
T 
eOpeTMYeCKM n BeTep ,  M ~ J I ~ T o H H ~ ~  MOrYT 0 6 e ~ n e Y M ~ b  . 
YenoBeYecTBo MCTOYHMKOM 3 ~ e p r ~ ~  H a  nonrocpowym 1 
nepcneKTMBy. C nny-roHMeM, o n H a K o ,  C B R ~ ~ H ~ I  o n p e n e n e H -  . 
Hble CJIOXHOCTM B OTHOlIIeHMM nPMHUMnOB HepaCnpOCTpa- : 

HeHMR M ~KOJIOTMM, YTO 6 b l n 0  ~ O K Y M ~ H T ~ J I ~ H O  IlOKa3aHO BO MHOrMX - 
n y 6 n ~ ~ a q n ~ x  IEER2. no-BHAHMOMY, TOJlbKO ~ O J I I ' O C P O Y H ~ I ~ ~  : 
~ K O H O M M Y ~ C K U ~ ~  n p O r H 0 3  MOXeT OKa3aTbCII P e U l a I O ~ M M  apI'yMeHTOM . 
B n O n b 3 y  nJIyTOHMR. A n l r  T o r 0  ~ ~ 0 6 b l  n o ~ p 0 6 ~ e e  PaCCMOTpeTb 3TOT 1 
apryMeHT,  IEER npOB€3IO MCCneAOBaHMe CPaBHMTenbHblX XapaKTe- . 
PMCTMK IlnyTOHMfl M B e T p a  KaK MCTOYHMKOB 3HePTMll, B KOTOPOM 1 
MCnOnb3OBaJICR npMMep ~ ~ O H H H .  M b l  BbI6paJIM ~ ~ O H H K ,  IlOTOMy, . 
YTO 3 T a  C T p a H a  o6nanae~ OTHOCMTeJIbHO HM3KMM nOTeHuMaJIOM : 
Pa3BMTMfl ~ a 3 e ~ ~ 0 f i  B ~ ~ P O B O ~ ~  3HePreTHKM M B ~ I C O K O ~ ~  nJIOTHOCTbK) . 
HaceneHnR. Ecnn M ~ I  ocTaBnM B CTopoHe npo6ne~y asapnfi M ux . 
~ o c ~ ~ A c T B H ~ ~ ,  ~ p e 6 o s a ~ ~ f l  B OTHOlUeHMR 3eMenbHbIX nJIoI4ap[efi U I I  . 
pa3BMTMR B ~ T P O B O ~ ~  3HePreTMKM 3HaYHTeJIbHO BbIUle, YeM npM ' 

MCnOJIb3OBaHMM nnyTOHMR. C J I ~ ~ O B ~ T ~ J I ~ H O ,  eCnM CpaBHeHMe . 
~ K O H O M M Y ~ C K W X  no~a3a~enefi OKaxeTcH B n o n b s y  BeTpa ,  TO  TOT 

BblBOA MOXHO 6 y n e ~  OTHOCMTenbHO n e r K O  0 6 0 6 ~ ~ ~ b  H a  MHOTMe . 
ApyrMe CTpaHbl M p a f i o ~ b l .  

IEER B CBOeM CPaBHMTenbHOM aHaJIM3e MCnOJIb30BaJI TeXHOJIO- . 
TMH) m e n b @ 0 ~ 0 f i  B e T p 0 ~ 0 f i  3HepTeTMKM, nOCKOJIbKy npaKTMKa pa3Me- 

' 

WeHMfl T Y P ~ W H  B npn6pex~oii 3 0 H e  MOXeTPelIIMTb MHOrMe 3KOJIOI'M- . 
YeCKMe BOnpOCbl,  KOTOPbIe nOnHMMafOTCR B CBR3M C B ~ T P O B O ~ ~  ' 

3~epre~M~ofi .  B YaCTHOCTM, 3TOT BapMaHT M O X ~ T  6 b I ~ b  llCnOnb30BaH . 
B CTpaHaX M pafio~ax C XeCTKMMM OrPaHMYeHMHMM n0  3eMenbHbIM ' 

n J I O ~ ~ M ,  TaKHM W KaK ~ ~ I I O H H A .  ~ e n b @ ~ B b l e  BeTp03JIeKTpOCTaH- 

UMM yCnelIIH0 P ~ ~ O T ~ K > T  B Aa~uki, ~ ~ P M ~ H M M  ll U B e ~ M M ,  HaYMHaR C ' 

1991 r. 

T ~ x H o J I o T M ~  llCnOnb30BaHMR 3HePTMM BeTpa  OTBOnMnMCb CKynHbIe - 
1 rpomw. A ~ C R T K ~  M u n n n a p n o B  nonnapoa 6 b m n  noTpau e ~ b ~  H a  OAHH 1 

TOJIbKO PeaKTOpbI-pa3MHOXMTenM. ~ T M  PeaKTOpbI  npeo6pa3ym~ 
: ~ e , 4 e J T f l ~ M f i c R  YP~H-238, KOTOPOI'O AOBOJIbHO MHOrO B npMpOne ,  HO 

~ o ~ o p b r i i  He roAMTcR B K a Y e c m e  p e r n o p H o r 0  T o n n M s a ,  B nenrru~iic~ . 
: ~JIYTOHM~~-239  C ~ a ~ 0 f i  CKOpOCTbK), YTO npM p a 6 o ~ e  P e a K T O p a  

' 

KonMsecTBo A e n r r q e r o c n  MeTepMana  ysenMzrMsaeTcrr. Eqe necRTrcM . 
: M u n n n a p n o s  A o n n a p o B  6 b 1 n n  n o ~ p a s e ~ b ~  H a  p e n p o u e c c w H r  - : 

TeXHOJIOrMIo,  M C n O n b 3 y e M y I o  nJTR BblneJIeHMR JInyTOHMfl M 3  . 

VESTAS W I N D  SYS'I 'EMS . 
Bempoea~ myp6urra s T J ~ O  Ho6. Bmopax sempo- . 
31repzemrrvec~m ))cma~os~a,  co3dafrrran s flarrtru. Qiro - 
Ho6. cdanfra~ e s~cn;r?~antar{ufo e 1995 2.. 6bl.7a ' 

nocmpoerra rra 6brsuted~f soertno-.rropc~o.rr rto.7uto~e . 
(Greenpeace International). 

O ~ J I ~ Y ~ H H O ~ O  p e a ~ ~ o p ~ o r o  ~ o n n ~ s a .  T ~ M  : 
H e  MeHee, n J I y ~ 0 ~ M f i  AaJIeK OTTOrO, ~ ~ 0 6 6 1  
CTaTb MCTOYHMKOM K O M M ~ P Y ~ C K O ~ ~  BbITO- : 
nbI .  Aaxe @ ~ ~ H U Y ~ C K ~ R  KOMnaHMR, Electri- 



Berep cpaenennn c nnyronnerm 
co c. 1 

cite de France, c a ~ b ~ i i  6onbu1oii no~pe6ti~enb nnyToHMeBoro (MOX) 
: Tonnusa, u 6 p ~ ~ a ~ c ~ a n  KoMnaHm British Nuclear Fuels Limited, 
- s a ~ w ~ a ~ o q a ~ c a  penpoueccMHroM, npMncrcbIsaIoT HyneBoe s ~ a v e -  
. H M ~  CBOMM 3 a n a c a ~  nnyToHm. 

HH B OAHOW CTpaHe HeT KOMMePYeCKM X M ~ H ~ C ~ O C O ~ H O ~ ~  npOr- 
: P a M M  bl no IlnyTOHMeBblM PeaKTOpaM-pa3MHOXMTenlM. Ass CaMblX 

6onbluux A ~ ~ ~ C T B ~ I ~ ~ M X  PeaKTOpa-pa3MHOXMTenR B MMpe HaXOnRTCR 

: B ~ ~ I B U I ~ M  CCCP, M OHM ucnonbsyto~ H e  nnyToHMeBoe, a ypaHoBoe 
TOnnMBO. np0rpaMMa no PeaKTOpaM-pa3MHOXMTenRM 6b1na - % 

. - .- . . : IlpeKPaUeHa BO MHOrMX CTpaHaX MMpa, BKnIoqaR CWA, BCnenCTBMe : Hmnnryr ~ c ~ e ~ o ~ n ~ ~ - i $ e ~ r e n i ~  u oqiy- . 
TeXHMYeCKMX npo6ne~,  B ~ I C O K O R  CTOMMOCTM, a TaKXe npo6ne~  c . : , , ~ , w I  [I-) 0 6 e ~ n ~ ~ 0 ~ 1 p q e ~ f ~  : yrp030ii pacnpocTpaHeHMR. HOCl'b H L $ N $ ~ ~ ~ ~ b ~ b ~ e  J I ~ 1 1 a ~ H 8 1 f e ) ~ ~ b l N K  AQlpfMli @ 

rny60u~inu nccneno6aHunMn I'IQ.WHpOUOMy ~ p y ;  ' 
0 . 4 ~  M M  M3 APaMaTM'l eCKMX nPM M ePOB BbIXOAa H3 CTPOR PeaKTOpa- . . ~owocos, qmlo ~ E E R  ~ ~ c ~ c f f i  npwg-b . 

: p a 3 ~ ~ o m w ~ e n n  R B ~ R ~ T C R  asapwa B ne~a6pe 1995 r. ~a p e a ~ ~ o p e -  : ~ a ~ i ~ o r o  a ~ a n ~ s a  B AWT~JI~HO.?~ o B G ~ w  - . 
HOCM LUUI n e ~ e ~ o ~ k m n  H ~03rnm,60nee m- - 

pa3MHOXHTene MOHXY B H ~ ~ O H N W ,  K O T O P ~ I ~ ~  6b1n OCTaHOBneH M3-3a . p o ~ o f i o ~ p ~ l g l ~ ~ e ~ ~ ~ ~ *  . . . . . 
: KpynHofi YTevKM XWAKOrO HaTpMR M nOXapa. P ~ ~ K T o ~  6b1n BnepBbIe 1 Corpyrn~lrrl IEEk . - :-- . s a n y u e ~  B anpene 1994 r. flpyroii ~ a x ~ b ~ f i  npMMep c C y n e p @ e ~ n ~ -  . A~.XYH Mamuhacaftu - npa~nem 3 : COM, K O T O P ~ I ~ ~  OAHO BpeMII 6b1n CaMblM 60nbU. I~~  B MMpe PeaKTOpOM- n " w f l e b ~ d * - ~ o o ? ~ a ~ n O  BnwHHH 

CBrnPM 
~ ~ ~ M H O X M T ~ ~ ~ M  ~a 6 b 1 ~ ~ p b l ~  H ~ ~ T ~ O H ~ X .  ~ ~ ~ B R T H ~ B U ~ T O ~ O  MWHR . , ~ f ~ ~ ~ e n h ~ ~ ~ d - l Z o g p ~ a T o p  - - 7 

n o ~ c w y m p o n n b ~ ~ ~ $ m b a  - - 1997 r. n p e ~ n p ~ ~ ~ ~ e - ~ n a n e n e s  Cynep@e~w~ca  0 6 ' b n ~ ~ n o ,  v ~ o  3 ~ a  : 31t1iu M ~ ~ U ~ I ~ U  - naYqw~il C Q T ~ ~ L S H ~ &  . 
YCTaHOBKa, PaCIlOnOXeHHaR BO ~ P ~ H ~ M M ,  6 y ~ e ~  HaBCerAa3aKPbITa. - Xutua1f,3eppu@@u --.naylr~r..rfi COIJYJMHK -. . 
Cynep@e~w~c npopa6o~an TonbKo 278 A H ~ R  (B nepecvere pa60~b1 : J I ~ u c Y ~ ~ ~ ~ P - ~ ~ @ ~ H ~ ~ ?  * 

Jaiwra Korr - 6ymump - - . 
~a n o n ~ y m  M O U H O C T ~ )  B n e p ~ o ~  c 1986 no 1997 r. 0 6 u ~ e  s a ~ p a ~ b r  . lietncri Typ..lo-urcurdr-aix~mai~mp - : 
no npOeKTy Cynep@eHMKca K 1996 r. (a0 Tor0 K a K  6b1no 06 'bR~ne~o 

Ihamnapluc H ~ I D M X C ~ O W ~ O E G  - - * ' . . 0 3aKpblTMM) OUeHMBaJHCb B 60 MnPA @ ~ ~ H K O B  (B UeHaX 1994 r.) M n M  + B ~ p a a c u  6naronap~ocra HamHv moHcop,aHr . 
oKono 9,l Mnpnnonn3. A ~ M O H T ~ X  M nocnesKcnnyaTaunoHHbIe . 6 n a r o ~ a ~ n n o ~ e ~ ~ f r e * - ~ ~ ~ - o ~ ~ ~ o ~ - -  

H ~ I U  ocylpecrsneHHe Hautcro MewynaponHoro - . . 3aTpaTb1, CBR3aHHbIe TOnbKO C OAHMM CYII~P@~HMKCOM, OueHUBZlJlMCb . 7: : - . .  . 
' B 9,5 MnpA @ ~ ~ H K O B  ( O K O ~ ~ O  1,4 MnpA ~0nn. ) ;  3TOrO XBaTMnO 6bl Ha - W. $ton Jones Foundation. John i). and ~athcrine~ . 
. nOKpblTMe KanMTan b H  bIX 3aTpaT, CBH3aHH bIX C 825 MBT 3HePTMM . 7.. MacArthur Foundation, C.S. Fund 

OT U I e n b @ ~ ~ b l ~  BeTpOBblX CMnOBblX YCTaHOBOK. Ecnn 6b1 AeHbrM, 
' 

Mar muxe 6naronapn~ flpyrm cnoscopoa 
OTBeAeHHble Ha CyIlep@e~M~c,  ~ ~ I J T M  nOTpaYeHbl Ha BeTPOBYIo . IEER: . .  
3HePTeTMKY, TO, YYMTbIBaR nPeAb1CTOPMIo PaCCMaTpMBaeMbIX ABYX : . - 

Public Welfani Foundation; John Mcrck Fund, - 
HCTOrHMKOB 3HePTMM, K HaCTORueMy BpeMeHH o6qan MOqHOCTb . plougbhara Fund, Unit** uni-lis Yeat& 

: ~ b l p a 6 0 ~ a ~ ~ o r o  s n e ~ ~ p ~ r e c m a  npe~blcuna 6b1 061,e~, npon3~ene~-  at Shelter Rock. f o ~ ~ ~ . F o u n d a t i o n :  . .. ' 

Beldon 11 Fund. Turner Foundation, Car= . 
HblG 3TMM peaKTOpoM, pX3 B AeCRTb MJIM 6onee. Foundation, Janelia Foundation,,Stewan P, Mou 1 ' : Pa3~~~~eluenb@0~bl~BeTPOBblX3HeprOpeCypCOBOTKpblBaeT : charitableTm,RockalerFinancial*i* - ' 

IIepCneKTlcBbl PeUIeHHR ~ a ~ 6 o n e e  cepbe3~0R npo6ne~b1, C B R ~ ~ H H O ~ ~  . 
~ ~ & ~ & m ~ ~ , " ~ , ~ H ~ ~ ~ ~  J 1 : C H a 3 e ~ ~ o f i  ~eTp03~epreTMK0fi: MCnOnb3OBaHMe 6onbuwx YYaCTKOB Bauy n o m c p ] ~ ~ ~ .  . 1 . ' .  . .  / .  . . 

3eMnM WR pa3MeUeHMR BeTpOBblX T Y P ~ W H .  XOTR CTPOMTenbCTBO B - Arualiu: CurrinlpEdgeGrupI~iccu : ' - . . s  . . 
, e n p u 6 p e ~ ~ o i i  30He Tpe6ye~A0n0n~MTenbHbl~ 3aTpaT, OHM, n0 ~pa i i -  : $ ~ ~ ~ m m l U l l s H m :  - ' ' . , ' . ' 

Hefi Mepe, YaCTHYHO KOMneHCMPylOTCR TaKMMH nOnOXMTenbHb1MH - pYc,.KwH311aw: + <  a < . . : @ ~ K T O ~ ~ M U ,  K a K  6onee BbICOKMe CKOPOCTb M nOCTORHCTB0 BeTpa, M, 1 h e f c r e ~ f i : f i e ~ ~ @ ) ? t ~ r ~ ~ ~ ~ ~  . . 
, '. 

. . 
KPOMe TOrO, MCKJIWYaK>TC5l 3aTpaTbl, CBR3aHHble C npl406pe~eHlce~ . Hays~blk k 0 l i ~ p b m  ,OR~Z 6 ~ 9 ~  = : . ' .. ,. .L ;, ' . 

I 1  
. . ._ 

: 3eMnM. M e ~ e e  T~p6yneHT~blfi BeTep CHMXaeT M3HOC T Y P ~ H H ,  
' ' ~ e c b  mpax * ~ H ~ ~ I Y T W R H  H ~ o n a c n + +  :: * . 

IlpOAneBaR, TaKMM 06pa30~ ,  nepMOA 3KCnnyaTaUMM YCTaHOBKM. . . pacnpocrpausrrrrk -a -: : 1' , . - . 
<.  .* - 2  , - ._. : Bll3yanb~oe 3arpH3HeHMe MOXeT 6b1~b CHNXeHO M n M  YCTpaHeHO : M ~ ~ W ~ Y ~ M ~ ~ ~ ~ C ~ ~ Y & P ~ O . B ~ ~ ~  

* ' 

~WCNWI c COOTstTC1Bylo~~MH WbmkWH. MW ." : COOTBeTCTBYIoqMM B ~ I ~ O P O M  nJlOuaAKM WR pa3MeUeHMR UIeJIb@o- - 
6 y n e ~  ~ P H ~ H B T V ~ H M  38 uonun TTX H ~ - I H H ~ ~ ;  B . 

- , .  B~IXB~TPOB~IXTYP~MH. OnHa~0npM~bl60pennOua~KM MOrYT : ~oropblx~ocnpos3aom~~aruneraIbp. : 
B03HMKHyTb npo6ne~br TaKOrO pOAa, KaK n0MeXM ABMXeHMIo CYAOB Bbrnyw 1 I aurn~itcicoh ~ 3 1 i a ~ q ~  * 

: M BO3MOXHOe ~03nefi~TBMe Ha MOPCKMe 3KOCMCTeMbl. O U ~ H K M  TaKMX 1 a d t ~ r ~  B CBCT B ~on6pe 1999 r. , + .  
. . ' , .  

~03Aefi~TBMfi AOnXHbI CTaTb H ~ o T L ~ M ~ ~ M o ~  YaCTbIo AeMOHCTPaUMOH- . &pec m~a~enbctaa: - I ' . : ", , . 
L . ~ ~ ~ e n b C T b 0  co PA& -* ' ' ' ' 

. HblX npOeKTOB. AHWW AP 020909 ot 0 I .09.99 L . ' A -  . 
630WO. Ha~oni6npea. 9Q. MopPcKo! ?pa: 2 . 

Tapax: 2500 - - 2 .  
CM.: Berep cpaenennn c nnyronnerm, c. 9 . . * +.,- . , -  % .  - r . * , _ .  , .  



3mo ~ I U C ~ J N O ,  nod~~rrcn~otoe 75 opmnu~nz~zmrrr rr or~~denhrtb~wzr nrrr(miu 143 I7 cr~~pon. 66~70 I I P ~ P O N H O  : 
KoJ~rrrcczrtr 110 o'tronozurec~o~q~ deircmu~rlo zroriir3rrpjq~ou{eirpctdlrarfuri (BEIR VII) Hcit~zro~cinbtroil a~clde.lt~rzr 

: navcmo tnpexneni~ezo n p o e ~ r ~ ~ n ,  rtpedrtpzin~r?tozo Ko,~irrccueii BEIR VII, 110 rrepeoz~ewKe,~redrit~~r~ic~zixpzcc~~oo : 
s pe3)?~bmar11e sosdefic???sm ntcrnbzs do3 U O I I U ~ ~ ~ ) ~ I O L ~ ~ Z O  1i3.v)~~eltzix. Pcr6onlu Ki,ntuccuu, &rrnaiictrpye;tictx . 

: Mu~ltcrnepcrnson~ 3nepze~11u~u CLLIA. Ynpas.venzreJ~t izo ospcrrte o~p~).~rcu~ouleir cpedbr CLLIA u Ko,~rrrccziei, : 

wncrrrrvr W c c n ~ o e A H H A  
3HEPFEWlKH H OKPYXAIOl.4EG CP-bl 

Pnrapn P. MOHCOH A.M. l l p e n c e n a ~ e n b  

mrr n e p e n a q  w : P n ~ y  ~ m o c ~ e c y ,  C O T ~ ~ A H U K ~  

KOMMCCUU no n p o 6 n e ~ a ~  MenHuNHCKUX PWCKOB B 

p e s y n b ~ a ~ e  neiicmnrr M a n b l x  nos ~o~nsupymruero 
n 3 n y q e ~ w r r  (BEIR VII) 
HaukiO~&lIbHa~ aKaneMNIl  HayK 

2 10 1 KOHCTUT~~ILIH AB~HIO, C3 
BaILIkiHrToH, 0.K. 2041 8 

Aoporoii AOK. MOHCOH, 

M ~ I  nHLIleM B ~ M  B CBII3H C pa6o~oii Balueii KOMNCCMM n 0  O U ~ H K ~ A ~ ~ ~ C T B M R  MaJIbIX A03 M3nYYeHMR "OTY~T 
no 6 n o n o r ~ ~ e c ~ o ~ y  A ~ ~ ~ C T B M W  M O H M 3 M P Y W ~ e r O  M3nYYeHMII (BEIR) VII". 

M ~ I  panbr, YTO KOMMCCMII BEIR VII ~b1pa3nna H a M e p e H u e  ' ' p a c c ~ o ~ p e ~ b  6onbrrrofi o 6 - b e ~  ony6nn~o- 
B a H H b l X  AaHHblX. .  . OTHOCMTeJlbHO PMCKOB mil 3 A O p O B b I I  JlIoAeG, B 0 3 H M K a W u M X  B pe3ynbTaTe B O ~ A C ~ ~ C T B M R  

~ a n b l x  no3 M ~ J I ~ Y ~ H M I I * '  ( O n ~ c a ~ ~ e  n p o e K T a  BEIR VII). M ~ I  H u e e M c A ,  YTO B nposecce o n p e n e n e H m  6uono- 
rMYeCKMX ~ @ @ ~ K T O B  M @~KTOPOB P M C K a  KOMMCCMR M3YYMT n P O T M B O p e Y M B b 1 e  A a H H b l e  M M H T e p n p e T a u M M .  

M b 1  C H e T e p I l e H M e M  X A e M  0 6 c p n e ~ ~ f i  M A M C K Y C C M ~ ~  KOMMCCMM B X O A e  B b I n O n H e H M I I   TOG B ~ X H O ~ ~  p a 6 0 ~ b 1 ,  

3a KOTOPblMM MbI  6 y ~ e ~  B H H M a T e n b H O  C n e A H T b  M B K O T O P b l X  Mbl  H a A e e M C R  n P U H I I T b  YYaCTMe. 

