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Coeaano omxpvimue!

Ilpupooa mepmonadepnozo cunmesza na Coanuye, Ha e20 o0aze
uzoopemenue —  MeEPMOAOEPHBIIL  Peakmop, HnOSMOPAIOUUIL
¢uszuueckue ycnosusn ona mepmosaoeprnozo cunmesa na Connue.

Hy>xHbl 6yayT nogpobHoCcTH, CNpawumMBauTre.

Hogsli B3 Ha mpupoay TepMosaepHoro cuure3a Ha ConHIle U U300peTeHne
«Cnoco0 yrmpaBiasieMoro TepMOS,ICPHOTO CUHTE3a U YIPaBJIsIEeMbIH TEPMOSICPHBIN
pPEaKTop I OCYLIECTBICHUS YIPABIIIEMOrO TEPMOSACPHOIO CUHTE3A).

DTOMY OTKPBITUIO U W300peTeHuto moyTt 20 set. S 10aro coMHeBalicad B TOM, YTO
HaIIEN HOBBIM CIIOCOO MPOBEICHUS TEPMOSIZIEPHOTO CUHTE3a U IJIs1 €r0 peain3aluu
HOBBIM TepMOsIEpHBIA peakTop. MHON ObUTM HCCIEAOBAHBI U W3YYEHBI COTHU
pabot B obacTu TepMoOsiIepHOTO cuHTe3a. Bpems u nepepaboranHast uHGpoOpMaIus
yOenunu MeHs, 4TO s Ha NpaBWiIbHOM IyTH. Ha mepBbIil B3risn uzoOpereHue
OYEHb IPOCTOE M, COBCEM HE MOXOXKE HAa SKCHEPUMEHTAIbHBIA TePMOSIECPHBIN
peakrop tTuna TOKAMAK. B coBpeMEHHBIX NpEACTaBICHUSIX ABTOPUTETOB OT
Hayku TOKAMAK 5T0 ennHCTBEHHO MPaBUIBHOE PEIICHHE U OOCYXKICHUIO HE
noaexuT. 60 et uaee TepMosAepHOro peakropa. Ho nojnoxxurenbHblil pe3yabTat
— paboumii Tepmosinepubiii peaktop ITER-TOKAMAK o6ematoT TOJBKO J€T
yepe3 30. HaBepnoe, eciiu 60 sieT HET peaibHOTO MOJIOKUTEIBHOTO pe3yJibTara,
3HaYUT BBIOPAHHBIA CHOCOO pelIeHHs UAEU - CO3JaHHe YIPaBISIEMOIO
tepMosiziepHoro peaktopa -TOKAMAK - ciumkom dantactudeckuii. [TompoOyro
MoKa3aTb, YTO €CTh JPYyroe peueHue 53TOM ujaen Ha 0a3e OTKPBITHUS O
TepMmosiiepHOM cuHTe3e Ha CoJHIE, M OHO OTIMYAaeTCs OT OOIIENPUHSATHIX
MPEICTaBJICHUM.

OTKpbITHE.

I'maBHas wujest OTKpPBITHUS 3AKIIOYAETCSd B TOM, YTO TEPMOSJIEPHBIE pPEaKIUU
IMPOUCXOMST B COJIHEYHOM KopoHe. VIMEHHO 3/1ech CYHIECTBYIOT HEO0OXOAMMbIE
dbusnyeckue ycinoBus IS peanu3aiuu TepMmosaepHoit peakiuu. Ot ConHeuHon
KOPOHBI, TJ€ Temmeparypa IuiasMbl coctaBiasger npumepno 1 500 000 K,
HarpeBaeTcs noBepxHocth Connua 10 6 000 K, orcroa ¢ kunsiieil noBepXHOCTH
ConHlla MPOUCXOAUT HCIAPEHUE TOIJIMBHOM CMECHM B COJIHEUHYIO KOpPOHY,
Temneparypst B 6 000 K nmocraroyHo, 4ToOBI TOIUIMBHAsT CMECh B BHJIC
UCTIAPSIOLIMXCS MapoB Mpeojosena cuity rpaButanuu CosiHIa. ITO U 3allMINAeT
noBepxHOocTh ConHII@ OT TmeperpeBa W NOJJNEPKUBACT TEMIEPaTypy €ro




