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[Mpeoucnosue

YcToitunBoe pa3BUTHE COBPEMEHHON IUBWIM3AIUN B CYIIECTBEHHON CTEIeHU
3aBHUCHUT OT S3HEepProobecIieueHsT. DHEepPreTHKa pa3BUBACTCS OMEPEKAIOIINMH TeM-
IMaMU TI0 CPAaBHEHWIO C IPYTUMM OTPACISIMU TPOM3BOJACTBA W TpeOyeT 3HAUYM-
TEJbHBIX W CTAOMIIBHBIX MCTOYHUKOB CBHIPHS.

B HacTosiee BpeMs TOTPpEeOHOCTH B CHIPh¢ B OCHOBHOM YIOBJICTBOPSIIOTCS 32
CUET YTIIEBOOOPOTHOTO CHIphbS (HedTH, Taza M yris). [IporHO3BI TTOKa3BIBAIOT,
YTO 3Ta TEHACHIIMS COXPAHUTCS W B Ommkaiiime mecatuiaeTrs. OmMHAKO 3aIrachl
YTJII€BOAOPOAOB, 0COOEHHO He(TH M Ta3a, JOCTATOYHO OTPAHUUYCHBI, K TOMY Xe
KpaifHe HYXHBI JUTSI OBICTPO pa3BUBAIOIIETOCST TPAaHCTIOPTa U HEDTEXUMUU.

Pa3paboTka OCHOB 3HEpPreTMKN OyayIero, KOTOpash MO3BOJHUT MCKIIOUYHUTHh
WA CYIIECTBEHHO COKPATUTh MCITOIb30BaHNE YIIIEBOIOPOIHOTO TOTIMBA, BKITIO-
YyeHa B YMCJIO ABAALATH IISITH BAXKHEUIINX HAayYHBIX mpobjieM XXI B.

AJNBTEPHATHBOI YTJIEBOJOPOTHOMY CHIPHIO B HACTOSIIIIEC BpeMS SIBIISTIOTCS
BO300HOBJIIEMbIe MICTOYHUKY SHEPTUN (THIPOIHEPTHUS, SHEPTUS BeTpa, Omomac-
ca, $oTOBOJIbTANKA, TeoTepMajibHasl HEPIrusi, SHePTus MPUIMBOB) U saepHas
SHEepreTHkKa.

Ve ceiiuac B CTPYKType NMEPBUYHOTO SHEProNnoTpedaeHUs aaepHas SHEPrust
cocrapiisieT 13,8 %, a B pou3BOACTBe 3JieKTpoaHeprun — 17 %. B Hacrosiiee
BpeMsi B EBpoIle 0KO0JIO IOJIOBMHBI 3JIEKTPOIHEpTruu mpousBoautcss Ha ADC u
CTaHIIMSIX Ha BO30OHOBJISIEMBIX MCTOYHUKAX 3HEpPrHu. VX moysi B MPOM3BOACTBE
anekTposHeprun K 2040 r. yBemuuutcs no 65 %. B CIIA HabGmomaeTcst Ta ke
teHaeHLus1. Bo ®paxun B 2010 1. B CTpYKTYpe UCIIOIB30BaHUS SHEPreTUUECKUX
PeCypcoB UIS MOTyYeHUsl 3JIEKTPOIHEPIHU SIIepHOe TOIUIMBO COCTaBisuio 78 %.

B cBs3u ¢ psmom aBapuit Ha aToMHBIX aekTpocTaHuUsAX (The Three Miles
Island, YepHoObuibckasi, dykycuma) B HacTosiilee BpeMsl YCUITMIOCh HEraTHB-
HO€ OTHOUIEHWE OOIIECTBEHHOCTH K MCIIOJIb30BAaHUIO aTOMHOM JHEPTUH, 4YTO
MPUBEJIO K MPUOCTAHOBKE WJIM 3aIlpeTy aTOMHBIX CTaHLIMK B psae ctpaH (IIBeri-
uapus, I'epmanusg, Anonus u np.). Bo MHOrux crpanax pe3ko BO3poc MHTepecC K
HCTIOJIb30BAHUIO BO3OOHOBIISIEMBIX BUIAOB SHEPTUM IJIsT 0OecIeueHusl Bo3pacTa-
IOIIETO SHEPTONOTPeOIEeHUS.

OpHako B Hosiope 2011 1. MexayHapogHoe 3HepreTudeckoe areHTcTBo (MDA)
MPEACTABWIO €XEroAHbI MOKJIaa, B KOTOPOM OTMEYEHO, YTO MHUP HE CMOXET
000iTUCh 0€3 SIIepHOIl SHEPreTUKM, YTOOBI YIOBIETBOPUTH pacTyllude MoTped-
HOCTH B 3JIEKTPOIHEPTUU MPU COXPAHEHUN COBPEMEHHBIX KIIMMAaTUYECKUX YCII0-
BUI HA TIJIaHETE.

ITo MHEHMIO MHOTHMX YYEHBIX, Pe3yJIbTaThl aHAJIU3a COCTOSTHUSI DHEPTETUKM B
MUpe TTOATBEPXKIAIOT HEOOXOAUMOCTh COXPAaHEeHUS Y Pa3BUTUS SIIEPHOI dHEpre-
TUKU, IPUYEM HE TOJIBKO M3-3a KOJIMYECTBA MPOU3BOIMMOI SHEPTUM, HO C yUe-
TOM IIeH U OepekHOTro OTHOIIEHUS K OKpyXkalolei cpene. CTOMMOCTb €IMHUILIBI



@ IIpeducnosue

BO300OHOBJIIEMOII HEPIUM ceiluac mpuMepHO B 3—4 pasza J0opoxKe Mo CpaBHe-
HUIO C AaTOMHOM.

B HacTosilliee BpeMsi B KaUECTBE OCHOBHOIO TOIUIMBA B SIIEPHOU HEPTETUKE
WCIIONIb3yeTcs ypaH-235, 3amachkl KOTOPOro Mpu KpaiiHe HedddeKTHUBHOM ero
KCIIOJIb30BAaHWU HEBEJIMKU W MO CBOEMY SHEPreTUYECKOMY TMOTEHLMATy He Ha-
MHOTO MpeBbIIaloT 3anackl HehTU. [To3TOMY MpakTHUYEeCKU BCe CEUATIMCThI-
ATOMIIIMKM CXOJASITCS BO MHEHUM, YTO OCHOBY SIIEPHOW SHEPreTUKM Oyaylero
COCTaBST OBICTPBIE PEAKTOPBI, paboTamlliue B 3aMKHYTOM LHUKJIE, C BBICOKAM
BOCITPOU3BOJICTBOM JENSIINAXCS 3JIEMEHTOB.

PazpaboTrka peakTopoB Ha OBICTPBHIX HEUTPOHAX B Halllell cTpaHe BEIEeTCS yXKe
OoJiblle MOJIyBeKa, M B HACTOSIee BpeMS Mbl 00J1a1aeM JIYUIIIMMU pe3yJibTaTaMUu
B OCBOCHUM OBICTPBIX PEAKTOPOB C HAaTPUEBbIM TerioHocuTtesieM. ITo3uius Poc-
CUU B O0JIaCTU SIAEPHON SHEPreTUKU B OCHOBHOM OPUEHTUPOBAaHA Ha CO3[laHUE
KPYITHOMACIITaOHON sSIIepHON 2HEPreTUKU, KOTopas MOXeT ObITh peaJM30BaHa
npu pa3padboTke peakTopoB IV mokojieHUsT Ha OBICTPhIX HEUTPOHAX C HaTpue-
BbIM, CBUHIIOBO-BUCMYTOBBIM U CBUHIIOBBIM TE€IIJIOHOCUTEJISIMM.

SnepHast sHepreTvka B Hallleil CTpaHe SIBJISIETCSI €AIMHCTBEHHOM U3 OoTpacleid,
Tlle Mbl TPOIOJIKAEM COXPAHSTH JIMAUPYIOLIME TTO3UIIUU B MUPE.

CornacHo ®DIIT «AnepHble TEeXHOJOTMM HOBOTO MOKOJIEHUSI Ha MEPUO
2010—2015 rr. u Ha nepcrnekTuBy a0 2020 r.» B Halllei cTpaHe MPOBO3IJIAIEH
KypcC Ha CO3[laHW€ 3aMKHYTOTO TOIUIMBHOIO IMKJIa Ha pPEeaKTopax ¢ ObICTPbIMU
HeHTpOHaMM, B TOM YMCJI€ HA HUTPUIHOM SIIEPHOM TOIUIMBE Kak HamboJiee mep-
CMHIEKTUBHOM.

ITpenacraBnenHas AnekceesbiM C.B. u 3aitueBbiM B.A. moHorpadust «Hurt-
PMIHOE TOTUIMBO IJISl SIAEPHOM SHEPTEeTUKM» TTOCBSIIEHa aHAJIM3Y U 00001IEeHUIO
OIMyOJIMKOBAaHHBIX M COOCTBEHHBIX Pa0OT aBTOPOB, CBSI3AHHBIX C MOJyYeHUEM
HUTPUIIOB U KAapOOHUTPUIOB JEJSIIMXCS JIEMEHTOB, U TepCIlieKTUBaM HUX UC-
MOJIb30BaHUS B KaU€CTBE SIJIEPHOrO TOIJIMBA [IJISI PEAKTOPOB HOBOTO MTOKOJIEHUS.
DTO ele oAMH LIar Ha MyTH K IIMPOKOMY UCIOJIb30BAHUIO HUTPUIHOTO TOIUIMBA
B peakTopax Ha ObICTPbIX HEMTPOHAX, B PEAKTOPaX-pPa3MHOXUTENSIX IS obecne-
YEeHUS YCTOMYUBOIO PAa3BUTUS SNEPHOU SHEPIreTUKMU.

Tapacoea H.II.

yneH-kKopp. PAH, npodeccop, nupexrop
WHcTuTtyTa XMMUU U TPOOJIEM YCTOMYNBOTO
pasButusi PXTY um. II.11. Menneneena,

3aB. kadgeapoit OHECKO

«3eJieHast XUMUSI JJIS1 YCTOMYMBOTO Pa3BUTHUSI»



[MpeoucnoBne aBTOPOB

DHeproobdecrneyeHUe AeITEIbHOCTH YEJI0BEYECKOTO O0IIeCTBA BbI3bIBAET B MOC-
JienHee BpeMsl 3Ha4YuTebHble TpyaAHOCTU. Co3aaHue YCTOMYMBOI SHEPreTUKU
Oyayuiero BO3MOXHO TOJBKO MPU MCHOJIb30BAHMU BOCHOTHSIEMbIX NCTOYHUKOB
SHepruu wiu sHepruu nenerHus saep U u Pu npu ux B3auMoJeiCTBUU C Hell-
TPOHAMM.

