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. TepMmosiOepHasi peakuyusi - peakKuusi CIIUSIHUS1 JIe2KuUX
.s10ep npu o4YeHb 8bLICOKOU memrepamype,
- corpoeoxoaruwasicsi ebioesieHUeM 3Hepauu
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CpasHeHUe mepmosiOepHOU 3Hepauu
U ebidesisirouwjeucsi npu peaxkyuu
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YcnoBusAa nporteKkaHusa
TeEpMOSAEPHOU peaKLunm
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o “He + 3.5 MeV
n+ 14.1 MeV

s Toro, 4yTtobbl rMpomn30Lia
peakumnsi CUHTe3a, NCXOAHbIE S4Pa
JOJIKHbI 110r1acTb B cpepy AENCTBUS
saepHbIx cu(cbm3nTbCs Ha
paccrosiHme 101* M), npeogoses
CUJTy 371EKTPOCTATUYECKOIrO
OTTaJ/IKUBAHWS. DTO BO3MOXXHO rpu
60/1b1LI0N KNHETUYECKON SHEPT UM
q4ep. [ns 3Toro BeLwecrtBo A40JIXKHO
MMETb TeMepartypy 107 K.
[losTOMy peakunsi HA3BaHa
«TepmosigepHou» (ot nar. therme-
Tersio).




HeymnpasiisieMble TEPMOAAECPHBIE PEAKITN

1. Ha ConHue yxe munnuapgbl
neT nponcxoauTt
HeynpaBrsieMbIn
TepMosiAepPHbIN CUHTE3.

Mo ogHOM M3 rMnoTe3 B Heagpax
CornHuya npoucxoguTt cnusHue
4 apep Bogopona B A4pO
renus. NMpu aTom BblaensieTcs
KonoccaribHoe KOnm4ecTBo
3Heprum

2. BopopogHas 6ombGa.

dotorpacdus B3pbiBa nepBoun hpaHLy3CKoMn
TepmosiaepHon 6om6bI KaHonyc, KoTopas Obina
ucnbiTaHa 24 aBrycta 1968 rona Bo ®paHLy3ckomn
MonuHesuwn.

FOSTED AY LULELLF.RU




CamMon MOLLHOW U3 UCMNbITAHHbIX
bomb 6bina BogopoagHas 6omba
MOLLHOCTbIO 57 MeraTtoHH (57
MUINIMOHOB TOHH TPOTUNOBOIO
aKBMBaneHTa), cosgaHa B CCCP.
Cpeau pa3paboTymkoB ObInn
CaxapoB, XapUTOHOB U
Anamckun. YTpom 30 okTa6ps
1961 ropa B 11:32 bomba,
cbpowieHHas ¢ BbicoTbl 10 KM,
pocturna BbicoTbl 4000 meTpoB
Hag Hoson 3emnen (CCCP) u
Obina npmBeaeHa B JENCTBME.
MecTo B3pblBa HanoMuHano ag —
3eMJ1K0 YCTuarsn TOSICThIN CITON
nenna oT cropesLunx ckan. B
paguyce 50 KMNOMETPOB OT
SNULEHTPAa BCE ropeno, XoTs
nepen B3pbIBOM 30€Ch nexan
CHEr BbICOTOM B YENOBEYECKNIA
pocT, B 400 kunomeTpax B
3abpoLueHHOM nocernke obinun
paspyLleHbl AepEBSAHHbIE AOMA..
MoLwHocTb B3pbiBa B 10 pas
npeBbiCKNa CyMMapHYo
MOLLHOCTb BCEX B3pPbIBYaATbIX
BELECTB, UCMOMNb30BaHHbIX BO
BTOPOW MUPOBOW BOMHE.

nuclearwar.ru




MexaHu3m gencreusa BoaopoaHon 6omMoObl.

