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§66. [leneHue aaep ypaHa

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

Kakne cunbl gencTteyoT B aape? Yto nponcxognt
npu genexnn aapa?

UTo npoucxoauT ¢ sHepruen npu geneHnn sapa
ypaHa? L

Kak nameHsieTca temnepaTtypa oKpyxarLlen cpebl
npu geneHun agep ypaHa?

Kak Benuka BblgesrieHHada aHeprmna?




leneHue msixernbix s10ep.

B oTnnume oT pagmMoakTMBHOIO pacnaga saep, ConpoBOXaatoLLEerocs
MCcnyckaHnem a- Unn B-yacTtul, peakuun aeneHust - 3To NpoLecc, npu
KOTOPOM HecTabunbHOEe AP0 AENUTCA Ha ABa KPYMHbIX dparMeHTa
CpaBHMUMBbIX Macc.

B 1939 rogy Hemeuknmun yyeHbimn O. NaHom n @. LLTpaccmaHom
OblNO OTKPLITO AeneHue saep ypaHa. [Npogomkasa nccnegoBaHus,
Ha4YaTble Pepmu, OHN yCTaHOBWUIM, YTO Npy bombapanpoBke ypaHa
HEUTPOHAMUN BO3HUKAKOT SNIEMEHTbI CpeaHEN YacTu NepuoamnvecKon
CUCTEMbI — paanoaKkTUBHbIe N3oTonbl 6bapus (Z = 56), kpunToHa
(Z=36) n op.

YpaH BCcTpeyaeTcs B NpupoAe B Buae AByX U30TOMOB: ypaHa-238 u
ypaHa-235 (99,3 %) n (0,7 %). Npn 6ombapanpoBke HENTPOHaAMW
saapa 0boMx N30TOMOB MOryT paclennsaTbCs Ha ABa ockonka. [Mpwu
9TOM peakuus aeneHns ypaHa-235 Hanbonee NHTEHCMBHO MAET Ha
MeAJIeHHbIX (TENMOBbLIX) HEMTPOHAX, B TO BpeMs Kak fapa ypaHa-238
BCTYNaltT B peakumio OeNeHUS TONbKO C BbICTPbIMU HENTPOHAMKN C
9Heprmen nopsgka 1 MaB.




LlenHaga peakuus

OCHOBHOW NUHTEPEC ANg SAePHON 3HEPreTUKn NpeacTaBnsaeT peakums
aenenva sapa ypaHa-235.

B HacToswee Bpemsi n3BecTtHbl okorio 100 pasnuyHbIX N30TOMOB C
MaccoBbIMU Ynucnamu npumepHo ot 90 go 145, BO3HMKaOLWMX NpU
aeneHnn atoro aapa. [lBe TunuyHble peakumn aeneHust 3Toro sapa
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ObpaTtnTte BHUMaHUEe, YTO B peayrnbraTe geneHuns sapa,
NHNLNNUPOBAHHOIO HEUTPOHOM, BO3HUKAKOT HOBblE HENUTPOHHI,
cnocobHble BbI3BaTb peakuun gerneHna apyrnx aaep. lNpoaykramu
aenenna aaep ypaHa-235 moryT 6biTb 1 Apyrue nsotonsl 6apus,
KCEHOHa, CTPOHUUA, pyonausa v 1. 4.




MNpu geneHun agpa ypaHa-235, kotopoe BbI3BaHO
CTOJIKHOBEHUEM C HEUTPOHOM, ocBobOoOXaaeTcAa 2 unu 3
HenTpoHa. NMpu GnaronpuUATHLIX YCNOBUAX 3TU HEUTPOHbI MOTYT
nonacTtb B Apyrve sigpa ypaHa v Bbi3BaTb UX aeneHune. Ha atom
JaTane nosABATCA yXe oT 4 40 9 HENTPOHOB, CNOCOOHbLIX BbI3BaTb
HOBbIe pacnagbl aaep ypaHa u T. A. Takon naBUHOOOpPa3HbIU
npouecc Ha3biBaeTCA UernHou peakyueu

