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IIpeaucaoBue K pycCKOMY M31aHUIO

B nexab6pe 2001 roga mpousonuio 3HaMeHaTelIbHOe cOObITHE - B Poccnu mymieHa
B IIPOMBIIUJICHHYO JKCIUIyaTallUIO IeCsITas aTOMHas 3JIEKTpOCTaHIus - BoarogoHnckas
ADC. BBoa B 3KcIuTyaTaluio mepBoro sHeprodioka Bonromonckoit ADC obecnedut
JHEPreTUYECKY0 HE3aBUCUMOCTh (CEeBEpOKAaBKa3CKOIO PEruoHa CTPaHbl U IO3BOJIUT B
Oynyuiem pemarts npobiieMbl dHeprocHadxeHuss PocToBckoit o0igacTu U, Kak CIEICTBUE,
oOecreynBaTh POCT MPOMBIIUIEHHOTO ITPOX3BO/ICTBA NPEANIPUSITUNA pPETHOHA.

B wmenom mno Poccum, peicrByromme MomHoctu  ADC  gBISAIOTCS
CHCTEMOOOPa3yIOINMH B €BPONEHCKONW YacTH HAIIEW CTpaHbl, U JIOJISI MIPOU3BOJICTBA
MMH DJIEKTPOIHEPTrUuU cocTaBisAeT nmodTu 15%. CerogHs sl CIENMAIMCTOB SICHO, YTO
NEePCNEeKTUBBI POCTA JHepronorpedaeHns B Poccuy HanpsiMy1o CBsi3aHbI € POCTOM
NPOM3BOACTBA JICKTPOIHEPIrUH HA AaTOMHBIX CTAHIMAX.

Ho, xak numer aBTop, npenaraecmoil BameMy BHUMaHUIO, KHUTU: "BCSKUN pa3, Korjaa
BOINPOC 00 MCIOJIB30BAHUU SIJIEPHOM YHEPTUU BO3HUKAET BHOBB, MOSIBIIAIOTCS TaKKE, KTO XKeJlal
Obl IOMECTUTh JKMHA OOpaTHO B OYTBUIKY M BEPHYTBHCS K 3I0XE "NMO s/I€pHONM HEBUHHOCTH'.
Hackonbko 000CHOBaHBI TakKME KEJIAHUS M KaK OHHM BIMCBHIBAIOTCA B CTaHAAPTHI COBPEMEHHOM
KU3HU?

IIpencraBbre cebe Mup Oe3 3HEPrUM - P>KABEIOT B rapaxkaXx M y MOAbE30B aBTOMOOMIIH,
HaBCEI/1a 3aCThUIM Ha OIyCTEBUIMX BOK3ajaX I0€3/1a, O caMmojeTax M KOopaOisX BCIIOMHHAIOT,
Kak 0 uynecax ATiaHTubsl. B MOpo3HBIE, 10rue 3uMbl TEMHBIE, 3aJIEACHEIBIE 10Ma OCBEIIAIOT
TOJILKO OTHU KOCTPOB, Yy KOTOPBIX TPEIOTCS JIIOJU, Y KOJIOALIEB CTOST JJIMHHBIE OYEpeaH - 3a
BOJIOM, a Mara3uHsbl, TeaTpbl U KIyObl - 3aKpbITHL. [ NamaTan Ha MIomasaX 3aMeHAT HaM pajuo,
pasroBOpbl C COCENSIMHU - TEJIEBUJCHHUE, MOYTOBbIE ronyou - tenedoH. Her suHeprum - HeT
JIBIDKEHUS. A 4eM MbI CO BpeMeHeM OyzieM 3aMeHsTh TKaHu, Oymary, metaiui? Benp Bce 3aBojbl,
BCE MPOU3BO/ICTBA OCTAHOBJIEHBI, BEK MpPOrpecca OKOHYEH. Mup morpy:kaercss BO Mpak M T'oJof,
BO3BpAILlAlOTCsl CTpAIlHbIE, INIyXHe BpeMeHa. Beero nuib n3-3a Hegocrarka B 3Heprun? MmenHo
tak! be3 nuiu, 6€3 3Hepruu OCTAHOBUTCS U OTUOHET HE TOJBKO YEJIOBEUYECKUM OpraHu3M, HO U
OTPOMHBIM, CIIOKHBIM  XO3SHUCTBEHHBIM OpPraHU3M CTPaHbl W MUpa. A «IULIEH»,
o0OecrieynBaroled NPOMBILUIEHHBI KOMIUJIEKC DJHEpPIrUed, SBISIIOTCS TaK Ha3bIBacMbIe
SHEPrOHOCUTENHN - yroib, HedTh, ra3z. MHaue roBops, HMCKOMaeMoe OPraHUYECKOE TOIUIUBO.
Korna-to naxxe roBopuiiu, 4to He(pTH - KPOBb SKOHOMHKH. 11 B 3TOM OBL1a CBOA IIpaBAa.

OpnHako BpeMeHU C TeX MPOILIO MHOTO, U B MUPOBOW SKOHOMHMKE MHOIO€ U3MEHUIIOCH.
Mensiercss cTpaTerus IOJIY4EHHS U PAcXOJOBaHUS DHEPrHM, MPUXOAUT IOHMMAHUE
HEOOpaTUMOIo XapakTepa IpPOLECCOB MOTPEOICHUS HHEPIUH, OTPAaHMYEHHOCTH MHPOBBIX
SHEpPreTUUecKux pecypcoB. [losBUIOCH, HAKOHEL, U TOUHOE 3HAHHUE O Pa3MEpax 3TUX 3alacoB -
yBBI, B 3TOM CIllyyae Helb3s YCIOKOMTH ceOsl MbICIBIO, 4TO "Ha Ham Bek xBaTut'. He Hanmo
3a0bIBaTh, YTO YEM BBILIE YPOBEHb IKOHOMUYECKOTO Pa3BUTHsI OOIIECTBA, YEM LIMPE KPYT €ro
UHTEPECOB, IJIAaHOB, JKEJIaHUH - TeM OOoJIbLIe €ro 3HepreTHYecKue noTpeOHOCTH.

ObecnieueHue 4enoBeUeCTBa SHEPTUeH ABISETCS OAHOM U3 TJIaBHEHIINX MpoOsieM, pellie-
HHUE KOTOPOH OIpeJeNsIeT ero yCcToiunBoe pa3BUTHE, TO €CTh pa3BUTHE 0€3 UCTOIIEHHUS 3KOJIO0-
THYECKUX U COIMATBHBIX PECYPCOB M 0€3 MepeHoca HeMpOMOPIHOHAIEHO TSHKEIOro OpeMeHu Ha
Oyaymue mokojeHus. TolbKO HalAs SKOJOTMYECKH YCTOMUYMBBIA MyTh K HPOM3BOJACTBY H
WCIIOJIb30BAHUIO SHEPTUU, Mbl MOYKEM pPACCUMTHIBATh Ha SHEPIreTUUYECKU oOecrieueHHoe Oyny-
niee. HBIMM c10BaMHM, YCIOBHEM YCTOWYMBOIO Pa3BUTHUS SBISAETCS IOCTHKEHUE CHUTYyalH,
KOI'JIa 4eJI0BEYECTBO BO BCEX cpepax >KU3HU U JESITEIbHOCTU B JIF0OOH MOMEHT BPEMEHH PacCIIo-
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JaraeT HEoOXOAMMBIM KOJMYECTBOM JHEPIHM, AOCTYNHBIM HMHIUBUIYAJIbHO, JIOKAJbHO WM
ri06ansHO Hanbosee SKOHOMHBIM U 0e30macHbIM crioco0oM. [103ToMy MOCTOSHHOE yBENIUYEHHE
MIPOM3BOJCTBA HHEPrUM HMMEET JKU3HEHHO Ba)XHOE 3HAUYEHUE Ul JIOCTHXKEHHUS Lejel
SKOHOMHMYECKOTO ¥ MPOMBIIIIIEHHOTO Pa3BUTHSI.

HekoTtopple 3allUTHUKK OKpYXaloIled cpeabl MojararT, 4TO MHpOOJeMbl SKOJIOTHH,
CBS3aHHBIE C HCIOJB30BAHHEM OSHEPTUH, MOTYT OBITh pEIIeHbl IyTEM MEHBIIEro ee
norpebnenusi. OnHako, Tpu 0€3yCIIOBHOH HEOOXOJUMOCTH Pa3BUTHS W COBEPIICHCTBOBAHHS
9HEprocOeperaruxX TeXHOIOTHH, HEPEATbHO AyMaTh, YTO TNI00ANbHOE MOTPEeOICHHEe YHEPTHU
MOJKET OBITh YMEHBIIICHO.

[To manHbIM MeXIyHapOAHOTO PHEPreTUYECKOTro KOHrpecca, mociae 2000 roxa Oymer
AOCTUTHYT MAKCUMYM HCIOJIb30BAHUS MCKONAEMbIX HCTOYHHKOB, MOCJIE Yero 0KuaaeTcs
3aMeTHOe ucToueHne ux 3anacoB. K Hactosmemy Bpemenu cBbiiie 20% OCHOBHBIX MUPOBBIX
noTpeOHOCTEl B SHEPrud JUIs TPOU3BOACTBA 3JIEKTPUUECTBA YIOBIETBOPSIETCA 3a CUET;
BO30OHOBJISIEMBIX HCTOYHUKOB. OCHOBHOW BKJIAJ 00€CNEeYMBAIOT THAPOIIEKTPOCTAHIINH,
OJTHAKO, BO3pACTAlOT TEMIIBl PAa3BUTUS M HOBBIX BO30OHOBIISEMBIX HCTOYHHMKOB. 3aMEHS
HCKOMAEMOE TOILJIMBO, BO30OHOBJISIEMBbIE HCTOYHUKU YK€ €XKETrOoJHO CHUXKAIOT BBIOPOCHI
JIBYOKHCH YTJIepojia Ha TMOJTOpa MUJUMapaa ToHH (okono 7% BeiOpocoB), a k 2020 rogy 310
COKpaIlleHUEe MOKET JIOCTUTHYTh AEBATH MWUIMApAoB TOHH - 40% COBpEeMEHHOro ypOBHS
BEIOPOCOB.

Opnako, BO300OHOBIIIEMble  WCTOYHHKM HSHEPrUM HE  JIMIIEHBl  COOCTBEHHBIX
HKOJIOTUYECKUX HEeNOCTaTKOB. Heo0XoauMo yuuThIBaTh BECh IMKI HMX HCIOJIB30BAHUSA, a HE
TOJILKO BO3JICHCTBUE HA OKPYXKAIOUIYIO Cpedy BO BpeMs 3KcrurtyaTauuu. [[is BO30OHOBISEMBIX
HCTOYHHUKOB BBIOPOCHI (M MpoYMe BO3ICHCTBUS) HAa BCEX dTamax, MIOMHMO HENOCPEICTBEHHOM
9KCIUTyaTalluy, SKBUBAJIEHTHBI WJINM MPEBBIIIAIOT BHIOPOCH Ha TeX K€ 3Tamax padodero IuKiIa
TPAJIULUOHHBIX TEXHOJIOTMH NpPOM3BOACTBA SHepruu. [IpyumHa cocTOMT B TOM, UYTO HpH
WCIOJIb30BAaHUN BO300HOBIJIIEMBIX HCTOYHHKOB, MOCIEIHHE HMEIOT OTHOCHUTEIBHO HHU3KYIO
IUIOTHOCTH YHEPTHH 110 CPABHEHMIO C KOHIIEHTPUPOBAHHBIMM MCKONIAEMBIMU BUAAMM TOILJIMBA U
ypadoM. COOp 3THX HMCTOYHHMKOB M MX NMpeoOpa3oBaHHUE, KaK MPABHIIO, TPEOYIOT HA €AMHHUILY
MIPOU3BEACHHOM 3JIEKTPOIHEPIHH OOJbIIE TEXHUYECKUX YCTPOWCTB U Oosiee KPYIHBIX
COOPYXKEHHM, KOTOpbIE, B CBOIO OYepeIb, HYXAAIOTCS B JOMOJHUTENIBHON SHEPruM ISl MX
M3TOTOBJIEHUS U CTPOUTENBCTBA. KpoMe 3TOro KpyIHble MPOEKTHl THAPOIHEPIETUKH CBSI3aHBI C
nepeceyeHueM, MoTepel MecT OOuTaHMs, M3MEHEHHEM YpOBHS TPYHTOBBIX BoX U T.0. B
¢doTodneKTpUUeCKUX OaTapesX W AaKKyMyJATOpax 3HA4YMTENbHAas YacTh HCIIOJB3YyEMbIX
MaTepHuaJoB TOKCHMYHA. ['eoTepMaibHble MCTOYHHKH HEPENKO COIMPOBOXAAIOTCS BBHIOpOCAMHU
TSDKEJIBIX METAJUIOB, KOTOpPbIE MOTYT IIONAacTh B TIPYHTOBblE BOABL. BerposHeprermueckue
YCTAaHOBKHM CO3/1al0T MOIIHbIE aKyCTHYeCKHe KojeOaHus HeOe3BpeAHble M 310pOBbI H
CO3/1a0IIKE IOMEXH JJIsl PaJUOCBSI3H.

CTpyKTypa HCIOJIb3yEeMbIX HCTOYHUKOB HHEPrUM BeChbMa pas3iMYHA B Pa3HbIX CTPaHax
npu oO0mel TeHaeHIMKu 0oJjiee MIMPOKOTO MPUMEHEHHsT OPraHUYecKUX BUAOB TorunBa. He ot-
punas OYEBUAHBIX MPEUMYIIECTB HCIOJb30BaHUSA BO300OHOBISEMBIX MCTOUYHHUKOB HHEPrHH,
COBpPEMEHHAs OLIEHKA ATOT0 ITyTH Pa3BUTHA a€T OCHOBAHUS I10JIaraTh, YTO IVIABHBIM HCTOYHHU-
KOM B 0003puMOM OyaymieM Oyaer sigepHasi JHepreTuka. KoHKypeHIIMK B JOJTOBPEMEHHOM
IIEPCIEKTUBE y HEE HET, KpOME, IOKaIyH, UCIOJIb30BaHUSA TEPMOSACPHON JHEPIHH, HO ITOHU
TEXHOJIOTHH €Ille MPEACTOUT AO0Ka3aTh CBOIO 3(dexTuBHOCTE. HeCOMHEHHBIM MPENsSTCTBHEM K
IIMPOKOMACIITAOHOMY HCIIOJIb30BAHHIO SIIEPHOM SHEPreTHKH SBISETCS HAIW4YHE psija Hera-
TUBHBIX TEHJICHIMI B BOCHpUATUHU ee oOuiecTBOM. [IoHsATHA 03a004e€HHOCTH OOIIECTBA ATHUMHU
npobiaemamu nocie aBapuu Ha YepHoObuibckoit ADC. TIoCTOSHHO MHULIMUPYETCS CPEeCTBAMH
MaccoBoW MH(OpMAIUU - U, COOTBETCTBEHHO, BO30YKIaeT 0OIIECTBEHHOEe MHEHHE - MpodiiemMa
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XpaHEHUusl U NnepepabOTKH OTXOJOB SJEPHON MPOMBIIIJIEHHOCTH U 3HepreTuku. K coxanenuro,
HEI0CTaTOK OOBEKTUBHBIX CBEACHUHN 3aTPyAHSAET HEMPEB3STOe OTHOLICHNE K 3TUM MpodieMam.
HeonpaBnanHo »SMouMOHaNbHAas peakuusi BEAET K IOTEpEe TOYEK CONPUKOCHOBEHMS C
NeMCTBUTENBHOCTBI0 M MOJKET NPUBOJUTH K HEOOOCHOBAHHBIM DELICHHUAM C Ie4aabHbIMU
MOCTICICTBUSIME JUTSI PA3BUTHS OOIIECTBa. TpyaHO HE COTJIACHTHCS C aBTOPOM KHHUTH, KOTJa OH
MUILET, YTO "KaXblii cCIOcO0 MPOM3BOJCTBA U NTPe0Opa30BaHUs SHEPIUU OKAa3bIBAET BIMSHUE HA
OKpYKAaIOIIyI0 Cpely U HECET OIpe/IeJICHHbIE PUCKU. fliepHasi SHEpreTuka He MCKII0YEHHE, HO
€€ BIIMSHUE YacTO HENPABUIBHO MCTOJIKOBBIBAETCS, a PUCKHM W3JMILHE 3aBbILAIOTCA. SnepHas
SHEPrus OCTaeTcsi 6€30MacHbIM, TOCTYITHBIM U SKOHOMUYHBIM HCTOYHUKOM 3J1eKTposHeprun”. U
"ecnmu OonpIIME€ YCWIWSA HANpaBisITh B oOecriedeHrne Oe3omacHOCTH HW 3G (HEKTUBHOCTH
KOMMEpPUYECKON SIJIEPHON DJHEPreTUKH, W, COOTBETCTBEHHO, MEHBIIME B HACOJIOTMYECKHE
CpaKEHHS C TeMH, KTO ejial Obl BHAETh MUP 0€3 Hee, MUPOBOE COOOIIECTBO 3HAYUTEIHHO
BBIMTPAJIo Obl MaTepUaNbHO".

B npepnmaraemoii Bamemy BHMMaHHIO KHUT€ BCE 9TH ACIEKTBI OCBEINAIOTCA HA OCHOBE
JIOCTOBEPHBIX (PAKTOB M HEMPEIB3ATOr0, HAYYHOrO aHanu3a. ABropa kuuru, SIHa ['opa-Jleccw,
IUpEeKTOopa ABCTPAIUICKOIO YpaHOBOrO WMH(GOPMALMOHHOTO LIEHTpPa, TPYJHO 3all0J03pUTh B
7000MpOBAaHMM HWHTEPECOB SACPHONW HMHIYyCTpuH. B ABCTpasinm HET HHM OJHOM aTOMHOM
JIEKTPOCTAHLIMU, HO €CTh Oorareiimue 3amacel yris. FIMEHHO mO3TOMYy TOYKa 3peHHs aBTOpa,
yBepeH, OyneT BakHa JUIs 3aMHTEPECOBAHHOTO 4YMTATeNss B (POPMUPOBAHUHM OOBEKTUBHOM
MO3ULMH, OCHOBAHHOM Ha HAyYHOM IIOHUMaHUU MPEIMETA.

B ornnune OT aHIVIMKHCKOrO U3JaHus, B IIEPEBOJ KHUTM HA PYCCKHUM A3BIK HE BKIIIOUYECHA
BOCbMas IJ1aBa, MOCBSIIEHHAs aHAIW3y MPUPOAHBIX pecypcoB ABctpamuun u Kananel. Kpome
TOT0, COKpaIleHbl 1 nepepadoransl [IpunoxkeHns U CIMCOK peKOMEHIYEeMOU JINTEPaTyPhl.

A.C. bopoBuk
Jupexrop PocroBckoro nHpopManmoHHO-aHATUTHYECKOTO 1IeHTpa POADC
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OO0pameHne aBTOpa K pOCCUACKHUM YUTATEJIAM

B xaxpoi crpaHe Mupa UMEIOTCS JIOAH, KOTOPbIE MPOTUBATCS HOBBIM TEXHOJOTHSIM U
TOCKYIOT 10 OoJiee TPOCTOM, MPUOIMKEHHON K MPUPOJE, KU3HU. XOTS MBI U YBa)XKaeM TaKylo
TOUYKY 3pEHHs, OHA, OJHAKO, HECOBMECTHMA C MPOKUBAHHUEM B COBPEMEHHOM I'yCTOHACEIEHHOM
MHUpE, B KOTOPOM JIFOJIH JK€Iat0T ObITh MOOUIBHBIMH, U CTPEMSATCSI K BBICOKOMY YPOBHIO JKU3HHU.
Baxneiiieir Haaek 101 JII0/IeH B 9TOM SBIISIETCSl 0€30MMacHOE MPOU3BOJICTBO JIEKTPOIHEPTUU HA
HETpPEepbIBHON M CTaOUIIBHOI OCHOBE.

HoBast Poccuiickas aToMHasi 3J€KTpOCTaHIMSA B I. BONTogoHCKE MOMOKET OmpaBIaTh
HAJEXpl HaceleHus Bameil cTpaHbl. OHAa MOCTpOEHa C y4eToM MHorojeTHero Poccuiickoro
OTbITa, HAKOIUIEHHOTO B SIIEPHOM PHEPreTHKe, HauWHas OT MPOU3BOJICTBA 3JIEKTPOIHEPTUU O
UCTIOJB30BaHUSI B MOPCKOM (pJloTe M B KOCMHUYECKHX HCCIEIOBaHMAX. POCTOBCKHE peaKkTOpHI
AQHAJIOTMYHBI YEThIpeM Ha balakoBCKOM aTOMHOM 3JIEKTPOCTAHIIMM M HECKOJbKUM B BocTouHOM
EBpomne: maromy u mecromy sHeprodiokam B Kosnonye (bonrapusi), mepBomy 3HeproOJioKy B
Temenune (Yemckas pecnybnuka), SHepro0iokamM B XMeEIbHHIIKE, POBHO U IIeCTH
3anopokxckuM Ha YKpauHe. BMecTe OHHM MHOrO JieT 06e30IacHO AKCIUTyaTUPYIOTCS, HAYMHAS C
1985 rona.

Kuura "Snepnoe snexkrpuyectBo" 0000IIaeT TakoW OMBIT B 00jiee MIUPOKOM MHPOBOM
KOHTEKCTE M COAEPX UT MHOTO CBEACHHMH O TOM, Kak pabOTaeT peakTop, Kak yTHIU3UPYIOTCS
OTXOJIbI, YTO TaKOE paaualus U 6€30MaCHOCTb, KaK PEIIaloTCsl IPOoOIeMbl OXpaHbl OKPYKAIOIICH
cpenpl. [IpouTss 3Ty KHHUTy, BBl MOHMeETe, MOYEMY TIHIATEIBLHO pa3paboTaHHbIE U JOJIKHBIM
0o0pa3oM yIpaBisieMble SIEPHBIC PEAKTOPHI SBIAIOTCA XOPOIIMMHU COCEISIMH, B OTJIMYHE OT
TPA3HBIX MHYCTPUAIBHBIX 00BEKTOB MPOILIBIX CTOJIETHA.

baarogapuoctu

B omnuume or 4-ro u3maHus, KHUra BKJIIOYAaeT B ce0sl CYIIECTBEHHBIM BKIJIAJ
coTpyaHukoB Koprnopanuu "Atomuas sHeprusi Kanamel" (AEC Ltd.), koTopbie 3HAYUTEIHHO
MIOMOTJIM B Pa3BUTHHM 0Oo0Jiee IIMPOKOro MOJAX0/Aa K TeME W B HANMCAHUM HECKOJBKUX TJIaB.
Jlebopa bmakcTtoH koopauHupoBaia 3Ty pabory. Muorue corpynHuku AEC Ltd. momorim
MIPOBEPUTH HEKOTOPBIE pa3fiesibl KHUTM M BHECIM CYLIECTBEHHBIH BKJIaJ B 0OECIEUYEHUE WX
TOYHOCTH U 3aKOHUEHHOCTU. VM 51 oueHb GiaroapeH 3a oka3aHHYIO IOMOIIlb, KaK B MOJTOTOBKE
JTAHHOM KHUTH, TaK M B COACUCTBMHM (YHKIMOHHPOBAHUS YPaHOBOTO HH(POPMALMOHHOTO
LEHTpA.

An I'op-Jleccn

['enepanbHbIil AUpeKTOp Y paHOBOr0 HHPOPMAIIMOHHOTO IIeHTpa, MenbOypH, ABCTpaus
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006 ABTOpE

SAu  Top-Jleccu, Ouomor, c¢ 1995 roma I'eHepanbHbIi AupekTOp YpaHOBOrO
Nudpopmammonnoro Llentpa. OH MOCETHI MHOXECTBO SIIEPHBIX PEAKTOPOB M ILIEHTPOB IIO
nepepabOTKe M XPAaHEHMIO SACPHOrO TOIUIMBA B  HECKOJBKMX CTpaHax, BKIIOYas
nepepabarbiBatoniue 3aBoJpl BenukoOpuranuu, [lBenckue xpanwinma u  @paHily3ckue
oboratutenbHble PabpuKy.

B 1974 romy Kkak y4YeHbII OKOJOI Hayal U3y4YeHHE TOpPHOA0OBIBAOIIEH
MIPOMBIIIICHHOCTH U TMOJIyYMJI HEKOTOPOE 3HAKOMCTBO C J100bIuel M MpOM3BOACTBOM ypaHa. C
1988 mo 1993 Hanwmcan HECKOJIBKO KHHT 110 KOJIOTHH ¥ TOPHOJ00BIBAIOIICH MTPOMBIIITICHHOCTH.

HayuHble uHTEpechl cOCpe0TOUEHBI B cepe MCIOJIb30BaHUs IPUPOJHBIX pecypcoB (OT
TEXHUYECKUX JI0 3TUYECKUX U TEOJOTUYECKUX ACIIEKTOB).

Bbonee pannue m3nanus 3Tol KHUTU HamucaHbel BMecTe PoHom XoyOepu. Pon XoybGepu
UHXEHEpP XUMUK, HbIHE IEHCUOHED, MIPOBEJ BOCEMb JIET Ha CIY’K0€e B ABCTpaIUNHCKON KOMUCCUH
IO SIIEPHOM PHEPIHH.

IIpeauncioBue K HIeCTOMY U31AHUIO

B Tedenue mepBeIX mATUASCATH JeT 20-T0 CTOJETHS CTPATETHYECKHUE PEIICHHSI, KOTOPhIS
MPUHUMAIK BIACTH B Pa3HBIX CTpaHaX, ObLIM CPAaBHUTEIHHO MPSMBIMH M MPOCThIMU. CeroaHs
MHOTHE (DaKTOPBI, BKIIOYAs TOSBIICHUE HOBBIX TEXHOJOTHH, POCT UYHCICHHOCTH HACEICHWUS,
cBoOOMa TMEepeMellleHus, HCIONb30BaHUE TJIOOANBHBIX CPEICTB CBS3U, CHEJalld BOMPOCHI
MIPUHSITHS )KU3HEHHO BKHBIX I OOIIECTBA PENICHUI HAMHOTO 00JIee CIIOKHBIMHU.

[Tpon3BOACTBO M UCHOIB30BAaHUE YHEPTUU BO BCeX CBOMX (popmax TpeOyeT cepbe3HOro
HAay4YHOI'0 MOHMMaHHus. Pelenue cneqoBath TOM WIM MHOM SHEPreTUYECKON MOJTUTUKE TPUBOIUT
K OINpEeNEeJICHHBIM COIMATbHBIM M SKOJOTHYECKHM IOCIEICTBUSIM. BO MHOTMX ciydasx 3TH
MTOCIICJICTBHS TPYAHBI IS PEACKA3aHUH M MOTYT IPUBOIUTH K IIPOTHBOPEYUSM B OOIIECTRBE.

HNMenHo memaroru HeCyT OTBETCTBEHHOCTh 3a MH(GOPMHUPOBAHHOCTH MOIIOJBIX JIOJAEH
OTHOCUTEIILHO TOHMMAHHUS TPHYUH OTUX NPOTUBOPEYHA C OSKOHOMHYECKOW, HAy4YHOH U
couuanbHOW TOYKKM 3peHus. CTyneHTaM HYy)XHO JlaBaThb BO3MOXKHOCTb  B3BEIIMBATh
MIPOTHUBOTIONIOKHBIC TOYKU 3peHUs s (popMHpoBaHUS WX COOCTBEHHOTO MHEHHUS Ha OCHOBE
BCECTOPOHHETO MOHUMAaHHUSI IPEAMETA.

bonee pannue wusmanus kuuru "'Aoepnoe Inekmpuuecmeo' copepKar TMOJE3HBIC
JaHHBIE W CCBUIKU O SIEPHON DHEpPreThKe, 0 APYTUX CIOco0axX MPOU3BOACTBA AIEKTPUUECKOM
SHEPrUM W O BO3JCHCTBUHM Ha OKPYXKAIIYI0 CpPeay adbTCPHATUBHBIX HCTOYHUKOB
ANEKTPOIHEPTUH.

[llecroe wu3manue «uuru "fAoepnoe Inekmpuuecmeo' TIPONOIKAET OCHOBHYIO
KOHIENIUIO MPEABLAYIINX U3IaHUN U BKIIOYaeT B ce0si 0oliee COBPEMEHHBIE JaHHbBIE U CCHUIKH.
Kaura Oyper mHTepecHa BCeM, OCOOCHHO YUYEHBIM, TEJaroraM M HAIIUM MOJOJBIM JTFOISIM,
KOTOPBIM  TPEICTOUT CTPOUTH obmecTtBo 21-oro cromertus. OHU  JOMKHBI  OBITH
HEnpeayOe)KICHHBIMU U XOPOIIO WH()OPMHPOBAHHBIMH O BCEX CIIOPHBIX MpoOieMax. ITo
MOMOXET OyAyIINM MOKOJIEHUSIM OBITh XOPOIIO MOATOTOBIEHHBIMU I JTy4Iliel 3a00ThI 0 cpeze
CBOETO OOWTaHUSA U O cede.

M. Koasuiia

[Ipesunent
ABCTpanuiCKON HayqYHOW acCOLMALNN yUUTEIeH
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BBEJAEHUE

EnuHCTBEHHOE MCIOIB30BAHUE HEOPYKEHHOTO ypaHa OCYILECTBIIACTCS JIUIIb B MOIIHBIX
AIEPHBIX peakTopax. Bo BceM wmupe ceromHs skcruryatupyrorcss 6onee 1000 saepHBIX
PEaKTOpOB:

e [IpubmmsurtensHo 280 ManbIX peakKTOPOB MCHONB3YIOTCS AJIS HAYYHBIX MCCIICIOBAaHUN H
MIPpOU3BOACTBA U30TOMOB I MCIUIWHBI U ITPOMBIIIJICHHOCTH. *

e bonee 400 peakTopoB NpUBOAAT B J[BHKEHHE MOPCKUE CyJAa, TJaBHBIM 0Opa3om,
aTOMHBIE TIOIBO/THBIC JIOJIKH.

e bonee 430 MOIIHBIX PEAKTOPOB HCHOIB3YIOTCS ISl TPOM3BOJICTBA 3JIEKTPOIHEPTHH.

* ABCTpalisi UMEET TOJBKO OJMH HCCIICHOBATCIBCKUI NEHCTBYIOMNN peakTop, KOTOphId Oyaer 3ameHeH B 2005
rony. Kanana umeeT HECKOJIBKO MalIbIX MCCIIEIOBATENbCKUX PEAKTOPOB B YHHBEPCUTETAX U JIBa MAJIBIX PEeaKkTopa,
MpeHa3HaYeHHBIX JIJIs1 POU3BOICTBA U30TOMOB, KOTOPBIE HAXOASTCS B CTaJUN CTPOUTEIHCTBA.

@akTU4YECKM BECh ypaH, MPOU3BOJUMBIA  CErojHs, UAET HAa MPOU3BOACTBO
UIEKTPOIHEPTUN  (XOTs HE3HAUUTENBHOE €ro KOJIMYECTBO MCIIONAB3yeTCS Ui  CO3JIaHMs
paaroun3oTomnoB). Ero nucnoiap3oBaHue B 3TUX LEISAX YK€ KOHKYPHUPYET C YIJIEM U C MIPUPOJHBIM
ra3oMm.

Bbonee uem 3a 40 nocnenHUX JIET siAepHAs SJHEPTHsl cTajga OJHUM U3 IIIaBHBIM HCTOYHUKOB
anekTpodHeprun B Mupe. Celyac BKIJIAJ SOEPHOM HSHEPreTMKM B MHUPOBOE IPOU3BOJCTBO
AEKTPO’HEPTHHM COCTaBIsieT 16 MPOIEHTOB, YTO HKBUBAJEHTHO IOJIHOMY IPOU3BOJCTBY
3JEKTpO3HEeprun "TpuHaauateio ABTpanusamu" win "marteio Kanamamu". flnepnas sHeprus
MOXET BHECTH BKJIAJ X HAMHOTO OOJBIINHA, OCOOEHHO €CIIH 10 SKOJOTHYECKUM COOOpaKCHUAM
oHa OyneT mpHU3HAHA SKOHOMUYECKM Ooyiee BBITOAHOM U OSTHUYECKH JKeNaTesJbHOW. A
ABcrpanuiickuii 1 Kananckuil ypan OyaeT HeoOXoauM JUIsl TOTO, YTOObI CHA0XaTh TOILIMBOM
4acTh 3TOI'0 MUPOBOT'O MTPOU3BOICTBA 3JIECKTPOIHEPTUH.

/lebamur 60Kpyz ypana, A0epHOil IHEPZEMUKU U UHBIX CHOCOOO6 NPOU3BOOCHEA
INEKMPOIHEPSUU 2080PAM HAM O MOM, YMO HU OOUH U3 HUX He 00X00UmCcs Oe3 HeKOmopo2zo
PUCKa uiu no6oYHbIX IPPhexkmos

ITocne nepBoro u3ganus 3Toi KHUTM B 1978 MHOrMe M3 ONTUMUCTHYECKUX MPOTHO30B
OTHOCHUTEIIFHO  QJbTEPHATHUBHBIX  HCTOYHMKOB  JHEPTUM  OKa3aJUCh  COBEPIICHHO
HEPEATUCTUUHBIMU (TaKXX€ KaK M HEKOTOpbIE IMPOTHO3bl OTHOCUTENIBHO SAEPHOM SHEpPrun).
OnHako, BaKHO TMOHATH, YTO BO3BpAIICHUE K ACWCTBUTEIBHOCTH HE JOJDKHO TNPHBECTH K UX
[IOJTHOMY NpPEHEOpPEeKEeHUI0. AJIbTEpPHATUBHBIE WCTOYHMKH HHEPIUU JIOJDKHBI M JlaJyIblile
WCCIIEZIOBAThCSI M TPHUMEHSATHCS Tam, TJE€ OHH COOTBETCTBYIOT CBOEMY Ha3HaueHWio. B
0COOCHHOCTH 00JbIION 3(h(HEeKT MOXKEeT OBITh JOCTUTHYT MPHU MPABHIBHOM COTJIACcOBAHUU
pacrosiokeHus, Macmrada ¥ TePMOAMHAMHUYECKUX XapaKTEPHCTUK HCTOYHHKOB SHEPTHH CO
creun(UYecKUMU 3HEPreTHYECKUMH NOoTpeOHOCTAM. Takue NecTBUS NOJKHBI MUMETh Ooljee
BBICOKUH TPUOPHUTET 10 CPABHEHHIO C MPSMBIM YBEITHMUECHHEM MPOM3BOJICTBA "BRICOKOCOPTHON"
JIEKTPOIHEPIUHU B YCIOBUSX, TJi€ TpeOyeTcs TONBKO "HU3KOCOPTHAsA" TEIUIOTA..

Besikuit pa3, xoraa Bompoc 00 HCIOJIB30BAHUU SIIEPHON SHEPIMM BO3HHUKAET BHOBb,
MOSIBJIIFOTCS TAKUE, KTO JKesaj Obl IOMECTUTh JKMHA 00paTHO B OYTBHUIKY UM BEPHYTHCS K JIOXE
"no snepHoi HeBMHHOCTHU'". Takue HaACTPOEHUs CTAHOBSTCS NMpeoOialaloluMu U B ABCTpalIUH,
MIOTOMY YTO 3Ta CTPaHa HUKOTJA HE MCIIONb30Balla SAEPHYIO SHEPruro. ABCTpausi, BEPOSTHO,
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€MHCTBEHHAsl Pa3BUTasl CTpaHa, B KOTOPOMW, >KUTEIM HE MOJY4yaroT HUKAKOH J10yu "depHOro
anekTpuyectsa”. 3ameTuM, yTo PpaHLuUs BbIpabaThIBaeT 75 MPOLIEHTOB BCEH 3JIEKTPOIHEPTHU
TOJILKO 3a CHET CBOEM SJEpPHOM DSHEPreTUKU. IDTO CaMblil KpYyHHBIH B MHpPE HKCHOPTEP
JIEKTPO3HEPIUH, NOJYYaIOUI MOYTH MATh MUJUIMAPAOB AOJUIAPOB B IOJl OT TAKOTO 3KCIOPTA.
ITo cocenctBy - Wtanus, ogHa W3 WHAYCTPUAIBHBIX CTpaH 0e€3 Kakux-Iu00 padoTarommx
aTOMHBIX JIEKTPOCTAHLMN. DTO caMblii KPYIHbIM B MUpE UMIIOPTEP 3JIEKTPOIHEPTHH, OOJIbIIAs
4acTh KOTOPOH nocrymnaer u3 Opanuun.

Becy Abcrpamuiickuii 1 Kanaznckuil ypaH NpogaeTcsi UCKIOYMTEIBHO Ha MHUPHOE
WCIOJIb30BaHKE, MPEUMYIIECTBEHHO AJIsi MPOU3BOJCTBA 3JIeKTpodHepruu. Hudero He uaer Ha
M3TOTOBJICHHE OPYKHUS - 3TO FapaHTHPOBAHHO MEXTyHAPOIHBIMH MEpaMu O€30IMacHOCTH.

W g Haneroch, 4TO HAIIM CIEAYIOIIME MOKOJEHUsI OyIyT CMOTPETh Ha SJEPHOE OpYKHE
CKOpee Kak Ha HayalbHyio "OoJe3Hb pocTa" sIEpHOTO BEKa, YeM Kak Ha TJIABHYIO €ro
XapaKTEPUCTUKY (YTO OBLIO XapaKTEPHO 11 OPOH30BOTO U KEJIE3HOTO BEKOB).

[Ipu HamucaHWM ATOM KHUTH OBLTH MPEANPUHATHI 3HAYUTEILHBIC YCHUIINS, YTOOBI y4eCTh
BCE MHOro00Opa3ue COBpPEMEHHOH HMH(OpMalUK O MPOU3BOACTBE INEKTPOIHEPTHH C ITOMOILBIO
SIIEPHBIX YCTaHOBOK. [IprBOIMMBIC B KHHUTE TAaHHBIC M UG PHI SBISIOTCS OOIICTPU3HAHHBIMU, U
0000IIEeHNsT HE HapyLIaloT CTPOTOCTH HAIIero HcciaeAoBaHusd. Uurtarenb HE YBUAWT Ha
CTpaHHUI[aX MHOTHX M3 YacTO MOBTOPSEMBIX YTBEPKICHUN CTOPOHHUKOB WM MPOTUBHUKOB
SAIEPHON SHepreTuku. B kHure Mel He OyneM oOCyKIaTh U couuanbHble mpobiaembl. HaunHas ¢
NIEPBOTO W3JaHHs, HAMEPEHHE aBTOPOB COCTOSJIO B TOM, YTOOBI OTOMTH OT CHOPOB, OT
MpenB3sATOro moadopa apryMeHTOB, a MpPEICTaBUTh TOJbKO (AKThl OTHOCHUTEIHHO
HHEPreTUUECKUX NOTPeOHOCTEH YeaoBeYecTBa U KaK OHM MOTYT YIOBJIETBOPATHCS, B TOM YHCIIE
U sanepHOl 2Heprueld. TekcT ObUI TMOJTHOCTHIO TPOBEPEH DKCIEPTaMHU, KOTOpPHIE HECYT
OTBETCTBEHHOCTD Iepe]] 00IIEeCTBOM 3a CBOM npodeccronanu3M. UeTBepToe U3AaHNEe KHUTH IS
ITKOJI ¥ HAaceJIeHus ObLJIO TOJTOTOBJICHO B paMKax COBMECTHOM ABcTpanuiickor m Kanaackoit
MHULMATUBBI U 3TO COTPYIHUYECTBO MPOJOJIKAETCS 10 CUX IIOp.
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Mb1 HE MOXKEM HEOIrpaHUYCHHO HCIIOJIB30BaTh OPraHU4Y€CKOE TOIINIMBO C TAKUM TEMIIOM, KaK MBI J€J1a€M
9TO CCTOaHA.

Kaxnplii crocod mpou3BojAcTBa UM NPeoOpa3oBaHUs SHEPrUM OKa3bIBAaeT BIUSHHE HA
OKPY’KAIOIIYIO Cpely M HECET ONpPEACIICHHbIE PUCKHU. SIepHas SHEpreTuka He MCKIOYEHUE, HO
€€ BJIMSHHUE YacTO HENPABUIBHO MCTOJIKOBBIBAETCS, a PUCKHM W3JMILIHE 3aBbILIAIOTCA. SnepHas
SHEPrusi ocTaeTcsi 6€30MacHbIM, JOCTYITHBIM M 3 KOHOMUYHBIM HCTOYHHUKOM AJIEKTPOIHEPTUH.

Hacrosiiee 6-oe wu3maHuMe 3TOM KHHUIM BBIXOAMT B TO BpeEMs, KOIJa HapacTaeT
OECIOKONCTBO 3a HEMpPEpBIBHOE 3arpsi3HEHUE Cpenbl, YCWIMBAeTCs HEIOBEpHE K Hayke U
TEXHUKE, "JIeMOHH3UpyeTcs" saepHas dHEepreThka. JTo OeCHOKOHCTBO 00YCIOBICHO C OJHOM
CTOPOHBI  TMOSBISIOLIUMUCS  JI0Ka3aTeIbCTBAMHU  YBEIMYEHHUs TJI00aJbHBIX TEMIIEparyp,
BBI3BAaHHBIX C)KUTAHHEM OPIraHWYECKOTO TOIUIMBA, a C APYro CTOPOHBI - YepHOOBUILCKOM
katactpodoi 1986 roga. Bo BBeieHnn k mepBoMy M3AaHUIO 3TOW KHUTH B 1970-BIX BBIpAKaIOCh
MHEHHE, 4YTO, €CIM OOJNbIINEe YCHIUS HaNpaBIsITh B oOecriedeHne Oe30MacHOCTH W
3¢ (HEeKTUBHOCTH KOMMEPYECKOW SIIEpHOW DSHEPreTUKH, M, COOTBETCTBEHHO, MEHBIINE B
UCOJIOTUYECKHE CPAaXKECHHUsI C TEMH, KTO Kesaa Obl BUAETh MHp 0e3 Hee, MUPOBOE COOOIIECTBO
3HAYUTENbHO BbIUTpanio Obl MaTepuanbHO. [locne Tparuueckoro ombiTa YepHOOBUIE H
MOCTICIOBABIINX CYIIECTBEHHBIX HM3MEHEHHUH B OLIEHKE OE30MacHOCTH SACPHBIX OOBEKTOB,
MOSIBUBIIMXCS CETOAHS BO3MOYKHOCTSX PEUMPKYJSLHUUA OPYKEWHOIO ypaHa ISl MPOU3BOJICTBA
AJIEKTPOIHEPI UM, KAXKETCS, YTO CErOJHs Mbl Haubosee OJIM3KU K TAKOMY COCTOSIHUIO JIell.

I'’TABA 1
UCIIOJIB30OBAHME SHEPI'MHU

1.1 DHeprus cerogns

Bcest notpebnsiemast sHEprusi MPUXOAUT K HaM, B KOHEYHOM CUeTe, WIIK OT COJTHIA WIIH U3
Henp 3emin. CoJHIIE COrpeBaeT Hally IUIAaHETy, CHa0XaeT TpeOyeMbIM CBETOM M TEIUIOM
pacTteHust s pocTta. B manexom mponuioM CoiHIIE TaKUM ke 00pa3oM cHa0»ayo Hally IUTaHeTy
sHeprueid. Jta sHEprust mpeoOpa3oBhIBANIACH B PACTEHMSA, MOAJIEPKUBANIA JKU3Hb JKUBOTHBIX.
bnarogaps sToMy MbI HOJy4yaeM CErofHs yroijib, He()Th U MPHUPOAHBIN Ta3a - TaKk Ha3bIBaeMbIe
OpTraHUYCCKUC TOINIMBHBIC PECYPCHI, OT KOTOPBIX CYIICCTBCHHO 3aBUCUT HAllla IUBUJIN3al .

EnuHCTBEeHHBIM ~ albTEpHATUBHBIA ~ HMCTOYHMK  SHEPrMM  HE  OpPraHUYECKOTO
MMPOUCXOKIACHUA, HaXO,Z[SIH_II/II\/JICSI B 3CMJIC, - 3TO 4TOMbI HCKOTOPBLIX B3JICMCHTOB, KOTOPBLIC
c(OpMHUPOBANIUCH 33JI0JITO JI0 TOSABIECHUS COJIHEYHOW cucTeMbl. OHHM HaxOIATCS CErofHs B
3eMHOU Kope *.

* Ypan, coaepKantuiics B 3eMHOM Kope, cHopMHUpOBAIICS TPUOIU3UTENBHO 6.5 MUJUTMAPAOB JIET Ha3al, ¥ €To
KOHIIeHTpanus B cpenHeM coctaisieT 0.14 %. Temnora oT paAnoaKTHBHOTO Paciiaa 3TOTO ypaHa CeroaHs
yIpPaBIsIeT MPOIECCAMU KOHBEKIIUU B 3MHOM KOpe.

KonnuecTtBo »Heprum Ha €IWHUIy Macchl aroMa 3aBUCUT OT pa3Mepa aToma:
MHUHMMAJIBHOE KOJHMYECTBO JHEPTrUM Ha E€IWHHUIY MAacChl COJIEPKHUTCS B aTOMax CpPEIHUX
pa3MepoB (TaKUX KakK yTIAEpOa U KHCIOpPO), B TO BpeMsl Kak OOJIbIlIee KOTHUECTBO COACPKUTCS B
MaJIbIX aTOMax (TaKuX Kak BOAOPOJ]) WK OONBIINX (TAaKMX KaK ypaH). DHEPTUs MOITOMY MOXKET
OBITH MOTy4YeHa JHOO0 MyTeM COEIMHEHUS! MallbIX aTOMOB B aTOMBI CPEIHUX pa3MepoB (CHHTE3),
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1100 TyTeM JelIeHUs OOJIBIIUX aTOMOB Ha aTOMBI CPETHUX pa3MepoB (pacuierieHue). OcBocHHE
YeJIOBEYECTBOM DJHEPIUM CHHTE3a WM JHEPrHH pACUICIUICHHUs SBISETCS OAHMM U3 Haumbosee
BKHBIX IOCTHKEHUH MOCIIETHETO CTOJICTHS.

Haunnas ¢ 1970-pix rO70B, OBIJIO MHOTO HANHMCaHO O HAABHUTAOIIEMCS "MHUPOBOM
SHEPreTUUEeCKOM KpHu3uce", KOTOpbI OOBIYHO CBS3BIBAIOT C KPU3UCOM He(dTenoObiBaromiei
MpoMBIIIIeHHOCTH. PrucyHok 1 Bo BBeneHnun oueHp HariasAHO UIUTIOCTPUPYET BaKHOE 3HAYCHHE
COXPAHEHHUS MCKOMAEMBIX TOIUTMBHBIX PECYPCOB IS OyAyIIMX TTOKOJICHHM.

Xomsa ¢ 1970-b1x 20008 u nPo6OOUMCA NOJTUMUKA COXPAHEHUSA NPUPOOHBIX 3ANACO8
colpoil Heghmu, mem He menee, nem uepes 50 ece pecypcvl opeaHuuecK020 MONIUEaA Kpome
yena Oyoym ucuepnamvl. Y201b K momy epemeHu 3ailmem My dce po.ib, KAKylo Hegmb
3aHUMaem ce200Hs, 0COOEHHO 6 Kauecmee YeHHO20 XUMUUECKO20 CbIPbA.

Bosnblioe 3HaueHNe COXpaHEHHUs] OPraHMYECKUMX MCTOYHUKOB SHEPrUM OYEBUIHO JaXe B
o0nacTsaxX, e MoKa MX HCHOJb30BAHME IOCTAaTOYHO JemnieBo. llocTenmeHHoe BBIpaBHHUBaHHE
SHEPreTUYECKUX MNOTPeOHOCTEH B Pa3BUTBHIX CTpaHaX 3a IOCIEAHEE NECIATUIIETUE SIBISAETCS
pe3ysnbTaToOM  yBEJIMYEHMs]  IPOM3BOACTBA  dHepruu. OpHAKO, HENPEPHIBHBIM  pOCT
SHEPreTUYECKUX 3allpOCOB B PA3BUBAIOLIMXCS CTPaHaX IIOCTOSHHO YBEIMYUBAECT PACXO]
IIPUPOHBIX PECYPCOB IIJIAHETHI, HECMOTPSI HA CTPEMJIEHHE K UX COXPaHEHHUIO.

MHorue 1101 B pa3BUBAIOLIMXCS CTPAHAX CTPEMSATCS K YPOBHIO JKU3HU, XapaKTEPHOMY
JUIsL pa3BUTHIX cTpaH. OCyLIECTBIEHUE 3TUX HAJEXK] 3aBUCHUT OT JOCTYIHOCTH 3HEPIETUYECKUX
pecypcoB. Poct HaceneHus 3eMIM  OT CErOJHSIIHETO YpPOBHS B 6 MWUIMApAOB K
nporuozupyemomy B 7.5 mmumapaoB B 2020 rogy 3HauMTENBHO YBEIHUYUT MOTPEOHOCTH B
SHEPIUH.

1.2 IloTpeGHOCTH B 3HEprUM

DHepreTHdeckue IMOTPEOHOCTH  HMHIYCTPHATIBHBIX CTPAaH  ONPENENAIOTCS  TpeMs
OCHOBHBIMH (pakTOpamu:

e KomMmMyHanbHOE X0341HCTBO U TOPrOBIIS
e [IpOMBIIIIEHHOCTD U CEIBCKOE XO3AUCTBO
e Tpaucnopr

Bo mHoOrmx crtpaHax Kaxjas W3 3TUX MO3UIUN COCTAaBISIET MPUMEPHO OJIHY TPETh BCEX
SHEPreTUYECKUX TOTPEOHOCTEH, XOTS pa3Mep KOMMYHAJIBHOTO IOTPEOJICHHS CYIIECTBEHHO
3aBUCHT OT KIMMAaTHYECKHX OCOOEHHOCTeH cTpaHbl. B ABcTpanuu, Hanmpumep, BHYTpPEHHHE
MOTPeOHOCTH OTHOCHUTENBHO Maibl, a B KaHaje HECKONbKO Oojbline M3-3a 0oJjiee XOJIOJHOTO
KJIMMaTa.

Bonee ompeneneHHO MOXXHO TOBOPUTH O CHEIHU(PHYECKHX MTOTPEOHOCTSIX, €CIU
YUUTHIBATh cleAytonue GakTophl:
e TpebOyetcs mu UIst CHAOKEHHSI TEIUIOM HACEJIEHUS M MIPOU3BOICTBEHHBIX MPOLIECCOB BOJIA
¢ Temnepatypoii 1o 110 "C.
e TpeOyercs nu Ay CHAOXKEHUS TEIUIOM HacelleHUs! U IPOU3BOACTBEHHBIX MPOILIECCOB BO/A
¢ Goee BBICOKOI TeMmepaTypoii (Gomee wem 110 C).

e KakoBbI MOTPEOHOCTH B OCBEIICHHH.

e KaxkoBo sHepronorpebieHue B MpOU3BOJCTBE.

e HackonbpKko pa3BuUT 00IIECTBEHHBIN M YaCTHBIA TPAHCTIOPT.
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HeKOTOpHe N3 HHUX  YIAOBJICTBOPAKOTCA

IIOCTaBKaMM

BHCKTqueCKOﬁ OHEPI'UH,

noTpeOHOCTH B KOTOPOW BO BCEM MHPE ITOCTOSHHO pacTeT (cM. Hipke paszen 2.1).

Taoauua 1.

IIpou3BoaCTBO 2JIEKTPOIHEPIUH

TepasarT yacel (TBT1y, nan muwuinapa kBra)

Temmnbl pocTa 3a
1987 1997 MmocJIeqHue NecATh
Jier
Bce crpansl, Bxomsmiue B "Opranu3aiuio ) 6232 8839 429,
HSKOHOMHUYECKOTO COTPYIHHUYECTBA U PA3BUTHSI
Bce ctpansl, He Bxogsiue B "Opranuzaiiiio ) 4368 5110 17 %
HSKOHOMHUYECKOTO COTPYIHHUYECTBA U PAa3BUTHSI
Bo Bcem Mmupe 10600 13949 32 %
Crtpanbl, He Bxoasmue B ""Opranuzaumnio
IKOHOMHUYECKOT0 COTPYAHUYECTBA U
pa3Butus'
Ctpansl 6p1BIIero CCCP 1660 1234 -17%
Adpuka 280 399 42 %
Jlatunckas Amepuka 542 688 27 %
Asus (uckirouast Kurait) 613 1053 72 %
Kurait 497 1163 134 %
bmmxuuii Boctok 197 366 86 %

1.3 IIpou3BOACTBO Y3HEPTUU

MHuoroo0pa3ue CyImecTBYIOIMX CEroJHs UCTOYHHKOB SHEPTHH MOXHO Pa3OUTh Ha TPU

OCHOBHBIC KaTCTIOpHHU:

e Bo3o0HOB/IsIeMble HCTOYHHKHU JHEPrUH: JPEBECUHA U HEKOTOPBIE 3€PHOBBIE KYJIBTYPHI,
MIPUTOJHBIE JUTSI TPOU3BOJICTBA, HAIPUMED, STUIIOBOTO CIIMPTA UIIM METaHOIA.

e HeBo300HOB/IsIeMble HCTOYHHUKH JSHEPruM: Yroib, a3 U He(pTh (OpraHuuecKue
TOIUIMBHBIE PECYpPChI), YpaH M TOpHUH (PHEpPrus pacuielyieHus), TPUTUN U JeiTepus

(aHeprus cuHTe3a) *.

e Bo300HOBIsIeMble eCTeCTBEHHbIE MCTOUHHMKH JHEPruMm: COJIHCYHas TCIUIOTa U CBET,
OHEPIUsA BETPA, SOHEPIUA OKCAHCKUX BOJIH, DOHCPIUA TCUCHUA PCK, TCOTCPMAIILHOC TCILIO,

OKCAHCKHUC TCMIICPATYPHBIC I'PATUCHTBI.

*Ecnu  peiitepuii (TsDKENBIA BOAOPOA) OyAeT KOrga-iu0o0 KCIOJB30BaH U PeasM3allii YCTOHYMBOM peakIuu
CHHTE3a, TO OOJIbIINE KOJMYECTBA TOTO DJIEMEHTa, HaXOJIIErocsi B MOPCKOH BOJiE, JENAOT €ro NpakTHYeCKH
0C3rpaHUYHBIM JHEPreTHYSCKUM pecypcoM. [loaToMy ero MoxKHO

UCTOYHUK PHEPTUH (CM. Takxke 2.4).

KJaccU(UIMPOBaTh Kak BO30OHOBISIEMBIN

OTH OCHOBHBIE OHEPTOMCTOYHUKHU ITO3BOJIAIOT IMOJIYy4YaTh CICAYIOINUE DOHCPIOHOCUTEIIN:

L4 9H€KTp03HCpFI/IH, KOTOpasa MOXKCT OBITE MoJiydyc€Ha OT MHOT'MX OCHOBHBLIX UCTOYHUKOB.
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e Bopopoa, KOTOpHI MOTYYaroT, TIAaBHBIM 00pa3oM, 3JIEKTPOJIU30M BOIBI.
e  DOTWIOBBIE CIUPTHI, IOJIy4aEMbIE U3 JIPEBECUHBI U IPYTUX PACTUTEIbHBIX MATEPUAIIOB.
e beH3uH ¥ ra3, KOTOpbIE MOTY4al0T U3 HEPTU U yIJIs.

Ha ceronnsmnuii 1eHp BaXHENIEE 3HAYCHHUE JJISI YEIIOBEYECTBA UMEET JIEKTPOIHEPTHS,
XOTS ¥ BOJIOPOJ UMEET MEePCIEeKTUBBI UTPaTh CYIIECTBEHHYIO POJIb B Oy IyILIEM.

MHorue sHepreTudeckre MoTpeOHOCTH MOTYT OBITh YJIOBIETBOPEHBI O0Jiee YeM OJHUM
BUJIOM dHeproHocutens. Hampumep, Terniaora MOXET MPOU3BOIUTHCS JUO0 ¢ TOMOIIBIO JHO0Tr0
OpPraHUYeCKOT0 TOIUIMBA, JHOO C TOMOIIBIO 3JIEKTPOIHEPTHH, JTHOO C TOMOUIBIO SHEPTHH
COJIHIIA. DHEPTOHOCUTENH ISl TpaHCTIopTa (O€H3MH, KEPOCUH U IIPOY.) MOXKET OBITh TIOJYYEH U3
HedTH WM ra3a. B OyayiieM, BO3MOXXHO, BOJIOPO/I 3[1€Ch 3aiiMET ITIaBHYIO POJIb.

DKOHOMHMYECKasl 1eecO000pa3HOCTh MOApPa3yMeBaeT, YTO HCTOYHHKM SHEPrUu TUIA
He(TH U ee MPOU3BOJHBIX MOJKHBI HE MCIOIB30BATHCS TaM, IJ€ OHH MOTYT OBITh 3aMEIICHBI
0o0J1e€ MOAXOAALIUM TOIUTMBOM.

OcHoBHBIE 3HepreTHueckue pecypcbl ABctpanuu v Kanaapl mokazansl B Tabnunax 2A u
2B. ABcTpanust nuMeeT OoNbIINe TPUPOIHBIC 3aMachl YIUIA U YpaHa, U HAMHOTO MEHbIIINE HEPTH
U ra3za. OT0 HaXOAHUT CBOE OTPa)KEHHE B TOPTOBIIE SHEPreTUUECKUMH pecypcaMu. O0e CTpaHBbI
UMIIOPTUPYIOT HEYTHh U AKCIOPTUPYIOT yroib U ypad. Kanana mmeer Oonbliine IpUpOJHBIE
3amachl ypaHa, KOTOPBI COCTaBIISIeT BAXKHYIO YacTh €€ IKCIOPTA, HapsAy C YIJIEM U Ta30M.

Tabanna 2A
JHepreTu4ecKoe CoOCTossHue ABCTpaIun™
( Heramxoyn - 10 '° Jixoyueit)

JKOHOMHUYECKHe o [P
pecypcbl 1997-78 Toprosias 1997-78
(1)
KamMeHHbI# yTob 1 323 000 1374 4 617 (3xcnopT)
Bypslii yroJb 398 000 630 2 (9KCTIOPT B OpHKETaX)
HedT1h 15 650 1 657 421 (umropr)
CoxMKeHHbIH
b T 4611 7 148 (skcmopT)
IIpupoaublii ra3 53 040 860 412 (skcmopr)
Ypaun
(11 IETKO-BOTHBIX 444 000 - 3 015 (sxcmopr)
€aKTOpOB)
I'mapossiekTpodHeprusi 56
peBecHHA U Mpoyee 226
Bcero 4810 8 615 (axcmopr)

*Tabuuia He BKIIOYAET OOJIBIIOE KOJIMYECTBO COJIHEYHOM 3HEpPIuH, MCIONB3yeMOW BHYTpU cTpanbl. Hampuwmep,
ABcTpanuiickas coyieBasi IIPOMBIIIEHHOCTh UcTonb3yeT npuonusutensHo 1000 I1/x B rog Ha MpOM3BOACTBO CONH
€CTECTBEHHBIM HMCHAPEHUEM BOBI, YTO COCTaBISET, IPUMEPHO, 2/3 BCEl HEpPruH, BhIpaOaTHIBAEMOW B CTpaHE C
ITOMOIIBI0 HEPTH.

Taoauua 2B

15




SIu Iop-Jleccn, "SnepHoe 3nexkTpuyecTso'

JHepreruyeckoe cocrossune Kananbi
( Heramroyn - 10 '° Jixoyieit)

JKOHOMHMYECKHE it e
pecypchl 1998 Toprosas 1998

(LK)
YroIL: aHTPALUT 1 120 000 517 (sKcrmopr)
OMTYMHHO3HBIH
YroJb: Bech 1271
Yroasn:
MOAOMTYMUHO3HBIH 1 76 000
VIMCHUT
Hed1b 53 200 4 098 1 832 (3xcnopr)
Ipupoanblii ra3 74 400 2 646 3 356 (’KkcmopT)
YpaH (a1 nerxo- 255 000 4 137 (okcropr)
BOJIHBIX PEAKTOPOB)
'Ypan (111 peakTopoB
CANDU) 332 000 780
I'napodiekTpoIHeprus 1 085 99 (akcmopr)

pyrue 569
Bcero 10 449 9 941 (skcmiopT)

1.4 3meHeHUs1 B JHEPronoTpedJieHMH ¥ JHEPTroNnpPoOu3BOACTBE

PacripenieneHHOCTh PHEPreTUUECKUX PECYPCOB Ha IJIAHETE O3HAYaeT, YTO C POCTOM HX
MOTpeOIIeHNs], YBEIUYUBACTCS U POJIb MEXTyHAPOIHOM TOPTOBIH B ATON chepe. DHepreTHuecKu
OeqHbIC CTPAaHbl CTAHOBSTCS 3aBUCUMBIMU OT ITOCTaBOK 3HEPrOHOCHUTENEH CTpaHaMHu, OOTaThIMU
sHepropecypcamu. M3-3a (QyHIaMEHTAJIbHOTO 3HAYEHUS SHEPruu JUIsi IKOHOMHUKH, TaKHe
CTPaHbI-UMIIOPTEPBl CTAHOBATCS YSI3BUMBIMU KaK C IOJIUTUYECKOM TaK U € 3KOHOMHUYECKOU
TOUYEK 3PEHUSL.

Harnsanas wumioctpanus 3TOTO - CyLIECTBEHHOE M3MeHeHue poiu Heptu. Jlo Hayana
1970-p1x  TOJOB MHOTHE CTpaHbl TPHUILIA K 3aBUCHMOCTH OT HMIIOpTa HedTH H3-3a €¢
OTHOCHUTEIILHO HU3KOU IIEHBI, 8 MUPOBOE TIPOU3BOACTBO HE()TH BBIPOCIIO BTpoe 3a nmepuoa ¢ 1960
o 1973 roxpl. BHe3anmHoOe, MOYTH YETHIPEXKPATHOE MOBBIIMICHHUE IIEH HA HEPTh IPHUBEIIO K TOMY,
gyro B 1979 roay paspasuics "HedrsHoi kpusuc". B pesynbrare, MupoBoe norpedienue HedTH
B 1986 romy ocramoch TakuMm ke, Kak U B 1973, HECMOTpS Ha CYIIECTBEHHOE YBEJIMYECHUE
MOJTHOTO 3Hepronorpednaenus B mupe. [IporHossl xe 1972 roma mpenckasblBaid JBOWHOE
yBeIUYCHUE MOTpeOIeHHs HeTH Yepe3 AecsTh JIeT (T.€. K Hadaimy 1980-b1x To10B).

SlnoHust, HampuMep, MMEeT He3HauuTeNlbHble COOCTBEHHbIE 3amachl yrisg, HepTu u
THIPOIHEPropecypcoB. ITO O3HAYAET, YTO 03 yBEIUYEHUS] UMIIOPTa HE(PTU OHA HE B COCTOSIHUU
MOKPBITH TPU YETBEPTH CBOMX MOTpeOHOCTel B sHeprun. Jaxe CILIA, umerone coOCTBEHHbIE
3amachl He()TH, CTAIKHUBAIOTCS C TPYAHOCTSIMH IO OIUIaTe UMIIOPTa HEOOXOAMMOIO KOJINYEeCTBa
He(TH, TOKPBIBAIOIIETO CHUYKEHUE COOCTBEHHOTO IPOU3BO/ICTBA.

[IpobGmembr ¢ 1ieHamMu Ha HedTh M ee mocTtaBkamu B 1970-bIX Togax CTUMYJIHPOBAIH
0oJiee aKTUBHOE MCIIOIb30BaHHUE APYTHUX SHEPreTHYECKUX PECYpPCOB:

e VBeauuuiach I[O6BI‘I3. YT 1 MEXKAYHApOAHAA TOPTOBJIS YIJTIEM JIA YaCTUYHOT'O
3aMCIICHUS NCITO0JIb30BaHUsA HG(l)TI/I.
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e  VBEJIWYMIICS UHTEPEC K MCIIOIB30BAaHMIO ACPHON SHEPTUU B SHEProAe(PUIUTHBIX
CTpaHax.

e Bo Bcex crpaHax cranu 0osiee BHUMATEIbHO pacCMaTpUBaTh BOIPOCH! CHUKEHUS
notpeOseHne SHeprum.

e bouee ceppe3Hoe BHUMAHUE CTAIH yIEIATh BO30OHOBIISIEMBIM HCTOYHUKAM SHEPTHH.

Otn TeHaeHuuu npojokuauck U B 1990-pix rogmax. Bo Bcem mupe mnpoucxonut
3HAYUTENbHOE CHMKEHHE 3Hepro3arpar B SKOHOMHKE. COKpaIlleHO UCIOJIb30BaHUE HEPTU JUIs
MIPOU3BOJICTBA 3JICKTPOIHEPTHH. YBEJINYMIIOCH UCIIOIB30BAaHUE MPUPOTHOTO Trasza. MckimoueHue
COCTaBWJIM JIMIIb HAAEkKAbl HEKOTOPBIX I'OCYJapCTB Ha BHECEHHUE CYIECTBEHHOIO BKJIaja B
MIPOU3BOJICTBO SHEPTUU OT BO3OOHOBIISIEMBIX HCTOUHUKOB.

CrnencTBueM TEHICHLUMH, MOPOKICHHBIX HEQTSIHBIM KPU3UCOM, SIBUJIOCH YMEHBILIECHUE
noTpeOsIeHNsl SHEPrHM Ha €IMHUILY BaJOBOTO HAIMOHAJIBbHOrO mMponaykTa Ha 1.3% B cTpaHax,
wieHax OECD (Opranuzanus 3KOHOMHUYECKOTO COTPYAHHYECTBA M pa3BUTHA), M 3TO, Kak
oXkujaeTcs, OyieT UMETh MECTO U Ui JPYTUX pa3BUBAIOLIMXCS CTpaHax B Oynymem. OnHako, B
TO JK€ CamMoOe€ BpeMs MOTpeOJIeHHE 3JIEKTPOIHEPrMM Ha €JUHMIly BaJOBOIO HAIMOHAJIBHOIO
MIPOAYKTa IOCTOSHHO PACTET, YTO OTPa)kaeT €€ MOCTOSIHHO BO3PAaCTaIOLIYIO POJIb MPAKTUYECKH
BO BCEX CTpaHax.

Ponv rnekmposnepeuu ygeniuvugeaemcss HOmMoMmy, 4Ymo OHA AGNAECHICA UPE3BbIUANHO
MOOUTbHBIM IHEP2OHOCUmMENEM, KOMOPBLIL MOJcem 0blmb NPOU3EE0eH NPU UCHOIb306AHUL
Camo2o paznuuHo20 moniuea, moicem Oblmy j1€2K0 00CHA6eH NOMpedumenam no JTUHUAM
anekmponepeoay. B nacmoawiee epema npouzeoocmeo rnekmpoinepzuu cocmaegusiem 40 %
Om npou3600cmea éceil IHEPZUU 6 Mupe.

DONEeKTpPO’HEPrusl YHUKAJIbHA C TOYKM 3pEHUS NPUBEIEHUS B JEHCTBUE MAIllUH U
MEXaHH3MOB, OCBEIECHUS MPEeANnpUsATHil U qomMoB. OHA HCTOIB3yeTCs AJIs MOTYUYCHHs TEeIia U
JUISL IPYTUX LENel, Tlie TPaJUulMOHHO HCIIONb3YIOTCS UHbIE allbTepHATUBHBIE cIOcOObI. C 01HOM
CTOPOHBI, MOXHO COTJIACUTBCS, UYTO BBUAY HU3KOW 3(PPEKTUBHOCTH MpEBpaIICHUS ITHOO0MH
sHeprun B anekTpuueckyto (KIIJI o6eruno 30-35 mpoleHTOB) HUCIOJIB30BAaHUE, HAMPUMED,
MPUPOJHOTO Ta3a MOJKHO OBITH OOJiee MPEeANnOYTUTEIbHBIM Be3Jle, TIe TPeOyeTcs MOoIydYeHHe
teria  (3¢G(EeKTUBHOCT B 3TOM ciy4ae BaBoe Ooibmie)*. C npyroil CTOpOHBI, MOXHO
COTJIACUTBCSA, YTO YPAHOBBIE U YTOJbHBIE PECYPCHl, KOTOPHIX HAMHOTO OOIbIIE Ta30BbIX,
JOJKHBI IPUMEHSITHCS BE3/IE€, TJI€ 3TO BO3MOXHO, U YTO UCIIOJIb30BAHUE MPOU3BEACHHOIO TAKUM
o0pa3oM SJeKTpHuYecTBa Ui TMOJNy4YeHHUs Teria Oyaer Oolee jKelmaTeNbHBIM, HECMOTpS Ha
OONBIINN pacxoJl TOIUIMBA. BOJBIIMHCTBO JIO/IEH CUMUTAIOT, YTO COJHIIE CaMblid OOMJIHHBIN
WCTOYHUK DHEPTUH B MHPE M C PaJOCThIO HCMHOJB30BAIM OBl €ro PHEPrHI0 HE TOJBKO IS
MOJIy4EHHUs TEIUla, HO U JJIs KPYNHOMAcIITaOHOIO IPOM3BOJCTBA 3JEKTpOIHEpruu. Bormpocsl,
CBSI3aHHBIE C MPEOOPAa30BAHMEM COJHEYHON DHEPTHU B AJIEKTPUUYECKYIO 0OCYX)AaroTcst Oolee
noipoOHoO B pazaene 2.4.

*[IpuHUMas BO BHHMaHHE BCIO LEMOYKY JHEPreTHUECKUX 3aTpaT, HayWHas OT NOOBIYM JI0 OKOHYATEIBHOIO
HCTIOJB30BAHUS, TOJy4YaeM, 4TO I(PQPEeKTHBHOCTh raza W HedTu mas mpomsBoicta terra (KII) cocraBuser
npubmmurensio 40-45 %. s cOBpeMEHHBIX Ta30BBIX I€Yel BBICOKON MIPOM3BOAWTEIHHOCTH 3TO 3HAYCHHE
YBEIMUYHMBACTCA 10 3HaUCHMH, 613KuX K 70 %, HO CHJIBHO 3aBHCHUT OT YAAJIEHHOCTH Ta30BBIX MECTOPOXKICHHH.

B cnepyromux rnaBax MOAPOOHO paccMaTpUBAIOTCS BOMPOCHI MOTPEOJICHUS U
MIPOU3BOJCTBA 3JIeKTpodHepruu. Ocoboe BHMMAHHE YHAENSETCS HCIONb30BAHHUIO SACPHOM
SHEPIuu il MPOU3BOJICTBA IEKTPo3HEprur. OCHOBHOE SJEPHOE TOILIMBO - 3TO YPaH - METaI,
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KOTOPBIA B HACTOSIIEE BpeMs HE HMEeT (AKTUYCCKH HHUKAKHX JIPYTHX TPAKIAHCKUX
npunoxkeHuid. OIHaKo, MPeXkIe 4YeM Mbl 00paTHUMCs K 3TOU TeMe, BaKHO O0OCYIUTh HEKOTOPHIC
BEpOSITHBIC OyIyIlMe TEHACHIMH B MHPOBOM D3HEPTrONPOU3BOJCTBE W SHEPromoTPeOICHUH
6osee moapoOHO.

1.5 DHepronoTpedIeHNe U Y HEPTONPOU3BOACTBO OYIyIIEr0

Kak MbI OyzneM yJIOBIETBOPSTH CBOM 3HEpreTHYecKHe MoTpedHocTH B OyaymeM? 31ech
HMEETCS] HEKOTOPast HEONPEEIEHHOCTD:

o [IpowsBoactBo HedTu OBLIO MakcuMalnbHbIM B 1979 romy u go 1994 roma He
BO3BPAIIAJIOCH K ATOMY ypOBHIO. M31epKKU MpPOM3BOJCTBA MO CYIIECTBY OCTAJIMCh HA
ypoBHe 1973 ropa. llena Ha HEQTHh B 3HAUUTENHHON CTENEHU 3aBUCUT OT MOJUTHYECKHUX
(hakTopoB.

e [Ipou3BOACTBO MPUPOIHOrO ras3a, MPU YBETUUMUBAIOIIUXCS CETOJIHS TEMIIaX, BEPOSTHO,
MpUOIU3UTCS K CBOEMY UKy B MHOTHX CTpaHax yepe3 mapy JeCATHUICTUH.

e 3aTpaThl Ha JOOBIUY YIJIS MOCTOSIHHO BO3PACTAalOT, & €0 HCIIOJIb30BAHHE MPHUBOJIUT K
MTOBBIIICHUIO TII00ATBHBIX TEMITEPATyp Ha TUTaHeTe (TTApHUKOBBIH A EKT).

e lmeercs HeonpeaeNeHHOCTh MO PealIn3alluy AAEPHBIX TPOrpPaMM BO MHOTHX CTpaHax.

e lMerTcss  CyHIECTBEHHBIE  OrpAaHUYEHHS B MPAKTUYECKOM  HCIOJIb30BAHHUU
BO30OHOBIISIEMBIX YHEPTETUYECKUX PECYPCOB,

e JlanbHelue BO3MOKHOCTH 3HEPTOCOEpEKEHHS OTPaHUYEHBI 0€3 paJiuKaIbHBIX [TEPEMEH
B 00pa3ze KHU3HU B Pa3BUTHIX CTpaHax, M (PaKTUYECKH HCYEPIaHbl B Pa3BUBAIOIIMXCS
CTpaHax.

Jlo nHauanma 1970-bIX roJ0B MHUPOBBbIE 3HEPreTHYECKUE MOTPEOHOCTH JIETKO U JIEIIEBO
YAOBJIETBOPSUIMCH HE()THIO U TPUPOTHBIM Ia30M BCSKHUI pa3, KOTJa SHEPronoTpedieHue UMeIno
TEHJICHIIMIO MPEBBINIATh SHEPronpou3BoAcTBO. OnHako, nocie 1973 roga, Koraa BO3HHUKIU
CEpbe3HbIE COMHEHHMS OTHOCHUTENIBbHO OeclpeleNbHOM JOCTYNMHOCTH He(pTH, MHOTHE
WHAYCTPUAILHBIE CTpaHbl CTaM pa3padaThiBaTh WHBIE CTPATETHU CBOETO  Pa3BUTHS,
MpeioJiararonife ropaso 0oJbliee UCIoJIb30BaHUE SJEPHOM SHEPTUH.

Pemenne Oynmymmx 3amad  JHEPrONPOM3BOJCTBA HAa OCHOBE  HCIOJIB30BaHUS
BO30OHOBJISIEMBIX HMCTOYHHMKOB HHEPTrUU OKA3aJOCh HENPaKTUYHBIM. X HEMOCTOSHHOCTD,
BBICOKast CTOMMOCTb, HEIOCTAaTOYHBIM YpPOBEHb TEXHOJOTMYECKOTO PA3BUTHUSA CYIIECTBEHHO
OTrpaHUYMBAET UX MOTEHLUAI.

HecMoTpss Ha Bce 3THM HEONPENEICHHOCTH, CTPATETMYECKOe IUIAHHPOBAHHE B cdepe
SHEProNpPOU3BOJICTBA JIOJDKHO 0OecreunBaTh Oyaynme noTpeOHOCTH. [ 3TOro riianupoBaHue
JNOJDKHO 0a3upoBaThCs HAa TEMIIaX NPUPOCTAa HACEICHHS, TEMIIAaX JKOHOMHUYECKOTO H
COLIMAJILHOTO Pa3BUTHUS U JOCTYITHOCTH SHEPrOpecypcoB (UTO KacaeTcs U UX LEH).

MupoBoe mOTpeOIeHHEe OJHEPruu  yCTOWYHMBO pPACcTeT Ha TMPOTHKEHUH MHOTHX
necsatunetuit. Jlake 1moclie BpPEMEHHOTO TIOBBIMICHHWs IileH Ha HehTh B 1973 Tomy wm
MOCIIEAYIOMIET0 SKOHOMHYECKOTO Claja, MHp MPOJOJDKACT WCIOIh30BaTh BCE OOJbIIEe
KOJIMUYECTBO HEPTUU KaXKIbIH IOl 1 MOXKHO 0KHMJIaTh, UTO Tak OyAeT U B OyaymieM. XOTs TeMIIbI
pocTa HUKOTa, IO-BUIUMOMY, He OyayT CTOJb K€ BBICOKH, Kak 70 1973 roma, oueBUIHO, YTO
SKOHOMHUYECKUN POCT MPOUCXOAUT B OONBIIMHCTBE HALUWA M yBEIMYEHHE SHEPronoTpeOIeHus
SIBJIIETCS. HEW30€KHOW YacThl0 3TOro pocrta. HacemeHue 3eMHOro miapa, Kak OXKHIAETCH,
nocturaer k 2020 romy 7.5 MWIIMApIOB, 4YTO TakXke OyJEeT CIOCOOCTBOBaTH POCTY
sHepromnoTpedneHus. beicTpo Bo3pacraroiye MOTpeOHOCTH B MUTHEBOU BOJIE BO MHOTHX YaCTSIX
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Hameil manetsl (Hampumep, B CeBepHoit Adpuke u crpanax I[lepcuackoro 3anmBa) TOIDKHBI
YIIOBJIETBOPATHCS Pa3BUTHEM ONPECHUTENIBHBIX CUCTEM, KOTOPbIE TAKXKE YBEJINYAT NOTPEOHOCTH
B DHEPTUHU.

PocT noTpebneHua IHEPrOMCTOUHHHOE B MHDE
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Ecnmu npuHATE Bee 3TH (aKTOpHl BO BHUMAHUE, TO OKAXXKETCS, YTO MHHUMAIIBHBIA POCT
sHepronorpebiieHust B Oyayuiem mupe Oyzaer cocraBiare 1.5 - 2.0 mpouenrta B rof. Jns
JOCTIDKEHHSI JTaKe TaKOTO YPOBHS €XKErOJHOrO pocTta TpeOyeTcss Kak pacIIupeHue
TPAaJULMOHHBIX CIIOCOOOB MPOM3BOJCTBA SHEPrMM, TaK U MPOJODKEHHE YCHIUH 1o
IHEProcOEPEeIKEHUI0 W yBeIWUeHUS A(H(OEKTHBHOCTH HCIOIL30BaHUs dHEpruu. [loBbITICHHE
3¢ (GEKTUBHOCTH HCIIOJIB30BAaHUSI SHEPTUU MO3BOJUT Ha OCHOBE CYIIECTBYIOUIMX pPECYpCOB
npon3BouTh ¢ OonbimmM KITJ mose3nyro paboTy, CBET M TEIUIOTY YeM 3TO OBUIO [0
HACTOSILIEr0 BPEMEHH.

Haunnas ¢ 1970-p1x romoB, SKOHOMHUYECKHE (aKTOPHl OTPaHUYMBAIH YHEPro3arpochl,
YTO NPUBENO K OEcCHpereICHTHOMY YBEIUYEHUIO 3(PPEKTUBHOCTH HCIOIb30BAHUS SHEPIHU B
MPOMBIIIJIEHHOCTH W TpaHCIOPTE, IO KpallHeHd Mepe, B CTpaHax, uJeHax OECD.
[Ipornosupyemoe notpebieHHe 3HEPrUM B ATUX CTpaHaX YBEJIMYMUTCS HE3HAUUTENBHO, B TO
BpeMs KaK, B Pa3BUBAIOIINXCS CTpaHaX, KaK OXKHUIAETCsI, OHO OyJIET pacTh OYeHb OBICTPO.

Ilompeobnenue 3’nekmposnepzuu  @o3pacmaem HAMHO20 Ovicmpee, Yem HNOHOE
Inepzonompeodnenue. Tam, Tre 3a niepuo ¢ 1980 mo 2020 roasl moTpebieHne BCE dHEPTUU
YIBOMUTCS, MOTPEOHOCTH B 3JEKTPOIHEPTHMM BO3PACTYT B TpH U OoJiee pas3a 3a TOT K€ CaMblii
nepuo/ (CpaBHUTE PUCYHKH 2 U 5).

B 1998 rony MupoBoii suepretuueckuii coBet (IASA) omy0imMkoBaiz NporHo3 MUPOBOTO
notpebienus snextposnepru Ha 2020 rog B 20000 TBT (14000 TBT B 1997 rony). IIporHos
ObUI clieJlaH Ha OCHOBE CETOAHSLIHUX MoJesiell MOTpeOJeHUsl SHEPruM M MPEAINOJIOKEHUS O
CPaBHUTEIBHO MEJUIEHHOM MPOTPECCE Pa3BUBAIOIIMXCS CTPaH (Ipyrue CLeHapuu pa3BUTHS TAlOT
3HaveHus ot 16000 1o 23000 TBT).