NocnenoBaTesnibHOCTbL NpoLUeccoB, NpoucxoaaLnx Npyu B3pbiBe
BOAOPOAHON OOMOLI, MOXKHO NpeaAcTaBuUTb CrieayoLWUM oOpa3om.
CHavana B3pbiBaeTcs HaxoaALWMNCA BHYTPU 000N0OYKM 3apaa-
WHULMaATOp TepMmosiaepHoOM peakuum (Hebonbluaa atTomHass 6omb6a), B
pe3ynbrate Yero BO3HUKaeT HEUTPOHHAsA BCMNbILWWKa U co3aeTcs
BbICOKaA TeMmneparypa, Heobxoaumas ana MHUUMauum TepmMosaaepHoOro
cuHTe3a. HeuTpoHbI GoMbOapanpyoT BKaabill U3 coeanHeHus
aAentepusa ¢ nutnem-6. Jiutnn-6 nog nemcreneM HEUMTPOHOB
pacliennseTcs Ha reniMm n TpuTun. 3aTeM HaA4YMHaeTcsa TepMosiaepHas
peakums B CMecu geutepus ¢ TpUTUeM, TeMmnepartypa BHyTpu 60mMObI
CTPeMUTENbLHO HapacTaeT, BOBJieKasi B CUHTe3 Bce bonblLuee u
Oonbliee KONUYeCcTBO Bogopoaa.

Anepuuk Tprrrep COxmmorumi osTedeep OTpasatens HeRTPOHOS

Tennosod 3pan TepMOAAepwsA 38pA  YDasOBsE MHNUMAETOP




Cawmas repesasi
8000p0O0OHas
bomba,

OC80€HHas
CepUUHbIM

rpou3800cmMeo
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lMpeumywecmea ynpassisieMoli mepmMosioepHoU peakuyuu

Mpea co3paHuMa TepmosiAepHOro peaktopa 3apogunacb B 1950-x ropax. B
HacTosiwee BpemAa (2010) ynpaBnsemMmbln TepMOSOAEPHbLIA CUHTE3 eLé He
OCYLLECTBIEH.

TepmosaepHas 3HepreTuKa, B KOTOpOM ucnosnb3yeTcA abconTHO
HepagAuoaKTUBHbIN OeUTepurM U paguoaKTUBHbLIA TPUTUW, HO B OOBLEMax B
TbICAYM pa3 MeHbLUMX, YeM B aTOMHOM 3HepreTuke, Oyaetr Oonee
3KOJIOrM4Ye€CKN YNCTOM.

A B BO3MOXHbIX aBapUMHbLIX CUTyauusax paguoaKTUBHbLIN (OH BONU3M
TepMosepPHOMN INEKTPOCTaHUMM He NPEeBbLICUT NPUPOAHbIX NOKa3aTenen.

lNMpu 3aTOM Ha eAMHULYY Beca TepMosiAepHOro TonnmMaea nosyydyaerca npumepHo B 10
MIH. pa3 Oonblue 3Hepruum, 4Yem Mpu CropaHMM OpraHU4YecKoro TonsmBea, U
npumepHo B 100 pa3 6onbLie, 4emM Npu pacwenneHuu agep ypaHa.

UCTOYHMK 3TOT nNpakTU4eCKu Heuc4yeprnaem, OH OCHOBaAH Ha CTONIKHOBEHUM afep
Boaopoaa, a Boaopona - camoe pacnpocTpaHeHHoe BelwecTBo Bo BceneHHoOM.

OT1omn npobnemon 3aHnmanucb B CCCP UN.B. Kypyatos, A.[l. Caxapos, N.E. Tamm, J1.A. Apunmosny, E.
. Benuxos




OcHoBHasa npobrema — yaepxaTb ras npu
Temnepatype 10’ K (nnasmy) B 3aMKHYTOM
MPOCTPaHCTBE.

Ha gaHHbIM MOMEHT 4OCTaTOMHO MHTEHCUBHO
domHaHCUpYOTCA ABe NpUHUMNUanbHbIE CXEMbI
OCYLLECTBSIEHUA YNpaBigeMoro TepMosgepHoOro
CUHTEe3a.

B
KOTOPbIX yaepXaHne nina3mbl OCyLLECTBJIAETCA
MarHMTHbIM nosem npm OoTHOCUTESNTbHO HN3KOM
AaBJIEHNN N BbICOKOU TEMMNeEpaType.

. B Takux cucremax
YTC ocyLiecTBnsieTcs nytem
KpaTKOBPEMEHHOIo Harpesa HebonbLUNX
MULLEHEN, coaepKamx OENTEPUN N TPUTUN,
CBEPXMOLLHbIMW Na3epHbIMU UM MOHHBIMW
nMmnynbcamn. Takoe obnyveHne Bbi3blBaeT
nocrnegoBaTenbHOCTb TEPMOSAEPHbIX
MUKPOB3PbIBOB.