KoHKypeHTOCTIOCOOHOCTh SMEepHON 3HEPTETUKN MOXET OBITh obecredeHa
TOJIBKO MPU UCTMOJIb30BAHUU PEAKTOPOB Ha OBICTPBIX HEMTPOHAX W 3aMKHYTOTO
TOIUIMBHOTO 1MKJa. [IpuyeM peakTopbl Ha OBICTPHIX HEMTPOHAX AOJIKHBI 00Ja-
JlaTh €CTECTBEHHOM 0€30MacCHOCTbIO U UCIOJIb30BaTh B KauecTBe sIIEPHOTO TOM-
JIUBa BBICOKOTEMIEPATYpHbIE TUIOTHBIE MO COJAEPKaHUIO JEJISIIIerocst M30Tora
Matepualibl. K TakuMm mMaTepuasaM OTHOCSITCSI HUTPUABI U KapOUabl ypaHa, TUTy-
TOHUS U Topus. CTpaTeTHs pa3BUTHS SACPHON SHEPTETUKH HaIllel CTpaHbI TIpe-
roJjiaraeT UCMoJb30BaHWE PEAKTOPOB Ha OBICTPHIX HEMTPOHAX C TJIOTHBIM HUT-
PUIHBIM TOTUIMBOM.

BospacTaomuii ”HTEpeC K HUTPUIHOMY TOIUIMBY, MPOSIBIASIEMbIA B Teue-
HUE MOCJeIHUX JIET, CITOCOOCTBOBA HAKOIIJIEHUIO OOJIbIIIOTO KOJIWYECTBa JaH-
HbIX. B Hameil ctpane (r. OGHUMHCK) ycnelmHo paboTan B TeueHue 18 jieT mep-
BBIII B MUpE peakTop Ha ObICTphIX HeliTpoHax bP-10 Ha ypaHOBOM MOHOHUTPUI-
HOM TOILIMBE.

OnHako CBeleHUsI O CBOMCTBaX HUTPUIHOIO TOIJIMBA, HEOOXOAUMBbIE Hayu-
HBIM pabOTHMKAM, WHXEHepaM M KOHCTPYKTOpaM, CHCTeMaTU3WPOBAaHBI TTOKa
HenoctaTouHo. MMerommecst MoHorpaduu CamcoHosa I'.B. «<Hutpuasr» (1969),
KorenbHukosa P.b. «BeicokoTeMneparypHoe siaepHoe ToriuBo» (1978) u cnpa-
BouHble MaTtepuanbl CamconoBa I'.B. «Tyromraskue matepuanbl» (1976), Koco-
nanopoit T.A. «CpoiicTBa, TMojiyyueHUe U MPUMEHEHME TYTOIUIAaBKUX COEJIUHE-
Hui» (1986) B HEMOCTAaTOYHOI Mepe OCBEIAIOT BOMIPOCH! BIIMSTHUSI COCTaBa HUT-
PUIHBIX MaTepuaJloB Ha MX CBoMcTBa. Majio yaeleHO BHUMaHUS M MeToaaM
MOJIyYeHUST HUTPUIAHBIX MAaTepPUATIOB C HU3KUM YPOBHEM 3arpsi3HeHUs] MpUMec-
HBIMU 3JIEMEHTAMU.

HecmoTpst Ha mimMpokoe uccieloBaHMe HUTPUIHOTO TOIUIMBA M OOJIBIIOTO
KOJIMYecTBa OMyOJIMKOBAHHBIX pabOT, HET JOCTATOYHO MOJIHBIX 0030POB 1 MOHO-
rpaduii o TEXHOJIOTUM TIOJYUYeHUSI HUTPUIHOTO TOIJIMBA U UCCIIEIOBAHUIO €TO
CBOMCTB, 0OCOOEHHO C TOYKM 3pEHUSI BIUSTHUSI HA HUX COCTaBa U MpUMecei.

B HacTosieit pabote aBTOpbI MONBITATUCH BOCIIOJHUTD 3TOT MTpo0Oe, cobpan
BOEJIMHO W TIpOAHAJIM3UPOBAB JAaHHbIE IO OMYOJMKOBAaHHBIM paboTamM M cOO-
CTBEHHBIM M CCJIEIOBAHUSIM.

B nipencraBieHHON KHUTe paccMaTpUBaIOTCSl BOMTPOCHI TEXHOJIOTUM TTOJTyve-
HUS MOHOHHUTPHUIOB, HUTPUIHBIX TBEPABIX PACTBOPOB M KapOOHUTPUIHBIX KOM-
MMO3UIINIA, WX CBOWCTBA W MpWUMEHEeHHWe. ABTOPBHI HAACIOTCS, YTO KHHTa OymeT



@ Ilpeducnosue aemopos

MoJjie3Ha ISl IMPOKOTO Kpyra HaAyYHbIX paOOTHUKOB, MHXXEHEPOB U KOHCTPYK-
TOPOB, 3aHMMAIOIIMXCS Pa3pabOTKON TBIJIOB ISl PEaKTOPOB, MCIOJIb3YIOIINX
HutpuaHoe ToruimBo. Ilpenyaraempiii 0030p He MpeTeHAyeT Ha TOJHBINA OXBaT
BCEX OITyOJIMKOBAHHBIX padoT.

ABTOpBI 3apaHee OjaromgapHbI 3a BCE 3aMeUaHUs 10 COAEpPKAaHUIO U (opMme
U3JI0XKEeHUSI MaTepuaJloB M HAlEIOTCS, YTO, HECMOTPSI HA HEM30eXXHbIe HeaoCTaT-
KU, KHUTA TMOCIYXUT AaJIbHEHIIeMy Pa3BUTHIO MCCJIENOBAaHUI B OOJIaCTU HUT-
PMIHOTO TOILIMBA.

ABTOpBI IpUHOCIT UcKpeHHIow 6yarogapHocTh FO.C. bopucony, T.H. XKap-
koBoii, JI.B. Mupomikuny u E.A. PaxmMaHOBOIl 3a MX OECKOPBICTHBII Tpyd M
HEOLEHMMBII BKJIaJ B MOATOTOBKY PYKOIUCH K TeYaTu.
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«be3 OBICTPBIX PEAKTOPOB siAepHAsi IHEPreTHKa MOXKET
OBbITh JNUIIIL 3MU3040M B Pa3BUTUU dHEpreTuku. Pazpaborka
K€ M IIMPOKOE BHEIPEHUE ITUX PEaKTOPOB IMO3BOJISIIOT CO-
3/1aTh SIIEPHYIO YHEPreTUKY J1000ro Macuiradbar.

A.HU. Jleinynckui

BeBepneHune

CrpaTernsi pa3BUTHS SACPHOM SHEPTeTUKU HAaIlleil CTpaHBI MpemycMaTpuBaeT
MpUMEHEHUE PEAKTOPOB Ha OBICTPBIX HEUTPOHAX, UCITOJIb3YIOIIMX MJIOTHOE HUT-
pUIHOE ypaH-TUTyTOHUEBOE TOTUIMBO.

B HacTosiiee BpeMst HUTpUIHOE TOTJIMBO HE UMEET LIMPOKOTO MPUMEHEHMUS,
HO ILIMPOKO MCClieayeTcsl Kak MepcreKTUBHOE BbICOKOTEMIIEpaTypHOE MJIOTHOE
TOTUIMBO PEAKTOPOB Ha OBICTPBIX HEUTPOHAX U SIAEPHBIX YCTAHOBOK KOCMUYEC-
KOTO Ha3HauYeHUSI.

ITo cpaBHeHMIO ¢ OKCUAHBIM UM KapOUJIHBIM TOTUIMBOM HUTPUIHOE TOILJIUBO
uMeeT HauboJIblee CpeId BbICOKOTEMIMEPATYPHBIX TOIJIMBHBIX MaTEPUAJIOB YieJlb-
HOE cojJiepKaHue AESIIEerocsl M30Tomna, BbICOKYIO TEIJIONPOBOAHOCTDb, COBMEC-
TUMO C KOHCTPYKLIMOHHBIMU MaTepuajiaMM U TersioHocuteseM. OHO Oonee yc-
TOWYMBO B YCJIOBUSX PAJAMALMOHHOTO OOJyYEHUSI.

B xHure paccmarpuBaeTrcss HUTPUIHOE TOIUIMBO Ha OCHOBE MOHOHMUTpPHUIA
ypaHa. AHaJIM3UPYETCSl TEXHOJIOTUSI €TO MOJyYeHUs] U TIPUBOASTCS JaHHbIE OC-
HOBHBIX CBOWCTB.

Kuwura coctout u3 sttt riaB. B 1. 1 gan o01mii 0630p COCTOSTHUSI MUPOBOI
9HEPreTUKU U MECTO B HEW sIIEpHOM aHepreTuKu. KpaTko XxapakTepusyroTcsl TBJIbI
pas3nuuHbIX peakTopoB. ITokazaHa HEOOXOAUMOCTb Pa3BUTHUSI PEaKTOPOB Ha Obl-
CTpBIX HeTpoHax. B 1. 2—5 paccMarpuBaloTCss BOMPOCHI MOJydYeHUs TOTUIU -
Ba U MPUBOJSITCS JaHHbIE O HauOoJiee BaXXHBIX €ro GU3NUEeCKUX U XMMUYec-
KUX cBolicTBax. bojiblioe BHUMaHUe yaessieTcss BOMPOCaM BJIMSIHUSI TIpUMe-
ceit (kucimopona u yriaepona) Ha cpoiictBa UN u (U, Pu)N u coctaBa
kapooHutpuaHoro Tormea U(C, N), (U, Pu)C, N u U, Zr(C, N). Ocoboe
3HaUYeHUE TIPUJAETCS COBMECTUMOCTH C KOHCTPYKLIMOHHBIMU MaTepuajiaMu u
TEeTIJIOHOCUTEJIEM, CTPYKTYPHBIM U3MEHEHMUSIM TIPU BHITOPAHUU, PAIUALIMOHHOMY
pacriyXaHuo U BbIIEJEHUIO Ta3000pa3HbIX MPOAYKTOB JIECJICHUSI.