noBepxHoCcTH. OKOJIIO 30HBI TOPEHUS — COJHEYHOHM KOPOHBI CYIIECTBYIOT
(¢u3znyeckue YyCIOBHsA, NPU KOTOPBIX pa3Mepbl aTOMOB YBEIMUYMBAIOTCS U
3HAUUTENIBHO CHMJKAIOTCS KYJIOHOBCKME CHJIbL. IIpM CONpPHKOCHOBEHUM AaTOMBI
TOIUIMBHOM CMECH CIIMBAIOTCS W CHHTE3HPYIOT HOBBIE 3JIEMEHTHI C OOJBIINM
BBIJIEJICHUEM TEIlIa. JTa 30Ha TOPEHUS U CO3JAET COJTHEUHYIO0 KOPOHY, OT KOTOPOH
SHEPIHs B BUJE U3JIYYEHUs M BELIECTBA MIOCTYMAET B KOCMUYECKOE MPOCTPAHCTRO.
B cinusHum neiitepus W TPUTHS TOMOTAaeT MarHUTHOE I10JI€ BPAIIArOIIErocs
ConHua, riae OHM MEPEMENINBAIOTCA U PA3TOHSIOTCS. Takke OT TepMOsIEepPHOMN
peaKuu B COJTHEYHON KOPOHE MOSBISIOTCS, HABCTPEUY MCHAPSIIOMIEMYCs TOILTUBY,
OBICTpbIE AJEKTPUYECKU 3apsOKEHHBIE YaCTUIBL, a Tak ke (OTOHBI — KBAHTHI
AIIEKTPOMArHUTHOTO TOJS C HeoOXoauMoM dsHepruen, BcE€ H3TO CO3AAET
HE0O0X0uMbIe (PU3UUECKHE YCIOBUS AJISl TEPMOSIAEPHOTO CUHTE3A.

[Ipn BHMMAaTENIbHOM BHU3yalbHOM Hu3ydeHUM COJIHIIE MOX0XKEe Ha CHEepUUECKYIo,
00BEMHYIO TOpPEJIKY, U OYEHb HAllOMHUHAET TOPEHHE PA3NIUTOr0 Ha OOJBIION
MOBEPXHOCTHU BOJIbI — OEH3MHA WJIH COJIIPKH, TJI€ MEX1Y IPaHUIIEH MOBEPXHOCTU
BOJIbl U 30HOM ropeHust (MPOTOTHUI COJTHEYHOM KOPOHBI) €CTh MPOMEKYTOK, YEpe3
KOTOPYIO K IMOBEPXHOCTHU Mepeaaércsl TEIIOBOE H3IyYeHUE, KOTOPOE HCHapsieT
OCH3MH WM COJISIPKY U 3TU MOATOTOBJICHHBIE MAPHI TOCTYIMAIOT B 30HY TOPEHHUSI.

Pedepar 3asaBku

Ha
nareHT Ne 2005123095/06(026016).

«Cnoco6 ynpaensaemozo mepmosadepHo20 cunmesa U ynpasisaemblil
mMepMOAOEPHbBLIL PeaKkmop 0.1 OCYUIeCME1eHUA YRPAGIAEMO20 MEPMOAIEPHO20
cuHme3.

OObsacHAIO crnoco®0 W TpUHOUN pPabOThl  3asBICHHOTO  YIPaBISIEMOTO
TEPMOSIIEPHOTO PEAKTOpa Il OCYLIECTBIEHHUS YNPABISIEMOIO TEPMOSIEPHOIO
CHHTE3a.

