R H B a p e  1997 r. B ' CTBHRM P a A H a W O H H O r O  B O ~ A ~ ~ ~ C T B H R ,  no COnOCTaBAe- 

"16pu~~m M e ~ n ~ a n  & K 0 p H 3 A n  ABYMI @ ~ ~ H ~ ~ ~ C K U M M  HHIO Y ~ O B H ~ ~  CMePTHOCTH B Pa3AHPHbIX l'eoI'pa@H'Ie- 

YeHblMM, n O K a 3 m O  n O T e H ~ a A b H y X 0  C B I 3 b  M e m y  803- . CKHX paf l0Hax) .  H ~ ~ ~ o T u B ,  HaYHHaR C 1983 l'. B BenmtO6- 
pocmn~ K o n w Y e c T s o M  enynaes neli~emwu y ~ e ~ e i i  B pas- . p w r a H H n  6 b u a  nposenena qenas cepm ncene~osa~nfi no 
O H e  B O K p y r  ha-Xar H B b l 6 p o c a ~ M  C I I p e ~ p H I T H R .  AOMU- OnpeAeAeHHK, TOrO, YTO m a A 0  Fi3BeCTHbIM IIOA HaHMeHO- 

HHK l I o 6 e n b  n X~H-Opa~cya  B m b  npoeenw c p a e s n T e n n -  . BaHneM "rpynna Cnc~eiina". B A e p e e H e  Cnc~eiin, HeAa- 
H o e  HCCAeAOBaHHe, OXBaTblMBUee T e p p H T O p H m  C pamy- AeKO rn p W O X H M U ' 4 e C K O r O  3aBOAa B C e ~ a @ ~ e ,  6 b m 0  

COM B 35 KM BOKpyr  3aBOAa B ha-Xar. OHM PaCCMOTPeAH 06aapyxeno AeCRTHKpaTHOe I IpeBbIUeHHe ~ e T C K 0 f i  3a- 
27 uyuaes A ~ ~ K ~ M H H  y ~ n q  M o n o x e  21: A ~ T  B nepuon Me- : 60nesae~om nek~e~nef i  no c p a s H e H w m  co c p e ~ n m  no 
my 1978 H 1993 rr. n 192 c n y g a ~  y KOHTPOA~HO~ rpyn- . mpaiie. l Ipaen~ef imo pacnopnwocb nposem HC- 

nb1, n o ~ o 6 p a ~ ~ o i i  C YYffOM TaKHX @ ~ K T O ~ O B ,  KaK nOA, : -0BaHHe XI0 O q e l u t e  BO3MOXHbIX A 0 3  PWaqHn, no- 
B03PaCT, MeCTO POXAeHHR H MeCTOXHTeAbCTBO. 6b lAH . AyYeHHbIX AeTbMH B C H c K e h e ,  B p e 3 y A b T a T e  B ~ I ~ ~ ~ C O B  C 
H 3 p e H b I  H POAHTeAH YKa3aHHbIX AHq, BKAlOYaR TaKWe IIpeAIIpWlTHR: B c e ~ a @ H A A e .  EMAO 06~apyxe~0,  9 T O  

@ a K ~ o p b I ,  KaK HX BpeAHbIe UPHBbNKH, B O ~ A ~ ~ C T B H ~  pa- ' BepOITHbIe  A 0 3 b I 6 b ~ H  CAHUIKOM HeBeAHKH, ~ ~ 0 6 b 1  n p H -  

maqun n BpeAHble B O ~ A ~ ~ C T B H R  H a  pa6onnx MeCTaX. : B e r n  K IIOBbIUeHHOhay PHCKy ~ ~ ~ O A ~ B ~ H H R  AefiKeMHefi, 

n 0 6 e ~ b  M B H A ~  IIpHl lUH K BbIBOAy, S T 0  AeTH, n p O B 0 -  . OAHaKO, H e  HCKAIOVeHO, W O  AaHHOe HCclleAOBaHHe HOCH- 

AHBmHe BpeMR H a  MeCTHbIX I I M X a X  6o~ee  OAHOrO pa3a ' A 0  ~ O B ~ ? ~ X H O C T H ~ ~ ~  X a p a K W p .  B 1990 l'. M ~ P T M H o M  r a p A -  

B M e c I q ,  nown B' TPH paaa naqe 3a6o~esanu A ~ ~ K ~ M U -  : H e p o h l  H n p y r n ~ n  6 b u o  n p o s e A e w o  A o n o n w m e n a H o e  HC- 

eH, YeM KOHTpOAbHafl rpynna. OHM T a m e  O ~ H ~ P ~ X H A H  . CAeAOBaHHe, n O K a 3 a B U e e  HaAHSHe CBR3H M e m y  AO3aMH 

