
IUIYTOHII.I~~ KAK PEAKTOPHOE TOIIJIHBO 
A p x y ~  M ~ K x H ~ ~ x ~ H N  N AHNT~ CeT 

.... ".. ......... 
n o  OKOH'IaHHU " X O ~ O ~ H O R  B O R H ~ I "  "POCCHR U CUlA 

ouasanncb nepen nnuoM 6e~npeUeneHTH0ii H neoxmaH- 
HOR Ilp06JleMbl: 9TO EWaTb C H36blT09HblM~ 3anBCaMH 
IlnYT0t1H~ H B ~ ~ c o K o o ~ o ~ B ~ ~ ~ ~ H H o ~ ~  PaHa (Boy) - .QByX 
OCHOBHblX MaTePHWIOB no npOU3BOACTBy RnepHOrO Opy- IIPEIBWT JM ~ 3 A ~  K 
xnn. B npn~unne, cpenn ~ T H X  nnyx ~ a ~ e p w a n o s  y p a ~  PEHECCAHCY IJJIYTOHElEBO$i 

3KOHOMkIIUI? 
MOXHO pa36aBH.i.b no P O B H R  HH3- Y T H ~ U ~ ~ ~ U R  H36bl- 
K O O ~ O ~ ' ~ U ~ H H O C O  Y P ~ H O B O ~ O  TO'IHOrO opymeR~or0 
(HOY) TOMHBa, luUpOK0 UCnOnb- ~ ~ I Q ~ H H R  B POCCHH H 

s y e ~ o r o  B nnepnblx peamopax. B ClLlA npencrasnnm co- 
1993 r. CUlA n Poccnn nonn~cann 60R ~acyurnym ~ a n a r y  B 

cornamenwe. B c o o ~ e e r c r s ~ u  c KO- o 6 n a m  m e p ~ o r o  ~epac-  
T O P ~ I U  C o e n n ~ e ~ ~ b l e  Ulra~bl CO- npompa~e~un .  O n n a ~ o  
maClillHCb 3aKynliTb B R9eHHe 20- HblHeluHRR IIOJlKTNKa, 
n c r ~ e r o  nep~ona 500 T poccniic~oro ~ a n p a s n e ~ ~ a n  ~a nepepa- 
BOY. K O T O P ~ I ~ ~  POCCH~~ pa36aswna 60l'Uy H36b1~09~0~0 Wly- 

661 110 H U ~ K O O ~ O ~ B ~ ~ ~ ~ H H O ~ O  YpaHO- TOHHn B MOX-TOW~UBO 
Boro ~onnnna Mn A3C. Hec~orpn abnbleae~ c e p b n ~ b ~ e  ona- 
~a TO, r ro  nepsonaqanb~o nblnon- c e n ~ n ~ a ~ c ~ o s ~ n ~ p e n ~ n  
~ e ~ n e  more cornaue~nn npowu- nnep~oro pacnpocrpa~e- 
rBnOCb Bnepen MeMeHHblMU TeM-  HWII, T ~ K  H 6 n o n a c ~ o m .  
n a ~ w ,  B ~acronwee n p e ~ n  ero pea- Hcnonbsosa~we MOX- 
nn3aunn no Co~naCoBaHHoMy ~ o m a  B ~ a - i e m e  ~ e -  
v ~ ~ H K Y .  TOna ynlnH3aUHU IUlYTO- 

6onee rpynnoii n ~ n n e ~ c n  3anaqa HHR no3~onm co3na~b 
KOHBepTaUHH H ~ ~ ~ I T O ~ H O I ' O  nnYT0- HH@paCIpylm/py, o61.e~- 
HHn B @OPMY. HenPWrOllHble 7bl W ( P H H ~ H C O B ~ ~ ~  HHTe- 
~cnonb3osa~wn npw nponssonc~~e pecbl n o n r o s p e ~ e ~ ~ o f i  
nAepHOr0 OpyXlaR. C0enHHeHHble iWyT0~UeBOfi 3KOHOMHKH 
U l ~ a ~ b l  O ~ ~ R B U ~ H .  9TO HX n36b1- U. R M  CaMblM, IlOpOIIHT 
TO'IHble 3allaCbl nnYTOHHR C O m B -  nO~O~HWTeJ lbHVI0  YID03Y 
nnmT 50 T (n3 o 6 u k  3anacos B 100 
T) (I). B TO BpeMR KaK POCCUR nOKa 
He pacceKpeTuna pa3nepb1 csonx 
3anacos. 06wne 3anacbl poccwR- 
c ~ o r o  nnyroHnn B BoenHoM cexmpe 
C0CTBBIIRH)T. nDe~nOnOXHTeJlbH0. 

. . . .  

I 
mepHoMy Hepacnpompa- 
HeHUIO. 

npennonaranocb. w o  
eCJIn C O ~ ~ U H ~ H H ~ I ~  h- 
~ b l  cornacmn c nneeii 
HCnOnb30BaHUR MOX- 

. . . . .  
CUIA.I~ ~occnn  pacxomcn BO 

MHeHHH OTHOCHTeJlbHO TOrO, KaK 
HaHny9WUM 06pa30~  paCn0pR- 
nHTbCn ~36blT09Hbl~ O P Y X ~ A H ~ ~ M  
nnpOHHeM. POCCHACKO~ MHHH- 
CTepCTBO B T O M H O ~ ~  3HepWH 
(MHH~TOM) PaCCMaTpHBaeT nWO- 

nonbsosamb n0d06Hble Kmepbl, nocKonbKy nonada- 
Hue d a x e  e2o ~e6onburo2o Konuvecmea s dburammb- 
Hble nymU qpe6amO Cepbe3HblMpUCKOM. 

........... nOnroToBneHHoe vynnofi O@H~nanbHblx nHU cneuwa- I K ~ K  nnyl'0HUfi H3MeHUeTCB CO BpeMeHeM 8 cG. I 
nnCToB H3 06eHx mpaH H O ~ ~ ~ ~ U K O B ~ H H O ~  B cem6pe 
1996 r., npencrasnnm co6oR O ~ U H  w3 paynbra~oe 3 ~ 0 m  
corpynHwqema. 
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. . 
HHR B ~aqemne U ~ H H O ~ O  ~ H ~ ~ T ~ T W ' I ~ C K O T O  pecypca, B TO KO ~ T U  Hanerrmbl He c6b1n~cb. 
s p e ~ n  K ~ K  B CUlA npeo6nanam M H ~ H U ~ ,  w OH nnnnm- CM. CIP 2 
CR @BKTOPOM PUCKB (XOTII W 3WCb H e T  nOJlHOm KOHCeH- 
cyca). HecMoTpn Ha YKasaHHble nPHHUwnnanbHble PaC- 
xoxneHun. nasuHan c 1994 r. Poccwn H CUlA corpynnn- 
qamT pa3pa601'Ue MeTonoB ynmH3aqnu m~brToqHoro 
0pyxeA~oro nnpolcnn. C o s ~ e m o e  poccnAc~o- 
~ M ~ P H K ~ H C K O ~  n c m e n o ~ a ~ n e  no ynmn3auen nnyro~nn. 

M~~~~~~~~~~ nocnencTBrrr 06paueHur 
nnyT0HUeM ........................................................ 3 n ~ .  
k l c n o n b 3 o s a ~ u e  MOX-~onnnsa BO @panquu u 
POCCUU .......................................................... 5 CTD. 



MHEHME 3KCllEPTA 
co CTp. I 

B~ecro  3~0r0,  nOn IlpHKpbITHeM pa3rOBOpOB 06 ynl- 
nH3aUHH C O ~ ~ H H ~ H H ~ I ~  U T ~ T ~ I ,  KaK npeACTaBnReTCR, He 
TonbKo nepecMaqnsax0-r CBOIO OcyuemmBwpcrr aecn- 
TUJIeTURMH IlOJILiTHK)' HeHCnOnb30BaHM nnyT0HHR B PeaK- 
Topax A3C1 HO n npwcrynunw K nomepxlce poccwiic~ux 
IInaHOB CO3flaHnR IUXYTOHH~BO~~ 3KOHOMHKW. 

C o ~ ~ e m o e  poccwi ic~o-a~epn~a~c~oe  nccneAosaHne 
no yrwnusauuu nnyroHnn, nonnncaHHoe HayrHblMn CO- 
BeTHHKaMW npe3HAeHTOB KnnHToHa ki E J I ~ ~ H H ~  (CM. OC- 
H O B H P  CTaTbIO), CneLlyIOUHM 06pa3ou CBmeTeJIbCTByeT 

06 U ~ M ~ H ~ H H H  nonmKn CUA: "npn sb160pe BapnaHTa 
~ c n o n b s o ~ a ~ n n  B peamope B uenrrx 06nerse~nrr ~an6onee 
6b1crpofi npamyecKn n o m x n ~ o i i  ~ T W I H ~ ~ U H U  KoHey- 
~ b ~ i i  MaTepnan H e  nonxeH nepepa6anrsa~bcn n nomep- 
mTbCZI nOBTOPHOMY HCnOJXb30BaHHI0, KaK MHHHMYM, A0 
TeX nOp, n0Ka H e  YHUYTOXeHbl CYUCCTBYIOUHe H36bITo~- 
Hble 3anaCbf BbIRWIeHHOrO nnyT0HHH. n0CJIe 3aBepllleHHH 
y~wnnsa~un ~ T H X  3anaco~ M O X ~ T  6b1n npnHmo oKoHYa- 
TenbHoe pemeHwe, cnenyeT nn Hanpaanm nHmicnBHo 
paanoamwBHbre nny~o~uii-conepxaw~e ua-repnanbr, 06- 

pasym~ueclr B pesynb~a~e u36pa~nn BapnaHTa c peamo- 
pauw, mrr npnuoro saxopo~e~urr B reonornqecKnx @op- 
MaUHnX, KaK 3T0 npeAnaTBIOT CO~AHH~HH~K? UTIT~I, nu- 
60, B COOTBeTCTBHU C ~ b l ~ e ~ ~ e f i  n03n~nefi POCCWU, HX 
CJIenyeT HanpaBHTb H a  PenpOUeCCHHr nOBTOpHOr0 
BbueneHna nnyro~nn" (I) .  Aanee wccnenoBaHne conepxnT 
HenByCMblCneHHyIO @pas)': ". ..B KOHeY HOM HTOre, POCCWH 
6yne~  nOBTOPH0 HCnOJIb30BaTb BeCb n~yT~~lt i f i ,  OCTaIO- 
uwiicn B [ O T ~ ~ ~ O T ~ H H O M  MOX-] T O ~ ~ W B ~ " .  Kpoue TOrO, 
"umn CUIA B o6nacru y~nnw3auwn nnyro~wn" 6 y w  
yROBJXeTBOpeHb1, eCJIH O T ~ ~ ~ O T ~ H H O ~  MOX-TO~~HBO 6y- 
A T  " X ~ ~ H U T ~ C Z I  B IZYeHHe HeCKOnbKO L~~cHTw~~TH~~  nepefl 
EM, K ~ K  nomepmyrbca penpoueccn~ry" (2). 

He monb BaxHo, nepepa6a~blsae~crr nn O T ~ ~ ~ O T ~ H -  
Hoe MOX-TOIIJIHBO cefiYac HnH Yepa HeCKOnbKO A e C m -  
nmi i .  B cnyqae co3na~nn H nomepxaHnn B p a 6 o ~ e ~  co- 
monHnn n~@pacrpymyp~~ no ~ ~ ~ H ~ B O A C T B ~  MOX- 
Tonnnsa H ero penpoueccnHry, B O ~ O ~ ~ H M O M  6 y ~ l y q e ~  
scerna ~a i ine~cn  nocTaTosHoe Konnciemo npyroro oqa -  
~ O T ~ H H O ~ O  TOnnHBa &JIA nepepa6omu H H ~ ~ ~ I T O Y H O ~ O  
nnyTOHnR - mR 3avY3KU llPOH3BOnCTBeHHblX M O ~ H O C T ~ ~ ~  
npennpnnniii no npo~3sonmy MOX-~onnusa. Eonee 
Toro, ecnw POCCHR 6yne~  nepepa6a~bl~an o ~ p a 6 o ~ a ~ ~ o e  
MOX-TOIIJIHBO, H e  CMOX~T 6b11-b peann30ea~a caua men 
0 TOM, YTO HCnOJIb30BaHHe M O X - T O ~ ~ H B ~  nO3BOnEiT no- 
MeCTUTb ~36b1~0YHblfi nJIyT0Hnfi B BbfCOKOP~HOaKTHB- 
HYIO Maqnuy c TeM, ~ ~ o 6 b l  OH He 6b1n 6onee npuMeHeH 
RJIH npou3~0nma BOOPYX~HH#. Hecuoqn Ha TO, YTO 
poccniic~oe npasuTenbcTBo, BepomHee acero, He HaMepe- 
HO UCnOJIb30BaTb p e a ~ ~ ~ p ~ b l f i  nJlYT0HHfi WR npOH3BOL(- 
m a  opyxwrr, HeKoTopble npasnTenbcTsa HennepHbrx ro- 
cynapm nnH TeppopwcyciecKue opra~u3aq~w ~ o r y ~  
6b1Tb rOTOBbl 3annaTWTb BbICOKYIO UeHY 38 3TOT 0pyxefi- 
~brii  MaTepnan. Kpoue Toro, wcnonb30~a~ne opyxeii~oro 
nnyroHna B 6b1crpblx p e a ~ ~ o p a x - p a 3 ~ ~ 0 x r n e n ~ ~  H e  06n- 
3aTeJlbHO npklBeneT K 3HaYHTeJIbHOMY H3MeHeHWIO er0 
U ~ O T O ~ H O ~ O  comBa. Ha npamKe, peamopbl- 
pa3MHOXCHTenH npH 3KCnnyaTaUHH C YPaHOBblMH nolcpbl- 
THRMH MOrYT 6b1n HCnOJIb30BaHbI B UeJUIX nOBblWeHHfl 
Karema peamopsoro nnyToHHR no YPOBHII opyxeii~oro. 
OCHOBH~IM CAePXHBaIOuHM (P~KTOPOM 3neCb BblCTyIIaeT 

H ~ O ~ X O L [ H M O C T ~  [PHH~HCOB~IX 3aTpaT Ha C03naHHe PeaK- 
TOPOB n punoxnMH~ecKnx npempnmii. 

B COBMeCTHOM HCCneROBaHHH TaKXe rOBOpHTCH, YTO 
"HM~~TCII  HeKOTOpan HeOnpeReJIeHHOcTb OTHOCHTeJIbHO 
TOrO, IlBnReTCIl nu CTOHMOCTb BbIBOAa H3 3KCnJIyaTa~HH 
06ae~1.o~ [MOX-TOIIJIHB~], CneUHWIbHO nOcTpOeHHbIX 
m npou3~onma 3neKTposHeprnn [B Poccnu], c o c ~ a ~ ~ o i i  
YaCTbIO 3aAaYH no YTHJIU3aUHH n m O H H n ,  n0CKOnbKy 3TU 

06bem1, BepOIITHO, 6 y w  kiCnOnb30BaTbc~1 B paMKax 
rpa-rr~qa~c~oii nnyTo~ue~oii nporpauubl nocne sasepwe- 
HnH KaMnaHnn no yrunu3a~wn nnyro~nn" (3). Mcnonb30- 
BaHHe ITpempHmfi no nPOH3BOACTBY M O X - T O ~ ~ H B ~  B 

KoMMepyecKnx Uennx nocne 3a~epue~wn yrwn~3asu~ 
opyxeii~oro nnyroHnn no3~onu-r 06ecne~un sax~eiiwee 
HenOCTaIOUfX 3BeHO B ~ O C C H ~ ~ C K H X  IIJIaHaX CO3RaHHn IIJIy- 
T O H H ~ B O ~ ~  3KOHOMHKH. 
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3neprernna n 6e30nacnocsa 

"3Hepn?TH~a H 6 e m n a c ~ m "  - 6nnnere~b, fl0CEtUqeUHblfi 
~ ~ n p o c a ~  mepHom ~epacn-e~nu, pa3opyxe~nu n 
a~eprewwxok 6e30nac~ocm. ~ ~ ~ ~ U K Y ~ T C R  rtenlpe ptua e 
ma M H ~ ~ T T ~ ~ O M  npa6neu sHeprmxH n o~pyxaloueii cpe- 
AM, H ~ K O ~ U ~ M M U I  no ajqpecy: 

The Institute for Energy and Environmental Research 
6935 Laurel Avenue, Takoma Park, MD 20912, USA 

Ten. 1-301-270-5500; & w c  1-301-270-3029 
3 n e n r p o ~ ~ m  nortra ieer@ieer.org 

&pec  B M~lep~ere: http://www.ieer.org 

MHCTHT~T npdnew sHeprernnn n o~pyxaloueii c p a b ~  (IEER) 
06ecnwnaae~ O ~ W ~ C T B ~ H H O C T ~  H 0 @ ~ ~ H ~ n b ~ b l e  nuua Ha- 
AWH~IMM, UCH~IMH H rny6onnun H C U ~ ~ O ~ ~ H H U M H  no urnpo- 
KOMY KPYfY BOnPOCOB. 4enbo IEER uenuercu IlpHBHeCeHHe 
HapHor0 aHanu3a B AeRTenbHOCTb O ~ I ~ ~ C T B ~ H H O C T H  M U  

AeMOKpaTH3auHM HayKH H C03mHHCI 6onee W O ~ O B O ~ ~  OKpy- 
maloqeii cp-bl. 

C~TPYAHHKH IEER: 

Apmyn M ~ K x M L ~ ~ ~ ~ H  - npe~n~ern 
Eepw CDpan~e - ncnonnmenbnblfi WpeKTop 

h~ Opt~a iep  - uoopwnatop no BneulnnM CBIURM 
Anma Gel- KWpAHHaTOp no MemAyHapOLycbcM CBR3RM 

Pabepr 6 p y ~ c  - nowownu nwpwnaropa no eneurnnM CBRJRM 
3nnn Manxnftmann - naylrn~fi corpy~nn~ 

Aync qanmpc - 3 a e ~ u l n f i  6u6nnoreuofi 
maria Kon - 6nbnnorenapb 
Mapn Onopaaamn - nnmenep 

h a  Typnoy-Ulwc - wwnncrpatop 
Mt%n#a Awn - IlpeLInBBnteAb 8 POCCHM 

6na ro~w,~u  HUHX cno~copoe 

Bbtpamaen 6naroftap~ocrb HUHM cnoHcopahl, 6 n a m ~ p u  
nowepwte ~oropbuc mano BO~MOIKH~~M ocyuemeune 
Haruero rno6anb~oro npoeura no 6e3onacnocr~ MepHbuc 
uarepnanoa: 

@ow Y.3nm~a Jlxoyuca; @OW Jlxoua A. M 
h p n ~  Ma~aprypoe; @owy CS; @ o w  HKH. 

Mbl r a w e  6naroaapu~ APYrHx CnOHCOpOa IEER, IIOCKOnbKy e 
HauieM rno6anbH0~ npoenre M ~ I  ucnonb3ye~ uarepuanbg, 
Haf~60~aHHble npn ocylqecTenetiHn npaomasnetiHblx HMH 
rpatiros: 

@OM "na6nn~ hn@epw, @ o w  h o ~ a  Mep~a, (DOHA 
"llnorueps", nporpau~y "DHHT~~H~H lO~n~epcanum BUN" B 

Ulenrep-POK, Po~@ennep @akHsHlun CepeHce3, 
6nar0~sOpMlWlb~bl~ @w Clloapra P. Morra, 

@om T~YH-KPHK, @ow m o ~ a  11. 

An~aiin: Cutting Edge Graphics, Washington, DC 
-10: Po6epr aenb T m ~ r t n .  ATOMHK +ororpat$epj r n m  

P w ~ r o p  ~ H ~ ~ H ~ ~ C K O ~ O  H3AaHHR: A ~ m a  Ce1 

Pycc~oe HWaHne: 

Rnperrrop: Anencawp fln~aee 
Hayrl~blii KoHCynblatiX Oner 6yxapn~ 

Pycc~oe H-He 6 m e r e ~ u  noArmaneHo n p ~  coaeiScreu~ 
K o u m  no np~nr rec~nu rexHonornuu H 

HepaCflpOCTpaHeHHlo 

Becb wpam "3~eprer~nn n 6e3onac~ocm" 
pacnpofqwuetcu 6ec~amo.  

Ba~nyc~ 3 pycc~oro H a~rnniicnoro H J A ~ H H ~ ~  eb~uren B ceer B 

unne 1997 r. 



nnyro~ufi-239 nsnnacn rpe3sblrait~o onac- 
HblM KaHUePOreHOM, K O T O P ~ I A  MOXeT 6blTb TaKXe 
ucnonb3osa~ npu nponsaonc~ee nnepnoro opy- 
xun. T a ~ o e  coraanne csoiine npeapatuaer nny- 
T O H M ~ ~  B OnHO U 3  ~au60nee OnaCHblX BellleCTB. 
nny~o~uA-239, ~ p a i t ~ e  penKo ~crperamuruitcn B 

npbipone, e TereHue nocnennwx 50 ner 6bln iic~yc- 
CTBeHHO IIpOU3BeneH B 6onbmnx KOJlHVeCTBaX B 

pe3ynb~a~e peanu3auuu rpaxnaHcKux u BoeHHblx 
nporpaMhi. 

M ~ e ~ o ~ c n  13 npyrue panuoaKTuaHble KaHuepo- 
reHbl KaK. IlanpUMep, pannit-226, HO HX nu60 
Henb39 acnonb3osa~b nnn npou3aonc~sa nnepHoro 
opywlin, nu60 OHM He BClpeqaIOTCII B nOCTaTO'I- 
HblX KOJlUqeCTBaX. Ann C03naHUII UnePHblX 6oe- 
nplinaCOB MOH(R0  TaKXC MCnOnb30aaTb BblCOKO- 

o6orauent1b1ir ypan (BOY). HO OH npuMepHo B 

~blcnsy pa3 MeHee pannoaKTuBer1 no cpasueHnm c 
nnvro~11e~-239. Onac~ocrb, ~ o ~ o p y m  npencTae- 

TenbcrBoM. 'ITO ero KpaitHe CnOmHO 06HapyxuTb I Oomo Po6epma denb Tpeduru 
3a npenenaMu xopoluo 06opynosa~~t .1~  n 6e30- 

I 
06pa3y1omuecn B pe3ynb~are pacnana nnyro~un-239 

naCHblX O ~ ~ ~ K T O B ,  nu60 B OpraHU3Me qenOaeKa. 3 ~ 0  Bb13BaHO 
TeM, 9TO ~au60nee 3@@e~THBHblfi cnoc06 06napyme~un pa- 
niloHyKnHnoe nyreM 06nyqeHun r a ~ ~ a - n y r a ~ n ,  npencTasnn- 
eTcn BeCbMa cna6blM. 

