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ATOMHada aHepreTuka

1 §66. [leneHne snep ypaHa.

1 §67. LlenHasa peakuus.

1 §68. AnepHbin peakTop.

1 §69. AToMHasi sHepreTuka.

1 §70. buornornyeckoe gencrtene pagnawun.

1 §71. lNony4yeHne n npumMeHeHne pagmoakTUBHbIX
N30TOMOB.

1 §72. TepmosiaepHas peakuus.
1 §73. OnemeHTapHble YacTuubl. AHTUYaCTULbI.
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§66. [leneHue aaep ypaHa

KTo n Korga oTKpbIn AgeneHve aaep ypaHa?
KakoB mexaHu3m geneHus sgpa?

Kakne cunbl gencTeyoT B aape? Yto nponcxognt
npu geneHnn aapa?

UTo npoucxoauT c saHepruen npu geneHnn sapa
ypaHa? )

Kak nsameHsieTca temnepaTypa okpyxawLluen cpeabl
npu geneHun sgep ypaHa?

Kak Benuka BblgenieHHasa aHeprmna?
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leneHue msixernbix si0ep.

B otnnyme oT paguoakTMBHOroO pacnaga saep, ConpoBOXAatoLLEerocs
NCMyCKaHMEM Q- Unn B-4acTul, peakumn AeneHust - 3To NpoLecec, npu
KOTOPOM HecTabunbHoOe 94p0 AenUTCs Ha ABa KPYMHbIX dparmeHTa
CpaBHMMbIX Macc.

B 1939 rogy Hemeukumn ydeHbimMn O. MaHom n . LTpaccmaHom Bbino
OTKPbITO AeneHue saep ypana. lNpogomkas nccnegoBaHust, HavaTble
depmMu, OHU YCTaHOBUNK, YTO Npu 6omBapanpoBke ypaHa HENTPOHaMM
BO3HMKAIOT aNIEMEHTbI CpeaHeN YyacTu Nepuoanyeckon CUCTEMbI —
pagnoakTuBHble n3otonbl bapua (Z = 56), kpuntoHa (Z = 36) v ap.

YpaH BCTpeyaeTcs B NpUpoAe B Buae ABYX U30OTOMOB: ypaHa-238 u
ypaHa-235 (99,3 %) u (0,7 %). NMpn 6ombapampoBke HEMTPOHaAMK sSapa
0bouMx M30TONOB MOTYT pacLLennATLCA Ha ABa OcKosika. [1pn aTom
peakuusa genenua ypaHa-235 Hanbonee MHTEHCUMBHO MAET Ha
MeAsieHHbIX (TeMnnoBbIX) HENTPOHAX, B TO BpeMs Kak sapa ypaHa-238
BCTYNatoT B peakuuo AereHnsi TONbKo C BbICTPbIMM HENTPOHAMK C
9Heprmen nopsigka 1 MaB.




LlenHaa peakuua

1 OCHOBHOW MHTEpPEC ANs A0ePHON SHEPreTUKN NPeacTaBndeT peakums
aenenus sigpa ypaHa-235.

1 B HacTtoswee Bpemsi n3secTtHbl okoro 100 pasnnyHbiX M30TOMNOB C
MaccoBbIMK Yncnamm npumepHo ot 90 go 145, BosHUKaOWNX Npu
OeneHun atoro siapa. [1ge TunmyHble peakummn aeneHus aToro sapa
UMMEKT BNA. 144 20

1
56331 + 36Kr + 3Un,

235U+1 Y
1l
2 0™ 40 04 1

54Xe + 388r + 2Dn.

1 ObpaTtute BHMMaHMe, YTO B pesyrnbraTe OefieHna aapa,
WHULMNPOBAHHOIO HEMTPOHOM, BO3HUKAIOT HOBbIE HEUTPOHHI,
cnocobHble BbI3BaTb peakumn aenenusa apyrmx saep. Npogykramu
aenenus saep ypaHa-235 moryT ObiTb 1 Apyriue n3oTonbsl bapus,
KCEHOHa, CTPOHUMSA, pyounaunsa v T. 4.