A O ~ O A H H T € ! A H ~ ~ ~ ~  PHCK, KOI'Aa HX M a T e p H  P e I ' y M p H O  no- . PaAHaqHH, IlOArJeHHbIMH o T q a M H  n e p e A  3anaTHeM,  U 

C e q a n H  ~ f f l i r u  B n e p u o A  ~ ~ ~ ~ M ~ H H O C T H .  AH~AO~HSHYM AefiKeMnefi  Y A e ~ e f i .  Bo~pyr ? T o r 0  BbIBOW BeAUCb 3Ha9H- 

06pa30~, nOBbl lueHHaf l3a60~eBae~0~~b  6 b m a  06sapy- . TeAbHbIe CnOpbI, IXOCKOAbKy AaHHOe HCcheAOBaHHe 6 ~ 0  
x e H a  y ~ e ~ e k ,  YaCTO yn0~pe6~asmux MeCTHyIO p b 1 6 y  U . IIepBblM, U3)WHBUee B3aHHOCBR3b M e m y  PaAUarplOH- 

MOAAIOCKOB. Tor~a  KaK ynmpe6ne~ne n 0 ~ 0 6 ~ 0 i i  n n q H  ' HbIM B O ~ A ~ ~ ~ C T B H ~ M  H a  OTqOB H AeTcK0f i  A e f i ~ e h W e f i .  

wx MaTepRmw H e  n p n s o A n n o  K p a c T y q e m y  p n c l c y  AAR Ae- : nocne 06~apyxesna e n y y a s  n o s b ~ m e w n o f i  3a6o~e- 
~ e k .  B ~ ~ A H o ~  B O ~ A ~ ~ C T B U ~  H a  p 0 ~ H ~ e A e i r  H a  pa6ounx . BaeMOCTH B C M C K ~ ~ A ~  6 b 1 ~  IIpOBeAeH p R A  nccnenosa~nii 
MeCTaX (He  TOAbKO UOCPeACTBOM PaAHaqHH,  HO H XHMH- ' H n0 CHTYaqHH BOKPYI' APYrHX RAePHbIX O ~ % ~ K T O B .  B 
K a T a m n  n ~pesec~o i i  n b m l o ) ,  a T a m i c e  p a A u a q H o H H o e  1989 r. nona Kya-M03a@@ipn H A p y r n e  06napyxn~n 
B O ~ A ~ ~ C T B M ~  H e  O K a 3 a A 0  3HaYHTeAbHOrO BAHRHHR H a  . ~ e 6 o ~ b m o f i ,  HO 3 a M e ~ H b l f i  POCT 3a60~esae~ocm AefiKe- 

n o a a n e H w e  n e i r ~ e ~ u n  y newfi. E b m n  T a m e  o6~apyxe- . ~ n e i i  cpenn mq M o A o x e  25 A ~ T  B parionax, npnneram- 
Hbl CBUAeTeAbCTBa nOBbImeHHOr0 PHCKa OT B O ~ A ~ ~ ~ C T B H A  q H X  K 15 RAepHbIM 06'beKTaM B AH~AHH H Y3Abce. Han- 
P a A O H a  B AOMaJIlHHX YCAOBHflX. . donee 3HaYHTeAbHblfi H 3  HHX 6 b ~  ~ ~ @ U K C H P O B ~ H  OKOAO 

~ C ~ ~ ~ A O B ~ H U ~  n p H l a n 0  K BbIBOAy, n T 0  H M e m I  HeKO- 3aBOAOB no IIpOH3BOACTBy RAepHOrO O p y m  B Owep- 
T O p b l e  y 6 e ~ ~ T e A b H b l e  CAy.laH BPfAHOrO P W a W O H H O K I  : MaCTOHe H Bepr@n~~e,  p a C n O A 0 X e H H b I X  B ~ A H ~ H  Apyl '  
~ 0 3 A e i c r B m  H a  O K P Y X ~ ~ ~ Y I O  CpeAy, H ~ a p a H m p o B a H H o  . OT A p y r a .   TOT pai io~ sadonee MOTHO ~ a c e ~ e ~ .  YKB- 
~ p e 6 y e m  AonoAHHTeAbHoe u 3 F e H n e  TaKoIQ B O ~ A ~ ~ C T -  3 a H H b l e  CAyYaH T p y A H O  O ~ % R C H H T ~ ,  OIIHpaRCb H a  O@U- 