1 Cxema pa3BUTUSA LLeNMHON peakuuun aerneHus agep ypaHa
npeacTtarneHa Ha buUcvHke
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KoadhdbunumeHT pasMmHOXeHUs

[na ocylwecTBneHns LenHoM peakumm Heobxoanmo, YTodbl Tak
Ha3blBaeMbI KO3ghhuyueHm pa3MHOXeHUsT HeUmpoHoe Obin
bonbLwe eguHuubl. pyrmmmn cnoBamu, B Kaxaom nocrieayrowem
NOKOSIEHNN HEUTPOHOB AOMKHO BbITb BosbLUe, YEM B
npeabiayLemM.

KoadhpuumeHT pasMHOXEHNS onpeaenaeTcs He TOSTIbKO YMCIIOM
HENTPOHOB, 0OPAa3yOLWNXCH B KAXXOA0M 3NEMEHTAPHOM akTe, HO U
YCNOBUSIMUN, B KOTOPLIX NPOTEKAET peakumsa — YaCTb HENTPOHOB
MOXET rnorfowarbca ApyrumMm aapamm UM BbIXoAUTb N3 30HbI
peakunn. HenTpoHsbl, ocBOB6OAMBLUMECS NPWU OENEHNN SAep
ypaHa-235, cnocobHbl BbI3BaTh AENIEHUE NULLb SAep 3TOro Xe
ypaHa, Ha OOS1H0 KOTOPOro B NPMPOAHOM ypaHe MpuxXoamnTcs BCEro
nvwb 0,7 %.




Kputnyeckaa macca

HanmeHbLlada macca ypaHa, npu KOTopou
BO3MOXHO MPOTEKAHMNE LIEMHOU peaKkLnu,
Ha3bIBAETCA Kpumu4yeckou maccoul.

Cnocobbl YyMeHbLLIEHUA NOTEPU HENTPOHOB:

Aicnonb3oBaHme oTpaxkatoLlen obonoykm (13
bepunnus),

YMeHbLUEHNE KONMMYecTBa NpuMecen,

[TpumeHeHne 3amennnTens HEMTPOHOB (rpadurT,
TaXKenas soaa),

[Ona ypana-235 - M kp = 50 kr (r=9 cm).




Cxema saepHOro peakropa
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B aKkTMUBHOM 30He AAepHOro peakropa uger

yripaBndaemMasa faaepHasd peakuus
C BblaerieHuemM 0osnbLIOoro Kofim4yecTBo dHEePrun.

[lepBbIN AO0epHbLIN

1' ."N peakTop 6bin
S U "" NoCTpoeH B 1942

Vit e Ve, rony B CLLUA nop
B PYKOBOACTBOM
J. Pepmu.
B Hawen cTtpaHe
nepBbIN peakTop
ObIf1 NOCTPOEH B
1946 rogy noa
PYKOBOLACTBOM
A. B. KypuaroBa
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IlomalluHee 3agaHue

§66. [leneHne agep ypaHa.
§67. LlenHas peakuus.

§68. ApepHbin peakTop.
OTBETUTb Ha BOMNPOCHI.
HapucoBaTtb cxemy peakTtopa.

Kakue BelecTBa 1 Kak NPUMEHSIOTCA B SAEPHOM
peakTope? (MMCbMEHHO)




TepMmosiOepHbIe peaKuuu.

1 Peakunn cnmnanHumng
Nerknx agep HocAT
Ha3BaHue
TepMosifgepPHbIX
peakuuun, Tak Kak
OHU MOTYT
npoTeKaTb TOMNbKO
NPpu OYEHb BbICOKUX
Temneparypax.




TepmMmosiOepHbIe peakyuu.

. BTopon nyTb ocBOOOXOEHUS S0EPHON SHEPTNUMN CBA3aH
C peakumamm cuHTesa. [1pn cnuaHmn nerkmx agep v
obOpa3oBaHUM HOBOIo si4pa OOMKHO BbIAENATLCS
BosibLIOE KONMMYECTBO 3HEPTUN.