NNABA 1

AOEPHAA SHEPIETUKA
N MNPOBOE 3JIEKTPOIMNOTPEBJIEHUNE

OnHuM M3 BeJMYaWIIMX JOCTMKEHUN XX CTONETUs1 SIBUJIOCH OBJIAICHUE SAEP-
HOM SHEPruen NeJeHusl aTOMOB ypaHa IMpU B3aMMOIAECUCTBUU UX C HEUTPOHAMMU.
ITpu genenuu 1 r U30TOMOB ypaHa WU TUTYTOHUS BBICBOOOXAAETCS MPUMEPHO
22 500 xBT - 4, 4TO PKBMBaJIEHTHO dHEPTUU, cojaepxkalieiicsa B 2800 Kr yCJI0BHOTO
ToruiMBa. Takoe BBICOKOE 3HEPTOBBLIICICHUE W ONMpPEAEssSieT OTPOMHYIO TEIio-
TBOPHYIO CIIOCOOHOCTbD SIIEPHOTO TOTIJIMBA, TPEBBILIAIONIYIO TEMJIOTBOPHYIO CIO-
COOHOCTb OPraHMYECKOro TOIJIMBa B MWUIMOH pas.

DHeproobecrieyeHUe NeATETbHOCTH YEJIOBEUYECKOTO 0011IECTBA BbI3bIBAET 3HA-
YUTEeIbHBIE TPYIHOCTU. YBeJIMUeHWe 00beMa MOTpeOIeHUsT SHEPTETUYECKUX pe-
CYpCOB BElIET K BCEBO3pacCTAIOIEMy COKPAIllEHWIO MOTEHIMAJIbHBIX 3aM1aCOB J10-
CTYITHBIX PECYPCOB Ha OCHOBE YIJIEBOAOPOJHOTO TOMJIMBA. ONHOBPEMEHHO C pa3-
BUTHEM DHEPronoTpedIeHNs BO3POCIIO €ro BIUSHUE Ha OKpyXalolilyto cpeny. Ha
JIOJII0 TOIUTMBHO-2HEPTeTUYECKOr0 KOMIUIEKCa IIPUXOIUTCS 0KOJIo 55 % 3arpsiz-
HEeHUs pa3IuYHbIMU oTtxomamu u 70 % TeruioBoro 3arpsi3HeHus [1].

Cosnanue yCcTOYMBOW SHEPreTUKM OyayllIero, KOTopas MO3BOJIMUT MCKIIIO-
YUTh WJIM CYLIECTBEHHO OTPAHUYUTDH MCIOJIb30BAHUE YIJIEBOJOPOJHOTO TOIUIM-
Ba, BKJIIOUEHO B YMCJIO 25 BeIMYANMIIMX HaydyHbIX TTpobiem XXI B. [8].

1.1. CoBpeMeHHOe COCTOSHME MUPOBON SHEPreTUKN

C YBCJIMYCHUEM CTCIICHU PAa3BUTHA O6H.[€CTBa IIPpOUCXOIUT HEYKJTOHHbIﬁ PoOCT
HOTpeGJ’[CHI/IH QHEPInun. PazButne IIPOMBINIJIEHHOTO IMPOU3BOACTBA, TOProBJIN,
VIYYIIC€HHNEC XKNJINIITHBIX YCJTOBI/Iﬁ — BC€ 9TO Tpe60BaJ'[O JOITOJIHUTCIIbHOTO IMpHN-
TOKa 3HEPTUH. bes l'[OTpeﬁJ'[CHI/IH QHEPITCTUYCCKUX PECYPCOB HE OGXOZ[PITCH HHU
OJHa CTOPOHA XMU3HEACATCIIbHOCTH YE€JIOBEKA pUC. I.1.

Yronb

as 3r/ronb
Bo3o6HoBnsieMble a3
Bo3o6HoBnsieMble

NCTOYHUKN SHEPrnn

Heq)Tb NCTOYHUNKWN SHEPrnn

fnepHas aHepreTuka
TpaHcnopT Buomacca
(1830 mH 13) Hed1b

HedTtb

Puc. 1.1. luarpamMmma notpedeHns1 IHEPreTUUECKUX pecypcoB [2] (cM. 1IB. BKIIEHKY)
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Kaxk nucan akagemuk E.K. ®enopoB, «B xolIe TeXHUYECKOro Mporpecca ye-
JIOBEUECTBO B 11€JIOM HE TOJIbKO HMKOTIA HE MCIBbITHIBAJIO HEAOCTaTKa B SHEpre-
THYECKUX pecypcax, HO BCeraa HaXOIWIO HOBbIE, YacTO MPUHUMIIMAIbHO HOBBIE
CIOCOOBI MOJYYEHUST IHEPTUH, 330JITO 10 TOTO, KOTJa MOTJIM BO3HUKHYTh Orpa-
HUYEHUS, CBSI3aHHbIE C MCTOIIEHUEM M3BECTHBIX pecypcoB» [42]. IlosBusorcs
TepBbie BETPSIHbIE U BOASIHbIE ABUTaTeNn. KpymHeimM coObITuEM B pa3BUTUU
yeJioBeYecTBa ObUIO M300peTeHre MmapoBoil MaluMHbl. Clenylonuii 3Tan pa3Bu-
TSI LIMBWIM3ALUM CBSI3aH C IIMPOKUM MCIOIb30BAaHUEM DJIEKTPUUYECKON dHEP-
rund. OTKpBITUE SIBJICHUS JIEKTPOMAarHUTHONM WHIAYKIIMU, CO3MaHUE JIEKTpOre-
HEepaTopoB U dDJIEKTPOJABUTaTesiell 3HAYUTEbHO PACIIMPWIN BO3MOXHOCTU HMC-
MOJIb30BAaHUS JIEKTPUUYECKOU DHEPTUU.

DHepreTuyecKre pecypchl MoApa3aeisaioTcs Ha BO30OHOBIISIEMbIEe 1 HEBO300-
HoBJisieMble. K HEBO30OHOBISIEMBIM OTHOCSITCSI peCypChl, U3BJeKaeMble U3 3eM-
JIU: yroyib, HedTh, ra3, Topd, ypaH u ap. K Bo30OHOBISIEMBIM OTHOCATCS: COJI-
HeyHasi 9Heprusi, SHeprus pek, SHEPTUsl MOPCKUX MPWIMBOB U OTJIMBOB, BETep,

reorepMalibHasi SJHeprus 1 Tak Aa-

nee. Ha puc. 1.2 noka3zaHa nojs
ﬂ”epqgﬂse%epr”” r””ﬁgsg;)pr”” Pa3IMYHBIX BUIOB SHEPIrUU B 00-
’ ' 1IIEM MUPOBOM TEPBMYHOM 3HEP-
Hpyrve uctounvkn  robanaHce B KoHue 2007 r.
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Puc. 1.3. [NorpebaeHune sHEPrUx B pa3IMYHbBIX CTPaHaX B yCiI. T [4]
DHeprororpedeHUE pacIpenesIeHO IT0 CTpaHaM 3eMHOTIO Iapa KpaiHe He-

paBHOMepHO (puc. 1.3), MUHUMYM M MaKCUMYM 2HEprornorpedjeHust Ha aylry
HaceJieHMsI B HacTosilee BpeMsi B Mupe pazinuuaercs B 50 pas [5].
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IIpakTryecku Bce U3BECTHBIE BUIBI 9HEPTOpecypcoB (Yroyib, HedTh, ra3, SHep-
I'Ms BeTpa W BOIbBI, COJTHEYHAs SHEePTus, aTOMHAs SHEePrusi U Ap.) MOTYT ObITh
HCTIOJIb30BAHBI VIS TIOJYYEHMST DJIEKTPUIECKON IHEPTUH.

CrpyKTypa MUpPOBOIA MOTPEOHOCTH B PHEPTUM MOKa3aHa Ha puc. 1.4.
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Puc. 1.4. CtpykTypa notpebHOCTH B 3HEepruu no tuny Torumsa A0 2040 r. [9]

D dHeKTUBHOCTD MPOU3BOICTBA 3JIEKTPOSHEPIMH HA PA3IMYHBIX 3JICKTPOCTAH-
LIMSIX OOBIYHO CPAaBHUBAIOT IO BeJMYMHE KO3(GOUIIMEeHTA MOJIE3HOIO ACHCTBUS
(KT1d). Han6onee Boicokuii KIT/I nmeroT rennoanekrpuueckue cranuuu (THC),
paborariue Ha rasze (taodiu. 1.1).

Tabnnua 1.1. 3HayeHune KN pa3nuyHbix TEXHONOrMii NPOM3BOACTBA
anekTpuyecTBa [6]

SnepHast

Buomacca ConHue
SHEprust
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ITporHo3 morpedyieHUsT BJIEKTpUIECKOM dHepruu B mupe a0 2050 r. rmokasaH
Ha puc. 1.5, U3 KOTOpPOro cjeayeT, 4To J0Jsl JEKTPOIHEPIUU B MHUpe Oyaer
TOJBKO YBEJTUYUBATHCSI.
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Puc. 1.5. [IporHo3 auHamuku 3HepronorpedseHuss B XXI B. [2]

Hickonaemoe opraHnyeckoe Torn/imBo

B Hacrosiiiee BpeMst 111 TTOJTYyYeHUST DJIEKTPOIHEPTUHU B OCHOBHOM MCITOJIb-
3YIOTCSl TEIUIORJIEKTPOCTAHIIMU, paboTalole Ha HEBO30OHOBIISIEMBIX IHEPrope-
cypcax: yrojib, ra3, He¢Tb U T. 1. OOLIMit Ko3(pPUIMEHT MOJIE3HOTO UCTOJIb30-
BaHUSI SHEPIUU Ha TEIUIOBBIX 3JIEKTPOCTAHIIMSIX B HacTosiee BpeMst okoo 40 %.
IToBbicUTh KOIDDUIIMEHT MCITOAb30BAHUSI OPraHMYECKOro TOIUIMBA BO3MOXKHO
Mpu co3gaHum TerutoasiekrpoueHTpaneit (THII). B oranune oT 0OBIYHBIX TEMIO-
aJieKTpocTaHIMi B 3agauy TOIL BXoauT cHaGXeHue Morpedbutesieil He TOJIbKO
3JIeKTpoaHeprueit, Ho u terioM. ITpu atom KITII Takux cTaHUMN MOXET AOCTH-
ratb ~70 % [3].