lNpu geneHuun appa ypaHa-235, Kotopoe BbI3BaHO
CTOJIKHOBEHUEM C HEUTPOHOM, ocBoboOXaaeTcAa 2 unum 3
HenTpoHa. NMpu GnaronpuUATHbLIX YCNOBUAX 3TU HEUTPOHbI MOTYT
nonacTtb B Apyrve sigpa ypaHa v Bbi3BaTb UX geneHune. Ha atom
aTane nosABATCA yXXe oT 4 40 9 HENTPOHOB, CNOCOOHbLIX BbI3BaTb
HOBbIe pacnagbl saep ypaHa v T. A. Takon naBUHOOOpPa3HbIU
npouecc Ha3biBaeTCsa UernHou peakyueu

1 Cxema pa3BMUTUSA LLeNMHON peakuuu aerneHus agep ypaHa
npeacTtarneHa Ha buUcvHke
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KoadbhdbunumeHT pasMmHOXeHUs

1 [Ons ocyuwlecTBneHus LenHon peakumm Heobxogmmo, 4Tobbl Tak
Ha3blBaeMbI KO3ghgpuyueHmM pa3MHOXXeHUS1 HelmpoOHOoe Dbl
bonble eguHuubl. [pyrmmmn cnoBamu, B Kaxaom nocrieqyrowem
NOKOSIEHNN HEUTPOHOB AOMKHO BbITb BorbLUe, YEM B
npeabiayLiem.

1 KoadhdpuumeHT pasMmHOXEHNA ornpeaenaeTcs He TOMNbKO YMCITIOM
HENTPOHOB, 0OPAa3yOLNXCA B KAXXOOM 3NEMEHTAPHOM akTe, HO U
YCNOBUSIMUN, B KOTOPLIX NPOTEKAET peakumsa — YaCTb HENTPOHOB
MOXXET Morfowarbca ApyrumMm aapamm UM BbIXOAUTb N3 30HbI
peakunn. HenTpoHsbl, ocBOBGOAMBLUMECS NPWU OENEHNN aaep
ypaHa-235, cnocobHbl BbI3BaTh AEfIEHME NULLb S4ep 3TOro Xe
ypaHa, Ha OOS1H0 KOTOPOro B NPUPOAHOM ypaHe MpuxoamnTcs BCEro
nvwb 0,7 %.




Kputnyeckaa macca

1 HanmeHbLLas macca ypaHa, npu KOTOpOW
BO3MOXXHO MNPOTEKaHNE LIEMHOW peaKkumu,
Ha3bIBAETCHA Kpumu4yecKoUu maccou.

1 CnocoObl YMEHbLLIEHUA NOTEPU HENTPOHOB:

1 Mcnonb3oBaHue oTpaxkatoLien ob6ornoyvku (13
bepunnus),

1 YMeHbLLEHME KOnMM4ecTBa NpUMecen,

1 NpumeHeHne 3amegnutensa HENTPOHOB (rpaduT,
TaKenas soaa),

Ona ypaHa-235 - M kp = 50 kr (r=9 cm).
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Cxema sgaepHoOro peakropa
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B akTUBHOM 30He AAepHOro peakTopa uaert
ynpaBnsemMas sgepHasi peakuums
C BblAeneHneM GOosbLIOro Konm4yecTBo 3HEpPruun.

[lepBbIN AO0epHbLIN
peakTop Oblin
NOCTPOEH B 1942
roay B CLLA nog
PYKOBOACTBOM
J. Depmu.

B Hawen cTtpaHe
nepBbIN peakTop
ObIN1 NOCTPOEH B
1946 rogy noa
PYKOBOACTBOM
U. B. Kypuarosa




IlomalluHee 3agaHue

1 §66. [leneHne snep ypaHa.

1 §67. LlenHasa peakuus.

1 §68. AnepHbin peakTop.

1 OTBETUTL Ha BOMPOCHI.

1 HapucoBaTtb cxemy peakTtopa.

1 Kakne BellecTBa 1 Kak MPUMEHAKTCSA B A0EPHOM
peakTtope? (MMCbMEHHO)
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TepMmosiOepHble peaKuuu.

1 Peakuunn cnmnanHumng
Nerknx ssiaep HocAT
Ha3BaHUe
TepMosifAepPHbIX
peakuumn, Tak Kak
OHU MOTYT
npoTeKaTb TOMNbKO
NPU OYEHb BbICOKUX
Temneparypax.




