SHepreTrka

HYIO Cpefy, B IIEPBYIO OYEpeb, TOTIMBHO-3HEPIe-
THUYECKOT0 KOMILIeKca. B aHepreTuke ymeHblle-
HUe yuiepda Mpupoae JOKHO OCYLIECTBISIThCS
Kak 3a CU€T 3HeprocbepexxeHus, Tak 1 3a CYET Io-
BBILIEHUS 3KOJOTUYECKOM YMCTOTHI IHEPreTuye-
CKMX TEXHOJIOTUI.
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[pUBOAATCA IaHHbIE IKCEPTHBIX OLIEHOK r106a/1bHOr0 NOTPEONEHNS IHEPIUM Ha AYLUY HACENeHS, CTDYKTYPbI i AUHAMUKIA U3MEHEHMS
MMPOBOro 3HepronoTpebneHns. AHanu3 CTpyKTypbl MUPOBOro 06eCreqeHns 3HePropeCyPCOB MOKA3bIBAET UX HAPACTAIOLLMI AEHULMT.
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Ananu3 T17100a7bHOTO TIOTPEONIEHMS] 3SHEPTUU
Ha Jyluly HaceJeHusl, CTPYKTYPbl U AMHAMUKU U3MEHE-
HUSI MHUPOBOTO 3HEPrONOTPEOJEHUS U CTPYKTYPbI
o0ecreueHts SHEPropecypcoB TMOKa3biBaeT UX Hapa-
CTaloUIMi JeDUIINT.

Ha npotstkeHuun Bceil MCTOPUM CBOETO Pa3BUTHMS
4eJI0BeYEeCTBO MOTPEOISAI0 SHEPIUIO, U MOTPEOHOCTH
B Hell mocTosiHHO pociu. Tak, 3a mocnenHue 50 et
MpU YIBOEGHUM HACeJeHHUs TUIAaHEeThl, MOTpebieHMe
3HepruM yBenuuuiaoch B 4 paza [1]. HecmoTps Ha To,
yto HauMHas ¢ 1980 r. sHepromoTpedaeHUe Ha ayury
HacelleHUs] OCTAa€TCs TPAKTUUYECKU HEU3MEHHBIM
Ha ypoBHe 2,3 T. YCJIOBHOIO TOILIMBA Ha 4yeJoBeKa

¢ TOYHOCTBIO 13 % (puc. 1), AMHAMHUKA POCTA OOLIEro
SHepromnoTpedseHus [2] octaéresi JOCTATOYHO BHICO-
Koii (puc. 2).

DTOT poCT ompeesseTcst TpeMs OCHOBHBIMH (haK-
TOpaMU: pPa3BUTHEM MHPOBOW SKOHOMHUKH, POCTOM
HaceJIeHNs U CTpeMJIeHHeM K 0onee paBHOMEPHOMY
pacrpeneneHnIo IYIeBOro SHEPronoTpeOIeHUS MeX-
Iy cTpaHamu [3].

[IpenmonaraeTcss, 4YTO OSKOHOMHYECKHWA POCT
10 2025 . OyzeT 10cTaTOuHO BHICOKUM — CPEIHEro/10-
Boii mpupocT Mmuposoro BBIIT coctasur 4,3 % [4].
Bo Bropoii uerBepTH (2025—2050 IT.) 3KOHOMUYECKUI
POCT 3aMEIUTUTCS U MpeXIe BCEro M3-3a 3aMeJIeHUS
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TEMIIOB pocTa HacesteHus 10 2,8 %. K 2025 r. nemorpa-
(GBI TPEACKa3bIBAlOT POCT HACENeHHMsS Ha ypoBHE
28...30 % OT HBIHENIHETO KOJMYECTBA C MOCIEIYIO-
MM YMeHbIIEHUEM TPUPOCTa BABOE Kaxjble 25 JeT
[2]. Takum obpasom, k 2050 r. HaceaeHUE 3eMHOTO 111a-
pa pocturHet 9,4 mapa yenosek. Crabunusanusi un-
CIICHHOCTU oxuaaeTcs Tonbko K 2100 . Ha ypoBHe
10,4—11 mapn yesoBek [5]. BeipaBHUBaHME AyLLIEBOTO
BHEPronoTpedseHus] Tak Xe JaCT OIIYTUMbIA BKJIa
B POCT OOILIEr0 3HEPronoTpedseHN s, TaK KaK Ha JaH-
HBIE MOMEHT 3TOT IIOKa3aTelb Pa3InyacTCs MEXIY
ctpanamu B 25...30 pa3. IltoGanbHOe mMmoTpebaeHue
BHEpPruu, Kak MuUHUMyM, yaBoutcs K 2050 r, maxe
€C/IM UCXOAUTh U3 MUHUMAIbHBIX TEMIIOB €ro pocTa
[3]. EctecTBeHHO, BO3pacTamoulue IMOTPeOHOCTH B
3HEepruM oOyCIaBIMBAIOT U POCT MOTpeOHOCTEl B
dHepropecypcax.