B oco6e~~oc~n ,  nepe3 M o p c K n e  3KocwcTeMbI* A ~ ~ c T -  qHaAbHble  0 4 e H K H  paAHOaKTHBHOl'0 B O ~ P ~ ~ ~ C T B H R  H a  OK- 
B n T a b H o ,  n p B e A e H H o e  " r p ~ ~ n ~ c o ~ "  B H m H e  1997 Ha- : P y X a I O q y I O  CpeAy,  XIOCKOAbKy PaCCYHTaHHbIe H a  HX OC- 
~ A K ~ A ~ H H ~  3a P ~ ~ O H O M  B°KPYr A P ~ H ~ H O ~ ~  ~ ~ ~ 6 b l t  BeAy- H O E  A 0 3 b l  AAff HaCeAeHHR HeAOCTaTOWbI  M f f  TOrO, 
~ e f i  H 3  P w O M M H Y e C K O M  3aBO@, a T a M e  He3aBnCH- ' 9 ~ 0 6 b 1  Bb13BaTb A e f i K e ~ H l o .  B Apyl'HX C T p a H a X  H e  6 b 1 ~ o  
aablk B3RTbXX n~06 ,  oc~~emmeHHblH btenap- : He3aBHCHMslx H C U ~ A O B ~ H H ~  n0ore~CTs~fi PaAHOaKTHB- 
T a e n r o ~ ~ p Y A a t  3 A P a B o o x P a H e m  H c o ~ m b ~ o f i  UYn- HbIX B M ~ P O C O B  H OqeHOK A 0 3 ,  UOCKOAbKy 6 o ~ b m a f f  

@e~e~ansnofi 3emH r a 6 ~ ~ r  n°Ka3aA W C T b  AOKyMeHTaqHH O m a m -  C ~ K ~ ~ T H O ~  Oman0 Ha- 
K O H ~ ~ ~ P ~ W  Hwr T F J ~ ~  P~BHY* 160 M A H * ~ ~ K K ~ P ~ -  . ma A e s T e f i w o m s  s CO~MH~HHMX mra~ax n o K a 3 b l B a e r ,  
neH Ha MP ocw, ~ a r o ~ b l e ~ o r y ~  6 b m b  m a c c H  : wo o @ ~ q n a A b w e  oqennn Ao3,  n o n y n e H =  B pe3yfi- 
poMHbl KaK "anroal, coAepxave RpepHoe TonAMBon* ' T a T e  3KCIIAYaTaqHH O P Y X ~ ~ ~ W M X  npempwa~uk, 3asac- 
'lone @ P ~ ~ ~ Y ~ ~ ~ ~ ~  MHHHefP 0KP~xam4eH 'Pew b- . T y m  HeBePHM H C e p b e 3 H o  H e A o o q e H H B a m T  B p e A H o e  Bo3- 
W f H n K  B o k ~ e  n p U 3 B m  K 6e3ychos~osay 3 a n p q  H a  PbI-  Ae$cTBHe Ha HaceAeHHe, 
~OAOBCTBO H KY'naHHe 8 6 ~ ~ 3 ~  IIPeAIIPWllTHR B Aa-Xar, . 

Mcene~osa~ue IIo6e~ui H B m  n p e A m a B A R A o  c06oH . 
U e p B O e  CpaBHHTeAbHOe HCCAeAOBaHHe (B KOTOPOM nOA- ' -AHMTA CET 
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HHKHOBeHHeM s a 6 o n e ~ a ~ u ~  ( U ~ B ~ C T H ~ I ~ ~  KaK A ~ T ~ H T H ~ I ~ ~  
. I l e p M 0 ~ )  MOlKeT AAHTbCII MHOrUe AeCflTHAeTHa, KIK, Ha- 
- npuwep, B c A y y a e  p a K a  m r e H e T n n e c K n x  3a60~esa~nii  

( B P O X A ~ H H ~ I X  A~@~KTOB) .  3a AeCRTHAeTHa AOCTaTOYHO 
. HeCAOlKHO YTPaTHTb CBR3b C H ~ ~ A I O A ~ ~ M ~ ~ M M ,  IIOCKOAbKY 

OHM P e p e e 3 l K a I 0 T 9  XeHBTCR, MeHflIOT pa6o~y H Ton. 