P e 3 y n b ~ Z l ~ b i  p a 6 0 ~ b l  n p e , 4 b l A y u M X  Ko~nccn i i  BEIR O K a 3 a J l M  6onbuoe BnMIIHMe H a  X a p a K T e p  M Y p O B e H b  

H a Y Y H b I X  A ~ ~ ~ T O B  no 3 T O M Y  B O n P O C Y ,  a T a K X e  H a  I l p O U e C C  yCTaH0BJIeHMII  H O P M  P a M a ~ H O H H O r O  M3JIy- 

YeHMII. ~ O ~ T O M Y  M b l  CYMTaeM,  YTO H ~ O ~ X O A M M O  P a C C M O T p e T b  B e C b  06'be~ M H @ O P M ~ ~ I . I M  M BOIIPOCOB, CBII3aH- 

HbIX C A ~ ~ C T B M ~ M  MOHM3MPYK)ueTO M3JIYYeHMR H a  3 A O P O B b e  Y e n O B e K a .  B O T Y e T e  BEIR V P a C C M a T p M B U M C b  

T O n b K O  PMCKM 3 a 6 0 J I e ~ a ~ M R  P a K O M ,  H e K O T O p b I e  a C n e K T b 1  reHeTMYeCKMX ~ a p y l u e ~ ~ f i  (XOTII T a M  H e  A a B a J I a C b  

O s e H K a  PMCKOB "60ne3~eii CJIOXHOTO r e H e T M Y e C K O r O  ~ P O W C X O ~ e H M I I ,  K K O T O P b l M ,  K a K  CYMTaFOT, OTHOCMTCII 

C a M a R  6onbuaa K a T e r O p M I I  6one3~eii, CBII3aHHbIX C TeHeTMYeCKMMM OTKJIOH~HZIRMH", C. 4) M 3 a J l e P X K a  

Y M C T B e H H O r O  pa3BMTMII  B p e 3 y J I b T a T e  B H Y T P M Y T P O ~ H O ~ O  O ~ J I ~ Y ~ H M I I .  

B a x ~ o ,  Y T O ~ ~ I  B pa6o~e BEIR VII 6 b m  P a C C M O T p e H  B e C b  A M a n a 3 0 H  PMCKOB, K O T O P b l e  A 0  CMX nop H e  

6 b i n u  O u e H e H b I  M C Y e p n b l B a I o ~ M M  06pa30~. CIoaa H ~ O ~ X O A M M O  BKJIIoYMTb PMCKM, 0 KOTOPbIX C T m O  M3BeCT- 

H O  n O C n e  O ~ ~ ~ J I M K O B ~ H M I I  O T Y e T a  BEIR V ( T ~ K M ~  K a K  COBMeCTHble  3 @ @ e ~ ~ b l  P a M a U M O H H O T O  M3nyYeHMII  

M r O P M O H a n b H 0 - a K T M B H  bIX B e u e C T B ,  T a K X e  H a 3  b I B a e M  blX 3 H A O K P M H H  bIMM ~ ~ ~ ~ ~ U I M T ~ ~ I I M H ) ,  a T a K X e  

B O n p O C b l ,  K O T O P b l e  MOrJIM 6b1 G b l ~ b ,  H O  T a K  M H e  6 b 1 n M  P a C C M O T p e H b l  BEIR V. M b l  COCTaBMJIH CnMCOK 

~ a ~ 6 o n e e  B i l X H b l X  B O n P O C O B ,  K O T O P b I e ,  K a K  M b i  C Y H T a e M ,  B a M  C n e A y e T  P a C C M O T p e T b .  C W A ~  B O l u n M  

c n e A y I o u M e  T ~ M ~ I :  



Ilncbnmo BElR VII 

' B O ~ X ~ ~ C T B H ~  paXHOHylcnH)lOB, llpOXO.4fIluHX Y e p e 3  M a U e H T y :  3 A e c b  H ~ O ~ X O A M M O  PaCCMOTpeTb B03- 

A e f i c ~ B M e  H a  CaM P ~ ~ B M B ~ I O ~ M ~ ~ C I I  nn0n ( ~ a n p M ~ e p ,  BblKMnblUlM, YpOJJCTBa M BnMRHMe H a  pa3BHTHe,  

KpOMe 3anePXKl-i YMCTBeHHOrO P ~ ~ B U T H I I ) ,  a T a K X e  H a  C 0 0 T B e T C T B y H ) ~ M e  O p r a H b I  B KPMTMYeCKMe 

nepMOAbl pa3BMTMR IlnOAa. B 3TOM MCCneAOBaHMM MeAMUMHCKMX ~ O C ~ ~ A C T B M ~ ~  B O ~ A ~ ~ ~ C T B M R  H a  pa3BM- 

B ~ I O U M ~ ~ C R  n n O A  O C O ~ ~ I M  06pa30~ AOJIXHO 6 b l ~ b  PaCCMOTpeHO BJIMRHMe H a  pa3BMTMe c I I ~ ~ M @ M Y ~ c K M x  

O p r a H O B ,  a T a K X e  KOCBeHHbIe O T p M u a T e n b H b l e  IIOCnenCTBMR B O ~ ~ ~ ~ ~ C T B M A  H a  TaKMe O p r a H b l ,  KaK 

qMTOBMnHaR XHCeJIe3a. M ~ I  B b I p a X a e M  oco6ym O ~ ~ C ~ O K O ~ H H O C T ~  no nOBOny C n e n y I o q M X  PanMOHyK- 

nUA0B: f i0~-  13 1, ymep0n- 14 M T ~ M T M ~ ~ ,  C ~ O C O ~ H ~ I X  HaKOnMTbCR BHYTpM nnO,4a TaKMM 06pa30~, YTO 

3TO MOXeT Cepbe3HO OTPa3MTbCII H a  eTO 3AOPOBbe. H a n p ~ ~ e p ,  T ~ M T M ~ ~ ,  RBJIRRCb O A H O ~ ~  M 3  @OPM BOAOPO- 

Aa,  COeAMHReTCR C KMCJIOPOAOM C 0 6 p a 3 0 ~ a ~ M e ~  BOAbl. Bona, C O n e p X a q a H  T ~ M T M ~ ~ ,  XMMMYeCKM B e n e T  

ce6n TaK Xe, KaK M nPOCTaR BOA& HO npM IIOnaAaHMM BHYTpb YaCTb ee BCTpaMBaeTCII B KJIeTKM Op- 

TaHM3Ma, B TOM YHCJIe M B T ~ H ~ T M Y ~ C K M ~ ~  MaTepMUI.  T a ~ a f l  PaAMOaKTMBHaR B O n a  T a K X e  npOHM- 

KaeT Y e p e 3  I'lJ'IaueHTy. H e o 6 x o n ~ ~ o  M3YqMTb, HaCKOnbKO B H Y T ~ M Y T ~ O ~ H O ~  06nyre~we MOXeT OTBe- 

YaTb 3a POnOBble  A ~ @ ~ K T ~ I ,  BbIKMfiblUIM M JJpyrUe OCJIOXHeHMR. npil OueHKe PHCKOB, Bbl3BaHHblX 

MUIbIMM AO3aMM M3JIYYeHMR, KOMMCCMH BEIR VII CneAyeT PaCCMOTpeTb BCe 3TM PaAUOHYKJIMAbl, a 
t a K X e  nOCJIenCTBMR MX B O ~ A ~ ~ ~ C T B M H .  E c n ~  B HalllMX 3HaHMRX no 3TOMY BOnPOCY eCTb n p o 6 e n b 1 ,  MX 

H ~ O ~ X O ~ M M O  YeTKO OnpeAeJIHTb RCHO O ~ % R C H M T ~  MX 3HaYeHMe. 

Bo3neic~~ne p s l l H a q H H  H a  X ~ H C K H ~ ~  ~ M ~ P H O H :  Y ~ k i T b l B a f i  TOT @KT, YT0 IIMYHHKM @OPMWPYIOTCR OAHH 

pa3 H a  npOTRXeHHM BC& XM3HM BO BpeMR ~ M ~ ~ M o H W I ~ H O ~ O  pa3BMTMR p e 6 e ~ ~ a  XeHCKOrO Ilona, 
KOMMCCMR AOJIXHa OueHMTb BnMRHMe PaAMauMM H a  PenPOAYKTMBHYK) CMCTeMY ~ M ~ P M O H ~  XeHCKOrO 

Ilona M B03MOXHble pe3yJIbTaTbI B O ~ A ~ ~ ~ C T B M I I  T ~ K O G  panMa4MM H a  ne~ei i  XeHCKOrO Ilona. ' Bo3xeic~~ne 6no~1orn~ecrn CBR3aHHblX PaQHOHYKJl~OB:  P ~ A H O H Y K ~ M ~ ~ I ,  TaKMe KaK T P M ~ k i f i  M yme- 
p0~-14 ,  MOI'YT CTaTb YaCTbK) AHK. npM PaAMOaKTMBHOM P a C n a A e  OHM TpaHCMYTMPYIOT B APYrMe 

3JIeMeHTbl. (TPMTM~~ CTaHOBMTCII T ~ J I M ~ M - ~ ,  a ymep0~-  14 - X~OTOM- 14). T ~ K M ~  TPaHCMYTauMM MOI'YT 

OKa3aTb Cepbe3HOe B O ~ A ~ ~ ~ C T B H ~  H a  AHK. H e o 6 x o ~ ~ ~ o  OUeHMTb n o T e ~ u M a n b ~ b 1 f i  ~ @ @ C K T  B O ~ A ~ ~ ~ C T -  

BMR 3TMX T P ~ H C M Y T ~ ~ M ~ ~  H a  3AOPOBbe JIK)A€%. 

C H H ~ ~ ~ ~ T H Y W K H ~  3@@eKTbl: B O ~ A ~ ~ ~ C T B H ~  PanMauMM MHOrAa IlpONCXOnNT OAHOBpeMeHHO C ~ 0 3 f l e f i ~ T -  

BMeM APYrMX BpeBHblX BeueCTB. KOMMCCMM CJIeAyeT PaCCMOTpeTb 3@a)eKTbl COBMeCTHOrO B O ~ A ~ ~ ~ C T B M I I  

PaAMOaKTMBHblX M Hepa.4MOaKTMBHblX BeUeCTB H a  3AOpOBbe nio~efi. Oco6oe BHMMaHMe H ~ O ~ X O ~ M M O  

YAeJIMTb rOpMOHaJIbH0-aKTMBHbIM BeqeCTBaM,  OKa3blBaK)qMM BJIMRHMe H a  TOPMOHUIbHYK) CMCTeMY, 

a T a K X e  B03MOXHOCTM TOTO, YTO 3TM HaPYLUeHMII MOrYT YBeJIMYMTb PMCK BOSHMKHOBeHMR P a K a  MnM 

ApyrMX 6one3~eii, IIBJIIIIOUMXCR pe3yJIbTaTOM PanMOaKTMBHOrO o 6 n y ~ e ~ ~ ~ .  ~ a o 6 o p o ~ ,  PanMO- 

aKTMBHOe o 6 n y ~ e ~ ~ e  MOXeT Bb13BaTb HaPYllIeHMR ~ H A O K P M H H O ~ ~  CMCTeMbl, YBenMYMB TaKHM 06pa30~ 
YR3BMMOCTb no OTHOUleHMH) K nPMCYTCTBYIOqMM B 0 ~ p y X a H ) q e f i  CpeAe  ~ O ~ ~ ~ H ~ T B O ~ H ~ I M  BeqeCTBaM. 

~ P M  3TOM H ~ O ~ X O A U M O  YYMTblBaTb B03MOXHOCTb TOTO, YTO 3TM PUCKM MOrYT MeHRTbCR B 3aBMCMMOCTM 

OT AaBHOCTM 0 6 n y s e ~ ~ x  (M MMeJIO J I M  MeCTO 0 6 n y ~ e ~ ~ e  H a  B H Y T ~ M Y T ~ O ~ H O ~ ~  CTaAMM ~ ~ ~ B M T M I I ) .  

K ~ Y ~ ~ T B O  H UeJ'IOCTHOeTb BaHHblX: B YYeTHblX 3anHCRX no ~ ~ O @ ~ C C U O H U I ~ H ~ I M  A03aM 0 6 n y s e ~ ~ n  H a  

pa6or~x MeCTaX M U H H C T ~ ~ C T B ~  3HePreTMKM M er0 IlpeAUleCTBeHHMKa B C U A ,  KOMMCCMM n 0  aTOM- 

~ 0 f i  3HePTMM, MHOrO ~ I l y q e ~ M f i  M O U I M ~ O K ,  T a K  Xe, KaK M B AaHHblX no 3aqR3HeHMIO o ~ p y X a I O U ( e f i  

Cpeflbl. M ~ I  3HaeM 3 T 0  n0 C m ,  nOCKOnbKy 6 o n b w a r r  YaCTb MCXOAHblX AaHHblX C T a n a  AOCTORHMeM 

O ~ ~ ~ C T B ~ H H O C T M  Y e p e 3  c y ~ e 6 ~ b l e  p a 3 6 M p a ~ e J I b c ~ ~ a ,  3anpOCbl  B COOTBeTCTBMM C ~ ~ K O H O M  0 C B O ~ O A ~  

M H @ O P M ~ ~ M M  M T.A. n 0 n b 3 a  OT M C C J I ~ ~ O B ~ H M ~ ,  B KOTOPblX nPMHMMaIOTCR ~ @ M u M a J I b ~ b l e  OueHKM 403 

o 6 n y ~ e ~ ~ ~  H a  pa6o~wx MeCTaX M BHe pa6oswx MeCT 6e3 a ~ a n ~ 3 a  MCXO~HblX AaHHblX, B ~ b l ~ L U e f i  

CTeneHM COMHMTeJIbHa, eCnM H e  CKa3aTb CMJIbHee. ~ O C K O J I ~ K Y  MCXOAHbIe AaHHble B APYrMX CTpaHaX 

B c e  eqe  o c T a I o T c a  B 6 o n b m e f i  cTeneHw c e ~ p e ~ ~ o i i  ~ ~ @ o p ~ a u ~ e f i ,  npMHm-Me MX ~ c e p b e s  eue  MeHee 

O ~ O C H O B ~ H O .  H a n p ~ ~ e p ,  eCTb AOKa3aTeJIbCTBa TOrO, YTO MeAMUMHCKMe AaHHble B ~ ~ I B U ~ M  COB~TCKOM 
C 0 I O 3 e  HeHaneXHbI .  KOMMCCMM CneAyeT PaCCMOTpeTb 3TM M CBR3aHHble C HMMM Ilpl lHuMIlMUIbHble 

BOnpOCbl 0 ueJIOCTHOCTM AaHHbIX M BbICTYnWTb C 3aKJ'IH)YeHMeM, nPMrOAHb1 DM 3TM n a H H b I e  ~ 0 0 6 q e  



AJIR OueHKM PMCKOB npM MaJIblX AO3aX PanMaUMM, M eCnM Aa ,  KaK OHM n0JI)KHbl MCllOnb30BaTbCH. KO- 
MMCCMM CneAyeT T a K X e  nOCTaBMTb BOnpOC 0 KPMTePMIIX KaYeCTBa AaHHblX, KOTOPblMM OHa ~ Y A ~ T  
PYKOBOACTBOBaTbCR IlpM PaCCMOTPeHMM M H @ O P M ~ ~ M M ,  ~ 0 f l e p X a q e f i ~ I I  B MCCJIeAOBaHMIIX. B 3TOM KOH- 

TeKCTe Mbl He CYMTaeM, YTO ~ Y ~ ~ T A O C T ~ T O Y H ~ I M  nPOCTO nPMHRTb MCCneAOBaHMII C peue~3Mefi He3aBMCM- 

MblX 3KCnepTOB KaK BepHbIe, eCnM TOJIbKO B HMX He npOaHanM3MPOBaHa IlpaBMJIbHOCTb 0 @ M u M a J I b ~ b l ~  

A 0 3  M MeAMuMHCKMX AaHHbIX, H a  KOTOPblX OHM OCHOBaHbl. H ~ K o H ~ ~ ,  npM MHTepnpeTauHM BCeX 3nMAe- 

MMOnOrMYeCKMX M C C ~ ~ A O B ~ H M ~ ~ ,  BKJIloYaR M p a 6 0 ~ b l  no JIloARM, nepeXMBllIUM aTOMHble 6 0 ~ 6 a p n ~ -  

3 $ @ e K T b l  B O ~ ~ ~ ~ C T B ~ R  P a a E i a U E i  H a  p a 3 J l U Y H b l e  rpynnb1 HaCWIeHEiH: %CTO AJIR yCTaHOBneHM5l HOPM 

no ~ ~ M ~ ~ M O H H O #  3 a u H T e  HCnOnb3YeTCII nOHlTMe " C T ~ H A ~ P T H ~ I ~ ~  Y ~ ~ O B ~ K "  M n M  "cpen~ee". YYMT~I -  
BaR nOTeHuMaJIbH0 6 o n b m o e  pas~oo6pa3ue @ ~ K T M Y ~ C K M X  ~ @ @ ~ K T O B  B O ~ A ~ ~ ~ C T B M H  PwMauMM H a  pas- 
JIMYHble r p y n n b l  HaCeJleHMR, KOMMCCMM CneAyeT OueHMTb O U I M ~ K M  B OueHKaX PMCKOB, nOnyYeHHblX 

B p e 3 y n b T a T e  MCnOnb30BaHMII 3TOrO nOHRTMR. H a n p ~ ~ e p ,  C n e n y e T  YeTKO O ~ % H C H M T ~  3aBMCMMOCTb 

YYBCTBMTenbHOCTM K A 0 3 e  0 6 n y q e ~ ~ r r  OT BO3paCTa npM pa3JIMYHblX B O ~ ~ ~ ~ ~ C T B M R X  Ha  OpTaHM3M, M 

He TOJIbKO A.JIR ~ e ~ e f i ,  HO M A.JIR 6onee CTapIlrMX B03PaCTOB. , Q p y r ~ ~  nPMMePOM RBnRloTCR B03MOXHble 

BapMauMM YYBCTBMTenbHOCTM K MlUIbIM AO3aM M3nYYeHMR J I l o ~ e f i  C pa3JlMYHbIMM ~ ~ ~ M O T ~ ~ @ H Y ~ C K M M M  

n o ~ a 3 a ~ e n ~ ~ ~ .  

M o x e ~  OKa3aTbCII, YTO BO MHOrMX 3TMX 06nac~nx Mbl npOCTO H e  o6nanae~ 3HaHMIIMM, AOCTaTOY HbIMM 

AJIII HaYYHblX BblBOAOB, 3aCJIYXMBaFOuMX AOBePMII. B TaKMX CJIyYaRX KOMMCCMM CneAyeT OTKPOBeHHO Ct 

YeTKO 3aRBMTb 06 3TOM M P e K O M e H A O B a T b  nOCTaBMTb B O n p O C  0 IIpOBeAeHMM COOTBeTCTBylouMX 

M C C ~ ~ A O B ~ H M ~ ~ .  no BO3MOXHOCTM, X e n a T e n b H O ,  Y ~ 0 6 b 1  3 T 0  COnPOBOXAaJIOCb aBTOPMTeTHblM O ~ C Y X A ~ H M ~ M  

MeXaHM3MOB B03MOXHblX B O ~ A ~ ~ ~ C T B M ~ ~  H a  3AOPOBbe YeJlOBeKa. Ann HaC npeACTaBJIReTCR ~ p e 3 ~ b l Y a f i ~ o  

BaXHbIM, Y T O ~ ~ I  BCe 06nac~1.1, r A e  Henb3R HaAeXHO Onpe&eJIMTb PMCK ~ ~ ~ O J I ~ B ~ H M I I ,  6b1nM YeTKO OllpeAeJIeHbl. 

E c n ~  TMn PMCKa MOXeT 6 b 1 ~ b  KalIeCTBeHHO yCTaHOBJIeH, T O r n a  H ~ O ~ X O A M M O  TOlIHO M OllpeAeJIeHHO 3aRBMTb 

0 HeM. E c n ~  PMCKM H e  MOrYT 6 b l ~ b  OnpeAeneHbl  A a X e  KaYeCTBeHHO, 3TOT BbIBOA TBK)Ke MOXeT 6 b 1 ~ b  BeCbMa 

CyUeCTBeHHbIM. 

3 ~ e c b  MbI He CTaJM 0 6 ~ p a a ~ b  BOnPOCbl, CBR3aHHble C PaKOM, IlOCKOJTbKy Mbl IlOJIaI'aeM, YTO KOMMCCMR 
PaCCMOTPMT COOTBeTCTBYloUMe MaTepMaJIbl no KaHuepOreHHblM 3 a @ e ~ ~ a ~  B nOnHOM 0 6 . b e ~ e .  E b l n 0  6b1  

nonesso, ecnM 6 b 1  KOMMCCMX o n y 6 n ~ ~ o ~ a n a  M s a ~ e ~  p e r y n x p H o  0 6 ~ o ~ n a n a  cnMcoK n y 6 n ~ ~ a u ~ i i ,  K o T o p b l e  

OHa PaCCMaTpMBaeT, C TeM Y T O G ~ I  Mbl MOrnM CneAMTb 3a aHanM30M M PaCLUUPRTb 3TOT CnMCOK B CnyYae,  

eCnM 3 T 0  npeACTaBMTCR H ~ O ~ X O A H M  b l ~  MJIM XeJ laTenbH bI M. 

M ~ I  C Y&OBOJIbCTBMeM rOTOBbl BHeCTM CBOG H ~ Y Z I H ~ I ~ ~  BKJIaA B pa6o~y KOMMCCMM BEIR VII M HaAeeMCH, 

YTO KOMMCCMII PaCCMOTPMT BOnPOCbI, KOTOPble Mbl3AeCb IIOAHIIJIM, B flOnHOM o 6 ~ e ~ e  M CO ~ce f i  Cepbe3HOCTbW, 

KaK eCnM 6 b 1 3 ~ ~  TeMbl 6b1JIki npeLUIOXeHb1 OAHMM M 3  YneHOB KOMMCCMM. 

M ~ I  npM3HaTeJIbHbl 3a npeAOCTaBJIeHHYlo O ~ ~ ~ C T B ~ H H O C T M  B03MOXHOCTb BblCTYnMTb CO CBOMMM KOMMeH- 

TaPHRMM M npOCMM, Y T O ~ ~ I  no H ~ O ~ X O A M M O C T H  3 T a  B03MO)KHOCTb 6 b 1 n a  PaCUlMpeHa M CTlUIO B03MOXHblM 

BKJTEOYMTb B PaCCMOTpeHMe BCe BOnpOCbl M AaHHble, KOTOPble Mbl XOTMM npeJTJlOXMTb. M b l  XAeM Bawero OT- 

BeTa  M rOTOBbl OTBeTMTb H a  BCe BaUlM BOIlPOCbl, a T a K X e  npeAOCTaBMTb AOllOnHMTenbHO M H @ O P M ~ ~ M ~ ~ ,  

ecnM B ~ M   TO no~pe6ye~ca.  lloxanyfic~a, ~ a n p a ~ n a f i ~ e  B a m ~  B o n p o c b l  M n M  oTseTb1 h 3 e  J I e g y ~ ~ x  M n M  
A p x y ~ y  M ~ K X M A X ~ H M .  ~ O J I ~ L U O ~  B ~ M  cnacu60. 

nM3a ~ ~ ~ A Y U A X ,  KOOPAMHaTOP n 0  BHeUlHblM CBIISRM, ieer@ieel".org 

A p x y ~  M ~ K X W A X ~ H H ,  Ph.D., ~ P ~ ~ M A ~ H T ,  arjun@ieer.org 
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Xe 6onee n0J IyBeKa  R ~ e p H b I f i  M C T ~ ~ ~ M U I M ~ H T  

o 6 e q a e ~  MMPY 3HepTMK) OT nJIyTOHMR. Ee 
AOJIXHO 6 b 1 n o  6 b 1 ~ b  B M ~ O ~ W ~ H M  M XBaTMTb 

H a  ~ ~ C K O H ~ Y H O  A O n r O e  BpeMR, M A a X e ,  KaK 

r o B o p n n n  B 50-x roaax, o H a  A o n x H a  6 b 1 n a  

6 b 1 ~ b  "CJIMUIKOM A ~ U I ~ B O ~ ~ ,  Y ~ 0 6 b l  ee M ~ M ~ P A T ~ " .  no- 
: TOM 6b~1L-i nOTpaYeHb1 MMnJIMapAbI A O n n a p O B  H a  HayY- 

Hble  MCCneAOBaHMR 21 p a 3 p a 6 0 ~ ~ ~ ,  HO B pe3yJ lbTaTe  no- 
. Ka3aTb  IIOYTM HeYWO, M npOI'paMMb1 no MCnOnb30Ba- 

HMIO nnyTOHMR AOnXHbI PaCCMaTPMBaTbCR KaK HeCO- 

. CTORBUIMeCR. 