K a ~ u e p o r e ~ ~ b ~ e  caoitcraa nnyro~un-239 onpenennmrcn, 
rJaBHblhi oGpa30~, UHTeHCllaHblM M3JlY'IeHUeM allbaa- 
panuaulin. Tnmenble anbaa-qac~uubl nepenamT cBom 3 ~ e p -  
rMm nPYrnM aTOMaM H MOneKYJlaM nYTeM CTOnKHOBeHUfi. 
KOTOPble ~pOHCXOL(IIT 3HaqHTeJIbHO peXe no CpaBHeHRlo C 

6onee nerKuMn 3 n e ~ ~ p o ~ a ~ n ,  npencraennmurvlMn co6oit oc- 
HosHoe cpencrao panuauuoHHoro nopamennn npu ratma- n 
Ga~e-n3nyqe~nn ( I ) .  Anb@a-sac~uubl nepeMetuamTcn Ha He- 
60nbm0M npOCTpaHCTBe MeXIQ' KneTKaMU OpraHH3Ma, nepW0- 
nH.leCKH CTanKUaaUCb C HUMU.  TO nPUBOIIHT K 3HaYUTenbHO 
6onee cymecreeHHoMy 6nonornrec~o~y  ymep6y no oTHome- 
H I I ~  K enuHuue 3 ~ e p m u  Knerxn. 

O T H O C U T ~ ~ ~ H ~ R  6nonorusec~an ~ @ @ ~ X T U B H O C T ~  pa3nULL- 
H ~ I X  BnnoB panwauuki no HaHeceHum ytuepGa 6 n o n o r n r e c ~ n ~  

ra~~a-pannauueR BO~MOXHO nninb npn nannrnu 3nasu~enb- 
H ~ I X  KonmecrB 3 ~ o r o  3 n e ~ e ~ ~ a .  Cnenoaa~enbno, nnyro~uit- 

C K O ~  0nacHocTi. HanGonee cdPbe3nYm 6nacHo&b npencraa- 
nner nonanaHue nnyronun-239 a ~ m b  o p r a ~ u 3 ~ a  nyreM . . 
repes nblxa~enb~ble nyru, o c o 6 e ~ ~ o  ecnu OH npHcyrmaym B 

nan6onee pacnpocrpa~en~oit o~cnnnoit @ o p ~ e .  jlpyran 
onacHocrb an3ana c nonanaHueM nny~o~un-239 B K P O B ~  re- 
pe3 PaHbl U nOpe3bl. n o  CpaBHeHnK, C np0HUKHOBeHUeM B 

nblxaTenbHble n y u  pncK ero nonanaHnn a K P O B ~  repe3 nume- 
Bapll~enb~blfi TpaKT, KaK npaBUX0, rOpa3nO HUXe, nOCKOJlbKy 
nnyronufi He cnocoiie~ nerKo npoHHKaTb B K P O B ~  repe3 KH- 

luesHHK U er0 6onbman YaCTb BblBOnUTCn U 3  OpraHA3Ma eCTe- 
CTBeHHblM IlyTeM. 

X a ~ a ~ ~ e o  vme~Ga. HaHocnMoro n n w o ~ u e ~ - 2 3 9 ,  a Tame 

. . . . 
Tnna panuauria, ee ~ H ~ P ~ ~ T U K U ,  a TaKxe opraHa, nonBePrae- ~ e p a  ero sacTnu. Han6onee p a c n p o c ~ p a ~ e ~ n b ~ i i  cnoco6 no- 
Morn 0 6 n y r e ~ u ~ )  Kare~T~eHHblfi @ ~ K T O P  mnnercn ~an6onee nanaHun nnyrottun B O ~ T ~ H H ~ M  qenoBeKa, HenocpencTneHHo 
npocrblM n o ~ a 3 a ~ e n e ~  n 3 ~ e p e ~ u n  OnaCHOCTli, npencl-asnne- He pa6omm1~ero c nnyroHueM, - repe3 nblxaTenbHble nyrH H 
MOA anb@a-. 6eTa-, raws- n HeitTpoHHbl~ 0 6 n ~ q e ~ ~ e ~  OTH* n u ~ e ~ a p u ~ e n b ~ b ~ i t  TpaKT. B nocnenHeM cnyrae n n y ~ o ~ u k  
ciiTenbHo npyr npyra, npnMeHneMoro a uennx p e ~ o ~ e ~ n a u n f i  nonanaer B o p r a ~ u 3 ~  nocpenmoM 3 a p a x e ~ ~ b l x  racTnreK 
B o6nac~u panuauuo~~oi i  6e30nac~oc~u. B HacTonmee BPeMn nOqBbl unu enbl. ~ ~ O H H K H O B ~ H H ~  B 0 p r a ~ ~ 3 ~  qepe3 nope3b1, 
Mexny~apon~an  KoMuccnn no pan~auuonHO~ 3BUUTe peKO- B OCHOBHOM, npencrasnneT onacHocTb nnn nepconana. 3 a ~ h -  
MeHLlYeT ~aqecTBe~~blf i  @ ~ K T ~ P  pas~blk 20 nnn Toro Ha npennpunrunx, cBn3aHHbrx c 0 6 p a m e ~ l i e ~  nnyTOHHn. 
paneaueri no c p a e ~ e ~ u m  c ra~~a-panuauueA.(2) a TaKxe (B n p o ~ n o ~ )  YracTHHKoB H ~ ~ ~ M H ~ I X  ZnepHblX 

npli nonanaHuu B 0praHU3M nnyro~ufi-239, KaK npaeuno, HcnblraHufi. 
ocenaer B hinrxnx TxaHnx, oco6en~o. B nesenn, a TaKxe Ha n o  CpaBHeHMD c TeM me KonusecreoM nnyroHnn, pa3- 
n0aepXHOCTU KOCTHblX T K ~ H ~ A .  B KOCTHOM M03rY Ii nPYrUx He MenhqeHHOrO Ha HeGonbluIie YaCTHUbl, 6onee KpynHblC W C -  
COnepXalllHX  anb bull it KOCTHblX TKaHnX. ETO KOHUeHTpaUHn B T U U ~ I  nnyroHnn HaHOCnT, 06blr~0,  MeHbIUuit 6 ~ 0 n 0 r u r e ~ ~ u i t  
KOCTHOM M03ry npHBOiTUT K 0 ~ 0 6 0  OnaCHhlM ~OCnenCTBHnM yuepG H Hecyr MeHbluuii PUCK 3aGoneeanlrfi. npll BnblXaHUU 
npu nporicxonnmeM raM reHeplipoaaHun KPOBH. H ~ ~ P O T N B ,  KpynHble VaCTHUbl MOT OCeCTb Ha BOJIOCRHOM noKpoBe HO- 
npyroe n3nyL~ammee anb@a-c~ac~uubl BemecTBo, panufi-226, C O B O ~ ~  nonocrw, rTo npennTcmyeT ~ i x  nonanaHum B neraue. 
XHMAVeCKli ConpnmeH c KanbuueM u ocenaeT B ~anbunfi- He6onbmue qaCTHUbl nocmramT Gpo~xnanb~b~x ~ p y 6  H ner- 
conepxamux X O C T H ~ I X  TKaHSx. KUX, me OHM u ocenam~, nopaxan o~pyxammue T K ~ H U .  

npli HaxomneHnu sHe o p r a ~ n 3 ~ a  nnyro~nfi-239 Menee ~a enrlnuuy pannoaKTueHocnu npyrue u30~onb1 nnyro- 
onacex no cpanHeHum c ucToqHHKaMu r a ~ ~ a - P ~ ~ H ~ U U H .  no-  H U ~ ,  n3nyrammne anb@a-panuauum, uMeroT aHanoraqHble c 
cxonbKy anb@a-samuubl cnocoG~b1 nepenaBaTb C B O ~  3 ~ e p -  nnyronue~-239 MenUUHHCKMe nOCne~CTBUR. O n n a ~ o  Ha enu- 
rum numb !la KopoTKHe paCCTOnHUn, n0MetueHHblfi ~6nn3u H H U ~  seca meneHb nopameHun 3anucur OT n3orona. Hanpu- 
6nonorusec~oro opra~113~a  nnyro~uii-239 mepenam nPaKTU- ~ e p ,  na encrHuuy seca nnyro~nii-238 B 270 6onee panuoamn- 
YeCKH BCKl 3HeprUIO MePTBblM BePXHHM CnOIlM KOXU,  me OH s e ~ ,   ye^ nnFoHufi-239. 
He cnoco6e~ npuneccn 6nonornsecxoro ymep6a. 
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MennqnHcKne nocnencrenn o 6 p a q e ~ n ~  c nnyroHneu nc- 
cnenoeanncb, rnaBHbtM 06pa3ou, nocpenmou na6opa~op- 
HblX 3KCnePCIMeHTOB HaA XWBOTHbIMW. %CTW~HO WMeK)U&lHCH 
6a3a AaHHblX OCHOBaHa Ha rtCCnenOBaHHHX B OTHOllleHHH no- 
paxeHHb1x nnyToHneM nepcoHana n xn~eneii ~ e m o c r e i i ,  
npnneramqnx K nnyToHneBblM 06.bem-a~. kf3~epe~nn Konn- 
yema  nnyToHnrr, ocesmero B nerKnx n B opra~n3ue qenoae- 
Ka B uenou, Hapmy c nocnewmqnu ~ a 6 n m n e ~ n e ~  3a 3no- 
posbeM nopaxe~~brx  nnu 06ecne~nnn n~@opuaunm, nonon- 
HHIoUyIo 3KCllepHMeHTanbHble AaHHble. Kpoue TOrO, 3KCne- 
PWMeHTbl no BBeAeHHIo nJIyTOHHfl B OpTaHW3M qMOBeKa np0- 
BOnllnHCb B C O ~ L L ~ ~ H ~ H H ~ I X  UTaTax B 1945-47 IT. B TOT nepU- 
on B paKax sKcnepnMeHTa no n3y~e~nm ~ 0 3 n e i i m n ~  nnyl.0- 
HWH Ha Me~a60nn3~ YMOBeKa nOnBeprJIOCb HCKYCCTBeHHOMY 
sapaxe~nm 18 YenoseK. Cornacne ncnbrryeMbrx 6bmo nony- 
qeHo 6e3 npenoCTaBneHnH WM non~oii n~t#mp~aunn, n nocne 
pacceKpeqnsaHnrr sKcnepnMeHTa B 1993 r. OH noneeprcfi run- 
~ 0 ~ 0 f i  KPHTWKe. 

3 ~ c n e p n u e ~ ~ b l  Ha co6a~ax no~a3ann, r i ~ o  name ~e6onb- 
moe KonrirecTBo nnyToHnR B ~ e p a m o p n ~ o i i  @ o p ~ e  npnBo- 
AwT B O ~ ~ ~ ~ O B ~ H C I K )  PaKa JleIXHX C BepORTHOCTbK, OKOnO CTa 

npoueHToB. M m o n o ~  3~qanonnunn  6bmo paccrmHo, YTO 
mn O ~ ~ ~ ~ O B ~ H H I I  paKa nerKnx c neTanbHblM ncxonou nocra- 
TOYHO 27 MnKporpaMMos nnyToHnR, nonasmnx B nerme. 
Pasy~eercn, nono6~an sicqanonnunn Ha ocHose siccnepw- 
MeHTOB C XWBOTHbIMH, CBH3aHa C HeKOTOPblMCl HeOnpeAeneH- 
HOCTHMH. Teu tie ueHee, MOXHO npennonoxnrb, YTO He- 
CKOnbKO AeCHTKOB MUKPOrpaMMOB ~JIYTOHHSI-239, OCeBlrrHX B 

nericnx, B orpou~oii CTeneHn YBennYnBaeT PWCK 3 a 6 0 n e ~ a ~ n ~  
paKou nericnx. 6onbmne Konnqema nnyToHnn TaKxe cno- 
~ 0 6 ~ b l  BblSBaTb Apyrlle 3a60nesa~nn B TeqeHne ~e6onbmoro 
cpoica nocne nopaxeHnH. 

flopaxaloI4ne @aKTopbl H ~ ~ O ~ ~ U I W X  KOJIHqeCTB m y T O H H H  
nOKa TOYHO HeCI3BeCTHbf.  TO O ~ ' ~ Z I C H H ~ T C H  PmOM @~KTOPOB: 

T ~ Y A H O C T ~ ~  n 3 ~ e p e ~ n n  nonaBmero B opra~n3u Konnye- 
m a  nnyToHnn; 

3HaqWlWIbHble HWBUJQ'anbHbIe pa3JIHYUH B @ Y H K ~ W Z I X  
qenoBeqecKoro o p r a ~ n 3 ~ a  n cKopocrn nx npoTeKaHnn (wo B 

KaxaoM KOHKP~THOM cnyqae npmoAnT K pa3nnq~oii mneHn 
nopaxeHnrr npn sapaxe~nn O A ~ H ~ K O B ~ I M  Konnqemou my- 
TOHHH); 

Hannqne npyrnx ocnoxHnmqnx ~a6nmne~ne  @amopo~, 
tianpnuep, KypeHne; 

OTCyTCTBHe TOVHblX AaHHblX (HanpnUep, 0 TOYHOM BpeUC- 
HW nonaAaHnzl nnjoHnn B opra~n3u); 

pa3nnq~arr n ~ e w s s e c ~ ~ a s  creneiib nopaxeHnn o p r a ~ n 3 ~ a  
nPYrHMU KaHueP0RHaMI.I ( K ~ K  PaAHOaKTHBHbIMH, T a K  U Hepa- 
AUO~KTHBH~IMW) B TeyeHne AnnTenbHoro nepnona ~a6nrone- 
HWI; 

orcywrsne ~ O ~ H O M ~ C U T ~ ~ H O ~ O  1ta6nm~e~ns n a~annsa 
3a 3AOPOBbeM nepCOHana npOMbIWJIeHHOClrr no IlpOn3BOncTBy 
mepHor0 opyxnn. 

Owa  M 3  HeMHOrWX AOnrOCPOYHbIX nOnb1TOK n3YYUTb B03- 

n e i i c ~ s ~ e  Ha qenoseqec~nii opra~n3u nopaxamqnx .@ano- 
POB MNKPOn03 nnyTOHN5l 6blna IlpennpHHHTa B OTHOlUeHHIl 26 
"6enblx nnu MyxcKoro nona", sapaxe~~blx  nnyToHneM B xone 
ocyqecTsneHna M a ~ x s n e ~ c ~ o r o  npoema no co3na~nm 
~ T O M H O ~ ~  60~6b1  B A O C - A ~ ~ M o c ~  B I944 li 1945 rr. 3Tn JIHlta 
~a6nmnanncb B TeyeHne mnTenbHoro nepnona BpeueHn, 
npnqeu nx MeAnunHcKne n a ~ ~ b l e  nepnonnyecicn ny6nn~osa- 
nHCb. ~ O C ~ ~ A H H ~  PmynbTaTbl ~ L L T I H  O ~ ~ ~ J X H K O B ~ H ~ ~  B HCCJXe- 
AOBaHHH I99 1 r.(3) 

K o n n ~ e c ~ ~ o  nnyToHnn, oceemero B o p r a ~ n s ~ e  ~a6nm- 
AaeMblX, OiJeHHBaJIOCb B HHTepBUIe OT "1 10 Bq (3nCi) ... a0 
6960 Bq (188nCi)"(4), YTO COOTBeTCTsOBanO B BeCOBOM Bbl- 

PaXeHMw OT 0,043 A 0  3 MHKPOQaMMOB nnyT0liHH. O ~ H ~ K O  

cna6aa mopoHa nccnenosaHnrr 3 a ~ n m ~ a m c ~  B Hannqnn 3 ~ a -  
riwbHbrx ~eonpenene~~ocreii  OmocnTenbHo Konnqema n 
pamopnMom nnyroHnn, nonasmnx B opra~n3u B MoMeHT 
3apaxe~nn(5). 

Cpenn CeMH CMePTHblX CJlylraeB, 3aperMCTpUpOBaHHbIX B 
1990 r., OAHH npon30men B pe3ynb~a~e paKa Kocmbrx m a ~ e i i  
(KOCTHO~~ c~PKoM~I) . (~)  Cpem nmneii paK ~ o c ~ e i i  Becbua pe- 
AOK. ECT~CTB~HH~H BepOmOCTb TaKOrO 3a60neea~nn npki 
~a6nrone~nn 26 lrenoseK B TeqeHne 40-nm~ero nepnona .co- 
cTaBnReT O m H  K CTa. TaKnM 06pasou, BepOHTHOcTb n0HBne- 
Hun naHHoro 3a60nesa~nrr y YenoaeKa, noneeprHysmerocH 
sapaxe~nm nnyroiineu (B Konnqemax, Hnxe neiimymunx 
HOPM ~ ~ ~ O ~ ~ C H O C T W ) ,  BeCbMa ~ H ~ Y W T ~ J I ~ H ~ . ( ~ )  

B npyrnx cTpaHax, npeme scero, B Poccnn, TaKxe me-  
~ T C H  naHHbIe no nocnencmnnu sapaxe~nsi nnyroHneu. OHU 
sce eue Haxomca B m n n n  W ~ Y Y ~ H W Z I .  B Hac-ronuee Bpehisi 
HaqaTo ocyqecTsneHns coBMecrHoro poccnfic~o- 
aMepnKaHcKoro npoema B pawax O ~ ~ ~ A H H ~ H H O ~ O  ~oopnli- 
HailMOHHOrO K O M H T m  no HCCneAOBaHHHM PanHauHOHHblX 
s@@emo~. llpennonaramca nccnenoearb MenliuurrcKnc no- 
cnenmnrr m a  ~AOPOBLH nepcotiana npennpnarnrr  man^", a 
TaKxe xn~enefi olcpyxatoqtix uemrocreii. *- 
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~ C M O J I ~ ~ O B ~ H H ~  M O X - T O ~ ~ U B ~  BO < P P ~ H ~ N N  U  ]Ije~lbT'Ef~ 
X~H-nbep  Mopnuo 

nepeblii B E~pone 3KcnepnMeHT c ncnonb3o~a~ne~ 
M O X - T O ~ ~ H B ~  B IlpOMblUJJIeHHbIX ~acru~a6ax  HMen MeCTO 
B 1963 r. Ha peanope BR3 B Monb, Eenbrnrr M B 1974 r. B 
peamope Chooz A ( H L I H ~  ~ ~ K P ~ I T O M ) ,  pacnonoxetiHoM BO 

O p a ~  unn Henaneuo OT 6enbrnfi~K0fi rpar-inubl. 3 ~ n  3~cne- 
PMMeHTbl 6blnl.i PC3YJlbTaTOPi PaHHHX @ P ~ H K O - ~ ~ J I ~ ~ H ~ ~ C K M X  
pa3pa60~0~ MOX-~onnn~a. K o ~ n a ~ n n  "Eenbro~y~neap" n 
KOXEMA Harann COBMeCTHO npOH3BOnHTb MOX- 
TonniiBo Ha nsyx tle6onbunx npennpurr-rnrrx B Acccene, 
6en1,nirr ( ~ ~ c n e t l  B 3~cnnya~aunm B 1973 r.) n Kanapalue, 

HO. KPOMC 'roro, B paMKax co- ~ O H H U K O ~  nnyrno~ue~ozo 
BMeC'THOI'O @ P ~ ~ I K O -  ~ O ? U I U ~ ~  
6cnbrrriic~oro npoeKTa re-rbl- 
pc 6en~rnfic~nx Bonrrtiblx pe- 
atc-ropoe non nasnetlneu B 

Tlia~ixe rl Aosne w nepebre 28 aHanornrHblx @pa~uyscutix 
PeaKTOpOB MOUIHOCTbK) B 900 MBT, BBeneHHbIX B 3KCnnya- 
TiluNlO MelKQ' I980 C( 1984 IT., 6b1nw CnpOeKTHpOBaHbI Ta- 
Klihi  06pasoh1, Y T O ~ ~ I  UCllOnb30BaTb MOX-TO~~HBO. OHU 
6b1nn 0 6 0 p y ~ o ~ a ~ b l  YeTblPbMR HeWCnOJlb3yeMblMI( HanpaB- 
nnloLunMli ~ p y 6 a ~ n ,  B KOTOPblX MOrJlN 6blTb pa3MeUeHbI 
nononHwrenbtlble KoHTponnpyroune cTepxHn B cnyrae 3a- 
rPY3K11 PeaKTOpOB MOX-TO~JIHBOM. n o  HPOHHH, 22 PeaK- 
TOpa MOUlHOCTblO 1300 MBT Kax~blfi, n0CTjlOeHHble BO 
Opa~urin nom~ee, He 6brnri 060py~0BaHbl anrr ncnonb30- 
BaHHR MOX-TonJIliBa. 3 ~ 0 ,  B03MOXH0, IIpOW30UlJIO n0TO- 
MY, YTO nocne nep~oii BOnHbl paspa60mn MOX-TonnnBa 
m a  neruoeontiblx peanopoB (JIBP), aK4eH-r 6b1n c ~ e u e ~  
Ha peamopbl Ha 6blc~pblx ~eii-rpo~ax (peanopbl- 
p a s ~ ~ o x n ~ e n n ) ,  n ncnonb3o~a~ne MOX-~onn~sa B nerxo- 
BonHblx peanopax crano BTopocreneHHbIM HanpasneHnehi. 

Tonb~o nocne 1984 r., Korna KaK crano IICH~IM,  TO 

nepBoHaranbHble Hanexnbl, c~r rsb~sae~b~e  c 6b1crpbt~n pe- 
aKropahiw, He onpaBnanncb, "Eenbro~y~neap" n KOXEMA 
CMOrJIH nepeOpHeHTJlpOBaTbC Ha HCnOnb30BaHHe MOX- 
Tonnwsa B IIBP. B pe3ynb~a~e smx ycwnnii B 1987 r. MOX- 
TOIlflHBO 6blno BnepBble 3avyXeHO BO @ ~ ~ H U Y ~ C K H ~ ~  peal(- 
TOP B Ce~-nope~-ne3-0 (B paiio~e JIyapbl). M 3  52 TonnnB- 
tIbIX C ~ O P O K ,  3aMeHlleMblX eXeTOnHO, 16 COnePXaT MOX- 
TonnnBo ( 3 ~ 0  - onHa verb ~cei i  amna~oii ~ O H ~ I  peanopa). 
nocne ~ T O ~ O  9 npyrlix peanopoB 6b1nn sarpyme~bl MOX- 
TOnJlHBOM A 0  30 npOueHTOB o6qefi MOuHOCTN 
(hla~cnhian~~arr sarpys~a, pa3perue~~arr @ p a ~ u y c ~ n ~ n  op- 
raHaMli R P ~ P H O ~ ~  6esonac~oc~n). K O H U ~ H T ~ ~ U W R  I l J I p O H H R  
B TonnnBe He npe~b~luana 5,3 npouema. n o  riToraM napna- 
MetiTcunx A ~ ~ ~ T O B  B Benbrnn B ne~a6pe 1993 r. 6b1no pas- 
pewetio 3arpy~n~b nsa peanopa MOX-TOXI~HBOM He 6onee 
rleM Ha 20 npOIJeHTOB MOUHOCTU, HO C COfiePXaHWeM nny- 
TOHMIi B TOnnNBe B 7,7 npOUeHTa. B~oparr BOnHa pa3pa60~- 
KII MOX-~onnnsa nnrr JIBP Tame npnsena K co3na~n10 
HOBOrO nPOM3BOflCTBeHHOrO npeflnpHflTrtrr B Map~yne, 
OpaHun~ ("Meno~c") MOqHOCTbH) B 1 15 T B roll. B 1990 r. 
6 ~ n a  B bInaHa JItiueH3Hfi Ha cTpOHTeJl bCTB0 npenllpH5fTHSI. 
OH0 BCTynHJlO B CTjlofi B 1995 r. A0 KOHUa 1996 r. OHO, no 
HeKOTOPblM AaHHbIM, IIpOH3BWO 96 C ~ O P O K  M O X - T O ~ ~ M B ~  
Wfl @ P ~ H U Y ~ C K O ~ ~  3Hepre~~~e~K0fi  KOMnaHWCi 3,4@. 

