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OcobbIx TpeboBaHUI HeT



3TAMbI N BPEMA

dTtan 1. BeegeHue.
Bo3o6HoBnAeMble
VUCTOYHUKU SHEpruu.
(7-10 muHym)

dT1an 2. Kak
aTOMHas 3Heprus
npeo6pasyeTtca B
3/1eKTPUYECTBO.
(7-10 muHym)

Jd1an 3. flgepHbie
TOMNJIMBHbIE LUKIIbI.
OTKpbITbIN U
3aMKHYTbIW LK.
(5-7 muHym)

OCHOBHASA MAEA OTAMNA

CoBMECTHOE MCMOob30BaHNE BETPO3HEPIETUKM,
rMAPO3HEPreTUKM, CONTHEYHON M aTOMHOW reHepauui
3HEPrUM HOCUT HA3BaHME KOHLEMLMMU «3eNEHbIN
KBagpaT». Bce YeTbipe BUAa reHepaLmm ABNSAOTCA

Mo CBOEN CyTM BO30OHOBNSAEMbIMU; BCE YEeTbIpe BUAA
reHepauumn — 6esyrnepopHble, To ecTb Npu paboTe
3/1EKTPOCTAHLMIA Ha TaKUX UCTOYHMKAX HE MPOUCXOANT
BbIpabOTKa yrnekMcIoro ra3a; Bce YeTbipe BUAa NPUroaHbI
ANA OTOANEHHbIX PErMOHOB.

[ononHutenbHasa nuTepaTypa no Teme:

- OT4éT BP 33 2020 rog 0 MMpOBOM NOTpPebeHmmn
3Hepruw, https://www.bp.com/content/dam/bp/busi-
ness-sites/en/global/corporate/pdfs/energy-economics/
statistical-review/bp-stats-review-2020-full-report.pdf

DHeprus, 3aKNO4YEHHAA B aTOMHOM AJPE U UCMOJIb3yeMast
Ans reHepauuu Tenna Ha ASC, KpaliHe MOLLHas m
CKOHLIEHTpUpPOoBaHHaa! MoXHO cMeno yTBepXaaThb, YTO
99% BCelt OKPYXKatoLLen HAaC SHEPIrNUU CKPLITO B aTOMHbIX
A4pax, 1 B yCNOBUSAX NOCTOAAHHO pPacTyLLen noTpebHocTH
B 3/IEKTPO3HEPIUN U TEMNE Y YenoBeYecTsa B OyayLiem
NPOCTO HET MHOTO BblIDOPA, KakK Hay4YnUTbCA YMENO,
6e30nacHo 1 3¢deKTUBHO NOSIb30BaTLCA 3TON SHEPrUEN.

[ononHutenbHasa nuTepaTtypa no Teme:

- baza gaHHbIXx MATATS no aHepreTM4yecknm agepHbIM
peakTopam PRIS, https://prisweb.iaea.org/PRIS

- ApepHas pusmka. 10 — 11 knaccbl: y4ebHoe nocobue ans
06LeobpazoBaTeNbHbIX OpraHu3auui (nop pegakumnen
t0.A. MaHebpaTueBa, .B. Tuxommposa) // M.: MpocBeelleHne,
2019.—159c.

ISBN 978-5-09-051605-1

KoHuenums 3aMKHYTOro s1epHOro TOMJIMBHOIO LKA U
MCNONb30BaHNE ObICTPbIX PEAKTOPOB MO3BOSET HE TONILKO
peakTopy camocTosTeslbHO obecneynBaTb ce651 HOBbIM
TOMMMBOM BO BpeMs paboTbl, HO M HapabaTbiBaTb HOBbIN
OeNnawmncs matepmuan ons PeakTopoB K1acCUYecKom
KOHCTPYKLUMM. TeM CamMbIM aTOMHasi SHepreTnka CTaHOBUTCS


https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf 
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf 
https://www.bp.com/content/dam/bp/business-sites/en/global/corporate/pdfs/energy-economics/statistical-review/bp-stats-review-2020-full-report.pdf 
https://prisweb.iaea.org/PRIS

JTtan 4. MoTeHuman
ATOMHOI SHEPreTUKn
B TPYAHOAOCTYMHbIX
pervoHax.

(5-7 muHym)

dtan 5. byayuwee
AREPHON SHEPreTUKU
— ynpaBnsieMbii
TepmosiiepHbIN
CUHTES.

(7-10 muHym)

I'IpVI6J'IVI)KéHHOl71 K BO30OHOBNSIEMbIM NCTOYHUKaM, Beb
I'IOJJ,O6Haﬂ pereHepaumna AepPHOro TonnMBa NO3BOSINT
YBENMNYNTD MVIpOBOVl TOMMBHBIN MOTEHLMAN HA COTHU UK
[aXe TbiCAYN NeT.

