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Cubupckuil pedepanvuslii ynusepcumem

KPATKASA AHHOTANUS

PaGora mnocesileHa HCCIEIOBAHUIO U JUATHOCTUKE AaTOMHOM DJHEPreTUKH, €€
TEPMUHOB U NMpUMeHEeHUs. JlaHHas padoTa MOMOXKET PACIIUPUTh 3HAHUS B 00J1aCTH (DU3UKH,
a UMEHHO aTOMHOW 3HEPreTUKE, KOTOPAsl IMO3BOJISIET MPOBECTU OTPOMHBIE UCCIEAOBAHUS B
cBOEéM paszene. B paboTe BbI MokeTe 0oJibIlle Y3HATh 00 aTOMHOW SHEPTEeTHKE, @ UMEHHO 00
€€ TIJaBHBIX COCTABISAIOMMX 4dacTAx. [IpoBen€HHbIE HCCIEIOBAHUS B JAHHOW TEME
MTO3BOJISIFOT TOBOPUTH 00 aTOMHOW SHEPIreTHKE KaK O MOITHOM MCTOYHUKE SHEPTHH, TaK KE B
pabore OyayT HpUBEIEHBI MPUMEPHI TMPUOOPOB, KOTOPHIC BHIPAOATHIBAIOT ATOMHYIO
sHepruto. B HayuHo- HccnenoBaTenbekoi paboTe OyAeT JoKa3aHo, YTO aTOMHAs YHEPreTUKa
HY)KHA YeJIOBEKY B HACTOSIIIIEM U OyayIieM, Kak HeHCUepIiaeMblii HCTOYHUK TEIlIa U CBETA.

IEJb HAYYHO- UCCJIEJOBATEJBCKON PABOTHI
Bbonee moapoOHO y3HATh 00 aTOMHOM YHEpPreTHKe, €€ MPUMEHEHHUS B )KU3HU YEeIIOBEUECTBA,
OCHOBHOTO CTPOCHHSI U MOSICHUTH HEKOTOPBhIE TEPMHUHBI aTOMHOM SHEpreTuku. B Teuenun
paboTHI 51 MOMBITAIOCH PACCMOTPETH BCE BO3HUKAIOIIUE BOMPOCH! Y MUPA JIIOJECH U SKOJIOTHH.
B 3axmroueHuu paboOThl s MOMBITAIOCh OO0OOIIMTH BECh MaTepuan pabOThl U CHAENATh
TPaMOTHBIN BBIBOJ U3 CBOEH PabOTHI.

3AJAYU HAYUYHO- UCCJIEJOBATEJIBCKOM PABOTHI
Ornucanue aTOMHON SHEPreTHKHU.
ATOMHas SHEpPreTUKa- 3TO BpeJl YeTIOBEUECTBY WU MOJb3a?
ATOMHas SHEpPTreTHKa- IEPCIIEKTHBHAS OTPACITH?
Hy>xHa 1 Mupy aToMHast SHEpreTrKa?
CoBpeMEHHOE HCIIOIH30BaHIE aTOMHON YHEPTETHKH.
DKOJIOTHS U aTOM.

MPOBJIEMbI HAYYHO- UCCJIEJJOBATEJABCKOM PABOThHI
Cy1iecTBOBaHNE aTOMHOM SHEPTEeTUKU.
OcHoBa aTOMHOM YHEPTETHKHU.
[Tpubopsl, BeIpabaThIBaIOIINE ATOMHYIO YJHEPI€THKY.
[TpenoTBpanieHye Bpeaa, HAHOCUMOIO aTOMHOM 3HEPTreTUKOM.

«ATOMHAA S9HEPI'ETHKA - IIEPCIIEKTHBHAA OTPACIIb.
B neii 9konozusn u ykonomuka udym pyka oo pyxy.»
Pooepm Huemamynun.

BBEJIEHUE

JHepreTuKa- BaKHEHIIas OTpPacib HApPOJHOIO  XO34KCTBA, OXBAaThIBAKOIIAS
HHEPreTUYECKUE Pecypchl, BBIPAOOTKY, MpeoOpazoBaHHe, Nepefady U HCIOJIb30BaHUE
Pa3IMYHBIX BUJIOB SHEPTUH. DTO OCHOBA Y)KOHOMMKH rocyAapcTBa. Pa3zBuTue 4enoBe4ecKkoro



o0mIecTBa HEPA3PHIBHO CBS3aHO C MCIIOIH30BAaHUEM MPHUPOJIHBIX PECYPCOB HAIICH TIAHETHI,
¢ oTpeOIeHNEM SHEPTHH BO BCE BO3pacTaImKX Maciradax. Ho OonbIIMHCTBO pecypcoB
HE BO30OHOBISIETCS, TO KpalHeH Mepe, B 3aMETHBIX KOJMYECTBaX. OJTO TOBBIIIACT
OTBETCTBEHHOCTD JIIOJICH Tepell TPSIyIIMMUA TTOKOJICHHSIMH 32 OCpEKHOE M PallMOHATIBLHOE
UCIIOJIb30BaHUE PECYPCOB TUIAHETHI, BOBMOKHO MEHBIIIEE 3arpsi3HEHUE €€ BCEBO3MOXKHBIMU
oTxojamH. Pa3BuTHE aTOMHOW DJHEPreTHKH 3aBHCHT OT YPOBHS OOIIEMHUPOBBIX
DHEPreTHUECKUX MoTpedHOocTel. Jos o0IIero mpou3BOACTBA YHEPTHH, KOTOPYIO MOXKHO
00eCIeYnTh 32 CYET aTOMHOM SHEPreTHKH, 3aBUCHT OT NMPUEMIIEMBIX JUISI TPOMBIIICHHOTO
UCIIOJIb30BAaHUsI TPUPOJHBIX 3aMacOB TPAIUIIMOHHBIX OCHOBHBIX HCTOYHUKOB DJHEPTUU
(yris, HedTH, raza) U 3(PGEKTHBHOCTH HCIOJIb30BAaHUS BO300OHOBIISIEMBIX HCTOYHHUKOB
SHEPTUH, B OCOOCHHOCTHU COJIHEYHOM SHEPTHH.

AToMHAasi JHepreTuka (sigepHasi TeXHHMKA)- 00JacTh TEXHUKH, OCHOBaHHas Ha
MCIOJIb30BAaHUU PEAKIIMH JIeJICHHsI aTOMHBIX sIJIep JUIsl BBIPAOOTKU TEIUIOTHI U MPOU3BOJICTBA
anekTposnepru. B 1990rony aromusimu snexkrpoctaniusimMu (ADC) Mupa npou3BOAWIOCH
16% snextposHepruu. Takue anekTpocTaHiuu padotanu B 31 cTpaHe U CTPOMIKCH elie B 6
cTpaHax. SlnepHbIi cekTop 3HepreTuku HauOosee 3HauuteneH Bo Dpanuuu, bensrum,
Ouunauauu, llIBenuu, bomrapum m IIBelnapuu, T.€. B T€X MNPOMBIILIIEHHO Pa3BUTBIX
CTpaHax, € HEJOCTaTOYHO IMPHUPOAHBIX SHEProOpecypcoB. DTU CTPAaHbl IPOU3BOJAAT OT
YeTBEpPTH A0 NOJIOBUHBI cBoed snekTposHeprum Ha ADC. CHIA npousBogar ma ADC
TOJIKO BOCBMYIO YaCThb CBOEH 3JIEKTPOIHEPTHH, HO 3TO COCTABIISAECT OKOJIO OJHOM ISATOM ee
MHPOBOTr'0 IPOU3BOJICTBA.

ATOMHas JHEPreTuKa- 35TO CIOXKXHOC IIPOU3BOACTBO, BKIIIOYAOOICC MHOXKCECTBO
IMPOMBIIIJICHHBIX ITPOLECCOB, KOTOPBIC BMECCTC 06p8.3y}OT TOIJIMBHBIN ITUKII. CYH_IGCTBYI-OT
PAa3HBIC TUIILI TOIUIMBHBIX HUKJIOB, 3aBUCAIINUE OT TUIIA PEAKTOPA U OT TOr'0, KaK IMpOTCKACT
KOHCYHasA CTaausd OHUKIIa.

I'naBa 1. OcHOBHBIE CBe/IeHUS 00 aTOMHOI YJHEepreTuKe
1.1. OcoGeHHOCTH ATOMHOI JHEPreTUKH

JHeprusi - 3TO IJIaBHAs OCHOBA OCHOB. Bc€ nydiree nuBMWIM3alMM, BCE MaTE€pHAIIbHBIC
cdepbl eATeIbHOCTH 4YeJIOBEeKa- OT CTUPKU Oenbsi 10 uccienoBaHus JlyHel u Mapca -
TpeOyIoT pacxosaa sHepruu. M yem panbiue, TeM Oosblie i Troael (3emin).

Ha ceropssimiHuii JeHb SHEprus aToMa UIMPOKO MCIOIB3YETCS BO MHOTHX OTpPAaCisaX
HSKOHOMHKH. CTpOSITCS MOIIHBIE IMOJIBOJHBIE JIOJKU W HAABOIHbIE KOpPAOIM C SACPHBIMU
SHEPreTUYeCKUMU ycTaHOBKaMu. C IMOMOUIbI0O MHPHOTO aTOMa OCYIIECTBISETCS IMOMCK
MOJIE3HBIX HMCKOMaeMbIX. MaccoBoe NpUMEHEeHHe B OHOJIOTHMH, CEIbCKOM XO3SIHCTBE,
MeAMIIMHE, B OCBOEHUHU KOCMOCA HAIIUIM PaJIM0aKTUBHbIE U30TOIIBI.

3HayeHHe aTOMHBIX JJEKTPOCTAaHIMA B JHeprobanaHce JOOOW CTpaHbl TPYAHO
nepeoneHuTh. ['uaposnepreTuka TpeOyeT co3qaHus KPYIMHBIX BOJAOXPAaHWIHIL, O] KOTOphIE
3aTaIuIMBaOTCs OOJbIIME TUIOIIAAM IUIOJOPOJIHBIX 3eMenb. Boga B HUX 3acTamBaeTcst U
TEpsIeT CBOE KadeCTBO, YTO, B CBOIO OYepenb, 00OCTpsieT MpoOIeMBbl BOJOCHAOKEHUS,
PBIOHOTO X0351ICTBAa M UHAYCTPUH JIOCYTA.

TennosHepreTnyeckue CTaHIMM B HaWOOJBIIEH CTENEHU CIIOCOOCTBYIOT pPAa3pyIICHHUIO
O6uochepsl U mpupogHOM cpeabl 3emun. OHHM yXe H3pacXoJOBalld  JIECATKH TOHH
opraHuyeckoro torumsa (yris). s ero 700bIYM B CEIBCKOM XO3SUCTBE U APYyrux chepax
HKOHOMHKH U3BIMAIOTCS OTPOMHBIE 3eMeIbHbIE TUIOMAAU. B MecTax OTKpbITOM 100BIYM YTis
00pa3yroTcs «JIyHHbIE JaHAMA(THI», a OBBIIIEHHOE COEpKaHUE 30JIbl B TOIUIMBE SIBJISETCS
OCHOBHOM NPUYMHOM BBIOpOCAa B BO3JyX MAECATKOB MWIIMOHOB TOHH SO,. TemoBble
SHEpreTUYecKre yCTaHOBKHM BO BCEM MHpPE BBIOpAchIBalOT B aTMocdepy 3a rox ao 250 miH
TOHH 30716l U 0KOJI0 60 MJIH TOHH CEPHUCTOIO aHTUPUJIA.



Atomuble 3ekTpocTaHuu (ADC)— 3TO TpeTUl «KUT» B CUCTEME COBPEMEHHOW MHUPOBOM
sHepreTuku. TexHuueckas obOecriedeHHOCTH ADC, OeccrnopHO, SBISIIOTCS KPYMHEHITUM
JOCTIDKEHUEeM HaywHo-TexHuuyeckoro mporpecca (HTII). B cimyuae ux Oe3aBapuitHOi
paboThl HE MPOU3BOAUTCS MPAKTUYECKH HHUKAKOTO 3arps3HEHUs OKpYKaIoled Cpelbl,
kpome TermiaoBoro. IlpaBma B pesynbrate paborel ADC (M mpeanpusTHl aTOMHOTO
TOIUIMBHOTO  LIMKJIa)  00pa3yroTCs  paJAMOAKTUBHBIE  OTXOJABI,  MPEJCTaBISIONINE
NOTEHIMAJIBHYIO0 OMAaCHOCTh JUIsl Bcero kuBoro. OOHanexuBaeT TOT (akT, 4To 00BEM
pPaZOaKTUBHBIX OTXOJIOB JIOBOJLHO MaJjl, OHM BeCbMa KOMIIAKTHBI, U UX MOKHO XPaHUTbH B
TaKUX YCJIOBMSIX, KOTOPbIE€ FapaHTUPYIOT OTCYTCTBUE yTeukh. ADC MHOro 3KOHOMHUYHEE
OOBIYHBIX TEIUIOBBIX JJEKTPOCTAHIMM, a, camMoe TJIaBHOE, MpU HUX MPaBUIBLHOU
AKCIUTyaTallMi — 3TO YUCThIE HCTOUYHUKU IHEPTUH.