H ~ O ~ ~ ~ A A ~ H H O C T U ,  B 0 3 H H K a I O q H e  B p e 3 y A b T a T e  B3aHMO- 
A ~ ~ ~ C T B H Z I  M e m y  3KOAOrHneCKHM B O ~ A ~ ~ ~ C T B H ~ M  HAH no- 

. p a x e H n e M  H a  pa6oue~ M e c T e  H A p y r u u n  @ ~ K T O ~ ~ M H ,  

KaK H a n p n M e p ,  non, B O ~ P ~ C T ,  A n e T a ,  K y p e H w e  u A p y r u e  

BPeAHbIenpHBbIYKU. 

: C n ~ e p m ~ ~ e c ~ u e  3 a a e ~ ~ b 1 .  Yac~o H a c e n e H n e  nopaxa- 
. 6o~ee  YeM OAHMM ~ 0 3 6 y w ~ e n e ~  sa6one~a~na H HX 

CHHepreTHYeCKHe 3 @ @ e ~ ~ b 1 ,  KaK IIpaBHAO, HeAOCTaTOY- 

HO H3BeCTHbl. M H O ~ A ~  A i o W  IlOABepraIOTCR B O ~ A ~ ~ ~ C T B H I O  
. OAUHaKOBblX ~os6yw~eneH, H M e i o q H X  p a 3 H b l e  HCTOYHH- 

q p e a M e p ~ b 1 f i  @OKYC H a  PaKOBblX 3a60nesa~u~x. Tame : 
HepaKOBbJe IIOMeACTBHR B O ~ A ~ ~ ~ C T B H R  HepaAMOaKTMB- . 
HbIX TOKCHYHbIX BeqeCTB,  KaK BpOXJ(eHHb1e A ~ @ ~ K T ~ I  H : 
n o p a x e H w e  H M M Y H H O ~  CHmeMbI ,  TOALKO ceii~ac H a y m a -  . 
IOT OC03HaBaTbCR H, IIO3TOMY, HM 3aYaCTyIO H e  I I p H A a ~ T -  . 
CZI AOJMCHOPO 3HaYeHHR. 

Hanu~ue  ~ e 6 o ~ b l u w x  rpynn n o p a x e H H o r o  H a c e A e H n n  B 

COYeTaHUH C H U ~ K O ~ ~   POH HOBO^ 3 a 6 o n e ~ a e ~ o c ~ b i o  MHO- 

rUMM ~ O A ~ ~ H R M M  BeAeT K 3HaYHTeAbHbIM CTaTWCTHYe- 

CKHM H ~ o I I P ~ A ~ A ~ H H o c T R M .  ~ O C K O A ~ K Y  UMeIOTCR 60Ab- : 
l u H e  pa3AHYHR B TOM, KaK Pa3AHYHbIe I'PYnnbI HaCeAeHHR . 
pearnpylo~ H a  B O ~ ~ ~ A U T ~ A U  sabo~eea~nii,  s n n ~ e ~ ~ o n o -  . 
rHYeCKOe HCCAeAOBaHHe AOAXHO OXBaTblBaTb 3Ha¶H- : 
TeAbHOe KOAHYeCTBO A I O A ~ ~ ,  Y T O ~ ~ I  OIIpeAeAHTb C pa- . 
3 y M ~ 0 i i  BepORTHOCTbIO IIpMCYTCTBHe AOnOAHHTeAbHO~O - 
p n c r t a ,  

A H U ~ M ~  nyreii npo~ntcnonan~a: a~anws ny~ef i  npo- 
HHKHOBeHMR B Y ~ A O B ~ Y ~ C K M ~ ~  O P r a H H 3 M  TOKCHYHblX U pa- 
AHOaKTHBHbIX BeqeCTB,  IIPOHCXOAJIqHX OT IIpeAIIpH- 

RTHR, 0 6 ' b e ~ ~ a  ~ n 6 o  n p O q e C C a  UO MX nPOH3BOACTBY, HC- 
nOAb30BaHUI0,  XPaHeHWIO HAM 3aXOPOHeHWIO Y e p e 3  B03- 

AyX, BOA)', IIOYBy, IIpOW3BOACTBO n H q e ~ b l x  npOAyKTOB 

HAW HX CoYeTaHne .  

BH~uHSISI p a a H a q n o H x a n  ~osa:  ~ o s a ,  n o n y y e H H a a  ~3 

HcToYHuKa,  tiaxowqerocn BHe o p r a ~ u 3 ~ a .  K ~ K  npasn- 
no, o H a  06pasye~ca B p e s y n b ~ a ~ e  rama-06nyne~na. 6e- 
T ~ - O ~ A ~ Y ~ H U ~  M O X e T  IfOpaliCaTb K O X H ~ I ~  IIOKPOB H APY- 

r H e  H a p y X H b I e  TKaHU. 