2 3 4 1
1H + 1H o 2He + o + 17.6 MsE,

OcobeHHO bonbLUoe npakTuyeckoe 3Ha4YeHne MMeET TO, YTO
npu TepMmoagepHoOnN peakumn Ha Kaxkabl HYKIMOH
BblAenseTcss HaMHOro dorsbLLIE SHEPrn, Yem Npm SOepPHOU
peakuun,

HanpuMep, Npu CUHTEe3e saapa renns u3 saep

BblOENAETCS dHEPrus, paBHas 6 MaB,




YcnoBusl npoTekaHua TepmMmossaepHoun
peakuumn

1 YtoObI ABa si7ipa BCTYNWJIM B PEAKIIMIO CUHTE3a, OHU JOJKHBI
COJIM3UTCA HA PACCTOSIHUE JCUCTBUS AACPHBIX CHJI MOPSIKA
2-107'°> M, mpeomoneB AneKTpUYECKOe OTTAIKUBAHUE UX
MOJOKUTENBHBIX 3apAA0B. IS 3TOr0 cpeHsis KNWHETUYECKAs
HEPTHs TEIUIOBOIO ABMKCHUS MOJIEKYN JOJKHA
IIPEBOCXOAUTH MMOTCHIIMAIIBHYIO SHEPTHUIO KYJTTOHOBCKOTO
B3aUMOJICHCTBUA. PacyeT HEOOXOIUMOM IS 3TOTO
Temneparypsl T mpuBoAUT K BenuuuHe nopsiaka 10°-10° K.
DTO YpE3BBIYAMHO BBICOKAs TemIieparypa. [Ipu takoun
TEMIIEPaTypPe BEMIECTBO HAXOIUTCS B ITOJHOCTHIO
MOHU3UPOBAHHOM COCTOSIHHH, KOTOPOE HA3bIBACTCS
naaIMoOu.




YnpaBnsiemas TepMosigepHasi peakuus

I IHEepreTn4eck BblroaHas CamonoaaepxvBaroLLmecs

peakuusa. OgHako oHa MOXET TepMosiAepHble peaKLmi
NOTU NULLBb NPU OYEeHb BbICOKNX NPOUCXOANAT B 3Be37ax

Temneparypax (nopsiaka
HECKONbKO COTEH MIH. rpagycoB).
[Mpn 60NbLLIOW NNOTHOCTH
BELWLECTBA Takasa Temneparypa
MOXET ObITb AOCTUrHYyTa NyTEM
co3gaHus B nriasme MOLLHbIX
9JIEKTPOHHLIX paspanos. [pu
9TOM BO3HUKAaET npobrema -
TPYOHO yaepXxaTb nnasmy.




JHEepreTu4ecKum Kpusumc

1 CTan pearnbHOW yrpo3oun ans
YyenoBe4yecTBa. B cBda3n ¢ aTUM
ydyeHble NpeanoXxunu gobuiBaTb
N30TON TSAXeSIoro Bogopoaa -
OeUTepun - U3 MOPCKoOWN Boabl U - o et
nogBepraTb peakumn sepHOro
pacrnnaea npu Temnepartypax
okosio 100 munnnoHoB rpagycos
Lenbcua. NNpn agepHom
pacnnaBe genTtepun,
Nony4YeHHbIN N3 OQHOro
Knnorpamma MOpPCKOW BoApbl
ByneTt cnocobeH Npon3BecTr
CTOJSIbKO e 9HEPrnun, CKomnbkKo
3biaenserca npu cxuradmum 300




Hanbonee mowHbI coBpemeHHbIn TOKAMAK, cnyxawmumn TonbKo
MWL ANA uccriegoBaTenbCKUX Lernen , HaxoauTcs B ropope
AOuHraoH Hepaneko ot Okccoppa. Boicoton B 10 meTpoB, OH
BblpabaTbiBaeT nyfia3aMy M COXpaHsieT eyl XXU3Hb NMOoKa BCero Jfivullb
okorio 1 cekyHAabl.