HMcnonb3oBanue Ha TOC u TOII yris conpoBoxKaaeTcss HaKarauBaHUEM 30J1bl.
B 3051€ TenaoBbIX 37EKTPOCTAHUMEI CONEPKUTCS TaKOe KOJIMYECTBO MBIIIbsIKA,
repMaHusi, BUCMYTa, OepWLIUs, CKaHIMSI, KOOanbTa, rajulus U ypaHa, KOTopoe B
JIECSITKU Y COTHU pa3 MPEBBILIAET UX IIPOMBIIIUIEHHOE ITPpou3BoACTBO [1]. OcHOB-
HBIMU 3arpsi3HUTeNsIMU atMocdepbl Ha TOC ABASIOTCS OKCUABI Cepbl U a30Ta,
coelMHeHUs1 (pTopa, TMOKCUJ yIiiepojia U TBeplble YaCTULbl YTOJbHOW 30JIbl U
Hecropesiiero tormba [5]. C BeIOpocoM B aTMocepy OKCUIOB cepbl, a30Ta U
JNIMOKCUJIA YTJIepoJia CBSI3bIBAIOT Pa3BUTUE TaKWMX HETaTUBHBIX MIOOAIbHBIX KO-
JIOTUYECKUX SIBJIEHUM, KaK «KUCJIOTHbBIEC JOXIN» U «MapHUKOBBIN apdekt». [Toc-
nenHue 50 jeT npobjieMa BIUSHUS MapHUKOBBIX rA30B HAa OKPYXAIOIIYIO Cpery
npuobpena ocoboe 3HaueHue [7].
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Ha tpetbeit koHpepeHIMU 06 n3MeHeHuu kaumara B 1997 r. 8 Kuoro (apes-
HsI crofuua AnoHun) ObLUT MPUHSIT 3aKJII0YUTENIbHBIN MTPOTOKOJ, KOTOPBIi TTpe-
JlycMaTpuBaeT o0liiee COKpallleHue BHIOPOCOB «ITapHUKOBBIX» Ta30B B aTMOC(hepy
Ha 5,2 %. B coorBeTcTBUM ¢ KMOTCKMM TIPOTOKOJIOM OBIJIA YCTAHOBJIEHB! YPOBHU
BBIOPOCOB «ITapHUKOBBIX» Ta30B B aTMocepy IS BCeX MPOMBIIIJICHHO pa3BH-
TBIX TOCYIapCTB. 3a MpeBbILIEHNE BRIOPOCOB CBEPX pa3pellieHHbIX YPOBHEN ycTa-
HOBJICHBI CaHKIIMU. Hencrroab30BaHHBIE KBOTHI BEIOPOCOB MOXHO TIPOJABaTh.

OcobenHocTh KMOTCKOro mpoTokoJia 1 ero 3HaueHne B TOM, UTO OH BIIEPBbIE
MPEUTOKMIT SKOHOMUYECKIE MEXaHNU3MBI TI0 00eCIIeYeHINI0 9Hepro3HeKTHBHO-
CTU U dHEprocOepexxeHUsT U CTUMYJIMPOBA pa3pabOTKy aJbTepPHATUBHBIX METO-
JIOB TIOJIy4eHUsI 9HePIruu [5]. YMeHbllleHue BhIOPOCOB «MapHUKOBBIX» Ta30B CO-
KpalaeT BEIOPOCH M JAPYTUX, TOKCUYHBIX 3arpsi3HUTENICH aTMocdepsl, 4To, Oe-
3yCJIOBHO, MIET Ha TMOJIb3Y JIIOISIM U COXpPaHSIeT UX 3M0POBbE.

B nexabpe 2009 r. B KoneHrareHe coctosiiach 15-s1 KOH(bepeHLUsI CTpaH-
ydyactHul PamouHoit koHBeH1IMM OOH 06 n3mMeHeHUu KiiMMaTa, Ha KOTOPOI Ilia-
HUPOBAJIOCHh BEIPAOOTATh HOBOE MEKIyHAPOIHOE COTTAIlIeHNE O COKPAIeHUH BBIO-
POCOB TTAPHUKOBBIX Ta30B Ha MmocTKuoTckuii nepuon (2012—2020 1r.).

KondepeHus 3akoHIMIaCh TPOBAJIIOM B CBSI3M C HEMPUMUPUMOI MO3ULIM -
el mexny pasBuBatoniumucs (Kurait, Uunus, TOAP u bpasunusi) u pa3BuThi-
mu ctpaHamu (CIIA, EBpocoro3s, Kanama u ap.), KoTopble HaBSI3bIBaJIu pa3Bu-
BalOIMMCSI HEMOCUJIBHOE JIJIsl HUX OpeMsi 60pbObI ¢ BHIOpOCaAaMU «[TAPHUKOBBIX»
ra3oB, YTO 3HAYUTEIBHO 3aMeUIUII0 Obl MX B3KOHOMMYecKuil pocT. ITosumus
pa3BUBAIOIIMXCS CTpaH CJeAyloliasi: MOCKOJbKY COBpEMEHHasl CUTYyallusl CJIO-
SKMJTAaCh IO BUHE Pa3BUTHIX CTpaH, OHU M JOJDKHBI OpaTh OCHOBHOE GpeMs pac-
XOJI0B Ha cebsl.

K coxanenuto, B Bompoce MpUOPUTETHOTO BIUSIHUSI BHIOPOCOB «ITapHUKO-
BbIX» Ia30B Ha M3MEHEHMWE KJIMMaTa HeT enrHoro MHeHus. ITo MHeHUIO akanme-
muka H.II. JIaBepoBa, «inMiiamMmu, KOTOpbi€ BHICTYHAIOT C HETaTUBHBIMUA MPOTHO-
3aMM (KaTacTpoUuecKUX MOCTIEACTBUI I10OATIBHOTO MOTEIJIEHUSI OT BBIOPOCOB
«TTApHUKOBBIX» Ta30B), ABMKYT KOMMEpPUYECKHE U MOJUTUYECKHE UHTEPECHI».

Ha xonen 2009 r. muposbie BoiOpocsl CO, pacnpeaenuiuch Caeayoimum 00-
pazom: Kurait — 24 %, CIIA — 21 %, EC — 12 %, Uunusa u Poccus 1o 6 % [35].

B Hacrostimee Bpemst okoito 90 % Bceil moTpediisieMoit SHepTuy TOIyYaloT 13
HMCKOITAeMOTO OPTaHWYECKOTO TOTIMBA. XOTS TIPH 3TOM C AbIMOM yxoauT 10—15 %
TeIia, a ¢ oxJaxaalolel BoJoi YHOCUTCS B OKPYXKAIOLIyIo cpefay OoJjiee Mojo-
BUHBI TEIlJIa, 00pa3youierocs Py CXKUTaHUM ToTuTuBa B KoTiie [5], [6]. TTo Ham-
boJiee MeCCUMUCTUYECKUM TIpOorHo3am, uepe3 40 jieT OyayT ucueprnaHbl MUPOBBIE
3amacel HedTH, Yepe3 70 JeT — 3amachl Tasa, yepe3 160 jget — 3amacel yris. I1o
HauboJjiee ONTUMUCTUYECKUM TIPOTHO3aM: YISl XBaTUT OoJiee yueM Ha 1000 Jer,
raza — Ha 110—120 ner, Hedptu — Ha 100 JeT, a CKOpPOCTb UX MCUEPHAHUS
MPONOPLMOHAIbHA pacTylleMy MoTpebjieHuIo 3Hepruu [8].

'maposHepretuka

HMcnonb3oBaHne KMHETUYECKOM 3HEPTUMU BOIbl Havyaiaoch B XIX B. u moiy-
yuJio HauboJiblliee pa3BUTUE CPEIM BCeX BO30OHOBISIEMbBIX MCTOYHUKOB 3HEP-
run. B 2005 1. Ha ruaposnekTpocTaHmusx (I'DC) 6vl10 BeIpaboTanHo okojo 17 %
9JIEKTpOAHEpruu B mupe. Becero B Mupe aKCIuryaTUpyeTcsl 0KoJio 45 ThICSY TUAPO-
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anekrpoctanumii. KITJ runposnekrpocranimii focturaet 85—90 %. CToumMocTh
9JIEKTPO3HEPruK, BoIpabateiBaemoit 'DC, kak mpaBuiio, B 6—8 pa3 MeHbIIIe,
yeMm TOC. OnHako BbIpaboTKa 3yieKTpoaHeprun Ha I'DC noaBepxkeHa CUIbHBIM
KoJIeOaHUSIM, OCOOEHHO B 3acCylLIUMBBIe rogbl. OCHOBHBIMU HEAOCTAaTKaMU, Orpa-
HUYMBAIOIIUMU CTPOUTENBCTBO ['DC, IBASIOTCS 3KOJIOTUYECKUE U COLIMAJIbHbIE
MpoGeMbl, BbI3bIBa€MbI€ 3aTOIIJIEHUEM OTPOMHBIX TEPPUTOPUIA, a TAKXKe reorpa-
(uyeckas ynaaeHHOCTb pailOHOB MPOM3BOACTBA TMAPOIHEPTUU OT LIEHTPOB ee
noTpeOIeHUsI.

OHeprus BeTpa

DHeprus BO3AYILIHOTO MOTOKA MPOMOPLIMOHAIbHA CKOPOCTU €ro JBUXEHUS B
TpeTbel CTerneHu, OJHAKO JIUIIb YacTh 3TON SHEPTMU MOXET ObITh MTpeodpa3oBaHa
B ajekTpuueckylo. Teopernuecku Bo3MoxHbIi KITII uMcmonb3oBaHUSI BETPOBOI
SHepruu paBeH 59,3 %. Ha nmpakTuke n3-3a 3HAUNTETHHOM HEPaBHOMEPHOCTH BET-
pa M JOMOJIHUTENIbHBIX MOTEPb, CBSI3AHHBIX C HECOBEPIIEHCTBOM KOHCTPYKLIMA
BeTpoarperaroB, ux cpeaHerogosoii KIT/I He npesoiiraeT 30 %. Mcnonb3oBaHue
KMHETUYECKON dHEPruM BO3AYUIHBIX MacC 0COOEHHO MHTEHCUBHO OCBauWBaIOCh
B nocnennue 20 get B Kurae, EBpornie 1 CIIIA. B 2009 r. o01ast ycraHOBJIeHHAS
MOIIIHOCTBH BeTporeHepaTopoB coctaBuia 159,2 I'Br, uto cocraBumo 2 % Bceit
MPOU3BECHHON 2JIEKTPUYECKOW IHEPTUM.

BerpoBasi sHepreTnka OTJIMYaeTCsl HU3KOM TIJIOTHOCTbIO 2Hepruu. st ee
MPOU3BOJCTBA TPeOYIOTCS OrPOMHbBIE TUIONIAAM ToBepxHocTu. K HemocTtarkam
9TOT0 BUJA SHEPTeTUKU TAKXKe ClIeyeT OTHECTU €€ HeCTaOUJIbHOCTD, IIyMOBOE 1
BUOpaIlMOHHOE 3arpsi3HeHUe, ONIAaCHOCTb JJII JUKOM TTPUPOJIbI.

CosnHeYHas aHepreTuka

ConHile SIBJISIETCSI MOIIHBIM MCTOUYHUKOM 3JIEKTPOMArHUTHOTO W3JTy4YeHUsI.
Eciu conHeuHyo 3HEpruio, MOCTyNawllyl0 Ha 3eMJII0, NepeBecTU B YCIOBHOE
TOIUIMBO, TO OHO cocTaBuyio Obl 100 TpaH TH. 3. 3a rof [8]. Ha Haiueit raHere
BCETO 3altaceHo 6 TPJH T pa3IWdYHBIX yriaeBomopomoB. ComepsKallyrocs B HUX
sHepruro CojHIIe oTmaeT 3emJjie Bcero 3a 3 Heaelu.