C e i i q a c  yxe 0 6 q e n p ~ 3 ~ a ~ 0 ,  YTO n n y ~ o ~ ~ i i  RsnReT- 

CR He3KOHOMMYHbIM TOnnMBOM. OH H e  KOHKYpeHTO- 

cnoco6e~ no CpaBHeHMIO C YpaHOM, M MaJIOBepORTHO, 

: YTO K O T A ~ - H M ~ Y ~ ~  6 y ~ e ~  TaKOBbIM. B COOTBeTCTBMM C 

~ n m v e ~ o i i  ~ e x ~ o n o r ~ e f i  n p o ~ 3 ~ o ~ c m a  n n y T o H M e B o r o  

: TOnJIMBa, YP~H-238, H e  ~0ryLlJMf i  CnYXMTb TOnJIMBOM 

- m~ H A e p H o r o  peamopa, n p e 0 6 p a 3 y e ~ c R  B peamope- 
: pa3MHOXMTeJIe  B n n y ~ 0 H M f i - 2 3 9 ,  K O T O P ~ I ~ ~  TaKOBbIM 

RBJ'IReTCR. O A H ~ K O  MCTOPMR pa3BMTMR P e a K T O p O B -  

: p a 3 ~ ~ 0 X M ~ e J I e f i  ~ ~ ~ P ~ A O C T H ~ ,  O C O ~ ~ H H O  YYMTbIBaR T e  

O q O M H b I e  peCypCbl ,  KOTOpbIe 6b1nM BnOXeHbI B HMX. 

: kl3 26 000 MBT ~ C T ~ H O B ~ ~ H H O #  MOUHOCTM PeaKTO- 

~ o B - ~ ~ ~ M H o x M T ~ J I ~ ~  B CepeAMHe 90-x rOAOB nOYTM no- 
: JIOBMHa IIpMXOAMJIaCb H a  OAHH ~ A M H C T B ~ H H ~ I ~  

P e a K T O p  BO @ P ~ H ~ M M ,  C Y ~ ~ ~ [ ~ ) ~ H M K C ,  K O T O P ~ ~ ~ ~  C TeX 

: nop 6 b 1 n  3aKpbIT  (CM. CTaTbH) no ~ e T p 0 ~ 0 f i  3HepreTUKe 

. H a  c. 1). 

. Eonee T o r o ,  npoqecc, K O T O P ~ I ~ ~  ~ c n o n b 3 y e ~ c ~  r n ~  
BbIAeJIeHMR nnyTOHMR M3 O ~ ~ Y Y ~ H H O ~ O  PeaKTOpHOrO 

. TOnJIMBa, TaK H a 3 b 1 ~ a e ~ b I f i  P e n p O ~ e C C M H r ,  RBnReTCR 

BO MHOrMX OTHOUIeHMRX C ~ M O ~  r p R 3 ~ 0 f i  YaCTbIo RAep- 

. HOrO TOnnMBHOrO UMKna. OH BMHOBHMK O ~ W M P H O ~ O  
3ar"pR3HeHMR ~ ~ p e f i ,  p e K  M nOYBb1. OH nPMBOAMT K Ha- 

. p a 6 0 ~ K e  BblCOKOpa,4MOaKTMBHbIX XMAKMX OTXOAOB, 

KOTOPbIe AOJIXHbI XpaHMTbCZI B CneqMZUIbHblX eMKOC- 

. TRX. O A H O ~ ~  W 3  npo6ne~, B03HMKaIOqMX B CBR3M C 3TM- 

MM eMKOCTRMM, RBJIIIeTCR PUCK K ~ T ~ C T P O [ ~ ) M Y ~ C K M X  

BSPbIBOB, TaKMX KaK B3PbIB eMKOCTM C BOeHHbIMM BbI- 

COKOaKTMBHbIMM OTXOAaMM B COB~TCKOM C0Io3e B 

. 1957 r. l l o n ~ o e  H a p y u e H n e  s n e ~ ~ p o c ~ a 6 x e ~ ~ ~  H a  

( P ~ ~ H ~ Y ~ C K O M  IlpeAnpMRTMM no PenpOUeCCMHI'y B 

. JIa Xare B anpene 1980 r. M o r n o  npMsecTM K ~ a ~ o i i  
x e  ~ a ~ a c p o a e .  K CYacTbm, 3~01-o H e  np0~30un0,  no- 

. TOMY YTO 6 b 1 n  M ~ ~ I C K ~ H  3anac~oii r e H e p a T o p .  

H ~ A ~ B H H H  aBapMR H a  IlpeAIlpMRTMM T O K ~ M M Y ~ ~  
. n p M  1 1 e p e p a 6 0 ~ K e  c p e ~ ~ e o 6 o r a q e ~ ~ o r o  y p a H a  n n R  

: RnOHCKOrO ~ K c I ~ ~ ~ M M ~ H T Z ~ . I I ~ H O ~ O  PeaKTOpa-pa3MHO- 

XMTeJlR RBnReTCR ewe OAHMM IlPMMePOM (~cJIM 6 b 1  B 3TOM 

. 6 b 1 n a  H ~ O ~ X O A M M O C T ~ )  He3penOCTM n p O r p a M M b 1 ,  

HeCMOTPR H a  YCMJlMR, BKnaAbIBaBUIMeCR B H e e  B 

TeYeHMe AeCRTKOB n e T .  ~ ~ H c T M T Y ~ M o H Z ~ . I I ~ H ~ R  CMCTeMa 

B ~ ~ ~ O H M M  OKa3ZUIaCb RBHO He  H a  BbICOTe B 3~0fi  CMTY- 

. aUMM HM B CMbICJIe O ~ ~ C I " I ~ Y ~ H M I I  COOTBeTCTBYIOUIMMM 

n p ~ 6 o p a ~ ~  M3MePeHMR PaAMaUMM, HM B CMblCne  

. 0 6 e c n e r e ~ ~ ~  n n a H a M u  s ~ a ~ y a q w u ,  wnw 0 6 y ~ e ~ u ~  
p a 6 o ~ ~ x .  OHM RBHO He  rOTOBbl K AOnOnHMTeJIbHOMY 

. 6 p e ~ e H M  - o 6 e c n e ~ e ~ ~ 1 0  ~ ~ ~ O ~ ~ C H O C T H  KOMMepYeC- 

KMX P e a K T O p O B ,  p a 6 o ~ a 1 o q ~ x  H a  nJIyTOHMeBOM 

. TOnnMBe B CMeCM C Y P ~ H O M - ~ ~ ~ .  (B HaCTORqee  BpeMR 

MCnOJIb3yeTCR RAepHOe TOIlnMBO, KOTOpOe COAePXMT 

. y p a H - 2 3 5  M YP~H-238). K p y n ~ a f l  aBapMR H a  TaKOM 

PeaKTOpe  n 0 A B e p r J I a  6 b 1  OnaCHOCTM He  TOnbKO MeCTHOe 

. HaCeJleHMe B pe3yJ IbTaTe  BblnaAeHMR PaAMOaKTMBHbIX 

OCaAKOB, HO M ~ O J ~ U I Y K )  YaCTb BOCTOYHO~~ A ~ M M .  
. M c n o n b s o ~ a ~ ~ e  n n y T o H M e B o r o  T o n n M s a  npmo- 

AMT T a K X e  K TOMY, YTO B K O M M ~ ~ Y ~ C K O ~ ~  3KOHOMMKe 

BBOAMTCR B 0 6 p a u e ~ ~ e  ~ J I ~ T o H M ~ ~ ,  YTO YBeJIHYMBaeT 

: PMCK H a p y u e H m  n p M H u M n a  H e p a c n p o c T p a H e H M R .  B 
H a C T O R 4 e e  BpeMR H a  MHOrMX I l J l O ~ a A K t i X  XpaHRTCR 

: OrpOMHble  KOnMYeCTBa nJIyTOHMR. H a n p ~ ~ e p ,  TpM.4- 

q a T b  TOHH BblAeJleHHOrO KOMMepY eCKOr0  IlnyTOHMR 

COAepXMTCR HeMCnOJIb3OBaHHbIM n p M M e p H 0  B 12 000 
CTanbHblX K O H T ~ ~ ~ H ~ P ~ X  H a  IlpeAnpMRTMM ' 'M~RK" B 

: POCCMM, n o p o x A a R  O n a c e H m ,  YTO H e K o T o p a n  ero 
YaCTb MOXeT I lOnaCTb H a  YepHbIQ PbIHOK. BBYX TaKMX 

K O H T ~ ~ ~ H ~ P O B  C nJ'IyTOHMeM 6 b r n o  6b1  AOCTaTOYHO, 

~ ~ 0 6 b l  C A e n a T b  RAepHYlO 6 0 ~ 6 ~ .  Ceiiuac, K o r n a  

3KOHOMMKa POCCMM HaXOAMTCR B ~ ~ A C T B ~ H H O M  nOJI0- 

XeHMM, a TePPOPM3M AOCTMr C e p n q a  MOCKB~I,  npMWJI0 

. BpeMR ~ ~ I C T P O  IlepeBeCTM n J I y ~ 0 H M f i  B ( P O P M ~ I ,  H e  
IlpMrOAHble m R  npOM3BOACTBa RnepHOrO OPYXMR (CM. 

: 3 u e p z e m u ~ a  u 6 e 3 0 n a C ~ o C m b ,  N9 3 M Scierrce for 
Democratic Action, V. 5, N 4), M I lpOABMraTbCR K 

. C O ~ A ~ H M I O  6e30nac~oro 3 H e p r e T u r e c K o r o  6yny qero. 
X O T R ~ A ~ ~ H ~ I ~ ~ M C T ~ ~ ~ M U I M ~ H T B H ~ K O T O ~ ~ I X C T ~ ~ -  

. HaX I l p O A O n X a e T  OCTaBaTbCR &OCTaTOYHO CMnbHLlM, 

Y ~ 0 6 b l  r a p a H T M p O B a T b  H e n p e K p a q a I O q e e C R  ~ M H ~ H -  

. CMpOBaHMe n p O r p a M M  no IlJIyTOHMIo KaK MCTOYHMKY 

3HepTMM, H e  o 6 p a u a ~  BHMMaHMR H a  €TO M p a Y H O e  

. IlpOlUJlOe M 6 e 3 p ~ o c ~ H b 1 e  nepCneKTMBb1 Ha  6y~yruee, 
H ~ O ~ X O A M M O  PaCCMaTpMBaTb M WIbTepHaTMBHble MC- 

. TOYHMKM 3HepTMM. h I o Y e ~ 0 i i  MOMeHT AJIR Zl.IIbTepHa- 

TMBHblX MCTOYHMKOB 3HeprMM COCTOMT B MX 3KOHOMHY- 



Koneu nporpauw . coc .7  
C TaKMM Xe YnOPCTBOM, C KaKMM pa3BMBmM aTOMHYIo : 

- 3 ~ e p r e ~ n ~ y  B n e p B b I e  AecnTclneTcln xono~~of i  B O R H ~ I .  . : HOCTH. H a u ~  M C C ~ ~ A O B ~ H M R  B 0 6 n a c ~ ~  ~ e ~ p o ~ o f i  Ho 
3T0 rOHKa Ha BpeMR. ECTb MHOrO y K m a -  : 

3HePreTMKM nOKa3bIBaK)T, YTO YCOBepUleHCTBOBaHMZl ' . HMfi, TaKMX KaK YBenMYMBUlaRCR YaCTOTa CePbe3HblX . 
TexHonorMfi ''enan' 3HeprWm BeTpa 6onee 3K0- KnWMaTl(YeCKWX RBneHWR, H a  TO, YTO MMP ewe He  BCTaJI : 
H O M M Y H O ~ ~ ,  YeM 3HePrMR IIJ'IYTOHMR. ~ P M  3TOM MMeIOTCR ' . H a  n y T b  n p e n o T s p a q e H w n  r n o 6 m b ~ o r o  noTenneH-lrr.  . : BCe OCHOBaHMR nOJIaTaTb, qTO B ~ Y A Y U I ~ M  OTHOCMTeJIb- . HeoGxon~~o,  Y T O ~ ~ I  CMnbHble npaBMTenbCTBa OT- ' 

Hble  nOKa3aTeJIM 3KOHOhlMYeCKOrO n p e M M y u e C T B a  BeT- ' . Ka3aJlMCb OT IlpOeKTOB, OPMeHTMPOBaHHblX H a  n n y T 0 -  . : ~ 0 ~ 0 f i  3HePreTMKM ~ Y A Y T  npOAOJIXaTb PaCTM. 
HMfi, 3TMX b b ~ ~ ~ ~ ~ ~ e ~ " ,  M 3  KOTOPblX OHM TaK AOnrO 

' 

P ~ ~ B M T M ~  APYrMX 3HepreTMreCKMX T ~ X H O ~ O ~ M ~ ~ ,  OCO- . 
. KOpMMJlM n n e p ~ b l f i  M C T ~ ~ ~ ~ ~ U M ~ H T .  C T p a H b l  C 60nbUIM- . 

6 e ~ ~ o  6 b l c ~ p o e  Pa3BMTMe TOnJIMBHblX 3neMeHTOB KaK . 
MM n p O r p a M M a M M  no MCKOnaeMOMy TOnnMBy N/UJIM 

,QJlR CTauMOHaPHbIX MCTOYHMKOB 3neKTpMYeCTBa, TaK M . 
. ~ T O M H O ~  3HepTeTHKe AOnXHbl B3RTb T B e p n O e  o6513a- . . AJ'IR TpaHCnOpTa ,  B H y U a e T  H a n e X A y ,  YTO MMP MOXeT . 

TenbCTBO HaI lpaBnRTb rOCyAapCTBeHHb1e PeCypCbI H a  
' 

OAHOBPeMeHHO PeUIMTb M 3KOHOMMYeCKYm, M 3KOnOrM- . n 0 K y n K y  B ~ T ~ O B O ~ ~  3HePTMM, V a H C n O P T H b l X  CPeLlCTB . 
'leCKYm 3aAarY9  ''JIM T o n b K o  ue", n o c T a B ~ ~ e H H b I e  B . M cTauMoHapHb1x  YCTaHoBoK H a  TonnHBHbIx  3neMeH- . : 060ux c n ~ y a R x , 6 ~ ~ ~ n ~ c ~ M r a T b c 5 1  3HePrHqH0 payM- 

T a x ,  a T a K X e  Mcnonb3oBaHMe TexHOnOrwM K o r e H e p a -  : 
. Ho* ABYMR M3 TaKMX KnH)qeBblX T ~ ~ ~ ~ ~ o ~ ~ ~  RBnRKITEfl . uMM Ha 060rpeB ,, 3neKTpM@MKauMm 06qecTBeHHblx . 

BeTpOBaR 3HepreTMKa M TOnnMBHble 3neMeHTbI. Korna . 
. 3naHMfi. H a w n y ~ u w ~  MHCTMTyuMOHaJIbHblM MHCTpy- 

. OHM PaCCMaTPMBaKlTCII B KOHTeKCTe CYWeCTBYK)uMX BbI- 
MeHTOM AJlR OBJILiAeHMR 3TMMW TeXHOnOrMAMM IIBnReTCR ' 

C O K O ~ @ @ ~ K T M B H ~ I X  T ~ X H O J I O ~ M ~ ~ ,  TaKMX KaK COBMeCTHOe . 
C n e A y I o q e e :  nPaBMTeJIbCTBa AOnXHbl nPMHRTb nOJIM- . : ~ ~ o M ~ B o ~ c T B o  ~elWI0~0fi M 3 n e m p ~ s e c ~ o k  3HeprMl-i (KO- : 
TMKY "KOHTP~KTOB H a  ~ O C T ~ B K Y " ,  KOTOPble 06ecnesa~ ' 

r e H e p a u H f l )  MJIM CTaHuHM C K O M ~ H H N P O B ~ H H ~ I M  UMK- . 
. MM ~ ~ a 6 M n b H b l f i  PblHOK, CTMMYJIMPYR npM 3TOM KOHKY- . : n o ~ 3  P ~ ~ ~ T ~ ~ ~ ~ ~  Ha npwpoAHoM 

(CM* 3rce~zemu- . peHUIIK), KOTOPafi CO BPeMeHeM cnenaeT B03MOxHblM . ~a M 6 e 3 o n a c ~ o c m b  N9 5,1998), M ~ M  r k i 6 p M ~ H b l e  M ~ W M -  cHH3HTb 3aTpaTbl. 

Hbl, p a 6 o ~ a m q ~ e  K ~ K  H a  6eH3MHe, TaK 21 07 3neKTPIPNYeC- : 
~ ~ ~ B M T ~ J I ~ C T B O  C u  n O n X H 0  nPORBMTb B 3TOM : K u X  6a~apeR (CM. B C T a B K ~  Ha C- 1519 

B U ~ H o 9  yT0 : Aerie 6 o n b w y ~  MHMuMaTMsy, qeM OHM n p o n B n n m T  H a  1 
Mom'' ' YnoB'eTBoP'Tb n o c T a T o ' l H 0  "'c~K" YPO- . C e r o n H n ,  n o c K o n b K y  K HaCTORqeMY BpeMeHM C ~ A  y e -  
B e H b  n o ~ p e 6 ~ 0 c ~ e i i  B 3HeprMM, 21 CHM3HTb B b l 6 p o ~ b l  . . JIRK)TCR CaMbIM 6 0 n b l J . I ~ ~  MCTOYHMKOM B ~ I ~ P O C O B  ABY- . 
naPH*KoBbIx "30' ' YPoBeHb 3arP5'3HeH" Bo34YXa B 

OKMCH rnepona, CaM blM KPYnHbIM npOM3BOnHTeneM 
r"ponax9 nHKBUnH~oBaTb yrpo3y aanbHeRmero : aTOMHOA 

3Heprwl l  M 06nafialoT H a M G o n b l u ~ ~  AM- : : p a c n p o c p a H e H M n ,  a T a K x e  p e u n T b  npyrwe n p o 6 n e ~ b 1  . 
nnOMaTMYeCKMM H ( P I I H ~ H C O B ~ I M  BnMRHMeM B ~Mpe. T ~ M  ' 

~ ~ ~ O ~ ~ C H O C T M ,  CBE13aHHble C C O B P ~ M ~ H H O ~  M M P O B O ~  . He MeHee CMX n O p  npaBHTenbCTB0 CmA TaK M H e  . 
3 H e ~ r e ~ M y e c K o R  cMcreMofi. X o ~ o u o  nPofiYMaHHaR ~ b 1 n o n ~ ~ n o  

c B o M x  0 6 n 3 a T e n b c ~ ~  no C H M X ~ H M H )  1 
3HepreTMrecKaR nonmma, cnoco6~aa n o M o v b  AocTMr- . 

. B ~ I ~ ~ O C O B  ABYOKMCM Y r n e p O n a ,  KOTOpbIe O H 0  B311Jl0 . : HYTb nyCTb M ~ e 6 0 n b U I 0 r 0  CHMXeHHR 3 a T p a T  B KJTIOYe- 
H a  BCeMMPHOM CaMMMTe no 0~pyXaK)wei C p e A e  B : 

BbIX TeXHOJ'IOrMRX, IIBnZIeTCR TeM P e U a K l u M M  HeaOCTaIO- ' 

. 1992 r., M H e  n p M C T y n M n 0  K Bb lnOnHeHMK,  CBOMX . : U H M  3BeHOM, KOTOPOe n O M O m  6131 HaM AOCTMYb 3TOrO . 06R3aTeJIbCTB no npoToKony K~~~~ (BCeMHPHblfi 
X e n a H H o r o  6yayqero. 

AOrOBOp 0 CHMXeHMM B ~ I ~ P O C O B  ABYOKMCM Y r n e p O n a ,  . ' 952 KoMMccMn nme2' Ha3HaqeHHan npe3M- ' CM. 3 ~ e p . ? e ! n u ~ a  u 6t?3o!lac~ocmb, N9 5). ~ o ~ o p b l f i  e q e  
AeHTOM TPYM~HOM, npkiulna K BblBOAy, YTO B OTHOUe- ' 

npeACTOUT p a ~ k i @ M u M p O B a ~ b  C ~ H ~ T Y  CmA. YYM- . . HMH Y ~ B J I e T B O P e H H I t  3HePI'eTHYeCKMX ~ O T P ~ ~ H O C T ~ ~ ~  . 
T b l B a R  T e  I I e p C n e K T M B b l ,  K O T O P b l e  0 6 e q a m ~  3TM 

H npeAOTBpaI4eHMR c 6 0 e ~  B 3KOHOMMKe B p e 3 y n b T a T e  
' 

TeXHOnOrMH, a T a K X e  H ~ O ~ X O A M M O C T ~  H a B e p C T a T b  . . CPblBOB IIOCTaBOK H e a ~ 1 . i  M3-3a py6exa nepCneKTMBbl . 
Y I l y U e H H O e  M3-3a HeBbInOnHeHHR BblWeyKa3aHHblX . 

Y ~ 0 3 0 6 ~ 0 ~ J I l l e ~ b l ~  MCTOYHMKOB BbIWe, YeM Y l l ~ e p H 0 f i  1 O ~ R ~ ~ T ~ J I ~ C T B ,  Kal lMTaJIOBnOXeHMR B TeXHOnOrMM . . 3HePTeTMKM. HO BCKOpe nOCne  3TOrO npaBMTenbCTB0 - 
B O ~ O ~ H O B ~ R ~ M ~ I X  MCTOYHMKOB 3HePTMM, BKnKlYaR 3@- : : 'ILIA peuMno npoMrHopwpoBaTb 3TM peKoMeHnauMM : @ ~ K T H B H ~ ~  n p e o 6 p a 3 0 ~ a ~ ~ e  3HeprMM c ~ c n o n b 3 o ~ a -  . 

. B nOnb3Y Pa3BHTMR ~ T O M H O ~ ~  3HePreTAKM. 3 ~ 0  peule- . 
HMeM TOlInMBHbIX 3neMeHTOB, B p a 3 M e p e  5-10 M W -  : 

HMe B 3 H a ~ ~ ~ e n b H o f i  CTeneHti 6 b 1 n o  YaCTbH) I l p O n a r a H -  
' 

JIMaPAOB AOJIJIapOB B l"OA JIOnHOCTbIO O n p a B A a H b l .  
. A M C T C K O ~ ~  KOMnaHMM B r O A b I  X O J I O A H O ~ ~  B 0 f i H b l .  . 

E o n b U a R  YaCTb 3TMX A e H e r  BePHeTCR OYeHb CKOPO B 1 
& ~ B H O  yXe npMUIn0  BpeMR OTKa3aTbCR OT MeYTbI 

' 

BMAe CHMXeHMR 3 a T p a T  H a  B ~ I P ~ ~ O T K Y  3 H e p r M M .  . BpeMeH XOJIOAHOA ~ 0 f i H b l  0 nJIYTOHMM, KaK 0 b b ~ ~ ~ u e 6 -  . 
HOM" MCTOYHMKe 3HePrMM, M Pa3BePHYTbCR B CTOPOHY : 
B O ~ O ~ H O B J I R ~ M ~ I X  MCTOYHMKOB 3HePrMM M T ~ X H O ~ O T M ~ ~ ,  . 
KoToPb'e PeuHTenbHblM 06pa30~ M3MeHRT 3 @ @ e ~ ~ M B -  1 .  q ~ f l ~ q ~ o  OCHOBaHO 110 ~ P ~ I U ( C J I O B I { ~ (  Apmy~n M ~ K X I ~ L D K ~ H U  K : 
H O C T ~  n p e o 6 p a s o s a ~ ~ ~  M ~ c n o n b s o ~ a ~ ~ n  s ~ e p r ~ ~ .  . O T W ~  IEER no B ~ T ~ O B O ~ ~  3~eprerw~e M a p ~ a  C ~ M O ~ ~ B ~ H T I ~  

: ~ T H  TeXHOJIOrMM H ~ O ~ X O ~ W M O  npO&OJIXaTb p a 3 B w a T b  : (CM. CfraTbw H a  c. I ) .  