TOKAMAK (TOpoupanbHasa KAmepa c
MArHuTHbiMu Katywkamm)

1 9TO 3NeKTPodPUnU3n4ecKoe yCTPoONCTBO, OCHOBHOE
Ha3Ha4YeHne KOToporo - qoopMmpoBaHmne nnasmol.

[Tnasma yaep>xnmBaeTcs He CTEHKaMu KaMepsbl, KOTopble
He cnocobHbl BblaepXaTb €€ Temneparypy, a
cneunanbHO co3gaBaeMbiM MarHUTHbIM MOMEM, YTO
BO3MOXXHO npn Temnepatypax okono 100 mnH.
rpagycoB, N coxXxpaHeHne eé OocTaToMHO J0Nroe Bpems
B 3aJaHHOM ob6beme. BO3MOXHOCTb Nofy4eHus nnasmsbl
NpU CBEPXBbLICOKMX TemMnepaTypax no3BonseT
OCYLLECTBUTb TEPMOSAEPHYIO peakLno CUHTE3a aaep

NSl U3 NCXOOHOIO CbIPbsi, U30TOMOB BO0OPO/1a
(nenTem




[Oeitepuii
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3n. MaruuTsbl .
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Reactants Fusion

20 keV




1 M.A. JleoHTOBWMY BO3Ne
"Tokamaka




YnpaBnsiemMble TepMosifepHblie peakumu

OCHOBbI TEOPUKN YNPABNSIEMOro TEPMOSIAEPHOIO CUHTE3A 3aNnoXnUnm B
1950 rogy W. E. Tamm 1 A. [1. Caxapos, nNpeanoXxuB yaepxusaTtb
MarHUTHbIM MOMNEM ropsa4vyto nnasmy, obpasoBaBLLYHOCA B

pes3ynbraTte peakuun.

OTa ngesa n npueerna K co3gaHuio TeEpMosiAepPHbIX PEaKTOPOB -
TOKaMaKoB.

[Mpn GonblUOM NNOTHOCTM BewWwecTBa Tpebyemasi BbICOKas
Temneparypa B COTHU MIIH. rpagycoB MOXET ObITb 4OCTUTHYTa NyTEM
co3faHua B nriasMme MOLLHbIX 3MEKTPOHHLIX pa3psaos. MNpobnema:
TPYOHO yaepXxaTb nrasmy.

CoBpeEMEHHbIE YCTAHOBKM TOKaMakK - He TepMosiAepHbIE peakTopskl, a
nccrieqoBaTenbCckme YCTaHOBKMU,

B KOTOPbIX BO3MOXHO fNLIb HA HEKOTOPOE BPEMSI CYLLECTBOBAHME U
coXpaHeHune nnasmbl.




1 OTuamMmn-ocHoBaTeNsIMMU COBETCKOrO MUPHOIO TEPMOSJa CTanu
akagemukn AHapen CaxapoB (cnea), co3gaTenb BOOOPOOHON
6ombObI, n EBreHnin Benuxos (cnpasa), oAuH 13 pa3apaboT4mKoB
TOKamaka - npoobpasa TepMosePHOro peaktopa




Cdepunyeckmn Tokamak
[Mobyc-M - HoBas
KpyrnHaa dpusmndeckas
yCTaHOBKa, COOPY>KEHHas
B PU3MKO-TEXHNYECKOM
NHCTUTYTE UM. A.D.
Noddpe Poccumckon

Akagemun Hayk B 1999
r.



IlomalluHee 3agaHue

§72. TepmosigepHasi peakyms.
Omeemumsb Ha 80r1pOoChl.
§70. bnonornyeckoe gencrene paguawun.

§71. lNony4yeHne n npumMmeHeHne pagmoakTUBHbLIX
N30TOINOB.

Jloknaosl.