Byaymue BO3MOXHOCTH 3HEprocOepekeHusl CyIIECTBEHHO 3aBHUCST OT TOTO, B KaKOM
CEKTOpPE 3KOHOMHUKHM OHHM MCIOJIB3YIOTCS. TaM, TJe 3Heprus CyIIECTBEHHO MCIOJb3yeTcs B
WHAYCTPUAJIBHBIX Ipolleccax WJIM Ha TPAHCHOPTE, TIJaBHbIE IIAarM IO TOBBIIIECHUIO
3G GEKTUBHOCTH M CHIDKEHMIO 3aTpaT yke mpeanpuHAThl. Ho TaMm, rie sHepreTudeckue 3aTpathl
OTHOCHUTEJIbHO MEHEE CYIIECTBEHHbl (B KOMMYHAJIbHOM XO3SIIICTBE, Hampumep), HMEeTcs
HaMHOro  Oosibllle  BO3MOXKHOCTEH s JalbHEHIIEro  pa3BUTHUS ~ BO3MOXKHOCTEH
SHEPTrOCcOEPEIKECHHUS.

OHeprocOepexeHrue OueHb TPYIAHO NMPOrHO3UpoBaTh. st Oosnbliel ero 3¢pGeKTUBHOCTH
TpeOyeTCsl MOCTOSIHHBIA y4eT OyIyIIHX MepCreKTUB 0oJiee BRICOKUX YHEPreTUUECKHX 3arpar. B
OOJBLION CTENEeHM 3TO 3aBUCHUT OT 00pa3a *KHM3HH, KOTOpPBIH Bce Oosee U 0ojiee OpUEHTUPYETCS
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Ha ’HeprocoepekeHre. HecMoTpsi Ha moMyIIsIpHBIE WA OXpaHbl OKPYIKAIOMIEH Cpeibl, TOpasio
OOJBILINI IPUOPUTET B MUPE UMEIOT UAECH YIOOHOIO M KOM(OPTHOTO MPOKUBAHMSL.

Ta6auna 3
TennorBopHas cIOCOOHOCTH Pa3JINYHOIO TOIUIMBA M K03 puunenTsl BoiOpoca CO,
Tennomeopuasn &
Eounuywt | cooeprcanusn CO,
cnocoonocmep
yanepooa
Coipas HeTH 45-46 MJx/Kr 89 70-73
r/M]Jx
37-39 M JTx/n
LPG 49 M Jx/xr 81 59 r/M]Jlx
IIpupoanblii ra3 39 MJx/m 76 51 /M Ix
55 M JIx/kr
Kamennslii yroans (NSW u Qld) 21.5-30 M JI>x/KT 67 90 /M Ik
Kamennblii yroab (SA u WA) 13.5-19.5 M JIx/xr
KamMmeHHbBIIH yl"(l.]]b (Kanagckuii 270-305 MJTo/kr
OMTYMHHO3HBI)
KaMeHHbli yroyb SKaHaz{cxnﬁ 18 MJTk/kr
MOAOUTYMUHO3HbIH)
Bypblii yroJs (B cpeanem) 9.7 MJIx/kr 25
. 1.25
Bypsbiii yroas (Loy Yang) 8.15 MJIx/kr «r/kBT
peBecrHa (cyxasi) 16 M JI>x/KT 42 94 /M1
EcrecTBeHHBIN ypaH (B J1erko- 500 I JT/xcr ) )
BOJHBIX PeaKTOpPax)
EcrecTBeHHBIH ypaH (B J1erko-
BOAHBIX peakTopax ¢ U u Pu 650 I'Jx/xr - -
MOBTOPHOI'0 IIUKJIA)
EctectBennblii ypan (B8 CANDU) 650 I'Jx/xr - -
EcrtecTBeHHblil ypaH (B
peakTopax Ha OBICTPBIX 28000 ['JTx/xr - -
HEeNTPOHAX)
'Ypan, odoramenusiii 10 3.5 % (B 3900 T/ i i
VIErKO-BOJHBIX PeaKTOpPax)

I'JTABA 2
QJEKTPOSHEPI'UA CET'OJHA U 3ABTPA

2.1 Caopoc Ha 3JIEKTPO3HEPIrUI0

Crnpoc Ha  2JEKTPOIHEPTHI0O B HHAYCTPHAIBLHOM  OOINECTBE  ONPEaeiseTCs
MHOT000pa3ueM HCTOYHHUKOB €ro MOTPeOIeHUSs, BKITIOYAsl:
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IIpoMbILLIIEHHOCTH

- IpeANpUATHUS, padOoTaIOIIUE B HEIPEPHIBHOM pexknMe 24 yaca B CYTKH.

- mpeanpusATusi, padoraromue 8-10 9acoB 10 OYTHUM JTHSIM.

Toprosuo

- OoJIbIIast 9acTh MpeaIpUITHN, padoTaromux 1mo 10-15 yacoB B OyaHHE JHH.
OO0urecTBeHHBII TPAHCTIOPT

- paboTarouii B TEYEHUE THS U BEUEPOM.

JdoMa u KoOMMYHaJIbHOE X03AHCTBO

- OTOILJICHUE WU KOHIUITMOHUPOBAHKE, TJIABHBIM 00pa30M B T€UCHUE JAHS U BeUyepa.
- PUTOTOBJICHUE MUIIH (YTPOM B BEYEPOM).

- I3MEHEHHE YPOBHS MI0JIa4¥ BOJBI U TIOTEPH TEIlIa, OCOOCHHO B TEUCHHE HOYH.

Kak cnemyer w3 mepeuuclieHHBIX (PAKTOPOB, YPOBEHb MOTPEOJICHUS HIEKTPOIHEPTUU
KoJ1e0JeTcsl B TeUeHHE CYyTOK, B TEUEHHE HEAeNU M B TE€UCHHE CMEHBI CE30HOB. DTH KoJieOaHUs
pa3/IMYHbI B pa3HbIX palilOHaX, B Pa3HbIX CTPaHAX U 3aBUCAT KaK OT KJIMMATHUYECKUX YCIIOBUU,
TaKk U OT MHOTHX Jpyrux ¢akropoB. [IpumepHblii cpeaHe-cyTOUHBIH TpaduK HArpy3k JUis
ANEeKTpoceTei mokazad Ha Puc. 3. 3amerum, uTo 6a30Bas Harpy3Ka COCTaBISAET MPUOITU3UTEIHHO
60% OoT MakCHUMaNbHOM HAarpy3KH B T€YEHHE TUITUYHOTO OYHETO JTHS.

Coomeemcmeue peanvHoll 0a30600 NOMpeOHOCMU U KOIUUECMEA HENPEPLIGHO
RPOU36OOUMOIL IIEKMPOIHEPZUU - KNI0UEBO0U (haKkmop 6 1000il IHepeemuuecKoll cucmeme.
Kaotcovtit nompedumens 00151cen HA0EHCHO NOJIYYANL HEODXOOUMYIO eMy IIeKMPOIHEPSUID.

AHaNOTMYHO  ©XKEJHEBHBIM M  ©KCHEJCHbHBIM KOJNCOaHWAM B  MOTPEOICHUN
3JIEKTPOIHEPTUU CYIIECTBYIOT U3MEHEHHUS B KapTHHE MOTpedIeHus U3 roja B rof. [lostromy npu
MPOTHO3UPOBAHWU YPOBHS TOTpPEOJICHUS SJIEKTPOSHEPIMH Ha JecATHieTHs U  Ooljee,
HE00X0AMMO MTPUHUMATh BO BHUMaHUE Takue (GaKkTOPHI KakK:

e Ce3oHHbIE KOJIeOaHNs TOTPEOICHUSI, CBI3aHHbBIE, HATIPUMED, C JIETHUM
KOHJIMLIUOHUPOBAHUEM BO3]TyXa.

e [loCTOSIHHO YBETUYHMBAIOIIASICS ICKTpU(HUKAIHS 00IIEeCTBEHHOTO TPAHCTIOPTA.

e Bo3mokHas snekTpuduKanys 4acTHOTO TPAHCIIOPTA, UJIH €T0 MePeXo Ha BOJOPOIHOE
TOIUIMBO, TPOU3BOJUMOE C IIOMOIIBIO AIEKTPOJIU3A.

e lcnosb30BaHWE COJIHEUHOW JHEPTUHU, 3aMEHSIEMOM AJIEKTPOIHEPIUEN B TEUECHHE MEPUOI0B
HEOIaronpusATHON IMOTOIbI.

e Biusanue $pakTopoB, yBeIUUHBAIONINX HEMUKOBOE MOTPEOIECHUE STIEKTPOIHEPTUH.

o [lIpaktuyeckuit 3PeKT OT UCTIOTB30BAHUS IHEPrOCOEPEratONINX TEXHOIOTUH.

e Ilenecoobpa3zHoe HCTIONB30BAHHE MAIOTabAPUTHBIX BO30OHOBIISIEMBIX HCTOYHUKOB
3JIEKTPOIHEPTUU.

e [lorepu mpu reHepanuu U TPAHCTIOPTUPOBKE AIEKTPOIHEPTHH.

e lI3MmeHeHune MOTPEeOHOCTEH MPOMBIIIIICHHOCTH.

e Pa3BuTHe HOBBIX CIIOCOOOB MEpeAaUn IEKTPOIHEPTUN HA OONbIINE PACCTOSAHUSA (TISTHIECAT
aer Hazan pacctossHue B 600 kM OBUIO MaKCHMMAalbHO BO3MOXHBIM Al 3P EKTUBHOM
nepeaavyn dJICKTPOIHEPruu, a ¢ 1960-pIX HOBBIE TEXHOJIOTHH JIOMYCKAIOT yXKE Tepenavy
6omee yem Ha 2000 km).

Hexoropble n3 3THX (pakTOpOB BIMSIOT HA TOJHOE MOTPEOJICHUE JIEKTPOIHEPTHH, B TO
BpeMs KaK JpyTrHe ONpenesssioT OTHOCUTEIBHOE 3HaUYeHUE 0a3UCHOr0 NMOTpeOiIeHs.. DKOHOMHUKA
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TpeOyeT, 4TOOBl MOTPEOHOCTH B SHEPIHH YAOBJICTBOPSUIMCH, HACKOJIBKO 3TO BO3MOXKHO, W3
0a3MCHOr0 YPOBHS IPOU3BOJCTBA 3JIEKTPOIHEPTHH, C BO3ZMOMXKHBIM MOJKIIOUEHHUEM B HEKOTOPBIX
ClTydasix pe3epBHBIX BO3OOHOBIISIEMBIX HCTOUHUKOB.

2.2 CHalxxeHne YJIeKTpOIHepruei

N3-3a Oonpmux ¢Qaykryanmuid B MOTPeOJICHWM DIIEKTPOIHEPTUM B TEUEHHUE JIHS,
HE0OXOUMO HWMETh HECKOJbKO THUIOB JJIEKTPOCTAHIIMM, MOKPBHIBAIOMIMX Kak Oa3UCHbIE H
MIPOMEKYTOYHbIE, TaK M MUKOBBIE HArpys3ku. basucHble Harpy3kd OOBIYHO KOMIIEHCHUPYIOTCS
KPYHHBIMU 3JIEKTPOCTAHIMSIMH Ha YpPOBHE HUX HOMHUHAJIbHOW MOIIHOCTH. B ABcTpanuu,
HampuMep, 3TO TEIJIOBBIE 3JIEKTPOCTAHIMK, padOTarollde Ha OPraHMYeCKOM TOIUIMBE, B TO
Bpemsi kak B KaHaze 3T0 KOMOMHAIMsI aTOMHBIX AJIEKTPOCTAHLIUN, TUAPOAIEKTPOCTAHUUN U
TETUIOBBIX 3JIEKTpOCTaHIMi. CTaHIMU JUIs CHA0XKEHUS MPOMEKYTOUYHBIX M MHMKOBBIX Harpy30kK
JIOJKHBI BHIPABHUBATH OOIIIME HArPY3KU B CETHU MPU HECKOJIBKUX BKIIOYEHUSX B TEUEHHUE CYTOK.
JUist 3THX LeNel UCIOB3YI0TCS pa3IMyHbIe METOABI U yCTPOMCTBA, BKIIIOYAs Ta30Bble TYPOUHBI,
MapoBbIe KOTJIbI, paboTaronre Ha KUIKOM TOIUIMBE, TUApPodieKTpocTaHimu. O0opyaoBaHue JUis
KOMIIEHCAIIMM NTHKOBBIX HAarpy30K XapakTepU3yeTCsi HU3KOH CTOMMOCTBIO OCHOBHBIX CPEJIICTB, U
OTHOCHUTEJIHO BBICOKOM CTOMMOCTBHIO TomuBa. CTaHIMM ke A O0a3suCHOro CHaOKeHus
ANEKTPOIHEPTHE pa3padaThIBAIOTCS TakuM 00pa3oM, YTOOBI MUHHUMH3UPOBATH CTOUMOCTH
TOIUIMBA, A OTHOCHUTEIBHO BBICOKAs CTOMMOCTh OCHOBHBIX CpEICTB MOXET OBITh
CKOMIIEHCHpPOBaHa 10X0AAMHM OT IIPOU3BOJICTBA U IPOAAKU YIHEPTHH B TEUEHHE HECKOJIBKUX JIET.

CaMyio JemIeByIO0 JJIEKTPOIHEPTHIO MOTPEeOUTENh IOJydaeT B TOM cllydae, Korja
BO3pacTaHHE IUKOBOW HArpy3Kd OYEHb Majo, M YCTAaHOBUBIIMKCS Oa3HCHBIH YpOBEHb
noTpebyeHns JocTatodeH i OecnepeOONHBIX TMOCTaBOK dHepruu. OpjHako, Jrodas
JIEUCTBYIOIAsl CHCTEMa HHEPrOCHA0XKEHHUS JOJDKHA YUHMTHIBATH BO3MOXKHbBIE aBapUiHBIC H
npodunakTHyeckue OCTaHOBKU o00opynoBaHus. basucHble snekTpoctaHuun B Bukropuu
(ABcTpanusi), HalpuMep, COCTABIIAIOT OoJiee TMOJIOBMHBI BCEX T'€HEPHUPYIOIIUX MOIIHOCTEH H
MPOU3BOAT Oosiee 85 MPOIEHTOB IMOJTHOTO MPOM3BOACTBA 3JIEKTpodHepruu. [IpumepHo omHa
TPEThsl YaCThb I'€HEPUPYIOIMIMX MOIIHOCTEW HCIOJB3YETCs A KOMIIEHCAIlMM MPOMEKYTOUHBIX
Harpy30Kk B Te4eHHE CyTOK. [IMKOBble HArpy3ku KOMIIEHCUPYIOTCS MMEIOLUIUMCS HEOOJbIINM
pPE3epBOM HPHEPTUU B MOMEHTHI 3HAYUTEIHHOI'O YBEJIWYEHHUS MOTPEOJCHUS SJIEKTPOIHEPTHH.
Cucrema sHeprocHabxeHusi B BUKTOpUM JOCTaTOYHO TUIMYHA JUIsi MHOTHUX PAa3BHUTHIX CTpPaH.
CrouMocTh O00OPYZOBaHUS AJIEKTPOCTAHLMN IUKOBOW HArpy3Kd, THUIA Ta30BbIX TypOUH,
MIPUMEPHO B J[BA pa3a HUXKE CTOMMOCTU 0a30BbIX CTaHIM, padoTaromux Ha yrie. Kpome Toro,
TaKUe CTaHIIUH JTOCTATOYHO OBICTPO CTPOSTCS U BBOSATCA B KCIUTyaTanuto. OHAKO, CTOMMOCTb
ra3oBoro TOIUIMBA HAMHOTO JOpPOKE€ CTOMMOCTH yIJIS, 3aTpPayeHHOro0 Ha EIUHUILY
MIPOU3BEACHHOM SHepruu. Vcnonp30BaHNe COBPEMEHHBIX Ia30TYPOUHHBIX YCTAHOBOK, HMEIOIINX
0oJj1ee BBHICOKYIO 3(PPEKTUBHOCTD, MOKET YMEHBIIUTH 3TO paznuuue. B Mecrtax, rie mo3BoJsioT
reorpapuecKkue yCJIOBHsI MECTHOCTH, MOXHO CO3[aBaTh 3arachkl BOJBI B BOJOXPAHWIMIIAX H
WCIIOJIb30BaTh €€ JUIs MPOU3BOJICTBA AJIEKTPOIHEPTHH € MOMOIIBIO THAPOIIEKTPOCTAHIINM IS
KOMIICHCAITUH MMUKOBBIX Harpy3ok. CTOMMOCTb TaKUX CTAHIIMH MOXKET OBITh CTOJIb K€ HU3Ka KaK
U CTOMMOCTD 3JIEKTPOCTAHIIMM, UCTIONB3YIOMIUX [a30BO€ TOIUIMBO, a UX SKCIUTyaTalus MO3BOJIUT
YBEJIUYUTH MPOJIOJKUTEIBHOCTD BKJIaAa 0a30BbIX CTAHLUI B OOIIYIO HAarpy3Ky 3JEKTPHUUECKOM
CETH.
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MBT MukoBLIe HATPYIKK

MpoMexRyTOUHLIE HATPYIKH

Bazosan Harpyaka

Bpemn cyToK

Pucynok 3 I'paduk Harpy3ku Bukropnanckoii (ABcTpanus) 31eKTPOCeTH

I'padux Harpy3kum Bukropmanckoi (ABCTpaius) 3JIGKTPOCETH B TEUCHHE OJHOTO 3WUMHETO
Oynnero aHs. IlokazaHbl OTHOCHUTENIFHBIC BKJIAJbl MUKOBOH, NMPOMEXKYTOUYHOW M 0a30BOW HArpy3KH.
dopma KpHBOf 3aMETHO U3MEHSETCSl B COOTBETCTBUH C XapaKTEPOM MOTPEOICHUS SIEKTPOIHEPTUH: TUKU
OTpaXXaloT YBEIMYCHHE TIOTPEeOJICHWs B TeUeHHe MHS, CBSI3aHHOE C HEOOXOMUMBIM OTOIUICHHEM
TTOMEIICHUH. 3aMeTUM, YTO MpH Oa3ucHOM ToTpedsieHnn npuomm3uTenbHo B 4100 MeraBart, oOrmiee
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MIPOM3BOZICTBO AJIEKTPOIHEPTHH JOJDKHO HWMETh pe3epB, Mo KpaiiHed mepe, Ha 50 % Oombime 3TOH
BennuuHbL. [locieqHee MOXeT ObITh 00ECIICUCHO JTONOTHUTEIBHON IEKTPOCTAHITUCH C TPOMEKYTOUHON
3arpy3Koidl MOIIHOCTH WJIH PEryJIUPYEeMBbIM BBIXOJAOM MOIMHOCTH OCHOBHOW 3JIEKTPOCTAHIIHH.
MaxcuMmanbHbIe Harpy3Kd OOBIYHO KOMIEHCHPYIOTCS JTOTIOTHUTEIBHBIMH THIPO- WIH T'a30-TYpOUHHBIMA
reHeparopamu. KOHKypeHILIMsi Ha pBIHKE MPOU3BOAUTENEH 3JIEKTPOIHEPIrUU, HECOMHEHHO, MOXKET
CHOCOOCTBOBATh IMPHUHATHIO 0OJiee ONTUMAIBHBIX PEIICHUH TpPU  ONPEIEICHUH HEOO0XOIUMBIX
HCTOYHHUKOB JIOTIOTHATENBHOM SHEPTUH B MOMEHTHI ITUKOBBIX HArpy30K.

Pa3znuynblie crocoObl parioHaIbHOTO HUCIIOJIb30BAHUS 0a3MCHBIX 3JEKTPOCTAHIIMM aloT
UM BO3MOXHOCTH paboTaTh B COOTBETCTBUU C HAarpy3KOW B CETH, BapbHPYysS CBOIO BBIXOIHYIO
MOIIHOCTh. Kak W B JOpyrux oTpacisix MPOMBIIIJIEHHOCTH, B MPOU3BOJCTBE 3JIEKTPOIHEPTHH
JCHCTBYIOT CBOM DJKOHOMHYECKHE 3aKOHBL. bousbline mapoBble SHEProOJOKH YMEHBIIAIOT
ce0ecTOMMOCTh TPOU3BEICHHON 3JIEKTPOIHEPTUH, OCOOEHHO €CIM OHM HCIOJIB3YIOTCS Ha
68.31/ICHI>IX SJICKTPOCTAHIUAX. Nx MCCTOITOJIOKCHHUEC, KaK IIPaBUJIO, OIIPCACIACTCA B6JII/I3I/I
HMCTOYHUKOB TOIUIMBA U OXJIAXKJIAIOIIUX BOJ0eMOB. OHaKo, OOJIbLINE 3JIEKTPOCTAHIIUN TPEOYIOT
i uX 3((HEKTUBHON AKCIUTyaTalluH MPOTSHKEHHBIX JIMHUM TPaHCIIOPTHPOBKH 3JIEKTPOIHEPTHH
U BO3MOXHOCTEH ee mpeobOpaszoBanus. CienoBaTeabHO, UMEETCS TOCTAaTOYHO MHOTO YCJIOBHH,
[P KOTOPBIX YKOHOMUYECKHUE JTOCTOMHCTBA MEJIKOCEPUMHBIX I'a30BbIX N€HEPATOPHBIX CTAHIIUI
Oy Iy T mpeo0IIaIatoIIMH.

2.3 TonuBoO 111 NTPOM3BOACTBA YJIEKTPOIHEPIHH CeroAHS

B »9TOM KHMre paccMaTpUBAaKOTCS MPEUMYLIECTBEHHO BOIPOCHI  MPOU3BOJICTBA
JIEKTPOIHEPTUU B MHIYCTPHUAIBHO PA3BUTHIX CTPaHAX M T'yCTOHACETICHHBIX 00aacTsax CeBepHOit
Awmepuku, Bocrounoit EBponbl u A3un. B 3Tux cTpaHax TOIJIMBHAsI T€HEpaIMs JIEKTPOIHEPTUU
coctasisgeT 6osee 40 % OT MOJHOTO KOJTUYECTBA MAarUCTPAIbHBIX MOCTABOK. ABCTPAJIHS B 3TOM
cMbIciie "ynauHas'" CTpaHa W3-3a HAJIWYHUS OOJBIIUX OTKPBITHIX MECTOPOXKICHHMA YTJIsA BOJIU3H
IJIABHBIX TOPOJICKMX IIEHTPOB B BOCTOYHBIX MITaTax. OJTO A0 BO3MOXHOCTb Pa3MECTHUTH
OCHOBHBIE  JJIEKTPOCTAHLIMM BOJM3M  YTrOJbHBIX MECTOPOXKIEHUH M, TakuM oOpa3oM,
MUHHMH3HPOBATH SKOHOMHYECKHE MOTEPU Ha TPAHCHOPTHPOBKE OOJBIIMX KOJWYECTB YIJIS.
DHepreTU4ecKre NOTEPHU MPU Nepeiade AIEKTPOIHEPTUH TAKKE OTHOCUTEIBHO HU3KH.

Kanaga wumeer OoraTble 3amachl OPraHMYECKUX M TUAPO TOIUIUBHBIX PECYpCOB Ha
Oompiielt yactu cBoed Ttepputopun. OIHAKO, 3TH PeCcypchl B 3HAYUTEIBHOH CTEIICHH
ucromiuch B npoBuHIMKM OHTapuo k cepeauHe 1970-pIX, U ¢ TOro BpEMEHHU sJIEpHAs
SHEpPreTHKa cTajga TIJIABHBIM MCTOYHUKOM 3JeKTpodHeprun B Ontapuo. OgHako, MHOTHE
I'YCTOHACEJIEHHBIE YaCcTH IUIAHETHI, Takue Kak SnonHus, mHorue pailonsl EBpomnbl u CeBepHoii
AMEpUKM HE TaK YyAAa4HO paCIOJOKEHbl OTHOCUTEIBHO MECTOPOXKACHUN OPraHMYeCKOro
TOIUIMBA. BBbICOKass IUIOTHOCTh HACEIEHMsT M TEMIbl HHAYCTPHAIU3alUUd OTrPaHUYMBAIOT
MIPUBJIEKATENLHOCTD YIJIA HE TOJBKO MO COOOPaKEHUSM €r0 CTOMMOCTH, HO M C TOYKH 3PEHHUS
3arpsi3HEHUs] OKPYXKAromie cpeabl (cM. Takxke raaBy 6). [loaToMy kenaTenbHbIe TPEOOBAaHUS K
TOIUIMBY, HCIOJIb3yEMOMY JUII HPOW3BOJACTBA JJEKTPOSHEPIMU B TYCTOHACEIEHHBIX U
WH/IyCTPUAIILHO PA3BUTHIX CTPAHAX, MOTYT OBITh MPEICTaBICHBI CICAYIOUIMM 00pa3oM:

e TOIUIMBO TOKHO OBITh OTHOCHUTENILHO AelIeBbIM, U 1aBaTh JCIIEBYIO SHEPIHIO.

e Ecnu TomiaMBo He MOXET OBITh PAaCMOIOKEHO BOJU3U 3JIEKTPOCTAHLIMU, TO OHO JOJIKHO
NPEACTaBIATh CO00M CKOHLEHTPUPOBAHHBIH HWCTOYHMK SHEPrHH, KOTOPBIA MOYKHO
SKOHOMHO TPaHCIOPTUPOBATh U HAJIEKHO 3aI1acaTh.

e TommBo HE NOJKHO UMETH AeuumuTa pecypca 1 albTepHATUBHBIX BAPUAHTOB IIPUMEHEHUS
(TIpocToe CKUraHue WU XUMHYECKUE TIPEBPAILICHHUS ).
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e OTX0Ibl OT NMPUMEHEHUS TOILIMBA JOJDKHBI YTHIU3UPOBATHCS TaKHUM OOpa3oM, 4TOObI OHU
MIPOU3BOJWIM MUHUMYM 3arpsi3HEHHMsl OKPY’KAIOIIEW Cpelbl M UCKIIIOYAIW BIWSHHE M HA
r7100a1bHOE MOTEIUIEHUE MJIaHETHI.

e TOIUMBO AOJKHO OBITH 6€30MACHBIM, KaK IIPU OOBIYHON IKCIUTyaTalluy, TaK U B aBapUIHBIX
ClIy4asx.

W3 Tpex OCHOBHBIX BHUAOB TOIUIMBA (yroyib, ra3 U ypaH), KOTOPbIMH pacIoJiaraet
YeJI0BEYECTBO /ISl MPOU3BOJACTBA 3JICKTPOIHEPTUH, ypaH Hambosee yIOBIETBOPHI Obl 3THUM
KpUTEpHsIM, 0COOEHHO B TeX CIy4asX, KOTJa yroyib M Ta3 HeoOXOIWMO TPaHCIIOPTHUPOBATh Ha
OueHb OousblIMe paccTosHUs. HannoHanbHas 3HepreTHyeckas CTpaTeruss MHOTHMX CTpaH BO
MHOTOM 3aBHCHUT OT MMEIOIIMXCS Yy HHUX MPHUPOJHBIX PECYpPCOB, OT HKOHOMUYECKOU
11eJ1IeCO00pa3HOCTH  MMIIOPTUPOBaHMS — TOIUIMBAa  (WJIM  JIEKTPOIHEPIMH) U YPOBHS
WHIyCTpUAIN3allii. DHEpreTudecku OoraTtas crpaHa, Takas kak CIIA, mmeer BO3MOXHOCTB
BeIOOpa. Opnako, gaxe B CIIA, HeoOXOAMMOCTb TPAHCIOPTUPOBKU YIJs B OOJBIIUX
KOJIMYeCTBaX W Ha OOJbIIME pACCTOSHHUS 3HAYUTEIBHO CKa3bIBAC€TCSI HAa CTOMMOCTH
3JIEKTpO’Hepruu. bosjee Toro, He najek TOT JieHb, KOIJa Yrojib BOOOIIE MEpecTaHeT ObITh
[JIaBHBIM MCTOYHHUKOM HEPIruM. SMOHMS, HE UMEIOIIasl MPUPOIHBIX IHEPIETUUECKUX PECYPCOB,
MOYTH MOJHOCTBIO MoJlaraeTcsi Ha UMHoOpT »Hepruu. Korma-to ynoOHBIM HMMIIOPTHPYEMBIM
TOIJIMBOM ObuIa HE(Th, U SHEPreTUUECKUE MOTPEOHOCTH CTPAHbI CYLIECTBEHHO 3aBUCEIH OT HeEe,
BKJIIOYas U MPOM3BOJCTBO AJIEKTPO’HEPruu. B Hacrosimiee Bpems JUisl 3THX Leneill Bce Ooiee
yaile MCIMoyb3yeTcs Yrojb, HO CTOUMOCTb JOCTaBKM €r0 HaMHOro 0oJjblle. SlnepHoe TOIUIMBO
UMEeT 3HauuTeNbHbIE MPEUMyIIecTBa. Bo-MepBbIX €ro He Tak MHOrO TpeOyeTcs, U BO-BTOPBIX
3aTpaThl 10 TPAHCIIOPTUPOBKE HE3HAYUTENIbHBI. MOTYT OBITh JIETKO HAKOIUIEHBI CTPATErHYECKHE
3anacel. Kpome TOro, eHa siiepHOro TOIUIMBA MEHEe MOJBEpXKeHa KojebaHusMm, yeM yris. B
ABcTpaJluu yCJIOBHS 3HEProcHaOKEHUs] M3MEHSIOTCS OT ITaTa K wTaTy. BocrouHble 1mITaThl
CTpaHbl, Hampumep, HMMEIOT Oojbiine pe3epBbl yrisd. 3amag u FOr ABcTpaiuu HMEIOT
OTHOCHUTEJILHO MEHBbIIIEe KOJIMYECTBO YIJIsl, HO OOJbIIKE 3aMachl ra3a U MOHMKEHHBIM CIIpoc Ha
aJIeKTposHepruto. B Hacrosmee BpeMs moutd 60 MpOLIEHTOB 3JIEKTPOIHEPIHH, MOTPEOISIEMOit
IOrom ABcTpanuu u mojIOBUHOM 3amana ABCTpaliuu, OJYyYarOT COKUTAaHUEM rasa.

Kanana - crpana Goraras SHEpreTHYeCKMMHU pecypcaMH M YCIIOBHS MX HCIIOJIb30BaHUS
MEHSIOTCSI OT OJTHOTO 1MoOepexkps 10 apyroro. B bpuranckoii Koxymomun, Manuto6o 1 Kebeke
B OonblIeH CTENeHW HCHONb3YIOTCA THIPOIHEPreTHUECKUE PpEecypchl, 4YeM 3TO JeslaeTcs,
Hanpumep, B OHTapuo. YTojb akTUBHO UCHOJb3yeTcs B JIyre u Ha ATIaHTHYECKOM MOOEpexXbeE,
XOTSI U B MEHbIIIEH CTENeHH, 4YeM B Hanbosiee pa3BUThIX cTpaHax. B OHTapuo BbIOOp caenaH Ha
SANIEPHYIO SHEPIeTHKY, MPOMU3BOIAIIyI0 Oonee 60 mporeHToB ayekTposHepruu. B Ksebeke u
Hosom bpaHcynke Takke 4aCTU4YHO UCHOIB3YIOT SAEPHYIO S3HEPTHI0. PUCYHOK 4 MILTIOCTPUPYET,
KakuM 00pa3oM MPOM3BOJASAT JIEKTPOIHEPTHI0 B HEKOTOPHIX CTpaHax, BKIIOYas ABCTpaJUiO U
Kanany.

Bo Bcex crpaHax NOTPEOHOCTH B DBJEKTPOSHEPIrUU IIOCTOSIHHO YBEJIWYUBAIOTCS
(mpumepHO Ha 3-4 % xaxnaelii rox). M3 auarpaMMel BUJHO, YTO YIojib SIBJISI€TCSI OCHOBHBIM
Bugom torumBa B CIIA u EBpone, 1 HaMHOro MeHslie ucnonbdyercs B Anonuu u Kanazne. B
9TUX CTpaHaXx B HAcTosAllee BpeMs IPUMEPHO OJHA TPETh BCEH  DAIEKTPOIHEPIHH
BbIpa0aThIBaeTCAd Ha SJAEPHbIX peakTopax. OTpa)keHHEM MHPOBBIX IMEPCHEKTUB B J100bIYE
IIPUPOJIHBIX PECYPCOB SBJIAETCA TO, YTO 3aMEIAEMOE TOIUIMBO, UCIIOIb3yEMOE B Ka)KJIOM CTpaHe,
MIOCTETICHHO BBITECHSIET Bce Ooyiee HEJOCTAaTOYHYIO U, CJIEIOBATENBHO, JOBOJBHO JIOPOTYIO
HepTh. DTO HamboJiee OUYEBHIHO M OCTpo HaOmomaercss B SAmonHuu. Poccus Takke 3aMeTHO
CHHM3HJIA CBOIO 3aBUCHUMOCTb OT He()TH B IPOM3BOJCTBE JICKTPOIHEPTHH 3a MOCIEAHUE 25 JeT, ’
yBEJIMYMIIa BKJIAJ AEPHON YHEPTETUKU B SHEProoOecreueHNe CTPaHBI.
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2.4 Pecypcbl 1J1s1 Oyayniero npou3BoACTBA 3J1eKTPOIHEPT UM

ITpu paccmorpenun Hamero Oyaymiero, yxonsmero 3a 2010 roj, BO3HUKAaeT HECKOJIBKO
MPAaKTUYECKUX BOIMPOCOB, KOTOpBIE HENb3s ymyckarb. OOUH W3 HHUX - Macmrad BpPEMEHH.
[Ipunsatne pemeHuil cerogHss 00 OCTAaHOBKE OTHOCUTEIBHO  KPYIHBIX  Oa3MCHBIX
AJIEKTPOCTAHIINHM, O3HAYAET, YTO PEaJbHO OHM MOTYT OBITH BBIBEACHBI M3 AKCIUTyaTalluHl JIUIIb
gyepes NAThb-AecATh JIeT. MOKHO Jjake 0KHIaTh, YTO CPOK UX CIY>KObI OyneTt mpoasex 1o 40 ner.
Takum 00pa3oM, CETONHSIIHME HWHBECTUIMOHHBIC PEIICHUS OTHOCUTENBHO OOJIBIINX
ANEKTPOCTAHIIUN HE MOTYT CYIIECTBEHHO MU3MEHHUTH JEHCTBYIOIINE CUCTEMBbI SHEPTrOCHA0KEHHUS
CTpaHbl, IO KpailHEW Mepe, B TE€UEHHME ABYX WM TpeX HAecATWIETHH. bpurtaHckue snepHble
nporpamMsbl 1950-b1X T010B, HanpUMep, OBLITM PACCUUTAHBI HA JBA JECATUIICTHS, YTOOBI IOCTUYh
MPUPOCTA DIIEKTPOIHEPTUU BCEro Ha JeciTh NMPOLEHTOB. Jlake Tra3oBble TypOMHBI, KOTOpbIE
MO>KHO BBOJUTH B KCIUTyaTallli0 B TEUEHHE JIBYX JIET, U KOTOpbIE SABISIOTCS Bce Oosee u bonee
MIOTYJIAPHBIMH, PEaJbHO HE CMOTYT B KOPOTKHE CPOKH HM3MEHHUTHh CHUCTEMY 3HEProCHaOKEHHS
cTpanbl. Eciu ke paccMaTpuBaTh HCHOJB30BaHWE M BHEJIPEHHE HOBBIX TEXHOJIOTHM, ellle
TOJIBKO TPOCKTHPYEMBIX, TpeOyeMoe BpeMs pacTSHEeTCs [0 [JBYX, TpeX JeCSITUICTUH.
CnenoBarenbHO, MHOTHE TEXHOJOTHH, UCIOJb3yEMbIe CETrO/HsA, OyayT HEM30€kKHO aKTyaJbHBI
€lle B TEYEHUE HECKOJIBKUX JECATUIICTUI.

Hpyroii mpakTU4eCKHil BOIPOC UMEET OTHOIIEHHE K pa3MepaM. B HEKOTOpBIX Ciydasx
Majoe MpearnoYTUTEeNIbHEe OOJNBIIOro, a TPU HU3KUX TPYAOBBIX 3aTpaTrax, OKa3bIBaeTCS
s dexTruBHEE.

Tonnueo 4AnA NPOM3BOACTBA ANEKTPOIHEPrUM

00 | OOA8AO0G600 O00060
S.Korea Japan Canada USA QECD Euwrope UK Aust
234 1030 563 3852 2584 358 194 TBT yac
1998 ron
Pucynok 4
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MporHo3 nonHoro NoTpebneHus aNeKTPo3HepPrum
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PucyHnok 5

B ropHomoObIBaromiell MpOMBIIUIEHHOCTH WU IMPOU3BOJACTBE 3JIEKTPOIHEPTUH, OIHAKO,
peasibHble  pa3Mepbl 3JEKTPOCTAHIMM U CONMYTCTBYIOUIMX OOBEKTOB ONPEACNAIOT U
SKOHOMHMYECKHE IMoKa3aTenu. TaMm rae MaciuTaObl COKpAIAIOTCs, CTOUMOCTh €IUHMIIBI
MPOAYKIMN HEMPEKIOHHO yBenuyuBaeTcsi. CTPOUTENBCTBO CTAHAAPTHBIX 3JIEKTPOCTAHIIMMA
KpPYNHOro Macmraba Hen30eKHO B YpOaHU3MPOBAHHBIX M HHAYCTPUAIBHBIX CTpaHax, I
00JIbIIIKE 3aMIPOCHI B 3JIEKTPOIHEPTUN CKOHLIEHTPUPOBAHBI B MAJIbIX 00JIACTX.

Takum o0Opa3oM, CyIIeCTBOBaHUE 3TUX ABYX MpoOJieM, MEpBOM - AOCTATOYHO JOJTOro
Cpoka pa3pabOTKM © BHEAPEHHWs HOBBIX TEXHOJOTMHA, H BTOPOM - HEOOXOTUMOCTH
CTPOUTENIbCTBA KPYIMHOMAcIITaOHBIX OOBEKTOB, TPEOYIOT OCTOPOKHOW OLEHKH OyayIiux
TEHJACHLIUNA B TNPOU3BOJCTBE 3JIEKTPOIHEPIHH, TapAHTUPYIOLIUX YIOBJIETBOPEHUE IOCTOSHHO
pactymux norpeOHocTeil. Kpome TOro, ucrnonb3yeMble TEXHOJOTMM JOJDKHBI IOJHOCTHIO
COOTBETCTBOBAaTh IIOCTAaBIEHHBIM 3agadyaM. llosTomMy BoOmpoc cOCTOMT B TOM, Kak U3
CYLIECTBYIOIIEr0 MHOT000pasusi Coco0OB MPOM3BOJCTBA 3JIEKTPOIHEPTUU BHIOpaTh Hauboee
MOAXOJIALINE JIJIsl KOHKPETHOTO MECTa B KOHKpeTHoe Bpemsi. Kakue ke 3/1ech eCTh BapUaHThI?

OHeprocoepexxkenue: OIMH W3 BAPUAHTOB 3aKIIOYACTCS B HCIIOJIB30BAHUU MEHBIIETO
KOJIMYECTBA DHEPTrMM W CTPOTOM €€ COXPAaHCHHH, MPEUMYLIECTBEHHO IYTEM YBEIHUYCHHAS
SHEProoTAauu. ITOT MOAXO MOKET OBITh MPUMEHEH KaK KO MHOTHM IPHJIOKEHHUSIM B PA3BUTHIX
CTpaHaX, TaK M K HOBBIM JHEpPreTM4eckUM o0beKkTaM BO Bcex crpaHax. Ecmm Ob1 CIIA,
BenmukoOputanuss u SnoHuss Mornm Obl, HampuMep, HCIOJIb30BATh MEHBIIEE KOJIUYECTBO
ANIEKTPOIHEPTUH, TO OTO TO3BOJWIO OBl BBIBECTH U3 OKCIUTyaTallMM DJICKTPOCTAHIIHH,
pabotaromee Ha >KHIKOM TOIUTMBE, B JBYX M3 3THUX CTpaH, W 3aMETHO YMEHBUIUTH €ro
UCTIONIb30BaHUE B TpeTbeil. [Ipobnembl sHeprocOepekeHus MOIPOOHO PacCMOTPEHBI B pasJele
1.5. 3ameTrM, 9TO TaKOW MOIXOM, OAHAKO, MaeT Oonbmmid 3(pQeKT Ha ypOBEHb MOTPEOICHHS
TIOJTHOM PHEPrHH YeM Ha (PaKTHUECKH YPOBEHb MPOU3BOJICTBA DIEKTPOIHEPTUH, M MPUBOIHUT K
YBEJIMYCHUIO JIOJIN MCIIOJIb30BAHMS AJIEKTPOIHEPTHH B KAPTHUHE TTOJIHOTO YHEPrONOTPEOICHUSI.

Hed1s: B 1994 nedts obecrieunBana 11 % Bcero nmpomsBOACTBA 3JEKTPOIHEPTHH, U
3HAYUTENbHOE KOJIMYECTBO HE(TH BCe elle HCHONb3YeTCsl CErofHs, Aaxe Ui 0a3HCHOTO
MIPOU3BOJICTBA SHEPTHH B HEKOTOpHIX crpaHax (Pucynox 4). HedTh - yHUKaNbHBI HCTOYHHK
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SHEPTUU C TOYKU 3PEHMSI €r0 SHEPrOEMKOCTH U CPAaBHUTEIBHON MPOCTOTHI TPAHCIOPTUPOBKH.
Kpome Toro, kak HepTh, Tak M ra3 HMMEIOT BaXKHble NPUMEHEHUS B HEPTEXUMHUUECKOM
MIPOMBIIIJIEHHOCTH B Kauye€CTBE MCXOAHOIO CBIPbSl JIsl MPOM3BOJACTBA IUIACTUYECKUX Macc H
¢dapmaneBTHuecKuX u3genuil. Mcmonb3oBaHue MPOAYKTOB MepepaboTKM  HepTH Ui
MIPOM3BOJICTBA AJIEKTPOIHEPTUHM B MECTax PaLMOHAIBHOIO PACIOJIOKEHHUS WHBIX TOIUIMBHBIX
pecypcoB HeapdektuBHo. B ABcrpamuu u Kanage, Hanpumep, HepTh HCHONB3YyeTCS A
MIPOM3BOJICTBA IEKTPOIHEPTUHU JIUIIb B 00IACTAX, OTAAIEHHBIX OT PECYpCOB IPUPOJHOTO raza u
KaMEHHOYTOJIbHBIX 0acCeHOB, U B OTHOCUTEIBHO HEOOJBIINX MacIITabax.

Ipupoanbiii ra3: Mcnonp3oBaHre NPUPOIHOrO Traza B ABCTpaliud IJis MPOU3BOACTBA
3JIEKTPOIHEPTUU 3aMETHO yBenuumwioch HauumHasg ¢ 1970-six romoB, a B Kanage ero
WCIIOIb30BaHKe, HaunHas1 ¢ 1985 roma, XOTs ¥ yABOWIIOCH, HO BCE €IIle JaeT HeOOIbIION OOIIHit
BKJIQJ B NPOM3BOJCTBO »Hepruu (He Oomee 3 %). B memnom, onHako, ra3 MMeEET JOBOJIBHO
OoJpIIIOe 3HAYEHWE TSI TIPOM3BOJCTBA JJIEKTpodHepruu B mupe. B 1994 romy ero pons B
MHPOBOM IPOU3BOJICTBE IEKTPOIHEPTUU COCTaBiIsUIa OKOJIO 14 %, U 3TOT BKJaa HENPEPHIBHO
yBenuuuBaercs. Vcnoiap3oBaHue rasa mMpuBOAWT K MEHBIIMM BBIOpOCAM YTJIEKUCIOrO ra3a B
aTMocdepy, 4YeM HCIIONb30BaHUE YIS, M IO3TOMY B HEKOTOPHIX CTpaHax OJOOpPEHO ero
MpUMEHeHHe Al 0a3MCHOTO MPOU3BOJCTBA HEPIHU C MOCTEIIEHHBIM 3aMEIlleHUEM YTroJIbHOTrO
ToruBa. IIpupoaHslii ra3 - HE3aMEHUMBIM U IOJIE3HBIM pecypc. Ero MOKHO BbIKauuBaTh U3
3eMJIM, JIETKO W SKOHOMHO TpPAaHCIOPTHUPOBATH B TPyOOIpoBOAaX Ha OOJbLIME PACCTOSHHUS,
MOJIBOJIUTH K OTIAJICHHBIM HACEJIECHHBIM IYHKTaM, TJi€ €r0 UCIOJIb30BAHUE MOXET OBITh OYCHb
s dextuBHBIM (10 90 % € yyeToM moTeps MpH TPaHCHOPTHUPOBKE). ['a3 MoXkeT ObITh peBpalleH
B KMJIKOCTb JJIsl OTIPY3KH MOPCKHMM TpaHcIopToM (Hampumep, SAnonus u Kopes nomywarot ras
MMEHHO TakuM crocobom). Kpome Toro, ras - neHHOE XUMHYECKOE ChIPhE, HCIONb3yeMOe IS
MIPOU3BOJICTBA PA3IUYHBIX TOBApPOB. DTO O3HAYAET YTO KPYMHOMACIITAOHOE HCIIOJIb30BaHUE
3TOrO TOIJIMBA ISl TPOU3BOJICTBA AJIEKTPOIHEPTHH TaM, I/Ie€ MEHee JOCTYIHbI aJbTepHATUBHBIC
CHOCOOBI, MOXET NMPHUBECTU K CEPbE3HBIM MpobiieMaM. Bo3MOXXHO HalM BHYKH OYIyT COXKAaJeTh,
YTO MX NpeIKH He ObUIM HACTOJIBKO MPO30PJIMBBI 4YTOOBI OrPAaHUYUTH B CBOE BpEMS
WCIOJIb30BAHUE Tra3a Ha IUIAHETE M OCTAaBUTh XOTh KaKylO-TO 4acTb WM. B mobom cimyuae
WCKJTIOYUTENIbHASL POJIb MPUPOAHOIO raza Kak TOIUIMBA JUJIsl MPOM3BOJCTBA HHEPrHH, TaK WIH
WHaue, MPUBEAET K MOBBIIICHUIO €r0 CTOMMOCTH B OYAyIIEM U OH, BEPOSITHO, CTAaHET MEHee
KOHKYPEHTOCIIOCOOHBIM J1J1s1 6a3MCHOT0 MTPOU3BOJICTBA SJIEKTPOIHEPTUH.

Yroaws: H3 ecex 6udoé monnuea 011 6A3UCHO20 NPOU3BOOCHIEA IIEKMPOIHEPIUU,
yeonv» 6 Hacmoawiee eépemsa Haubonee 6ajxceH. YTollb WIPaeT ONPEIEISIIONIYI0 pOJib B
cHaOXeHUU »dHepruel OOJBIIMHCTBA CTpaH W B Hacrosimee Bpems mgaer 39 % Bcelt
anekTposHeprun B mupe. CoOBpeMEHHbIE yTOJBHBIE DJCKTPOCTAHIMM CTamu  Oojee
3¢ (HeKTUBHBIMU YEM B MPOILJIOM, U MPU HEOOJBIINX JOMOJIHUTEIbHBIX 3aTpaTax UX BIMSHHUE HA
OKPYXAIOIIYI0 Cpeay, BHI3BAHHOE CXKUTAHMEM YTJIEH C BBICOKHM COACPKAHHEM CEpBI, MOXKET
OBITh 3HAUWUTEIHLHO YMEHbIIEHO (cM. Takxke [maBy 6). JloObrya yris Ha OONBIIMX Kapbepax
00XOAUTCS JTOBOJIBHO JICIIEBO, HO 3aTpaThl HA €ro TPAHCIIOPTUPOBKY Ha OOJBIINE PACCTOSHHSA
JIeNIaloT 3TOT BHUJA TOIUIMBA MEHEE MpHBIIeKaTeabHbIM. Ecnmu Oonbline KoJaudecTBa YT,
JOOBITHIE B OJJHOM MECTE, OTIIPABISAIOTCS MOMEpPEeK KOHTUHEHTAa WM Yepe3 OKeaH B Jpyroe
Mecto (Hampumep, u3 Actpanuu uinu Kanaael B Snonuto wim EBporry), TO TpaHCTIOPTUPOBKA
NOpUBOAUT K TaKUM 3aTrparaM, 4YTO CTOUMOCTHb HonyqaeMoﬁ SJICKTPO3HCPTHUU CTAHOBUTCA
cnuimkoM BeIcoka. [logoOHO HedT M ra3y, yroiab MMeeT BaXKHbIe MPHUMEHEHUS HE TOJIBKO B
KayecTBe TOIUIMBA. YTJEpOJ, HAlpHMEp, COJACpKAIIMHCA B YIJie, HEOOXOOUM B OOJBIINX
KOJIMYECTBaX JUIsl BBIIUIABKUM METAJIOB. XOTS MPHUPOAHBIE PECYpChl YISl IOBOJBHO OOJIbLINE,
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BOITPOCHI €0 COXpPaHCHHA CCTOJHSA CTAHOBATCA BCC OoJiee u 00JIee BaXKHBIMU.

Ypan: EqUHCTBEHHBIM TOIUIMBOM, KOTOPOE MOKET CTaTh PEabHOM aIbTEPHATUBOM U1
0a31CHOr0 MPOU3BOJICTBA IEKTPOIHEPTHH, SABISETCA B HACTOAIIEee BpeMs ypaH. B To Bpems kak
TOPHOIOOBIBAIOIIAs MPOMBIIIICHHOCTh IMPOWU3BOAUT W 00padaTbiBaeT OOJBIINE KOJMYECTBA
pyasl, nse win Tpu 200 nutpoBble 604k aByokucu ypaHa (UsOg ) coxmepkaT I0CTaTOYHO
SHEpPruu sl oOecmeueHusl TaKuX OONbIIMX ropoaoB Kak TopoHTo minu CuigHei. YpaHOBoe
TOIUIMBO OYEHb KOMIIAKTHO M MMEET OIPOMHBIE IPEUMYIIECTBA C TOYKH 3PEHUS OXPaHBI
OKpykaromien cpenbl (cM. ['naBy 6). IIpoTMBHMKN ypaHOBOI'O TOIJIMBA YacTO YTBEPKIAIOT, YTO
II0 CPABHCHHUIO C YIJVIEM, HCIIOJB30BAHHE SACPHOTO TOIUIMBA HMMEET CIUIIKOM MHOTO
HEpPEUICHHBIX IMpo0sieM. 3aMeTUM, OJHAKO, YTO YXe MpoIuio Ooyiee copoka JeT C MOMEHTa
3aIrycKa IepBOro KOMMEpPYECKOT0 PeakTopa, U 0ojiee MOJI0BUHBI CTOJETHS C TOTO MOMEHTA, KaK
JIOAM Hay4YWJIUCh YIIPaBJIATh LEMTHOM peakuuen saepHoro aenenus (cM. ['nasy 3).

3a 3mo epemsa 6 mupe HAKONIEH O0ZPOMHBLIL IKCHIAYAMAUUOHHBLIL ONbIM PAdOMb
KoMMepuecKux peakmopos, cocmaenawwiuil npubausumenvno 9500 peaxkmopo-nem, u
HPUMEPHO MAKOU ce ONblm IKCHAYAMAUUU AaHAT0ZUYHBIX (HO HECKObKO MEeHbUIUX)
PEKmMOpOo8, UCNOIL3YEMbIX 6 MOPCKOM hrome. Cec00na 6 IKchayamayuu 6 32 cmpanax mupa
Haxo0amca Oonee 430 adepuvix peaxmopos, kKomopwie Oaiom 16 % mupoeozo
npou3600cmea 31eKmMpoOIHEPZUU.

bosnbiioe KOIMYECTBO AaTOMHBIX JJIEKTPOCTAHIIMM HAXOIATCS Ccedyac B CTaJuu
CTpOUTENLCTBA. BO MHOTMX cTpaHaxX YIOBIETBOPEHBI HAJIEKHOCTBIO, OE30MACHOCTBIO U
SKOHOMHUYECKUMHU XapaKTEPUCTUKAMHU SICPHOIM SHEPTUU MO CPAaBHEHUIO C yIieM WM He(ThIo
(cm. Taxke paszmen 2.6 m I'maBy 6). Bo MHOrux crpaHax mo KpaiHEll Mepe TpeThsl 4acTh
oTpebIIIeMOl ANEKTPOIHEPTHH MPOU3BOAUTCA Ha SACPHBIX peakTopax. dpanius, Hanpumep,
CETOHSI MMPOU3BOJIUT TPU YETBEPTH CBOCH DIIEKTPOIHEPTUHU HA SIICPHBIX PEAKTOPaX W SBIISICTCS
MHPOBBIM JHAepoM B ee akcropre. B Tabiuie 5 mpuBeneHbl pa3iuyHble TUIBI SIEPHBIX
PEaKTOpOB, HCIIOJIIb3YEMBIX B HACTOSIIEe BpeMs I TEHEpalWH JJIEKTpUYecTBa. ATOMHBIE
anektpoctaniuu CANDU, Hannpumep, Jydile APyrux UCHOJIb3YIOT PECYPChI SIEPHOTO TOIUINBA,
U MOTYT (DYHKIIMOHUPOBAaTh Ha PAa3HOBUIHOCTSAX HHU3KO OOOTAICHHOTO TOIUIMBA, BKIIOYAs
TOTUTMBO, OTPaOOTaHHOE Ha JAPYTHX THUIAX peakTOopoB. PeakTopsl Ha OBICTPBIX HEUTpOHAX (CM.
pazaen 4.4) UMEIOT BO3MOXKHOCTh 3HAYUTEILHOTO YBEIMYEHHUS BBIXOAA JJIEKTPOIHEPTHUU IMPHU
WCIIOJIb30BAaHUM M3BECTHBIX pe3epBOB ypaHa. Mckiouas BOEHHOE HCIOJB30BaHUE H
WCIIOJIb30BAaHNE B DHEPIeTUYECKUX YCTAHOBKAX HA MOPCKUX CyJaX, YpaH HE MMEET HHKAKUX
JIpyrUuX MpPUMEHEHUN KpoMe Kak AJis MPOU3BOJCTBA AJIEKTPOIHEPTUN U CO3/IaHUS METUIIMHCKUX
U MIPOMBIIUIEHHBIX M30TONOB. [1o Kpaiineit Mepe, 95% MHUPOBOI JOOBIYM ypaHa HIET CETOIHS B
MPOU3BOACTBO ANEKTPOIHEPruu. [loTeHan siaepHO SHEPTrUur, HCIOJIb3YIOIICH YpaH B KaueCTBE
TOIUTMBA ISl TCHEpAIlMH JIJICKTPUYECTBA, HanOoJiee BaXKEH IS Pa3BUTHIX CTPaH, KOTOPHIC
UMEIOT OOJIBINIHE MOTPEOHOCTH B AJICKTPOIHEPTHH.

CeropHsALIHME aTOMHBIE 3JIEKTPOCTAHIIUM UMEIOT 3HEProOJIOKH MOIIHOCTRI0 oT 500 110
1300 MeraBart (MBT). DHEepro0Og0KH MEHBIIIEH MOUTHOCTH YKOHOMHYECKH HEIEeIecO00pa3HBbI.
OpHako, B HEKOTOPBIX PA3BHBAIOMIMXCS CTpaHaX MOTPEOHOCTH B DIEKTPOIHEPTHUU HE CTOIb
BEJIMKU M JINOO HE TPeOYIOT OOJBIINX T€HEPUPYIOIMHUX MOIIHOCTEH, JTHOO HCIMOJIB3YIOT YacTh
BBIPa0aThIBAEMON JHEPTUU B APYTHX IENSIX, HAIIPUMEP, B ONPECHUTEIHHBIX YCTAaHOBKaX. B aTnx
ciydasix, rie Oa3ucHble MOTPEOHOCTH B AJIEKTPOIHEPTUHU YAOBIETBOPSIOTCS TPaJAULIMOHHBIMU
ANEKTPOCTAHIIUSIMH, paOOTAIONMMHU Ha JKUKOM TOTUIMBE, SKOHOMHYECKH OoJjiee 1enecoo0pa3Ho
HCMOJIb30BAHUE PEAKTOPOB ¢ MOITHOCTHIO B 100 MBT.
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SAnepublii cunTe3: KoMMepueckoe UCIOIb30BaHUE SJIEPHOTO CHHTE3a BCE €Ilie SABISEeTCS
Haei Oyaymiel Haae)Kaol. AHAJOTHYHO TTOMCKY CITIOCOOOB MCIOIH30BAHUS COTHEYHOTO CBETA,
YeJI0BEYECTBO B TEUEHHE JIOJITOI0 BPEMEHU IBITAETCS MPUPYUUTh MPOLECCHI, TPOUCXOASIINE Ha
ConHue, KOTOpblEe NAIOT CBET M TEIUIO 3eMie. OTH MPOLECChl Ha3bIBalOT TEPMOSIEPHBIM
CHUHTE30M (B OTJIMYKE OT MPOLIECCOB AJEPHOTrO paciueruienus, cM. ['maBy 3). OauH U3 cnoco0oB
JUISL JOCTHXKEHUS YTIPABIISIEMOIO TEPMOSIIEPHOTO CUHTE3a COCTOUT B CIIUSHUU siIEp AeHTepus U
TPUTHUS (TSKENTBIX U30TOMOB BOJOPOJA) MPH OYEHBb BBICOKUX TEMIIEpaTypax - MPUOIU3UTEIBHO
100 wmwmummoHoB rpagycoB. Iloka He cymiecTByeT HaJIeXKHBIX METOJOB CTaOMIIBHOTO
NOJICP>)KaHUST TAaKUX BBICOKMX TemnepaTyp. OIHaKo, MHTEHCUBHBIE MCCIEIOBAHUA B 3TOM
HaMpaBJICHUU TIOCTOSIHHO TpoaoinkarTcs, ocooenno B CIIA, Smonun, EBpore u Poccuu, u,
BO3MOYKHO, B CIEIYyIOIIEH II0JOBMHE HBIHEUIHErO CTOJIETHsI JHEprus, BbLIENsIeMas IpH
TEPMOSIIEPHOM CHUHTE3€, OyJEeT UCIOIB30BATHCS AJISl IPOU3BOJCTBA NIEKTPOIHEpruu. bynymme
TEXHOJIOTUM TEPMOSJIEPHOIO0 CHHTE3a CTalM Obl Haubosiee MOIXOASIIUM HHCTPYMEHTOM JUIs
oOecrieyeHHs HHEpPrueil KpymHBIX TOPOJAOB W HMHIAYCTPHUAIbHBIX oOmacteil. JleWTepuBbIM
TOIJIMBOM OTHOCHTEJIBHO Oorara MOpcKasi BOJa, a TPUTUI MOKET ObITh MOJYUYEH WIN U3 JINTUS,
WIM TPOM3BEACH B SIEPHBIX pEAKTOpax C 3aMEJIUTENIeM U3 TshKenod Boabl. [lodtm
Oe3rpaHWyYHasl dHEPrus craja Obl HaM JOCTYIHA, €CiAu Obl ObUTa JOCTUTHYTA YyIIpaBisieMas
peaxIys CHHTEe3a JIBYX sJep JeHTepHsi, HO MPOTEKaHHE TaKOW peakiuu TpedyeT HaMHOoro Ooiee
BBICOKUX TEMIIepaTyp, 4Ye€M peakLus CIUSHUS TpUTUS M JeiTepus. YIpaBiseMbll CHUHTE3
OOBIKHOBEHHBIX siZiep BOJOpO/a (KaK 3TO MPOUCXOIUT Ha COJHIIE), KAYKETCSI MATOBEPOSTHBIM IS
JOCTHKEHUsI ero Ha 3emie, [OCKOIbKY YyCIOBHA IPOTEKaHWs TaKOM  peakiuu
"cBepxdKcTpeManbHble". bosblloe NpeuMyIlecTBO BCEX JITHX pPEAKUUN - 3TO COBEPLIEHHO
HE3HAUUTEJIbHOE KOJHMYECTBO pPaJMOAKTUBHBIX OTX0A0B. K HemocraTkam cieqyeT OTHECTH
BBICOKYIO CTOMMOCTbH IIPOEKTOB, BBICOKYIO CTOMMOCTbH HPOM3BOACTBA ra3a TPUTHUS U BBICOKHM
YPOBEHb HaBEIEHHON PaJiOaKTUBHOCTH B KOHCTPYKIMAX TEPMOSAECPHBIX YCTaHOBOK.

2.5 Bo30o0HOBJ/IsIeMble HCTOYHUKH JHEPIrUu

TexHonoruu, HanpaBJeHHbIE HA UCIIOJIb30BAHUE CUJT IPUPOBI JUISL BHIITOJIHEHUS paboThl,
YIIOBJICTBOPSIIOIIEH YeJIOBEYECKHE MOTPEOHOCTH, CTOJIb K€ CTapbl, KaK M IEpBOE MapyCcHOE
cynHo. meercs ¢pyHIameHTallbHas MPUBIIEKATEILHOCTh B MCHOJIb30BAaHUM TAKUX MPUPOIHBIX
CHJI, KOTOpBbIE 00eperaoT OKpY>Karollyto cpery oT 3¢(HeKToB TOPEHUsI OPraHUYECKOTO TOILIHBA.
Comnnrie, BeTep, BOJHBI, PEKH, OMoOMacca, MOTOKHW T'€OTePMaIbHOM TEIUIOTHI 36MJIM JIEHCTBYIOT
HENPEephIBHO U Beerna (0TCioAa U TepMUH "BO300HOBIIsIEMBbI"). M3 Bcero nepeyucieHHOro moka
TOJILKO DSHEpPrus Majarolleld BOJbl B peKax NOMydusiIa UIMPOKOE paclpoCTpaHEHHE JUIs
peoOpa3oBaHus B JIEKTPOIHEPTHIO.

OcHOBHOE MPUMEHEHHE COJHEYHOW 3Hepruu, Omaronapst GOTOCHUHTE3y, YEIOBEUYECTBO
HaIIO B CEJIbCKOM XO34HCTBE U JIECOBOJCTBE, XOTS BCE Yallle €€ HAUMHAIOT UCIIOJIb30BATH IS
OTOIUICHUS.

buomacca (Hampumep, OCTAaTKHM CaxapHOT'O TPOCTHHKA) CHKUTAETCS Ui TIONYyYEHUS
SHEPTUM, YBEIWYUBACTCS HCIOJIB30BAaHUE 3€pHA JUIsl MOJYyYEHHUS aBTOMOOWIBHOIO TOIUIMBA.
MacmTaObl MCHONB30BAHUS JAPYTMX BHJIOB MPHUPOJHOW OHHEPTUM B HACTOALIEE BpeMs
He3HauuTeNnbHbl. MMeloTcs M nepBOCTENEHHbIE 33JaYyd B CETOAHSIIHEM HCIOJIb30BAaHUH
BO300HOBIISIEMBIX HMCTOYHHKOB 3HEpruu. [lng (OTOINEKTpHUECKUX CHUCTEM, Halpumep, 3TO
BOIIPOC - Kak cJenaTb HMX C€aMOBO30YKIAIOIIMMUCS TeHepaTopaMu 3JeKTpuuecTBa. g
WCTOJIb30BAHUS IPUPOIHOM TEIUIOTHI, - KaK MpeoOpa3oBaTh €€ B Map WU KaK IPUMEHUTH JApYyTHe
CrocoObI MpeoOpa3oBaHuUs YHEPTHUH.
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Ecau ¢gynoamenmanvnoe ce0iicmeo 60300H061AeMOCIMU  UCHOYHUKOG IHeEPIUU
cocmoum 6 ux OOCMYHNHOCHMU U OMHOCUMENbHO WUPOKOU PACHPOCMPAHEHHOCHU, MO
dynoamenmanvnaa npoodnema 6 uxX UCHOIBL3OBAHUU O NPOU3BOOCHIEA IIEKMPOIHEPZUU
cocmoum ¢ ux HecmaduIbHOCMU U HEOOCMAMOYUHOU NPEOCKA3yemocmu *,

* WCKII0UEHHE COCTaBIIsAET reoTepMajibHas 3HCPIrusd, KOTOpad HEC HIMPOKO JOCTYIIHA.

OTO O03HAauYaeT, YTO JOJDKHBI CYyIIECTBOBaTh JIMOO IyONUPYIOUINE HCTOYHHKHU
3JICKTPOIHEPTUH, OO CMOCOOBI €€ HaKOIUIeHWs B OoybImux MacmTabax. OmgHako, Kpome
HAKOIUICHHUS TUAPOSHEPTHH B BOJIOXPAHWIMIIAX WM CKAaTOTO BO3AyXa B pe3epByapax (cMm.
HUWKE), B HACTOSIIIEE BPeMsI HUKAKOTO JIPYTroOTo Crioco0a He CYIIECTBYET M HE TIPOCMAaTPHUBACTCS B
Oymymem. JInsi aBTOHOMHBIX CHCTEM BOIPOCHI aKKyMYJWUPOBAaHUS DSHEPTUU  SBISIOTCS
MEepBOCTENIEHHBIMU. [IpM TOAKIIOUEHHH WX K CYIIECTBYIOUIMM JIIEKTPOCETSM, BO3HUKAET
BONPOC ~ OyONUPYIOIUX  WCTOYHUKOB. B HCMONB30BaHWHM  DHEPTrUU  CONHIA  JUIA
KpYITHOMAacImTabHOr0O M OCOOGHHO 0a3MCHOrO0 TIPOM3BOJCTBA AJICKTPOIHEPTHH HUMEIOTCS
HEOOJbIIINE BOZMOKHOCTH.

Conneynast 3Heprusi: "CojgHE4HBIH - HE SACPHBIA" - TONYJAPHBIA JIO3YHT
IPEICTaBUTENEN aHTU-SAEPHOTO JABIJKEHHMSI B 3allUTY OKpPYXAloWIEH cpeapl M MHOTUX
"TEXHOJOIrMYECKUX ONTUMUCTOB", paTyIOIUX 3a MPSIMOE HMCIOJIb30BAaHUE COJIHEYHOI'O TEIIA,
IIPOAOJKAET elle MHOorAa 3BydaTb. KoHeuHO, B OyaylueMm, BO3MOXHO, Mbl OyAeM BHIETb
OoJblIee KOJMYECTBO COTHEYHBIX OaTapeil Ha KphIIax JOMOB, IOCKOJBKY MX II€HA CHH)KAeTCs,
a Mbl Oojiee paIMOHAIBHO HCIIOIB3yEM SHEPIHI0, YTO CIOCOOCTBYeT 0oJiee MHUPOKOMY HX
pacnpoctpaneHuio. OJHAKO, s TEHEepalMM JJIEKTPUYECTBA COJHEUHAs DJHEPrusi HMEeT
OTpaHUYEHHBIH NOTEHIMAJ], IMOCKOJIbKY OHAa HENOCTOSHHAa W Hempelackasyema. Bo-nepBblx,
MIOTOKH COJIHEYHOM PHEPIUU TPEephIBAIOTCA B HOYHOE BpeMs M IpHU OOJIAYHOHM moroje. ITo
MPUBOAUT K JOCTATOYHO HU3KOMY KO3((PUINEHTY UCTIONb30BaHUS COJTHEYHOM YHEPTUH, OOBIYHO
MeHee 15 mpomeHtoB. Bo-BTOphIX, KO3(QdHUHMEHT mnpeoOpa3oBaHUs COBPEMEHHBIMH
(hoTOdIEMEHTaMH COTHEYHOW DHEPTUM B AJICKTPUUYECKYIO HE TpeBbImaeT 12-16 mporeHToB, H
€ro JI0 CUX IOp €ro He YIAaeTcsl YBEIWYHTb, XOTS HCCICAOBAHUS B 3TOW OOJIACTH BEIYTCS YyXKe
0oJiee HECKOIBKUX IECITUIIETHNI. *

* B ABcTpanuu B IOTOXHUI COJIHEYHBIH JICHh HA MOBEPXHOCTh 3E€MIIM, OPHEHTHPOBAHHYIO MEPICHINKYISIPHO K
COJIHEYHBIM JIyyaM, IMONajaeT 0 ONHOro KuioBarra sHepruu Ha kBaapaTHbld meTp. B Kanane sta BenmunHa
OKa3BIBaETCsI HAMHOTO MeHbIIeH. Ha OolbIeli 4acTi ee TeppUTOPHH, Ha TOPH3OHTANBHYIO TIOBEPXHOCTh IUIOIMIAIHI0
B OJIMH KBaJPATHBIA METp, MOMaNaeT B cpeaHeM He Ooliee OMHOTO KIioBarTT daca CONHEYHOW SHEPTUU B TEUCHHE
ITHSL.

B Hacrosimee Bpems BHMMaHHE C(OKYCHPOBAaHO Ha JABYX croco0ax mpeoOpa3oBaHUs
COJIHEYHOM DHHEpPruu B DJIEKTPUYECKYI0. bojee BCero HM3BECTEH METOM, MCIOJIb3YIOIIHI
(OTOdNIEMEHTBl Ul TeHEepalMy JIIEKTPUYEeCTBa. IJTOT METOJ HMMeeT OoJblIoe 3HAveHUe,
HampuMmep, Il oOecrieueHus: JHeprue KOCMUYECKUX anmnapaTtoB, 000PYI0BaHUS CUCTEM CBSI3H
OTJaJICHHBIX y3/10B Tenecetn B ABctpanuu u Kanaze. [TomynspHocTs poTO31€MEHTOB ObLIA OBI
TEM BBIIIIE, YeM BhbIIIE OblIa Obl X (PPEKTUBHOCTh U HUKE CTOMMOCTH (Ha CETOHAIIHUN JICHb
CTOUMOCTH (pOoTO371eMeHTOB cocTaBister npumepHo 4000 mommapoB CHIA nHa onuH kmioBarrt
BbIpabaThiBaeMOi MOIIHOCTH). CTOMMOCTH (POTOZJIEMEHTOB BCE €Il CIUIIKOM BBICOKA JUIS
OBITOBOTO MCIONB30BaHUA. 711 aBTOHOMHBIX CHCTEM JOJDKHBI 00S3aTENbHO HCIIOJIb30BATHCA
HEKOTOpBIE CIOCOOBI XpaHEHUs: COOpaHHOM PHEPruM B TEUEHHWE TEMHOTO BPEMEHU CYTOK WIH
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00Ja4HOCTH. DTO MOTYT OBbITh WJIN aKKyMYJISTOpPHBIE OaTapeu, WM BOAOPOJ, MPOU3BEICHHBIN
ANEKTPOJIU30M, WM CBEPXMIPOBOAHUKH. B nr000M ciydae, B JONOTHUTENbHBIE CTaJAUH
MIPEBPALLIEHUS SHEPTUU HEOOXOJMMO BOBJIEKATh MPOIECCHl C HEM3OEKHBIMU SHEPreTHUECKUMHU
notepsimMu, noHwkatoue oomwmit KITJI, u 3HauntensHO yBennuuBaromue 3arpaTtsl. Heckonbko
SKCTIEPUMEHTAIIBHBIX COJTHEYHBIX 3JEKTPOCTAHIMI MOIIHOCTHIO 0T 300 1o 500 kBT BKIIIOUYEHBI B
anektpocetn EBpombl u CIIA. B HaydHBIX YUpexACHHSIX MPOAODKAIOTCS HCCIEAOBaHUS B
HaIpPaBJICHUU YMEHBIICHHS Pa3MepoB (POTOAIEMEHTOB M YBEINYCHHUS X 3PPEKTUBHOCTH.

Jlpyroe riaBHOE HampaBJiCHHE HCCIEIOBaHMN - pa3padOoTKa SKOHOMHBIX CIOCOOOB
XpaHEHUsI SHEpPruu, KoTopas BbIpaboTaHa (OTORIEMEHTAMHU B TEUEHHE CBETOBOTO IHS.
ConHeyHas TemIOBasi AJIEKTPOCTAHLIUSA UMEET CUCTEMY 3epKall JJi KOHLUEHTPALUU COJHEYHOIO
CBETA Ha CIEIHMAJIbHBIN MOTJIOTUTENb, B KOTOPOM BBIIEISIOIIEECs TEIJIO Mpeodpa3yercss B map
BBICOKOTO JaBJCHHMS W MPHUBOJUT B JBIKeHUE TypOunbl. KoHueHTpaTtop - 3T0 OOBIYHO
napaboIMYeCKUl  OTpakaTeslb, KOTOPBIM OpPHUEHTHUPYETCS MEXIy CEBEpOM M  IOrOM,
MPOCJEeKUBAECT MyTh COJHIA B TeueHue AHs. [lormorurens pacroyniokeH B (OKyce 3TOro
OTpakaTelsl W HCIONBb3YeT COJIHEYHYIO DHEPTHI0 [Jisi HArpeBaHUs CICUUATbHON KUIAKOCTU
(OOBIYHO ATO CHMHTETHYECKOE Macio) a0 Ttemmeparypsl nopsaka 400 rpamycos Llemscusa. Ota
KUJKOCTh Jlajiee YIpaBisieT TypOuHOM U reHeparopoM. B Hacrosiiee BpeMs HECKOIBKO TaKUX
3JIEKTPOCTAHIINI C MOITHOCTBIO dHEeprooaokoB 80 MBT HaxomsTcst B aKkcruryataruu. Kaxmbrit
TaKON MOJYJbh 3aHMMAaeT IJIOMAaAb IpuMepHO B 50 TeKTapoB 3eMiu U TpeOyeT O4YeHb TOYHBIX
cucteM ynpanieHus. ColHeYHbIe 3JIEKTPOCTAHIIUH JOTIONHSIOTCS MOAYJISIMH, pabOTalOIMMU Ha
ra3e, KOTOpPbIe TMPOU3BOIST OKOJIO YETBEPTH MOJIHOW BHIPAOATHIBAEMOUN MOIIIHOCTUA M COXPAHSIOT
pabounii pexxum B TedeHHe Houd. B cepeaune 1990-bIX To/I0B TakWe CTAaHIMH C CYMMapHOM
MonHocThIo 6onee yem 350 MBT npoussenu Bo Bcem mupe npuMepHo 80 % 3IeKTpo’Hepruw,
MOJTYYeHHOM OT coJsiHIa. B OyaymieM ocHOBHAs poJib COJTHEUHOM IHEPTrUU OYyJIET COCTOATH B €€
MPSIMOM KCIIOJI30BAHUU JJII OTOTUICHHUS.

Haubonpmrast sHepretnueckass MOTPEOHOCTb JIOAEH - 3TO TOTPEOHOCTH B TeILIE,
HampuMmep, B ropsdeM BOAOCHaOXeHUH ¢ Temreparypoii He 6onee 60 rpanycoB Llenbcus. bonee
BBICOKHE TeMIepaTypbl TpeOyIOTCs B TPOMBINUICHHOCTH (B auamnazone 60 - 110 rpamycoB
Henbcust). DT MOTPeOHOCTH B COBOKYITHOCTU OIPENENSIOT IMPOMOPIMH HHEPreTHYECKOTO
noTpebiieHus B MHAYCTpUAIbHBIX cTpaHaxX. [lepBas moTpeOHOCTH YK€ CEToJHS MOXET ObITh
YIIOBJIETBOPEHA B HEKOTOPBIX OOJIACTSAX 32 CYET HMCIIOJIb30BAaHUS COJHEYHOIO CBETa M TeEIIA.
KommMmepueckoe HCIonb30BaHUE COTHEYHOM 3HEPruM AJisi CHa0XKEHUS TEIUIOM MPOMBIIIICHHBIX
00BEKTOB, MO-BUAUMOMY, Oy/IeT BO3MOKHO B HeJanekoMm OyaymieM. [IpakTuueckas peamu3arus
TAaKOrO MOAXOJAa CHU3UT B HEKOTOPOM CTEMEeHH MNOTPeOSIeHUE 3JIEKTPOIHEPTHH, YMEHBUIUT
pacxoj OpraHMYeCcKOro TOIUIMBA W OJArompUsTHO CKAXKETCS Ha OXPaHE OKpY Karolieh cpeasl. A
€CJIM MCTIONIb30BaTh TEIJIOBBIE HACOCHI C HAJUIeKAIeH U30JsLueH, TO MOXKHO TaK)Ke OTaIluIiBaTh
(WM OXJMAXAAaTh) 3MAaHUS C OYEHb HEOONBIIMMH 3aTpaTaMHU SHEpPruu. B KOoHEYHOM cyeTe, 10
JECSITH TPOIIEHTOB MOJHOM MOTpeOsieMoi SHEPruu B MHIYCTPUANBHBIX CTpaHaX MOXKET ObITh
MOJIy4eHO MPH PAIMOHAIBHOM HCIIOJIb30BAHUM COJHEYHOTO CBETAa U Temjaa. JTO YacCTUYHO
YMEHBIIUT HEOOXOAUMBIN YPOBEHb 0a3MCHOTO MPOU3BOACTBA AIEKTPOIHEPTHH.

JHepruss BeTpa: B TeueHMM MHOTHX JECATWUJIETHA B OTHAJEHHBIX paloHax
UCTIONB3YIOTCS BETpSiHbIE TYpOMHBI JJIsi OBITOBOM T'eHEpalMy >JEKTPUYECTBA M IMOI3APSAKH
aKKyMYJIATOPHBIX Oatapeil. ['eHepupyronme MoaysiM MOIIHOCTRIO Oosbiie yueM 1 MBT Tenepb
(YHKIIMOHMPYIOT BO MHOTUX cTpaHax. llpou3Bogumast BEeTpSHOH TypOMHOH MOIIHOCTD
ANEKTPOIHEPIUH MPOMOPLMOHAIBHA CKOPOCTU BETpa B TPEThEHl CTENEeHU, U MHOTHE TYypOUHBI
3¢ PEeKTUBHO pabOTAIOT MPU CKOPOCTH BETpa NpUOIU3UTENBHO 7 - 20 METpOB B CeKyHAy (1iu 25
- 70 xm/gac). Ha 3emMHOM mape HE Tak MHOTO PaiOHOB, UMEIOIIMX TAaKWE MPEOOJIaIarolIIre

32



SIu Iop-Jleccn, "SnepHoe 3nexkTpuyecTso'

Betpbl. [logoOHO  CONMHEYHOM  HSHEpPruM, UCIOJB30BAHHWE JHEPruM  BeTpa  TpedyeT
JIONIOJTHUTEIbHBIX AyOIUPYIOIINX UCTOYHUKOB 3JIEKTPOIHEPTUU MM CUCTEM aKKyMYJIHUPOBAHHUS
SHEPruM Ha ciiydail Oosee CIOKOHHOM n 0e3BeTpeHHoI norojpl. B HacTosiiee Bpemsi BETpsiHbIE
TypOUHBI, paboTaloKe B Pa3IUYHBIX YACTSIX MHUpA, UMEIOT OOyl MOMIHOCTH okojio 15000
MBT. OnHH ABISIOTCS ILEHHBIM  JIOMOJHEHHMEM K  KPYIMHOMACIITaOHBIM  Oa3MCHBIM
aneKkTpocTaHuuaM. [lanus, Hanpumep, nonydaer 10 % cBoel 21IEKTPOIHEPTUU OT SHEPTUU BETpa
U, HaXOJsCh B 3aBUCHMOCTH OT MUMIIOpPTa AJIEKTPOIHEPIUH, HAMEpPEHA YBEJIWYUBAThH 3Ty JAOJIO.
Haunbonee SKOHOMUYHBIMM UM TPAKTUYHBIMHU SBISIOTCS BETPSIHbIE KOMMEpPYECKHE MOJIYJIH
MOIITHOCTBIO Oojiee ogHOro MBT, KOTOpBIE MOTYT TpyNIUpPOBaTHCS B HEOOJBIINE BETPSHBIC
CTAaHLUHU.