II~imb 16 n3 28 @ ~ ~ H U Y ~ C K N X  peanopoB MO~HOCTLIO 900 
MBT nonyrnnn nnue~3n10 Ha ncnonbsona~ne MOX-~onnnsa 
eqe B nepnon nx CTjlonTenbcTBa. B Hacrorruee BpeMrr senyrcrr 
ne6aTbl OTHOCkiTeJlbHO TOrO, CneweT nil pa3peUJHTb WCnOnb- 
3osa~ne xo ro  Tonnnsa eqe B reTblpex peamopax, pacnono- 
ZeHHbIx B U l n ~ o ~ e ,  Ha peKe nyape. I l p n ~ m e  TaKoro uara 
npoTnBopernno 6b1 perueHnlo npasn-renbma o nposeneHnn 

6e30Ila~H0CTb H 3KOHOMHWCKal ~ e n e ~ 0 0 6 p a 3 ~ 0 ~ ~ b  MC- 

nOJ'Ib30BaHHH M O X - T O ~ ~ H B ~  B TereHcie nOnrOr0 BpeMeHM: 
nomepranacb CoMHeHnm MHornMn 3KcnepTaMn BO QPpa~unn. 
B ~on6pe 1990 r., Korna 6brno npnHmo pemeHne o crpon- 
TenbCTBe 3aBOna "Meno~c", lI3BeCTHblii @ U ~ H K - Z I ~ ~ P U I I I K  %H- 

llonb Ulannpa B c~oeii mane  B xypHane "JIH Peueprrr" ( 1 )  
n0CTaBHn n0n COMHeHHe u ~ J I ~ c o o ~ ~ ~ ~ H o c T ~  HCnOnb30BaHH$l 
M O X - T O ~ ~ H B ~ .  B Hacrosuee BpeMrr B "rase= Hy~neap" 
MOHHK C e ~ e  n3 Accounaunn yreHblx 3a n ~ @ o p ~ a u n m  o 
~ n e p ~ o i i  3 ~ e p r e ~ n ~ e  (GSIEN) san~nna, rTo ~ospaxe~nn ,  
IlpHBeneHHbIe x.-n. NanIipa, OCHOBbtBaIOTCR Ha aHanH3e 
C ~ O P O K  M O X - T O ~ ~ H B ~ ,  HCnOnb3yeMbIX 3,QO (2). 

Ulannpa n C e ~ e  npnsom-r uenblii prrn npoene~,  KoTopbre 
cosnaa ncnonb3o~a~ne MOX-~onnnsa no cpaBHeHnm c Tpa- 
fiHuUOHHblM ypaHOBblM TOnnUBOM A3C: H ~ O ~ X O ~ U M O C T ~  
6onee ocropoxiioro npouecca npon3~oncr~a TonnnBHbrx 
m p x ~ e i i  c uenbm 3aun~b1 OT B O ~ M O X H O ~ O  sapaxe~nrr; 
6onbrunii PWCK noTepn KoHTponrr B xone 3KcnnyaTaunn pearc- 
Topa HecMoTprr Ha npncymmne 6onbruero Konnrema KOH- 
Tponnpyrounx crepx~eii; yrersca ra3006pa3~blx nponynoB 
neneHnrr; ~0ppo3nn TonnnBHblx mepx~eii  B npouecce  KC- 

nnyamunn peanopa. npn~nuan  BO BHnMaHne n p n 3 ~ a ~ n  
ycrapeaaHnn, nporrsnnmurnecrr Ha @pa~uysc~nx peamopax 
MOlUHOCTbIO B 900 MBT, yKa3aHHbIe CJIOXHOCTN nprio6pma- 
IOT ewe 6onee ocrpblii xapamep. 

CB~3aHHble C MOX-TO~~HBOM npo6neubr 6e3onac~ocrn 
BO3HNKaH)T B pe3ynbTaTe ~eo6xonu~omn TpaHC~OpTIipOBKH 
RnepHblX Ma?.epnaJIOB, KOTOPble MOrYT 6blTb CiCnOJTb30BaHbI 
npn npon3sopme nnepHoro opyxnn nnn npyrnx Boopyxe- 
~ n i i ,  pacnb~nrrwunx pannoamnBHble BeuecTBa. BO @pa~unn 
nnyro~nii n MOX-~onnn~o nepe~osrrrc~ no noporahi B co- 
npoBoxneHnn nonnueiic~oro scKopTa TonbKo B cBmoe spe- 
MII C ~ T O K  no MapmpyTaM, KoTopbre nepxaTcrr B ceKpe-re (3). 
n o c ~ o n b ~ y  nny~o~n i i  npon3~onmcn B JIa Xar (B cesepo- 
3 a n a n ~ o ~  paiio~e KOT~HXH), a npennpumnrr no npouseon- 
m y  MOX-~onnnsa Haxomrcrr B Eenbrnli n B mro- 
BOCTO'IHO~~ Opa~unn,  npon3~0nmo MOX-~onnnsa ~pe6yeT 
~~arw-renb~b1xnoo6ae~ynepe~o3o~nnyro~~rr.  

B TO spew, KaK B JIa Xar p a w  sanacbl nnyroHnrr (K 
KOHUY 1995 r. o ~ n  nocrnrnn 36 T), a ueHa Ha npripon~brii 
ypaH npononxaa nanan, yaennrnsaroTcs 3anacb1 ypaHa, 
~apa6a~b1sae~oro  B pesynb~a~e penpoueccwHra. K 1 U ~ H R  
1995 r. B JIa Xar B pesynb~a~e nepepa6o~~w o ~ p a 6 0 ~ a ~ ~ o r . o  
TOnnHBa 6bmo H3BJIe9eHO 7500 T YpaHa, YTO AOCTaTOqHO mff 
npOH3BOnCTBa 15000 TOnnHBHblX C ~ O P O K .  C Y'IeTOM 3 T M X  3Ha- 
'IHTeJlbHblX 3anaCOB ypaHa, AOcTyllHOrO no HU3KHM UeHaM, 
MOX-TO~JIWBO He cnoco6~o KOHK~riPOBaTb C YPaHOBblM 
TOnnLiBOM. ~ ~ o ~ ~ ~ B o ~ C T B O  M O X - T O ~ ~ H B ~  3HaWTenbHO 60- 
nee noporomorrqe, reM npons~oncr~o ypaHoBoro Tonnnsa, 
naxe ecnn caM nny~o~n i i  rrsnrreTcn 6 e c n n a ~ ~ b r ~ .  Ecnn xe  
YllMTblBaTb CTONMOCTb PenpOueCCkiHra, CTaHOBMTCR O'leBIILI- 
HOG 3KOHOMWSeCKafl: H ~ U ~ J ' I ~ C O O ~ ~ ~ ~ H O C T ~  M O X - T O ~ ~ H B ~ .  

npon3~onn~enn MOX-~onnusa CTORT nepen nnuoM prrna 
TeXHnYeCKHX T P Y ~ H O C T ~ ~ ~  nPIl er0 npOH3BOnCTBe W XpaHeHWki, 
r ~ o  He M O X ~ T  eue 6onbrue He yBennrnBaTb pacxonbl. Cpenn 
sTnx npo6ne~: 

- Hannrne cnnbHoro anbaa-n3nyre~nrr, a TaKxe aMepn- 
urlrr-24 1, BblCOKOpa~HOaKTWBHO~O WCTOYHHKa IXlMMa- 
H3Jly'IeHHR; 



Pa6o~b1 no ncnonb3o~a~nm nnyroHnn B Kaseme ~ o m n -  
sa mrr 3HepreTnYecKnx peanopoB 6b1nn H ~ Y ~ T ~ I  B Poccnn 
ewe 50-x rr., onHaKo cncreMaTnrecKne nccnenosaHnn m n  
npoBonnTbcn c Harana 70-x rr. llpn  TOM npennorTeHne 6b1- 
no OTnaHO HCnOJIb30BaHHK, nJTyTOHHH B PeaKTOpaX Ha 6bln- 
PblX H ~ ~ O H ~ X .  

nep~ble 3KCnepHMeHTanbHble M O X - T ~ I I J I O B ~ I A ~ J I ~ ~ ~ N ~  
C ~ O ~ K H  VBC) JXJISl HCCJIeflOBaT€!JIbCKHX PeaKTOpOB Ha GLICT- 
PbIX H ~ ~ O H ~ X  BP-5 (BP-10) H BOP-60 6bmn N3rOTOBneHbI B 
70-X. 3~~nepli~eHTaJIb~ble MOX-TBC TaKXe 6bmn .ncnbITa- 
Hbl B nPOTOTWnHbIX 3HepreTuYeCKnX PeaKTOpaX Ha GLICTPLIX 
H & T ~ O H ~ X  BH-350/600, KOTOPble B OCHOBHOM p a 6 o ~ a m ~  Ha 
B ~ I C O K O O ~ O ~ ~ ~ ~ H H O M  YPaHOBOM TOllJIWBe. TaGnnua 1 ripen- 
cTaBJIReT DaHHbIe no KOJIMYeCTBy pa3JlH9HbIX BWOB TOnJIuB- 
HblX 3neMeHTOB, UCnbITaHHblX B POCCH~~CKNX peamopax. B 
UeJIOM 6bmo N3rOTOBJIeHO 6onee 2000 TB3nOB, KOTOPble np0- 
Wntr HCnblTaHHe B peamopax 6H-350 H EH-600 CO CpenHHM 
BbIrOpaHneM B 9- 1 I %I no KOHueHTPaUHll TZlXeJlOrO MeTanJIa. 

P a 6 o ~  no HCnOJIb3OBaHHIO IIJIyTOHUSI B JIerKO-BOnHblX pe- 
amopax no nocnenHero BpeMeHn B Poccnn He Benocb. npo- 
B O A H M ~ I ~  B Hacronuee BpeMzI nccnenosaHnn nonronmnnsamT 
npnMeHeHne MOX B peamopax Tnna BB3P-1000 n HaueneHbr 
B OCHOBHOM Ha WCnOJTb30BaHWe M O X - T O ~ ~ H B ~  B HOBblX YC- 
TaHoBKax Tnna BB3P-640 nnn Hn-500. Ann nonyYeHna  KC- 

n e p n ~ e ~ ~ a n b ~ b l x  ~ ~ H H ~ I X  n c uenbm nonmepxneHnn pacre-r- 
HblX IlpOQaMM Wff clCnOJ'Ib3OBaHHH M O X - T O ~ ~ H B ~  CO3naf2TCR 
cneunanb~brfi cretin CYnP. Ha meHne npennonarae-rcn r a ~ -  
Xe IIPOBeCTti UCCneAOBaHUZl no KOMnOHOBKe TOnJIWBHblX 3ne- 
MeHTOB B YpaH-nnyTOHHeBbIX TBC PeaKTOpOB TNna BB3P. 
Pa3pa6a~bl~ac?~c51 npOrpaMMa no HCnOJIb3OBaHHIo OTneJlbHblX 
TBC c M O X - ~ o n n n ~ o ~  B OAHOM n3 nejimymunx peano- 
POB. 

B POCCHH eCTb nBe IInnOTHbIe YCTaHOBKH mH llpOEi3BO.4CT- 
Ba M O X - T O ~ ~ H B ~ .  Ha K O M ~ H H ~ T ~  Mafl~ CO3AaHbI YCTaHOBKU 
"rIa~eT" n " T p a ~ a ~ "  n p e n ~ a 3 ~ a r e ~ ~ b r e  WR pa60~b1 c HUSKO- 
C~IOHOBLIM nnyToHneM, T.e. ~ T H  yc-raHoBKn npema3~are~b1 

&JUi H3rOTOBJIeHHn MOX-TOIUIHB~ ~LICTPLIX PeaKTOpOB. 
~ ~ o H ~ B o ~ ~ T ~ J I ~ H o C T ~  YCTaHOBOK ~60JlbWal, MaKCHMWIb- 
~ b l f i  paCXO.4 nnyTOHHSi Ha YcTaHOBKe " r p a ~ a ~ "  COCTaBJlHeT 50 
K r  nnyTOHHIl B rOn ( H ~ H  1 TOHHa M O X - T O ~ H B ~ )  npki JIHMH- 

~ n p o s a ~ ~ o i i  paso~oii sarpy3~e B 300 rp. nnyroHna. Ma~cn- 
MaJIbHalI llPOH3BOnUTeJIbHOCTb YCTaHOBKU " n a ~ e ~ "  100 Kr 
Pdron, W I M  30-36 TBC B ron, YTO COOTBeTCTByeT 1 TOHHe 
MOX-~onnkisa c 20% conepxaHneM nnyroHnn. 

B ycTaHoBKe " na~eT", s anyue~~of i  B 1980 rony, wcnonb- 
~ Y ~ T C R  npnHuun MexaHnrecKoro cMeueHnn nopouKoB pa3- 
nenbHo nonyseHHbIx ~ U O K C ~ O B  ypaHa H nnyToHnn. B nocne- 
nyIO4nX OnepaunriX B O ~ ~ ~ ~ O B ~ H H Y K )  CMeCb n06a~nffe~c11 
CBIl3YlOlllall KOMnOHeHTa W CMeCb CHOBa ~epeMeWHBaeTC5I. 
rpaHynnpyeTca, npon3~onn~cn npeccosaHne T O ~ ~ H B H ~ I X  ~ a 6 -  
JI~TOK, a s a ~ e ~  ~a6nemn cyuaTcn n cnertam-rcn. 3 a ~ e ~  ocy- 
4etXBJIReTCH KOHTpOnb ~ a 6 n m ~ ,  IlOArOTOBKa O ~ O ~ O Y ~ K ,  
~ a 6 o p  ~ a 6 n e ~ o ~  B mon6 n s a r p y ~ a  c~on6a B 0 6 0 n o ~ ~ n .  
CBapKa ti KOHTPOnb TB3na. ~ o c J I ~  fie3aKTHBaUnn TB3nOB OHM 

oTnpasnnmTcn Ha s a ~ o n  B 3ne~~pocrann,  r e  ocyutecr~nrre?-- 
CR ~ ~ O W ~ B O ~ C T B O  TBC. Poccriiic~ne cneunannc~bl nonaramr, 
YTO naHHaR YcTaHOBKa MOXeT 6blTb MCllOJIb30BaHa TaKXe II 

JUln npOH3BO~CTBa 3KCnepIiMeHTanbHblX TB3JlOB W 3  0pyXefi- 
HOrO ~ ~ Y T O H U I  WR HCCJIeAOBaTeJIbCKnX peaKTOpOB Ha Tenno- 
BblX H~GTPoH~x. 

Y C T ~ H O B K ~  " r p a ~ a ~ " ,  3any4eHHaR B ClPOMJBOACTBO B Ha- 
vane 1988 rona, n p e n ~ a 3 ~ a ~ e ~ a  arm npon3~onc~sa rpaHynn- 
posaHHoro UIPu02 Tonnnsa mlr ~ L I C T P ~ I X  peawopoB c nny- 
TOHWeM ki3 nepepa60Ta~~blx TBC 6 b l q b 1 ~  PeaKTOpOB [inn C 

opyxe i i~b l~  nnyToHneM. Ko~ue~~paunr r  nnyToHnrr B Tonnnse 
MOXeT AOCTWraTb 25%. YCT~HOBK~ COCTOHT ti3 14 IIeplraTOr- 
HblX ~ O K C O B .  Tex~onornrr n p o n 3 ~ o n c ~ ~ a  M O X - T O ~ ~ H B ~  OC- 

HOBaHa Ha MeTOne COBMeCTHOrO 0Ca)ICAeHNSl H 3  a30THOKUCJIbIX 
PacrBopoB ypaHa n nnyToHnR. Tex~onorn~ec~nii  npouecc 
BKJIIoYaeT CnenyIoluHe CTanHu: IlOArOTOBKa nCXOAHblX PaC- 
TBOPOB, OcaxneHne cycne~sun no6asne~ne~  aMMHaKa, nony- 
seHne rpaHynnTa B cycne~3nn nveM ~ O ~ ~ B J T ~ H H ~ I  opraHnye- 
CKWX ~ c n o ~ o r a ~ e n b ~ b l x  Beuem, (Pnnb~pauna cycne~snri, 

i 

h 

P ~ ~ K T O P  

6OP-60 (1973) 

EOP-60 (1 975) 

EOP-60 

EOP-60 (1 98 1) 

EH-350 (1980) 

EH-350 (1 992) 

SH-600 

EH-600 (1 990) 

K O ~ W ~ C T B O  C ~ O P O K  
( M ~ C C ~  Pu) 
( H ~ C K O ~ ~ K O  AeCIlTKOB 

KT) 
(H~CKOJI~KO BeCRTKOB 

~ r )  
(10 KT) 

2 TOnJIMBHbIe C60pKki 

(OK. 1 KT) 

10 TOnJIMBHblX C ~ O P O K  

(OK. 80 KT) 

1 TOnJIMBHaR c6op~a 
(OK. 10 KI') 

8 T O ~ ~ M B H ~ I X  C ~ O P O K  

(OK. 80 K r )  

12 TOnJIMBHbIX C ~ O P O K  

(OK. 100 K r )  

~ P O U ~ C C  
IIpOtl3BOACTBa 

KoMMJIJIMH~ 

( T ~ ~ J I ~ T K N )  

~ M ~ o M ~ T ~ J I J ' I ~ ~ ~ M I  

K ~ ~ ~ o H ~ T H o ~  
o c a x q e ~ ~ e  
(T~~JI~TKM) 

h a 3 ~ e ~ ~ a ~  XM- 

MHR (Ta6JIeTKM) 

KoMMJIJIMH~ 

( T ~ ~ J I ~ T K N )  

O C ~ X ~ ~ H M ~  ~ M M O -  
HMeM ( T ~ ~ J I ~ T K M )  

O c a x n e ~ ~ e  ~ M M O -  

HMeM (T~~JI~TKM) 

KOMHJIJIMH~ 
( T ~ ~ J I ~ T K M )  

Onbl'l'Ii~e 
nPOBi3BOP(CTBO 

A M M M T ~ O B ~ ~ ~ A  
(1 970) 
AMMMT~oB~~& 

(1 970) 
IIO "Maa~"  
(1 980) AHMMT~OB- 
rpan (1 970) 
M O C K B ~  (1980) 

no "Marr~~'  

IIO  mar^" 

HO " M ~ R K "  

no "M~JIK" 



CYUJKY ocanKa u npoKannsaHne oKcnnHo cMeuaHHoro rpasy- 
JlRTa. n0JlyYeHHblfi rpaHynnT o6nanam B~ICOKO# CbInyYeCTbIO 
H npcl 06pauleHnti C HnM OH nOYTH He o6pa3ye~ nblnn.   TOT 
QaHyJ'IHT ITOCTaBnReTCH 3aTeM Ha YCTaHOBKY "na~eT" nn5I 
npOH3BOACTBa Li3 Her0 T ~ ~ J I ~ T o K  H TB3nOB. 

YCT~HOBK~ " K o ~ n n e ~ c  300" no npoemy n p e n ~ a s ~ a ~ e ~ a  
U3rOTOBJIeHMH TB3nOB PeaKTOpOB Ha 6blCTpb1~ .Hefi- 

TpOHaX. ~ ~ o H ~ B o ~ H T ~ J ~ ~ H o c T ~  YCTaHOBKH 30 T MOXIKOB 
PeaKTOpOB Ha GLICTPLIX HefiTpo~ax. CTp~klTWbHble pa60Tbl 
6blnn HalraTbl B 1984 r. n npeKpauleHbI B 1989 r. 11s-3a 3a- 
AepXKn B CTpOWTenbCTBe PeaKTOpOB BH-800. YCT~HOBK~ 
pacnonoxeHa B Y ~ T ~ I ~ ~ X ~ T ~ ~ H O M  s ~ a ~ w n  p a 3 ~ e p o ~  
300x54~20 M 14 0614eii nnouanbm 64000 ~ 2 .  Ha BTOPOM 3 ~ a x e  
CMOltTllpOBaHa JIWHMR KaMep Wn H3rOTOBJIeHHn TB3nOB H3 

CMelllaHHOrO OKCMnHOrO rpaHynSITa. M~emca TaKXe fI0nHblfi 
KOMnnCKT 06opynoea~nn KaMep, HO O H 0  n0Ka He YCTaHOBne- 
HO. T e ~ ~ ~ n ~ r l l Y e ~ ~ n f i  npouecc s a n o x e ~ ~ a ~ i i  B npoem COOT- 

BeTcTBye-r Textionortin npons~onma MOX-~onnnea Ha yc- 
TaHOBKe " n a ~ e ~ " .  O ~ H ~ K O  IlpOeKTOM npenyCMaTpHBaeTCH 
TaKxe pa6o~a c B ~ I C O K O  @OHOBLIM nnyroHneM, c 3 ~ 0 2  uenbm 
npenychraTpweaeTcn ncnonb3o~a~ne xopo~uo sKpaHnposaii- 
H ~ I X  ~ a ~ e p  c MatlnnynnTopaMn. 

Ha ce ron~~lw~ni i  neHb, BcnencTsne npeKpauleHns pa6o~, 
llhlCIOTCIl npo6ne~b1 KaK no COCTOSIHHK, 3naHclH TaK H ChlOH- 

TUpOBallHOrO 06opynosa~nn. B UeJIOM B HaCTOnulee BpeMR 
~ O C C ~ I ~ ~ C K M ~  3KCnepTbl CKenTHYeCKli OTHOCnTCR K npOAOnXe- 
HUlO p a 6 o ~  no 3aBepllleHnlO clpOHTt?JlbCTBa naHH0fi YCTaHOB- 
Kll, TaK KaK YPOBeHb TeXHOnOI'UqeCKUX peIIleHUfi 3anOXeHHblX 
B ee npOeKT BO MHOrOM HNXe B CPaBHeHHU C KOHUefUURMn 
nFOeKTlipOBaHU~ nono6~blx YCTaHOBOK no npOH3BOACTBy 
MOX-~onnriea Ha 3anane. 