BwMmecre ¢ Tem, pa3BuBas SAEpHYIO SHEPreTHKY B MHTEpecax SKOHOMHKH, Hellb3s 3a0bIBaTh U
0 0e30MacHOCTH U 3I0POBbE JIIOJIEH, TaK KaK OIIMOKH MOTYT IPUBECTH K KaTacTPOPHUUECKUM
nocneAcTBusiM.Bcero ¢ MomMeHTa Hayania 3KCIUTyaTalliM aTOMHBIX CTaHUUN B 14 crpaHax
mMHupa mnpousonuio Oonee 150 MHIMACHTOB M aBapHil Pa3TUYHOM CTENEHH CIO0KHOCTH.
Haubonee xapakrepusie u3 Hux: B 1957 r.— B Yunnckeiine (Aurnus), B 1959 r.— B Canra-
Crozanne (CIIIA), B 1961 r.— B Aitnaxo-®omnce (CLIA), B 1979 r.— na ADC Tpu-Maiin-
Atinenn (CLLIA), B 1986 r. — na UepnooOsuibckoit ADC ( OpBmnit CCCP, ceituac Ykpauna).

1.2 CpeacrBa aTOMHO# YHEPreTHKH

EcTecTBeHHBIM M HEMaJIOBaKHBIM MPEJCTABIACTCS BOIMPOC O CPEACTBax (pecypcax)

CaMoro sIEpHOro TOIUIKMBA. JlOCTaTOYHBI JM €ro 3amachkl, YTOOBl 00ECIEYUTHh IIUPOKOE
pa3zButue sfaepHod sHepretuku? I[lo mpuMepHBIM JaHHBIM, Ha BCEM 3€MHOM LIape B
MECTOPOXKACHUSIX, MPUTOIHBIX ISl pa3pabOTKU, MMEETCS HECKOJIbKO MUJUIMOHOB TOHH
ypaHa. OTO JI0BOJIbHO MHOT0, HO HEOOXOJMMO TaK)K€ YyUUThIBATh, YTO B IMOJYYHUBIIUX B
HacToslee BpeMs MHUpokoe pacnpoctpaneHue ADC ¢ peakTopamMu Ha TEIIOBBIX HEHTPOHAX
JUIIb O4YEHb HeOOoJbIlas YacTh ypaHa (okoso 1%) ucnonb3yeTcst A BbIpaOOTKH SHEPTUU.
[ToaTOMy mpu crnenuanu3aluyd TOJbKO Ha peakTopax C TEIJIOBBIMH HEUTPOHAMH, siAepHast
HHEpPreTHKa MO COOTHOILIEHUIO PECYPCOB HE TaK YK MHOTO MOXET J00aBUTh K OOBIYHOMU
JHEpreTuKe - Bcero Juib okoso 10%. ['mobanbHOro pemenus HaaBUTarOLIEHCS TPOOIeMbl
HHEPreTHUECKOro ToJI0a HE OyJaeTcsl.
CoBceM MHBIE NEPCIEKTUBHI MOSABIAIOTCA B ciaydae npuMeHeHus ADC ¢ peakropaMu Ha
OBICTPBIX HEUTPOHAX, B KOTOPHIX MCIIOJIB3YIOTCS MPAKTUYECKU BECh JOOBIBAEMBIN ypaH. DTO
O3HayaeT, 4YTo 00bEM IMOTEHIHUAIBHBIX PECYPCOB SJEPHONW SHEPreTUKU C peakTOpaMu Ha
OBICTPBIX HeWTpoHAx mpuMepHO B 10 pa3 Oosblie 4YeM B TpaJAULIMOHHON (HAa OpraHMYeCKOM
ToriuBe). bosee Toro, mpyu MOJIHOM HCIOJIb30BAaHUM ypaHa CTAaHOBUTCSI pEHTA0ENbHON ero
n00bIYa B MECTOPOXKIEHHUAX C Majol ero KOHIEHTpanued. A 5TO B KOHEYHOM CueTe
O3HauyaeT MPaKTUYECKH HEOrpaHHMYeHHOe (110 COBPEMEHHBIM MaciTabaMm) pacIIupeHue
MOTEHILIMAIBHBIX CHIPHEBBIX PECYPCOB SIIEPHON IHEPIETUKH.

Wtak, npuMeHEHuEe peakTOpOB Ha OBICTPBIX HEUTPOHAX 3HAYUTENIBHO pacIIUpseT
TOIUIMBHYIO 0a3zy saepHOM »sHepreTku. OJHAKO MOXET BO3HUKHYTh BOIIPOC: €CIHU
PEaKTOpbI Ha OBICTPHIX HEHTPOHAX TAaK XOPOIIH, U CYIIECTBEHHO NMPEBOCXOIAT PEaKTOPHI Ha
TEIUIOBBIX HEUTpoHaxX Mo 3((EeKTUBHOCTU HCIOJIB30BaHUS ypaHa, TO MOYEMY IOCIEIHUE
BooOmIe cTpositcs? ITouemy Obl ¢ caMoro Hauana He pa3BUBATh SACPHYIO DHEPreTHKY Ha
OCHOBE PEaKTOpOB Ha OBICTphIX HelTpoHax? Ilpexme Bcero, ciemyer cka3aTh, 4TO Ha
NEpBOM 3Tale pPa3BUTHUS SACPHOM DHEPTreTHKH, Korja cymmapHas MomHocTe ADC Oblia
MaJa, a pecypcoB ObLJIO JOCTaTOYHO, BOIIPOC 00 MX BOCIPOU3BOJICTBE HE CTOSUI TaK OCTPO.
[TosTOMYy OCHOBHOE MPEUMYIIECTBO PEAKTOPOB Ha OBICTPBIX HEUTpOHaX - OONBIION
K02 PUITMEHT BOCTIPOM3BOJICTBA - €IIIE HE SIBJISIICS PEIIAIOIIUM.

B 10 e BpeMsi BHayasie peakToOpbl Ha OBICTPHIX HEUTPOHAX OKA3aJUCh HE TOTOBBIMH K
BHEJpeHu10. Jleso B TOM, YTO MPH CBOEH KaXyIIEHCsl OTHOCUTEIbHON MPOCTOTE (OTCYTCTBUE
3aMeIUTeNs1) OHM TEXHUYECKU OoJiee CIOXKHBI, YEM PEaKTOPbl Ha TEIMJIOBBIX HEWTpOHAaXx.



Jnis ux co3naHus HE0OXOAUMO OBLIO PEeIIUTh PsAfl CEPhE3HBIX MPOOJIEM, UYTO MOTPEOOBAIO
IPOJOJDKUTEIBHOIO BPEMEHU. OTH MpOOJIEMBI CBA3aHBI B OCHOBHOM C OCOOEHHOCTSIMU
UCTIOJIB30BAaHUS SIEPHOTO TOILIMBA, KOTOPbIE, KaK M CIIOCOOHOCTH K BOCIIPOU3BOJICTBY, T0-
pa3sHOMY IPOSIBIIAFOTCS. B PEAKTOPax pa3iaudHoro tumna. OgHako B OTIIMYUE OT IOCIEAHEN
3TH 0COOEHHOCTH CKa3bIBAIOTCS 0oJiee OJIarONpUATHO B PEaKTOpaxX Ha TEIUIOBBIX HEHTPOHAX.
ITepBas U3 3TMX OCOOEHHOCTEN 3aKIIOYAETCA B TOM, YTO SAEPHOE TOILUIUBO HE MOXKET OBbITH
U3PacX0JJ0BAHO B PEAKTOPE MOJHOCTHIO, KAK PACXOIyeTCs] OOBIYHOE XUMHUYECKOE TOIUIHBO.
[Tocnennee, Kak NIPaBWIIO, CKUTAETCA B TONKE OO KOHIA. BO3MOXHOCTH IPOTEKAHUSA
XUMHUYECKON pEeaKLUU MPaKTUYECKH HE 3aBHCHUT OT KOJIMYECTBA BCTYMAIOLIETO B PEAKIUIO
BeniecTBa. llenmHoN sAnepHOM peakuued He NPOMCXOAMT, €CIM KOJIMYECTBO TOILUIMBA B
peaKTope MEHbILIE ONPEAEICHHOTO 3HAUEHUs, Ha3bIBAEMOI'0 KPUTHUUECKOI MacCOil.

Vpan (IUIyTOHMI) B KOJMYECTBE, COCTABJSIOIIEM KPUTHYECKYK0 MAacCy, HE SBIISETCS
TOIJIMBOM B COOCTBEHHOM CMBbIce 3Toro cioBa. OH Ha BpeMs Kak Obl MpeBpaliaeTcs B
HEKOTOpOE€ MHEPTHOE BEIIECTBO HANoJo0Me >Keje3a WIM JPYruX KOHCTPYKIMOHHBIX
MaTepUasoB, HaXOAUIMXCS B peakTope. Bpiropats MOXKET JHILb Ta YacTh TOIUIMBA, KOTOpPas
3arpy’kaeTcs B peakTop CBepX KpUTH4YecKod Macchl. TakuM oOpa3oM, siilepHOE TOIJIMBO B
KOJIMYECTBE, PABHOM KPUTHUYECKON Macce, CIYXHUT CBOEOOpa3HbIM KaTalll3aTopoM
npoiiecca, 00ecrieunBaeT BO3MOKHOCTb IIPOTEKAHUS PEaKIH, HE y4acTBYs B HEH.
EctecTBeHHO, YTO TOIUIMBO B KOJIMYECTBE, COCTABISIONIEM KPUTHYECKYIO Maccy, (PU3NIECKU
HEOTJEJIIMMO B PEAKTOpPE OT BBINOPAIOLIETO TOILIMBA. B TEIIOBBIAEIAIOIMUXCS IEMEHTaX,
3arpy’aemMblX B pPEaKTOp, C CaMOro Hayaja IOMEILAeTCsl TOIUIMBO, KaK JUIsl CO3JaHUA
KPUTHYECKON MacChl, TaK U JJIsl BBITOPAaHUA. 3HAYEHUE KPUTUYECKONW MacChl HEOJUHAKOBO
JUISL pa3JIMYHbIX PEAKTOPOB U B OOLIEM CIIy4yae OTHOCUTEIBHO BEJIUKO.

Tak, 1151 cepuifHOro OTEUYECTBEHHOI0 YHEPTeTUUECKOro OJI0Ka C PEaKTOPOM Ha TEIJIOBBIX
HeliTpoHax BBOP-440 (BoxsHol »Hepreruueckuid peaktop MoinHocThio 440 MBT)
KpuTHueckas macca ypaH-235 cocrasiser 700 Kr. DTO COOTBETCTBYET 2 MJH. TOHH YIJIS.
WHpiMM cIOBaMM, NPUMEHMUTEIBHO K 3JIEKTPOCTAHUMHU Ha YIJIe TOW € MOIIHOCTU 3TO
O3HauaeT 00s3aTeNbHOE HAJIMYME MPH HEH TaKOro JOBOJBHO 3HAYMTEIBHOTO KOJMYECTBA
HEIPUKOCHOBEHHOT 0 3amaca yris. Hu oquH kujiorpaMm u3 3TOro 3amaca He pacXoayeTcs U
HE MOXKET OBITh U3PACX0JI0BaH, OJIHAKO 0€3 HEro IEeKTPOCTaHIIUs paboTaTh HE MOXKET.
Hanuune Takoro KpymHoro KoJMyecTBa '"3aMOpOXKEHHOIO' TOIUIMBA, XOTS M CKa3bIBAeTCA
OTPULATENIBHO HAa JKOHOMHUYECKHMX IIOKAa3aTeNIAX, HO B CHJIY pEaJbHO CIJIOXKHBILIETOCS
COOTHOILEHUS 3aTpaT JUIsl PEaKTOPOB Ha TEIUIOBBIX HEHTPOHAX OKa3bIBA€TCA HE CIMILIKOM
oOpeMeHUTEeNbHBIM. B cityuae ke peakTopoB Ha OBICTPBIX HEHTPOHAX C ITHUM MPHUXOIUTCS
CUUTAThCS O0JIEe CEPhE3HO.