[ononHuTenbHasa nuTepaTypa no Teme:

- CtaTba «Poccusi penaeT ovepeHble Warv no nepexony
Ha 3aMKHYTbIV A4EPHbIA TOMAMBHBIN LMKN», http://www.
rosatominternational.com/news/2016/11/29-11-1

PaspabaTbiBaemble peakTopbl Masio MOLLHOCTU NO3BONAT
pasMeLLaTb HeBOosbLLO UCTOYHMK 3N1EKTPO3HEPT N B
HernocpeacTBeHHON 6/IM30CTU K e€ NOTPedUTeNsm, 4To
CYLLLECTBEHHO YEeLeBUT KOHEYHOE NPOM3BOACTEO, a
KOMMaKTHbI pa3mep Takmx ASC No3BOMT pa3meLlaTtb UX B
YAANEHHbIX PaioOHaxX U Ha OrPaHMYEHHBbIX MOLAAKAX.

[ononHutenbHas nuTepaTypa no Teme:

- CTaTbal «ATOMHbIE CTaHLW Masnioi/cpefHeit MOLLHOCTA

W NNaByyne aTOMHble TEMM03NeKTPOCTaHLUMM» ¢ caiiTa AO
«OKBM AdpukaHToB», http://www.okbm.nnov.ru/busi-
ness-directions/atomnye-stantsii-maloy-sredney-moshch-
nosti-i-plavuchie-atomnye-teploelektrostantsii/

B oTnnume oT TpaaMLMOHHOM A4ePHOM SHEPreTUKM, Koraa
fAepHas S3Heprusa BbICBOBOXAAETCA MYTEM AeNleHMs
TSXEnNbIX M30TOMOB (YpaHa, NIyTOHWA U T.4.) Ha bonee
nérkue A4pa, BO3MOXeEH M 06paTHbIN NPOLLECC: CUHTES Aaep
NETKMX XMMNYECKMX SN1eMEHTOB B 6onee TAXENble, KOTOPbIN
TaKXXe COMPOBOXAAETCA BblAeNIeHMEM KOJTOCCaSIbHOM
3Hepruu.

TepMmosepHas 3HepreTka CTaHET abCoHOTHO
HEe3aBMCUMbIM OT BO3OOHOBIEHMA PECYPCOB MCTOYHUKOM
3Hepruu.

[ononHutenbHas nuTepaTypa no Teme:

- Cait npoekTa ITER B PO, https://www.iterrf.ru/o-proekte
- flnepHas ¢pu3nka. 10 — 11 knaccobl: yuebHoe nocobue ons
06L1e0bpazoBaTeNbHbIX OpraHM3aumii (nog pegakumnen

tO.A. MaHebpaTuesa, .B. Tuxommpoea) // M.: MNpocseLleHue,
2019.—159c.

ISBN 978-5-09-051605-1
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JTan 6. 3aKkno4yeHue
(5 muHym)

Pa3BuTHE COBPEMEHHOW aTOMHOM SHEPreTUKM Kak
6e30nacHoO 1 MIHHOBALMOHHOW OTPAC/IM NO3BOJIUT B
Gnvxanwem OyayLemM CyLLeCTBEHHO CHU3UTL NMapHMKOBbIE
BbIOPOCHI, MO-HACTOALLEMY OCBOUTb TPYAHOAOCTYMHbIE
PErnoHbl NIAaHeTbl, @ KOHLENUMM 3aMKHYTOrO SAePHOro
TOM/IMBHOIO LIMK/A U TEPMOALEPHON SHEPrETUKM CAENAOT
3Hepruo aToMa peHTabebHOM Ha HEOTPaHWYEHHbIN CPOK.

YyacTHUKM Yy4acTBYIOT B OGCV)KAEHMVI BOMpocCoB.,
BO3HMKaIOLWMX B Xoae 6eceppbl.



K3TANY 1. BBEAEHUE.
BO3OBHOBJIAEMbIE U HEBO3OBHOBJTAEMbBIE UCTOYHUKW SHEPTUI.

B coBpemMeHHOM MUpe XM3Hb YesloBeKa HEMbICIMMA 6e3 eXeMUHYTHOro NoTpebneHns sHepruu:
3nekTpuyecTBa 1 Tenna. CerogHs 3neKTpo3HepPrus BbipabaTbiBAETCH COTHAMMW Pa3IMYHbIX METOAOB,
KaK C UCrnonb30BaHMEM HEBO30OHOBSIEMbIX MPUPOAHBIX CKOMaeMbIx (ras, yrosb, HedTb), Tak 1 NpK
romoLLy Npeobpa3oBaHNSA B IIEKTPUHECTBO BO3OOHOBNSEMOW SHEPIUM COMHLA, BETPA, ABUXEHNSA
BOZbl B pycnax pek U MHoroe gpyroe. MpUHATO cYnTaTh, YTO HEBO30OHOBNAEMAs SHEpreTUKa
obnagaeT pAAOM HeLOCTAaTKOB, YaCTb U3 KOTOPbIX MOXHO CYUTaTb AENCTBUTENIBHO KPUTUYHBIMU.