B ~ j W P e H H f l f l  P a a M U q W O H H O I  a O 3 a :  AO3a, nOAyYeHHaR 
K~KHM-nn60 o p r a H o M  Y e n o B e q e c K o r o  opra~u3ria OT pa- 
A w o a K T n e H o r o  M a T e p w a n a ,  n p o H M K u t e r o  B H Y T P ~  npn 
eulxaann, ~ O T ~ ~ ~ A ~ H H H  nnqn, M e x a H n y e c K n M  ny.reM, 
A H ~ O  Y e p e 3  p a H b 1  WW nOpe3bI .   OH^ M O X e T  BbI3bIBaTbCR 
n106oii ~ 0 ~ 6 t r ~ a q H e f i  =@a-, 6ma- n rama-u3nyse~ns, 
a T a m e  H ~ ~ ~ T P D H ~ M H .  

Bb~bop~a: rpynna ~ i o ~ e i i ,  06~a~a10qnx CTaHAapTHbIM 
CTaTWCTHYeCKHM ( ~ ~ K T O P O M  ( H ~ I I ~ H M ~ ~ ,  OAMHaKOBbIM 

B O ~ ~ ~ C T O M ) ,  B b 1 6 p a ~ ~ a f l  n p H  IIpOBeAeHHU A~MoI'~~@HY€!- 

CKOrO HAW 3nHAeMHOAOrHYeCKOrO HCCAeAOBaHUR. 

HCTOYHMK 3 Q C ~ 3 H B H M I : K O A H Y e C T B O  3 a r P R 3 H H T e U ,  no- 
nasmen, B o n p e A e A e H H y m  c p e A y  ( ~ a n p n ~ e p ,   BOA^ HAM 

BOSA~X) 143 O n p e A e n e H H o r o  HcToyHnKa.  

~ H M M T  ~ O ~ ~ I : Y C T ~ H O B A ~ H H ~ I ~ ~  npaBHAaMH B ~ P X H H ~  ripe- 
AeA KOAHYeCTBa p a A U a 4 H H ,  KOTOpyIO YeAOBeK M O X e T  

nOAyYHTb H 3  HCKYCCTBeHHbIX HCTOY HHKOB (HCKAIOY~R 

M e A u q n H c K n e  RCTOYHMKU). Paspeure~~nre y p o e ~ n  AAR 
n e p c o H a n a  O ~ ~ I Y H O  n p e e b r u t a r o T  pa3peure~~bre y p o e ~ u  

H a c e n e H n f i .  

J l n ~ e f i ~ a ~  nepersara 3 ~ e p r n ~  (LET - Unear Energy 
Trans-fer): HHTeHCHBHOCTb n e P e A a Y H  3HePrWH (PI, CAe- 

AOBaTeAbHO, YPOBeHb n0paXCeHHfl)  B P a C X T e  H a  e A H H H q y  

n p o i i ~ e ~ ~ o r o  nym. Hanpn~ep, ana@a-~ac~nqa OTHO- 
cmca K B ~ I C O K O ~ ~  L E T - p @ H a q H H ,  KOI'Aa KaK @OTOH~I M 

3AeKTpOHbl-  K ~ ~ 3 ~ 0 8  L E T - p @ H a w .  

Or~ocnrenb~an 6 ~ o n o r u r e c ~ a f l  ~+@BKTMBHOCT~ 
(063): @ ~ K T o ~ ,  H3MepflIOIl@ OTHOCHTeAbHyIO 3@@e~- 

THBHOCTb I l O P a X a i O q H X  @~KTOPOB pa3AHYHblX BHAOB 
P w a q H H .   TOT @ ~ K T O ~  HOCHT BeCbMa K O M M ~ K C H ~ I ~ ~  

X a p a K T e p  H 3IBHCHT OT KOHKPt?THOI'O I I O P P X e H H O r O  OP- 
r a H a .  Ms-3a ero K o M n n e K c H o c T w  B pery~upyioqeii n p a K -  

T n K e  n p n M e H f l e T c n  6 0 ~ e e  npoc~oii n a p a M e T p ,  u M e H y e -  

~ b 1 i  KaYeCTBeHHbIM @~KTOPOM. 