3aTpaTaX,  npMBeAeHHblX BbIUe ,  3HepI'MSl B e T p a  He MO- ' 

. CTOMMOCT~ 3neKT03HepTMM OT BeTPOBblX YCTaHO- . X ~ T  6 b l ~ b  MCnOnb30BaHa K ~ K  ~ A I I H C T B ~ H H ~ I ~  M I l M  OCHOB- : 
BOK CHMXaeTCR no M e p e  pa3BMTMR TeXHOnOI'MM OT 

. n p M M e p H 0 ,  8,8-9,9 UeHTOB 38 1 KBT-Y no nepBblM 

n p O e K T a M  A 0  5 , s  UeHTOB 38 1 KBTSY no n p O e K T y  

. E O K C T M ~ ~ H  B U B ~ ~ M M  B 1997 r. U e J I b @ o ~ b l e  BeTpOBble 

T Y P ~ H H ~ I  ~ ~ ~ O T ~ I O T  XOPOWO, M MX CTOMMOCTb CYqeCT- 

BeHHO CHM3MnaCb 38 90-e rOAb1. K p o ~ e  TOrO, OHM AOKa- 

3aJIM CBOIO HaneXHOCTb. 

. C ~ ~ B H M T ~ ~ ~ H O  C 3TMM CTOHMOCTb P e a K T O p O B -  

P X ~ M H O X M T ~ J I ~ ~ ~  He CHMXaeTCR C TeYeHMeM BpeMeHM HAM 

. no M e p e  HaKOnneHMR OnblTa  - HeCMOTpR H a  TO, YTO 

IIepBOe 3neKTpMYeCTB0, ~orna-nt160 B ~ I ~ ~ ~ O T ~ H H O ~  

. aTOMHbIM PeaKTOpOM,  6 b r n o  IlOJ'IyYeHO MMeHHO OT 

P e a K T O p a - p a 3 M H O X M T e n R  ( 3 K ~ I l e p M ~ e ~ ~ a J I b ~ b l k  

: PeaKTOP-pa3MHOXWTeJ lb  B H a U k i ~ ~ a n b ~ ~ f i  TeXHH- 

~ e c ~ o f i  n a 6 o p a ~ o p ~ ~  B Ahaxo B 195 1 r.). B n p n s e n e H -  

. ~ 0 f i  HMXe ~a6nMqe AaHbl CpaBHMTeJIbHble XapaKTe-  

PMCTMKM 3 a T p a T  H a  B ~ I P ~ ~ O T K Y  3neKTpMYeCTBa C 

. MCnOJIb30BaHMeM 3HePTMM B e T p a  M C MCnOnb3OBaHMeM 

IlnYTOHMeBOrO TOnnMBa B JleTKOBOnHblX PeaKTOpaX M 

. B PeaKTOPaX-Pa3MHOXMTenRX. nonpo6~ee 06 MCXOA- 

HblX nOnOXeHMRX, H a  KOTOPbIX OCHOBaHbl3TM BbIYMCJTe- 

: nun, MOXHO y 3 ~ a ~ b  B o T y e T e  IEER http:lwww.ieer.orgl 
reportslwind1index.html. 

O ~ U H  M 3  HeAOCTaTKOB B ~ T P O B O ~ ~  3HePreTMKI.I 

3aMIO'IaeTCR B HenOCTORHCTBe peXMMa ee B ~ I ~ ~ ~ O T K M .  

: H~CMOTPR H a  TO, ' IT0 6onee HM3KOC MCnOnb30BaHMe 
MOqHOCTM (TX. MeHbUlee KOJIMYeCTBO YaCOB p a 6 0 ~ b 1  

: W 3  PaCYeTa p a 6 0 ~ b 1  H a  n0nHyIO M O U H O C T ~ )  yYTeH0 B 

EaVIHVIL(bl VI3MEPEHVIFI 3HEPTVIVI 

BATT - MeTpnvecKan e n n n n u a .  n c n o n b s y e ~ a n  Ann 
u 3 ~ e p e n n n  MOUVIOCT~ npon3ee~ennoGi nnn no~pe6nennot i  
aneprnn. O w a  n o u w n a n  cnna p a m a  746 ear r .  

MErABAm - 0 6 b l r ~ a n  e ~ n n n w  n 3 ~ e p e n n ~  renepnpymuefi 
MOWOCTH aneK-rpocranunn; pasna OAHOMY Mnnnnony =IT. 

&l,XOYnb - MeTpnvecKas, e m n n u a  aneprnn,  paenan oanoMy 
e a n y  MOWOCTH, npon3ee~ennoL3 3 a  OAHY ceKynAy. 

KYUIOBAH-qAC (KBT.L() - eannnua anepmn,  paenan 3.6 
MHnnHOHaM ANCoySIen.  TO KOnHrleCTBO 3Heprnbl. npObl3BO- 
AHMOe H C T O ~ H H K O M  MOWOCTLK) OAHH Knnoearr 3 a  onnn vac. 

HOG MCTOYHMK 3HePTMM 6e3 npMMeHeHMIl YCTPO~~CTB Ha- 

KOnneHMll3HePTMM MJIM AOnOnHMTeJIbHOrO 3~eproc~a6-  
XeHMR OT APYI'MX MCTOYHMKOB ( T ~ K M X ,  KaK COIIHeVHaR 

3HePrMR M TOnnMBO M 3  ~ M O M ~ C C M ) .  Aanee, 3HeprMR 

B q a  He M O X ~ T  6 b 1 ~ b  MCiIOJTb30BaHa B AOPOXHO-TPaHC- 

IlOPTHbIX CpeACTBaX 6e3 AOnOnHMTenbHbIX KanMTZlJTO- 

B J ' I o x ~ H M ~ ~ ,  HO TO X e  CaMOe OTHOCMTCIl M K nnyTOHMF0. 

n p e n n o n o x ~ ~ ,  B nopRAKe AMCKYCCMM, YTO pa3y~-  
H O ~  UenbIO ~ H ~ ~ ~ C T M Y ~ C K O ~ ~  nOnMTMKM CTPaHbI RBJIReT- 

CR 3 ~ e p r e ~ ~ ~  ~ C K ~ R  C ~ M O A O C T ~ T O Y  H O C T ~  M YTO K n m q e -  

BblM aCneKTOM n p H  3TOM RBnReTCR 06ecnese~we AOCTa- 

T o w o r o  0 6 ' b e ~ a  TonnMBa AJIR T p a H c n o p T a .  l locnen~ee 
O ~ W I C H S ~ ~ T C R  TeM, YTO OAHMM W 3  CaMblX YIl3BMMbIX 

C B O ~ ~ C T B  H ~ @ T M  RBJ'IReTCIl TO, YTO L(eHb1 H a  H e e  ~0ne6-  
JIIOTCR M nOCTaBKM ~ e ~ ~ a 6 M n b ~ b l  M BMeCTe C TeM ee 
OYeHb TpYAHO Y~M-mi60 3aMeHUTb B 6 n ~ ~ a f i ~ e ~  U 

CpeAHeCpOY HOM ~ Y A Y U ~ M .  O ~ ~ H ~ K O ,  AJIR T o r 0  ~ ~ 0 6 b l  

3aMeHMTb ~ e @ ~ b  BeTPOM MJIM nJIyTOHMeM, H ~ O ~ X O A M M O  

npOBeCTM K p y n H b I e  W3MeHeHMR B T P ~ H C ~ O P T H O ~ ~  

CMCTeMe, M nO3TOMy HM OAMH M 3  3TMX MCTOYHMKOB 

3HePrMM He 0 6 n a ~ a e ~  I IpeMMy~eCTBOM n e p e A  npyrMh4 

B OTHOLLIeHMM I ~ O C T ~ B ~ ~ H H O ~  L(enM - 3 ~ e p r e ~ k i l r e c K o f i  

CaMOAOCTaTOYHOCTM B ~ B T O M O ~ M J I ~ H O M  CeKTOpe. 

B ~ B T O M O ~ N ~ ~ H O M  TpaHCnOpTe  3neKTpMYeCTBO - 
He3aBHCMMO OT T o r 0  MCnOnb3YeTCIl AM BeTep, I ~ ~ Y T O H M ~ ~  

M n M  ~a~ofi-nM60 npyrok MCTOYHMK s ~ e p r ~ w  - npme- 
HseTCR B ABYX BMnaX. OHO MCnOJIb3YeTCR n ~ 6 0  AJIR npM- 
BeAeHMIl B A ~ ~ ~ C T B U ~  3neKTpMYeCKOe T p a H C n O p T H O e  

c p e n c T B o ,  n ~ 6 0  AJIR n o n y y e H m  B o n o p o n a  c nocnenym- 
UMM er0 MCnOnb3OBaHMeM B TPaHCnOPTHbIX CpenCTBaX, 

pa6o~aloqwx H a  TOUJIMBHblX 3neMeHTaX (CM. C. 11). 
OY~BMAHO,  YTO npMMeHeHMe KaK IlnyTOHMR, TaK M 

3HePrMM B e T p a  B TpaHCIlOPTHblX CpeACTBaX no~pe6o- 
B a n 0  6 b 1  OAMHaKOBbIX KPYnHblX M ~ M ~ H ~ H H ~ :  n ~ 6 0  nepe- 
XOna K 3neKTPMYeCKMM TpaHCnOPTHblM CpeACTBaM, JIM- 

60 MCnOnb30BaHMR TOnnMBHblX 3neMeHTOB. T a K M e  M 3 -  

MeHeHMR, BePORTHO, ~ Y A Y T  HeOXOAMMbl B JIIO~OM Cny- 

Yae, Y T O ~ ~ I  IlOBblCMTb ~ @ @ ~ K T M B H O C T ~  MCIlOnb30BaHMR 



' Berep B cpaenenww c nnyronmeM 
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. s ~ e p r t i u ,  C H M ~ M T ~  s a r p ~ s ~ e ~ u e  ~osnyxa B roponax MI 
MnM CHM3MTb B ~ I ~ P O C ~ I  IIaPHMKOBblX T a 3 0 B .  no- 

. B M A M M O M Y ,  B H a c T o R u e e  B p e M n  u c n o n b 3 0 ~ a ~ ~ e  
' 

TOnnMBHbIX 3JIeMeHTOB, B KOTOPblX B KaYeCTBe TOnnHBa 

HCllOnb3ymT BOAOpOn, RBMTCH ~ a M 6 0 J I e e  ~ @ @ ~ K T M B H ~ I M  

: M HaHMeHee 3 a ~ R 3 H R K ) ~ M M  CIIOCO~OM npeo6pa30~a~~rr 
3HePrMM B ~ B T O M O ~ W ~ ~ H O M  T p a H C n O p T e  (CM. ~ a 6 n .  H a  

c. 13). C n e n o s a ~ e n b ~ o ,  M ~ I  cpaBHMnM C T O M M O C T ~  

. N C I l O ~ b 3 0 B a H U R  B e T p a  ll l7nyTOHMR B KaYeCTBe 3 H e p -  

~ o H o c M T ~ J I ~ ~ ~  B C e K T O p e  A O p O X H O r O  T p a H C n O p T a ,  

. pa6o~amuero H a  TonnwBHbrx  3neMeHTax .  

CTOMMOCT~ B o A o p o A a ,  n o n y y e H H o r o  c ~ c n o n b s o s a -  

. HMeM 3HeprMM BeTpa ,  MCXOM M3 5 UeHTOB 38 1 K B T - Y ~ C  
s n e ~ ~ p o s ~ e p r ~ u ,  6 b 1 n a  6 b 1  o K o n o  33 A o n n a p o B  3a rwra- 

. m o y n b  (GJ) Ann T p a H c n o p T H o r o  cpencma, pa6o~a- 
K ) u e r O  H a  TOnnMBHblX 3JIeMeHTaX, YTO 3KBMBmeHTHO 

. 1,66 A o n n a p o B  3a r m o H  AJIR T p a H c n o p T H o r o  cpenma, 

.' p a 6 0 ~ a K ) u e r o  H a  6 e ~ 3 H ~ e .  C ~ ~ B H M T ~ J I ~ H ~ R  CTOMMOCTb 

. BOAOpOAa, n O n y Y e H H O r 0  C HCJIOnb3OBaHMeM PealCTO- 

pa-pa3MHOXMTenR,  6 b m a  661 nOYTM B ABa  pa3a 6 o n b r u e  

. (60 A o n n a p o B  3a 1 GJ), a BOSMOXHO, M 6 o n b u e .  

Haua OqeHKa AOnrOCpOYHbIX aCneKTOB, CBR3aHHblX 

. KaK C B e T p 0 ~ 0 f i  ~ H ~ P ~ ~ T M K O G ,  TaK M C T ~ x H o J I o ~ H ~ ~ ~  pe- 
e aKTOpa-pa3MHOXMTeJIH, rOBOpMT 0 TOM, YTO, A a X e  YYM- 

. TbIBaR AOIlOnHMTeJIbHble 3 a T p a T b l  H a  HaKOnHTenM 3Hep-  

rUM, C TeM Y T O ~ ~ I  KOMneHCMPOBaTb He~OCTORHHYK) BO 

. BpeMeHM IIpHpOAy BeTpa ,  BeTpOBaR 3 H e p r e T H K a  npea- 
c-rasnrreTcR 6onee n p ~ ~ n e ~ a ~ e n b ~ o i i ,  s e M  pea icTopbr -  

. PWMHOXMTeJIM. 

,@BHO yXe HaAO 6 b l n 0  OTKa3aTbCR OT IInYTOHMH KaK 

: OT UCTOYHMKa 3HePTMM B nOJIb3Y B O ~ O ~ H O B ~ H ~ M ~ ~ X  MC- 
- TOYHHKOB. KOMMCCMH hJlefi, Ha3HareHHaR n p e 3 M ~ e ~ -  

: TOM TPYM~HOM, ewe A 0  TOrO, KaK HaYallaCb 3pa KOM- 

MepYeCKOrO MCIlOJIb3OBaHMR ~ T O M H O ~ ~  3HePrMM, B 

: 1952 r. IlpMlllna K BbIBOAY, YT0 ~ 0 3 0 6 ~ 0 ~ n ~ e ~ b l e  MCTOY- 

H n K n  3 ~ ' e p r m i  6onee n e p c n e m w s H b 1 ,  r e M  aToMHan  3 ~ e p -  
reTMKa. ~ ~ ~ T O H M ~ B O ~  TOnnMBO M PeaKTOpbI-pa3MHO- 

XMTeJIM CbIrpaJlM Cepbe3HyIO P O n b  B KpyUleHUM MesTbI  

: 06 ~ T O M H O ~ ~  sHepreTMKe co B c e x  T o r e K  spe~cr~ .  Ceiirac, 
K O r a a  CTaJlO BO3MOXHbIM M 3KOHOMWYHblM MCIIOnb30- 

: B a T b  3HepTMK) B V a  M, O C O ~ ~ H H O ,  3HeprMIo  np~6pex- 

k 

# >HOBME aAHHblE no BETPOBO~? " 
3HEPrETVIKE: FI f lOWVIF? . 

@enpane i 999 r., noum Mecn y cnym nocne BWXOA~ 
B cser omera IEER Berep B CpaBHeHHH o nnyronneM, 
npaenrenboreo Flnonnn 06anBnn0, rm ono naicunaer B paapabmccy nporpa~~b l  nsyrcennn npodne~ ewpa- 
6 0 ~ ~  SneKtpnI(eCTBB YCTBHOBK~MH )IAOpCKOfO 6 a 3 ~ -  

posannn. ernloran urenbaoeylo eetposym a ~ e p r e -  
mw. Flnoncxoe Mnnncreporeo ~emqynaporqnoR Toproann 
n npoMwumennocTn, a Tawe Mnnncrepcreo. rpancnopm 

,- paccMatpneamT eoaMoxctnoctb paaenrnn urenb@oebix 
BeTp~~ebl~~CMl%fi. a t ame  ~ ~ H O B O K ;  HCnMbSYIO~X AJIR 
I ~ M P ~ ~ O T K H  anempos~epruu KaK aneprnm eetpa, taK n 
sneprnro eony. Mn~norepctea nnstinpymr npoeectn 
~ccneaoeerenbcKym pa6o-r~ no onpeaeneHnm neclconbmx 
yrtacttcoe no& talcne snemporenepatopnble yctttnosKu 

- ~ o p c ~ o r o  6asnpoeannn n H~JWOTCN Haran c~pou~anbcrso 
0-0 2002 r. B Kpnmpnn, B cooraercrenn c KOTOPUMU 6y~e- r -  
nPOBOmTbCII O T ~ O ~  yrtaCTK08, BKJllocleHbI TBKHB TlapaM~U,  
K ~ K  cnna setpa. npam pb16a~oe n nawenenne nawutacpm. 
Slnonun nnannpyer yeennrcnn o 6 a e ~  nponaso~c~~a  setpo- 
BOR WleKTpO3H8pfWU C 14 000 KBT 8 1996 @HH~HCOBOM r m  
A0 300 000 KHnOf3alT B 2001 @~H~HCOBOM 

k l k r f i c :  ~ i i  Press Ticker Service, February 6, 1999. 

p a s p a 6 o ~ ~ a x  c q e n m  CHMxeHMH s a ~ p a ~ ,  a T a K x e  

MHBeCTMPOBaHMK) YaCTHOrO KaflMTaJIa B 3~0fi  06nac~u. 
B KaYeCTBe OAHOrO M3 C ~ O C O ~ O B  CHMXeHMR B ~ I ~ P O C O B  

napHMKOBbIX r a 3 O B ,  a T a K X e  Anfl P e U e H M R  ApyrMX 

s ~ o n o r ~ r e c ~ ~ x  s a n a ~  M AocTMxeHMfi qeneii H e p a c n p o -  

cTpaHeHMrr ~ p a i i ~ e  x e n a T e n b H o  B 6n~xcafiruee sperm M 

B C ~ ~ A H ~ C P O Y  HOG nepCneKTMBe YCTaHOBMTb AOCTaTOYHO 

6 0 n b ~ 0 e  KonMsecTBo ~ e q o s n e ~ q o c ~ a ~ q w i i .  Bonpoc 
COCTOMT B TOM, KaKMM 06pa30~ HyXHO MCnOnb30BaTb 

PeCypCbI  HaJTOrOnJTaTeJIb~MKOB, Y T O ~ ~ I  MMHMMMSN- 

POBaTb  CTOMMOCTb AOCTMXeHMH 3TMX I&YIefi. 

A ~ a n n s  ~ ~ ~ B M T ~ J ~ ~ c T B ~ H H o ~ ~  nOnMTMKM B OTHOUIe- 

HMM IlOOuPeHMR Pa3BMTMH B ~ T P O B O ~ ~  3HePreTMKM 38 

n p o r u e A w i e  r o A b 1  I I O K ~ ~ ~ I B ~ ~ T ,  YTO e x e r o A H a R  

n 0 K y n K a  I'OCYAaPCTBeHHblMM BnaCTRMM M/MJ'IM 3 H e p r e -  

TMYeCKMMM KOMllaHMRMM 3 a p a H e e  OrOBOpeHHbIX o6se- 
MOB 3 n e ~ ~ p 0 3 ~ e p r n u  nyTeM O T K P ~ I T ~ I X  T o p r o B  1-103~0- 

nMna 6 b 1  A o c T u r H y T b  X e n a e M b I x  ueneii no CTMMynWpo- 

BaHMW I l e p e X O a a  K TaKOMY 3HepreTMYeCKOMY 6 y ~ y -  
U e M y ,  KOTOpOe 6 b l n 0  ~ ~ I ~ K O ~ O ~ M Y ~ C K M  IlPOAYMaHHblM 

M He  C O ~ A ~ B ~ J I O  6 b 1  y r p o 3 b 1  p a c n p o c T p a H e H m .  I I p a s M -  

TenbCTBO M o r n 0  6 b 1  3 a p a H e e  y K a 3 b I B a T b  O ~ J I ~ C T U ,  

BKJIK)YaR l u e n b @ o ~ b 1 e  p a i o ~ b l ,  a YaCTHbIe KOMnaHMM 

YYaCTBOBanH 661  B KOHKYPCe H a  3 n e ~ ~ p o c ~ a 6 x e ~ ~ e  H a  

n e p H O A  OT 15 A 0  20 J leT n 0  YCTaHOBJIeHHbIM 4eHaM.  

CM.: Berep e cpaanenww c nnyronwew, c. 17 

 TO KacaeTcR ~ H ~ P ~ ~ T H Y ~ C K M X  rex~onornfi, KOTO- . 
: P b I e  6 n ~ 3 ~ n  K KOMMePYeCKOMY MCnOnb30BaHHK) M n 0 A -  1 
' X O m T  C TOYKM 3PeHMR ~ K O ~ O ~ M Y ~ C K O ~ ~  H/MJIM 3HepreTM- . 
. Y ~ c K o ~ ~  ~ ~ ~ O ~ ~ C H O C T H ,  r O C y A a p C T B e H H b I e  A e H b r M  : 

AOJIXHbI 6 b 1 ~ b  UHBeCTMpOBaHbI TaKHM 06pa30~, Y T O ~ ~ I  + 

. 3 T 0  C ~ O C O ~ C T B O B ~ J I O  I lpOrpeCCy B MCCJIeAOBaHURX M : 

Ecnw y sac e c n  A mar xom- Y ~ n o x b m  

&oynu/c 

3,413 

Mounocrb 3neprnn B p e ~ n  
b 



a HMX p a 6 0 T a l O T  KOCMMYeCKMe ~ o p a 6 n ~  
H ~ ~ M o H ~ J I ~ H o ~ o  YnpaBneHMR no a3pOHaB-  

TMKe M KOCMMYeCKOMY nPOCTPaHCTBY CmA 
(HACA). OHM 0 6 e c n e ~ ~ ~ a r o ~  3 n e ~ ~ p o 3 ~ e p -  

r M e i  KOMnbWTePbl  n ep~0r0  H a ~ H O H a n b H O r O  6 a H ~ a  B 

O M ~ X ~ .  OHM MCnOJIb3YlOTCR H a  HeKOTOPblX 0 6 q e c ~ ~ e ~ -  
HblX rOPOACKHX ~ B T O ~ Y C ~ X  B Y M ~ a r 0 .  

3 ~ 0  BCe - TOnnMBHble 3JleMeHTbl. T O ~ ~ M B H ~ I ~  3ne- 
MeHTbl I lpeACTaBnRlOT ~060ii  3JIeKTPOXMMNYeCKMe 

ycTpoic~sa, s b 1 p a 6 a ~ b e a l o m w e  3 n e ~ ~ p o s ~ e p r ~ m  6 e 3  

n p 0 u e C C a  rOPeHMR - XMMMYeCKMM IlyTeM, nOYTM TaK 

xe, KaK 6 a ~ a p e i ~ ~ .  P a s ~ ~ u a  n M u b  B TOM, YTO B HMX 

UCnOJIb3ylOTCR A p y r M e  XMMMCreCKMe BeqeCTBa ,  BOAOpOA 

M KMCnOpOA, a npOnyKTOM X U M M Y ~ C K O ~ ~  PeaKUMM IIBnR- 

eTCII BOA& MOXHO M C I I O J I ~ ~ O B ~ T ~  M n ~ M ~ O ~ ~ b 1 f i  Ta3, 

OAHaKO npM MCnOJIb3OBaHMM yrneBOAOpOAHOr0  T o n -  

: nma, K o H e w o  xe, ~ e ~ 3 6 e x e ~  o n p e ~ e n e ~ ~ b ~ j i  ypo- 
- BeHb B ~ I ~ ~ O C O B  AByOKHCM Y m e p O n a .  