TepmMmosiOoepHbIe peakyuu.

1 . Bropown nyTb ocBObOXOEHUS SA0EPHON SHEPTUM CBA3AH
C peakumammn cuHTesa. [1pn cnnuaHmn nerkmx agep v
obpas3oBaHUM HOBOIO si4pa OOMKHO BbIAENATLCS
BosibLIOE KONMMYECTBO 3HEPTUN.

2 3 4 1
1H + lH - 2He + o + 17.6 MsEB,

OcobeHHOo bonbLUoe npakTuyeckoe 3Ha4YeHne MMeET TO, YTO
npu TepMmoagepHoOnN peakumn Ha KaXkabi HYKIMOH
BblAenseTcs HaMHoro borsibLLIe SHEPrnn, Yem nNpu AOepHoON
peakuun,

HanNpuUMep, Npu CUHTE3e saapa renns 3 saep Boaopoa
BblOENAETCS 9HEeprus, paBHas 6 MaB,

N geneHun sapa ypaHa Ha oguH HYKIOH NPUXOANUTCH »
0,9 MaB®



YcnoBus npoTeKkaHusa TepMosgepHoOU
peakuuu

1 YtoOBI ABa si7ipa BCTYNWJIM B PEAKIINIO CUHTE3a, OHU JOJKHBI
COJIM3UTCS Ha PACCTOSIHUE JICMCTBUSA SJICPHBIX CHJI TOPSIAKA
2-107!° M, mpeononeB rnekTpudeckoe OTTAIKUBAHUE UX
MOJIOKUTEIBHBIX 3apAA0B. [JIs1 3TOTO CpeiHsiss KUHETUYeCKast
QHEPIHUs TEIJIOBOIO ABUKEHUS MOJEKYJ JOJKHA
IIPEBOCXOAUTH NOTECHIIMAIBHYIO SHEPTHUIO KYJTOHOBCKOTO
B3auMOJiericTBUA. PacyeT HEOOXOMUMOM IS DTOTO
Temneparypsl T IpUBOAUT K BeauunHe nopsiaka 10°-10° K.
DTO YPE3BBIYAMHO BbICOKAs TemIieparypa. [Ipu takoun
TEMIIEpATypPe BEMIECTBO HAXOAUTCS B OJTHOCTHIO
MOHU3UPOBAHHOM COCTOSIHUH, KOTOPOE HA3bIBACTCS
nA3IMOU.




YnpaBnsiemas TepMmosigepHasi peakuus

0 IHEepreTn4ecKk BblroaHas CamonoaaepxuBatoLmecst

peakuusa. OgHako oHa MOXET TepMosigepHble peakumm
NAOTW NN NPUN OYEHb BbICOKMX NpouCXoasT B 3Be3aax

Temnepartypax (nopsiaka
HECKOINbKO COTEH MIH. rpagycoB).
[Mpn 60NbLLION NNOTHOCTH
BELLECTBA Takasa Temneparypa
MOXET ObITb AOCTUrHYyTa NyTEM
co3gaHus B nriasme MOLLHbIX
9JIEKTPOHHLIX paspanos. [pu
9TOM BO3HUKAET npobrema -
TPYAHO yaepxXxaTb Nnasmy.




JHEepreTu4ecKum Kpusmc

1 CTan peanbHOW yrpo3oun ans
YyenoseyecTBa. B cBA3n C aTnMm
yyeHble NpeanoXxunu gobbiBaTb
N30TOMN TSXKENOro BoA4opoaa -
OEVUTEPUN - U3 MOPCKOU BOAObI U
nogBepraTb peakumn sepHOro
pacnnaega npu Temnepartypax
okono 100 munnnoHoB rpagycoB
Llenbcusa. pn agepHom
pacnnase AeUTepuun,
NOnyYeHHbIU N3 OgHOro
Kunorpamma MOpPCKOW BOAbI
BbyneTt cnocobeH NponsBecTu
CTOJSIbKO e 3HEPrnun, CKOnbKO

igensietca npu cxuradnm 300




Hanbonee mowHbI coBpemeHHbI TOKAMAK, cnyXxawumn TonbKo
NUWBb ANA uccriegoBaTenbCKUX Uernen , HaxoauTcs B ropope
AOuHragoH Hepaneko ot Okccoppa. Boicoton B 10 meTpoB, OH
BblpabaTbiBaeT nyfia3aMy M COXpaHsieT eyl XXU3Hb NoKa BCero Jfivllb

okoro 1 ceKkyHAbl.




