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Toxamak «frnooyc-M»

[METEPBYPI CKAA HAYKA

Bble3Hoe 3acefaHue Knyoa
«FoCTb y4eHbIH» GblNIO
noceaueHo 10-neTuio
eAMHCTBEeHHoro B Poccum
chepuyeckoro Tokamaxka
«fno6yc-M», cozpgaHHoOro

B ®U3NKO-TEeXHUYECKOM
uHCTUTYTE M. A. ®. Hodde
ANA UCCNelOBaHUNA TEepMoS-
AepHoro cuHte3a. «Mnooyc-M»
BXOAMT B TPOMKY IMMaBHbIX
ToxamaKkoB mupa.

B ceBepHoi yacTu NeTepbypra coceacTy-
0T ABa BCEMMPHO U3BECTHbIX YYPEXOAEHUS:
MMoAUTEXHNHYECKMIN YHUBEPCUTET, OTMETUBLLMN
B 9TOM rogy csoe ctonetue, n ®uaunko-
TEXHUYECKUA MHCTUTYT uM. A. ®. Modhche PAH.
MepBbIl OgaeT npekpacHoe obpasoBaHMe U
«[epeBoauT Yepes Jopory» MOMofplX crne-
unanmcTtoB B nabopatopun dGuatexa, rae oHu
BbIpacTaloT B KPYMHbIX y4eHbIX. BTopoi npo-
BOAMWT Hay4Hble NCCNEfOBAHUSA B TOHYANLLINX
061acTAX MaTepun, rpaHnyaLLmx ¢ KocMuye-
Cckon 6e3OgHon, Oo6MBaeTCs BblOAtOLLNXCA
pe3ynLTaToB M nepefaeT CBOM 3HAHUA CTy-
neHtam lNonurtexa.

YTo nponcxoauT B CTEHax ctapuHHOro lMo-
nuTexa, CHO KaXAoMy — BCE Mbl ObIfN yHEeHU-
kamu. 3a cteHamu xxe PuaTexa coBepLIatoTCA
Hay4Hble OTKPbITVS, MATOMOHATHBIE Y COBCEM
HeJOCTYMHble HEMOCBALLEHHbIM MO NPUYMHE, B
TOM 4uCre, CTPOron rocynapCTBEHHOW TalHbI.
OpHako cnyyatoTes fiHW «OTKPbITbIX ABEPEN»,
KOrfa y4eHble XOTAT NOAENUTLCS CBOMM COKPO-
BEHHbIM. VIHdpopmareHTcTBO «Pocbant» npo-
Bero B nlaboparopusix dGuarexa Bble3gHoe 3a-
cefaHve knyéa «[0CTb Y4YeHbIV» Ha MEeCEHHYIO
TeMy «[nobyc kpyTUTcs-BepTutcs». He cnyvam-
HO 1 9T0 — DPU3TEX CNaBUTCS He TOSLKO n3K-
KaMu, HO 1 Xy[OXECTBEHHbIMM TanaHTaMu.

UcTtopusa Tokamaka

CerogHst Ha ASC 3Heprus nony4vaercs 3a
CYET NPOMCXOISALLEro B peakTopax C BOLOW
nog AasrfieHnem genieHmsa atoMoB ypaHa-235.
OTO [OPOrocTOALLMIA U HEGE30MACHbIN CMOCO6
NONY4YEeHUs SHEPTUN.

Hawnbonee xe pacrnpocTpaHeHHas saepHas
peakunss BO BceneHHon MNpOTMBOMONOXHA
3TOMYy— 3TO peakuus He fefleHNs, a CUHTe3a,
TO eCTb CNMUSHUSA f4ep aToMOB Bopopona.
VIMEHHO 3TOM peakuun cuHTe3a 1 LO6UBaIoT-
cs y4eHble Ha Tokamakax, y4acb yrnpasnsTb
et0. DakTn4ecku, 3T0 MEPBONCTOHHUK COSTHEY-
HOW 3Heprum.