PeakTopsl Ha OBICTPBIX HEMTpOHaX 00JalAIOT CYIIECTBEHHO OOJbIIEeH KPUTHUYECKOMH
Maccoi M0 CPaBHEHUIO C PEaKTOpaMU Ha TEIUIOBBIX HEWTpOHax (MpHU 3alaHHBIX pa3Mepax
peakTopa). OTo 0OBSCHSAETCS TeM, UTO OBICTPbIe HEHTPOHBI PU B3aUMOJIEHCTBUU CO Cpenoi
OKa3bIBalOTCs OoJyiee "MHEPTHHIMH', YEM TEIJIOBble. B 4acTHOCTH, BEPOATHOCTH BbI3BATh
JiefieHHe aToMa TOIIMBA (HA €AMHULIB! JJTUHBI IyTH) JUISI HUX B COTHH pa3 MEHbILIE, YeM /IS
TeIIoBbIX. [[is1 TOoro, yToObl OBICTpblE HEUTPOHBI HE BbUIETAIM O€3 B3aUMOJEHCTBUS 3a
npesienbl peakTopa W HE TepsuluCh, UX "MHEPTHOCTh" HEOOXOAMMO KOMIIEHCHUPOBATh
YBEJIMYEHUEM KOJIMYECTBA 3aKJIa/bIBAEMOTO TOIUIMBA C COOTBETCTBYIOIIMM BO3pacTaHHEM
KPUTHYECKON MacCBhI.

YToOb! peakTopbl Ha OBICTPHIX HEUTPOHAX HE MPOUTPHIBAJIU [0 CPABHEHUIO C peaKTOpaMu
Ha TEIJIOBBIX HEHTPOHAX, HEOOXOAMMO MOBBIIIATH MOIIHOCTb, PA3BUBAEMYIO MIPH 33/1aHHBIX
pasmepax peaktopa. B TakoMm ciiydae KOJM4YECTBO "3aMOPOKEHHOTO' TOIIMBA HA €OUHUILY
MOITHOCTH OyneT yMeHbInaThes. [loCTH)KeHHE BBICOKON IUIOTHOCTH TEIUIOBBIZCICHHS B
peakTope Ha OBICTPBIX HEUTPOHAX U SIBUJIOCH TJIaBHOM 3a7ja4eil HOBBIX DJIEKTPOCTAHITUH.

Crnenyer 3amMeTHTh, 4TO cama IO ce0e MOIIHOCTh HEMOCPEJCTBEHHO HE CBfA3aHa C
KOJIMYECTBOM TOILJIMBA, HAXOJAIIErocsi B peakTope. Eciau 3TO KONIMYECTBO MpEBBIIIAET
KPUTHYECKYI0O Maccy, TO B HEM 3a CUET CO3JaHHOM HECTALIMOHAPHOCTH LIEMTHOM peakuuu



MOXHO Ppa3BHUTh J00yI0 TpeOyeMylo MOITHOCTh. Bompoc 3akioyaercss B TOM, YTOOBI
o0ecrneuynTh AOCTATOYHO MHTEHCHBHBIM TEIUIOOTBOJ M3 peakTopa. Peub MIeT MMEHHO O
NOBBIIIEHUH IUIOTHOCTH TEIUIOBBIACTICHUS, HWOO yBEIHYEHHE, HalmpuMep, pa3MepoB
peakTopa, CIOoCOOCTBYIOIEE YBEJIMYEHHUIO TEIUIOOTBOJA, HEU30EKHO BiedeT 3a co00il u
YBEJIMUYEHUE KPUTUYECKOM MACChl, T.€. HE PEIIAET 3a/1a4u.

[TonoxkeHue OCIOXKHAETCS €lle U TeM, YTO JUIsl TEIUIOOTBOJA U3 PEAaKTopa Ha OBICTPBIX
HEUTpOHAaX TAaKOH IPUBBIYHBIA U XOPOLIO OCBOEHHBII TEMJOHOCUTENb, KaK OObIYHAs BOJA,
HE IOJXOJUT B CUIIY CBOMX sJIEpHBIX CBOMCTB. OHA, KaK U3BECTHO, 3aMEJIsIeT HEUTPOHBI H,
CJIEZIOBATENIbHO, TMOHMXAeT KO3(PPHUIMEHT BOCHPOM3BOJACTBA. ['a30Bble TEIIOHOCUTEIH
(renmuit u apyrue) o0iaialOT B JAHHOM Cllydae NMPUEMIIEMBIMH SJIEPHBIMHU HapaMeTpaMH.
OpHako TpeOOBaHMS HWHTEHCHUBHOTO TEIUIOOTBOAA MPHUBOAAT K  HEOOXOIUMOCTH
WCIIONB30BATh Ta3 NPH BHICOKMX JaBIeHMsX (mpuMepro 1,5-10° Ila), uto BBI3BIBaET
COOTBETCTBYIOILINE TEXHUYECKUE TPYIAHOCTH.

B kaudecTBe TermyioHOCUTENS A TEIUIOOTBOJA U3 PEAaKTOPOB HA OBICTPBIX HEUTPOHAX ObLI

BBIOpaH O0JAJAIONMIMA TPEKPaCHBIMU  TEIJIOQU3NYECKUMU H  SIEPHO-(PU3NIECKUMHU
CBOWMCTBAMM pAacCIUIaBICHHbIM HaTpuil. OH NO3BOJMJ PELIUTh IOCTABICHHYIO 3aJady
JIOCTHUKEHUS BBICOKOM IMJIOTHOCTH TEIUIOBBIIEICHMUSL.
CnenyeT ykaszaTb, 4TO B CBO€ BpeMs BBIOOp '"IK30THUECKOro" HATpHsl Ka3ajics O4YeHb
cMelnbIM perieHreM. He Obu10 HUKAaKOTro He TOJNBKO MPOMBIIIIEHHOIO, HO U JIAOOpaTOPHOIO
OIbITa €r0 HCIOJb30BAHUS B KauyecTBE TEMJOHOCHUTENs. BbI3piBana cepbe3Hble OMAacEeHUs
BBICOKAsl XMMHYECKas aKTHUBHOCTb HAaTpusi IpU B3aUMOAEWCTBUM C BOJIOM, a TaKxke C
KHCJIOPO/IOM BO3]lyXa, KOTOpas, KakK IpeACTaB/IAJIOCh, MOIJa BecbMa HEOJIaronpHsTHO
IPOSIBUTHCS B ABAPUITHBIX CUTYaLIUSIX.

ITorpeGoBanock mpoBefieHHe 0OJIBIIOr0 KOMIUIEKCA HAyYHO-TEXHUYECKUX HCCIeI0BaHUN
U pa3paboOTOK, COOpPYKEHUE CTEHJOB U CHEIHAIbHBIX 3KCIEPUMEHTAIbHBIX PEAKTOPOB Ha
OBICTPBIX HEUTpPOHAxX, AJs TOro, 4ToObl YOEIUTHCS B XOPOIIUX TEXHOJOIMUECKUX MU
AKCIUTYTAIllMOHHBIX CBOMCTBaX HAaTpUEBOIo TemioHocuTend. Kak OblIo Ipu 3TOM MOKa3aHo,
HEo0X0/1uMasi BBICOKas CTeNEeHb 0€30aCHOCTH 00eCTIeYMBAETCS CIACAYIOIIUMU MEpaMH:
BO-TIEPBBIX, TIIATEIBHOCTHIO M3TOTOBJIICHHUS U KOHTPOJIS KadecTBa BCEro 00OpYAOBaHUA,
COIPHUKACAIOLIETOCs C HATPUEM;

BO-BTOPBIX, CO3JAaHHEM JOIOJIHUTEIBHBIX CTPAXOBOUYHBIX KOKYXOB Ha CilIy4ail aBapUilHON
IIPOTEYKHU HATPHS;

B-TPETbUX, MCIOJb30BAaHUEM UYYBCTBUTENIBHBIX HMHJIUKATOPOB TEYH, IO3BOJISIOLINX
JIOCTaTOYHO OBICTPO PErucTpUpOBaTH HAYajJO0 aBapuu U NPUHUMATh MeEpbl K €€
OTPaHUYEHUIO U JINKBUJALNH.

Kpome 00s13aTenbHOr0 CyniecTBOBaHUS KPUTUYECKOW MacChl €CTh €Il OJJHa XapaKTepHas
0COOEHHOCTh HCIIOJIb30BaHMsI SJCPHOTO TOIJIMBA, CBSA3aHHAs C TeMH (PU3HUECKUMHU
YCIOBUSIMH, B KOTOPBIX OHO HaxoauTcs B peakTtope. llon neiicTBHEM WHTEHCHBHOIO
SJIEPHOTO U3JTyYEHHMsI, BBICOKOH TeMIlepaTyphl U, B 0COOEHHOCTH, B PE3yJIbTaTe HAKOIUICHUS
IPOJYKTOB JEJIEHUS IMPOUCXOIUT MOCTENEHHOE yXYyAUIEHHEe (PU3NKO-MaTEeMaTHYeCKUX, a
TaKXe s7epHO-(PU3NYECKUX CBOMCTB TOIIMBHOM KOMIO3MIMHU (CMECH TOIUIMBA U CHIPbSA).
TomnuBo, oOpasyroliee KPUTUYECKYIO MAcCy, CTAHOBUTCS HEMPUTOTHBIM JJI AalIbHEHIIETo
UCIOJB30BaHusA. Ero mnpuxoauTcss MEpUOAMYECKH H3BIIEKATh W3 pPEAaKTOpa U 3aMEHATh
cBeXHUM. V3BleueHHOE TOIIMBO /Il BOCCTAHOBJIEHUS MEPBOHAYAJIbHBIX CBOMCTB JOJIKHO
nojJBeprarbcs pereHepauunu. B olmem ciaydae- 3TO TpPYAOEMKHH, JIUTEIbHBIN U
JIOPOTOCTOSIIIUIA MPOIIECC.

1.3 SnepHble peakuumn
SlnepHble peakUUHM- PEAKIUU TPEBPALICHUS AaTOMHBIX SAEp TPU B3aUMOJCHCTBUU C
JJIEMEHTAPHBIMU YaCTHIIAMH, Z-KBaHTAMHU WJIM JAPYr ¢ IpyroM. BrepBble Havana W3ydvarhb
Opnect Pesepdopa B 1919 roxy.



Snpa Bogoposa, IpOTOHBI, a TAK)KE HEUTPOHBI, NIEKTPOHKI (6eTa-4acTUIlbl) U OJTMHOYHBIC
snpa renus (Ha3pIBaeMble anbga-4acTHIlaMHU), MOTYT CYIIIECTBOBAaTh aBTOHOMHO BHE
SEPHBIX CTPYKTYyp. Takue sjpa WM HWHA4YE DOJICMEHTApHBIC YAaCTHUIbI, IBUTAACH B
NPOCTPAHCTBE W NPUOIMKAACH K sIpaM Ha PACCTOSHUS TOPSIKA MOMEPEYHBIX pa3MepoB
s7Iep, MOTYT B3aUMOJICHCTBOBATH C si[paMH, KaK TOBOPSIT Y4aCTBOBaTh B peakiuu. [Ipu sTom
YaCTHUIBl MOTYT 3aXBaThIBATHCS SIPAMH, JTHOO TIOCIIC CTOJKHOBEHHUS - MCHSATH HAIlPABIICHHE
JBUKCHUS, OTJABaTh SIPY YacTh KUHETHYECKON SHepruu. Takwe akThl B3aUMOICHCTBHS
Ha3bIBAIOTCS SACPHBIMH peakiusamu. Peakius 0e3 MpOHUKHOBEHUSI BHYTPb s7pa Ha3bIBACTCSI
VIIPYTUM PACCESTHUEM.

[Tocne 3axBara 4YacTHIBI COCTAaBHOE SAPO HAXOAUTCS B BO30YXKIECHHOM COCTOSIHUH.
"OcBoOoauThCs" OT BO3OYXKACHHS SAPO MOMKET HECKOJIBKHMH CIIOCO0AMHM - HUCIYCTUTh
KaKyr-JIM00 JIPYTyI0 YacTHIly U raMMa-KBaHT, JIMOO pa3JeluThCsl HA JIBE HEPABHBIC YaCTH.
COOTBETCTBEHHO KOHEUHBIM pPE3yJIbTaTaM pa3IM4yalOT pPEaKIWH - 3aXBara, HEYINPYroro
paccesHUS, JCNCHHs, SACPHOTO NPEBpAlICHUS C WCIYyCKAaHHEM IIPOTOHA WIH aibda-
YaCTHUIIBI.

JlonoHUTEIbHASL SHEPTHs, OCBOOOXKIaeMas TIPH SJCPHBIX MPEBPAIICHUAX, YaCTO UMEET BH]]
MIOTOKOB T'aMMa-KBaHTOB.

BeposiTHOCTh peakimuu XapakTepu3yeTcs BEIMYMHON "TONEPEYHOro CeueHUs" peakiuu
JAHHOTO THUTIA.

