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Tema ypoka: AToMHas SHEpreTukKa
YMK: A.B. [lepbiikun «®usuka. 9 xkiaace»
Ipeamert: ¢puznka
Knace: 9
O:xugaemMblie pe3yJbTaThbl:
Juunocmmuule
Yyauuiics nposiBasier:
® TBOPYECKOE MBILUICHNE, MHUIIUATUBY, HAXOJUUBOCTh, aKTUBHOCTD IIPU PELICHUN
TEOPETUYECKOM 3a/1auun
®  CaMOCTOSATEIbHOCTh, OPraHU30BAHHOCTh, KOMMYHUKaTUBHOCTb, B3aMOIIOMOLIb IIPU
BBINIOJIHEHUH CAMOCTOSTENbHONU pabOThI
® MHTEPEC K U3y4aeMOU TeMe

Pezynamuenvie YY/[
Yyammiics:
® [IpU MOJACPXKKE YUUTEIsI OOHApYKUBAET U PopMynupyeT yaeOHyIo MpooiieMy,
oTpeJieNsieT 3ajauy yueOHO 1esTenbHOCTH
® POSBILIIOT YMEHHE CIYIIATh B COOTBETCTBHE C LIEJIEBON YCTAHOBKOM

Ho3znaeamenvnvie YY/[
Yuammiics:
® aHaJIM3UPYET, CPAaBHUBAET (aKThI
® CTPOWT JIOTHYECKH 0OOCHOBAHHOE BBICKAa3bIBaHUE, BKIIIOYAIOIIEE YCTAHOBJICHHE
MIPUYHUHHO-CIIEICTBEHHBIX CBSA3EH
® BBIICISCT BAXKHYIO HH(POPMALIHIO U3 BCEH MTPEAOCTABICHHON

Kommynuxamuenwvie YY/|
Yyammiics:
® B3aUMOJICHCTBYET C YYUTEIEM U COCEJIOM IO MapTe
® OTCTauBaeT CBOIO TOUKY 3PEHHUS, IPUBOIUT apryMEHThI, OATBEp:K1as UX (hakTaMu
®  YUUTCS KPUTUYHO OTHOCHTHCSI K CBOEMY MHEHUIO, C JIOCTOMHCTBOM IPU3HABATH
OLIMOOYHOCTH CBOETO MHEHHUS (€CIIM OHO TaKOBO), U KOPPEKTUPOBAThH €r0
® [IOHUMAs MO3UIMIO IPYroro, pa3inyacT B €ro peur: MHEHHUE (TOUKY 3pEHHS),
JI0Ka3aTeNIbCTBO (apTyMEHTHI), (aKThI

Ilpeomemmnoie pe3ynomamal
Yyuyammiics:
® 3HACT MOHATHUSA: FJICKTPOCTAHIIMSA, TEPMOSICPHBIA CHHTE3, aTOMHAs SHEPTreTUKA
® yMeeT OOBSICHATh IOCTOMHCTBA U HefocTaTku AnekrpocTtanuuid (I'9C, TOC, ADC)

Tun ypoka: M3yyenue HoBOro Marepuasia

MeToabl M TEXHOJIOIMH, IPUMEHAEMbIE HA YPOKe: TEXHOJIOIUS KPUTUYECKOTO MBIIUICHHUS,
METO/] TPOOJIEMHOT0 00Y4EHUs!, TEXHOJIOTHS PabOThI B IpyIIax, CMbICIOBOE YTCHHE.
Oo6opynoBanmne: KomnbroTep, IpoeKTOp, pa3AaTOUHBIM MaTepHall.



JTansl YpokKa

JTanbl ypokKa HesaTeqbHocTh | [leATeqbHOCTH ®opmupyemble Oo0opynosanue
YUYHUTeIs y4aumxcst pe3yJbTaThl
Opranmn3zanuonnbiii | [Ipusercrsue, [Toaroroska k KoHuenrpanus
MoMmeHT (1 MuHyTa) | MpoBepka YPOKY BHUMAaHHSI.
TOTOBHOCTHU K
YPOKY
ITocranoBka Bsoanoe cnoBo VYcrabie otBeThl | Oco3HaHue
npodjaemMbl, TeMbI yuuTens. (cm. MIOCTABJIEHHOM
ypoka u ueieii (3 npunoscenue 1) poOIEMBI.
MUHYTBI)
Kparkoe OObscHeHne Caymator dopMmupoBaHue IIpoekrop,
3HAKOMCTBO € YUUTEINS C YUUTEIS MHTEpEeca K TEME. Ipe3eHTalHsl.
npeaMeTHbIM HCIIOJIb30BaHUEM
coJlep:KaHUeM TeMbl | HarJsIHON
(5 muHyT) npe3eHTaru. (
cM npunodicenue
2)
Pabora B rpynnax VYcranaBinuBaet 3HaKOMCTBO € VYyamuecs Pasngarounbie
1 3Tan (10 munyT) (dhopmy paboThI TEKCTaMH, MIPOSIBIISIOT Marepuaisl. (cm
Pa3znenenue kiacca Ha JaHHOM JTare, | OTBETHI Ha KpEaTUBHOCTh npunoxycenue 3)
Ha 5 rpynn. PaGota B | KOHTposupyeT BOIIPOCHI, MBIIUICHHUS],
KOMaHie C BBITIOJTHEHHE oOcyxieHune WUHUIIMATHUBY,
pa3gaToOuHbIM 3aJaHus, MmarepHaia B HaXOI4MBOCTh NPU
MaTepHaoM, MOJICKA3bIBAET KOMaHJ1ax 3HAKOMCTBE C
IIPUMEHEHHE METOAA | TpymmaMm IPUHIUIIOM pabOThI
palnoHaAIBLHOTO UIEKTPOCTAHLINH,
YTEHUS. 000CHOBBIBasI CBOIO
HO3ULIHUIO.
[TpeoOpa3oBbIBatOT
uHpopmaruio u3
OJIHOTO BHJIa B
ApYroii.
3HAKOMSITCS C
HOBBIMH NOHATUSMHI
«TepmosiaepHbIit
CHHTE3» «ATOMHas
SHEPIeTUKaY,
«ATOMHBIE
JIEKTPOCTAHLIUN»
Pa6ora B rpynnax KonTtponupyer Kaxnas Yyamuecs- Pa3znaTounsie
2 yran (15 mMunyT) BBICTYIUIEHUE KOMaHJ1a BBICTYMAIOIINE MaTepHabl,
Komanpp! KOMaHJ, JaeT paccKka3bIBacT CTPOST JIOTUUECKH | IIJIaKaT
IIPEICTABIISIFOT HOSICHEHHUS TIPH KJ1accy 000CHOBaHHbIE «Snepnslii
KJIacCy BBICTYIVIEHHE | HEOOXOJUMOCTH. | ONPENENIEHHYIO | BBICKA3bIBaHMS, peaxkTop»,
110 CBOUM BOIIpPOCaM. 4acTh BKJIIOUYAIOLINE «lennas
marepuana, YCTaHOBJIEHHE AJiepHas
KOTOPYIO OHU IPUYNHHO- peaxmus»
n3ydanu. Kitacc | ciencTBeHHBIX
3aM0JHIET CBSA3E.