M~n0nb30BaHcle CMOHTNpOBaHHOrO O ~ O ~ Y ~ O B ~ H U ~  
"Ko~nne~ca  300"- nnn npon3~onc~sa MOX-~onnnsa 113 opy- 
xei i~oro nny-roHnn nnn Tennosblx peamopoB He npencrraenn- 
eTCH BO3MOXHbIM, TaK O H 0  PaCCYMTaHO Ha IlPOH3BOACTBO TO- 

IlnliBHbIX T ~ ~ J I ~ T o K  anH 6blCTPblx PeaKTOpOB, HMeK,IUHX pas- 
Mepbl OTJlllYHble OT pa3MepOB T ~ ~ J I ~ T o K  RJIH TennOBblX PeaK- 
TOPOB. Aonon~n~enb~o ,  CMoHmpoBaHHoe 06opyno~a~ne He 
PaCCYHTaHO Ha pa6o~y C O P Y X ~ ~ ~ H ~ I M  IUIYTOHneM. 

B HaCTOSIlllee BpeMR ~ o c c ~ ~ ~ c K ~ S I  CTOpOHa BeneT aKTHBHOe 
Co-rpynHnYemBo c r e p ~ a ~ n e i i  H @pa~uneii, HanpaBneHHoe Ha 
CO3flaHHe ~ l l n 0 ~ ~ 0 f i  YCTaHOBKH n0 CIPOW3B0,QCTBY MOX- 
TOllJlllBa Ha OCHOBe llC~Onb30BaHCIZI HMeK)LUeTOCZI 3allaAHOTO 
onbrra ri  TexHonornn. B Hamonutee Bpehtn nsyqaercn nsa 
BapHaHTa. nep~blfi W 3  HUX - 0 6 ~ e w  ((TOMOKC 1300)), CO3lIa- 
Bae~blfi B PaMKaX ~ o c c ~ I ~ ~ c K o - @ ~ ~ H u ~ ~ c K o ~ ~  npOQaMMbl 
((AIDA-MOX)), OH ~ O ~ B O ~ H T  nepepa6a~blsa~b B MOX- 
TonnwBo no 1300 Kr opyxeii~oro nnyroHnn exeromio. npen- 
~OllaraeMa5l npOU3BOAHTWbHOCTb YCTaHOBKU 30 T MOX- 
Tonnwsa B ran. B paMKax CoBMemHoro poccniic~o- 
repMaHcKoro IiccnenonaHun npemaramcn co3na~ne nnnor- 
ltoro npennpnnTwn, cnoco6~oro nepepa6a~blea~b no 1 T opy- 
met'lnoro nny-rorlnn B TOR, YTO COOTB~TCTBY~T 10 T TonntlBa 
eXCrOnH0 m5l J'leIXOBOnHblX PeaKTOpOB C MaKCUMaJIbHblM 
conepxaHneM nnyroHnn B 15 (YO. ~ T H  npenBapmenbHble nc- 
cnenosaHsin 6blnw saseptue~b~, n B Hamonuee BpeMn CTOPOH~I 

BenyT nepeTOBOpb1 0 @ H H ~ H C H P O B ~ H H C I  ti MeCTe CTPOflTenbCT- 
Ba IlpennpUnTHR. 06uan CTOUMOCTb OueHUBaeTCR B 130 MnH. 
nonn. He06xo&ti~bl nanb~efiulzie llCCJIenOBaHHR JIJn TOrO, 
Y T O ~ L I  onpenennn, C M O X ~ T  nn y ~ a 3 a ~ ~ o e  nnnoTHoe npen- 
npnnTue TaKxe n p o ~ s ~ o n m b  MOX-~onnn~o nnn peamopoB 
Ha 6blcTpbl~ ~eii-rpo~ax c ~ o ~ u e ~ q a u n e i i  nnyToHsin no 45 'YO. 

Atiuntonuir A m ~ o a  - npocl~eccop (I,IUUKU M ~ C K O ~ C K O Z O  ( ~ U U K O -  

me.rtiuuecuom uticmumymu. B 1990 2. OH, comccmrro c npot/)cccopo~ 
O ~ D I I K O A ~  (1~011 ,Yunne~e.~r, octtoaan a M @ T '  Uetrmp no pusopyacamm, 
3tiep.?emtiue u o ~ p y ~ ~ c u t o q a i  cpcde. B rracmomqee ape.- npot/). A m u  
wtrtofuemcn npofint.uu,uu poccuzicuozi nonumuuu a ofinacmu ymunu3u- 
yrtu opy.~tcciitroiw nnymortwr, mpu~rcnuparmtrocmu u tteofiparnuiuocmu 
npo yeccu coirpuqertwr ~deptrhrr ~oopy.ncettuQ. 

- a0 HCnOnb3OBaHHR npM npOU3BOACTBe M O X - T O ~ ~ H B ~  
llJ'lj'~0tl~fi MOXeT XPaHWTbCZI O Q ~ H U Y ~ H H ~ I ~ ~  nePMOA B 2-3 
rona ; - B uennx yemnsetinn BpeMeHw, B TeYeHne KoToporo 
TOllJlclBHble CTepXHli MOrYT HaXOnUTbCR B PeilKTOpe (YW0 
nBH0 J I O ~ H B ~ ~ T C H  3,4@), H ~ O ~ X O ~ H M O  6onbuee 06oraue- 
Hne Tonnnsa: 4,2 npoueHTa ann ypaHoBoro Tonnwsa n 8 
npoueHTos ann MOX-~onnn~a. Pa speue~~an  B HacTosuee 
BpeMn BO Opa~unn npenenbHan KoHqeHTpaunrr nnyroHlin B 
MOX-TO~JIUB~ COCTaBnneT ntiWb 5,3 npOueHTa.  TO 3KBH- 

BaneHTHo npon3~onmy 30000  erasa am-n~eii siieprnn Ha I 
T TIlXWOrO MeTaJIJIa, TOrAa KaK WH HCnOnb3OBaHHM ypa- 
HoBoro TonnnBa npon3~0~mcn 47000 ~erasa1-r-n~efi. no- 
  TO MY 3,4@ no6nsae~cn paspeue~nrr ( n o ~ a  6e3ycneu~o) Ha 
ysennqeHnn KoHueHTpaunn IUI~TOHUR no 7 npouemoB; 

- B XOae 3KCnepUMeHTOB no PenpOueCCUHlY MOX- 
TOnJIHBa 6bln BblnMeH nJIyToHnfi, B ~e~bu l e f i  CTeneHH nOn- 
narouniicn pacuenneiinm (n, nosToMy, cnoco6~blfi npons- 
BOAUTb MeHbUle ~ H ~ P ~ H W ) ;  06pa30BiiJIacb TaKXe, no CpaBHe- 
HnK) C nepepa60TaHHbl~ flaHOBblM TOIIJ'IUBOM, 6onbman 
KOHUeHTPPUCII1 TpaHCYPaHOBblX 3JleMeHTOB (H, CJIenOBa- 
TeJlbHO, 60nbmall ~ ~ o ~ K T U B H O C T ~ ) .  B aBryCTe 1996 r. 
3,4@ 3ananna o cBoeM HaMepeHnn cKnaanposaTb oqa60- 
TaHHOe MOX-TO~~UBO. T ~ K H M  06pa30~, nOKa He ~bfpa60- 
TaHa nonmKa ' O T H O C ~ ~ J I ~ H O  Toro, YTO nenaTb c oqa60- 
T ~ H H ~ I M  M O X - T O ~ ~ B O M .  

MOXHO CnWaTb BblBOn, YT3 MOX-TO~JI~~BO, PaCCMaT- 
PUBaeMOe HeKOTOPblMW B KaYeCTBe nylli no yMeHbUIeHHIo 
3anaco~ nnyrosinn, cnoco6~o npnHem MHoro cnox~omeii. 
nocne Kpaxa men c ~ L I C T ~ L I M N  peaKTopaMn, OHO ocTae-rcn 
IlOCJXeAHHM WaHCOM LUIH CTOPOHHHKOB IUlyTOHnzl B HX 

6opb6e C aABOKaTaMU flaHOBOr0 TOIUIUBa B H W U  
KOXEMA. OJU~~KO eUIU 3KOHOMUWXKUe HenOCTaTKU 
MOX-~onnn~a npn6asw~b K yxe cyluecr~yrouln~ KaTacr- 
~ O @ H Y ~ C K H M  3KOnOl"nYeCKHM nOCJIenCTBWZIM @YHKUUOHHPO- 
BaHHn ~ J I ~ o H u ~ B o ~ ~  ~POMbllIJJIeHHOCTU, nJI)'ToHlIfi BO 
@pa~unn, BO~MOXHO, 6ynm paccMaqUBan.cn B KaYecTBe 
OTXOAOB. T ~ K H M  06pa30~, MMeeTCH HeKOTOpaR HaneWa, 
YTO 6 y ~ y u n ~  nOKOneHunM npuLIeTCn 06pau l a~b~~1  C MeHb- 
WIIM KOnHYeCTBOM nJIyTOHHfi, YeM 3TO MOXm n o q e 6 0 ~ a ~ b -  
cn B pe3ynb~a~e peann3auun KoHTpanoB KOXEMA no 
penpoueccnHry. 

zk IEER C U S S  
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KAK I'IJYTOHH~ M3MEHHETCH CO BPEMEHEM 

06b1'111b1ii o6pa3eu nnyroHnn npenmasnnm co6oii He 
~ t t c ~ b ~ i i  nny ro~~~~i i -239 ,  a cocron.r 113 HecKonbKux pasn~ l r~b tx  
Il3OTOnOB. Bcero IlMeeTCn 15 1 1 3 0 T O ~ O B  C YllCnOM MaCCbl OT 

232 no 246. Bce OHII pansoaKTllaHbt - T.e. IIX nnpa pacnana- 
WTCn. YTO ~pllBOnUT K 0 6 p a 3 0 ~ a ~ ~ l O  HOBblX 3neMeBTOB. Bce 
nponymbl pacnana nnyroHun Taxme paneoaKTna1m.t. T ~ K H M  
06pa30hl. ~axnbtfi  nnyro~neeb~ir  M ~ O T O ~  06pa3ye~ uenb pac- 
nana. Ynpolue~~tan  cxehta pacnana nnyrot~nn-239 npneeneHa 
B Ta6nnue 3. 

KaK llpaBIln0. B RnepHOM PeaKTOPe O ~ P ~ ~ Y I O T C R  U30TOnbl 
nnyroHnn c rncnahtn Maccbl OT 238 no 242. Konnqec~so n3o- 
TOnOB nnyr0HHR ~ O M l l h l O  nn)ToHlln-239, 06pa3ymmuxcn B 

BoeHnbtx nnn 3 1 1 e p r m ~ e c ~ e x  peaKTopax. J ~ B I I C U T  OT npnpo- 
nbl ncnonb3ye~oro Tonnnea. KOHCTPYKUAH caMoro peanopa 
H ~~UTe~bHOcTU BpeMeHll 06nyqennn. 

B Ta6nuue I n o ~ a 3 a ~ b l  nsa t1an6onee Yam0 Bnpeqam- 

npyroro Tuna, HanpnMep, rpa@wrosb~x peamopax 
( t te~o~opble  I13 KOTOpblX @ ~ H K U I ~ O H I I ~ ~ ~ T  B Benll~o6pll~a- 
HIIII. POCCIIII II npyrnx crpasax) enn TnxenosonHblx peano-  
pax, ncnonb3ye~btx B K a ~ a n e  n pnne npyrnx q a H ,  06nanae.r 
U30TOllHblM COCTaBOM. HaXOn%UIIIMCn B IlDOMeXYTKe MeWill\' 

>.  

I1 HeKOTOpble XapaKTepllCTllKU OCtlOBHblX U3OTOnOB nnv0-  
Hlln. nonypacnano~ 11a3blsae~cn nepuon apehcelrw, B TeqeHtre 
KOTOpOrO PaCnanaeTCn nOnOBHHa aTOMOB KaXnOrO OTnenbHO 
B3nTOrO o6pa3ua. AKTUBHOCT~ (T~CHO yBII3aHHaR C ~epllOjlOM 
n~nypa~ l l ana )  llOKa3btBaeT YpOBeHb panliOaKTUBHOcTll hlBTe- 

n o c ~ o n h ~ y  a~epnuaii-241 o6nanae~ 31taq11~enbt10 6onb1un~ 
nepuonow nonypacnana (432 rona), rehl nnyro~eii-211 (14.4 
rona), ero 3anacb1 so3pacram.r no nlepc pacnana nnyroHrln- 
241. r a ~ ~ a - p a n ~ ~ a u ~ ~ n ,  06pa3ymmancn B pe3ynb.ra~e pacnana 
a ~ e p ~ i u ~ ~ n - 2 4 1 .  Tame  311aqn~enb~o cllnbHee. .leM y nnymllnn- 
241, cnenosaTenbHo, co BpeMeHehl otta TaKme HapacraeT. Ta- 
K U M  o6pa30~ .  KoHuettTpauIIn ~~VTOII I IR-241  H nepwon ero 
xpaHeHnn npnMo KoppenapyroT c yposHeh3 ra~~a-pa nu aunt^. 
06pa3y1o~ueficn B pe3ynb~a~e  ysenllcleHnn conepxartltn able- 

puunn-241. 
~ O C K O ~ ~ K Y  PeaKTOPHblfi llJl.WOHI(R COlIepXllT 60nblll0e 

KonllrecTso nnyro~~ln-241. qehl nonblue OH xpaHIITcn. Teht 
BblIue no3a paneaunn. ~ o ~ o p y m  nonyqaeT pa60~amUltlfi c 
HAM nepcoHan. Korna m n  n p o u 3 ~ o n c ~ ~ a  MOX-~onnnsa nc- 
nOnb3yeTCn nn)ToHllfi, ~ b l ~ e J l e ~ ~ b l f i  U 3  O T ~ ~ ~ O T ~ H H O ~ O  Ton- 
JlllBa nerKOBODHblX PeaKTOpOB. 6onee CTapble napTUH nnyT0- 
Hlln Bbl3blBa~T 6onee BblCOKlle n03bl o6nyqennn nepcoHana 
npennpnn~nfi no npou3~onc-rsy MOX-~onnnea. C ~ a p b ~ e  
nuennunnTnn no ~ D O I I ~ B O ~ C T B V  MOX-~onnllea cKoHcmve- . . paana. . . 
POBaHbl TaKHM 06pa30~,  YTO OHH MOrp UCllOnb30BaTb peaK- 

KBK opyxeii~blii, TaK n peanop~blf i  nnyrouuii c0neprnw.r 

Ta6nwqa 1. 

(I) Tnnuqno nnn soaanb~x nonnasnenneM peauropos. nau6onee u n p o ~ o  pacnpoqaHeHtroro rwna neAmylamwx peanapoe 

Ta6neua 2. 

M3o~on 

n n y ~ o ~ ~ f i - 2 4 1  
a~epwuwfi-241 

n e p ~ o -  
~ a s a n b ~ b ~ f i  

COCTaB 

1 
0 

nocne 
2 n e T  

0,9 1 
0,09 

nocne 
5 n e ~  

? 
? 

nocne 
14,4 n e ~  

O S  
0,s 

nocne 
28,8 n e ~  

? 
? 



T O P H ~ I Z U ~  nnyTo~r~ifi, K O T O P ~ I ~ ~  xpaHuncrr nocne penpoueccwHra 
He 6onee ABYX C ~ ~ O ~ O B U H O ~  JET ( 3 ~ 0  n03BOnZIeT ~36eXaTb 
qpe3MepHbIX K O H U ~ H T ~ ~ ~ L ~ ~ ~  U30TOnOB aMepkt~Mfi, COnepXa- 
lfJUXCH B O T P ~ ~ O T ~ H H O M  ToII~HB~). H O B ~ I ~  MOX- 
npennpH%TciH C ~ O C O ~ H ~ I  pa60~aTb C PeaKTOPHbIM nnyTOHHeM 
CO CPOKOM XpaHeHMIi OKOnO TpeX neT. ~ O ~ T O M Y  TaKMe CTpaHbl 
KaK, HanpuMep, A ~ O H H R  u Poccurr, He ucnonb3yroque peaK- 
~ o p ~ b ~ i i  nny-ro~uii, HO ~buenaroqwe ero FI xpaHrruue B Teqe- 
Hue MHOrUX neT, BnYCTYW TPaTffT 3Ha'lUTeJIbHbIe CpenCTBa, 
nocKonbKy nnrr u36asne~un OT HaKannuBarouerocrr aMepu- 
u1.l~-24 1 HM, BO3MOXH0, npkifieTCH npu6ersyl.b K IIOBTOPHO~ 

nepepa60~~e. TaKtiM 06pa30~, naxe nnrr CTOPOHHUKOB pe- 
npouecctiHra 6b1no 6b1 ~ene~006pa3~0 no @ W H ~ H C O B ~ I M  CO- 

O ~ P ~ X ~ H M I I M  OTIIOXUTb nepepa60-r~~ A0 Tor0 BpeMeHki, KOrna 
tlny-r~~tir'c 6yam B ~ ~ ~ ~ C T B H T ~ J I ~ H O C T M  NCnOnb3OBaH np0- 
M3BOnCTBa TOllntiBa. 

Ta6nrrua 2 nOKa3blBa€T, KaKUM 06pa30~ a~ep~~t i f i -241  
tlaKanntisaeTcrr B 200 r peauopHoro nnyToHnw, conepxaqero 
I r nnyro~urr-241 BO speurr nepepa6o~~u. B ~a6nuue u~ee~cr r  
nyCTaH KOnOHKa J&llH TOrO, Y~06b1 YUTaTeJIb MOr nOTfleHtIp0- 
BaTb CBOe TeXHtlYeCKOe ~006paxeHUe U CaMOCTOSlTeJIbHO ee 
3anont1ri~b. Cnenym t i ~ e ~ b  BBnay, YTO nepnoA nonypacnana 
nny~o~nrr-24 1 cocrasnseT 14,4 rona, u B TerIeHue Kaxnoro 
neprlona nonypacnana nonosma nny~o~nrr-24 1 npeo6pasy- 
eTcrr B a~eptiutiii-241. Anrr nponoTbl ~ b t  npotirHoptipoBanti 
pacnan caMoro ahiepuuurr. Kpohie Toro, 28,8 neT cnnurKoM 
He3HaqU~enb~blfi CPOK no CpaBHeHUK, C IlepHOnOM nOnypaC- 
nana aMeptiuurr B 432 rona. 

IEER PRESS 

( I )  Ttin~qH0 WH BOAHHbIX n0A AaBneHtieM PeaKTOpOB, 
~ati6onee pacnpocTpaHeHHoro Tkina n e i i c ~ ~ y ~ m n x  peamo- 
POB. 

- -  -- 

nnyro~u6-239 
(nepno~ nonypacnaaa: 24 1 10 ner) 

(nepuo~ nonypacnwa: 704000000 n e ~ )  

- - 

Topn6-231 
(nepuon nonypacnaa: 25,2 q) 

0 6emo-pacnod 

~ P O T ~ K T H H H ~ -  I (nepuon nonypacnqa: $380 ner) I 
AKTHHU~-227 

(nepua~ nonypacnqa: 2 1,8 ner) 

PEAKTOPHOE TOnJlMBO 
co CTp. I 

0 onb#o-pocnod 

Pa~uii-223 
(nepuo~ nonypacnaa: 1 1,43 AM) 

COBM~CTHO~ uccnenosaHne conepxuT qenb~ii prrn sapuarr- 
TOB u oTpaxam ct$epb~ cornacnrr u oc~amquxcrr npoTuBope- 
~ ~ i i  MeXAY npaBMTenbCTBaMtl o6eux CTpaH. 06a npaBkiTenb- 
CTBa COrnaCHbl C.TeM, qTO ~ p a f i ~ e  BaXHO IlepeBeCTIi ki36b1~0q- 
liblfi ~ ~ Y T O H H ~ ~  B @OPMY, BpeMeHHO HenpMr0.4HyW JUIH npOH3- 
BOnCTBa RfiepHOrO OpyXM5l. B NCCnenOBaHriM rOBOpHTCfi, ST0 
C U A  ti Poccurr coBMecrHo npemaram seTbrpe sapuama 
y-rnnusautiw nny-roiinrr; nea sapwarn npeanaramcrr Poccueii 
CaMOCTOSITenbHO. Cpenti qeTblpeX COBMeCTHbIX BapHaHTOB 
cnenyroqne: 

I .  kicnonbsosa~ne nnyToHnn B KaqecTBe MOX-~onnnsa 
B nerKOBOnHbIX M TIIXenOBOLIHblX PeaKTOpaX. 

2. M c ~ o ~ ~ ~ o B ~ H H ~  nnyroHurr B Kaqeme MOX-~onnusa 
B 6blc~pb1x peamopax. 

3. M~~o6nnusarrurr B cTeKne unu KepaMuKe. 
4. nprr~oe saxopo~e~we B reonoruYecKux t$op~auurrx. 
CpenkI BapHaHTOB, ITpenCTaBneHHbIX P O C C U ~ ~  B OAHOCTO- 

poHweM noprrme, npenycMaTpnsaeTcrr: ( I )  cxuraHue B B ~ I C O -  

K0TeMIlepaT)'pHblX ra3OBbIX peamopax u(2) HCnOJIb3OBaHue B 
crimeMax Ha 6a3e yc~opn-reneii. 

nepsb~e Asa BapuaHTa npeanonaram ucnonb3osa~~e 
nnyToHurr B Kaqeme peaKTopHoro Tonnnsa. Am npou3~on- 
CTBa TaKOrO TOMNBa M ~ T O H H ~ ~  CJIenyeT npeo6paso~a~b B 

OKCUAHYIO XuMu~ecKym @OPMY, cueman c OKCUAOM ypaHa u 
Ha OCHOBe A ~ H H O ~ ~  CMeCU lIpOH3BeCTU KepaMHYeCKUe TOnnHB- 
Hbre ~ a 6 n m w  @rrr Kpamom uMeHyeubIe MOX-TOMHBOM). 
B MOX-~onnuse ucnonbsymca ypa~-238, He rrsnrrmuniicrr 
pacuennrrroquMcn. MOX-TOMUBO KoMnoHyeTcrr B TonnnB- 
Hbre cTepxHu u sarpyxae~cs B peamopbr B Kaseme y a m +  
H O ~ ,  nu60 ~ o J I H o ~ ~  3aMeHbl ypaHOBOr0 TOlWIFiBa, KOTOpOe 
ucnonbsye~crr B HacTorruee BpeMrr u o6oraue~o W ~ O T O ~ O M  

ypa~a-235. 

P~c\oH-2 19 
(nepnoa nonypacnqa: 3,96 c) 

Cen~eq-211 
(nepno~ nonypacnana: 36,l MHH) . 