1.4 TLi1iochl 1 MUHYChI AaTOMHOM YHEPreTHKH
3a 40 net pa3BUTHS ATOMHOM HEPTETUKH B MUPE MOCTPOoeHO okoii0 400 3HEpro6I0KkoB B 26
CTpaHax MHpa C CyMMapHOH 3HEpPreTu4eckoi MoHOCThI0 0K0J10 300 miH. KBT.
OCHOBHBIMHU IPEUMYIIECTBAMH aTOMHOM SHEPreTUKU SBJISIIOTCA: BBICOKAsi KOHEYHast
PEHTa0ENBFHOCTh M OTCYTCTBUE BEIOPOCOB B aTMOC(Epy IPOIYKTOB CropaHus (C 3TOH TOUKU
3peHUs] OHAa MOXKET PacCMaTpPUBAThCS KaK SKOJIOTHYeCKU yncTas. OCHOBHBIMU
HEIOCTAaTKaMH SIBIIIIOTCS: MOTEHIMAIbHAS OMIACHOCTh PAAHMOAKTUBHOTO 3apayKECHUS
OKpY’Karollel cpeibl MPOIyKTaMu JI€IECHUs SA€PHOT0 TOIUIMBA IPU aBapUH (THUIIA
UepHOOBUTbCKOW MIIM HA aMEpUKAHCKOW cTaHIK Tpumaiin Aiienn) u npodiema
nepepadOTKU UCTOIb30BAaHHOIO SA€PHOT0 TOILINBA.

OcraHoBHMCSl CHayaja Ha MpeUMylIecTBaX. PeHTa0enbHOCTh AaTOMHOW OSHEPreTUKU
CKJIaJbIBaETCS U3 HECKOJNbKHX cocTaBstromux. OnHa W3 HHUX- HE3aBUCHUMOCTb OT
TPAHCHOPTHPOBKH TOIUTMBA. ECIu A7ist AieKTpocTaHuy MOITHOCTRIO 1 MitH. KBT TpeOyercs
B 0/l OKOJIO 2 MJIH. T.y.T. (WJIM OKOJIO 5 MJTH. HU3KOCOPTHOTO yIJIf), To i 6;0ka BBOP-
1000 nmonagobutcst nocraButh He Oosee 30 T. 00OrameHHOro ypaHa, YTO MPAKTUYECKU
CBOJUT K HYJIIO Pacxojbl Ha MEpPEeBO3KY TOIUIMBA (Ha YTOJbHBIX CTaHLUAX 3TH PACXOMbI
cocraBisitor a0 50% cebecroumoctH). Mcnonp3oBaHue siA€pHOTO  TOIUIMBA  JJIS
IPOM3BOJICTBA SHEPrUM HE TpedyeT KHUCIOpOoJa MU HE CONPOBOXKAAETCS IOCTOSHHBIM
BBIOPOCOM TPOAYKTOB CTOpaHHsl, YTO, COOTBETCTBEHHO, HE MOTPEOyeT CTPOMTENHCTBA
COOpPY)KEHMM Il O4YMCTKH BbIOpocOoB B arMmocdepy. ['opoma, Haxoasmecs BOIM3M
ATOMHBIX CTAHIIMH, SBIISIOTCSI B OCHOBHOM KOJIOTMYECKH YHUCTHIMH 3€JIEHBIMU TOPOIaMHU BO
BCEX CTpaHax MHpa, a €CIM 3TO HE TaK, TO 3TO MPOMCXOJUT H3-3a BIUSHHUS JAPYTHX
MIPOM3BOJICTB U OOBEKTOB, PACIOJIOKEHHBIX Ha ATOH )K€ TEPPUTOPHU. B 3TOM OTHOIICHUH
TOC paloT coBceM UWHYIO KapTHHY. AHQJIW3 SKOJIOTMYECKOM cutyauuu B Poccun
MoKas3eiBaeT, 4ro Ha gomo TOC mpuxoautcs Oosiee 25% Bcex BpEIHBIX BBIOPOCOB B
atMocdepy. Okono 60% BeiOpocoB TOC npuxoauTcs Ha €BPONEHCKYIO YacTh U Ypa, r1e
9KOJIOTUYECKass Harpy3ka CYIIECTBEHHO TIIPEBBINIACT MpenenbHyro. Hambomee Tshxenmas
HKOJIOTHYECKAsi CHUTyalusi CIOXWiack B YpainbckoMm, lLlentpansHom u IloBomkckom
paiioHax, TJe Harpy3KH, CO3/aBaeMble BBINIJCHUEM CEpPhl M a30Ta, B HEKOTOPBIX MECTax
NPEBBIIAIOT KPUTHUECKHUE B 2-2,5 paza.

K HemocraTkam SIEpHON SHEPTETHUKH CIEAYeT OTHECTH IOTCHIUAIBHYIO OMacHOCTh
pPaTMOAaKTUBHOTO 3apa)XCHUs OKPY)KAIOLIeH cpeabl NpU  TOHKENbIX aBapusAxX THIIA



YepuoObuibckoil. Ceiiuac Ha ADC, UCHONB3YIOHUIMX pPEaKTOphl TuUNa YepHOOBUIHLCKOTO
(PBMK), mpuHSATBI MEpbl OMOJHUTEIBLHON O€30MacHOCTH, KOTOpPBIC, IO 3aKIIOUYEHHUIO
MAT'ATO (MexnyHapoAHOIO areHTCTBa M0 aTOMHOW SHEPruM), MOJIHOCTbIO MCKIHOYAIOT
aBapHIo MOJOOHOM TSKECTU: MO Mepe BBIPAOOTKU MPOEKTHOI'O pecypca Takue PeakTOphbl
JIOJKHBI OBITH 3aMEHEHBI PEaKTOPaMU HOBOT'O TIOKOJIEHUS TOBBIIEHHOH Oe3omacHocTu. Tem
HE MeHee B OOIIECTBEHHOM MHEHHHM TEpejoM IO OTHOUIEHHI0 K Oe30MacHoMYy
UCTIOJIb30BAaHUIO0 AaTOMHOW SHEPrHHM TNPOU30IHAET, MO-BUAMMOMY, He ckopo. I[IpoGiema
YTUIU3aLUA PAJAMOAKTUBHBIX OTXOJOB CTOMT OY€Hb OCTPO JJsi BCEr0 MHPOBOTO
coobOmectBa. Ceifuac yxke CYIIECTBYIOT METOJbI OCTEKJIOBBIBAHHS, OUTYMHpPOBAaHUS U
HEMEHTHUPOBAHUS PAJAMOAKTUBHBIX OTX0M0B ADC, HO TpeOyloTcs TEpPUTOPUH JUIs
COOPYKEHMSI MOTMJIBHMKOB, KyJda OyayT MOMEIATbCs 3TU OTXOAbl HA BEYHOE XpaHEHUE.
Crtpanbl ¢ Mayioil TeppuUTOpHeil U OONBIION IUIOTHOCTHIO HACEICHMSI HCIBITHIBAIOT
Cepbe3HbIC TPYIHOCTH MPH PEIICHUH STON MPOOIEMBI.

SnepHast sHepreTuka — OYeHb MOJOJas OTpacib HayKu U TexHUKU. [lepBas B mupe
atomHas 3nekrpoctaniys (ADC) B r. ObHuHCcke Kamyxckoii 00651acTi Bolia B CTPO BCEro
4yeTBepTh Beka Haszad: 27 wutoHa 1954 1. OHa BbIaja DIIEKTPUYECKYIO DHEPIHIO B
MOCKOBCKYIO 3HEprocerb. 3a 3TO BpeMs siJi€pHas 3HEpPreTHKa BBIPOCIA, BO3MYKajla U
BBIIIIJIA HA HIMPOKYIO JOPOTY MPOMBIIUIEHHOTO MPOU3BOJICTBA ANEKTPUUECKON IHEPTUU BO
MHOTHX cTpaHax mupa- CoBerckom Coroze, CIIIA, Aurnuu, @pannuu, Kanage, Uranuu,
OPI', Anonuu, lIBenuu, Yexocnosakuu, ['JIP, bonrapuu, lselinapun, Mcnanuun, Uuauu,
[Takucrane, Aprentune u ap.. [Ha suBapp 1981 r. Bo Bcem mmpe BBeneHo Oosee 250
ATOMHBIX 2JIEKTPOCTaHIMI (OJIOKOB) YCTAaHOBIIEHHOW MOIIHOCTHIO OK0J0 140 MiH. kBt. Hu
OJIHa OTpacib TEXHUKH HE pa3BUBAIACh TaK OBICTPO, Kak siaepHas sHepreThka. OObIYHBIM
ANEeKTpOoCTaHIMsIM ToHano0mnock 100 jet, yToObl AOCTHYb TaKOTO YPOBHSI MH)KEHEPHOU
TEXHUKH U IKCIUTyaTalli1, KaKoro JOCTUIIIA Yke K 1975 1. sipepHas sHepreTuka.

Y4eHble-aTOMIIUKHN, PYKOBOJUTENN COOTBETCTBYIOIIUX (PUPM M BEIOMCTB IO-Pa3HOMY
IPEJICTABIISIIOT PAa3BUTHUE SACPHOM SHEPreTHUKH, HO B OJTHOM OHHU CXOJATCA: y HEe XOpOIINe
MEPCIIEKTUBBI U B HEJAIEKOM OyIyIeM Ha Kakoe-TO BpeMsl OHa CTaHET OJTHUM U3 OCHOBHBIX
MCTOYHUKOB MOJyYEHUS SDHEPTUH, B TOM uunciie aaekTpuueckoil. [Ipeanonaraercs, 4yTo yxe B
1985 r. pocT arOMHO->HEpPreTHYecKux MomHocTted B Mupe aocturHer 300 muH. kBT
(HEKOTOpbIE AKCIEPTHl CYUTAIOT 3Ty UU(PY 3aBBIIMICHHOW, YYUTHIBAs SHEPTETHUECKHI
KPHU3UC M HEKOTOphle MoauTHueckue odcrosTenscTBa). Ha X koHrpecce MexyHapoaHoi
sHepreTuueckoil koHpepeHuuu B CtamOyie B ceHTa6pe 1977r. cymmapHas moutHocts ADC
B mupe k 2000 r. ompenmensimace B 1300—1650 muH. kBt. [lo HOBBIM mporsosam
3apyOeKHBIX YUCHBIX, VICITbHBI BEeC MUPOBOM siiepHOM sHepreTuku K 2009 r. 1OoCTUTHET
27—31% (u gaxe 42%) oO1ieil BEIpaOOTKU NEKTPUUIECKOM SHEPTUU B MUpe. TakoMy pocTy
AJIEPHOM SHEPTETUKH CIIOCOOCTBYET Psii 0OCTOSITENLCTB:

C OJIHOM CTOPOHBI- YMEHBIIEHHWE MPHUPOJIHBIX 3alacoB OPraHMYECKOTO ToIUMBa (Ta3a,
He()TH, a BO MHOTUX SKOHOMHMYECKHUX pailoHaX W YIJiA), UX TMOBBIIICHHAS CEPHUCTOCTD,
30JIbHOCTb, BBI3BIBAIOLIAs 3arpsi3HEHUE OKPY)KAIOIIEW cpeibl NMPU CHKUTAHUU ITUX BUIOB
TOTIIIMBA, PE3KOE YAOPOKAHKUE U CIOKHOCTh UX JOOBIYH U T. 1.,

C JpYroii- MOCTOSIHHBIA POCT MOTPEOHOCTH UYEIOBEYECTBA B TOIUIMBE U AJIEKTPOIHEPTHH.
[Ipy wucTolIeHNMH 3amacoB OPraHWYECKOro TOIJIMBA HCIOJB30BAaHUE SAEPHOTO TOIUIMBA
(ypaHa, Topus ¥ TUTYyTOHUS)- TIOKa €IMHCTBEHHBIN pealbHBIN MyTh HAJCKHOTO 00ECTIeUeHHUs
YyeJloBeYeCcTBa TaKk He0OX0IMMOil emy sHeprueid. Kak u3BecTHo, pu JENEHUN sIIep ypaHa U
IUTYTOHHUS BBIAENSAETCS OTPOMHOE KOJIMYECTBO SHEPTUHU, UCIIOJIB30BAHNE KOTOPOU MO3BOJISIET
co3naBath kpymHbie ADC IPOMBIIIVIEHHOTO THUIIA.