TabIuIy (CM. Yyamuecs
npunoxcenue 4) | IPOSBISIOT yMEHHUE

10 MaTepuary CIyLIATh B

BBICTYIUUIEHUS. COOTBETCTBHUE C
11eJICBOM
YCTaHOBKOW,
IMOHUMAIOT

HO3HLHMIO JPYroro,
pa3nuyaroT B €ro
peuu: MHEHUE
(TOUKy 3peHus),

JI0Ka3aTeNIbCTBO
(aprymeHTsl),
(baKThI.
DpoHTAIBHASA [HoaBomut urorn | Pebsta nenator | Yyamuiics
Oecena (4 MuH) rPYIIOBON BBIBO/IBI, aHAITU3UPYET,
paboThl, OTIUPasICh Ha CpaBHUBAET (haKTHI,
MIOMOTaeT TabIuIy. JIeNIaeT BBIBO/I.
ClIenaThb Yuaninecs
COBMECTHEIE 00001maroT
BBIBO/IBI. MOTyYCHHBIC
(npunoosicenue 5) 3HAHUS,

paccyXaarT o
MPEUMYILECTBE U

HEJ0CTAaTKax
aTOMHOM
SHEPIeTHKHU.
IMoaBenenne uroros | [logseném utorn | ['osnocyror Hemarot
ypoka, pedJiekcusi. | Halero OCO3HaHHBIN BBIOOD.
(2 mum). CETOJIHAIIHETO
ypoKa.
l'onocoBanue
Hyoicha nu
amomHas
9HepeemuKa
yenogeuecmey?
Jlureparypa:

1. ®wusuka. 9 ki.: yueb. i o0imeobpaszoar. yupexaenuit / [lepsimkun A.B., I'ythuk E.M.
—11-e m3x., crepeotun. — M.: [lpoda, 2019.

2. Meroauueckue pekoMeHaanuu no nposeaenuro 20 okrsaops 2020 r. Beepoccuiickoro
«ATOMHOI0 ypoka» 1 Bcepoccuiickoro « ATOMHOTO KJIACCHOTO 4acay
https://drive.google.com/file/d/11UllyddfZY_Oyi51kNno9Dfbk16nGJIN8/view

3. B.M. boiiko, ®. I1. Komenes. SaepHblit TommuBHbIN UK. [IpobaeMsl, pemeHus.
YuebHoe nmocobue.- Cerepck: U3na-so @I'YII CXK, bropo auzaitna, 2004.



https://drive.google.com/file/d/11UlIyddfZY_Oyi51kNno9Dfbk16nGJN8/view

IIpunosxenne 1
Beoonoe cnoeo yuumens.

B coBpemMeHHOM MHpe KHU3Hb YeIOBEKa HEMBICIHMA 0€3 eXKEeMHUHYTHOTO MOTpeOIeHus
SHEPruM: 3JEKTPUYECTBA U TEIUIA. YKE CTaIM IPUBBIYHBIMU TaKUE€ JOCTMXKEHUS HAYKHU U
TEXHUKH, KaK CPEJCTBA MOOUIBHOM CBSI3H, BBICOKOCKOPOCTHON TPAaHCIOPT, OCBOCHHE
KOCMHUYECKOT0 IPOCTPAHCTBA. DTO TPeOyeT OTPOMHBIX 3aTpaT SHEPTUU.

CeronHsi 3J€KTpO’HEPrusi BbIPAOATHIBAETCA COTHSAMHU pa3IUYHbIX METOJOB, KakK C
HCI0JIb30BAHNEM HEBO300HOBIISIEMBIX MPUPOIHBIX UCKOTAEMbIX (Ta3, yroyb, HeTh), TaK U MpPU
[IOMOIIM NPeo0pa3oBaHUs B IJIEKTPUUECTBO BO300OHOBIISIEMOM DHEPrUU COJIHLA, BETPA,
JIBUKEHHSI BOJBI B pycliax pek U MHoroe jpyroe. [loTpebnenue suepruu pacTeT CTob OBICTPO,
YTO M3BECTHBIE B HACTOSIEE BPEMs 3alachl TOIUIMBA OKaXyTCS HCUEPIAHHBIMHU YXKe uepes3
CPaBHHUTEIBLHO KOPOTKOE BpPEMSI.

Ilocmanoexa npobremuou 3aoauu: Yto B Oynmymem Oyner pemars Mpobiaemy
“3HEPreTHYECKOT0 ToJI0Aa” BO30OHOBIISIEMbIE HCTOYHUKH SHEPTHH WIH aTOMHAas SHEpreTHKa?

ATOMHasi SHEpPreTHKa Ha CETOAHSIIHUN JICHh BHOCHT 3HAYMMBIA BKJIaJ B MHPOBOE
notpebnmenue oHeprun. Ho e€ wucmonp3oBaHME WMEET Kak TOJIOKHUTEIbHBIC, TaK |
OTpHIIaTeNbHBIE CTOPOHBL. CEeTroHS MBI C BAMH MIOTOBOPUM 00 aTOMHOM YHEPreTHKE.

[puioxenne 2
Pacckaz yunrens

Jo 1940 roma cuuramu, 4TO sA€pHAs SHEPreTHKA IPEACTABISIET TOJIBKO HAy4YHBIN
untepec. Eme B 1937 romy mopm DOpuer Pesepdopa yrBepkaail, 4TO MOJIYyYCHHE SACPHOMU
SHEpruu B Oojiee WM MEHEe 3HAUUTEIbHBIX KOJMYECTBAX, JOCTATOYHBIX JJISl MPAaKTUYECKOTO
WCIIOJIb30BaHUs, HUKOTIa He OyaeT Bo3MokHBIM. Ho yxe B 1942 r. mog pykKOBOJACTBOM DHPUKO
®epmu B CIIIA Obu1 mOCTpOEH TEpBBIN suepHBIA peakTop. K cokaneHuto, mapaaienbHO ¢
MUPHBIM HCHOJIB30BAHUEM SHEPTUU aToMa HA4YaJlOCh HCHBITAHHE SICPHOTO OpYXus. 16 urons
1945 ropa B mycteine Amamoropao (CIIIA) Obuta ucnbiTana rnepsas atomHas 6omba. B 1946 r.
nepBbIii aToMHBIA peakTop Obul co3man B CCCP mon pykoBoacteom U.B.KypuaroBa. Nm ke
Obu1 pa3paboTtan u npoekT nepBoil B mupe ADC.) 27 utonsa 1954 roxy B OOHHMHCKE OblLia
MylleHa MepBas B MUpPe aTOMHas 3JieKTpocTaHiuss MoiHocThio 5 MBT. 3atem CCCP nHawan
MacmTabHyo nporpamMmmy crpoutenbcTBa ADC 1o Bcelt ctpaHe u 3a pyoeskoM. B okTs06pe 1966
roja Obuta BBeleHa B AKcIuTyaTaiuto cranus B I'JIP. B 1970-x — navane 1980-X rogoB BeIoch
ctpoutenbetBo ADC B bonrapun, @unnsuanm, Yexocnoakuu, Benrpun, Ha Kybe u B 1pyrux
ctpanax. B 2019 roay poccuiickumu ADC ObUT yCTaHOBIEH HOBBIM PEKOp] MO BBHIpAOOTKE
anekTpodHeprun — Oonee 208,7 MuMapaa KuinoBarT-yacoB. [lapaniensHo Benuch paboThI MO
MCIOJIb30BAHUIO0 ATOMHBIX PEKTOPOB Ha MOBOJIHBIX JIOAKAX, JIETOKOJIAX.