Pexn: ['muposnekTpodHeprus, KoTopas SBISETCS NPeoOpa3oBaHHON IMOTEHITMATBHOM
SHEprueil BoAbl B peKax, B HACTOsALIEE BpeMs cocTaBisAeT 19% Bcell MUPOBOM 3JIEKTPOIHEPTUHU
(B ABctpamuu 10%, B Kanane 59 %). KpoMe HeCKONbKHUX CTpaH, THIPOIIEKTPOIHEPTHS OOBITHO
MIPUMEHSIETCS I KOMITICHCAIIMU MUKOBBIX HArpy30K, TOTOMY YTO, BO-TIEPBBIX, OHA MOXKET OBITh
OMEpaTUBHO TMOJKIIOYEHA K JEHCTBYIONIMM 3JIEKTPOCETSIM, a BO-BTOPBIX, 3allachl BObI
orpaHudeHsl. B mo060oM cioydae THUIAPODICKTPOIHEPrHsi HE HMMEET MEPCHEeKTUB IS
WCTIONB30BaHUsS B OyAyIieM, TaKk Kak OOJIBIIMHCTBO Treorpaduueckux paioHOB B MHUPE,
UMEIOIUX BO3MOXKHOCTH Il HWCIOJB30BAaHUS TOTCHIMAILHON JHEPTHMH BOJIBI, WU YKE
HaXOJATCS B OKCIUTyaTalldd WU K€ HEJOCTYINHBI MO JPYTUM MNpUYHHAM (U3 COOOpa)KeHHit
OXpaHbl OKpY’Kalollel cpeabl, Hanpumep). [IpernMyecTBo MHOTUX THIPOCHCTEM COCTOUT B UX
CIIOCOOHOCTH KOMIIEHCUPOBATh CE30HHBIE (TAaK)Ke KaK U €KETHEBHBIE) MAKCUMAaJIbHbIE HArpy3Ku
B TOTpeOJICHUU DJIEKTpodHepruu. Ha mpakTHKe HCIONB30BaHUE 3aracoB BOABI HMHOTJA
YCIIOXKHSETCA 3alpocaMd Ha HUPPUTALNI0, KOTOPbIE MOTYT MPOUCXOAUTH OIHOBPEMEHHO C
MMUKOBBIMH HAarpy3KamMu. B HEKOTOPBIX 007acTsX reorpaduueckue yCIOBUS MOTYT OTPaHUYHUBATh
WCIOJIb30BaHUE THIPOIIEKTPOIHEPTUH B MIEPHOIbI CE30HHBIX JT0XKICH.

I'eoTtepmasibHoOe Tem10: B Tex paiioHax, r/ie TOPSAYUNA MOJ3EMHBIN MMap MOYKET IOCTUTATh
MOBEPXHOCTU 3EMJIM, €r0 MOXHO HCHOJb30BaTh AJIsI MPOU3BOJICTBA 3JIEKTPOIHEPTrUU. Takoro
pojaa reoTepMabHbIE NCTOYHUKH SHEPTHH TMOJTYUYHIN PACHpOCTpaHEHHWE B HEKOTOPBIX YACTAX
mupa, Hanpumep, B Hosoit 3enanauu, B CIIIA, na ®unmunnunax, B Mcnannuu u Uranuu. B
o01el CII0KHOCTH 3TH UCTOYHHMKHU SHEPTHH cero/iHs BbipabateiBaoT 70 6000 MBT mMomutHOCTH.
NmeroTcst Takke MEPCHEKTHBBI B MCMOJIB30BAHMM ATOTO METOAA B JAPYTMX paloHaX IyTeM
TepeKavYnBaHMs TOPSYEH MO36MHON BOJIBI B T€ MECTA, TJIC €€ HET.

IIpunauBel: BriepBble UCNOJIB30BaHNE NPWIMBHOW HSHEPTUU B 3aJIMBAX WM YCThSX PEK
ObUT0 ocymiecTBIeHO Bo Ppannuu u B Poccun (HaumHas ¢ 1966 roma). [IpunmBHO-OTIMBHAS
BOJA, JBMXKYLIAsCS B OOEUX HAIPABJICHUSAX, UCIIOJIB3YETCS JJI BpalleHUus TypOUH. DTOT BUA
SHEPTUU MOXKET UCTIOIB30BAThLCS TaM, TJ€ €CTh 3HAUUTEIbHBIC 00JACTH C MPUITMBHO-OTIUBHBIMH
notokamu. B Kanane, Hanpumep, 310 3anuB Panau mexay Hosoi Ckoumedn u HoBbiM
bpancynkom. Bo Bcem Mupe 3Ta TEXHOJIOTHUS UMEET HE3HAYUTENbHBINA ITOTEHIIUAT.

Boansbi: Vcnonp3oBaHWE SHEPTUU JABWKCHHUS BOJIH MOXKET JaTh Tropas3fao OOJbINUN
3¢ dexT, yeM NPUIMBHO-OTIUBHAS JHEPrus. Bo3MOKHOCTH MPAKTHYECKOTO HCIIOIb30BAHMS
SHEPTUU BOJH B CBOE BpeMs UccienoBaiack B Benmukooputanuu. ['eHepaTOphl SIEKTPOIHEPTHH B
3TOM Cclydae JAOJOKHBI PpAacrojiaraTbCsl Ha IUIABAIOMUX IUIaTGopMax WM B TOJIOCTAX
MPUOPEKHBIX CKABHBIX TOPOJI. BBICOKasi CTOMMOCT TPEOyEeMBIX YCTPOHCTB M MHOTOYUCIICHHBIC
MPaKTUYECKHUE MPOOJIEMBI JCIAI0T TAKKWE MTPOCKTHI HE PEaTbHBIMH.
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OTHolIeHHE BO300HOBJISIEMbIX HCTOYHHKOB JHEPIrum K 633HCHOMy HOTpeﬁﬂeHHlO
IJICKTPOIHEPIrUumn: Comme, IHep2us eéempa, RPUIUGbL U 60JIHbl HE MmoZym 3AMEeHUMmb
ucnobzoeanue ylis, 2aza ujin }ldepnoﬁ JIHepiuu, OOHAKO OHU UCKJIIOUUMETIbHO BAXCHbL 0.1
UCNOJIb3064HUA 6 cneuu¢uqecmtxpaﬁouax 3emMHO020 uiapa.

[lo yka3aHHBIM BbIIIE MPUYMHAM MEPEYUCICHHbIE MCTOYHHUKH DSHEPIUU HE MOTYT
obecrieunTh Oa3UCHbIE MNOTPEOHOCTH B AJEKTPOIHEPIMU MM KOMIIEHCHUPOBATh ITHMKOBBIE
Harpy3kH, Koraa 3To HeoOxoaumo. [IpakTuuecku oHu MoryT faaTh jumib 10 - 20% ot obmieit
NOTPeOHOCTH B SHEPTUU U HUKOT 1A HE 3aMEHSAT YIoJb, I'a3 WIH sAepHy0 3Hepruto. OnHako, OHU
MOTYT CTaTh UCKJIIOUUTEILHO BAKHBIMH B CIICIU(PHUECKUX pallOHAX 3€MHOIO IIapa, Iae A ux
UCIOJIb30BAHUS CYIIECTBYIOT OJIArONPUSATHBIE YCIOBUS.

[Tpo6nembl BO3AECUCTBHS HA OKPYKAIOILIYIO CPely COTEH OTPOMHBIX BETPSHBIX TYpOUH,
3aHATBIE W HEHCIOJIb3yeMble OOIIMPHBIE TEPPUTOPUM 3€MIIM WIM OTPOMHBIE IPHUIMBHO-
OTJIMBHBIE 3arpaKICHMs, HE TOBOPS YXKE O HOBBIX THAPOY3JIaxX, SIBISAIOTCA CYLIECTBEHHBIM
OTPaHUYEHUEM B MCIIOJIb30BAaHHMM BO30OHOBISEMBIX HCTOUYHUKOB SHepruu. KoneuHo, Takue
TEXHOJIOTUHM B HEKOTOPOI CTENEeHU BHECYT CBOHM BKJIAJ B OYIYIIyI0O MUPOBYIO SHEPI€TUKY, XOTS
U He OyIyT HECTH OCHOBHOW Harpy3KH Ha YJOBJIETBOPEHHE SHEPreTHYECKHX HYXK] IUIAHETHI.
Ecnu ugenoBedecTBO Haiiner B Oynymiem crocoObl 3(h(eKTUBHOTO XpaHEHMs SJIEKTPOIHEPTHUH,
[IOJIy4yaeMOHi OT COJIHEYHBIX OaTapedl MM BETPSIHBIX I'€HEpaTOpOB, BKJIAA ITUX TEXHOJIOTUH B
yIIOBJIETBOPEHHE OA3MCHBIX DHEPreTHUECKUX MOTPEOHOCTEH CTaHET HaMHOTO 3HauuTeNlbHeH. B
HEKOTOPBIX MECTaX B T€YEHUE BPEMEHHU HEMMKOBBIX HArpy30K M BBIXOJHBIX JHEH M30BITOYHAS
SHEPrusl YTOJNBbHBIX WIM SACPHBIX 3JEKTPOCTAHIMI HCIOJb3YyeTCs Il HAKOIUIEHHWs BOJABI B
BOJIOXpAHWIMIIAX, KOTOpas 3aTeM pacXxopyeTcss TI'MIAPO3JIEKTPOCTAHLMAMM Ul KOMIIEHCALUH
IIMKOBBIX Harpy3ok. K coxajleHuro, He TaKk MHOTO MECT HMEIOT BO3MOKHOCTH JUIS
CTPOUTENIbCTBA IOJKAYMBAEMBIX IJIOTUH TaKoro poja. XpaHEHHE C)KaToro BO3JIyXa B
MOJI3EMHBIX XPAHWINIIAX UCIIONb3YETCs MOKa B TOPA3/10 MEHbIIeH cTerneHu. CrnocoObl XpaHEHHS
OOJNBIIMX KOJWYECTB 3JIEKTPOIHEPIMH B TUIAHTCKUX aKKyMYJISATOPHBIX OaTapesix IOKa He
pa3paboTaHsbl.

IIpu paccMoTpeHHH SHEProcHa0XKEHUS B LIEIOM, UMEIOTCSI HEKOTOPBIE BO3MOKHOCTH /TSt
peBepcrpoBaHus (MEPEKIIOUEHHUS) SHEPTOMOTOKOB B PAa3BUTHIX CTPAHAX C MX 24-4acOBBIMU U 7-
JHEBHBIMM LMKJIAMH JUIsI TOrO 4YTOOBI YAOBJIETBOPUTH €)KEIHEBHbIE IHMKOBBIE HArpy3Ku.
CeroansuiHee 000py0BaHUE AJIsi KOMICHCALUU TUKOBBIX HArpy30K MOTJIO OBl MCIIOJIb30BATHCS
B HEKOTOPOM CTEMEHU [yl CHAOXKEHUS SHEprued CUCTEM, IOJIAralolUXCsi B OCHOBHOM Ha
BO300HOBIISIEMbIE MCTOYHUKM HHEPTUH. OTH MOIIHOCTH TIO3BOJIMIM OBl  JOMOJHUTH
KpPYNHOMACHITAOHOE IPOU3BOJCTBO SHEPIMH COJIHEYHBIMU OaTapesiMi U BETPSIHBIMU TypOHUHAMU
B MOMEHTHI, KOTJIa OHH HE B COCTOSHMM 3TOro jeiatb. JIroboe peanbHOE HCIOIb30BaHHUE
COJIHEUHBIX OaTapeil WM 3HEpPruu BeTpa Ul MPOU3BOJACTBA DJIEKTPOIHEPTUU B SHEPrOCeTH
JOJDKHO TpepycMmarpuBath Hamumuue 100%-HOW nyOnupyromield reHepupyromeid MOIHOCTH -
TMJIPO WM TEIUIOBOM 3neKTpocTaHuMu. [IOHATHO, YTO 3TO CBA3aHO C OYEHb BBICOKUMHU
SKOHOMMYECKHMHU 3aTpaTaMH, XOTS B HEKOTOPHIX MECTaX MOXET CTaThb OCHOBOM pa3BUTHS
Oyaymel »oHepreTMku. Jlas pas3BUBAIOIIMXCS CTpaH C HE3HAYUTEIbHBIMH  Oa3HMCHBIMU
NOTPeOHOCTSAMH B JIEKTPOIHEPT MU TAKOW MOJXO0/I, €CTECTBEHHO, HEIIPUMEHHM.

JKOJIOTHYECKHE ACIEKThI HCI0JIb30BAHUA BO300HOBJIsIEeMbIX HCTOYHUKOB JHEPIUU:
Bo300HOBIIsSIEMbIE UCTOYHUKH 3HEPTUU UMEIOT Pa3IUYHBIA Ha0Op KayeCcTB C TOYKH 3PEHUS UX
BIIMSIHUSA HAa OKPY’KaIOLIYI0 CPEly U BBITOJBI [0 CPABHEHHIO C OPraHMYECKUM WIN SIIEPHBIM
TOIIMBOM. K MOJNIOXKUTENBHBIM KaueCcTBaM CIIEAYET OTHECTH TOT (hakT, YTO OHU COBEPIICHHO HE
BbIOpACHIBAIOT B aTMOC(epy yIIEeKHCIbIN Ta3, U He MPOU3BOIAT IPYTUX 3arpsI3HAIOIINX BELIECTB
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(KpoMe HEKOTOPBIX MPOIYKTOB pactaia, o0pa3yomuXcs Ha THE BOAHBIX pe3epByapoB). Ho Tak
KaK OHU HCIOJIB3YIOT OTHOCUTEIHHO MAIOMHTEHCUBHYIO YHEPTHIO, MJIOMAAb, 3aHUMaeMas UMH,
OKa3bIBaeTCsi HaMHOTO OoJbiIeii. Kpome Toro, ¢pusudeckne pazMepsl 000pyI0BaHUs, IO STOU Ke
MpPUYMHE, OKAa3bIBAIOTCS  OYEHb  OOJBIIMMHU MO  CPAaBHEHHUIO C  CYIIECTBYIOIIMMHU
BBICOKOMHTEHCHBHBIMH HCTOYHUKaMU »Hepruu. I[lociemHee oOCTOSATENBCTBO TpeOyeT uis
W3TOTOBJICHUSI COOTBETCTBYIOIIMX KOHCTPYKIMN OONBIIUX MATEpUANbHBIX M DHEPreTUUYECKUX
3arpar. COMHHTENBHO, HANPUMEp, YTO OBl JKUTENW ABCTpalMHd OJOOPHIIM BO3ICHCTBHE HA
OKPYXAIOIIyI0 Cpey HOBBIX THIpocucTeM B paiioHe CHexHbIX [op (marommx, kctatu, 3.5 %
BCEH AJIEKTPOIHEPTUU U 00ECIIEUUBAIOT UPpUTALIKIO). Bpsn mu OyayT 0100peHbI U IPOEKTHI 110
3aCTpOKe OOJBINNX TUIOIIAACH BOIM3U TOPOOB MO JICKTPOCTAHIIUUA HAa COJIHEUHBIX OaTapesx,
€CIIM TaKHe MPOEKThI BOOOIE Koraa-nnbo OyayT caenansl. B EBporne, BeTpsiHble TypOUHBI 1aBHO
HE BBI3BIBAIOT K ceOe JIF0OOBh M3-3a MPOM3BOJMMOIO MMH IIyMa U MO COOOPaKEHUSIM OXPaHbI
npupoasl. ['poMaaHble Bpamiaroummecs TypOMHBI HMOCTOSHHO NPHUBOIAAT K TruOenu OOJBIIOro
yycna ntul. OgHaKo, BO3ACHCTBUE HA OKPYKAIOIIYIO0 CPely MOXKET ObITh MUHUMH3UPOBAHO B
HEKOTOphIX ciydasx. ConmHewHble Oaraped, HampuUMep, MOTYT YCTaHABIMBATHCS BJIOJb
aBTOMArucTpaseil, BHIIOIHSAS JONOJHUTENbHYIO (QYHKIMIO IIyMOU3OJISIUH, WIH paclojaratbecs
Ha KpBbIIax A0MOB. MIMEIOTCS TakKe OTHIEeNbHbIE MECTa, I BO3MOXHA U 0e30MacHasi yCTaHOBKa
BETPSIHBIX TYypOWH.

2.6 CpaBHeHHe yriis ¥ ypaHa

Eouncmeennvimu u 2nagnvimu mMoORIUGHBIMU Pecypcamu 071 KPYRHOMACUIMAOHO20
npou3600cmea IHEPUU 6 MedeHUe C1e0YIUUX 0eCAMUIEeMUN 0CMAlOmcs y20ib U ypaH.

B Omuxkaiimeid mepcnexTuBe ra3 Oyzaer emie sBIATHCS 3(()EKTUBHBIM TOIUIMBOM B
HEKOTOPBIX MECTaxX Ha HAIIeH TUTAHETe, HO €ro OOJIbIIIOE 3HaUYCHUE KakK "MpsmMoro ToruBa" (T.e.
UCIOJIb3YEMOr0 HEIMOCPEICTBEHHO MJIsi TMOJYYeHHs TeIUla) M BEPOSTHOCTH CYIIECTBEHHOTO
YBEJIMYCHUSI CTOMMOCTH, 3aCTaBJISIIOT paccMaTpUBAaTh Yrojb W YpaH OCHOBHBIM TOIUTMBOM
Oyaymiero. Beibop Mexay 3TUMHU IByMsI BApHaHTaMH, BEPOATHO, OyAET 3aBUCETh OT KOHEUHOM
CTOMMOCTH TIOJTy4aeMOH SJIEKTPOSHEPTHU M YPOBHS 3aTpaT Ha OXpaHy OKpY’KaloIeil cpemsl,
KOTOpPBIE B 3HAYUTEIHHON CTENICHH 3aBUCAT OT MECTOPACIIONIOKEHUS SJHEPTETUYECKUX OOBEKTOB.

B sToM paznene MbI IpHBeieM HEKOTOpOE 00IIIee CpaBHEHNE MEXKTY YTJIEM U YPAHOM Kak
OCHOBHBIMHM BHJAaMM TOIUIMBA JJs1 0a3uMCHOM TreHepamuu 3JeKTpodHepruu. ComocTaBlieHUs,
KOTOpBIE OTHOCATCA K TpOoOJIeMaM COXpaHEHHsS OKpY’KAloIleH Cpeabpl M OXpaHe 3I0POBBS
HaceneHus, 6ojee moaApoOHO paccMOTpeHbl B [maBe 6. Pa3nuuHble KoiauyecTBa noTpeduTeneit
BOBJICUCHBI B TIPOLIECC NPEBPAINEHHUS DHEPreTUYECKUX PECYypCOB B  3JIEKTPOIHEPTHIO.
KonudectBo »neKTposHEepruu, moTpedisieMoe OXHUM 4dernoBekoM B Smonuu unu CeBepHOM
EBpomne B TeueHune ogHOTO TOa,* cocTaBiseT, npuMmepHo, 8000 kBTy.

* CpenHee noTpebieHUe B MHAYCTPHAIBHBIX CTpaHax cocrasisieT npuommsutensHo 9000 kBt B rof (1o 1aHHEIM
Muposoro Dueprernueckoro Cosera, 2000 rox). B ABcrpanuu - npubnmsurensno 7500 kBtu B ron Ha oxHOTO
yesioBeKa (IpH ydeTe 3KCIopTa SHEPTUH U 3aTpaT B pou3BoAcTBe amomunus). [lorpednenne B Kanane cocrasmsier
15500 xBtu B rog Ha oHOTO YenoBeka, a B CIIIA - mpubmmsurensrno, 12700 kBty.

Hcnonb3oBanue yrias kak TomjauBa: [IpuOIM3UTENbHO TpU TOHHBI KAMEHHOTO YIS
BBICOKOTO KauecTBa (Wiau 3.5 TOHHBI CpelHEro KayecTtBa, WiIM 9 TOHH Oyporo) cKMraercss Ha
TEIUIOBBIX 3JIEKTPOCTAHLUAX VISl MOJIYyYEHHUsT OJMHAKOBOI'O KOJIMYECTBA 3JIEKTpodHepruu. Ilpu
3TOM OCTaeTcs 10 MOJYTOHHBI 30J1bl, B 3aBUCUMOCTH OT KauecTBa HCIOJb3yEMOTrO YIJIi, U B
OKpY’KaIOIIyI0 Cpeay BbIOpachiBaeTcs BOCEMb TOHH YIJIEKHCIOrO Tra3a, KOTOPBIH IMpH
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aTMoc(epHOM NaBJICHHH W TEMIIEpPAType 3arOoiIHII OBl TPU MOITHOTa0ApUTHBIX OIMMITHIACKUX
Oacceiina (50m*15M*2M). B 3aBucumocTH OT copTa yrfisi, BBIOpachIBacTCs U HEKOTOPOE
KOJIM4YecTBO JAByokucu cepbl (SO,). OOmee coaepxaHue ceppl B AMEPUKAHCKHX YIJIAX,
IPUMEPHO, 2-3 MpPOILEHTa, U OHM JAl0T COTHU KHJIOTPaMMOB JBYOKHCH CEpbl, KOTOpble Oe3
JOPOTOCTOSIICH YTHIIM3AIUN TPUBOAST K BBHITIAJICHUIO KUCIOTHBIX J0XKIIEH, XOPOIIO N3BECTHBIX
B CEBEPHOM MOJyIIapuu. BiausHue Ha OKpY>KaloLIyl0 cpely TOOOUYHBIX MPOAYKTOB OT CXKUTaHHS
YIJIS Ha TEIJIOBBIX AJIEKTPOCTAHIIMIX pacCMaTpUBaIOTCs Oojee moapoOHO B pasznenax 6.1 u 6.2, a
3arpatel 1Mo ytunuzanuu SO, MBI pacCMOTpUM HIDKe. (3aMeTuM, 4YTO ABCTpPaIMHCKUN H
Kanaackuii yrnu conepkaT MEHbIIE OIHOTO IMPOLIEHTAa CEpbl). 3a TOJbl IKCIUTyaTalluH,
OOJIBIITMHCTBO TEIUIOBBIX DJIEKTPOCTAHIIMKA BBIOpOCHIM B aTMochepy HaMHOTo OoJbIie
PaZMOAKTUBHBIX BEIIECTB, YeM JIOObIC sJEpHBIE YCTaHOBKM NOA0O0HOTO pasmepa! I[losromy
HEOO0XOAMMO BCErja CJlEeIUTb 3a COJCpPKAHMEM pAJUOAaKTUBHBIX MaTepuUaroB B yrie (B
Asctpamuu u Kanane, nanpumep, coxepkanne U-+Th cocraBmser no 17 mpomwmiuie). [lpu
UCIOJIb30BAHUU COBPEMEHHOIO OOOPYAOBaHMs 3Ta PAJTUOAKTUBHOCTb COXPAHSETCS IJIaBHBIM
00pa3oM B 30JI€ U YTHIIM3UPYETCSI BMECTE C HEM.

2.7 JxoHOMHUYeCKHE (PAKTOPBHI

Hapsiny ¢ xonuyecTBeHHBIM cpaBHEHHEM 3()()EKTHBHOCTU PA3TUYHBIX BUAOB TOIUIMBA U
MIPOM3BOJUMBIX OTXOJIOB, BAXXHO PACCMOTPETh OTHOCUTENBHBIE 3aTpaThl, CBSI3aHHBIE C
UCIOJB30BAHMEM TOTO WM HMHOro TomimBa. B Tabnuume 4 moka3aHO  CpaBHEHHE
MIPOTHO3UPYEMON CTOMMOCTH 3JIEKTPOIHEPIHH, MOIy4aeMOW OT pa3iHyHbIX MCTOYHHUKOB
sHepruu, cocrasieHHo OECD.

Ha Pucynke 7 moxasaHbl MOJIHBIE 3aTpaThl HA MPOM3BOJICTBO JICKTPOIHEPTHH 3a Oosee
yem aecstunetHuil nepuon B CHIA, B To BpeMsi kak PUCYHOK 8 MOKa3bIBaeT CTPYKTypy 3THX
3aTpaT Ui pa3IMYHbIX CIIOCOOOB MPOM3BOACTBA 3JIEKTpPOIHEpruu. CTOMMOCTh CTPOUTENHCTBA
aTOMHBIX JIEKTPOCTAHIIUI HAMHOTO OOJIbIIE, YeM CTOMMOCTb TEIUIOBBIX, Pa0OTAIOMIUX HA yTJje
win raze. Ho cTouMocTh sIepHOTro TOIUIMBA, BKJIIOYasi €ro HeoOXxoaumMoe oboraiieHue, MEeHbIIIe
CcTOUMOCTH HedTH, yrig u raza. CienoBarenbHO, (aKTHUECKash CTOMMOCTh JJIEKTPOIHEPTHUH,
MIPOM3BOMMOM Ha aTOMHBIX AJIEKTPOCTAHLIUAX, Oy/IE€T MOYTH TaKas ke, KaKk U Ha TETJIOBBIX.

Nmeercss MHOXKECTBO AMEPUKAHCKMX SAECPHBIX YCTAaHOBOK, IPOEKTHAas CTOMMOCTH
KOTOpBIX TIOTJIONIAJIach YK€ Ha CTaJAuM TNPOEKTHUPOBAHUS U, CIIEJOBATEIbHO, PAacCUeTHOE
3HAUEHUE CTOMMOCTH TI'€HEpUPYEMOM DSHEPIUM OKa3bIBAJIOCh OYEHb BBICOKMMH. OJHaKoO,
3aKpbITHE TAaKUX 3aBOJIOB HE MOMOIIO Obl HU BiajejbllaM, HU 3aKa3uhKaM, U KpUTEPHUEM HUX
CYLIECTBOBaHMSA, B KOHEYHOM CHYETE, SBJISIETCS CTOMMOCTh (DAKTHYECKOW SKCIUTyaTaluu (CM.
Pucynok 7). Ilo aToMy moka3atento aTOMHBIE 3JIEKTPOCTAHLMU CPaBHUBAIOTCS C TEIUIOBHIMH,
paboTaoUMMH Ha YIJIe, U JICUICBIIE Ta30BbIX.

OTHOCHUTENBHO MHBECTULIMA B HOBBIE TEHEPHUPYIOUIME MOIIHOCTH, 3aTpaThl Ha
MIPOEKTHUPOBAHNUE U KAIUTAIBHOE CTPOUTENHLCTBO SIBIISIOTCS ONMPEACISIOMUM (HaKTOpOM, U OHH
noka3zansl Ha Pucynke 8. B ceBepo-BocTtouHbix paiioHax CoeaumHeHHbIX llITaToB, Hampumep,
BO3HHMKAIOT MEHBIIIUE 3aTPaThl MPHU SKCIUIyaTalUU SACPHBIX YCTaHOBOK, Ha CpenneM 3amane ux
JKCIUTyaTanusi 00XOAUTCS JAOPOXKE, a Ha 3amajie yrojb SIBISETCS CaMbIM JICIIEBBIM TOILTUBOM.
Ecnmu B xakux-n100 paifoHax ceroiHsi NPOTHO3HPYIOTCS HU3KUE IICHBI HA a3, TO 3TO SBISETCS
TJIABHOW TPUYMHOM HEKOHKYPEHTOCIIOCOOHOCTH TaM SIIEpHON SHepreThkd. Hammume xe
paiioHOB MOTpeOICHUs AIIEKTPOIHEPTUH, YAAJICHHBIX OT UCTOYHUKOB JICHIEBOTO YIJISA, SIBISETCS
JUIs MHOTMX CTpaH TJaBHBIM YCJIOBMEM JUIsi YCTOWYMBOTO M  YBEIMYMBAIOIIETOCS
HCIIOJIb30BaHUs SIAEPHOM SHEPTUU.
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Pucynok 6: CpaBHeHMe BHI0B TOILIMBA U, IPOM3BOAUMBIX IPH X CKUTAHUH, OTX010B

Hcnoan3oBanne ypana kak tomamBa: Ot 30 mo 70 kr ypaHOBOW pyIasl ABCTPaJIMICKOTO WIIH
Kanaznckoro mpoucxoxaeHuss HE0OXOIUMO ISl TOTO, 4YTOOBI Mpou3BecTH TOpPCTKy (230 rpamMMmoB)
KOHIIGHTpaTa JBYOKHCH YpaHa. YpaH B 3TOM KOHLEHTpaTe, Ha30BeM €ro "eCTeCTBEHHBIH ypaH'",
cogepxxut npubmmsurensHo 0.7 % U-235, nensmerocst u3oroma ypaHa. EcTecTBeHHBIH ypaH
HCIIONB3YeTCsl IS 3ampaBku TommuBoM peakrtopoB Ttuma "CANDU" Kanaackoro mpon3BOICTBa,
MOJYYHBIIHMX IIHPOKOE paclpocTpaHeHHe B MUpe. B cTpaHax, HCHONB3YIOMIKX JIETKO-BOJHBIE PEaKTOPHI
(tak Ha3bIBaeMble peakTopsl PWR 1 BWRS) ectecTBeHHbI ypaH oboramaeTcs o coaepKaHuio H30Toma
U-235, u m3 30-70 kr ypaHOBOH pyIBI MOJNYYarOT, MPUONH3UTENIbHO, 30 TpaMMOB OOOTamIEHHOTO
YPaHOBOI'O TOIUIMBA, KOTOpoe coiepkuT a0 3.5 % U-235 (cm. pasmen 4.2). OrpaboTaHHBIM ypaH B
CANDU peaktopax COIEpXHT OYECHb HEOOJBIIOE KOJIMYECTBO SAEPHOTO TOIUIMBA, KOTOPOE
o0OpabaTeiBaeTCs Kak OTXOAbl. YpPaH K€, OTPaOOTaHHBI B JIETKO-BOAHBIX PEAKTOPaxX, COIACPIKUT
JOCTaTOYHO OOJBIIOE KOJMYECTBO SIICPHOTO TOIJIMBA, U B HEKOTOPBIX CTpaHax o0padaThiBacTCs VIS
MOBTOPHOTO HCMONB30BaHusA. llocie MOBTOpHOH OTpaOOTKM TOIUIMBAa B JIETKO-BOAHBIX pPEaKTOpax
ocraercsi npuodaM3uTensHO 20 M JKUAKHUX BBICOKOAKTHBHBIX OTXOIOB. Takhe BBICOKOPaJANOAKTHBHBIC
OTXOMBI, 3aHUMAIONTHE 00bheM He Oojiee OMHOTO KyOMYEeCKOrOo CaHTHUMETPA, "OCTEKIOBBIBAIOTCS', T.C.
MOMEIIAIOTCSI B CIIENWAabHbIE TaOJNeTKH BeCOM 10 6 TpaMM U pa3MepoM C OOJBIIYI MOHETY,
BBINOJIHEHHBIE U3 0c000ro copTa cTekiia. B mporecce paboThl SAEPHBIX PEaKTOPOB 00Pa3yIOTCs U APYTHE
OTXOZbI, HO OHU UMEIOT HAMHOT'O MEHbIIIE 3HaYeHue (M. paszzen 5.1).

Tadnuua 4
CpaBHHUTe/IbHASI XaPAKTEPUCTHKA MPOTrHO3a CTOUMOCTH 3JIeKTPOIHEPIrUH,
BbIpadaThiBaeMoil pa3zanuyHbIMu criocodamu, B 2005-2010 roxax (uent CIIHA/kBT 4ac)

Ypan Yronb l'a3

DpaHuus 3.22 4.64 4.74
Poccus 2.69 4.63 3.54
Snonust 5.75 5.58 7.91
Kopes 3.07 3.44 4.25
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Hcnanus 4.10 4.22 4.79
CIIA 3.33 2.48 2.33-2.71
Kanana 2.47-2.96 2.92 3.00
Kurait 2.54-3.08 3.18 -

dakTHyecKas CTOMMOCTD Tpou3BoACTBa ekTpodneprun B CIIIA moxaszana Ha Pucynke 7. 31ech
NPUBEICHBI CpeIHUE U(PBI, KOTOPhIC HAJI0 aHATM3UPOBATh BMecTe ¢ PrucyHkom 8.

BaxxHbIM acrekToM pa3BUTHS SIAEPHOM SHEPreTHKU SBISETCS €€ 3aBUCHUMOCTh OT
MJIaTEeKECIOCOOHOCTH CTPaHbl HA MEXIyHApOAHOM pbiHKe. Kak oTMeuanoch BbIlIe U TOKa3aHO
Ha Pucynke 8, simepHast sHepreTrKa HaMHOTO Oosee YPPEKTHBHA MO CPABHEHUIO C CUCTEMAaMH,
OCHOBaHHBIMH Ha OPTaHUYECKOM TOIUIMBE, TIe 3aTpaThl Oojee 3HauuTeabHbL. [l03TOMYy, B Takmx
cTpaHax, Kak SAmoHust wian ®OpaHiys, TIe BHIOOP JEKUT MEXKIYy WMIOPTHPOBAHUEM OOJIBIINX
KOJIMYECTB TOIUIMBA U OOJBIINX PACXOJOB Ha KaNHUTaJlbHOE CTPOUTEIHCTBO Ha COOCTBEHHOM
TEPPUTOPUH, PEIIEHUE MOXKET MPUHUMATBCS IMPOCTO HA OCHOBE MEXIAYHApOAHOIO OOMEHa.
Takoit monoxkenue Obio B KaHanme, Tie OCHOBHBIE 3amachkl OPraHMYECKOTO TOIUIMBA
pacmojio’keHbl Ha 3amaje crpaHbl. Bocrounas Kanajga, B OTCYyTCTBMM SI€pHOM SHEpPrum,
MOJIOXKUITIACh ObI HA UMIIOPTUPOBAHHBIN Yroib. PazBuTue siiepHoOi SHEPreTUKU B TaKUX 00JIacTAX
CTUMYJIUPYET MECTHBIE OTPACIIU MPOMBIIUIEHHOCTH, KOTOPBIE CTPOST AJIEKTPOCTAHLUHU U, TAKHUM
00pa3oM, YMEHBIIIAIOT 3aBUCHMOCTh OT 3aKyIOK TOIIMBa 3a rpaHuiieid. [lokymnka 3a rpaHuiei
TETUIOBOM D3JIEKTPOCTAHIMM, Hampumep B SnoHuu, mpuBera Obl K YBEIUYEHHUIO IIEH Ha
ANEKTPOIHEPIHI0 M 3HAYUTENIbHO YMEHbIIMIa Obl BaJIOTHBIE 3amachl CTpPaHbl, YEro He
IIPOU30MIET ITPU UCIIOJIB30BAHUH MEHEE JOPOrOCTOSIILEr0 YPAaHOBOIO TOIINBA.

VYpan uMeeT NpeuMyIlIecTBO M B TOM, YTO 3TO YpPE3BbIUAHO KOHILIEHTPUPOBAHHOE
TOILJIMBO, KOTOPOE JIETKO M JICHIEBO TPAHCHOPTUPYETCS MO CPABHEHUIO C YIIeM WIN He(ThIO.
OpauH KUJIOrpaMM €CTECTBEHHOT'O ypaHa COAEPIKUT B IBAJILIAThH ThICAY pa3 O0JIbIlIe SHEPTUHU, YEM
TaKoe e KonuuecTBo yris (cM. Tabmumy 3). Kpome Toro, Bkiiag cTOMMOCTH TOIUIMBA B MOJIHYIO
CTOMMOCTb TPOU3BEACHHON 3JEKTPOIHEPTHH OTHOCUTENIBHO Mall. DTO O3HAudaeT, 4YTo Jaxke
3HAYUTEIbHOE YBEJIWYCHUE IICH Ha YPaHOBOE TOIUIMBO OYyJIET UMETh OTHOCHTEIHHO HEOOJbIOE
BnusiHue.* bBomee Toro, rinoOalbHbIE BOMPOCH OXpaHbl OKpY)KAIOIIEH Cpelbl, BPEIHBIC
MOCTIEICTBUS OT CKUTAHUSI OPTaHUYECKOTO TOIUIMBA, CO3AIOT JOMOJIHUTENIbHBIE IPEUMYIIECTBA
JUTSL ICTIONTb30BAaHUS SIIEPHON dHEpTUH (cM. paszaen 6.1).

* B nenax 1997 roga nena U ;0 g Ay JIETKO-BOAHBIX PeakTOpoB yBenuumiack Ha 30%, a CTOMMOCTh
3JIEKTPOIHEPTUN UMb Ha 7 Y.

CornacoBaHHasl ITOJIMTUKA LIEH HA YIVIEPOJHOE TOIUIMBO, CXXMIaeMoe Ul ITPOU3BOJCTBA
ANEKTPO’HEPIUH, WJIM BHYIIUTENbHBIE HAJOTM Ha HEro, HM3MEHST HKOHOMUYECKUH CTaTyc
snepHoii sHepretuku. Hampumep, nena B $37 3a ToHHY oObrdHOTrO yrusi, wian $29 3a TOHHY
Oyporo, yBEJIMYUT CTOUMOCTb 3JIEKTPOIHEPTUH Ha OJUH IIEHT 3a KWJIOBATT Yac MPU HEU3MEHHBIX
LIEHaX Ha SJCPHYIO0 3JIEKTPOIHEPTUIO.

JHepreTu4ecKue 3aTpaThl

Brime ObT0 OTMEYEHO, YTO CTOMMOCTH ATOMHBIX AJIEKTPOCTAHIWK BBIIIE, YE€M TEIIOBBIX.
OHepreTuyeckre 3arparbl (TO €CTh KOJMYECTBO SHEPrUM, BJIOXKEHHOW B HW3rOTOBICHHE
MaTepHaJIOB, TOJATOTOBKY TOIUIMBA M MPOY.) MOTYT OBITH Takke BbImEe. B 0cOOEHHOCTH 3TO
KacaeTcs JIETKO-BOJIHBIX PEAKTOPOB, T€ TpeOyeTcs NOMOIHUTENbHAs SHEPTUs sl 00OTraleHHs
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TOTUTMBA. DHEPTreTUYECKUE BJIOKEHHUS HA W3TOTOBJIICHHE KOHCTPYKIMHA W HAYAIBHYIO 3arpy3Ky
TOIJIMBA JIETKO-BOJAHOTO pEaKkTOpa COCTABIAIOT, MNPUOMM3UTENbHO, 1.5 mpoleHTa oOT
MPOU3BEICHHON PEAaKTOPOM OHHEPTrUU, a NpPH YyuyeTe MOCICAYIOIMMX 3arpy30K TOIUIMBA 3Ta
BEJTMYHA CTAHET MEHBIIE OJHOr0 MpOIeHTa. B camom XymmieM ciydyae, IpHU HCIONb30BAHUU
noporux nudHy3nOHHBIX METOAOB oborameHus ypana (cM. pasznen 3.4) - no 4 %.

CroMmMocTe NpoMsBoACcTBA aneKTpoaHepriuum B CLUA
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Pucynoxk 7.

[IpuBeneHHbBIC MaHHBIC YYUTBHIBAIOT 3aTpaThl HA IKCIDIyaTalHio, 0O0CITYKHBAaHUE M CTOMMOCTH TOILIHBA.
OHU HUCKIIOYAIOT 3aTpaThl HA KAaIUTAIbHOE CTPOUTENBCTBO, TaK KaK OHU 3HAYUTEIHHO OTJIMYAIOTCSA B
pasHeix mrarax. Jlanaele B Tabmmme 4 w Ha PucyHke 8 BKIIIOYWArOT 3aTpaThl Ha KallMTaJIbHOE
CTPOUTENHCTRBO.

Xomsa yzonv u ypan KOHKypupywom 3a edyujee mecmo 6 0a3ucHom npou3zeoocmee
INEeKMpPOoIHEP2UU, HEKOMOopble Pa3eumule CMPAHbl 6UOAM CE0U Npozpecc 6 UX 0OUHAKOBOU
poau.

Kaxk npaBuJIo, CTpaHbl, HC UMCHOIIUC ACHICBOIO0 YTIJIA HWJIHW JOCTATOYHOI'O KOJIHUYCCTBA
rasza, ofOOpSIOT HCIOJB30BAHHUE SACPHOW SHEPrHH, Kak Oojee AemeBol. B HEKOTOpBIX ke
CTpaHax (Hampumep, B ABCTpaJlud, I'/I€ YIOJbHBIE PE3€pPBbl U IMOTEHLMAT €r0 MPOU3BOJACTBA
HaMHOTO TPEBOCXOJAT BHYTPEHHHE MOTPEOHOCTH) HCIOJIb30BAHME YIJIS ISl HPOM3BOACTBA
3JIEKTPOIHEPTUH BHITOAHEE MO CpaBHEHUIO ¢ ypaHoM. OJIHaKo, B MUPOBOI MEPCIEKTUBE, U3-3a
yBEJIMYEHUSI TOTPEOHOCTEM B  BJEKTPOIHEPTUU HAPALY C BO3MOXKHBIM  TIJIOOATBHBIM
MOTEIUICHUEM KJIMMaTa Ha 3eMJjle, YCUJICHHE NpPUOpPUTETa SACPHONW SHEPIeTUKU B Oa3HCHOM
reHepaluy JEKTPOIHEPTUH SBIIAETCS HEU3O0C)KHBIM.
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Pucynok 8 1. CtpykTypa 3aTpaT Ha NPOU3BOJCTBO 3JIEKTPOIHEPrUuH

JaHHble JUIS pasIW4yHBIX IIGH Ha TOIUTMBO (Ui OPraHMYecKOro TOIUIMBA) WM CpPOKa BBOJA B
SKCIUTyaTaluioo (sl SAepPHBIX ycTaHOBOK). Koadduument ckunaxu 5 %, yuutsiBatomuii 30-IeTHUN CpOK
ciy)Obl U cpeanuii kKo3duiment Harpy3ku 70 %. KiroueBbiM (hakTOpoOM Uisl OpraHMYECKOro TOILTUBA
SIBIISIETCS. BONPOC IIEHBI TOIUIMBA (BEpXHssl yacTh mojoc). [lockosnbKy B SAEpHOM 3HEpreTHKE HHU3KOE
OTHOIIICHHE CTOUMOCTH TOIUIMBA K TOJHOM CTOMMOCTH DIIEKTPOIHEPTHH, TO KIFOYEBBIM (DakTopoM
SIBIISIETCSL CPOKU MPOEKTHUPOBAHUS U CTPOHUTENBCTBA, a CIIEA0BATENBHO U KallUTaJIbHbIC 3aTPaThl (HIKHAA
4acTh MOJIOC). YBeIn4yeHue KodpQuiuenta Harpy3ku, TakuM oOpas3oMm, OyAeT BBITOJHEE IUIA SIACPHBIX
YCTaHOBOK.

XapakTepucTHKa aHepreTyeckKoro GanaHca Npy CTRPOMTENBCTES K
AKCTUMYETALMM EBTOMHOR ANEKTROCTAHLMM

Pucynok 8 2. Ctpykrypa 3aTpaT Ha NPOU3BOICTBO 3JI€KTPOIHEPTUH

Ha npaktrke BpeMs SHEPreTHUECKOM OKyaeMOCTH COCTABIISIET B ICHCTBUTEIBLHOCTH MPUOIU3UTEIHLHO
LIECTh MECSIEB, a HE 15 MecslleB, Kak OKa3aHO Ha PUCYHKE.
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I'’IABA 3
AJEPHASA DQHEPT'UA

3.1 Macca u 3Heprus

OTHOCHUTENBHO HENABHO JIIOJHU, JOJDKHO OBITh, AyMald, YTO OHMU NPEOOpPa3OBBIBAIH
Maccy B DHEPIHI0, KOTJa CKUTalH JIPeBECUHY, YTOOBI MPUTOTOBUTH ce0Oe MUIly U 000TPETh CBOM
noM. CerofHs 1t000# CTyIEHT CKaXKeT, YTO 3TO He coBceM Tak. Ha camom pmene omHa ¢dopma
YTIEPOAOCOIEPIKAIIETO BElIecTBa (TBEpAas IpeBECHHA) MPOCTO MpeoOpa3oBhIBAIaCh B IPYTYIO
(B GecuBeTHBIN ra3), KOTOPBI yHOCHICS BeTpoM. Bomoposa, copepskamuiicss B IepBOHAYAIBHOM
BEILIECTBE, TAKKE PACCEMBAJICS KaK BOASHOM map. Hukakoe koiIMuecTBO Macchl MPU 3TOM HE
TepseTCs, XOTs W BbLAeNsuack sHeprus. OpHako, pa3BUTHE sIEPHON (UBMKM B IMPOLLIOM
CTOJICTUM NPHUBEIO K MOHUMAHUIO TOTO, YTO Macca JEHCTBUTEIBHO MOXKET MPEBPAILAThCA B
9HEepruto. IMEHHO 3TO M NMPOUCXOIUT B AJEPHOM PEAKTOPE, UCIIOJIB3YIOIIEM aTOMBI HEKOTOPBIX
METaJJIOB, TAKUX KaK ypaH. YpaH B 1.7 pa3 mioTHel, yeMm, HallpuMep, MeJlb, U €r0 aTOM UMEET B
cBoeM sape 92 mporoHa (MOJIOKHUTEIBHO-3apshKeHHbIE 4YacTullbl) U 140 HeHTpoHOB (HE
HMMEIOIIUE IEKTPUUECKOro 3apsiaa yacTtuiibl). OJUH U3 TUIIOB aTOMOB ypaHa, TaK Ha3bIBa€MbIii
"n3oron", umeer B aape 143 HeliTpoHa. OTOT H30TOon ypaH-235 (U-235), KoTOphlli 3HAMEHUT
TEM, YTO MPHU CTOJKHOBEHHUH €TO0 spa C MEIJICHHBIM HEHTPOHOM (MHOT/Ia TOBOPST C "TETUIOBLIM"
HEHUTPOHOM), aTOM MOXET Pa3/eIUThCs Ha /1B APYTUX U BBIAEIUTH MHOTO TEIUIOBOM 3HEPIUH (B
BHUJE KHUHETUYECKOW OSHEPruu OCKOJKOB J€JeHMs). OTOT TMPOIEeCcC HAa3bIBAIOT SAECPHBIM
"pacuierienuem"”, u U-235 sBnsercs "pacmemstomumcs” uzoronom. [lo teopun DiiHinTelina
IIPU 3TOM TEPSETCSI HEKOTOPOE KOJIMYECTBO MACChl, KOTOpasi U MPeoOpa30BbIBAETCS B SIHEPTHIO.

Pacuienienne  simep CONMPOBOXKIAETCS TaKkKe MCIYCKaHHMEM HECKOJBKUX OBICTPBIX
HelitpoHoB. Eciim WX 3aMeuiTh CHIEIMAbHBIM TIOTJIOTUTENEM (Hampumep, TpaduToM HITH
BOJION) OHM MOTYT 3aCTaBUTh pacuienutbes Apyrue atombl U-235, u, Takum oOpa3oM, OPOIST
LIETIHYIO PEAKIIHIO iAepHOTro neneHus (cM. PucyHnok 14).

Jpyroil riaBHBIA H30TON E€CTECTBEHHOro ypaHa, U-238, He MOXKET CcamMOCTOSATEIbHO
pacIIEIATECS B PEAKTOPE, HO KaXJbIii aTOM MOKET MOIVIOTUTh HEWTPOH, M MPEBPATUTHCS B
pacmenstonuiicss mwiytonnii-239. Pu-239 Benet ce6s ananormuno U-235 3a uCKIIOYEHUEM
TOTO, YTO KOJIMYECTBO HEHUTPOHOB, 0OPa3yIOIIUXCS MPU €ro JICJICHUU, HECKOJIBKO OOJIbBIIe, YeM
nipu aenennn U-235.

[Tpubnu3uTeNnbHO OIHA TPEThS YacTh JHEPTUH, MPOM3BOJUMON CETOAHA B SICPHBIX
peakTopax, MoJIydyaroT OT pacIeTieHUs IyTOHUs. Snpo saepHoro peaktopa (T.e. 001acThb, Tae
MIPOUCXOJUT PEAKIUS SJEPHOTO JEJNEHHUs) 3arpy’kKaeTcsi TOILUIMBOM, COCTOSIIIMM M3 JBYOKHCH
ypana. B CANDU peakTtopax UCHOJIB3yETCSI €CTECTBEHHBIN ypaH, coaepxawmuii 0.7 % uzorona
U-235, a B IerKo-BOJHBIX peakTopax oOorameHHbIH 10 3-4 % conmepxanus U-235 (cMm. Takxe
Paznen 4.2). B oboux ciyvasx asyokuck ypaHa UO, umeer ¢opMy KepaMUUYECKHUX TabIETOK,
COOpaHHBIX BHYTPU LMPKOHMEBBIX WM CTaJbHBIX TPYOOK, OKPYKEHHBIX OXJaJWUTEIEM U
3aMmenuTeneM (4ToObl 3aMeUIUTh MOTOKH OBICTPBIX HEHUTPOHOB, MOSBISIOUIMXCA B MpoIlecce
LEMHON peaKkmuu SIEPHOTO JAENeHHS TaK, YTOOBl OHHU C HaumOONBIIEH BEPOSTHOCTHIO
noaaepkuBanu peakuuio pacmieruienus U-235). Kaxnoe Takoe paciuerjieHre BHICBOOOXKIACT
npuGmmsurensro 200 MeV, mwu 3.2 10 ! Jxoyneit sHeprum (Uit CpaBHEHUS, TIPH CrOPAHHH
YIJIEPOJIOCOIEPKAIIETO TOIIMBA HA OJIHY MOJIEKYJTY BblaenseTcs mpumepHo 4 eV unm 6.5 x 10 °
1" Ilxoyseit TerioBoit sHeprim).

Kommepueckoe HCNonb30BaHUE SIEPHON PHEPrUM OCHOBAHO HA YIIPABJICHUU LEMHOMN
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SIIEPHON PEAKIMKM TaKKUM 00pa3oM, 4TOOBI 00pa3yromiasicsi TeII0Ta MOTJIa MCIIOJIb30BAThCS IS
MOJIyYCHHsI TIapa, KOTOPBIH B CBOIO OYepeab MOT Obl MPOM3BOIUTH JIEKTpodHEpruro. Llukim
WCIIOIB30BaHUS SIIEPHOTO TOIUIMBA onucaH B Pa3nene 4.2.

3.2 SInepHble peaKkTOpPBbI

Pucynku 9A u 9B noka3blBalOT NPUHIMIHAIBHOE YCTPOMCTBO JBYX Pa3IMYHbBIX THUIIOB
PEaKTOpOB, UCIIOJIB3YEMBIX [UJIsi TEHepaluu 3JeKTpodHepruu. B sape peaktopa ypaH
MO/IBEpraeTcs peakluy pacUICIUIEHUs, B IPOLECCE KOTOPOH BBIIEISIETCS MHOIO TemuoTsl. Ha
PUCYHKaX TIOKa3aHbl paclpeesIUTeNbHbIe YCTPOICTBA, KOTOPbIE PETYIUPYIOT KO3(PIUIIUEHT
peakUuu M BBIXOJ TEIIOTHI, IIyTEM IOIJIOIIEHUS HEKOTOPOM JOJIM MOTOKA HEWTpOHOB. B Tak
Ha3pIBaeMOM BOJIsIHOM peakTtope (PucyHox 9A) sapo peakTopa OKpPYKEHO OOBIKHOBEHHOM
BOJIOM, KOTOpasi UPKYJIUPYET B 3aMKHYTOM KOHTYpPE, U3TOTOBJIIEHHOM M3 NPOYHOU cTanu. Bona
B KOHTyp€ LUPKYJUPYET TOJ BHICOKMM JIaBJICHHEM M BBIMOJIHSAET (DYHKUUU OXJIAJUTENs U
3aMezuTens. Temio JOCTaBiAeTCs K TEMI0OOOMEHHOMY YCTPOWCTBY (TaporeHeparopy), Tie
BOJIa BO BTOPOM KOHTYpE€ IpEBpaIIaeTcs B map.

Pucynok 9B noka3spiBaeT NpUHIMIIMAIBHOE YCTPOUCTBO co3naHHOro B KaHnane peakropa
"CANDU", koTopbI#i OTy4drs1 O0JIBIIIOE PACTIPOCTPAaHEHUE HA MEXKIYHAPOIHOM PHIHKE sIIEPHBIX
TEXHOJIOTHH U MpHUHEC ycneX paspaboTuukam. B oTianume oT BOISHBIX PEaKTOPOB, B PEAKTOpax
"CANDU" TormimmBO HaxXxOAWTCS BO MHOXKECTBE HAMOPHBIX TPYO BHYTPH KOpITyca peakTopa,
HazbiBaeMoro "Kamangpua". Tspkenas Boga B IE€pMETHYHOM KOHTYpE IPOKAYMBAETCSl 4epes3
HamopHble TPyObl M TepeAaeT TEeIUIOTy MaporeHepatopy. Tspkenas BoJa HU3KOTO JaBJICHHS
takke 3anoiHser "Kamanapuio", Okpyxkas HamopHble TpyObl, M BBIIOJHIET (DYyHKIUH
3amenuTenss. B o0oux Tumax peakTOpoB BCe MPOLECCHl MPOUCXOAAT BHYTPU OONBIIONMN
O0eTOHHOM minu cranbHOM oOonouku. [lap momaroT Ha reHepatop TypOMHBI Tak e, Kak 3TO
JIeJIaeTCsl Ha TETUIOBBIX AJIEKTPOCTAaHLUAX. PaboTatoiiee Ha ypaHOBOM TOIUIMBE SIAPO SIAEPHOTO
peaxkTopa mpocTo 6epeT Ha cedsl poJib NeUH, CKUTAIONIECH Yroib WK ra3 i MpOU3BOICTBA Napa
Ha TEIUIOBBIX IEKTPOCTAHLIUSIX.

Bknao aoepnoii ynepzemuxu 6 oouiee npou3eo00Ccmeo I1eKmpoIHepuu
yeenuuueaemcs.

B 1999 Bknaxg siiepHOM SHEPreTHKH B 0OIee MPOU3BOACTBO JIEKTPOIHEPTUH COCTABHI
2401 TeppaBart yac, yTo GoJibIlIe YeM BCE KOJMYECTBO AJICKTPOIHEPTHH, MPOU3BEICHHONW BO
BceM mupe B 1960, n yBenmuuics Ha 12.7 % 3a npeapiaynie nsath jaet. Ilpuuun g takoro
pocta HeckoibKko. Hanbonee oueBuaHas U3 HUX, BBOJI B 3KCILTyaTallMi0 HOBBIX PeaKTOPOB, Kak
3T0 moka3aHo B Tabmume 6. K nawamy 2000 roma B 32 crpanax mupa Obuto 438 saepHBIX
peakTopoB ¢ oOmieir MomiHoCThIO Oojiee yem 350 I'Bt, Brirouast 30 sHepreTuyeckux OJIOKOB
(obmeit momHocThIO 25 I'BT), Haxonsdmuxcs B CTaauM CTpouTenbcTBa B 13 crpanax. Bo-
BTOpPbIX, YBEJIMYEHUE POJHM SACPHOM OSHEPreTUKH B HEKOTOPHIX CTpaHaxX CBS3aHO C
MOJIEpHHM3ALIMEN CYHIECTBYIOLIUX aTOMHBIX 3JekTpocTtanuuid. Tak, Hanpumep, B CLLA, benbruu,
[lIBeunn, WMcnanum, IIBednapuu u ['epMaHuu, yBeJM4YeHA MOINHOCTH TeHEPAUH
AJIEKTPOIHEPIUU Ha CYIIECTBYIOIIUX SHEProdyiokax. B-TpeThrx, K03 (ppuumeHTH HATPY3KH Ha
SJIEpHbIE HEPTrOOJIOKK NOCTOSTHHO pacTyT. bonee 60% snepHbIX ycTaHOBOK (kKpome Poccum u
VYKpauHbl) B MOCIEAHUE HECKOJBKO JIET UMenu Ko3dduuumentsr Harpysku Oonee yem 75% (B
1992 rony 1o coctaBusio 67%). Bo MHOrux crpaHax xo3p@uIHEHT Harpy3KH COCTaBIISiET B
cpeaaeM 6onee ueM 80%. Illects peaktopoB "CANDU" u3 20 nuaupyronmx B MUPE UMEIOT
koaddunmentsl Harpy3ku wmexay 84 % u 87 %. KoadduuumeHnt Harpy3kd aTOMHBIX
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anextpoctaniuii B CIIA nHaxomgutcs B mpenenax 83 %, U OCTUT CBOETO MaKCHUMAaJIbHOTO
3HaueHMs. ExxeronHoe yiydlleHne XapakTepUCTUK sepHbIX peakTopoB B CIIIA skBUBajIeHTHO
3amycky 2-3 OOJNBIIMX HOBBIX JHEPreTHUUECKUX MOJIYJIeH KaxXIblii TOA. B-deTrBepThIX,
YBEJIMYHMBACTCH CPOK CJHYKObl aTOMHBIX JJIEKTPOCTAHUMA. DBOJIBIIMHCTBO AaTOMHBIX
ANIEKTPOCTAHIIMNA TICPBOHAYAILHO WMENO MPOCKTHBIA CPOK ciykO0bl oT 30 mo 40 ser. OmbiT
TEXHUYECKON HKCIUTyaTalluu II0Ka3al BO3MOXHOCTh 3HAYUTEIBHOTO YBEIMYEHHUS CpPOKa HX
ciyx0b1. [IpoyieHne cpoka Ciy’)kObl PEaKkTOPOB ITyTEM 3aMEHBI OCHOBHOTO 00OOpYJIOBaHUS
SBJIAETCS Hanbosee peHTa0eIbHBIM CIOCOOOM MX UCIIOIB30BaHUSI.

Mepaoobonouga BTOpoR KOHTYD

Naporexepatop =

YIPARMARILLWE
CTEPHHH pyy

*_ =
=

HAapo
peakropa

1 =

] 4=
Kosgescarop

MNepawi KOHTYR
b it Al

- Hacok

Bonanonewcomem [ | Map [] oBbrinan sona
LABNEHHEM

Pucynok 9A. Boasinoii 3Heprerudecknii peakrop (PWR)

Okcruryaranus OonpimmHCTBA peakTopoB B CIIA u Snonun moaTBepAmIia, 9YTO CPOK MX
CITy>KOBI MOXET OBITh MpoyIeH Oosiee yeM Ha 40 JeT, a B HEKOTOPBIX cirydasx u Ha 60 sier. Koraa
B 1950-pIX rojmax CTpOMIMCHh KOMMeEpuUeckue aTomuble sjekTpoctaniuu "Kommep Xomn" u
"Usruikpocc" B BenukoOputaHuu (camble cTapble CETOAHS B MHPE), MPEANoIaraioch, YTO OHU
OyIyT MMETh TOJIe3HBIM Cpok ciayxk0bl 20 ser. Temepp UM paspemeHO (PYHKIITMOHHUPOBATH B
teuenue S50 ner. KoHeuHo, HOBBIE peakTOpsl OYyIyT CTPOUTHCS B3aMEH YCTapeBIIUX H
BBIOBIBAIOIIUX U3 JKCIUTyaTalliM B TEUEHUE HECKOJIbKUX ONMXKalIuX JeT, HO OONbIINHCTBO
HOBBIX PEAKTOPOB OyIIyT pa3MelaTbcs B A3HH.

Taoauua 5
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Tunbl siIepHBIX PEAKTOPOB, HAXOASAIIHECS B IKCILTYaTALMH

Koun
OcHOBHBIE Oxiaau |3amen
Tun peakropa yecTB|I'Br| Tomiuso
CTPaHbI o TeJIb | UTeJIb
['epMeTHYHBINA BOASHOM CIIA, ®pannus, OOoraineHHbIH
eaktop (PWR) Anonus, Poccus 252|235 U0 , Bona | Bona
. CIIA, SAnonwus, OOoraiieHHbIH
Kunsiuii peaktop (BWR) serms 93 |83 uo , Bona | Bogna
EcrecTBeHHBIN
PeakTop ¢ ra3oBbIM U,
oxnaxaeHuem (Magnox u AGR)BeHHKO610I/ITaHI/DI 34 113 oOoraIeHHbIH €O, |I'papur
U0 »
['epMeTHYHBIN peakTOp HA N
Tsoxenon Boxe "CANDU" Kanana 33 | 18 ECOTGCTBGHHHH Tﬂ}:}:)eza;[ Fl;ﬂ;eia
(PHWR) 2 A A
JIerko-BoIHbIN PEAKTOP C .
rpadUTOBBIM 3aMEITTUTEIIEM Poccus 14 | 14 ggorameHHbm Bona |I'padur
(RBMK) 2
PeakTop Ha OBICTPBIX SAnonus, Kunkuit
HeriTpoHax (FBR) Dpannws, Pocens 4 |13 Pu02 mUO, HaTpui Her
pyrue Poccus, SAnonus 5 102
BCEI'O 435 [364

Mepwoobonoaka

Maporeseparop

YnpagnaAume
CTE#HH
TOMMME HLbE

TR#ENAA
B0

] N (Dy 0

BTopon KoHTYD

[ ] nap

E DhbMHaA oA

Kongencarop

Pucynok 9B. Juepreruueckuii peakrop "CANDU" na ts:kenoii oge (PWHR)
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Taoauua 6

AJAEPHBIE PEAKTOPBI MUPA U IIOTPEBJIEHUE YPAHA

Crposiiiuecst HpoexTupy

Jons BbIpaGboTKHN PeakTops! B eMble IHoTpedaen
CTPAHA | 3J1eKTpO3HEpruu | IKCIUIyaTAlHUU p;f I;I;)Jl::l PeaKTopbl | Me ypaHa B

HAa ADC B 1999r | 31 uroas 2000 31 uroas 2000 r

2000 r 2000 &
% TBr yac | K-Bo MBT K-Bo | MBt |K-Bo| MBT | TOHH, U

ApreHTrHa 9 6.6 2 935 1| 692 0 0 146
Apmenust 36 2.1 1 376 0 0 0 0 67
benprus 58 47 7 5680 0 0 0 0 1020
bpazunus 1.1 4.0 1 626 1] 1245 0 0 292
boarapust 47 14.5 6 3538 0 0 0 0 615
Kanana 12.4 70 18 12058* 0 0 0 0 1326
Kurait 1.2 14.1 3 2079 8| 6320 2| 1800 418
Yexust 21 13.4 4 1648 2| 1824 0 0 349
Eruner 0 0 0 0 0 0 1| 600 0
|33 2 al 2656 o o o o 558
Dpanuus 75 375 59 63203 0 0 0 0 10513
['epmanmst 31 160 19 21107 0 0 0 0 3707
Benrpus 38 14.1 4 1742 0 0 0 0 354
Wnpus 2.7 11.5 12 2144 4| 1304] 10| 4480 312
Wnnonesus 0 0 0 0 0 0 1] 600 0
Hpan 0 0 0 0 1| 950 3| 2850 0
SAnonus 36 307 53 43505 1| 796/ 14]18288 7334
Cezepen 0 0 0 of o ol 2| 1900 0
Kopes
[Ozcnas 43 98 16|  12970) 4| 3800| 10[11200 2480
Kopest
JlutBa 73 9.9 2 2370 0 0 0 0 359
Mekcuka 5.2 10 2 1308 0 0 0 0 231
E“I‘ep“am‘ 4.0 3.4 1 452 0 o o o 105
[Takucran 0.12 0.07 2 425 0 0 0 0 56
PymbiHus 10.7 4.8 1 650 | 620 0 0 90
Poccusi 14.4 111 29 19843 3| 2825 9| 7450 3213
CnoBakus 47 13.1 6 2472 0 0 0 0 531
CrnoBenus 37 4.5 1 620 0 0 0 0 132
103cas 7.1 13.5 2 1842 0 o o o 366
Adpuka
Hcnanust 31 56.5 9 7345 0 0 0 0 1538
[IBerus 47 70 11 9445 0 0 0 0 1539
}LIHBe“Hap“ 36 23.5 5 3170 0 o o o 602
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TaitBanb 25 37 6 4884 2] 2600 0 0 971
Vkpauna 44 67 14 12120 2] 1900 0 0 1878
Bl 29 91.2 33 12518 0 of o 0 2578
TaHUA
CIIA 19.8 728 104 98015 0 o o 0 17496
BCEI'O B

MIIPE 16 2401 437 | 351,746 | 30 |24,926| 52/49160| 61,176

% TBruac | K-Bo MBt K-so | MBt |K-Bo| MBT | TOHH, U

IIpoexTupy

Hoast BbIpadOoTKH PeakTopsl B CTE;:;::HS;H eMble IHoTpedsen
CTPAHA | 3/1eKTpo3Hepruu | 3KCIJIyaTaluu p31 1o JII) a peaxKkTophl | He ypaHa B
HAa ADCB1999r | 31 urouasn 2000 2000 1 31 uroas 2000 r

2000 r

TBt yac = Teppa Barr uac (1 000 000 000 000 kunoBatT yacoB), MBT = Meragart (1 000 000 kuoBaTT)
61,176 toun U = 72,145 toan U304

3.3 JIocTynnHOCTDh YpaHa
Ypan na szemne ecmo gezoe.
VYpan - 3T0 MeTall1, IPUMEPHO TaKOM ke, KaK 0JIOBO WJIM IIUHK, KOTOPBIM CONEpPKUTCS B

OOJBIIMHCTBE MOPOJ U Jake B MOPCKOM Boje. HekoTopble THMMYHBIE KOHLEHTPALMU ypaHa B
Pa3IUYHbIX Cpeslax MpUBEACHBI B TabIUIE (ppm - IPOMUIUIE, OJHA MUJIJIMOHHAS 4acTh).

BBICOKOCOPTHBIE HCTOYHMKH 2 % U umm 20000 ppm U
HuskocopTHbIE HCTOYHUKH 0.1 % U nam 1000 ppm U
I'panut 4 ppm U
CkaJsibHbIE TOPOABI 2 ppm U
CpeniHee KOJIMYECTBO B 3€MHOM KOpe 1.4 ppm U
Mopckas Boja 0.003 ppm U

Hcrounuku ypana - 310, HalpuMep, Fe0J0rH4eCKHe MOPOAbl, U3 KOTOPhIX U3BIEKAETCS
ypaH. Ilpu 3ToM 3aTpaThl Ha €ro HKCTPAKLUIO JTOJKHBI OKYNAThCS CIOKUBIIMMCS PHIHOYHBIM
neHaMm. B Hacrosimee BpeMsi HI MOpPCKasi BOJIa, HU JIFOOBIE TPAHUTHI HE SIBIISTIOTCS HCTOYHUKAMM,
HO, B IPHUHLUIE, MOTYT CTaTb TaKOBBIMH, €CIM LI€HbI Ha ypaH OyayT JOCTaTOYHO BBICOKH.
N3yuyeHne npUpoOAHBIX PECYPCOB U BO3MOXKHBIX HMHBIX MCTOYHUKOB, M3 KOTOPBIX BO3MOXHO
peHTabenbHOE M3BJICUCHHME YypaHa, BIMAET HAa COOTHOIIEHHE 3arpar W ILeH. V3MeHeHus B
3aTparax WIM LEHaX MOTYT 3aMETHO MOBJIMATh U HA OLIEHKH pecypcoB ypaHa. OnHako, 1ro0ble
IIPOTHO3bI MPHUTOJJTHOCTH KAaKOT0-TM00 MHUHEpasa JJis W3BJICUYEHUS U3 HEro ypaHa, OCHOBaHHbIC
Ha CErOJHSIIHUX CTOMMOCTHBIX IOKA3aTeNsIX U CErOJHSIIHEM YPOBHE I€0JIOTMYECKUX 3HAHUM,
BEPOSITHO, OyAyT upe3BblYaliHO TpyObIMH. Tabmuuma 7 WUIIOCTPUPYET CErOAHSIIHION OLEHKY
pecypcoB ypaHa. 3aMeTHM, YTO ABCTpaJIUs PAaCHOIaraeT OCHOBHOW 4YacThiO (IMPUOIM3HTENBHO
27%) MHPOBBIX 3aIacoB JeLIeBOro ypana, a Kanaga - 15%.

Ouenusaﬂ pecypcel ypana Ha OCHO6€ MOJIbKO CHIOUMOCHIHbIX Kamezopuﬁ u
cyuiecmeyroniux munoé peaKkmopoe MOr)iCHO coenamso 6b1600, Umo ux O00CMAMOUHO O3
UCNOIb306AHUA UL 6 MeYeHUue NoJ106uHbl cmonemus. Ilo CpaBHCHHUA C OOJIBLIITMHCTBOM
APYTrUux IIOJIC3HBIX HMCKOMACMBIX 3TO SABJACTCA BCPXHHM IMPCACIIOM M3 BCCX CYHICCTBYROIIUX
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HAaIACKHBIX PECYPCOB. I[EUH:HCIEIHHG T'COJIOTHYCCKHUE HCCICOAOBAHUA U 0oJice BBICOKHE OCHBI Ha
ypaH HEeu30eKHO MPHUBEAYT K HCIOJIB30BAHUIO UHBIX PECYPCOB, MOCKOJBKY CYIIECTBYIOIIHE,
paHo WM TO3AHO, OyayT ucuyepmaHbl. MOXHO OXHJaTh, YTO JBOMHOE YBEIMYECHHUE ILICHBI IO
CpPaBHCHHIO C CYHICCTBYIOIIUMM YPOBHEM, ACCATHKPATHO YBCIIMYUT OLCHKY CYHICCTBYROIIUX

pecypcoB.

Taoauma 7
OueHka MHPOBBIX PecypcoB ypaHa

Crtpana Tonn, U3;0g ITpoueHT OT 00IIMX 3aMIACOB
ABcCTpanus 889 000 27 %
Kazaxcran 558 000 17 %
Kanaga 511 000 15 %
OxHast Adpuka 354 000 11 %
Hamuous 256 000 8 %
bpazunms 232 000 7%
Poccus 157 000 5%
CIIA 125 000 4 %
V30ekucTan 125 000 4%

Bcero B Mupe 3 340 000

bonee mmpokoe pacnpocTpaHeHHE pPEaKTOPOB Ha OBICTPHIX HEUTpPOHAaX (OBICTPHIX
PEaKTOPOB-PA3MHOKHUTENCH U PEAKTOPOB-OpUIIEPOB, cM. 4.2) MOTJIO OBbI IIECTUACCSITUKPATHO
(m Oomee) yBenmuuuTh A(PPEKTUBHOCTH HWCIOJIB30BAHUS YpaHa. DTOT THI PEAKTOPOB MOXKET
pabotaTh Ha IUIYyTOHHEBOM TOIUIMBE, TIPOU3BEJECHHOM B OOBIYHBIX  pEaKTopax, U
9KCILUTYyaTUPOBATHCA B 3aMKHYTOM ITUKJIE C COOCTBEHHBIM 3aBOJOM IO MEpepadOTKE OTXOJOB.
Kaxnplif Takoil peakTop, 3arpyKeHHbIH MEePBOHAYAIBHO €CTECTBEHHBIM YPaHOM, OUY€Hb OBICTPO
JOCTUTAeT CTaJuM, KOorJa KaxJaas TOHHAa pynabl BeigaeT B 60 pa3 Oojbllie SHEPruu, 4eM B
O0OBIYHOM peakTope.

TpeOoBaHMsl K TOIUIMBY VISl PEAKTOPOB

Bce, BMecTe B3sTBIC, sACpHBIE peakTOphl B MHpe, ¢ oOmied momntHocThio 350 I'Br,
TpeOytoT npubimsutenbHo 75000 TOHH KOHLEHTpaTa JBYOKHCH YpaHa KaXAbld To.
OnHOBpeMEHHO cO Bce Oojee M Oojiee MPOAYKTHBHBIM HCIIOIB30BAHUEM ATOM MOIIHOCTH (C
Oonee BBICOKUMH KO3(pPUIMEHTaMU HWCHOJB30BAHUS), TMOBBIIIAIOTCA M TpeOOBaHUSA K
ypaHoBOMY TOIUIMBY. DakTOphl, YBEIWYHMBAIOIIME MOTPEOHOCTH B TOIUIMBE, BO3MEIIAIOTCS
TEHJEHIMEeH K ero Oonee 3((EeKTUBHOMY BBITOPAHHMIO B PEAKTOpAX, W IMOITOMY CIPOC Ha
YpPaHOBOE TOIUIMBO B HacTosIIee BpeMs crabuineH. B Tedenne nocnennnx 18 mner (¢ 1993 rona)
KOJIMYECTBO DJIEKTPOIHEPTUH, MPOM3BEICHHONW Ha SAICPHBIX YCTAHOBKAX, YBEIMYMIOCH B 5.5
pas, To BpeMsl Kak MoTpedieHne ypaHa yYBEJTUUYUIIOCh TOJIBKO B 3 pa3a. BeposaTHo, 4To exeroaHoe
notpe0eHne ypaHa HayHET clierka Bo3pacTarh Tojbko mocie 2010 ronxa. D¢QeKkTHBHOCTDH
ToruBa u3MepsioT B MBT aHax Ha ToHHy ypaHa (MBT paeHB/T), U MHOTHE CTpaHBI
YBEJIMYUBAIOT HavalbHOE oboraimeHue torumsa (Hanpumep, ot 3.3% mo 4.0% U-235) u 3atem
CKUTAIOT ero 6osee goaro, octapiss juib 0.5 % U-235 B TorumBe. DTO MPUBOIUT K TOMY, YTO
Bbiropanue ysenuuuBaercs or 33000 MBT gens/T 10 45000 MBT nens/T. C apyroil cTOpOHBI
HU3KHE I[I€Hbl Ha YypaH TMOApPa3yMEBaIOT, YTO OOOTaTUTENbHbIE MPEINPUITHS JIOJKHBI
(YHKIIMOHMPOBATh TaKUM 00pa3oM, YTOObI YAOBJIECTBOPUTH TpeOOBaHHS K TOIUIMBY, U HE
OTMPAaBIATH OoJbIOe KomumdecTBo U-235 B oTBaT™.
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*Ypenuuyenue conepxanus U-235 B orBanax ot 0.25 % mo 0.30 % mpu oOoramieHur ypaHoBoW pynsl 10 3.5%,
NPUBOJIUT K YBEIIMYCHHUIO KOJIMYeCTBa oTBasa oT 7.0 10 7.8 KT HA OJMH KWJIOTpaMM 00OTalleHHOrO TOILIHRA.

[TepepaboTka TorIMBa, OTPAOOTAHHOTO B OOBIYHBIX JIETKO-BOJHBIX peakTopax (cM. 5.2),
TaKKe CcrocoOcTByeT Oosee 3(PPEKTUBHOMY HCIIOIB30BAHUIO CYIIECTBYIOIIUX PECypcoB (cC
kod(pdurmentom mo 1.3). B Hacrosimiee Bpemsi TUTYTOHWN (MPUTOIHBINA ISl PEAKTOPOB),
SIBIISTFOIIUNACS pe3yIbTaTOM MepepabOTKH, UCIIONIB3YETCs B CMEIIAHHOM C OOCTHEHHBIM YPaHOM,
Tak Ha3biBaeMoM, "okucHOM TorummBe" (MOX-TOmimBo).

Jpyroii GpakTop, KOTOPBI MOKET aHAJIOTHYHO BIIMATH HA YPOBEHB MOTpeOJICHUs ypaHa -
TOIUJIMBHBIN LUK, pa3BUBaeMbIi B HacTosiee Bpemsi Kopeelr u Kanagoi. 9ta cxema mo3Bossier
ucnonb3oBate Ha peakropax "CANDU" orpaGoTraHHOE B BOJSHBIX PEAKTOpax TOILIMBO O€3
JOTIOTHUTEIBFHOW XuMHUIecKoi nepepadoTku. Peaktoper CANDU B HacTosiiiee Bpemsi paboTaroT
Ha ectecTBeHHOM ypaHoBoM TommuBe (0.7 % U-235) c¢ Beiropanuem mpubmusutenbao 7500
MBT neHp/T. DTH peakTOpbl MOTYT Clerka '"MOAMUTHIBATHCSA" OOOTAIIEHHBIM YPaHOBBIM
tormuBoM  (mo 1.2 % U-235), m yBenmuuuBath Bbiropanue g0 20000 MBT nenw/T 06e3
CYILIECTBEHHBIX KOHCTPYKTHUBHBIX M3MEHEHUU. W 3TO yxke Aenmaercsi, MOCKOIbKY II€Hbl HA ypaH
HEMpephIBHO YyBenuumBaroTcs. llenpro Bcex cmoco0oB ToBbImIeHHS A(G(HEKTUBHOCTH B
WCIOJIb30BaHUH TOITMBA SBIISETCS, B KOHEYHOM CUETE, yMEHbIIIEHUE KOJIMYECTBA JOOBIYHN ypaHa
TUTsE 00€cTIeYeH s TOTUTMBOM KaXKI0T0 MTPOU3BEICHHOTO KUJIOBATT-4aca dJIEKTPOIHEPTHH.

3.4 DHepreTnyeckasi 0TAa4a si/IePHbIX PEAKTOPOB

JIro60e mpoU3BOACTBO AIIEKTPOIHEPTUHU TPEOYET OIpeIeIEHHBIX SHEPreTHYECKUX 3aTpar,
CBSI3aHHBIX C JOOBIYEH W TPAHCHOPTHUPOBKOW TOIUIMBA, W3TOTOBJIEHHUEM OOOpPYIOBAHUSA H
CTPOUTENIBCTBOM AJIEKTPOCTAHLUN. DHEPreTHYECKUe MOTEpPH MpPU J00bIYE M TPAHCHOPTHPOBKE
ypaHa 3HAYUTENIbHO MEHbILE, YeM JUIsl JIFoOOro opraHuyeckoro torunba. C Apyroil cCTOpoHsI
OonblIMEe SHEpreTUYecKHe 3arpaTbhl B SACPHONM HHEPreTUKE CBs3aHbl C OOCIy)KHBaHUEM
TOIUIMBHOTO 1WKIa. OCHOBHBIX 3arpar TpeOYIOT DJHEProeMKHE TPOIECChl OOOTalIeHHS
ypanoBoro ToruuBa (cm. 4.2). [IpuBegem HekoTopble nudpel ans peaktopa MomHOCcThio 1000
MBT, pabotatomero ¢ Harpy3koii B 80 %, u BeipadateiBatoniero 7000 I'Bt B ron. Pabota ogHoro
TaKOro0 PeakTopa B TeueHue roja Tpedyer 20 TOHH ypaHOBOI'O TOIUIMBA ¢ coiepxaHueM 3.5%
U-235, xoTOpeIi MOMy4aroT mocyie oOorameHus mpuMepHO 153 TOHH €CTeCTBEHHOTO ypaHa.
OOoramieHne Takoro KojuuecTBa ypaHa B coeauHeHun UFq Ha coBpeMeHHbBIX LEeHTpugyrax
tpebyet 4.2 I'BT anekTposHepruu, a Ha Oonee crapbix nuddy3noHHBIX ycTtaHOBKax m0 200
I'Br. B 3arparbl HEoOXOIMMO TakXe BKJIIOUYUTh H3rOTOBJIEHHE TOIUIMBA, PEAKTOPHOTO
o0OpysOBaHUS M €ro 3KCIUlyaTanuioo. TakuMm oOpa3oM, SHEpreTMYecKHe 3aTpaThl Ha
o0CITy’)KHUBaHUE TOIUIMBHOIO IMKJIA COCTaBIsA0T OoT 1.7% no 5% BbIIENEHHONW pPEakTopoM
SHEPruM B 3aBUCUMOCTHU OT UCIOJIB30BaHHOTO Mpoliecca 000raleHusl.

DHepreTuyeckue 3aTpaThl B TOPHOAOOBIBAIONIEH MPOMBIIUIEHHOCTH cocTaBisioT 0.05 %
OT SHEPruu, MOJIYy4YyaeMOW Ha JIETKO-BOJHBIX peakTopax. DTHU 3aTpaThl IOJIE3HO CPABHUTH C
aHaJIOTMYHBIMU 1MdpamMu a8 opraHuyeckoro TtorumBa. K mpumepy, pabota TemioBoit
anekTpocTaHuuu MoiHocTthio 1000 MBtT Teuenune roma mnpu Harpyske 80 % wu mpu
TepMuueckoM K.I1.A. 33 % (cm. Takke Tabmumy 3) morpeboBasia Obl 2.5 MHIIMOHOB TOHH
BBICOKOKAUECTBEHHOTO YIJIsi (CpaBHMTE ¢ 153 TOHHAMH €CTECTBEHHOIO ypaHa /i aTOMHOM
anekTpoctanuuu). B ciyuae Kanaackux peakropo CANDU, oboramieHue ToOIIMBa He
TpeOyeTcs, HO HE0OX0IMMO ITPOU3BOJCTBO TsKEION BoAbl. OJIHAKO, TsKeNask BOJa 3arpyKaeTcs
OJIUH pa3 MpH 3aIyCKe PeakTopa, a CPOKOB €€ MCII0JIb30BaHMs HE CYIIECTBYET.
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3.5 SinepHoe opykue KaK HCTOYHUK TOILTHBA

Bce 6onee sasicnvim ucmouynukom 10eprHo20 MONIUEaA CHMAHOBANCA MUPOGbIE 3ANACH
A0EPHO20 OpyHCUsL.

Hauunas c 1987 roma Coenunennsie Illtater Amepuxku u ctpanbl ObiBiiero CCCP
MOANUCATN P corfameHuid o cokpameHuu k 2003 roay CBOMX SIEPHBIX apCEHANIOB
npubnusurensHo Ha 80%. SnepHoe opykue COIepX HUT ypaH, oboramieHHslii 6oaee yem Ha 90%
o conepxkanuto U-235 (To ecth, mpubau3uTenbHo, B 25 - 100 pa3 6ombIle 4eM B peaKTOPHOM
toruiBe). HekoTopoe opykue COAEpKUT MIyTOHHI-239, KOTOPBIM MOXET HCIOJIb30BaThCs B
paszbaBiieHHON (hOopME B PEaKTOpPaxX - Pa3MHOKUTEIISAX.