MepBbIt HEAOCTATOK OTPAXEH B CAMOM MOHATUM — HEBO30OHOB/IIEMOCTb PECYPCOB.
[ecTBUTENBHO, MPUPOAHbIE 3aN1€XW YrNs, HedTU M ra3a BO MHOrOM OrpaHuyeHbl. flanbHeliee
MacCOBO€ MCMO/b30BaHME TaKNX UCKOMAEMbIX B KAYECTBE MCTOYHMKA SIHEPrUmM NPUBEAET eCnn He K
MOSIHOMY MCYEPMaHUIO PECYPCOB, TO K CYLLECTBEHHOMY YA0POXaHUIO 3/1EKTPO3HEPI M, MOSTyHaeMoM
Ha 1X OCHOBe, Tak Kak Nérkas 1 Aewépas A06bI4Ya TONIMBA CTAHET HEBO3MOXHOMN. [1N1 HEKOTOPbIX
HeBO30OHOBSAIEMbIX UCTOYHUKOB SHEPrUM ITOT CLLEHAPUIA HACTYNUT Yepes HECKOJTbKO COTEH JIeT,
LN HEKOTOPbIX — YXKE Yepes feCATKU.

BTopoit HepocTaToK poXAEH CAaMMM METOAOM Npeobpa3oBaHNs BHYTPEHHEN SHeprn TONI1Ba B
3/1eKTPUYECTBO. ITOT HEAOCTATOK — BbIOPOCHI YIIEKMUCNIOro ra3a. [N BbipaboTKM 3neKkTpruyecTBa
60NbLWMNHCTBO COBPEMEHHbIX TEMMO3NEKTPOCTAHLUMMA NCMOMb3YET Tak Ha3blBaeMblil MAPOTYPOUHHBIN
uMKn. Bopa, HarpeBasicb B MapoBOM KOT/IE U MPeBpaLLasch B BOASIHOW Nap, B Aa/ibHeNLLeM
NpoxoauT Yepes TypOuHy. Map BpalaeT TypOUHY, KECTKO CBA3AHHYIO C 3NEKTPOreHepaTopoM, U
BblpabaTbiBAaETCS 371eKTPO3HEPrus. [py 3TOM NCTOYHMKOM Tenna Afif NapoBOro KOT/a ABNseTcs
XMMUYECKas peakLusa OKUC/IEHNS TOMMBA, MW ropeHune. Mpu ropeHn opraHUYeCcKUX CoefMHEeHNN
(a TakMMK ABNAOTCA U HedTb, U ras, 1 yrosib) HensbexHo obpasyeTcs Honblwoe KONNMYecTBo
YFNEKNCNIOro rasa, KoTopblii Npu paboTe Tenno3neKTPoCTaHLMI Cpa3y Xe nonagaeT B aTMochepy
Halwel nnaHeTbl. [pobnema Takmx Bbibpocos CO2 B aTMochepy WMPOKO M3BECTHA MO Ha3BaHNEM
«MapHUKOBBIN 3ddekT». MapHMKOBbIE ra3bl COXPaHSATCS B aTMochepe CTONETUAMN U BHOCSAT
OCHOBHOW BK/1af, B rnobanbHoe notenneHne ninaHeTsbl.

TpeTbMM MUHYCOM 3HEPTreTUKM Ha OCHOBE HEBO306HOB/IIEMOTO TOM/IMBA ABNSETCS CIOXHOCTb
opraHM3auum paboTbl TaKMX TEMNO3NEKTPOCTAHLMI B TPYAHOAOCTYMHbIX M YAANEHHBIX PaioHaX
3emnu. JernictBuTenbHO, paboTa ntobon Tenno31eKTPoCTaHLMM NPUEMIIEMON MOLWHOCTU TpebyeT
€XEeCYyTOYHOro CHabXeHNsA TOMMBOM, 06BEM KOTOPOIro MOXET UCHUCAATBCS ThICAYAMM TOHH.
MepeB0O3KM Takoro KONIMYECTBa Fpy3a B HEKOTOPbIE PalioHbl ABASIOTCA C/IOXKHENWen 3agayen, a B
KaKune-To — HEBO3MOXHOW K BbINONHeHW0. OfHaKo NOTPeBHOCTb B 3NeKTPO3IHEPTUM CETOAHS eCTb
[aXe 1 B TaKMX TPYAHOAOCTYMHbIX MecTax!

CMOryT N BO306HOBIIIEMbIE UCTOYHUKUN SHEPTUN PELINTb BCE TPU OMUCAHHBIE MPO6IeMbl pasom?
Moxanyi, HeT. OAHaKO ecsin Mbl LODABMM K HUM APYro BUL, reHEPaLMM SHEPrUM — aTOMHYHO
3HepreTuKy, eAMHOBPEMEHHOE PELLEHME BCEX aKTyasbHbIX 33434 MUPOBOW SHepreTuku 6e3
MCNOMb30BaHUS YrN1EBOLOPOAHOMO TOMIMBA CTAHOBUTCS BO3MOXHBIM.