SlnepHas SHepreTuka pasBUBACTCS BO BCEM MHUpPE M SABISIETCA OJHUM H3 CaMbIX
MIEPCIIEKTUBHBIX HA CETOJHSIIHUN J€Hb HalpaBieHU »HepreTHku. OJHAKO HCIOJIb30BAHUE
SJICPHOM SHEPTUH B MUPHBIX IIEIAX CO3AET U cepbe3Hble npobiemsl. JlaBaiitTe pa3nenuMmcs Ha 5
TPYII U IIOPACCyKAAeM, B 4YEM IIPEUMYLIECTBA U HETOCTATKH MCIIOJIb30BAHUS PA3JINYHBIX BUJIOB



SHEpPruM, KaK aTOMHasl SHEPrus npeodpazyeTcst B AJIEKTPUUECTBO, KAaK IIyTU PELIEHUs podiieM
€CTb Ha CErOHAIIHUN JCHb.

puioxenue 3
TabGnuna g 3am0JIHEHNA

Bo Bpems BBICTYIJICHHS KOMaH][ yYallHecsl 3arOJHSIOT TaOJHIly JOCTOWHCTB W HEJOCTaTKOB
aTOMHOM PHEPTeTHKH, a TAKXKE JICTAI0T IOMETKH 00 MHTEPECHBIX (aKTax.

Wctounuk sueprun | [Lmrocer Munychl HNutepecHo

IIpunoxenue 4

Paszngarounslil maTepual

I'pynna 1.

BO3OBHOBJIAEMBIE 1 HEBO3OBHOBJISAEMBIE UCTOUHUKU SHEPTUU.

B coBpeMeHHOM MUpe KHU3Hb YEJIOBEKa HEMBICIHMA 0e3 €KEMHHYTHOTO IMOTPEOJICHUS
SHEPTHUU:  JJeKTpuuecTBa W Tera. CeromHs AJIEKTPOIHEPrHsi BhIPAOATHIBACTCS COTHSIMHU
pa3IMYHBIX METOJIOB, KaK C HCIOJb30BAaHHEM HEBO30OHOBIISIEMBIX MPUPOJHBIX HCKOITAEMBIX
(ra3, yromip, He()Th), TaK W MPU TIOMOIIU MTPeoOpa30BaHMs B IJICKTPUUECTBO BO30OHOBIISIEMOM
SHEPTHUU COJIHIIA, BETPa, JIBIKEHHUS BOJBI B PyCiax peK W MHOroe japyroe. [IpuHSTO cumTats,
9YTO HEBO3OOHOBIISIEMasi SJHEPreTHKa 00JIamaeT pPsioM HEJOCTAaTKOB, YacTh U3 KOTOPBIX MOXHO
CUNTATh JEHCTBUTEIEHO KPUTHYHBIMHU.

[lepBpIii HEIOCTATOK OTpaXEH B CaMOM TMOHSTUUM — HEBO30OHOBISIEMOCTh PECYPCOB.
JleicTBUTENBHO, MPUPOAHBIC 3aJICKH YIS, HePTH U raza BO MHOTOM OTpaHHueHbI. JlanbHeiliee
MaccoBO€ HCIIOJIb30BaHHE TAKUX HCKOMAEMbIX B KaYECTBE MCTOYHMKA DHEPTUU NMPUBEAET €Clin
HE K TOJIHOMY HCYEPIIaHUIO PECYPCOB, TO K CYIIECTBEHHOMY YIAOPOKAaHUIO AIIEKTPOIHEPTHUH,
MOJIy4aeMoil Ha MX OCHOBE, TaK Kak JIETKas U JeméBas 100b4a TOIUIMBA CTAHET HEBO3MOXKHOM.
JlJis HEKOTOPBIX HEBO30OHOBJIIEMBIX MCTOYHHMKOB SHEPTUU STOT CIICHAPUN HACTYMUT uepe3
HECKOJIBKO COTEH JIET, I HEKOTOPBIX — yXKE Uepe3 JECITKU.

BTopoii HenocTaToK POXKAEH caMUM METOIOM MpeoOpa3oBaHuUs BHYTPCHHEW SHEPIHU TOILIHBA B
ANEKTPUYECTBO. DTOT HEAOCTAaTOK — BBIOPOCH  yriaekucnoro rasa. Jlms BeipaOoOTKH
ANEKTPHYECTBA OOJIBIIMHCTBO  COBPEMEHHBIX TEIUIOIEKTPOCTAHIIMH  HUCIOJIB3YyeT —Tak
Ha3bIBaCMblii MapoTypOMHHBIA 1WKI. Boma, HarpeBasch B MapoBOM KOTJIE M IMPEBPAlIasiCh B
BOJSHOW Map, B JalbHEHIIEM NPOXOIMT uepe3 TypOuHy. Ilap Bpamaer TypOuHY, XKECTKO
CBSI3aHHYIO C JJIEKTPOTEHEpaTopoM, W  BbIpadaThIBaeTCs dJeKTpodHeprus. llpm stom
MCTOYHHKOM TEIUIa JJIsl TapOBOT0O KOTJA SIBISIETCS XWMHUYECKas PEaKlusl OKHUCIECHHS TOIUIMBA,
wim ropeHue. [Ipu ropeHnn opraHM4ecKuX COSTMHEHHH (a TAKUMHU SIBIISIIOTCS U HE(Th, U ra3, U
yroJib) HEM30eKHO 00pa3zyercsi OONIbIIOE KOJIUYECTBO YIIEKUCIIOTO ra3a, KOTOpbId npu padore
TETJIOAIEKTPOCTAHIIUI Cpa3y ke momazaetT B arMocdepy Hamei ruraHetsl. [IpoGnema Takux
BbIOpocoB CO2 B armocgepy IMIHMPOKO H3BECTHA II0J HA3BaHUEM  «IIAPHUKOBBIA I(PQeKT».




[TapHukoBBIE Ta3bl COXPAHSIOTCS B aTMocdepe CTOJETHSIMHU W BHOCAT OCHOBHOM BKJIQJ B
rJ100aJbHOE MOTEIUIEHUE [IIAHETHI.

TpeTbM MHHYCOM SHEPTEeTHKH Ha OCHOBE HEBO30OHOBISIEMOIO TOILJIMBA SIBJISIETCS CIIOKHOCTh
OpraHu3anuy padoThl TAKUX TEIJIOIEKTPOCTAHIUM B TPYAHOJOCTYIHBIX U YIAJIEHHBIX pailoHax
3emuin. JlelicTBUTENBHO, paboTa JH000H TEIIOAIEKTPOCTAHLIMY PUEMIIEMON MOILITHOCTH TpeOyeT
€XKECYTOYHOIO0 CHa0KEHHUS TOIIMBOM, OOBEM KOTOPOrO MOKET MCUUCHATHCS ThICSIYaMU TOHH.
IIepeBO3KM TakOTO KOJIMYECTBA I'Py3a B HEKOTOPBIE PAWOHBI SBJIAIOTCS CIOKHEHIIEH 3aa4ei, a
B KaKHe-TO — HEBO3MOKHOU K BBHIMOJTHEHUIO. OHAKO MOTPEOHOCTh B AIIEKTPOIHEPTUHU CETOIHS
€CTh JIa)K€ U B TAKUX TPYJHOJIOCTYIIHBIX MecTax!