& H o ~ M T e J l b H b I f i  PMCK: OTHOlueHRe KOAHYeCTBa 3a6one- 
s a ~ u i i  ( u ~ n  cuep~eii) n o p a x e H H o r o  H a c e n e H w i  K asano- 
I'HYHblM n O K a 3 a T e M M  HaCeAeHHR, H e  IIOABePrlllel'OCfl 
BpeAHOMy B O ~ A ~ ~ C T B H I O ,  

~ o T ~ o ~ ~ H H ~ I  4030: KOAHYeCTBO 3HePl'HH, H I K O M C H -  
HOG H a  eAHHHqY BeCa ~ H O A O ~ Y ~ C K O ~ ~  TKaHH* ~ o ~ A o ~ C H -  

H a a  ~ o s a  u 3 ~ e p l i e ~ c f l  B p a A a x  H rpeax. 
P o ~ o ~ M M O C T ~ :  c n o c o 6 ~ o c ~ b  PaCTBOPRTbCR B BOAe. Ha- 

npwuep, YeM ~ ~ W O ~ K T H B H ~ I ~ ~  M a T e p H a n  M e H e e  p a c T s o -  
PUM, T e u  c A o x H e e  ero B b I s e c T n  ~3 o p r a ~ n 3 ~ a .  B Y a c T s o -  

CTH, n o n a A a m q n e  B A e r K u e  npn B u I x a H w i  H e p a c T B o p n -  
Mble  MaTepHaAbI  P a C n O A a r a I o T  6 0 n b m n ~  BpeMeHeM AAfl 

BpeAHOrO B O ~ A ~ ~ ~ C T B H ~ ~  H a  HHX. 

P ~ K O H ~ T ~ ~ K ~ H ~  4 0 3 M :  0 4 e H K a  n O p a X e H M R  C YqeTOM 
a~ann3a  M ~ A Y Y ~ H H R ,  W ~ M ~ P ~ H M R :  COCTORHMR o K p y x a m -  

qeii c p e ~ b r  n ny~e i i  ~ o s ~ e i i c ~ ~ w a  nopaxaloqnx @ a ~ -  
TOPOB. 
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T ~ I  OTXOAOB - pwii-226 n ~opnii-230 c nepHoAaMn nony- 
PaCnaAa 1600 H 75000 Am, COOTBeTCTBeHHO. 'XBOCT~!' CO- 
CTaBAnmT 6onee 95 IlpOqeHTOB o6lqero 0 b s e ~ a  PaAMOaK- 
THBHblX OTXOAOB BAePHOIY) TOIIAHBHO~O qHKAa (UcRhmVaB 

UaXTHbIe OTXOA~I). OHM TaKXe OTAMYIIOTCR ~ H ~ Y E I T ~ A ~ H O ~  
A0ArO)iUiBpeCTbIO (XOTB H a  HHX IIPHXOAMTM ne60nbma~ 
AOAJt P~AHO~KTHBHOCFH). 

B nepeb~e AecmHneTHa cyqecFBoeannR ~ ~ e p ~ o i i  HHAY- 
CTPHH 'XBOCT~I' XpaHMAHCb B npyAaX 6e3 H30JUIqHI CTeHOK, 
VTO npMBOAUA0 K 3arpR3HeHllIO I'PYHTOBbIX BOA. MeC- 

TO qenblk pRA CAyYaeB npOpblBa ~ a ~ 6 ,  B pe3yAbTaTe KOTO-' 
pb~x nponcxoAnh B Y ~ P O C  OTXOAOB H U I H ~ ~ K ~ M ~ C ~ T ~ ~ H O ~  
sarpas~e~ne.  B 1979 r. 6b1na npopeaHa ~ a u 6 a  B 6acceii~e no 
XpaHeHHm OTXOAOB KOMnaHHH ' I O H ~ ~ T ~ P .  Hbmueap" OKO- 

no % ? ~ V ~ O K ,  UTaT Hbm-M~KCUKO, VTO npnseno K B ~ ~ ~ P O C Y  
94 MAH.rW0HOB XMUHX OTXOAOB H 1100 T TBepAbIX OTXO- 
AOB, paCnpOCTpaHHBlnHXCfl Ha PaCCTOBHMe 60 MHAb OT 06%- 
ems. B K a ~ a ~ e  TaruKe ~ a b n m ~ a e ~ c ~  Aerpwaqna OKpyxaIO- 
qefi CpeAbI BCAeACTBMe npOM3BOACTBa YpaHa. B pafi0He Me- 
CTOpOXCAeHnB BMUOT-A~~K ( ~ ~ Q B H H ~ M R  OHT~PHO) nOA- 
seprnocb 3apaxe~n10 80 KM pey~oii CucTeMbI C e p n e ~ ~ - p ~ -  
sep, smmrar 10 ~e6onbmnx o3ep. Kpo~e  Toro, TaM 6bmo 