~ O C K O I I ~ K Y  TOnnMBHble 3neMeHTbl  MOTYT p a 6 0 ~ a ~ b  

C BbICOKMM KnA M 6e3 BPeAHblX B ~ ~ ~ P O C O B ,  C HMMM CBII- 

3aHbI 6 0 n b w ~ e  nepCneKTMBb1 B OTHOrUeHMM 3KOJTOrM- 

. YeCKM PauMOHanbHOrO MCTOYHMKa 3HePTHW, K O T O P ~ I ~  

6 y ~ e T  C I I O C O ~ C T B O B ~ T ~  CHMXeHMK) B ~ ~ ~ P O C O B  naPHMKO- 

. BblX T a O B  M APYrMX 3aqI I3HRIOuMX BeqeCTB. OCHOBHO~ 
IIpenRTCTBMe H a  nyTH U ~ M ~ O K O M ~ C ~ J T ~ ~ H O ~ O  MCllOnb30- 

. BaHMR TOnnMBHbIX 3neMeHTOB 3 T 0  MX BblCOKaR CTOM- 

MOCTb no CpaBHeHMlO C flpyrMMM Y C T P O ~ ~ C T B ~ M M ,  Bblpa -  

. ~ ~ T ~ I B ~ ~ O ~ M M M  3J'IeKTpMYeCTBO MJIM IlpMBOAII~MMM B 

ABMXeHMe TpaHCnOpTHble  CpenCTBa. 

r 

&@@~KTHBHWMH B O T H O U ~ ~ H H ~  ~ f l pe06pZt308a~L i~  TOnnbl- TeM, wo 06ecnevu~am ewpa60mcy S ~ ~ K T P O ~ H ~ P T H M  8 ~ M K -  
ea B anempn~ec~eo, a ~awae o6na~am B O ~ M O ~ O C T ~ K )  no- HVOM wme. Bops pasnaraerc~ na eoaopoa n ~ncnopoa c 
rpednennn ~onnnaa na oc~oae yrnn. a n  ane~enrbl pa6o- ~ O M O U ~ ~ K )  YcTanoBKn 3neu~ponu~a c nnTanneM OT con- 
taror npn ~e~neparype o~ono 1 200 OF. ne'tnofi 6a~apen. Boaopo~ u ~ucnopoa noaamrck B  on- 

nuenblPl ane~ent. ~oropwh eblpa6arbleaer anempn'tec~~o, 
~ e e ~ w ' e  O K C H A ~ ~ .  ;qpyrn~ MHOT~O~~WIOWM ronnnenbl~ ane- renno w eoay. BOW 3 a r e ~  ~03epawevcn na3a.q e ycrano~~y 

Menromsmeron Ttzepaoo~ncnuk mne~enr, KOTOP~IR Moxer m n  3ne~~ponu3a na con~er~b lx  6arape~x, M npouecc 
6blTb ncnqnbsoea~ Ha bonbwwx .MOUHWX yaranoelrax, ~a' tunaetc~ cnom. B nactonuee e p e ~ n  HACA n ~ p y r u e  
emtoran n p o ~ ~ ~ e t i n b ~ e  n ~pynnwe yenrpanbnbte cranuun, oprann3ailnn eo B C ~ M  ~ n p e  nposobr ncone~oeannrt c 
ewpa6a~mearowne ane~tpnrecreo. He~oropwe paapa- a w ~ n  TunaMu TonnnBnMx me~ewoe.  

, Bomnm cv~tamr, wo rsepaoololcnbte TannnBnbre anewe- 
M O M  TBKXe UCnOnb3088TbCZ1 B ~ ~ T O M O ~ H ~ ~ H O M  TDanCflODTe. 

- 

a w p n a n  uwcno+e.  TO - ~aH6onee KoMMep'tecwu pa3sn- 
. TWR Twn ronnnnHoro ane~en~a. On nawen utnpowoe npn- 

MeHeHMe # MHOrUX 06nac~s13c: ~ @ I ~ H M U ~ X ,  naHCnOHaTaX@n 
npemapenwx, rwnHwax, O~~HCCI~DIX ~LIQHMIU(, uwonax, Bcno- 
MOraTenbHblX ant3KTPOMaHUblRX bl TePMMHWl8X a3POnOpTOB. 
Tonnnaub~e sne~entu Ha @oc@opnotr Knanore 8blpabatbl- 
Baror 3nmnvecrso c KflA 60nee 40% nnn oKono 8!3% 
(ecnn nap. KOTOPLIR npons~owrr  TOT TonnnBnwCi 3ne~enr. 
ncnontaveTcn MFI CoaMemnoro ~ D O H ~ B O A C T B ~  renna n 

nmnoro aenrarenn BHyrpenHero cropanun. Pa6ovue TeMne- 
paTypm naxomn-cu e npaqenax 400 O F  ( t ,  = (t,-32)/1.8). 
Tonnuanwe aneMentbc ~ o r y r  Tatwe ncnonbaoBatbcn n Ha 
6 0 n b ~ ~ x  rpancnopmux c p e ~ ~ ~ e a x ,  ra~ux Kaw aero6ycw n 
nOXOMOWBM. 

flpo~onoobwennan ~e~6panC1 (flOM). ~ T L I  ane~enru pa6o- 
TalOT npU OTHOGUTenbHO H H ~ K O ~  TeMnePEITYPe (OKO~O 
200 OF) .  UMeW BMCO)(YIO nnOTHOCfb 3H~prOBblA0neHHSl. NIO- 
I'yr 6ucrpo HSMeHRTb BMXOAHYIO MO~OUTb YAOWle- 
TBopenun ~enn~)wPLcs no~pebnom B sneprnn n nomomr 
w n  pa6orw e mknx yonoowme, r , e  tpe6yerc~ 6wcrpb1tr3a- 
nyou, HanpwMep, ae~oyobnnu. Giirnacno 3snenenn10 MUHUC- 
Tepmsa sneprmKn CUIA. "o~n*nen~to'rcn nepeblwu Kawn- 
# w a ~ ~  na uononbaoda~ne B rpancnopTnwx cpencreax Ma- 
ndR rpysonome~woo'r~, p n  06,ecnerte~~n snannh anempo- ' s M e p ~ &  l4 TWln'0M HI &03~0jKkd. B 3HaqHTBnbHO MeHbUHX . npwbxen@nx, YaKUX ~ c s ~ ' a a ~ e ~ a ' a ~ ~ y ~ y h ~ r o p n w x  6a~apef3~ 
e attweolia~epax". 

Ulenorlnwe ane~ewm. Yxe Aaeno nononb3ye~b1e HACA B 
KocMnvecKux nonerax, arn Tonnrrsnbte 3ne~e~rb1  pa60~aaot 
c K f l A ~ o  70 %. 6 Icavecree anelcrponnra 6 nux ncnona3yeTw 

m e  romunnble anewemu. f l p ~ ~ ~ b l e  Mef8Hmo6bte fonnu6- 
H u e  ane~emar (llM73) nennloTcn otnocnrenbno H O B ~ ~ M H  
r(nWaMH C ~ M ~ # C T B ~  TOflnHBUMX 3lleMeHTO8. ~ T U  3neMeHTbI 
noxoxn na flOM-ane~enrw e TOM, wo H B rex. H a myrnx B 
Ksrtecree ane~~pann~a ncnonwercn nonnMepnaR ~ e ~ b p a -  
Ha. Oana~o e n m  anoanblCi Karanuaarop c a ~  uaenelcaer 
s o ~ o p o ~  n3 xnnworo wemnona, npM  TOM o r n w e r  neo6xo- 
AHMOCrb B TOIIIIMBHOM pe@OpMaT~pe. O X H ~ ~ T C R ,  'tTO KnP, 
STO~O Tonnnenoro anewenta cocraeur 40°h u OHM bynyr, 
KaK npaeuno, pa6o~arb npn rewnepmypax or 120 no 190 OF, 
flpn donee B ~ C O K H X  TeMnepawpax KflA 6yaer ebtwe. Pere- 

Paonneeinennb~l ~apbowar. Tonnnanwe a n e ~ e ~ ~ w  na ~epam~tiare ronnusnare s n e ~ e ~ r a r ,  =we ne,uaano eowea- 
~ a c n n a s n e n ~ o ~  ~ a ~ 6 o n a ~ e  06e~uato~ 6b1~b B ~ C O K O -  W H ~  e C ~ M ~ C S C T B O  T O ~ ~ H B H U X  ane~enros, n~nmeuarenbnm 

B ~epone- roroemm nonarranne yCTaHOBKH B ae~orp&c- nepenegara~o cpa3peure~na Fuel CeU 2000, c a k  B M H T ~ ~ H ~ T ~  http:/ 
nop~e ~orrytocrbm 100 KBT. B SI~~OHHH yxe smyn~nn e crpo~ . 121 6.51.18.233lfctypes.html ~a 15 cem6pa 1999. 



n e p ~ b l e  TO~JIMBH b le  3JIeMeHTbI 6 b 1 n ~  

. npOAeMOHCTpMpOBaHb1 C3pOM B u n b R -  

MOM ~ P O B S O M  B 1839 r. r p 0 ~ 3  no~a3an, 
. YTO npouecc s n e ~ ~ p o n ~ s a  - pacqen- 

n€!HMe BOAbI H a  BOAOPOA M KMCJIOPOA nOA 

. A ~ ~ C T B M ~ M  ~ ~ ~ K T ~ M Y ~ C K O ~ O  T O K ~  - 06- 
PaTHM. TO eCTb BOAOPOA M KMCJIOPOA MO- 

. rj'T 6 b 1 ~ b  COeAMHeHbI XMMMYeCKMM IIyTeM 

c 0 6 p a 3 0 ~ a ~ M e ~  s n e K T p u r e c T s a .  

. IIocne T o r o ,  KaK  TO 6 b 1 n o  npone- 
MOHCTpMpOBaHO, MHOrMe YYeHble GPOCM- 

. JIMCb C YCepAMeM M3YYaTb TOnnMBHble 

' 3JIeMeHTb1, HO M 3 0 6 p e ~ e ~ M e  ABMraTenR 

. B H Y T P e H H e r O  C r O p a H M R  M pa3BMTMe 

WH@P~CTPYKTYP~I  ~ 0 6 b l y M  3anaco~ ~ e @ -  
. TM BO B T O P O ~  JlOJIOBMHe AeBRTHaAqa-  

T o r 0  BeKa OCTaBMJIO Pa3BMTMe TOnnMB- 

: HMX ~ J I ~ M ~ H T O B  A a n e K o  n o s a ~ ~ .  Eue  
6 o n b r u e  CnepXMBaJIa  pa3BMTUe TOnJIMB- 

. HbIX 3neMeHTOB MX BbICOKaR CTOMMOCTb. 

Bcnnec~ pa3BMTMR TOnnMBHbIX 3ne- 
: MeHTOB npMUIeJICR H a  50-e rOAbl, KOrAa 

HACA 0 6 p a ~ ~ n a c b  K HUM B CBR3M C B03- 

: ~ M ~ l U e f i  I I o T P ~ ~ H o c T ~ K ,  B KOMnaKTHOM 

s n e ~ ~ p o r e ~ e p a ~ o p e  AJIR KocMMrecKMx 

: IlOJIeTOB. E ~ I J I M  BJIOXeHbI COOTBeTCT- 

B y I o q n e  cpencma, M B p e s y n b ~ a ~ e  none- 
. T ~ I  Apollo n Gemini 6 b m ~  ocyuecmne- 

H ~ I  H a  T O ~ ~ M B H ~ I X  3 n e ~ e ~ ~ a x .  KOCMM- 
. Y e c K u e  ~ o p a 6 n ~  T a m e  P ~ ~ O T ~ K I T  H a  

' TOnJIMBHblX 3neMeHTaX. 

. T o ~ J I H B H ~ I ~  3JIeMeHTbI A 0  CMX n O p  B 
' 3 ~ a ~  M T ~ J I ~ H O ~  CTeneHM RBJIRloTCR 3KCne- 

. ~ M M ~ H T ~ J I ~ H O ~  T e ~ ~ O n ~ r M e f i ,  HO yXe 
HeCKOJIbKO K O M ~ ~ H M #  n p O A a I o T  MX H a  

. KOMMePseCKOM P ~ I H K ~ ' .  T O ~ ~ K O  3a n0C-  

JIeAHMe IlOYTM AeCRTb JIeT 6b1ni-i AOCTMr- 

. HYTbl 3HaYMTenbHble YCneXM B o 6 n a c ~ ~  
K O M M ~ P Y ~ C K O ~ ~  TeXHOJlOrMM TOnnMBHblX 

. 3neMeHTOB. 0 HeKOTOPblX M3 HMX Bbl MO- 

X e T e  IIPOYMTaTb H a  C. 16. 

T ~ n n M ~ ~ b l e  3JIeMeHTbI nOXOXM H a  

: aKKYMYJIIITOPHbIe 6a~apen - OHM BbIpa-  

G ~ T ~ I B ~ N T  3neKTpMYeCTBO B pe3YJIbTaTe 

: X M M M Y ~ C K O ~ ~  PeaKUMM. B OTJIMYMe OT 

3 T O r 0 ,  ABMraTeJIM BHYTPeHHerO CTO- 

PaHMR CXMraIOT TOIIJIMBO M TaKMM O ~ P ~ O M  ~ b l p a 6 a T b l ~ a l t 3 ~  T e n n o ,  

KOTOpOe 3aTeM npeo6pa3ye~c~ B MeXaHMYeCKyIo 3 ~ e p r ~ m .  E c n ~  TOJIb- 

KO T e n n o  OT BblXnOIIHblX r a 3 0 B  He  MCnOnb3yeTCfl K ~ K M M - n M 6 0  o6pa- 
30M ( ~ a n p ~ ~ e p ,  AnR 06orpe~a MJIM KOHAMUMOHMPOBaHMR B O ~ H Y X ~ ) ,  

TO MOXHO CKa3aTb,  YTO KIIA ABMraTeJIR BHYTPeHHerO CrOpaHMR 

AOBOnbHO H M ~ K M ~ .  Hanpn~ep,  OXMAaeTCR, YTO KnA TOnnMBHbIX 

3JIeMeHTOB n p M  MCnOnb3OBaHMM B TPaHCnOPTHOM CpeACTBe - 
npOeKT, K O T O P ~ I ~  C ~ G Y ~ C  HaXOAMTCR B CTZIJMU P ~ ~ P ~ ~ O T K M ,  - 6yne-r 
B b l U e  K n A  COBpeMeHHbIX TMnMYHbIX ~ ~ M r a T e n e k  H a  6 e ~ 3 M ~ e ,  

MCnOJIb3yeMbIX B ~ B T O M O ~ H J I R X ,  6onee YeM B ma pa3a. 
XOTR M aKKyMYJ[IITOPHble 6 a ~ a p e ~ ,  M TOnnMBHble  3JIeMeHTbl 

~ b l p a 6 a T b I ~ a l o T  3JIeKTpMYeCTBO XMMM'reCKMM nyTeM, OHM BblIlOJIHRIOT 

me c o s e p r u e H H o  p a s ~ b ~ e  ~ Y H K U M M .  Eia~apeu - ycqoficma c HaKon-  

~ C H H O ~  3 ~ e p r M e k :  3JIeKTPMYeCTB0, KOTOPOe OHM B ~ I ~ ~ ~ ~ T ~ I B ~ I O T ,  

RBJIReTCR pe3yJIbTaTOM X M M M Y ~ C K O ~ ~  PeaKUMU BeueCTBa ,  KOTOpOe r>Ke 
HaXOAMTCR BHYTPM HMX. T o I I J I M B H ~ I ~  3JIeMeHTbI H e  XPaHRT 3HeprMI0,  

a npeo6pa3ym~ YaCTb 3HePrMM TOnJIMBa, IlOCTaBnReMOrO M3BHe, B 

3neKTPMqeCTBO. B 3TOM OTHOUIeHMM T O ~ J I U B H ~ I ~  3JIeMeHT CKOPee 

nOXOX H a  O ~ ~ I ~ I H Y K )  3neKTPOCTaHUMKI. 

C Y U ~ C T B Y ~ T  HeCKOJIbKO pa3JIMsHbIX TMnOB TOnJIMBHbIX 3JIe- 
MeHTOB (CM. BCTaBKY H a  C. 11) .  H a ~ n p ~ c ~ e k U J ~ f i  T O ~ ~ M B H ~ I ~  

3JIeMeHT COCTOMT M3 ~ I l e u M a J I b ~ ~ f i  M ~ M ~ P ~ H ~ I ,  M ~ B ~ C T H O ~  KaK 

3JIeKTpOJIMT. no 06e CTOPOHbl M e M 6 p a ~ b l  HaHeCeHbI nopo~1~006pa3- 
H b le  3JleKTpOAbI. T a ~ a s  KOHCTPYKuMR - 3neKTpOJIMT, O K ~ Y X ~ H H ~ I  k 
ABy MR 3neKTpOAaMM, - IlpeACTaBJIReT co6ok 0 T n e J I b ~ b l f i  3JIeMeHT. 

Bonopon JIOCTynaeT H a  O n H y  CTOPOHY (IHOA), a KMCJIOPOA (BO~AYX) 

H a  A p y r y l o  (K~TOA).  Ha KaXAOM 3JIeKTPOAe IIPOMCXOART p a 3 H b I e  

XMMMYeCKMe PeaKqMM (CM. CXeMy H a  3 ~ 0 k  C T ~ ~ H M U ~ ) .  
CM.: YCTO~%L(HBM~ Texnonornn, C.  13 



. Ha a H o A e  ~ o ~ o p o ~  p a c n a A a e T c n  H a  c M e c b  npo-ro- 
HOB M 3JIeKTPOHOB. B HeKOTOPblX TOnJIMBHbIX 3neMeH- 

. T a x  3JIeKTpOnbI OKPYXeHbI KaTanM3aTOPOM, O ~ ~ I Y H O  

Bbll lOJIHeHHbIM H 3  nJIaTMHb1 MJIM A P ~ ~ H X  6naro- 
. pOAHb1X MeTaJIJIOB, KOTOPble C ~ O C O ~ C T B Y K ) T  IIpOTeKa- 

' HMH) PeaKUMM AMCCOUWaUMM: 

3,qecb H2 - ~ B ~ ~ T O M H ~ R  ~ o n e ~ y n a  ~ o n o p o n a ,  
a o p ~ a ,  B KOTOPOC~ BOJIOPOP, npw- 
cy-rcTsyeT B B w a e  r a s a ;  

Pa6o~a TOnnMBHOrO 3JIeMeHTa OCHOBaHa H a  TOM, 

YTO ~ J I ~ K T ~ O J I M T  np0nycKae- r  ~ e p e s  ce611 n p o T o H b 1  (no 
H a n p a B n e H M W  K K ~ T O A Y ) ,  a 3J IeKTpOHbI  - HeT.  

3 J I e K T p o ~ b l  DMXYTCII K KaTOAy no BHeUHeMy IlpOBONl- 

U e M y  KOHTYPY.  TO ABMXeHMe 3.JteKTPOHOB M eCTb 

~ J I ~ K T P M Y ~ C K M ~ ~  TOK, K O T O P ~ I ~ ~  MOXeT 6 b l ~ b  MCflOJIb30- 

BOAOpOAHOe TOnJIMBO M KMCJIOpOA M 3  BO3flyXa. B o ~ o p o ~  
MOXeT nOAaBaTbCR HeIIOCpeACTBeHHO MJIM IIyTeM BbIne- 

neHMR er0 M 3  BHeUlHerO MCTOYHMKa TOnJItlBa, TaKOrO 

KaK n p M p 0 ~ ~ b 1 6  rX3, 6 e ~ 3 M ~  M J I M  MeTaHOJI. B C n y Y a e  

BHeUHerO MCTOYHMKa er0 H ~ O ~ X O A M M O  XMMMYeCKM ripe- 

0 6 p a 3 0 ~ a ~ b ,  ~ ~ 0 6 6 1  H3BJIeY b BOAOPOA.  TOT IlpOueCC 

PacqeTwoe npouenmoe HeraenenHe coaepmaHHn KoHTponHPYe~blX 3arPfi3Hfim-X BeWeCTB 
H napHHKOBblX raeoa OTnocHTenbno 6a3oaor0 ~POBHSI, nporn03~pye~oro Ha 2000 roam 

Kon~ponwpye~we sarpnann~enm~ 
Tpancnopmoe Ilapnm~osbte 

cpeAcre0 
H e ~ e ~ a ~ o s b ~ e  OKCHA OKMCH OKHCM 
opra~nqec~ne yrnepona asora cepbl Teep~ble 

ra3blm ( c o )  (NOX) (SOX) 'laCTHL(bl 

6330~blk y p o ~ e ~ b :  Aenrarenn s~yrpennero 948 3.81 0.a 0.035 0,oi 282.5 
CrOpBHHR HB 6en3nne (T-MM H8 K M J ~ O M ~ T ~ )  

3 n e ~ ~ p w i e c ~ n e  rpancnop-rtible cpe~crea Ha -95 -99 -56 +321 +I53 -37 
aKI(YMYJlRT0PHblX 6arape~x 

3ne~~p~rle~K~eTpaHCfl0pTHMeCpeACTBa Ha 
TOflnMBHMX 3neMeHTaX ( ~ ~ a ~ b l f i  BOAOPOA. 
06pa3ye~wfi 38 cqeT nplnpoAHoro ra3a) 

3ne~~pnclec~ne ~ p a ~ c n o p ~ ~ b t e  c p e ~ c ~ s a  na 
TOnnlnBHblX 3neMeHTaX ( c ~ a ~ b l k  eOAOpOA. 
06pasye~b1Ci 3a clteT con~eq~of i  a~eprnn) 

3ne~rpnrlec~ne ~ p a ~ c n o p ~ ~ b r e  c p e ~ c ~ s a  na 
TOflnHBHblX 3neMeHTaX MIlH aKKYMYnflTOPHblX 
6a~apenx (BOAO~OA. 06pa3ye~b15 Heno- 
CpeAcTBeHHO3a C . C ~ T C O ~ H ~ L ( H O ~  ~ H ~ ? ~ T H M )  

MCTOSHWK Hydrogen Fuel Cell Vehicles, Briefing Paper. Union of Concerned Scientists, Cambridge, Mass., February 1995. 