CMorytr 511 BO300OHOBJIIEMbIE MCTOYHHKM SHEPIMM PEUIMTh BCE TPU OMHCAHHBIE MPOOJIEMBI
pazom? Kax/plil U3 HUX UMEET CBOM IOCTOMHCTBA U HEJJOCTATKH.

[IpenmyiiecTBa ruipoO3ICKTPOCTAHIINI

Bona — B0300HOBIISIEMBIN UCTOUYHUK AHEPrUM. | MApPONIOrHYecKUuil LUK (KpyrOBOpOT BOJBI B
MIPUPO/IE€) TOMOJHIET MCTOYHUKHU TMOTEHIMATLHOW SHEPruu 3a CyeT JA0XKJeH, CHeromaaoB u
BojocTtoka. Pabora I'DC He compoBOXKIaeTcs BBIACICHHEM YrapHOTO Ta3a U YIJIEKHCIOTHI,
OKHCJIOB a30Ta U CEpbl, MbUIEBBIX 3arpA3HUTENCH U IPYrMX BPEIHBIX OTXOJOB, HE 3arpsi3HSIET
noyBy. [IpousBoaurensHOCTs I'DC N€rKO KOHTPOIMPOBATH, U3MEHSS CKOPOCTh BOJISHOIO MTOTOKA
(oO6beM BOABI, MOABOAMMBIA K TypOuHam). Boma B HCKYyCCTBEHHBIX BOJOXPAHMIIMINAX, KaK
IIPAaBUJIO, YMCTasl, TAaK KaK MPUMECH OCaXJAIOTCS Ha JIHE. DTy BOJIY MOYKHO HCIOJb30BATh IS
IIUTbSI, MBIThSl, KY[IAaHUS U UPPUTaLlUH.

Henocratku ruipo3yieKTpOCTaHIIUM:

1. MIPUBS3aHHOCTH K BOJIOEMaM

2. BO3MOYHOE 3aTOIJICHUE TTaXOTHBIX 3eMellb

3. naryOHoOe BIUSHUE Ha SKOCHUCTEMY pEK.

4, I'DC MOXHO CTpPOUTH TOJBKO HAa PAaBHUHHBIX pekax (M3-3a CEHCMHUYECKOW OIAaCHOCTH
rop)

OO0mure HeTOCTATKU BETPSHBIX M COJHEYHBIX DJICKTPOCTAHIMK 3akiatodarorcs B Hu3koMm KIIJI,
JUI. HOPMaJbHOTO (DYHKIITMOHUPOBAHMS TAKUX CTAaHIIUH HEOOXOAMMBI OOIIMPHBIE TEPPUTOPUU U
OTpe/ieNIeHHbIE TTOTOIHbIE YCIOBUSI.

B oTinume oT OCTambHBIX BHAOB JEKTPOCTAHIUN OJHUM U3 caMbIX 3()(EKTUBHBIX CIIOCOOOB
MIOJIyYEHUS SICKTPOIHEPTUH SABISIETCS AeTICHUE SAep ypaHa, KOTopslid ucnosb3yetrcs B ADC. 06
3TOM paccKakeT BTOpas TpyIIIa.

CoBMECTHOE HCHOJIb30BaHHE BCTPOSHCPICTUKHU, TUAPOIHCPICTHUKH, COJIHEYHOM M aTOMHOM
reHepauI/Iﬁ OHEPTUU HOCHUT HA3BAHUC «3€IEHBIN KBaapam.. Bce YCTBIPC BHAA TI'CHCpalU
SABIIAIOTCA 0 CBOEM CyTH BO300HOBJIIEMBIMHU (B COBPCMCHHOM MNPCACTABJICHUNU AaTOMHas
OHEPICTUKA TOKC JIMIICHA HCAOCTATKOB OI'paHUYCHHOCTH pecprHoﬁ 68.3191, HOI[p06Hee 00 »TOM
U 1IpO KOHOCHIUIO 3aMKHYTOTO AACPHOTO TOIINIMBHOI'O HUKJIA ITOTOBOPHUM YYTh HO3)KC); BCC
YCTBIPC BHAA I'CHCpAllUN — 663yTJ'ICpO)1HLIC, TO €CThb IIpH pa60Te BHCKTpOCTaHLII/Iﬁ Ha TaKuX
HCTOYHHUKAX HC MPOUCXOAUT BBIpa6OTKa YIJICKHUCIIOTO Tra3a; BCC YCTBIPC BHUAA I'CHCPpALIUU HC



TpeOYIOT OCTOSIHHBIX OTPOMHBIX IOCTABOK HOBBIX SHEPrOPECypCOB Uil CBOEH paboThI, TO €CTh
IIPUTOJIHBI U1 OTAAJIEHHBIX PETMOHOB.

I'pynna 2

KAK ATOMHASAA DHEPI'A ITPEOBPA3YETCA B DJIEKTPUYECTBO.

ATOMHasi DSHepreTMka - OJHa W3 HamOoyiee OBICTPO Pa3BHUBAIOLIMXCS OTpaciell B MHpeE.
JleicTBUTENBHO, OT MOMEHTa OTKphITUS HeWrpoHa [[xeiimcom Yensukom B 1932 roay 1o
3anycka IlepBoif B mupe ADC (r. O6HuHCK) B 1954 roay nponuio 4yth OOJbIIE IBaLATH JIET!
CeronnHsi B MHUpe dKCIUTyaTUpyeTcs yxe 442 siiepHbIX peakTopa, emie 53 HaxoAaTcs B CTaIuu
ctpoutenbctBa (o nmaHHbiIM Ha 2020 ronx 6a3el maHHbix MAT'ATD 1o sHepreTuueckum
sanepHbIM peaktopam PRIS); u3 Hux 38 peakropoB paboTaroT Ha TEPPUTOPHUU HAIIEH CTpaHBbI.

Jnst Toro 4yToOBI MBI MOTJM TOBOPUTH 000 BCEX TMEPCIEKTUBAX aTOMHOM oTpaciu, eé
O0COOEHHOCTSIX U HOBBIX HAMPABJICHUSIX, MBI JIOJDKHBI pa300paThCsi B TOM, KaK aTOMHasi SHEPTust
npeoOpasyeTcsi B AJIEKTPUUYECTBO U YTO SBIISIETCS] TOTUIMBOM IIPU TAaKOM TIPE0Opa30BaHUU.