VYpaH HIMPOKO pacrlpoCTpaHEH B HPUPOAE, HO OOraThIX MO COJEPKAHMIO 3ayexen
YpaHOBBIX pyI (Kak, CKakeM, jkeje3a WU yrisi) HeT. [IpomblluieHHbIE ypaHCoAepKaline
pyIsl UMEIOT OoueHb Hebonbiryo koHmeHtpanuio: 0,1-0,5% u gaxe mensire 0,08-0,05%.
[IpaBna, BcTpeuaroTcst OoraTbie, YHUKAJIbHBIE MECTOPOXKACHHS ¢ coaepxkanueM 10 10%, HO
MX OYEHb Majl0 M 3alachl ypaHa B HHUX CpPaBHUTEIbHO HEBEIMKU. B 3eMHOIl Kope ypaHa



MHOT'O, HO OH IIOYTH BECh HAXOAMTCA B PACCESIHHOM COCTOSHUM M HE B COOCTBEHHO
YPaHOBBIX, @ B YPaHCOJEpXKALIMX MUHEpanax, IIe OH H30MOP(HO 3aMellaeT TOpPUH,
UPKOHHM, PEIKO3EMENbHBIE 3JIEMEHTHI. Y paH COACPIKUTCS U B TPAHUTAX, U B 0a3ajabTax, HO
KOHIIGHTpAlLUsl €ro TaM HACTOJbKO Maja, 4TO M3BJIEYEHUE CTAHET BO3MOYKHBIM TOJBKO B
O4YeHb OTAaJeHHOM OynymeMm. OIHAaKO S5TH MHKPOKOJIMYECTBA TPEACTABISIIOT CO0Oii
rpanano3nyo 1mudpy: 300 Teic. Q (:3-1014 kBT-4). [Io HEKOTOpPBIM TPOTHO3aM, 3amachl
ypaHa 4 TOpUS B 36MHOM KOpE MOTYT 00€CIIEUUTh YEJIOBEYECTBO SHEPruel Ha MPOTSHKEHUN
3 MJIpL. JIET TIPH €XKETOTHOM €ro MOTPEOICHUH.

Ilouck ypaHna, U, riaaBHOE, ONPEAEIECHUE €0 3alacoB KaK OYEHb LIEHHOIO M Ba)KHOTO
CTPATETMYECKOro ChIpbsl MPOBOAMTCA BO MHOIMX CTpaHax Mupa. B kanuramucTudeckux
CTpaHax IE€pBbIE TPU MECTA IO 3aracaM M COAEpKaHMIO ypaHa B pynax 3aHumaroT Kanana,
FOAP u CHIA. ITo no6srye nepBoe mecto 3anumaroT CILIA, Bropoe Kanana, Tpetbe FOAP.
B mnpupone ects OAMH-€IMHCTBEHHBIM M30TOIl ypaHa, KOTOPBIA MOKET IOAJCPKUBATH
LEMHYI0 PEaKIMIO JeJIeHUs sapa ypaHa- 3T0 ypaH-235. B oqHOM akre neneHus sapa ypaHa
BBIJICJIICTCS DHEPTUs HA oauH aTtoM B 200 MiIH. pa3 Oobliasi, 4eM Ipu J000H XMMUYECKOH
peakuuu. Ecam Ob1 Bce u30TONBI B 1T ypaHa HOJBEPINIMCH JIJIEHUIO, TO BbLIENUIACh Obl
sHeprus B 20 MJIH. KKajl, YTO COOTBETCTBYET 23 Thic. KBT-u TemnoBoil 3uepruu. OnaHako B
OPUPOJHOM YpaHe OYeHb TPYAHO HOJIYUYUTh CAMOIIOAJICPKHBAIOILYIOCS LIEIHYIO PEaKIUIo
JIEJIEHUs, TaK Kak JeJsAIIuics M30TON YpaH-235 B HEM COJEPKUTCS B HE3HAYUTEIHHOM
konuyectBe- Bcero 0, 71%, a octanbubie 99, 29% cocTaBiser HeAENSIIUICS U30TOI ypaH-
238. IloaToMy co3paroTcsi CHEHUalbHbIE YCTPOICTBa- sIEPHbIE KOTJIBI, PEAKTOPbI, B
KOTOPBIX npu OIIpeJIeIEHHBIX KOHTPOJIMPYEMBIX YCIIOBUAX HIPOUCXOIUT
CaMOIIO//IEP>)KUBAIOIIAsACS LENHAs peakuus ACJICHUS siep TSKENIbIX 3JIeMEHTOB. Takue
PEaKTOpbI, UMEIOLME B CBOEM COCTaBE SJIEPHOE TOILUIMBO (TOproyee), CrelHanbHble BUIbI
3aMeJUIMTENsl HEUTPOHOB, OTpa)kaTellb U OXJAQAUTENIb, IO3BOJSIOT W3 HEIEISILUXCS
M30TONOB ypaHa-238 unu TopuA-232 moJiydarh JEISAIIMEcs M30TOINbl ypaHa-233 U HOBBIM
BUJ SJICPHOTO TOIUIMBA- IUTYTOHUN-239, KOTOpbIE 3aTéM MOTYT OBITh HCIIOJIb30BAHBI B
Ka4yeCcTBe sIEPHOT0 FOPIOYETO.

NmenHO B 00pa30BaHNN HOBBIX JONOJHUTENBHBIX KOJIMYECTB JENALIUXCS U30TOMOB (a
HE TOJBKO B M3PACXOJOBAaHUM 3arpy’)KEHHOTO B PpEaKTOp TOIUIMBA) 3aKIK0YaeTcs
WCKIIIOUMTEINIbHAS IIEHHOCTh M creruduyueckas 0COOCHHOCTh SiIEPHOr0 roprodero. Kpome
OOBIYHOTO BOCIPOM3BOJCTBA, BO3MOYKHO TaK Ha3blBAEMOE PACIIMPEHHOE, MPH KOTOPOM
00pa3yromerocsi sIIGPHOTO TOPIOYEro TOoJIydaeTcs: OoJibllie, YeM €ro mMoTpedmsercs
(OTHOIIEHUE YMCIa MOITYYAIOUIMXCS ATOMOB JIEJIAIIErOCs BEIIEeCTBa K YUCITY MOTPEOIeHHBIX
Ha3bIBaeTCs K03(hPUIMEHTOM Boclipon3BoicTBa). C MOMOIIBIO Mpoliecca BOCIIPOU3BO/ICTBA
AJIEPHOTO TOPIOYETO (3a CUET HEAEIAIIMXCS U30TONOB YpaHa WM TOPHs) MOYKHO BO MHOTO
pa3 YBEIMYUTh MHPOBBIE 3amachl SJIEPHOIO TOPIOYETro, YTO U MBITAIOTCS OCYIIECTBUTH
BBEJICHHUEM B JKCIUTyaTalllIO0 PEaKTOPOB Ha OBICTPBIX HEHTPOHAX.

YroObl B cucTeMe, B JaHHOM Cllydae B SIIEPHOM PEAKTOPE, COAEpIKallel AeIsAInecs
U30TOINBI, Hampumep ypaH-235, Morjia HOJAEp)KHUBAThCS LEMHas peakius, HeoOXOIUMO
BBIIIOJIHEHHE PsJIa YCIOBUM.

L4 BO-HepBBIX, Macca ACIAIMICTOCA BEUICCTBA JOJI2KHA OBITh HE MEHbIIC KpHTquCKOﬁ, T. €.
CUCTCMa NOJIKHA COICPIKATh ypaH-235 B KOJHMYCCTBEC, NJOCTATOYHOM /JId TOTIO, 4TOOBI B
CpE€AHEM OJUH HefITpOH M3 4YHuClia MOJYydYaromuxcs, Mpru KaXXI0M aKTC ACJIICHHUA dapa CMOT
OBl BBI3BATh CJ'IC,Z[yIOH_II/Iﬁ aKT OCJICHUS, MMPCKAC UCM OH IIOKUHET CUCTCMY.

e Bo-BTOpBIX, cUCTEMa, COJIepIKaIas AepPHOE TOTUIMBO, TOJDKHA OBITh OKPYKEHA MaTEpHAIIOM,
KOTOPBIN KaK OBl YJIABIMBAET BBIXOAIINE U3 HEE HEUTPOHBI M BO3BpAIIlaeT MX 0OpATHO, T. €.
oTpakaer. BooOmie B mpupose HE CYIIECTBYeT MaTepuana, OTPa)kalollero HEHUTPOHBI
HEIMOCPEICTBEHHO B OOpaTHOM HampaBjieHUU. MexaHu3M paboThl OTpa)kaTessi COCTOUT B
TOM, YTO TIOMAJAIONINE B HETO0 HEHUTPOHBI OECTOPSAOYHO IBUKYTCS MO UCKPUBICHHBIM



TPACKTOPUAM U, HC UCIBITBIBAA 3aXBaTa CO CTOPOHBI ATOMOB OTpPAXAaTCJisd, B KOHIC KOHIIOB
4acTUYHO (B UAeabHOM ciy4ae 10 50%) nmonaaaroT oOpaTHO B aKTUBHYIO 30HY.

e Tperbe ycioBHe- 3TO CHUKEHHE BPEAHOIO 3aXBaTa HEUTPOHOB B HEAEISAIIUXCS MaTepHaiax
CUCTEMBI, KOTOPBIE HENOCPEICTBEHHO HE YYacTBYIOT B LIENIHOM pEakLUU, HO UX SACPHBIC
XapaKTEPUCTHKH  TaKOBBI, 4YTO TpeOYIOT ONTHMAaJbHOTO pEIIeHuss B  BbIOOpe
COOTBETCTBYIOIINX MATEPUAIIOB C TOUYKHU 3PEHUSI COXPAHEHUSI HEUTPOHOB.

e 1, HaKOHEll, OJHUM W3 BaXKHEUILIHUX YCIOBHHN OCYIIECTBIEHUS MOJHOCTHIO KOHTPOJIUPYEMOMN
LEMHOM peakluu [JEJEHUs SAep aTOMOB CIYKUT HaJU4YUe CPEICTB YIPABJIEHUS ITOMU
peakLmeil, T. €. peryJMpoBaHus €€ X0/1a U CKOPOCTU MPOXOXKICHHUS.

I'naBa 2 IlepcniekTUBBI PA3BUTHS ATOMHOM JHEPreTHKH
2.1 PazBuTHe aTOMHOI POMBILILIEHHOCTH

[Tocne BTOpOl MHUPOBOM BOHHBI MHPOBas SJIECKTPOIHEPreTHKa CTaja KPYHHEUIINM
MHBECTULUI. DTO OBIIO BBI3BAHO OBICTPHIM POCTOM CIPOCA Ha DJIEKTPOIHEPTHIO, 10 TEMIIAM
3HAYUTENIbHO MPEBOCXOJUBIINM POCT HACENEeHUs M HAIMOHAIBHOTO no0xo0jaa. OCHOBHOU
yrnop Jnenaicst Ha TersioBsie dekTpoctaniuu (TOC), padoTatonue Ha yriie U, B MEHbIIIEH
CTENeH!, Ha HePTH M Trase, a Takke Ha ruapodsiekTpoctaHiuu. Jlo 1969 roma ADC
IPOMBIIIIEHHOIO Tuma He cyuiectBoBaso. K 1973 mpakTtuuecku BO BCEX NMPOMBIILIEHHO
pa3BUTHIX  CTpPaHAaX  OKAa3aJIWCh  HCYEPINAHHBIMU  PECYpChl  KPYMHOMACIITaOHOM
runpodHepreTukd. CKadoK IeH Ha JHeproHocurenn mocie 1973, ObIcTpbIi  pocT
NOTPEOHOCTH B DIIEKTPOSHEPTHHU, a TaKKe pacTylas 03a00Ye€HHOCTh BO3MOXKHOCTBIO
yTpaTbl HE3aBUCHMOCTH HAlMOHAIBHOM JHEPreTHKH- BCE 3TO  CIOCOOCTBOBAIO
VTBEPXKACHHUIO B3IJIAJa Ha AaTOMHYIO SHEPreTHKY KaKk Ha €JIMHCTBEHHBIN peallbHBbIH
ATBTePHATUBHBIA UCTOYHUK dHEPrun. DMOapro Ha apadckyro HedTh 1973—1974rT mopoauio
JOTIOTHUTEILHYI0 BOJIHY 3aKa30B M ONTHUMHCTUYECKUX IPOTHO30B Pa3BUTUS aTOMHOMU
SHEPTETUKHU.

Ho xaxpaplii cienyromuii ToJ BHOCHUI CBOM KOPPEKTUBBI B 3TU MpOrHosbl. C ojHOU
CTOPOHBI, aTOMHAsl YHEPTEeTUKA UMEJIa CBOUX CTOPOHHUKOB B MPABUTEILCTBAX, B YPAHOBOI
MPOMBINIJICHHOCTH,  WCCIENOBATENbCKUX  JTAOOpATOpHsIX W CPeAd  BIMSTENbHBIX
sHEpreTudecknx Kommnanui. C Ipyroil CTOPOHBI, BOZHUKIIA CUJIbHAS OIIO3UIIMS, B KOTOPOH
00BEAMHUITUCH TPYIIIIBI, 3AIIUIIAIOIINE HHTEPECH] HACETICHHS, YUCTOTY OKPYKAIOLIEH cpebl
U TIpaBa MoTpeduTenei.