Ha pucynke ¢dwur. 1 nuzobpaxena npuniunuaibHas cxema Y TAP. TomnmuBHas
cMmech, B MaccoBoM cooTHontennu 1 : 10, cxkaras go 3000 Kr/cM® | Harperasi 10
3000 °C, B30He | cMemMBAETCs U MOCTYNAET Y€PE3 KPUTUUECKOE CEUCHUE COILIA
B 30Hy pacwmupeHus. B 30He 3 NpPOUCXOIUT 3a)KMTaHHE TOIUIMBHOW CMECH.
TemnepaTypa HCKpBI 3@KUTaHUSI MOXET OBITH JIF000N HEOOXOAUMOI sl Havyaia
Tepmudeckoro mporecca, or 10° K - 10° K 1 HusKe, 9TO 3aBHCHT OT CO31aBaEMBbIX
HEOOXOMMMBIX (U3MUECKUX yCiIoBHA. B  BbICOKOTEeMIepaTypHOil 30HE 4
IPOUCXOIUT HEMOCPEACTBEHHO Mpouecc ropeHus. [IpoaykTsl cropanus nepeaaror
TEIUIO B BHJIC U3NyYEHUS U KOHBEKIIMU CHCTEeME TeruiooOMeHa 5. YcTpoicTBo 6 B
AKTUBHOW YacTH PEaKTopa OT KPUTHYECKOrO0 CEYEHUsS COIUIa JI0 KOHIA 30HBI




TOPEHHs], CHIDKAET BEIMYMHY KYJIOHOBCKMX CHJI U yBeIMuuBaeT 3()QexkTUBHOE
CEYEeHHMeE sijiep TOTUIMBHOM cMecH (CO3aET HE0OX0IMMble (PU3UYECKUE YCITOBUS).

Ha pucynke nmo cxeme BUAHO, YTO PEAKTOp MOXOXK Ha ra3oByto ropeiky. Ho
TEPMOSIIEPHBIN pEaKTOp U JAOKEH ObITh TakuM, U  KOHEYHO, (usmyeckue
napamMeTpbl  OyayT OTIMYaThCs HA BEIUYMHY B COTHH pa3 OT, Hampumep,
(bu3MYecKuX MapaMeTpoB ra30BOM TOPENKH.

[ToBTOpenue (U3HUECKUX YCIOBHH COJHEYHOTO TEPMOSACPHOTO CHUHTE3a B
3€MHBIX YCIOBUSAX. DTO U €CTh CYIIIHOCTh U300PETEHMUS.

Y CTporCcTBO 3aKUTaHUS

—>
JeUTepuit ’
TPUTHI
TemnooOMeHHUK VYerpoiictBo 6
OUT'. 1

VYipolueHHas IpUHIMIIKAIBHAS CXeMa

JIto6oe TepMoreHepHupyrouiee yCTPONUCTBO AOJKHO CO3/1aBaTh — CIIEIYIOLIUE
YCIJIOBUSI - IIMKJIBL: MOATOTOBKA TOIUIMBA, CMEUIMBaHKE, Mojladya B pabouyro 30HY
(30HY TOpeHus), 3aXUTaHWe, CXuranne (mpeoOpa3oBaHWE XHUMHUYECKOE WITH
SIIGPHOE), TEIUIOOTBOJ OT TOPSYUX Ta30B B BUJIE M3IYUYCHUS U KOHBEKIUU, H
OTBOJI MPOAYKTOB cropanus. [Ipu onacHbIX OTX0HAaX — WX YTUJIM3ALHS.

B 3asBiieHHOM maTeHTe, BCE 3TO MPEAYCMOTPEHO.

OcHOBHO# 10BOJ (hU3UKOB, O BHITIOJHEHUU KpuTepus JIoyceHa BBIMOTHSIETCS -
BO BpeMs 3aXKUTaHUS DJIEKTPUYECKOM HMCKpPOM WM JIydoM Ja3epa, a Takke
OTPAXKAIOIIMMHUCS OT 30HBI TOPEHHUS HCHAPSIOIIEMYCSl TOIUIMBY,  OBICTPHIMU
AIIEKTPUUECKUMU 3apsHKEHHBIMU YacTHIlAaMH, a Tak ke (OTOHaAMU — KBaHTaMU
AJIIEKTPOMATHUTHOTO TOJS C SHEPrUsIMU  BBICOKOW IJIOTHOCTH  JOCTHUIaeTcs
temmeparypa 10° K - 10° K Ha HeKoTOpyO IIOmMAnb TOIUIHBA, KPOME TOTO H
IUIOTHOCTH TomumBa Oymer 10 cM . Pa3Be 5TO He CIOCOO M METOX i
BbmosiHeHust kputepus Jloycena. Ho Bce atm (usmueckue mapameTpbl MOTYT
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U3MEHATHCS, MPU BO3ACUCTBUU e HEKOTOPBIX JPYrux (bU3UIECKUX
napameTpoB. I1o noka HOY-XAY.