Cam mporiecc HEMOCPEICTBEHHOW TeHepanuu sekTposHeprun B ADC JOBOJBHO CXOX C
paboTOM TEIIOBBIX AMEKTPOCTAHLIMNA: BOJSHON Map KPYTUT TypOMHY, KOTOpas B CBOIO OYepeb
ofOecrieunBaeT BpallleHWE »dJIEKTpPOreHepaTopa M BbIPaOOTKY »diekTpuuecTBa. Illpu sTOM
HMCTOYHUKOM TeEIUIa Ui MOJOTPeBa BOJbI CIY)KUT YK€ HE TOpEeHHE MCKONAeMOoro TOIUIMBA, a
SHEPrusi, IOJIydaeMas B PpE3yJbTaTe BBIHYXKICHHOTO pAaJMOAKTHBHOIO pacnaja SAepHOro
TorumBa. SAaepHsiM TormBoM Ha ADC, Kak MPaBWiIO, SBISIOTCA Pa3IUYHbIE COETUHEHUS
TaKOro 3JIEMEHTa, KaK ypaH. YpaH — XUMUYECKHI 3JIEMEHT, OJIMH U3 U30TONOB KOTOPOTO (ypaH-
235) nmnpu B3aUMOJCUCTBHUM C HEUTPOHAMHM CMOCOOEH K pa3/IelieHHI0O Ha JIBa OCKOJKa C
BBIJICJICHHEM KOJIOCCAIBHOM SHeprun. BriepBrie AeneHue suep ypaHa Obuio OoTKpbeITo B 1938 T.
yuéapiMu  O. 'anom u @. lItpaccmanom. [IpumedarenbHO, YTO MpU JACJICHUU SACp ypaHa,
MOMUMO  DHEpPrud, oOpa3yloTCs TaKKe M HOBbIE HEWUTPOHBI, BIIOCJIEICTBUU CIIOCOOHBIE
pa3ienuTh COCEIHHUE SApa — 3TO HA3BIBACTCS LIETIHOM sIepHOM peakuuel neneHus. [Iporexkanue
Takoll CcaMONOJJEPKUBAIOLIEHCS SAEPHONM PEaKUUy NPUBOJUT K HArpeBy Camoro SAEpHOIO
TOIUIMBA, TEIUIO OT KOTOPOrO0 OTBOAMTCS OXJIAKJIAIOIIEH JKUJIKOCTBIO M B UTOrE MPHUBOJUT K
HarpeBy WU HCIAPEHUIO TEIJIOHOCUTETIS.

BaxxHo 0oTMETUTH, YTO SHEPTrUs, 3aKJII0UEHHAs B aTOMHOM SJIp€ M UCHOJb3yeMas JJisl TeHepaluu
tera Ha ADC, kpailHe MoOIIHAas W CKOHLEHTpupoBaHHas! Tak, sHeproémkocts Bcero 1 Kr
SJIEPHOTO  TOIUIMBA B COBPEMEHHBIX PEAaKTOpax CpaBHUMa C IHEproeMkoctbio 60 ToHH (2
uuctepHbl) HehTH win 100 ToHH (2 BaroHa) KaMeHHOTO yriig. MOXHO CMENO YTBEpXKIaTh, YTO
99% Bcell OKpyXarollledd Hac SHEPTUM CKPHITO B aTOMHBIX SIpaX U, B YCJIOBHUSX IOCTOSIHHO
pacTyiieil moTpeOHOCTH B AJIEKTPOIHEPTHU M TEIUIe, Y YelOBEYeCTBA B OYAYIIEeM IMPOCTO HET
MHOTO BBIOOpA, KaK HAYYUTHCS yMelno, 6e30macHo U 3PEKTUBHO MOTIb30BATHCS ITOM SHEpTUeH.

[Ipenmymectso ADC:
. OrpoMHasi 3HeproeMKOCTb

1 KHJIOTpaMM ypaHa € 060F8.II_ICHI/IGM 0 4%, HCIOJIB3YEMOI'0 B AACPHOM TOIUIMBE, IMPU IMMOJIHOM
BbII'OPpaHUM  BBIACIACT OHCPrur0, OSKBUBAJICHTHYKO  CXKHUIAHUIO TIPHUMCEPHO 100 ToHH
BBICOKOKAUYCCTBCHHOI'0O KAMCHHOTI'O YIJIS WA 60 ToHH He(I)TI/I.



I'pynna 3
SEPHBIE TOIUIMBHBIE LIUKJIbI. OTKPBITHIM 1 3AMKHY ThIN ITAKIL.

VYpaH — OpUPOJHBII AIIEMEHT, JECATKHA ThICSY TOHH KOTOPOTO €XKETOJHO JOOBIBAIOT IO BCEMY
mupy. IIpuponnas ypaHoBas pyja NpeicTaBiiseT cOO0H CMECh pa3IMUHbIX U30TONOB (HAIOMHIO,
U30TONbl — Pa3HOBHUJHOCTU AaTOMOB KaKOIro-IM0O XMMHUYECKOTO 3JIEMEHTA, KOTOPbIE HMEIOT
OJINHAKOBBIN aTOMHBIII HOMEp, HO TMpU OTOM pa3HbIE MAacCOBbIE YMCIIA), CAMbBIMHU
pacnpocTpaHEHHBIMU U3 KOTOPBIX SBISIIOTCS ypaH-238 u ypan-235. Ilpu 3TOoM B mpHUpOIHOM
ypaHe coaepkutcs uyth Ooisiee 99% wmzorona ypan-238 u tonpko 0,7% ypana-235. Tak kak
HEMOCPE/ICTBEHHO B IIEMHON sIIEPHON peaklMy y4yacTBYET TOJBKO M30TOIl C aTOMHOM maccoit
235, W3 BCEro MCKOIMAEeMOro ypaHa TOJBKO MEHBIIE OJHOIO IMPOIIEHTa MacChl y4yacTBYET B
reHepanuu sHeprun Ha ADC — ocranbHas Macca UAET B OTBaJl. BO3MOXHO M MOBBICHUTH
3¢ (HEKTUBHOCTh HCTIOIB30BaHMS JTOOBITOTO ypaHa? Bo03MOXXHO, HO JUIsi 3TOTO MBI JIOJKHBI
pa3zoOpaThbcsi, Kakue NpeoOpa3oBaHUS MCIBITHIBAET SACPHOE TOIIMBO B IPOLECCE CBOETO
U3HEHHOTO IIHUKJIA.

PaccMoTpuM KOHUIENIMIO KJIACCUYECKOTO OTKPBITOTO siJepHOro ToIuiBHOro mukia. I[locne
MOOBIYM  ypaHOBas py/la HampaBlseTCs Ha mepepaboTky W oborameHue. OOoramieHueM
Ha3bIBAETCS  MpPOLECC pa3feNieHUs] pa3IUYHbIX H30TONOB YypaHa, B pe3yJabTaTe KOTOPOIO
KOJIMYECTBO TOJIE3HOTO I BBIPAOOTKM 3JIEKTPOIHEPTHU M30TONa ypaH-235 B TOIJIMBHOU
cmecu mosbimaercs ¢ 0,7% no  3-5%. Manee cienyer ¢dabpukanusi MOJyd4eHHOW CMecH B
TOIJTUBHBIE COOPKU U HETOCPEACTBEHHAsT BBIpaOOTKa AMeKTpodHepruu Ha ADC KaxaoW TaKou
cOOpKOil B TeUEHUE HECKOJBKUX JIET. 3aTeM OTpaloTaBllIee SASPHOE TOTIMBO MPOXOANUT CTAAUIO
nepepaboTku (11 BO3MOXHOTO TOBTOPHOTO WCTIOIB30BAaHMsI) WM 3aXOPOHCHHS B
CHeHabHBIX YCIOBUSIX. MBI y)K€ TOBOPUIIH, YTO MPU PEaTU3allU TaKOro MOJX0Ja TOJBKO HE
6omee 1% Maccel TOOBITOrO MPUPOJHOTO YpaHa SBISETCS TOJIE3HBIM C TOUKH 3PEHUS FeHepaluu
SHEpPruu.