Cropsl, KOTOpbIE MPOAOIDKAIOTCA U MO ced JeHb, COCPEAOTOUMIINCH TIaBHBIM 00pa3zom
BOKPYT' BOMNPOCOB BPEIHOTO BIMSHHUS PA3IWYHBIX OSTAllOB TOIUIMBHOTO IMKJIa Ha
OKPYKAIOIIYI0 Cpely; BEpOSTHOCTH aBapUil PEaKTOPOB M HMX BO3MOMKHBIX IOCIEACTBUM;
OpraHM3allMi CTPOUTENBCTBA M OKCIUTyaTallud pEaKkTOpOB; IMPUEMIIEMbIX BapHaHTOB
3aXOPOHEHHS AJIEPHBIX OTXOJOB; MOTEHIMAILHON BO3MOXHOCTH ca0OTaka M HamaJeHUs
TeppopuctoB Ha ADC; a Takke BOIPOCOB YBEJIIMUYEHHUS HAIIMOHAJIBHBIX U MEXKIYHAPOIHBIX
ycuJuii B 00J1aCTH HEPACTIPOCTPAHEHHUSI SJIEPHOTO OPYKUSL.

2.2. IIpo0JieMbl pa3BUTHS IHEPreTHKH

Kak u3BecTHO, B OCHOBE IMPOM3BOJACTBA TEIJIOBOM W AJIEKTPUUYECKOW IHEPIHU JICKUT
MPOLIECC CKUTAHMSI MCKOIMAEMBIX DHEPropecypcoB — yria, HeTH Wi rasza, a B aTOMHOMU
JHEPreTHKe - JAeJICHHUE SAep aTOMOB ypaHa U IIyTOHUS NIPU TOTJIONIEHUHA HEUTPOHOB.
Macmtad 100bIYM U pPacxXoJ0BaHUSI SHEPropecypcoB, METAUIOB, BOJbBI M BO3AyXa AJs
IPOM3BOJICTBA HEOOXOMMOTO YEIOBEUYECTBY KOJIMYECTBA SHEPTUM OIPOMEH, a 3arachl
PECYPCOB CTPEMHTENBHO CokpamarTcsi. OCOOEHHO OCTPO CTOUT Tpobiema OBICTPOTO
UCUEpIIaHUs 3a1acoB OPraHMYECKUX MPUPOIHBIX SHEPTOPECYPCOB.

MupoBble 3amachbl YHEPropecypcoB OIEHUBAIOTCS BenuuuHOM 355 Q, rae Q - eaunHuIa
TEIUIOBOW JHEPTUM, paBHAs Q=2,521017 kkan = 36'%° Tonn YCIOBHOTO TOTIMBA /T.y.T./,



TOTUIMBA ¢ KaopuiHOCThIO 7000 KKajl/Kr, Tak 4TO 3amachkl SHEPrOPEeCypCOB COCTABISIOT
12,81012 T.y.T.

W3 sToro xonuuecTBa MpUMEPHO OAHA TPETh (YTO COCTaBIsAET ~ 4 T.y.T.) MOXET OBIThH
U3BJIEYCHA C UCIOJIB30BAaHUEM COBPEMEHHON TEXHHMKH IPH YMEPEHHOM CTOMMOCTHU
TOIIMBOAOOBIuM. C Jpyroil CTOpOHBI, COBPEMEHHBIE MOTPEOHOCTH B 3HEPTOHOCUTENSIX
cocrasisior 1,10 T.y.T./TOA ¥ PacTyT co CKOpOcThio 3-4% B roj, TO €CTh YyABaHBAIOTCS
Kaxipie 20 Jier.

OTMeTHM Takke, uYTO MPU CKUTAHUM HCKOMAeMbIX Yyried u HedTH, o00Jamaromumx
CEPHUCTOCTBIO OKOJIO 2,5 %, exerogHo obpaszyercst 10 400 MIIH TOHH CEPHHCTOTO ra3a u
OKHCJIOB a30Ta, YTO cocTaBisieT 70 KI BpEAHBIX BEIIECTB Ha KaXKOT0 KUTENSI 3eMIIU B TO/I.
Hcnonb3oBaHue SHEPrHMM aTOMHOIO siipa W Pa3BUTHE ATOMHOM SHEPreTUKU YaCTHUYHO
CHUMAET OCTPOTY ATON npoOiaeMbl. JleiiCTBUTENbHO, OTKPHITUE JETCHUS TSHKEIBIX sIep Ipu
3aXBaTe€ HEUTPOHOB, creiiaBliee XX BEK aTOMHBIM, CTAJIO CYIIECTBEHHBIM CKJIAJIOM K
3armacaM SHEPreTMYecKoro HMCKOMaeMoro TOIUIMBA. 3amachkl ypaHa B 3€MHOH Kope
OIICHUBAIOTCSI OrpoMHOM 1udpoit - 1014 TonH. OgHAKO OCHOBHAs Macca TOro Oorarcraa
HAXOJHTCS B PAacCesTHOM COCTOSIHMM - B TpaHUTax, 0a3zaibTax. B Bogax MHpOBOro okeaHa
KOJIMYECTBO ypaHa JOCTUTAET 4'%° toun. B Toxe BpeMsi OOraThIX MECTOPOXKJICHHI ypaHa,
rae nobbda Obwia OBl HEJOpOra, M3BECTHO CpPaBHUTEIBHO HeMHOro. llostomy Maccy
pecypcoB ypaHa, KOTOPYI0 MOKHO JOOBITH IPU COBPEMEHHOW TEXHOJOTMH U TpHU
YMEpEHHBIX IIeHaX, oleHnBatoT B 108 ToHH. Exeroanbie moTpeOHOCTH B YpaHE COCTABIIAIOT,
M0 COBPEMEHHBIM OIlleHKaM, 104 TOHHBI €CTECTBEHHOro ypaHa. Tak YTO 3TH 3amachl
MO3BOJIAIOT, KaK ckaszan akaneMuk A.Il.Anexcanapos, "yOpaTs JlaMOKIIOB M€Y TOIUTMBHOU
HEJI0OCTATOYHOCTH MPAKTHUECKU HAa HEOTPAaHUYCHHOE BpeMs .

Jlpyrasg BakHas mpoOiieMa COBPEMEHHOTO HHIYCTPHAIBLHOTO OOIIecTBa- oOecredyeHue
COXPaHHOCTH MPUPOJIbI, YUCTOTHI BOJBI U BO3TyXa.

N3BecTHa 03a004EHHOCTH YYEHBIX MO MOBOIY "MapHUKOBOTO 3(ddexTa", BOSHUKAIOLIETO
U3-32 BBIOPOCOB YIVIGKHCIOTO Ta3a TPU CXKUTAHUM OPraHUYecKOro TOIUIMBA, W
COOTBETCTBYIOILIETO TIOOANILHOTO MOTEIJICHHs] KiuMara Ha Hamei miuaHete. [IpoGiembl
3ara30BaHHOCTH BO3JYIIHOTO OacceliHa, "KUCIbIX" A0k AeH, OTpaBiIeHUs peK NPpUOIU3UINCH
BO MHOTHX paillOHaxX K KPUTHUECKOU yepTe.

ATOMHass »HEpreTMka He MOTPeOseT KUCIOpoAa U HWMEET HHUYTOXKHOE KOJIUYECTBO
BBIOPOCOB TpU HOPMAIBHOW OJKCIUTyaTallud, YTO TO3BOJSET YCTPAaHUTh BO3MOXKHOCTH
BO3HUKHOBEHHUSI MAPHUKOBOTO 3(PdeKTa ¢ THKETBIMH DKOJIOTHYECKUMHU TOCIEICTBUIMHU
I100abHOTO MOTETUICHHUS.

Upes3BbIYaifHO Ba)KHBIM OOCTOSITEILCTBOM SIBJISIETCS TOT (DAKT, UTO aTOMHAsl SHEPTreTHKa
JoKa3ajga CBOK IKOHOMUYECKYHO (P (HEKTUBHOCTH MPAKTUYECKH BO BCEX pailOHaX 3€MHOTO
mapa. Kpome Toro, naxe npu 0onbiioM macirade sHepronponsBoacTea Ha ADC, aTomHas
PHEpreTHKa He CO3JacT OCOOBIX TPAHCHOPTHBIX MPOOIEM, TOCKOIbKY Tpelyer
MUHUMAJIbHBIX TPAHCIIOPTHBIX PAacXxo/]0B, 4YTO OCBOOOXkJaeT oOOIIecCTBO OT OpeMeHu
MOCTOSIHHBIX TIEPEBO30K OTPOMHBIX KOJIMYECTB OPraHMYECKOT0 TOILIMBA.
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2.3 HyxHa 11 MEPY aTOMHAasl JHePreTuKa?

CymectByeT 4 NMPUYUHBI, 110 KOTOPHIM YEJIOBEUECTBY CIEAYET OTKa3aThCs OT aTOMHOM
DHEPrETHUKHU.

1. Kamnaﬂ aTOMHas JJICKTPOCTaHI M, HC3aBUCHUMO OT CTCIICHU HAACKHOCTHU, ABJIACTCA 110
CYTH CTallMOHApHOW aTOMHOM O60MOOI, KOTOpass MOKET OBITH B JIIOOOH MOMEHT B3OpBaHa
MyTeM JIHUBEpCUH, OOMOApIUPOBKON C BO37yXa, OOCTPEIIOM paKeTaMH WM OOBIYHBIMHU
apTUJUIEPUICKUMHU CHAapsAJaMH, WIparollMMHM B JIAHHOM CJIy4yae poJib JeToHaropa. B
CETOAHSIIHEM MHpE, I/I€ TeppPOpPUCTbl U (aHATHUKU OBIOT M3 PAKETHBIX YCTAHOBOK IO
OONBbHMIIAM M JETCKUM CajJlaM U HE 3aJyMbIBAIOTCS, CHECTH JIM C JIUIA 3€MJIM TOpOA
IMPOTHBHHKA, €CJIM Ha TO IMOABUTCA XOTb MaJIeHTas BO3MOXHOCTBb, 2TO pf€ajibHas, a HEC
TEOPETUYECKAsi ONIaCHOCTb.



2. Ha mpumepe YepHOOBUII MBI Ha COOCTBEHHOM OIBITe YOEIWIINCh, YTO aBapus Ha
ATOMHOM SJIEKTPOCTAHIIMH MOXXET TMPOU30HWTH W TPOCTO MO YbeW-TO HeOpexkHocTu. K
npuMepy, o marepuanam joknajna ceHatopa ['nmenna (CIIA), onyOnmkoBaHHOrO B Mae
1986 roma, ¢ 1971 mo 1984 r. na ADC mupa npousouuia 151 cepbe3Has aBapus, NpU
KaX/I0M M3 KOTOPBIX MMEJI MECTO ‘3HaYUTEIbHBI BHIOPOC PaJMOAKTUBHBIX MATEPHAJIOB C
OTacHBIM BO37eicTBUEeM Ha Jitojaei”. C TeX mop roja He MPOXOAUIIO, YTOOBI B TOW WIJIM MHOK
CTpaHe MUpPA HE IPOUCXOAMNIIO cepbe3HOoil aBapuu Ha ADC.

3. PeanbHOMN OMAaCHOCTHIO SIBJISIFOTCS PAJMOAKTUBHBIE OTXOJbl ATOMHBIX AJIEKTPOCTAHLIUH,
KOTOpBIX 3a MPOLIEAIINE JECATUIETUS HAKOMWIOCh JOBOJBHO MHOIO U HAKONMTCA €Il
Oosblle, ecau aTOMHAas DHEpPreThka 3aliMeT JIOMHHHPYIOIIEe IOJ0XKEHHE B MHPOBOM
sHeprobanance. Ceiluac OTX0Jbl aTOMHOI'O MIPOM3BOJACTBA B CIELHUAIBHBIX KOHTEHHEpax
3apbIBAlOT IIYOOKO B 3€MJII0 MJIM OMYyCKAaroT Ha JHO okeaHa. O0a criocoba He SBISIOTCS
0€30MaCHBIMU: C TEYEHUEM BPEMEHU 3alllUTHBIE 00O0JOUKH pa3pylIAIOTCs U paJlOaKTUBHBIE
3JIEMEHTHI ONAAAl0T B BOJY U MIOYBY, a 3HAYUT U B OPraHU3M YeJIOBeKa.

4. He crour 3albiBaTh, 4YTO aTOMHOE TOpIOYE€E MOXKET OBITh C OJWHAKOBOM
s dexTrBHOCTHIO HcnoNb30BaHO U B ADC, u B atomHoli 6oM0Oe. Coset Oe3onacHoct OOH
HE 3ps IPECEKAET MONBITKH Pa3BUBAIOLIUXCS TOTAIUTAPHBIX FOCYAAPCTB BBO3UTH aTOMHOE
roproyee SIKOObI Al pa3BUTUS aTOMHOM »HepreTkd. OIHO 3TO 3aKphIBAaeT aTOMHOMU
JHEpPreTUKe JOpory B Oydymiee B KadecTBE JJOMHHHUPYIOMICH YacTH MHPOBOTO
sHeprobaaHca.

C npyroit CTOpOHBI 0€3 aTOMHBIX 3JIEKTPOCTAHIIMM HE OOOUTHCH.