Cy1ecTByeT TpU IyTH MCIIOJb30BaHUS COJTHEUYHON SHEPTUM:

e MpeoOpa3oBaHNE COJIHEYHON DHEPIUU B 3JEKTPUUECKYIO;

e MOJIyYeHUe TEIJIOBOW dHEPIUM;

e TIPOM3BOACTBO GOMACCHI, KOHIIEHTPUPOBAHNE COTHEYHOM SHEPTUN aBTOTPOdh-
HBIMHM OPTaHM3MaMM U TIOCJIeyIolee NCTIOb30BaHUe MX XMMUIECKOI SHEPTHM.

ITepBbie coHeUHbIe OaTapeu ObUIM TpeacTaBieHbl Ha BceMUpHOT BhICTaBKe
B ITapuxe B koHue XIX B. B 1953 r. B CIIIA Oblna pazpaboTaHa COJIHEUYHas!
baTtapest, HEIMOCPEIACTBEHHO Tpeobpasyiomas Hepruto ColHIIAa B 3JIEKTpUYEC-
Ky1o. [lepBasi mpoMbIlIJIEHHAs] COJIHEUHAs! dJIEKTpUYecKasl CTAHIMSI MOIIIHOCTbIO
5 MBrt 66112 TocTpoeHa B 1985 r. B Kpbimy.

HecMoTpst Ha cepbe3HBIe TPYIHOCTH, CBSI3aHHBIE ¢ HEOOXOIUMOCTBIO TIPEI-
BapuUTEJIbHOTO KOHLIEHTPUPOBAHUS COJTHEUHOW dHEpruu (MOoTeHUUaIbHasl TI0T-
HOCTb CONTHe4Ho# sHeprun 150—200 Bt/M?) Bo BceM MUpe MHTEHCHBHO pa3-
pabarbIBalOTCSI COHEYHbIE AiekTpudeckue craHiuu (COC) pa3nnyHON MOLIHOCTH.

Kpome ucrosib30BaHUsI COJTHEYHOM DHEPTUU ISl MOJyYeHUsT DJIeKTPOIHEp-
TUY OHA HaXOAUT IIMPOKOe MTPUMEHEHNE B IIOJTYYeHUH TeTUIOBOM SHEPTHHU. DHEp-
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reTUYeCKre YCTAHOBKM MPeoOpa3oBaHMs COJIHEYHOM IHEPTUHU B TETJIO MOTYT ObITh
aKTUBHBIMM U MACCUBHBIMU. B MaccuBHBIX cUCTEMAaX COJIHEYHOrO 3HEProcHad-
JKEHMS TEIJIoTa NnepeaaeTcs ¢ MOMOIIbIO paaualu, TEMIONPOBOAHOCTH WU €C-
TECTBEHHOW KOHBEKUMHU. Takue CUCTEMbI MOTYT MCIIOJb30BaTbCS KaK CPEACTBO
OTOIUIEHUS] TTOMELLIEHUA.

K akTUBHBIM cucTeMaMm NpeoOpa3oBaHUsl COJTHEYHOW SHEPTMU B TEIUIOBYIO
OTHOCATCS CUCTEMBI C IPUHYIUTEIBLHON LUPKYIALMUENA TETDIOHOCUTEN, KOHTaK-
TUPYIOIIETO C MMOBEPXHOCTHIO, HAIPETON COJTHEUYHBIM U3JTyYeHUEM. ATnapaThl, B
KOTOPBIX MPOMCXOIST MPOLIECCHl aKTUBHOTO TETUIOOOMEHa, Ha3bIBAIOTCS KOJUIeK-
Topamu. KoJuleKTopbl IMPOKO MUCIOJIb3YIOTCS B KAYECTBE OTOMUTEJbHBIX yCTa-
HOBOK, OTIPECHUTEJIEN BOMbI, OBITOBBIX BOJOHArpeBareyieil u sk CylIKU CeJibC-
KOXO39MCTBEHHBIX MPOAYKTOB.

OnHo 13 BaXHEWINIMX HampaBIeHUH MCHOJIb30BAaHUSI COJHEYHON SHEPruu
CBSI3aHO C XMBBIMU PACTUTEIbHBIMU OpraHU3MaMu. ABTOTPO(HBIE OPraHNU3MBbl
€XeroJHO aCCUMUJIMPYIOT B pe3yJibTare npoiiecca ¢poTocuHTe3a okoiao 200 Mapa T
yrjepona, mpeBpailasi ero B opraHudyeckue coeamHeHus [5]. OOiee aHeproco-
HepxaHue obpasyloleiicst Tpu 3ToM 6roMacchl oneHuBaetcs B 3 - 102! [Ix. Jons
pacTUTENbHOW OMOMacCchl B MUPOBOM TMOTPEOJEHUU IHEPTUN MOKA CPABHUTEIb-
HO HEeBeJIMKa M COCTaBisieT MpuMepHo 8§ % OT 00l1lero KojauyecTBa TOIJIUBA,
pacxoiyeMoro B Mupe.

ITo ouenkam psima 3KcrepToB [8], MUCIMONIb30BaHME OMOTOIIMBA MPUBEIET K
yBeJIMYEHUIO BBIOPOCOB B aTMocdepy yriekucioro raza. Kpome Toro, 6yayTt or-
Yy>XJA€Hbl OTPOMHBIE TUIONIAJAN MAaXOTHOW 3€MJIM, JIECOB, MACTOUIIL U BOJHO-00-
JIOTHBIX TEPPUTOPUIA.

lMpunuBHas rmapoaHepreTuka

ITpunuBHbie anekTpocTaHuuU (ITDC) UCTIONB3YIOT HEPTUIO MPUIUBOB U
OTJINBOB, (PaKTMIECKN — KWHETHYECKYIO HEpruio BpameHus 3emin. M3meHe-
HUEe YPOBHS BOJIbI BCEACTBUE BIUSIHUS TpaBUTAllMOHHBIX cuil JIyHbl 1 CoJiHLIa B
TeUeHHNe CYTOK MTPONCXOAUT IBaXIbl. KpuTHuecKuM 3HaYeHNEM TIepeTiaaa BHICOT
MpUJIMBa U OTJIMBA, MPU KOTOPOM CTPOUTEILCTBO MPUJIMBHBIX JIEKTPOCTAHIIUN
SKOHOMWYECKHA W TEXHWYECKH 0OOCHOBAHHO, CUMTAECTCS 5 M.

IMepBas B mupe I1DC 6buta mocrtpoeHa B 1966 r. Bo @paHIINM B YCThe PEKU
Panc, Bnapatoineit B Jla-ManHut. KoadduiimeHT rcnonb3oBaHust BpaHIly3cKOmi
ITDC cocrasnsteT okoino 25 %. Cymmapasiit moreHnan [19C B Epporre — 12 I'Br.

B P® noctpoena emmHcTBeHHas, Kucmoryockas, I1DC, koropas B 2009 T.
Obl1a MogudUIIMpoBaHA U €€ MOIIHOCTHL JoBemeHa mo 1,7 MBT. Ilo ouenkam
CIICIIMANINCTOB, 3a CYET WCITOIb30BAaHUS SHEPTUM TPUIUBOB B Poccnm MOXHO
MmoJIy4arhb exerogHo okoyo 270 mapg kBt - 4.

ITpunuBHEBIE 3IEKTPOCTAHIIMU SKOJOTUUECKN He 0e30ITacHBI, TaK Kak Hapy-
Ia0T HOPMAJTBHBINT 0OMEH COJICHOW M TPEeCHON BOIBI, BIUSIOT Ha KIIMMAT, Me-
HSISI SHEPTETUYECKHUI MOTEHIINAI MOPCKUX BOJM, UX CKOPOCTh U TEPPUTOPUIO TTe-
peMelIeHNUS.

leorepmasibHasi aHepreTvka

FGOTepMaﬂbHaﬂ OHEPICTUKA 6aBI/IpyeTCH B OCHOBHOM Ha TEIJIOBOM QHEPITUHU
BYJIKAHNYCCKMUX UCTOYHUKOB, NCITIOJIB3YETCA B 62 CTpaHax MHupa. BGIIYHICG MECTO



@ Thaea 1. Hdepnas snepeemura u muposoe nekmponompednenue

o reorepmaibHbIM TOC 3anumaror CIIIA, Ha KoTophle ipuxoautcs 6oiee 40 %
JIEMCTBYIOLIUX B MUPE MOIIHOCTEN.

B cronune Ucnanguu (PelikbsiBUK) Bce TeriocHaOXeHUe obecreynBaeTcs
3a CYET TreoTepMabHOIl SHEPIeTUKU.

CyMMapHasi MOIITHOCTh reoTepMalibHbIX cTaHLMil okoio 11 000 MBT, a cym-
MapHBIA BKJIaJ re0TepPMaIbHBIX UICTOYHUKOB B 9HEProreHepaluio Mupa — OKoJIO
0,4 %. 3amachkl reorepMajibHOi 3Hepruu — 6onee 200 I'Br.

B P® pasBemano okoyio 60 MeCTOPOXIAEHHWI TepMallbHBIX BOJ C JeOUTOM
6onee 300 Thic. M*/cyr. HanGonplMu reoTepMaibHBIMU pecypcaMy 061agaeT
Kamuatka. Ceityac Tam padortaior Tpu reorepManibHbie TODC. OHu mMoryt obec-
neunth Gojiee 20 % moOTpeOGHOCTEil pernoHa B 3JjieKTpuueckoil saHepruu. Cro-
MMOCTb 3Hepruu reorepMaibHoil TOC q0BOJILHO BBICOKA U KOJIEOIETCS OT 2 10
6 ThiC. moyuI. 3a 1 KBT.

dnepHas aHepreTvka

Pa3Butre coBpeMeHHOI 3KOHOMUKM OCHOBBIBAETCSI Ha OTepekaloleM pas3-
BUTUM SHEPTeTUKU. DTa TCHACHIINS COXPAHSACTCS HE3aBUCUMO OT COCTOSHMS
TIEPBUYHBIX SHEPTETUYECKHNX PEeCypcoB. B CBSA3M ¢ 3TUM MUPOBOMY COOOIIECTBY
HYXHO PELIUTH MpoOJieMy aKTMBHO PACTyILEro MUPOBOTO 3HEPronoTpedIeHus .
Kazanoch ObI, 3Ty mpobGieMy MOXHO PELIUTb 32 CUET YBeJIMYEHUs] JOObIYM He-
¢TH M rasza, Tak Kak ceiiyac B MUPOBOI CTPYKType IHEPronoTpedeHusl yriaeBo-
IOpPOIBI 3aHMMAIOT Bemyinee Mecto. OmHAKO, BCe Yallle BO3MOXHOCTH HedTH
paccMaTpuBalOTCsl KaK yxKe JOCTUTIINE JIMOO0 Mpubanxkapuecs K ypoBHIO MaK-
CUMaJIbHO roloBOi 10ObIYM. Takas e nmepcrnekThBa OXUAaeT MPUPOAHbIN ras,
HO HeckoJbko mno3xe. He crouT 3a0biBaTh, YTO OECMOKONWCTBO OTHOCUTEJHHO
BBIOPOCOB 3arps3HSIONINX aTMochepy OKCHIOB Cephl, a30Ta, COeAMHEHNI (PTO-
pa, IMOKCUA yriepoda U APYTUX COEAUHEHUN, CITIOCOOCTBYIOUIMX 0Opa30BaHUIO
TaKOro IJIO0AJIBHOTO SIBJICHUSI, KaK «ITapHUKOBBII» 3(h¢eKT, TpeOdyeT coKpalle-
HUS UCTIOJIb30BaHMS YTJIEBOJOPOAHBIX UICTOYHUKOB SHEPTUU.