KBa3uCTaLoHapHbIe CUCTEMbI

TOKAMAK— TopouaanbHasi BaKyyMHas Kamepa AJfI MarHUTHOro yzaepXXaHus
nnasmbl. [nasma yaepXxuBaeTcsi MarHUTHbLIM MoOMeEM,
nfiasMeHHbIN «LWHYP» BUCUT, HE KacasiCb CTEHOK Kamepbl — «bybrnuka». BnepBble
pa3pabotaH B UHCcTUTYyTEe aTOMHOM 3Heprum M. KypyaTtoBa Ansa uccnepnoBaHuA
npoobnemMbl ynpaBriieMOro TepMosigepHOro cuHte3a. Ha Kamepy HamoTaHbI
KaTylWKU Ans co3gaHua  marHutHoro nons. U3 BakyymMHOM Kamepbl cCHavana
OTKauyMBalT BO3AYyX, a 3aTEM 3anoOSfIHAIOT €€ CMeCbIo AeUuTepust N TpuTuA. 3aTem,

C NOMOLWbIO MHAYKTOPA, B KaMepe co34al0T BUXpeBoe JJNieKTpuveckoe norie.

UHayKTOp npeacraBnsieT
co6oi NepBUYHYIO OOMOTKY
Gonbworo TpaHchopmarTopa,
B KOTOPOM Kamepa
TOKAMAKa saBnsetca
BTOPUYHON OOMOTKOM.
BuxpeBoe aneKkTpuyeckoe
none Bbi3blBaeT NMpoTeKaHue
TOKa B Nnna3me U eé Harpes.
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BHYTPU KOTOPOro



Moka yaaéTcs nony4nTb NAOTHOCTL nnasmbi 10

yacTtul Ha cM® Ha Bpewms 1 ¢, YTo He no3sonsieT
nokKka 3anycTuTb camonoaaepXXvMBaroLLyHCS
TepMosSiAEepPHYHO peakuuio. NMpousBeneHne
NAOTHOCTMU NNa3Mbl

Ha BpemMs yaep)XaHus OOJMKHbI ObiTb B 20 pa3
oonblue, 4eM JOCTUTHYTO cenyac.

Ona npoMbIWMEHHOro NCNoJfib30BaHUA peakuuu
TepMosaepHoOro CUHTE3a  [AOJIKHbI naTn
HenpepbIBHO B Te4YeHUe ANIUTENIbHOro BPEeMEeHMU.
YTOoObI AO0OMTLCA nNpOTEeKaHMs peakumMm B

Tpebyemom macwitabe, Heob6xoAMMO NOAHATL

AaBlrieHue B nriia3me.
YBenuyeHue gaBrneHUA B NnnasMme BbI3bIBaeT B HEMU npoueccbl, oTpuuaTtesibHoO

CKa3blBalWMecss Ha YCTOMYMBOCTM ITOr0 COCTOSAHUA BewecTtBa. B Hen
BO3HMKAIOT BO3MYLLEHUA TUMA «LWWEeUKN», K3MEeMKN» , YTO BeAET K BblIOpacbIBaHUIO
nfa3mMmbl Ha CTeHKM Kamepbl. OHM paspyLliaroTcs U nnasma octbiBaeT. MarHuTHoe
none AOMXHO NMpPenATCTBOBaTb ABWXEHUIO MNila3Mbl NOMEepeK CUNOBbIX FIMHUW.
Noka TOKAMAK, marHuTHOe noJfie KOTOporo co3gaéTtcsa npu  nomMoLuu
CBEepXMNpoBOAALLUX INEKTPOMArHUTOB, TpebyeT ANA yAepXXaHUA Xryta nnasmbl
Oonblue 3Heprun, 4YemMm BbiaensaeTcsa BCrieaAcTBMue CIUAHUA aaep.



VImnyrnbCcHble cucmemsb|

B Takux cuctemax YTC ocyuwiecTBnsieTca nyteMm KpaTKOBpPeMeHHOro

CXXaTnAa N CBepXObLICTPOro Harpesa HeOOSNMbLIUX MULLEHEN, coaepKalnx
AeNTepun n TPUTUN, CBEPXMOLLHLIMU MHOIOKaHaribHbIMU NasepamMuv Unu
WOHHbLIMU UMNynbcaMu. Takoe oGry4YeHue Bbi3biBaeT B LEHTPE MULLEHU
TepMosAepHYHO peakuuto.