Ypaun

BricokooOorameHHbIii  OpyKeiHbI ypaH OT OOEroJIoBOK M BOEHHBIX 3aIacoB, II0
cornamenuto mexxay CIHIA u Poccueit, Oyner nepenaBatbess OO0TaTUTENBHBIM TPEITPUATHIM
Coenunennbix LlITatoB u 3aTeM HaNpaBISTHCS HA WCIONB30BAHUE B TPAXKIAAHCKUX SIICPHBIX
peakTopax. CorjacHo corjamieHuto, noanucanHomy B 1994 romy, IlpaButensctBo CIIA
nokymnaeT y Poccunt 500 TOHH BBICOKOOOOTAIIEHHOTO OpY’KEHHOro ypaHa B TeueHue 20 et s
nepepaboTKH M TPOJAKH €ro JJICKTPUYECKMM KOMITAaHMSAM Ha OOI[yr0 cymmy okono 11,9
MuapaoB nojutapoB CHIA. BeicokooOoramieHHbI opyXeHHbIH ypaH COAepkKHUT Ooyiee yem
90% U-235, B TO BpeMsl KaK TOIUTMBO JIJIS JIETKO-BOAHBIX PEAKTOPOB OOBIYHO 00OOTaIaeTcs 10
3-4 %. Ina Ttoro 4ytoObl OBITH MCIOJIB30BAaHHBIM B KOMMEPUYECKHX SIJICPHBIX PEAKTOpax,
OpYXEHHBIM ypaH JOJKeH ObITh pa30aBiieH B COOTHOIICHHH 25:1 ¢ OOEAHEHHBIM ypaHOM
(rmaBHBIM 0Opazom 3t10 U-238), ectectBeHHbIM ypaHoM (coxepxkamum 0.7 % U-235) unm ¢
4acTUYHO oOOorameHHbIM ypaHoM. IlocTaBisieMblii MO KOHTPAaKTy BBICOKOOOOTAIIEHHBIH
OpyXelHbIN ypaH cMmemunBaetcs 10 coaepxkanus 4.4% U-235 B Poccun ¢ ucnosib3oBaHuEM IS
storo 1.5 % U-235 (uroOb MuHUMU3UpOBaTh YpoBHU U-234 B u3aenuu). 500 TOHH opy>KeHHOTO
BBICOKOOOOTAIIEHHOTO ypaHa MO3BOJAT Mpou3BecTd mnpuOmmusurenbHo 15 000 TOHH HUBKO-
oOoramieHHoro (4.4 %) ypana B Tedenre 20 neT. IT0 SKBUBaJIEHTHO mpuOiau3uTensHo 152 000
TOHHaM ecTecTBeHHOro U, uTo BABoe Oojblle €XeroJHoH A00bYM ypaHa B mupe. PaGoTsl B
STOM HaIPaBJIEHUH TUIAHUPYETCS POBOIUTH JOCTATOYHO MHTEHCUBHO.

Ho 1999 roma mnepepabarbiBaiock okono 10 ToHH B rox (Y4TO IKBUBAJICHTHO
pou3BOACTBY mpubnu3utenbHo 3700 ToHH aByokucu ypana B roxa). C 2000 mepepabotka 30
TOHH OpYXKEHHOro ypaHa B TOJl 3aMEHHUT NpOU3BOACTBO  mpubausutensHo 11 000 ToHH
JIBYOKHCH ypaHa B roji, uto coctaBiser 17 % mnorpebieHus 3Toro torumsa B Mupe. Kpome
Toro, mpaBuTenbcTBO CLIIA 00BsBIIIO, 4TO 174 TOHHBI BEICOKO-00O0TAIIEHHOTO ypaHa SBISIOTCS
M30BITOYHBIMU TSI BOCHHBIX 3aI1acOB CTPaHBI, W ATO KOJWYECTBO OyneT nepepadorano B 4300
TOHH PEaKTOPHOTO TOIUTMBAa. B Omipkaiiiieidl mepcreKkTHBEe BOCHHBIH ypaH, BEpOSTHO, OyIeT
obennen mo comepxkanus 20 % U-235, a 3arem 3aJ0K€H Ha JUIMTEIIbHOE XpaHEeHHe. B aToi
(dopme ero Henb3s OyAeT UCTIONIb30BaTh IS CO3/IaHUS OPYKHSL.

ILxyTonui
Pazopyxenue Taike BbicBOOOAUT mpubam3uTenbHo 150-200 TOHH OpyKEHHOTO
TUTY TOHHSI, KOTOPBINA OyIeT MpeCTaBlIATh COO0i:

e OcCTeKJIOBaHHbIE BBICOKOYPOBHEBBIE OTXO[bl (0OpabOTaHHBIN CHEIMATBHBIM 00pa3oM
IUTYTOHUM), WIIn
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e (MemaHHOE C JBYOKHCBbIO ypaHa TOIUIMBO (Tak HaszbiBaeMoe, MOX- TorumBo) i
C)KMTaHUs B CYILLECTBYIOIINUX PEAKTOPAX.

[IpaBurensctBo CIIIA 00BsBIIO, uTO 38 TOHH OpPYXEHWHOTO TUIYTOHHUS SIBIISIFOTCS
M30BITOYHBIMU IS BOGHHBIX 3allacoB CTpPaHbl, U M3ydaeT 00a ITHX crnocoda ero yTHUIM3aIUH.
XOTsl UMEETCsI AOCTATOYHO OCHOBAHMM JJIsl IIMPOKOTO MCIOJB30BaHUs CMEUIAaHHOTO OKCHUHOTO
TOIUIMBA B TPaXXJaHCKUX peakTtopaxX, ero BHeapeHue B CIIIA cBsizaHO ¢ pa3IUYHBIMHU
PETyIUpPYIOMKUMU U TeXHUYecKUMHU npodnemamu. Tem Bpemenem CIIA passuBaroT "cTanmapT
MCYEpIIaHHOTO TOIUIMBA", KOTOPBIM O3HAYaeT, YTO TIUIyTOHHH HHUKOTJa HE JOJDKEH OBITh
JOCTYTIEH B YUCTOM BUJIE, @ MOXKET COJIEPIKATHCS TOJIBKO IMEPEpabOTaHHOM TOIUIUBE.

EBpona unmeeT XOpouwio-pa3BUThIE TEXHOJOTMM MO NpousBoactBy MOX TomnmBa, a
SINoHMS aKTUBHO MX Pa3BUBAET. DTO TOBOPUT O TOM, YTO OPY>KEHHBIM IUTyTOHHEM MOXKHO OBLIO
OBl pacmopsSAUTHCS OTHOCHUTENBHO OBICTPO. Bech BbIpaOOTaHHBIM TUTyTOHHH MOT OBl CTaTh
HaIoJIOBUHY HMCTOYHMKOM TOIUIMBA JUIsi peakTopoB. Mcmonb3oBanue takoro MOX-tomnmsa
MO3BOJIUT YJANIATh U3 OOpalieHus: MpUOIN3UTENbHO 15 TOHH OpY>KEHHOro TUTyTOHUS B TOJ. ITO
cooTBeTCcTBOBaIO ObI cokparieHuto 3000 60erosioBOK B roja U MO3BOJUI0 Obl mpousBectu 110
MUJUIHAPAOB KBTY amekTposHepruu, 4to obecrneuymsno Obl, Hampumep, 60 % sHepreTuyecKux
norpeOHocTei ABcTpanuu. bonee 35 peaktopoB B EBporie UMEIOT JIMIIEH3WU HAa UCTIOIB30BaHUE
CMEUIAHHOTO OKCUIHOTO TOIIMBA, a 20 OpaHIly3CKHX PEaKTOPOB €ro YXkKe UCHOJIb3YIOT.

Peaktoper CANDU xopomo moaxoasT mua coxuranuss MOX-tormBa, U UX
WCIIOJIB30BAaHUE JJIA 3THX LIEJIeH 3aIJIaHUpOBAaHO C MCHOJb30BaHUEM mnpou3BeneHHoro B CIIA
MOX-tonuBa. Poccust HaMmepeBaeTcsi HMCIIONB30BAaTh CBOM IUTyTOHMM KaK TOIUIMBO ISt
peakTopoB Ha OBICTPBIX HeWTpoHaX. Ecim Obl Bech IUTyTOHMI HCIONB30BANICA B peakTopax Ha
OBICTPBIX HEWTpPOHAaX BMECT€ C OOEIHEHHbIM YPaHOM OT HMEIOLIUXCS 3amacoB Ha
000raTUTENBHBIX 3aBOJAaX, * 3TOro ObLIO ObI TOCTATOYHO JAJISl YCIIEITHOTO BBITOJIHEHUS MUPOBBIX
KOMMEPUYECKHUX SJAEPHBIX MpPOrpaMM [0 TPOU3BOACTBY AJIEKTPOIHEPIMM Ha HECKOJIBKO
NecATHIeTUN Brepea Oe3 HCIOJIb30BaHMS TPOM3BOACTBA ypaHa Ha TOPHOJ0OBIBAIOIINX
MIPEANPUATHSIX.

* Tlpu mnpou3BoACTBE OOOralIeHHOTO YypaHa /jisi OOBIYHBIX PEaKTOPOB OJHOBPEMEHHO IPOU3BOJHUTCS
MPHONHM3UTENEHO B CEMb pa3 Ooiblllee KOIMYECTBO OOemHEHHOro ypaHa. Ecmm ke ypan obGoramaror 1o 93 %
conepxkanns U-235 (mns BOGHHBIX IieNiel), TO TPH 3TOM NpOM3BoAWTCS Tpubam3utenbHo B 200 pas Oosbliee
KOJIMYECTBO OOEAHEHHOTO ypaHa. Bce 3To, yuuThIBash oueHb OOJBLIOE KOJIMYECTBO BCErO ypaHa, KOTOpOe KOria-
1100 100BIBAIOCH, SIBISIETCS] OUYSHD LIEHHBIM ChIPbEM U MOTEHIIMAILHBIM TOTUIMBOM JUIS SIIEPHBIX YCTAHOBOK.

3.6 Topuii kak siiepHOE TOIINBO

bonpiiasgs yacTe 3TOM KHUIM IOCBAILIEHA MCIOJIb30BAaHUIO ypaHa KaK TOIUIMBA MJIs
SNIEPHBIX peakTopoB. OIHAKO, TOPUH MOMKET TaKkKe OBITh HCIONB30BaH KaK TOIUIMBO JIJIS
peaktopoB tuna CANDU wunu 1i1s peakTopoB, CHEIMAIbHO Pa3pabOTaHHBIX Ui 3TOH LEJNu.
ToruMBHBINA UK TOPHSI UMEET HEKOTOPHIE MPUBJIEKATEIbHBIE OCOOCHHOCTH, M OIMCAH HUXKE B
Paznene 4.5. Peaktopsl ¢ 3¢ GeKTUBHBIMU HEUTPOHHBIMH 1TOTOKaMu, Thia CANDU, criocoOHBI k
paboTe ¥ Ha TOPUEBOM TOILIMBE, XOTSI OOBIYHO B HUX MCIIONB3YIOT siiepHOE TOomuBo tuna U-235
win Pu-239. B atom ciywae topuit (Th-232), mormomiass HEHTPOHBI B peaKkTOpe, CTAHOBHUTCS
pacwensronmmcs ypaHoM (U-233), KOTOpeIi M NPOAOIKAET LETNHYI0 PEAKLUI0 JEICHUS.
Topuii mpuOIM3UTENHPHO B TpU pa3a Oojee pacrpocTpaHEH B 3€MHOM Kope, YeM ypaH.
ABcTpanuiickue MHHEpalbHble NEeCKH, Hampumep, ocobeHHo B Bukropum u 3anaaHoii
ABcTpannu, coaepKaT 3HaYUTEIbHOE KOJIMYECTBO TOPHS.
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3.7 UcciienoBaTesbCKHE PeaKTOPbI

YMeCTHO 3aMeTHTh, YTO B JIOMOJIHEHHE K HMEIoOMUMcS B Mupe Oosiee yem 470
KOMMEpPUYECKHM peaKTopaMm, umeercss mpuOnu3utTenbHo 280 HCciIenoBaTeNbCKUX PEaKTOPOB U
PEaKTOpOB, 3a/IEWCTBOBAHHBIX ISl TTPOU3BOACTBA U30TOMOB, paboraromux B 54 crpanax. OHu,
TJIaBHBIM 00pa3oM, HAMHOTO MEHBIIE, YeM, T, KOTOpbIE HCIONB3YIOT [JIsl TPOU3BOACTBA
3JIEKTPOIHEPTUH, HO, TEM HE MEHEE, TaKXKe HYXXITAIOTCS B TOIUIMBE W TPOU3ZBOMIST OTXOIBI.
Kpome Hay4HBIX MCCTIeI0BaHUHN, OHU UCTIONB3YIOTCS IS IPOU3BOICTBA MEIUITMHCKUX H30TOMOB
U JPYTUX PAIUOAKTUBHBIX HICTOYHUKOB JIJISl TPOMBIIIUIEHHOCTH.

3.8 ATomubI# ¢uioT

SlnepHble 3HEPreTHUECKUEe yCTAaHOBKM OCOOEHHO IMEPCIEKTHUBHBI JJIS OCHALICHUS HMHU
MOPCKHX CYZOB, KOTOPBIE TOJKHBI HAXOJUTHCSI B MOPE B TEUEHHE JUIMHHBIX IEPUOI0B BPEMEHHU
0e3 mo3anmpaBKH, WIM JUIsl CO3JAaHHMSI MOIIHBIX M OBICTPBHIX IMOJBOJAHBIX JIOAOK. B Hacrosiiee
BpeMsi, B MHUpPE OJKCIUTyaTUpyeTcs npuOnu3uteabHo 250 cymoB, KOTOpbIe 0O0ECIEYMBAIOTCS
sHeprueit 6osee yem 400 MaJIbIMU SICPHBIMU PEAKTOPAaMU. BOJIBIIMHCTBO U3 HUX PACTIOIO0KEHBI
Ha IMOJABOJHBIX JIOAKAaX, HO OHM MMEIOTCA TaKXe Ha JIEJOKOJIaX M aBHAHOCLAX. DTO BOJSHBIE
PEaKTOPHI BEICOKOTO JIABJICHUS CO CIICIUATBHBIM TOILITMBOM U CIIPOCKTHPOBAHBI TAKUM 00pa3oM,
YTO HUMEIOT BO3MOXXHOCTh paboTaTh B HENPEPHIBHOM pPEXHUME JO JECATH JIET MEXIy
no3anpaBkamu. CyOMapuHBI ¢ SA€PHBIMH YCTaHOBKaMH CIIOCOOHBI JIBUTAThCSI B IOJIBOJHOM
peXUME CO CKOPOCTBHIO JI0 25 y3710B 0€3 OCTaHOBKH B TEUCHHE HEJNEb, YTO B 3HAYUTEIHHOMN
CTETIEHU TMOBBIIIAET UX POJb B BOEHHO-MOpPCKOM d¢uiote. Boenno-mopckue ¢uorsr CIIIA,
Anrnuu, @panmuu, Poccun n Kutas ucnonb3yloT MOPCKHE CyAa C AIEPHBIMH YCTaHOBKAaMHU.
MHoro cyOMapuH ¢ sSiAepHBIMH ycTaHOBKaMH ObUTH B 1990-bIX TOAAX CHATHI C BOOPYKEHHUH IO
MPUYMHE KaK UX MOPAJIbHOTO M3HOCA, TaK W BCIEIACTBUE MOJUTHKUA paszopyxeHus. B CIIA
pEaKTOpHbIE OTCEKM YCTApPEBUIMX IMOJBOAHBIX JIOAOK IPOCTO OTHENSIOTCS OT OCTAJIBHOTO
000pyOBaHUs U TOCTE CIEUaNbHON 00pabOTKM pa3MElIaloTCs B CIEHUANbHBIX XpaHWINIIAX
JUI SAEPHBIX OTXOJ0B HU3KOTO ypoBHsS (cM. riaBy 5). B Poccunm, omnako, B 3T0il oGnacTtu
UMEIOTCS HEKOTOpbIe MPOOJIeMbl KaK MOJIMTUYECKOTO, TaK M 3KOHOMHUYECKOro xapakrepa. B
BenukoOpuTanuu ycrapeBiire aTOMHbIE TIOJBOJHBIE JIOJKHA MPOCTO YHHUUTOXKAIOTCH.

3.9 /Ipyrue npuio:keHus siiePHOIl JHEPTUHU

KpomMe MOpckuUX U HCCIEAOBATENIbCKUX PEAKTOPOB, HEKOTOPOE KOJUYECTBO SACPHBIX
YCTAaHOBOK (JOCTHTAIOIIMX MPUOIU3UTEIbHO 5 MBT TenaoBoil MOIIHOCTH) MCTOIB3YIOTCS IS
HEDJIEKTPUYECKUX NpuiIokeHuil. OHM 10CcTaToyHO S(PGEKTHUBHBI AT ONPECHEHHsS BOABI, B
He(TAHON NPOMBINUIEHHOCTH M OYHMCTKM M OKCTPAKIUM HEPTH OT 3eMJIM M TIECKOB.
Oxnaxc;[aeMLIe BOI[Oﬁ PCAKTOPLI MOT'YT UCIIOJIB30BATHCA JIA 066CH€‘ICHI/ISI HaCCJIICHHUA TCIIJIIOM.
Bo MHoOrux crpaHax MMeercs 3HaYUTENbHBIN OMBIT B MCIOIb30BAaHUH TEIUIOTH KaK MOOOYHOTO
MPOJIYKTa TeHEpaIu JIEKTPOIHEPTUH.

3.10 Cucrembl, ynpasJjsieMble YCKOpHUTEJIeM

[IpuHuunuaneHas CyTh IIEPHOTO peakTopa - yrpasisieMas IenHas peakuus nenenus U-
235 u Pu-239. Ee nmporekanue 3aBHCUT OT HAJIWYUsI HEHTPOHHOTO MOTOKA (ISl pacCIICTUICHUS
aapa U-235 tpeOyeT oauH HEHTPOH, a MOocie ero paciieIUIeHUs] TPOU3BOJAUTCS B cpeaHeM 2.43
HeUTpoHOB). OtHaKO, 6€3 HATMYHUs TAKOTO OCTATOYHOT'O HEUTPOHHOTO TIOTOKA, SIepHAsT PEaKIIHs
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MOXXET OBbIThb MOJAJEp’KaHA BHEIIHUM BBOJOM HEHTPOHOB, MPOM3BEACHHBIX, HANpUMEp, HpH
paclIeyIeHM MUILEHH U3 TSDKEeNbIX 3JIEMEHTOB, O0MOapaupyeMbIX NPOTOHAMH B YCKOpUTENE
BBICOKMX 2Hepruil. Ecnmu Takas MumieHb OyJeT OKpykeHa OJIOKOM SIEPHOTO TOIUIMBA, THUIIA
JeNAIIMXCS. U30TONOB ypaHa WU IUTyTOHUS (WM TOpHUs, KOTOPbIM MOXkeT npeBpamarscs B U-
233), TO HOABUTCS BO3MOXKHOCTbH IMOJJIEP’KKM LEMHOM pEeakIuu NeJeHUs. IDTH yCTpoilcTBa
Ha3bIBAlOT 'yopaBisieMble yCKOpHUTeleM cucTeMbl'. B TakoMm "moakputuyeckoM' siepHOM
peakTope HEHUTPOHBI, IPOU3BEIECHHBIE 00JYyUYEHUEM MUILEHHU, UCIIONb3YIOTCS s MOAAepHKAHUS
peakuuu pacUICIUIEHUs B TOIUIMBE, W "MOMOTarT"' HEUTPOHAM, SIBISAIOLIMMUCS PEe3yIbTaTOM
TaKOro paciueruieHus. Takoi saepHbI peakTop MOr Obl ObITH BBIKIIOYEH MPOCTO OCTAHOBKOM
IIPOTOHHOI'O Iydka ©e3 HEeoOXOIUMOCTH BBEJCHHMA B AaKTUBHYIO 30HY CIELHUAIbHBIX
MOTJIOINAONINX HEUTPOHBI CTepXHEW. TOINIMBO B TaKMX PEAKTOpax MOXKET OBITh CMELIAHO C
JOJTOKUBYIIUMHM ~ OTXOJaMU  OT  OOBIYHBIX  peakTopoB. Jlpyras  (YHKUHS  Takoro
"MOAKPUTUYECKOTO" SIIEPHOIO PEaKTOpa - pa3pylICHUE TSKENbIX M30TONOB. Slapa HEYETHBIX
M30TOMOB, 0OOJiee TSDKEIBIX 4YeM TOpUid -232, WMEIOT BBICOKYIO BEPOSTHOCTH IOTJIOIICHHS
HEHUTPOHOB C TMOCJIEAYIOUIMM IIPOLECCOM JEJIEHUS M BBIAEICHUS BSHEpruu. Snpa YeTHBIX
M30TOIOB MOTYT HOIVIOTUTh HEUTPOH € MOCIEAYIOMUM OeTa-pacnagoM U pacuienaeHueM. DTOT
MPOLIeCC MPeoOPa30BaHUS JTONTOKUBYIINX U30TOTIOB B PACIIEIUISIONINECS Ha3bIBatOT "OpuanHr"
(pazmuoxenue). [lodTOMy NOIKPUTHYECKHM SIACPHBIA PEaKTOp MOXKET MpeoOpa3oBHIBATH
JOJITOKUBYILME TPAHCYPAHOBBIE DJIEMEHTHI B HEJOJIIOBEUHBIE MPOIYKTHI AEJIEHUS U IPU 3TOM
€Ille U BBIaBaTh HEKOTOPYIO 3HEpruro. Ho riaaBHOE €ro JOCTOMHCTBO COCTOMT B BO3MOXKHOCTH
0oJiee MPOCTOil 1 MeHee TOPOrol yTUIN3AIMH BEICOKOAKTHBHBIX OTXOJ0B OT OOBIYHBIX SACPHBIX
peaktopoB. O1HaKO, HAMOOJBITUH UHTEPEC K "YMPaBIIeMbIM YCKOPHUTEIEM CUCTEMaM' COCTOUT
B IIOTEHIIMAIIBHON BO3MOXHOCTH UX HCIIOJIb30BAHUSA AJIS CKUTAHMSI OPY>KEWHOTO IUTYyTOHMS, KaKk
QJIBTEPHATHBBI €0 UCIIOIb30BAHUS B CMELIAHHOM OKCHIHOM TOILIMBE U1l OOBIYHBIX PEAKTOPOB.

I'/TABA 4
HAYAJIO AAEPHOI'O TOIIVIMBHOI'O LHUKJIA

4.1 Jlo6b14a u nepepadoTKa YPaHOBOM PyABI

MuHepaiibl, U3 KOTOPBIX 100BIBAIOT ypaH, BCETAa COAEPKAT TAKUE IEMEHTBI KaK paguit
U pasioH (CM. LEMOYKY paJlOaKTUBHBIX pacnajoB B [lpunoxenun). [ToaTromy, XoTs cam o cede
ypaH ci1abo paauoakTUBEH, JoObIBaeMas pyJa MOTCHIIMAIBHO OIacHa, OCOOEHHO €CIU 3TO
BBICOKOKAUeCTBCHHAass pyAa. PaauanyoHHas OMAacHOCTb, CBSI3aHHAA C COMYTCTBYIOLIUMH
JIEMEHTAMH, XapaKTepHa HE TOJBKO JUISl YPaHOCOAEPXKAIIMX pyAd, HO U A JH000M
TOPHO/100bIBAIOIIEH TPOMBIIUICHHOCTH.

B ABctpanuu ypan no0sIBaeTcCsl, TIaBHBIM 00pa30M, OTKPBITBIM CIIOCOOOM, TIPH KOTOPOM
Kapbepbl HUMEIOT €CTECTBEHHYIO XOpOILIYI0 BEHTWIALUIO. YpaHOBas pyna, noObiBaeMas Ha
pynuukax B Kenrype u [[xabenyke comepxkut menee 0.5% U;Og . Ha moazemMHoM pyaHHKe
"Omummuk Jlam" ypanoBast pyna coxepxkut meHee 0.1% UsOg . Jliobas nmoazemHast ypaHoBas
LIaXTa BEHTHWJIMPYETCS CHEeNMaIbHBIMU MOIIIHBIMU YCTPOMCTBaMHU.

Crapsie maxtel Kananet Ha O3zepax (Knad JIqiik, Ku Jlsiik u Pabur JIsiik), Takxke Kak U
Mak JIsiik, koTopas Hayasia pabotath B 1999 rony, sBIAIOTCS IIaXTaMHU KApbEPHOIO THMA U
TaKXke Xopouo BeHTwiupyiorcs. HenaBHo B Kanajne Hauanm sKCIUTyaTHpOBaThCsl TPU HOBBIE
noa3emMHble maxthl. JIBe u3 Hux, Max Aptyp PuBep u Curap JIdiik, coaepkaT O4YEHb
BBICOKOKQUECTBEHHYIO PYAy M TpeOYIOT CHEIHaIbHBIX METOA0B TUCTAHIIMOHHOIO YIPABICHUS
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it no0bYmM ypaHa. Heckombko moazeMHBIX MecTopoxaeHui mmeercss B Knad JIqiik m Mak
Kunun JIsiik.

Pyna (To ectp 3eMHas mopoja, cojaep)Kallas BBICOKYIO KOHIIGHTpAlMIO YypaHa,
JOCTATOYHYIO JJISl €0 dKOHOMUYHOTO BBIICTICHHS) CIICLIMATBHBIM 00pa30M U3MeNlbYaeTcs. 3aTeM
3TOT MOPOLIOK 00padaThIBAETCSI PACTBOPOM CEPHOW KHCIIOTHI JJISi PACTBOPEHHSI COJEPKAIIETOCS
B HEeM ypaHa. TBepaple 4YacTHUIbl, OCTAIOLIMECS IIOCIE€ pACTBOPEHUS YypaHa W3BICKAIOT
(3KCTparupyroT), M IMOMEUIal0T Ha JJINTENbHOE XpaHEHHE B CHEIHAJIbHbIE PE3EPBYapHL.
Pe3epByapbl CKOHCTPYHpPOBaHBI TAKHUM 00pa30M, YTOOBI 0OECTIEUYUTh HAIECKHOE XPAHEHHUE STUX
MarepuanoB. Takue OTXOAbl COAEpPKAT OCHOBHYIO [IOJIIO paJMOAKTUBHBIX BELIECTB,
HaxOJSIINUXCA B pyAe (TaKuX, HAIPUMED, KaK Pauii).

JIBe HOBBIE MIAXThI CKOPO OYIyT MYIIEHBI B SKCIUTyaTallUIo B ABCTPAIUH JUISL U3BIICUCHUS
ypaHa W3 TMecyaHou pynbl, 1oObiBaeMon 1o 3eMiieid. KuciaoTHBIN, HACHIIICHHBIM KUCIOPOI0M
pacTBop, coiepxKaluii ypaH, OyJIeT LUPKYJIHpOBaTh Yepe3 CreluuanbHble (QUIBTPH, a ypaH
OyIeT U3BJIEKAThCs Ha 3aBOJIE, PACIIOJI0KEHHOM Ha TOBEPXHOCTH.

Ilocne skctpakuum M3 pacTBopa (MHOTAA JUIsl 3TOIO HCIOJB3YIOT MPOLECCHl MOHHOIO
oOMeHa, COMpPOBOXK/Ia€MbI€ OCAXKJEHUEM), OCAJIOK, COJECpXKAIIUA ypaH, UMEET SPKO >KEITYIO
okpacky ("yellowcake"). Ilocne BbicokoTemmepatypHoi cymku okuch ypana (U;3Og), Temepb
y’Ke 3€JICHOTO I[BETa, 3arpy’KaeTcs B CrenualbHble eMKOocTH 00beMoM 200 muTpoB. MOITHOCTH
70361 OOJy4YeHHUSI Ha PAcCTOSIHUM OJHOTO MeTpa OT TaKOil €MKOCTH paBHA, MPHUOIM3UTEIBHO
IIOJIOBUHE TOT'0, YTO YEJIOBEK IOJIY4YaeT BO BpeMs IOJIeTa Ha camoisiere. B ABcTpanuu Bce 3TH
olepanyuu IMPOBOJATCS B COOTBETCTBUM C YTBEP)KIEHHBIMH IIPABUTEIHCTBOM HOpPMaTHMBaMU
pamuanmoHHOW O€30MacHOCTH Ha MPEANPHUATHAX TOPHOMOOBIBAIONIEH NPOMBIIUICHHOCTH. B
Kanane Ttaxke mpumeHsitorcss MHCTpykuuu Komuccnu mo paguanuoHHOM Oe3omacHocTH. B
o0enx cTpaHax ATH MpaBWiIa U HOPMbI YCTAaHABIMBAIOT CTPOTME CTaHIAPTHl MO KOHTPOJIIO 3a
raMma-o0JIydeHrneM, U BO3MOXHBIM MOMAJaHUEM B OPTaHU3M PaioHa U JIPYTUX PaIHOaKTUBHBIX
MarepuanoB. CTaHAApTHl OTHOCATCS KaK K MEPCOHANY NMPEANPUATHHI, TAK U K HACETICHUIO.

* I[03a 20 1’n3B/FOZ[ B TeueHHe O0oJiee 4YeM IIATH JIET SBISIETCS MaKCHMAJIbHO Z[OHYCTHMoﬁ JJIL TI€pCOHaJia
HpeﬂHpHHTHﬁ, BKJIrO4Yas 06ﬂy‘leHI/Ie PpadoOHOM U APYTUX PAANOAKTUBHBIX BCUICCTB (B JONOJIHCHUEC K €CTCCTBEHHOMY
(bOHy 1 UCKJIIOYasd SKCHO3ULNIO TPpU MCILHHHHCKOﬁ }_'[I/IaFHOCTI/IKC).

Namma-n3nydyeHne MCXOIUT MPEUMYLIECTBEHHO OT M30TONOB BHCMYyTa M cBHMHLA. ['a3
pazioH BBIJENSAETCS M3 TOPHBIX MOPOJ, B KOTOPBIX HMPOMCXOOUT pacnajx paaus.* BcemeactBue
CIIOHTAHHOT'O PaJUOAKTHBHOIO paclaja OH MEPEXOJUT B JIOUEPHHE M30TOIBI pajioHa, KOTOPbIE
ABIAOTCS () (PeKTUBHBIMU U3TydaTensMu anbda-dactuu. PagoH HaxoauTcs B OOJIBLIMHCTBE
TOPHBIX MOPOJ, U, KaK CIEACTBHE ITOr0, HaXOJATCS U B BO3AyXE, KOTOPBIM BCE MbI BIBIXAEM.
IIpy BBICOKHMX KOHIEHTpAaLMAX paJoH MPEACTaBIAET ONACHOCTh JUISl 3/10pOBbsS, TaK Kak
HEeOOJBIION TMEepPHOA MOIypacHaga O3HA4daeT, uyTo ainbga-pacnaj MOXKET MPOUCXOJUTh BHYTPHU
OpraHu3Ma IpH €ro BIBIXaHUH, YTO, B KOHEUHOM CYETEe, MOXKET BBI3bIBATh PaK JIETKOTO.

* Tlox "PamoHoM" 0OBIYHO MOHMMAIOT M30TOMN Rn-222. JIpyroit uzoron, Rn-220 (nmosBisieTcs BCIEACTBUE pacmaia
TOpUST M W3BECTeH Kak "TOpoH"), SBJISETCS pacHpOCTPAaHEHHON COCTaBIAIOMIEH MHOTMX ABCTPaIMHCKUX
MHUHEpaJIbHBIX [IECKOB

I[Ipy noOblie W  TPOM3BOACTBE ypaHa  MNPEANPUHUMAIOTCS  pa3InYHbIE  MEpPbI
MPEAOCTOPOKHOCTH JJIs 3aIUTHI 3/I0POBbsI MEpCOHANA!

L4 TH_IaTCJ'IBHO KOHTPOJIUPYCTCA YPOBCHL  3allblZICHHOCTH, YTOOBI MHUHUMH3UPOBATH
nonagaHvue B OPraHu3M ramma- WA anb(ba-mnyqalomnx BCIICCTB. IIeu1p sBIISETCSA
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TJIABHBIM HMCTOYHUKOM pPaJMOaKTUBHOTO oOdydeHus. OHa OOBIYHO naeT Bkian B 4
m3B/TOJ] B €XKET0IHYI0 103y, OJIy4aeMylo epcoHaaoM (cM. Takxke Tabmuiy 13).

e OrpaHnyuBaeTcs BHEIIHEE PaIMOAKTUBHOE 0OIyUeHHE MEpPCOHalIa B IIaXTax, Ha 3aBOJax
M MeCTax pa3MemIeHus: 0TX00B. Ha mpakTuke ypoBeHb BHEIIHETO OOIYYEHHUS OT PYIbl U
OTXOZIOB OOBIYHO HACTOJBKO HHM30K, YTO OH IMPAKTUYECKH HE BIIMSAET Ha YyBEJIUUEHHE
JIOITyCTUMOM €5KETOHOM J03BbI.

e EcrecTBeHHass BEHTWIALUS  OTKPBITBIX  MECTOPOKIACHHUH  YMEHBIIAET YPOBEHb
HKCHO3MLIMH OT PajJioHa U €ro JOYEPHUX U30TONOB. Y POBEHb OOIYUYEHHUS OT pajioHa PeKo
MPEBBIAET OJWH IMPOLEHT OT YPOBHS, MOIyCTUMOTO IS HEMPEPBIBHOTO OOIYyYEHUS
nepcoHana. Ilog3eMHble pyAHUKH  OOOPYAYIOTCS  COBEPLICHHBIMM  CHUCTEMaMH
BEHTWIALIMM I JOCTHXKEHHs TOro e ypoBHA. Ha ABscrpamumiickux m Kanaackmx
MOJI3EMHBIX PYJIHUKAX CpeaHss J03a OOJIydYeHHUs COCTaBIsAeT, MPUOIMU3UTENbHO, 3
m3B/ToJ.

e CyIecTBYIOT CTPOTME€ TMTMEHUYECKHE HOPMbBI Ha palboTy MepcoHalla C KOHLEHTPaToM
OKHCH YypaHa, TMOCKOJIbKY OH XUMHMUYECKHM TOKCHYEH, MoJ0o0HO okcuiay cBuHIa *. Ha
MPAKTUKE TPEANPUHUMAIOTCS TPEAOCTOPOKHOCTH, 3AIUIIAIONINE OPTaHbl JBIXaHUS OT
NOMaJlaHus TOKCHUHOB, AHAJOTMYHBIE TEM, KOTOpBIE MCIIOJB3YIOTCS IpuU paboTax Ha
CBUHIIOBBIX IIABHJIBHBIX IT€YaX.

*Kak cBUHEIll, TaK M ypaH SBJISIOTCS TOKCHUYHBIMHU BEIECTBAMH, U BO3JCHCTBYIOT Ha mouku. OpraHu3M akTUBHO
BBLIEIsIET OobIIyI0 YacTh Pb mwiu U uepes mody.

Haunnast ¢ mnarHagmaTroro croyieTus, MHOTHE IIAXTEphl, KOTOpble paboTain Ha
MO/I3EMHBIX IIaxTaX BOJM3U HbIHEIIHEH rpaHullbl Mexxay [ epmanueit u Yenickoit PecryOmmkoii,
MPEXAEBPEMEHHO TOrH0alli OT TaMHCTBEHHOM OoJe3Hu. B konie 1800-b1x To10B 601€3Hb ObLIa
JIMarHOCTHUPOBAaHA KaK PakK JIETKOro, HO Toibko B 1921 romy ras3 pagoH ObUT MPEAINOJIOKEH B
Ka4yeCcTBE €€ BO3MOXKHOW MPUYUHBL. XOTA 3TO U ObUIO OKOHYATEIHHO MOATBEpXk AcHO B 1939
rony, B nepuoa ¢ 1946 no 1959 ronel, MHOTHE mOA3eMHBIE MecTOpoxJeHus ypaHa B CILIA
paszpabarbiBauch 0€3 COOTBETCTBYIOLIUX MEp IPEIOCTOPOXKHOCTH, BBITEKAIOUIMX U3
EBpomneiickoro ombita. B Havase 1960-b1X T0oA0B OB 3apeTHCTPUPOBAH POCT PAKOBBIX
3a00JeBaHU Cpear KypAILIUX axTepoB. [I[puunHoi pocTa ObUT TOTAA TaKXkKe MPU3HAH T'a3 paJioH
U, 4To OoJsiee Ba)XKHO, €ro TBEpAbIC AOYEpPHHE NMPOAYKTHI PaJHOaKTUBHOIrO pacnana. bone3ns
BBI3bIBAJIACH HAKOIIJICHUEM J103bI O0JIy4YeHHUs OT pajzoHa, nmonydeHHoil 10-15 ronamu panee.

Cnabo BeHTHWIMpYEMBIE, TTbLIe0Opa3yolue nporecchl 1o0suu ypana B CILIA, kotopsie
BEJIM K cCaMOMYy OOJIBIIIOMY PHUCKY ISl 3J0POBbS, CETOJIHS YXKE B MPOLUIOM. 3a rocieanue 35 net
IIPOU30LUIA CYIIECTBEHHBIE H3MEHEHHUS B TEXHOJOTMYECKUX IIPOLECCAX Ha IPEANPUATHAX
TOPHO/I00bIBAIOIIEH MPOMBIIUIEHHOCTH, 3alUINAIONIMX [AXTEPOB OT Pa3IMYHBIX OMACHOCTEH.
OTtkphITast ke KapbepHas no0brya ypana (aktudyecku Oe3zomacHa. He mmeercss HM OJHOTO
M3BECTHOTO ciydass 3a0oyieBaHUs, BBI3BAHHOTO OOJIyY€HHEM ILAXTEPOB, pPa0OTAIOMIMX Ha
OTKDBITBIX YPaHOBBIX pyIHUKax B ABbcTpamuu wiu Kanage. Bo3MOXHO, 3TO 4YacTHYHO
OOBSICHACTCS OTCYTCTBUEM JETAIbHOM HMH(POPMALUU OTHOCHUTENBHO NPOQecCHOHATBHBIX
3a00JI€BaHNl, CBS3aHHBIX C padOTaMH Ha ypaHOBBIX pyaHUKax B 1950-pIx romax (HU oaHA
CTpaHa He BeJia MOJA00HOM CTaTHCTUKU B TO BpeMs).

Ilocie  TEXHONOrMYECKHX IPOLECCOB OKCTPAKIMM ypaHa Ha  IPEIIPHUATHAX
TOPHO/I00bIBAIOIIEH MPOMBIIIJICHHOCTH NPAaKTUYECKH BECh PATUOAKTUBHBIA Paauil, TOpUH H
aKTUHUN COAEPXKUTCS B OTBAJIAX W, CIECIOBATCIIBHO, YPOBHU U3JIYy4YEHHUS M UCITyCKaHUS paJOHA
U3 TaKuX OTXOJ0B OynIyT, O BCEH BEPOSTHOCTH, CyllecTBEHHBI*. OHAKO, MaJOBEPOSATHO, YTO
KTO-TM0O0 MOCTPOUT >KWJIMILE HAa BEPIIMHE OTBAJIBHBIX MOPOJ U IMOJYYUT MOBBILEHHYIO A03Y
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00JTydeHHsl, JIeKAIIYI0 3a MpeAesiaMi MEXKIyHAPOIHBIX HOpM. TeM He MeHee, OTXO/IbI JOJKHBI
OBITh 3aKpPBITHl JTOCTATOYHBIM KOJMYECTBOM TpPyHTa, UTOObI YpPOBHH TaMMa-U3Iy4yeHUs He
MIPEBBIIIAIA YPOBHS €CTECTBEHHOTO (poHa. B »TOM ciydae BO3ZMOXKHO M MOKPBITHE STUX MECT
PaCTUTETHHOCTHIO.

* TIpubmusurensHo 95 % paauoakTUBHOCTH B pyide ¢ coaepxkanueMm 0.3 % U ; Og HCXOIUT OT PaJIMOAKTHBHOTO
pacmama U-238 (cm. Ilpwinoxkenue), mocturaromieit, npudmmsurensHo, 450 kbk/kr. Otor psg umeer 14
PAMOAKTHBHBIX JOJITOKHUBYIIUX W30TONOB M, TAKAM 00pa3oM, KXl M3 HUX JaeT, MPUOIH3UTENBHO, 32 KBK/KT
(HEe3aBHCHUMO OT MaccoBOro cooTHomieHus ). Ilocine 00paboTku u3 pynsl ynamsercs U-238 u vemuoro U-234 (u U-
235) u pagroaKTHBHOCTH CHIDKaeTcs 10 85% ee mepBoHavdanbHOTO 3HadeHus. [locne ynamenus 6onpmei gacta U-
238, mBa KOpOTKOXHBYIMHX mpoxaykra ero pacmaga (Th-234 um Pa-234) ckopo wmcye3ar0T W, MO HMCTEYCHUIO
HECKOJIBKUX MECSIIEB, YPOBEHb PAIHOAKTHBHOCTH CHIDKaercs 10 70% ee mepBoHawanbHOTO 3HaueHHs. OCHOBHBIM
JOITOKUBYIIUM H30TOIOM Toraa craHoButcs: Th-230 (mepuox momypacmaga 77000 set), KOTOPHIi IpeBpaniaeTcs B
paauii-226 ¢ MocIeIyroIuM paciagoM B pagoH-222.

Wznyyenue pagoHa, HAXOASALIETOCS B OTXO/aX, B TCUCHHE TEXHOJOTHUECKUX MPOIIECCOB
0 MOMCHTa WX HAJIGKHOTO 3aXOPOHCHHSI MOXKET MPEJCTABJIATH OIMACHOCTH JUISI OKPYIKAIOIICH
cpensl. OqHAKO, CIEAYET UMETh BBUY, UTO PAJOH MPUCYTCTBYET B OOJBIIMHCTBE TOPHBIX TTOPO]T
M, KpOMe JIOKAIBHBIX OMACHOCTEH, YIMOMSHYTBIX BHIIIE, OOIIEe PETHOHATLHOE YBEIMYCHHE
PalMOAKTUBHOCTHA OT TOPHOJOOBIBAIONINX OTEpAIMid, CBA3aHHBIX C PaJOHOM, OYEHb MaJIO (CM.
Takxke 6.3).

TexHuueckass BOJa, KOTOpas HCIOJB3YEeTCS B TEXHOJIOTMYECKHX MPOIECCaX, TaKKe
COJICP)KUT paguii W APyTHe METAIUIbl, MPUCYTCTBHE KOTOPBIX OBUIO OBl HEXKEIATEIBHO BO
BHEIIHEH cpesie. JTa BoJIa XpaHUTCS U UCTIapseTCsl TAKMM 00pa3oM, 4TOOBI coJepIKaIirecs B Hel
MeTaJUTbl ObUTH 0€30TacHBI, U HE MOMAIalId B OKPYKAOIILYI0 cpeny. TexHudeckas BoJaa HUKOTAA
He cOpachIBaeTCsl B €CTECTBEHHBIC CTOKHU, & COXPAHSACTCS U UCTIAPSICTCS B CIICUAIBHBIX TaMOaXx.

CTOK JOXIEBBIX OCATKOB, B COOTBETCTBUHU C KAYECTBOM COJICPIKAIICIHCS B HUX BOJBI,
OCYILECTBIIICTCS OTACIBHO MO CIEIUAIBHBIM JIPEHAXKHBIM crcTeMaM *. Boia mioxoro kauectna
coxpaHsieTcs U 00pabaTeIBaeTCsl.

* ypOBHI/I COACPIKaAHUA PAAUOHYKINA0B HE JOJDKHBI NPEBLIIIATL CTAHAAPTHI I IMUTHEBOM BOJHI.

briBmiast ypanoBast maxrta Pam J[>kanrn B ABCTpaiii MHOTUM HW3BECTHA KaK HMCTOYHUK
3arpsi3HeHus: BoAabl. J[oOblua ypaHOBOW pynbl Ha STOM maxTe Oblaa cBsizaHa ¢ 0O0pabOTKOI
OONBIINX KOJUYECTB CYIb(OUIOCOAPKAIMX TOpoA. B CBA3M ¢ HUBKMMHU CTaHAApTaMH
6e3omacHoct B 1950-pIX romax, B TO BpeMsl MPaKTUYECKH HE MPEANPUHUMAIUCH MEphI
MPEAOCTOPOKHOCTH TI0 MPEAOTBPAIIEHUIO 3arpsi3HEHHS peK **. BosbIie TeppuKoHbl OTBAJIOB B
COUYETAaHUM C TEIUIBIM, JOXKATUBBIM KIMMATOM BBI3BIBATH CTOK 3HAYUTEIHHBIX KOJIHMYECTB
KHUCJIOTHBIX OTXOJIOB, H3BECTHBIX KaK "KUCIOTHBIN TOPHBIN JpeHaX'.

** Meramnaeckue CyiIb(QHUIBI B KOHTAKTE C BOJOH M BO3ILYyXOM B TEIIOM KIIMMATe UMEIOT TEHICHIIHIO BCTYIATh B
peakmuio, OCOOEHHO B TMPHUCYTCTBHHM HEKOTOpHIX Oakrepuil. Ilomywarommecss mpu 3TOM cepHas KHUCIOTa U
TOKCHYECKHE TSHKEIbIe METAIUTHI (HalpUMep, MEIb) MOTYT TIOMaIaTh Yepe3 TPYHTOBEIE BOABI B BOAOEMEI.

4.2 SInepHbli TOIVIMBHBIN HUKJI

Tonnuenwtit yukn onucvigaem nymov, N0 KOMOPOMy MONIAUEGO NORAOAEN 6 AOEPHDLIL
Ppeaxmop, u no KOmopomy e2o noKuoaem.

Bce crmocoOsr IMPON3BOACTBA TOIIMBA, IMTOATOTOBKH €TI0 K UCIIOJb30BAHUIO U YTHUIIN3allUN
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0TpabOTaHHOI'O TOIJIMBA BMECTE B3ATHIE U COCTABIISIIOT TO, YTO Ha3bIBAIOT TOIJIMBHBIM IIUKJIOM.
VYxe cam TepMHUH "TOIUIMBHBIMN HUKI" Tpeanoiiaraet, 4ro oTpaboTaHHOE SAEPHOM TOIUIMBO
MOXET TOBTOPHO HCIOJB30BAThCS Ha SACPHBIX YCTAHOBKAX B CBEXKHMX TEIUIOBBIICISIONINX
3JIEMEHTaXx MOCJe CHEeUalbHON 00paboTKH.

B omnumune oT yras, ypaHOBYHO pyAy HENb3s I[0/1aBaTh HEMOCPEACTBEHHO Ha
anekTpocTannuo. [Ipexae oHa HoKHA OBITH OYMINEHA, CKOHIEHTPUPOBAHA U TOMEIICHA B
CHelMalbHbIe TOIUIMBHbIE CTEpKHU. PucyHok 10 mokas3biBaeT Tak Ha3bIBa€MBbIM '"OTKpBITHIN
TOTUTUBHBIN IUKI" B SAEPHON SHEPreTHKE, KOTOPBIA HCIONb3yeTCS CErOAHS B OONBIIHMHCTBE
CTpaH, Ha HanOoJiee OOIIMX BUAAX PEaKTOPOB.

Ha ypanoBbIX pynHukax (Takux Kak, Hampumep, Omummnuk Jlam wunu Panmkep B
ABcrpanuu, unu CackatueBaH B Kanane) simepHOE TOIIMBO MOOBIBaeTCs B BUJAE KOHIICHTpaTa
okucH ypana Us;Og . DTOT MaTepuai, mOpouIoK 3€JIEHOr0 1BETAa, OTHPABISAETCS HA JaJbHEHIIYIO
nepepaboTky. OH UMEET TOT K€ CaMblif H30TOMHBIN COCTaB, Kak M pyAa, B KOTOPOU COACpKAHKE
U-235 ne npessimaet 0.7 nmporeHToB. OcTaibHast 4acThb - 3TO 00JIee TSHKEIBIA U30TON ypaHa - U-
238 (c nebonpmmM conepxanueM U-234). BonbIIMHCTBO PeakTOpOB, BKIIOYAs JETKO-BOJHBIC
peaktopsl (LWR), HEe MOryT paGoTaTh Ha TaKOM TOIUTHBE (MCIIOIH30BAaTh HEOOOTAIICHHBIN ypaH
moryT Kananckme peaktoper tuna CANDU). Conepxkanue u3orona U-235 HOWKHO OBITH
YBEIUYCHO, TPUOIU3UTENHHO, 0 3.5 MPOIEHTOB. DTOT MPOIIECC HA3bIBAIOT 00OTAIIICHUEM.

OOoramieHne - 3TO TPOLECC, HCIOJB3YIOMIUNA BBICOKHE COBPEMEHHBIE TEXHOJIOTHUH,
KOTOPBIH TpebyeT, 4ToOBl ypaH ObUT B Ta3000pa3Hoii ¢popme. Camblii MPOCTOM CIOCOO TOCTHYD
3TO COCTOMT B TOM, UYTOOBI MPeoOpa3zoBaTh OKUCh ypaHa B rekcopTopun ypana (UF ¢ ), koTopbIii
HaXOJUTCSI B Ta3000pa3HOM COCTOSHMM TpU TEMIEepaTypax HEMHOTMM Ooyiee KOMHATHBIX.
CrnenoBarenbHO, TIEPBBIN aipecaTr KOHIEHTpAaTa OKUCH ypaHa - 3TO 3aBOJ, /i€ IPOUCXOIUT €ro
npeoOpazoBaHue B MECTUPTOPUCTHIN ypaH.

[Mocne storo UF ¢ momagaer Ha 00OTaTUTENBHBIN 3aBOA™, HA KOTOPOM MPOUCXOJUT
YBEIIMUEHUE KOHIEHTpauuu pacuemaonerocss wu3zorona U-235. B srom  mporecce
npubIM3uTeNbHO 85 % €CcTECTBEHHOro YpaHOBOTO TOIUIMBA OTOpachiBaeTcs Kak "00eIHEHHBIH
ypan" win kak "orxonapl" (raBHBIM 00pa3om U-238), KOTOpBIC 3aKIaJbIBAIOTCS Ha JJIATEIHLHOE
xpaHenue **. Takum oOpazom, nocie odorameHus: npuoIu3uTeNsHo 15 % OT nepBOHAYaIbHOTO
KOJIMYECTBA TPEJCTaBIsACT COOON OOOTaleHHBIM ypaH, COAEpKallui, MPUOIU3UTEIbHO, 3.5
npoueHTa usorona U-235.

*BOJIBIIUHCTBO 000TaTUTENBHBIX TEXHOJOTHII UCIIONB3YIOT IOPOTroil U SHEProeMKuil nmpouecc razoBoit quddysuu.
HoBble 3aBoib1 0OCHOBaHBI Ha Oostee 3(h(heKTHBHON TEXHOJIOTHH, UCTIONB3YOLIel ra3oBbie LeHTpudyru. Creayroiiee
NIOKOJIEHHE 000TaTUTEIBHBIX 3aBOJIOB, BOBMOXHO, OyJIET UCIIONIb30BaTh JIa3€PHBIE TEXHOIOTHH.

*x 9T1oT MaTepral HE MOXKET HMCIOJb30BATHCA B CYHICCTBYIOMIUX TUIIAX PCAKTOPOB, €0 €AMHCTBEHHO BO3MOXKHOC
UCIIOJI30BAaHUE - B PEAKTOpax Ha OBICTPHIX HEWTPOHAX , MM B KadecTBe "pa3daButeisn” opyKeWHOro ypaHa (cwm.
paznensl 4.4 u 3.5). On coxpansiercst B Buze UF ¢ B criennallbHBIX CTIBHBIX LWIMHAPAX, U conepkanne U-235 B
HeM He npessimiaet 0.3 %.
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Pucynok 10. OTKpBITBIH TONTHBHBIA UK

MeTtopl oboraiieHnss OCHOBaHbI Ha MCIIOJIb30BAaHUM MajlOM pa3HOCTH B Maccax aTOMOB
U-235 n U-238. BonbIIMHCTBO CYLIECTBYIOIMX YCTAHOBOK MCIOJIB3YIOT MPOLECC Ta3000pa3HOiM
muddysun, mpu KotopoMm razoodpasusiii UF ¢ mpomyckaercst yepes JTUHHBIA Psii MEMOPaHHBIX
0apbepoB, KOTOPbIE MO3BOJIIOT MOJEKylaM, coiepxamum U-235, npeogoneBats X ObIcTpee
4eMm, MoJieKyJiam, cojepxamumM U-238. CoBpeMeHHBIC 3aBOJIbI UCIOJIB3YIOT BRICOKOOOOPOTHBIC
LHEHTPUQYTH JUI pa3ielIeHUusl MOJIEKYJ, COAepkKAIUX 3TH ABAa U30TONA.

OO6oraiieHHbI ypaH Jajee MOCTyHaeT Ha 3aBOJl [0 U3TOTOBJICHUIO TETIOBBIACIISIOMINX
anemeHToB. UF ¢ mpeoOpa3zoBbeIBaeTCsi B JIBYOKHCh YpaHa, KepaMHUYECKHM Marepuan, |
(dhopmMupyeTcst B Masble IWIHHAPHYECKUE TaOJIETKH, MPUOIM3UTEIHLHO 2 CM 110 BhICOTE U 1.5 ¢cM B
auaMerpe. OTH  TaOJeTKM TIOMELIAlTCsl B CHeUMalbHble TPYOKH, H3rOTOBJICHHBIE U3
Hep)KaBewIleld cTanu (WM W3 CIUIaBa LUPKOHHWA), JJIMHOW, NpUOIM3UTENbHO, 4 MeTpa U
Ha3plBalOTCsA TeruoBblaessAomMH  3iaemenTamu  (TBDJI). TpyOku cobupaioT B CBSI3KH,
TUTOIIAIbI0, TPHOIM3UTENBHO, 30 KB. CM, KOTOpBIE M 00pa3yroT, TaK Ha3bIBAEMbIE, PEAKTOPHBIC
TOIJIMBHbIE COOpKH. ToOIMBHBIE COOPKHM TAaKOro THIA HCHOJIb3YIOTCS NMPAKTHYECKH BO BCEX
JIETKO-BOJHBIX peakTopax (cm. Tabmuiy 5). B peaktop momuocThio B 1000 MBT morpyxaror,
IIPUMEPHO, 75 TOHH TOIIMBA B TAKUX COOpKaXx.

dorto (foto2.jpg)

CoBpeMeHHBIE 3aBO/IbI HCIOIB3YIOT BBICOKOOOOPOTHBIE IEHTPU(DYTH AT Pa3AeTIeHUs] MOJIEKYI,
coJiepKallliX H30TOIBl ypaHa-235 u ypaHa-238

dorto (fotob.jpg)
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Ob6orarurenbHas padpuka Tpukactin Bo @pannuu (mo3aau rpaaupen). UeTbipe saepHbIX peakTopa (Ha nepeaHemM
wiane) npousBo At 6osee yem 3000 MBT amekTposHepruu, He00X0IUMO¥ ISl paOOThI 3TON (haOpHKH.

Kanaackue peaktoppi CANDU (CANadian Deuterium Uranium) XOTS W HUMEIOT
pa3nuyHble KOHCTPYKLUHU, HO BCE OHM pabOTalOT Ha €CTECTBEHHOM (TO €CTh HE0OOTraleHHOM)
ypaHe. BMecTto omHON OOJBIION €MKOCTH BBICOKOTO JABJICHHUS, COACpIKaIEH sSIpO peakTopa,
OHHU uUMeroT Oombinoe kKoiarnuecTBO (0T 300 10 600) TOPU30HTATBHBIX HAIOPHBIX TPYO, KaXKAAs U3
KOTOPBIX COAEPXKHUT TOIUIMBO M TEIUIOHOCUTENbh B BHUJAE TsbKeno Bonbl. HamopHble TpyOsb
MPOXOJIAT CKBO3b CIEIMANBHBIN KOPIYyC (Tak Ha3bIBaeMylo "KamaHAPHUIO"), KOTOPBIM HAMOIHEH
TSDKEJION BOJIOM IJIst yIpaBlieHUs Mapamerpamu peaktopa®. TormmBHbIe COOPKHU AJI PEaKTOPOB
CANDU nmetror pasmeps! 10 cm B tuamerpe u 50 cM B UIHHY.

* Tsprenast BOJIA, WM OKUCH JICUTEPHs, COACPIKUT NEHTEePHid, KOTOPBI ABJISICTCS H30TOMOM BOJOPO/Ia, K UMEET OJTUH
JIOTIOJIHUTEIIbHBI HEUTPOH B sIpE.

Bo Bcex Tumax IEHCTBYIOIIMX PEAKTOPOB LIEMHAs PEaKUMs JEJICHUS MPOUCXOIUT B
TOIUIMBHBIX CTEPXKHSX, KaKk 3To omnucaHo B 3.1. BwlcTpble HEHTpOHBI 3aMeMJIAIOTCS BOJIOM,
TSDKEJION BOION WM rpaUTOBBIMH CTEPKHIMH TaK, YTOOBI OHM MOTJIM MHULIUUPOBATH PEAKIIUIO
pacmeneHus. CKOpOCTh peaklMM peryjupyeTrcs BBEACHHEM B SIPO peakTopa CTEp)KHEH,
MOTJIOMIAIONINX HEUTpOoHBbI. TemnoTra, BBIACHAOWIASACA MPU PEAKUUU JEJICHUs, YHOCHUTCS
TEIUIOHOCUTEJIEM, NPEOOPa30BbIBAECTCS B Map, KOTOPBIM B CBOIO OYEpeAb MCIONB3YETCA IS
BpallleHus: TYpPOUHBI ¥ IPOU3BOJICTBA AJIEKTPOIHEPTUH.

B 11erxo-BoIHOM peakTope TOILTMBO OCTACTCS B PEAKTOPE MPUOIU3UTEIHHO B TEUCHUE
Tpex ner. Kpome temnoTel, BblAenseMoill mnpu peakuuu pacuieruienus U-235, peaktop
MPOU3BOIUT pacuierisitomuiics miyToHud (Pu-239), xoTopblii HakarMBaeTcsl B TOIUIMBHBIX
anemeHTax. [lo McTeUeHnI0 MPUMEPHO TpeX JIET, COAEpPMNKAHUE MPOAYKTOB NIEJIEHUS U JIPYTHUX
MaTepHUAJIOB, MOIJIOMAIOIUX HEUTPOHBI, BO3PACTAET HACTOJIBKO, UYTO LIETHAS PEaKLUs JIEICHUS
3amesieTcs. OTpaboTaHHbIE TOIIIUBHBIE COOPKH B 3TOM CIIy4ae YAANSAIOT U 3aMEHSIOT HOBBIMHU.
[Tpubnu3uTeNnbHO ONHY TPETHIO YACTh TOIIMBA 3aMEHSIOT KaxIbld roi. B peakropax Ttuma
CANDU 3anpaBka CBEKEro TOIUIMBA OCYIIECTBIIIETCS IPUMEPHO Kaxkable 18 MecsIies.

[Mocne ynmanenus u3 peakTopa, oTpaboranHoe simepHoe TorumBo (OSAT) coxpanser
PaauOAaKTUBHOCTD U BBIAEISET TEIUIO. [[03TOMy B TeUeHHE HEKOTOPOTO BPEMEHHU TAKOE TOILJIMBO
BBIIEP)KUBAIOT B OacceliHaxX MO BOJOW JJIs OTBOJA TEIUIOTHI M 3aLIUTHI OT MOHU3HMPYIOLIETO
n3nydenus. ClenyonM maroM MokeT ObITh mepepadoTka oTpabOTaHHOTO SAEPHOTO TOIUIMBA
JUI 3aKpBITHS TOIUTMBHOTO LMKJa (Takue cTpaHbl kak BemukoOpuranus, @panuus u SAnoHus
BBIOpAJIM TaKOW MyTh "3aKPBHITOrO TOTUTMBHOTO ITMKJIA"), MM OKOHYATEIHLHOE 3aXOPOHEHHUE, KaK
st0 nenaercs B CIA, Kanane u IlIBennu, koTopbie BoIOpasid " OTKPHITHIN TOIIMBHBIN LUK ".
XpaneHue  OTpaOOTAaHHOTO  AJEPHOrO  TOIUIMBA  IEPBOHAYAJIbHO  OCYIIECTBIISIETCA
HETMOCPECTBEHHO B PEAKTOPHOM OTAEICHHU. 3aTeM OHO MOKET OBITh MEPEMELICHO B JPyroe
MECTO, HalIPUMEP, Ha CIIEHHAIbHBIE CKIIAJIbI "'CYXOTO XpaHEHHUS .

bonee panHHME TOKOJNIEHHS pPEAKTOpPOB, HAIpUMEp, BCE €Ille JACHCTBylOIUME B
BenukobpuTanum, UCONb3YIOT B Ka4eCTBE TOIUIMBA METAJUIMYECKUN ypaH (2 HE €ro OKHCh) U
ra3oBoe OXJIaXJeHHe. B TeueHne mocineHUX JIET 3TH PEaKTOPbl OB MOACPHU3UPOBAHBI TAKHM
o0pa3oM, uTOOBbI BBIJEP)KKA TOIUIMBHBIX JJIEMEHTOB B HX OacceifHaX HE OCYIIECTBIIACh
CIIMIIKOM J0ro. Bce 3TO moapoOHO WILTIOCTPUPYET JuarpaMma "3aKpbhITOrO TOIUIMBHOTO
nukia" Ha Pucynke 11. B 3akpbITOM TOIUIMBHOM IMKIIE JIJISl JIETKO-BOAHBIX PEAKTOPOB TOTUIMBO
IIPOXOJUT TOYHO TAKOW k€ MyTh. HaumHas ¢ ypaHOBBIX PYJHUKOB U 3aBOJIOB, YpaH IPOXOIUT
BCE CTaJIUU MPeoOpa3oBaHUs U 00OTAICHHUS JIJIsl U3TOTOBIIEHUS! PEaKTOPHOT'O TOTLIIMBA.
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[Tocne ynmaneHus: TOIUIMBA M3 PEAKTOPa, TOIUTUBHBIC CTEPKHH MPOXOIAT 00pabOTKy Ha
nepepalaThIBAIOIIMX 3aBoJax, TIJE€ OHM JpoOATcs M pacTBopsiorcs B kucnote. Ilocie
CTHENUANTBHON XUMHYECKOW 00pabOTKM W3 OTPAOOTAHHOTO TOIUIMBA BBIIEISIOT JIBa LIEHHBIX
MPOAYKTA: IUyTOHUIM M HENCHOJIb30BaHHBIN ypaH. IIpumepHo 3% TomuBa mpu 3TOM ocTaeTcs B
KauecTBE BBICOKOAKTHUBHBIX OTX00B. Ilocme OuTymupoBaHHMs (MM OCTEKJIOBBIBaHMS) 3TH
BBICOKOPA/IMOAKTUBHBIE MaTepUaJIbl MOJIEXkKAT JUIMTEIbHOMY 3aXOpOHEHHIO (cM. 5.2-5.3).

[Mpubmusurensro 96 % ypaHa, KOTOPBIM WCHOJB3YyETCSI B PEAKTOPE, OCTAeTCs B
HCUEpIIaHHOM TOIUIMBE (B peakTope pacxonyercs He Ooinee 1% U-235). Kak mokazaHo Ha
Pucynke 14 ocraBmiasicst 4acTh TOIUTUBA IPeoOpa3yeTcs B TEIJIOTY U PaJMOAKTUBHBIEC MIPOIYKTHI
pacnaja, a HEKOTopasl 4acTh B IUTyTOHMM M Apyrue akTHHOMAbl. CienoBaTenbHO, nepepadboTka
0TpabOTAaHHOTO SJEPHOTO TOIUIMBA MOXET HMMETh HEKOTOpbhle SKOHOMHYECKHE BBITOJBI IPH
BOCCTAQHOBJICHUM HEUCIOJIb30BAHHOIO YypaHa M IUTyTOHMS, KOTOpBIH OBII IpPOU3BEACH B
peakTope. DTO TaKkKe yMEHbIIAET 00BEM BBICOKOPAJINOAKTUBHBIX U OMACHBIX OTXOJI0B, KOTOPHIE
HEOOXOAMMO  Ha/UIeKalluM  00pa3oM  XpaHUTb, YTO TaKKe MMEET OIpPE/EICHHYIO
HKOHOMHYECKYIO 11€J€CO00Pa3HOCTb.

Doto (foto3.jpg)

TormmBHas cOopka

B oTpaboTaHHOM SIEPHOM TOIUTHUBE COAEPXKUTCS MpUMepHO 1 % miyToHHsA. DTO OYeHb
XOpoIllee sIIEPHOE TOIIMBO, KOTOPOE HE HYXkJAeTCsl HU B KAaKOM IIpolecce Oo0OorameHus, OHO
MOJKET OBITh CMEIIaHO ¢ 00EAHEHHBIM YpaHOM (TaK Ha3bIBaEMOE CMELIAHHOE OKCHIHOE TOTUIUBO
i MOX-TOIIMBO) M TOCTAaBJIATHCS B BUAE CBEXHUX TOIUIMBHBIX COOPOK Ul 3arpy3K B
peaktopsl (cM. 5.2). Ero MOXHO HCHONB30BaTh Ui 3arpy3kd B OyIylIHe peakTOphI-
Pa3MHOKHUTEIH (CM. HIDKE).

BoccranoBneHHbIN ypaH MOXeT BO3BpallaThcs Ha JOMOJHUTEIbHOE OOOralieHue, WiIu
MIOCTABIIATHCSA B BUJIE CBEKErO TOIUIMBA JUISl AEUCTBYIOLIMX PEAKTOPOB. 3aKPBIThIN TOIJIUBHBIN
LUK, TakuM oOpa3zoMm, sBisercs Oosnee 3(PQeKTHBHOM cUCTEMONl  MaKCHMalbHOTO
WCTIOJIB30BAaHUSI ypaHa 0e3 ero IOMOJHUTENBHONW JO0OBIYM Ha pyIHUKaX (B DHEPreTHUECKUX
€IMHUIIAX 3KOHOMHS COCTaBisgeT, npuMmepHo, 30 %) M MMEHHO MOATOMY MPOMBIIUICHHOCTb
cpazy onoOpuia Takoi nmoaxoz. OJHAKO, TaKME CXEMbl EPEpabOTKH OTPAOOTAHHOTO SJIEPHOTO
TOIJIMBA HE MOJYYMJIM IMIMPOKOTO PAacCHpOCTPAHEHUS B 3HAUMTENbHOM CTENEHM M3-32 JOBOJIBHO
HU3KHUX II€H Ha ypaH (CEeroHsIIHUE IIEHBI Ha ypaH HaxosaTcs Ha ypoBHe 1980 roga).
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Pucynok 11. 3akpbIThIil TONJIMBHBINA HKJI

Opanuus, ['epmanus, BenukoOpurtanus, Poccust u SnoHus nponoynkaroT pa3BUTHE
TEXHOJIOTHI 3aKpBITOrO0 TOIUIMBHOTO LMKJIA Ui OKHUCHBIX TomiuB, a B EBpome Gonee 35
PEaKTOpOB CIOCOOHBI YacTHUHO McHoib30BaTh MOX-TorumBo (o1 20 10 50 %), comepxariero
10 7 % MPUTOJHOTO JUIsl PpEAKTOPOB ILTy TOHUS.

4.3 PeakTopbl HOBOT'0 MOKOJIEHUS

Cezoonaunue ﬂdeprle PEAKMOPHbIE MEXHO/102UU HAMHOZ20 JiyHduie mpaduuuormo
UCNO1b3)YeMbLX Ha oonvmuncmee 0eﬁcm3ylomux 6 mupe amomHblX 3ﬂel<mp00cmanum?, a
nepesle peaxKkmopsl H06020 ROKOJ1eHUA HaAX00amcs 6 IKcnjsiyamauuu 6 Anonuu.

ITpouzBonutenu peakropos B CeBepHoit AMepuke, SAnoHuu u EBporne umMeroT Ha ceroHs
JEBATH MPOEKTOB HOBEWIIUX SAEPHBIX PEAKTOPOB, KOTOPBIE BHEAPSIOTCA B MPOU3BOJCTBO MM
HaXOJATCS B OKOHYATEJIbHOU CTaguu npoektupoBanus (cMm. Tabauiy 8). imeercs psi mpoeKToB,
HaXOMAIIMXCS B CTagUH HAyYHO-HCCIENOBATEIbCKUX pa3paboTok. KoHCTpykmmm 3THX
PEaKTOpOB MperyCMaTpUBAIOT ropasfo Oosiee Oe3o0macHble YCIOBHS UX pabOThI, MCKIIOYAIOT
BCAKYI0 BO3MOXKHOCTb YTEUKM paJAMOAaKTUBHBIX MarepuanoB. HoBble 3ieKkTpocTaHINH,
paboTaroliie Ha TaKUX peakTopax, OyayT 6ojee HaJexKHbI U IPOCTHI B 3KCILTyaTalluH, JOCTYITHbI
JUIsL OCMOTPOB, 00CTYKMBaHUS U TEKYILET0 PEMOHTA, 00JI€€ SKOHOMHUYHBI.

PeakTopbl HOBOTO MOKOJICHUS:

e lMeroT cTaHIapTU3MPOBAHHBIE MPOEKTHI ISl KaXJA0r0 TUIIA, YIPOIIAIOLIUE MPOLEAYPY
JTUIEH3UPOBAHNUS, YMEHBIIAIONINE UX CTOUMOCTb U CPOKU CTPOUTENHCTBA.
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e lmeroT Oosiee MpoCThie KOHCTPYKIIMU, OOJIETUAIOINE UX YIPABICHUE M MCKIIOYAIOIINE
BIIUSTHUE OIIMOOK TIEpCOHAIA.

HmMeroT 60bIIyI0 JOCTYITHOCTD B 00JIe€ ITTUTEIBHBIC CPOKH CITYKOBI.

SBisitorcst 60siee SKOHOMUYHBIME U KOHKYPEHTOCITOCOOHBIMH.

HckirodaroT BO3MOKHOCTD PAcIliaBa akKTUBHOW 30HBI PEAKTOPA.

ObecneunBatot Oosee 3 (HEeKTUBHOE UCTIOIH30BAHUE TOTUIMBA M YMEHBIIAIOT KOJINYECTBO
OTXOJIOB.

OcHOBHOE OT/IMYME OOJBIIMHCTBA HOBBIX PEAKTOPOB OT OSKCIUTYyaTHPYEMBIX CETOJHS,
COCTOUT B HCIOJB30BaHUM '"TIACCUBHBIX" CHCTEM O0€30MacHOCTH (TaK Ha3bIBAEMBIX ''CHCTEM
€CTeCTBEHHON Oe3omacHOCTH"), KOTOphIE OCHOBAHbI Ha JCHCTBUU CHUJ TSXKECTH, TEIJIOBOM
KOHBEKIUH, U T.A., U HE TPeOYIOT HMKAKOr0 aKTMBHOI'O BMEIIATEIbCTBA IEPCOHANA B CIyyae
KaKHX-T100 cOO0eB.

HoBple mpOEKTBI MOXKHO  pa3lJenuTb Ha JBE KaTErOPHM:  DJBONIOLNUOHHYI0 U
9KCIIEPUMEHTAJIbHYI0. OBOJIIOLIMOHHBIE IPOEKTHI SIBISAIOTCS B OCHOBHOM HOBBIMH MOJENSIMU
CYILIECTBYIOIIHUX PEAKTOPOB, JOKA3aBIIUX CBOU XOPOIIWE HKCIUTYaTAallUOHHBIE XapaKTEPUCTUKH.
OKCHEpUMEHTAJIBHBIE  IPOEKTHl  3HAYUTENIBHO  OTIMYAIOTCS OT  MCHOJNB3YHIOIIMXCA  Ha
NEUCTBYIOIUX 3JIEKTPOCTAHIMIAX U TPeOYIOT OOJBIIEro KOJIWYECTBA HUCHBITAHWNA M IPOBEPOK
nepes] UX KpyImHOMAcCIITaOHBIM BHEIPEHUEM.

MunuctepctBo sHepretuku CHIA u npennpustus saepHO MPOMBIIIIEHHOCTH pa3padboTain
TPU THIa HOBBIX peakTopoB. /IBa m3 Hux Oonpimme (1300 MBT) "3BOnonnoHHbBIE" TPOEKTHI,
KOTOpBIE CTPOAT HA ONBITE HKCIIyaTUPYEMBIX JIETKO-BOAHBIX peakTopoB B COEIUHEHHBIX
Hlrtarax, Anonun u 3anagnoii EBpone. IlepBblii mpencraBnser co0oi MOIAEpHU3UPOBAHHBIH
kunsiiuil peaktop ABWR (1Ba Takux peakTopa HaxoAsTCS Ha MTPOMBIIUICHHOM SKCIUTyaTalluy B
SAnonun). Bropoil - MoaepHU3MPOBaHHBIN repMETUYHBIN BOAsHON peakTop (System 80+). JIBa
peakTopa System 80+ HaxomsaTcs B cramguu ctpoutenbctBa B FOxHoi Kopee. Komuccus mo
sanepaomy perynupoBanuto CHIA nana ceprudukats! Ha 3TH IpoekTs B 1997 roxy.

Taoauma 8
PEAKTOPBHI HOBOI'O IIOKOJIEHUSI HA TEILIOBBIX HEUTPOHAX

Crtpana Tun MomHocTs - I'naBHbIE

Cocrosinne npoexra

(pa3padoTumMK) | peakTopa MBT 0CO0EHHOCTH
[TpombltieHHast OBOJIIOLMOHHBII
9KCIUTyaTaIus B IPOEKT, Ooiee
SAnonuu ¢ 1996-97 3 PeKTUBHBIH,

CHIA-Snonus ronoB. B CIIA: MEHBIIEE KOJIUYECTBO

(GE-Hitachi- ABWR 1300 Cepruduxanus OTXOJIOB, YIIPOIIIEHHAS

Toshiba) npoekTa B 1997 rony |KOHCTpYKuus (CpOKH
Komuccueit no cTpoutenscTBa S0
SIIEPHOMY MECSILIEB) U
PEryJIMpPOBaHHIO yIpaBiieHUuE
Ceprudukanus DBOJIIOIIMOHHBIN
npoekTa B 1997 rogy |mpOEKT, yBeIUUYEHHAs

CIIA System80+ 1300 Komuccueit o HAJIEKHOCTbD,

(ABB-CE) (PWR) SAIEPHOMY YIOpOIIeHHAS
peryInpoBaHHUIo. KOHCTPYKIIUS U
HekoTopsie 371eMeHTHI | yIpaBlIeHUE
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IIPUCYTCTBYIOT B
HOBBIX PEAKTOPax
OxHoi1 Kopen.

Ceprudukanus

Cucrema ecTecTBEHHOM

npoekTa B 1999 rony |6e3omacHOCTH,
CIIIA AP-600 Komuccueit no YIPOLIEHHAas
. 600
(Westinghouse) |(PWR) SIEPHOMY KOHCTPYKLHUS U
pEryJIMpOBaHUIO ynpasienue, 60-
JIETHUH CPOK CITY>KOBI
YTBEpKIECH Kak OBOJIIOIUOHHBIN
Tepmanus EPR (PWR) |1525-1750 | Panty Y,
(NPI) CTaH[IaPT, TPOCKT YITyqIIeHHBIC
3aKOHYeH B 1997 XapaKTEPUCTUKHU 10
TOJy. 0€30IMacHOCTH
OBOJIIOIIMOHHBIN
Kanana JInuen3upoBanue B MPOCKT, rHOKHE
CANDU-9 925-1300 e00oBaHMs K TO
(AECL) 1997 roxy. TPEDOBARHA K TOIIMEY,
CUCTEMa €CTECTBEHHOU
0e30macHOCTH
CrtpowutenbcTBo 0710Ka |CHCTeMa €CTEeCTBEHHOM
Poccus 640 u V-407 Haganocs B oe3omacHoctH, 60-
V-407, .
(ATomaHEpromp V-392 1000 1997 rony, JIESTHUH CPOK CITyKOBI,
OCKT, (PWR) COOTBETCTBE |3aIIAHUPOBAHO YOPOIICHHAS
Iuapomnpecc) HHO CTPOUTETHCTBO OJIOKA |KOHCTPYKITUS U
V-392 yIpaBJIeHUE
OCHOBHOH NPOEKT
CMmenraHHbIe CUCTEMBI
B CTaJHH
Snonus R 0e30MacHOCTH,
(MITI n PWR 1400 ’ YIPOLIEHHAas
THE) SATUIAMHPOBATO KOHCTPYKLUSA U
APy CTPOUTENHCTBO
yIpaBlieHUE
BTOpOTO OJIOKA
V MEHBIICHHAS [emeBast Moy ibHas
AIIEKTPOCTAHIINSA,
MOJIeNIb HAXOJAUTCS B
HOxnas 115 KOV ATALLI ra3zoBas TypOuHa,
Adpuxa PBMR (Ha xaxxzplii yaratut, (YHKIMOHUPYET MPH
MIPOTOTHII N
(Eskom-BNFL) 0JI0K) BBICOKOH TeMmIeparype,
OyJeT OCTPOEH B o
CUCTEMa €CTECTBEHHOU
2001 romy
0€30MacHOCTH
l"azoBa OuHa
CIIIA - Haxonures B cranuu b HI? IjngpI: H; ;1 "
POCCHUA paspabotku B Poccun YHKIIOMHMPYCT TP
250-285 BBICOKOU Temmeparype,
(General . |B paMKax .
. GT-MHR (Ha xaxprii BBICOKMH K.II.J. TIO
Atomics - COBMECTHOI'O
0110K) TOIIUBY, CUCTEMA
Munatom PO u MEXKIYHAPOIHOTO Ny
- npoekTa €CTeCTBEHHOMU
S 0e30IacHOCTH

Hpyras, 6onee HOBaTopckasi paspadbotka CIIIA - peaktop meHbIieid MomHocTH AP-600
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(mpubmmsurensHo 600 MBT), mmeer cucremy ectecTBeHHOH Oe3zomacHoctu. Komuccus mo
sanepHoMy perynupoBanuto CIIA nana ceptuduxar Ha 3T0T IpoekT B 1999 rony.

[MomoOHast cepTHdUKAIM OCYIIECTBISIETCS BIIEPBBIC, a caM CepTU(HUKAT NEHCTBYET B
teueHue 15 ner. Ceprudukarsl MOATBEP)KIAIOT, YTO IMPOEKTHI MOJTHOCTHIO YJIOBIETBOPSIOT
TpeOOBaHUSIM O€30MaCHOCTH, M SKCIUTyaTalusl 3TUX OOBEKTOB SBIISETCS 3aKOHHOW B TCUCHUH
CpOKa UX JIEHCTBUS.

HezaBucumo oT TpeOOBaHMIT aMEPUKAHCKON KOMUCCHM TIO SIIEPHOMY PETYJIHPOBAHUIO
anepHas npomsinuieHHOCTh CHIA BeiOpana npoexts! 6ombmioro ABWR peaktopa u cpennero
AP-600 mis neranbHOM MHXKEHEPHOM pa3paboTKu. JTa mporpamma, cTouMoctbio Gosee 200
MWJTHOHOB JIOJIJIApOB, HaronoBuHy (uHancupyercs lenapramentom sHepretuku CIIA. Oto
O3Ha4yaeT »JTO, IMpeAnoJiaraéMple IOKyHaTead MOryT TENepb IOJdydaTh JOCTOBEPHYIO
MH(POPMALIHMIO OTHOCUTENIBHO TEMIIOB PadOT U 3aTpaT Ha CTPOUTENILCTBO.

Jlpyroii aMepHKaHCKHI TNPOEKT - Tra30TypOMHHBIM TeIMEBbI MOIYJBHBIN peakTop,
ABIISIETCA pa3BUTHEM OoJiee paHHEro ImpoekTa. PeakTop 3Toro Tuma Ucnosab3yeT TOIUIMBO B BUE
IpaHyJl, MIOKPBITHIX CJIOEM CHEIMATBbHON KEpaMHUKHU, YTO MO3BOJSAET IKCIUIYyaTUPOBATH €0 IIPU
BBICOKMX TeMIeparypaXx. B KauecTBe TEIUIOHOCUTEN HCIHOJB3YETCS TEeIUi, KOTOPBIN
HETNOCPECTBEHHO YIPABISAET ra3oBoi TypOuHONU. MoOIIHOCTh Kaxkaoro 6yoka coctasiuseT 250-
285 MBT. MHepTHas npupoda TEIUIOHOCUTENS U YCTOMYMBOCTh TOIUIMBA K TUIABJICHUIO JETAET
KOHIICTILMIO TAaKOTO peakTopa OYEeHb NPHUBJIEKATENIbHOW. /laHHBIM MpoeKT pa3pabaThiBacTcs B
paMKax MEXAYHapOJHOTO COTpyIHMYecTBa ¢ Poccuenl 1 MOKET HCIONIb30BAThCA AJIs COKUTaHUS
OpPYKEMHOTO LTy TOHUS.