JIuimeH Takoro HENOCTaTKa JpYrodl MNEepCHeKTHBHBIA MNOAXOJ — KOHLEHIMS 3aMKHYTOTO
SJIEPHOTO TOIUIMBHOrO IMKiIa. Kak M3BecTHO M3 sA€pHOM (DU3MKU, IPU OCOOBIX YCIOBUSX
BO3MO’KHO MPOTEKAaHUE MHOM s/IEPHOM peakuy — KOHBEpCUH ypaHa. DTa peakiys OCHOBaHA Ha
B3aMMOJICIICTBUU C HEUTpOHAMU yxe He ypaHa-235, a ypaHa-238. Bo3MOXHO c03/1aTh yCIIOBHS,
IPU KOTOPBIX YypaH-238 MOXKET MOIJIOTUTh HEUTPOH B SIIEPHOM pEaKTOpe U INPEBPaTUTHCS B
HOBBIH 3JIEMEHT — IUTyTOHUH. [I1yToHuU, Kak U ypaH, UMeeT JeAIMecs U30TOMbI U TOKE MOXKET
CILY’KUTb SAEPHBIM TOIUIMBOM. PeakTopbl, KOTOpbIE CHOCOOHBI 00€CeUnTh 0COObIE YCIOBHS AT
IPOTEKaHUsI TAaKOM peakIUH, MPHUHATO Ha3bIBaTh «OBICTPHIMH» PEAKTOPAMHU H3-3a OOJIBILIOM
SHEPrUU U CKOPOCTH HEUTPOHOB. TeM cambIM, Tparsd | Kr ypaHa-235 Ha noaJep:KaHue siiepHOn
peaknuu U BeIpabOTKY AJIEKTPOIHEPTUH, B TAKUX PEAKTOpax MOXKHO MOJIYYUTh A0 MOJIyTOpa pa3
00J1b11I€ HOBOTO TOIUIMBA HAa OCHOBE ITyTOHHS.

B (1)H3I/IKC 6BICTpBIe PCAKTOPBI 3a49aCTyr0O CPABHUBAIOT C «nquoﬁ», B KOTOPYIO YCJIOBCK KIIAACT
1 IIOJICHO, a IOCJIC CTOpAaHUsA U MOJIYUCHUS TCIlJIa HAa BBIXOAC IOJIYYaCT 2 HOBBIX mojicHa. Takoe
CTaHOBHUTCA BO3MO>XHBIM Cy1"y'60 n3-3a (I)I/ISI/I‘-ICCKI/IX 0COOCHHOCTEH MMPOTCKAHUA AACPHBIX
peaxunﬁ B Ppa3HbBIX BCHICCTBAX W ABJKCTCA HCOCHOPUMBIM IMMPECHUMYIHICCTBOM HI[CpHOfI
OHCPI'CTUKHMU. ;[,Z[epHLII‘/’I TOIJIMBHBIN LMK Ha 6BICTpLIX PCaKTOPaxX HA3BIBACTCA 3aMKHYTLIM, TaK



KaK, €IWHOXIBI TOOBIB YpaHOBYIO PyAy, MOKHO MHOTOKPATHO MOJy4aTh HOBBIN JENSAIIANCS
MaTtepuai u3 ypaHa-238, KOTOPbII B OTKPHITOM LIMKJIE HIEN B OTBAJL.

Konrnenuusi 3aMKHYTOTO SA€PHOTO TOIUITMBHOTO IIMKJIA U WCIOJIB30BAHUE OBICTPBIX PEaKTOPOB,
HECMOTpPsI Ha CBOIO (PU3MUECKYIO CIOXKHOCTb JJIsl pealln3alluy, MO03BOJISET HE TOJIBKO PEaKTOpy
CaMOCTOSITENIbHO o0ecrieurnBaTh ce0si HOBBIM TOILUIMBOM BO BpeMs paboThl, HO U HapaOaThIBaTh
HOBBIH JENALIUICS MaTepual Uil peakTopoB Kinaccudeckoil koHcTpykuuu. Ceroans Poccust

SBJISETCA IPU3HAHHBIM B MHUpPE JIMJAEPOM IO TAaKUM TEXHOJOTHMSM: B CTpaHe paboTaioT 2
SHEPreTUYECKUX peakropa Ha ObICTpbIX HeWTpoHax (peaktopel BH-600 u BH-800 nHa
benosipckoit ADC) u 1enblif psiA ONBITHRIX M UCCIIEI0BATENbCKUX SAEPHBIX YCTAHOBOK.

HoBblie mpoekThl OBICTPHIX PEAKTOPOB TaK)KE AKTUBHO pa3palaThIBAIOTCS HA CETOIHSIIHUMN JIEHb
Y TIO3BOJISAT B CKOPOM BPEMEHU MaKCHUMaJIbHO UCIIOJIb30BaTh MOTEHIIMAT aTOMHOM SHEpruu. Tem
caMbIM, KaKk Mbl M YIIOMHHQJIM paHee, aTOMHas SHEPreTHKa CTAaHOBUTCS MPUOIIKEHHOW K
BO30OHOBJISIEMBIM HCTOYHHKAM, BE/Ib IMOJ00HAs pereHepanus sACpHOTO TOIIMBA IO3BOJIUT
YBEJIMYUTh MUPOBOM TOIIJIMBHBIN MOTEHIIMAT HA COTHU WJIM JIAXe THICSYH JIET.

[Ipeumymecrso ADC:
. [ToBTOpHOE HCTIOIB30BAaHKE

Pacmenmsirommiicss matepuain (ypan-235) BBITOpAET B sIIEPHOM TOTUIMBE HE MOJTHOCTHIO U MOXKET
OBITh MCIIOJIB30BAH CHOBA IMOCJE pereHepanuu (B OTJIIMYKE OT 30JIbI U LUIAKOB OPraHMYECKOTO
TOITMBA). B mepcrnekTuBe BO3MOXKEH TOJHBIN MEepexo]] Ha 3aMKHYTBIM TOTUTMBHBIM ITMKJI, YTO
03HAYaeT MPAKTHUYECKU MOJHOE OTCYTCTBUE OTXO/IOB.

I'pynna 4

IIOTEHILIMAJT ATOMHOM DHEPTETUKM B TPYIHOJOCTVYIIHBIX PETUOHAX wu
[TIEPCIIEKTUBBI PABBUTHA ATOMHOM SHEPTETUKU

Mg1 YiKC pa306paJ'II/ICI), YTO CYIICCTBCHHBIM HCIOCTATKOM KJIACCHUYCCKHX METOA0B I'cHEpaluunu
OHCPIruv IpHu IMOMOHOIHW CXKUI'daHUA HEBO300HOBJIIEMBIX YrIJII€BOAOPOJHBIX PECYPCOB SABIACTCA
HECJOCTHXXHUMOCTh Ka4CCTBCHHOI'O obecneyeHus aneKTpoaHeprI/Ieﬁ TPYAHOJOCTYITHBIX paﬁOHOB
IUIAHCTBI:  HAIIpHUMCP, ApKTI/IKI/I, PErioOHOB CO  CJIOXXHBIMU  IIPHUPOJHO-KIMMATHYCCKUMU
YCIOBUSMH, HUIIH KpaﬁHe y,I[aJ'IéHHBIX OT KPYIHBIX aFJ'IOMepaI_[I/Iﬁ HaceIEHHbBIX IIYHKTOB U
IIPpOU3BOJACTBCHHBIX KOMOMHATOB. HpI/I 9TOM 3aTpaThbl Ha HeEpcaavdy SJICKTPOSHCPIrUU B TAKUX
YCJIOBUAX W HaA 0oJIbIIINE pacCTodHud MOT'YT B HECKOJIBKO pa3 IHNPCBbIIIATL CTOUMOCTb eé
IIpOU3BOJACTBA. AtomHas SHECPreTuKa B CUIYy CBOCH OOJIBIION 3HepFOéMKOCTI/I TOIINIMBA JIMIIICHA
9TOro HEAOCTaTKa. EnuHoX a61 IMOCTpPOUB ADC B Takom PEruoHe, BO3MOXHO IIOJTYy4YaTb
QJICKTPOIHEPIUIO 0e3 J0CTaBKHM HOBOT'O TOIIJIMBaA OoJIbIIIe rojia uiad gaxe 7 JeT.