Hemoctatkm u mpoOjieMbl OOLIENPUHATBHIX MPeACTABJIEHHMH B (PU3HKEe 0
TepMosiiepHoii peakuuu Ha CosiHue.

1. M3BectHo. Temnepatypa Bugumon nosepxuoctu CoiHia — gotochepsr — 5800
K. ITnotHOCTh Tra3za B ¢oTochepe B THICAYM pa3 MEHbIIE TUIOTHOCTH BO3AyXa Y
noBepxHocTd  3emiu. OOmienpuHATHIM — cuuTaercsa, 4to BHyTpu ConHua
TEMIEpaTypa, MIOTHOCTh U JIABJICHHE YBEIUYMBAIOTCS C TIyOWHOM, nocTturas B
neHTpe coorBercTBenno 16 miH. K (Hexotopsie, cuntaror 100 mix. K), 160 r/em’
13,5 x 10" Gap. ITox BiusHEEM BBICOKOH TeMmeparypsl B sape CONHIA BOXOPOL
npeBpalaeTcss B Teldid C BbIIEICHHEM OOJBIIOTO KojuuecTBa Temia. Urak,
CUMTAETCA, 4TO Temneparypa, BHyTpu ConHua ot 16 1o 100 MUIIITMOHOB TpaaycoB,
Ha noBepxHocTH 5800 rpaaycoB, a B COJIHEUHOM KOpoHE 1.5 MuimoHa rpaaycoB?
[Touemy Takasi Hecypasuua? HHUKTO BHATHO UM TMOHSATHO OOBSCHUTH 3TOTO HE
MoOkeT. M3BecTHbIe OOIIeNpUHAThIE OOBICHEHUS] UMEIOT HEJAOCTATKH U HE JaloT
YETKOTO M JIOCTATOYHOTO MPEJCTaBICHUS O MpPUYMHAX HApYyUIEHUS 3aKOHOB
TepmoauHaMuky Ha CosHile.

2. TepmosnepHas 6omMO0a U TEpMOSJEPHBIA peakTop paboTaloT Ha pa3HbIX
TEXHOJIOTHYECKHUX MMPUHLUIIAX, T.€. HEOJAHMHAKOBO MOX0ke. Henb3st TepMosaepHbIi
peakTop co3aaBaTh MO MOA00MI0 pabOThl TEPMOSAEPHON OOMOBI, YTO YIYIIEHO
npu pa3paboTKe COBPEMEHHBIX KCIIEPUMEHTAIBHBIX TEPMOSIEPHBIX PEAKTOPOB.
Henp3s Bogorpelinslii KOTEN TONMUTH TPAHATAMM.

3. B 1920 romy aBTOpuTeTHBIN (PU3MK DAJMHITOH OCTOPOKHO BBICKA3all
IPEANOJIOKEHHE O NPHUPOAE TepMosaepHOi peakunuu Ha CoJHLE, YTO J1aBJICHHE
u temneparypa B Heapax CojHI@ HACTOJbKO BBICOKH, YTO TaM MOTYT HJITH
TEPMOSIIEPHBIE PEaKIUU, MPU KOTOPOH siapa BoJOpoJa (MPOTOHBI) CIMBAIOTCS B
anpo renusi-4. B HacTosiee BpeMs 3To o01enpuHsaToe npeacrasienue. Ho ¢ tex
MOp HET HUKAKUX JIOKA3aTeJIbCTB O TOM, YTO TEPMOSJIEPHbIE PEAKIIUU MPOUCXOSAT
B sape Comuna npu 16 muH. K (Hexkotopele ¢uszuku cumtaror 100 miH. K),
miotHocTd 160 r/em’ u maBmennu 3,5 x 10'' Gap, ecTh TOIBKO TEOPETHUECKHE
MPEANOI0KEHUS. TepmosiiepHbie  peakiuu € B COJIHEYHOM KOpOHE
JIOKa3aTeJIbHbI. DTO HECI0KHO OOHAPYKUTh U U3MEPHTb.