JHEpPr us
mHirI"IIéHI:{i Muwenbo pana YTC coctout u3
norion ob6ono4ku (1), cnosa TBepaoU
3amopoxeHHon AT cmecu (2) u AT
rasa HU3KOM NJIOTHOCTU B LEHTpe

MuLLeHu (3).

N T
el
{
|
S
N M
e .
&
1Y
W
R
L
]

Paszner "
MaTepHana of omogrH

maBHaA noea - ocylleCTBIEHUE TaKOro pexmma cXaTusi MULLEeHU, Koraa
A0 TeMnepaTtypbl 3aXXUraHusa AOBOAUTCSA FNULLL €e LeHTparibHaa 4YacTb, a
OCHOBHafl Macca TonJjiuBa OCTaeTcsl XOonoaHoW. 3aTemM BOJSIHA ropeHwus
pacnpocTpaHAeTCA K NOBEPXHOCTHbLIM CJIOSIM TONMMBA.




JlnBepmopckas HauuoHanbHaga naboparopus B
KanngopHun - cambli MOLLHbLIN B MUPE Nnas3epHbIn
KOMIMJI1EKC.

192 mMowWHbIX na3epa, KoTopble OyayT
OAlHOBPEMEHHO HanpaBnATbCS Ha
MUNNIUMETPOBYHO  cdpepuyecKyro  MULUEHb
(okono 150 MukporpamMmMoB cMecu Aeutepwus
n TputnAa). Temnepatypa MULLIEHN OAOCTUTHET
B pe3ynbrate 100 MnH. rpagycoB, Npyu 3TOM
AaBreHne BHyTpu wapuka B 100 mnpa. pas
npeBbICUT AaBrieHue 3eMHoun atmocdepsl. To
eCTb YCNnoBuMA B LUEHTpe MuleHn OyayTt
CpaBHUMbI ¢ ycrnioBusimu BHyTpu ConHua.

UmnynbcHaa TepmosisepHass ycTaHOBKa
nogobHa ABuraTesilo BHYTPEeHHEro cropaHus,
B KOTOPOM MpoucxoasiT B3pbiBbl roproyero,
nepvoamMyecku nogaBaemMoro B pabouyto
kamepy. TpyaHoctun YTC 3aKno4aroTcs B
npo6neme MrHOBEHHO W  paBHOMEpPHO
HarpeTb cMmecb. PacyeTbl noka3sblBarlOT, 4TO
ecnu goctuyb nnotHoctu B 1000 pa3 Bbiwe
NJIOTHOCTU TBepAoro Boaopoaa, TO OAHOro
MUIISIMOHA [MKoynen OyaeT AOCTaTOYHO Ans
nogxura TepmosifepHou peakuun. Ho noka B
3KCnepuMeHTanbHbIX YCTAaHOBKaxX MSIOTHOCTb
Bo3pactaet nuuwb B 30—40 pa3. OcHOBHoe
npenATcTBUe— HegocTaToOYHas
pPaBHOMEpPHOCTb OCBELLUEHUA MULLEHMW.

Acirepui-TpuTHesan

Baixop oxnaxamouiero —— MUKPOMMLLOHS

TennoHocurens —

Bxop
OXNAMAIOWETO
TONNOMOCHTONN

Paapenwrensman
ofbonovxa

Bopunnmessiit
YMHOMMTONY

HefTpoHoa




TepmosigepHbIN CUHTE3-Hagexaa
COBPEMEHHOU 3HepreTUKn

TepmosifepHbIN peakTop OyaeT noTtpebnAaATb
O4YeHb HeOonbloe KOJIMYEeCTBO JIUTUA W
aentepus. Hanpuwmep, peakTop c
anekTpuyeckon mMouwHoctbio 1 BT Oyper
cxkuratb okono 100 kr pgeutepua u 300 kKr
nutma B roa. Ecnn npeanonoXuTb, YTO Bce
TepMosiiepHble  3JNeKTpocTaHuuMuM  OyayT
npoussoautb 5 -10%° Ix B roa, T.e.
NMOJyIOBUHY oyaywunx noTpedbHocTen
3NEeKTpo3Heprum, TO oOwWee rogoBoe
noTtpedneHne pgeutepuss U JNIUTUA COCTaBAT
Bcero 1500 u 4500 TOHH. [lpu Takom
noTpedneHnMn copgepxaweroca B Boge
nentepusa (0,015%) xBatut Ha TO, YTOObLI
CHabXaTb 4YernoBe4yecTBO JHeprven B
Te4eHne MHOrmx MUSININOHOB feT.