0 6ema-pocnod 

~ n c n P 1 1  I (napnoa nony ecnqa: 2,15 MHH) I 
Tann n6-207 

(nepnog nonypacnwa: 4.77 MHH) 

Ceu~eq-207 
(nepnoa nonypacnwa: 
~Ta6~nbtiblh a n e ~ e m l  

A a ~ ~ b l e  no nepnomM nonypacnwa 
B ~ S T ~ I H ~  CRK Handbook of 
Chemistry and Physics, 1988. 



Ann n npoueccbl, KoTopbIe He T ~ ~ ~ Y H ) T C Z I  npn nepepa6ome 
PEAKTOPHOE TOnJIMBO nnyTortnn n3 O T ~ ~ ~ O T ~ H H O ~ O  peanopHor0 Tonnnsa (4). 
Co C T ~ .  9 B Hamoxwee speMn npoqecc 11epepa60TKkt opyxeii~oro 

nnyroHnlr B @ o p ~ y ,  npuromym nnn n p o n 3 ~ o n c ~ ~ a  MOX- 
Cpenll PaCCMaTpHBaBKIHXCH BapUaHTOB, MOX-TO~~HBO TOnnHBa, TaKXe OCHOBaH Ha X m U X  TeXHOnOrnnX, CXOAHblX C 

(cxnrae~oe B nerKoBonHbIx n ~ ~ I C T P L I X  peamopax) n WMMO- TeMn, YTO npnMeHnmn npn penpoueccn~re (6onee nonpo6- 
6nnn3aunn ( c~emnea~ne  nnyToHnn co creKnoM Ann KepaMn- HYK) W H @ O P M ~ ~ H K )  o PenpoqeccnHre CM. B BbrnycKe 2 
KOG) R B ~ I I ~ T C I I  nByMrr OCHOBH~IMH TexHonornRMn, KoTopbIe " 3 ~ e p m n ~ n  n 6e30nac~om"). Cyxne TexHonornn no npo- 
MOW 6b1Tb peann30sa~b1 B 6nnxaiimeii nepcne~~nse. U ~ B O ~ C T B Y  nnoKcnna nnyToHnn n U ~ B ~ ~ Y ~ H M I O  rannnx noKa 

B nccnenosaHnn coaepxnTcn BLIBOA, YTO B Kaa9eme Han- He sbrmnn n3 na60pa~op~oii crannn. no~pe6ye~ca OT 4e~b1- 
donee IlepCneKTHBHbIX T ~ x H o J I o ~ U ~ ~  CJIeAyeT PaCCMaTpnBaTb peX no n%TH neT, YT06bl BHeAPWTb 3Tll TeXHOnOrNH B np0- 
Te, KOTOPbIe npeAnOnaraKlT nCnOnb3OBaTb MbIKIneHHOCTb W HCIlOJlb30BaTb ZIX JJlH yTnJ'IH- 
"n3~embte nnn neMoHcTpauwoHHble THnu Bee eapuawnsz c uc- 3aunn nnyroHnn nocpencnosl MOX-~onnnsa. 
pealcropos n TexHOnOrHn npon3~oncma nonb306a~ue~ peaK- CUA 3ansnnn o csoeM HaMepetiuw ncnonb3o- 
MOX.ronnnsaW. ki~~o6nnu3aluln PaCCMaT- mopo6 dm npe6paw- BaTb CYXYH) TeXHOJlOrWH) ARIES C Uenbm O W -  
P H B ~ ~ T C H  B K ~ Y ~ C T B ~  BTOPO~O ~an6onee nep- CTKU IWyTOHHeBbIX nNTOB OT I3JIJ'IMR, TOrna 
CneKTHBHOrO BapHaHTa. AaHHbIfi BblBOn OC- HZ#2 nnymoHUR Qb0po KaK POCCMH H3yYam BO3hlOXHOCTb npclMeHeHnn 
HOBbIBaeTCR, IlpeXne BCeI'O, Ha eBp0nefi~K0~ My, ~enpuzod~ym d m  XUnKAX ki COnRHblX T ~ X H O J ~ O T H ~ ~   OH^ COTPYn- 
o n b ~ ~ e  cxnraHnR MOX-ronnnsa B ABP. a c o 3 d a ~ u  o p y x m ,  HnraeT B n a ~ ~ o i i  o6nacrti c mpa~uneii). 
TaKxe Ha poccni ic~o~ onbm npon3~onet~a CKOpee ecezo, nompe- B 60-e n 70-e rr. B C O ~ A H H ~ H H ~ I X  WTa~ax 
MOX-~onnusa m n  6b1qblx peaKTopoB. 19 MOX-~onnrr~o ncnonbso~anocb nptl nposene- 
PeaKTOpOB B ~ ~ P M ~ H M H ,  @ ~ ~ H U H H  H 6enbrnn 6ymm 6onbure 'penre- HnH H C ~ ~ I T ~ H M ~ ~  Ha JIBP. B CmA O H 0  npOll3- 
HCnOnb3ylOT MOX-TO~~HBO, H ( P ~ ~ H U M R  YeM HeKomopb'e BOXHTCfi Ha ~e60nbruslx 06.be~1.a~ B cneuwanb- 
npennonaraeT B 6nuxaiimne r o n ~  yBennqn-rb 6apua~mbl ocmewo- H ~ I X  KaMepax, Ecnn Coenn~e~rt~h~e W T ~ T ~ I  
KOnHYecTBO TaKHX PCaKTOPOB. OAH~KO HeKO- &bl@aflm IlpHMyT PeWeHtIe 0 ab16ope BapHaHTa C MOX- 
~0pble P ~ ~ J I H W I  M ~ X ~ Y  ~ ~ ~ X ~ ~ H C K H M  my- TOnnHBOM, WM nPCIAeTC(I IlOCTPOIiTh HOBOe 
TOHUeM, tlCnOnb3yeMblM B Espone, H BOeH- ~ P ~ ~ ~ P U R T U ~  no ~ P O M ~ B O ~ C T B Y  3 ~ 0 r 0  T O ~ ~ H B ~  
HbIM nJIyrOHHeM maloT yKa3aHHblfi BblBOn He CTOnb OYeBnA- HnH 3aBepUHTb CTpOHTenbCTBO HenOCTpOeHHOrO IIpeflIlpli- 
H ~ I M .  6onee Toro, necn~nne-r~nii esponeiic~wii onbw ocleKno- aTnn no ncnbtTaHnrrM rrnepHblx MaTepnanoB (Fuel Materials 
BbIBaHn5I BbICOKOPaAUOaKTllBHbIX OTXOAOB (PAO) He 6bm Examination Facility) B Xs~aopne ( W T ~ T  Barrru~rro~). OH0 
npliHRT BO BHHMaHUe npll OUeHKaX nepCneKTUBHOCTH pa3nHY- CTpOHnOCb B 70-e rr. JJl% llpOH3BOnCTBa TOnnHBa mR 6bIc.r- 
H ~ I X  BapnaHToB. P ~ I X  peaKTopoB. llohiri~o Xs~aopna, aHanorrirHoe npennpn- 

B CBH3H C pa3JInlrnSIMH B ll03UUWIIX O ~ O H X  npaBHTeJlbCTB, nWe Morn0 6b1 6bl~b nOcTpOeHO B ~ H T ~ K C ~  (WT~T Texac), 
nccnenosaHrie yTsepxnaeT,  TO "Coennne~~ble U I T ~ T ~ I  n H ~ L I N O H ~ ~ ~ H O ~ ~  n ~ x e ~ e p ~ o i i  na6opa~opww B urTaTe Aiinaxo, 
POCCHR He HYEAaIOTCR B NCnOJIb30BaHHH OnHHaKOBblX TeXHO- HnH B C ~ B ~ H H ~ - P U B ~ P - C ~ ~ ~ T  (WT~T ~ X H I R  Kaponn~a). 
nornii y~nnn3aunn nnyroHns. Yrn~b~sarr cepbes~b~e pa3n~- Yxe B TeyeHne nonroro BpeMeHn Poccnrr pa3pa6a~b1sae~ 
YnZI B ~ K O H O M U Y ~ C K O ~ ~  CMTYaUNN, I ~ A ~ P H O ~ ~  HH@P~CTPYKTYP~ 21 MOX-TO~~HBO mH pea~~0p0~-pa3~~0Xtr~enef i ,  HO Mw~a- 
nOJIMTHKe o6enx cTpaH B OTHOKIeHHkl TOnJIHBHOrO UHKJIa, TOM a0 IlOCJIeflHerO BpeMeHM He PaCCMaTpnBan B03MO)ICHOCTb 
BeponTHee scero, HannyYmnM nonxonoM 6b1n 6b1 ~b160p pas- cxnraHna MOX-ronnnsa B ABP - no Tex nop, noKa ahiepn- 
nnwibIx BapnaHToB ~ a x w i i  n3 CTOPOH" (2). Eonee Toro, Kax- KaHcKan nporpama no y~unnsaunn nnyToHwa He cosnana 
Ass U3 CTOPOH BnpaBe nCnOnb3OBaTb HeCKOJIbKO BapHaHTOB. CTUMYJIbI B nOnb3y n3yqe~nn 3TOrO BapnaHTa. Ecnn 6yne-r 

IIPHHIITO PeLUeHHe 06 n36pa~nn BapUaHTa C tiCnOnb30BaHHeM 
IIpow3sonc~~o MOX-~onn~sa (3) p e a ~ ~ o p o ~ - p a 3 ~ ~ o x n ~ e n e i i ,  n p o n 3 ~ o n c ~ ~ o  MOX-~onnnsa 

Morn0 6b1 HaYaTbcx Ha "Man~e" ( ~ e n a n e ~ o  OT Yenn6n~c~a), 
MOX-~onnn~o npon3~onn~cn n3 opyxeii~oro nny-ronns B rne pacnonoxetlo HenocTpoeHHoe npennpnnrRe "Ko~nne~c-  

npOMbIKIJIeHHblX ~ a c m a 6 a x .  Aeiimymw~e npeAIIpkinTlie 300". Ecnn xe ~b160p 6 y m  cnenas B nonbsy BOnSIHbIX peaK- 
ncnonbsym~ nnoKcnn nnyToHnn, K O T O ~ ~ I ~ ~  oHn nonyYamT c TOPOB, 06'bembl no npeo6pa30~a~n10 nny-roHnrr M npow3son- 
O ~ ~ ~ K T O B  no 1~epepa60~~e  O T ~ ~ ~ O T ~ H H O ~ O  PeaKTOpHOrO Ton- =By M O X - T O ~ ~ R B ~  M O ~ J l M  6b1 6b1Tb nOCTPOeHbl Ha 3aBOne 
nnsa (nssec~~oro  Tame KaK peanop~blii nnyTo~nii). 3necb PT-2 B Xenes~oropc~e (Kpac~ospc~-26). (6onee nonpo6~yro 
HMeeTCR m a  CyweCTBeHHbIX pa3nHYH5I. ~ P ~ X ~ ~ H C K N ~  npeA- HH@OPM~IJHH) 0 nPOH3BOACTBe MOX-TO~~MB~ B POCCH~~ CM. C. 
npnmnn no penpoqeccnHry B Hac-ronuee speMn ocHosaHbr Ha 6). 
XUnKHX TeXHOnOrNIlX (Tee. Ha KUCJIOTaX W RPYI'HX XnAKUX COBM~CTHO~ UCCnenOBaHHe nPMBOnHT PIA fiOnOJlHMTeJlb- 
pac-mopn~enax), nocpencTBoM KOTOP~IX nnym~nii n ypaH B H ~ I X  Mep B o6nac~n 6e30nac~oc~n, H ~ O ~ X O ~ H M ~ ~ X  npn npons- 
~ ~ ' P ~ ~ O T ~ H H O M  TOnJIUBe OTneJllIeTCR OT nPOflYKTOB AeJIeHUSI U BOACTBe M O X - T O ~ ~ H B ~ ,  HO He ~pe6yroqnxcrr npn M3rOTOBne- 
Apyr OT Apyra. K O H ~ Y H ~ I M  tIPOJlYKTOM ZIBnReTCZl nOPOUIKO- HUH ypaHOBOrO TOnnllBa. n o  CpaBHeHHIO C YPaHOBblM TOnnU- 
sbrii AnoKcna nnyToHnn, ~o~opbr i i  M O X ~  6bl~b Henocpencr- BOM, MOX-~onnn~o nMeeT 6onee MOUHYH) r a ~ ~ a - p a n n a u ~ i ~ o  
BeHHO nCl'IOJlb3OBaH B nPOU3BOnCTBe M O X - T O ~ ~ M B ~ .  Hanpo- ki  H ~ ~ ~ T ~ o H H o ~  I43JIyYeHHe. 3 ~ 0  ~pe6ye-r CO3naHH5l OTneJlbHblX 
TUB, B O ~ H H ~ I ~ ~  ~JIYToHH# CyuecTByeT B @0pMe "I~NToB", CO- 06'bemo~ mil XpaHeHHR K O H T ~ ~ ~ H ~ P O B  CO CBeXWM MOX- 
CTOnuuX ki3 MeTannHYeCKOrO nnyTOHUII C He60JIbm~Mli no- TOnJIHBOM, a TaKXe, B03MOXH0, CneIJMaJTbHOrO TpaHCnOPTHO- 
~ ~ B ~ ~ H U H M H  npyrnx MaTepnanoB. Eonee Toro, B C o e n n ~ e ~ -  ro 060pynosa~na mn nepeeoxu csexcero Tonnnsa. nb~nb, 
HblX LUT~T~X ki POCCHH (a, B03MOXH0, W B APYWX HAePHbIX 06pa3y~)uancn npki npOH3BOACTBe MOX-TO~JIMB~, CO3Aaff 
rocynapmax) opyxeii~brii nnyTosnfi conepxnT npnMecb PUCK m n  6e30nac~oc~n nepcoHana us-3a onac~omeii, csn- 
rannnn B KonnyecTBe AO onHoro npoueHTa. npncyTc~~ne ~ ~ H H ~ I X  c nonaAaHneM nnyToHnn B nbIxaTenbnbIe nyrn (o 
rannun 3HaYnTenbHO 3aTPyAHReT IIpOUeCC npOH3BOnCTBa MenUUNHCKHX npo6ne~ax nnyTOHnR CM. CC. 3-4. 
MOX-TOIIJIHB~ M, nO3TOMy, er0 ~ e o 6 x o n n ~ o  nOnHOCTbI0 H3- 
sneqb n3 opyxeii~oro nnyToHnn no Havana npon3~onma P a c c ~ a ~ p ~ s a e ~ a r e  Tiinal peamopos 
Tonnnsa. T ~ K M M  06pa30~, nepen ncnonbsosa~ne~ opyxefi- 
~brii ~ e ~ a n n n ~ e c ~ n j i  n n y ~ o ~ n i i  n0mexn-r owicnce n npeo6- C p o ~ n  nepepa60~~n B peaKTopax nnyToHnn B 06nyse~~oe  
pa3OBaHHH) B OKCWHYH) @OPMY (He06113aTenb~0 B yKa3aHHOM TOlIJIkfBO, HenpHrOnHOe H3rOTOBneHUe EInepHOrO OpyXUR, 
n0pn~Ke).  TO 03HaYaeT, lrTO nPOH3BOACTBO M O X - T O ~ ~ H B ~  3aBHCHT OT HeCKOnbKHX ~ ~ K T O P O B :  
U3 O P Y X ~ ~ ~ H O ~ O  nJIyTOHU5l BKJIloYaeT n0nOnHHTeJIbHble ma- - KOnn4eCTB0, pa3MepbI ki TMn MCnOJIb3yeMbIX peano- 

POB; 



- c p e n H R g  MOUHOCTL peanopa; 
- AOnR IlJIyTOHHH B M O X - T O ~ ~ H B ~ ;  - npOI4eHT ~ K T W B H O ~ ~  p e a K ~ 0 p ~ 0 f i  3OHb1, 3 a Q y X a e M o i  

MOX-TO~~HBOM. 
Heo6xonu~o O T M ~ T N T ~ ,  YTO c TOYKM: ~ P ~ H M H  n e p e B o n a  n 3 -  

~ ~ I T O Y H O ~ O  flJIyTOHHH B @OPMY, HenPNrOnHYH) W H  U3rOTOB- 

neFIuH n n e p H o r o  opyxurr, sce B a p u a H T b I  u c n o n b s o ~ a ~ n ~  p a 3 -  

n M r  HblX TClnOB PeaKTOpOB n o ~ p e 6 y m ~  r O p a 3 A O  6 o n b m e  Bpe- 

MeHIl H a  MX peanki3aLlHI0,  YeM HeKOTOpble BapMaHTbI OCTeKnO- 

BblBaHHH. K p o ~ e  TOrO, f l epBOHaYanbHble  OqeHKH 3THX CpO- 

KOB, BeCbMa BePOHTHO, 3aHMXeHbl.  B ~ P H ~ H T ~ I ,  ITpefiyCMaTpN- 

B a r o q u e  C T p o u T e n b c T B o  H O B ~ I X  p e a m o p o B ,  c K o p e e  B c e r o ,  

n o ~ p e 6 y r o ~  ropasno 6 o n b m e  BpeMeHu. YeM  TO n e p B o H a q a n b -  

r i o  n p e a n o n a r a n o c b .  

B l&XHX y ~ u n u 3 a q u w  H ~ ~ ~ ~ T O ~ I H O ~ O  IlnyTOHUH Poccu~ 
PaCCMaTPHBaeT BO3MOTHOCTb MCnOnb3OBaTb M O X - T O ~ J I M B O  

( C M ~ C ~  OKCIlnOB nJlyTOHHH N y p a ~ a )  KaK B 6 b l ~ T ' ' b I ~  PeaKTO- 

pax ( ' Y ~ K x ~  H3BeCTHblX KaK 6 b 1 ~ T p b l e  PeaKTOpbl -  
p a 3 ~ r l o x ~ i ~ e n r i ) ,  T a K  w B JlBP. B ne~a6pe 1996 r. CUIA 06141- 

B1.iJIl-i 0 CBOeM t iaMepeHHH CneAOBaTb "n~ofi~ofi" CTpaTerMH: 

C13YLlaTt1 BO3MOXtIOCTb MCflOnb30BaHHH M O X - T O ~ ~ H B ~  B ABP, 
n p H  O~tiOBpCMCHEiO PaCCMOTpeHHH BapMaHTa H M M O ~ H J I U ~ ~ -  

UIIII llJIYTOHI111, flOJlHOCTbtO IiCKnK)SaK)UerO er0 UCnOnb3OBa- 

IlSlC B KaYeCTBe TOnnMBa (5). XOTH B COBM~CTHOM MCCJ'IeflOBa- 

IilIM C O ~ A I ~ H ~ H H ~ ~ ~  L U T ~ T ~ I  I1 YnOMHHYJIH B03MOXHOCTb UC- 

~ O J I ~ ~ O B ~ H ~ I H  M O X - ~ o n n n ~ a  B ~ ~ ~ K T o ~ ~ x - ~ ~ ~ M H o x P ~ T ~ ~ H x ,  
o m  spnn nu u 3 6 e p y r   TOT B a p u a H T .  Cnenyroluufi pamen pac- 
Chfa 'rpl lBaeT OCHOBHbIe BaPkIaHTbI UCflOnb30BaHUH nBP, a 
T a K X e  B03MOXHble  P O C C U ~ C K M ~  n n a H b l  no CXUraHMH) MOX- 
T o n n w s a  B G L I C T ~ L I X  p e a K T o p a x .  

CmA PaCnOJIara IOT 3HaqHTeJIbHblM KOJIZIWCTBOM nefiCT- 
ByIOUMX ~ ~ ~ K T o ~ o B , '  KOTOPble IlOTeHUMaJIbHO M o r a l 4  6 b 1  31-  

r p y X a T b C H  M O X - T O ~ J I ~ . ~ B O M .  B p a 3 n H q H b I e  I lepMOnbl 18 3 H e p -  

reTUrIeCKMX K O M ~ ~ H H ~ ~  nOBeJIM a0 M H H M C T ~ ~ C T B ~  3HepreTMKM. 

CUIA CBOG MHTepeC HCnOnb30BaTb 38 PeaKTOpOB a n %  C X U r a -  

HIIH n n y T o H u n  B sune MOX-~onnu~a.  He B c e  n3 HUX coxpa- 
Hwnl i  n H T e p e c  no H a c T o s n u e r o  B p e u e H u ,  o n H a K o  c u T y a s u r r  

G ~ I C T P O  MeHHeTCH. Cefiqa~ U n e T  nPOUeCC $ o P M ~ J I ~ H o ~ ~  IlOaI'O- 

TOBKW 3affBOK 3HePl"eTNYeCKIiMU KOMnaHUHMU H a  BbIna' iy nu- 
ue~s~i i i  u wx p a c c M o r p e H u e  Ko~uccuefi no n n e p H o M y  perynn- 
POBaHMlo. 

P 0 c c i i H  P a C f l O n a r a e T  6onee O Q a H U r e H H b I M  KOnMYeCTBOM 

B a p r i a H r o B  no y~nnnsaur~u n n y T o H u n  B ~ e f i c ~ ~ y ~ ) q u x  p e a K -  

T o p a x .  fl0 C O O ~ ~ ~ X ~ H M R M  6 e 3 o n a c ~ o c ~ u ,  H3 BO3MOXHOrO 

flepelrHH 6 b 1 n n  clCKJllo9eHbI W a @ N ~ o ~ b l e  PeaKTOpbI  TMna 

PEMK u ~ e 6 o n b m u e  n e r K o s o n H b r e  p e a m o p b r  T H n a  BB3P- 
400. n n u b  6onee M o q H b r e  nBP T u n a  BB3P-1000 M o r y T  MC- 
nOnb3OBaTb MOX-TO~~HBO,  HO TOnbKO nPIl YCJ'IOBHH 3 a q y 3 -  

Kt1 MM DO O A H O ~ ~  T P m U  ~ K T H B H o ~ ~  30HbI ( W H ~ I M U  CJIOBaMH, ABe 

T p e T I l  TOnJlHBHblX c ~ e p x ~ e f i  AaHHbIX PeaKTOpOB AOJlXHbl 

C O n e p X a T b  O ~ ~ I Y H O ~  YpaHOBO'e TOflJIHBO, ti O n H a  T P e T b  - 
MOX). O ~ H ~ K O  B AOKnZine H a u k i o ~ a J I b ~ o f i  A~aneM1.11.1 HayK 

CLUA 1995 r. o T M e r a e T c n ,  YTO naxe p e a K T o p b i  T u n a  BB3P- 
1000 "B H a C T O H q e e  BpeMH H e  OTBeWlOT MeXnyHapOnHblM 

CTaHnaPTaM ~ ~ ~ O ~ ~ C H O C T U ~ '  (6), H, n03TOMY, UX C n e g y e T  MO- 

~ e P H U 3 U P O B a T b  Ilepen TeM, KaK UCnOnb3OBaTb QnH yTnJIH3a- 

qnu n n y T o H u n .  