3 A m.y.m./uen.

0 T

»
T T T T T >
1920 1940 1960 1980 Toowt

1900
Puc. 1. [uHamvka u3MeHeHUs MUPOBOro MoTpebaeHns Hep-
rmn Ha gyLly HaceneHna
A Mapo m.y.m.
14 1
124 [] 12C 49Cuop.
10
8 -
6 -
4
2 -
0 1 1 1 1 1 1 1 1 1 »
1900 1920 1940 1960 1980  Toowl

Puc. 2. [luHamvika M3amMeHeH1s MypOBOro noTpebieHus JHeprim

Ha puc. 3 peacTaBieHa 3BOMIOLUS CTPYKTYPHI 10~
TpeOJIeHUsT SHEPruU 3a mporeanmii Bex [2]. Habmo-
JIaJICsl YCTOMYMBBIM POCT I0JIEBOTO YYaCTUS B CTPYKTY-
pe 3HepronoTpedIeHUs Ta3a, aTOMHON SHEPTUM U HO-
BbIX BO30OHOBJISIEMbIX MCTOUHUKOB S3HEPIUH, TIPAKTU-
YeCKU MOCTOSIHHYIO JOJI0 3aHMMaja TUIPOIHEePTeTH-
Ka, CHIKAJIOCh 10JIeBOe y4yacTue yriisd u apoB. Hed1b
B 60-¢ IT. TIPOIIIOro BeKa cTaja JOMUHUPYIOIIEH co-
CTaBJISIIOIIECH CTPYKTYpbl MHUPOBOTO MOTPEOICHUS
3Hepruu, B cepeauHe 70-X IT. IOCTUIIA MaKCUMYMa,
1 3aTeM e€ yyacTHe CTalo MOCTeNEeHHO CHUXAThCS.

CoBpeMeHHas CTPYKTypa MUPOBOTO S3HEProOIoTpe-
OJIeHUs 3a CUET KOMMEPYECKUX PECypCOB BBILISIUT
cleayoumM oopasom (puc. 4): Ha HeTh MPUXOTUTCS
35,6 %, npupoHslii ras — 23,8 %, yroib — 28,6 %, ru-
aposHeprus — 6,4 %, atoMHas sHeprus — 5,6 % [6].
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Puc. 4. CospemeHHas CTpyKTypa MVPOBOIo MoTpebIeHNs SHEPrM

[MpoananusupyeM, CKOJIBKO MOXKET MPOCYILIECTBO-
BaTh JaHHAasl CTPYKTypa, U MpueMIeMa Jiu oHa B Oyay-
IEM.