CoBMECTHOE UCNOMb30BaHWE BETPOIHEPTeTUKM, TMAPOIHEPTETUKN, COTHEYHOW 1 aTOMHOM
reHepauMin SHEPrun HOCUT Ha3BaHWe «3eNéHbl KBaApaT». Bce yeTbipe BUAa reHepaLum SBNSIOTCS
Mo CBOeW CyTV BO306HOBNSeMbIMU (B COBPEMEHHOM NPeACTaBNEHNM AaTOMHAsA SHEPreTMKa ToXe
NVLLEHA HEQOCTATKOB OrPaHNYEHHOCTM pecypcHom H6asbl, NnogpobHee 06 3TOM U NPO KOHLUENLMIO
3aMKHYTOrO e PHOro TOMIMBHOIO LIMKIIa MOFOBOPUM Yy Tb MO3Xe); BCE YeTblpe BMAA reHepauum
— Be3yrnepopHble, TO €CTb MPU PaboTe 3MNEKTPOCTAHLMI Ha TaKMX UCTOYHUKAX HE MPOUCXOAUT
BblpabOoTKa YrneK1coro rasa; BCe YETbIPE BUAA reHEPaLIMN He TPEBYIOT MOCTOSHHbIX OFPOMHbIX
MOCTaBOK HOBbIX SHEPrOPECYPCOB A1t CBOeW paboTbl, TO €CTb MPUrOAHbI A5 OTAANEHHbBIX PEFMOHOB
(34ecb NMAEPOM SHEPreTUKMN BONbLIMX MOLLHOCTEN TOXE MOXET CTaTb MMEHHO aTOM, 06 3TOM Mbl
TOXe NOroBOPVM OTAENbHO).



K3TAMY 2.
KAK ATOMHASA DHEPIrf NPEOBPA3YETCA B SNIEKTPUYECTBO.

ATOMHasi 3HepreTrKa - ofHa U3 Hambornee ObICTPO Pa3BMBAIOLLMXCS OTPAC/IEN B MUPE.
[encTBnTenbHO, OT MOMEHTa OTKPbITUS HeMTpoHa [xelimcom Yensukom B 1932 rogy fo 3anycka
Mepeow B Mupe ASC (r. OBHUHCK) B 1954 rogy npotuno 4yTb 6onble apaguatv net! CerogHs B
MUpe 3KCnyaTupyeTcs yxe 442 agepHbiX peakTopa, ewe 53 HaxopaTca B CTagmm CTPOUTENbCTBA
(no paHHbIM Ha 2020 rog 6a3bl gaHHbIX MATATD no 3HepreTMYeckum saepHbIM peaktopam PRIS); 13
HUx 38 peakTopoB paboTaloT Ha TEPPUTOPUM HALLEN CTPaHbI.

[ns Toro 4To6bl Mbl MOMIM FOBOPUTbL 000 BCEX NEPCNEKTMBAX aTOMHON OTpac/iv, eé 0cO6EHHOCTAX
1 HOBbIX HaNpPaBleHNAX, Mbl JOJXKHbI Pa306paTbCs B TOM, Kak aTOMHas aHeprus npeobpasyeTcs B
3NeKTPUYECTBO 1 YTO SBNSETCA TONJMBOM NPW TakoM Npeobpa3oBaHum.

Cam npouecc HernocpeacTBEHHON reHepaumm anekTposHeprn B ADC 4OBOJSIbHO CXOX C

paboTol TENNOBbIX 3NEKTPOCTAHLMI: BOASHOW Nap KPYTUT TypObUHY, KOTOpasi B CBOIO ovepefb
obecneunBaeT BpalleHWe 3neKTporeHepaTopa 1 BbipaboTKy anekTpuyecTsa. [pu aTom
WCTOYHMKOM Tenna Ans NoforpeBa BOAbl CYXMUT yXKe He ropeHne nckonaemoro Tonavea, a
3Heprus, noflyyaemas B pesynbTaTe BbIHYXAEHHOMO Paii0akTUBHOIO pacnaja afepHOro Tonmea.
AnepHbiM TONAMBOM Ha ASC, Kak MPaBuUIO, ABAAIOTCS pa3fINYHble COeAUHEHNS TaKOro

3/1eMEHTA, KaK ypaH. YpaH — XMMUYECKUA 3NeMeHT, OAWH M3 M30TONOB KoToporo (ypaH-235)

npu B3aMMOAENCTBUUN C HEMTPOHAaMM CMOCOBEH K pasfeNieHunto Ha iBa OCKOJIKa C BblAeNleHNneM
KofioccanbHoM 3Hepruun. Bnepsble geneHune saep ypaHa 6b110 oTkpbITo B 1938 1. y4EéHbIMK

O. laHom 1 ®. LWTtpaccmaHom. MprmeyaTenbHO, YTO NPUY AeNeHnn agep ypaHa, mMoMMMO

3Heprumn, o06pasyloTCs TakXKe U HOBble HEMTPOHbI, BNOCNEACTBUN CNIOCOOHbIE pa3aennTb

cocefiHVe Aapa — 3TO Ha3bIBAETCS LIEeNHOW sAepHOM peakumen agenerus. NpoTekaHne Takon
camonofepX1BaloLencs AAepHON peakL M NPUBOAUT K HarpeBy Camoro A4epHOro TonamBea,
TEnno OT KOTOPOro OTBOAWTCSA OX/IAXAAIOLLEN XXUAKOCTLIO U B UTOre NPUBOAUT K Harpesy Unn
ncnapeHuio TennoHocuTens.