Mopynenbiii peaktop B FOxkHoM Adpuke Takke UMEET Ta3oTypOMHHBIN TEHEpaTop
NpsSMOTO IMKJIA, pa3paboTran komnanueir Eskom u mpomren skcneptusy B I'epmannu. Moaymu
OyIyT UMeTh MOIIHOCTh MO 115 MBT kaapiii U TEIUIOBOM K.I.1., IpUOIM3uTENbHO, 45 %. B
COCTaB TOIUIMBHBIX TPaHyJ, TMOKPBITBIX KPEMHHEBBIM KapOUJOM, BXOIUT TI'padUTOBBIHI
3aMEeIIMTENb, COAEpXKAIlMi JABYOKHUCH YypaHa. Peaktop uMeeT CHCTEMY €CTECTBEHHOMH
0€30MacHOCTH, a 3aTpaThl HA €r0 CTPOUTENBCTBO M IKCIUTyaTaIHIo, KaK OXHIAeTcs, He OyIyT
OYCHb BBICOKM. MacmmraOHasi (YMEHBIIICGHHAsI B JIBa pa3a) MOJIEIbh TaKOTO peakTopa paboTaeT B
MockBe, a IPOTOTUN J10JKEH ObITh co3aan B 2001 roxy.

B SImonmu, nepsblie nBa peaktopa ABWR, kak OTMEUEHO BbIIIE, YXKE 3alyLICHbl B
skcrutyatanuio. Kommanus Mitsubishi pa3paGortana MoaepHU3UPOBAHHYIO MOJENb pPeakTopa
PWRS, xotopas sBnsercs Oonee mpoctod u Juis Oosbiiei 3¢dekTuBHOCTH 00BEAUHSACT
aKTHBHBIE M IIaCCUBHBIC 3JIEMEHTHl CUCTEMbI OXJaXIeHHsA. PaboTa Haj NPOEKTOM TakKoro
peakropa moutHocTeio 1400 MBT nmact ocHoBy ans pasButusa fAnonckux PWRS peaxtopos
CJIEAYIOLIETO MOKOJIEHHUS.

B Kanane peaktoppr CANDU-9 (925-1300 MBT) sBastorcs TpOa0JDKEHUEM
CYIIECTBYIOIIHUX MPOEKTOB U UMEIOT OoJiee THOKMe TpeOOBaHMS K TOILTMBY. B kauecTBe TOmInBa
MOTYT HCHOJb30BaTh €CTECTBEHHBIN ypaH, c1ab0-000TralieHHbI ypaH, BOCCTAHOBIICHHBIN ypaH
oT mepepaboTKu ucyepnanHoro tomianBa B PWR peakropax, cmemannoe okcunHoe (U u Pu)
TOTUTMBO, CIIOCOOHBI Ha MPSMOE UCIOJIb30BaHKEe ncuepnanHoro Tomma PWR peaktopos, Topust
U OpYXEHHOro IUIyTOHWS. B KauecTBe TOIUIMBA MOTYT TaKXE MCIOJIb30BAThCS AKTUHU/IBI,
OTJIEJIEHHBIE OT TMOBTOPHO oOpaboranHbIXx 0TX0A0B LWR peaktopoB. Ilpoekt peakropa
CANDU-9 6511 3aBepiien 81997 rony.

B EBpome mnpu COBMECTHOM Yy4yacTHH (PAHIy3CKMX M HEMEUKHX MNPEeArpHUITUi
paspabateiBaeTcss Oombmmoir (o 1750 MBT) EBpomnelickuii BOISHONH pPEakTOp BBICOKOTO
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nasieHus (EPR). DTo - 3BOMIOLMOHHBIA NPOEKT, KOTOPBIM ObLI MPHUHIT B KAa4eCTBE HOBOI'O
cranfgapta Juid @OpaHuuM M yJIOBIETBOPSET HOBBIM CTporuM EBpomneiickum KpuTepHsm
0€30I1aCHOCTH.

B Poccuu paspabortanbl 1Ba HOBBIX npoekTa. Camblii Oosbiioi u3 Hux - BBOP-1000
(Momens V-392, BOMO-BOASIHON »HEPreTUUECKUN pPEaKTop), KOTOPbIN SBISETCS pa3BUTHEM
npoekta PWR peakTopoB ¢ macCHBHBIMU cHCTEMaMu Oe30macHOCTH. MeHbinas Bepcus - BBOP-
640 (monens V-407) ¢ 3anaiHBIMU CUCTEMaMU KOHTPOJIA U yripaBieHus. [lepBble ueTsipe u3 HUX
OyayT noctpoens! BOim3u Cankr-IlerepOypra, kak oxumaercs, B 2002 roxy. Pa3zpabarbiBatoTcs
TaKKe MaJlble IJIaBAIOIIUE AaTOMHBIE AIEKTPOCTAHLINY.

4.4 PeakTopbl HA OBICTPBIX HEHTPOHAX

Peaktopbl Ha OBICTPBIX HEHTPOHAX HCHOJIB3YIOT TEXHOJOTHIO, KOTOpas OTIMYAETCs OT
paccMOTpeHHOH BbllIe. Takue peakTopbl IPOU3BOIAT SHEPTUIO IIyTEM COKMTaHUS IIIyTOHUS NPU
OoJjiee TIOJTHOM HCIIOJB30BaHMM ypaHa-238 B PEAKTOPHBIX TOIUIMBHBIX COOpKax, BMECTO
pacmerusitonierocs uzorona U-235, npumeHsieMoro B OOJBIIMHCTBE peakTopoB. Ecin Takue
PEeaKTOpbl UCIIONB3YIOTCS ISl IPOU3BOJICTBA OOJBIIOTO KOJIWYECTBA MIIYyTOHUS (OOJBIIEro, YeM
OHH TOTPEOIIAIOT), UX HAa3BIBAIOT PEAKTOPAMHU-Pa3MHOKHUTEISIMUA Ha ObICTpBIX HelTpoHax (FBR).
MHoroneTHUl UHTEpEC K TaKUM peakTopaM ObLI 00yCIIOBJIEH MX CIIOCOOHOCTHIO MPOU3BOAUTH
Oosbliee KOJIMYECTBO TOIUIMBA, YeM OHHM MOTpeOssitoT. Ceroins, u3-3a JOCTaTOYHO HU3KUX ICH
Ha ypaH U BBICBOOOXKIAIOMIMXCS OOJBIIMX 3alacoB OPYXKEHHOro IITyTOHUS, OHH, B OCHOBHOM,
paccMaTpuBarOTCA KaK MOTEHIMAIbHbBIE YCTAHOBKH JUJIS1 CKUTaHMS SIIEPHBIX OTXOO0B.

Heckonbko cTpaH mNpoBOIAT HAyYHO-HCCIIENOBATENbCKHE pabOThl IO M3YUYEHHUIO U
Pa3BUTHIO PEAKTOPOB Ha OBICTPHIX HEWTpoHax. Ha ceromHsmHuii JeHb ONBIT SKCIUTyaTalluu
TaKMX yCTaHOBOK HacyuThIBaeT 290 peaktopo-neT (cMm. Tabmuiyy 9).

Kak BuAHO H3 JuarpaMMbl 3aKpBITOTO TOIUIMBHOTO LMKJA, OOBIYHBIE PEAKTOPHI
MPOM3BOAT JABa "M30BITOYHBIX' Marepuaa: IUTYTOHUH (TOSBISICTCS TIPHU  TOTJIONICHUH
HEHTPOHOB, M OTJIENAETCS 3aTeM B Mpoliecce nepepaboTku) U oOeAHEHHBIN ypaH (OTAenseTcs
npu oboramenun). [ImyTonuiil ucrnonb3yercs B peakTopax Ha OBICTPHIX HEHTPOHAX KaK OCHOBHOE
TOIJIMBO M B TO € caMo€ BpeMsl IUTyTOHUI oOpa3yercss U3 00eIHEHHOTO (MM €CTECTBEHHOIO)
ypaHa, B OCHOBHOM U-238, KOTOPBI OKpy»aeT aKTUBHYIO 30HY PEaKTOpa B BUAE CHEIUATBHBIX
"6nanket". JIpyrumMu coBaMu, peakTop OJHOBPEMEHHO "cxuraer" M "Mpou3BOAUT" Iy TOHUI™,
Kak 3T0 nmoka3aHo Ha Pucynke 13. B 3aBUCMMOCTH OT KOHCTPYKIIMU PEAKTOpa, MPOU3BEACHHBIN
PaCLICTUIAIONIMIACSA TUIYyTOHUH MOXKET HCIOJBb30BAaThCsA OO B 3TOM K€ peakTope, JubOo B
OyIyIIHMX peaKkTopax-pa3zMHOKHUTENSIX, TM00 B 0OBIYHBIX peakTopax (cM. PucyHok 12).

* Kak U-238 tak u Pu-240 npu nornomnieHny HEHTpoOHa HpeBpaaroTcsi B pacumervriomuecst Pu-239 n Pu-241,

cootBeTcTBeHHO: N + UXYy, => Uy, => (Gera-pacnaz, 23 mun) => Np*°y; => ( 6era-pacman, 2.3 aus) => Pu®’y,.

Peaktopel Ha OBICTPBIX HEUTPOHAX HMMEIOT BBICOKYIO TEIUIOBYIO 3()()EKTUBHOCTS,
00yCIIOBJIEHHYIO BBICOKOTEMIIEPATYPHBIM PEKHUMOM HUX 3KCIUTyaTanuu. OXJaxaeHne aKTHBHOU
30HBI OCYHIECTBIISIETCSI B HUX C MOMOIIBIO JKUJIKOTO HATPUsA. XOTA C XUMHUUECKOM TOUKHU 3PECHUS
3TO JOBOJIBHO CIIO’KHO, TEM HE MEHEe, CAENaTh 3TO MPOIIE, YeM HCIIOJIb30BaTh BOJY MPU OYEHb
BBICOKOM JaBJICHWUU. OKCHEPUMEHTHI, MPOBOAMMBIE B TeueHue 19 yer Ha peaktope-
pasMHOXuTene B BenukoOputanuu (10 ero octaHoBku B 1977 roay), mokazaiu, 4To CUCTEMa
OXJIQXKICHUSI HA OCHOBE >KHMJIKOTO METAJUIMYECKOr0 HATPUs MEHEE UyBCTBHUTEIbHA K OTKa3am,
YeM CHCTEMbI, UCIOJB3YIOIIUE BOJAY OYEHb BBICOKOTO IAaBJICHHUS WM Map (B JIETKO-BOJHBIX
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peakTopax). boyiee coBpeMeHHBIH 3KCIUTyaTallMOHHBIM OMBIT (PAHIy3CKMX M aAHIJIMHCKHUX
IIPOTOTHUIIOB MOJHOCTHIO MOATBEPAWII 3TOT BBIBOL.

Peaxkmopui-pasmuosicumenu Ha ObiCmpbIX HEUMPOHAX UMEIOM NOMEHUUATLHYIO
603MOMCHOCIMb UCHOJIb306AMb (PAKMUYUECKU 6€Ch YPAH, NPOU3EEOEHHbLIL 20pHO000bIsarou el
RPOMBIULTIEHHOCHTBIO.

Kak ommcano B pazaene 3.2, npubnusurenbHo B 60 pa3 Oombliee KOJIUYECTBO SHEPTUU
MOXKHO WU3BJ€Yb M3 IMEPBOHAYAIBHO JOOBITOTO YpaHa C IIOMOIIBIO TOIUIMBHOTO LIUKJIA
pPEaKkTOpOB-OpUIEPOB TIO CPAaBHEHHUIO C '"HE3aMKHYTHIM ITUKIOM" B OOBIYHBIX JIETKO-BOJIHBIX
peakTopax. Takas upe3BbIYaifHO BbICOKasi 3()()EKTUBHOCTH JENAeT PEaKTOPBI-OpUAEpHl OYEHb
MIPUBJIEKATENbHBIMUA JJII MPOU3BOJACTBA 3HEepruu. OAHAKO, UX BBICOKAs CTOMMOCTH, C OJHOM
CTOPOHBI, ¥ PacCIpOCTPAHEHHOCTh JICHIEBOTO YpaHa, C JPYTroH, Bpsd Ju OyayT criocoOCTBOBAThH
WX IIAPOKOMY BHEJIPECHHIO B TECUCHUH OJIVMIKANUIITNX EeCATUIICTUH, BIIOTH 10 2050 rona.

[To oroit mpuumae paboTel 1o mnpoekty EBpomeiickoro FBR (1450 MBT) Obuin
npekpamieHsl B 1994 roxy, xors uccnegoanusi Ha Dpaniyzckom FBR (Superphenix, 1250
MBT) nponomxkanuck B TeueHun 1995-98 rogos. Tem He MeHee, UCCIeIOBAaHUS TTPOJOJIKAIOTCS
Ha Unauiickom FBRS B HampaBiieHNM MCTIOIB30BaHUS B KAU€CTBE TOIIMBA W30TOMOB TOPHS, a B
Snonun Ha mporortune AevctByomero FBR (Monju), KOTOpBIH NOAKIIOUEH K 3JIEKTPUUYECKOM
cetu B aBrycte 1995 roga (Ho 3aTemM OBLI OTKIIFOUEH U3-32 OOHAPYKEHHOW YTEUKU HATPHS).

Poccuiickuit peakrop Ha ObICTpBIX HeWTpoHax BN-600 Obl1 BBEJCH B SKCIUTyaTalHio B
1980 rogy m uMmeeT JydlIMe SKCIUTyaTallMOHHBIE IMOKAa3aTelIu Cpelrd BCEX JCUCTBYIOIIHMX B
Poccun sneprodiokoB. Peaktop BN-350 skcruryatupyercs B Kazaxcrane yxe moutu 25 neT u
NpUOIM3UTENBHO TIOJIOBUHA €ro pecypca HCHONb3yeTcs s OINpecHeHHus Bonbl. Poccus
IUTAHUPYET TOCTPOUTh HACKOJIBKO PEAKTOPOB HA OBICTPBIX HEMTpPOHAX ISl yTUIM3ALKUHU 3aI1acoB
OpyXelHoro MIyToHHus. Bo BceM Mupe cerofHs paboTaroT npuOim3uTenbHo 20 peakTopoB Ha
OBICTPBIX HEHTPOHAX, a HEKOTOPBIE U3 HUX - HauuHast ¢ 1950-bIX TO0B.

4.5 TopueBblil HUKJI

PeakTopsl Ha TOPHEBOM TOILTUBHOM IIMKJIC TTOJI0OHBI peakTopaM Ha OBICTPHIX HEHTPOHAX.
B peakTopax 3TOro TMna eCTeCTBEHHBIN TOPHUii-232 MpU NOTJIOMIEHUHA HEUTPOHOB MPEBPAIIACTCS
B JeNAIIMKACS U30TON ypaHa (ypaH-233). DTOT U30TOM, Y4acTBYs B LIETHOM pEaKIMH JCJICHHUS,
BBIICNISICT TEIUIOTY M W30BITOYHBIE HEUTPOHBI, KOTOpbIE MpeoOpa3oBBIBAIOT e€Iie  OoJbliee
konuyecTBO Topusi B U-233. Takas TeXHONOTUs TMpHUBIEKATeNIbHA TEM, YTO, BO-TIEPBBIX,
MO3BOJISIET U30€KaTh MPOU3BOJCTBA TUTYTOHMSI, BO-BTOPBIX, B KaU€CTBE TOIUIMBA HCIIOIb3yeTCs
JIOBOJILHO PACHpOCTPAaHEHHBIM TOPHiA, a, B-TPeThbHUX, 3((HEKTHBHOCTH HUCIIOJIB30BAHUS TOILUIHBA
MOXET ObITh Onm3ka K dS(PPEeKTUBHOCTH peakTOpOB Ha OBICTphIX HeWTpoHax. OmHAKO,
KOJIMYECTBO PACLICIUIAIOIErOCs ypaHa-233, mpou3BOJUMOrO B TaKOW YCTaHOBKE, HE COBCEM
JIOCTaTOYHO, YTOOBI MOAJEPKUBATh LENHYIO peakiuio neieHus. [loaromy, XoTss wuHTEpec K
TaKUM MPOEKTaM HE 3aTyXaeT BOT YK€ Ha MpOTsuKeHUH nociaeanux 30 JeT, TeM He MEHee 10 UX
MIPOMBIIIJIEHHOT'O TPUMEHEHHUS MOKa ellle AaJIeKo.

65



SIu Iop-Jleccn, "SnepHoe 3nexkTpuyecTso'

CibeaHEHHEIRA

MzroropneHWe
TONNHEA

YPaH

PersHepaLnmn

ZpaHenneE

QicTekng-
B BEAHNE

JAKOPIHEHWE

Pucynok 12. ToniuBHBIN HUKJI B PEaKTOPAaX Ha OBICTPBIX HEMTPOHAX

Otnnune Mexay OOBIYHBIM pPEaKTOPOM Ha TEIJIOBBIX HEWTPOHAX M PEAaKTOPOM Ha
OBICTPBIX HEUTPOHAX COCTOUT B OOJIbIIEM KOJUYECTBE HEUTPOHOB, IPOU3BOIUMBIX B IOCIETHEM
(17 Bmecto 15 mocne 6 akTOB pacHICIUICHUS). DTO TO3BOJSET MPHU KEJIAHUH TPOU3BOJUTH
Oosblilee KOJIMYECTBO SJIEPHOTO TOIIMBA, YEM HCMOJb3yeTcs. B oObIYHOM peakTope nMmeeTcs
MPUMEPHO YEeThIpe HEHTpOoHa s pa3MHOXkeHHus Pu-239, a B peakTope Ha OBICTPBIX HEHTPOHAX
UX y>Xe ceMb. TOYHbIE 3HAUEHHSI 3TUX YHUCEN 3aBUCAT OT KOHKPETHBIX KOHCTPYKIMH PEaKTOPOB U
pexumMa ux paboThl.

Taoauuma 9

PeaKTOpr-paC%MHO)KI/ITeJ'II/I Ha 6I)ICprIX HeﬁTpOHaX

MBT MBT Cpok
Crtpana Peakrop (3JekTpuuec | (TemjaoBa | IKCILUIyaTall

Kas) 1) 110
CIIIA EBR 1 0.2 1951-63
EBR 2 20 1963-94
Fermi 1 66 1963-72
SEFOR 20 1969-72
Fast Flux Test Facility 400 1980-94
AHrnusg Dounreay DFR 15 1959-77
Dounreay PFR 270 1974-94
Opannms  |Rapsodie 40 1966-82
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Phenix * 250 1973- H.B.
Superphenix 1 1240 1985-98
I'epmanns | KNK-2 21 1977-91
Nunus FBTR 40 1985- H.B.
Anonus Joyo 100 1978- H.B.
Monju 246 1994-96
Kazaxcran |[BN-350* 135 1972-99
Poccus BR-5 1959-71
BR-10 10 1971- u.B.
BOR-60 12 1969- H.B.
BN-600* 600 1980- u.B.

*BJI0K HaX0AUTCS B TPOMBIIUIEHHON 3KCILUTyaTaluu

MNpouscc faneHEA B peakTops
Cpuoepe
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B aKTOR GENCHHA - 15 HERTPOHOR B aKToB geneHRdA - 17 HEATPOHOE
[U-235 wnu Pu-239) (Pu-239)

Pucynok 13. Peakuuu pacuenieHusi B 00bIYHOM PeaKTOpe U peakTope Ha ObICTPbIX
HelTpoHax
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I''TABA 5
OKOHYAHMUME AJEPHOI'O TOINVIMBHOTI'O IUKJIA

5.1 Sinepusie "orxoant"

Ooun u3 naubdonee ocmpvix U GOJHYIOUWUX CE200HA O00UIECMEEHHOCMb ACNEKMO6
A0EePHO20 MONIUBHO20 UUKIA - IMO 60NPOCHL PABMEUICHUA U XPAHEHUA PAOUOAKMUBHBIX
omxo0006. Hanbonee TpymHBIH U3 HUX - 3TO BOIPOC O BHICOKOYPOBHEBBIX OTXOJaX, B paboTe ¢
KOTOpBIMI/I HUMCHOTCA [ABa paBJII/I‘-IHI:IX CTpaTeFI/I‘-IQCKI/IX nmoaxoaa. HepBBIﬁ 3aKJIF04YACTCA B
nepepadoTKe MCYEPIAHHOTO TOIUIMBA C IIEJBI0 OTICIICHUS BBICOKOYPOBHEBBIX OTXOJOB C HX
MOCTIeIIOIUM OCTEKJIOBBIBAaHWEM (MM OWUTYMHUPOBAaHHEM) U 3aXOpPOHEHHEM, a BTOPOM
3aKJIFOYAeTCsl B MPSIMOM 3aXOPOHEHUHW HMCYEPIIAHHBIX TEIIOBBIACIISIONINX JJIEMEHTOB BMECTE C
COI[ep)KaH_II/IMI/ICSI B HUX BLICOKoypOBHeBLIMI/I oTX0oJaMH.

OcHoenble adepuvle omxo0vl ocmawmcsa HaoexcHo ""3anepmueimu'’ 6 Kepamuueckom
monainuee 0J151 A0ePHbIX PeaKmopos.

Kak ykaspiBasioch B maBax 3 u 4, npu "CKUTraHUU'" SIAEPHOTO TOIUIMBA B PEAKTOPHBIX
YCTaHOBKaxX 00pa3yloTCsl MPOAYKTHI JEJCHHS, TaKMe KaK W30TONbI Oapus, CTPOHIMS, Ie3Us,
noda, kpuntona u kceHona (Ba, Sr, Cs, I, Kr, u Xe). MHorue u3 o0pa3yromuxcsi ©30TOTOB
HAaKaIlJIMBAIOTCS B IPEJENax camoro TomianuBa. OHU BBICOKO PaJMOAKTUBHBI, 1 COOTBETCTBEHHO,
HE0JITOBEYHBI.

Torma xak sti "Manbie" aTOMbl (POPMUPYIOTCS M3 PACIHICTUISIOMICHCS YacTH TOIUIUBA,
n3otonbl ToryToHUs Pu-239, Pu-240 m Pu-241 *, a Takke W HEKOTOPHIE H3OTOIBI JPYTHUX
TPAaHCYPAHOBBIX 3JIEMEHTOB, (popmupyrorcss u3 atomoB U-238 B aKkTUBHON 30HE SJIEPHOTO
peakTopa mpu MOTJIOUIEHUH UMU HEHUTPOHOB U MocieayoummM Oeta-pacnaae. Bee aTu n3oTormnsl
pPaAMOAKTUBHBI M KPOME pacILEIUISIONIErocs] IUIyTOHUS, KOTOpBIH "Cokuraercs', ocTaroTcs B
HCYEepNIaHHOM TOIUIMBE, KOTJa €ro YJalslloT U3 peakTopa. BOoJbIIMHCTBO TpaHCYpaHOBBIX
M30TONOB (POPMUPYET AOITOKHUBYIIYIO YACTh BBICOKOYPOBHEBBIX OTXOJIOB.

*910 TOT cambiii Pu-241, xoTopelii pacmamasch, mpeBpamaercs B AMepuiuii -241, uCrmoas3yeMblid B OBITOBBIX
JIETEKTOPaX 3a/IbIMJICHUSI TOMEIECHUH.

XOoTs npeAnpusATUs SAAEPHOTO TOIUIMBHOIO LUKJIA U IPOU3BOAST Pa3INuHbIE OTXObl, OHU
TEM HE MEHEee He SIBJIAIOTCS NMPOMBINUIEHHBIMU "BbIOpocamMu" B TpPaJULIMOHHOM IMOHUMaHHUH
Toro cinoBa. MXx HagexHOe XpaHEHHE U pasMelleHHe o0ecrneduBaeT Oe30MacHOCTb.
dakTUYeCKH, s7epHasi SHEPreTUKa - €AUHCTBEHHAs! OTPacilb MPOMBIIIJICHHOCTH, KOTOpasi Oeper
MOJIHYI0 OTBETCTBEHHOCTh 3a BCE CBOM OTXOJbl M IOJIHOCTHIO OIJIAYMBAET PACXOJbl MO HX
COJepXaHMI0 M yTwiM3auuu. Kpome TOro, Meroabl 3KCHEPTHOIO KOHTPOJISA, pa3BUTHIE B
OTHOIIICHUH OTXOJIOB Ha IPaXITAHCKUX SICPHBIX 00BEKTaX, TeIepPh HAUMHAIOT PUMEHSITHCSA H K
BOCHHOW TPOMBIIUIEHHOCTH, KOTOpasi MAEUCTBUTEIBHO MPEJACTABISAET pEAIbHYI0 YIpO3y
OKpY Karollel cpesie B HEKOTOPBIX YaCTSAX MUPA.

Paouoaxmuenvie omxoovl @KIKWuaOm 6 cebda PA3HOGUOHOCHIL  PA3TUUHBIX
Mamepuanoe, mpeoylowux paziudHolX H00X0008 NO UX COOEPHCAHUIO U XPAHEHUI) O0JlA
npeooxpanenus ar0oeil u okpyycaroueni cpedvt. OHN 00BIYHO KIACCHPUIIMPYIOTCS KaK OTXOIbI
HU3KOTO YPOBHS, IPOMEXYTOUYHOTO YPOBHS U BHICOKOTO YPOBHSI, B COOTBETCTBUHU C KOJIUYECTBOM
Y TUTIOM PaJIMOaKTUBHOCTH, COJICPKAIICICS B HUX.
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Hpyrum ¢aktopom B paboTe C OTXOJaMHU SIBJISETCS BpEMs, B TE€UEHUE KOTOPOTO OHU
OCTalOTCA ONACHBIMHU. JTO BPEMS 3aBUCUT OT BUJOB PAJNOAKTUBHBIX M30TOIOB, COAEPKALIMXCS
B HUX, U XapaKTepU3yeTcs NEPHOAOM Ioilypacnaja 3TUX uzoronos. [lepuoa nomypacnaaa - 3to
BpeMs, bl TEUYEHHWE KOTOPOrO JAHHBIH pPaJMOAKTUBHBIA HM30TON TEPSIOT IOJIOBHHY CBOEH
akTuBHOCTH. [locie yeThipex nepruo 0B NOJypacnaaa ypoBeHb aKTUBHOCTH CHUKaeTcs B 16 pas,
a mocJie BOCbMH - B 256 pas.

Pa3znuyHble pagroakTUBHBIE W30TONBI UMEIOT EPUOABI MONypacnaga OT JoJel CeKyHIbl

70 MWUIMOHOB JeT. PaJnOaKTHBHOCTb YMEHBIIAETCS CO BPEMEHEM BCJEICTBUE pacraja
M30TOIOB U MPEBPALICHUS UX B CTAOMIIbHBIC, HE PAJUOAKTUBHBIC SJIEMEHTHI.
CkopocTh pacmajga HM30TONOB OOpaTHO HPONOPLMOHAIBHA HX MEPHOAY IOIypaclana; 4yem
MEHbILIE MEPUOJI MOoJTypacmana, TeM ObIcTpee NaHHbIE U30TONbI pacnanaiorcs. CienoBaTebHo,
YeM BBIIIE YPOBEHb PAAMOAKTUBHOCTH B HEKOTOPOM KOJHMYECTBE MaTepuana, TeM OoJbliee
KOJIMYECTBO KOPOTKOKUBYIIUX U30TOIIOB B HEM COJIEPIKUTCA.

Tpu OCHOBHBIX MPUHIIMIIA UCTIONB3YIOTCS B paboTe C painOAKTUBHBIMUA OTXOJJAMHU:
e "KoHIeHTpupoBaTh U U30JIMPOBATH"

e "Pa3baBnsaTh U pacceuBath"

e "BpiaepxuBaTh U paclICIUIATh .

JIBa mepBBIX NPUHIMIA UCHOJB3YIOTCS B paboTe M C HEPAJUMOAKTUBHBIMU OTXOAAMH.
OTX0/1bl KOHLEHTPUPYIOTCS U U30JIUPYIOTCS, WM (B OYE€Hb MaJIbIX KOJUYECTBaX) pa30aBisIOTCS
0 TpUEMJIEMBIX YPOBHEHM M 3aTE€M pacCeuBAIOTCS B OKpyskawomen cpene. IlIpuHmun
"BBIICPKUBATh U PACIIEIUIATE' OTHOCHUTCS TOJBKO K PaJMOAaKTUBHBIM OTXOAAM M O3HAYAET, YTO
OTXOJBI XPaHAT B TEUCHHE OIPEIEICHHOTO BPEMEHH, B TEYEHUE KOTOPOr0 UX PaJuO0aKTUBHOCTH
yMeHblIaeTcs 01aroaps €eCTECTBEHHOMY paciiaay U30TOIOB.

B cpasicoanckom adeprom monaueHOM WuUKNe OCHO6HOE GHUMAHUE YOoensnemcs
6bICOKOYPOBHEGLIM  OMIX00AM, COOEPIHCAWUM HPOOYKMbL O€lNeHUA U MPAHCYPAHOGblE
I71eMeHmbl, KOMopule 00pa3yomcs ¢ npoyecce padomosl 10epHO20 peaKkmopa.

BbicokoypoBHeBBIe OTXO/bI COJEPKATCA HEMOCPEICTBEHHO B OTPaOOTaHHOM SIEPHOM
TOIUIMBE WU B MPOAYKTax €ro nepepadborku. Tak wiM MHaye, UX KOJUYECTBO HE CIUIIKOM
BEJIMKO - €KErofHO MpHOIM3UTENbHO 25-30 TOHH MCUEpIIaHHOIO TOIUIMBA (WM TpU KyOoMmeTpa
OCTEKJIOBaHHBIX OTXO0JI0B) 00pa3yeTcsl B pe3yJsbTaTe SKCIUIyaTallud TUIUYHOIO JIETKO-BOAHOIO
saaepHoro peakropa mMouiHocTbio 1000 MBT. Takoe konudecTBO MOXET ObITh 3((HEKTUBHO U
SKOHOMHO M30JIMPOBAHO. YPOBEHb PaIMOAKTUBHOCTH TaKUX OTXO/0B OBICTPO yMEHbILAETCS (CM.
Pucynok 16A). Hampumep, oTpaOGoTaHHbIE TOIUIMBHBIE 3JE€MEHTHI, W3BJICUEHHBIE U3 JIETKO-
BOJHOI'O PEaKTOpa, HACTOJIbKO PAJMOAKTHUBHBI, YTO MCIYCKAIOT HECKOJIBKO COTEH KHJIOBATT
TEIJIOBOM SHEPIHM, HO T'OJ CIYCTS 3TO U3Iy4YCHUE YMEHbIIAeTCs 10 MATH KUJIOBATT, a Mocie
IATU JIET - Bcero oauH kuioBarT. Yepe3 40 neT ypoBeHb paMOAaKTHBHOCTH B HMX IaJaerT,
MIPUMEPHO, B THICAUY Pa3.

[Tocne cneumanbHOM  mepepabOTKHM  OTpabOOTAaHHOTO  TOINIMBA, TpuMepHO 3%
BBICOKOYPOBHEBBIX OTXOJIOB HAxXOAATCA B JKUJIKOM COCTOSIHUM M coaepkar '"3omy" ot
CTOPEBILEr0 ypaHa. DTO BBHICOKO PaJAMOAKTHUBHBIE JOJIT0KMBYIIUE NPOAYKTHI JEJICHUS ypaHa U
HEKOTOpble TsKelble 37eMeHThl. OHHM NPOM3BOJAT 3HAUUTENIBHOE KOJIMYECTBO TEIUIOTHI H
TpeOyIOT CHEUHUAJbHOrO OXJaXAEHUS. Takue OTXOJbl OCTEKJIOBBIBAIOT CHELHMAIBbHBIMU
cocTaBaMM B HEOOJbIIME KalCysbl, 3aKJaJbIBAIOT Ha IPOMEXYTOYHOE XpaHEHHE C
MOCTIEIYIOIUM JTOJITOBPEMEHHBIM pa3MelIeHHeM TIIyOoKo moj 3emieil. Takwe NpUHIMITEI
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oOpareHusi ¢ paJlMOaKTUBHBIMHU OTXOJlaMU MPUHATH B BenukoOputanuu, Opannuu, ['epmanun
u SIlnonuu (cM. Taxke 5.2 u 5.3).

C npyroil CTOpPOHBI, €CIId OTPaOOTAaHHOE PEAKTOPHOE TOIUIMBO HE TIOJBEPraeTcs
00paboTKe, TO BCE BBICOKO PaJHOAKTUBHBIE H30TOMBI OCTAIOTCS B HeM. B »ToM cmyuae ¢
TOTUTMBHBIMH 3JIEMEHTAaMU OOpPAIIalOTCsl KaK C BBICOKOYPOBHEBBIMH OTXOJaMHU. Takoil mpsiMoit
MoAxoJ1 K paboTe ¢ oTpaboTaHHBIM siAepHBIM ToruBOM NpHHAT B CIIIA u IlIBenuu (cm. 5.4).
MHorwue ctpansl, BKItouas Kanamny, mpuaepXKuBarOTCsl pa3InYHBIX KOHIETIUHN, BRIOUPAs MEXKITY
nepepadoTKON U MPSMBIM JTOJITOBPEMEHHBIM XpaHEHHUEM OTPabOTaHHOTO SACPHOTO TOIUIHBA.
BricokoypoBHEBBIE OTXO/BI COCTABIIAIOT TOJBKO 3 % OT BCEX PaAMOAKTUBHBIX OTXOJ0B BO BCEM
MHpE, HO OHU coaepxkaT A0 95 % Bcel paauoakTUBHOCTH, COAEPKAIICHCS B HUX.

TpanoypaHolmg
anemenTh (0686 Kr)

U-235 (Z3kr) U-235 (Skr) L1236 (4.6 xr)

Haomo
W O o=

Opyrue npogykTsl
=222 (26Tkr) =222 (24Zkr) Asneuna (35 kr)

=

Ceeses Tonnueo (1000 xr) OrpaSoradnos Tonnuaso (1000 xr)

Pucynok 14. YTto nponcxoauT B JIerKO-BOJHOM peakTope yepe3 Tpu 3 roga?

Hapsimy ¢ BBICOKOYPOBHEBBEIMH  OTXOJIaMU  SIICPHON  DHEpPreTHKH, pabora ¢
PaAMOAaKTUBHBIMU MaTepHajlaMd MPUBOJUT K BO3HUKHOBEHHIO OTXOAOB HH3KOr0 YPOBHA
(cpencTBa OYMCTKH OOOpYAOBaHUS, MEPYATKH, CIEIMATbHAS OJEXkKAa, UWHCTPYMEHTHI U T.II.).
Takue OTX0MbI XOTS M HE MPEACTABISIOT 0COO0I OMacHOCTH, HO TPEOYIOT OoJjiee TIIATEIIBHOTO
oOpaiieHusi, 4eM OOBIYHBIA Mycop. OTXOObl HHU3KOTO YPOBHS TMOCTYMAIOT Takke U3
MEIUIMHCKUX YUPEeXKICHUH, HAYyYHO-HUCCIIENOBATENbCKUX J1a00paTOpUi U MPOMBIIUICHHOCTH.
OHu MOTYT OBITH COXOKEHBI. HO OOBIYHO WX pa3MeNaloT B CHEIHMATbHBIX XPAaHWUIHINAX MO
3emiiel. B mio6oM citydae, U3 HUX CHaydaja BBIACNSAIOT BCE BBICOKO TOKCHYHBIE MaTepuaibl U
BKJIIOYAIOT B BBICOKOYPOBHEBBIE OTXOJbI, UTO OOecreunBaeT 0e30MacHOCTh U 3PPEKTUBHOCTD
paboThl C TaKUMH, OTHOCUTENIbHO O€3BpeqHBIMU, MaTepuaniamMu. MHOTHE CTpPaHbl HMEIOT
XpaHWININA JUIS Pa3MEIICHUS OTXOJOB HHU3KOrO ypoBHsA. OTXOIBl HU3KOTO YPOBHSI HMEIOT,
MPUMEPHO, TAKOH K€ YpOBEHb PAJMOAKTUBHOCTH, KaK U HU3KOCOPTHAs ypaHOBas pyda, a uX
KOJINYECTBO, 0Opa3yromieecss KKl rojl, MO4YTH B MATHICCAT pa3 OoJblie, YeM KOJIUYECTBO
BBICOKOYPOBHEBBIX OTX0J0B. Bo BceM mupe oHu cocTaBissoT 90 % OT BceX paguOaKTUBHBIX
OTXOJ0B, HO UMEIOT JulIb 1 % pagnoaKTUBHOCTH.

OTxoapl TPOMEXKYTOUHOTO YPOBHSI TIJIaBHBIM 00pa3oM BO3HHUKAIOT B  SJAEPHOM
npoMbIIeHHOCTH. OHU 60Jiee palnOaKTUBHBI U X U30JUPYIOT OT JIo/eH nepes 00paboTKoM 1
pa3MenieHreM Ha xpaHeHue. OObBIYHO OHM BKIIOYAIOT B ce0s pa3lUYHbIE CMOJIbI, XUMUYECKUE
0CaJIKi, KOMIIOHEHTHI PEaKTOPHOTO O0O0OPYIOBaHUS U 3arps3HEHHBIE MaTEpHUalbl OT PEaKTOPOB,
CHUMaeMbIX C JKciuryatauuu. OOBIYHO, Takhe OTXOAbl OUTYMHPYIOTCS Ui JajbHEHIero
pasMenieHusl B CIEIUANBHBIX XpaHWIUIax. KopoTKOXKHUBYIIHME OTXOJbI (TJIABHBIM 00pa3om,
pa3IuyYHble KOMIIOHEHTHI PEaKTOPHOTO OOOPYJIOBaHMSI) XpaHAT B 3arIyOJIEHHBIX XpaHWIUIIAX,
HO JIOJNITOXHUBYIIME OTXOABI (OT MepepaboTKH SAepHOrO TOIUIMBA) pasMelaloT ITyOOKO TOA
3emsiel. Bo BceM mupe OTXOABI NPOMEKYTOUHOIO YPOBHSI COCTAaBISIIOT 7 % OT Bcex
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PaIMOAKTUBHBIX OTX0JI0B U uMeeT 4 % palu0aKTUBHOCTH.
5.2 IlepepaboTka 0TPA0OTAHHOIO TOIIMBA

Heooxo0umocms nepepadomku ucuepnannozo a0€pHO20 MONIUGA BbI3bIEAECHMICA C
0O0HOIL CIMOPOHBL 803MONHCHOCHIBIO PE2EHEPUPOBAHUA HEUCNOIb306AHHO20 YPAHA U NIIYMOHUA
6 OmMpAdOMAHHBIX MENN0BLIOCNAIOUWUX ITIEMEHMAX, a C Opy20il - G03MONCHOCHbIO
YMEHbUEHUA KOUYECHEA 8bICOKOYPOBHEBHIX PAOUOAKMUBHBIX OMX0008.

[TepepaboTka TpenoTBpaIaeT M3IHUIIHUN pacxod IEHHBIX PECypcoB, MOTOMY YTO B
cBOeM OOJBIIMHCTBE OTPAOOTAHHOE TOIUIMBO COAEpPXUT 10 1% nensmierocs uzoromna U-235 u
HECKOJIbKO MEHbIIIee KOJIMUYECTBO IUTyTOHUS. [lepepaboTka mo3BoISEeT MOBTOPSTH SACPHBIN UK
B CBEXHUX TETUIOBBIJCIISIONINX JIEMEHTaX, COXpaHss, TAKUM 00pa3oM, MpUOIU3UTeIbHO, 10 30
% ecTecTBEHHOI0 ypaHa. Takoe cMeIIaHHOE OKCHIHOE TOIUIMBO - BaXKHBIN pecypc. Brinensemsie
MPU 5TOM BBICOKOYPOBHEBBIE OTXObI, MPEeOOpa3oBaHHBIE B KOMIIAKTHBIC, YCTOWYHMBEIC,
HEpa3pyIlIMMbIE TBEpJbIe KarCylbl, Oojee yAOOHBI NS JMadbHEHWIIEro XpaHCHHs, YeM
00BbeMHCTBIE OTPAOOTAaHHBIC TETIJIOBBIICIISIONINE SJIEMEHTHI.

Ha cerogusmamii nenp Gonee 75000 TOHH oTpabOTaHHOTO SIIEPHOTO TOIUIMBA OT
TPOKIAHCKUX HSHEPTeTHUYECKUX PEaKTOPOB YXKE TOJIBEPrHYTO TOBTOPHOW o0OpaboTke, a
©XKEroHbII 00beM nepepaboTku cocTaiseTt, npumepHo, S000 TOHH.

Tadauua 10
O0bembl nepepadoTKH AIEPHOTO TOILIMBA B MHpe
TomInMBO J€rk0-BOJIHbIX peakTopoB: |Ppannus, Jla ['aara 1600 TOoHH B roxg
Bemukobpurtanus, Cenduin 850
Poccust, Yensbunck (Masik) 400
Snonus 90
Bcezo 2940
Jlpyroe sigepHo€ TOIINBO: Benukobputanus, Cendumnn 1500
®panuysi, Mapcenb 400
Wuaus 200
Bcezo 2100
Bcero 5040

OtpaboTaHHble TOIUIMBHbIE COOPKH, yJIaJ€HHbIE M3 PEAaKTOpa, OUYEHb PAJUOAKTHUBHBI U
BBIIENIAIOT Terwio. [losroMy ux momemiaroT B OoJbIIME pe3epByaphl, HAIMOJHEHHbIE BOJOM
("OacceiiHbl BbLAEPKKHU'"), KOTOpas OXJAXJAaeT UX, a TPEX METPOBBIA CIOW BOJbI IMOIJIOMIAET
OlacHOe M3JIy4yeHue. B TakoM COCTOSHUM OHHM OCTalOTCs (HEMOCPEACTBEHHO B PEAKTOPHOM
OTJEJICHUH WJIM Ha IepepadaThIBAaIOIIEM 3aBOJIE) B TEUEHUE HECKOJIBbKUX JIET, [TOKa YPOBEHb
PaTMOAaKTUBHOCTH 3HAYUTEIBHO YMEHBIINUTCS. J[71s1 OOJNBIIMHCTBA BUAOB SJIEPHOTO TOILIUBA, €TO
nepepadoTKa HAYMHAETCS, IPUOIU3UTENBHO, YEPE3 MATH JIET [OCIIE BBITPY3KU U3 PEaKTOpa.

OOBIYHBIN JIETKO-BOJAHBIA peakTop MOMIHOCTHI0O 1000 MBT mpou3BOAUT €XEroJHO,
MpUOIU3UTENBHO, 10 25 TOHH McYepnaHHOro ToruMBa. ITocie mpeaBapUTENbHOrO OXJIaXACHUS
OHO MOJXKET TPAHCIIOPTHUPOBATHCS B CIIELUAIBHBIX 3allUTHBIX KOHTEHHEpaxX, KOTOPbIe BMEIIAIOT
JMILb HECKOJIBKO (MSATh- II€CTh) TOHH OTPAa0OTAaHHOrO TOIUIMBA, HO caMH BecAT 10 100 TOHH.
TpancnopTupoBka 0TpabOTaHHOIO TOIUIMBA U APYTUX BHICOKOYPOBHEBBIX OTXO/0B JOCTATOYHO
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JKECTKO PETIIAMEHTHPYETCS.

IlepepaboTka OTpabOOTAHHOTO OKCUIHOTO TOIJIMBA HAYMHAETCSI C PACTBOPEHUS
TEIJIOBBIICISIOIINAX 3JIEMEHTOB B a30THOM Kkuciiore. Ilocie 3Toro mpoms3BOAAT XMMHYECKOE
pazzaeneHue ypaHa u miyTonus. Pu u U MoryT ObITh BO3BpallleHbl K Hauyaly TOIJIMBHOIO IMKJIA -
ypaH Ha KOHBEPCHOHHBIM 3aBOJ MJi1 J00O0OralleHus, a IUIyTOHHH HENOCPEACTBEHHO Ha
NPEIIpUATHS 110 U3TOTOBJIEHUIO ToIMBa. PucyHok 11 uiuttoctpupyer npoueccsl nepepadoTKu U
WU3TOTOBJICHUSI CBEXXETO TOIUIMBA Ha IPOTUBONOJOXKHBIX CTOPOHAax JWarpamMmbl - B
NeMCTBUTENIBHOCTH 3TO OOBIYHO MPOUCXOAMT B OAHOM MecTe. Ocraromascs *XHIKOCTb IMOCTe
ynanenust Pu u U npencrasnser co0oi BBICOKOYPOBHEBBIE OTXO/IbI, COJIEprKallne, MPUMEPHO, 3
% WCYEpPHaHHOIO TOIUIMBA. PagMOaKTMBHOCTH JTHUX OTXONOB BBICOKA, W OHH IIPOJOJDKAIOT
MIPOU3BOJUTH MHOTO TEILIOTHI.

dorto (foto4.jpg)

bacceiin BbIIepKKH IS 0TpaOOTaHHOTO TOIUIMBA Ha NepepabaThiBatolieM 3aBoje B BenrkoOpuranuu

AKTHBHas mepepadoTKa sSIepHOT0 TOTUIMBA MPOU3BOAMIOCH HaunHas ¢ 1940-b1x r0O70B,
TJIABHBIM 00pa3oM JUIs pereHepupoBaHUs IUTyTOHHS B BOCHHBIX IensiXx. B BenukoOputanum,
METaJNINYECKHE TEIJIOBBIJCNAIONINE JJIEMEHTH OT KOMMEPYECKHUX PpPEaKTOpOB IEpPBOTrO
MOKOJIGHHUsI C Ta30BbIM OXJaXICHHEM ObUIM TMOBTOpHO oOpaboransl B Cenduiae
npuom3uTenbHO 40 et Ha3a. 3a 3To BpeMs 3aBoj, nepepadaTriBatontuii 1500 TOHH B 1O, OBLT
3HAYUTEIBHO YCOBEPIICHCTBOBAH JUIS MOAJIEPKAHUS TOJKHOTO YPOBHS 0€30MaCHOCTH, TUTHEHBI
U Apyrux peraameHTupyrommx crasgaptoB. C 1969 nmo 1973 rox Ha 3aBojJie Takke MOBTOPHO
00pabaThIBAJIOCh OKCUAHOE TOIUIMBO HA CIEUUAIBHO BBIACICHHOM U MOIU(HUIIMPOBAHHOM JIS
3TOM 1eu ydyacTke. HoBbIl 3aB0/ 110 TIepepaboTKe OKCHUAHOTO TOIUIMBA MOIIHOCTHIO 1200 ToHH
B rog (THORP) 6su1 moctpoen B 1994 rony.

B CIIIA 1mo TeXHUYECKHMM M MOJIUTUYECKUM NPUYMHAM HU OJIMH 3aBOJ B HACTOSAILEE
Bpems pabotaer. B cBoe Bpems B 3TOH cTpaHe ObUIM MOCTPOEHBI TPH 3aBOJa MO HepepadboTke
HCYEPIIAaHHOTO OKCHUHOTO TOIUIMBA AJIEPHBIX PEAKTOPOB: NEPBBIN 3aB0OJ MOLTHOCTHIO 300 TOHH B
ron 661 octpoeH B Bect Yuite (trat Helo-Fopk), 1 ycremso skcmiyaruposancs ¢ 1966 mo
1972 rox. OmnHako, BCe BO3pacTAIOIIME PETVIAMEHTUPYIONUE TPEOOBAHUS M HOPMBI CHCIIATH
BO3MOXKHOCTh MOJICPHU3AIIMH 3aBOJIa IKOHOMUYECKU HEIeNeco00pa3HoM, 1 3aBOJ OBLI 3aKPHIT.
Bropoit 3aBog momrHOCTRIO 300 TOHH B TOJ, OCHOBAaHHBIM Ha WCIOJIB30BAHUM HOBBIX
TEXHOJIOTHH, OblT coopyxeH B Moppuce (mrare WnnuHoiic), paboTam HEKOTOpOe BpeMs B
"NuaoTHOM" peXHME HO HE CyMell BBIMTM Ha HIPOMBILUIEHHBIN ypoBeHb. CTpOUTENHBCTBO
TpeThero 3aBoja MouHocThio 1500 ToHH B rox B bapnyamne (wrar FOxxnas Kaponuna) Obuio
MIPEKPAILLIEHO B CBA3M C M3MEHEHUsAMU B noauTuke npasurenbcTBa CIIA, uckimouaromieit ¢
LENbI0  HEepacIHpOCTPAHEHHUs SOEPHOTO OPYXKHUS BCAKYIO TPOKIAHCKYIO TMepepadoTKy
oTpaboTaHHOTO siepHOoro TorumBa. Bcero Haumnas ¢ 1940 roma CIIA wumeror
OKCIUTYyaTAallMOHHBI  OMBIT paboThl MO TepepaboTKe OTpabOTaHHOTO TOIUIMBA  Ha
MIPaBUTEILCTBEHHBIX OOOPOHHBIX NMPEANPUATUSAX HaCUUThIBaOLUi Oonee 250 3aB0o10-JIET.

Bo ®pannuu oaun 3aBoa MomHOCTHI0 400 TOHH B TOJ IO NepepadoTKe METATUTHYECKOTO
TOIIMBA OT PEAKTOPOB C ra30BbIM OXJIaXKAeHHEM pabotaeT B Mapcene. B Jla I'aare ¢ 1976 rona
MIPOU3BOIUTCS TIepepaboTKa OKCUIHOTO TOIUIMBA, U B HACTOSAIIEE BPEeMsl 371€Ch IKCILTyaTHPYeTCs
nBa 3aBojia MOIIHOCTHIO 110 800 ToHH B roa. Muaus uMmeeT 3aBoj 1Mo nepepaboTKe OKCHUIHOTO
TOITMBA ¢ Mpou3BoaAuTeNbHOCTHIO 100 ToHH B rof B Tapamype, a Takke aHaJIOTHYHbIE 3aBO/IBI B
Kanpmakame n TpomOe. SAnonust crpout Gonbmioi 3aBox B Pokakomro, XoTsi Oosbmiasi 4acTh
HCYEepIIaHHOTO TOILJIMBA, MOBTOPHO oOpabaTeiBaeTcs B EBpomne (uro cocrasnser Bcero 100 ToHH
B ron). Poccust mmeet 3aBox 1Mo mepepadoTKe OKCHIHOTO TOIUTHBA B YeIsIOMHCKE MOUIHOCTHIO
400 TOHH B ro.
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ITocne mepepa®OTKM BOCCTAHOBIECHHBIH YpaH J0000Tamaercs M OTIPABISIETCS Ha
NPEINpPUATHE 110 U3TOTOBJICHUIO CBEKETO PEaKTOPHOIo TomuBa. [ImyToHu ke 10JKEeH MPONTH
TEXHOJIOTMYECKUH IIMKJI MO M3rOTOBJIEHUIO CMEIIAHHOTO okcuaHoro TomnuBa (MOX-tomnuBa)
Ha CIIeUaIbHOM 3aB0JI€, KOTOPBIA 4aCTO MHTETPUPYETCs ¢ IiepepadaThIBAOIUM MPEAPUITHEM.
Bo ®pannumn, Hanmpumep, uisi TOro 4yToObl M30€XaTh CO3AAHMUS HEUCIOJIb3YyEMBIX 3aracoB
IUTYyTOHUS, BBIXOJ MPOAYKLUH INepepadaThIBAIOLIET0 MPEINPUATHS CTPOro CKOOPJMHHUPOBAH C
3arpy3koil MouiHocTel 3aBoja no usrorosieHnto MOX-romnuBa. Ecnu mimyToHui XpaHuTCs B
TEUYEHUE HECKOJIBKUX JIeT, TO YBEJIUYMBAIOUIMICA B HEM YpPOBEHb COJEpXKaHMA H30TONa
Awmepurus-241 (ucmonb3yemMoro B OBITOBBIX JaTYMKaX 3aJbIMICHHUS IMOMELICHUI), CO31acT
TpyAHOCTH Iipu npou3BoacTBe MOX-TomMBa n3-3a NOBBIILIEHHUS YPOBHS raMMa U3JITyUYeHHUS.

Taomauma 11
O0bemM NpoU3BOJACTBA CMEMIAHHOT0 OKCHIHOIO TOIJIMBA (T/T0/X)

T'on: 1998 2005

benprust u @pannus 175|195

Snonus 10 100

Poccus - 60
BennkoOpuranus 8 120

Bcero nns nerko-BojiHbIX peaktopoB (193 475

Hosggrle 3aB0obI, IpexyCcMOTPEHHEIE K BBOAY B cTpoii k 2005 Tomy, HaXOAATCS B CTaAUU CTPOUTENhCTBA. 1o
nporaozaM MAT'ATO ux momuocTh K 2005 roxy coctasut ot 430 1o 610 TOHH B TOA.

5.3 BbicOKOYpPOBHEBbIE OTXO/bI MOCJE MepepadoTKH

Hecmotpst Ha mainbie konnuectBa (cM. 5.1), BBICOKOYpOBHEBasi OTXOJIbI, BO3HUKAIOIINE
rmocsie mepepaboTKi OTPabOTAaHHOTO SJIEPHOTO TOIUIMBA, TPEOYIOT OOJIBIION OCTOPOXKHOCTH B
oOpalleHnu, pa3MeIIeHud U XpaHEHHUH, TaK KaK OHU COJEPKaT MPOAYKTHI ACIECHUS U HEKOTOPHIS
TpPaHCYPaHOBBIE JIEMEHTHI, aKTUBHO MCIycKaronue anbda, 6eTa U raMMa-u3aydeHue, a TaKkxKe
BBIICJISIIONME MHOTO TEIUIOTHl. TeruioTa BbIAENSETCS, TIJIaBHBIM 00pa3oM, OT MPOAYKTOB
neneHus. Takue MaTepuanbl 0OBIYHO HA3BIBAIOT KaK "sIICPHBIE OTXOBI".

Ecmu ydects, uyTOo moTpebiisieMass MOIIHOCTb 3JIEKTPO’HEPTUH, IPOU3BEICHHON Ha
aTOMHBIX D3JIEKTPOCTAHIMAX, B pacyeTe Ha OJHOTO YeJIOBEKa COCTAaBIISIET, NMPUMEPHO, OJUH
KWIOBATT (IUisl >kuTesied 3amajgHoil EBporbl), TO Ha KaXJ0ro M3 HAC €XKEroJHO IMPUXOAUTCH,
puUMepHO, 1o 20 MJI BBICOKOYPOBHEBBIX OTXOJIOB OT nepepaboTku. [locie ocTeKI0BbIBaHUS WU
OUTYMHUPOBAHUS 3TO KOJMUYECTBO 3aHMMAeT 00beM He 0ojiee OJHOr0 KyOHMUeCKOro CaHTHMETpPa
(cm. Takxe Pucynku 6 uls5).

CrnemyeT OTMETUTh, YTO OTXObl OT BOGHHBIX MPOrPaMM MPOJOHKAOT JTOMUHHPOBATH B
takux crtpaHax kak CIIA u Poccusi Ha mpOTSHDKEHUM MHOTHX JIECSTUIIETUN, HE3aBUCHUMO OT
TEMIIOB Pa3BUTHUS T'PAXIAHCKON SIAEPHON PHEPreTHKU. DTO "HACIENCTBO", BO3HUKIIEE ¢ Hadala
1940-p1X TOMOB M TMpHUBEAINIEE K 3arps3HEHUIO MOBEPXHOCTHBIX CJIOEB 3€MJIM, YTE€UEK W3
pe3epByapoB JUIsl XpaHEHHs M JOPOTOCTOSIIIMM MepaM [0 peabWiIMTaluH 3arps3HEHHBIX
TEPPUTOPUIL, CO3[1aI0 MPOOIEMbI TEM CTpaHaM, KOTOPHIE €r0 U MPOU3BEIIH.

XKunkue oTxo/bl, MPOU3BEICHHBIE HA NIepepadaThIBAIOIINX 3aBOJIaX, BPEMEHHO XPAHATCS
B  OXJaXIAaeMbIX, MHOTOCTEHHBIX pe3epByapax U3 HEp)KaBelIled CTalu, BHYTPH
&KeNe300eTOHHBIX 3alIUTHBIX KopImycoB. X HeoOXxonumo 3aTeM mpeodpa3oBaTh B KOMIIAKTHBIE,
XMMHYECKH HHEPTHBIE TBEP/Ible YACTULIbI ITEPE] OKOHUYATEIHHBIM 3aXOPOHEHUEM.

Jlocturaercs 3TO C IOMOLIbIO MPOLEAYphl, KOTOpas Ha3bIBAETCS OCTEKJIOBBIBAHUE.
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Hcnonb3oBanue, Tak Ha3bIBaeMOro, ABCTpPaIMMCKOro '"CHHTETHMUECKOro KaMHs" (CHHPOK)
SIBJIIETCS HAWITYUYIINM CIOCOOOM ISl M3OJISIIIMKM OTXOJIOB, HO 3TO, OJIHAKO, MOKa HE TMOIYYHIIO
LIMPOKOr0 MPUMEHEHUS B TPAXKIAHCKON SAEPHON SHEPTETHKE.

TexHOnOrMM Ha TPaXKJAHCKMX 3aBOJIaX IO OCTEKJIOBBIBAHWIO OCHOBAaHbl Ha
"KaJIbLIMHUPOBAHUU" OTXO/J0B (BBITAPUBAHHUHU JI0 IIOJYUEHUS CyXOT0 MOPOIIKA) € MOCIEAYIOINUM
nepeMenInBaiueM B OopocuinkaTe. PacriiaBneHHas CTEKISTHHAs Macca, CMEIIaHHas ¢ CYyXHMH
OTXOZaMH, TIOMEIIaeTcsi B OOJbIINE Pe3epBYaphl, M3TOTOBJICHHBIC W3 HEP)KABEIOMICH CTall |
BMmemaromue 10 400 kr npoaykra. Kpslika pezepByapa Hale:KHO npuBapuBaercs. ExxerogHsie
OTXOJIbl OT JKCILIyaTalluu OJHOro peakTopa MomHocTeio 1000 MBT comepxarcst B 5 ToHHaX
TaKOW CTEKJISTHHOM Macchl (3TO MPHUOJU3UTEIIFHO IBEHAIIIATh pe3epByapoB BbICOTOM 1.3 meTpa
Kaxaplii 1 quamerpom 0.4 merpa). B BenukoOputanuu, HanpuMep, OHH XpaHATCS B OyHKepax
rIyOOKO O[] 3eMJIeil B BEpTUKAIBLHOM IOJIOKEHUU.

OmnwucanHble Tporecchl ObUIM pa3paboTaHbl U MPOBEPEHBl Ha OMBITHBIX 3aBojax B 1960-
bpix romax. K 1966 romy HECKOJBKO TOHH BBICOKOYPOBHEBBIX OTXOJOB OT ITOBTOPHO
00pabOTaHHOTO TOIJIMBA OBUIM OCTEKJIOBaHB B BenukoOputanun B Xopywsie, OTHAKO
HCCleIoBaHUsl ObUIM TOTJa TPUOCTAHOBJIEHBI KaK HENPUOPUTETHBIE HU3-32 HEAOCTATOYHOTO
KOJIMYECTBA BBICOKOYPOBHEBBIX OTXOJI0B. BBICOKOTEMIIEpAaTypHbIE HUCIIBITAHUS OCTEKJIOBAHHOM
Macchl MMOKa3aly, YTO OHA OCTAeTCs HEPacTBOPHUMOM Jake B ciiydae (PU3MUECKOro pa3pyIIeHUs
crekna. [lomoOHble pe3ynbTaThl ObUTM mMONyueHbl M Ha DpPaHIy3CKHX NPEANPHITUAX 10
OCTEKJIOBBIBAaHUIO OTXOJ0B Mexkay 1969 u 1972 ronamu.

OCTEKJIOBBIBAaHUE BBICOKOYPOBHEBBIX PaJMOAKTUBHBIX OTXOJOB BIIEPBbIE IMOIYYHIIO
WHIyCTpHualibHble MaciiTadbl Bo @panmuu ¢ 1978 rona. CeronHs Takue padOTHI MPOBOASITCS HA
nATH npeanpustusx B benbrun, ®panuun u BenukoOpUTaHUM € MPOU3BOAUTEIBHOCTHIO 10
1000 TOHH OCTEKIJIOBAaHHBIX OTXOJ0B B I'OJI.

B 1996 rony nBa momo6nbIx 3aBona Obiu OTKPBITE B CIIIA. Onun, B Bect Yumie (mrar
Heto-Mopk), nomken oOpaGaThiBaTh 2.2 MUIUTHOHA JHTPOB BBICOKOYPOBHEBBIX OTXOJAOB OT
IPaXJIAHCKUX SACPHBIX PEaKTOPOB, HAKOMUBIIMUXCS OT MepepaboTaHHOTO SASPHOTO TOILIMBA 32
25 nmer ux pabotel, a apyroi - B CaBanHa PuBep, mpemHa3zHayeH IS OCTEKJIOBBIBHIBAHMSI
0O0JIBIIIOr0 KOJIMYECTBA BOCHHBIX SJICPHBIX OTXOJIOB.

OcTekJIoBaHHBIE OTXObI XPAHAT B TEYEHUE HEKOTOPOIO0 BPEMEHH NIEPE]T OKOHYATEIbHBIM
JOJTOBPEMEHHBIM DPA3MEIICHUEM, IO3BOJISAS YMEHBIIUTHCS PAJAUOAKTUBHOCTH U BBIAEIAEMOU
teruioTe. Booobiiie roBops, 4yem J1oiibliie Takoi MaTepuai OyAeT BhIAepkKaH Mepes 3aX0OpOHEHHEM,
TEM MEHbIIE MpoOieM ¢ HUM OyJer HmoToM. B 3aBHCHMOCTH OT HCHOJB3YEMBIX METOJIOB
pa3MeIleHNsl, WHTEPBAl MEXAYy BBIFPY3KOH TOIUIMBA HW3 PEAKTOpa M OKOHYATEIbHBIM
3aXOPOHEHHEM OCTEKJIIOBAHHBIX OTXOJI0B MOXET COCTaBIIATH 50 JeT.

dorto (foto7.jpg)

3arpy3ka B OyHKep €MKOCTEH ¢ OCTCKJIIOBAaHHBIMH BHICOKOAKTHBHBIC OTXOAaMHU B BenmukoOpuranuu (M0 KaXIbIM
JIIOKOM Ha TIOJTY HaXOJUTCS OYHKED, COACPIKAIIUICS IECSITh EMKOCTEH ).

OO0OpaboTka TakuX MaTepuaIoB TPeOyeT OO0S3aTEIIBHOTO HCIIOJIb30BAHUS CIICIHATBHBIX
Mep, TapaHTUpPYIOIMX Oe30macHoCcTh mepcoHana. Kak M BO BceX MPOU3BOJACTBAX, TJE
MIPUCYTCTBYET raMMa-U3Iy4deHHe, CaMblii IMPOCTONH W JEMIEBBIA CIOCOO MPEJOXpPAHEHUS - 3TO
IUcTaHMsl (YBEJTMUEHHE PACCTOSHUS /0 WCTOYHMKA H3IY4YeHHMsS B JECATh pa3 YMEHbIIAET
9KCIO3ULMOHHYIO JI03Y J0 OJIHOTO MPOLIEHTA).
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Pucynoxk 15. U30asuusi BBICOKOAKTHUBHBIX 0TX010B

Taxue MOKpHIThIE SMaIbI0 OOPOCHIIMKATHBIE KalCyJIbl, N3rOTABIMBAIOTCS HA 3aBOJIE [0 OCTEKJIOBBIBAHHIO OTXOJIOB
B BenukoOpuranun HaunHas ¢ 1960-b1x rogoB. B Takoii kancyie coepkuTcs Marepuai, XUMHYECKH HIICHTHYHbIH
BBICOKOYPOBHEBBIM OTXOJIaM, ITocje epepaboTKy 0TpabOTaHHOTO SIEPHOTO TOIUINBA, 3aTPAuYeHHOT0 Ha
IIPOU3BOJICTBO AIEKTPOIHEPTUH VIS OJTHOIO YEJIOBEKa.

JUis TpaHCHOPTUPOBKM BBICOKOYPOBHEBBIX OTXOJOB (MJIM OTPAaOOTAaHHBIX TOIJIMBHBIX
cOOpOK) HCHOJB3YIOTCS CIELUalbHble NpPOYHble KOHTEeHHephl. OHU pa3paboTaHbl TaKUM
0o0pa3oM, 4YTO BBIIEPKUBAIOT BCE BO3MOXKHBIC AaBapUIlHBIC CHUTYAIllH, COXPAaHSIOT CBOIO
LEJIOCTHOCTh M 3alIUINAIOT OT PaJHMOaKTHBHOIO M3IydeHUs. B cUTyanusx, Mpu KOTOPBIX TaKHe
KOHTEWHEpbI ObLTM BOBJICUECHBI B CEPhE3HBIC MHIMICHTHI, OHM HU Pa3y HE CO3JAIM HUKAKOM
ONAaCHOCTH  PaJMOAKTHBHOIO 3arpsi3HeHMs. Bpicokne TpeOoBaHMs, MpeabsBIsSEMble K
KOHCTPYKLMSAM TaKUX KOHTEHHEPOB, AENAIOT MPAKTUYECKHM HEBO3MOXKHBIM MX IOBPEKICHHE
Jla’Ke ¢ UCIOIb30BaHUEM B3PBIBUATHIX BEIIECTB U IO3TOMY OHHM COBEPIIEHHO HEIIPUBIICKATEIIBHBI
JUISl IOTIBITOK TEPPOPUCTUUYECKOTO HAIAIEHUS.

5.4 Pazmenenne u XxpaHeHue 0TPaGOTAHHOIO TOIIMBA

[IpuHIMn OpsMOro 3aXOpOHEHUs OTpabOTaHHOrO sjepHOro TormBa npuHAT B CHIA

[[IBeruu, XOTs B MOCTAEAHEM CiIy4ae Ipeanoaraercs ero perenepanus B oyaymem. C 1988 roma
[IBenust uMeeT AEHUCTBYIOLIEE LEHTPAIM30BAHHOE XPAHWIHUILE Ui OTPabOTaHHOTO SJIEPHOTO
tornuBa (CLAB) emkoctsto 5000 ToHH. OTpaOoTaHHOE TOIUIMBO OTHPABISETCS HAa 3TO
XpaHWIHILE T0cie, IPUMEPHO, UX TOJANYHOTO XPaHEHHs B PEaKTOpax B OacceliHaX BBIICPKKH.
B CLAB s oxnaxkIeHust ¥ 3al0IUThl OT HOHU3UPYIOMINX U3ITYYeHUH OTpabOTaHHOE TOILUINBO
OyIeT XpaHUTbCA TOJ BOAOW B Te€UEHHE, MpUMepHO, copoka yieT. K 2020 rogy 3To XpaHUJIHILE
OyJeT MOJHOCTBIO 3aII0JHEHO, U K ’TOMY BPEMEHH JIOJIKHO OBITh TOTOBO HOBOE XPAaHWINLIE AJIs
OKOHYATEeJIbHOT'0 3aXOPOHEHUS, XOTS YKE CErO/IHs CTPOATCS M HECKOJIBKO OOJIbIIIE EMKOCTH.
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1096k PAOWOAKTUMBHOCTE NPOOYKTOB OENEHWA B OAHOW

A TOHHE OTPAEBOTAHHOIO AOEPHOINO TONNWBA
168
4 Tpancnoprupoeka OAT
1
50
4 Perenepauwn OAT
E o ——  —— R l
OcTeknoBLIEAHUE

¥ [ H k1]
Kon-go neT nocne BuIrPY3KK M3 peakTopa

Pucynok 16A

YMeHblIeHHE yPOBHS PAJHMOaKTUBHOCTH NPOAYKTOB JEJICHUS B OAHOM TOHHE 0TPabOTaHHOTO
spepHoro Tomnuea PWR peakropa

B 10 BpCEMs KaK BBIACICHHBIC BBICOKOAKTUBHBIC OTXOAbl OCTCKJIIOBBIBAIOT JIS IPpHUIAHUA
UM (pHU3HUECKON YCTOWYMBOCTH K pa3pylICHHIO, OTPaOOTAaHHOE TOILIMBO, MPEIHA3HAUYCHHOE IS
apsaMoro pasMCliCHuss W XpaHCHUA, BCCraa MU3roTaBJIMBACTCA B OUYCHb YCTOI\/'I‘-II/IBOI\/'I
kepamudeckoit gopme UQO,. Ilpm HemocpencTBeHHOW paboTe ¢ OTpabOTaHHBIM SICPHBIM
TOIUIMBOM HJIM HU3BJICKACMBIMHU H3 HETO OTXOAAMH, BaAXKHAA POJIb HNPHUHAIJICKUT CTCIICHU HUX
OXJIXJICHUSI M PaIuOaKTUBHOro pacmana. CIycTs COpPOK JIET IOCJe BBITPY3KH TOIUIMBA W3
PCaKTOpPa, B HEM OCTACTCA MCHEC OIIHOI\/'I THICIYHOHU A0JIM HAYaJIbHOTO YPOBHA paAUOAKTUBHOCTH,
U C TaKMM MaTepuajoM HaMHOTO Jierde oOpamathes (cM. PucyHok 16A). Dta 0cOOEHHOCTH
OTJIIMYacT OTXOObI aTOMHOU MMPOMBIINIJICHHOCTH OT XHMHUUYCCKHUX OTXOHO0B, KOTOPBIC BCCria
OCTalOTCsl OmacHbIMU. YeMm OoJiee TUTEIBHOMY CpPOKY XpaHEHHsS IOABEPTaloTCs OTXOJbI
aTOMHOU IMPOMBIINIJICHHOCTH, TCM MCHCC OIMACHBIMU OHU CTAHOBATCA, U TCM 60.]186 mnpome ux
MOABEPTaTh MOCIESAYIONIEH 00padoTKe.
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YMEHBLWEHWE PAOWOAKTUBHOCTH EBICOKOAKTUEHBIX
OTX0O00B NOCNE NEPEPABOTKW OOHOW TOHHBI OAT
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Kon-eo ner nocne nepepaboTiM

Pucynok 16B

PannoakTHBHOCTH BEICOKOAKTUBHBIX OTXOIOB, BBIJICIICHHBIX M3 OJHON TOHHBI sifiepHOTO TorinBa PWR
peakTopa (MPUBEAICHO CPABHEHUE C AKTHBHOCTBIO TOTO KOJIMYECTBA PYJIbI U3 KOTOPOTO 3Ta TOHHA
TOIUTHBA OBLTA TTOJTyYCHA)

B CHIA Bce oTpa®oTaHHOE TOIUTMBO XPAaHUTCS B MECTE PACIOJIOXKEHHS pEaKkTopa U B
HACTOsIEe BPEMs ATO SBJSETCS 4YacTbi0 TOIUIMBHOIO IMKJIa. B nanpHelmem oTpaboTaHHOE
TOIUTUBO TEpEeMeEIIaloT U3 0acceHOB BBIACPKKH WM CYXHX XPAaHWIMI Ha TOCYJapCTBEHHBIE
CKJIaabl TPOMEXKYTOYHOIO XpaHEHHA. 371eCh OTpabOTaHHOE TOIUIMBO OXHAAET CBOETO
OKOHYATEJIbHOTO 3aXOPOHEHMS. 3aKa3uWKH S3TUX OIepaluil M0 XpaHEHHI0O U Pa3MELIECHUIO
0TpabOTAaHHOTO TOIJIMBA OIUIAYMBAIOT JIOTIOJHUTENHHO, puMepHo, 0.1 1eHTa 3a KWIOBATT Yac
3aTpayeHHOM 3JIEKTPOIHEPrur Ha HTU npoueaypsl. K koniy 1999 roma 3t pacxojibl cocTaBUIn
noutu 16 muwmmapaos nosnapos CIIIA.
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5.5 Pa3zmeluenue U XpaHeHue 0CTEKJI0BAHHBIX 0TX0/10B

HezaBucumMo OT TOro OCTEKIJIOBAHEI JH BBLICOKOAKTHBHBIC OTXOAbI IIOCJIC nepepa60TK1/1
WIM OHU HAXONIATCA B OTPAOOTAaHHBIX TOIUIMBHBIX COOpKAaX, ¢ HHUMH, B KOHEYHOM CHYETE,
HEOOXOUMO PACIIOPSIUTECS CaMbIM 0€30MacHBIM 00pa3oM. B jomosHeHWE K KOHIICTIIHSIM
0€30MacHOCTH, MPUMEHSEMBbIM K SIEPHOMY TOILUTUBHOMY IIMKIY, 3TO O3HA4yaeT, 4TO IMOCIe
3aXOPOHCHUA OTXOAbl HEC OOJDKHBI IMOABCPraThbCs KaKI/IM-J'H/I6O JOMOJIHUTCIIBHBIM TIpOLCAYpPaM.
XOTsl KOHEYHOE Pa3MEIIeHHE BHICOKOAKTUBHBIX OTXOO0B HE OYJET MPOU3BOAUTCS €IIE B TECUCHHE
HECKOJIbKUX OJIMKAWIINX JIET, HO BCE IPUTOTOBJICHUS YyXKE€ CJHIENaHbl C YYETOM IPHPOTHBIX
YCIIOBUHM XpaHEHHsI U KOJIMYECTBA TAKUX OTXOOB.

KoMuter mo ynpaBiieHHIO pagMOaKTUBHBIMM OTXOJaMU IpU ATEHTCTBE IO sJIE€pHOU
sHeprun OpraHuzanui SKOHOMHUYECKOro coTtpyaHudectBa u pasputus (OECD) ykazan
NPUHIUIIBI TCOJIOTUYCCKOI0 pasMCIUICHU PAAUOAKTUBHBIX OTXOA0B UCXOAA U3 DKOJOTMUCCKUX U
STHUYECKHX MepcrneKkTuB. [Ipm 3TOM O0COOEHHO MOAYEPKUBAIMCH MHTEPECHl MOCIEAYIOLIUX
nokoneHuit. B 1995 rony Komurer ycmanosun "umo 2eonozuueckas cmpamezus pameujeHus
OMX0006 00/ICHA pa3padamvléamsvcs U OCYU|ECMEIAMbCA C YUemoM QYHOAMEHMAanbHbIX
IMUUECKUX U IKOTIOZUUECKUX ACNEeKN08'’, 1 COCTOUT B TOM, YTOOBI:

... ""coanancuposano yuumoviean IKo0cuvecKue U IMUYeCKUe NPUHUUNDBL, HPOOOIHCAMb
Pa3padomKy 2e0n02udecKux XpaHuauuy O0asa 00720HCUBYUIUX PAOUOAKMIUBHBIX OHIX0008,
Komopble 0072cHbl Oblmb U30IUPOSAHA OmM Ouochepvl 6 meuenue 6071ee HECKOILKUX COM
aem'", u

... nocmenennasn " peaituzauus cxem 2e0102uUeCKo20 pa3menieHusl 0omxo0006 oasana
603MOHCHOCHD UX adanmauuu, 6 ceeme HAYYHO020 npozcpecca u paseumus couuaﬂbuoﬁ
mepnumocmu, 6 meéueéHueé HEeCKOJIbKux 0eczmuﬂemuﬁ, U He UCKTIoUAna 0bl 803MONCHOCHU

RPpUMEHEHUA UHbBIX mexnwlozuﬁ, Komopbie moiu Obl noseumMbCA Ha 60J1ee NO30HUX CINAOUSX
"

KoHnewHoe pa3MelieHre BBICOKOAKTHUBHBIX OTXOJOB JIOJDKHO OCYIIECTBISATHCS C OYCHB
BBICOKUMH TapaHTHsIMHU 0€30MacHOCTH. Bompoc B TOM, HaCKOJIBKO MbI MOKEM OBITh YBEPEHBI B
JIOJITOBPEMEHHOW 0€30MacHOCTH, 10 TOTO KaK 3TO HE MPEANPHUHATO B OONBIIMX MaciiTadax?
OueBUIHO, YTO BHICOKMH YpOBEHb JIOBEPUS MOXKET OBITh JOCTHTHYT Ha OCHOBE IMPOIOJDKEHHS
TIIATCIBHBIX HAYYHBIX U MPOCKTHBIX HCCIICIOBAHUM, KOTOPBIC OCYIICCTBISIOTCS B HACTOSAIICE
BpeMﬂ. PCH_IaCMBIC 3a1a4n HpI/I 3TOM HC ABJIAKOTCA HU OYUYCHb 6OJII:IJ_II/IMI/I, HHU HUCKJIIKOUYHUTCIIBHO
CII0KHBIMU.

Bo-nepevix, evidenennvie paouoakmuenvlie omxoovl (Uau ompadomannoe sA0epHoe
MONUBO) HAXO00AMCA 6 YCHOUYUGOU u Hepacmeopumoii ¢hopme. Bo-emopuvix, onu
nomMewaromea 6 MAccugHwle COCyobl, U3ZOMOGNEHHbIE U3 Hepcaselouell cmanu, unu
KOppO3UOHHO-CIMOliKue pe3epeyapvl (Hanpumep, cmaibHble Uau meoHvle). B-mpemoux, onu
2€07102Uu4ecKu U301Uupyomcs.

Crenenp OMacHOCTH WLTIOCTpHpyeTcs Ha Pucynke 16B (mogoOHas kapTHHA KMEET MECTO
U A7 OTpabOTaHHOTO SAEPHOTO TOIUIMBA). V3 NMpHUBENEHHBIX ITaHHBIX MOXHO CHENaTh JBa
Ba)KHBIX BbIBOJIA. [IepBbIii COCTOUT B TOM, UTO CTENEHb PaJAMAallMOHHON OMACHOCTH YMEHBIIAeTC s
B ThICA4y pa3 3a mnepuox BpemeHu or 10 mo 1000 ner, ¢ OTHOCHTENBHO HEOOIBIINM
MOCIIEAYIOIUM W3MEHEHHEM. DTO CBSA3aHO C TEM, UYTO MOYTH BCE KOPOTKOKHUBYIIHE MPOTYKTHI
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JIEJIEHUS PaclaJaloTcs 3a 3TO BPEMs 10 HE3HAUUTEIbHBIX KOHLIEHTPALIUH.

WX KoHIEHTpanusi CTaHOBUTCS MEHBIIE MaJbIX KOJHWYECTB OUYEHb  TSKEIBIX
"TpaHCypaHOBBIX'" 3JIEMEHTOB THUIIA aMEPULIMS U HENTYHUS, KOTOPblE UMEIOT HAMHOI'O OOJbIlINE
NepHOABI NosTypacnaga. XoTs NPOMEKYTOK BPEMEHHU B THICAUY JIET JOCTaTOYHO BEJIMK C TOUKH
3peHusl 4YeJIOBEYECKOW MKU3HU, TEM HE MEHee, pa3MEIIeHME TaKUX MAaTepUajoB JIOJKHO
OCYILECTBIIATHCS. B YCTOWYMBBIX T€OJIOTHUECKUX (OPMHPOBAHUAX, TJE€ I'€OJIOTHYECKOE BpeMs
CTaHOBHUTCA OoJiee 3HAUMMBIM (pakTopoM. Jlaxke Bpemsi, HEOOX0IMMOe IS pacraja ITUTyTOHHUS,
MaJIo 10 CPaBHEHHUIO C T€OJIOTMUECKUMH MacIITabaMy BpeMEHH.

Bropoii BakHbII BBIBOJ, KOTOpbIN cienyeT u3 Pucynka 16B, cocrour B TOM, 4TO
OTHOCHUTEJIbHASI PaIMOAKTUBHOCTh OTXOAO0B 1O mpoiecTBUio 1000 jeT sBisieTca MOYTH TaKOM
€, KaK U aKTUBHOCTbh COOTBETCTBYIOLIETO KOJIMYECTBA YpaHOBOU pyabl. [Ipu 3TOM, TOKCHUYHBIE
KOMIIOHEHTBl YPaHOBOM PpyJAbl, BBIXOJSA Ha IOBEPXHOCTb 3€MJIM, IONANAIOT B YEJIOBEUYECKHU
OpraHu3M 4Yepe3 NHIIEBbIe HenouYKd. OCTEKIOBaHHBIE K€ OTXObl, KOTOPBhIE XPaHATCS TIIyOOKO
MOJI 3eMJIeH (10 KWIOMETpa HUXKE YPOBHSI MODsI), B YCTOWYMBBIX M€OJOTMUECKUX 00pa30BaHMSX,
HE MMEIT HMKAaKOTO MBICIMMOIO IIaHCAa IONAacTh B OPraHM3M ueioBeka. (DTo, OIHAKO, HE
03HA4aeT, YTO IOBEPXHOCTHBIC 3aJIEKU ypaHa ONACHBI, IIOCKOJIBKY KOJIMYECTBA, KOTOPBIE
MIOMAIal0T B HAIll OPraHU3M, OUYEHb MaJIbl. )

BOJBIIMHCTBO CTpaH, MMEIOLMUX COOCTBEHHBIE SAEPHBIE MPOrpaMMBbl, OCYLIECTBISIOT
aKTHUBHYIO pPalOTy, HAIeJICHHYI0 Ha IMOMCK M HCCIEJIOBAaHHE COOTBETCTBYIOIIMX MECT JUIS
pasmenieHuss oTrxoaoB. llemp 3Toi pabOTBHI COCTOMT B TOM, 4YTOOBI HAaWTH TaKHUE MeECTa
pa3MelneHus, KOTOpble UMeNnu Obl MHOXXECTBO OaphepoB 10 cpeabl OOMTaHMS UeIOBEKa.
Hexotopsle n3 6appepoB, Kak €CTECTBEHHBIE, TAK U HCKYCCTBEHHBIE, COCTOAT B CICAYIOIIEM:

e HepactBopumas ¢popma otxo10B (cTexio, "cuapok" uim UO,, cM. 5.3 u 5.4).

e [‘epmeTnyHOE XpaHEHUE B KOPPO3UOHHO-CTOMKUX EMKOCTSIX.

e beroHupoBaHue OTXOJOB AJIsi HMCKIIOUEHHS BO3ACUCTBHUS HA HUX TPYHTOBBIX BOJ H
BO3MOJKHBIX Pa3pyLICHHUH MPH MOABMKKAX 36MHON KOPHI.

e Pasmemenue rayO6oko moj 3emuiell (Ha rimyOuHe Oonee 500 mMeTpoB) B CTaOMIIBHBIX
re0JIOTHYECKUX CTPYKTypax.