Kak BuiHO M3 NpeacTaBleHHbIX JaHHBIX, KI0ue-
BYIO pOJib B 0OecreueHun MUPOBON BSKOHOMUKHU
HEOOXOIMMBIMHU SHEPTOPECYPCaMy UTPAIOT McUepriae-
Mbl€, HEBO300HOBJSiEMble MCTOYHUKU. WX 3amacel
CO BpeMeHEeM YMeHblaloTes. Tak, pecypchbl HeTH 10-
CTaTOYHBI JJIs SKCILIyaTalluu 3aiexell B TeUeHUe Tpu-
MepHo 41,6 net, raza — 60,3 ner, yrsa — 133 net [7].
[Ipuemnemoro mo ueHe ypana (MeHee 130 USD 3a kr)
XBaTUT TOJIbKO Ha 85 et [8]. OueBumHO, YTO JaHHbIE
MPOTHO3bl HOCSIT JIMIIb BEPOSITHOCTHBIN XapakTep
1 €XEerofHO TepecMaTpUBaOTCsl ¢ YYETOM TIOCTYILIE-
HUSI HOBBIX IaHHBIX M BO3MOXHOCTEH MCIOIb30BaHMS
HOBBIX TexHONMOTHiA. TeM He MeHee, HeoCTIoprM (DakT
OTPaHMYEHHOCTH SHEPTOPECYPCOB B 0003pUMOIA Tepc-
nekTuBe. McroniaeMocTh 3amacoB He(TH HamISIHO
MPOIEMOHCTPUPOBaHa Ha puc. 5 [9].
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B cBa31 ¢ OBICTPHIM MCTOLIEHUEM CYIIECTBYIOIINX
3aI1acoB, yIOpOXaHWEM Pa3BeIKH HOBBIX MECTOPOX-
JICHUI, TOObIUM, TPAHCIIOPTA U MEPEePadOTKU UX CTOU-
MOCTh BO3pacTaeT M3 rofa B Tof. Tak, cebecToMMOCTh
no6oeran Heptu mraza ¢ 2000 mo 2007 . BeIpocIIa
Ha 67 % [10]. PocT cToMMOCTH OCHOBHBIX 3HEPToOpe-
cypcos ¢ 1991 o 2006 rr. npencrapieH Ha puc. 6 [11].
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Puc. 6. [HamviKa LieH Ha OCHOBHbIE SHEPropecypChbl

Heucueprnaemblie 1 BO30OHOBISIEMble MCTOYHUKU
3HEPrUu He CMOTYT B MOJHOW Mepe TIOKPBITh MOTpeo-
HocTH YenoBeyecTsa. [llpokomaciuTabHOe MCIIOIb30-
BaHUE TMAPOIHEPTETUKU MMEET CBOU 3KOJOTMYECKUe
1 DKOHOMMYECKUE OrpaHMYEHUs, a BO30OHOBJISIEMbIE
MCTOYHWMKY HEPTUM U3-3a KpaltHe HU3KOIi U HEpaBHO-
MEpHOii TIOTHOCTH €€ MOTOKAa HE MOTYT 9KOHOMMYE-
CKM KOHKYpUPOBaTb C TEIUIOBBIMM MallMHAMU
B «0O0JIBIIOI» 3HepreTuke [12]. Ypapisemblit TepMosi-
JIePHBII CUHTE3 OYEHD CJIOXEH U JOPOT, U, 10 MHEHMIO
psia 3KCTIEPTOB, UMEET MHOXECTBO HEPEIIEHHBIX TIPO-
0J1eM, YTO 10 CUX TIOP CTABUT MO, COMHEHHUE caMy BO3-
MOXHOCTb €r0 TIPOMBILIJIEHHOTO UCTOIb30BaHus |13,
14]. TakuMm o0Opa3oM, CTAHOBUTCS OYEBMIHBIM Hapa-
CTaIOLIMI MUPOBOIA IE(UIIUT 3HEPrOPECYpPCOB.

VBenuueHue noTeHmata UCrob3yeMbIX YIJIEBOIO-
POIHBIX PECYpCOB U Pa3BUTHE 3HEProcOEperarolinx
TEXHOJIOTHIA, 6€3YCI0BHO, OyIeT Cr1ocOOCTBOBATL OoJiee
palMOHAIBHOMY ¥ 9KOHOMHOMY MX MCITOJIb30BAHUIO,
HO HE U3MEHUT CJIOKMBLIEHCS CUTYallUK B LIEJIOM.

Bo3moxkHOCTh pa3penieHnst mpoodaeMbl HaBUTaI0-
IIETO «dHEPTeTMYECKOro rojioaa» CBS3bIBAIOT C aTOM-
HOI 2HEPreTHKOi, a UMEHHO, C €€ ChIpbeBOIi 0a30ii,

JNEHCTBUTEIbHBIN MOTEHLIMA KOTOPOM Ha CEroaHsIII-
HUii JeHb MPAKTMYECKH HE MCTIOIb3YeTCs.