sapernc~pnpo~ano 30 cnynaeB.npopbIea ~ a ~ 6  n 125 myna- 
eB PaAHOaKTMBHblX B ~ I ~ P O C O B  B CacKaVeBaH. B C O ~ M H ~ H -  
HbIX I I I T ~ T ~ x  nOA OTXOAaMH BbICTHAaIOT nAaCTHKOBb1e 
noWoHb1 AAB npe~o~~pa~qesua  HX npocannmsns. C a m  OT- 
XOAbl XPaHIITCR nOA B O A O ~ ~  AAB COKpaqeHHB BbIAeAeHMB 

npOAyKT0BpaCnaAapaAOHa. 
Hera~nenble nocneAcrem npon3so~m~a ypalra, nooq- 

paeMoro ~ e 6 o n b m u ~  VHCAOM rOCyAapCTB, C T p e M ~ M  K 
06na~a~wlo RAePHblM OPYXHeM H HClIOAb30BaHWK) ~ T O M H O ~  
asepr~n,  B HenponopqnoxmbHo 6ofimoii cTeneHn nernw Ha 
KOpeHHbIe, KOAOHH3UPOBaHHbIe H APYI'ne 3aBHCHMbIe HaPo- 
UI. B CmA IIpHMepHO ABe TP€!TH YPaHOBblX 3aIIaCOB HaXO- 
m c a  Ha 3 e m x  KopeHHblx aMepnKaHqeB, BumraR pesep- 
sawn Hasaxo, Xonu, AaryHa IIya6n0, A a ~ m a  H Hop~epn 
Apanaxo. I I o u ~ n  ~pem naronnenwbxx B Coe~nnennb~x m ~ a -  
Tax OTXOAOB nepepa6onoc p y ~  ypasa, Haxomqnxur na oc- 
TaHOBAeHHbIX npoM3BOACTBaX, PaCIIOAOXeHO B pe3epBaIpiH 
Hasaxo. Ceeep~brl Cac~are~an,  rAe HaxowTcr dora~elnrue 
3anaCb1, H M A O ~ ~ I B ~ ~ T C B  npHMepH0 20 npOqeHTOB MHPOBO- 
ro ypaaa, HaceneH n ~ n e i i c ~ n ~ n  meMeHaMw Kpn n &HH. 

Eonawan .lamb ypasa, ~ c n o ~ b s y e ~ o r o  Ha apa~qyscmx 
peamopax n B aAepnoaa opyxnn, ~06blBa~acb B Hnrepe H 
ra6o~e. XOTB PYAHHKM B mnx cTpaHax ynpasmnneb @paw- 
~ Y ~ C K O H  K O M ~ ~ H H ~ H  "Koxe~a", Ha HHX He pacnp0mpaH~- 
AnCb A ~ ~ C T B O B ~ B U U ~ - B O  @paHqnU MeAHqHHCKMe H 3KOAOrH- 
YecKne npasnna. Cn~yaqns B Hnrepe s a c ~ a ~ n n a  npomcepa 
KoMnaHnn h-En-Cn Kpnca Onba~n O T M ~ H T ~ :  'H~KOTO- 

pbre de~~ei imne  H a p w  Ha 3eme pa6mann B ycnoenax : 
6 e 3 ~ ~ 3 ~ e n ~ o i i  orpyxamqek cpew ~a coAawnA s~epmu . 

3AeKTponoe3AOB H TOWMBa 601416 &UI 6ora~eiirn~x 
rocynapcis ~npa". Apyrne esponericme npaHbI n XIIOHHR 
TaKxe nonynmn ypan B Hnrepe H I'abone. B 1976 r. 6pn- 
TaHCKaB KOMnaHHB 'PHO Tnn~o ~ H K "  npumynma K ~06bl- 

Ye B H a ~ n 6 n n  Ha MeCTOPOII(DeHHH POCCHHI' B Hapymennn 
n p u ~ a ~ o i i  OOH B 1974 re pe30~1oqnn, sanpeqamqeii pa3- 
pa6aTb l~~b  npnpomble pecypcbr Ha~n6nn 6e3 paapeme- 
HHR C O B ~ T ~  OOH no H ~ M H ~ H H .  Ao 1990 r. Haaru6ns ocTa- 

BaAaCb KOAOHH~!~~ ~ H ~ Y U T ~ A ~ H O ~  KOAMPeCTBO ~06bl- 
Tor0 TaM YpaHa HanpaBARAOCb Ha OCyqeCTBAeHHe ~ P H T ~ H -  
CKOG IlPOrPaMMbI I10 C03AaHHIO RAePHOrO OPYXMR H B rpa- 
XCAaHCKyIO aTOMHYD 3HePPeTHKY %IOHHH. 