Ba)kHO 0TMeTUTb, YTO 3HEpPrus, 3aKJIlo4eHHasi B aTOMHOM Afipe W ucrnonb3yemas ANf reHepauum
Tenna Ha A3C, KpalHe MOLLHasA U CKOHLEeHTpUpoBaHHas! Tak, 3HeproémkocTb Bcero 1 Kr saepHoro
TOM/IMBA B COBPEMEHHbIX PEAKTOPaX CPaBHMMA C SHEPrOEMKOCTbO 60 TOHH (2 uMcTepHbI) HedTH
nnun 100 ToHH (2 BaroHa) kameHHOro yrnsi. MoXHO cMeno yTBepxaath, 4To 99% Bcel oKpyXatoLLen
Hac Heprum CKPbITO B aTOMHbIX A4 PaXx U, B YCIIOBUAX MOCTOSIHHO pacTyLlen noTpebHocTv B
3NeKTPO3HEPrun 1 Tenne, y YenoBeyecTBa B OyayLuem NpocTo HET MHOMO BbIBOPA, Kak HayYNTbCA
ymerno, 6e3onacHo 1 3¢pdeKTUBHO NOb30BaTbCS 3TON SHEPrUEN.



K3TAMY 3.
ANEPHBIE TOMANBHbIE LUK /Ibl. OTKPbITbIA U 3AMKHYTbI LMK,

YpaH — NPUPOAHBIV 3NeMeHT, BEeCATKN ThICSY TOHH KOTOPOr0 eXerofHo A06bIBatOT MO BCEMY MUPY.
MpupoaHas ypaHoBas pyAa NpeAcTaBnseT coboi CMecb Pas3nnyHbIX M30TOMOB (HAMOMHIO, U30TOMbI
— Pa3HOBMAHOCTN aTOMOB Kakoro-mbo XMMM4eCcKoro 31eMeHTa, KOTOpble UMeoT OAMHAKOBbIN
ATOMHbI HOMep, HO MPUW 3TOM Pa3Hble MAaCCOBbIE YACNA), CAMBIMU PACNPOCTPAHEHHBIMU U3
KOTOpPbIX ABNAOTCA YypaH-238 n ypaH-235. MNpu 3ToM B NPUPOJHOM ypaHe COAePXNUTCA YyTb
6onee 99% nsoTona ypaH-238 1 Tonbko 0,7% ypaHa-235. Tak Kak HEMNOCPEeACTBEHHO B LLEMHOMN
A0EepHON peakLuun y4acTBYyeT TOMIbKO M30TOMN C aTOMHOM Maccon 235, 13 Bcero MCKOMaemoro ypaHa
TOJIbKO MEHbLUE OAHOro NPOLEHTa MacChl y4acTBYeT B reHepaummn s3Heprumn Ha ASC — ocTanbHas
Macca MAET B oTBas. BO3MOXHO N NoBbICUTbL 3G HEKTUBHOCTb UCMONb30BaHNA A0ObLITOro ypaHa?
Bo3MOXHO, HO A5t 3TOr0 Mbl AOKHBI Pa306paThCs, Kakme Npeobpa3oBaHMA UCMLITLIBAET AAepHOe
TOMNNBO B MPOLLECCe CBOET0 XU3HEHHOro LMKa.

PaccmoTprM KOHLLeNLMIO KNacCU4eckoro OTKPLITOro SAEPHOro TONANBHOMO Lukna. Mocne Aobbiun
ypaHoBas pyfa HanpasnsieTcs Ha nepepaboTky 1 oboraweHne. OboraweHem Ha3blBaeTCA
npouecc pasgeneHuns pasanyHbix M30TOMOB ypaHa, B pe3ysibTaTe KOTOPOro KOMYeCcTBO NoJIe3HOro
ANA BbIpaboTKM 3NEeKTPO3HEPrnm nsoTtona ypaH-235 B TonnneHom cmecu nosblwaetcs ¢ 0,7% po
3-5%. Nanee cnegyet dabpurkaumsa Nosy4eHHON CMecK B TOMAUBHblE COOPKM U HEMOCpeaCcTBEHHAs
BblpaboTka anekTposHeprum Ha A3C Kax 4o Takon COOPKOW B TEHEHME HECKOMbKUX NET. 3aTeM
oTpaboTaBluee AAePHOE TOMIMBO MPOXOAUT CTAAMIO NepepaboTku (419 BO3MOXHOMO NOBTOPHOIO
MCMOMb30BaHUSA) UM 3aXOPOHEHWS B CMELMaNbHbIX YCOBUSAX. Mbl yXXe roBopunu, Y4To npu
peanunsaLunmn Takoro Noaxona ToNbko He 6onee 1% macchl AOOLITOro NPUPOAHOIO ypaHa SBNSETCA
nonesHbIM C TOYKW 3PEeHUS reHepaLun SHePruu.