I[J'Iﬂ BO3MOXHOT'O pasMCIICHHA OTXOJOB HIMPOKO M3YyYAlOTCA JABa THIIA I'COJIOTHMYCCKUX
MOPOJ - TBEPJIble KPUCTAIIMYECKUE CKAJIbHBIE TIOPOABI U 3alIe)KU KaMeHHOM conu. Takue mecta
HUMEIOTCS B HECKOJIBKMX CTpaHax, U B HACTOSIIEE BPEMsI OCYIIECTBISETCS UX JAeTajbHas OLICHKA.
BonbIIMHCTBO MOAX00B MPEAINOaraloT UCHOIb30BaHUE OOBIYHON TOPHOI00BIBAIONIEH TEXHUKH
AJid CTPOUTCIIBCTBA COOTBCTCTBYIOIIMX IMOA3CMHBIX IHAXT. Onn JOJDKHBI MMETHh JOCTAaTOYHO
IUTOINAM ISl pa3MELICHUs Pe3epByapoB B OTJCJIEHHBIX JAPYT OT JpyTa MOJOCTAX Ha pa3IMYHbIX
YPOBHAX HIIN KaKUM-JIH0O MHBIM CIIOCOOOM. OI[HO HUX TaKHux FJ'Iy6OKI/IX MOA3CEMHBIX XPaHHWUJINII]
neiicteyer B CIIIA, HO OHO mpeaHa3HAYEHO [UIA XPaHEHUS JOJTIOXKHUBYIIUX OTXOJOB BOECHHOM
MMPOMBIINIJIICHHOCTH.

3amaun, KOTOpble pELIaloTcs JJs  BBINOJHEHUS TakoW paboThl, IO CYLIECTBY
TEXHHUYCCKHUC. CYHICCTBYIOHIBJI TEXHHUKA B FOpHOI[O6I)IBaIOHIeI71 MMPOMBINIJICHHOCTH, MCTObI
MH)XEHEPHOT0 MPOEKTHUPOBAHUS BMECTE C KOHTPOJIEM TEMIEPATYPHBIX PEKUMOB U HANPSKEHUI
T'pyHTa, 00eCIIeYnBaIOT BBIIIOJIHEHHNE HOI{O6HI)IX pa60T C OYCHb BBICOKHUM Kad€CTBOM,
obecrnieunBaroliuM TpeOyeMblii ypoBeHb Oe3zomacHocTu. Kpome TOro, HWHXEHEpHbBIE W
OpraHu3aIoOHHbIE 3amaun oOecriedeHuss 3()(PEKTUBHON HM3ONSAIMH ONACHBIX MaTEepPHaJOB He
SIBJISIIOTCS] HOBBIMU.

Bompoc reosnornyeckoil cTabMJIBHOCTH 3€MHBIX HOPOJI OYEHb Ba)KE€H AJIsi OOecreueHus
JI0JATOCPOYHOM LIEJIOCTHOCTH XpaHWJIMILA OTX0X0B. Ha 3eMHOM mape nmMmeeTcs MHOXECTBO
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T€OJIOTUYECKUX CTPYKTYp, KOTOPbIE YCTOHYMBHI YK€ Ha TMPOTHKEHHH Oosee 4,5 MHIUAApIIOB
JeT, U BEPOSTHOCTh CYIIECTBEHHBIX CMEIIEHUH MOpPOJA B TEUYCHHE MEPHOJa XpaHEHHUs (a 3To
OoJiee THICSYM JIET) B TAKUX MECTax OJIM3Ka K HYITIO.

XoTs M mpeanoiaraeTcs, 4Yro riiy0oKoe TeoJorniyeckoe pa3MelieHne 0TX0A0B aTOMHON
MIPOMBIIIJICHHOCTH OyJIeT MOCTOSTHHBIM, TEM HE MEHEe, TIPU BOSHUKHOBCHHH HEOOXOAMMOCTH X
BOCCTAHOBJICHHSI U MCHOJB30BaHUS OyAyIIMMU MOKOJEHUSMHU HET MPUHIUMIHUAIBHBIX TpobiieM
U1l TOTO, YTOOBI CEJIaTh 3TO BO3MOKHBIM.

YMECTHO CpaBHUTh TOKCHMYHOCTH OTXOJIOB aTOMHOW MPOMBIIUIEHHOCTH C SIOBUTBIMU

OTXOJaMU U Ta3aMH, BO3HUKAIONIUMU Ha COBPEMEHHBIX HWHAYCTPUAIBHBIX MPEAIPUITHIX
Ka)KIIbIH JIeHb. MBIIBSK, HAIPUMEDP, OOBIYHO pacIpeesiIeTCs B OKPYKAIOIICH cpeie B COCTaBe
repOuIMIoB U B 00paboTaHHOU IpeBecHHE. B oTIHMYHe OT 0TXOA0B aTOMHOW MPOMBIIUICHHOCTH
OH HMMEET OECKOHEYHBIM CPOK TOKCHMYHOCTH. Jlamee, Oapuii W XJIOp, KOTOPBIA JOCTaTOYHO
LIUPOKO HKCIONB3YETCs. YUMUTHIBAsI UX PEAJbHBIE KOJIMYECTBA, MOXHO YTBEPXKAAaTh, YTO OHHU
MIPEICTABIISAIOT TOPa3a0 OONBIIYIO ONMTACHOCTh, YeM OTXO bl aTOMHOM MPOMBIIIIEHHOCTH.
MoXHO yTBEpXKAaTh, YTO MPHUIET BpeMs, KOT/Ia XPAaHCHHE BBICOKOAKTUBHBIX OTXOJOB OYIET
COBepUIEHHO Oe30macHbIM. PasinoakTUBHBIE OTXO/IbI, XOTS U OY€Hb TOKCUYHBI B MOMEHT CBOETO
MOSIBJICHHSI, HO, BO-TIEPBBIX, UX KOJMYECTBO MAaJl0, a BO-BTOPHIX, OHH HE 0OJiee OMACHBI, YeM
npyrue, Oornee 3HaKOMble HaMm, Marepuaibl. Ho HecMOTps Ha 3TO, OHM MOPOIWIM CHHAPOM
COBPEMEHHOr0 00mIecTBa '"rie yroaHo, HO TOJBKO HE y MEHs BO ABope". MBI C JIETrKOCTBbIO
MPUHUMAEM 3KOHOMHYECKYIO BBIFOJY M TOJb3y OT COBPEMEHHBIX TEXHOJOTHH, HO MPU ITOM
MPEANOYUTaeM YTOOBI KTO-TO IPYTOW MMEIl IO C COMYTCTBYIOIIMMH OTXOJAaMU, TyCTh JaXKe H
0€30MacHbIMH.

XoTsl cerofgHs KaxJas CTpaHa OTBETCTBEHHA 3a XpaHEHHE U TepepabOoTKy CBOHMX
COOCTBEHHBIX OTXOJIOB BCEX BHUJIOB, TEM HE MEHEE, PaCCMaTPHUBAECTCS BO3ZMOXKHOCTH CO3/IaHUs
MEXIyHapOJHOTO XPAaHUJIUIIA OTXOI0B aTOMHOM MPOMBIIIEHHOCTH. ABCTpalus - 3TO OJIHA U3
HEMHOTUX CTpaH, B KOTOPOU CYIIECTBYIOT OY€Hb OJIArONPHUATHBIE T€OJIOTHUYECKHE YCIOBUS JUIS
CO3/IaHUs TAKOTO MPEAIPUITHS.

IIpupoanbiii anasgor: Oxkiao

XOTsl BBICOKOAKTUBHBIE OTXOJbl COBPEMEHHOM SIIEPHON PHEPreTHKH €llle HE XPaHWINCh
HACTOJIBKO JIOJITO, YTOOBI HAOMIOAATh Pe3ysIbTaThl TAKOTO XPAaHEHMS, 3TOT MpoLecc (PakTUIeCKH
y>K€ MPOUCXOJUI B €CTECTBEHHBIX YCIOBHUSX, IO KpailiHeil mMepe, B OJHOM MeCTe Ha 3€MHOM
mape. B mecteuke Okiio B ['abone (Ha 3amane A(pHukH), OKOJIO ABYX MUIUIMAPOB JIET HA3aJ, IO
KpaifHe Mepe, 17 eCTeCTBEHHBIX SJIEPHBIX PEAKTOPOB Havad paboTaTh B OOraToi 3ajiexamu
ypaHoBO#l pynbl MecTHOCTH. Kaxkaplii u3 HUX umeln, npubausutensHo, mo 20 kBT TemioBoii
MoiHocTU. B TO Bpems koHueHtpauus U-235 B €CTECTBEHHOM ypaHE COCTaBJisia, IPUMEPHO,
3.7 mpouienra (BMecTo (.7 MPOIICHTOB CETOMHS )*.

*U-235 pacnanmaetcs HamHOro Opictpee dyem U-238, mepuox moiypacmaga KOTOPOTO, MPIMEPHO, TaKoil e, KaK |
BO3pACT HallleH IUIaHETHI.

EcrecTBeHHbIE ILI€MIHBIE pPEAKLUH, KOTOpble HAYaJIUCh CIIOHTaHHO Osarogaps
MPUCYTCTBUIO BOJBI, JEHCTBYIOIIEH KakK 3aMeIJIUTENb, MPOJODKAINCh, TPUOIU3UTENBHO, /1Ba
MUWJIJIMOHA JIET 10Ka, HaKOHEL, He 3aTyXJu. B TeueHue 3TOro BpeMeHHU B pyJne 00pa3oBajocCh,
NpUOIN3UTENbHO, 5.4 TOHH NPOAYKTOB JIE€JE€HMs, a Takke 1.5 TOHHBI IJIYTOHUS BMECTE C
JPYTMMH TPAHCYPAHOBBIMH 2JIEMEHTAMH.

PaguoakTiBHBIE TPOAYKTHI J€NEHUS JaBHO PACMAIUCh U MPEBPATUINCh B CTaOWUJIbHBIE
JJIEMEHTBI, a JETAJIbHOE M3YYEHUE MX KOJIMYECTBA M JIOKAJIM3ALUH I0KA3aJ0, YTO HMMEJOCh
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HEOOJIbIIIOE TIEpEMEIICHUE pPAJAMOAKTUBHBIX OTXOJIOB, Kak B TIpollecce, TaK U IOCJe
MIpeKpaleHus siaepHbIx peakuuit. [ImyToHuil e u Apyrue TpaHCYypaHOBBIC DIIEMEHTHI OCTATHChH
HETIOABMKHBI. TO MPUMEUYATEIHHO BBUIY TOTO, YTO TPYHTOBBIC BOJBI UMEJH MOJHBIA TOCTYM K
MPOJYKTaM JIeJICHHsI, & CAaMU OHU HE HAXOJIWJINCh B XUMUYECKH MHEPTHOU (hopme (T.e., TOBOPS
COBPEMEHHBIM SI3BIKOM, HE OBUIM OCTEKJIOBaHbI). TakuM 00pa3oMm, MPOAYKTHI JEJECHUS HE
MepeMemniaTcss CBOOOAHO B 3E€MHOI TMOBEPXHOCTH, Jake B MPHUCYTCTBUHM BOJIBI, U3-32 HUX
aZIcopOIMu B TVIMHSHBIX TTOpogax.™*

** YTeuku W3 eMKOoCTed Juisi XpaHeHHs BOeHHBIX oTx070B B CIIA Takke MpOJeMOHCTPHUPOBAIN CIHOCOOHOCTH
[JIMHUACTBIX TOYB K YICPKAHUIO [TPOIYKTOB JCJICHUS U TPAHCYPAHOBBIX HJIEMEHTOB.

Takum 00pa3oMm, €IMHCTBEHHOE W3BECTHOE '"HCHBbITaHWE" TIOJ3EMHOTO XPaHWIHINA
OTXOZIOB aTOMHOM mpoMbllIeHHOCTH B OKJIO O0Ka3ajgoch YCHEIIHbIM, HECMOTps Ha
HEOJIaronpusITHbIE XapaKTEPUCTUKUA 3TOTO MeCTa. XOTS TNIMHUCTBIE MOYBBI U MIPAIOT BAXKHYIO
pOJb B yIEpKaHUU OTXO/I0B, TAKOE 3aTOIUIEHHOE, C IIECUaHOM CTPYKTYpOW IpyHTa MECTO, JaKe
HE paccMaTpuBajioch OBl JJIsi pa3MELICHUS HAa HEM COBPEMEHHOIO XpaHWJIMINA KaKUX-THOO
TOKCUYHBIX U, TeM 0oJiee, AIepHbIX OTXOJ0B.

Opnnako, nmpumep OkJI0 MOOY M YUEHBIX OoJiee JeTalbHO U3ydaTh MOBEACHUE IBYOKUCH
ypaHa B IPyHTOBBIX BOJaX BMECTE C APYTUMH XUMHUECKUMHU I€MEHTaMU, IPUCYTCTBYIOIUMH B
pyZe (KOTOpble HE IOJABEPraroTCs paCIUEIIEHUI0). DTH HUCCIEJOBaHMs IOMOTYT B OILICHKE
JUINTENIbHOW  0€30MaCHOCTH  XPAHWJIMIL [ BBICOKOAKTUBHBIX OTXOJOB. AHAJIOTHYHBIE
WCCIIeIOBAaHMs TPOBOAATCS BOIM3M 3anexeld B KyHrappa (Ha ceBepe ABCTpaium).

Croumoctsp

Hakonen, Baxnblii Bompoc 0  cToMMOCTH. Opranuzamuss SKOHOMHYECKOIO
COTPYJIHUYECTBA M PA3BUTHS OIMyOJWKOBalTa OILEHKH 3aTpaT Ha pa3MEIICHHEe W XPaHCHUeE
OTXOJOB C HCIOJb30BAaHUEM H3BECTHBIX TEXHOJIOTHM, OMHCAaHHBIX BbIme. COTJIaCHO 3TUM
OILIEHKaM CTOMMOCTb pa3MelIeHHs U XPaHEHHsI OTXO0B, BEPOSITHO, OyaeT cocTaBuath oT 0.03 10
0.17 1ueHTOB 3a MNPOM3BENCHHBIM KHWJIOBATT 4Yac OAJICKTPOSHEPTHH JJisi OCTEKIOBAHHBIX
BBICOKOAKTUBHBIX 0TX0/0B U OT 0.04 mo 0.18 meHTOB isi 0TpabOTaHHOTO TOIUIMBA (B IIEHAX
1993 roma). B CIIIA cymmapubie pacxons! (0.1 meHTa 3a KHJIOBATT Yac) Ha (UHAHCHPOBAHHE
XpaHeHUusi OTPabOTAaHHOTO TOIUIMBA COCTAaBWIM Ha KoHen 1999 roma 16 munmapaoB a0J1apoB
CIIA. Kanaackue TpOM3BOJUTENHN COOMPAIOT TUIaTy Ha Oyayliee (pUHAHCHpOBAHWE XpaHEHHS
0TpabOTaHHOTO TOIUIMBA U3 pacyeTa, NpuOIM3uTeNnbHO, 0.1 MEeHTOB 3a KWJIOBATT 4ac, U B 1997
rogy 3ToT QoHa coctaBwi 1.25 MuwummapioB KaHaackux aosuiapoB. B IlIBenwu sto Hajor
cocTaBlsieT, nmpuobau3uTenbHo, (0.3 IEHTOB 3a KHWIOBATT 4ac, W HAET Ha (pUHAHCHpOBaHUE
HOPMaJIbHO (DYHKIIMOHHPYIOIIETO TOCYJapCTBEHHOTO XPAHMIIUINA PAJHOAKTUBHBIX OTXOJIIOB, H
WCCIIeIOBaHMS B 3TOM 00acTu.

B 3aknroueHuM MOXHO C OYEBHIHOCTHIO OTMETHUTh, UYTO O€30IMacHOe XpaHEHHUE
PaAMOAKTUBHBIX OTXOJOB - 3TO CYIIECTBYIOIIash HOPMa, YTO TEXHOJOTHH XPaHEHUS XOPOIIO
pa3paboTaHbl, 4TO 3aTpaThl MPUEMIIEMBI U YTO MOJIHOMACIITAOHAs! IEMOHCTpAIUs STOTO BCKOPE
OyJeT BO3MOXHa B HECKOJIBKUX CTpaHax.

5.6 CHumaemble € IKCIUTyaTALMHU PeaKTOPbI

Iloka monvko 6onee 300 sadepuvix peakmopoe ObLIU CHAMBL C IKCHIAYAMAUUU,
éKnt0uan oxono 80 cparxcoanckux Hepzemuueckux peakmopos. B HenaBHue rojsl Obun
3aKpBITHl JTUIIb HEKOTOPBIE W3 OONBIINX PEAKTOPOB, U TOJHKO Mallble U CPEHUE PEaKTOpHI (C
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MOITHOCTHIO 10 330 MBT) ObUIM MOJHOCTHIO YHUYTOKEHBI C MCIOJIB30BAHUEM CHEIHATBHOTO
000py/0BaHUs C JUCTAHIIMOHHBIM ympaBieHueM. OTIenbHbIE UX YacTH ObUIM pa3MEIIeHbl Ha
XpaHEHHE BMECTE C APYTUMH OTXOJaMH CPETHEr0 YPOBHS aKTUBHOCTH.

MexnyHapoaHOE areHTCTBO MO aTOMHOM SHEPTUH BBIAETSET TPU MOAXOAA MPU CHATUU
PEaKTOPOB C IKCIUTyaTallK, KOTOPHIE IPUHSATHI BO BCEM MUPE:

e Hewmenaennbiii nemontaxk (B CIIIA naspiBaror '"Decon''): Tak Ha3bIBalOT MEPONPUATHS,
KOTOpPBIE€ CJEAYIOT HETMOCPEJACTBEHHO IIOCNE TMpeKpamieHuss padborel peaktopa. OOBIUHO,
NIe3aKTUBALUA M JIEMOHTaXX OOOpYJIOBaHMsS HAUYMHAIOTCA IMOCJIE€ HECKONBKHUX MECSIEB WU
JeT, B 3aBUCUMOCTH OT THIa 00opynoBaHus. B mociemyromemM TeppuTOpHs pacioI0KEeHUS
ATOMHOM CTaHIIMM CTAHOBUTCSI CHOBA JIOCTYITHA JIJISl TOBTOPHOTO MCIOIH30BaHUS.

e besonacnas koncepBaumsi (mim ''Safestor'): mpenmonaraer, 4To 10 OKOHYATEIbHOTO
JEMOHTaxa 000pyJOBaHMUS MJODKEH NPONTH 3HAYUTENBHO OONBLIMI TEpHoJ] BpPEMEHH,
00prgHO OT 40 1o 60 met. OOGOpyZOBaHUE NPH STOM HAXOAWUTCS B YCIOBHUSX O€30MMacHOU
KOHCEPBAIIHH.

e 3axopoHeHHe: O03HAYaeT, 4YTO JACMOHTHPOBAaHHOE O0O0OpyJOBaHHE pa3MEMIAlOT Ha
HEOTPaHUYEHHOE CIICIHALHOE XpaHEHHE, KOTOPOE IMOJIHOCTHIO HMCKI0YAeT BO3MOXKHOCTH
yTeUeK PaJMOaKTUBHOCTH. [Ipr 3TOM MaTepwaibl, CoepKalliue paJHoaKTUBHEIC dJICMCHTEHI,
MUHHUMH3HPYIOTCS. B O00bEME W pa3MeNaloTCs B OCTOHHBIX CTPYKTYpax, HMCKIFOYAROIINX
Kakoe JIM00 MmomnalaHie paioaKTUBHOCTH B OKPYKAIOIILYIO CPELy.

Het HuKakux KpUTEpHEB, IO KOTOPHIM MOKHO OBLIIO OBl OTIATh MPEANOYTEHHE KaKOMY-
au00 M3 3TUX MOJXOAOB: KaXIbli M3 HUX MMEET CBOU BBIFOJbl U HEynoOCcTBa. B koHeuHOM
cdeTe, HAaIMOHAJbHAsl TOJHTHKA TOCYIapCTBa OIpENeNseT, KakoMy MOIXOIy cienoBars. B
cilydyae HEMEIJICHHOTO J€MOHTa)ka OTBETCTBEHHOCTb 3a MOCJIEACTBUS CHATUS C HKCIUTyaTallH
PEaKTOpOB HE MepeKyIaIbIBaCTCs Ha TUIeUYH Oy IyIINX MOKOJICHUH. boee Toro, B TeueHHE CHATHUS
C SKCIUTyaTallud MOJKET MCIIONb30BaThCs OMBIT M HABBIKM JieiicTBylomero mrara craHiuu. C
Ipyroil cTtopoHbl, Oe3omacHasi KoHcepBanusa (uwiam "Safestor') mo3BoyiIeT CyIIECTBEHHO
YMEHBUIMTh ypPOBEHb OCTATOYHOM PpaAMOaKTUBHOCTH M, TakUM o00pa3oM, CHH3UTH
paIuanoHHYI0 OIACHOCTh TPW TpoIeaypax AeMOHTaxa obopymoBaHus. Hoswle Oymymme
TEXHOJIOTUH, HECOMHEHHO, OyIyT CIIOCOOCTBOBATh HE TOJBKO YMEHBIICHHIO PHUCKOB, HO H
CTOMMOCTH ITPOBOJIUMBIX paboT.

[Tpubnusurensuo 99 % paanoakTMBHOCTH B BbIpaOOTaBIIEM CBOW pecypc SAEpHOM
peaxkTope, HaXOAUTCs B OTPabOTaHHOM TOIUIMBE, KOTOPOE yAAJSATCS Ha NepBoit craguu. Hapsmy
C BO3MOXHBIMH PaJIMOAKTUBHBIMU 3arps3HEHUSMU 00OPYJOBaHUS, UMEETCS TaK)Ke HaBeleHHas
aKTUBHOCTH, OOYCJIOBJICHHAs! BO3JEHCTBHEM HEHTPOHHBIX MOTOKOB HAa CTAJIbHBIE KOHCTPYKIHH
peakTopa. B HuX NOSABISAIOTCS pas3iWYHblE PaJUOAKTUBHBIE HM30TOIbI, TaKHE Kak ene30-55,
Kk00anbT-60, HUKeNb-63 U yriepoa-14. [lepBeie nBa M3 HUX JOCTATOYHO PaJMOAKTUBHBI U UX
pacrnaj; ConpoBOX/IaeTcsl UCIyCKaHueM ramma-usiaydenus. OHako, NepuoJl Moaypacnana 3TUX
M30TONOB TAaKOB, YTO IO MpomiecTBUi0 S50 JeT mocie 3aBepHIeHUs paboThl peakTopa, UX
PaZMOaKTUBHOCTh yMEHbIIaeTcs 10 Oe3omacHoro ypoBHs. B memom, uepes 100 ner mocne
3aBepIIeHus paboTHI peakTopa, yPOBEHb paaroakTUBHOCTH yMeHbmaercs B 100000 pas.

JUist CHATHSA € SKCIUTyaTallid PEaKTOPOB C ra30BBIM OXJIAX/IEHUEM Ha aTOMHBIX CTAHIIMAX
B Illunbone, barru u Cen-Jlopane, ®panius ocyiiecTBaseT YaCTUYHBIA JEMOHTaX Ha BTOPOM
CTaJuM, a OKOHYATEIbHbIN (Ha TpeTbel craguu) OyneTr mpousBeneH uepes3 S50 net. Ilockonbky B
MECTax MX pa3MemIeHUs] MPOJOJDKAIOT (PYHKIMOHUPOBATH JAPYTHE PEaKTOPHI, TO KOHTPOJb HaH
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COCTOSIHUEM 000PYIOBaHUS HE YBEITMUUBACT CTOMMOCTH IPOU3BOAMMEBIX PadOT.

I'epmanust BbIOpania Oomnee OBICTPBIM CIMOCOO MPSAMOTrO AEMOHTaXa [UIsl 3aKPBITUS
aTOMHOHM anekTpoctanuuu B ['pelidcBanpn (ObiBias Bocrounas ['epmanusi), Ha KOTOpou
AKCITYaTUPOBANUCH MATH PEAKTOPOB. AHAJIOTUYHBIM O0pa3oM TEPPUTOPUS PACIIONIOKECHUS
aTOMHOM 3JiekTpocTaniinu MomHocThio 100 MBT B baBapum Obuia obemana B cepenune 1995
roja Juisi Iepelayd B HEOTPAaHUUYEHHOE CEJIbCKOXO03sMCTBEHHOE Hcnoib3oBaHue. [locnenyromniee
yAaJeHUe BCEX SACPHBIX CHUCTEM, CUCTEM paJMallMOHHOW 3allUThl U HEKOTOPHIX MaTEpHUaJIOB,
COJIeprKalINX HAaBEJCHHYIO aKTUBHOCTD, MTOKA3aJI0, YTO PAJAHOAKTUBHOCTh OCTaBIINXCS 00BEKTOB
HE TMPEBBICHJIO YCTAHOBJICHHBIX MPENEIOB, U MPaBUTEILCTBO OJOOPWIO OKOHYATEIbHBIN
JEMOHTAX W OYUCTKY TEPPUTOPHH.

CIIA wuMmeroT pa3nuYHBIA ONBIT B A3TOW oOmacTu. UYUeThlpHAIATh SHEPTETHUESCKHUX
pPEaKTOPOB CHHUMAIOTCSA C JKCIUTyaTaluu mo cxeme "Safstor", B To Bpems Kak emie IIeCTh
neMOHTupyroTca 1o npuHuumy "Decon". Bce BblllonHsA€MBbIE @PU  3TOM  IPOLELYPHI
ycranoBiieHbl Komuccueit o ssgepaomy peryiaupoBanuio CIHIA.

s peaktopa B Tpoe (1180 MBt, PWR), nponienypsr "Safstor" Obutn 0o0benUHEHBI C
MIPOMEXYTOUYHBIM JIEMOHTAKeM, HO BpeMEHHOM Maciitab padoT, TeM He MEHee, He U3MEHWICS U
BCE 337a4d OBLIM BBINOJIHEHBI HEMOCPEACTBEHHO NepepaboTuyMKkaMu. ATOMHAs CTAaHIMs Oblia
3akpeiTa B 1993 romy, a B 1995 romy ObutM yaaneHsl MapoOT€HEPATOPbl W pa3MEIICHBI Ha
xpanenue B XeHdopzae. 3areM, B 1999 rogy Tynma ke ObLI JOCTaBICH Ha XpaHEHHE H
JIEMOHTHPOBAHHBIN Koprnyc peaktopa. Co BCeX CTPOCHUN yAQISIIOTCS BO3MOKHBIEC 3arpsi3HEHUS,
HO IOJIHAsl OYUCTKA TEPPUTOPUH HE IIaHUpYyeTCs BIUIOTH 10 2018 roxa.

Ha aromHBIX »3JIEKTPOCTAHLMUAX, COJEP’KAIIMX HECKOJIbKO HHEProOJIOKOB, IMOCIe
KOHCEpBAIMH TIEPBOro 3HEPro0I0Ka, OCTaIbHBIC MPOAOIDKAIOT PadOTaTh 0 MOJHOW BRIPAOOTKH
CBOEr0 pecypca, M MOCIEAOBATEIIBHO CHUMAKOTCS C OKCIUTyaTallUh. JTO ONTHMHU3UPYET
HCIIOJIb30BaHNE KaK YEJOBEUECKHMX, TaK M TEXHUYECKHX pECypcoB, 3aJ€HCTBOBAaHHBIX B
JEMOHTa)x<e 000pYyI0BaHMs, U TAKUM 00pa3oM, JaeT HEKOTOPYIO SKOHOMHUIO B 3aTpaTax.

Tak, mocie KOMIIEKCHBIX MEPOIIPUATHI Ha BTOPOM aBapuitHOM 3Heprobioke (1979 ron)
aTOMHOM 3neKTpocTaHIuu Tpu Maiin Alnenna, motpedboBaBmux 14 JeT U BKIIOYHMBIINX B ceOs
BBITPY3KY TOIUIMBA, JIEMOHTAX Pa3pyLICHHbIX KOHCTPYKIUU U T.1., OH ObLT 3aKOHCEPBUPOBAH 10
2014 roma, T.e. DO HCTEUYEHHUS CpPOKa JCHUCTBUS JIMIEH3MM Ha OHKCIUTyaTalMio IEepBOTO
sHepro6moka. Ilo wucredenuto 3Toro BpeMeHH 00a Onoka OyAyT CHATHI C SKCIUTyaTalluu.
AHajoruuHble MpoUeAyphl ObUIM OCYIIECTBIEHHI Ha TMEPBOM DJHEProOJIOKE AaTOMHOM
anekrpoctanuuu Can-OHo¢p, KoTOphId ObIT OocTaHOBIEH B 1992 roay m0 ucCTeyeHHs CpoKa
JUIEH3WH Ha PaboTy BTOpOro u Tperhero sHeprodiokoB B 2013 romy. Ho mocne pemenus
KoMuccun no saepHoMy peryJnpoBaHUIO JeEMOHTaX Haudajics B 1999 rony.

[Iponenypsr mo cxeme "Decon" ObutM TpuMeHeHBI K peaktopy B Ilummarmoprte
MomHocThio 60 MBT, koTopbIif ycnemno mpopatdotan ¢ 1957 mo 1982 rox. Ilpumep storo
peakTopa MNPOJEMOHCTPUPOBAT BO3MOXHOCTH O€30MacCHOT0 W PEHTA0ETbHOro JIeMOHTa)Xa
aTOMHOH 3JIEKTPOCTAHIIMK MPOMBIIIICHHOT0 MaciTaba u ObICTpOl peaduiIuTaly TepPUTOPUH.
JleMoHTa)Xk OBLT 3aKOHUEH B TEUYCHHE IBYX JIET, a MATh JieT cmycts, B 1989 romy, Obuio
pa3pelieHo HMCIOiIb30BaTh TEPPUTOPUI0 0O€3 Kakux-mubo orpanudeHuil. M3-3a HeOompmmx
pa3MepoB peakTopa, ero KOpmyc Mor ObITh yaajeH 0e3 JOMOJHUTENIbHOTO pacujieHEHHs, Yero
HENb3s CACNATh s OONBIINX YHEPTOOIOKOB.

I[To  yckopennoir  cxeme  "Decon"  Takxke  CHUMalCd C  OKCIUIyaTallud
BBICOKOTEMIIEPATYPHBIN peakTop ¢ ra3oBbIM oxjiaxkiaeHueM B dopre CaH-BpsilH MOIIHOCTBIO
330 MBT, xoropsiii Obul 3akpbIT B 1989 romy. CTOMMOCTP KOHTpaKTa IO CHATHIO C
JKCIUTyaTalluy 3TOro peakTopa cocraBuia 195 mummonos nomnapos CIIIA, yto, HECMOTpPsS Ha
Majbli CpPOK CIIyX OBl peakTopa, COCTaBlsieT MEHee OJHOIO ILIeHTa Ha KHJIOBaTT dac

83



SIu Iop-Jleccn, "SnepHoe 3nexkTpuyecTso'

BbIpa0OTaHHON AneKkTpodHepruu. I[IpoekT OblT 3aBeplieH B COOTBETCTBUM C IUIAHOM
peaOunurtanmu Tepputopud B 1997 rogy. 910 ObUT EpBbIN O0IBIIONH YIHEPTETUUECKUIN peakTop B
CIIIA, KOTOpPBIiA OBLT CHST C IKCIUTyaTaI[iH B TAKKE CPOKH.

OOmiast cTOMMOCTb ONepalyii MO0 CHATUIO C O3KCIUTyaTallud PEeaKTOpOB 3aBUCUT OT
IIOCJIEIOBATEIIBHOCTH M JUIMTEJIBHOCTH PA3JIMYHBIX CTagud mporpaMmsl. Tak, OTCpouka B
BBITTOJIHEHUH KaKOK-JTMOO CTa UM MPUBOAMT, C OAHOM CTOPOHBI, K YMEHBIIEHUIO CTOUMOCTH, YTO
CBSA3aHO C YMEHBIIAIOIMKUMCS YPOBHEM PAJMOAKTUBHOCTH, HO C JIPYTOM - K YBEJIIMUEHUIO 3aTPaT
Ha XpaHEHHEe U KOHTPOJIb 32 COCTOSIHHEM 000pYAOBaHMUS.

Jlaxxe y4uThIBas HEOIPEACIICHHOCTh B OLIEHKaX CTOMMOCTH, MOXKHO YTBEP’KIaTb, YTO
3aTpaThl IO CHATUIO PEAKTOPOB C DKCIUIyaTallMM COCTABIAIOT MeHee 5% OT 3aTpaT Ha
pou3BoACTBO 3iekTpodHepruu. B CIIA, Hanpumep, HaKOIUIEHHBIM OIBIT MO IPOBEAEHUIO
TaKUX paObOT MO3BOJIMII CHU3UTh 3aTPAThl HA UX BBIMOJIHEHUE, U TI0 COBPEMEHHBIM OLIEHKaM OHH
COCTaBIIAIOT B CpeaHeM 325 MHUIMOHOB AOJIApOB Ha peakTop. MeToabl (HMHAHCUPOBAHHS
TaKXe Pa3JIn4HbI B pasHbIX cTpaHax. Hanbosee o0mmMu SBISIOTCA:

e IlpeaBapuresibHasi OMJaTa, NpU KOTOPOH pe3epBUPYIOTCS COOTBETCTBYIOUINE CYMMBI
Ha CHENMaJbHBIX CYETax eIlle JI0 Hayaja SKCIUTyaTallud peakTopa, U OHM MOTYT
UCIOJIb30BATHCS TOJIBKO IS LIEJIEeH CHATHUS PEaKTOPOB € IKCILTyaTalUH.

e HaJjior Ha McCHOJB30BaHME SIACPHOM JHEPrUM, HCIIOIL30BAHME KOTOPOIO IO3BOJISET
HaKOIUTh COOTBETCTBYIOILME CYMMBI ITyTEM COOPOB C MOTPEOUTENEH IIEKTPOIHEPTHH.
Jloxoabl OT cOOpOB HaxosATcs B cleUalbHOM TpacToBoM ¢onae. Takas cucrema
neiictyet B CILIA, KoTOpast MO3BOJISIET B TeUEHHE CPOKA (DYHKIIMOHHMPOBAHUS PEAKTOPOB
HAaKOIIUTh [JIOCTAaTOYHBIE CPEACTBA JJUIA IOKPBITHS pacXoAOB IO CHATUIO HUX C
JKCILTyaTaluu.

e TlapanTMm wWJIM cTpaxoBaHWe, KOTOpple B JI000M ciaydae 00ecneunBaioT
nepeadoTUrKaM MOKPBITUE X PACXOJIOB Ha CHATHE PEAKTOPOB € IKCILTyaTaI[|H.

Jis  duHAHCHpOBAaHMS TMPOLEAYpP IO CHATHIO peakTopoB ¢ dkcruryatammu B CIHIA
B3MMAETCA HAJIOT HA MCIOJIb30BAaHUE SIAEPHON dHEpruu, KoTopelid cocrtasiser or 0.1 mo 0.2
[IEHTOB 32 KWJIOBATT Yac OJIIEKTPOIHEPTHU. 3a COCTOSHHEM COOTBETCTBYIOIIUX (DOHIOB
perymsipao cienut Kommccus mo sigepHoMmy perynupoBanuto. B 1998 rony a1 donmb
coctaBuiy 22.5 muinuapos posapos CIIIA.

I'JTIABA 6
OKPYXAIOIIAA CPEJA, 3IOPOBBE U ITPOBJIEMbI
BE3OITACHOCTH

6.1 BiansiHue HA OKPY:KAIOILYIO Cpeay

Ilpouszeoocmeo rnekmpornepecuu ¢ NOMOWLIO 00BIX POPM UCXO00HO20 MONIUGA
6cez0a oKasvleaem enuAHUe Ha OKpyxycarwouyro cpedy. OOBEKTHBHAs OICHKA SIECPHOU
SHEPTEeTUKU B 3TOM KIII04€ TPeOYeT CpaBHEHHUsS €€ BIMSHMS HA OKPYKAIOUIYIO CPelly C IIaBHOM
aJIbTEPHATUBOM - YTOJIBHON YHEPTETUKOM.

B ypanomoObIBaromieil MPOMBINIJICHHOCTH —CYIIECTBYIONIME TEXHOJIOTUU OOBIYHO
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rapaHTUPYIOT, YTO HE MPOUCXOAUT HUKAKOTO CYIIECTBEHHOTO 3arpsA3HEHMs] BOJHBIX H
BO3AYIIHBIX OacceitHoB (cM. 4.1). BnusHue yrienoObiBaromieil MPOMBIIIJICHHOCTH Ha
OKpPYXaIOIIyI0 Cpelly CEroJHs TakXe Majlo, 32 HCKIIOYEHHEM TOTO, YTO OOJIBIIME PECYPCHI
HEOOXOMUMBI AJI peadMIUTAluU TEPPUTOPUN U CO3/aHUS TPOTHBOKHCIOTHBIX APEHANKHBIX
CHUCTEM.

Masble KoTu4ecTBa paqHOAKTHBHOCTH BBHIOPACHIBAIOT B aTMOc(epy Kak yroybHbIE, TaK
U aTOMHBIE 3JIeKTpocTaHUuu. [Ipu cropaHuu yris Hajauuue B HEM MaJjbIX KOJIMYECTB ypaHa,
paausi U TOpUSl MPUBOAAT K TOMY, YTO YPOBEHb PAAHMOAKTUBHOCTH 30JbHOW IMBUIM 3HAYUTEIHHO
MOBBIIIAETCS. ATOMHBIE JJIEKTPOCTAHLIMM M 3aBOJBI MO MepepaboTKe SASpHOrO TOILIMBA
BBIJICJISIIOT MaJIble KOJIMYECTBA PAAMOAKTUBHBIX Ta30B (HAIpuMep, KPUNTOH -85 U KCEHOH -133) u
n3zotonsl Moaa -131, KoTopble MOTYT OBITH OOHApY’>KEHBI B OKpY’KalOLIeH cpele C MOMOIIBIO
CHEIMAIbHOTO aHaJTMTHYeCKoro ob6opynoBanus. CeroiHs MNpeANPUHUMAIOTCS BCECTOPOHHUE
MEpbl 10 YMEHBIICHHIO BBHIOPOCOB 30JbHOM TMBUIM OT YTOJBHBIX AJIEKTPOCTAHLUN H
PaAMOHYKJIHMJIOB OT aTOMHBIX JJIEKTpocTaHUUH. B Hacrosiee Bpemsi 3TH (akTOpbl yxKe He
MPEJCTABISAIOT CYIIECTBEHHYIO POOIeMy JUIsl OXpaHbl OKPYKAIOLIECH CpeIbl.

Kak ormeuanocs B Paznenax 5.3-5.5, HakOIJIEHHbIE TBEP/bIE BHICOKOYPOBHEBBIE OTXObI
ATOMHBIX 3JIEKTPOCTAaHIMI XpaHATcs yxe B TeueHue 40-50 ner, a uUX paguoaKTHUBHOCTb
YMEHBIIINJIACh BCETO MEHEE YeM Ha OJMH MPOIIEHT OT €€ MepBOHAYaIbHOr0 YpoBHs. [loaToMy nx
HQJICKUT HAAEKHO XPAaHUTh, U30IUPYs OT Ouocheprl. OTXOABI MPOMEKXYTOUHOTO YPOBHS
MOMEIAI0T B MOA3eMHble XpaHuwiuia. OTX0Jbl HU3KOTO YPOBHS BOOOILIE XpaHATCA Oosee
TpaJIULIMOHHO. PaguoakTuBHAsl 30iIbHAs MbUIb OT YIOJBHBIX JJIEKTPOCTAHLUUN B IMPOIIJIOM
OKa3plBaJla HAMHOIro OoJblliee BO3JCWCTBHE HAa OKPYXAIOIIyI0 Cpeay, HOTOMY YTO 3TO
BO3JICHCTBUE HE BOCIPUHUMAJIOCh KaK yrpo3a IpPHUPOJAE M COOTBETCTBYIOIIME NEHCTBUS HE
pearnpuHUManuch. MecTa, Te CerofHs Takue OTXOAbl XPAHATCSA, TOJIKHBI HAXOIUTHCS IOJ]
IIOCTOSIHHBIM KOHTPOJIEM.

TenoBoe Bo3JelicTBHE HA OKPYKAIOIIYIO CPEAy CBA3aHO C HEU30EKHBIMU MOTEPSMU
MpU TMPOU3BOJICTBE AJIEKTPOIHEPTMHM U, NPUMEPHO, OJWHAKOBO KakK [UIsl YrOJbHBIX, TaK H
aTOMHBIX 3JIEKTPOCTAHIMHA. TermmoBoi K.I.JI. YroJdbHBIX 3JEKTpOoCcTaHIMii kojiebnercs ot 20 mo
40 %. bosee HOBBIC ANEKTPOCTAHIIMM MMEIOT K.IL.J., 0ObI9HO, He HUXEe 32 %. s aTOMHBIX
JIEKTPOCTAHLIUH, UCTIONIB3YIOIIMX JIETKO BOJHBIC PEAKTOPBI, K.I1.1. Kojebaercs oT 29 1o 38 % u
JUIsE OOJIBIIMHCTBA AJIEKTPOCTAHIIMM CerofHs paBeH, npubnusutensHo, 34 %. Ilostomy mpu
CYIIECTBYIOIIIEM YPOBHE 3alpPOCOB Ha SJIEKTPOAHEPTHUI0 HE HMEETCS HUKAKUX MNPUYUH AJis
MPEANOYTEHUs OJHOTO TOIUIMBA JApPyroMy (ypaH WM YTOJb) MO KpUTEPHIO 3PGHEKTHBHOCTH
HCIIOJIb30BAaHUs TEIUIA. DTO KACAETCsl KaK 3JIEKTPOCTAHUUM, OXJIaKIAaeMbIX MPOTOYHON BOJIOM,
TaK U MCHOJB3YIOIUX aTMocdepHble rpaaupHu. B mobom ciiydae TepsieMoe Terio He TOJIKHO
ObiTh "HEeHykHBIM". B 0onee XONOMHBIX KIMMAaTHYECKHMX 30HAaX €ro WCIONb3yIT s
LEHTPATU30BAaHHOTO TEIUIOCHAOKEHHSI U JUISl CeNIbCKOXO3SIIICTBEHHBIX HYXKI. JTO YMEHbIIAeT
BBITIA/ICHUE JIOKATBHBIX TYMAHOB, BBI3IBAEMBIX TEMIIEPATYPHBIMU TEpenagaMiu B OKPYKarOIIeH
cpene.

I'maBHyI0 mpoOsieMy Ui OXpaHbl OKPYKAIOIIEH Cpebl, CBSI3aHHYIO C MPOU3BOJICTBOM
ANEKTPOIHEPIHH Ha YTOJIBHBIX 3JIEKTPOCTAHIUAX, CO3/1al0T BEIOpOCH yriekucnoro raza (CO,) u
nByokwucu cepsl (SO,). Korna ucnons3yercst yrois, coaep:kammii 2.5 % cepsbl, s o0ecrnedeHus
3JIEKTPO3HEpruei omHoro 4yenoseka B EBpone (wm AnoHun) B TedeHne roaa, To B atMochepy
BeIOpackiBaeTcs, mpuban3utenbHo, 8 ToHH CO, 1 100 kr SO,. Beidpock CO; Takke IPOUCXOASIT
MIPU CTOPaHUU U IPYTHX BUJIOB OPTaHUYECKOTO TOTUTMBA (HE(PTH WIIH ra3a).

JIByokHCh cepbl, BEIOpoOIIeHHas B aTMOoc(epy B OOJBIIUX KOJIMYECTBAX, MOXKET CTaTh
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MPUYMHON "KUCIOTHBIX J0KJei" B MOABETPEHHBIX O0sacTax. B ceBepHOM momyuiapuu 1ecaTku
MWIIHOHOB TOHH SO, BBIOpachIBaeTCsl €XErogHo B arMocdepy NpuU HPOU3BOJCTBE
ANEKTPOIHEPIUH , XOTS TaKOE 3arpsi3HEHUE MMOCTENIEHHO yMeHbIaercsa. KucnoTHsle noxau (T.e.
IIPU KOTOPBIX J0KaeBas Boja umeeT pH = 4 u MeHbl1e) B ceBepo-BocTouHbIX obnacTsax CIIA u
B CKaHIAMHABUM NPUYUHSIIOT 3HAYUTEIBHBIM SKOJIOTMYECKMM M SKOHOMMYEcKHMi yiepo. B
Benuko6purtanuu u CIIIA BnepBble Hayaau MUHMUMU3UPOBATH ATHU BHIOPOCHI IyTEM YBEIMUYCHHS
HCIOJIb30BaHUsl HE(ITU C MEHBIIUM COJEP’KAHUEM CEphl, WM MPUPOAHOro ra3a. OgHaKo, Takas
CTpaTerusi MOPOXKJAeT HOBBIE NMPOOJIEMBI, CBSI3aHHBIE C HEOOXOAMMOCTBIO TPAHCHOPTUPOBKH
OO0JBIINX KOMMYECTB HE(PTH U raza ;10 morpeduTeneii.

B npunHnumne, cymiecTtByeT TEXHHYECKas BO3MOXKHOCTb 3HAYMTEIBHOIO COKpAIEHUS
conmepkanuss SO, B yrojbHBIX JABIMOBBIX T'a3aX, HO CTOMMOCTb TaKMX TEXHOJIOTMH CEroJHs
JoCTaTo4HO BbIcOKa. [IponsBogutenu snektposHeprun B CIIA, Tem He MeHee, TpaTAT Ha 3TO
MuJuapasl posuapos. C apyroi ctoponsl, ¢ 1980 rona mo 1986 rox Beiopocsr SO, Bo @panmmu
OBLTM 3HAYUTEIHLHO YMEHBIIEHHI (0oJiee YeM B JiBa pas3a) 3aMEIICHUEM OPraHUYECKOTO TOILTHMBA
Ha ypaHoBoe. B To xe camoe Bpems IPOU3BOACTBO 3JIEKTPOIHEPIHM yBeauuuiaoch Ha 40 %, u
@paHuus cTana KpyIHbIM SKCIIOPTEPOM IEKTPOIHEPTUH.

Oxcuabl  azota (NOy), BblOpacbiBaeMble 3JIEKTPOCTaHLUMSAMH, paOOTAIOUIMMHU Ha
OpPraHMYECKOM TOIUIMBE, TAKXKE IMPEICTABISAIOT ONACHOCTh AJIS OKpy»karouied cpensl. Ecin B
aTMocdepe NPHUCYTCTBYIOT BBICOKME YPOBHH YIJIEBOJOPOJOB, TO OKHUCIBI a30Ta BCTYMAIOT C
HUMH B PEaKUUI0 U OOpa3ylOT, TaK Ha3bIBA€MbI (POTOXUMHUYECKUH CMOI (IbIM C MPUMECHIO
TymaHa). OKCHBI a30Ta TaK)KE OKa3bIBAIOT HEOIArONMPHUATHOE BO3CHCTBUE HA O30HOBBIN CIIOM
3€MJIM, YTO CIIOCOOCTBYET 3HAUUTEIILHOMY YBEJIMYEHUIO KOJIMYECTBA YIbTPa(UOIETOBBIX JIydeH,
JOCTUTAIOIINX €€ TOBEPXHOCTH.

6.2 IlapaukoBblii 3¢ dexT

OTUM TEPMHHOM HAa3bIBAIOT CIIOCOOHOCTh HEKOTOPHIX Ia30B, IPUCYTCTBYIOIIUX B 36MHOM
atMocdepe, 3a7epKuBaTh HHPpPaKpacHOE U3TydeHUE (T.€. TEIUIOTY) BOIU3H MOBEPXHOCTH 3EMIIH.
Hakomnenne "mapHukoBbeIX ra3oB", ocobenHo CO, , B 3eMHOH aTmocdepe NPUBOIUT K
MOTEIUIEHUIO KJIMMAaTa BO MHOTHX 4acTsIX Mupa. Eciau 3ToT mporecc He OCTaHOBUTh, TO €ro
MPOJODKEHHE MOXET, B KOHEYHOM CYeTe, IPHBECTH K TIJIOOAJIbHBIM KIMMATHYECKUM
M3MEHEHMSM Ha Bcell 3emiie. CunuTaercs, YT0 UIMEHHO JIBYOKHCh YIJIEpOJia OKa3bIBA€T OCHOBHOE
BIIMSIHAE HA MTAPHUKOBBIN 2P PexT™.

*Copmepxanue CO , B atmocdepe octasmser numb 0.035 % (350 ppm). C Havana MHIYCTPUATEHOW PEBOJIOIIH
npoun3onuio ero yeenmdeHune ot 280 xo 350 ppm.

Hecmotpst Ha TO, 4YTO B TIOHMMaHHH HPOUCXOISIINX MPOLECCOB JOCTUTHYT
OIIPEIETICHHBIN MPOTPEcC, yUeHbIE 10 CHX 0P HE 3HAIOT, KAKOe KOJIMYECTBO YIJIEKHCJIOI0 ra3a
MOXeT abCcopOMpOBaTh OKpYXKaromlas cpena, ¥ KakuM 00pa3oM MOIJEpKUBACTCs TII00ANTBHBIN
6anmanc CO; B atmocdepe. OnHaKo, y4eHbIe ¢ 00ECTIOKOCHHOCTBIO (PUKCHPYIOT MOCTENICHHOE
yBenuuenue conepxkanus CO, B atmocdepe. D10 00yCIOBIEHO, B YAaCTHOCTH, CXKUTAHUEM
YTJIEPOIOCOIEPKALIETO OPraHW4YeCKOro TOIUIMBA, B IIPOIECCE KOTOPOTO YIJIEpox OBICTPO
npeodpasyercss B arMmocdepHblid CO,. Takue mnpouecchl MPOUCXOAAT, HANpUMEp, B
aBTOMOOWJIBHBIX JIBUTATENSIX BHYTPEHHETO CTOpPAHMsS, Pa3IMYHBIX HHIYCTPHAIBHBIX IMEYax, H
NpU TIPOM3BOJCTBE 3JIEKTpodHepruu. [locTosiHHAas BBIpyOKa JIECOB TakKe BHOCHT BKJIAJ B
MAPHUKOBBIA 3(PQEKT, MOCKOIBbKY yMEHbIIaeT morjomnienne armocdepHoro CO, B mporecce
¢dboTocuHTE3A.
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Yxe B 1977 B oruere HammonansHoit Axagemun Hayx CIIA ormewanoch, 4TO
"OCHOBHBIM ~ OTPAaHWYMBAIOIIUM  (AKTOPOM HA MPOU3BOJICTBO SHEPrUM C  IOMOIIBIO
OpPraHMYECKOT0 TOIUIMBA B CJIEAYIOUIMX CTOJETHUAX MOXKET OKa3aThCsl KIMMAaTUYECKOE
BO3/IEHCTBUE OT BBIOPOCOB yrieKucioro raza". CeroaHs 3To yke OOLIETIPUHATAs TOUKa 3pPEHUS.
TI'nobanvnviit Knumamuueckuii Ippekm om ygenuuuearuwiecoca cooepyucanus CO; 6
ammocgepe agnaemca ce200HA HauboIee CyuecmeeHHbiM Omauyuem y20abHOU U AMOMHOU
INNEKMPOIHEP2EMUKU 8 8030elicmeul Ha oKpyxcarougyio cpedy (cM. Pucynoxk 17).

I'moGanbubele BbIOpockl CO, OT CKUTaHUS OPraHUYECKOTO TOIUIMBA COCTABIAIOT,
NPUOIM3UTENBHO, 25 MIIIHAPA0B TOHH B rol. M3 HUX, nmpumepHo, 45 % oT cxxuranus yris u 40
% ot HedTu. Kaxnas snexrpocranmus montHocThio 1000 MBT, pabortaromias Ha KaMEHHOM
yrie, BeIOpaceiBaeT B arMocdepy, NpuoOIu3uTenbHo, 7 MuummoHoB ToHH CO, B roxa. Eciu
UCHOJb3YyEeTCsl OypbIil yroyib, TO KOJUYECTBO BHIOPOCOB HaMHOro Oosbiiee. [Ipu ucnonb30BaHNM
SJICPHBIX PEAKTOPOB TAKUX BHIOPOCOB B aTMOC(Epy HE MPOUCXOAUT BOOOIIIE.

YpoBfHE BLIBPOCOB NAPHHKDOBELIX FAZ0E NPH PAINHYHLIX
cnocobax NPoMIB0OACTES INBKTPOIHEPTMM

Henpameie BLIDpOcEl B
I'IFHJL[EI:EH EHIHEHHOID
uHKna obopynoBaHWA

. MpAMbe BEIGPOCE! NPH

CHANraHWHN TONNHAEa

. H
: [ L

Yrone laz MNippo DoTo Batep Ypan

Pucynok 17

Kaowcovie 22 mounwt ypana, ucnonvzyemvie 6 J1€2K0 600HOM peakmope (unu 26 m
U;03), npeoomepauiatom ev1opoc, npudausumenvHo, 001020 muaiuona moun CO;.

[Mostomy gmst  Ga3MCHOTO  MPOM3BOJACTBA  JINEKTPOIHEPrHH  Oojiee  IIMPOKOE
KCIIOJIH30BaHNUE YPAHOBOTO TOTLJIMBA SIBJIIETCS OYEBUIHBIM (CM. Takke Pucynok 17).

Ha ceroansmuuii 1eHbs UMEIOTCS MEXKIYHApPOIHBIE COTJIAIICHUS, ONPEICIISIONINE TaKyIO
CTPATEeTHIO HCIIOJIb30BAaHUS SHEPTreTHYECKHX PECYypCOB, KOTOpas MHUHUMH3HPYET BBIOPOCHI B
atMocdepy CO,. DHeprocOeperaronye TeXHOJIOTHMH Bpsi JI OyayT CTONb ke 3(PPEeKTUBHBI B
CJIEAYIOIINX JAECATUIICTHSIX, KaK 3TO ObLJI0, HAUWHAs ¢ cepeuHbl 1970-b1X rO0B, MOTOMY YTO UX
BO3MOYKHOCTH YK€ MPAKTUYECKU UCUEPIIaHbI.

6.3 U3;1yyeHue u 310poBbe
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OTMeTuM, 4YTO ISl OIEHKH PHCKOB M BIUSHUSA Ha 3J0POBhE HACENICHUS HEOOXOAMMO
COIIOCTAaBUTh SIACPHYIO DHEPre€TUKY C TIJABHBIM QJIbTEPHATUBHBIM MCTOYHUKOM DSHEPIUU -
YTOJIBHOHM 3JIEKTPOIHEPTeTHKON. [Ipr 3TOM HapsIy ¢ IKOJIOTHYSCKUMH aCTIEKTaMH HEO0OXO0IUMO
TaK)Ke OLIEHUTH U MPOPECCHOHATBHBIC PUCKH.

Tpagumonno npodeccuoHaTbHbIe PUCKU OILEHUBAIOTCS HA OCHOBE KO3()PUIMEHTOB
CMEpPTHOCTH TIPU Pa3JIMYHBIX MHIUACHTaX. OIHAKO CErojHs, OCOOCHHO 3TO KacaeTcs SIEPHOM
SHEPreTHKH, aKIEHT CMeEIIaeTcs Ha aHalu3 MEHee OYEBUAHBIX W OTHAJICHHBIX MOCIEACTBHIA
BO3JICHCTBUS U3TYUYCHHUS, BRI3BIBAIOIIUX PAKOBBIC 3a00JICBAHUSI.

3a mocnenuue 40 jeT HaKOIIEH OOJIBIION CTATUCTUYECKUN MaTepuaa O Pa3IMYHBIX
MHIUACHTAX Ha siiepHbIX peaktopax CIIIA u BenukoOpuranuu. ITH TaHHBIE MOXKHO CPaBHUTH C
AQHAJIOTMYHBIMU JJI YTOJBHBIX 3JIeKTpocTaHuil. CpaBHEHHE C OUYEBHUIHOCTHIO MMOKA3bIBAET, YTO
sJIepHasi DHEPreTHKa SBJISIETCS B ATOM aclekTe 0Oojee HaJeKHBIM CHOCOOOM IPOM3BOJCTBA
aneKkTpo3Hepruu. Hekotopeie naHHbIe moka3zanbl B TabOmumax 12 m 12A. OcHOBHas mpUYHHA
HEOJIarONPUATHBIX JTAHHBIX JJISl YTOJBHOM SHEPTeTHKH COCTOWT B TOM, YTO AJis OOeCreYeHHS
paboTHl JTaXke OJHOW AJIEKTPOCTAHIIMM HEOOXOAMMO NOOBITH, 00paboTaTh M TPAHCTIOPTUPOBATH
OTPOMHOE KOJIMYEeCTBO yTis. ['opHOMOOBIBaromias MPOMBIIUIEHHOCTh W 00paboTKa Takoro
00JIBIIOrO KOJMYECTBA CHIPbsl 3HAYMTENLHO YBEJIWYMBAET CTEMEHb OMACHOCTH MPOU3BOJCTBA,
9TO U OTPAKEHO B CTATUCTHKE.

Taoauua 12

CTaTHCTHK MHIUAEHTOB NPH 6A30BOM NPOU3BOJACTBE IJIEKTPOIHEPTrUH

Tomnus | KosmmuectBo HecuacTHbIX | [locTtpagas | Koagpduument cmeprHocTt Ha 1 I'Br
0 cay4daes 3a 1970-92 roabl nue roJl NPOU3BeIeHHOI 3J1eKTPOIHEePrun

Yroms  |6400 Paboune 0.32

HpI:Ipoz[ 1200 Paboune wu 0.09

HBIH ra3 HaceJICHHe

I'mapo 4000 Hacemxenune [0.80

Anpo 31 Paboune 0.01

Tabimna 12A
HekoTopbie HHIMIECHTHI, CBSI3aHHbIE C IPOM3BOCTBOM 3Heprun HauuHas ¢ 1977 roga

Mecto TI'on | Ynciao mormGmux CoObITHE
Jlonb6acc, Ykpanna 1980 |68 B3pbIB MeTaHa B yroJbHOW 11axTe
Kys6acc, Cubupb 1982 |39 B3pbIB MeTaHa B yrobHOM 1IaXTe
Mexuko 1984 |500 + B3psiB Ha TpyOomIpOBOIE
Wranus 1985 1250 [TpopsiB 1amMOBI
YepHoObutb, Ykpauna |1986 |31 + ABapus Ha sIIEpHOM PEAKTOpe
CeBepHoe Mope 1988 [167 B3peiB Ha HETAHOI TUTaThOpME
Yda, Cubupp 1989 600 [TpopsIB TpyOONIPOBOIA U TTOXKAP
Typuus 1992 (270 B3pbIB MeTaHa B yroJibHOM 11axrte
Eruner 1994 1460 Y 1ap MOJTHWHY B CKJIA]T TOIIJIMBA
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Taerto, FOxxnas Kopest [1995 [100 + B3pbIB rasza
XunbsH, Kuraii 1996 |84 B3peIB MeTaHa B yrOJIbHOW IIAXTE
Javitonr, Kurai 1996 |114 B3pbIB MeTaHa B yroJIbHOM 11axrte
XunbsH, Kurait 1997 189 B3pbIB MeTaHa B yroJibHOM 1IaxTe
@Pannonb, Kuraii 1997 |68 B3pbIB MeTaHa yrobHOW MIaXThl
Kysbacc, Cubupp 1997 |67 B3peiB MeTaHa B yroJIbHOM MIAXTe
XyannsaHb, Kuraii 1997 |89 B3peIB MeTaHa B yrOJIbHOM IIAXTE
XyaiiHsHb, Kurtait 1997 |45 B3pbIB MeTaHa B yroibHOM 1IAXTE
[Tanxai, Kurai 1997 |28 B3pbIB MeTaHa B yroJIbHOM 1IaxTe
I'yitxoy, Kutait 1997 143 B3pbIB MeTaHa B yroibHOM 1IaXTe
Jlonbacc, YkpanHa 1998 |63 B3pbIB MeTaHa B yroJIbHOM 11axre
JInaonunr, Kuraii 1998 |71 B3peIB MeTaHa B yrOJIbHOU IIAXTE
Yappu, Hurepus 1998 1500 + [TpopsIB HEdTENPOBOAA U TTOKAP
Jlonb6acc, Ykpanna 1999 |50 + B3pbIB MeTaHa B yroJabHOW 11axTe
Jlon6acc, Ykpanna 2000 (80 B3pbIB MeTaHa B yroJabHOW I1axTe
[Tanxai, Kurait 2000 |40 B3pbIB MeTaHa yrojabHOW MAXThI
HOnbsH, Kurait 2000 |13 B3pbIB MeTaHa B yroJibHOM 1IaxTe
B ABcTpanuu:

AnnuH 1979 |14 B3pbIB MeTaHa B yroJibHOM 11axrte

Moypa 1986 |12 B3peIB MeTaHa B yrOJIbHOM IIAXTE

Moypa 1994 |11 B3pbIB MeTaHa B yroibHOM 1IAXTe

KommgecTBo cMepTHBIX CilydaeB Ha OOWH MWIIHNOH TOHH NOOBITOTO yIiisl Haxomutcs B muamazoHe oT 0.1 B rom B
Ascrpamnu u CIIA mo 119 B Typmum. [lomHoe kommyecTBo moruOmmx B KuTae Ha NMpennpuATHSIX yTOIBHOU
TIPOMBITINIEHHOCTH COCTaBIseT B cpeaHeM Oosee yeM 1000 uenoBek B roa; B Ykpaune - 6onee 200 4emoBeK B IO
(1999 - 274, 1998 - 360, 1995 - 339, 1992 - 459). B ABctpanuu Ha maxrtax ¢ 1902 roga moru6smo 281 genosek B 18
WHITUICHTAX, XOTS ABCTpaJIHIiCKas yrojbHas MPOMBIIIJICHHOCTh CAUTACTCS CAMOM HAIeKHOH B MHUPE.

Pucku B ypaHomoObIBaromield MpoMBIIUIEHHOCTH MOIPoOHO 00cykaanuch B Paznmene 4.1.
Haubonee cymiectBeHHBIM 3P QEeKTOM 37eCh ABISETCS OOMydeHHE IIaXTEPOB Ta30M PajoH, C
MOCJIEAYIOIEN BEPOATHOCTbIO BOSHUKHOBEHHS paka Jierkoro. Takoe oOiydeHHE MPaKTHYECKH
WCKIIIOYEHO 3a TMocienHue Oonee uyeM Tpuauath Jer. OgHako, MPUCYTCTBHE HEKOTOPOTO
KOJIMYECTBA  paJjoHa B  padoHaX  pa3MEUIeHUs  MPEANpHUSATHH  ypaHOI0OBIBArOIICH
MIPOMBIIIIJIEHHOCTH ¥ HEKOTOPBIX MPOIYKTOB PaJMOAaKTUBHOTO pacmaja, HeceT B ce0e HEKOTOPYIO
OMACHOCTb, KaK M BJbIXaHME MbUIM B YroybHOM maxte. B oboux ciyuasx, MCIOIb30BaHUE
COBPEMEHHBIX TEXHOJIOTMII CHUXKAeT YpPOBEHb OMNACHOCTH JJig 3J0pOBbA IMEpcoHana o0
MUHHMYMa, U PUCKH OT 3TUX ()aKTOPOB HAMHOTO MEHBIIIE, YeM OT TeXHOTCHHBIX HHIIUICHTOB.

Ha npennpustusix saepHOro TOIUIMBHOIO IMKJIA, PaJWallMOHHAs OMNAaCHOCTh IS
IepcoHaia CBEACHA J0 MHMHHMMYyMa, a aBapuiHbIE CHUTyallMd JOCTAaTOYHO penku. KoHeuHo,
MIPOM3BOJICTBO JJIEKTPOSHEPTUM HAa AaTOMHBIX CTaHIUSAX HE CBOOOAHO OT OMAcHOCTEH B
poeCCHOHATLHOM CMBICIIE, HO B JIIOOOM Cilydae TaKoil MCTOYHHMK SHEprud Ooyiee HaJeKeH,
4yeM Jpyrue GopMbl MpeBpaIieHus dHeprun. PakoBsie 3a001eBaHus HE SBISIOTCS UCKIIOYCHHEM
U JUIsl IEpCcOHalla aTOMHBIX CTaHLMM, KaK U JJIs JIOJEH He CBA3aHHBIX NMPOQPECCHOHAIBHO C
paboToif Ha aTOMHBIX OOBEKTaX. DTO, OJHAKO, COBEPIICHHO HE O3HAYaeT, YTO OHU BHI3BAHBI
obmyuenuem. [IposiBnieHHe pakoBbIX 3a00J€BaHHMI HEOJHOPOJHO CPEOU HACEICHUS 3EMHOTO
miapa, 1 u3-3a pa3iIMyHbIX MECTHBIX OCOOCHHOCTEH HE TaK MPOCTO ONPEAETUTh, JEHCTBUTEIBHO
JM UMEETCsl MpsiMasi 3aBUCHMOCTb MEXI1y HU3KUMH J103aMH MPO(ECCHOHANTBHOTO O0IyUeHHs U
BO3MOXXHBIMH PAKOBBIMH HOBOOOpPa30BaHUAMU. IDTOT BONPOC MOJIPOOHO HCCIETOBAICA BO
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MHO>KECTBE PErMOHOB, M paboTa B JaHHOM HANpaBJIEHUU NPOAODKAETCS MOCTOsAHHO. [loka
HUKAKOT'0 JI0Ka3aTeJIbCTBA TOr0, YTO PAKOBbIE HOBOOOpa3oBaHMs 0o0Jiee YacThl Cpellu NepcoHaa
ATOMHBIX CTaHIUI, UEM CPeld OCTAJIBLHOTO HACEJIEHHS MOJOOHBIX BO3PACTOB, I'/lI€ CMEPTHOCTh OT
3TON Oonie3Hu coctaBiseT 15-25 %, He mosBuiIoCch. [Ipu CymIecTBYIOIIMX HU3KHX YPOBHSX
o0JydeHus: MepcoHaa SACpHON MPOMBIIUICHHOCTH, 3()(EKThl 371ech cKopee BEpOSTHOCTHEIE,
4eM U3MEpHUMBIE.

Bausinne Ha 310poBbe HaceJieHHsl TPOMBINUICHHBIX MNPEANPUATHNH KauyeCTBEHHO HE
OTJIMYAETCA OT BO3JEHCTBHS Ha MEPCOHAJ, XOTS JUIsl OOJIBIIMHCTBA 3TO OOCTOSTENBCTBO Oojee
OUYEBU/THO JUISI BO3IEHCTBUSI HOHU3UPYIOUINX U3TyUEHUH, UeM KaKUX-JIH00 3arpsA3HAIOIIUX CPeay
BemiectB. HauOosnbiiee OECIOKOMCTBO BBI3BIBACT, KOHEYHO, HMOHHM3UPYIOIIEE U3ITyUYCHHUE.
[Tockonbky OHO Bcerjga acCOLMUPYETCS C MPOUUIBIMUA UCHBITAHUSIMU SIACPHOTO OPYXKHS, TO U
MOPOXKAAET CEPbE3HbIE ONACeHUsT OTHOCHTEIbHO pPATUAMOHHON O0€30MacHOCTH  SJIEPHOM
sHepreTuku. K cuacThio, paauMoakTHUBHOCTH XOpomio u3Mepuma. Ee BiMsHHE Ha yenoBeka
W3BECTHO W TMOHATHO IO CPaBHEHHIO, HAIPUMEP, CO MHOTMMHU XHMHYECKHMMH BEIECTBAMH,
BBI3BIBAIOLIMMH C T€YEHHEM BPEMEHH PaKOBbIE 3a00JI€BaHMS.

Cy1iecTBeHHOE KaUeCTBEHHOE Pa3Inyre MEXAy aTMOC(HEpHBIM BO3IEHCTBHEM YT OJbHOM
ANEKTPOIHEPIeTUKH U OOJyYeHHEM, CBSI3aHHBIM C HKCIUTyaTaleil aTOMHBIX 3JEKTPOCTaHIIMMA
COCTOUT B TOM, YTO YEJIOBEK, >KMBYIIMA PAIOM C aTOMHOM 3JIEKTPOCTAHLHUEH, II0JIy4aeT B
TE€YEHHE ToJla MEHbIIee KOJINYECTBO 00IyUeHHUs, YeM OT HECKOJIbKUX YacOB IOJIETa Ha caMoJIeTe
(cm. Tabnuy 13), a yronbHbIe 3JEKTPOCTAHIIMHM HACTOJIBKO YXY/IIAIOT Ka4yeCTBO aTMOCQEPHI,
YTO 3TO MOXXET OKa3aTh CYIIECTBEHHOE BIHMSHHE Ha 310poBbe HaceneHus. Kpome Toro,
MOCKOJIBKY yTOJIb COJEPKUT HEKOTOPOE KOJIMYEeCTBa paaus W TOPHHA, TO YrOJbHbIE
3JICKTPOCTAHIINKM BHIOpACKIBAIOT B aTMOC(Epy BMECTE C 30JI0M ropaszao OoJibliee KOJUYESCTBO
PaZMOAaKTUBHOCTH, YeM JIF00ast aTOMHAs! 3JICKTPOCTAHIIHSL.

Tabmuma 13 wUIOCTpUPYET HEKOTOpPhIE THUIMYHBIE 3HAYCHHUS 1103 OOJydYeHHS OT
pa3UYHBIX MCTOYHUKOB H3Jay4yeHMsi. Bxmang B oOmiee oOiaydeHHe OT TMOBEPXHOCTH 3€MITH
MEHSETCSl B 3aBUCUMOCTH OT reorpaduueckoro pacrnojioxenus. B Kanane, Hanpumep, quana3on
no3 mensiercs B cpeaneM ot 500 mo 1100 mukpo3uBeptoB B roj (U3B/ron). Bonusu Cunnes o
kogeosercst ot 160 mo 900 u3s/rox, B 3anmagHoit ABctpanuu ot 20 qo 3000 u3s/rox. I'paxxnane
Kopuyonna B BenukoOpuTtanuu monyyaroT B cpeaneM, npubnusurensno, 7000 u3s/roa. [osza
KOCMUYECKOTO0 U3JTy4YeHHS MEHSAETCS B 3aBHUCHUMOCTH OT BBICOTBI U LIMPOTHL. DKUNAXH
camMoiieToB MoOryT mnonydatb 1o 5000 u3B/romx. A OT mpeanpuaTuil aTOMHON SHEPreTHKH
rpaxaane BenmukoOputanuu, Hanpumep, moxydarot npuoausutensHo 0.3 u3s/ros.

Taoauua 13

HNonmsupyromee wu3iaydenune. OTHOCHUTeIbHBbIE BKJAAbl PA3THYHbIX HCTOYHHUKOB
U3JTyYeHusl.

3emHas nosepxwocmv paouoaxmueHa, U YpoeeHb ee paouoakmueHOCMU NOCMENeHHO
CHUMCAemcsl, NOCKOJbKY pPACNAOAOmMcs O0N20HCUBYWUEe U30MONbL. DmMom paouoaKkmueHblil
pacnad u npueooum K MNOAGIEHUI) UOHU3UpYIOweeo uziydenus. Hapsady c¢ smum  mol
noogepeaemcsi 8030€UCmBUl0 KOCMU4ecKko2o usiyuenus. Briad xocmuueckoeo uziyueHus mem
bonvuwe, wem Ha OoabWel 6blCOMe OM YPOBHI MOPs Mbl HAXOO0UMCs. B dononnenue xk smum
gakmopam, Ml noayuaem Hekomopvle 003bl O00AYYEHUs OM UCKYCCMBEHHbIX UCHOYHUKOS
usnyuenust (Hanpumep, npu penmeeHozpaguu aeckux). B opeanmuzme 63pocnoco uenosexka
cooepacumest npudauzumenvro 13 me paouoakmuenoco kaausa-40, nosmomy mvl dasxce ooyuaem
opyez Opyea Ha O6AUZKUX pacCMOAHUAX!
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Hcrounnku p3s/ron I[u::w
EcrecTBeHHbIE:
[ToBepxHOCTD 3eMJIU + pPaJOH B JOMAxX 200 200-
100000

IToBepxHOCTB 3eMiM + ramMmma-(oH B JoMax 600 }886
Kocmoc (Ha ypoBHE MOp#) 300
+20 Ha kaxzable 100 M Hag ypoBHEM MOpst ... 0-500
IIponoBonbCTBUE, CIUPTHBIE HAIIUTKU U TKAHU 100-

400
YEJIOBEYECKOIO Tea 1000
BCEIO 1500 (rutroc mornpaBka Ha BBICOTY HaJ

YPOBHEM MOPS)
VcKkyccTBEHHBIE:
OT ucnbITaHUM SIEPHOTO OPYKHUS 3

Ho

Menauunna 370 75000
OT aTOMHOM SHEPreTHKU 0.3
OT yroJipHBIX 3JEKTPOCTAaHIUI 0.1
Ot noManiHux npuOopos 0.4
BCEI'O 375
IToBeneHyeckue:
JIBDKHBIM CIOPT M OTIYCK B ropax 8 B HEJIEII0
BozayniHoe nyTeniecTBrie Ha CaMoJIeTe 1.5-5.0 Buac Jlo 5000

Mesicoynapoonas Komuccus no paouonozuyeckoti 3aujume pekomeHoyem 6 0OnoIHeHue
K npupooHomy ony, credyrouue npeoeisvl IKCNOZUYUU.
s nacenenus, 1000 (mo ecmo 1 m36/200)
s nepconana amommou npomviutiennocmu 20000 (mo ecmov 20 m36/200), ycpeonennwiii 6onee
yem @ meueHue 5 nocie008amebHblX Jiem.

Mepsl 1o 3amure oT 00Jy4eHHs] OCHOBAaHbl Ha TIOHUMAHUM TOT0, YTO MaJIO€ yBEJIMYEHUE
9KCIIO3ULIMU 10 CPAaBHEHUIO C €CTECTBEHHBIM YPOBHEM BpsJ JIM HAHECET BPE 340POBbIO, HO, TEM
HE MEHEee, JI0JKHO CBOJIUTHCSA K MUHUMYMY. MexayHapoaHas Komuccus mo paanonoruyeckoi
3amure (ICRP) ycranoBuia ctaHapThl, OCHOBaHHbIE HA TPEX OCHOBHBIX MPaBUIAX:

e Komnencanus. Hukakas TECXHOJIOTHA, CBA3aHHas C paﬂHaHHeﬁ, HC JOJDKHA ITPUHHUMATBCA K
HCIIOJIb30BAHUIO, €CJIN OHA HC ITPUBOAUT K NPCUMYHICCTBAM JIsI ICPCOHAJIA UJIU HACCJICHU.

L4 OHTI/IMI/I3aHI/IH. Z[OSBI O6Hy‘leHI/I$I N PUCKU NOJIKHBI OBITH HACTOJIBKO HU3KHUMH, HACKOJIBKO
9TO AOCTUIKUMO C YUCTOM S3KOHOMHYCCKUX U CONHUAJIBHBIX q)aKTOpOB.

L4 OrpaaneHne. I/IHI[I/IBI/I,Z[yaJ'ILHBIe JO03bI o6nyquI/151 AOJDKHBI UMCTh OTPAHUYCHHS, BBIIIC
KOTOPBIX paIII/IaL[I/IOHHLII\/JI PUCK CUUTACTCA HCAOITY CTUMBIM.

Ot IpaBHJia OTHOCATCA KaK K BO3MOKHBIM aBaprIHBIM CUTyallusM, TaK U K
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CYIIECTBYIOIINM YCIOBUSIM OOJTyUCHHUS.

OcHOBOH Il 3TUX PEKOMEHJALUN SBISIETCS, TaK Ha3plBaeMas, '"NMHHEHas rumoresa’,
COTJIACHO KOTOPOU JIF000H YPOBEHB 03Bl 00IyUeHUs, HE3aBUCUMO OT TOTO HACKOJBKO OH HH30K,
MPUBOAUT K PHUCKY JISI YEJIOBEYECKOTO 3/I0POBbS. IJTO MPEIINOJIOKEHUE TAeT BO3MOMXKHOCTh
onpeaeauTh "KodhGUIMEHTHI pHCKa" MyTeM HUCCIICOBAHMS IMOCICIACTBUN OOMydeHUs JIFoaeh
BBICOKMMH J103aMH (Hampumep, IMocle sAepHO OOMOapIupOBKH SAMOHCKUX TOPOJIOB) U
SKCTPAIOJISIIUU ATUX JAHHBIX B JAWana3oH HM3KUX 103. OJHaKo Hay4YHBIE HCCICIOBAHUS
YKa3bIBAIOT HA OTCYTCTBHE KaKOTro-IHOO pUCKa AJsA 3A0POBbs MpH J03ax 00myueHust Huxke 50
m3B B rof.

OcHOBBIBasiCh Ha O3THUX KOHCEpBaTHBHBIX mpaBmwinax, [CRP pexomeHmayer, dYTOOBI
JIOTIOJTHUTENIbHASL 7032 BBIIIE €CTECTBEHHOTO (poHa (MCKIIOYas MEAMIIMHCKYIO SKCIO3HIIHIO)
OblJIa OrpaHUYEHA MPEINUCHIBAEMBIMU YPOBHSIMU. A OHHM CETOJHS TaKOBBI: OMMH 1 M3B B roa
Juist Hacenenus, 1 20 m3B B ToA B TeUeHHe 0oJiee 4eM 5 JIeT [ epCcoHana.

DaKTUYECKU YPOBEeHb HHAUBHUAYAJIBLHOI0 PUCKA B COOTBETCTBUU C PEKOMEHIALMSIMU
ICRP nns HaceneHUs OYEHb Mall U COCTaBISIET, MPUONM3UTENHHO, | JeTambHBIA HCXOJ OT
pakoBoro 3abonieBanust Ha 20000 gemoBek. Tem He MeHee, BIUSHHE MaJbIX 703 OOJyYEeHHs Ha
3I0pOBbE OOJIBIIUX TPYMHN HACEICHUS TMOCTOSHHO HM3ydaeTcs paguo0uoiioraMu u (hU3HKaAMHU.
Tak, B pe3ynbrare aBapuu Ha UepHoObuibckOM ADC (cM. 6.5) OGosblve Tpynmbl HACEICHUS
MOJIBEPIIIMCh PAAMOAKTUBHOMY OOIYy4YeHHIO, (DaKTHUYECKUE 03bI KOTOPOTO MPUOIU3HTEIHHO
W3BECTHBI. Pe3yibTaThl M3yYeHHs] OTHNAJCHHBIX TIIOCJICACTBHUH OTOM Tpareauu OyIyT
CIocOOCTBOBAThH JIy4IIEMYy MOHMMAHUIO BIUSHUS MallbIX /103 OONy4YeHHsI Ha 370POBBE, €CIIU
TakoBO€ B0OOOIIEe nmMeeT MecTo. CeroaHsIIHNEe 3HAHUS OTHOCUTEBHO BIIUSHHS W3TyYCHUS HA
3I0pPOBbE JIOACH TMOJY4YCHBI B OCHOBHOM TIPHU HCCJIECIOBAHUU TOCIEACTBHI OOMOapaupOBOK
Xupocumsl 1 Haracaku B 1945 ropy, rjie moiaydeHHbIE 03B ObUIO JOCTATOYHO TPY/IHO OIICHUTD.
Koneuno, Ha0momanoch OYEBUAHOE YBEIMYCHHE YHWCIA 3a00JIEBaHUN HEKOTOPHIMH THIIAMH
neiikeMuu, TMM(OMBI, TIOSIBICHHUS PAKOBBIX HOBOOOPA30BaHUM CPEIU OCTABIIMXCS B KUBBIX.