Kak okazanoce, aroMHasi »JHepreTuka HMEEeT U HEMaJIOBAXHBbIE JOCTOMHCTBA.
AMEpHKaHCKHE CIENUANNCThI MOACUUTANN, YTO eciu K Hayany 90-x romoB B CCCP Bce
ATOMHBIE AJIEKTPOCTAHIIMK 3aMEHUIIU Obl Ha yroJibHbIE TOM K€ MOIIHOCTH, TO 3arpsi3HEHUE
BO3/yXa CTajo Obl HACTOJBKO BEJIMKO, YTO 3TO HpUBENO Obl K 50-KpaTHOMY YBEIMUYEHUIO
npexxaeBpeMeHHbIX cMmepTeit B XXI B. B CpaBHEHHUU C CaMbIMU [ECCUMHUCTHUECKUMU
IIPOTHO3aMH MOCTIEICTBUI- YePHOOBUIBCKOM KaTacTPOQBHI.

I'naBa 3 Ilpn6opsl, KOTOpbIE BHIPAOATHIBAIOT AaTOMHYIO JHEPTHI0
3.1 SinepHblie peakTOpbI

SAnepHsiii peakTop (cM. pucl)- 3T0 TeXHHUYECKasi YCTaHOBKA, B KOTOPOW OCYIIECTBIISETCS
CaMOIO/IEP)KUBAIOIAsACS IIeTHas peakius JeNeHHs TSOKEIbIX SAep ¢ OCBOOOXKIACHUEM
AepHON sHepruu (puc 2). SnepHblii peakTop COCTOMT M3 aKTUBHOW 30HBI M OTpa)kaTels,
pa3MEIICHHBIX B 3alIUTHOM KOpIyce. AKTUBHAs 30HA COJEPKUT SAEPHOE TOIUIMBO B BUAC
TOIUIMBHON KOMIIO3MIIMM B 3AIIUTHOM MOKPBITUHM U 3aMEUIMTENb. TOIUIMBHBIE 3JIEMEHTHI
OOBIYHO MMEIOT BMJI TOHKUX cTepxHeW. OHM coOpaHbl B NMYyYKH U 3aKIHOYEHBI B YEXJIbI.
Takue cOOpHbIE KOMITIO3UIIMY HA3bIBAIOTCS COOPKaMU WJIM KacCeTaMHu.

B11os1b TOIIMBHBIX 3JIEMEHTOB JABUTA€TCs TEIUIOHOCUTENb, KOTOPBI BOCIPUHUMAET TEIUIO
SJIEPHBIX MpeBpallieHril. HarpeTolili B aKTUBHOW 30HE TEIJIOHOCUTENb IBUTAETCS IO KOHTYPY
UPKYJIALUU 32 cueT paboThl HACOCOB JIMOO MOJ ACUCTBUEM CUiI ApXumena M, MPOXOIs
yepe3 TEMJI00OMEHHUK, MO0 MaporeHepaTop, OTAAET TEIUIO TEIUIOHOCHUTENI0 BHEIIHEro
KOHTYpa.

Ilepenoc Tema u ABMKEHUS €r0 HOCUTENEN MOYKHO MPEICTABUTh B BUJE MPOCTON CXEMBI.

SlnepHble peakTOpbl MOXHO KJIACCU(HUIMPOBATH IO THUIY MPUMEHAEMBIX B HHX
3aMeTUTeNIeH: peakTophl Ha TpaduTe, HAa BOJE M HA TSDKENOM Boje. TspKenoi Ha3bIBaeTCs
BOJIa, B KOTOpPOW OOBIYHBIM BOJOPOJ] 3aMEHEH €ro TsDKENbIM H30TONOM — JeHTepHueM.
Tsokenmass BoAa TMOTJIOIIAET 3HAYUTENIBHO OONbIIE JJIEKTPOHOB, 4eM oObuHast. Jls
NOJ/ICP)KaHUST LIEMHOM peakiuy HEeoO0XOIUMO OIpEIeIEHHOE KOJHUYECTBO JIENSIIErocs
BenlecTBa. Eciiu B peaktope TepsieTcs B pe3ysibTaTe MOIJIOMIEHUs WM UCITyCKaHus OoJbliie
HEHTPOHOB, YeM BO3HHUKAET, TO peakuus He OyneT camomnojjepkuBarouieiics. Ecnu xe,
HAao0OpOT, HEUTPOHOB BO3HHUKAET OoJbllle, YeM TepsAeTcs, TO pPEaKUs CTaHOBUTCS
CaMOIIOJIEP’)KUBAIOIIEHCA M HapacTrarouieil. MHUHMMalbHOE KOJIMYECTBO BEIIECTBA,



obOecrieunBaroIiee  CaMOMOJICPKUBAIONIEECS]  NMPOTEKAaHWE  PEaKIMHM,  Ha3bIBaeTCs
KpUTHYECKOW Maccoil. JlJis HOpManbHOM paboTHl SAEPHOTO peakTopa MOTOK HEHTPOHOB
JOJKEH TIOCTOSIHHHO TIOJIICPYKUBATHCS HA TpeOyeMoM ypoBHE. Pexum paboThl peakrtopa
PEryJupyIoT, BABUTAs U BBIABUTAs CTEP>KHU U3 MOTJIOUIAIOIIET0 MaTepHaa.

3.2 ATOMHOeE Opy:Kue

ATOMHOE OpYy)XHE- CaMO€ MOIIHOE OpYKHE Ha CErOAHSIIHUN J€Hb, HaxoJsdlleecs Ha
BOOPY)KEHUU IISITH CTpaH-cBepxaepkas: Poccun, CIIA, BenukoOputanuu, DpaHiuu u
Kuras. CymecTByeT Takke ps TocynapcTB, KOTOpble BeAyT OoJiee-MEHEE YCIEIIHbIe
pa3pabOTKKU aTOMHOTO OpYKHS, OJHAKO WX HCCIEJOBaHMS WM HE 3aKOHUYEHBI, WJIH 3TU
CTpaHbl HE 00JIaJaI0T HEOOXOIMMBIMH CPEICTBAMH JOCTABKH OPYXHS K I€NIH, YTO JIENaeT
ero 6eccmbicieHHbiM. Muaus, [lakucran, CeBepnas Kopes, Upak, Mpan umerot pazpadoTku
SAJIEPHOTO OpYyXusi Ha pa3HbiXx ypoBHsX, OPI', U3pauns, FOAP u fnonus teoperuyecku
0071a/1a10T HEOOXOJUMBIMUA MOIIHOCTSMHU JJIS CO3/IaHUA SIACPHOTO OPYKUSI B CPAaBHUTEIHHO
KOPOTKHE CPOKHU. TpyJHO NEPEOLUEHUTH POJIb AAEPHOIr0 opyxkus. C 0OJHONU CTOPOHBHI,
3TO MOIIHOE CpPEeICTBO YCTpamleHus, ¢ Apyroid — cambiii 3(GdeKTUBHBIN
WHCTPYMEHT YKPCIUICHUS MHpa W MNPEJOTBPANICHHS BOCHHOTO KOHQPIMKTAMHU
MEXIy JepKaBaMH, KOTOpble o00namaroT 3TuM opyxuem. C MOMEHTa HEPBOro
NpUMEHeHUss aToMHONM OomObl B Xupocume mnpoumto 52 roxa. Muposoe
coo0mecTBO ONM3KO TMOJONILIO K OCO3HAHUI TOTO, YTO sJAepHas BoOWHa
HEMHUHYEMO TIpUBEAET K TJOOaJIbHOW OSKOJOTHUYECKOW KaracTpode, KoTopas
c/eNaeT JalbHelllee CyleCTBOBAHUE YEJOBEUECTBA HEBO3MOXHBIM. B TeueHue
MHOTHUX JIET CO3JaBaJIUCh IPAaBOBbIE MEXAaHU3MBbl, IPHU3BAaHHBIC pPa3pAIAUTh
HAMpPs)KEHHOCTh U OCIa0HUTh MPOTHUBOCTOSIHUE MEXIY AJepHBIMH AepkaBaMu. Tak
Hanpumep, ObIIO MOAMNUCAHO MHOXECTBO JOTOBOPOB O COKpAIlEHUU SJIEPHOTrO
noTeHuuana jgepxaB, Obuma noanucana KouBenuuss o Hepacnpoctpanenuu
Anepuoro Opyxusi, Mo KOTOpOH cTpaHbl-OOJagaTenass 00sA3aluch HE INEepeaBaTh
TEXHOJOTMH MPOU3BOJCTBA ITOrO OPYXKHUS JAPYrUM CTpaHaM, a CTpaHbl, HeE
UMEIOIIUE SIEPHOTO0 OpyXHus, 00sf3anuch HE NpEeANPUHHUMAThH IIAaroB JJs €ro
pa3paboTKU; HAKOHEI[, COBCEM HEJaBHO CBEPXJEp>KaBbl JOTOBOPHUIUCH O MOJIHOM
3alpeuieHuu SAepHBIX HUcHbITaHUuU. OUYEeBUIHO, UTO SAEPHOE OPYXKHUE SBIAETCS
BaXHEWIIMM HHCTPYMEHTOM, KOTOPBIM CTad PEryJUpPYIOIUM CHUMBOJOM LEIOH
AMOXU B HCTOPUHU MEXKIYHAPOAHBIX OTHOIICHUNW U B UCTOPUH YEJIIOBEUYECTBA.

3.3. CoBpemMeHHbIe aTOMHbIEe 6OMOBI M CHAPAABI

B 3aBucuMOCTH OT MOLIHOCTH aTOMHOIO 3apsijia aTOMHble OOMOBI, CHapsbl JENsAT Ha
KaJmuOphl: Maublil, cpeqHUl U KpynHbI. YTOOBl MOIYYUTH SHEPrHIO, PABHYIO 3HEPTUU
B3pbIBa AaTOMHOW OOMOBI Majoro KaauOpa, HYXKHO B30pBaTb HECKOJIBKO ThICSY TOHH
TpoTuia. TPOTUIIOBBII 3KBUBAJIEHT aTOMHOM OOMOBI CpEeIHEr0 KanuOpa COCTaBISAET AECATKH
ThICAY, a OOMOBI KPYHMHOro KaimuOpa- COTHH ThICSY TOHH TpoTwiaa. Eme Oombeit
MOIIIHOCTbIO MOXET 00J1afjaTh TEepPMOsJIEpHOE (BOJOPOIHOE) OpY)KHE, €ro TPOTUIIOBBIN
HKBHUBAJIEHT MOXET JOCTUraTh MUJUIMOHOB U JIaXKe JECATKOB MUJIJIMOHOB TOHH.

ATomHbIE OOMOBI, TPOTHIJIOBBII SKBHBAJIEHT KOTOpPHIX paBeH 1- 50 ThIC. T, OTHOCAT K
KJIacCy TaKTUYECKMX AaTOMHBIX OOMO W TpeAHa3Ha4yalT [UId pelieHHs ONepaTHBHO-
TaKTUYECKUX 3aJa4. K TakTuuecKoMy OpY>KHUIO OTHOCST TakXe apTUUIEPUIICKUE CHapsAbI C
aTOMHBIM 3apsAA0M MOIIHOCTh 10- 15 ThIC. T. U aTOMHBIE 3apsbl (MOLUTHOCTBIO OKOJIO 5- 20
ThIC. T) JJi1 3C€HUTHBIX YIOPABISEMbIX CHapsiioB U CHApsSAOB, HCIOJIb3YEMBIX JUIf
BOOpPY>KEHUs UCTpeOuTeneil. ATOMHbIE U BOJOPOIHbIE O0OMOBI MOIITHOCTBIO CBbIIIE 50 ThHIC. T
OTHOCAT K KJIacCy CTPAaTErn4eCKOro OPYKHUsl.

HyXHO OoTMeTHTb, YTO MOJ00HAsl KJIACCHU(PHUKAIMA aTOMHOTO OPYXHsSl SIBISETCS JIMIIb
YCIIOBHOM, TOCKOJIBKY B JIEWCTBUTENBHOCTH IIOCIEACTBUE MPUMEHEHMS] TaKTHYECKOIO



aTOMHOTO OpYXXHS MOTYT OBITh HE MEHBIIMMH, Ye€M T€, KOTOpbIE HCIBITANIO Ha cede
HacesneHue Xupocumbl U Haracaku, a gake OOJIBIIUMH.

Ceituac 04€BHIHO, YTO B3PBIB TOJIBKO OJHOH BOJOPOAHON OOMOBI CIIOCOOEH BBI3BATH
TaKue TsDKEJIbIe ITOCIEICTBUS HA OTPOMHBIX TEPPUTOPUSX, KAKUX HE HECIIU C COO0H ecATKU
TBICSY CHAPSAAOB U OOMO, MPUMEHSBIIMXCS B MPOILIBIX MUPOBBIX BOWHAX. A HECKOJBKHUX
BOJIOPOJIHBIX OOMO BIIOJIHE JOCTATOYHO, YTOOBI IPEBPATUTH B 30HY IYCTBIHU OTPOMHBIE
TEPPUTOPUH.