A D H H ~ I ~  BKJlmYDlOT B C S ~ R  IlPRIlble ~ b l 6 ~ 0 ~ b l  OTTPilHCflOPTHblX CPeeETB Ii KOCBeHHblr B ~ I ~ P O C ~ I .  CBR3BHHblC C nPOIi3BOAFTBOhl. XpaHesaeM 
H pacnpeneneHneM Tonnwaa. 
Conepxmn~ s a r p ~ 3 ~ ~ m u l n x  Beulem perynnpywcn ~ ~ K O H O M  o V I ~ C T O ~ I  ~03i1yxe: yrneBonopoml, OKCI~A yrepona, oKcrljlbr a30~a. O K C I ~ ~ ~ I  
CCPbl H TBePnble YaCTHUbl. 3 f H  3aQR3HIIIOlJlHC BCUleCTBa OKa3blBaDT B O ~ A ~ ~ ~ C T B I ~ C  H a  3HOPOBbe YCJlOUeKa, VTO IIPliBOnIiT K rOnOBHbIM 

II ~ O ~ R M ,  @ H ~ H O ~ O ~ ~ ~ Y ~ C K W M  CTpCCMM H HIPYUICHHIIM A ~ I X ~ T ~ J T ~ H O ~ ~  CIiCTCMbI. 
Cmna BXO~RT Bce yrnesoaopomr, Kpohre MeTaHa. 
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Ha3bIBaeTCR " ~ ~ @ o P M  MH~OM"'. BOAOPOA M OXHO TaKXe 

nOnyYMTb M3 aMMMaKa, anbTepHaTMBHb1X PeCypCOB, Ta- 

KMX K I K  Ta3 M3 rOPOACKMX CBanOK M OT C T ~ H U M ~ ~  OZIMCT- 

KM CTOYHMX BOA, a TaKxe ny-reM sne~~pont13a B O A ~ I ,  

npn KOTOPOM ~ n l ~  pa3noxe~n~1 Bonbr Ha ~onopon M KMC- 

nopon ~cnonbsye~cn s n e ~ ~ p n r e m o ~ .  B Hac-ronuee spe- 
MZI ~ O ~ ~ U ~ M H C T B O  T ~ X H O ~ O T M ~  TOnnMBHbIX 3neMeHTOB, 

npMMeHfleMbIX Ha TpaHCnOpTe, MCnOnb3yIoT MeTaHOn. 

Anfi p e @ o p ~ ~ ~ r a  TonnMsa c qenbm nonyyer-im 

BOAOpOAa wfl TOnnMBHblX 3neMeHTOB 6b1nM pa3pa60- 

' YMBaTb nOAaYy BOAOPOAa Ha ~ B T O H O M H ~ I ~ ~  T O ~ ~ M B H ~ I ~ ~  ' 0opozu.r 6 umHe I993 2. 3mo 661~7 32-(I(I~rttosbrri zopodcro~ aarnofij~~ c 
, 3 n e ~ e j - j ~ ~ .  MccneAo~aTen~ ~3 T n x o o ~ e a ~ c ~ o i  CeBepo- . dall2anZe.7e.~ Ballard' lta nlon,7u6~blx 3.7enlellmax , l l o l l ~ f t o ~ n l b ~  ' 

. 3an anH fi Ha an na60paTop C ~ A  . 125 .70liIfJd~~bl-V ClL7 (90 xBm), pa6otti(~utq~1fi IIU sodopode. 

. IlpOAeMOHCTpMpOBanM KOMllaKTHYH) TOnnMBHYIO . 
YmaHoBKy no ~ ~ @ O P M H H ~ Y  B ~ ~ ~ ~ ~ H o ~  B OAHyflecRym : 3KCnepkIMeHTbI M neMOHCT'pMpOBaTb MaUMHbI, pa6o- ' 

. pa3Mepo~ 6 n o ~ a  nkiTaHm. A~epclKaHcKaR 3~eprOKoM- - Tamukie Ha T O ~ ~ M B H ~ I X  3 n e ~ e ~ ~ a x .  O X M A ~ ~ T C H ,  YTO : : *aHnfl, Northwest Power Systems, M Ha~Mo~anbHafi : nepsble KOMMepYeCKlle ~ B T O M O ~ M ~ M  Ha TOnnMBHblX Me- 
' 

n a 6 o p a ~ o p ~ ~  CaHn~fl npoAe~O~c7p~pOBm~ TonnHB- MeHTaX IlOnBflTCfl Ha AOpOraX B 2004 M n M  2005 r.' 
HYIo ~ ~ @ O P M H H ~ O B ~ I O  YCTaHOBKY, KOTOpafl npeo6pa- ' 

Cepbe3~0fi ~ex0fi B MCTOPMM Pa3BMTMM TeXHOnOrHM 
' 

3YeT AM3enbHoe TonnMBo B BOAOPOA Wfl TOnnMBHblX - TOnnMBHbIX 3neMeHTOB CTma AeMOHCTpaqMR B MWHe . 
~ ~ ~ M ~ H T o B ' .  : 1993 r. 3KCnepMMeHTaJIbHOrO ~ ~ - @ ~ T o B o ~ o  rOpOnCKOr0 ' 

. no OTILM~HOCTW TO~nCIBHble 3neMeHTbI nPOM3BOAflT . as~o6yca KOMnaHMM Ballard Power System C ABMra- : 
O K O ~ O  0,7-I,O B KaWIblfi. qT06b1 YBenHyMTb Hanpflme- TeneM Ha BOAoponHblX TOnnMBHbIX 3neMeHTaX MOW- 

' 

: H W ~ ,  3 n e ~ e ~ ~ b l  C O ~ W P ~ H ) T C I I  B b b ~ a ~ ~ a 9 7 ' 7  r e .  nocneaosa- : HOCTbm 90 KMnOBaT7 (CM. +o~orpa@~Io). c Tex nop 6b1- : 
TenbHoe CoeAkiHeHMe. q~06b1  C03naTb 6onbukifi TOK, Ha- no pa3pa60TaHo w 3anyue~o B 3KcnnyaTaUMm ~ ~ o r o  * 

60pb1 KaCKaHbIX 3neMeHTOB COenMHflmfCfi napmnenb- . pa3HbIX TMnoB M pa3HbIX no~one~l t f i  naCCaXMpcKMx : 
HO. E c n ~  06'be~MHM~b KaCKaAbI TOnnMBHbIX 3neMeHTOB TpaHCnOpTHblX CpeACTB Ha TOnnMBHbIX WeMeHTaX, pa- 

. C T O I ~ ~ M B H O ~ ~  ~ C T ~ H O B K O ~ ~ ,  C M C T ~ M O A  nOAaYM BO3JlyXa 6o~amqwx Ha pa3~blx BHnaX TonnwBa. C KoHqa . 
: OxnaWeHMfl, a TaKxe c c ~ c ~ e ~ o f i  YnpaBneHm, To 1996 r. B ~ ~ U I M  Ae3ep~ B Kanw@op~clki CTajIM ucnonb30- 1 
. nonysmcn ABwraTenb HaronnuBHblx 3 n e ~ e ~ ~ a x .    TOT . BaTbcfl T ~ M  MoToTenexKH mn ronbaa Ha ~ o n o p o ~ ~ b ~ x  . 
: ~ ~ r a ~ e n b  M O ~ ~ T  n p w o ~ w ~ b  B ~ e f i ~ ~ e ~ p a ~ c n o p ~ ~ o e  : TonnnBHbIx 3 n e ~ e ~ ~ a x .  Ha noporax qnw~aro, Mnnnw- 

c p e ~ c ~ ~ o ,  CTauMOHapHym ~ ~ ~ K T ~ O C T ~ H U M ~  MnH nepe- . ~ o i i c ;  B ~ H K Y B ~ ~ ~ ,  6pkiTaHcKafl Kony~6nfl ;  n Ocno, 
: HOCHOA 3ne~TpM'le~KMfi T ~ H ~ P ~ T O P ~ . A B W ~ ~ T ~ ~ Y I  Ha Ton- Hopser~ln npOBOnRTCfl MCtlblTaHMR rOPOACKHX ~ B T O ~ Y -  

nHBHbIX 3neMeHTaX ~ ~ I B ~ W T  pa3HblX PaJMepOB B 3aBM- COB, p a 6 o ~ a m q ~ x  Ha TOnnMBHbIX 3neMeHTaX. Ha ynM- 
' CMMOCTM OT HrnHaYeHMR, TMna TOnnMBHOrO 3neMeHTa : ~ a x  n0~fl0Ha Ilp0~0nflT np0~epKy T ~ K C M ,  pa6o~am~kie : 
. M ucnonb3ye~oro T O ~ ~ M B ~ .  Hanpn~ep,  pamep KaXJlofi . Ha qenowblx TonnMBHbIx ~ J I ~ M ~ H T ~ X ~ .  

' M3 YeTblpeX OTWnbHbIX CTauMOHapHbIX 3neKTpOCTaH- : ~ ~ M o H c T ~ M ~ ~ ~ ~ T c R  TaKXe M CTauMOHapHbIe YCTa- 1 
~ M f i  MOWHOCTbIo 200 KBT, YCTaHOBneHHblX B 6aHKe B . HOBKM, u c n o n b 3 ~ ~ ) q ~ e  TeXHOnOrMW TOnnMBHblX 321e- . 
O M ~ X ~ ,  npM6nki3M~eJIbH0 PaBeH pa3Mepy nplluena rpy- : MeHTOB, HO OHM noKa H e  HMemT UMPOKOrO KOMMePYeC- : 
~ O B M K ~ ' .  K O r O  n p M M e H e H M l .  nep~bl f i  ~aull0~aJIbHblR 6 a H ~  . 

: O ~ a x a  B He6pac~e wcnonb3yer c w c ~ e ~ y  Ha TonnnwsHbix : 
~ P M M B H ~ H M ~ ~  

3neMeHTaX mfl IlMTaHMR KOMIlbK)TePOB, nOCKOnbKY 3Ta ' 

: T ~ n n ~ ~ H b l e  3neMeHTbI MOryT EiCnOnb30BaTbCn K a K  : CMCTeMa 6onee HaAeXHa, Y e M  CTapaR CMCTeMa, pa6o~as- . 
B CTaqMOHaPHblX, TaK M B IlepeABNXHbIX YCT~O~~CTBBX. mall OTOCHOBHOR CeTU C aBapMAHb1M ~ K K Y M Y ~ R T o P H ~ I M  ' 

: B orseT Ha yxecTosamwwecn ~ p e 6 o e a ~ ~ n  no H O ~ M ~ M  ~ M T ~ H H ~ M I O .  c a ~ a ~  6onbmaa B Mnwpe ~ o ~ ~ e p s e c ~ a a  
B ~ I ~ ~ O C O B  B CmA llpOM3BOAkiTeJIM a s r o ~ o 6 ~ n e i i ,  ' CMCTeMa Ha TOnnMBHblX 3ne~eHTaX M O W H O C T ~ H )  : 

: BKnmran DaimlerChrysler,Toyota, Ford, General Mo- : 1,2 MBT 6 y n e ~  c ~ o p o  ycra~o~neHa B u e ~ ~ e  no o6pa- . 
tors, Volkswagen, Honda M Nissan C T ~ M  npOBOJlHTb ' CM.: Y c T o ~ ~ . ~ H B ~ I ~  TeXHOnOrHH, C. 15 . 
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. .  -', $'::' . siri&Ki~vl.-lkd~~bIE TPAHC~UPTH~IE CPE~CTBA. a 

:'; " ~ V $ ~ P V I ~ H ~ ~ E  TPAHCnOPTHblE CPEflCTBA .VI ~0nnvl~ff b l ~  

. , 

. . IwsaeMm ronnnsnatMn.one~e~mwn. , - . .  
TP?H,c~oP~~~;H~~x c p q ~ r e  tia ?JI~KTPW~~-KUX ba~ep-x ~ y ~ m t j 0 ~ ~ 0  - r 

ysry\rulWJWCb, HO HM B w  &EtneKO A0 Tom. q~06b1 OmTb LUUPOKO HCTOqnnWm: 
'npp~aiaqhw~~. . Humboldt State ~nhrehty. Schatz ~ e r &  desearch center, http:/ /www.humboldt,edu/-serc/faq.html, Ha 1 OKTR~PR, 1999; , 
,:. . '~nskiyihrieawe rpa~crlop~+le cp- c K O M ~ H H H P O ~ ~ H H O ~  Information Please, , http://www.lnfoplease.com/ipa~ 
qtnoeoti- y c t a ~ o s ~ o ~  ( rH6p~~~~ble  rpanonopmue cpeclcrea) A0004878.html. Ha 1 O ~ ~ P R .  1999; Wmntly Asked Qw- 
ooyeramr B cede &va t4MortnwKe.aneprnu - anempo~urarenb flons (FAO): Hypemars. Rocky Mountain InStftute; Mtp://.-~ 
g r & m p ' w  n r p w ~ o n n w t 3  awmwb BHyrpennero CropannR. w-rml.Org/raqFYPerqrqhtmt, ~a 1 OF6PR. $999, HWd-r. A 

IC+j$~3Bpka%pa4cn~~a Fp~eneHH~ OIlTUMU3LlpyeT KOM~UHHPO- TOY-, httP:/h"JWW-toYota.com. ~8.13 o ~ ~ P C I ,  $999- - - 
. . , - ,  
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T o n n M ~ ~ b l e  3JIeMeHTbI MMeEoT PRA npeMMyUeCTB. 

B TO BpeMR KaK Kng COBPeMeHHblX ~ B M r a T e J I e f i  

BHyTpeHHerO CrOpaHMR COCTaBnReT TOJlbKO 12-1 5 %, 
y TOnJIHBHblX 3neMeHTOB 3TOT K O ~ @ @ M ~ M ~ H T  COCTaB- 

nReT 50 %I3. KlIA TOnJIMBHblX 3JIeMeHTOB M O X f f  OCTa- 

BaTbCR H a  flOBOJIbH0 BblCOKOM YPOBHe, L(aXe KOrAa 

OHM MCnOnb3YK)TCR H e  H a  nOJIHyIO HOMMHanbHYIO 

MOuHOCTb, YTO RBnReTCR CePbe3HblM npeMMYUeCTBOM 

no CpaBHeHMK) C ABMraTeJIWMM H a  6 e ~ 3 ~ ~ e .  

M o n y J I b ~ b l f i  n p M H u M n  Y C T ~ O ~ ~ C T B ~  TOnnMBHblX 

3JIeMeHTOB 03HaYaeT,  YTO MOuHOCTb 3neKIpOCTaHuMM 

H a  TOnnMBHbIX 3neMeHTaX MOXHO YBeJIMYMTb, npOCTO 

A O ~ ~ B M B  eUe HeCKOnbKO KaCKUOB.  TO 0 6 e c J l e Y M ~ a e ~  

MMHMMU3auHK) K O ~ @ @ M ~ M ~ H T ~  HeAOMCnOJIb30BaHMR 

MOUHOCTM, YTO n03BOJIHeT JTyYLUe nPMBOAMTb B 

COOTBeTCTBMe CnpOC M flpeJl,.JIOXeHMe. ~ O C K O J I ~ K Y  KIIA 

: 6 n o ~ a  TOnnMBHbIX 3neMeHTOB OnpeneJIRffCR nPOM3BO- 

LIMTenbHOCTbK) OTAeJIbHbIX 3JIeMeHTOB, ~ e 6 0 J I b l L l M e  

: 3 n e K q o c T a H u w w  H a  T o n n u B H b r x  3 n e M e H T a x  pa60~a- 
IOT T a K X e  ~ @ @ ~ K T C I B H O ,  KaK M 6 0 n b u n e .  K p o ~ e  TOrO, 

: c6poc~oe T e n n o  OT CTauMOHapHbIX CMCTeM H a  TOnJIMB- 

HblX 3JIeMeHTaX MOXeT 6 b 1 ~ b  MCnOnb30BaHO H a  060r- 
: p e B  B O A ~ I  M n o ~ e q e ~ n f i ,  e q e  6onee ysenwlrMsaR s@- 

$ ~ K T U B H O C T ~  MCnOnb30BaHMH 3HeprMH. 

: npM MCnOnb30BaHMM TOnnMBHblX 3 n e M e H T O B  

npaKTMYeCKM He 6 b l ~ a e ~  BpeAHbIX B ~ I ~ P O C O B .  ~ P W  pa- 
: 6 0 ~ e  W n r a T e n n  Ha  YMCTOM B o A o p o A e  B Kaqec-rBe no- 

~ O Y H ~ I X  nPOAYKTOB O ~ P ~ ~ Y E O T C H  TOnbKO TenJIO M YMC- 

Tblfi BOA RHO^^ nap. T ~ K  H a  KOCMMYeCKMX ~opa6nrrx 
aCTPOHaBTbl n b W T  B o n y ,  KOTOpaR o6pa3ye~c~  B pe- 

: 3 y n b T a T e  p a 6 0 ~ b 1  ~ O P T O B ~ I X  TOlIJIUBHblX ~ J I ~ M ~ H T o B I ~ .  

C O C T ~ B  B ~ I ~ ~ O C O B  3aBMCMT OT nPMPOAbl MCTOYHUKa 

: B o n o p o n a .  npu M C ~ O ~ ~ ~ O B ~ H M M  M e T a H o n a  06pasy- 
- WTCR HyJIeBble ~ b l 6 ~ 0 ~ b l  OKCMAOB a 3 0 T a  M OKCMna 

yrnepona M T o n b K o  ~ e 6 0 n b w n e  B ~ I ~ P O C ~ I  y r n e B o n o -  

pona. B b r 6 p o c b r  y s e n M w s a m T c r r  no M e p e  nepexona OT 

: BOnOpOna  K MeTaHOJIY M ~ ~ H ~ M H Y ,  XOTR n a X e  n p U  MC- 

n O n b 3 0 B a H M M  6 e ~ 3 M ~ a  Y p O B e H b  B ~ I ~ ~ O C O B  6 y n e ~  
: OCTaBaTbCR AOCTaTOYHO H M ~ K M M ' ~ .  B n106o~ CJIyYae 

- 3 a M e H a  CerOAHHUIHMX TPaAMUMOHHbIX ~ ~ M r a ~ e J I e f i  

. BHYTPeHHerO CrOpaHMH H a  TOnnMBHble  3JIeMeHTbI 

CM.: Ycrol.lmsble texnonorww, c. 16 
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\ \ PECYPCH MHTEPHETA: TOilnVlBHblE ~ ~ E M E H T ~ J  
'+m&can Methanol Ipstitute -- http:/~.methanol.org Fuel Cells 2000 - hkp:/~.fuelaelfs.orQ' 

\ &lla,rd 'Power Systems - http:/~.ballard.com Hydrogen & Fuel Cell Letter - http://&.hfcletterdcom - 
*'c+iifornlti 'F!tie(' cell Partnership .- K o p n o p ~ ~ c l ~  ONSl - http://wwv.onsicorpcom ' , 

a ; h t i p ~ / ~ b d t p t t n ~ t h ' ~ f ~ ~ r e ~ ~ r ~  MHHUCT~~CTBO 06OpoHbl CUJA, ~ ~ M O H C T ~ ~ Q U O H H M ~  . . 
Distributed P0Wr C~al l t i~n~of  Amerloe - http://www.dpc.org JlpOrpaMMM fl0 TOflnUeHblM aJleMeHtaM - 
Enew &lclen*-and Renewable Energy Network, US De- http:/~.dodfuelcell.com 
, parthent of Fnerpy - http://ww.eren.doe.pov/RE/ MHHuCT~~CTBO a~epntruru CUA, nporpa~wu no mrtn~a*LM 

, h~dr~*Qefl/j  a n e ~ e n r a ~  - h~p://www.ott.doe.gov/oaat/fuelcdl,html 
'l2pp~n'edak~@ @0pyM HO TCInnhBHbIM 3neMeHTaM - ' BceMUpHblfi COBeT n0 TOIlnMeHblM 3neMkhr3 -*: 

% ., h#3:p/iwivd,etct.c?m/ http://members.aol.com/fuelcells/l .htm , 

I e -. *. 
A 
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" : B m " a  nccn~oElwweTonnusHMxeneMeH*s n~eMOvCTPB- 

+oHybe, nporpaM~w, Bee* rrphxo-s MHn~=- 
'.:. : ; * ~ P ~ B O  S H ~ ~ # W K ~  C q A  - *~iOJl0 <%0 ~Yln'd~lUl:' ffpa~w- 
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. TeXHOnOrMYeCKMX XapaKTepMCTMK, BKnWYafl KanM- 
npMBena 6b1 0 6 u l e ~ ~  cHMmeHu* Bb16~ocoB ''7 ' TaJIbHble 3KCnJ'tYaTaqMOHHbIe PaCXOabl, Bbl6~0~bl  

O K C N ~ O B  a30~a. (CM. T ~ ~ ~ H U Y  no B ~ I ~ P O C ~ M  ~a c. i3) : 3arpfl3HflmqMx BeuecTB, KayecTBo 3HeprMu, gonro- 
Mcn0nb308aH*e 3neMeHT0B 06ecne- BesHOCTb, BblBOn M3 3KCnJlyaTa~NN M r ~ 6 ~ o c r b .  

YMBaeT T M ~ K O C T ~  ~ H ~ ~ T ~ T M Y ~ C K O ~ ~  M H @ ~ ~ C T P Y K T Y P ~ I ,  ' . XOTR B O ~ ~ O P O A H M ~  ra3 RBJlReTCR HaMJ'IYYUIMM Ton- ' 

co3naBafl nononHHTenbHb1eBo3MomHocTM mfl aeueHT- nMBOM, I I ~ @ p a ~ ~ p ~ K T Y p b l  MnN T p a ~ ~ n ~ p ~ ~ ~ f i  6a3bl : 
PanH30BaHHOrO nPOM3BOnCTBa 3neKTP03HePrMN. : gna Hero eqe  H e  CyqecTByeT. B 6n~mafiuefi nepcneK- 
MHoxecT~eHHocTb neqeH7panM30BaHHb1x McToyHM- anfl 0 6 e c n e q e ~ ~ f l  3HeproycTaHoBoK HCTOy HH- : 
KOB3HePrMMn03BOnHeTCHM3MTbnOTePUnPunePenaye : Bonopona B BMae ~ C H ~ U H ~ ,  MeTaHona Hnu 
3neKTpo3HeprMM ' pa3BNTb PbIHKM c6b17a 3HeprNM npMpOnHOrO ra3a MOrnH 6b1 MCnOnb30BaTbCfl CyUeCT- 

('IT' oco6eHHo BamHo OTAaneHHbIx cenbcKHx BYK)uMe CNCTeMbl C H ~ ~ X ~ H H I  HCKOllaeMblM TOnJIHBOM . 
pafioHos, npM oTcYTcTBMM nocTyna nHHW'M 3neKT- (ra30Bble CTaHUMW M T.A.). 3 ~ 0  NCKJTIOYHJIO 6b1 H ~ O ~ X O -  : 
ponepenay). ' noMoqb* 3neMeHT0B OT- AHMOCTb C03AaHMR CneUMaJlbHblX BOnOpOflO3anpaBOs- 
nenbHble xNTenM KBapTanbl MorYT CaMH 06ecne- HblX C T ~ H U M ~ ~ ,  HO ~ o T ~ ~ ~ o B ~ J I o  6b1, '1~06bl H a  KBXAOM . 
Y M T ~  c e 6 ~  6onb~ef i  y a c ~ b ~  ~ ~ ~ K T P O ~ H ~ P ~ M M  H T ~ K M M  fpaHCnOpTHOM cpencne 6bln ycmHoBneic npeo6pa30- : 
O ~ P ~ O M  3 ~ a y ~ ~ e n b ~ o  n o ~ b l c u ~ b  ~ @ @ K T M B H O C T ~  ee ("p,@op,a~op") McKonaeMoro TonnMBa B Bo- . 
MCnOnb30BaHMfl. : AOpOA. H~AOCT~TOK 3TOrO IlOAXOAa COCTOMT B TOM, YTO : 

TonnMsHble 3neMeHTb1 npemaramT 3HeprMm Bbl- OH piCnOnb3YeT HCKOnaeMOe TOnnHBO N, TaKNM o6pa- . 
coKoro KayeCTBa noBblueHHofi HanemHocTu- OHM : 30M, npNBOANT K Bbl6poca~ JJBYOKMCM ymepOna. Me- 
A O ~ T O B ~ Y H ~ I ,  Y HWX HeT nOABNmHb1x yac~efi, M OHM T ~ H O ~ ,  g ~ n f l ~ q w f i c n  B HaCTOllqee BpeMIl BeAyUHM 

llPOM3BOLUIT ~ O C T O ~ ~ H H ~ I ~ ~  06'6e~ 3HepTMM. : KaHflMAaTOM, C03AaeT MeHbllIe B ~ I ~ P O C O B ,  Y e M  6eH3HH, 
O A H ~ K O  T ~ X H O ~ O T W ~ ~  ~0nnMBHblX 3neMeHTOB Hyx- . HO OH 6bl no~pe6osan ycraHosKw Ha aBT0~06Mne 

nae~cfl B ~ ~ b ~ e f i m e ~  coBep~eHc~oBaHHu TeM, 'lT0- eMKOCTW 60~1bwer0 06%e~a ,  nOCKOnbKy OH 3aHwMafl 1 - 
6bl nOBblCuTb MX nPOW3BOAMTenbHOCTb, CHM3MTb 3aT- . B ABa p;ua Gonbme MecTa npu OflNHaKoBoM 3Hepro- . 
PaTbl M,  TaKWM 06pa30~, CAeJIaTb TOnnMBHbIe 3neMeH- . coAepxaHwH~6. 
Tbl K ~ ~ ~ Y P ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  OTHoCMTenbH0 APYrWX : B OTJMyMe OT CNCTeM c ~ a f j ~ e ~ u f l  McKonaeMblM Ton- : 
3HepreTMyecKMx TexHonoruR' Cnen~er OTMeTMTb, 'lT0 ' nWBOM, COJIHeyHbIe B e V O B b l e  CHCTeMbI (Mcnonb3y~- 
KOrAa PaCCMaTpMBaIoTCR 3aTpaTHbIe XapaKTepMC- 
T M K M  3HePTeTMqeCKMX T ~ X H O J I O ~ M ~ ~ ,  C P a B H e H U R  CM.: Yc~olrnewe rexnonornn. c. 17 . 