B cBasu ¢ stum ceronHa I'ockopropauus «Pocatom» axkTHBHO pa3BUBAeT HAIIPaBIICHHUE,
CBSI3aHHOE C Pa3pabOTKON U CTPOUTENHCTBOM SJIEPHBIX PEAKTOPOB MOl M cpeiHEN MOILITHOCTH.
JIeWCTBUTENBHO, 3a4acTyi0 KOJMYECTBO OSHEPIHM, BbIpa0AaThIBaeMble THIOBBIMU SIIEPHBIMU
peaxkTopaMu, U30bITOUHO JUIS HYXK]I U 33/1a4, BO3HUKAIOIIUX B TPYAHOJAOCTYIHBIX pernoHax. Tak,
HampuMep, COBPEMEHHBIH poccuiickuil siiepHblii peakrop BBOP-TOUM BeipabathiBaeT Oonee
1250 MBT 31eKTpO3HEPruy, YTO ropasfo Oosblie MOTPEOHOCTH OTAEIBHO B3STOrO 3aBOJa,



HEOOJBIIOr0 TOpoJa WM Aaxe Hebosbmiol obmactu Poccun. PaspabareiBaeMbie peakTopbl
MaJIOl  MOIIHOCTH MO3BOJIAT pa3MemaTb HEOOJBIION MCTOYHHK 3JEKTPOSHEPTHH B
HETMOCPECTBEHHON OM30cTH ¢ €€ MOTpeOUTeNneM, YTO CYIIECTBEHHO YACUIEBHUT KOHEYHOE
MPOU3BOJICTBO, a KOMMAKTHBIA pazmep Takux ADC MO3BOJUT pa3MeliaTh UX B YAAIEHHBIX
paifoHax ¥ Ha OTPaHMYCHHBIX IUIOMAAKax. OTAENbHO HEOOXOAUMO OTMETUTH CYIIECTBOBAaHHE
takoro npoekra ADC ¢ peakTopoM MaJlol MOITHOCTH, KaK IJIaBy4asi aTOMHasl JIEKTPOCTAHIIMS
(ITAT3C). C 2020 roma B Poccum  ¢ynkmmonupyer mepBas B mMupe ADC Takoro tuma
«Axanemuk JIoMOHOCOBY», pacrojiokeHHass B nopty ropoaa IleBexk UyKOoTCKOro aBTOHOMHOTO
okpyra. Mcmonp30Banne 3TOW TEXHOJOTUU TIO3BOJISIET CYLIECTBEHHO 3KOHOMUTH TPYI03aTPaThl
Ha JOCTaBKY o0opynoBaHus st ctpouTenbcTBa ADC.

SlnepHasi HSHepreTHMKa, HHEPrUsl JCJICHUS aToMa, HMMEeT OOJIbIINE IUTFOCH  TIepen
TPAIUIIMOHHBIMH CHIOCOOAMH TIOYYSHHsI DHEPTrUH, TaKUMH KaK CXXHTaHHE MHUHEPAIbHBIX WU
ouonorudeckux pecypcos. B otinuunn ot TOC (TennoBoi 3MeKTpUUECKON CTAaHIMH), TJ€ TEII0
MOJTy4aeTcsl TMyTeM CXXHUTaHUS TOIUIMBA OT JAPOB 10 HePTH W YIS, aroOMHas HSHEpPreThka
WCTIONB3YeT DHEPTHUI0 PEaKIUU pacrlaja aTOMOB TSDKENBIX JJIEMEHTOB, B OCHOBHOM YpaHa.
ATOMHasi dHeprus TOpa3 0 YHWIIEe OSHEPrUM CKUTAHWS TOIUIMBA. BBIOPOCH aTOMHBIX
AIIEKTPOCTAHIIMK Ha TOPSIKHA MEHBIIEC 3arps3HSIOT OKPYKAIOMIYI0 Cpeldy, YeM BBIOPOCHI
OOBIYHBIX TEIJIOBBIX CTAaHIMWA. Y OOJBIIMHCTBA PAa3BHUTHIX CTPAaH MHpa aTOMHAs J>HEPreTHKA
MMeeT BechMa 3HAYUTENbHYIO /10110 B 0011eM 3Heprodanance. Hanpumep, Bo @paHium Ha 10110
ATOMHBIX 3JEKTPOCTaHIMN npuxomutcs cBbiie 80% Bcell momydaeMol sHepruu. OpHako
aATOMHBIC D3JIEKTPOCTAHIIMU TPEOYIOT OYEHb BBICOKOW KBAIM(PHUKAIUKA OOCITYKHBAIOIIIETO
MepcoHaja U CTPOroro KOHTPOJIS 3a aOCOIIOTHO BCEMU MapamMeTpaMu, UHaye, B Cllydyae aBapuu,
BBIOPOCHI BPEIHBIX BEIIECTB MOTYT CYHIECTBEHHO IMPEBBICUTH BHIOPOCHI TEIUIOBBIX CTAHIIMM.
Eme oana cymectBeHHas1, HO pemiaemasi mpo0jaemMa aTOMHON SHEPTeTUKH - YTHIIU3aLUs OTXO0B.
K coxanenuto, B HacTosiiee BpeMs CaMbIM IPOCTHIM, U KaK CIEACTBHE, CaMbIM JICIIEBbHIM

CIocooom YTUIHU3alun paJuOaKTHUBHBIX OTXOAOB SABJLICTCA HMX 3aXOPOHCHHC. bomee
9KOJIOTMYHEIE CITIOCOOBI YTUJInU3anuu: pasaClICHUE Ha AOOJIOXHUBYIHIUME W KOPOTKOXKHBYIHC
HU30TOIIbI, CXHIaHUC B AaTOMHBIX PpC€aKTopax paauOaKTUBHBIX OTXOI0B, C)KHUI'aHUE

padnOaKTUBHBIX OTXOJOB B HEApPax 3BEC3[1 (B TOM YHCIIC U COJ'IHHC) - ITIOKa 5KOHOMHWYECKHU HE
BBIT'OJHBI. Taxum O6p330M, B HACTOALICC BPEMs BBIACIIAIOT 3 MPUHIHIIHAIbHBIX HpO6JI€M
HCIIOJIB30BaHUA HHCpHOﬁ OHCPI'Uu: COﬂeﬁCTBHe PaclipoCTPaHCHUIO SANCPHOTO  OPYKUA,
PadrOaKTHBHBIC OTXOAbI U BO3MOXKHOCTD aBapHﬁ.

I'pynna 5
BYJIVILIEE SAEPHOM SHEPTETUKU — YIIPABJISEMBIU TEPMOSIEPHBIN CUHTES3.