Tokamak. Kak 6ynTo y>xe He pas cliblaH-
HOE CIOBO, HO M3 KakKoro OHO £3blka U 4YTO
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AupekTop OTpenenmna pusuku naasmol ®TU um. Hodbde Muxaun NMetTpos

3HavaeT? lMNo-npocTomy — 310 6Y6nMK (TOp),
HO He npocToii. No-Hay4HoMy — TOpoungans-
Has KAmepa ¢ MArHuTHeiMn KatyLlikamu,
yCTaHOBKa /191 MarHMTHOrO yaep)XaHus nnas-
Mbl. ElLle MeHee noHATHO? A Tak? Ha Hen
n3dy4aroTcs npoLecchl, NoJo6HbIe NPOUCXOAs-
wemy Ha ConHue, B Hegpax 3Be3f, U KoTo-
pble, Kak ckasan pykosoguTesib Tokamaka,
OOKTOp (hM3MKO-MaTemMaTnyecknx Hayk Ba-
cvunuin lN'yces, «npuaymanu He y4eHble, a cam
Bor».

Vpea TepMosinepHOro peakropa, rae nnas-
Ma umena 6bl opmy Topa 1 yaepxusanacb
MarHuTHbIM nonem, obocHoBaHa eLle B 1951
rogy HalMMu BblgatoLmMmMmcs ydeHoimu U. E.
Tammom 1 A. [1. CaxaposbiM. [1nsi 4yero? To-
Kamak CHMTaeTCs Hanbornee NeperneKkTUBHLIM
YCTPOMCTBOM AJ11 OCYLLIECTBfIEHNS yrpas-
I5eMoro TepMosiiepHoro cuHtesa. lNepsbin
Tokamak 6b11 nocTpoeH B 1955 rogy, v gonroe
BpEeMs 3TV YCTAHOBKM CYLLECTBOBASIM TOJNBLKO
B CCCP. 3atem B Mupe 6blI0 MOCTPOEHO
okono 300 Tokamakos.

CeropHsa v 3aBTpa ToKamakoB

3acepnaHue knyba Benuv goktopa pumsmko-
MaTeMaTU4eCcKMxX HayK. YYeHble, y KOTOPbIX,
Nno nX COBCTBEHHOMY BblpaXeHuto, chopmun-
pPOBaHO CUCTEMHOE MbILUSIEHNE, UN ACHO-
MbilwneHne. Bacunui MN'yces, pykoBoguTesb
Tokamaka, MOSACHAN, YTO MPELCTaBnseT u3
cebsa Tokamak 1 ans 4ero OH Hy>KeH YesioBe-

psagom ¢ «froGéycom-M»

yecTBy. B ycTaHoBKke MpomMcxoguT CUHTES,
cnuaHve nerkux sgep. B pesynerate aToro
npouecca BbIOeNseTcs 3Heprusa, Kotopas u
NoAAEePXMBAET BCHO XMN3Hb Ha 3emie.

YenoBe4ecTBO HyXaaeTcs BO Bce 60MbLUEM
KONMMYecTBe 3Hepruu. JTioam Hay4mnmck nonyyarb
€e pasnM4HbIMKU Crnocobamn: Mapo- 1N Tennos-
JNIEKTPOCTaHLMKM, aTOMHbIE CTaHLMK 1 Npoyee.
Cywwectsytowme ASC NoTpednsoT 3HaUMTENb-
HOe KONMMYeCTBO ypaHa. Hanpumep, oguH 610K,
BblpabarbiBaloyin 9 MIpA. KUMoeaTT 4acos
3MEKTPO3HEPTNM PACXOAYET ABECTU TOHH ypaHa.
Benunkn o6beMbl 0TpaboTaHHOIo TOMNMBA, KO-
TOPOE HY>XXHO XPaHUTb B OCOObIX YCIOBUSIX, TaK-
e TpebyroLLmx 60sbLLMX 3aTparT.

Tokamak «[mobyc-M» co3gasancs B ®us-
Texe B 90-e rofbl. B ero npoektuposaHuu,
N3roTOBJIEHWMN U OCHALLEHUW NPUHUMANN Yya-
ctue mHorve HUWN v npepnpuatus MNetepbyp-
ra n Mocksbl. «MHoroe 6b1510 cgenaHo Brep-
Bble B Poccun, a HekoTopble peLueHnst npu-
HATbI BNepBble B MMpe. CerogHs Halw Tokamak
BbIBE[EH Ha NPOEKTHble NnapameTpbl. Mbl fo-
CTUITIN BCErO, YTO ObISI0 paccynTaHo Teope-
TUYECKM, N TEM CaMbIM ONEPEAVV BO MHOIOM
CBOUX 3apybexHbIx konner. I notomy BoLunm
B TPOVKY Ny4dLunx TokamakoB B MUpe», — ro-
BopuT Bacunuii Nyces. 3710 chepuryeckmin Top,
NO3BONAIOLLMI JOCTUYb TEX XEe NapamMeTpoB
nnasmbl NPY MeHbLLIEM MarHUTHOM rnose, To
€CTb C YMEHbLUEHVEM CTOMMOCTU YBENNYNTL
KA. Cdepuyeckuii Top cxxaT K ocu 1 6onee

YCTONYMB MO CPABHEHMIO C CyLLIECTBYOLLIMMMU
Mopaenammn TokamakoB. YyeHble 6e3 LUYTOK
rOBOPSAT, 4TO «[Mo6yc-M» nony4nncs Kpacu-
BbIM, TO €CTb JOCTUI OMNpPefeneHHon rapmMo-
HWYHOCTMK, NO3TOMY XOPOLLIO paboTaer.