Bbixoa Bo3MOXeH TpU OBICTPOM Pa3BUTUM BO30OHOBJISIEMBIX MCTOUHUKOB
9HEPruM 3a cUeT McTnosib3oBaHus a3Heprun CoHIa, BeTpa, TMIPOPECYPCOB, IHEP-
TMU TPUIMBOB U OuomMacchl. Bo30OHOBJIsIEMble BUIbI SHEPTUU MOTYT ObITh MC-
TTOJTB30BaHBI B MPOMBIIIJICHHOCTH, B TIPOM3BOMICTBE TeTuia M T. 1. (puc. 1.6).

'mapo-, reotepmansHas

ATOMHas COJIHeYHas 1 BeTpoBas
3NEeKTPO3HEPIruns 3Heprum

7% 3%

Puc. 1.6. IluarpammMa norpebiaeHUss 9HEPreTUYECKUX pecypcoB B mupe [7]
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bricTpoe pazBuTHE TEXHOJIOTMHA BO30OHOBISIEMbIX UCTOYHUKOB SHEPTUU TPeOy-
€T 3HAYMTEJIbHBIX KalMTAJIOBJIOXEHMI, YTO 3aTPyOHSIET TOCTIKEHHE TPeOyeMbIX
TEMIIOB pa3BuTUs. Ilepexon oT TpagUIIMOHHBIX UCTOYHUKOB K BO3OOHOBIISIEMBIM U
cefyac SIBJIIeTCS OAHMM U3 TIPUOPUTETHBIX HAIIPaBJIEHUN BO MHOTMX CTpaHax.

ITo manubM [10], B 00MaCTH 3IEKTPOIHEPTETUKU TTOJIOBUHA HOBBIX MOILIHOC-
Teil, BBOAMMBIX B AeiicTBUe B Mupe mo 2035 r. i yaoBJIETBOPEHUS PACTYIIIETO
cripoca, OyaeT MPUXOAUTHCS Ha BO3OOHOBJISIEMblE UCTOUHMKM SHEPTUM, TJIaBHBIM
00pazoM — IUIpo- U BeTpodHepreTuky. OaHako, cieayeT UMeTh B BULY HECTaOMIIb-
HOCTb BO30OHOBJISIEMBIX UCTOUHMKOB 3Hepruu. [To maHHbIM [9], B HacTosIee Bpe-
MsI B KauecTBE DHEPreTUYeCKOil abTepHATUBbI MOXET OBbITh MpPEUIOXKeHAa TOJIbKO
syepHas dHepreTuka. Bee npyrue sHeproucTOUHMKY, KOTOPbIe MOTYT OBITh MPUBJIE-
YeHbI K pEeLIeHUIO TI00aJIbHOM IHEPTreTUYECKOM MPOOJIeMbl, HETTPUTOIHBI M 0 Mac-
TabHOMY (hakTopy, U MO SKOHOMUYECKUM orpaHndeHussM. CTOMMOCTb BO30OOHOB-
JIIeMOM SHEPreTUKU (COoJHEeYHasl, BeTpoBas M T. 1.) ceiiuac rmpumMepHo B 3—4 pasa
JIOpPOKe TI0 CPAaBHEHUIO C CYLIECTBYIOLIE aTOMHOI 3HepreTukoii. B Hosiope 2011 T.
MexmyHapoaHoe dHepreTHYeckKoe areHTCTBO MPeACTaBUIIO TOAOBOM JOKJIAA, B KO-
TOPOM OTMEUYEHO, YTO MUP HE CMOXET OOONTUCH Oe3 simepHoil sHepreTuku [9].

C TOYKM 3peHUST MACIITAOOB SHEPTOIMOTPEOIIeHNSI 1 HEOOXOAUMOCTHU CHUKE-
HUsI BBIOPOCOB «MapHUKOBBIX» T'a30B, OTPAHUYEHHOCTU 3aIacoB YIJIEPOMHBIX
SHEPTreTUYECKUX PECYPCOB M HEOOXOAUMOCTH Tepexona Ha 6e3yriepoIHyIO SHep-
TeTUKY MCIOJIb30BaHNE aTOMHOM 2HEPreTUKU He BBI3bIBAET COMHEHUS.

Yxe B HacToslIee BpeMsl e CTBYIOIINE POCCUNICKIE aTOMHbBIE 2JIEKTPOCTaH-
MU €XErOHO MPEI0TBPALIAIOT BHIOpOC B arMocdepy npumepHo 210 min T CO,,
a B 1LIeJIOM aTOMHbI€ CTAHIIUM MHUpPA MO3BOJISIOT MPeAOTBPATUTh BHIOPOC 10
3,4 MJIpA T YIJIEKHUCIJIOTO Tra3a, KOTOPbIA CUYMTAETCsl OCHOBHBIM (haKTOPOM TJIO-
6anbHOro noreryieHust. Buemnuit Bug ADC mokasaH Ha puc. 1.7.

Puc. 1.7. Buewnuii Bug PoseHnckoit ADC (YkpauHa) (CM. LIB. BKIEHKY)
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&

B nipombiniieHHo pa3Buthix ctpaHax (CLIHA, ®panuus, beabrus u np.) atoM-
Hasg PHepreTMKa IaBHO CTajla OMHUM U3 BAXHEUIIMX MCTOYHUKOB 3HEProodec-
neyeHus. Bce Gosblliee KOJMUYECTBO CTPaH, Pa3BUTHIX U Pa3BUBAIOLIMXCS, TIPU-
XOJIUT K HEOOXOJUMOCTU OCBOEHUS Ha CBOE TEPPUTOPUN TEXHOJIOTUN MUPHOTO
MCHOJIb30BaHUSI aTOMHOM 3Hepruu. B HacTosiiee Bpems, 1o nanHHbiM MAT'ATD,
KOMMEPUYECKYIO SIepPHYIO SHEPTETUKY MMeIOT oKoJio 30 cTpaH, cBbillie 60 HOBBIX
CTpaH BbIpaXaloT OOJIbLION MHTEpEC K SIAEPHOM 3HEepreTuke.

10% 20% 30% 40% 50% 60% 70% 80 % 90 %
76,2%
75,2%

0%
NnTBa
PpaHums
CnoBakus
Benbrus

53,5%
51,7%
48,6 %

YkpaunHa
ApmeHuns
BeHrpus
LLiselinapus
CnoseHus
Bonrapus
lOxHas Kopes
LLIseuns

Yexunsa
dunnangua
AnoHns
FepmaHns
TaliBaHb
PymMblHMS

CLIA
BenunkobputaHus
Poccus
VcnaHng
KaHapa

B cpeaHem no mupy
ApreHTuHa
Mekcuka
lOxHas Adpurka
Hunpepnanabl
Bpasunnusa
MaknctaH
NHona

Kutan

45,0%
43,0%
39,5%
37,9%
35,9%
34,8%
34,7%
33,8%
32,9%
28,9%
26,1%
20,7%
20,6 %
20,2%
17,9%
17,8%
17,5%
14,8%
14,0%
7,0%
4,8%
4,8%
3,7%
3,0%
2,7%
2,2%
1,9%

Puc. 1.8. /lons aTOMHOI 9HEPreTMKM B CYMMapHOM MPOU3BOJICTBE 3JIEKTPOIHEP-
MK B Ppa3lIM4YHbIX cTpaHax mupa (%) [14]

CorJylacHO CTaTUCTUYECKUM JaHHBIM BceMupHoro simepHoro areHtcra (World
Nuclear Agency — WNA) 1o coctosiHuio Ha 1 ampens 2011 r. Bo BceM Mupe
ObL10 438 MEeiCTBYIONIMX dHEPreTUYECKUX PEeaKTOPOB CYMMAapHOM YCTaHOBJIEH-
Hoit MoITHOCTBIO 374 127 MBT (371.), 94TO cocTaBisIio TIpUMepHO 8 % BCeX MUPO-
BBIX 2JIEKTpOreHepupylolmux MolHoctei [11]. B Mupe moist simepHoil sHepreTr-
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Ku mocturia 14 % obimero obbeMa BbipabaThiBaeMoii ajiekTposHepruu. [lepe-
marnyyiu nopor 50 % mojiu aTOMHOIM 3JIEKTPOIHEPTeTUKU B OOIIeil BhIpabOTKe
snekrpuyectBa Ppanuus, Cnosakus u benbrus (puc. 1.8).

M3 13 crpaH, roe oons SnepHOi BJeKTPOSHEPreTUKU mpeBbicuia 1/3, kpome
IOxHoit Kopeu, Bce Haxonsrcs B EBpone. M3 npuBeneHHbIX TaHHBIX (CM. puc. 1.8)
BUIIHO, YTO MUPOBaAs sSepHas SHepreTrka HaxoAUTCsS B CTpaHax M permoHax c
BBICOKUM CIIPOCOM Ha DJIEKTPOIHEPTUIO, PA3BUTON IKOHOMUKOM, BBICOKUM YPOB-
HEM TeXHOJOTUYECKOTO Pa3BUTHUS U HEOONBbIIMMU 3aracaMu HedTH.