HOCJ’IC,Z[HCG, 4To HCO6X0,I[I/IMO YIIOMAHYTB, pacCMaTpuBas MNEPCICKTUBLI UCTI0JIB30BAHU SHECPTUN
sAApa AJid reHepalun 3JICKTPUICCTBA — 3TO KOHICIIIHUA YIIPABIIKICMOI'0O TCPMOAACPHOI'O0 CHUHTC3A.
B otnuuune ot TpaﬂHHHOHHOﬁ SII[epHOﬁ OHEPreTHuKu, Korja AACpHasa dSHCPIrua BBICBO60)K,I[8.€TCH
Hy’TéM JENEHUS TSHKENNBIX H30TOMNOB (ypaHa, IUTYTOHHUSA U T.I[.) Ha Oollee NErKue OJICMCHTBI,
BO3MOXCH H 06paTHBII>i nmponecc: CHUHTE3 ALCP JIErKMX XUMHYECKHX DIIEMEHTOB B Ooliee
TH)KéJ'ILIe, KOTOpBIﬁ TAK¥KE COIMPOBOKAACTCA BBIACICHUCM KOJIOCCaJbHOM OHCPIuu.

Taxkas pCaKkiuss Ha3bIBACTCA TepMOH,Z[epHHﬁ cuHTe3. XOTA AACPHBIX peaKL[I/Iﬁ CHHTC3a,
NpUBOAAIIUX K  BBIACIICHUKO OHCPIrUM  JOBOJIBHO MHOI'O, IJId HPAKTUYCCKUX enei



HCII0JIb30BAHUS SIIEPHOM SHEPIUH, MHTEPEC MPEACTABISAIOT TOJIBKO PEAKIUM IPHUBEIEHHBIE B
Tabmuue 1. 31ech U HIKE MBI HCTIOJIB3YEM CTaHAApTHOE 0003HAYEHHE W30TONOB BOJIOPOJA: P -
MPOTOH ¢ aroMHOM Mmaccoil 1, D - medTpoH, spo cocrosiiee U3 OJHOTO MPOTOHA U OJIHOTO
HEUTpPOHA M, COOCTBETCTBEHHO, C aTOMHOM Maccoi 2 u T - TpUTHii, U30TOM, SAPO COCTOUT U3
OJIHOTO MPOTOHA U JIBYX HEUTPOHOB ¢ Maccoil 3. Bee sigpa, yuacTByroIIKM€e B 3TUX peakLuUsaX 3a
UCKJIIOYEHUEM TPUTHS CTaOMWIbHBI. TPUTHIL - 3TO palnOaKTUBHBIM U30TOI BOJOPO/Ia B IEPUOTAOM
nonypacnana 12.3 ner. B pesynsrate f-pacnana (korja B spe HEHTPOH pacragacTcsl Ha MPOTOH
M DJIEKTPOH, MPU STOM DSJIEKTPOH BBUIETAET W3 sjpa, OH mpeBpamaercs B He3 (remuit 3,
oObruHbIil Temmii (He4) cocrouT W3 ABYX NPOTOHOB M JBYX HEHTPOHOB, HM30TOIN Tenmus 3
BKJIIOUAeT B ce0sl TOJBKO OJMH HEUTPOH, BMECTO 2, 3/1€Ch M Jajee YHUCIO OKOJIO AJIEMEHTa
MOKa3bIBAET COBMECTHOE YUCIIO MPOTOHOB W HEUTPOHOB B sjpe. Tak, Hampumep U238, ypan,
0003HaYaeT M30TOM ypaHa B KOTOPOM CYMMapHOE€ YKCIIO MPOTOHOB M HEUTPOHOB paBHO 238),
U3Mlyyass HU3KOSHEPTUYHBIH 3JIEKTPOH. B oTnnume OT siiepHBIX peakuui AeleHus, peakuuu
CHUHTE3a HE MPOU3BOJAAT JOJTOKHMBYIIMX PaJMOAKTUBHBIX OCKOJIKOB TSKENBIX SJep, 4TO JaeT
MPUHIUIHAIBHYI0O BO3MOXKHOCTh CO3/JaTh "YUCTBIN" peakTop, HE OOpeMEHEHHbIN MpoOsieMoit
JOJITOBPEMEHHOTO XpPaHEHUS PaJUOAKTHUBHBIX OTXOJIOB.

Taobmuia 1.
SnepHbIe peakiuu, MPeACTABISMIONINE HHTEPEC TS YIIPABISEMOTO TEPMOSIICPHOTO CHHTE3a

Peakmus DHepreTUYecKuil BeIXo/, g, (MaB)
D+T=He4 +n 17,6
D+D=He3+n 3,27
D+D=T+p 4.03 st MIPOTEKaHUs
TEPMOSIIEPHBIX PEaAKIIHi
D + He3 = He4 + p 18.4 HE00X0IUMBI
OmpeaesiEHHbIE YCIOBUS,
p + B11 = 3He4 8.7 Kak, HATIpUMED,
- JOCTHKEHHE
Li6+n=Hed+T 4.8 TEMIIEpaTypbl B COTHH
- MUJUIMOHOB ~ T'PajlyCoOB.
Li7+n=He4+T+n |-2.47 Touno TAKIE e
peaxkuu AJICPHOTO

CHUHTC3a IIPOTCKAKOT B 3BE3/1aX U HaA COJ'IHI_IG.

JloCTHKEHWE CTOJb CIOXKHBIX YCIOBUM TNPOTEKaHMsI PEAKIUU B 3EMHBIX YCIOBHSAX TOXKE
BO3MOXHO. CyIleCTByeT MHOKECTBO METOJOB IOJYYEHHUS M IMOAJEPKAHUSA TAKUX YCIOBHH.
OmHMM W3 TakuxX METOJOB ABJIAETCS HArpeB M yIEp)KaHUE IUIa3Mbl U3 CHUHTE3UPYEMBIX
MaTepHUAJIOB NP BBICOKOM TEMIIEpPAType MPU MOMOIIM MAarHUTHOTO noJist. CerogHs 3TOT METOX
9KCIEPUMEHTAIBHO oTpabaThIBaeTCsl MeXIyHapoaHOW rpynmnoi yuéHeix B IIpoekre
MEXAYHApOAHOIO JKCIIEPUMEHTAIBHOrO TepMosiiepHoro peakropa ITER (uccinenoBarenbckuit
uentp Kapmapam, @panuus). AKTMBHOE ydacTHE B 3TOM IpOeKTe NMpuHUMaeT U Poccuiickas
@enepanust. Tak kak HM30TON BOJOPOAA JAEHTEpUH NOBOJBHO PACHPOCTPAHEH B IPHUPOJE, a



[IOJIyUEHUE TPUTUS BO3MOXKHO B SJIEPHBIX PEAKTOpAX, TEPMOSJEpHAs DHEPreTHKA CTAaHET
a0COJIIOTHO HE3aBUCHMBIM OT BO300HOBIICHHS PECYPCOB HCTOYHMKOM SHEPTHH.

IIpunoxenne 5.
Bonpocs! yunTens st HoABeICHHSI HTOTOB.

B cBsi3m, ¢ ueM B cepeanHe XX Beka BO3HUKIIA HEOOXOAMMOCTh HAXOKACHHS HOBBIX
HWCTOYHHUKOB SHEPTrUn?

HazoBure nBa ocHOBHBIX npeumyiiectsa ADC nepeq IpyruMu BUAAMH JIEKTPOCTAHIIUM.
HazoBure Tpu 0CHOBHBIE TPOOIEMBI COBPEMEHHONW aTOMHOM 3HEPT€TUKH.

[IpuBeauTe nmpuMepsl MyTel pemieHus npooieM aTOMHON IHEPTETUKH.