SlnepHoe opykue IOJpa3ieisieTcss Ha 2 OCHOBHBIX THIA: aTOMHOE U BOJOPOIHOE
(TepmosiepHOe). B aTOMHOM OpYXHM BbIAEIEHUE SHEPIUU MPOUCXOAUT 3a CUET PEaKLUU
JIeNIeHHsl sJIep aTOMOB TSDKEJIbIX 3JIEMEHTOB ypaHa WM ILTyTOHUs. B BogopoaHoMm opyxuu
SHEpPrusl BBIACIAETCA B pe3yibTare oOpa3oBaHMs (WM CHHTE3a) siIep aTOMOB Iellus U3
aTOMOB BO/I0pO/ia. Buibl TepMOsIIEpHOTO OpYXUsi OYAYT pacCCMOTPEHBI HUXKE.

I'maBa 4 AroM u 3K0J10rUA

Jlonroe BpeMsi CyIIECTBOBaja yrpo3a HAHECEHHs OOJBIIOrO Bpela AKOJOTHH Halei
IUTAHETHI 32 CYeT BBIOpOCA MPU SACPHBIX UCHBITAHUAX PAIMOAKTUBHBIX BEIIECTB (TJIABHBIM
obpazoMm mpu armocepHbIx HcCHbITaHUIX). HeoOXoaumMo y4uThIBaTh, YTO KOJIMYECTBO
BEIIECTB, O0Opa3yIOUIMXCsA MPU B3pPbIBE, 3aBUCUT OT KanuOpa OOMOBI. YCTaHOBIEHO, YTO
pPaAMOAaKTUBHOE 3apa)KCHHE B OCHOBHOM OIIPENEISETCS «OCKOJKAaMU» JENEHUs sJiep
BEIIECTBA, COCTABISAIOLIETO 3apsig OoMO- ypaHa WM TUIYTOHUS. Y COBPEMEHHBIX
BOJIOPOAHBIX OOMO, paboTalIIMX [0 CXEME: paclIeIUIeHHEe — SJIEPHOE COCIAUHECHHE-
pacierienue, o0pa3yercs OrpOMHOE KOJIUYECTBO T.J. «OCKOIKOBY» JieneHus. YacTh U3 HUX
BO3HHMKAET IPH B3PHIBE ATOMHOTO JETOHATOpa W OOJbINAas YacTh — TNPHU PACIICTUICHUH
ypaHOBOi o00onouku. B pe3ynapTare HEKOTOpOE KOJIMYECTBO PaJHMOAKTHBHBIX BEIIECTB
oOpa3yercs B 3eMJi€, BOJE U OKPYXKAIOLIUX MIPEIMETaxX.

KonnuecTBO paiMOaKkTHBHBIX BEIIECTB, BBINAJAIONIMX Ha 3€MJIIO, 3aBUCHT M OT BHUJA
B3pbIBa — BO3AYIIHbIN, Ha3€MHbIH, MMOJBOJHBIN, NOJ3EMHBIN (B ABYX IMOCIEIHUX CIydasx
3arpsi3HEHNE 3eMJIM MUHHUMaJbHO). CaMo co0oii pazymeercs, YTO HU O KaKOM BIUSHUHU Ha
BbINa/ICHUE PaIMOAaKTUBHBIX 3JIEMEHTOB HA 3€MJIIO ITPU KOCMHYECKHUX B3PbIBaX TOBOPUTH HE
npuxoaurcs. Hanbosnpliee KOJMUECTBO palnOAKTUBHBIX BELIECTB BBINAAAET MPU HA3EMHOM
B3pbIBE, 0COOEHHO B paiioHe B3pbIBa. MeTeoycI0BHsI UTPatOT TaKKe BakKHYIO poib: Kuraii B
CBOE BpeMs TMPOBOAMJI Ha3eMHble U  aTMOC(EpHble SAEepHbIe UCHBITAaHUA B
HernocpenctBeHHo Omm3octu oT rpaHuilbl ¢ CCCP (Kuprusmeit) B T6 MOMEHTHI, Korja
BeTep umen HampasieHue B ctopony CCCP. Takum oOpa3omM, o6siaka paJuoakTUBHON MBI
OTHOCWJIMCh BETPOM BIUIyOb Halllel TEPPUTOPHH, U BbINIAAABINAs U3 HUX MbUIb PACCEMBAIACH
y’K€ Ha HEW.

W3 Bcex pasMoaKkTUBHBIX BEIIECTB, BBIMAJABUINX HA 3€MJII0, HAMOOJIEE OMACHBIM SBIISIICS
cTpoHIMii-90, nepuoy nomypacnajga KoToporo paseH 25 rogam. Ilonanas BHyTps opranusma
YyeJloBE€Ka WJIM JKUBOTHBIX B BUJE MbUIM, CTPOHILMUH, MOAOOHO KalblMIO, OTJAraercs B
KOCTHBIX TKaHfX, YTO B IIOCJIEICTBUE MPUBOAMT K IOSABICHHUIO OIIYXOJIEN Pa3IMYHbIX TUIIOB
U TsDKECTU. B 3TOH CBSI3W TpYAHO NEPEOLIEHUTH POJb JI0TOBOpPa O 3alpelieHUd SAEPHBIX
UCTIBITAaHUH B TpeX cepax (Ha 3emiie, Mo BOAOH U B KOCMOCE), TOJMHCAHHOTO JIepyKaBaMU-
oOnanarensiMu siiepHoro opyxkusi. CoBceM HeIaBHO, mociie Toro kak dpaHius 3aKoHYHIIA
CBOM UCHBITaHMS Ha aTosie Moppopoa B Tuxom okeane, Bce 5 CBepx JepikaB, 00sagaronme
AJIEPHBIM OpPY>KHEM, 3asBUJIM O IOJHOM MPEKPAIICHUU SIEPHBIX HCHBITAHUH. DTO OBLIO
JOCTUTHYTO B 3HAYUTEIbHOM CTENeHM OJarojapst OCO3HAHUIO TOH CTpalIHOM Yrpo3bl,
KOTOPYIO HeceT B cebe MpOAOHKEHHE HCIBITAaHUM SIEpPHOTO OpYXKHsl, a Takke Ojaromaps
CO3aHHIO TEXHOJIOTUI KOMIIBIOTEPHOTO MOJEINPOBAHHUS AJIEPHBIX B3PHIBOB.

3akjaueHue



YenoBeyecTBO CTOUT IMEpe] IWIEMMOW: C OJHOM CTOPOHBI, 0€3 HEPruM HeNb3s
o0ecrieunTh OJAronoIy4us JrOAEH, a ¢ IPYroll — COXpaHEHHUE CYLIECTBYIOIIMX TEMIIOB €€
IIPOU3BOJCTBA U MOTPEOIEHUSI MOMKET INPUBECTH K PA3PYLICHUIO OKPYXKarOIIEW Cpeisl,
Cepbe3HOMY YIIEepOy 310pOBbS UEIOBEKA.

CeroaHst OKOJIO IMOJIOBHHBI MHUPOBOTO 3HEprodanaHca NPUXOAUTCA Ha JIONM0 HedTH,
OKOJIO TPETH - Ha JIOJII0 Ta3a U aToma (IPUMEPHO 110 OAHOM 1IECTOi) U OKOJIO OAHOM MATOM -
Ha om0 yrmid. Ha Bce ocTalbHble MCTOYHMKM DHEPIUU OCTAETCSl BCETO HECKOJIBKO
nporeHToB. COBEPLICHHO OYEBMJHO, YTO 0€3 TEIUIOBBIX M AaTOMHBIX 3JIEKTPOCTAHIMH Ha
COBPEMEHHOM 3Talle YeJI0BEYECTBO OOOUTHUCH HE B COCTOSIHUU, U BCE K€ 110 BO3MOYKHOCTHU
TaMm, I€ €CTh, CIEAYeT BHEAPATh allbTepHATUBHbIE UCTOUYHUKU SHEPIUHU, YTOOBl CMATYUTh
HEH30€XKHBIN Tepexo OT TPAAULIMOHHOW SHEPreTMKH K anbrepHaTHBHOM. Torma Oyner
KU3HEHHO Ba)KHO, CKOJIBKO COJIHEYHBIX OaTapeil ycmeeT BCTYNUTh B JIEHCTBHE, CKOJIBKO
3apaboraeT “MuHU-I"9C” U NPUIMBHBIX CTAaHLUH, OTKPHIBAIOLIUX JOPOrY ThICSYaM APYTUX,
CKOJIKO IIEIIOYEK BETPAKOB BCTAaHET IIO I'OpPaM M CKOJBKO LIENOYEK BOJHOBBIX OYHKOB
3aKayaeTcs y moOepeKHid.

SlnepHas 3HEPrusi UrpaeT UCKIIOUUTENBHYIO POJIb B COBPEMEHHOM MHpE: sJE€pHOE
OpY’KH€ OKa3bIBACT BJIMSHHUE HA MOJUTHKY, OHO HABUCJIO Yrpo30d HaJ BCEM, KUBYILUM Ha
3emie. A T1OKa YEIOBEYECTBO CTPEMUTCS YTOJIUTh CBOM HENPEPHIBHO pacTyIIue
NOTPEOHOCTH B DJHEPrUM IyTeM OeCHpeneabHOr0 pa3BUTHS SJACPHOM DHEPreTHUKH,
PalMOaKTUBHBIE OTXO/Ibl 3arPSA3HSIOT HAIly IUIaHEeTy. B nefcTBUTENbHOCTH KU3Hb HA 3eMIie
BCErJa 3aBHcela OT SJIEPHOM DHEPruM: SACPHBbIA cuHTe3 nuTaeT »Heprueil ComHie,
palMOaKTUBHBIE INPOLECCHl B HeApax 3eMJIM HarpeBaloT €€ KUJAKOEe s1pO, BIMSIOT Ha
MOJIBU’KHOCTh MAaTEPUKOBBIX ILIUT.

Ilepas mnonoBuHa 20 Beka O3HAMEHOBANaCh KpynHeWmed moOegod Hayku —
TEXHUUYECKUM pEIICHWEM 3a/ladl HMCIOJIb30BAaHUS I'POMAJHBIX 3allacOB SHEPIUHU TAKEIBIX
aTOMHBIX S7Iep — ypaHa ¥ TOpHsL. DTOro BUJa TOIUIMBA, CKUIaeMOI'0 B aTOMHBIX KOTJIaX, HE
TaK Y’ MHOTO B 36MHOH Kope. Eciu BClo 3HEpreTuKy 3eMHOTI'O LIapa IepeBeCTH Ha HETo, TO
IPU COBPEMEHHBIX TEMIIaX POCTa MOTPEOJCHUs SHEPrUU ypaHa M TOPHs XBATUT JIMIIbL Ha
100 — 200 set. 3a 3TOT K€ CPOK MCUESPIIAIOTCS 3aIackl yriist U HeTH.

Bropasa nonosuna 20 Beka cTajla BEKOM TEPMOSIIEPHOM dHEpruu. B TepmosnepHbIX
peakuusax MPOUCXOIUT BBIJEIIEHUE SHEPTUHU B Ipoliecce MPEeBpalIeHHs] BOJIOpOAa B TeIUi.
BeicTpo npotekatrolye TepMosiiepHbIe PEAKIIMK OCYIECTBISIOTCS B BOJAOPOAHBIX OoMOax.

B TepMosiaepHbIX peakTopax, 0e3ycioBHO, OYJET HCIONb30BaTbCsl HE OOBIYHBIN, a
TSDKENBIN BOJOpOX. B pe3ynprare ncnonb3oBaHus BOAOPOJA C aTOMHBIM BECOM, OTJIMYHBIM
0T HauboJiee YacTO BCTPEUAIOIIEroCs B IMPHUPOJE, YAACTCS IOJIYyYUTh CUTYaLUIO, IIPH
KOTOPOH JTUTP OOBIYHOM BO/BI 110 SHEPTHH OKakeTcst paBHolieHeH 400 auTpaM HEPTH.

Opnako, raaBHasi poOsIeMa COBPEMEHHOM SHEPreTUKU- HE UCTOIIEHNE MUHEPAIbHbBIX
pecypcoB, a yrpoxaromasi dKojoruyeckass oOCTaHOBKa, €lle 3aJ0Jiro A0 TOro, Kak OyayT
HCIIOJIb30BaHbl BCE MBICIMMBIE PECYPCHI, pa3pa3uThCs 3KOJOorudeckas karactpoda, KoTopas
IpeBpaTUT 3eMITIO B IUIaHETY, COBEPLIEHHO HEMPUCIOCOOICHHYIO Ul KHU3HH YellOBeKa.

1.Peakrop

2.ITaporeneparop
3.upKyaanOHHBIN HACOC

(puc 2)



1.Peakrop

2.TemmooOMEeHHUK, TAPOTEHEPETOP,
3.ITapoTypOuHHast ycTaHOBKA
4.I'eneparop

5.Kongencarop

6.Hacoc