UMe 3neKTpMYeCTBO CO3AaHMR BOAOPOAa M KMC- 

nopoga 143 B O A ~ I )  M cMcTeMb1 npmoro  @o~onpe-  
0 6 p a 3 0 s a ~ ~ ~  s ~ e p r ~ n  ( ~ c n o n b s y m q ~ e  n o n y n p o B o A -  

HMKOBbIe MaTepMZUlbl MnM @ P M ~ H T ~ I  ,4JIR flPOM3BOACT- 

sa ~ o ~ o p o ~ a )  M o r n n  6 b 1  0 6 e c n e ~ ~ s a ~ b  c ~ a 6 x e ~ ~ e  
BOAOpOAOM 6 e 3  3 T a n a  pe@op~M~I'a, M,  TaKMM O ~ P ~ O M ,  

MOXHO 6 b 1 n o  6 b 1  ~ 3 6 e ~ a ~ b  B ~ I ~ P O C O B  BPeAHblX Be- 

uecm, YTO H ~ ~ J I I O A ~ ~ T C R  npM ~ c n o n b s o s a ~ ~ ~  MeTa- 

HOnOBblX MJlU ~ ~ H ~ U H O B ~ I X  TOnnHBHbIX 3neMeHTOB. 

Boaopo~ MOr 6 b 1  HaKannMBaTbCR M n p e o 6 p a 3 0 s b 1 -  

BaTbcA B ~ ~ ~ K T ~ M Y ~ C T B O  B T o n n n B H o M  3 n e ~ e ~ ~ e  no Me- 

pe H~OGXOAMMOCTM. B nepCneKTMBe COeAMHeHMe T o n -  

nMBHbIX 3neMeHTOB C TaKOrO POAa B O ~ O ~ H O B ~ R ~ M ~ I M M  

MCTOYHMKaMM 3HeprHM, CKOpee BCerO, 6 y n e ~  3@@e~-  
T M B H O ~ ~  cTpa~er~e i i  0 6 e c n e r e ~ ~ n  ~ P O A Y K T M B H ~ I M ,  

3KOnOrMYeCKM nPOAYMaHHblM M YHMBePCaJIbHbIM 

MCTOYHMKOM 3HepTMM. 

P ~ K O M ~ H A ~ ~ M M  IEER 3aKJIH)YaIOTC.R B TOM, Y ~ 0 6 b l  

MeCTHble M @ e ~ e p a J I b ~ b l e  BnaCTM, a T a K X e  BnaCTM 

U T a T O B  YaCTb CBOMX 3aKYIlOYHbIX ~ H ) A X ~ T O B  no 
TPaHCnOPTHOMY X O ~ I I ~ ~ C T B Y  HanpaBJIRnM H a  TpaHC- 

I l O p T H b l e  C p e n C T B a  H a  TOnnMBHblX 3 n e M e H T a X ,  a 
T a K X e  H a  CTauMOHaPHble CMCTeMbl H a  TOnnMBHblX 3JIe- 

MeHTaX AJIR 0 6 e c n e u e ~ ~ ~  TennOM M 3JIeKTPMYeCTBOM 

HeKOTOPbIX M 3  CBOMX CYqeCTBeHHbIX MIIM HOBblX 3aa- 
HMG.  TO 6yne-r C ~ O C O ~ C T B O B ~ T ~  pa3BMTMK) XM3HeHHO 

B ~ X H O ~  TeXHOnOI'MM M CHMXeHMIO B ~ I ~ P O C O B  napHM- 

. 1. Caiir Schatz Energy Research Center B M H T ~ ~ H ~ T ~ ,  Humboldt 

. State University, http://www.humboldt.edu/-serc/faq.html, no 

. COCTORHMK) Ha 1 O K ~ R ~ P R  1999. 
2. ~ K C ~ ~ ~ ~ M ~ H T Z I J I ~ H ~ I ~ ~  T~IlJlbi~Hbll ' r  3neMeHT. K O T O P ~ I ~ ~  pa60~aeT 

HenocpencTBeHHo Ha npUpO~Ohf ra3e, 6bm HenaBHO pa3pa60~8~ 
rpynnofi nccnenosareneii Cesepo-sanworo ymsepcmeTa oKono 
Ymaro, Mmi~ofic (MCTO'IHNK: Ftteb Cell Tec*hnology Updute. 
Fuel Cells 2000, September 1999, http://w~vw.fuelcelIs.org). 

. 3. Caiir Ballard Power Systems B M H T ~ ~ H ~ T ~ ,  http:// 

. w~w.ballard.com/faq.asp, no CocToRHnm Ha 17 ceHrR6pn 1999. 
4. Compact Fttel Processors for Auromofil+e Fuel Cells, U.S. Depart- 

ment of Energy Pacific Northwest National Laboratory, April I, 
1999, http://www.pnl.gov/microcatdfullmenu/compfuelproc.html, 
no COCTOnHUlo Ha 13 O K T S ~ ~ H  1999. 

. 5. Fuels Cell Technology Upcirrte, Fuel Cells 2000, September 1999. 

. http://wvw. fuelcells.org. 
6. Calir Ballard Power Systems B MHrepHere Ha 17 C ~ H T R ~ P R  1999. 

. 7. Matthew L. Wald. "Energy to Count On", New York Times, 

. August 17. 1999, p. C I ,  C7. 
8. Caiir Ballard Power Systems B M H T ~ ~ H ~ T ~  Ha 17 C ~ H T I I ~ P I I  1999. 

. 9. C a i i ~  Fuel Cells 2000 B M~~t3pH-e Ha 15 C ~ H T R ~ ~ H  1999. 
- 10. Wald, 1999. 

l I. Ftiels Cell Technology Update, September 1999. 
. 1 2. Wald, 1 999; Fitel Cell Technologjt Updute, September 1999. 

13. Caiir Schatz Energy Research Center B Mwep~ere Ha I omn6pn 
1999. 

. 14. Joe Schwarcz, "Hydrogen, the First Element: What a Blast!", 

. IVashington Post, September 8, 1999, p. H 1, H6. 
15. C a i i ~  California Fuel Cell Partnership B M ~ r e p ~ e ~ e .  http:// 

www.drivingthefuture.org. Ha 15 ceH~R6pf1 1999; Robert F. Ser- 
vice. "Bringing Fuel Cells Down to Earth", Science, Vol. 285, No 
5427, 30 July 1999. p. 681. 

- 16. TeJIe@oHHblii pasrosop c 6 e p H a ~ m  rnep, Fuel Cells 2000, 8 
O K T R ~ ~ R  1999. 
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 TO C ~ O C O ~ C T B O B W I O  6 b 1  pa3BMTMIO YaCTHblX np0r- 
. paMM M C C ~ ~ A O B ~ H M ~ ~  M P ~ ~ P ~ ~ O T O K ,  a T a K X e  B ~ I ~ O P Y  

s~epronpo~s~onn~enei i ,  n p o s e A e H M m  T o p r o B  H a  KOH- 

K Y P C H O ~ ~  OCHOBe B C0OTBeTCTBMZ.I C MX nPOM3BOACTBeH- 

: HblMM nOKa3aTeJIRMM. 3 ~ 0 ,  B CBOK) OYepeAh, cnoco6- 
CTBOBWIO 6b1  ~ @ @ ~ K T M B H O M Y  MCnOJIb30BaHMIO rOCy- 

. J&3pCTBeHHbIX PeCypCOB M CMCTeMaTMYeCKOMY CHMXe- 

HMH) sa-rpa~. 
: B OTHOUeHMM CUIA Mbl npeJ&lIaTaeM, Y T O ~ ~ I  roc)'- 
+ A a p c m o  n o K y n a n o  1 000 M e r a s a T T  s n e ~ q o s ~ e p r ~ ~  
: seqa  B r o A  no ~pa i i~e i i  M e p e  no 20 10 r., K o r n a  A o n x H b I  

6 y ~ y ~  3aBepLUMTbCR OCHOBHble p a 6 o ~ b r  no OUeHKe 

: KOHTpaKTOB. ~ J I o u ~ A K M  MOrnH 6 b 1  B b 1 6 Z . I p a ~ b ~ R  H a  

OCHOBe HeCKOnbKMX KPMTePMeB, TaKMX KaK HaJIMYMe M 

: K a q e c m o  s e ~ p o s b r x  p e c y p c o B ,  s ~ e p r e ~ ~ l r e c ~ ~ e  no~pe6- 
HOCTM B PerMOHe, MMHMManbHOe B O ~ A ~ ~ ~ C T B M ~  H a  3e- 

: MenbHbIe IlJTOuaAM M H a  3KOCMCTeMbl. B YCJTOBMRX KOH- 
K y p c a  A o n x e H  6 b l ~ b  y ~ a 3 a ~  o n p e n e n e ~ ~ b r i i  nepMoa, B 

 TO B H ~ K O T O P O ~ ~  CTeneHM HanOMMHanO 661 TO, KaK 

B C w A  Bb1CTaBnRH)TCR H a  KOHKYPC KOHTPaKTbl H a  

a p e H A y  W R  pZl3BeAKL-i H ~ @ T I I H ~ I X  M ~ C T O P O X A ~ H M ~ ~ ,  C TOG 
n w b  p a 3 ~ ~ ~ e i i ,   TO B c n y z i a e  c s e ~ p o ~ o i i  s ~ e p r ~ e i i  
~ p M 6 J I M 3 M ~ e n b ~ b 1 ~  p a 3 M e p  P e C y p C a  y X e  M3BeCTeH. 

C n e n o s a ~ e n b ~ o ,  KoHTpaKTbl ~ ~ I J I M  661 H a u e n e H  b~ H a  

@ ~ K T M Y ~ C K O ~  C H ~ ~ X ~ H M ~  3neKTpMYeCTBOM OT BeTpO- 

~ J ~ ~ K T ~ o c T ~ H ~ M ~  (a H e  H a  p a 3 B e A K y ,  YTO ABnReTCR 

UeJIbm apeHAbI B CJlyYae H ~ @ T I I H ~ ~ X  M ~ C T O P O X ~ ~ H M ~ ~ ) .  

MWHMCT~PCTBO 3HepTeTMKM C m  0 6 - b r r ~ ~ n 0 ,  YTO 

n o c T a s n e H a  u e n b  K 2010 r. nonKnmr iMTb B s H e p r o c c i c -  

TeMy CTPaHbl 10 000 MeraBaTT B ~ T ~ o B o ~ ~  3HepTMI.I.   TO 
MOXeT 6b1Tb  AOCTMTHYTO, B OCHOBHOM, 6naro~aprr 
CHHXeHHH) HWOrOBbIX CTaBOK M npOBeAeHMH) @efie- 

p a n b ~ o i i  n p o r p a ~ ~ b l  no s a ~ y n ~ e  s e q o ~ o i i  s n e ~ ~ p o -  
3HePrMM B TaKOM 0 6 ' b e ~ e ,  Y T O ~ ~ I  ee XBaTMJlO H a  IlOKpbI- 

TMe 5 % n o q e 6 n e ~ ~ n  s n e ~ ~ p n ~ e c ~ s a  no a e ~ e p a n b ~ b ~ ~  

IlPaBMTenbCTBeHHbIM I l p O r p a M M a M  K 2010 r. XOTX 
U e n b  - 3HaYMTenbHOe YBenMYeHMe o 6 - b e ~ a  B b l p a 6 0 ~ -  



-MAKXYGq>KAHVI Ka ~ ~ ~ O J I ~ B ~ H M R  MMeHHO BCJIeACTBMe B O ~ ~ ~ ~ ~ C T B U F I  Ma- . 
. nblx no3 t l 3 n y ~ e ~ 1 . i ~  aHTponoreHHoro xapaKTepa - . 

. nMHefiHan 6ecnoporoBan rHnoTe3a ( n 6 n ~ )  - 3To ' 
TaKMx, K a K  PanMoaKTMBHbIe O c W M  nocne B3pblBa aToM- . 

rHnoTe3a, KoTopan Hcnonb3yeTcR B HopMaTMBHo-npaBo- : 60M6b' "' paMoaKTMBHoe 06n~YeHMe Ha P~~~~~~ ' 

1 BOG npaKTHKe mR OUeHKM P M C K a  3860neBaH~R PaKOM MeCTe* 

~ m b ~ x  no3ax 06nyqe~1.i~. Manag no3a ~ 3 n y q e ~ ~ ~  naHHofi AMcKYCCMM Mbl OnpeAenReM PHCK 3a60ne- : 
OnpewRflCfl K a K  )tpoBeHb no3bl M3nyqeHMfl, npM KOTO- BaHWR paKoM (R) KaK oXMaeMoe YMcno cnyYaeB 3a60ne- . 
POM H e  B03HwKaeT KpaTKOBpeMeHHblx ~a6nmnae~blx 3% . BaHMR paKoM npM on~efleneHHofi 06n~yeHMR ' 

@~KTOB,  TaKMX K a K  nOKpaCHeHMe H Cblnb Ha KOXe, PBOTa oTMeTMM' 'IT0 PMCK 3a60neBaeM0cTM paKoM nPHMePHO : 
nnw BblcoKoe conepmaHHe 6enb1x KposnHblx Teneu s Kpo- Ha 50 % Bb1ue9 YeM pMCK 3a60neBaHMR paKoM C0 C M e ~ -  

BN. T ~ K H ~  Ha6J I~ae~b le  ( M n M  C O M ~ T H Y ~ C K H ~ )  3@@eKTbl . TenbHblM nCXOAOM* p83nMYHb1X rMn0Te3aX9 06cyxna- 
. nOflBnRK)TCfl, KOrna qenoBeK nonyqaeT CpaBHNTenbHo ' 

eMbIx3neCb~ YPoBeHbPHcKaHeYKa3blBaeTcR; BHwxTonb- : 
BblCOKYH) n03Y 0 6 n y q e ~ ~ ~  3a ~ o p o r ~ ~ f i  npOMe)jOfTOJ( : PaCCMaTHBaBT (POPM)' H3rM6a9 n°Ka3b1BaBqer0 3a- 

: BpeMeHM, ~ O ~ ~ ~ ~ H C T B O  COMaTMqeCKMX ~ @ @ ~ J ( T o B  n0nB- . BMCHMOCTb pHcKa 3a60neBaHMR OT f1°3b12 (CM' YpaBHeHMe . 
. JTRloTCR npM n03aX 100 63p M n M  Gonee, OnHaKo YpoBeHb " P ~ ~ ~ ~ ~ ~ " ) -  KpOMe cyqecrBpT npyrne aaK- : 

6enblx KPoBRHblX Teneu M3MeHflflcR npH 3HaqMTenbHo : KOTOPble YYWTblBaH)TCR npw OnpeneneHNH pMcKa . 
6onee HH3KMX n03ax. TaKaR Xe n03a 06nygeHHI, HO . B03HMKHOBeHHR 3 a 6 0 n e ~ a ~ ~ ~ 9  TaKHe K a K  B03pafl non 

: nonyqeHHan B TeqeHMe HecKonbKMx Henenb M n M  Mecnues, 0 6 n ~ q e ~ ~ o r o  yenoBeKa. P ~ c ~  3 a 6 0 n e ~ a ~ ~ n  TaKxe 
H e  Bbl30Bm 3aMeTHblX ~ @ @ ~ K T o B ,  PmBe 'IT0 Ha KnmOq- BaPbNPYeT 3aBWcMM0CTM OT TWna paKa. K O H K ~ e T H O  . 
HOM YPOBHe. O ~ H ~ K O  ()Ha t,.fO)j(eT YBmWYHTb PUCK 3a60ne- : @aKTO~bl  PMCKa B03HMKH0BeHWR nefiKeMnM paCcYMTbl- 

: BaHMff pa3JlMYHblMM 60ne3~n~w (CTOX~CTMY~CKM~ 3@@e~- ' Ba"Tc"TnenbHO OT PMCKoB B03HMKH0BeHMR TaKHX uH- . 

Tbl), 113 KOTOPblX ~aki60nee N ~ Y Y ~ H H O ~ ~  RBJlRmCR  pa^'. : @unbTpaTOB, KaK paK nerKWX paK rpynH. 
6blnM IIpOBeneHbI MHTeHCllBHble MCCneJJOBaHMR JIB- . rHnoTe3a n6n RBnReTCR UMpOKO IIPNHHTblM (HO H e  

nefi, BblXMBrUMX nOCne aToMHblX 60M6aPnCIPOBOK XH- , n ~ ~ ~ e ~ e ~ ~ ~ ~ )  C ~ O C O ~ O M  ~ K C T ~ ~ ~ O ~ H ~ H M  PWCKOB 06nyye- . 
: P O C M M ~ I  M Haraca~w, Ha npenMeT oUeHKM CTeneHM pucKa H M R  npu oTHocclTenbHo BblcoKwx no3ax Ha cnyyaw : 

3 a 6 0 n e ~ a ~ ~ g  PaKoM. 6bln BblnonHeH oq)ot,.f~b,fi 0 6 % ~ ~  1 HH3KHMM n03aMH. rMn0Te3a YTBePXnam, KaKWM 6b1 . 
p a 6 0 ~  - non Ha6nloneHHeM B TeqeHMe Gonee 50 nfl  Ha- . H M  6b1n0 YBenMYeHMe n03bI panMoaKTMBHoro 

: XonMnMcb Gonee 75 000 qenoBeK - npMqeM Hccneno- O ~ ~ Y ' ~ H M H ,  CTeneHb PwKa 3a60ne~a~I4~ PaoM YBenM- : 
BaHMe npononXaeTcn no cMx nap. O u e ~ ~ w  pMcKa 3a60ne- 1 Y M T C ~  ~a c ~ o n b ~ o  me. T ~ K M M  O ~ P ~ O M ,  e c n ~  q e n o ~ e ~  none . 
BaHMR paKot,.f, Hcnonb3yeMble B H O ~ M ~ T ~ B H O - ~ ~ ~ B O B O ~ ~  BePraeTcR OnpeneneHHoMy pucKy 3a60nesaHMR PaKoM 

: npaKTwKe, 6onbluefi YacTblo OCHoBaHbl Ha pe3ynbTaTax n ~ H  n O n ~ Y e H H H  3Kcn03MuM0HH0R n03b1 I 6 3 ~ 9  n ~ H  

3TMX M C C ~ ~ ~ O B ~ H H R .  O ~ H ~ K O ,  nOCKOnbKy BblXHBWMe nlo- 1 63p pMcKa noBblcNTcn nBa pa3ap a 
nOnyYMJ'IM CpaBHMTeJIbHO 6onbmue nO3bl, M n0CKOnb- "PM OY5 63pa - YMeHbWMTCR BnBoe. Amee9 ' 

. KY 3TH fl03bl 0 6 n y q e ~ ~ ~  OHM nOnYgMJM 38 OYeHb KOpOT- neCRTb 'loneti BMecTe nonyYmM nosy 06n~yeHwR 6 3 ~ 9  : 
~ ~ f i  nPOMe)KyTOK BPeMeHH,  JKCTPanOnRuHR PMCKOB npM : "' KOnneKTMBHblfi PNCK 6~neT TaKNM xe, KaK ecnM 6b' . 
MaJblX nosax, nonyqeHHblx 3a WNTenbHoe Bpet,.fR, Tpyn- . OnMH nonyrwn 3KCn03MuM0HHyB no3Y 6 3 ~  ' 

. H a  M npOTMBOpeYMBa. 6onee TOrO, HeKOTOpble MCCnenO- . K O ~ ~ ~ K T M B H ~ R  n03a 0 6 n y ~ e ~ ~ r i  BbIpaXaeTCR B Yeno- . 

. BaTWM, o c o 6 e ~ ~ o  6 p ~ ~ a ~ c ~ ~ f i  Bpaq AJIMC CTK)~PT w ee BeK063~ax, .ITo nBnamcR BCeX WHWBMnyanbHblX 1 
KOnnerM, YKa3blBIUOT Ha TO, YTO Te, KT0 OCTaBanMCb XMBbI 1 A~~~~~ rPYnnbl HaCeneHMR- 'CXO~' H3 OUeHKH ' 

: nnHTeJIbHoe BpeMR, O T H o C ~ J I H c b ,  ~ O - B ~ ~ M O M y ,  ripe- . neKT"BHOfi ' Mcn0nb3yR nocTonHHblfi K03@@MuM- . 
MMyUeCTBeHHO K YMCnY CaMblX 3 ~ O p o ~ b 1 ~  nwefi .  3ro eHT PMcKa, MomHo nOnyYMTb C T ~ T H C T H Y ~ C K ~ ~ ~  O U ~ H K Y  1 
OcnoXHneT 3 ~ c ~ p a n o n ~  un* pe3ynb~aToB (no on pene- 1 ~ c n a  n o n o n ~ ~ ~ e n b ~ b l x  c n y ~ a e ~  3 a 6 0 n e ~ a ~ ~ ~  P ~ K O M  

: neHMm PMcKa 3 a 6 0 n e ~ a ~ ~ f i  PaKoM ~ b l m ~ ~ w n x )  Ha Bee . "PM naHHofi 06n~YeHMR. H"~MaTMBHo-n~asosoti ' 

HaceneHwe. . npaKTMKe C u A  06blr1~0 IIpMHMMaeTCR, YTO PMCK 3a60- : 
Eerb npyrwe ~ ~ ~ 6 0 p ~ ~  0 6 n y g e ~ ~ o ~  HaCeneHHR, Bo- : neBaHHR PaKoM C0 cMepTenbHblM HCXOnOM cpeflM HeKO- . 