CB$13aHO 3TO, TIPEXJIe BCETO, C TEM, UTO A0S MPU-
TOMNHOTO IS JeNeHUs B AOepHBIX peakTopax *°U
B IPUPOTHOM ypaHe cocTaBisgeT Bcero 0,72 %,
a OCTaJIbHAs YacTh MPAKTUYECKH TIPUXOTUTCS Ha U30-
ton **U. Eciu sgapa **U ciocoOHbI AEIUThCS HEUTPO-
HaMU BCEX SHEPTUM, POXAAIIMMUCI B AKTUBHOM 30-
He simepHoro peakropa, To **U — TOIbKO ObICTPHIMU
HEITpOHAMM C 3HEprueil 6oJbllie HEKOTOPOTo MOpo-
rOBOTO 3HauUeHUsI, puMepHo pasHoro 0,8...1,3 Ma3B.

BepositHocTh neenus sinep *°U nMeer HanOoJbliee
3HauYeHUE B TEIJIOBOW 00JIaCTH SHEPruii HEUTPOHOB
<0,2 3B, uT0 MO3BOJIAET MPK HEOOMBIIOM 00OTAILECHUM
TormiBa 110 m3otory “*U<5 % momoOpaTh MaTepHaIbl
AKTUBHOM 30HbI ¢ MAJILIMU CEYEHUSIMU PAIMALIMOHHOTO
3axBaTa, CIOCOOHBIMU TI0 IPYTHM (DU3MYESCKIM XapaK-
TePUCTUKAM 00eCIeYnTb HANIEXHYI0 paboTy peakTopa.
M3oton ypana **U B pe30HaHCHOII 00JacTU 3HEPIruil
ot 0,2 1o 1000 3B uMeeT BecbMa BBICOKYIO BEPOSITHOCTh
peakilMy paAMallMOHHOTO 3axBaTa HEMTpOHa, KoTopas
TIPUBOIMT K 00pa30BaHMIO BTOPUYHOTO SIEPHOTO TOPI0-
vyero *Pu (*'Pu). DrtoT mpowecc 00pa3oBaHMs HOBOIO
TOPIOYET0 B PeaKTOpe Ha TETUIOBBIX HEMTPOHAX OLIEHU-
BaeTcsl KOah@UIMEHTOM BOCIIPOM3BOACTBA U Ha CYIlIe-
CTBYIOLIMX TEILIOBBIX peakTopax Turna BBOP-1000 co-
craBisteT ~0,6. [lonydeHne TOTIOTHUTETBHOTO SIEPHOTO
Toprovero obecrieunBaeT TpuUMepHO 1/3 SHeproBbIpa-
0OTKM aTOMHOI CTaHLIMU 32 MMKpoKamIaHuio. OcobeH-
HOCTH (DPU3MKHU OBICTPBIX PEAKTOPOB MO3BOJISIIOT 00ecIIe-
YUTh OoJiee CYILECTBEHHOE BOCIPOM3BOACTBO C KO3(-
(buLIMeHTOM BOCITpOM3BOACTBA >1.

B HacTosIIIEE BpEMST UMCITO PeaKTOPOB Ha TETIOBBIX
HeliTpoHax, TpebyolIux odoralieHHOro 10 5 % smep-
HOTO TOpIOYero, HACYUTHIBAETCS B MUPE HECKOJIBKO CO-
T€H, B TO BPeMsI Kak ObICTPBIX IHEPTETUUECKHUX PEaKTO-
POB eIMHMIIBI. B pesysibrate 4yacTUYHOTO M3BJICUCHUS
55U M3 MpUPOIHOTO ypaHa MoJyyaloT OTBAIbHBIN YpaH,
KOTOPBIF MOXHO HMCIOJb30BaTh TOJNBKO B 30HAX BOC-
TIPOM3BOJCTBA OBICTPHIX PEAKTOPOB.