YenoBeueckuid OpraHu3M HMMEET 3allUTHBIE MEXAaHU3Mbl NPOTHUB ITOBPEKICHHIA,
BBI3bIBAEMbBIX MOHU3UPYIOIIUM H3TyYEHUEM, TAKKE KaK MPOTHUB BO3JICUCTBUS KAaHIIEPOTECHHBIX
BemecTB. OgHAKO, OOBIYHO OPraHW3M HMEET [eJI0 TOJIBKO C OTHOCHUTEIHHO HEOOIbIINM
KOJINYECTBOM TMOBPEKACHUNA B KaXKIbli MOMEHT BpPEMEHHU. Y OCTaBIIHMECS B KUBBIX IOCTE
aTOMHON O0OMOApIUPOBKHU SIMOHCKHX TOPOJIOB OBUIO OYEHB OOJIBIIOE KOJIUYECTBO MOBPEKICHHUMA
B opraHusMe cpa3y. HekoTopsie mompaBKu Ha 3TO OOCTOSTEIHCTBO JACIAOTCS MPU ONPECTICHIUN
npodeccuoHanbHBIX puUCKOB. Ho, TeM He MeHee, CerogHs CTeMeHb 3alluThl OT
MaJIOMHTEHCUBHOTO U3JIyYCHHUSI HAMHOTO OOJIBIIIE, YeM TPEOYIOT TaKUe OCTOPOKHBIE OIICHKHU.

Ilayronmii - mpeamer ocoboro OecrmokoiictBa. Kak oTrmeuanoch B 5.2, TUTyTOHHI
o0pasyeTcs B pe3yJibTaTe SACPHBIX PeaKifii, HaKaruBaeTcs B 0OTpab0TaHHOM SIJICPHOM TOILIIHBE
W BBIIEISETCS M3 HEro Iocie chenuaibHoil mepepabotku. [lmyTonuil siBiserca Haumbosee
TOKCUYHBIM 3JICMCHTOM, H3BCCTHBIM 4YCJIOBCUYCCTBY, W MNPCACTABIIACT 60JII>LHyIO OIIaCHOCTBH,
KoTOopylo Hajxo usberarb. HeoOGxoammo, oJHAaKO, CpaBHUTHh €ro TOKCHUYHOCTb C JPYTHMH
MarepuagaMy, BCTPEYAIOLIMMUCS B HAILLIEH KU3HU. ECiIN Iy TOHMI 1ONIajaeT BHYTPb OpraHu3Ma
C MHUIIEH, TO OH MEHee TOKCHYEH, YeM LIMAaHUH WJIM apCeHU]l CBHHIIA U BJIBOE TOKCHYEH, YeM
KOHIICHTPAT KO(l)GI/IHa nu3 KO(be. Ero rnaBHas omacHOCTH MPOABJIACTCA MPU BABIXaHUKU BMCECTC C
MEJIKOIUCTIEPCHON MBUIbI0 U MOCIEAYIOIIUM IOTJIOIIEHHUEM €ro B JIETKUX. DTO YBEJIWYHBAET
BEpPOSITHOCTh BO3HUKHOBEHUS paka B 15 u Oonee pa3 MO MPOIIECTBUIO HECKOIBKUX JIET.
Nmerorcs  3aperucTpupoBaHHbIE JTOKyMEHTAJbHBIE CBHJIETENBCTBA HECYACTHBIX CIIydyaeB
BO3HMKHOBEHHUS paka, WHUIUUPOBAHHOIO BIMsSHUEM IulyTOoHUA. 3a 30 jeT mociae BTOpOM
MHPOBON BOMHBI OKOJO CEMU TOHH IUTyTOHHS OBUIO paccessHO B BEPXHHUX CIOSIX aTrMocdepsl B
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pe3ynbTare SAEpHbIX HUCHOBITaHUN. BpenHele no0OYHBIE JEHCTBUS, TEM HE MEHee,
3aperucTpUpPOBaHbI HE OBUIH.

BimsiHue Ha srogedl paguanuy M KAaHLIEPOTCHHBIX BEIIECTB, BBI3BIBAIOLIUX PAKOBBIE
3a00JeBaHMs, JOJDKHBI pPAacCMaTpuBaTbcs C TOYKHM 3pPEHHMS BO3HUKHOBEHHS OTJAJICHHBIX
OTPHULATENbHBIX TMOCIEICTBUNH. MBI JAOKHBI OBITH OOECHOKOEHBI HE TOJIBKO BIMSIHUEM ATHX
(akTOpOB Ha JIIOJEH, JKUBYIIUX CETOJHs, HO U OLEHMBATh UX KyMYJISITUBHOE BO3JIEHCTBHME Ha
cienyromue MnokosneHus. Hekoropble paauoakTHBHBIE MaTepHalbl pacnafaroTcsl OBICTPO U
CTaHOBSITCS O€30MACHBIMU IO HCTEUEHHIO HECKOIbKHX JHEH, Hellelb WIM HECKOJBKUX JIeT,
JIpyrue e OKa3blBalOT BO3ACHCTBUE B TCUYCHME JOJIIOr0 BPEMEHH, TAKKE, KaK U HEKOTOPBIE
XMMHMYECKHE BEIECTBA, BbI3bIBatOIIME pak. KOHEYHO, HEKOTOpBIE TOKCUYHBIE BEUICCTBA, TAKHE
KaK TsDKEJIble METAlUIbl TUIA PTYTH, KaJAMWS WIA CBUHLA, SBJISAIOTCS €CTECTBEHHOM YacCThIO
Haled cpeapl OOMTaHMs, KaK M, BIPOYEM, OKpPYXKAIOILIEe HAC, MOHU3MPYIOLIEE H3IydEHHE.
I'maBHast 3amada As1 pyKOBOAUTENEH rocy1apcTB M KPYIMHBIX KOMIIAHUH COCTOUT B TOM, YTOOBI
IIPEIOTBPATUTH HAKOIUICHUE YPE3MEPHBIX KOJIMYECTB TAKUX TOKCUHOB, HAHOCSIIMX BpPE JIOASIM
ceroHs Wiy B Oynymiem. Periennem Takoi 3a1a4u MOKET CTaTh MIPUHATUE KECTKUX CTaHJapTOB
Ha OCHOBE BCECTOPOHHEI0 N3Y4YCHHS YEIIOBEKA U OKPY KAIOIIEH €r0 CPEBlL.

6.4 I'eneTnueckue 3¢ pexTnl

[TpubMM3UTENHHO MIECTHIECAT JIET TOMY Ha3aj ObLIIO OOHAPYKEHO, YTO MOHHU3UPYIOIIEe
M3Iy4eHHEe, KOTOPOE TIOCTOSHHO TPHCYTCTBYET B CpelIe HAIIero OOWTAaHHS, MOXKET
CTUMYJIMPOBAaTh I€HETUYECKHE MyTaluud. VIHTEHCHMBHOE HM3y4E€HHME IOKa3ajlo, YTO H3Iy4YECHHE
MOXET CTaTh MPUYMHOM MYTalMi B PACTEHUSAX U MOAOIBITHBIX KUBOTHBIX. OTHAKO, PE3YyJIbTATHI
JKCIEPUMEHTAIBHBIX MCCIIEIOBAHNIN IT'€HETUUECKUX MOBPEXKICHUN B UEIOBEYECKOM OpraHu3Me,
BBI3BAHHBIX HWOHM3HPYIONIMM HW3ITyuYeHUEM (Jake B pe3yibTare TMOTydYeHHUsS OONBIINX 03
00JIyuyeHUsl, MOJyYeHHbIX, HAaIPUMEp, OCTaBIIMMHUCS B JKUBBIX MOCJE aTOMHOI 00MOapAHpOBKU
SnoHun), ykas3slBaloT Ha TO, YTO HUKAKUX 3¢ (eKToB MyTanuii y Jiojeil He BO3HHKAeT.

B xmetkax pacTteHuid W KMBOTHBIX MPUCYTCTBYET OCOOBIM "CTPOUTENBHBIA" MaTepuai
(AHK), xoTOpBIii HECET TeHETHUYECKYI0 HH(OPMAIIHIO, HEOOXOAUMYIO JUISl ICJICHUS U Pa3BUTHSA
KJIETKH, WU sBisieTcs HauOosiee yS3BHUMBIM IPU BO3JACHCTBUM HMOHU3HPYIOUIETO H3Ty4YEHUS.
Muorue u3 noBpexaeHuii JIHK mogmaroTcss BOCCTAaHOBICHHUIO, HO B HEOONBIINX KOJTHYECTBAX
kietok ctpykrypa JJHK wmensercs. 3To MOXeT mpuBecTH K THOETH KJICTKH WM K Pa3BUTHIO
paka. Ilpu Bo3neiicTBMM Ha KIETKH, (QOPMHUPYIONIME TKAHH TOHAJ, W3MEHCHHS, MOTYT
nepeaBaThCs CIASAYIOUIMM IOKOJIECHUSIM B BUJIE TeHETUYEeCKUEe MyTaluid. B cBoeM GomnbIIMHCTBE
TaKhe MYTAIlMOHHbIE W3MEHEHUsI BpEIHbI, M JIMIIb OYEHb HEMHOTME MOTYT OKa3aTbCs
IOJIE3HBIMU.

YpoBHH 00MydeHUs, JOIyCTHMBIE JUIsL HaceJeHusT U TMepcoHana B sACpHOU
MIPOMBIIIJIEHHOCTH, CETOJIHSI TAKOBBI, UTO JIIOOBbIE TEHETUYECKUE MOCIEICTBUS HE Ha0II01at0TCs
1, CKOpee BCEro, OHM MPOCTO HE CYMIECTBYIOT. DTH YPOBHU OMpPEACICHBI TAKUM 00pa30M, UYTOOBI
NpEAOTBPATUTh TOBPEKICHUE TKAaHEH W  MHUHHMM3UMPOBATh PHUCK TIOSBIICHHS  paka.
DKCTIepUMEHTAILHOE JTaHHBIE CBHJIETEIBCTBYIOT, UTO TAKOE BO3JIEHCTBUE OOJIEe BEPOSITHO, YeM
BO3HMKHOBECHHE TCHETHYECKUX TMOBpexacHui. Tak, mpubmusurensHo 75000 HOBOPOXKICHHBIX
JeTel, POIUTENH KOTOPHIX MEPEeKMIN BBICOKHE 103l 00iyueHus B Xupocume u Haracaku B
1945 romy, HAXOOWIUCh TOJA THIATSIHHBIM MEIUIIMHCKAM KOHTPOJIEM. OTH HAOII0ICHUS
MOATBEPAWIIN, YTO HUKAKOTO YBEJIMUYEHUSI T€HETUYECKUX MATOJIOTHM B pe3yJibTaTe BO3JIEHCTBUS
OOJIBIITUX 103 00JIyYCHHS HE TIPOUCXOIUT.

Ku3znp Ha 3emiie 3apoauiiach U Pa3BUBAIOCH B YCJIOBHSX, KOTZIa OKpy»Karouas cpeaa
OblTla B HECKOJIbKO pa3 Oosiee paAlOaKTHBHA, YeM ceivac, U paJMOaKTUBHOCTb - HE HOBOE
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sneHne. Ecmm MBI YBCPCHBI, 4YTO CCrogHd HCT HHUKAKUX JApaMaTHYCCKUX HOCHCﬂCTBHﬁ,
BbI3BAHHBIX q)OHOBLIM O6Hy‘leHI/ICM, TO MaJIOBEPOATHO, YTO TCHCTHUYCCKUC MOCJICIACTBUA,
BbI3BAHHBIC HOHU3UPYIOIINUM U3JIYUCHUCM, KOFIla-J'II/I6O B 6y)1ymeM CTaHYT CYIICCTBCHHLIMMU.

6.5 be3onacHOCTh peakTOpoB

B mnacrosimee Bpemsi MMEIOTCS OOIIMPHBIE CTAaTUCTHYECKHE JAHHBIC, KacarolIHecs
0€30MacHOCTH SACPHBIX YycTaHOBOK. OpHako, nans OONBLIMHCTBA JIOACH aOCONIOTHBIC
XapaKTepUCTHKU Ooyiee yOeAWTENbHBI, YeM MAJIONOHSTHAS BEPOATHOCTHAS CTaTHUCTHKA. B
meuenue oonee uem 9500 peaxkmopo-nem IKcnayamayuu A0EPHLIX YCHIAHOGOK 6 Mupe
3agpukcuposan auuib O00UH CePLE3HLLI UHUUOEHM, KOMOPblil, meM He MeHee, He C8A3AH C
KOHCMPYKYUOHHBIMU 0cOOeHHocmamu peakmopa. WV Tonbko 3TOT, '"caMbIid TsDHKENbIA"
CIeHapuil aBapuu, MPUBEN K UYeJIOBeUeCKUM kepTBaM. CyIleCTBEHHO, YTO BOT YK€ HYEThIpe
NECATUIICTUS SACpHBIE TEXHOJOTMH HCIOJNIb3yeTcsl B 32 cTpaHax, a HEKOTOpbIE JIEHCTBYIOIIHE
CETOAHSI PEaKTOphl OBUTUM TOCTPOSHBI COPOK JIeT ToMy Haszaa. OmHako, 3TO HE JaeT HaM
OCHOBAaHUM /I HUCKJIIOYEHHsS] BO3MOXKHOCTHU KaKUX-THOO aBapui, JAaxke TpU CTPOroM
BBITIOJTHEHUH BCEX TEXHUYECKUX CTAHIApPTOB.

BONBIIMHCTBO CIEHApUEB pA3BUTHS ABAPUMHBIX CUTYAllMil pacCMaTpPUBAET, MPEKIE
BCErO, TMOTEPI0 OXJAXKICHHUS pPEaKkTopa. ITO MOXKET MPUBOAUTH K PACIUIABICHUIO TOIUIMBA B
aKTUBHOI 30HE SJEPHOrO peakTopa U BHIOPOCY B OKPYKAIOUIYIO Cpeay MPOAYKTOB JIEICHHUS.
[ToaTomy, 00s3aTenbHBIM SIBISETCS HAIMYME PE3EPBHBIX CHCTEM OXJIAXKICHHS peakTopa. B
clly4ae, €ciM ¥ OHM HE cpadaTbiBalOT JOJDKHBIM 00pa3oM, B KOHCTPYKIMH PEaKTOPOB
MpeIyCcMaTpUBAETCs CHUCTEMa 3allUTHBIX 0apbepoB, TMPEJOTBPAIIAOIINX PATAOAKTHBHOE
3arpsisHeHue cpeapl. Kak cramo odeBuano B 1986 romy, He Bce M3 paHee pa3paOOTaHHBIX B
CCCP peakTtopoB uMenH Takyl 'rayOoko »mienoHupoBaHHywoo" 3ammry. Ceromss,
NpUOIU3UTENBHO, OJIHY YETBEPTYIO YacTh CTOMMOCTH PEaKTOPOB COCTABIIAIOT 3aTpaThl Ha
obecrieueHne CUCTEM 0€30MaCHOCTH, TAPAHTUPYIONINX MEPCOHAT U HACEICHHE OT MOCIEICTBUN
pa3IUYHBIX HEIITATHBIX cuTyaruii. B Tabmuie 14 mokazana MeXIyHapoJHas IIKanda SACPHBIX
WHIUICHTOB.

ABapus 1979 rona Ha aTtomHoii 3jexktpoctanuuu Tpu Maiia Aisenn B CHIA
MPUBJIEKJIa BHUMaHUE K pPa3pabOTKe CHUCTEM, MPEJOTBPAIIAIOIINX PACIUINBICHUE aKTUBHOM
30HBI pPEaKTOpa W MPEeIOXPaHSIONINX PEaKTop OT cOoeB B pabore. BrIOpOC paamoaKkTHBHBIX
BEIIECTB B aTMoc(epy B pe3ysibTaTe 3TOW aBapuu ObUT Mall, @ MaKCUMaJIbHas /1032, MOJy4YeHHAs
HaceJICHHEM, TPOKUBAIOIINM OKOJIO 3JIEKTPOCTAHIINH, ObLIa 3HAYUTEIBHO HUXKE YCTAHOBIICHHBIX
MIPEIEIOB, XOTS PEaKTOp M ObUI CHAT C SKCIUTyaTallud. DTOMY CIIOCOOCTBOBAJIA, TAK Ha3bIBaemasl,
repMoo0oiouka (KOHTPMHMEHT), BHYTPU KOTOpPOHM pa3memancsi cam peaktop. OpHako, 3Ta
aBapus TPOM3BENA CYIIECTBECHHBIM OOIIECTBEHHBI PE30HAHC, HAHECIAa CEPhE3HBINH yaap IO
sanepHoil mpombinuieHHocTH CIIIA 1 HeOnarompuaTHO CKa3anach Ha TEMIAaxX PocTa SAEPHOM
sHepretuku B CIIIA u B Mupe.

Cepbe3nasi aBapusi B Uepnoobiie B 1986 roay crowna xu3zau 31 denoBek (mepcoHat
CTaHIIMH U TOXKApHBIE), 28 U3 KOTOPBIX MOTUOIM B pe3yibTaTe PaJAUallMOHHOTO MOPAXKEHUS OT
octpoit nyueBor Oose3nu. Ilozke ObuTO 3apeructpupoBaHo okojo 800 ciydaeB paka
ITUTOBUTHOM JKeJIe3bl y eTel, OONBITUHCTBO U3 KOTOPHIX OBLITN U3JICUYCHBI, a MPUOIUZUTEIHHO B
JecsITH ciydasx ObUl OTMEueH JieTaldbHbIM ucxod. Hukakoro yBennueHus ciaydaeB JIEHKEMHH
WM TIOSIBICHUS PaKOBBIX HOBOOOpPa30BaHUU HE OBUIO OOHAPYKEHO B TEUYCHHE MOCIEHAYIOIINX
necatu jet. Tem He meHee, "MupoBasi opraHu3alii 3ApaBOOXPaHEHUs" 0XKUIAET HEKOTOPOTO
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YBEJIMYEHUS  PAKOBBIX 3a00JEBAaHUI B CIEAYIOLIEM JECATUIETUH, U CIUCOK JXEPTB OT
OTJAJICHHBIX MOCIEJACTBUN HAa 3J0pPOBbE MOJKET YBEJIWYUTHCA. B pesynbTaTe aBapum OKOJIO
130000 nroneit momy4usiu 103kl OOJNydeHMs BhILIE MpeaenoB, pekoMeHayeMmbix ICRP, u ux
3I0POBbE TMOCTOSIHHO KOHTPOJUPYIOTCS "MupoBOM  opraHuzanuend 31paBOOXpaHEHus".
PanuoakTBHBIE BBIOPOCHI PACIpPOCTPAHUIUCH IO OOLIMPHBIM  00JACTIM EBponsl  n
CkaHnvHaBUM, TPUYUHWIN YIIEpPO CEIbCKOXO3AWCTBEHHBIM YTOJbSM, YBEIHUUIN J030BYIO
Harpy3Ky Ha OOJIbLIIUE TPYIIIbI HACEIEHMUSL.

ABapus B UepHOOBLIE MPUBJIEKIA OOIIECTBEHHOE BHUMAaHUE K HEOOXOAMMOCTH HATHYUS
Ha PEaKTOPHBIX YCTAaHOBKAX CIEIHAIbHBIX T'epM0O000JIOUEK, KOTOPBIMU CHA0KEHBI PEaKTOPHI B
CIIA u EBponie. Kpome Toro, oTka3 oxyiaxaaromux cuctem B peakrtopax tuna PBMK, kotopsie
yCTaHOBNICHBI Ha YepHOOBUIBCKOM aTOMHOM 3JIEKTPOCTAHLMHU (PEaKTop OONBLIOW MOLTHOCTH
KaHaJIbHBII), BEJIET K CyIIeCTBEHHOMY YBEIMUEHHUIO BhIpabaThiBaeMON peakToOpoM MolHOCTU. B
aBapUMHBIX  COCTOSHUSX PEAaKTOpbl BCEX THUIOB MOIYT HCHBITBIBaTh  YBEIUYEHHUE
BBIPa0aTHIBAEMOM MOIIHOCTH, KOTOPOE PEryJHUPYeTCs] CUCTEMON OCTAaHOBKHM peakiuu. Jlerko-
BOJHBIE PEAKTOPBI, B KOTOPBIX XJIaJar€HTOM CIYXHUT BOJa, aBTOMaTHYECKU TEPSIIOT MOILHOCTb
IpU TOTEpPE OXJAXKJIEHUS, U 3aTeM MOTYT ObITh OCTAHOBJEHBI C MOMOIIbIO YHPABISIOLIUX
crepxHeil. B peakropax CANDU, ¢ pa3zaeneHHbIM yIpaBJI€HUEM U OXJIAXACHUEM, aHAJIOTUYHBIN
ypOBeHb 0€30MacHOCTH JOCTHUTaeTCsi HATM4YMEeM JABYX CHCTEM, KOTOpble (DYHKIMOHAIBHO H
¢u3nyecku He3aBUCUMBI ApYT OT apyra. OnHa U3 HUX COCTOMT M3 IMOTJIOMIAIONINX CTEP>KHEH,
KOTOpPBIE€ OMYCKAaIOTCS B AaKTHUBHYIO 30HY, a BTOpas - W3 JKUJAKOIO IOTJIOTUTENST HEUTPOHOB,
KOTOpBIM MOCTynaeT B BOJAY yHpasisomiero kaHaia. O0e cucTeMbl HOTIIOMAIOT HEUTPOHBI U
OCTAHABJIMBAIOT LIETTHYIO PEAKIIUIO JECICHMUS.

UepHOOBUIbCKAsE aBapus NPOM30LUIA M3-32 COUYETaHMS HEIOpabOTOK MpPOeKTa U
HapyUIeHUM MpaBWi SKCIUTyaTallid  BCIEACTBHE OTCYTCTBHUS KYJbTYphl 0€30MacHOCTH Yy
nepconana. [locne aBapun ObLIIM BHECEHBI CYIIECTBEHHbIE H3MEHEHUS B CUCTEMBI O€3011aCHOCTH
Ha 15 peakropax tuna PBMK, skcnmyatupyembix B Poccuu, Ykpaune u JluTtBe u OgHOM,
HaxoJsAIMMcs B craguu crpoutenbctBa B Poccun. CraHpapTHbIE NPOEKTHI POCCHUMCKUX
PEaKkTOpOB CETrOAHsI 00s3aTeNbHO COJEpKaT IepMOOOOSIOUKY, aHAJIOTUYHO peakTopaM THIMa
PWR. Pazpymennsiii ke UYepHOOBUILCKHI ~ peakTOp MOMELIEH B TepPMETHUYHBIA capKodar.
Hpyrue Tpu OJloka Ha 2TOW ATOMHOM AJIEKTPOCTAHIIMM IIOCJIE€ aBapUh BO30OHOBHIM CBOIO
paboTy, HO MO PEIICHUIO MpaBUTENbCcTBAa Y KpauHsl B KoHile 2000 rona YepHOOBUTECKASt aTOMHAS
ANEKTPOCTAHIINA ObljIa MOJTHOCTHIO CHATA C SKCILTyaTalllu.

B ortuere skcneptoB "OpraHuzauuy >KOHOMHUYECKOTO COTPYJHHYECTBA M pa3BUTHS"
OTHOCUTEIILHO 3TOM aBapuu roBopurcs, uto ""Yepnoodwvirvckas asapus ne npoauna ceem Ha
Kaxkue-1ubo Hoevle, paHee Heu3BeCmHble A6IAEHUA UlU npodremvl 6e30nacHocmu, Komopule
He peuienbl UU He 0X8a4YeHbl MEeKYWUMU NPOZPAMMAMU RO DE30NACHOCMU KOMMEPYECKUX
IHEpPZeMUYeCcKuUx peaxkmopoeé 6 zocyoapcmeax uaenax "Opeanuzayuu IKOHOMUUECKO20
compyonuyecmea u pazeumusn'’

Taoauua 14
MexayHapoaHasi IKaJIa sePHBIX aBapui
CreneHn " IlociaeacTBus BHE TlociaencTBua HA
Mpumepsl
OonHCcaHHue miaomaaku A9C miaomaake AI9C
CUJIbHBIN BBIOpOC: | MakCUMAJIBLHBL;

7. Tsoxenas p ’ YepHOOBLITB, CCCP,
ABADISL TSDKEJIbIE TOCIEICTBUS IS | TSOKEIbIE TTOBPEKICHUS 1986

P 310POBBsl HACEJICHUs U JUIsl | aKTUBHOM 30HEI Hu
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OKPYXaIOIIEH Cpebl

busnuecknx 6apbepoB

3HAYUTENBHBI  BBIOPOC:
edyercs
Tpeoy Tsxenble MOBPEXKICHUS
6.Cepbe3Has noJIHOMacITabHOe o
aKTUBHOM  30HBI U
aBapus BBITIOJTHEHHE TJIAHOBBIX
. ¢uznueckux 0apbepoB
MEpONPUATHIA o
BOCCTAHOBJICHHIO
OrpanuyeHHblii  BBIOpOC: Windscale,
5.ABapus ©
e TpedyeTcs gactuaHoe | Tspkenbie moBpexaenus | Benmukoopuranus, 1957
p . |BBIIOJIHEHUE IJJAHOBBIX |aAKTUBHOM ~ 30HBI U |(BOCHHBIH peakTop);
OKpYKaroIieu . . o
. MEPOTIPUATHIA 1o | pu3uyeckux 6appepoB |Tpu Maiin  Ditnenn,
p BOCCTAHOBJICHUIO CIIA, 1979
Cepbe3Hble
4. ABapus  6e3 p .
o MOBPEXICHUS Saint-Laurent, ®pannus,
3HAYUTENbHbIX |MUHUMaNbHBI  BBIOpOC: N
aKTUBHOM 30HEBI n|1980;
PHUCKOB JUIst | 0OJydeHHe HaceJIeHus B .
. ¢usnueckux Oaprepos;|Tokai-mura,  SAmonwus,
OKpYy XarloIle |mpenenax JOMyCTUMOTO
CpebI obmydenue nepconaina c|1999
p JIETAIbHBIM UCXOJ0M
Cepbe3Hoe
[Ipenebpexumo MaJIbI} | pacIpOCTPaHEHUE Vandellos, Hcnanus,
3.Cepbe3nblii  |BBIOpOC: o01y4eHue | paoaKTUBHOCTH; 1989 (mokap, HHUKAKOTO
WHIUJICHT HaCEJICHUs HUKE |00JTydeHHe NepcoHaa C|paJIuoakTUBHOTO
JOIyCTUMOTO TIpeiena CEPbE3HBIMU 3arpsi3HEHUs)
MIOCJICICTBUSIMU
2. Uannneur Homb Honb
l.AnomanbHas
Hoump Honp
CUTyanus
0.CoOpiTHE €
oTKJIOHeHHeM [Homp Honp
HUOKE [IKaJIbI
Hctopusi pa3BuTHs aTOMHOW SHEPreTUKU 3HACT MHOXECTBO AaBAPUHHBIX CHUTYAIH,

MPOUCIICIINX HAa YKCIIEPUMEHTAJILHBIX U BOCHHBIX PEAKTOPAX, HO HU OJIMH U3 ITHX CIy4aeB HE
MpHUBEN K TUOENH JIOJeH, MPOKUBAIOIIUX BOMU3U SIEPHOTO OOBEKTa, WIH K JIUTEIHHOMY
3arpsi3HEHUI0  OKpykaromel cpensl. Crnenyrormmas Ttabmuna (Tabmuua 15) wmmoctpupyer
HEKOTOpBIC CEPhE3HbIE aBapWM Ha peakTopax. Bce aBapuu, moka3zanHble B TaOmume 15,
COOTBETCTBYET OIleHKe 4 WM BbIle 10 MeXIyHapoaHOH ImKane sjuepHbIx aBapuid (Tabmuma
14). Cnedyem noouepkuyms, umo NpPOMbBIULICHHDBLI DPeaKmop He Modcem npu Jiooblx
00cmoamenbcmeax nPOCMo 630P8AMbCA NOOOOHO MepPMOoAOepHOoll Homobe.

Taoauua 15
Cepbe3Hble aBapuM HA BOEHHBIX, HCCJIEI0BATEIbCKUX I KOMMEPYECKHX PeaKkTopax

CMmepre/ibHbIE Bimsinue Ha
PeakTop Mara KommenTapun
cay4yaun OKPY/KAKOLLYI0 Cpexy
NRX, Kananma BoccranosneH,
(axcnepumenTain | 1952 |Honb Homns (3akppiTr B 1992
BHBIM  pEaKTop, roay)
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40 MBT)
Bunackaiin-1,
Bemukobpuranu [[lupoko pacnpeneeHHoe
s (BOCHHBII 1957  |Homs 3arpsi3HEHUE, TOBPEXKICHUE Morpe6en
peakTop, xparwmima (Beiopoc 1.5 x
MPOU3BOASIIUI 10" bk)
LTy TOHHIA )
SL-1, CIIA
(aKCTIepUMEHTa .
. . Ouenb HE3HAUYUTETbHBII
bHBIM, BOEHHBIN|1961 |Tpu omepartopa . OcraHoBneH
PaAMOaKTUBHEIN BBIOPOC
peakTop, 3
MBrT)
®epmu -1 CIIA
(e Boccranosines,
o 1966 |Homs Hons (Bamymen B 1972
BHBI  Opuzuep, roxy)
66 MBr) Y
JIrtocuHc,
[IBennapus .
Ouenb HE3HAYUTEIbHBIH
(akcmepumenTan (1969  |Houb . OcranoBneH
o PaAMoOaKTHUBHBIIN BBIOPOC
BHBI  peakTop,
7.5 MBT)
bpaync ®eppu,
CIIA
(xommepueckuit {1975  |Hoab Homns Boccranosnen
peaktop, 2 X
1080 MBr)
Tpu Maiin HesnauurenbHas
AnmHA-2, KpaTKOBpEMEHHAsI no3a
CIIA 11979 |Homs oOmydeHus: HaceneHus (B OCTaHOBICH
(KoMMepUecKuit npeaenax npenenoB [CRP),
peaxrop, 880 BbIOpOC KpunToHa-85 2 X
MBT) 10 " B
Canr-JlopeHu-
A2, ®paHuus HesnaunteapHbBIN Boccranosnes,
(xommepueckuid (1980 |Homnb paanoakTUBHEIN BeIOpOC (8|(ocTanoBneH B 1992
peakTop, 450 x 10 ' Bk) TOJy)
MBrT)
YepHoOBLTE-4, .
PamnoakTuBHBINA BEIOpOC Ha
Ykpauna 31 wdenoBek wu3 o
. TEPPUTOPUU BocTounoii
(kommepueckuit (1986  [mepconana u [TorpeGen
EBporier n  CkanauHaBUU
peakrop, 950 MoKapHbIe (11 x 10 " Bx)
MBT)
Bannemoc-1,
Ucnanuns
(xommepueckuit {1989  |Homab Homns OcraHoBneH
peakrop, 480
MBT)
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[Tpu MakcuManbHBIX aBapusx (Tuna aBapuii B Bunackasiine B 1957 roxy u B UepHOOBLITE
B 1986), rmaBHast OMacHOCTbH JJIS1 3J0POBBSI UCXOAUT OT MPOAYKTOB AENEHUS, TaKuX Kak noa-131
u ne3uii-137. OHu OMOJOTMYECKH aKTHUBHBI, U NPU TONAJaHUM B OPraHU3M BMECTE C MHUIIEH,
3anepxkuBaroTcst B HeM. Moa-131 mMmeer nepuop nomypacnaza 8 [HEH, W ONAaceH B TEYCHHE
MIEPBOTO MecsIa mociie aBapuu (MMeHHO noA-131 BBI3BIBAT pakoBBIE 00pa30BaHUS ITUTOBHTHOM
xkene3bl nocie YepHoObuibekolr aBapum). Lle3uit-137 umeer mepuon momypacnaga 30 jeT, u
MOSTOMY TMOTEHIMAJIFHO OMAceH B KauyecTBE NMPUMECH B TpaBaxX Ha MAcTOMINAX M B 3€PHOBBIX
KyabTypax. Taxke omaceH W wm3oron Le3us-134, KOTOpbII HMMeeT IEpUOJ MoJypaclaja,
MpUOIM3UTENBHO, 1Ba ToAa. B To Bpems kak omacHoe Bo3jaelcTBUE mona-131 mMoxkeT ObITh
YMEHBUICHO CIELUaJIbHBIMA MEpaMHU (3BaKyalueil HaceJIeHUs ¢ 3arpA3HEHHBIX TEPPUTOPUI Ha
HECKOJIbKO HeJesb, HOAHON NMpOo(MIAKTUKOM), panOAKTUBHBIA I€3Ui MOXET HpPEensiTCTBOBAThH
IIPOU3BOJCTBY NPOJOBOJILCTBUS HA 3arPA3HEHHBIX 3€MJISIX B TEYEHHE JOJITOro BpeMeHu. [pyrue
paZMOaKTUBHBIC BEIIECTBA, NMPHUCYTCTBYIOIINE B aKTUBHOW 30HE peakTopa, 00paszyloTcs HE B
TaKuX OOJIBIIMX KOJMYECTBAX U HE SABISIOTCS OMOJIOTMYECKM aKTHBHBIMM (CTPOHIMM, TeTyp-
132, TpaHCypaHOBBIE 3JIEMEHTBHI).

HecmoTpss Ha BHYIIMTENTBHBIM CpPOK O€30MACHOW SKCIUTyaTalldd IPOMBITTUICHHBIX
SIIEPHBIX YCTAHOBOK, Ha UX IMOCTOSHHOE COBEPIIEHCTBOBAHME, KOTOPOE AENAET MPAKTUYECKU
HEBO3MO>XHBIM KaTracTpo(hpuueckoe paJuOaKTUBHOE 3arpsi3HEHUE OKpYyXKawoleil cpensl,
HUMEIOTCS TaKHUE JIFOH, KOTOPbIE IPOTUB PUCKA UCIIOJIb30BAHUS SIAEPHON 3Hepruu. VX onaceHus
JIOJKHBI OBITH CTPOrO B3BELIEHBI C TOYKU 3PEHUS BBITOJIbl, KOTOPYIO IIPUHECET YEIOBEYECTBY
HCIIOJIb30BAaHUE SIACPHOM HHEPrUM. AHAJIOIMYHO TOMY, KaK OIACEHUs HEKOTOPBIX JIOAEH
OTHOCHUTEJILHO HCIIOJIB30BAHMS CaMOJIETOB, IOJIETBI Ha KOTOPBIX HE MEHEE OMACHBI, JOJIKHBI
ObITh COaJIAaHCHPOBAHbI C TOW IMOJB30H, KOTOPYIO MPHUHOCHT AaBHAIMA OCTaJIbHON YacTH
HaceneHus. Kak Obl TaM Hu ObUTO, OalaHC MEXIY PHCKaMM U BBITOJAMHU OTHIOAb HE MPOCTast
Hay4Has 3ajJa4a.

I'JIABA 7
IMNOJMUTUYECKHUE U CTPATEI'MYECKHUE ITPOBJIEMbI

OTHoIIEHUE K SAEPHBIM TEXHOJIOTHUSAM BCerja ObUI0 HEOJHO3HAYHBIM MOJO0OHO MHOTHM
JIPYTUM TEXHOJOTMYECKMM HOBIIECTBAM. OTH TEXHOJOTHM, C OJHOM CTOPOHBI, JajH
BO3MOKHOCTh YeJIOBEYECTBY O0OpPATUTHCSH K (PaKTUUECKH HEOTPAHWYCHHOMY MCTOYHHMKY SHEPTHH
B YCJIOBUAX IMOSIBUBIIMXCS OTPAHUYECHUH B MCIIOJb30BaHMM OpraHM4eckoro romiusa. C apyroi
CTOPOHBI - IPHUBEJIM K yIpO3€ HMX BOEHHOI'O MCIIOJNb30BaHMs. Bompoc, KOTOpBI MBI 37€Ch
paccMOTpPUM, COCTOUT B CIEAYIOUIEM: 00 KAKOUW CHeEeneHu u KAKuM Hymem Rpou3eo0cmigo
INEKMPOIHEP2UU C NOMOULLIO ADEPHBIX MEXHONO2UTI YMEHbUIAEm PUCK PDACRPOCMPAHEHUS U
UCNOIb306AHUA A0EPHO20 OPYHCUA?

B aBrycre 1945 nBe sinepubie 60MObI, U3rOTOBICHHbBIE U3 ypaHa -235 u mryToHus -239,
Obn cOpomensl Ha Xupocumy M Haracakm. DTo coObITHE CITOCOOCTBOBAIO 3aBEPIICHUIO
JI0ATOM 1 6€CCMBICIIEHHOW BTOPO MHpOBOI BOMHBI. YenoBeuecTBy Oblia MPOJIEMOHCTPUPOBAHA
OrpOMHAsl U HEBOOOpa3uMasi MOILlb AaTOMHOTO OpPY’KUs, IPUBEALIAsl K OTPOMHOMY YHCITY XKEPTB U
K POCTY PaKOBBIX 3a00JIeBaHUI CpeIy OCTABIIUXCS B )KUBBIX.

7.1 MexayHapoiHoe COTPYIHUYeCTBO

H,I[eprIM OpYyKHUEM CCTrOJHA BJIAACKOT HCECKOJIBKO l“OC}’I[ElpCTB,>l< a B TCUYCHHEC TakK
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HazpiBaeMoi "xomomHoit BoMHBI' (¢ 1950-p1x mo 1980-ple TOABI) MPOUCXOAWIO €r0
OecnipenienentTHoe HakoreHue, ocooenno B CIHIA u Coserckom Coroze. 3a mocienHue COpoK
aetT ObUIM TMPEANPHUHATHI TPOMAJHBIE MEXKAYHApPOIHBIE YCHIHS Ui  TPEIOTBPAIICHUS
MPUCOEIMHEHUS JPYTUX CTPAH K CYLIECTBYIOIIMM CETOAHS MATHU SACPHBIM JiepKaBaM. OTH
YCUJIMS BBUTUJIMCH B CO3/IaHUE aBTOPUTETHOM MEXIYHAPOAHOU opraHu3anuu MeXayHapOoaHOTO
ArenrctBa mo AtomuHoil Oneprun (MAI'ATD), ocHoBanHoi B 1957 romy eAMHOTTIACHBIM
petieHueM rocyaapcets, wieHoB Opranuzanuu O0beanHeHHBIX Haruid.

* ['ocymapcTBa, obnanatomue ssaepHsM opyxueM - CHIA, BenmukoOpuranus, Poccnst, @panuns, u Kurai. U3panis
CUMTAeTCAd HAXOIAMMUMCS B '"MOPOTOBOM COCTOSIHHH', UYTO TIOAYCPKUBACT HEKOTOPYI0 HEOJHO3HAYHOCTh
OTHOCHTEIIEHO YPOBHS Pa3BUTHS €T0 SIIEPHBIX TEXHOJOTHH, XOTSI CYUTAETCS, YTO 3TO FOCYJapCTBO CIIOCOOHO MMETh
saepHoe opyxue. HOxHas Adpuka TOOPOBOJBHO CBEpHYJAa CBOK BOCHHYIO SJICPHYIO mporpammy. WMumus u
[TakucTan MpoAEMOHCTPUPOBAIM CBOE BIIaJIEHUE SJEPHBIM OpY>KHEM, NMPOBeAs slepHble HchbITaHus B 1998 rony.
OpHako OHM MOTYT HPUCOEOMHUTHCS K "MeXAyHapoJHOMY COIVIAIIEHHIO O HEepPaclpOCTPAHEHHH SIEPHOTO
opyxus", eciu moj1ooHo FOxHOH Adprke 10OPOBOIBLHO OTKAKYTCS OT sIEPHBIX BOEHHBIX NPOTPaMM U YHHUUYTOXKAT
CBOE sIJIEPHOE OpYIKHE.

Onna u3 rnaBHbIX GyHKIUd MAT'ATD coctout B "pa3paboTke CHCTEMBI MEp U TapaHTHHA
TOTO, YTO CIIEHUAIbHBIEC PACHICIUISIONINECS U APYTHe MaTepUabl HE MOTIIH ObITh MCIIOJIH30BAHBI
st BoeHHBIX 1ieneit”". MAT'ATD npunaraer ycunus it oOHapYy>KeHHsI JTIOOBIX OTKJIIOHEHUW B
MIPOM3BOJICTBE SIIEPHBIX MAaTEpHAOB, HAUMHAS OT SACPHOTO TOIUIMBA Ui MUPHBIX IIeNei 110
MPOU3BOJACTBA SJAECPHOTO OPYXXHUSI WM JAPYTUX SAECPHBIX B3pbIBUATHIX ycTporcTB. MAI'ATO
TaKXXe YBEJOMJISIET CBOMX YYACTHHUKOB OTHOCHUTEIIHHO HCIIOJIb30BAaHUS SACPHBIX TEXHOJIOTHH B
HEBOEHHBIX O0JIACTAX, TAKMX KaK CEIbCKOE XO34HCTBO, MPOMBIIUICHHOCTh M MEIMIIMHA,
pa3pabarbiBaeT TpeOOBaHUS 0€30MACHOCTH /ISl aTOMHBIX 3JIEKTPOCTAHIIUH.

B 1o Bpems, xoraa cosmaBaioch MAI'ATO, mMenuch 3HaAYUTEIbHBIE ONACEHUS, YTO
MHOTHE CTpaHbl OyayT CTPEMHUTbCS K pa3paboTKe WM MPUOOPETEHUIO SIIEPHOTO OPYKUS IS
MO/IEpHU3ALIMU CBOUX BOOPYKEHHBIX CHJL.

VIMEHHO B 3TOM KOHTEKCTe W ObUI MOANUCAH JOKYMEHT, SIBUBIIMICS KpaeyroJbHBIM
KaMHEM B OO€CIEYeHHM pEeXHMMa HEpaclpoCTpaHEHMs sJepHOro opyxkus, - "CornamieHue o
Hepacnpoctpanenuss saepnoro opyxus". Ilo cywiecmey 3mom O0oKymenm npeocmaensem
o0l coznawenue mexncoy 20cyoapcmeamu, 61a0e0UUMu A0EPHLIM OPYHCUEM U OpYy2UMU
CMpanamu, 3QUHMEPECOGAHHLIMU 6 A0EPHLIX mexHonouax. Jlanuwvlit 0OKymenm
npeonucwigaem, Ymo pe3yibmamom 3auUMONOMOUuiU U COMPYOHUUECEA MENCOY CIMPAHAMU
He Mmojicem cmamb HUKAKOU 30600 WU MAMEPUAl, KOMOPbll moxcem Oblmb UCNONb3I06AH
0 npou3e00cmea A0epHo20 opyxycus. Te cTpaHbl, KOTOPbIE OTKa3bIBAIOTCS COCTOATH B 3TOM
COIVIAIIEHUH, UCKIIOYAIOTCA U3 MEXKIYHAapOIHOIO COTPYAHUYECTBA M TOPrOBIH, CBS3aHHOH C
simepHbIMU  TexHoJorusaMu. CorjanieHue TakkKe MPeAoCTaBmwiIo "saepHoe mepemupue” cpeau
Hes,IEPHBIX TOCYNApCTB, BCIEJACTBHE YEr0 OHU OTKA3aJHMCh OT SIAEPHOTO IyTH PAa3BUTHUSI CBOUX
BOOPY>KEHHBIX CHIL.

IlepBas rpynma cTOpoH, MOJMUCABIIUX COTJAIICHUE - HesiAepHbIe rocyapcTBa. Kakapiit
YYaCTHUK COTJIAIlIEHUs] HE JOJDKEH MPOU3BOIUTH WIIH IPHOOPETATh SAAEPHOE OPYKUE WIH JpyTrHe
SJICpHBbIE B3pbIBUATBIE YCTPOMCTBA. OTHU TrocynapcTBa 00s3aHbl 3aKIIOUUTh COIJIAIIEHUS C
MAT'ATD, npegycMaTpHUBaroIero NpUMEeHEHUE Mep 0€30MacCHOCTH MO pealln3aluy UX AJIEPHBIX
nporpamm (cm. 7.2).

Jlpyrue cTOpOHBI, MOAMMCABIINE COTJIAILEHUE - TAaK HA3bIBAEMBbIEC SJIEPHBIE JIE€PIKABBI
(rocymapcTBa, BIAJCIOIIME SIIEPHBIM OpYXHEM). OTa Tpylna BKIIOYAeT CTPaHbl, KOTOpHIE
MIPOM3BENIM M UCIBITANN siiepHOE opyxue A0 1967 rona, takue kak CLIA, Coserckuii Coro3
(remepp Poccust), BenukoOpuranus, ®panums u Kwurait*. Ot 3Tux crpan He TpeOyercs
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npuHsaTHs Mep Oe3omacHocth MAID'ATD, XoTd coOIVIalleHHE COJEPKUT  HEKOTOphIe
00s13aTeNIbCTBA OTHOCUTENBHO pPa30pyXKEeHMs, KOTOpble oOpalieHbl W K HuUM. Bce crTpaHsl,
MOJNHCABIINE COTJIAIICHUE IPUHSIN Ha ce0s HEKOTOpbIe 0053aTeIbCTBA 10 OE30MaCHOCTH HA MX
MUPHBIX SIIEPHBIX OOBEKTAX.

* dpannus u Hapoanas Pecniyonuka Kutaii He parudunmposanu cornamienue 10 1992 roza.

Cormamenue BcTynuiao B cwity B 1970 romy, mo3xke ObUIO JTOMOJHEHO HECKOIBKUMH
pErHOHAIIBHBIMU COTJIAIIEHUSIMU U IPOAJIEHO Ha HeolpeaeaeHHsli cpok B 1995 rony. HenasHo,
coryiamieHue ObUTO JOTIOJIHEHO OoJiee NeTalbHBIM H3JI0KEHHEM pPEeKHMMa HepacrnpoCTpaHEHUs
snepHoro opyxkus. B centsope 1996 roma Obul OTKpHIT ais moanucanus "BcectopoHHUit
JIOTOBOP O 3alpelieHUU SICPHBIX HUCHBITAHUHK'", KOTOPHIA HAlEJIEH Ha MOJIHOE MPEKpallleHUuE
WCTIBITAHUN  siiepHOro opykus. B HacTosiiee BpeMsi paccMaTpuUBaeTCs BO3MOXHOCTh
pa3paboTku u noanucanus "Cornamenus 00 OrpaHUYEHUN TTPOM3BOCTBA SIEPHOTO TOILIMBA",
KOTOpOE 3ampeTuyio Obl JanmbHEHIIee NPOU3BOACTBO PACHICTUISIONIMXCS MaTEPHANOB IS
MIPOM3BOJICTBA SAEPHOTO OPYHKHUSI.

7.2 MexayHapoaHasi siiepHas 0e3011acHOCTh

B Tteuenue Oomee 25 et cucTteMa MEXAYHApOJHOW SACPHOW OE30MACHOCTH,
paspaboranHas MAT'ATD, umena 3aMeTHBIH MEXAYHApOIHBIA ycmex. OTO BO MHOTOM
CIOCOOCTBOBAJIO Pa3BUTHIO COTPYJIHMUYECTBA B OOJACTH SAECPHOM DPHEPTETUKH U 00ECIeYnBajIo
pPEXHM HEpacTpOCTPAHEHHsS] YPAHOBBIX M IUIYTOHHEBBIX TEXHOJOTHH, HAMpaBJICHHBIX Ha
CO3/IaHUE SJEPHOTO OPYKUSI.

BaxxHO OTMETHTBH, YTO MEXAyHApOJHAs CUCTEMa SIACPHON OE30MacHOCTH HaIlpaBJICHA
MPEeKJIE BCEr0 Ha YMpaBiICHHE SACPHBIM TOIUIUBHBIM IMKIOM. OHAa HE HMEeT HHUKaKOro
OTHONICHUS K WH)XXCHEPHBIM WM OpPTraHU3al[MOHHBIM acleKTaM O€30MacHOCTH SACPHBIX
PEaKkToOpoB, MX pa3MEIEHUs, WIN TPAHCIOPTUPOBKH. DTHU ACHEKThl PETyIUPYIOTCS JIPYTUMHU
MEXIYHAPOAHBIMU COTJIANICHUSIMHU. [IpUHIUNBI MEXIYHApPOAHOW SIEpHONM OE30MacHOCTH
SBIIAIOTCA TJaBHBIM HHCTPYMEHTOM, IIOCPEACTBOM KOTOPOTO HESJEpHbIE TOCyaapcTBa
JEMOHCTPHUPYIOT CBOM MHPHBIE HaMEpEeHHs B 3TOH oOsactu. OHU TO3BOJSIOT MPEIOTBpAIIATh
HapallMBaHue SIEPHOTO OPY>KUS MyTeM B3aUMHBIX MHCTIEKIMHA. [{enh TakuxX nHCHEKUUH COCTOUT
B MPOBEPKE UCIOIB30BAHUS SIIEPHOTO TOTUIMBHOTO IIUKJIA UCKIIOUUTEIBHO JJIi MUPHBIX LEJIEH.

Jlpyrumu ciioBaMH, CHCTEMa Mep 10 MEXITYHAPOIHOH siIepHOI 0€30MmacHOCTH pU3BaHa
JaTh OTBET Ha BOMPOC, TBEPIO JU MPHUACPKUBACTCS Ta WU MHAS HAIUS CBOUX O0SI3aTEIIbCTB
OTHOCHUTEJIHO HCIIONIb30BaHMsI sIIEPHBIX MaTepuanoB. CTpaHbl, OTKIOHSIOUIMECS OT CBOMX
MHUPHBIX SIIEPHBIX MPOTPaMM, MOABEPratOTCs OMPEEICHHBIM CAaHKIMSM CO CTOPOHBI MUPOBOTO
coobmiecTBa. CoriacHo MmpaBuiiaM MEKIyHApOIHOM siIepHOI Oe30macHOCTH, OT 186 rocyaapcTs,
YYaCTHUKOB CoTJIaiieHus (B TOM uncie TaliBaHb) TpeOyeTcsl BHIMOTHEHHUE CISIYIONINX YCIOBHI:

e IIpenocraBnenue oryetroB B MAT'ATD 00 ncnonb3yeMoM SiA€pHOM TOIUIMBE M MeECTax
€ro XpaHeHus.

e (OOecneueHue cBobogHOro gocryna uHcnektopam MAI'ATD nans ocMoTpa saepHBIX
00BEKTOB, MECT XpaHEHU SJEPHOTO TOIUIMBA M MIPOBEPKH €r0 KOJIUIECTBA.

MAT'ATD Takxke KOHTPOJHMPYET COOIOJCHHE SACPHOW O€30MacHOCTH HEKOTOPBIMHU
CTpaHaMu™®, KOTOpbIe HE SBIAIOTCS wieHamu cornamieHus. Ceronas MAT'ATD koHTponupyer
noutr 900 siAepHBIX OOBEKTOB, PACIONIOKEHHBIX B 57 HesiepHbIX rocymapcTB. CymecTBYIOT
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TaK)K€ COTJIAIICHUS IO SAEpHOM O€30MacHOCTH MEXIy OTIEIbHBIMU CTpaHaMH, Hampumep,
MEXJy HEKOTOPbIMM €BPONEHCKMMH TIOCyJapcTBamMM, OOBEJUHEHHBIMU  COTIJIAIIEHUEM
"EBpoarom", WM ABYCTOpPOHHME COIJIAalleHMs], Harnpumep, Mexay Acrpanueil u CIIA, win
Snonueit u CIIA.

* Nnawms, [lakucran, M3pawuns, Ky6a u bpasunus. [lepBbie Tpu rocyaapcrBa akTHBHO pa3pabaThiBalOT CBOU
sIIepHBIE IPOrPaMMBbI, HE TIOATIA/IAI0IIHE 0] NEHCTBHE MEXIyHapOHbIX COTJIAIICHNH 110 SAepHOH 0€301acHOCTH
MAT ATD, X0Ts B HEKOTOPOH YacTH OHM X npuzaepskusarorcs. Kyba n bpasuiis npoBoauT CBOU siiepHbIE
IPOTpaMMBbI B paMKax JIEHCTBYIOIINX COTJIAIICHUH.

Cucrema MEXIyHApOJHOH siIepHON OE30MaCHOCTH OKas3allach OuYeHb I(PQPEKTUBHON B
MpeIynpeXACHUN HapylieHui B cdepe oOpalleHus saepHbIX MatepuanoB. OIHAKO, B CBS3U C
O0ojee  UIMPOKMM  pacIpOCTPAHEHHWEM  SIAEPHBIX  pPEaKTOpOB,  CO3JAHUEM  HOBBIX
HCCIIE0BATEIbCKUX PEAKTOPOB, PACHIMPEHHEM KOMIIOHEHTOB SIAEPHOTO TOIUIMBHOTO IIMKJIA,
3ala9il  MEXKIYHAPOJHON SIEpPHON O€30MacHOCTH CTAaHOBATCS Bce Ooyiee MHOTOTPAHHBIMH.
Hapsiny ¢ yueToM MUPOBBIX 3alacoB SACPHOTO TOIUIMBA M MHCIEKIMEH SIEPHBIX 00BEKTOB, HA
NEepBBIA IJIaH BBIXOAMT paboTa B CTpaHaX, HE OXBAYEHHBIX JEHCTBUEM MEXAYHApOIHBIX
cornameHuii. B 3TOM KOHTEKCTE MPHHIMIBI MEXIyHApOAHON sAepHO Oe3omacHOCTH
MTOCTOSTHHO OOHOBIISIFOTCS M1 TOTIOJTHSTFOTCSL.

Hampumep, Upak Ol pa3o0iaueH B MPOBEACHUN CBOEH siIepHON MPOrpaMMBbI, KOTOpas
HUKAaK He Obla CBSI3aHAa C MUPHBIM HCIIOJIb30BAHUEM SIACPHBIX TEXHOJOTHI. DTO a0 UMITYJIbC
JUISL TIEpECMOTpa HEKOTOPBIX MPUHIUIIOB MEXIYHAPOAHOHN SAEpHOI 0€30MacHOCTH, U TOTO Kak
OHHU JIOJDKHBI OBITh peain30BaHbl B Clydae OOHApYy>KEHUsI HapyIICHHH B TOPTOBIIC SIICPHBIMH
MarepuajiaMu WU aHaJOTWYHBIX JEWCTBHM. YCOBEPIIEHCTBOBAHHAS CUCTEMA MEXITYHAPOIHBIX
Mep JOJDKHA J1aBaTh TAPaHTHUU TOTO, YTO JIIOOBIE MOJOOHBIE HECAHKIIMOHHMPOBAHHBIC EHCTBHS
ObuT OBl HE3aMEUIUTENbHO OOHAPYKEHBl CTpaHaMH, YyYaCTHUKAMU MEXIyHapOIHBIX
cornameHuii. OCHOBHOE BHHMMaHuE Torjga Obulo Obl OOpalleHO HampsAMyl K CTpaHaMm, He
MPUCOSANHUBIIUMCA K MEXIYHAPOAHBIM COTJAIIEHUsIM, OCOOCHHO TakuM, Kak W3pauib,
[Takucran u Unaus.

[Ipumepom Takoro MeXAYHApOAHOIO COTPYJAHMYECTBA SIBISETCS  COTJIAIICHHE,
nmoAnucanHoe B KoHme 1970-x TOAOB cTpaHamMH 3KCHOPTEpaMHU SACPHBIX TEXHOJIOTHH, 00
OTPAaHMYEHUU TPOAAXK TEXHOJIOTUNH MO TmepepadoTKe saepHOro TorumBa (oboraiieHue,
M3rOTOBIICHHE, W TepepaboTka). [laxke Mpak mocie 3TOro CTOJKHYJCS C TPYAHOCTSMH IIO
MPOJIBIXKEHUIO CBOEH SIAEPHOM MPOrpaMMbl. DKCIOPT SAEPHBIX PEAKTOPOB TaKKE HAXOAMUTCS
MO/ IUIOTHBIM KOHTPOJIEM JAaHHOIO COIVIALIEHHs, KOTOpOE IpeaycMaTpuBaeT, BO-IEPBbIX,
MIPaBUTENLCTBEHHBIEC TAPAHTUU HCTIOIH30BaHUS MOCTABISIEMOT0 000PYI0OBaHHS B MUPHBIX IIEIISX,
a BO-BTOpBIX, oOOecnedYeHWe CcTpaHaMH 3aKa3uMKaMHd BO3MOXKHOCTH OCMOTpa  BCEX
CYLIECTBYIOIIUX U OyAYIIUX SIAEPHBIX OOHEKTOB.

B mae 1997 roma MAI'ATD Hauano pa3pabarbiBaTh M OCYIIECTBISTh YCHUJICHHBIE
KpUTEpUHU, TENEPh U3BECTHBIC Kak "VIHTerpupoBaHHAsI MEKIyHApPOIHAS sepHas 0€301MacHOCTh",
MTO3BOJISIIOIINE MOJTHOCTBIO OJOKHPOBATh MIPOU3BOJCTBO SAEPHOTO OPYKHUs B FOCYAApCTBaX. ITO
CTaJI0 BO3MOXHBIM Onarofaps 3HauuTenbHOMY ombITy MAT'ATD mo KOHTpPOJIO 32 TOProBieil
SIIEPHBIMU  MaTepUalaMM, KOTOPBIA MO3BOJIAET CMOTPETh Ha JIIOObIE sIEpHBbIE MaTepuaibl U
TEXHOJIOTMM KaK Ha BO3MOXHBIM MHIUKATOp HEOOBSABICHHBIX SIEPHBIX MpOTrpamMm M,
CJIEZIOBATENIbHO, HEOOBSBICHHOTO SAEPHOro ToruuBa. Okupgaercs, 4yTo OOJIBIIMHCTBO CTpaH,
MOANMCABIINX COIVIAIEHWE, B KOHEYHOM, CYETE COIJacATCAd Ha 3TH KPUTEPUH, KOTOPBIE
noapobHo aeranusupoBanbl B JlonmomHurensHoM IIpoTokoinie, mpemycmaTpuBatomeM Oolee
THIATENbHYIO IPOBEPKY HA UX TEPPUTOPUSIX.

HoBrle kputepun naroT Oosiee MMPOKUN AOCTYI AJIi MHCIEKTOPOB K HMH(pOpMAIUU O
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TEKyIIMX U 3aIUIAHUPOBAHHBIX SJIEPHBIX IMpOrpaMmax M K MECTaM pacIoJIOKEHUS SJEPHBIX
00bekTOB. JlocTynm He OyJIeT OrpaHHYEH TOJbKO OOBSIBICHHBIMHU SACPHBIMH yCTAaHOBKaMHM, a
OyJeT pacllMpeH IOYTHU Ha BCE MHAYCTpHUajbHble O0BEKTHL. MIHCIIEKTOpCKHE NMPOBEPKU MOTYT
BKJIIOYATh B ce0s HE TOJIbKO HAOIOACHHE 32 O0BbEKTaMH, HO M KOHTPOJIbHBIM aHaau3 Mmpod
okpyxatomerd cpenbl. Ilpunsatue IlpoTokona aacT BO3MOXKHOCTH JJISl WHCIIEKIMU JTIOOBIX
00BEKTOB 0€3 MPEIBAPUTEIILHOTO COTIIACOBAHHUS.

CeromHs MHOTHE CTpaHbBl UMEIOT HEOOXOIMMBIN OOYYECHHBI IMEPCOHANT U CHIPHEBEIC
pecypebl JUIsl TOro uyTOOBI MpPU KEJAHUM peau30BaTh MPOrpaMMmy HPOHM3BOJCTBA SIEPHOTO
OpYXKHs, Kak »JTO mpoaeMoHcTpupoBan Mpak. DTomMy crmocoOCTBOBAIO M IHUPOKOE
pacnpocTpaHeHHE MCIOIb30BAaHUS SJIEPHOM SHEpPruM B MHUpe, U OOJIbIIOE KOJINYECTBO
HCCIIEZIOBATENILCKUX PEAKTOPOB, paboTaomuX B 0ojiee YeM MATUACCATH CTPaHaX, U MOSIBICHHUE
LEeJOM apMMM CHELMAINCTOB, HMEIOIIUX ONPEAETICHHbIM OmbIT B paboTe ¢ SAEpPHBIMU
MaTepuagamH.

Haubonee saxcnvimu gpakmopamu, yKpenaaiOuum pexncum mercoynapooHoil a0epHoil
Oe3onacnocmu, A61AI0MCA, C 0OHOI CHIOPOHbL, NOJUMUYECKAA 6014, A C OPY20ll - dcelanue
Kaxcooil Hayuu He n008ep2amuvcs ORACHOCHU CO CHIOPOHbBL C8OUX DUMCAlUIUX coceoell.

HepacnpoctpaneHue siiepHOTO OpYKHs, TaKUM OOpa3oM, 3TO OOJbIIE MOJUTHYECKAs
npoGieMa, 4eM TeXHUYecKas, U OHa JIeKUT JaJeKO B CTOPOHE OT BOIPOCA JOCTYIHOCTH WIIH
HEJOCTYIHOCTH ypaHa. BroiHe A0CTaTOYHO JIMIIb MEXAYHApPOIHBIX CAaHKLUUN JUIS yAEp KaHUS
OOJIBIIMHCTBA TOCYIAPCTB OT MPOU3BOACTBA SIIEPHOrO Opykusl. [ TaBHBII pUCK pocTa SAepHBIX
BOOpYXEHHUH OyJer Bcerza JexaTb Ha CTpaHaX, KOTOpbIE HE TNPUCOSAMHWINCH K
MEXAYHAapOAHBIM COTJIAIICHUAM M TPOSBISIOT 3HAUUTENbHYIO AaKTUBHOCTh B 00JacTH
peanu3alMyi CBOMX sAIEpHBIX mporpamm. B sron kareropum Haxopsarcs Muaus, Ilakucran u
M3pannb. U B TO BpeMs kak TpeOOBaHUS MEXIYHAPOAHOW OE30MAaCHOCTH OTHOCATCS JIUIIb K
HEKOTOPBIM acleKTaM aKTHBHOCTH TaKUX I'OCYNapCTB, APYTHUE MOTYT OCTAThbCs BHE IOJIS 3PEHMUS
MATI'ATO. MHorue cTpaHbl, 1 B yacTHOCTH, ABcTpanus U KaHana, npuiiaraioT 3Ha4YMTEIbHbBIE
YCUIIHSL [T PEeLIeHUs TPpo0OIeM MEeXTyHapOJHOH siiepHOi Ge3omacHoCTH (eM. 7.5).

7.3 SinepHble MaTepuabl

HauGonbiiee 6ecrokoicTBO ¢ TOYKH 3pPCHHS YBEIMYEHUS 3alacoB SIIEPHOTO OPYKHUs
BO3HUKAET MpPHU HEMOCPEACTBEHHOM aHallM3e MaTepuasoB Ui SAEPHOTO TOIUIMBA. DTO MOXKET
ObITh, HANpHUMEp, IUIYTOHHM, COJCpXKAIIMICS B OTPAaOOTAHHOM SIEPHOM TOIUIMBE, KOTOPOE
KKl TOJA 3aMEHSAETCS Ha CBeXee B SACPHBIX peakTopax. 3aMeTUM, 4YTO JUIS CO3/JaHUA
aTOMHON OOMOBI JIOCTaTOYHO JUIIb HECKOJbKUX KHIOTPAaMMOB IUIyTOHHs. bomnee Toro,
MPAKTUYECKH B KaXKIOM T'OCYJIapCTBE MMEETCS TIOCTATOYHOE KOJMYECTBO MPUPOJHBIX 3aracoB
ypaHa Juis CO3/1aHus sIIEPHOTO opyxus (cM. 3.2).

B Ta6mume 16 nmpuBeneHbl HEKOTOPHIE BAXKHBIE XapPaKTEPUCTUKH TUTYTOHHUS M CITOCOOBI
ero ucmnoib3oBaHus. [IMyTOHMIT - 3TO BEIIECTBO ¢ MHOTOOOPAa3HBIMU CBOMCTBAMHU, 3aBUCSIIUMU
OT MCTOYHMKA ero npoucxoxaeHus. OH CyIIEeCTBYeT B BUJE Pa3IMUHBIX M30TOMOB, TAKHX Kak
Pu-238, Pu-239, Pu-240, u Pu-241. Bce onum - "maytoHuil", HO He BC€ SBISAIOTCS
pacmemsitoliuMucsa. Tonbko wu3otonbl Pu-239 u Pu-241 moryt mnoaBepraTbCs peakiuu
SIIEPHOTO paciieruieHus: B peakropax. [lmytonuit -239 cam mo cebe sBIsSETCS MPEBOCXOIHBIM
SJEPHBIM TOIUIMBOM UM HCHOJB3YeTCS [UIsl CO3[JaHUS SIIEPHOTO OPYXKHsI, MOCKOJIBbKY HMEET
JOCTaTOYHO MANTyI0 KPUTHUYECKYIO MAcCy U HU3KHUI KO3(DPUIIMEHT cCaMOTPON3BOIBHOTO pacmaja.
[TosroMy muryToHMil -239 yacTo Ha3bIBalOT "OpyKeMHBIM MIyTOHHEM". OH HMCIONB30BAJICS B
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6oMbe, cOpomenHoi Ha ropog Haracaku B 1945 rony, u npuMeHsieTcsl B COBPEMEHHOM $JIEPHOM
OpY’KHUH.

[Ipuroanslil Ui UCHIOIB30BAHUS B PEAKTOPAX IUIYTOHUM MPOU3BOAUTCS MPAKTUUYECKU Ha
BCEX SJIEPHBIX PEAKTOPax U COJACPKHUTCSA B OTPAaOOTAHHOM SZIEPHOM TOIUIMBE, U3 KOTOPOIrO OH
MOXKET OBITh BBIJIEJIEH MOCIE CIIEHUANbHON 00paOOTKU. DTOT IUIyTOHUN HE SBJISETCS B UUCTOM
Bujie opykeiHbIM. OH coaepxut 10 40 % Gosee TSKEIBIX U30TOINOB MITYTOHUS (00bIYHO 3TO Pu-
240), KOTOpbl€ HAKAIJIMBAIOTCS B TOIUIMBHBIX 3JIEMEHTaX B TEUEHHE JJIUTEIILHOTO BpEMEHU (CM.
Pucynok 18).

B PuU-239
E .

=

3

E . |

: .

I Pu-240
=

n- 1

S

Y 1 7 3

Kon-gao net B peaktope

Pucynok 18. IlinyToHuii B aKTUBHOM 30He S1/IEPHOT0 peakTopa
Haxomnenue Pu-239 u Pu-240 B TOIUIMBHBIX 3JIEMEHTaX JIETKO-BOJIHOTO peakTopa B TeUCHUE 3 JIeT

ﬂaHHOG 06CTO$IT€JIBCTBO HpaKTI/I‘IeCKI/I HC BJIMUJACT HaA HOBTOpHOG HUCITIOJIB30BAHUC
TUTYTOHHS B CMEIIIAHHOM OKCHJIHOM TOIUINBE AJis peakTopoB (MOX- tomnuBo, cM. 4.2 u 5.2), HO
CEepPhE3HO OrPAHUYMBACT €r0 MPUTOJHOCTH [JISI CO3JAaHHS SIIEPHOTO Opyxwus. Bcnemcreue
CaMoOTpOMU3BONILHOTO pacnana Pu-240, TOmpKO OYEHb Majuoe COAEpkKaHHE ITOr0 Marepuana
MOXKET 6I)ITI) I[OCTYHHO I CO3JaHUusA Op}I)KI/IfL KOHCTI)YKIII/IH HI[GpHI)IX YCTPOﬁCTB BOCHHOTI'O
Ha3HA4YCHHS, OCHOBAHHBIX WCIIOJIB30BAHWU IUTyTOHMS, MPUTOMHOTO [IJIi HWCIIOJNIB30BAaHUS B
OOBIYHBIX peakTopax, Obuta Obl HEHAJE)KHA, TPYJIHA B M3TOTOBJICHUH, M TOKa HA NPAKTHKE He
peanuzoBana *. OgHAKO, KOHIEMINA MEXIyHApOIHON sACpHON OE30MacHOCTH MpEIoiaraert,
qyTo 063 BHUIa HHYTOHI/I}I MOFyT HUCIIOJIB30BATHCA JIAd CO3JaHUS Opy)KI/I}I. 9TO SABJIACTCA
OCHOBaHHEM JIJII BCEOOIIETo 3ampera MepepaboTKH W pa3feieHus Jo00ro IUTYTOHUS U3
OTpaGOTaHHOFO HI[CPHOF O TOIlJIMBA.

* B 1962 roxy simepHOE YCTPOWCTBO, HCHOIB3YIONIEE IUTYTOHNI C HU3KUM BBITOpPAHUEM, IPOU3BECHHBIN HAa OTHOM
W3 DPHEPreTHYECKUX peakTopoB B BemmkoOpurtannu, 6pu10 ncnsitano B CIIA. M30TOnHEIN cocTaB 3TOTO ITyTOHUS
He ObLIa PacKpBIT, HO OYEBHIHO, YTO YCTPOICTBO copepxaino npuomusurensHo 90 % Pu-239.

ILnyTonui
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Oopa3oBanue: U-238 + neiitpon = > U-239 = > Np-239 = > Pu-239
( Bera-pacnaner U-239 n Np-239: nepuon nonmypacnana 23.5 MunyTa u 2.35 1Hel, COOTBETCTBEHHO)
Pu-239 + nelitpon = > Pu-240
Pu-240 + neiitpon = > Pu-241

B cpeaneM, omHO M3 4YeThIpeX MOIJIOLMIEHWM HEWTpoHa siapoMm Pu-239 mpuBogut K
obpazoBanuio Pu-240. M3oronsl Pu-241 u Pu-242 popmupyroTcs mpu mocieayonmx npoeccax
TIOTJIONICHUSI HEUTPOHOB B simepHOM TorumuBe. M3oron Pu-239, comepskamntuiics B 00JydeHHOM
TOIUIMBE B SIEPHOM DPEAKTOpE, BBHITOPAET TaKke OBICTPO, KaKk M HakarmmBaeTcs, a Pu-240
HaKaruMBaeTcsl ycTonunBo. OueHb Majoe KoaudecTBo Pu-238 ¢opMupyrorcs mpu morioneHun
HeHUTpoHOB sinpamu U-235.

KomnuectBo: O0b14HbIN peakTop MoHOCThI0 1000 MBT npousBoauT npuOIM3UTEIBHO
250 kr maytonus (B ocHoBHoM Pu-239) kaxnpiii roa. OTH MPOAYKTHI CoOIEpKaTcs B
BBICOKOAKTHMBHOM OTPAa0OTaHHOM SIIEPHOM TOIUIMBE €CIM OHO IIOBTOPHO He 00paboTaHo
(Pucynox 14). KomuvyectBo Pu-240 yBenmuuuBaercss C TEYCHHEM BpPEMEHHM, IIOKa
TEIJIOBBIICTSIONINE DJIEMEHThl OcTaloTcs B peakrope (cM. Pucynok 18). Pu-240 nHe
pacIIeIISIETCsl B peaKTOPE Ha TETUIOBBIX HEMTPOHAX, HO MOXKET CTaTh pacuerisomumes Pu-241
NIpU JajbHEHIIEM MOTJIOoUIeHHH HEeHTpoHOB. (Pu-240 pacmeruisercss B peakropax Ha OBICTPBIX
HEUTpOHAX).

PagnoaktuBHocTh: [Ipu pacnage Pu-239 ucnyckaeT anbha-4acTHITBI, B TPEBPAIIACTCS
B U-235 (cm. Ilpunoxenue). Ilepuon nomypacnaga Pu-239 24390 ser, mosToMy OH UMEET
JIOBOJIbHO HM3KHK YPOBEHb painoakTUBHOCTH. Pu-240 ucnyckaer npu pacrnaje anbda-4yacTHuIlsl,
n npespamaercs B U-236 (apyroil Henendmuiics u3oron ypasa). Ero nepuon nonypacnaza -
6600 neT, mMoATOMY OH MMEET 0oJiee BRICOKHI YPOBEHBb paloakKTUBHOCTH, YeM Pu-239. M3oTon
U-236 Takxke uCIycKaeT HEMTpPOHBI IPU CHOHTAHHOM pachaje M npeBpamaercs B Pu-238 ¢
nepuogoM monypacnaga 86 ser. Jlns oOecriedeHus 3amuThl OT  aidb(ha-pagroaKTUBHOCTH
IIPOU3BOJUTCS T€PMETHU3ALMS IUTyTOHUS OT BHEIIHUX KOHTAKTOB B CIIELIMAJIbHBIX KOHTEHHEPAX.

Hcnonb3oBanme: Temno, BbAeNsAONIEECS NPU paavoakTUBHOM pacnane Pu-238 (0.56
B1/r), mo3Boisier WUCHONB30BaTh €ro Kak HWCTOYHUK OHHEPrUM B TEPMO-IJIEKTPUUYECKUX
reHepaTopax IS KapAHOCTUMYJIISTOPOB, KOCMHUYECKHUX CITyTHUKOB, HABUTAIIMOHHBIX MAasiKOB, H
T.J. DHEPrusi TaKMX IUTyTOHUEBBIX MCTOYHHMKOB Jlaja, HallpuMep, BO3MOKHOCTh KOCMHUYECKOMY
cnyTHUKY "Bosipkep" mocbuiaTh Ha 3eMII0 B T€UCHHE JIMTENHHOTO BPEMEHU H300pasKeHUs
miaHeT. Pu-240 Takke MOXET HCIIOJIB30BAThCA ISl PEIICHUs TMOJAOOHBIX 3amad. B MUpPHBIX
nemsix u3oton Pu-239 ucnonks3yeTcs B KauecTBE TOIUIMBA IS SIEPHBIX peakTopoB. M3orom Pu-
241 (mepuon monypacrana 13 yer) mocne Oera-pacmanga mpeBpamaeTcs B Amepunuii-241,
KOTOPBII UCIIOJIb3YETCSl B KAYECTBE HAMIOJIHUTENS B OOJIBITUHCTBE IETEKTOPOB 33 bIMIICHUSI.

Tun CocraB IIpoucxoxaenue Hcnoan3oBanue
[Ipurognseiit | 55-60% Pu-239, | Conepxurca B Kak cocraBnas gacts (5-7%)
JUISL oonee 19% Pu- | konudecTBe, mpUMEpHO, CMEIIAHHOTO OKCHJIHOTO
ucrons3zoBa | 240, npumepHo | 1% B cocTtase toruinBa (MOX-TomiuBo) s
HUs B 30% 0TpabOTaHHOTO SAEPHOTO | OOBIYHBIX peakTopoB. Kak
peakTopax HEPACLIETUIAION] | TOTUIMBA B OOBIYHBIX TOIUIMBO JJIsl P€aKTOPOB Ha

UXCSl U30TOTOB | TPAXKIAHCKUX PEaKTOpax OBICTPBIX HEHTPOHAX.
Opyxelnbiii | Pu-239 ¢ [IpousBoautcsa Ha Jnst cozanus sAepHOro
coJIeprKaHueM CHEIMANIBHBIX peakTopax | opyxwus. Moxer
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menee 7% Pu- BOCHHOTO Ha3HAYCHHSI. nepepadaTbIBaThCS B TOIJIMBO

240 IUISL PEaKTOPOB HA OBICTPBIX
HelTpoHax min B MOX-
TOIJIMBO

Cnenyer OTMETUTh, YTO SAJIEPHBIM pPeakTop, KOTOPBIM HCHONB3YyeT cMemanHoe MOX-
TOIIMBO, HE SBJIETCS MPOM3BOAUTEIEM IUTYyTOHHUS, a TOT, KOTOPBIM U MOSBISETCS B TOIUIMBE,
elle MeHee MPUroIeH JIJIsl IPOU3BOJICTBA OPY KU, UeM Haxoduics B ceexeM MOX-Tomnuse.

Kommepueckuil IUIyTOHMM IOTOMY MEHEE IPUIOJEH Ul BOCHHBIX LEJIEH, 4YeM
TUTYTOHHM, IPOU3BEACHHBIN Ha CleNUaIbHBIX peakTopax *, pa3paboTaHHBIX IS MPOU3BOACTBA
Pu-239. Tem He wMeHee, TOSBICHHWE HOBBIX JA3€pPHBIX TEXHOJIOTHH OOOTaIeHUs eiacT
BO3MOXKHBIM O0OTaIIeHHe KOMMEPUECKOro IUIyTOHUS IO YPOBHS opykeiHoro. CienoBaTensHo,
Mepbl MEXIYHAPOJHOH SIepHOI OE30MaCHOCTH JTOJDKHBI OBITh HAIPAaBJICHBI M Ha KOHTPOJIb 32
YBEIUYEHUEM KOJMYECTBA MPUTOJHOTO TOJBKO JUIsl TPaXKIAHCKUX PEAKTOPOB IUIyTOHMS.
(OOBIYHBIC METOBI O0OOTAIEHUST HE MOTYT HCIIOIB30BAThCS JUIs pa3zelieHus: n3otornoB Pu-239
oT Pu-240, Tak Kak Macchl aTOMOB MTPAKTUYECKH PABHBI).

*WIM Ha WCCIICAOBATECIBCKUX PEAKTOPaX, YIPABIIEMBIX C MOMOIIBIO TSDKEION BOJBI, KOTOPBIC SKCILTYaTHPYIOTCS,
Hanpumep, B Unuu.

TonnuBHBIA UK B peakTopax Opuiepax, OCHOBaHHBIH Ha HCIOJIb30BAHUU ILUTYTOHUS,
UMEeT HEKOTOpbIE OCOOEHHOCTH, KOTOpPhIE MOTYT CIOCOOCTBOBAaTh €0 HCIOJb30BAHUIO B
pelieHny npodieMbl HEPACIPOCTpaHEeHUs sifepHOro opyxus. C Apyroil CTOpOHbBI, TOTUIMBHBII
LUK B OOBIUHBIX PEAKTOpax Ha TEIUIOBBIX HEHTpPOHAX aaeT 0ojee BBICOKHHA BBIXOJ IUTyTOHHS
(cm. pucynku 13 u 14). D10 03Haudaer, 4To B 0003pUMOM OyIyIIeM peaKTOpbl Ha OBICTPHIX
HEHTpoHaX MOIIM OBl HMCIONB30BaThCAd Kak "YCTAaHOBKM JJS COKUTaHUs oTXonoB" (cMm. 4.4),
MMOHWXAIOMUX O0Iee KOJIMYECTBO IUTYTOHHUsS, OOpasyromerocss B OTpaOOTaHHOM SIEPHOM
TOILIMBE.

CymiecTByIOT W Apyrue siiepHble MaTepuaibl, KOTOPbIE MOTYT HCHOJIb30BAaTHCS IS
CO3JIaHMsI OPYXKHs, 3TO - W30TONbl ypaHa. HamOonee W3BeCTHBI M3 HUX - 3TO ypaH-235,
Marepuai, U3 KOToporo ObUTa M3rOTOBJICHA OomOa, cOpolieHHas Ha ropon Xupocumy B 1945
rogy. DTOT Marepuajg MOXET NPOM3BOJUTHCA IyTeM OOOTalleHHs E€CTECTBEHHOTO ypaH Ha
000raTUTENbHBIX 3aBOJIaX, HO HE 10 3 - 4 MPOIEHTOB, KaK 3TO TpeOyeTcs IUIsl TOIUIMBA JIETKO-
BOJHBIX PEAKTOPOB, a 10 93 MPOLEHTOB U BhIIIE 10 coaepxkanuto U-235.

Hpyroii u3oTon ypaHa, IPUTOJHBIA 1JI TPOU3BOJICTBA SJIEPHOTO OpyXxus, 310 - U-233.
OTOT MaTepuan HaKaluIMBaeTCs B A1€PHOM TOIUIMBE MU MOIJIOIEHNN HEUTPOHOB TOpueM -232,
aHajoruyHo oOpazoBanuto Pu-239 u3 U-238 (cMm. 4.2). OgHako, WCIONB30BAaHUE TOPHUEBBIX
peakTopoB (cM. 3.6) HE MPOJABUHYJIOCH Jalblle 3KCIEPUMEHTANbHBIX uccienoBanuii, a U-233
MOKa HE pacCMaTPUBAETCS B KOHTEKCTE PACIIMPEHUS SIAEPHBIX BOOPYKEHHI.

XoTs BCe BBINICYNOMSIHYTbIE MaTepHalibl U MOTYT HCIIOJIb30BaThCS IS MPOU3BOJICTBA
B3pbIBYATHIX BEILECTB, OHM, TE€M HE MEHEe, HE SBIAIOTCS I[IHPOKO JTOCTYHNHBIMU JUIS
MPAKTUYECKOTO HCIOJIBb30BAHUSA, a MEXAYHApOJIHBbIE YCHIUS JeNaloT UX elle MeHee
JOCTYTTHBIMHU.