TOKAMAK (TOpoupanbHasa KAmepa c
MArHuTHbiMu Katywkamm)

1 9TO 3N1eKTpPpodPUnU3n4ecKkoe yCTpoONCTBO, OCHOBHOE
Ha3Ha4YeHMe KOTOPOro — dopMUpoBaHME MNasmebl.

1 [Mnasma ygepxmnBaetca He CTeHKaMu KaMepsbl, KOTopble
He cnocobHbl BblaepXaTb €€ Temneparypy, a
cneunanbHO co3gaBaeMbiM MarHUTHbIM MOMEM, YTO
BO3MOXXHO npu Temnepatypax okono 100 mnH.
rpagycoB, N coOXpaHeHne eé JocTaToMHO JONnroe Bpems
B 3aJaHHOM ob6beme. BO3MOXHOCTb Nofy4eHns nnasmsbl
NPU CBEPXBbLICOKMX TemMnepaTypax no3BonseT
OCYLLECTBUTb TEPMOSAEPHYIO peakLMo CUHTE3a aaep

NS U3 NCXOOHOrO Cblpbsi, U30TOMOB BOJOPO/A

(nentée




[Oeitepuii

MNna3Ma

3n. MaruuTsbl .
2. TennoHocuTe
aiT AzzaZell

azza.telenet.r

Reactants Fusion

20 keV




1 M.A. JleoHTOBWMY BO3Ne
"Tokamaka




YnpaBnsemMble TepMosifepHble peakumnu

1 OcHOBbI TEOPUK YNPAaBSIEMOro TEPMOSIAEPHOIO CUHTE3A 3aNnoXNUIn B
1950 rogy W. E. Tamm 1 A. [1. Caxapos, npeanoXxue yaepxusaTtb
MarHUTHBLIM MOfieM ropsyyro nnasmy, obpasoBaBLUYyHOCS B
pes3ynbraTte peakuun.

OTa ngesa n npueerna K co3gaHuio TeEpMosiaepHbIX PeakToOpoB -
TOKaMaKoB.

[Mpn GonblUOM NNOTHOCTU BeweCcTBa Tpebyemasi BbICOKas
Temneparypa B COTHM MIIH. rpagycoB MOXET ObITb 4OCTUTHYTa NyTEM
co3faHua B nriasMe MOLLHbIX 3MEKTPOHHLIX pa3psaaos. MNpobrnema:
TPYyOHO yaepXxaTb Nnasmy.

CoBpEMEHHbLIE YCTAHOBKM TOKaMaK - He TepMosiAepHbIE peakTopskl, a
nccnegoBaTenbCkMe YyCTaHOBKN,

B KOTOPbIX BO3MOXXHO fNLIb HA HEKOTOPOE BPEMS CYLLECTBOBAHME U
coXxpaHeHune nnasmbl.




1 OTuamMmn-ocHoBaTeNsIMM COBETCKOrO MUPHOIO TEPMOSJa CTanu
akagemukn AHapen Caxapos (cnea), co3gaTenb BOOOPOOHON
6ombbI, n EBreHnn Benuxos (cnpasa), oAuH U3 pa3paboTymKoB
TOKamaka - npoobpasa TepMosepPHOro peaktopa




Cdepunyecknn Tokamak
[mobyc-M - HoBas
KpynHaa pmsmndeckas
yCTaHOBKa, COOPY>KEeHHas
B PU3MKO-TEXHNYECKOM
NHCTUTYTE UM. A.D.
Nodpdpe Poccumckonm

Akagemun Hayk B 1999
r.



IlomalluHee 3agaHue

1 §72. TepmosiaepHast peakuusi.
7 Omeemumsb Ha 80r1pPOoChI.
1 §70. buonornyeckoe gencrene pagnaun.

1 §71. lNony4yeHne n NnpuMeHeHne paanoakTUBHbIX
N30TOIMOB.

1 IloKrnaoesl.
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