MexagyHapogHbI 3KCrnepuMeHTanbHbIN TepMOSaePHbLIN
peakTop UTOP

MpobGnema ynpaBnsieMoro TepMmosifepHOro CUHTe3a HacTosNIbKO CJI0XHa, 4TO
CaMOCTOATENbHO C HEU He CrpaBUTCA HU ogHa cTpaHa. [oaTtomy mupoBoe
coobulecTBO M3bpano cambiu ONTUMaNbHbLIU NYTb - CO34aHMe NPOeKTa
MeXAYHapoaHOro TepmMosiAaepHOro aKkcrnepmMmeHTanbHoro peakropa - UT3P, B
KOTOPOM Ha cerofHsA y4acTtByHoT, Kpome Poccun, CLLUA, EBpocoto3, AnoHus,
Kutan u lOxHaa Kopes.

Tpybel ana xnaaorexda
MNIHYTPYM NNAIMEHHYI KAMEPY NOKPLIEANT (s Ak M renmin) Roioird i
440 BnaHKeTHIX MOAYNER
CMHAEMM renvamM

® KOTOPMNH Norpy
WaHL COQPXNPOR
SR LMe KaTYWKN
ToponasnEHOro

MafHuTHOrO nona,
OPOMAINLHOrO

TepmosigepHbIU peakTop oyaer
noctpoeH B Kagapalue
(PpaHuun) n BBeaeH B
aKkcnnyaTauuo NpUMepHo B
2016 roay. UmeHHo TOKAMAK
OOJMKEeH cTaTb OCHOBOM
nepBoro B Mupe
3KCNepuMeHTarnbHOro
TepMosaepHOro peakropa. Hioeuss S

BepxHee
OKHO

Uenrpans
orno p paxy
HOM Kamep

Ceepxnposoiawme
MarHWTEl



Tonnueo c Jlynwt (cenuii-3)

2 3 4 1
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JTa peakumsa TpeodyeT Goree BbLICOKUX TeMnepaTyp, HO ABNAETCA 3KONOrm4ecKku
YUCTOM, NOCKONbKY BbIAENATCA He BCEeNPOHMKaKLMe HENTPOHLI, KaK B APYrux
AAepPHbIX peakuusx, a 3apsKeHHble MPOTOHbI, KOTOPbIe HECIOXHO YIoBUTb 6e3
PUCKa, YTO KOHCTPYKLMOHHbIE MaTepuanbl CTaHYT paAnoaKTUBHbIMU. CPOK CNyXObl
peakTopa 3Ha4uMTeNbHO BO3pacTaeT, KOHCTPYKLUUA YNpoLLaeTCA, HafgeXHOCTb
Bo3pacTaeT. TakK Kak MPOTOHbI HECYT 3NIeKTPUYECKUM 3apaa, BO3HUKAeT BO3MOXHOCTb
NnpsAMOro npeoopasoBaHUA TEPMOSAAEPHON IHEPruUn B INEKTPUYECKYIO,

MMHYS NOTEpPU Ha TenJsioBoe
npeob6pa3oBaHue. Ha 3emne renusn-3
Bcero 4 TbicsA4M TOHH. [Ans
ob6ecne4yeHuss Poccum HyXHO
npnonunauntenbHo 20 TOHH renua-3 B
rog, Ansi COBPpeMeHHON MUPOBOW
3KOHOMMUKMN noTpedyeTtcsa okosno 200
T renus- 3 B roa. Ero 3anacbl B
rpyHTe JlyHbl cocTtaBnsieT okorso 1
MIH. T. JoOblvya renus-3 BnonHe no
cunam KOCMMU4YeCKUM BeoOMCTBaM
yXXe cenvac.
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