~ o ~ o ~ H u T ~ ~ ~ H ~ H  CJIOXHOCTb CBH3aHa C TeM, YTO CeMb 

neficrr~yroqrix ~ O C C H ~ ~ C K H X  PeaKTOpOB T u n a  BB3P-I OOO H e  B 

COCTOHHMM n o ~ p e 6 n ~ b  50 T H ~ ~ ~ I T O Y H O ~ O  IlnyTOHMR B nepM0.4 

OT 20 no 40 n e T ,  KaK  TO n p e n n a r a e T c n  B COBM~CTHOM Hccne-  

nOBaHNSi. &AH n p H n a H u H  3TOMY BaPHaHTY 6 o n b r u e i i  Xki3He- 

cnoco6~oc~u ~ e o 6 x o n u ~ o  nOCTPOWTb TPW P e a K T O p a  H a  Ka- 
J ~ H H H H C K O ~ ~  H P o c ~ o ~ c ~ o f i  A3C (CM. ~a6nuuy  HUX~) .  &pyroe 
IlpeAJ'IOXeHkie COCTOUT B TOM, Y T O ~ ~ I  UCflOJIb30BaTb MOX- 
TOTIJIUBO, nOMWMO POCCM~~CKUX,  cue N H a  1 1 YKpaNHCKUX pe- 
awopax. Apyrarr B O ~ M O X H ~ H  M e p a  no c o K p a u r e H u I o  nepuona 
y~nnu3auuti ~ ~ K ~ W ' I ~ ~ T C I I  B y m u H e H u u  CPOKOB 3 ~ c n n y a ~ a -  
q u i i  p e a w o p o B  csepx 30 n e T ,  KaK  TO n p e n n o n a r a e T c H  B Ha- 

CTOHUee BpeMR, B yBel'IMZleHUM AOnH ~ K T u B H o ~ ~  30Hb1, n0AJle -  

X a U e f i  3 a q y 3 K e  M O X - T O ~ ~ U B O M ,  CBepX O ~ H O ~  TpeTH,  a 
T a K X e  B IIOBbIUIeHWH KOHUeHTpaIJNN nnyTOHM5I B MOX- 
T o n n n s e  csepx HbrHeUrHux 3,9 npoqema. Ho B c e   TO conprr- 
X e H O  C nOnOJIHUTeJIbHbIMH Y r P 0 3 a M H  ~ ~ ~ O ~ ~ C H O C T W ,  n O K a  B 

~amexaqeii c-reneHu H e  U ~ Y Y ~ H H ~ I M U .  

Aaxe npu npennonarae~oii sarpys~e M O X - ~ o n n n ~ o ~  
ORHOG TpeTki ~ K T H B H O ~ ~  30Hb1, BePOHTHO, no~pe6ye~crr AOnOn- 

HMTenbHaH M O ~ H $ H K ~ ~ U H  PeaKTOpOB T u n a  BB3P-1000 C TeM, 

Y T O ~ ~ I  UCflOnb30BaTb UX m H  yTMJIH3aUnM nJIyT0HUff. B CO- 
BMeCTHOM MCCnenOBaHUH nPNBOAIiTCH HeCKOnbKO BO3MOXHbIX 
r u a r o B  B n a H H o M  H a n p a s n e H u u ,  6 o n b u a a  r a c n  u 3  KOTOP~IX 

CBn3aHa C n O A q e p X a H H e M  KOHTpOnH H a 4  PeaKTOpOM (CM. HM- 

xe  paccMo-rpeHue  npo6ne~  6e30nac~oc~ti). Cornac~o npen- 
n a r a e M b l M  B t i c c n e A o B a H u u  c p o K a M  y~1inu3aunu, u c n o n b s o -  

BaHMe M O X - T O ~ ~ H B ~  B flepBOM P e a K T O p e  BB3P-1000 n O n X -  

HO HaYaTbCH B 2001 r., a yTWIH3aUHH IlJIyTOHUH 3aBepLUklTbCR 

B 2028 r. ( m %  3TOrO CJIe,!Q'eT C X n r a T b  M o X - ~ o n n U ~ o  B 10 
PeaKTOPaX I lpH yCJIOBuN 3 a v Y 3 K N  NM 113 ~ K T M B H O ~ ~  3 0 H b l  k i  

f lpH KOHI@HTpaUHH flnyTOHHH B M O X - T O ~ ~ H B ~  H a  YpOBHe 3,9 
npoue~m). 

CLUA ti POCCHH PaCCMaTpUBaIOT BO3MOXHOCTb UCnOJIb30- 

BaHMH HOBblX TMnOB PeaKTOpOB, a0 100 n p O u e H T O B  ~ K T U B H O ~ ~  

30HbI  KOTOPbIX MOXeT 3 a Q Y X a T b C H  M O X - T O I I ~ M B O M  B pe- 
3yJ lbTaTe  BHenpeHNH C O O T B ~ T C T B ~ I ~ ~ ~ ~ ~  TeXHOnOrHH no 6onee 
H a n e X H O M y  KOHTPOJlio 38 6 e 3 0 n a c ~ o ~ ~ b m  P e a K T O p a .  B CO- 
eaHHeHHblX U T ~ T ~ X  n3yqaeTCH nepCneKTUBa clCflOJlb30BaHMH 

TpeX CyUeCTByIOLUNX PeaKTOpOB "CHCT~M-8Ow, IlpUHaJUTeXa- 

qr ix  ~axomqeficn B nano-Bepne "Apuso~a n a 6 n u ~  c e p ~ u c e 3  

K O M ~ ~ H M " .  POCCMH T a K X e  PaCCMaTpMBaeT n n a H b I  CTpOUTeJIb- 

CTBa no nHTH PeaKTOpOB T u n a  BB3P-640 (Hn-5OO), CHCTeMa 

~ ~ ~ O ~ I ~ C H O C T M  ~ o ~ o p b r x  6 b 1 n a  6 b 1  n p e n o c T a B n e H a  

"CWM~HCOM". HO A a m e  ecnu 3 ~ u  p e a m o p b l  w c M o r y T  H a  100 
npOueHTOB 3 a Q y X a T b C H  MOX-TO~~MBOM, KOHUeHTpaUHH 

IlJIyTOHHH B CaMOM T O n n U B e  OCTaHeTCH OTHOCMTenbHO H U S K O ~ ~ ,  

YTO no~pe6ye~  n p o w 3 ~ o n c m a  6 o n b m e r o  K o J I r l r e c m a  MOX- 
T o n n n s a .  T ~ K M M  06paso~, n p e u M y q e c T s a  n a H H o r o  nonxona c 
TOYKU 3peHWH YCKOPeHUH YTHJIU3aUUEi OTHOCllTenbHO HeBeJIU- 

KU. B COBM~CTHOM HCCJIe&OBaHMM YTBePXnaeTCH. YTO, 

" n p e ~ n o n o x n ~ e n b ~ o " ,  peamop b~ T u n a  BB3P-640 M o r n l i  6 br 

IlOJlHOCTbH, 3 a v y X a T b C H  MOX-TOIIJIUBOM C K o ~ l I e ~ T p a u P i e f i  

n n y r o H n n  B T o n n w s e  B p a 3 ~ e p e  3,7 r i p o q e ~ ~ a  (7). 

T p e ~ u f i  BapMaHT, COBMeCTHO p a c c ~ a T p c i ~ a e M b 1 f i  P O C C M ~ ~ ~  
u CUIA, sa~nrorae~ca B u c n o n b 3 o ~ a ~ u n  K a H a n c K n x  T H x e n o -  

BOnHbIX PeaKTOPOB T u n a  KAHAY (OHM MMeHYIOTCH KAHAY 
(CANDU), IlOCKOnbKy MCnOnb3yloT n p U p 0 n ~ b l f i  y p a H  B K a r e -  

cTse T o n n u s a  w T I i x e n y r o  B o n y  KaK 3 a ~ e n n w ~ e n b  n oxnann- 
~ e n b ) .  B OTJIMWe OT nBP, KOTOPbIe BblHyXJleHbI BpeMR OT 

BpeMeHU OCTaHaBnHBaTbCH JUlH nepe3a*y3KH, 3Tl l  P e a K T O p b l  

@YHKI&~OHUPYK)T IIOCTOHHHO. 

P ~ ~ K T o ~ ~ I  KAHflY MOrJ'Ill 6 b 1  nOnHOCTbK, p a 6 0 ~ a ~ b  H a  

M O X - T O ~ ~ M B ~ .  CO~JI~CHO &€HHbIM KOMnaHHW "ATOMIIK 
3HePflXU 06 Ka~ana, J I t r M k i ~ e ~ " ,  OHM MOrJIM 6 b i  6 e 3  f lpOBeAe- 

HUH M O ~ H @ U K ~ U H ) I  flOJIHOCTbI0 3 a r p y X a T b C H  MOX-TO~~MBOM 
C K O H U ~ H T ~ ~ U M ~ ~ ~  nJIyTOHUH OT 0,5 A 0  3 IlpOUeHTOB (8). 0.4- 
H a K o  H TO no~pe6o~ano 6 b 1  s b r n a s u   HOBO^ ~ W U ~ H ~ W H ,  no- 
CKOnbKY ~ ~ ~ ~ c T B Y I O ~ U M ~  nUUeH3HU H e  npenyCMaTpMBaK)T pa- 
6 0 ~ ~  3TUX PeaKTOPOB H a  M O X - T O ~ ~ U B ~ .  P ~ ~ K T o ~ ~ I  T u n a  

KAHAY MOrYT lIOJIHOCTbI0 MCflOJIb30BaTb M O X - T O ~ ~ ~ B O ,  
n0CKOnbKy HX KOHCTpYKUMH n03BOJIReT, B C n y Y a e  ~eo6xonu- 
MOCTM, Pa3MeCTHTb nOflOJIHUTeJIbHbIe , KOHTpOnHpylOI4Me 

CrePXHU.  



PEAKTOPHOE TOrInMBO 
Co crp. 1 1  

Ilpencrasnne~cn, YTO, no ~006pa~eH)i%M KoHTponn 3a 
nnep~ofi pea~unefi, peamopbl Tnna KAHAY pacnonaram-r 
~ H ~ Y H T ~ J I ~ H ~ I M M  npenMyqemaMn B nnaHe cxnraHnn MOX- 
Tonnnsa. n o  cpaBHeHwm c TonnnBoM Ha 6ase npnponHoro 
ypaHa, ncnonb30sa~ne MOX-~onnnsa yeennrnT sblxon mep- 
rwn Ha ennHnuy cxnraeMoro Tonnnsa. IIpn 6onee B L I C O K O ~ ~  

~@@~KTHBHOCTM IIPOH3BOnCTBa 3Hep~MH TaKXe YMeHblllaTCII M 
0 6 b e ~  bl B blCOKOPaflCiOaKTUBH bIX OTXOAOB AeRTenbHOCTU 3TUX 
PeaKTOpOB. 

HO BapHaHT C peaKTopaMn KAHAY CBFI3aH H CO MHOrnMU 
CJIOXHO~~ZIMM, npexne Bcero, c ~eo6xonn~oc~bm MewyHa- 
p0nH0fi TpaHCnOpTHpOBKH M O X - T O ~ ~ H B ~ ,  n3 KOTOpOrO AOC- 
TaTOYHO HeCnOXHO BblAenHTb ypaH ti 0py~efiHblfi nnflo~nfi. 
~ O C K O ~ ~ K Y  KAHAY HCnOJIb3yIOT He60nb~kie TOnnHBHble 
mepxHn, K O T O P ~ I ~  MOXHO ynannTb n3 pearnopa B npouecce 
ero @ ~ H K U W O H ~ ~ O B ~ H H Z I  (T.K. peamop 3arpyxamn Tonnn- 
BOM Ha ~ o C T O F I H H O ~  OCHOBe 6e3 OCTIHOBKW er0 3KCnnyaTa- 
unn), norpe6ym~cn 6onee cepbes~ble ~ e p b l  no npenompaue- 
HWSO X I I U ~ H M ~ ~  U HeCaHKUWOHWPOBaHHOrO WCnOnb30BaHWII 
nnyToHnn. M c ~ o ~ ~ ~ o B ~ H H ~  ~ T W X  peamopoe Tame MOXW 
norpe6o~a~b npon3~onma 6onbuero Konnyecrsa MOX- 
TonnnBa no CpaBHeHnK, C nBP, n0CKOnbKy TOnnnBO 6yne~  
COnepXaTb OT 1,5 a0 2,7 IlpOueHTOB nJIyTOHHfl (8), a He OT 2,5 
a0 6,8 npOueHTOB, KaK B CnyYae C nBP (B 3aBHCHMOCTH OT 
Tnna pearnopa). 

C~enkiHeHHble W T ~ T ~ I  npeKpaTHJIH peaJIti3aunlo np0- 
rpaMMbl no cosnaHnm 6~1crpb1x peampoB ( ~ a ~ x e  nMeHye- 
M ~ I X  peamopa~n-pa3~~0xn~enmn)  n3-3a ee sbrco~oii CTOH- 
MOCTH H onace~~f i ,  CBR3aHHblX C RnePHblM PaCnpOCTPaHeHH- 
eM. O J ~ H ~ K O  MHH~TOM, ~ ~ c c M ~ T ~ H B ~ H ) u H ~ ~  I l J I y T ~ H i i f i  Y p  nn 
He KaK 3HepIXTHYeCKOe COKpOBHUe, npOAOJIXitan aKTHBHble 
nccnenoeaHnn B n a ~ ~ o i i  o6nam.  B ~ a c ~ o n q e e  BpeMfi B pac- 
nopnxeHnn M H H ~ T O M ~  HaxonnTcn O ~ H  peamop Ha ~ ~ I C T ~ ~ I X  
~e f i r po~ax  EH-600, pacnonoxe~~brl'l B Eenorrpc~e. OH pa6o- 
TaeT Ha B ~ I C O K O O ~ O ~ ~ ~ ~ H H O M  YPaHOBOM TOIlJIWBe. nnaHclp0- 
BanOCb CO3llaHHe YeTbIpeX nOnOJIHnTenbHblX PeaKTOpOB Ha 
6bKTpblx HefiTp~HaX - TpeX Ha "Mafi~e" H OnHOrO - B Beno- 
npcKe. B 80-e rr. Hayanocb crponTenbcTBo myx n3 Hnx (no 
onHoMy Ha KaxnoM 06aeme), HO B Hayane 90-x rr. OHO 6blno 
npeKpaueHo us-sa tienomama cpenm. B HacTonuee speMa 
MHH~TOM 3aLlBnneT 0 CBOeM HaMepeHnti B O ~ O ~ H O B H T ~  -OW- 
TenbcTBO. AaHHble npOeKTbl HaXOMTCS! Ha CTaaHH nllueH3fi- 
POBaHlIn, HO ( P W H ~ H C W P O B ~ H W ~  OCTamCII IlO-npeXHeMY BeCbMa 
HeOnpeneJIeHHblM. 

Y~nnnsaunn nnyroHnn B peamopax Ha 6blcrpbl~ ~eiiTpo- 
Hax ~ o x m  npon3~0nmbca nmM ynaneHna 
L L p a 3 ~ ~ ~ x a m u n ~ "  no~pbl~ni i  B a m n ~ ~ o i i  3o~e ,  wo npespa- 
uaeT peamop n3 npon3~onn~enn nnyroHna B ero no~pe6n- 
Tenb (H~O~XOAHMO IlPllHITb BO BHHMaHUe, YTO 3T0 BOBCe He 
0 3 ~ a ~ a m ,  YTO no~pe6nne~cn secb nnyro~nii: B O T ~ ~ ~ O T ~ H -  

HOM TOnnUBe er0 COnepXHTCR nHUIb HeMHOrO MeHbUle, YeM B 

cnexe~).  C TOYKU 3pe~nn nnepHoro pacnpocTpaHeHnn onHa 
n3 npo6ne~, C B H ~ ~ H H ~ I X  c p e a r n o p a ~ n - p a s ~ ~ o x m n n ~ n ,  
COCTOUT B TOM, YTO YpaHOBOe IlOKpblTHe MOXe?. 6b1~b YC'Ta- 

HOBneHO BHOBb, YTO n03BOnUT UCnOnb30BaTb 3TU p€%lKTOPbl 
Ann npon3~onc~ea 6onbuero KonnyecTsa nnyToHnn, swm- 
van opyxeii~brii. 

K O H ~ ~ H T ~ ~ U H I I  nnyroHnrr B MOX-~onnnse nns 6blcrpbrx 
peamopoB cyuecTBeHHo sbrrue, YeM B Tonnnse nnn JBP. B 
uennx y~nnn3aunn nnyroiinn MUH~TOM npeanarae?. noclpo- 
nTb onnH pearnop EH-800 Ha "Man~e". Peamopbr Tuna EH- 
800 MOl'YT nOJIHOCTbK) p a 6 0 ~ a ~ b  Ha M O X - T O ~ ~ H B ~ .  CorJIac- 
HO COBM~CTHOMY WCCnenOBaHnm, OHM C R O C O ~ H ~ I  no~pe6nmb 
1,6 T nnyTOHHIl exeronH0, YTO n03BOnHT 3aBepUluTb yTHnH- 
sauwso 50 T nnyroi-tnn B TeyeHne 30 nm. EH-800 c~o~c rpyn -  
POBaHbl TaKWM 06pa30~, YTO cnoco6~br HCnOnb30BaTb MOX- 

Tonnuso, conepxauee peamop~blfi nnyro~nii, HO, ocHosbr- 
BaRCb Ha OqeHKaX ~ B a ~ ~ a ~ n n e ~ H e f i  AaBHOCTU, B CICCJIemBa- 
HWH yTBepxnaeTcn, YTO no~pe6ne~ne opyxeii~oro nny-rotinn 
He no~pe6ye~ 3HaYNTenbHbIX ki3MeHeHkiii B XapaKTepHCTHKaX 
pearnopa. yY~~blBafl CePbe3HOCTb naHH0ii np06ne~b1, ~ e o 6 -  
X O m M O  npOBeCTH HOBbIe kl  He3aBHCHMble MCCneflOBaHMR no 
3TOMY BOnpOCy. 

K p o ~ e  TOrO, MUH~TOM nnaHHPYeT 3aBePLLIWTb CTPOH- 
nxbcTBo BToporo peamopa EH-800 B. Eenonpc~e, ~o~opbrf i  
Mor 6b1 ncnonb30~a~b MOX-~onnnso, conepxauee npnMep- 
HO 30 T VaXAaHCKOrO nJI)TOHnH, yxe BblneJIeHHOrO Ha npea- 
npNHTHH PT- I Ha "Man~e".   TOT B T O P O ~ ~  PeaKTOp TaKXe 
~ o x e ? .  cnyxnTb B uennx yrnnn3aunn nnyToHna. Cornac~o 
COBM~CTHOMY nccnenoBaHnm, 3asepue~ne cTponTenbcTsa 
nepBoro pearnopa EiH-800 Oxnnae?.cn K 2005 r., B sasncwMo- 
C T W  OT [PWH~HCHPOB~HWH, KOTOPOe nOKa He rapaHTHpOBaH0. 

B COBM~CTHOM HCCneAOBaHHH rOBOpHTC5l 0 TOM, YTO A ~ G -  
C T B Y I O ~ N ~ ~  EH-600 MOr 6bI HCnOnb3OBaTbC5l KaK AeMOHCTpa- 
uno~~br i i  06bem no cxwraHnm MOX-~onnnsa yxc K 2000 r., 
npn ycnosnn, YTO B 6nwxaiiuee ~ p e ~ n  6ynyr t la i i~e~bl  cpen- 
crsa nnn cosna~nn npennpnnTwn no nepepa6o~ue nny-roHirH 11 
npOH3BOACTBy TOnnHBa. O ~ H ~ K O  6H-600 hiOXCT G ~ I T ~  nMWb 
YamHwo 3arpyxeH M ~ ~ - T O ~ ~ C ( B O ~ I ,  n B HccneaoBatiiIii 
ynOMMHaeTCH H ~ O ~ X O ~ H M O C T ~  IlpOBeneHHSl ~OllOJIHtlTenbHblX 
nccnenoea~wii B o6namn 6e3onac~ocrw Hcnonbsoealiun 
MOX-~onnnsa B peamope, He uMemueM " ~ ~ ~ M H O X ~ I O U ~ ~ O "  

IlOKpblTnn.  TOT p€%lKTOp cnoco6e~ norpe6nri~b nOpH4Ka 0.5 
T TonnnBa B ron, nnti oKono 5 T 3a Becb nepHon ero xcnnya- 
Taunil, KOTOPaR ~OJlXHa3aBePUJHTbCII K 20 10 r. 