B cooTBeTcTBUMM € KOHLEMIMENH 3aMKHYTOTO SIEp-
HOTO TOTUJIMBHOTO LIMKJA OTpabOTaBIINE B SAECPHOM
peakTope TEIUIOBBIAEISIONIME 3JEMEHTHI (TBAJIbI) MO-
CJIe BBIIEPXKKH BO BPEMEHHOM XPaHUITHIIIE TIEPEBO3SIT-
s B CIEIMAbHBIX KOHTEIHEpax Ha mepepabaThiBao-
LI 3aBOJ I XUMUYECKOI repepaboTKu. B pesyib-
TaTe MepepadboTKY U3BIEKAIOTCS ASSIIMECs HYKIUIbI,
KOTOpbIE MMOBTOPHO MCIOJB3YIOTCS ISl TPOM3BOACTBA
HOBBIX TB3J10B. [Ipu 3TOM TOJBKO HeOOJbIIAs YacTb
Jendierocs Matepuana (mpumepHo 1 %) B mporiecce
XUMMYECKOHN TepepaboTKU M M3TOTOBJIEHUS TBIJIOB
TepsieTCs BMECTE C PalMOaKTUBHBIMU OTXOHaMM. Ta-
KO€ TIOBTOPHOE MCTONb30BaHKE TOTLIMBA (PELIMKIIMHT)
JIOJIDXKHO CIIOCOOCTBOBATH O0J1ee MOJHOMY UCTOIb30Ba-
HUIO SIEPHOTO TOIUIMBA M COOTBETCTBEHHO YMEHbB-
AT PACXOJ MPUPOTHOTO ypaHa.

Wnes o 6onee noaHom ucnonbzoBaHuu **U naneko
He HoBa, ¥ ObU1a copmyarpoBaHa D. DPepmu elne
B 1944 1. [14]. TIpakTuueckas peanusalus 3Tl uaen
MOXET CYIECTBEHHO pacIIMpUTh 0a3zy 3Hepropecyp-
coB. Ilo ouenkam [8], eciu BoBJeUb B SIIEPHbIA TO-
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MUBHBIA UK **U, TO TONBKO MMEIOIINeCs 3arachl
ypaHa T03BOJIAT 00eCIIeYUTh YeJTOBEUYECTBO SHEPTUEi
Ha HECKOJIbKO THICSIY JIET.
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3AMbIKAHWE AAEPHOIO TOMNMBHOIO LINKNA B NPEOAOJIEHAM MUPOBOIO AEOULINTA
SHEPTOPECYPCOB. 4. 2. UHHOBALINOHHbBIE AAEPHO-3HEPTETUYECKWE CUCTEMbI
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Knio4veBble cnoBa:
SIAEPHBIVI TOMAVBHBIA UMKIT, MHHOBALIMOHHbIE AAEPHO-3HEPrETUHECKIME CUCTEMBI, CXEMbI HOBbIX PEAKTOPOB, HOBbIE MAaTepUasb! AAep-
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B Hacrosiiiee BpemMsi MUPOBOE COOOIIIECTBO pean-
3yeT CJeoylollnMe CTpaTernyeckue HarpaBIeHUs: 80-
nepebix, CO31aHNe TEPMOALEPHOI SHEPIeTUKY U, 60-
6MOpbiX, 3aAMBIKAHUE SJEPHOTO TOIJIMBHOTO IMKJIA
(ATL) u ocBoeHME KPUTUYECKHMX M CBEPXKPUTHUE-
CKUX MTapaMeTPOB B COBPEMEHHOI aTOMHOI HEPTETH-
Ke, peain3aliysi KOTOPbIX MO3BOJUT MPAKTUUYECKH pa3-
PELIUTD MPOOJIEMY «TOILIMBHOIO rojoaa» [1].
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OcylecTBIeHUE YIPABASIEMOTO TEPMOSIIEPHOTO
CUHTE3a SBJSIETCS CIOXHOM, MOPOTOCTOMILEH U Ipo-
OneMHolt 3amayveii. [ToaTomy 3T0 HarpaBieHue peatn3y-
eTcsl B paMKax MEXXIYHapOIHOTO COTPYIHMYECTBA CO3-
JaHueM MexXIyHapoHOTO TEPMOSIIEPHOTO JKCIepu-
MEHTaJIbHOTO peakTopa MOLIHOCTbI0 500 M BT, KoTOpHbIit
riaHupyercst moctpouth B 2016 ., a mepByio IPOMBI-
LIJIEHHYIO TepMosiaepHylo ctaHimio [2] B 2045—2050 rr.