HMHtepec K simepHOit 2HEPreTUKe BbI3BAH €l1lle M TeM, YTO OHa MOXeT obecrie-
YUTh MOTPEOUTENST HEOOXOMUMbBIMU BUIAMU DHEPTUM: DJIEKTPUUECTBOM, TETIIIOM,
SHEPrOHOCUTENISIMU, B TOM UHCJie BOIOPOIOM. BHenIpeHne aTOMHOM 2HEPreTUKU
B HeaJIeKTpUuecKue cephl MOTpedIeHUsT SHEPTETUUECKUX PECYPCOB MO3BOJISIET
HCTIOJIb30BaTh SHEPTUIO MUPHOTO aTOMa B MPOMBIIIIJIEHHOCTH, Ha TpaHCIoOpTe, B
KOMMYHaJIbHOM ceKTope [12]. BaxXHo U To 00CTOSATEIbCTBO, YTO aTOMHAsI dHEp-
reTuka AOCTYITHA JJISl BCeX, B TOM YHMCJIE M B MaJIONOCTYIMHBIX perMOHaX Mupa, u
TeXHUYECKH MOJATrOTOBJIEHA JJISI MACIITAOHOTO Pa3BUTUSI. DTOT BUI SHEPTUU KO-
JIOTMYecKU YUCThIi. OCHOBHOE MCITOJIb30BaHUE DHEPruu NeJeHUs] aTOMOB B Ha-
cTosIlee BpeMs OCYILECTBISIETCS] B peakTopax Ha TeTUIOBBIX HEWTPOHAX, KOTOpPbIE
eite B 40-x IT. MPOLIJIOro BeKa ObUIM OCBOEHBI IS MPOU3BOACTBA OPYXEHHBIX
MaTepuaJioB — IUTYTOHUS U TpUTUsL. OCHOBOU COBPEMEHHOM SIIepHOI 9HEPreTH -
KU B MUpE SIBJISIFOTCS TaK Ha3bIiBaeMble JierkoBogHbie peakTophl (LWR). Jlerko-
BoaHble peakTopbl (LWR) mpumensiorcs 6oiee uem B 80 % sKcIutyaTupyeMbIX B
mupe ADC, UCMONB3YIOLIMX OTKPHITHIM TOIIMBHBIN LUK [13].

B Hacrosiiee BpeMms1 B KauecTBE OCHOBHOTIO TOIUIMBA B SAEPHOI dHEPreTUKE
SABIISIeTCST ypaH-235, 3amachl KOTOPOro npu KpaiiHe He3(p(eKTMBHOM €ro Hc-
MOJIb30BaHUM HeBeJuKU. Heo6xonuMo nMeTh B BUIY, UTO B €CTECTBEHHOM ypaHe
conepxanue U-235 He npessbiinaer 0,714 % macc. ['mobanbHble 3amachl ypaHa B
3eMHOii Kope olieHuBaloTcs B ~10' T, ogHako 106bYa ypaHa B HACTosIIEe Bpe-
M$l 9KOHOMUYECKM BBITOJHA TOJIBKO B T€X MeECTax, Ile KOHIIEHTpalUsl ypaHa B
pyae 6onee 0,1 % [6]. OcHOBHBIM (haKTOPOM, OrpaHMYMBAIOIIMM MacIllTabHOe
pa3BUTUE SIIEPHON SHEPTETUKU, SIBISIETCS OTPAaHUYEHHOCTD TOCTYIHBIX 3a1acoB
ypaHa-235. Ilo cBoeMy 3HepreTM4ecKoMy IMOTEHIIMAly €ro 3anachbl He HaMHOTO
MpeBbILIAIOT 3amachl HedpTH [8].

Ceiiuac B akcryarauuu Haxonutcs 359 peakropoB tuna LWR: 271 peakrop
¢ Bogoit non pasineHueMm (PWR), Bkimouas poccuiickue peaktopsl BBOP, u 88
peakropoB ¢ kunsiueit Bogoir (BWR). fAnepHas sHepreruka ¢ peakropamu Ha
TEIUIOBBIX HEMTpOHAaX, ocBamBalolas He 6onee 1,5 % npupoaHoro ypaHa, B IpUH-
LIMIIE HE MOXEeT 00eCIIeUnTh CO3AaH1e KPYITHOM MUPOBOM sHepreTuku (Tadm. 1.2).

Boixoa u3 3TOro mojioKeHusl MOXXHO HAaMTHU Ha IMyTH UcTojib3oBaHusa ADC ¢
peakTopamMu-pasMHoXuTeassMu. C ux BHeapeHHeM 3(pdeKTUBHOE MCITOIb30Ba-
HUE TPUPOIHOro ypaHa MoxeT HTocTUrHyTh 30—40 %. lllupokoe nmpuMeHeHME
ABDC ¢ peakTopaMU-pa3MHOXUTEISIMUA MOXKET PELIUTh NPOOIeMy Pa3BUTUSI SHEP-
TeTUKU C TOYKM 3peHHUsI 00eCIIeYeHHOCTH dHEpropecypcamy B T€UeHHWE MHOTUX
CTOJIETUI 0e3 KaKUX-TO TOIJIMBHBIX OTPAaHUYECHUIA.

Peanuzaiysi BO3MOXHOCTEN SIAEPHOM 3HEPruu, Mo JaHHBIM padoTsl [1], go-
CTHXKMMa JIMIIb HA OCHOBE OCBOEHUSI 3aMKHYTOTO SIIEPHOTO TOTUIMBHOTO IIMKJIa
(ATL), ¢ BBOZOM peakTOpoB, OOECIeUMBAIOIIMX IPOCTOE WJIM PaclIMPEeHHOE
BOCIIPOM3BOJICTBO SIIEPHOTO TOIUIMBA. PeakTophl Ha OBICTPHIX HEMTPOHAX MO3BO-
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JISIIOT HE MPOCTO «CXUTaTh» MPUPOMHBIN ypaH-235, a BelpabaThiBaTh HPU ITOM
HoBoe ToruBo [12]. B aTOoM ciyyae aroMHast SHepreTuka obdJjiagaer mpakTuiec-
KM HEOrpaHWYEHHBIMM pecypcaMM TOIUTMBA. faepHble peakTopbl Ha OBICTPHIX
HEUTPOHAX CIOCOOHBI BOCIPOU3BOAUTh HOBoe TormauBo n3 U-238 unu Th-232,
3amachl KOTOPBIX BO MHOTO pa3 mpeBbilaloT pecypc U-235, ucnonblyemMoro B
HacTosllee BpeMs B JIETKOBOAHBIX aTOMHBIX PeakTopax.

Tabnuua 1.2. MupoBsbie pecypcbl spepHoil aHeprum [4]

[MpuHIMTT TPOU3BOICTBA Pecypcal
PHHIL P e Bun pecypca B SHEPreTMYECKOM
9HEPTUU
9KBUBajeHTe Q
PeakTophl Ha TeTUIOBBIX | YpaH TIpuW 3aTpatax Ha U3BJIEUEHUE 10 40
HENWTpOoHax 130 mos. /K
VYpaH nipu 3arpaTax Ha U3BIEUECHUE:
no 130 momi./Kr 1000
PeakTopbi-pa3sMHOXHUTETU 1o 295 most. /Kr 2500
B OKeaHe 340000
B 3¢MHOIi Kope Ha riiyouHe 10 500 m 670000
Jlutuii (KaK MICTOYHMK TPUTKST) TIPU 3aTpa-
Tax Ha u3BIedeHue 10 60 most. /Kr:
TepMosiIepHbIE PEAKTOPBI TIPUPOIHBIA JINTHA 1900
JIMTUI B OKeaHe 2750000
NeTepruil B oKeaHe 4 000 000 000

[Ilpumeuanue. Q — cneurajbHO BBEACHHAs €AMHULA, MO3BOJSIONIAs CPABHUBATH SHEPre-
THYECKME BO3MOXHOCTM Pa3iM4HBIX BUAOB UCTOUHMKOB 3Heprun — Q = 3,35 10" xBr-u B roa
(TenaoBoii 3HEPrum).

3aMbIKaHH€ TOIUIMBHOTO LIMKJIa U pa3paboTKa OBICTPhIX peaKTOPOB C paclln-
PEeHHBIM BOCITPOM3BOACTBOM TOIUIMBA, 1O MHEHUIO OOJIBIIMHCTBA CIELUAIMC-
TOB, MOXET paccMaTPUBAThCSI B KaueCTBE KIIIOUEBOTO HArpaBJIeHUsS] MHHOBALIM -
OHHOT'O pa3BUTHUS aTOMHOM 3HepreTuku [1], [8], [12].

ITpy MHOTUX MpeuMylecTBaX MUPHOTO aTOMa €CTh OY€BUIIHbIE HEJOCTATKM.
DTo NMoTeHIIMaIbHAas OMACHOCTh IS JIIOACH U OKpYXKalollel cpelbl 1 OTPOMHBIE
KanzaTpaThl Ha cTpouTelbcTBO. ABapuu Ha Three Miles Island (CIIA), Yep-
HoObITbCKOIT ADC (CCCP), ®dykycuma (SAnoHus) MoMydyuay IUPOKOe MEXIyHa-
pomHOe oTpaXkeHUe B cpelcTBax MaccoBoi mHpopMauuu. ABapust 11 mapra 2011 r.
Ha SImoHckoit ADC «Dykycuma-2» U3MeHUIIa OTHOLLIEHUE K SIIEPHOI DHEPreTH-
K€ BO MHOT'MX cTpaHax. B psiie ctpan EBporibl HabJ0gaeTcst poCcT aHTUSIIEPHBIX
HacTpoeHuit. 'epMaHus BBejIa MOpaTOPUIl Ha MPOAJIEHUE CPOKOB JIEMCTBYIOIIMX
ADC. B eBpoIreiicCKHX CTpaHax ¢ 00raroil 9KOHOMMKOI M ¢ pa3BUTHIM PHIHKOM
9JIEKTPOIHEPIUU, a UMEHHO B ABcTpuH, I'epmanuu benbruu, Uranum, IllBeiina-
pMu B HacToglee BpeMsi He pacCMaTpUBAIOT BO3MOXHOCTh CTPOUTEILCTBA HO-
BbIX peakTopoB. B Amonuu ¢ 2012 r. u3 54 simepHBIX peaKTOpOB padOTAIOT JIMIIIb
yeTbipe. s apyrux ADC MecTHbIE BJIACTHM HE JAIOT pa3pellieHus Ha NaJibHeu-
1y Kcruryatanuio. CTpaxu, MOpoXIeHHbIE PUCKOM OOJIydeHUs], B IIUPOKUX



1.1. Coepemennoe cocmosiHue Mupogoil sHepeemuKu Q)

CJI0SIX OOLIIECTBEHHOCTH MOTYT 3aJepXKaTh JI0ObIe TJIaHbl HOBOTO SIIEPHOTO CTPO-
UTEJbCTRA.

OTHoOllIeHUEe psifa CTpaH K MCIIOJIb30BAHMIO SIAEPHON SHEPTeTUKM XapakTe-
pU3yIOT JaHHbIe Tadm. 1.3.