Y~~nn3aunn nnyroHwn B p e a ~ ~ o p a x - p a 3 ~ ~ 0 x ~ ~ e n z l x  cos- 
naeT pfln ~OnOnHHTeJIbHblX yrpO3 C TOYKII 3PeHNZI Ge3onac1io- 
CTW n nnepHoro pacnpocrpaHeHnn. Ms-3a 6onee B ~ I C O K O ~ ~  

KoHueHTpaunn nnyroHna B cBexehi Tonniise ~e i i 36ex~o  w ero 
6onee BblCOKOe CoAepxaHne B O T ~ ~ ~ O T ~ H H O M  TOnJIIlBe: CO- 

rnaCH0 HCCnenOBaHHIO, O T ~ ~ ~ O T ~ H H O ~  TOnnllBO PeaKTOpOB- 
p a s ~ ~ o x n ~ e n e f i  6ynm ConepxaTb npIlMepHo 20 np0ue:IToB 
nnyToHnn. Hec~oTpn Ha TO, YTO MHH~TOM 3alBnIeT 0 TOM, 
w o  B caepe 6 e 3 o n a c ~ o ~ ~ n  n 3Konornn 6H-600 nMem 
" o ~ n n ~ ~ b 1 e ~ ~  no~a3a~enn, B nccnenoBaHnn ynoMnHamcn o 
npnMepHo 30 cnyyanx yTeYeK comr B nepnon nepsblx 14 nm 
er0 3KCIlJIyaTauHH. K p o ~ e  TOrO, M e ~ y ~ a p ~ ~ ~ b l f i  OnblT 3KC- 

nnyaTaunn TaKnx peampoB TaKxe naneK o r  no3n~nssoro. 
MX 3KCllJIyaTaUHH COnpOBOXCnanaCb B03HUKHOBeHWeM np0- 
6 n e ~  TexHnrecKoro xapamepa, a Tame B caepe 6e3onac~o- 
CTN, ST0 ~PHBOAWJIO K B P ~ M ~ H H O ~ ~  HJIW ~ ' ~ o J I H o ~ ~  HX OCTaHOBKe 
B CUIA, Ano~nn n Opa~unn.  

fl@Jle~bl & ~ o ~ ~ c H o C T H  H JlHUeH3HPOBaHHfl JIBP 
n p H  CMHmHHH B UHX M O X - T O I U I H B ~  

3 ~ a ~ n ~ e n b ~ o e  ~ O ~ ~ U I W H C T B O  nBP He 6b1nn n p e n ~ a 3 ~ a ~ e -  
H ~ I  nnn ncnonb3o~a~na nnyToHnn B Kayecrse Tonnnea. He- 
CMOTpEI. Ha TO, YTO llJIYT0Hnfi-239 H ypaH-235 RBJl5lK)TCII PaC- 
uennnmunMncn MaTepnanaMn, C ~ O C O ~ H L I M M  n p 0 ~ 3 ~ 0 n n ~ b  
OflHHaKOBOe KOnnYecTBO 3HeprHll Ha enMHHuy BeCa, OHii pas- 
nnyamTcn c TOYKH 3pe~nn nx BnnnHnn Ha 6e30nac~oc~b pearc- 
TOPOB npn ncnonb3o~a~nn ~ T W X  MaTepnanoB B KaYecTBe pe- 
amopHoro Tonnnsa. OCHOBHO~~ HCTOYHWK onace~nji censaH c 
KoHTponeM Han nnep~oii pea~uneii B peamope. u e n ~ a n  pe- 
aKUH5l B PeaKTOpe nOnxHa IIO~epXkiBaTbCR C MCKnlOYUTeJIb- 
~ o i i  T O Y H O ~ L K ) .   TOT KoHTponb nomnrae? CFI nyTeM ncnonb- 
3OBaHHfi KOHTpOnEipyloUHX CTepIKHeii, H3rOTOBneHHblX W 3  

6opa n (B B O ~ H ~ I X  pearnopax non n a s n e ~ n e ~ )  npeM X O ~ ~ B -  

neHHH 6opa B Bony. Ko~Tponnpyiou~ne CTepXHH nO3BOnRloT 
YBenHYHBaTb HnH YMeHblllaTb YPOBHU MOuHOCTH PeaKTOpa kl 

BaK)T BO3MOXHOCTb er0 llJIaH0~0fi OCTaHOBKN. OHM IlpenOT- 
s p a u a m ~  nonsneHne ~eynpasnrre~oii ~ n e p ~ o i i  peaKunn, KO- 

Topas M O X ~  npnBecrn K ~ a ~ a c ~ p o @ e .  
HeoGxonn~o OTMfXUTb, ST0 XOTFI BCe IpaXAaHCKNe nBP 

Bb1pa6a~blBalO~ HeKOTOpOe KonnYecTBo nnyToHnn n3 COnep- 
xauerocn B HX TonnnBe ypa~a-238, o6uee KonnliecTBo nny- 
ToHun H e  npeeblmae~ npnMepHo onHoro npouema. Ero KOH- 



ueHTpauun MoxceT 6b1~b eue Huxe, ecnu B KalrecTse Tonnusa 

iicnonb3ye~cn H M ~ K O O ~ O ~ ~ ~ ~ H H ~ I ~  YpaH. ~ P U  CxcHraHMu 
MOX-TO~JIMB~ IlOCTORHHaR KOHUeHTpaUNR nnyTOHMIl B peaK- 
Tope 6 y n e ~  3HaYMTenbHO Bbllre. B 3TOM W 3aKnDYaeTCR OC- 

HOBHaR npo6nc~a KOHTpOnR HaA AeRTeJIbHOCTbK, PeaKTOpa 

(10). 
nepex0n Ha ApyrOe TOnnEiBO MOXeT ITOflOPBaTb cnoc06- 

HoCT~ KOHTPOIICIPYIOuUX ~TepXCHefi 06ecneY~~aTb ~eo6xonn- 
Mbli KOHTPOnb Han p e a ~ q ~ e f i .   TO MOXeT n0Tpe60BaTb MO- 

~ u @ ~ ~ a u n s i  peaKTopa nepen ero nepeBonoM Ha cxnraHue 
MOX-~onnusa. T ~ K M M  06pa30~, CMeHa Tonnusa TaKne 03- 

Ha'laeT 11 BblnaYy  HOBO^^ nuue~3uu Ha 3~cnnya~auum peano- 
Pa. 

np06nehfbl 6e30nac~oc~u BO3HUKaloT B CBR3H CO Cne- 
flylOL4IiMH pil3nUYURhlIi npll uCnOJlb30BaHHM MOX- U YpaHO- 
BOrO TOllJlllBa: 

6ye-r lCflpe1 llin KOMllCHClf- I L u ~  npoyecc. Ponb 'Toc- 
py~ourls hlep. Aal i~aa  npo- 
6 n e ~ a  ~ P I I O ~ P ~ T ~ ~ T  6onee "n0~Hab30pa Pocc24t' . . 
ccpbes~~t~ii  xapanep, ecnri 8ce elye He 6r1oflHelrcHu- 
MOX- onn nu so n3rorosne~o H e ~ c ~ o  mnrocee, pacno- 
Ira 6a3e opyxeii~oro ypaiia, nazaem nu OH docma- 

( n ~ e ~  t y e ~  ~ I X  sana3n~1saro~1lu~ri ~ i e i i l p o ~ a ~ w ) ,  t i ~ n ~ c ~ a e ~ b ~ x  

ceKylrntr unu M I I H ~ T I B I  nocne pacuenneHun ypaiia unn nny-ro- 
HIIR. I l p ~  neneHuu ypa~a-235 06pa3ye~cn npriMepHo 0,65 
npouetua sanasnb~sarouux H ~ ~ ~ I - ~ o H o B ,  Torna K a K  npu nene- 
~wri nnyToHus - nmub 0,2 npouewa.  TO o 3 ~ a r a e ~ ,  l i ~ o  nptl 

ticnonb3o~a1inu nnyToHwesoro Tonnuaa H ~ O ~ X O ~ M M ~ I  Aonon- 
HttTenbHble Mepbl KOHTpOnR, npM: yCnOBlU, eCnll Cyl4eCTByIO- 

4Me YPOBHU H CKOPOCTU KOHTpOnR OKaXYTCR HeAOCTaTOYHbI- 

MU. - HeiiTpoHbl B PeaKTOpaX, A~~~CTBYK)IIJMX Ha nnyTo- 

HHeBOM TOnnUBe, 06JIa)XaIOT 6onee B ~ I C O K O ~ ~  3HeprUefi, YeM 
~ e i i ~ p o ~ b r  B peaKTopax, pa6o~amuux Ha ypaHe. 3 ~ 0  ysenu- 
YllBaeT yuep6 KOMnOHeHTaM peanopa, ItpUY~HReMblfi pa- 
nuaurieii. 

- ~J 'Q 'ToHu~~ 3aXBaTbIBaeT HefiTpoHbl C 60~1b~eii  BePo- 
SITHOCTLK), YeM ypaH. B pe3ynb~al.e~ ~ p e 6 y e ~ c s  6onbmee KO- 
nwecTBo nornoru~eneii ~ e i i ~ p o ~ o ~  c q e n m  06ecne~e~u11 
KOliTpOnR Han PeaKTOpOM. - Eonbman KoHuelrI-pautis nnyroHwn B Tonnuse ysenu- 
Llrisaer st~xon nny-rolrnn u npyrux TpafIcypaHosblx sneMeH- 
.I-OB B OKpyxalouyw cpeny B cnyyae asapHu. 

- 06nycle~~oe MOX- onn nu so 06nanae~ 6onee BLICO- 

~ o i i  re~nepa~ypoi i ,  Zrehl ypalloBoe TonnuBo, nocKontKy npu 
cxriratirlw MOX-~onnusa 06pasye~cn 6onbwee Konurecmo 
TpaIiC)tpaliOBblX 3neMeHTOB. 

np06ne~bl KOHTPOJIR PeaKTOpa KaK npM H O ~ M ~ J I ~ H O ~  

3KCnnYaT8UIiM, TaK U npu aBapURX, UMeIOT KPMTUYeCKN BaX- 

1loe 311ai1e111ie. Eionbluu~ic~~o rie3asucu~b1x uccnenosa~uii 
npennaraeT 3arpyxa~b ABP M O X - T O ~ ~ U B O M  Ire 6onee Yehf 

,la T e n ,  nprl ycnoBwu, rTo OHM cneuuanbHo He CKOHCTPYU- 

POBaHbl AJIR llCnOJTb30BaHNR 3TOrO TOnJIHBa. O ~ H ~ K O  CXOA- 
llble npo6ne~bl npti 3KCnJIyaTaqMM B03HUKaIOT U npU CXUra- 

IIII11 M O X - T O ~ ~ I ~ B ~  COBMeCTHO C YpaHOBbIM TOnJIMBOM. Pas- 
nIiLlm1e xapanepumriKri ~ T I I X  BIIAOB TonnuBa c TOYKM ~ P ~ H W Z I  
KoHTponn, panuaquu u ~enno~o i i  3~eprnn nenamT s~cnnya- 
TaUkiIO M KOliTpOJIb 6onee CJlOXHbIMH. H ~ K O T O P ~ I ~  BJ'IaAeJIbUbl 

PeaKTOpOB yTBepXnaloT, YTO OHU C ~ O C O ~ H ~ I  nOJIHOCT6IO ne- 
pefi~tr Ha MOX-TO~JIUBO 6e3 BHeCeHUH $ U ~ U Y ~ C K U X  ki3MeHe- 

HUE B peamop unw KoHTponupymrune CTepxHn. I ~ O C ~ ~ A ~ T B U H  
TaKllX ~TBepxAeH~fi C TOYKW 3peHHZI 6e3onac~oc~n AOJIXHbl 

n0meXaTb H ~ ~ ~ B H C U M O ~ ~  3KCnepTtl3e. 

~ O A ~ O ~ H O C T ~  npOUeAypb1 nUUeH3UpOBaHlR B C O ~ ~ U H ~ H -  
HblX W T ~ T ~ X  XOpOWO H3BeCTHbl.  TO K O M ~ J I ~ K C H ~ I ~ ~ ,  OTKPbl- 

Tblfi O ~ ~ ~ C T B ~ H H O C T H  ki ~ O ~ O ~ O C T O H ~ H ~ ~  npoqecc, KOTO- 
pblfi, K a K  ti npeAnaramCH B COBM~CTHOM UCCJlenOBaHUU, H1H- 
6onee BepORTHO, 6yne~ ~OCTaTOYHO COnepXaTenbHbIM. OnHa- 
KO POnb r0~a~0MHan30pa~ ~ O C C H ~ ~ C K O ~ O  BeAOMCTBa no pev- 
JIHpOBaHHIO ~ T O M H O ~ ~  3HepRTHKU, no CHX nOp H e  RCHa; HeHC- 

HO Tame, pacnonaraeT nu OHO aocTarolrHblMu pecypcaMu 
WR nposeneiius noniioyemoro npouecca n u u e ~ 3 u p o ~ a ~ u ~ .  B 
COBM~CTHOM MCCJIefiOBaHUU YTBeP)KflaeTCR, YTO ~ O C ~ T O M H ~ & -  

3op noKa H e  Hagman paccMaTpusaTb ~ ~ R B K H  H a  nuue~3npo- 

BaHMe kiCnOJIb30BaHMn M O X - T O ~ ~ U B ~ ,  U YYaCTtie O ~ U I C C T B ~ H -  
HOCTN B 3TOM IIpOUeCCe OCTaeTCR n p 0 6 n e ~ a ~ k i ~ ~ b l ~ .  B HCCne- 
&OBaHUH He COnepXHTCR ~ O X ~ O ~ H O C T ~ ~ ~  OTHOCUTenbHO POC- 
C U ~ ~ C K O ~ O  IlpOueCCa BbIAaYH J I u u ~ H ~ H ~ ~ ,  TaM nMUb rOBOpMTCll, 

YTO " B C ~  06 'be~~bl  nOnXHbl 6blTb nU~eH31IPOBaHbl COOTBeTCT- 

BYIOU[CIMW HaUUOHaJIbHbIMH O P ~ ~ H ~ M H " .  

npu  M C ~ O ~ ~ ~ O B ~ H U U  B peampax M O X - ~ o n n u ~ a  nny.ro- 
HUG He TOnbKO CXMraeTCR, HO U llPOM3BOflHTCI. O T ~ ~ ~ O T ~ H -  
Hoe M O X - T O ~ ~ U B O  COnepXHT 6 o n b ~ e  nnyTOHUII H HMeeT 
6onee BtlCOKYio TeMnepaTypy no CpaBHeHMIO C 06blYHblM OT- 

pa60TaHHblM TOnnMBOM (T.e. 06pa3ymuu~cn IIOCJIe CXliraHklH 

B JlBP H O Y - T O ~ ~ H B ~ ) .  nocne H ~ B ~ ~ Y ~ I I H R  us peaKTopa 
O ~ ~ I Y H O ~  O T ~ ~ ~ O T ~ H H O ~  TOnnMBO ABP, K a K  npaarino, conep- 
XNT OKOnO 1 IlpOUeHTa nJIYTOHH%. KonuYec~~o OCTaTOYHOrO 

nn)'TOHMfi B O T ~ ~ ~ O T ~ H H O M  M O X - T O ~ U B ~  38BNCMT OT nep- 
~~ l i a%UIbH~f i  KOHUeHTpa~Ubi nnyTOHMH B CBeXeM TOnJIUBe, 
CTeneHN CiKMraHHR TOnnUBa ki K O H @ H ~ ' ) ' ~ ~ ~ U H ,  B K O T O P O ~ ~  OH0 

ricnontsye~c~. 

no  OUeHKe Ha&io~aJIbHoii A K ~ ~ ~ M M U  Hay# (HAH), y pa- 
6o~amqux  Ha MOX-~onnime JISP conepmaHue nnyTolirin B 

O T P ~ ~ O T ~ H H O M  TOnnUBe BaPbUPYeTCR OT 1,6 npOueliTa (np11 
3aqy3Ke TpeTIl ~ K T M B H O ~ ~  30HbI MOX-T0n.wiBOhf C 4- 
npoueHTt1t1M conepxaHueM n n y ~ o ~ i i ~ )  no 4,9 npoueHra (npu 

non~oii sarpys~e MOX-TO~~HBOM c conepxaHireM nnn_vroriwrr 

B 6,8 npoue~~a) .  K O H U ~ H T ~ ~ U H R  nnyToHuR B cBexeM Tonnriee 

He nOnXHa IlpeBbIUaTb 2,s - 6,8 npOlJeHTOB ( I  I ) .  y PeaKTOpOB 

Tuna KAHAY, IIOnHOCTbIO pa60~amu11~u Ha M O X - T O ~ ~ M B ~ ,  
COnepXaHtle nnyT0HMR B O T ~ ~ ~ O T ~ H H O M  TOllJIliBe BapbMPYeT- 

cn OT 0,8 no 1,4 npouetl-ra npu KoriueHTpaunu nny-roHnn B 

csexceM Tonnuse B nnana30~e OT 1,2 no 2,l npoueHTa ( 1  2). 

~ ~ X O ~ O H ~ H U ~  O T ~ ~ ~ O T ~ H H O ~ O  M O X - T O ~ ~ U B ~  3aTpynHR- 

~ T C R  He TonbKo 6onee BLICOKUM conepxaHueM nnyToHliR, rio ri 

60nbmu~ KOnUYeCTBOM APYrMX TpaHCYPaHOBbIX 3neMeHTOB. B 
pe3ynb~a~e o T p a 6 0 ~ a ~ ~ o e  M O X - ~ o n n u ~ o  ofinanae~ 6onee 
sblco~oii ~ e ~ n e p a ~ y p o f i  no cpaaHelrwIo c 0 6 b l ~ t l t l ~  oqa6o- 
TaIiAbIhi TOIlJIliBOM. ~PI~CYTCTBW~ 6onbwer0 KOntIYeCTBa 

TpaHcypaHosblx panuoliyKnunoa, Hanprmep, a~epriuwn-24 1 ,  
Tame c n o c o 6 c ~ ~ y e ~  nomepxaHum 6onee sblco~oii TeMncpa- 

~ y p b ~  u ~b13b1sae~ 3 a ~ e n n e ~ u e  pacnaxa ypoBHn ~ e n n o ~ o i i  

31repruki. T ~ K M M  06paso~,  06paueswe C 0Tpa60TaHHbl~ 

MOX-TO~JIHBOM ~ p e 6 y e ~  nepeCMOTpa PHAa XapaKTepHCTiIK, B 
YaCTHOCTM, KOHCTPYKUUU TpaHCnOPTHOrO O~OPYAOBBHUR, 
KaHMCTP no XpaHeHUfO 1.I XpaHHnHul. Hanpu~ep,  6onee BbICO- 

KUe T€!MnepaTypbI MOI'YT C03AaTb npo6ne~bl C XpaHeHMeM Ha 
peaKTopax, 06nanamu~wx OqaHMYeHHbIM 6 a ~ ~ e f i ~ a ~ ~  LZIIII 
x p a ~ e l r u ~  O T ~ ~ ~ O T ~ H H O ~ O  Tonnwsa. K p o ~ e  Toro, 6onee B ~ I -  

COKHe TeMnepaTypbI MOrYT noTpe60Ba~b CO3AaHM% 6onbruux 

no pa3Mepy MOrHnbHUKOB, eCnU OHM H e  npucnoco6ne~bl K 
XpaHeHllK, 6onee Tennor0 O T ~ ~ ~ O T ~ H H O ~ O  TOnnMBa kl Bblep- 

XHBaTb BbICOKUe TeMnepaTypbl. 50JIblurte pa3Mepbl MOrHJIb- 

HUKOB nPMBe,Q'T K npOnOP~UOHanbHOMY YnOPOXaHHIO 3aXO- 
poHeHnrr o ~ p a 6 o ~ a ~ ~ o r o  Tonnusa. 6onee Toro, ecnu Konure- 
CTBO OCTaTOYHOrO raJIJInH B O T ~ ~ ~ O T ~ H H O M  M O X - T O ~ J I ~ B ~  

qepecrj'p BeJlHKO, 3TO MOXW Bbl3BaTb yXyACLleHUe COCTOIIHFfR 

IlOKPblTWR O T ~ ~ ~ O T ~ H H O ~ O  TOnJItiBa, CO3naTb HOBbIe npo6ne- 
Mbl npu OueHXaX ~OllYCTklMOCTW 3aXOPOHeHUH U J'BenHYUTb 

PUCK 3apaxe~wrr ~ P Y H T O B ~ I X  B O ~ .  
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Co q. 13 

npncy-rmym~ n nHble HeonpemeHHocrn, Hanpnuep, 
cnoco6socrb B b 1 ~ 0 ~ 0 f i  KOHueHTpauZIW W H n  npHBeCTu K 
nesn~~erpaunn O T ~ ~ ~ O T ~ H H O ~ O  Tonnnsa. 

IIo~HIJHH CLLIA COCTOHT B TOM, YTO O T ~ ~ ~ O T ~ H H O ~  MOX- 
TonnnBo He nonxiio nepepa6a~bl~a~bcn, a nomexnT saxopo- 
HeHun. OAH~KO POCC~H XOYeT COXpaHuTb B03MOXHOCTb no- 
BTOPHOrO BbljleneHUI nJIyTOHHR ki3 0Tpa60TaHH0r0 MOX- 
Tonnnsa Ann nocneaymwero ero ncnonb30~a~nn B KaYeme 
Tonnnsa. nepepa6o~~a  o ~ p a 6 0 ~ a ~ ~ o r o  MOX-~onnn~a n 
COnpnXeHHOe C 3THM 06paue~ne C PA0 MOXeT BbI3BaTb flO- 
IIOJIHliTeJIbHble TpYnHOCTU, CBII3aHHbIe C 6onbuefi KOHueH- 
TpauHH TpaHCypaHOBblX aKTHHHnOB, OTCyTCTByIouHe B Cny- 
Yae C O T ~ ~ ~ O T ~ H H ~ I M  HOY-TO~~MBOM. 

K ~ K  OTMeYanOCb Bblllle (13), B A ~ ~ ~ C T B N T ~ J I ~ H O C T U  npH HC- 
nOJIb30BaHHM MOX-TO~JIHB~ B SinepHbIX PeaKTOPaX nny?.O- 
~ n i i  He TonbKo no~pe6nne~cn ("cxwrae-rcn"), HO n nponsso- 
nmcn - B OTnnYne OT TO~O,  KaK  TO sasacrym nonamcn B 

o@nunanb~b~x san~ne~nnx. OCHOBHO~~ sanasefi KaK U M M O ~ U -  

nn3aunn, TaK n BapnaHTa c M O X - ~ o n n n ~ o ~  nsnneTcn OT- 
~ m n b  He nonHoe n36a~ne~ne OT nnyroHnn. Hn O ~ H H  n3 M ~ T O -  
nOB He n03BOnZIeT CAeJIaTb 3T0. OHM JlHUlb C I I O C O ~ H ~ I :  - cuerua-rb nnyro~nii c npyrn~n  MaTepnanaun, o6b1r- 
HO BbICOKOpaRWOaKTWBHblMH PaCU&3lJIZIK)uHMWC BeUleCTBa- 
MU, C TeM, Y T O ~ L I  3aTPY)WWTb IlOBTOpHOe BbIAeJleHNe NIYTO- 

HNR nnn ricnonb3o~a~nn npn n p o w 3 ~ o ~ c ~ ~ e  opyxnn; n 
- npeAOTBpaTHTb HeCaHK~WOHHpOBaHHOe HCnOJIb30Ba- 

Hue nnyroHnsi nyreu noweweHun ero B BblcoKopannoamB- 
Hble @ O P M ~ I  no XpaHeHHIo, KOTOPble IlpHBeJXki 6br K J I m b -  

HOMY H C X O ~ ~  m n  nm60r0, KTO nonbn-ancn 6a1 nx n o x m n .  
B COBM~CTHOM AOKnane KaXJtblfi BapNaHT )TWIH3al#i# 

nnyroHnn paccMaTpnsaeTcn c TOSKH 3pe~n11 ero COOTB~~CTBUSI 
nmepecaM nnepHoro HepacnpocTpaHeHnn, npexne Bcero, c 
TOYKH 3PeHWR CPOKOB yTCmU3auWH, YCTO~~YHBOCTU K XUlUeHU- 
nM H HeCaHKUWOHHPOBaHHOMy WCnOJIb30BaHNI0, B03MOXHOCTM 

IIOBTOPHOrO H3BJIeYeHHZI N HCIlOnb30BaHWII. CTOPOH~I COrJIa- 
cnnncb, YTO npouecc ynmn3aunu 50 T nnyroiinn nonxeH 
6bmb sasepwe~ B TegeHne 20-40 nm. LLInpo~o ncnonb3ye~b1ii 
~pmepnii, no3~onnmqnfi oueHm ~ C T O ~ ~ Y U B O C T ~  Y~UJIU~UPO- 
BaHHOrO llJIJTOHHH K XNU[eHWRM W HeCaHKuNOHHPOBaHHOMY 
HCnOnb30BaHWIO, Ha3bIBaeTCZI "CTEIHJI~PT O T ~ ~ ~ O T ~ H H O ~ O  TO- 
nnnsa".   TOT K P U T ~ P H ~ ~  6b1n npHBeAeH HAH B noKnaRe 1994 
r.. OH o s ~ a ~ a e ~ ,  YTO nny~o~nf i  AonxHo 6brrb monb xe  
CJIOXHO YKPaCTb, nOmePrHYTb HeCaHKUUOHWPOBaHHOMY WC- 

nOnb30BaHHK, N IIOBTOPHO BbIAeJINTb, KaK U HaXOnIII4eeCSI B 
XpaHnnnuax O T ~ ~ ~ O T ~ H H O ~  ~aXJlaHCKOe HOY-TO~~HBO. 