: nepBblX, BCe IlOnBepraIOTCR ~03nefiC~~M10 eCTeCT- . cOBOKYnHOCTM n"nefi cocmBnReT OKono oAHoro ' 

. BeHHoro @ o ~ o ~ o r o  06nyqe~~n.  K p o ~ e  Taro, ecTb pa3- . nononHMTenbHorO CnYYaR Ha KaXAYm flo3Y 500 'le- : 
Hble YpOBHM 0 6 n y ~ e ~ u ~  6blT0BblM PaJlOHOM, YpOBeHb KO- : n0BeK063p0 n6n-mn0Te3a npencTaBneHa Ha pMc. '. ' 

. JTOT f l o ~  pacnonoXeH. T p y n ~ o c ~ b  COCTOMT B TOM, q ~ o  B 
3aBMCMMOcTM YYBcTBHTenbHOcTH K t,.fOuHOCTH n03b1 M3nY- 

. YeHMR. O A H ~  143 HMX, ~ a ~ 6 o n e e  racTo BcTperaIoruaRcrr, . 1 TO Xe BpeMR BCe nOnBepraIOTCR B O ~ A ~ ~ C T B M K )  CO CTO- . 
Ha3blBaeTCR J I M H ~ ~ ~ H O - K B ~ ~ ~ ~ T U  Y HOG rHnoTe30fi. Car- . 

' MHOrMX 'PYrHX @aKTo~oB pMcKa' BKn*ran naCH0 efi, YpaBHeHMe pMCKa COAepXHT KaK YJIeH, nponop- 



. E C T ~  IIlofiH, KOTOPbIe CYMTaWT, YTO CYlQeCTBYeT He- . 

. KoTopoe noporoBoe s ~ a r e ~ ~ e  nosbl, Huxe KoToporo tle . 
npOMCXOnMT YBenMseHMe PMCKa 3a60ne~a~wrr PaKOM. 

1 OHM YTBePXnaloT, YTO TaKMe nOPOrOBble 3HaYeHMR 06- , 

HaPYXMBaIOTCR Y HeKOTOPbIX TOKCMYHblX MaTepMaJlOB 1.1 . 
9TO Y PanMaqHH OHM TOXe CCTb. C Y ~ ~ C T B O B ~ H M ~  TaKMX : 
nOp0rOBbIX 3 ~ a l r e ~ ~ f i  MOXHO BblBeCTM, HanpHMep, M3 . 

. C ~ O C O ~ H O C T M  OpraHM3Ma BOCCTaHaBnMBaTbCR IlOCJIe no- 
~ p e x ~ e ~ k i f i ,  Bbl3BaHHblX MmblMM n03aMM PanHaUMM. Ha 

' p ~ c .  3 noKa3aHa noporosarr r ~ n o ~ e s a  c n u ~ e f i ~ o i i  xapalc- . 
. T ~ P M C T M K O ~ ~  3aBMCMMOCTH PMCKa OT n03b1, HaYMHaR C He- . 

KOTOpOrO noporoBoro 3HaYeHMFI T 6 3 ~ .  OAH~KO TaKXe ' 

yKa3blBaeTCR, YTO IlOCKOnbKy JIIonM yXe IlOnBeprHyTbl . : eCTeCTBeHH0My o 6 n y ~ e ~ ~ r o ,  a TaKXe ApyrMM npMp0fl- . 
HblM M MCKYCCTBeHHbIM BHeUIHMM B O ~ ~ ~ ~ ~ C T B C I R M ,  YrHe- ' 

' TaIOqMM BOCCTaHOBMTenbHYH) CMCTeMY OpraHM3Ma, JIM- . 
: ~ e f i ~ a ~  6ecnoporo~a~ runo~esa MoxeT B J I W ~ O M  cnyyae 
. nPMMeHRTbCR K n03aM O ~ ~ ~ Y ~ H M R ,  Bbl3BaHHbIM Y ~ J I O B ~ Y ~ C K O ~ ~  neRTeJIbHOCTbIO, 

nOCKOJIbKy OHM npenCTaBJIRlOT co6ofi HeKOTOpOe IlpMpaqeHMe K npyrHM BHeUI- 
HMM B O ~ A ~ ~ ~ C T B M H M .  C J ~ ~ A O B ~ T ~ J I ~ H O ,  OueHKM aHTPOnOreHH blX PMCKOB 38- 

: 6 0 n e s a ~ n ~  n b n - r ~ n o ~ e 3 a  MOXeT OCTaBaTbCR IlpaBo~ep~ofi M RBJIReTCR pa- 
. 3 y ~ ~ o f i  6asofi B nene oxpaHbl snopo~bn HaceneHm. 

M M ~ ~ ~ T C H  TaKXe naHHbIe, nOJIyYeHHble 6naronapa HeAaBHO IIpOBeAeHHblM 

. 3KCnepMMeHTaM, yKa3blBaIOqMe Ha TO, YTO MaJIble A03bl MOrYT IlpHBOnMTb K 

. BblCOKMM YPOBHRM PMCKa Ha eAMHM4Y n03b13.  TO IIBneHMe II3BeCTHO IlOn Has- 
* BaHMeM ~ a ~ n ~ ~ e f i ~ a r r  r ~ n o ~ e s a  M I I O K ~ ~ ~ H O  H a  PMC. 4. 

C Y ~ Q ~ C T B Y ~ T ,  HaKOHelJ, rMIlOTe3a " ~ J I ~ ~ O T B O ~ H O ~ O  ~ ~ ~ ~ C T B M I I " ,  COrJlaCHO 
. K O T O P O ~ ~  Manble n03bI PaAMauWM MOrYT OKmblBaTb 6 n a r o n p ~ a ~ ~ o e  B O ~ A ~ ~ T -  

BMe, HanpMMep, CTMMYnMPOBaTb MMMYHHYK)  CMCTeMY. O C H O B H ~ I ~  AOKa3a- 
' 

TenbCTBa B nOnb3Y 3TOr0 YTBePXneHMR n0JIyYeHbl M3 3KCnePMMeHTOB H a  MbI -  

. wax. Cornac~o Yapnbsy Y o n ~ p e ~ y ,  K O T O P ~ I ~ ~  0606ul~n AallljbIe no "6naro- 
TBOPHOMY ~@@cKTY", B HeKOTOPblX O ~ C T O H T ~ ~ ~ C T B ~ X  BbICOKaR A03a PaAMaUMM 
nopoxAaeT MeHbwee KonmecTBo ~ y ~ a u ~ f i ,  ecnu eh npenwecTBoBana no3a B 

. ~ ~ a n a s o ~ e  OT I no 20 63p. O A H ~ K O   TOT npennonarae~brfi sauw-r~b~ii 3@@e~-r 

He noRBnReTcR npM 6onee HM3KMX M n M  6onee BbICOKMX A03aX M H ~ ~ ~ I O A ~ C T C R  

TonbKo B TeYeHMe npMMepHo onHoro AHR, nocne Yero ~ c ~ e s a e ~ .  Ta~ofi  "6naro- 

. T B O P H ~ I ~ ~  3 @ @ e ~ ~ " ,  naxe ecnM OH 14 cyuecTBye-r ~ J I R  nrofiefi, r-re MMeeVr caiiw- 
TapHOrO 3HaYeHMH, o c o 6 e ~ ~ o  C YlreTOM npyrMX flaHHblX no OTAaneHHblM PMC- 

KaM,  COnpRXeHHbIM C nO3aMM o 6 n y t 1 e ~ ~ ~  B HeCKOnbKO 63p4. 

. 6onblua~ lracTb p a 6 o ~  no MSY'I~HMIO pkiclca, 06ycnosne~~oro panwauuott- 
HbIM O ~ J I Y Y ~ H M ~ M ,  6b1na IIOCBFIuleHa PaKy. CylQecTBye~ pRn ApyrMX IIOTer-1- 

UMaJTbHblX PMCKOB (CM. IlMCbMO H a  C. 3). BO~MOXHO, no ~ p a i i ~ e f i  Mepe, Wn 

: HeKOTOPblX nlonefi I4 npU OnpeAeJIeHHblX O~CTOFIT~J~LCTB~X, YTO PIICKW, H e  CBR- 
3aHHbIe C PaKOM, MOrYT OKa3aTbCI 6onee CePbe3HblMM, Y e M  PMCK 3a60ne~a~k i~  

PaKOM. 

: M ~ o m e  M3 TeX, KT0 BbInBHraIOT apryMeHTbl B nOnb3y noporo~oti rMnOTe3bI 
MJTM rMnOTe3bI " ~ J I ~ ~ O T B O P H O T O  BJIMRHMR", BblCTynaloT 38 TO, Y T O G ~ I  O C J I ~ G M T ~  

T ~ ~ G o B ~ H M R  B OTHOUIeHMM TeKYUlMX HOPM no panMa~M0~~0fi 3auMTe5.  TO : 6bmo 6b1 ~ p a f i ~ e  H ~ U ~ J I ~ C O O ~ P ~ ~ H O  no HeCKOnbKO llpMYMHaM. Bo-nep~blx, Cy- 
UeCTByeT 3HaYMTeJIbHaR HeOnpeAeJIeHHOCTb B OTHOUleHHM MeflHUMHCKMX no- 
c J I ~ A c T B M ~ ~  B O ~ A ~ ~ ~ C T B M F I  MW'IbIX A03 H3JTYYeHMR. B TaKMX O ~ C T O I I T ~ J I ~ C T B ~ X  XO- 

1 p0UIefi ~ P ~ K T H K O ~ ~  B 311paBOOXpaHeHMM RBnReTCR nepeCTpaXOBaTbCR M BBeCTM 

6onee CTpOrMe T ~ ~ ~ O B ~ H M H .  Bo-BTOP~IX, MCTOPHYeCKM IlPOMCXOnHJ'IO IlOBblUle- 

HMe YPOBHR P H C K a  B OTHOUeHMM K 3anaHOMY YPOBHIO PaAWaIJMM. XOTR TaKOe 

: M He MOXeT nPOn0nXaTbCH ~ ~ C K O H ~ Y H O ,  3TOr0 OCHOBaHMIl AOCTaTOqHO, Y T O ~ ~ I  
He  0cJIa6nSI~b HOPMbl M H e  0T6pacb1BaTb nbn-rkifloTe3y. B - T P ~ T ~ U X ,  eCTb naH- 
Hble, CBMAeTeJIbCTByIOrUMe 0 TOM, YTO PeaKUMR Ha 06nylre~tre y Pa3HblX n10.4efi 

: pa3HaR. CTa~nap~b1 nOnXHbl6b1~b HanpaBJIeHbl Ha TO, Y T O ~ L I  3aUIITMTb HaM- 
. 6onee Y R ~ B M M ~ I ~  rpynnbI HaceneHm. B-~e-rsep~b~x, naxe ecnM M ecTb noporo- 
' BOe 3HaYeHMe, BaXHO IlOMHMTb, 'IT0 HOPMaTMBbl KaCaIOTCR ~OIlOJIkIMTeJIbHbIX 



B ~ M  npewaraeTcsl peUrvlTb HecKonbKo 3a~aq, ~cnonb3ysl npvl  TOM nvl~eCi~ym 6ecnoporosym rvlno~esy. ' 

. BC~OMHMM, WO UOnJleKTMBHaSI a03a -3TO CyMMa M H M -  

. BM&%UIbHblX A03 M3JlWeHM57, flOnyL(eHHblX H ~ K O T O ~ ~ ~  rpyn- 

. nofi Hacenetimn.  OH^ ~ s ~ e p n e ~ c n  B reno~e~o63pax M ~ M  

clenoseuoswsepTax (1 63p = 0,01 s ~ e e p ~  (36); renoseuo3M- - eepT = (paa~ep rpynnu ~acene~~n).(no3a (36) Ha qeno- 
~ e ~ a ) ) .  
1. Jlropvl B ropwe c HaceneHMeM 100 000 nonyclaror ~ o 3 y  

paMauMM B 1 63p Ha uax,qoro uenoeeKa. Kauosa 
uonnenneHan no=? 

. 2. nlo~bl B rOpOAe C H ~ ~ ~ R X ~ H H O ~  XM3Hblo. HaCeneHMe 

. KOTOPOrO COCTaBnReT 1 MMnnMOH, flOnyL(alOT A03y 

. o 6 n y y e ~ ~ n  B 1 63p uamc~b~fi. Ka~of3a UonnenMBHaS) 

. aosa? 
3. a) KonneKTMeHan ~ o a a ,  nonyqaehnan rpwaHaMM 

ropona c HaceneHMeM 10 000 qenoseK, cocTaennna 
100 000 ~ 3 1 0 ~ 8 ~ 0 6 3 ~ .  Kauoaa 6b1na cpemslsl ~ o a a  
Ha qenose~a? 

6) MOXeT nM OUa3aTbCR TaK, qTO HeKOTOPbte nloAM B 

ropoae nonyrwnw nosy eblure Mnw HMme cpemei3 
AOSM? 

BC~OMHMM, L(TO ~ e n o s e u o s ~ ~ e p ~  nenneTcn cMrHanoM 
' 

m n  w-raTenn, rosopnwwM o TOM, L~TO peclb MAeT Gonee 
' 

qeM 06 OAHOM qenoeeue. E C ~ M  6b1 rpynna HaceneHm B 

uonneuTMeHan ~ o s a  6una 6b1S ~(eno~eu0-3~eep~. 
4. 8 AOKJlme BEIR WeTCSlsHarteHMe PMCUa IlpM OD,HOpa- ' 

3 o e o ~  O ~ ~ ~ ~ H M Y I ,  paeHoe 0,08 cnyclaee s a 6 o n e s a ~ ~ ~  
PaUOM CO CMepTenbHblM YICXOAOM. 

a) uauofi weH y p a e ~ e ~ ~ n  McnonmyeTcS) m n  onncawtn . 
3HacleHMq 0,08? 

6) CKOnbK0 3MBePTOB n o ~ m 0 6 ~ n o c b  6b1 mS) n0nWe- ' 

HMS) oAHoro CnycIaR sabonesa~wsl pauoM co cMep- 
TenbHbrM MCXOAOM B H ~ K O T O P O ~ ~  rpynne ~ a c e n e ~ ~ n ?  ' 

B) ecnw rpynna HaceneHMn comaennet 100 000 qeno- ' 

eeu, a wcno cnyqaee sa60neea~~n pauoM co 
CMePTenbHMM MCXOAOM 8 P83yJlbTaTe B O ~ A ~ ~ ~ C T B M S I  . 
~ e x ~ o r e ~ ~ o i 3  p w a u m  ouetiMeaeTcn B 20, uaKoea 
6brna C ~ ~ A H S ) R  ~ 0 3 a  Ha .teJloBe~a? 

r )  ecnM rpynna HaceneHMn B 100 000 rlenoeeK nop~ep- . 
raercn 06nycre~wlo e 0,l 313 Ha qenoeeua, uauoea . 
oueHua wcna CMepTenbHblx MCXOAOB npw sa6one- . 
BaHMM ~ ~ K O M ?  ( ~ O A O B ~ S ~  npeAen bH0 AOnyCTMMaSl ' 

A03a He MeAMI.&'lHCKOTO O ~ ~ Y ' ~ ~ H H R  m5l flPOCTblX ' 

ntonefi cocTaenReT 0,001 36). 
5. E C ~ M  U O ~ C # W ~ ~ H T  ~ ~ K T M B H O C T M  MOWOCTM 1903M ' 

(BEIR, CM. BCTaBUy C. 19) m n  HM3UMX MOWOCTO~~ A03 1 
IlpMHMMaeTCR PaBHblM 2, a H ~ Y T O ~ H ~ H H M ~ ~  PUCK 35160- . 
neeaHMn pauoM paeeH 0.08 cnyqaee 3a60nesa~m~) . 
pauow co chneptenbccbthn ~cxono~/.ten-3e, onpeaenme . 
3HaqeHMe YTOqHBHHOTO PMCKP. 

KH B e T p 0 ~ 0 f i  3JIeKTP03Hepl'MM K 20 10 r. - BnOJIHe O ~ O C H O -  

BaHa,  B b 1 6 p a ~ ~ b 1 f i  MeTOn M O X f f  H e  IIpMBecTH K TaKOMY . 
xe CHMxeHMK) CTOHMOCTH,  TO H MeToA, n p e p n a r a e ~ b ~ i ?  : 2. 
IEER (no~p06~ee  CM. OTWT IEER). 

3. * 1 

Wind Po~tvr Versus Plutoniutn: An Esumination of Wind Energy - 
Polenfiul and A Comparison cf Oflshore Wind Energy to Pluto- ' 

nium Use in Japan (I EER January, 1999), MOXHO ~ O ~ H ~ K O M ~ C R  : 
~a htt~://www.ieer.otrr/ieer/reDorts/wind/i. Ecnu oco6o . 
He OrOBOpeHO, BCe CCbInKU MOIYT 6bl~b HaheHbl B 3TOM OTYeTC. . 
n o  ny6nu~auun~,  CBI13aHHblX C nvOHUeM, CM. CTpaHHUY IEER 
B MHTepHeTe http://www.iecr.org. 
~ K O H O M U Y C C K U C  naHHb1e B fipyrUX BaJIfOTaX 6bmu nepeBeneHb1 
B JIOnnaPbl C u A  H C X O ~  U 3  O ~ M ~ H H ~ I X  KYPCOB C YYeTOM . 
napU~tX'H0fi ~ ~ K y ~ a ~ e J l b H ~ f i  CUJIbl. 

n6nr 
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K n o n y q a e M o M y  0 6 - b e ~ o ~  p a a u a u H M .  n ~ ~ e f i ~ a r r  6ecnopo- 
. rOBa5l rHnOTe3a  BCe p a B H 0  6 y n e ~  WeKBaTHa  WSI OUeHKM 

d0~0Jl~~meJlb~020 PHCKa 3 a 6 0 n e ~ a ~ u ~  PaKOM - TO eCTb 

pucrca, B ~ I ~ B ~ H H O ~ O  npupauleHueM a03 paAHauMn.  B-na- 
: TblX, CYueCTBYeT MHOI'O ~ @ @ ~ K T o B ,  H e  CBR3aHHbIX C PZLKOM, 

a T a K X e  ~@@CKTOB COBMeCTHOrO B O ~ A ~ ~ ~ C T B M I I ,  KOTOPbIe 
' ewe H e  O W H b  XOpOlrrO M3YqeHb1, a HeKOTOPbIe H3 HMX H e  

M3YqeHbI COBCeM. H ~ K O H ~ U ,  HeKOTOPbIe nOTeHUMZUfbH0 
. IIOnBepXeHHbIe o 6 n y q e ~ ~ m  r p y n n b 1  HaCeJIeHMR BKJIIOWIOT 

B ce6n n r o ~ e k ,  ~au6onee Y R ~ B W M ~ I X  K n o p a x a I o u l w M  
n o c n e n c T s H a M  06nyqe~wrr (CM. n H c b M o  H a  C. 3). C~porue 

. HOPMbI, OCHOBaHHbIe H a  J I M H ~ ~ ~ H o G  6ecnoporo~ofi r H n 0 -  

Te3e, 0 6 e c n e r ~ ~ a m ~  M M H M M W ~ H ~ I ~ ~  YPOBeHb 3aUlHTbI m0- 

: nek OT HepaKOBbIX PHCKOB, a T ~ K X ~  ~aw6onee YII3BHMblX 

. rpynn H a c e n e m a ,  no T e x  nop, n o K a  ~ T M  3 @ @ e ~ ~ b 1  H e  6yny-r 
' TIQaTenbHO H3j'YeHbI. 

T ~ K M M  o6pa30~, eCTb BeCKHe OCHOBaHNR I I p O ~ O J I X a T b  
. HCnOJIb3OBaTb J I H ~ e f i ~ y m  6ecnoporo~ym I'HnOTe3y B 

H O P M ~ T M B H O - ~ P ~ B O B O ~ ~  npaKTMKe. K o r ~ a  H a  BOnpOCbI 

T u n a  TeX,  KOTOPbIe  MbI IIOAHRJIM, 6 y ~ y T  I I O n y q e H b I  
. n O J I X H b l e  OTBeTbI ,  6y,qe~ n O C T a T O q H 0  B p e M e H H  RJIn 

O ~ C ~ X ~ ~ ~ H M I I  0 n e p e C M O T ' e  CTaHnapTOB. 

1. H U ~ K O ~ ~ O B H ~ B O ~  U3JlyYeHUe &JIb@a-YaCTUu Ha3bIBaeTCA "U3JI3'- 
YeHueM c n u ~ e i i ~ o i i  nepena~efi 6ommoii s~eprwu" (sbrco~oe 
nlI3-umyre~ue). 3 r o r  BUA 06ny~le~ul1 o ~ a m s a e ~  6onee TA- 
xtcenoe ~03neiicTsue npu ~ o i i  xe  nose uuryreHua, reM r a ~ ~ a - n y -  
YU tcrm 6 e ~ a - U ~ J I ~ Y ~ H H ~  (KOTOP~I~  %BJMXOTC% HH3KHM nn3-~3ny- 

Y ~ H H ~ M ) .  npU CJlOXeHUU ~ @ @ ~ K T O B  OT 3TUX WyX pa3JlUYHblX ' 

TUnOB U3nyYeHUG BCTatX CJI0XHblfi ~ a y ~ ~ b l f i  BOnpOC, K0~0pblfi ' 
B 3 ~ 0 a  KOPOTKO~~ CTaTbe Mbl  He PaCCMaTPUBaeM. 
Pa3JlUYHble runo~e3bl no ~ H C K Y  3a60nesa~riri PaKOhf M O T  6bl~b ' 
MaTeMaTUYeCKU lIpenCTaBJleHb1 CJIenyIolllHM 06pa30~: . . 

nki~efi~blfi PUCK C ~ ~ O P O ~ O B O ~ ~  n030fi T: R = 0 LLNl D < T U . 
R = k ( D - T ) m D > T .  

n U H e f i H 0 - K B ~ ~ T H Y H ~ H  MOneJlb ( 6 a  nOpOrOBOr0 ~ H ~ Y ~ H U R ) :  . 
R = k, D + k p 2 ,  m e  k, H k2 RBnRloTCR JIkiHefi~bl~U n . 
KB~aTU~HblMU K O ~ ~ ~ H U U ~ H T ~ M W  PIlCKa. 

H a n n w ~ e f i ~ a ~  runore3a (6e3 noporoeoro 3 ~ a r e ~ u n ) :  
R = k . ~ " ,  r e  0 c n < 1. 

Blln u3ru60~ OnpeAenaeTcn 3 T ~ h t k i  O ~ U U M U  YpaBHeHURMU. 
~ H ~ Y ~ H U H  PUCKOB npU pa3JlUYHblX nO3aX 3aBUCRT OT 3HaYeHUn . 
napaMerpoB k, T u n (B cooTsercTeuu c ~onenblo). 6onee . 
nonpo6~o o Jl6llr B ~ I  Moxe-re Y3HaTb B Committee on Biologi- . 
cal Effects of Ionizing Radiation, Heulrh Effects of E-uposure to . 
Low-le11eL~ of ionizing Radiution (BEiR V) ,  National Research . 
Council, Washington DC, 1990, Chapter 4. 
Brenner D., "Did Radiobiology Play a Useful Role in the Recent 
BEIR VI Report?', Abstract in Radiution Research, Vol. 161, . 
January, 1999, pp. 95-96. 
Waldren C.. "Adaptive Response, Genomic Instability, and By- ' 

stander Effects," noman Ha sacena~uu Ko~uccuu BEIR VII, ' 

H ~ ~ H O H ~ J I ~ H ~ S I  aKaneMun HIYK, BIUINHITOH, 3 C ~ H T H ~ P I I  1999. ' 

Jaworowsi A., "Radiation Risk and Ethics", Physics Today, Vol. 
' 

52, M 9, September 1999, pp. 24--29. A B O ~ O B C K W ~ ~  npennoxun ' 

ysenuruTb pa3peure~~ale no3b1 u 3 n y ~ e ~ u n  B 10 pa3 (c I00 1 
~ u n n u 6 s p  no I 63p B roa) AO TOrO, KaK " n o ~ p e 6 y e ~ c s  . 
BMeIIIaTWIbCTBO EJIacTefi no p ~ a ~ l 0 ~ ~ 0 f i  3aL4UTev (c. 29). . 