JInweH Takoro HegoCTaTKa APYroM NepcrneKTUBHbIA MOAX0A — KOHLENUUA 3aMKHYTOro

A4ePHOro TONIMBHOIO LMKna. Kak n3BeCTHO 13 S4epHON GU3MKKM, NPY 0COBbIX YCIOBUSAX
BO3MOXHO NPOTEKaHWe NHOW SAEPHON peakLun — KOHBEPCUM ypaHa. 3Ta peakuus OCHOBaHa Ha
B3aMMOLENCTBUN C HEMTPOHaMMU yxe He ypaHa-235, a ypaHa-238. Bo3mMoXxHO co3aaTh ycnoBus,
npwv KOTOPbIX ypaH-238 MOXeT NOrnoTUTb HEUTPOH B SAEPHOM PeakTope 1 NPeBPaTUTLCS B
HOBbIV 3Ne€MEHT — NAYTOHWI. [TNYTOHMI, Kak U ypaH, UMeeT AeNsALMecs U30TOMbI U TOXe MOXeT
CNYXUTb SAEPHBIM TONNMBOM. PeakTopbl, KOTopble cnocobHbl obecneunTb ocobble ycnosus Ans
NPOTEKaHWs TaKOW peakLMu, MPUHATO Ha3blBaTb «ObICTPbIMM» peakTopamm U3-3a 6obLLION
3HEepPrumn 1 CKOPoCTU HEMTPOHOB. Tem cambiMm, TpaTa 1 Kr ypaHa-235 Ha nogaepxaHue sgepHom
peakL M 1 BbIpaboTKY 3N1eKTPO3HEPrUM, B TaKUX PEaKTOPax MOXHO MoJy4YuTb A0 NoNyTopa pas
60/1blUe HOBOrO TOM/INBA HAa OCHOBE MY TOHUS.

B du3mke GbicTpble peakTopbl 334aCTyI0 CPABHMBAIOT C «MEYKON», B KOTOPYIO YeNoBeK KnageT

1 noneHo, a moc/ie CropaHus 1 NoJly4YeHus Tena Ha BbIxoAe nonyyaeT 2 HOBbIX NoseHa. Takoe
CTaHOBUTCS BO3MOXHbIM Cyrybo n3-3a dusnyecknx ocobeHHoCTen NpoTekaHMs SAEePHbIX PeakLuni
B Pa3HbIX BELLECTBaX U BNSETCA HEOCMOPUMbIM NPENMYLLECTBOM SIAEPHOM HEPreTUKN. AnepHbIn
TOMNUBHBIV LMK HA BbICTPbIX peakTopax Ha3biBAeTCS 3aMKHYTbIM, TaK KakK, eAMHOXAbI A00bIB
YPaHOBYIO pPyAY, MOXHO MHOFOKPATHO MOJIy4aThb HOBbIV AeNSALWMINCA maTepran us ypaHa-238,
KOTOpbIM B OTKPLITOM LMKIIe WEN B OTBAI.

KoHuenuus 3aMKHYTOro sAepHOro TOMIMBHOIO LKA U UCMONIb30BaHMeE BbICTPbIX PeakTOpOB,
HecMoTps Ha CBOIO GM3NYECKYIO CTIOXHOCTb AN peanv3aLnm, No3BoNSeT He TONbKO peakTopy
camocToATeNbHO obecrneynBaTb cebsi HOBbIM TOMIMBOM BO BpeMsi paboTbl, HO U HapabaTbiBaTb
HOBbIV AeNsALWMNCA MaTepran A1 PeaKTOPOB Kaccnyeckoln KoHCTpykuumn. CerogHs Poccusa
ABNAETCSA MPU3HAHHBIM B MUPE NINAEPOM MO TaKUM TEXHOMOTUAM: B CTPaHe paboTatoT 2
3HepreTMYecKMX peakTopa Ha bbICTpbIX HelTpoHax (peakTopsl BH-600 1 BH-800 Ha benospckoi
A3C) v uenblit PAA OMNbITHLIX U UCCNIeL0BATENIbCKUX SAEPHbIX YCTaHOBOK.

HoBble NpoekTbl BbICTPbIX PEAKTOPOB TakXe aKTMBHO pa3pabaTbiBaloTCA Ha CErofHSALWHMUIA feHb

1 NO3BOJIAT B CKOPOM BPEMEHWN MaKCMMalbHO UCMOb30BaTb NMOTEHLMAN aTOMHOM SHEPTUN.

Tem cambIM, KaK Mbl M YTIOMUHANN paHee, aTOMHAasA SHepreTMka CTaHOBUTCA NPUBVXEHHOM K
BO306HOBNSIEMbIM MCTOYHWUKaM, Befib NogobHas pereHepaums aAepHOro Tonavea No3BoanT
YBEIMYNTb MMPOBOW TOMIMBHBIV MOTEHLMAN Ha COTHU MW Aaxe ThICAYM NeT.