4. TIpobGieMa COTHEUYHBIX HEUTPUHO. SIepHbIE peaKIK, IPOUCXOIAIINE B SApPE
ConHrla, TpUBOAAT K OOpa30BaHUIO OOJBIIOTO KOJWYECTBA OSJIECKTPOHHBIX
HelTpuHo. OOpa3oBaHue, TPEBPALCHUS] U KOJIUYECTBO COJHEYHBIX HEUTPUHO MO
CTapbhiM TMPEJICTABICHUSM HE OOBSCHAIOTCA MOHATHO U JOCTATOYHO HECKOJIBKO
JIECATKOB JIeT. B HOBBIX NPEACTaBICHUSIX O TEPMOSJIEPHOM CHHTE3€ 3THUX
TEOPETUUECKHUX TPYJHOCTEHN HET.

5. [Ipobnema HarpeBa kopobl. Hanm Bumumoi moBepxHocThiO ComHIa
(potocdepoit), umeromenr Temneparypy okosio 6 000 K, maxomutcs comHedHas
kopoHa ¢ Temmeparypoit 6omee 1 500 000 K. MoxHO mTOKaszath, 4TO MPSMOTO
noToka Tera u3 ¢ortochepsl HEOCTATOUHO JJISi TOTO, YTOOBI MPUBECTH K TaKOU
BBICOKOW TemImeparype KopoHbl. HoBOoe MOHMMaHHE TEpMOSIEPHOTO CHHTE3a Ha
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http://ru.wikipedia.org/wiki/%D0%94%D0%B0%D0%B2%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
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ConHue 0OBSCHSET MPUPOAY TAKOW TEMIEpaTypbl COJHEUHON KOpOHBI. B Hel
IIPOUCXOIAT TEPMOSIIEPHBIE PEAKLIMHU.

6. Ouszuku  3a0bBat0T, 4T0 TOKAMAKHM B OCHOBHOM HYXXHBI, YTOOBI
yAepKaTb BBICOKOTEMIEPATYpHYIO IUTa3My U He Ooublie Toro. Ho kakoi-To
Hay4YHBIM aBTOpUTET BcexX yoemaun, uro Toibko B TOKAMAKAX moxer ObITh
peann3oBaH TEPMOSAJEPHBIM CHUHTE3. B CylIecTByHOUIMX U CO3AAOLIUXCS
TOKAMAKAX He mnpenyCMOTPEHO CO3/IaHHE HEOOXOJWMBIX,  CICeIUaIbHBIX,
bu3nUecKuX yCIOBUW Ui MPOBEACHHUS TEPMOSAEPHOrO CUHTE3a. Bcee ympsmo
CUMTAIOT, YTO NPH MHOTOMWUIMOHHBIX TEMIlepaTypax JeUTepuil C TpUTHEM
JOJDKHBI  XOopoio TopeTh. C gero 0wl BApyr? SnepHas MUIIEHb MPOCTO OBICTPO
B3pbIBaeTcA. llocMOTpUTE BHUMATENBHO, KaK MPOUCXOJUT SIAEPHOE TOPEHUE B
TOKAMAKE. Takoil saepHblid B3pbIB MOXKET YAEPKaThb TOJBKO CHIIBHOE
MarHUTHOE TIOJIE peakTopa OYEeHb OOJBIIUX Pa3MepoB (JIETKO MPOCUYHUTHIBACTCS),
HO TOrJa K.M.J. TAKOro peakTopa OyAeT HEmPHEeMJIEMBIM JJisi TEXHUYECKOTO
npuMeHeHus. B 3asgBieHHOM maTeHTe mpoljeMa yAepKaHUS TEPMOSIEPHOU
TJIa3MBI JIETKO PEIIAETCA.

WUtak, HOBOEe TpeACTaBICHHE O TEPMOSACPHOM CHHTE3€ peIlIaeT BCe
CYILIECTBYIOIINE TEXHUYECKHE U TEOPETUUYECKUE MPOOIEMBI B 3TOM 00J1aCTH.
bosnee nmoapoOGHOE packpbiTHe MHPOPMALMUA O MPUPOJIE TEPMOSAIEPHOTO CHHTE3a
Ha CoJHIle BO3MOYKHO TOJIBKO HA KOHTPAKTHOW OCHOBE.
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