PykoBoguTenun npoekTta cUnTaroT, 4YTO ce-
rofHs yCreLHo 3aBepLUeH ero nepebIn atan.
Mpepctout paboTa No HECKONbKUM Hanpas-
NeHnaM: co3gaTb JONroAenNCTBYIOLLNE SHep-
reTM4ecKue peakTopbl, HAYYUTLCH LLMPOKO
NPUMEHATb TEPMOSIAEPHbIE UCTOYHWUKK, Ha-
npuMep, B MEANLIMHE, HAHOTEXHOMOMMAX U Tak
panee. TepMosfepHbI peakTop «6yaeT UMeTb
MONOXXUTENbHbIV BbIXOL, 3HEPrUK, MO CPaBHE-
HUIO C TEM, YTO BJIOXXEHO B 3TOT 10-3TaXHbIN
OOM>», 1 MO3BOMUT JOCTMNYb MOLLIHOCTU B Tbl-
CAYy MUNSIMOHOB KMNoBaTT (reraeatT). Pas-
paboTKa MCTO4YHUKOB TEPMOSIAEPHbIX HEUTPO-
HOB OCYLLIECTBUT faXe MeyTy anxMMUKOB —
co3[aBaTb HOBble MaTepuarbl.

EcTb 1 Takme HemanoBaxKHble npenmyLle-
CTBa 3TMX TOKaMakoB B HaLLEM HEYyCTOMYMBOM
MUpe, Kak «OypakoyCTONYMBOCTb», NMOLLYTU-
N y4eHble, TO eCTb HagexHas 3awimTa oT
Yyernose4yeckoro thaktopa. A manas notpeob-
HOCTb B TPUTUM UCKITIOHAET OMacHbIe NOCNEn-
cTBUs. Bonee TOro, «MCTOYHUK AN TEPMOS-
OEPHOro CMHTE3a HencHepnaems.

C yyeTom Bcero aToro, B 2007 rogy ®paHums
Hayarna coopyxeHve VIHTepHaumoHanbLHOro
TepmosigepHoro dkcnepumMeHTansHoro Peak-
Topa — NTOP, nobeans B COPEBHOBAHNM YMOB
n mHaHcoB AMOHMIO. B nNpoekTe yyacTByoT
ctpaHbl EC, Mnaoua, Kntawn, Pecriyénvka Kopes,
Poccusi n CLUA. duatex noctaBut 8% o6opy-
JOBaHUS ONi CUCTEMbl KOHTPONSA Mnia3mbl
NT3P.

OpHako NpepcTouT eLLe anuTensHas paboTa,
NPOMBILLMIEHHbIE 3NEKTPOCTAHLUMN HA HOBbIX
peakTopax, npegnonaraioT YYeHble, MOryT
noseutbes K 2035-40 rogam. Moatomy cenvac
HEOOXOANMO WUCMOMb30BaTb BCE BO3MOXHbIE
UCTOYHUKM SHEpPrnm: Mapopecypehbl, ras, HedpTb
W Opyrue, W... roTOBUTb Kagpbl. TO ogHa 13
CNOXHENLUMX 3a4a4, Tak Kak poccuiickas Hay-
ka nuwunack B 90-e rofabl 60MbLLIOW rpynrbl
MOJI0fbIX Y4eHbIX, KOTOpbIE Ccenyac CTaHOBATCH
JOKTOpamu Hayk, HO He B Poccun.