K3TANY 4.
NOTEHLMAN ATOMHOW SHEPFETUKMW B TPYAHOAOCTYMHbIX PETOHAX.

Mbi yxe pazobpanunch, H4TO CyLeCTBEHHbIM HEAOCTAaTKOM KlacCUYeCKMX MeTOA0B reHepaLMm
3HEprum Npu NOMOLLY CKUraHUs HEBO30OHOBAEMbIX YINEBOAOPOAHBIX PECYPCOB ABNAETCA
HeAO0CTVXXMMOCTb KayeCTBEHHOro obecneyeHuns aneKTpo3IHeprmen TPYAHOAOCTYMHbIX PAOHOB
nnaHeTbl: HaNpUmep, APKTUKU, PETMOHOB CO CIIOXHBIMW MPUPOAHO-KIMMATUYECKUMW YCTTOBUAMMU,
UNN KpariHe YAANEHHBIX OT KPYMHbIX arfomepaLuii HACeNEHHbIX MYHKTOB M MPON3BOACTBEHHbIX
KOMBMHaTOB. Mpy 3TOM 3aTpaThbl Ha Nepefayvy 31eKTPO3IHEPrun B TaKUX YCIOBUAX U Ha Bonbluve
PacCTOAHWS MOTYT B HECKOMbKO Pa3 NPeBbIWaTb CTOMMOCTb €€ NPOMN3BOACTBa. ATOMHas
3HepreTuka B cuy cBoel 60bLION SHEProEMKOCTU TOM/IMBA JINLWEHA 3TOro HeAoCTaTKa.
EpmHoxapbl noctpons ASC B TaKOM pervoHe, BO3MOXHO NoJlyyYaTb 3N1eKTPO3Hepruio 6e3 AocTaBku
HoBoro Tonavea 6onblie roga unu gaxe 7 ner.

B cBfi3un € 3TUM ceropHs fockoprnopaums «PocaTom» akTMBHO pa3BMBAET Hanpas/eHue,
CBA3aHHOE C pa3paboTKoM U CTPOUTENBCTBOM SAEPHbIX PEAKTOPOB Masiol U CPegHel MOLLHOCTY.
[ecTBUTENbHO, 3a4aCTYI0 KONMYECTBO IHEPrK, BbipabaTbiBaeMble TUMOBLIMU SAEPHBIMU
peakTopamm, U3BbITOYHO ANA HYX/A U 33434, BO3HWUKAIOLWMX B TPYAHOLOCTYMHbIX permoHax. Tak,
Hanpumep, COBPEMEHHbIN POCCUNCKUI saepHbIV peakTop BBOP-TOW BbipabaTbiBaeT 6onee 1250
MBT 3nekTpo3Hepruum, 4To ropasgo 6onbliue NOTPEOHOCTM OTAENBbHO B3STOMO 3aBOAa, HEOONbLIOrO
ropofa unv gaxe HebosbLwom obnactn Poccun. PaspabaTbiBaemble peakTopbl Manon MOLHOCTU
No3BONSAT pa3MeLaTb HEGOMbLIOW NCTOYHUK 3NEKTPO3HEPIUN B HEMOCPeACTBEHHOW 61M30CTH C
eé noTpebutenem, 4TO CyLLECTBEHHO YAELLIEBUT KOHEYHOE NPON3BOACTBO, @ KOMMAKTHbIN pa3mep
Taknx ASC No3BONUT pa3mMeLLaTb UX B YAANEHHbIX PaloHaX U Ha OrpaHNYEHHbIX MI0WaAKaX.
OTaenbHO HEOBXOAMMO OTMETUTB CyLLeCTBOBaHME Takoro npoekTta A3C C peakTopom

Masiol MOLWWHOCTK, Kak MiaByyas aTomHas anekTpocTaHuumsa (MAT3C). C 2020 roga B Poccun
dyHKUMOHMpYeT nepBas B Mupe A3C Takoro Tuna «Akagemmnk JJoMoHOCOB», pacronoXeHHas

B NOpTy ropoaa MeBek YykoTckoro aBTOHOMHOMO okpyra. icnonb3oBaHWe 3Ton TEXHONOIMK
No3BOJIAeT CyLLeCTBEHHO 3KOHOMUTb TPYA03aTPaThl HA JOCTaBKY 060pyaoBaHMA ANA
cTtpouTenbcTea A3C.

K 3TAMY 5.
BYAOYLLEE SAEPHOW SHEPTETUKW — YMPAB/ISAEMbIA TEPMOSALEPHbIA CUHTES3.