Tabnuua 1.3. OTHOWEHME K UCNONIb30OBaHUIO AEPHO 3HEepreTukKu

BripaboTka
DJIEKTPOIHEPTU U
Ha ADC, % K obieit
BbIpabotke (2010 r.)

CrpaHa [T1aHbl IO OTHOILIEHHUIO K SIIEPHOM HEPTeTUKE

B 2013 1. paboTaiot 4 peakTopa 13 54. K 2030 r.
Anonust 28,9 B CTPAaHE HE TOJIKHO OCTATHCSI HU OTHOTO
JIEUCTBYIOLLIETO PeakTopa

K xonmy 2011 T. B aKCIUTYyaTallu¥ HAXOIUJIOCh
l'epmanus 26,1 9 peakropoB u3 17. [IpuHsTo pemenue K 2022 r.
OCTAaHOBUTb BCE PEAKTOPbI

B cooTBeTcTBMM C pellieHrueM TTpaBUTEIbCTBA
Iseiinapus 39,5 K 2034 1. Bce peakTopbl BEIBOISITCS
13 9KCIUTyaTaluu

[Tnanupyetcst HauaTh CBepThIBAHUE SITEPHOIA
benbrus 51,7 sHepreTuku B 2015 1., KOTOpoe MOJKHO
3aBepiInThed B 2025 1.

CrpouteiibctBo 3Heprobdiioka Ne 2 ADC «bapcene»

Huzmepnanmst 3,7 OTIOKEHO

OTtKazanachb OT HAaMEPEeHUST BO3BPATUTHLCS

Hrannua .
K SIIEPHOI BHEepreTHKe

CIIA 3aHuUMaeT MepBoe MECTO B MUPE IO YKCIy paboTaOUIUX PEaKTOPOB —
104 610ka. dnepHas sHepreTuka obecrneunBaeT okojio 20 % ob611ero mponu3BoI-
CTBa 3JIeKTpodHepruu B ctpaHe. [To mporHosam 3KcnepToB, CTPYKTypa TOIJIMB-
Horo 6anaHca snekTposHepreTuku CIIA no 2035 r. 3aMeTHO He U3MEHMTCSI.

Bo ®panumn skcrmryatupyercst 58 peakropoB PWR, koToprle obecreunii B
2010 r. 75,2 % TIpou3BOACTBA SJIEKTPOIHEPTUH B cTpaHe. DpaHIINSI HE OTKA3bI-
BaeTCsl OT MPOrpaMMbl Pa3BUTHUS SiAepHON 3HepreTuku. Benukooputanust u Mc-
MaHusl TAaKXKe He OTKa3bIBAIOTCSI OT UCIIOJb30BAHUS SIAEPHON SHEPTUU B IHEPIO-
00eCITeYeHNN CTPaHBbI.

Kwurait (axcmmyatupyercss 16 peakrtopoB) m Uumus (6omee 20 peakKTopoB)
COXpPaHSIIOT TPOrpaMMy CTPOMUTEIBLCTBA ATOMHBIX 3JIEKTPOCTAHLUMI B MpeXHEM
oobeMe [14]. Unaus niaanupyet K 2050 1. 1oBeCTU BbIPAOOTKY 3JIEKTPOIHEPTUU
Ha ADC 1o 25 % [9].

BonbIIMHCTBO CTpaH, pa3BUBAIOIINX aTOMHYIO 3HepreTuky (PurnsHans, Cio-
Bakus, TaitBanb, lOxnasa Kopes, bpasunust, ApreHTnHa, B ToM unciie P®) mon-
TBEPAUJIN TIJIAHBl Ha CTPOUTEbCTBO HOBBIX 9HEPTro00KoB. Takue cTpaHbl, Kak
Typuusi, BoetHam, baHriagein Takxke He OTKa3bIBaIOTCS OT IJIAHOB COOPYKEHMUSI
ADC [8]. TTo onienke MATATD, MUHUMAJIbHBIM POCT SIAEPHON SHEPreTUKU B
Mupe cocTaBuT 25 % K 2035 T., MAaKCUMAaJTBHBIN — TIPUBEACT K YABOCHUIO MOIII-
HocTeit ADC [9]. Hanbonbuiuit poct 6yaetr B [{aibHEBOCTOUHOM PErMOHE.



@ Thaea 1. Hdepnas snepeemura u muposoe nekmponompednenue

CobpiTusi B ANMOHMM MOKa3aau, 4YTO Jaxe OYEHb MAJIIOBEPOSITHbIE COOBITHS
(wyHamu, 3emiieTpsiceHus) MOTYT BbI3BaTh aBapuu Ha ADC. PazpabaTbiBaeMbie
HOBBI€ KOHCTPYKIIMM PEAKTOPOB COMEPKAT aKTMBHbBIE U MACCUBHbIE CUCTEMBbI Oe-
30MaCHOCTH, CITOCOOHBIC TTPOTHBOCTOSTH IaXe CAMBIM CEPbe3HBIM CTUXUITHBIM
oeactBusiM [15]. HoBbie ADC 10JIKHBI ObITh CITPOEKTUPOBAHBI U COOPYKEHBI TaK,
yT0o0BI 32 50—60 JIeT 3KCIUTyaTallid Ha HUX OBUIM MCKITIOUEHBI TSKEJTbIe aBapyiu.
s apepHOi 1 panralliOHHON 6€30ITaCHOCTH PEaKTOPHBIM YCTaHOBKAM HE00XO-
IMMa BHYTPEHHSSI CaMO3allMIIIEeHHOCTb, KOTOpasl MOJDKHA CTaTh IJIaBHBIM KpUTe-
pHeM TIpH BBIOOpPE TIEPCITEKTUBHBIX KOHCTPYKIIUI SIIEPHBIX peakTopoB [16].

IMosuuusa Poccuu, cpopmynupoBanHast B [Toctanosnenusix ITpaButenbcTna
(®LIT) [17]—[19] 3akitouaeTcsi B CTpaTerM4eCKOM OPUEHTUPOBAHUU Ha 3aMK-
HYTBIi TOTUIMBHBIM LIMKJI, KOTOPbI BKJIOYAaeT pa3pabOTKy MPOEKTOB OBICTPBIX
peakToOpoB C MCIIOJb30BAaHUEM B KayeCTBE TEIUIOHOCUTENSI HATpUs U CBUHIA.
PaszpabaTbhiBaloTCsl TEXHOJOTMU TOIJIMBHOTO LIMKIA, MpeaycMaTpuBalollle MC-
MOJIb30BaHNE HUTPUIHOTO TOTUIMBA M TEXHOJIOTUM ypaH-TopueBoro uukia. [1po-
rpamMmbl DLIT paccuntansl Ha nepuon 10 2025 T. M MpeaycMaTpUBAIOT IIEITBIi
KOMILJIEKC TPOEKTOB IO 3aMbIKaHUIO SIIEPHOTO TOIJIMBHOTO 1LUKIIA. B 1eiom B
Poccum npemycmoTpeHo 3a 12 jeT moCcTpOUTh 26 KPYIMHBIX aTOMHBIX OJIOKOB.

CornacHo [20] ycTaHOBJIeHHasl djieKTpuyeckass MoIlHOCTh ADC B MUpe 0J1-
xHa Bo3zpactu ¢ 370 I'Bt B 2009 r. 1o 2000 I'BTt k 2050 r., TO €CThb MOIIIHOCTHU
ADC momKHBI BO3pacT B 5—6 pa3 mo cpaBHeHMWIO ¢ HbIHeIHUM |[12]. Tlo
coctosiHuIO Ha 1 ampenst 2010 r. Bo BceM MUpe CTPOMIIMCH 52 SIAePHBIX PeakTo-
pa, 144 peakTopa HaXOOWIWCh B CTaAWM IIPOEKTUPOBAHUS;, pacCMaTPUBAJIUCh
TaKXKe MPEeAJIOXKEHUST MO0 CTPOUTEbCTBY ellie 344 peakTopos [14].

CornacHo JaHHBIM paboOThl [8] aTOMHAasl dHEPrusi, 0OCOOEHHO IPU YCJIOBUU
5(hGEeKTUBHOTO 3aMBIKAaHUS SIIEPHOTO TOIIMBHOTO IIMKJIAa, B OOIIEil 3HEepreTH-
YeCKOM cTpaTreruu 0ObeKTUBHO TPEACTABIsIET CO00Il HE aJlbTepPHATUBY YIJIEPOI-
HOIl UM BO30OHOBJISIEMOI PHEPreTHKe, a SIBJISIETCS MPaKTUYECKU €IMHCTBEH-
HBIM TapaHTOM OOECIIeUeHUs] SHEPTeTHYeCKOi Ge30IMacHOCTH TOCYIapCTB MHUpa
Ha JOJITYIO MEePCIEeKTUBY.

IIpakTyecKn Bce CEMATNCTHI-aTOMIIINKI CXOISATCS BO MHEHUU, YTO OCHO-
BY SIZIEPHOI SHEPreTUKU OYMYILEro COCTABIT OBICTPhIE peakTOphl, paboTalole B
3aMKHYTOM LIMKJI€ C BBICOKMUM BOCIPOM3BOJCTBOM JEJISIIIUXCSI JIEMEHTOB.

Ha navansHOM 3Tame B CTpaHaX, pa3BUBAIOIINX PEaKTOPHI Ha OBICTPHIX HEWUT-
poHax (®panuus, CIIA, Unaus, Poccust) miaHupyeTcsl UCIOIb30BaTh OKCUIHOE
(U, Pu)O,-MOX rormmmBo [lanbHeiiliee yCOBEPLIEHCTBOBAHUE CBA3BIBAETCH C
BBICOKOIIJIOTHBIM TOTUIMBOM: KapOWIHBIM, HUTPUAHBIM WX MeTaindeckum [21].

ITpu aTOoM Hamo penraTh 3agavdy obecrieueHIsT 6€30TTaCHOCTH BO BCEX 3BEHBSIX
(Ha Bcex aTanax) XKM3HEHHOTO LIMKJIA: OT J0ObIYM ypaHa U 10 M30JISIUMU Paguo-
aKTUBHBIX OTXO0IOB [12].

1.2. TennoBblaenaLWmMe 31eMEHTbI
A0EPHbIX PEaKTOPOB
OBnageHue 3Heprueidi MUPHOro aroMa CTajlo BO3MOXKHO I1OCJIe CO3IaHUs saep-

HOTO peakTopa, YCTPOICTBa, B KOTOPOM 00OeCTeUMBAIOTCS YCIOBUSI CAMOTOIAEeP-
>KMBAIOIIEH EMHO peakluu JAeJIeHNs] U30TOIMOB ypaHa WU MUIyTOHUS C y4acTU-



	Пустая страница