OpHako Hagexpaa ecTb. [NpuxodaT «yepes
Jopory» Mornofble 3Hepru4Hble pedsita ua llo-
nTexa v apyrmx yHMBepcuTeTOB, U MaBHOE,
HaMeTUNNCb MOJSIOKMUTENbHbIE TEHOEHUMM B
rocygapcTee: Ha4anu BblaensTe CpeacTsa ans
€O30aHUs Hay4HbIX LIEHTPOB. OTU OCTPOBKM
HayKK, MO MHEHUIO HaLLMX Kopudees, 1 CMOryT
cTaTb 6230, rae NpoBoAATCS UCCreoBaHUs.
HenatoTcs OTKpbITUS, KOTOPblE 6yAyT BOCTPe-
60BaHbl 6BU3HECOM — a 3TO OeHbru, 1 obLue-
CTBOM — BEPHETCSH NPECTMX YHEHOrO.

Kupa UBAHOBA

MueHnne yyeHbIx

Ucue3HOBeHMHE
XHU3HM Ha 3emne

YyeHble CYMTAIOT, YTO UCHE3HOBEHHUSA
MUM3HM Ha HaLLeH niaHeTe
NPOUCXOAMNIO HEOAHOKPATHO.

CyLlecTBoBasio HECKOMbKO NeproaoB rnob6anbHOro BbiMnpa-
HUS, Korga 95% pacTeHuii U XXKMBOTHBIX MCHE3asIN C ML 3eMJIN.
A BO3pOXKAEHVE XXN3HN LSO Y>Ke COBCEM M0 ApyromMy nyTu, co-
BEPLUEHHO MHble BUAbI PACTEHMUIA N XKUBOTHbIX HACENSANN NaHe-
Ty. OAVH 13 TaKnx NepmoaoB rMo6asibHOro NCHE3HOBEHUS XKN3HM
npousowen 250 MUANMOHOB f1eT Ha3ag.

Y10 e ABNANIOCH NPUYNHOM TOTANIbHOTO YHUYTOXEHNS XKIN3-
HWU? Y4eHble CONOCTaBUIN Pe3ysibTaThl MPO6 NOYBbI FOPHbIX MO-
pof, BO3pacT KOTOPbIX 250 MUISIMOHOB J1ET, C COBPEMEHHbIMM
JaHHbIMK. Cpen MHOXXeCTBA TEOPUIA, KOTOPbIE BbIABUIaKOT UC-
criefoBatesii 9TOro BONPOca, 3ac/y>XMBaeT BHUMAHUA Ta, Y4TO

BbIJBUHYTA rPYNMon y4eHblx U3 Poccun, lrepmandum n ABCtpuun.
OHm paccmatpumBatoT (DeHOMEH MOSABIIEHUS TUFAHTCKIUX COMAHBIX
03ep, KoTopble Aasanu 60sbline 06beMbl ranonanpPoBaHHbIX
BbIOPOCOB B aTMOCAIEPY M NOYBY. [anonanpoBaHHble 3hUPbI
NpeACTaBNAT Cepbe3Hy0 onacHoCTb. OHKM 06naganT 06LWKUM
XUMUYECKUM CBONCTBOM — CMOCOBHOCTbIO K anKuMpoBaHuHo.
CuymTaetcs, YTO ankunMpoBaHWe TECHO CBA3aHO C Pa3BUTUEM
PaKoBbIX OMyXO0JIeid.

Hemeukuii yqeHbiin Jliogsur Banb6dpnor u3 LigHTpa skonoruye-
CKNX MCCIefoBaHN uM. lenbmrosnbLa nosicHsEeT: «Halum pacye-
Thl NMOKa3bIBAKOT, 4TO KPYMHbLIE COMSHbIE 03€pa BbICTYNANMN Kak
FUraHTCKUe 3arpsasHUTeN, OKasbiBaBLUME KaTacTpouyeckune
NOCNeACcTBUA HA 3KOJSIOTMI0 TOr0 BPEMEHN».

O[lHaKo BbI3bIBAET COMHEHWE TOT (PAKT, 4TO OAHU NINLLb COSISA-
Hble 03epa CTanu NPUHNHOWM YHUHTOXXEHUS XKU3HU. BO3MOXXHO,
6bI1 1 apyrue NpuyYmnHbl. Ho iICHO, 4TO, MO CrIoOBaM UCCeno-
BaTeNs, «COMSAHbIE OTNOXEHUS 0Ka3any OrpOMHOE BNUSHME Ha
610N0rn0 TOr0 BPEMEHU».

o matepnanam CyberSecurity.ru
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Bbi3bIBaeT COMHEHHE TOT PaKT, YTO OfHH NIHLIDb
COJISIHbIE 03€epa CTa/Iu NPUYUHON YHUUTOXKEHHUS!
}U3HU. BO3MOIKHO, GbI/IU U ApyrUe NPUYMHbI