B nmocnemHue roapl, MEXIYHApOJHOE COOOIIECTBO OOECHOKOCHO IPOBEJACHUEM
coOCcTBeHHOW BOEHHOM simepHod mporpammbl B CeepHoit  Kopee, wucmombp3yromei
UCCIICZIOBATENIbCKUM  pEaKkTop s MNPOM3BOJCTBA IUIYTOHHMA. IJTO OOCTOSTEIHCTBO OBLIO
YCTAaHOBJICHO B XOJi€¢ HMHCHEKTOPCKUX mpoBepok. Opranmzamus OObenuHeHHBbIX Harmit
HAJIOXKMJIA 3alpeT Ha HMCIOJIb30BaHHE COOCTBEHHBIX sIEpHBIX peakTopoB B CeBepHoii Kopee B
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COOTBETCTBHUH CO ClieNHaIbHBIM cornamenueM 1994 rona (Agreed Framework 1994) , xotopoe
MIPENIoiaracT BBEJCHUE OMNPEACNECHHBIX MEXKIYHAPOIHBIX CAHKIUN 7S MOJTYYEHHs TOJHBIX
rapantuii  coOmopenus  TpeboBanmii  MATATD mo  smepHON  O€30MacCHOCTH |
HepacnpocTpaHeHHI0 siaepHoro opyxus. KommpomuccHoe pemieHne mpoOiaembl CeBepHOi
Kopeu cocTosio B TOM, 4T0 MeXTyHapoAHbIM koHcopuuyM Bo riase ¢ CIIA, FOxnoit Kopeeit u
Snonueit B3sim Ha cebs oOs3arenscTBO mocTpouTh B CeBepHoit Kopee nBa Oombmimx
COBPEMEHHBIX SAEPHBIX PeakTopa sl MPOM3BOACTBA 3JIEKTPOIHEPTHH, KOTOPhIE HEBO3MOXHO
WCIOJIb30BaTh B BOCHHBIX LIETISX.

Bonbmast 03a004€HHOCTP MHPOBOIO COOOIIECTBA BbI3BaHA ONaceHHsIMH, 4yTo Kpax
aKTUBHO Pa3BUBAET CBOIO BOCHHYIO SIIEPHYIO MpOrpamMmy. DTH ONACeHHs] YCUJIWIHUCh B XOJ€
BoitHbl B Ilepcunckom 3amuse. Ilocne mepemupus B 1991 rony Opranuzanus OO0beqMHEHHBIX
Hammit cmorna xBamudumupoBaHo MOATBEpAUTH 4TO Mpak, moamucaBmmii MeKITyHApOIHBIN
JIOTOBOP O HEPACHPOCTPAHEHUHU SJEPHOTO OPYXKHsl, TaHO pEaJn30BbIBAJI IpPOrpamMmy €ro
CO3/1aHUA, UCIOJb3ysl MaTepUallbl U CPE/ICTBA, HE OXBau€HHbIE MHCIEKTOPCKUMHU IMPOBEPKAMU
MAT'ATD. OcHOBHBIM HamlpaBICHHEM €ro HE3aKOHHOH JedATeNbHOCTH Oblia pa3zpaboTka
COOCTBEHHBIX YPaHOBBIX MECTOPOXKIEHUU M ero oborameHne. Kak orMmeuanoce B paszuene 7.2,
Takas CUTyalusi JIOJDKHA TMPUBOJUTh K PACHIMPEHHUIO pEXUMa HEpPACIPOCTPAHEHUS U
MEXKIyHApOIHOW sAepHOM O€30macHOCTH B COOTBETCTBMHM ¢ mnporpammorn MAIATD
"WHTerpupoBaHHON MEKIYHAPOAHOM saepHoi 6e30macHoCTH" .

Jlo cux mop MMEKTCS BOMPOCHI OTHOCUTENIBHO ANepHBIX HaMepennit Muauu, [Tlakucrtana
u Mspamns. Hu onmHa M3 3THX CTpaH HE CBf3aHa O0S3aTENbCTBAMH IO JOTOBOPY O
HepacnpocTpaHeHuH siiepHoro opyxus. Uuaus u Ilakuctan yxe mpoaeMOHCTPUPOBAIU CBOIO
CHOCOOHOCTh K CO3JJaHMIO SIZIEPHOTO OpY>Kusl, a M3paniab akTHBHO pa3BUBAET CBOIO BOCHHYIO
AIepHyl0 mporpammy. Tem He MeHee, MEXAyHapOAHbIE YCWJIHS MO COONIOACHUIO ATHUMH
CTpaHaMU peXUMa HEpPaCHpPOCTPAHEHUS SAEPHBIX TEXHOJOTMI BOEHHOIO Ha3HAYEHUs
MIPOJOJIKAIOTCSL.

7.4 Ucniosib30BaHHe OPY:KeifHOI0 YPaHa M IJIYTOHHSA /ISl IPOU3BOACTBA 3J1eKTPOIHEPIruH

[To uponum cynp0b1 MEeXAYHAPOIHBIE YCUIINS, HAIIPABIICHHBIE HA SIIEPHOE Pa3opyKEeHHE,
NPUBEIH K HEKOTOPBIM CEpPhEe3HBIM IpobiieMaM 0e30macHOCTH B Mupe. J[eMOHTaX SAepHBIX
00€er0JIOBOK, B COOTBETCTBUU C corjiameHueM o pazopyxkennu mexay CILIA u Poccueit, mpusen
K HaKOIUICHHIO SIIEPHBIX OPYXKEHHBIX MaTepHalioB (IUTyTOHHUS M BHICOKOOOOTAIIEHHOTO YpaHa).
[Tocne pacnaga Coerckoro Coro3a BO3HHMKIM ONACEHUs BO3MOXHOIO —PACXMILEHHUS,
KOHTpaOaHbl WM HE3aKOHHOM TOPTOBJIM TaKMMU MaTepUalaMH, B Pe3yJIbTaTe Yero OHU MOTJIH
Obl TIOMACTh B PYKU TEPPOPHUCTOB WM TOCYIApCTB, YKJIOHSIOUIUXCS OT BBINOJHEHHUS PEXHUMA
HEepacmpoCTpaHEeHHUsI AAEPHOTO Opykusi. HeHaie:xHbI KOHTPOIbL 000pOTa SIEPHBIX MaTepUATIOB
BHyTpu Poccumn, pasmep Poccuiickux sSAepHbIX MporpaMM, W HECOOTBETCTBYIOIIAs
MCXKAYHAPOAHBIM CTaHAApTaM 3alluTa SIACPHBIX OGT;GKTOB - BOT HCKOTOPBLIC OGCTOHTGHBCTB&,
KOTOphIE MOTYT CIOCOOCTBOBAaTh IOMAJaHUIO SAJEPHBIX TEXHOJOTMH M MaTepuaioB B
IIPECTYIIHBIE PYKH.

CoBMecTHBICE yCWIHMSI MHOTHX rocymapctB B 1990-pie TOABI  CcrOCOOCTBOBAIH
3HAYUTEIBHOMY YCHJICHHIO (PU3NYECKOH 3allUThl TAKMX MaTepuasoB. TpeOoBaHMS TOKATU3AIUH
W U30JSIUU SIACPHBIX OPY)KEWHBIX MarepuajoB (OCOOCHHO TUTYTOHHS), KOTOpbIe Oojiee HE
TpeOyeTcst Al BOSHHBIX IIEJIeH, CTalu MPUOPUTETHBIMHU Ul MEXIYHApOIHOTO COOOIIECTBa.
MAT'ATD ucnonb3yeT W MOJUTUYECKHE METOJIbl B KOHTPOJIE HaJ HCHOJIb30BAHUEM 3alacoB
OpYKEHHOI0 IUIyTOHHA. bousblive ycunus NpeaupUHUMAIOTCS B IPEJOXPAaHEHUU €ro OT
XUILEHUH, TUBEPCHUIl U B OTpeIeIeHnH Hanbosiee MOAXOMIINX MECT JIJIsl €T0 pa3MeleHus *.
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* KonruecTBO MPOM3BOAMMOIO MPHUIOAHOTO JJISi PEaKTOPOB IUIYTOHUSI M3 OTPAaOOTaHHOIO TOIUIMBA B OOBIYHBIX
TpaXIaHCKUX peakTopax, a 3To mouytd 100 TOHH B roj, 3HAUUTEIBHO MPEBBIMLAET KOJIUYECTBO OPY>KEHHOIrO
IUTYTOHHS.

[lepciekTiBa HCIONB30BaHUS OPYKEWHOTO ITYyTOHUS (coaepkamiero Oonee 93% Pu-
239) B cmemaHHOM okcuaHoM TomiauBe (MOX) sl rpakIaHCKMX PEaKTOPOB IPHUBIEKAET
CeroJiHs BceoOIee BHUMaHWE. Bpuio Obl BHOJHE pa3yMHO Mpou3BoauTh MOX-TOIUTHBO ¢
HCIIOJIb30BAHUEM CMECH OPYXKEHHOI0 M HMPUTOJHOTO JJs TPakIaHCKUX PEAaKTOPOB ILTYyTOHMSL.
Oto ObUT OBI, MOy, €AWHCTBEHHBIH CHOCO0 €ro A(PQPEKTHBHON YTHIU3AINH, KOTOPBIHA
MOCTOSIHHO OBl yAamsil OpY>KeHHBIN MITyTOHUH U3 obopora. B Hacrosiee Bpems nmpuiaraiorcs
OoJple yCWIHs TI0 pa3paboTKe Takoro "TUIyTOHHEBOTO IHUKIA'", a Tak Ha3biBaeMblil "CaMMHUT
BOCHMEPKH'", B KOTOPBI BXOAAT cTpaHbl bonbmioit cemepku u Poccusi, MOCTOSHHO TPOBOASAT
KOHCYJIbTAIlUH 110 3TOMY BOIIPOCY.

Ilocne mpex decamunemuil 03a604eHHOCMU 603MOHCHOCHBIO UCHOIb308AHUA 6 Chepe
600pPYHCEHUIl YypaHa, NPEOHA3HAYEHHO20 0711 KOMMEPYECKOU AO0EPHOI IHEPemuKu, Mol
menepb CAHOBUMCA CEUOCMENAMU MO20, KAK OPYMHCEUHbLI YyPAH HANPAsIAemca Ha cy2yo
MUpHble yeau 01a npou3e00cmed 3J1eKmpoIHEPuu.

IlepBriii Takoit matepuan Obutl goctaBieH B CIIA mocrne nemontaxka CoBETCKHX
BOCHHBIX 00eT0JIOBOK B 1995 romy, u OBLIO TOJIOKEHO HAYaJIO MepepadOTKe W MCIOIB30BAHUIO
OpY>KEWHOT0 ypaHa Al MPOU3BOJACTBA 3NEKTpodHepruu. OpyxeiHbI BBHICOKOOOOTAIEHHBIN
ypaH pa30aBisuicss B COOTHOImIEHMHM 25:1 ¢ o0OeIHEHHBIM YpaHOM, TOJy4YaeMbIM Ha
00oraTUTENBbHBIX 3aBOJaxX (CM. Takxke 3.5).

7.5 Illonutuka ABcrpaaun u Kanaasl B cdepe sinepHoii 6e3onacHocTH

OOGe crTpaHbl - MOCHEA0BaTEIbHBIE CTOPOHHHKH CTPOTOr0 MEXIYHAPOJHOIO peKuMa
HEpacNpOCTPAaHEHUsI SAEPHOTO OpYXKHs, CIIOCOOCTBYIOIIETO YCHUJICHHIO HAIMOHAJIBHOU H
MeXJyHapoaHoll 6e3onmacHocTu. O0e cTpaHbl 3aMHTEPECOBAHbI B MOMCKAX TapaHTUH TOrO, 4TO
IKCIIOPT AAEPHBIX MAaTEPUAIOB U TEXHOJIIOTUNA OYyI€T MCIIOIb30BaThCs TOJIBKO B MUPHBIX LIETIAX.

OcHoBHOW uHTepec ABCTpaluu B cdepe MEexXAyHapoTHON sIepHOM 0e30macHOCTH
COCpPEJIOTOYEH Ha KOHTPOJE HaJ HaJUIeKallMM HCIIOJIb30BAHUEM €€ ypaHa B SIAEPHBIX
nporpammax Jpyrux crtpaH. Murepec Kananpl Gosnee IIMPOK, M OXBAaThIBaeT Kak MPOOIEMBI
MIOJIHOTO TOIUIMBHOT'O IIMKJIA BHYTPU CTPaHbl, TaK U 3KCIOPT ypaHa U PEAKTOPHBIX TEXHOJIOTHUH.
B o0eux cTpanax, 3KCIopT ypaHa KOHTpoIupyeTcs (enepanbHbIMU NPaBUTEILCTBAMH.

[Tocne BTopoit MupoBoi BoiiHbl KaHana B3siia Ha ce0Os 00s13aTenbcTBa HE pa3padaTbiBaTh
COOCTBEHHOE SIEPHOE OpY’KUE, XOTS B TO BpeMsl MMeJa JJIs 9TOro Bce BO3MOXkHOCTU. KaHazna u
ABcTpasivs y4yacTBOBaJIM B cocTaBieHMM Ipoekra YcraBa MAI'ATO, ux mnpencraButenu
noctostHHO npezcTaBieHbl B CoBere MAI'ATO, B MHOIMOUYHMCICHHBIX TEXHUYECKMX KOMUTETaX U
KOHCYJIbTaTUBHBIX TPYIIIaXx.

B cBoem mnepBom otdere B 1976 romy Asctpanuiickuii Ypanobiii Komurer (Ranger
Uranium Environmental Inquiry) coBepiieHHO SCHO yKa3aJ Ha HEOOXOAMMOCTH pPa3padOTKH
a/IeKBATHBIX KPUTEPUEB MEXIYHAapOAHOH sifepHON 0€30MacHOCTH MPUMEHHUTENBHO K J00bIYe
ypaHa B ABCTpalud. ABCTpPaJIMHCKOE MPAaBUTEILCTBO TOTJA BbIPaOOTaI0 OCHOBHbIE MPUHLUIIBI
CBOEH MOJUTUKU B 00JaCTH SiAEPHON O€30MMacHOCTH, KOTOpbIE OBLIM peaqu30BaHbl B TECUEHUE
1977 rona. B 1970-b1x Tomax ABcTpayivs Oblla BKJIIOYE€HA B MEXIYHApOJIHYIO IIPOrpaMMy IO
KOHTPOJIIO HAJ{ SIAEPHBIM TOIUIMBHBIM LIMKIOM, M MPOJOJKAET HUCHOJIb30BATH CBOW aBTOPUTET
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KpyHHEMILEero sKcrnoprepa ypaHa, Al BCECTOPOHHETO BHEPEHUS BBICOKUX CTaHIApPTOB B cdepe
MEXJyHapoAHOH siepHOi Oe3omacHocTH. CBOM NEHCTBHS B 3TOM HAIpaBlIeHMH ABCTpaIMs
OCYILECTBIIIET COBMECTHO ¢ KaHanoil, KpynmHEMIIMM B MHpE IPOU3BOAUTEIIEM YpaHa H
9KCIIOpTEPA PEAKTOPHBIX TEXHOJIOTHH.

HPUJTOXEHUE K PYCCKOMY U3JAHUIO
PAJIMOAKTUBHOCTb U UIOHU3UPYIOUIEE U3JIYYEHHUE

PaguoakTuBHBIA pamnaj HECTaOWIBHBIX SIIEp MOMKET MPOUCXOAUTH ABYMs MYyTSAMU — B
pesyiabpTate o — WM - paaumoakTuBHOro pacmana. [Ipu o — pacmage siapa NPOUCXOAUT
CaMOIIPOU3BOJIBHOE JEJIEHNE aTOMHOTO Spa ¢ YHMCIOM IPOTOHOB Z M YHUCIOM HEUTPOHOB N Ha

4
anb(a — yacTuiy (SApo aTroma reiust ) He ) U snpo — npoaykt. B mporecce anbda — pacnana
AIpO TEpsSET YeThIpe HYKJIOHA W IOJIHOCTBIO IMpeoOpaxaercs. 3apsaoBOE YHCIO MPOAYKTa
pacnaja oKa3blBaeTCsl Ha JBE €AMHUIbI MEHBIIIE MCXOJHOIO, & MAacCOBOE YMCIO — HAa YETBIpE.
[Tpumepom anbda — pagoaKTUBHOTO U30TOMA MOXKET CIYXHUTh N30TON ypaHa — 238. s 3Toro
M30TOMa MPOAYKTOM PEAKIUHU SBIISETCS PO TOPHUSL:

238 234 4
[Ipu sToM pacnane siapo Topus M anb(pa — 4acTULA Pa3JIETAIOTCs C KHHETUYECKUMU SHEPTUIMHU
0.07 M>B 1 4.18 M>»B.

SIBnenue Gera — pacmiaga 1mpeacTaBiIsICT coboi CaMOIIPOU3BOJIBHOC JCICHUEC aTOMHOI'O
sipa ¢ UCIyCKaHWeM JJeKTpoHOoB. Kak u ans anbda — pacnaga, ypaBHEHHE STOUW sIEpHOMN

peakuuu IMOXO0XE Ha ypaBHEHHE XMMHUECKOM peakuuu. bera — paanoakTuBeH, Hampumep,
M30TON TOPHUs, NOJYUYEHHBIN Npu anbda — pacnaae ypaHa -238. B pesynbrate peakiuu 6erta —

234
pacnajaa TOpuid MpeBpaniaeTcs B NIPOTOAKTUHUM 91P a .
234 234 0
wlh — g/ Pa . Je

Bo3Hukaer Bompoc: a OTKyzna e B siApe IEKTpoHbl? Jleqo B TOM, YTO HYKJIOHBI
CIOCOOHBI K B3aMMHBIM MPEBPAIICHUSAM, U B pE3yJIbTaTe OJHOTO U3 TAKUX MPEBPALLIEHUI

1 1 0
o -, p +,4€
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1 00pa3yroTCs JIEKTPOHBI.

O6a BuAa paauMOAaKTHUBHOTO paclaja MOTYT COMPOBOXAATHCS TaMMa — HU3IIyYEHHUEM —
KECTKUM DJIEKTPOMarHUTHBIM U3TyYEHHEM C BHICOKOW IPOHUKAIOLIEH CIIOCOOHOCTHIO.

UYTo MpOMCXOJNUT B TAJbHEUIIIEM C BHIPBABIIUMCS M3 3aTOUYCHHS BHYTPU aTOMa CI'YCTKOM
sHepruu — usnydeHueM? [loTok dsHepruM, NEpeHOCHMOHN pAa3IMYHBIMU KOMIIOHEHTaMU
W3JIYUYCHUS, JIBIXKETCS BO BHEITHEH CpeJic U B3aUMOJICHCTBYET C HEi. AJib(ha-duacTHIlbl HECYT Ha
cebe 3apsiyI, paBHBIA JBYM 3apsaaMm dJieKTpoHa. [1o3ToMy UM MPHUXOAUTCS ¢ OOJBIINM TPYAOM
MPOTHCKUBATHCS CKBO3b Yallly aTOMOB BEILECTBA, HA KOTOPOE HAJIETAET ATOT MOTOK HOHOB I'eITHsI.
B3aumoneiictByss ¢ atomamu, anb(a-dyacTUIbl OBICTPO pa3JalOT CBOIO DJHEPTUI0 Ha
OCBOOOXKJICHHE DJICKTPOHOB W3 aTOMOB Cpeibl, T.€. Ha MHOTOKPaTHbIC aKThl HOHHW3AIUH.
[TosToMy mpoGern MOHOB renusi B CpeAe OYeHb Majibl — JIaXKe B BO3JyXe NPH HOPMAIbHOM
aTMochepHOM JIaBJICHUH OHU TIpoderaroT He O6omee 10 cm.

bera-uyacTunbl — D3JIEKTPOHBI — pEXX€ B3aUMOJICHUCTBYIOT C aTOMaMH Cpefbl, UX
AJIEKTPUUYECKUI 3aps]] MEHbIIE, OHM HAMHOTO Jierde, TaKk 4YTO MpoOer B BO3AyXe Ui HUX
BO3MOXEH OKOJIO MeTpa. Ellle MEeHbIIle BEPOSITHOCTh CTOJIKHOBEHUS C aTOMaMH CPEJlbl U MOTEPS
SHEPIrUy Ha UX MOHH3AIMIO Y TaMMa-KBaHTOB, OHU MTPOOETAIOT B BO3AYXE JECATKH METPOB, MOKA
HE pacTpaTsAT BCIO CBOIO dHepruto. [loaTomy 3TO W3NydeHHWE W HA3bIBAIOT MPOHHUKAIOIIUM.
[IpuBenemM cpaBHHUTEIbHYIO TaOJIHMIly CBOWCTB pPAJHOAKTHBHOTO MPUPOIHOTO W3ITYYCHUS,
YKa3bIBas 3a0AHO, KAKUC BO3MOKHBI CHOCO6BI 3alUTEI OT TAKOI'0 TUIIA U3JTYUCHUS.

Tun uzinyvyenus Cocras HNonusupyromas IIponukaromas
U3J1y4YeHUst CIOCOOHOCTH CIOCOOHOCTH
o Nonst He'™" | Ouenb Boicokas | Huskas. 3ammra: 0,1
MM BOJHI, JIUCT
Oymaru
B DNEeKTPOHBI Bricokas Bricoxkast. ammra:
CIOH aIIOMHUHHA 0
0,5 Mm.
Y OnextpomarH | Huzkas OueHn BBICOKasI.
HUTHOE 3ammTa: CJIOM CBHHIIA
V3ITy4YeHUE JI0 HECKOJIBKHUX CM.

Konuuecmeennoii mepoii uonusupyrouieii cnocooHOCmu NPOHUKAIOWLE20 U3JTYYEHUs
npuHuUMaemca Koauuecmeo nap UOHOE (6edb 6 npouecce UOHU3AUUU HA 06e yacmu
paszoensemca U3HAYATLHO HEUMPAIbHAA cUcmeMma U oopazyemcsa napa UOHO8 pAa3H020
3HaKa), Komopoe nopodcoaem OaHHbI mun usayuenus 6 1 em’ cyxo2o 6030yxa,
Haxooawe2ocsa npu Komuamuou memnepamype (+18 °'C) u HOPMAbHOM ammocghepHom
oagnenuu. Ycnoenana eOunuua uzmepenus uOHUIUPYIOUWUX 603MONCHOCMENL U3Iyuenus 0vlna
HA36AHA PEHMZEeHOM U ell COOMEEemCmeEyem maxkasa UHMEHCUBHOCMb U3JIyYeHUus, Hnpu
Komopoii 6 1 e’ oopazyemcsa npumepHo 06a MuIIUaApoa nap uonoe (6onee mouno, 2,081 0’).
Kak monvko é6edena Konuuecmeennan XapaKmepucmuKka noaa WOHUIUPYIOW,e20 U3iyyeHus,
MOdHCeM RPUCBOUmMb el UMA: IKCHO3UUUOHHAA 003a. Edunuueit ee usmepenus saensemcs
penmeen: 1P =2-] 0’ nap uonos/cm’ 6030yxa.

[lo cytm pgena, SKCHO3UILMOHHAS 1032 OIpPEACNSIET JHEPreTUYECKUE BO3MOKHOCTHU
noHu3upytomero ninydenus. Korma srta equHuiia BBoAWIACh B O0MXO/, €€ HCIONIb30BAIN IS
o1IeHKH 3(pPEeKTUBHOCTU Te€HEpATOPaA PEHTICHOBCKOTO U3nyueHus. Ho 3Ta Mepa HOHU3HUPYIOIIETO
U3NydyeHusi Tmepecrana ObITb yAOOHOW, KOTJa TNPHUMEHEHHE PEHTICHOBCKHX Jydeill B
MEIUIMHCKON MPAKTUKE CTal0 IMOBCEMECTHBIM. JI€0 B TOM, YTO IMOHATHE 3KCIO3ULIUOHHOU
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JI03BI OMUPAETCS Ha CIIOCOOHOCTh HOHU3MPOBATH CyXOi BO3ayX. Ha mpakTuke ke moHago0mIach
XapaKTepUCTHKA, TMOKA3bIBAIONIas HACKOIBbKO A(P(EKTUBHO H3IyYeHHE HOHU3ZUPYET TKaHU
4yeJioBeYeckoro opranusMma. IloaToMy OBUIO NPEANIOKEHO U3MEPSATh CTENEHb BO3ACHCTBUS
MIPOHUKAIOIIET0 M3IyYeHHUs] Ha BEIIECTBO KOJIWYECTBOM HJHEPTHUH, MOTIOMIAEMOM 00IydaeMbIM
MaTepHUAIIOM.

Takum o00pa3oM, nozcrouwjennas 003a — 3TO KOIUYECTBO DHEPTUHU, TOTIIOIIAEMOE
eAMHULIEH Macchl 00ydyaeMoro BeuiecTBa. KoHEUHO, 3Ta BEIMUYMHA XapaKTEpU3YeT HE TOJIbKO
CIIOCOOHOCTh M3TYUYEHHUS MEPEHOCUTHh DHEPrHI0, HO OJHOBPEMEHHO M CIIOCOOHOCTH BEIIECTBA
oTOupaTh ee y u3inydeHus. HyxHo, Bpouem, CKa3aTh, YTO MOHU3ALMUS BO3yXa PEHTI€HOBCKUM
M3ITy4YEeHUEM OYEHb MaJIo OTJIMYAETCs OT MOHU3ALMU MATKUX TKaHe opraHu3Ma.

IHoznowennan 0oza usmepaemcesa ¢ paoax (pao.). Oonaxo ¢ Mescoynapoonoii cucmeme
eouHuy 01 nNO2NOWeHHOU 0036l ecmb donee yooonasa eounuuya — I'peu (I'p): 1 I'p = 100 pao
= 1 /Inc/ke. Paouayuonnwiit yhhekm, m.e. mepa mozo, HACKOJIbKO CUTbHBIM OKA3bleACHCA
6030elicmeue U3NY4YeHUs HA 6euiecmeo, KaK pas u Onpeoensiemcsa noi0ujeHHOU 0030i.
Moowcno ckazamb, Umo nO2IOWIEHHAA 0034 — IMO YHUBEPCANbHAA XAPAKMEPUCMUKA
e3aumooeiicmeus paouayuu u mamepuu. Ho — monvko 01a nexcueoui mamepuu!

Bonee moppo6HOE M3ydeHHe OOMy4YeHMs >KMBBIX TKaHEW IMOKa3ajo, YTO B 3TOM clyyae
pe3yabTaT BO3ACHCTBUS M3TyUeHHUS (TaK Ha3bIBAEMBIN paouooduonozuueckuii Ighghexm) 3aBUCUT
HE TOJIBKO OT KOJIMYECTBA 3HEPIUU, KOTOPOE OTAAET U3IYyUEHHE aTOMaM XXKUBOW CPEIbl, HO U OT
IUIOTHOCTH MOHU3AIMM — KOJIMYECTBA Map MOHOB, KOTOPbIE 00pa3yloTcs BIOJb HAlpaBICHUS
MPOXOXKACHUS Tydka Hu3JydeHus. Hampumep, Jerkuil 37eKTpOH, IMONaB BHYTPb BEIIECTBA,
HMOHHM3UPYET Ha CBOEM ITyTH AAJIEKO HE Ka)Ibl aTOM — CTOJIKHYBILKCH C OJHUM aTOMOM, OH
MUHYET COTHU JAPYTHUX aTOMOB, TIOKAa HE CTOJKHETCS ¢ KaKUM-HHUOY[b elle, IpeBpalas 1 ero B
noH. He tak oOcrout niesno ¢ Oosiee TSXeNbIMU YacTullaMu. Hanmpumep, IpoTOH, KOTOPBIM MOYTH
B 2000 pa3 Tsxkesee 3JEKTPOHA, HA CBOEM ITyTH MOHU3UPYET MPAKTUUECKH BCE BCTPEUAIOLIUECS
aTOMBI.

s ydera NOTOTHUTENHLHOW XapaKTEPUCTUKH OOJYYeHHS — IUIOTHOCTH WOHH3AIUU
aTOMOB Ha CBOEM IYTU — HCIOJNb3YETCS CHEIUAIbHbIN Kodghghuyuenm ommuocumenvhoi
ouonocuueckou IPpgexmusnocmu (Kogy). C ero TmnoMomplo yAaeTcss CpaBHUBATH
paauobuonoruueckue 3G exTsl, IPOM3BOAUMBIE Pa3HBIMU THUIIAMH U3JTyYEHHUS B OJTHOM U TOM ke
cpe/e IpH PaBHBIX KOJIMYECTBAX PHEPTUH, MOTIIOIIAEMON Cpe/loi (IIpU paBHBIX MOTJIOIIEHHBIX
no03ax). OTOT KOXPQPUIMEHT XapaKTepHu3yeT CIOCOOHOCTh M3IYyYCeHHs] JTaHHOTO BHIA
BO3/ICHCTBOBaTh HA TKAaHU OpraHu3Ma, T.€. TOBOPUT 00 OTHOCHTEIBHOH OHOIOTrHYecKOil
3(PEKTUBHOCTH Pa3HBIX U3ITYUEHUH.

WNHuave roBopsi, CTENEHb BIUSHUSA HA Cpelly, HAapUMEp, HEHTPOHHOTO IOTOKA MOKET
ObITh HKBMBAJIEHTHA BO3/CICTBHIO Ha cpeay Iydyka ramMmma-kKBaHTOB. CKakeM, HEKOTOpBIi
IIPOLIECC MPOUCXOIUT B OPraHMYECKOM BEILIECTBE MPU MOIJIOMEHHON 103€e ramMma-inyueit B 2 I'p.
Tot e mpoluecc ¢ TeMu ke napaMeTpaMH B TOW K€ Cpe/ie MOXKET ObITh BbI3BaH U OBICTPHIMU
HEHTpOHaMU, HO B 3TOM CJIy4ae JOCTATOYHO HoriomeHHoi 1036l B 0,2 I'p. Takum oOpaszom, ams
HeUTpoHOB Kops = 10. Tak BO3HMKAaET HOBOE MOHATUE TOZUMETPUN — IKGUBAIEHMHAA 003A.

Eounuueii usmepenus IKeusaieHmuoil 003bl A61AemMca OUOI02UHECKUTL IKEUBATICHN
paoa — 03p, 1 03p = 1 pao-Kogs. Oonaxo u sma eounuua yyce ycmapena. Tenepv npunamo
uzmepamo IKeueaneHmuyto 003y 6 3ueepmax (3¢): 1 3¢ = 100 63p. Cmoicn Imux eenuyun,
npaeoa, oueHb NPUOIUUMETBHO, MONCHO Onpedenums mak: IKeueanenmuas 003a ¢ 1 3¢
o3nauaem, umo Ha 1 Keadpamuwlii canmumemp NIAOWAOU OP2AHUYUECKOU cPeObl (HCUsoll
mkanu) nonadoaem oxono 100 munauapooe keanmoe uznydyenusn (1 mop oznauaem, umo na
Kaxcovlil K6AOpAMHBLIL CAHMUMEmp naouwa0u mKaHu nonadaem MUuIIUOH PAOUOAKMUGHBIX
yacmuu).
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[Tpu onpenenennn ko3 durmenta Kogs, KOTOPHIA paBeH OTHOIIEHUIO TIOTJIONICHHBIX 103
Pa3HBIX THUIIOB U3JIy4YEHH, KAKOE-TO U3 U3TyUYECHUN MPUXOIUTCS CUUTATh ATANIOHHBIM. Eciu ero
BO3JCHMCTBUE HA CpEIy IMOJIaraTb PaBHBIM HEKOTOPOW YCIOBHOM €AWHUIIE, TO BO3JECHCTBUE
npyroro tumna obmyuyeHus Oynet otinuathesi B Kopy pa3. B kadectBe 3TajqoHHOro BhIOMpaeTcs
ramMmma-o0JlydeHue, i OeTa-JIeKTPOHOB KOA(D(DHIIMEHT OTHOCUTEILHON OHMOJIOTHYECKOM
3¢ (HEeKTUBHOCTH TOXKE paBeH 1, A MPOTOHOB U OBICTPBIX HEUTPOHOB — OT 3 10 10, Ans anbda-
YacTHIl U TsKeNbIX HOHOB Kops paBen 20.

[Ipennaraem Bam ouenuts Bamry nHAMBHIYaIbHYIO TOAOBYIO 103y OOJTy4eHHUs, HCXOISA
U3 JaHHBIX, IPHUBEACHHBIX B Tabiuue 3. [TomydeHHsle mocne moacyera pe3yabTaTsl, Bel MoxkeTe
COIIOCTAaBUTH ¢ HauboJiee BEPOSTHBIMH 3 (HeKTaMH MPH pa3IMYHBIX 3HAYCHUAX 103 O0IydEHUS U
MOIIHOCTEH JJ03bI, OTHECEHHBIX K LIEIIOMY TEIy.

Taoauna 3

M cTOYHMK HOHU3UPYIOLIETO U3JY4YeHUsI I'opoBas no3a
KOCMMNYECKOE U3JIVUEHUE
Ha yposne mops 0,2 m3B
[TpubaBeTe Ha kKaxapie 100 M Ham ypoBHEM MOps 0,03 m3B
MN3JIYUEHUE 3EMJIN
B 30He U3BECTHAKOB 0,3 M3B
B 30H€ ocamounbIx mopoa 0,5 m3B
B 30H€ rpanuToB 1,2 Mm3B
BAIIE XWJIMILE
N3 nepesa 0,01 m3B
N3 xupnmga 0,1 m3B
U3 Oetona 0,5 m3B
Ecmu Brl xxuBete B 30-kMm 308e ADC, 100BBTE 0,02 m3B

Ecnu Bel xuBeTe BOMM3M OT IeHTpa ucnbiTanuii sigepHoro | 0,03 mM3B
OpY>Kus, 100aBbTE
BAIIIA ITUIITA
EcrecTBeHHBIE PagMOM30TONBI, coaepxkanmecs B mpoaykrax | 0,02 m3B
(MHHEpaJIbl, MsICO, OBOIIH, pblOa U T.11.)
BAIIU ITOJIETBI HA CAMOIJIETE

Ha xaxnasie 500 kM modaBbTE 0,04 m3B
BAIIIU TEJIEBU30P N YAChI

IIpu cpeanell MpoIOIKUTENBHOCTH MpocMoTpa Tenesusopa 1 | 0,05 m3B
4yac B J€Hb, 100aBbTE 0,02 m3B
Ecnu Bel HocuTe CBETSIIMECS Yachl, T0OABLTE

BAIII OTIIYCK

Henens ormycka B ropax Ha Beicote 2000 M 1 M3B
BAIIIE 3JIOPOBLE

Pentrenorpadus nerkux 1 M3B
Pentrenorpagus 3y6os 0,2 m3B
AOGmomMuHaNBHAS TOMOTpadus 15 mM3B

PE3YJIbTAT BAIIEI'O PACYETA
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A menepv cpagnume pezyromamuvl Bawux pacuemog ¢ npugeedeHHbIMuU HudiCe
yugpamu u oyenume cmeneHv moNl OnACHOCMU, KOmopylo eHocum & Bawy rcusns
paouayusa. Huxe npuBeieHbl JaHHbIE, KOTOPBIE MPEJICTABIAIOT Hauboee BeposiTHbIE 3P PeKThI
IIPU Pa3INYHbIX 3HAYEHUSAX 103 O0JIy4EHHS U MOILIHOCTEN J03bI K LEJIOMY TENY.

Taoauna 4

Beauyuna KommenTapuii

A03bI WJIH

MOIIHOCTH

A03bI

10000 M3B | [Ipy KpaTKOBpeMEHHOM OONYyYEeHMH NPUYMHWIA Obl HEMEIJICHHYIO
(10 3uBepToB) | 6OJIE3HB M MOCIEAYIONIYIO CMEPTh B TEUCHHUE HECKOJIBKUX HEJIEITh
Mexay 2000 | [Ipy KpaTKOBpEMEHHOM OOJyYEHUH MPUYHHUIH OBl OCTPYIO JIyYeBYIO
u 10000 m3B | Gone3HB C BEPOATHBIM (paTaibHBIM UCXOA0M
2 - 10
31BEPTOB)
1000 m3B (1 | [Ipm KpaTKOBpeMEHHOM OOJlydY€HHH, BEPOSTHO, TNPUYUHWINA OBl
3uBepT) BPEMEHHOE HEIOMOTaHue, HO He MpHBenu Obl kK cMepTH. [Tockonbky 1032

00yueHHUs] HAaKaIUIMBAETCS B T€UEHUE BpeMeHH, To obiydenue B 1000
M3B BEpOSITHO MPUBEIO Obl K PUCKY IMOSBJIECHUS PAKOBBIX 3a00J€BaHUMA
MHOTHIMH TOAAMH TI035KE

50 M3B/B rox

Camas Hu3Kas MOIIMHOCTL JO3bI, IpHU KOTOpOfI BO3MOXHO IIOABJICHUC
pakoBbIX 3a0oneBanuid. OOIydeHHE TPU 032X BBIMIC 3TOH MPUBOIUT K
YBEJIMUEHUIO BEPOSATHOCTH 3a00JIEBaHUS PAKOM

20 M3B/B rO

YcpenHeHHslid 6oee yeM 5 JIeT - mpenen IS mepcoHaia B SIACPHON U
FOpHO,Z[O6LIBaIOH_II/IX 0Tpacn51x HpOMBIH_UIeHHOCTI/I

10 m3B/B TOI

MakcumanbHBIi yPOBEHb MOIIHOCTH J03bI, MOJy4YaeMblid IIaXTepamu,
JOOBIBAIOUTNMHU YpaH

3 - 5 wm3B/B | OObluHAsE MOUIHOCTH [I03bI, MOJy4yaemas MIaXTepamH, TO0OBIBAIOLTUMHU

roa YpaH.

3 M3B/B rox HopMmanbHblii  paananvioHHBIH (OH OT €CTeCTBEHHBIX MPHUPOJHBIX
NCTOYHUKOB I/IOHI/I3I/IPYIOHIGFO I/IBJ'Iy‘ICHI/ISI, BKJIFOYasi MOIIHOCTH HdO3bI
noutd B 2 M3B/B TOA OT paZoHa B BO3AyXe. DTU YPOBHU paJUalliu
6J'II/I3KI/I K MHUHHMAJIBHBIM [J103aM, nonyqaeMmM BCEMHU JIFOAbMU Ha
IUIaHETE

0.3 — 0.6 | TunuyHbIl AMANa30H MOIIHOCTHU JO3bl OT UCKYCCTBEHHBIX MCTOYHHKOB

M3B/B 1o W3ITyYEHUSs], TTIaBHBIM 00pa30M MEIUIIMHCKUX
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0.05 M3B/B | YpoBeHb (DOHOBOW paamaivi, TpeOyemblid MO0 HOpMaM O€30MacHOCTH,
rog BOJIM3U SACPHBIX ANEeKTpocTaHIui. DakTUueckas 103a BOIU3U SAEPHBIX
00BEKTOB HAMHOT'O MEHBIIIE

CJIOBAPb HEKOTOPBIX TEPMHUHOB

ABapus - HapyueHue skcrutyarauuud AC, mpu KOTOPOM HPOM30LIEN BBIXOJ PagHOaKTHUBHBIX
NPOAYKTOB W/MJIM HWOHU3UPYIOIIMX M3JIyYEHUH 3a NPEeIyCMOTPEHHBIE IPOEKTOM  JUIs
HOpMaJbHOW SKCIIIYaTally IPaHUIbl B KOJIMYECTBAX, MPEBBIIIAIOLUINX YCTAHOBIECHHBIE IPEIEIIbI
0e30macHON  9KCIUTyaTallud. ABapHMsl XapakTepU3yeTCcsl HCXOJIHBIM COOBITHEM, MyTSIMH
OPOTeKaHWS W HOCHeACTBHAMHU. [lox aBapueil 4acTO MOHUMAIOT COOBITHE, HE CBSI3aHHOE C
panuaOHHBIMU TTOCIEACTBUSMH.

ABapuiiHas cutyanus - cocrossaue AC, xapakTepu3yromieecss HapylIICHHEM MPEIeiIoB W/WITH
yCIIOBUI 06€301acHOM SKCIITyaTaly, He Mepelie/iiee B aBapuio.

AIMUHUCTPATUBHOE PYKOBOACTBO AC - NOMKHOCTHBIE JUIA, KOTOPBIM 3KCIUTYyaTUPYHOLIEH
OpraHu3aIyeil MpeIoCTaBICHBI IpaBa U MOPyYeHBI 00513aHHOCTH 110 dKcIuTyatanuu AC.

AJba-4acTHIA - IOJIOKUTENBHO 3apsSHDKCHHAS YaCTHIA, UCITyCKaeMast IpOM U COCTOSIILAs U3
JBYX IIPOTOHOB U JIBYX HEUTPOHOB.

Atomuasi ctanius (AC) - saepHbId peakTop (PeaKTophl), C KOMIIJIEKCOM CHCTEM, YCTPOUCTB,
000py/OBaHUs, COOPYKEHH W TEPCOHAIOM, HEOOXOIWMBIX A MPOU3BOJICTBA JHEPTUU B
3aJJaHHBIX PEXHMMax U YCIOBUSX NPUMEHEHUs, paclojiararouiyecs: B Ipeneaax KOHKPETHOM
teppuropud. OOBIYHO m1OA TepMUHOM aToMHasi cTtaHumMs (AC), eciu 3T0 0cob0 He
OTOBapUBaeTCs, MOHUMaETCs Jt000# n3 00bekToB, T.e. ADC, ACT, ADTC.

AtomHasi craHuus TemsocHaO:kenusi (ACT) - aromHas craHnus, NpeIHA3HAYCHHAs IS
HpOI/ISBOI[CTBa TCHHOBOfI 3Hepr1/m JJIA ueneﬁ OTOIIJICHHUA N FOpﬂ‘IGFO BOI[OCHa6)KeHI/I$I.

AtomHasi 3yekTpuyeckasi craHuusi (ADC) - atoMmHas CTaHIUs, TpeAHA3HAYEHHAs IS
MIPOU3BOJCTBA ANEKTPUUECKON SHEPTHUH.

ATOMHOe 3aKOHOAATEJBbCTBO - 3aKOHBI, 3aKOHOAATCIBHBIC AKThI O 3alluTC, Opr)KaIOH_IGI\/'I
CpeAanl, CTaTbU YI'OJIOBHOI'O KOJCKCA, APYTIMC aKTbhbl, UMCIOIINEC CUIIY 3aKOHOB, OIPCACIIAIONNEC
OGH_IGCTBCHHBIG OTHOLICHUS IIPHU UCIIOJIb30BAHUUN aTOMHOM SHCPIUH.

BesonacHocte AC - cBoiictBo AC mnpu HOpMalbHOM S3KCIUlyaTallud W B Cllydae aBapuii
OrpaHUYMBATh PAJUALMOHHOE BO3JEHCTBHE Ha IMEPCOHAJ, HACEIEHUE U OKPYKAIOIIYIO Cpery
YCTAHOBJICHHBIMH TIpeJesiaMi. YPOBEHb O€30MaCHOCTH CUMTACTCd NPUEMIIEMBIM, €CIIH
obecrieueHo coOmo/ieHNe TpeOOoBaHUN crienUalbHbIX HOPM M mpaBuwil. COCTaBHBIE 3JIEMEHTHI
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nouaTus "OesomacHocTh AC" - TexHWyeckas, sAepHasg, paadalliOHHAsA, DKOJOTMYEecKas
0€30I1aCHOCTb.

Bera-yacTuna - ucmyckaemas paJdOAKTUBHBIM HYKJIHJIOM YacTHIA, TIO BEJIMYMHE MAcChl H
3apsijia paBHA JEKTPOHY. DINEKTPUUECKUH 3apsi MOKET OBITh MOJIOXKUTEIBHBIM - B 3TOM CIIydae
OeTa-4acThIla HAa3bIBACTCSI IO3UTPOHOM.

Baok AC - vacts AC, Bemonssromnias GpyHknno AC B ONpeAeICHHOM ITPOSKTOM 00BheEME.

I'amMma-u3jydyeHne - DJIEKTPOMArHUTHOE W3JIYYCHHE, HCIyCKAeMOe SAPOM B peE3yJbTaTe
KBaHTOBOT'O TIEPEX0/a OT OJTHOTO YHEPTETUICCKOTO YPOBHS K JPYyTOMY.

lejienne siiepHOE - IPOIIECC, B XOJIC KOTOPOTO OJTHO SJIPO PacIISIUIICTCS Ha JBa B OoJiee sjaep 1
MIPOUCXOTUT BBIJCIICHUE YHEPTHH.

BBoa B 3KkcIuryaTamuio - Tporecc, BO BpeMs KOTOPOTO CHUCTeMbl W oOopyaoBanue AC
HAYMHAIOT (YHKUMOHUPOBATH U MPOBEPSAETCS MX COOTBETCTBHE MPOEKTY, BKIIOYAIOLINI B ceOs
IPEANYCKOBBIC HAIAIOYHBIC PA0OTHI, HDU3UYESCKUN W IHEPIETUUSCKUN MYCK W 3aBEPIIAIOIIHIACS
cnaueri AC B IPOMBIIIIEHHYIO DKCILIYaTalLMIO.

BHyTpeHHsIsl 3alIMIIEHHOCTh PeaKTopa - CBOWCTBO o0ecredynBaTh 0€30IaCHOCTh HA OCHOBE
€CTECTBEHHBIX OOPATHBIX CBSA3€H U MPOLIECCOB.

Bbi0pochl paiMoaKTHBHOCTH HA O00BbEeKTaX SIAePHOM JHEPreTHKH - Ia30BbIE, a3pO30JIbHBIC
BBIOPOCHI U JKUAKHE COPOCHI, KOTOPBIE COEPKAT PpallOAKTUBHBIE BEIIECTBA.

Jo3oBbie npenennl - B Hopmax pagnanmonnoit 3amutsl HPB-95 yctanaBnuBaroTcsi 1030BbIE
TIpeIeIbL:

e Ui mepcoHasia 2 03p/TOA B CPEIHEM 3a MOocjenoBaTelbHbIe 5 JIeT, HO He Oojee 5
0ap/ron,

e st Hacenenwus 0,1 63p/ron B cpeaHem 3a 5 set, Ho He 6onee 0,5 63p/roz.

3anpoexkTHasi aBapusl - aBapus, BBI3BaHHAs HE YYUTHIBAEMBIMHU JJIsi TMPOCKTHBIX aBapHil
WCXOJHBIMUA COOBITUAMH WM COTPOBOXIAIONIASACS JTOTOJHUTEIBHBIMH TI0 CPaBHEHHUIO C
MPOSKTHBIMU  aBapUsMHU OTKa3aMU CHUCTeM O€30MacHOCTH CBEpX EAMHHYHOTO OTKa3a,
OIMMOOYHBIMHA PEIICHUSIMU TIEPCOHAJIA, KOTOPhIE MOTYT MPUBECTH K TSHKEIBIM TOBPEKICHUSIM
WA K paCIUIaBJICHUIO AKTUBHOM 30HBI, YMEHBIICHHE MOCIEACTBUNA KOTOPOM JOCTUIAETCS
yIpaBJICHUEM aBapuel W/WIM peaju3alieil TUTAaHOB MEPOIPHUATHH IO 3alllUTe IMepcoHana M
HACEJICHMS.

3amuTHbIE cUCTeMbl (3JIeMEHTBbI) 0€30MACHOCTH - TEXHOJOTMYECKHE CHCTEMBI (3JIEMEHTHI),
IpeJHa3sHaueHHbIE JJIs MPeOTBpAIleHHs] WK OTpaHUYEeHUs MOBPEXKACHUHN sepHOro TOIIUBA,
000JIOYEK TEIUIOBBIACIAIOIINX 3JIEMEHTOB, O0OpYNOBaHHS M TPyOOIPOBOJOB, COJEPIKAILUX
PaAMOaKTUBHBIE IPOYKTHI.

HM3otonbl - HYKJIMOblI € OAWHAKOBBIM YHCJIIOM IIPOTOHOB, HO Pa3JMYHbBIM KOJIHWYCCTBOM
HEUTPOHOB.

Honmnpymmee N3JIYYCHUE - TIOTOKU 3apsKCHHBIX YaCTHI] BBICOKOM 9HEpPTHUU, KOTOPLIC
HETIOCPCACTBCHHO UJIKM KOCBCHHBLIM ITYTEM BbI3bIBAIOT HOHU3AIIUIO BCIICCTBA.

KOHCCpBaTHBHLIﬁ nmoaxona - 3To TaKkou noAxoa K aHAJIN3y IPOTCKAHUA daBApUU, ITPU KOTOPOM
IJId MapaMEeTpPOB U XapPAKTCPUCTUK NIPUHUMAKOTCA 3HAUCHUA WU MMPCACIIbI, 3aBCA0OMO MTPHUBOJIAIINC

114



SIu Iop-Jleccn, "SnepHoe 3nexkTpuyecTso'

K Oosiee HEOIArOMPHUATHBIM PE3yJIbTaTaM.

Kpurepuun (mpegesibl) 0€30MaCHOCTH - YCTAaHOBJEHHbIE HOPMATHUBHO-TEXHUYECKUMH
JOKYMEHTaMU W/WJIK opraHaMu ['ocynapcTBEHHOTO HaJ30pa M KOHTPOJIS 3HAUYEHHUS MapaMeTpoB
W/WIHA  XapaKTePUCTUK TIOCIEJCTBHI aBapuii, NMpU COOJIOJCHUHM KOTOPBIX 00ECreunBaeTCs
6e3omacHocTs AC.

KyabTypa 0€30MacHOCTH - KBATH()HUKAIMOHHAS W TICHXOJIOTUYECKAs TOJATOTOBICHHOCTh BCEX
JUI, TpU KOTopoi obecnedeHue Oe3omacHocTH AC ABISETCS TNPUOPUTETHOW IIENBbI0 U
BHYTpEHHEH MOTPeOHOCThIO, TPUBOMALICH K CAMOCO3HAHUIO OTBETCTBEHHOCTH U K
CaMOKOHTPOJIIO TIPU BHITIOTHEHUH BCeX padOT, BIUSIONINX Ha 0€30MacHOCTb.

Jlokamusyommue cucrembl (JIeMEHTBI) 0€30IMACHOCTH - TEXHOJIOIMYECKHE CHCTEMBI
(3;memMeHTBl), NpeAHa3HAuYEHHbIE Ul NPEJOTBPAIICHHUS WM OIPAaHUYEHMs] PacIpOCTPAHEHUs
BBIICIAIOIUXCA TIPU aBAPUAX PAJUOAKTHBHBIX BEIIECTB W H3IyYEHUH 3a YCTAHOBJICHHBIC
IIPOEKTOM TPAHULBI M BBIXOAA UX B OKPYKAIOLIYIO CPENy.

He3aBucumble cucTeMbl (3J1€MEHTBI) - CHUCTEMBI (dJIEMEHTHI), JJII KOTOPBIX OTKa3 OIHOU
CHCTEMBI (3JIEMEHTA) HE MPUBOIUT K OTKa3y JAPYroil CUCTEMBI (3JIEMEHTA).

HeiiTpoH - snexTpudecku He3apsuKeHHas >JIEMEHTapHas YacTHIa C MAcCOM, MPHOIM3UTENBHO
paBHOM OJTHOW aTOMHOM €IMHUIIE MACCHI (a.€.M.).

Hopmanbnasa J3kcruryatamusi - dkcmuiyatrauusg AC B ONPENENCHHBIX  IPOEKTOM
9KCIUTyaTallMOHHBIX MPENeNax U yCIOBHUSX.

HopMaTuBBI 0€30I1aCHOCTH - TOCYJIapPCTBEHHBIC MOJIOKEHUS Il oOecreueHus: 0e30MacHOCTH
nepcoHalia, HaCEICHUsI, OKPYKAOIICH CPEJIbL.

Hyxaua - pa3HOBUAHOCTH aTroma, XapakTepu3yemasl YHCIOM IPOTOHOB M HEHTPOHOB, a B
HEKOTOPBIX CIIy4asix SHEPreTHUECKUM COCTOSTHUEM SIpA.

OobOecneunBamouue cUCTeMbl (3JIEMEHTBHI) 0€30MACHOCTH - TEXHOJOTHYECKUE CHCTEMBI
(3memMeHTBl), MpeAHa3HaueHHBIC IS CHAOXKEHUs CUCTeM Oe30MacHOCTH JHepruei, padoueit
Cpenoi 1 co3aHus yCIOBUM IS X (PYHKITMOHUPOBAHMSI.

OnbITHAs YKCIUTyaTanus - 5tan BBojia AC B OKCIITyaTaIyio OT Hadajia YHEPreTUYECKOTo MmycKa
10 npueMku AC B IPOMBINIIEHHYIO SKCILTYaTaIUIO.

OcHOBHBbIE TIPaBWJIA U HOPMBI 0e30macHOCTH B AD - oO0IIMe TOJIOXKEHUS OOeCTICUCHUs
oe3zonacHoct AC, mpaBwia siAepHON O€30MacHOCTH, HOPMBI pagualliOHHOW OE30MacHOCTH,
CaHMTApHbIC TpaBWIIA MPOEKTUpOBaHUS U dKcruryataun AC, TpeOOBaHUS K Pa3MELICHUIO U
KoHIeHTpauuu MoiHocTH AC UCXO/s U3 OTPaHUYEHUI 110 6€30MaCHOCTH U KOJIOTUU

Otka3pl nMo o0mieil MpUYMHE - OTKa3bl BaXHBIX JUIsI O€30MaCHOCTH CUCTEM (RJIEMEHTOB),
BO3HUKAIOIIMUX BCJIEICTBUE OJHOTO OTKAa3a, OMIMOKHM MEpCOHaja, BHYTPEHHETO WJIM BHEIIHETO
BO3JCHCTBUA. BHyTpeHHHE BO3JCHCTBUS - BO3ICHCTBHS, BO3HUKAIOIIME IIPU HMCXOIHBIX
COOBITUAX aBapuif, BKJIIOYas YyAApHbIE BOJHBI, CTPYH, JETSIINE MpPEeIMEThl, W3MEHEHUE
napaMeTpoB cpeibl (aBieHue, TeMIepaTypa, XUMUYecKas aKTUBHOCTh U T.I1.), TIOXKapbl U T.II.
Buewnue Bo3aeicTBUS - BO3EHCTBUS XapaKTepHBIX Ui Tuiomaakid AC NpUpOAHBIX SIBICHUN U
JEATEIIBHOCTH YEJIOBEKA, BKIIIOUAs 3E€MJICTPSCEHUS, BBICOKUN M HU3KHH YPOBEHb HA3€MHBIX H
MIOA3EMHBIX BOJ, yparaHsl, aBapuy Ha BO3AYLIHOM, BOJHOM M Ha36MHOM TPaHCIOPTE U T.II.
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Ommldka nepcoHajJa - €IMHUYHOE HENPEIHAMEPEHHOE HEMNpPaBWIBHOE BO3JCHCTBUE Ha
YIPABIAIOUE OpraHbl WM €JUHWYHBIM IPONYCK MPAaBWIBHOTO JEHCTBUS; WM EOUHUYHOE
HenpeJIHaMEpPEHHOE HENpPaBUIIbHOE JEHCTBUE MPU TEXHUYECKOM OOCITYKMBAHUU 000PYJOBAHUS
U CHCTEM, BXKHBIX 11 O€30MaCHOCTH.

IIaccuBHOE YCTPOICTBO (3/1€MEHT) - YCTPOWCTBO (AJIEMEHT), (yHKIIMOHUPOBAHHE KOTOPOTO
CBS3aHO TOJIBKO C BBI3BABIIMM €ro padoTy COOBITUEM U HE 3aBHCUT OT pabOThl JPYroro
aKTUBHOTO YCTPOMCTBA, HAMpHUMeEp, YMPaBISIONIETO YCTPOHCTBA, PHEProucTouyHuka u T.. Ilo
KOHCTPYKTHBHBIM TIPHU3HAKaM TAaCCHUBHBIC YCTPOMCTBA IENATCS Ha TACCHBHBIE YCTPOMCTBA C
MEXaHHUYECKUMHU JBUXKYIIUMHUCS YacTAMU (Hampumep, OOpaTHbIC KIalaHbl) U MACCUBHBIC
yCTpoHCcTBa 0€3 MEXaHMUECKHUX JIBIKYIIUXCS YacTel (Harmpumep, TpyOOIpOBOIbI, COCYIbI).

IlepBblii KOHTYP - KOHTYp, BMECTE€ C CHCTEMOM KOMIICHCAllUU MJAaBJICHHS, MO KOTOPOMY
LHUPKYJIUPYET TEIUIOHOCUTENh Y€pe3 aKTUBHYIO 30HY, 1101 pab0YuM JaBJICHUEM.

Ilepnox moaypacmaga - Bpems, TpeOyromieecs Ui pachajga IOJOBHHBI aTOMOB JIaHHOTO
PaIoaKTHBHOTO BEILECTBA.

IMocaencTBUsS aBapuu - BO3HUKIIAS B pe3yJbTaTe aBaphH paJUAllMOHHAs OOCTaHOBKa,
HaHocsmas ymepO 3a CcYeT TNPEBHIIICHUS YCTAHOBJICHHBIX MPEAETIOB PaJgHallOHHOTO
BO3JICHCTBUS Ha NEPCOHAJ, HACEIEHNUE U OKPYKAIOILYIO CPELY.

IIpeneant 6e3onmacHoi 3xkcnayaTanun AC - yCTaHOBJICHHBIE TPOEKTOM 3HAYEHHS MapamMeTpOB
TEXHOJIOTMYECKOT0 MPOIECcca, OTKIOHEHHS OT KOTOPBIX MOTYT IMPUBECTH K aBapUU.

IIpennyckoBbie Hajgaxo4uHble padoTbl - »Tan BBoja AC B JKCIUIyaTaluio, MpU KOTOPOM
3aKOHYEHHBIE CTPOMTEIBCTBOM CHCTeMBl M d31eMeHTBl AC npuUBOAATCA B  COCTOSHHUE
9KCILTYyaTallMOHHOM TOTOBHOCTH C IPOBEPKOM MX COOTBETCTBUS YCTAHOBJIEHHBIM B IIPOEKTE
KPUTEPHSM U XapaKTepUCTUKaM U 3aBepliaronuiics roroBHOCTbI0 AC K (pU3nYecKOMy MyCKY.

IIpoexTHasi aBapusi - aBapus, AJis1 KOTOPOW MPOEKTOM OIpPENETICHbl HCXOIHBIE COOBITHS U
KOHEYHBIE COCTOSIHUS, MPEIyCMOTPEHBI CUCTEMBI 0€30MacHOCTH, 00ECIEUMBAIONINE C yUYETOM
MPUHIIMIIA IMHUYHOTO OTKa3a CHUCTEM OE€30MaCHOCTH WJIM OJIHOM, HE3aBUCUMOM OT MCXOIHOTO
COOBITHS OMMOKH TMEepCOHalla OTPAaHMYEHUE €€ TOCICACTBUN YCTAHOBICHHBIMU IS TaKHX
aBapwHii mpeaenamu.

IIpoexkTHBbIe Tpenebl - 3HAYCHHE TMAPaMETPOB U XapaKTEPUCTUK COCTOSHUS CHCTEM
(pnementoB) 1 AC B 1I€TIOM, YCTAaHOBJICHHBICE B TPOEKTE ISl HOPMAJIbHOW JKCILTyaTaluu
ABapUUHBIX CUTyallUl U aBapUul.

IpoaykTr peneHust - HyKIHI, oOpasymoomuiics B pesyinbTare JubO JeneHus, JIuoo
MOCNEAYIOEro  paJMOaKTUBHOTO  pacmajga  oOpa3oBaBLIErocsi TakuM ke  oOpa3oMm
PaaMoaKTUBHOTO HYKJIUA.

IMpoaykT pacmaga - HYKIWA WIA PaAUOHYKIHI, oOpasyromuiics mpu pacnage. OH MOXET
00pa30BBIBATHCS HEMOCPEICTBEHHO NpPU pacraje OJHOIO PaJMOHYKIMIA WIM B pe3ysbTaTe
CEpUHU MOCIEA0BATEIbHBIX PACHa0B HECKOJIBKUX PaIMOHYKIINIOB.

IIpombllieHHAs1 IKCILUTyaTalus - dkcrutyaranus AC, IpUHATON B YCTAaHOBIEHHOM IOPSIZIKE,
COOTBETCTBHUE MPOSKTY U 0€30MaCHOCTh KOTOPOH MOATBEPKIACHBI CIIBITAHUSIMH HA 3TAIle BBOJA
AC B 3KCIUTYATAIHIO.

PagnannonHasi 0e30macHOCTb - CBOMCTBO MpeNOTBpAllaTh IMEpeodIyuyeHue Joaed u
OKpY’Kalollel Cpeibl, CHCTEMA TEXHUYECKHUX U OPraHU3alMOHHBIX Mep, 00eCeunBaroIas TaKyo
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3aIIMIIEHHOCTh IEPCOHAJIA M HACEJIEHHWs OT PaJUualMOHHBIX BO3JECUCTBUHM, IPH KOTOPOM HE
BO3HHMKAIOT HECTOXaCTUYEeCKHe, coMaTudeckue HPQEKTh, a BEPOSTHOCTb CTOXACTHUECKUX
3¢ (deKkToB Malila u cuMTaeTcs npuemiieMoil. PaguanuonHasi 6e30MacHOCTh - CUCTEMa Mep 10
3alMTE MEPCOHANA, HACEJNEHUS M OKpYXKAIOIIEH Cpefsl OT BO3ACHCTBUSA MPOHUKAIOIIUX
W3y4YCHNUH, HalpaBlieHHas Ha oOecredeHHe OTCYTCTBUSI HEONAaronmpusTHBIX S(P(EKTOB WIH
Bpela 3/0pOBbI0 OT OOJY4YEHMsS HOHU3UPYIOUIMMU YacTHIIAMU JIIOJEH, >KUBBIX CYIIECTB H
3JIEMEHTOB IIPUPOJIBI.

PaqmoakTHBHOCTH - CaMONPOMU3BOJBHBIA pacmaj aTOMHBIX SAEp, COMPOBOXKIAIOLIUKUCS
HUCITyCKAaHUECM YaCTHUILl UJIU SJICKTPOMATrHUTHOT'O U3JTYUYCHUS.
Paguonykana - HyKJIN, UCITyCKAIOUINI HOHU3UPYIOIee U3TyUYeHHE.

Pannoskosnoruveckuii ymepo -

® YHUCTBIE TOTEPH - TOTEPU TOMYJISAIUNA H3-3a OOJydYEHHUS OT 3arps3HEHHBIX
MOBEPXHOCTEW, BOJOEMOB, JOHHBIX OTJIOKEHHUW IPU MUTAHUM [PEACTaBUTEIEH
OHMOIIEHO30B 3arpsI3HEHHON PACTUTENBFHOCTHIO.

® YHUYTOXXKCHHUS 3arpsi3HEHHBIX 0COOEH.

® KOCBEHHBIE IIOTEPU - HAPYILIEHUE PABHOBECHS B 3KOCHCTEME M3-3a BBIIOJHEHUS
paboT 1o Je3aKTUBALMK TEPPUTOPHUIL U BOIOEMOB, OTUYKJCHUS TEPPUTOPHIL.

PeakTopHass yCTaHOBKAa - KOMIUIEKC CHCTEM M DJIEMEHTOB aTOMHOM  CTaHIWM,
MpeIHa3HauYeHHBIN 711 TpeoOpa3oBaHusl SAEPHOM IHEPTHH B TEIJIOBYIO, BKIIOYAIOIIMM pEaKTop
U HEMOCPE/ICTBEHHO CBSA3aHHbIE C HUM CHUCTEMbI, HEOOXOIUMBIE JUIsI €ro HOPMaJbHOM
SKCIITyaTalluy, aBapUIHHOTO OXJIa)KJIEHUS, aBApUIHHON 3alIUThl U MOAJEpKaHus B 0€30MacHOM
COCTOSIHUHM, TPU YCIIOBHM BBIIIOJHEHHUS TpPeOyeMbIX BCIIOMOTaTelbHBIX M O0OECTIeYMBAIONIUX
GYHKIMHA TPYTMMH CHUCTEMaMH CTAHIUH. [ paHUIBI PEaKTOPHON YCTAaHOBKH YTOYHSIIOTCS JUIS
kaxxgoi AC I'maBHbIM KOHCTpYKTOpOM PY 1 ['€HITpOEKTUPOBILUKOM.

CeTeBoll TEIUIOHOCUTEIb - CPENA, IIOCPEICTBOM KOTOpPOU Temo TpaHcroprupyercs oT AC k
BHEIIIHEMY U BHYTPEHHEMY IOTPEOUTENIO.

Cucrembl (371eMeHTBbI) 0€30MACHOCTH - CHUCTEMbl (JJIEMEHTHI), MpEAHA3HAUYCHHBIC IS
BBITIONHEHUS (QyHKIUH Oe3omacHocTH. CHUCTeMBbl (2JIEMEHTBI) OE30MACHOCTH TIO XapakTepy
BBITTOJTHSEMBIX UMH (DYHKIUH pa3IeisfoTCs Ha 3alllUTHBIC, JOKATU3YIONINE, 00CCIICYHBAOIIIE 1
YTIPaBIISIOIHE.

Cucrembl (371eMeHTbI) KOHTPOJIAA U YNPABJEHUs] - CUCTEMbI (3JIEMEHTHI), MIpeHa3HAYEHHbIE
JUI KOHTPOJISL U YTIPaBJIEHHUs] CUCTEMaMU HOPMaJIbHOM SKCILUTyaTalllu.

Cucrembl  (3JIeMeHTBI) HOPMAJIBHOM  JKCIUIyaTAlMM -  CUCTEMBI  (DJIEMEHTHI),
IIpeJHa3HauYEHHbIE JUIsl OCYIIECTBICHUS HOPMAJIbHOHN SKCILUTyaTallUU.

CHsiTHe 0J10Ka € IKCIUIYaTAIMU - MPOLECC OCYUIECTBICHHUS KOMILUIEKCA MEPONPUATUN TOCIE
YAAJICHUA SAACPHOTO TOIIMBA, I/ICK.HIO‘IaIOH_II/II\/JI €ro HCIOJb30BAHUE B KAa4UE€CTBC HUCTOYHHKA
SHEPTUU U 0OecTeynBarouii 0e30MacHOCTh MEPCOHANA U OKPYIKAIOIICH Cpeibl.

CneunuajbHble HOPMbI M NPAaBWJIA - HOPMbI U TpaBWia, OJOOpPEHHBIE AJIi NMPUMEHEHUS B
aTOMHOM dHepreTuke I'ocyjapcTBEHHBIMHM OpraHaMy Haa30pa U KOHTPOJIA.
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TBJJI - TOIMBHBIN 3JIEMEHT peakTopa, COCTOSIIIUN U3 CEpAEUHUKA, COJIEPKALIET0 Jesieecs
BEIIECTBO U, MOXKET OBbITh, pa30aBUTEIb, ¥ MPOYHON TOHKOCTEHHON 000JIOUYKH.

TemioBble HEHTPOHBI - HEUTPOHBI, 3aMEIJICHHBIE 10 CKOPOCTH, COOTBETCTBYIOLIEH CpPEIHEHN
TEIUIOBOI SHEPruM aTOMOB HIIM MOJEKYJ, 4epe3 KOTopble OHU mpoxoasr. CpenHsis 3Heprus
HEHTPOHOB TpU OOBIUHBIX Temreparypax coctasiser 0,025 3B, 4To COOTBETCTBYET cpenHeil
ckopoctu 2200 m/c.

TexHuyeckass 0e30MACHOCTb - MPEAYNPEKICHUE MOTEPh MPOYHOCTHU, IEIIOCTHOCTH, IPYTHX
MaTCpHaJIbHBIX KAaUCCTB CUCTEM, KOMIIJICKC MCP AJId MPEAOTBpAICHUS OIMMACHBIX OTKA30B CUCTCM.
[lon TexHH4YecKOW 0€30MACHOCTBHIO SJICPHOW YCTAHOBKM TOHHUMAIOT JIOCTHIAacMBbIC
TCXHUYCCKUMU CpCACTBAMU MW OpraHU3allMOHHBIMH MCpaMH €€ CBOﬁCTBa, OIpCaACIsICMbIC
MPOYHOCTBI0O U TEPMETUYHOCTBIO OOOpPYAOBaHHS, COCYIOB M TPYOONPOBOJOB, HAJCKHOCTHIO
CUCTCM JIOKAJIM3allMHU PAJUOAKTUBHOCTH, KAYCCTBOM CHCTCM KOHTPOJIA, YIPABJICHUA U
JTMaTHOCTHKU COCTOSIHUSI, HEOOXOJAUMBIC JIJISl TOTO, YTOOBI MPH JKCILTYaTAIlMU MPEAYyIPEKIATh
BO3HHUKHOBCHHUC U MPEAOTBpALIATh PAa3BUTUC OIMMACHBIX COCTOSIHUM M OTKA30B DJIEMCHTOB CHUCTEM,
TPO3SIIUX HAPYIICHUEM IPEICIIOB U YCIOBUN 0E30MacHON IKCILUTyaTallill YCTAaHOBKH, & TaKXkKe
KOHTPOJIUPOBATH M TOJIEPKUBATH pab0OTOCTIOCOOHOCTh OapbepoB Oe3omacHocTU. TexHnuyeckasn
0e3onacHocth AC JomkHAa o0OecreyrBaThCS BBICOKMM KayeCTBOM BCEX OOIIEHHKEHEPHBIX
paboTt, ompenensAOMmMMX HAISKHOCTh (PYHKIMOHUPOBAHMS M O€30IacHYIO AKCIUTyaTaIluio
OGOPYIIOBaHI/I}I ATOMHBIX SHCPIrCTUYCCKUX YCTAHOBOK.

TexHHM4YecKkoe oﬁcnymnBaHne - KOMILJICKC onepaunﬁ IO KOHTPOJHO W MNOAACPKAHUIO
pa6OTOCHOCO6HOFO H UCTIPAaBHOI'O COCTOAHUA 00BeKTA.

YupaBiieHue 3anpoeKTHOW aBapuell - [eliCTBUA, HANpPaBICHHBIE HA MPEIOTBpAIICHHE
pa3BUTUS MPOSKTHHIX aBapHil B 3alpPOCKTHBIC W HAa OCIAOJICHHE MOCIEACTBHHA 3aPOCKTHBIX
aBapuid. [lns OSTUX JACHCTBUN HMCTIONB3YIOTCS JIOOBIE HWMEIOIIHECS B PpabOTOCIIOCOOHOM
COCTOSIHUM TEXHMUYECKHE CpPEICTBa, MpeJHA3HAUYCHHbIC JJIsi HOPMAJIbHOW JKCIUTyaTalluu, AJis
obecrieueHnst 6€30MaCHOCTH TPU MPOEKTHBIX aBAPUAX WJIM CIICIHUAIBLHO MpEeAHA3HAYCHHBIC IS
YMEHBIIEHUS ITOCJIEICTBUM 3aIIPOCKTHBIX aBApUHL.

Yupasasimue cucreMsl (371eMeHTbI) 0€30NaCHOCTH - CUCTEMBI (3JIEMEHTHI), IPEAHA3HAUECHHBIE
JUIS. MHULIMMPOBAHUS IEUCTBHM cucTeM 0€30MacHOCTH, OCYLIECTBICHHUS KOHTPOJIS U YIIPaBICHUS
MMM B IIPOLIECCE BBIMOJIHEHUS 3alaHHBIX (DYHKIHH.

Ycio0Bus 6€301aCHOI IKCIIyaTAllMU - YCTAHOBJICHHBIE TPOEKTOM MUHUMAJbHbBIE YCIOBUS MO
KOJIMYECTBY, XapaKTEPUCTUKaM, COCTOSHHUIO PabOTOCMOCOOHOCTH U YCIOBHSIM TEXHHUYECKOTO
00CcITy>KHUBaHUsI CUCTEM (3JIEMEHTOB), BAXKHBIX JIsI 0€30MacHOCTH, MPU KOTOPHIX 00eCreuynBaeTCs
coOIoICHHE TIPeIe]IOB 0€30MacHOM IKCIUTyaTaIlK U/ WU TPEACIIOB 0€30MaCHOCTH.

YpoBeHb aBapuiiHOW rOTOBHOCTH - YCTAHOBJICHHAS CTENIEHb TOTOBHOCTH TIEPCOHANIA, MITA00B
U TPa)XIaHCKON OOOpPOHBI U JAPYTUX MPHUBJIEKAEMBIX CHIJI, @ TAK)KE HUCIOJIB3YEMBIX TEXHUYECKUX
CPEACTB JJIsl ACHUCTBUM 110 3alUTE TIEpCOHAla U HaceJIeHHs B cirydae aBapuu Ha AC.

®uznveckasa 3ammura AC - TEXHHYECKME U OpraHU3alMOHHbIE MeEphl oOOecreueHus
COXPAaHHOCTH cojepxkammxcss Ha AC nensiuuxcss ¥ paJuOaKTHBHBIX MaTEpUaloB MU JPYTHX
MaTepUaJIbHBIX ILIEHHOCTEW M MpeJoTBpallleHue HECaHKIMOHUpoBaHHOro noctyna Ha AC u
YCTAaHOBJIEHHBIE IIPOEKTOM €€ BaXKHbIEC YUACTKHU.

®dusnyeckuii myck - stan BBoja AC B 3KCIUTyaTalldio, BKIIOYAIOIIMI 3arpy3Ky peakTtopa

AACPHBIM  TOINUIMBOM, OOCTHXXCHUC KPUTHYCCKOI0 COCTOAHHA PCaKTOpa W BBIIIOJIHCHUC
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HEO0OXOUMBIX (PU3MUECKHUX IKCIEPUMEHTOB Ha YPOBHE MOIIHOCTH, P KOTOPOU TEMIOOTBOJ OT
peakTopa OCYIIECTBISETCS 32 CUET ECTECTBEHHBIX TEIUIONOTEPD (paccessHus).

JKoJIOTHYeCKasi 0e30MacCHOCTh - HEOOXOAMMAs M JOCTaTOYHAs 3alIUIICHHOCTh OKpY KaroIien
Cpeapl OT BPEAHBIX BO3JICHCTBUI ATOMHBIX CTAHIIMHI NP HOPMAJIBHOM IKCILIYaTAllMU U B CIIy4ae
aBapuii. [Ton sxonornueckoit 6ezonacHocThio AC moHUMaroT cBoiictBa AC He oka3bIBaTh Ha
OKPYXAIOIIYI0 Cpely TaKUX BO3JCHCTBUN 3a CYET BBIOPOCOB HIIM COPOCOB PaJIMOAKTHUBHBIX
BEIIECTB, TEIJIa, XUMUYECKUX BEIIECTB, KOTOPbIE MOTJIH Obl MPUYUHUTH Bpea NI oOuTaTenen
OKpyXaromiei cpensl, ¢iaope u ¢dayHe B MNPUPOJHBIX DKOCHCTEMAax, HapyIaid Obl
OHMOJIOTMYeCcKOe paBHOBECHE, U3MEHSUIH Obl KIIMMAaTUYECKUE U JIPYTHe YCIOBHS, HEOOXOIUMbIC
JUISL COXpaHEeHHs U 000TalleHUs] TPUPO/IBL.

JKoJOrHYecKHii ymepd - BeIWYMHA CTOUMOCTH pPAbOT MO BOCCTAHOBJICHHIO KayecTBa
OKPYXKAaIOIIEH Cpeasbl

JKCILUTyaTalMsl - BCS JIEATEIBHOCTh, HAINPaBIICHHAs Ha JOCTIDKEHHE O€30mMacHbIM 00pa3oM
uenu, s Kotopoil Obuta moctpoeHa AC, BkiIodas paboTy Ha MOIIHOCTH, IMYCK, OCTaHOBBI,
WCTIBITAHUSI, TEXHUYECKOE 00CITY)KMBAHKUE, PEMOHT U MEPETPy3Ky TOIUTHBA, HHCIIEKTHPOBAHKE BO
BpeMsl SKCIUTyaTallMy U APYTYIO, CBI3aHHYIO C 3TUM AESITEIbHOCTb.

JKCIJIyaTupywumasi opranuzanus - oObeAuHeHHe (OpraHu3anus), Ha3HAUYCHHOE(ast)
BBIIIECTOSIIIIMM OPTaHOM TOCYJaPCTBEHHOTO YIIPABJICHUS OCYIIECTBIATh COOCTBEHHBIMH CHIIAMH
WIK C TPHUBJICUYECHUEM IPYTHX MNPEANPUSATHI (OpraHMU3aluii) NesTeIbHOCTh Ha BCEX H3Tarax
KU3HEHHOTO IMKJA SAEPHOM YCTAaHOBKM TIO BBIOOPY IUIOIMIAJKH, MPOEKTUPOBAHUIO,
CTPOUTENBCTBY, BBOJAY B 3KCIUIyaTallUl0, SKCIUTyaTallud M CHATHUIO ¢ 3Kcmryatauuun AC u
nMeroniee(as) pa3peieHue OpraHoB TOCyAapCTBEHHOTO KOHTPOJISL U Ha/I30pa HAa OCYIIECTBICHUE
ATOM JAEATEIbHOCTH.

JKCIIyaTaMoHHbIH nepcoHaya AC - inna, ocylecTBisone dkcmryaranno AC.

3KCI’[J’IyaTaHI/IOHHLIe npeaejabl - 3HAYCHUA MapaMETPOB U XAPAKTCPUCTHUK COCTOAHUSA CHCTEM
(SHGMGHTOB) n ACB LCJIIOM, 3aIaHHBIX IPOCKTOM IJISA HOPMAaJIbHOM DKCILTyaTalluH.

DJIeMeHTBhI - 000py0BaHKe, IPUOOPHI, TPYOOIPOBOIbI, KaOEIH, CTPOUTENIbHbIE KOHCTPYKIMU U
NpyTUE W3JeNHs, 00CCIICYNBAIONINE BHITIOJHEHUE 33aJaHHBIX (YHKIHHA CAMOCTOSITENIFHO WM B
COCTaBe CHCTEM M paccMaTpUBaeMble B MPOEKTE B KAauyeCTBE CTPYKTYPHBIX E€IUHHUIl IPH
BBINOJIHEHUH aHAJIN30B HAJIE)KHOCTU U O€30MaCHOCTH.

JHepreTuyeckuii myck - stan Boga AC B skcryaTtanuio, npu kotopoM AC HayuMHAET
MIPOU3BOJUTH SHEPTHI0 B COOTBETCTBHH C MPOEKTOM U OCYIIECTBISAETCS MOABEM MOIIHOCTH U
npoBepka padboTel AC Ha ypOBHSIX MOIIHOCTH BIUIOTH IO YCTAHOBJIEHHOM JJIS MPOMBINIJICHHON

OKCILTYATAIlNH.

Sinepnasi aBapusi - aBapus, CBS3aHHAS C [OBPSKICHUEM TBAJIOB, MPEBBIMIAIONIEM
YCTAHOBJICHHBIC Ipe/esbl 0e30MacHOW JKCIUTyaTallid W/WIK  OOJIydeHHEM TepcoHala,
MMPEBRIIAIOIICTO JOIMYCTUMOC IJIA HODMaJ'II)HOI\/'I OKCIIIYAaTalluu, BEI3BAHHAs

e HapylIEHHEM KOHTPOJII M YIpPaBICHUS LEMHOW SACpHOW peakluuu JeNeHUs B
AKTUBHOMW 30HE peakTopa,

e 00pa3oBaHHEM KPUTHYECKOW MACCHI IPU MEperpy3Ke, TPAHCIIOPTHPOBKE U XPAHECHUH
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TBDJIOB,

¢ HApYHICHHUEM TCIJIOOTBOJA OT TB3JIOB.

SlnepHasi 0e30maCHOCTb - MPEIOTBPAIICHUE TSKENBIX SIEPHBIX aBapuil, cucTeMa Mep Ul
CHIDKEHHS BEPOATHOCTH aBapHuil ¢ MOBPEXJACHUEM SIEPHOTO TOIUIMBA WM IMEpeodiydeHneM
NepcoHaa, HaIpuMep Mpu pa3roHaxX PeakKTOPOB Ha MTHOBEHHBIX HEUTPOHAX.
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Au I'op-Jleccn

ANJEPHOE DJIEKTPUYECTBO

YpaHoBbIii HH(POPMALMOHHBIN LEHTP B cOTpyAHU4YecTBe ¢ COBETOM I0JIe3HbIX
HCKOINAaeMbIX, ABCTPAJIUs

[TepeBoa ¢ aHTIMIICKOTO
BsiueciiaB Cepreesuy MasblieBCcKuUii

122



SIu Iop-Jleccn, "SnepHoe 3nexkTpuyecTso'

123