MocnenHee, 4To HEOOXOAMMO YNOMSAHYTb, PaCCMATPMBAs NEPCMEKTUBbI UCMOJIb30BAHUSA SHEPTUU
anpa ANd reHepaLmm 3N1eKTPUYECTBa — 3TO KOHLEMNLUS YrpaBisSeMoro TepMosiiepHoOro cnHTesa. B
OT/IMYME OT TPAAMLIMOHHOW AEePHOM SHEPreTUKM, KOraa aaepHas S3Heprus BbiIcBoboXaaeTcs NnyTém
LeneHuns TAXENbIX M30TonoB (ypaHa, NyTOHWS U T.4.) Ha bonee NErkne 31eMeHTbl, BOSMOXEH U
0OpaTHBIN NPOLLECC: CUHTES AAep JIErKMX XMMUYECKUX 3NIEMEHTOB B 6oiee TAXESble, KOTOPbIV
TaKXe COMPOBOXAAETCS BblAENIEHUEM KOJIOCCANIbHOM 3HEPrUN.

Takasi peakuusi Ha3bIBaeTCS TEPMOSIAEPHbIN CUHTE3. Knaccnyeckum NpvMepom TepMOSIAEPHOTO
CMHTe3a AB/ISETCSH COEMHEHVE M30TOMOB BOAOPOAA (AenTepus n TpUTUS), B pe3ysbTaTe KOTOPOro
NoJsly4aeTcs AApPO renvs, HEMTPOH U BbiAensieTcs 6oNbLoe KONMYECTBO 3Heprun. [Ins npoTekaHus
TaKoU AAepHON peakL M HeobxoauMbl onpeaenéHHble YCI0BUS, Kak, Hanpumep, AOCTUXEHNE
TemnepaTypbl B COTHU MUIIMOHOB FPaAycoB. TOYHO TaKMe Xe peakuumn SaepHOro CMHTe3a
NpoTeKaloT B 3B€34ax 1 Ha ConHue.

[LocTuxeHne CTOMb CNTOXHBIX YCIOBUM NPOTEKAHUS PeaKLMU B 3€MHbIX YC/TOBUSX TOXE BO3MOXHO.
CylecTByeT MHOXECTBO METOAOB MOJYYEHMS U MNOAAEPXKAHUSA TaKUX YCIOBUA. OfHUM 13

TaKNX METOLOB SIBNIAIETCA HAarpeB U yAepXXaHWe niasmMbl U3 CUHTE3UPYEMbIX MaTEPUANIOB Npu
BbICOKOW TemMmnepaType npu NoMoLy MarHMTHoro nonsi. CerofHs 3ToT MeToA 3KCNeprMMEHTaNbHO
0TpabaTbIBaETCH MEXAYHAaPOAHOW rpynroi y4éHbix B [poekTe MexayHapoaHOro
3KCMEepPUMEHTaNbHOro TepMmosiiepHoro peaktopa ITER (MccnepgoBaTensckuin LeHTp Kagapaly,
®paHuus). AKTMBHOE y4acTWe B 3TOM MPOEKTe NpUHUMaET 1 Poccuiickas Gepepauus.

Tak Kak U30TOMN BOAOpOAa AEUTEPUIA LOBONIbHO PACMPOCTPaHEH B MPUPoAe, a Moy4yeHne TpuTms
BO3MOXHO B flepHbIX peakTopax, TepMOsiAePHas SHEPreTNKa CTaHeT abCONOTHO HEe3aBUCUMbIM OT
BO30OHOB/IEHNS PECYPCOB UCTOYHMKOM 3HEPIUMN.



K 3TANY 6.
3AKJTIOYEHUE.

Ha cerofHsLLHWIA feHb KOHLENUMS «3eNEHOro KBaApaTa» NPeacTaBiaeTcs eANHCTBEHHBIM
BO3MOXHbIM NMYTEM Pa3BUTUS SHEPreTUKM B MMpe. Pa3BrBas Kak BO30OHOBSIEMbIE MCTOYHUKM
3Hepruu (BoAa, BeTep, COJHLIE), TaK 1 SAEPHYIO SHEPreTUKY, YENOBEYECTBO CMOXET OPraHW30BaTb
6e30MacHoe 1 felléBoe NoyYeHNe 3eKTPOIHEPTMM Ha MHOTUE ThICAYM NeT.

Pa3BuTMe coBpeMEHHOW aTOMHOM SHEPreTUKKN Kak 6e30nacHoOM N MHHOBaLMOHHOM OTpacn
Nno3BoNUT B Bivxariwem byayLiem CcyLecTBEHHO CHU3UTb NapHUKOBbIE BbIOPOCHI, MO-HACTOSLLEMY
OCBOWUTb TPYAHOAOCTYMHbIE PErMOHbI MAHETbI, @ KOHLEMNLMMN 3aMKHYTOrO SAEPHOI0 TOMIMBHOIO
LKA U TEPMOSIAEPHOM SHEPreTUKM CAENAOT SHEPIU0 aTOMa peHTabenbHOM Ha HeOrPaHUYEHHbIV
CPOK.