OAH~KO  TOT cTaHnapT He BnonHe npnroneH npn oueHKe 
AonrocpoliHbrx npo6ne~ 6e30nac~oc~n nnyroHnn. " C ~ a m a p ~  
o ~ p a 6 o ~ a ~ ~ o r o  ~onnnsa" nonycrcam, YTO nny-ro~nji ocTa- 
H ~ T C R  B Brine O T ~ ~ ~ O T ~ H H O ~ O  Tonnnsa (nn6o B n~of i  aopue, B 

KOTOPYK, OH 6ynm n o ~ e t u e ~ )  - T.e., B KoHewoM m r e ,  non- 
BepmeTcn saxopo~e~nm B reonornYecKnx (POPM~UNRX. OA- 
HaKo, cornacHo COBM~CTHOMY ncCnenoBaHnm, poccniic~an 
nOnUTUKa He nOnYCKaeT OKOHYaTenbHOrO 3aXOPOHeHUI 
"nnyro~nji-conepxa~nx ua~epnano~" ( sepon~~ee  Bcero, 
BKnmYan n O T ~ ~ ~ O T ~ H H O ~  ~ o n n n ~ o ) ,  a npenycMaTpnsaeT no- 
BTOPHOe BblAeJIeHWe nnyTOHHII IlYTeM PenpOueCCnHm. M n ~ a -  
TOM nomonHHo nenae-r BnonHe ncHbre 3an~ne~na  o TOM, YTO 

OH HaMepeH nepepa6aTblBa~b o ~ p a 6 0 ~ a ~ ~ o e  MOX-~onnw~o, 
a  TO nenam B nonrocpo~~oii nepcnemnse 6ecc~blcne~~oii  
wem " m ~ ~ a p T a  o ~ p a 6 0 ~ a ~ ~ o r o  ~ o n n n ~ a "  . n p e ~ m s n n m -  
CA, YTO CLLIA ro-rosbl n o 3 ~ 0 n m  MUH~TOMY nepepa6a~b1- 
Ban o ~ p a 6 0 ~ a ~ ~ o e  MOX-TOIIJ'I~~BO, Hapa60TaHH0e B pe3ynb- 
~ a ~ e  nporpauu no y~nnn3aunn nnyrosnn. B C O B M ~ ~ O M  
UCCnenOBaHWW OTMeYaeTCII, YTO " ..POCCHII B KOHeYHOM UTOIX 

6yne~  nOBTOPH0 WCllOnb30BaTb nnyro~kifi, O C T ~ I O I ~ H ~ ~ C ~ I  B 

[MOX] Tonnnse. uenn CUIA B o6nam yrnnn3aun nnyro- 

HUZl yAOBneTBOpeHb1, KOrAa H3OTOnbl 0py~efiHor0 my- 
TOHUR nomeprHyTca n s ~ e ~ e ~ n n ~  B pesynb~a~e 06ny~e~nn,  
TOIIJIHBO npno6pe~e-r 3HaYn~€!nbHblfi pankiaIJN0HHblfi 6apbep, 
ti [ O T ~ ~ ~ O T ~ H H O ~ ]  TOIUIMBO 6ynm XPaHUTbCR B TeYeHWe He- 
CKOJIbKHX A ~ C R I W J I ~ ~ T H ~ ~  A 0  TOrO, KaK nOLIBf3PrHYTbCZl PenPo- 
ueccn~ry" (1 4). 

Aaxe ecnn nnpo~n i i  6ynm ncnonb3o~a~bcn mn  npons- 
Boama meprnn B nAepHblx peaKTopax, cxnraHne MOX- 
TOmHBa no~pe6ye~ AOnO~HHTeJIbHblX 3aTpaT.  TO npoki30fi- 
ne-r n3-3a 6onee noporomonuero npouecca npow3~onc~sa 
MOX-~onnnsa (naxe ecnn nnyro~nfi 6 y n e ~  ~ ~ C I I ~ ~ T H ~ I M ) ,  no 
CpaBHeHHW C n p n o 6 p e ~ e ~ n e ~  H O Y - T O ~ ~ H B ~ ,  BKJ'lIoYaH CTOfi- 
M O C T ~  cb~pbn (nonpo6~ee CM. " 3 ~ e p r e ~ n ~ a  11 6esonac- 
H O C T ~ "  # 1). Cornac~o OVeHKaM HAH, CTOHMOCTb MOX- 
Tonnnsa , npon3sene~~oro n3 50 T nnyroHnn, cocTasnT npn- 
MepHo 2 unpn. nonn.. Ecnn conepxaHne nnyToHns B MOX- 
TOnnHBe COcTaBJlSleT 5 npOUeHTOB, CTOHMOCTb yTHJlM3aUCIW 50 
T nnyroHnn B MOX-~onnnse 6 y w  Ha 500 MnH. Aonn. nopo- 
xe, reM C T O H M O ~ ~  ypaHoBoro TonnnBa. Peanb~an cTonMomb 
TaKOrO BapHaHTa yTnJIFi3auHH AJ'lR CmA 6yne~  HaMHOrO 
BbIUIe, T.K. 3Hepf'eTHYeCKlle KOMnaHHti XOTenH 6b1 nOny W T b  

cy6cnnnn Ha ocyqecTsneHne yrnnnsaunn n nocKonbuy mow- 
M O C T ~  M O X ~ T  B O ~ P ~ C T ~  B pe3ynb~a~e npyrrix HeonpeneneHHo- 
creii n 3anepxe~. 

06qne oueHKn cTorrMomn B Pocctin n CmA oTnnramTcn 
H3-3a pa3nnYIifi B npaBaX C O ~ C T B ~ H H O C T ~ ~  Ha PeaKTOpbl H B 

o c o 6 e ~ ~ o ~ ~ s i x  sKcnnyaTaqnn A X ,  a Tame us-sa pas~or'i 
nOnCfTHKH B OTHOllleHWN O T ~ ~ ~ O T ~ H H O ~ O  TOllnWBa. ~ O M M M O  
HenocpenmeHHo cronuocrn Tonntiea, H ~ O ~ X O ~ ~ M O  npnHn- 
MaTb BO BHHMaHWe CTOWMOCTb JIWueH3HPOBaHHZI PeaKTOpOB, 
TPaHCnOPTUPOBKH W Mep 6aonac~oc?.n, CTPOkiTelIbCTBa H, 
npn H~O~XOA~MOCTH,  ~ o ~ n @ n ~ a u n n  peamopoB. Ann Poccnn 
OueHKH CTOHMOCTU, B UeJlOM, MeHee HaneXHbl no IIpHllHHe 
6b1c~p0 ~e~nroqeficn ~ K O H O M W Y ~ C K O ~ ~  CifTyauNH. M3-3a npn- 
BepxeHHocm nonnTnKe penpoueccnHra o ~ p a 6 0 ~ a ~ ~ o r o  Ton- 
JIHBa, ~ O C C H ~ ~ C K H ~  OueHKH CTOHMOcnl BKnloYaIoT TOnbKO PaC- 
X O ~ L I  Ha 50-nmee xpaHeHne, a He oKoHqaTenbHoe saxopo~e- 
Hne. 

1) ~ O W M  12 T wnx sanaco~ npenmaanesbl ~eopyxeii- 
HblM nny?.OHKeM, npOH3BeneHHblM Ha BOeHHblX IYpenllPHsiTn- 
SIX. 

2) Joint United StatesIRussian Plutonium Disposition 
Study, September 1996, p. ExSum 2. 

3) 3a ncKnmveHneu cneunanbHo ynoMnHyTblx cnyctaea, 
TeXHCiYeCKHe aCneKTbt kICnOnb30BaHHEI M O X - T O ~ ~ U B ~  B PeaK- 
Topax B ~ F I T ~ I  n3: Panel on Reactor-Related Options for the 
Disposition of Excess Weapons Plutonium, Committee on 
International Security and Arms Control, Mnagement and 
Disposition of Excess Weapons Plutonium: Reactor-Related 
options, National Academy of Sciences, Washington, DC, 
1995. 

4) ~ P O W ~ B O A C T B O  UCilblTaTeJfbHblX CBWHuOBblX C ~ O P O K  B 

Espone paccMaTpnsanocb B uemx cnena-rb BO~MOXHLIM nc- 
IIblTaHUSI MOX-~onnnsa B peamopax no s a ~ e p u e ~ n n  cosna- 
Hua H O B ~ I X  npempnfimii no ero npon3~onc~~y.  Ho TaKan 
nepcnemBa npenmsnnmcrr Bce MeHee peanb~ofi. 

5) 3a ncKnmYeHneM cneunanbHo ynoMnHyrb1x cnysaen, 
( P a ~ ~ b l  no BapHaHTaM MHHHCT~~CTB~ 3HepreTHKH C u A  B3A- 

T ~ I  n3: Storage and Disposition of Weapons-Usable Fissile 
Materials Final Programmatic Environmental Impact 
Statement: Summary, Office of Fissile Materials Disposition, 
U.S. Department of Energy, December 1 996. AaHHble no poc- 
c n f i c ~ n ~  Bapnamu npwBeneHbr B: Joint United 



StatesIRussian Plutonium Disposition Study, September 1996. 
K coxaneHnro, COBM~CTHO~ nccnenosaHne nuemcn TonbKo Ha 
a~ rnn i i c~ou  113bl~e. Ero ~pamwfi 0630~ 6b1n ony6nn~oea~ B 
Poccnn B cepenme 1997 r. 

6) NAS 1995, p. 137. 
7) Joint Report, p. WR-27 - WR-29. 
8) Ann cpaBHeHna, 3arpy3~a MOX-~onnnsa B JIBP MO- 

x e ~  cocrraBnmb OT 33 AO I00 npoqemoB npn conepxaHnn 
nnJTOHNH OT 2,5 A0 6,8 IlpOLleHTOB. 

9) n o n p o 6 ~ o m  o npenuyuemax peamopoB KAHAY 
no CpaBHeHHW C aMepWKaHCKnMH JIBP CM. NAS 1995, pp. - .  

1 46- 1 5 I.llpon3~onn~enn peanopoi3 peKoMeHnymT orpaHn- 
vnBaTb ConepxaHne NI~TOHWII B cBexceM TonnnBe B nnanaso- 
He OT 1.5 a0 2,7 IlpOlleHTOB. 

M O X - ~ o n n n ~ o ~  B nnaHbl no y~nnn3aqnn nnyroHnrr sb13sano 
s~a l in~enb~ym KPWTUKY B cpenmax M ~ C C O B O ~ ~  n ~ @ o p ~ a u n n  
ti CO CTOPOHbl HenPaB).ITeJlbCTBeHHbIX O P ~ H U ~ ~ ~ W ~ ~ .  Havn~an 
c 1989 r. B Poccnn cyuemye-r nocnenosaTenbHan onnosnqnrr 
CO CTOPOHbl O ~ U ~ C T B ~ H H O C T W  (38 IIpeLIenaMU UepHbIX rOpO- 
 no^) c ~ p o m b m y  npempnmii no nepepa6ome nny-roiinn. 
31-21 onno3nunn neiimym n cerown. B KoHue 80-x - Havane 
90-x IT. H3-3a COnpOTHBneHHR Ha MeCTaX N HenOCTaTKa 
CpeACTB 6bm0 npHO~HOBneH0 CTpOkiTCVIbcTBO o6onx no- 
LIO~HLIX 06'bemo~ - ~ ~ I C T P O ~ O  PeaKTOpa-Pa3MHOXHTenR EH- 
800 n pannoxnunvecKoro npennpnmnn PT-2. 

n o  CpaBHeHWH) C COBPeMeHHblMW 0 6 ' b e ~ a ~ n  aMepliKaH- 
C K O ~ ~  nOMOUH POCCHI~ He HWamCII B 3HaYWTeJIbHOM YBCVIW- 
YeHnn @ n ~ a ~ c o ~ o r o  coneiimnn B 06ecneve~nn 6aonac~o-  

10) Gonee ~ O R ~ O ~ H Y I O  n ~ @ o p ~ a u n m  no Komponm Han B C ~ A  U POCCUU U r n -  m CBOWX opyxefi~b~x MaTe- 
peamoporc CM .: Science for Democratic Action. Vol. 5, No. 4, emul cunbHaH PH~JIOB n nepesona m6b1- 
February 1997. TOYHO~O nnym~nn B aopuy, 

11) NAS 1 9 9 5 , ~ ~ .  121-122. MU# ucnon630BaHum HenpHTOnHy10 m n  npom- 
! 2) NAS 1995, p. 252, Table 6-1. MOX-m0n& 8 pe- Bonma opyxnn. B 3 ~ n x  - - 
13) B rpaxna~c~nx  peamopax nny~o~n i i  06p83ymc1 B aKmopar. ycnosnnx nymi n p e n o m ~ -  

pesynb~a~e TpaHcuyraunn ypa~a-238 npn 6 0 ~ 6 a p n n p o ~ ~ e  n e ~ n ~  nonon~n~enb~ofi  no- 
tlel'iTpoHa~L4. ~ O C K O ~ ~ K Y  Bbl~eJIe~~blfi U3 TOnnHBa rPaXaaH- MOUH C O ~ ~ H H ~ H H ~ I ~  L U T ~ T ~ I  
C K l l X  PeaKTOpOB IlnYTo~Wfi MOXeT 6bl~b WCnOnb30BaH npH MOIYT nOnyYwTb OI'pOMHbIe BblrOAbl B caepe 6e30nac~omn, 
npOH3BOflCTBe IlAepHOrO OpyXHn, 3TOT MaTepHan, PaBHO KaK no6nsancb TeX HnH NHLlX ~eiCTBnfi CO CTOPOHbl POCCUW. On- 
t l  nny-ro~nii, nponseene~~b~ii B pe3ynb~a~e peann3aunn npo- HaKo noTeHunanbHan noMorrtb CLUA B cosna~nn nnyToHne- 
rpaMM HAepHblX B O O ~ ~ X ~ H H ~ ~ ,  ITpenCTaBnneT co6oii PHCK JUlZl B O ~  ~H@paCTpyKT)'pbl B POCCHU MOXeT OKa3aTbCSI KOHTpRPO- 
~ e x n y ~ a p o n ~ o r o  p e x n ~ a  nnep~oro ~epacnpoc~pa~e~nn .  n y m n ~ ~ o f i  no ~ o i i  xe ca~oi i  npnvn~e, cornac~o ~ o ~ o p o i i  

14) Joint Study, p. WR-36-37. a ~ a n o r n ~ ~ b r e  3a~pa~b1  ~e cnenym npon3~onn~b n B C ~ M W X  
15) AnSI yno6maa COnOCTaBneHHn OveHOK CTONMOCTW OC- C O ~ ~ N H ~ H H ~ I X  W T ~ T ~ X .  

TeKnOBblBaHZlR k l  Pa3nHYHblX BaPMaHTOB CXUTaHUR B peaKT0- n p a ~ ~ ~ e n b c ~ s a  POCCHM tr CUIA A O ~ X H ~ I  y ~ e  cefiqac 
pax, ~ a x n b ~ i i  n3 p a c c ~ a ~ p n ~ a e ~ b ~ x  B ~ a ~ ~ o n q e ~  pasnene npnHnTb peureHne no ocTewrosbrsaHnm nnyToHna n ero xpa- 
BaPHaHTOB OlleHHBaeTCZI ti3 PaCYeTa HaJIH'IWH 50 T H ~ ~ ~ I T O +  
Horo opyxefi~oro nnyToHnn. 

MHEHHE 3KCnEPTA 
CO ctp. 2 
T a ~ n u  06pa30~, B pe3ynb~a'r-e BblnonHeHnn nono6~oii 

nporpauubl no yrnnn3aunn nnyroHnR C o e n n ~ e ~ ~ b t e  L U ~ T ~ I  
MorF oKa3aTbCR BbIHYXneHHblMW CY~CHAHPOBBT~ TO, nPOTHB 
WI'O WM CJIellym BblfTYllaTb, a WMOHHO, H H @ P ~ W Y K T ~ ~ ~  
nnyro~ne~oii ~ K O H O M U K H  B POCCHH. Ilpencrasnrre~ n ~ ~ e p e c ,  

IEER,'. n R u ~ e m c m c P ~ ~ ~  :~do6o,zo : ~ ~ ~ r n p y d ~ u u a  Po- 
6epmh ~ P Y K C ~  .~~n~:@i(?i:m>$d6~w~idm6~ i t O k 0 ~ H U -  

TOM ; ~ 0 ~ # ~ ~ @ a m 8 p u . : ~ ~ d ~ t ; ~ 6 2 o ) r ~ q e ~ m . '  8 npo- 
WOM @o&eiirn ~ t r r 6 0 ~ ~ l i r ~ ~ ~ r i ~ u u ~  rpu~nuc 
?lo7 m ~ ~ ~ t i t l ~ b ~ i  :6&i!c;'h&li,. a! ~ i n c i k & e  *' d p y z ~ x  
~ ~ O ~ O ~ U Y ~ C K U X  n P O e w  B 3a+?~10~ Texace 
@dorib. z p a ~ u w  $e@$jt.'GuA,i&;;MeKaKofi. -Kpo~e  
ho2b, - ~ $ ~ b I K a ~ ~ , ' ~ ~ 2 P q i o f @  dxm, 

. 
803M0xH0* He cn~yaAHOe 'OBnaneHne 3T0r0 nepcnem- HeHnm B 06pa3ymunxc~ B pe3ynbTaTe O~KnoBbI~aHHR CTeK- 
BaMn c03naHnn cxonHofi n H @ p a ~ y K T y P b l  COennHeHHblx nRHHblX KaHHeTpaX.  TO OTBeYaJIO 6b1 ~OCCHRCKOR IlOnKTWKe, 
u ~ a ~ a x  nocne 3aBePmeHnR WonTenbaBa nPennPHflHR no B coonmmBnn c ~ o ~ o p o f i  POCCH. He XMam vnn3npOBaTb 
np0n3B0nmy MoX-Tonnnsag a ice B03paCTamunM nnyro~nii-conepxaune MaTepnanbI B Kareerse OTXOAOB. AO 
HexenaHlleM B ~ U H H ~ O H ~  3aKpbITb @ Y H K U ~ ~ O H W P Y ~ ~ ~ ~ ~  me Ha,,wero BpeMeHn o n ~ n u  n3 pe3ynbTaTOB neperOBOpOB 
B Tf2qeHne MIioMX flecmmiR BOeHHble Pa~nOXnMnqecKne m n o  TO, y ~ o  Poccn~ COrnaCmacb X O T ~  6bl paCCMOTpmb 88- 
npennpnmin CasaHHa-Pnse~-CaiiT H)xHoR Ka~onnHe' PnaHT C n~~(06nnn3aqneij MYTOHnn, OmKnOBblBa~ne C no- 

OTBRv COen'~e~Hble umTbl nonyvnnn cornacne '''- CnenyloqnM 6e3onac~b1~ xpaHeHneM 6bmo 6b1 6onee 6e3o- 
cnn oTCPOqnTb Ha HeCKOnbKO necmnemiR Hayano nepepa- nacHbIM, 6 b l ~ ? ) b f ~  n neMeBblM cnoc060~ peMeHnfi o q o f i  
6 0 ~ ~ n  MoX-~Onnn~a  n* B e ~ O m O *  ~pamocpov~oii np06ne~bl nepesona opyxeii~oro nny-roHnn 
Tnn pacmnpCHNR coTpynHHrema co M°C~sbl B aopuy, HenpnronHyro nnn co3naHnfi opyxnn, n sblnrpbllua 
co3naHnm cumeMbl yq* RnepHblx Ma*pnmoB. BpeueHn. H ~ O ~ X O ~ N M O T O  mn  AocrnxeHnn HanexHoro coma- 
'lie OT CuA9 Poccnn He npenocraBma naHHblx ' UleHHH no nOnrOBpeMeHHblM aCneKTaM M ~ ~ O H H ~ B O ~ ~  6e3o- 
nacax U ~ ~ ~ I T O Y H ~ I X  Marepnanos n, YTO 6onee BaxHo, He naCHOCTn. 
06-bri~tina o64ne npOn3BeneHHble 3anaCbl BOeHHblX C i  3HepI'e- 
THtleCKkiX nnepHblX MaTepHaJIOB, U 3  KOTOPbIX M O X f f  6blTb 
npons~ene~o nnep~oe opyxne. A p x y ~  Ma~xnrwa~n  

Aaxe ~an6onee CKpOMHbIe IJeJIbi HblHeluHefi aMepHKaH- 
c~oi i  nporpauubl no yntnnsaqnn nnyroHnn nocpenmou 
MOX-~onnnsa spnn nn ~ o r y r  6bm cBoeBpeMeHHo BblnonHe- (1) Joint United States/Russian Plutonium 
Hbl. T a ~ a n  pnn3aUnn 3 a f i ~ e ~  B P o c c ~ ~ ,  KaK MnHnMYM, TPn Disposition Study, September 1996, p. Exsum-2. 
necn~nne-rnn, n, BO~MOXHO, n p n ~ e p ~ o  C T O ~ ~ K O  xe  - B Coe~n- (2) Ibid., p. WR-35-37. 
HeHHbIX U ~ a ~ a x .  40 3TOr0 BpeMeHH 6onaurarr YaCTb MyrO- (3) Ibid. 
HUZl 6ynm XPaHUTbCR B @ o ~ M ~ x ,  npctrOnHbIX AJIn CO3naHHn 
nnepHoro opyxnn. Ha npamKe, yrmn3aqnn MOIIC~T noqe- 
60BaTb ewe 6onbure BpeMeHn, IIOCKOJIbKy KaK B CUA, TaK Ei 

B Poccnn, MHorne npencrasmenn O ~ I U ~ C T B ~ H H O C T H  B~ICTY- 
namT npoTne ncnonb3o~a~nn MOX-~onnn~a, npnHnMan BO 

BHnMaHne ero noTeHunanbHyro ponb B c 0 3 ~ a ~ n n  nnyroHne- 
BOG ~KOHOMUKU.  I l p n ~ n ~ o e  B ~ e ~ a 6 p e  nporunoro rona Co- 
eJJMHeHHbIMW ~ T ~ T ~ M H  PeUeHlie 0 BKnIOYeHRH BapHaHTa C 
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A o ~ n a  IEER, aHa~1~3Npy1o~Mii BapHaHTb! yTMnN3a- 
UHM myTOHNH N B ~ I C O K O O ~ O ~ ~ ~ ~ H H O ~ O  YpaHa N CO- 
~epxauwii peKoMewauwM no 6brcrpeiirue~y nepeBoAy ~ T N X  MaTepMmoB B (POPMY, HenpuroA- 
HYK) ml~ n p o ~ 3 ~ o ~ m a  OPYXMR. 
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