B 6 0 n b m ~ ~ a ~ e  crpaH no6btsa ypaHa npeAmasnae?r co- 
601i CBB3aHHyIO C H ~ M ~ Q A ~ U I W M  3 a r p ~ 3 ~ e ~ n e ~  CTa#iIO npO- 
U3BOACTBa IIAePHbIX MaTepMaAOB, KaX C TOVKH 3peHHB A03, . 
TaK li KOAMYeCTBa nOABepX'LUUXCR BPeAHOMY B O ~ A ~ ~ ~ C T B H K )  . 
nm~eii. Tpe6ymca donee aHeprHnHbIe ycnnna AAR Bblflme- ' 

nna i iace~e~nn,  noABepnoerocR HeraTnewoMy B O ~ A ~ ~ ~ C T B H I O  : 
Bcnennsne A O ~ M V H  ypaHa H ero py~no61 nepepa60m, MR . 
OqeHKBi YpOBHB TaKONl B O ~ A ~ ~ C T B H R ,  a TaKXe C qeAbIo ape- . 
Aomasnesur eMy ~ e o 6 x o ~ ~ ~ o r o  MepJlqHHcKoro n a 6 ~ m ~ e -  
HWI n Apyroii nolrroqn. rocy~apc~ea  A O A ~ R H ~ I  o6ecnern~b . 
3aJ4HTy KaK UepCOHaAy ypaHOBbIX PYAHHKOB H IIpeAnpH- - 
RTHG, TPK H npOXMBaIOqeMY B ~ A H ~ H  AaHHbIX O ~ % ~ K T O B  Ha- 

' 

CeAeHMIO nyTt!M YCTaHOBAeHWI CTaHAapTOB, COOTBeTCTByIo- . 
qnx peKoMeHAaqnaM M e ~ y ~ a p o & ~ o r o  KorwTeTa no pa- 
Anonorn~ec~oii s a q n ~ e  (ICRP) ( y c ~ a ~ a e ~ ~ s a m q n x  orpa- . 
HnreHm MR nepcoHana Ha yposHe 2 peM Ha nenosexa B Te- : 
neHne ro~a). Ynn~slear HenponopqnoHansHo BMcoKoe 6pe- . 
MA, KOTOPOe HeCyT HeRAepHble CTPaHbl H 3aBHCHMbIe HaPo- ' 

AM, HM cneAyeT 06ecnesn~b a ~ e i c e a ~ n ~ i i  ~ e ~ n q n ~ c ~ n i i  n : 
~ K O A O ~ R Y ~ C K H ~ ~  MOHHTOPnHF, BOCCTaHOBAeHHe OKPYRIIO- . 
qeii c p e ~ b ~  B nopameHnux paiio~ax n KoMneHcaqnm 3a 

npombre Hecnpase-somn c qenbio yMeHbmmb Bonnm- : 

1 B HanHCaHHH A ~ H H O ~ ~  CTaTbH MbI 0 3 ~ a q n ~ e ~ b n o k  CTeIIeHH OIlHPaAHCb Ha ' 

pabmy: Arjun Makhijani, Howard Hu, and Katherine Yih, eds., Nuclear ' 

Wastelands. A Global Guide to Nuclear Weapons Production and Its ' 

Health and Environmental Effects, Cambridge: MIT Press, 1995. Ocdoe  
oltrane~ne m e m  rAaBa 4 'Health Hazards of Weapons Production," by . 
David Sumner, Howard Hu and Alistar Woodward, a Tame rnaey I . 
"Uranium Mining and Milling for Military Purposes," by Katherine Yih, . 
Albert Donnay, Annalee Yassi, A,James Ruttenber, and Scott Saleska. . 

2 G.Dropkin and D.Clark, Past Exposure: Revealing Health and . 
Environmental Risk of Rosslng Uranium. Partizans, London, 1992 (as . 
cited in Nuclear Wastelands, p. 144). 

3 J.Sevc, LTomasek, E.Kunz, V.Placek, D.Chmelewsky, D.Barclay, and . 
A.M,Keller. A survey of the Czechoslovak follow-up of lung cancer mor- . 
tality in uranium miners, Health Physics, vo1.64. pp. 355-369 (as cited in - 
Nuclear Wastelands, p. 159). 

4 As cited in Nuclear Wastelands, p. 106. 


