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1. IlepeyeHb NIaHUPYEMBbIX Pe3y/IbTATOB 00y4YeHHs N0 JUCIHUIIIHHE, COOTHECEHHBIX € IJIa-
HHPYEMBIMH Pe3yJIbTATAMH O0CBOCHHUSI 00pa30BaTe/IbHON NPOrpaMMBbl.

[ensiMu OCBOEHUSI JUCLUIUIMHBI SIBIISIFOTCSL:
- 3HAKOMCTBO C COBPEMEHHBIMU MOTPEOHOCTSIMU UEIOBEUECTBA B IHEPIeTUUECKUX pecypcax, crocodax
U3BJICYEHMS] SHEPTUU, IPEUMYILECTBAMH, HEJOCTATKAMU U PECYPCAaMU CYILECTBYIOIUX CIIOCOO0B U3-
BJICUEHUS SHEPTUH, SKOJOTHUECKON 1 COIMAIBbHOIN HArpy3KOi SHEPreTHKY;
- U3y4eHHe (PHU3MUECKUX OCHOB TEPMOSICPHOW SHEPreTHKH, OCHOBHBIX PEAKLIMNA TEPMOSAECPHOTO
LUKJa B MPUPOJIE U B TEPMOSAJEPHON DHEPreTHUKe, CTPYKTYpe TEPMOSICPHOTO PeaKkTopa, KpUTepuu
JloycoHa, 3KOHOMUYECKUX U IKOJIOTUYECKUX NTEPCIEKTUB TEPMOSACPHON SHEPTETUKN;
- M3y4YeHHE OCHOBHBIX MOJIXOJIOB K JOCTHKEHHUIO YCIOBHH YNPaBIsIEMOr0 TEPMOSIEPHOTO CHHTE3a,

BKJIO4asA  pa3sHOBHUIHOCTH

TOPOUJAJIBHBIX  JIOBYILEK,

Pa3HOBUIHOCTH

CXEM HUHCPUUAIBHOTO

TEPMOSIZICPHOIO CUHTE3a, HETPAAULIUOHHbIE M0Xx0abl K Y TC, mapaMeTpsl U JOCTHXKEHUS KPYITHEUIIIUX
IJIA3MEHHBIX YCTaHOBOK, IEPCHIEKTUBBI CTPOUTEIBCTBA ONBITHOIO PEAKTOPA;
- 3HAKOMCTBO C HOBBIMU MpoOJeMaMU U PELICHUSMHU IUIa3MEHHBIX TEXHOJOTHMH u  (QU3UKK
BBICOKOTEMITEPATYPHOU IJIa3Mbl, TAITUYHBIMU JUIsl JAHHOM OTPacCiIv 3HAHUI;

- 3HAaKOMCTBO C IPHUHATBIMH B HAY4YHOM COO6HICCTB€ criocodbamMu MMpEaACTaBJICHUA MOJTYYCHHBIX

PE3YyIbTATOB.

JlucuuiuiHa HarelieHa Ha (JOpMHPOBaHUE Y 00yJaromerocs npodeccuoHaIbHON KOMIETEHITNH

Pe3ynbratsl ocBoeHUs 00paz3o-
BaTEJIbHOM IIPOrPaMMBI
(KOMIIETEHIINHN )

Nuaukaropel

Pe3ynbTarel 00yyeHus MO AUCIIH-
IUIAHE

IK-1 Crioco0OeH ucIonp30BaTh
CreIHaTU3UPOBAHHbBIE

3HAHUS B 00J1aCTH PU3UKU MTPU
pEIIeHNY TOCTABIEHHBIX 3a/1a4
B HAY4YHO-HCCIIEA0BATEIbCKON
NEesTEeIbHOCTH B COOTBETCTBUU
c pouieM MoATrOTOBKH B 3a-
BHCHMOCTH OT crielU(UKH 00b-
€KTa UCCIICIOBAHMUS.

MK 1.1 [Ipumensier crienuanu-
3UpOBaHHbIC 3HAHUS B 001acTU
(bU3UKH TIPU PEIICHUH KOHKPET-
HBIX 3a/1a4 B 00JIaCTH HAYYHBIX
WCCIIEIOBAHUII B COOTBETCTBHH C
rpoduIeM MOArOTOBKU B 3aBU-
CUMOCTH OT crieliuuKu 00BEKTa
HCCIICOBaHUS.

I1K 1.2 Bribupaet Haubosee

b PeKTUBHBIC METOIBI PEIICHUS
KOHKPETHBIX 3a7a4 B 001acTu
Hay4HBbIX UCCJIEIOBAHUN B COOT-
BETCTBUU C MPOQHUIEM MOJT0-
TOBKU B 3aBHCHMOCTH OT CIICIIH-
(huK1 00bEKTa UCCIICTOBAHMUS.

3HATBH METOJIBI U CLIOCOOBI MTOCTA-
HOBKH M PEIICHHS 3a/1a49 (PUINICCKUX
MCCIICIOBAHMM B 00J1aCTH (DU3HKHU
TTa3Mbl, BO3MOKHOCTH, METOJIBI U
CUCTEMbI KOMIIBIOTEPHBIX TEXHOJO-
U U1 PU3NIECKIX TEOPETHISCKUX
1 DKCTIEPUMEHTAIBHBIX UCCIIEeI0BA-
HUW.

'YMeTh IPUMEHSITh H3YICHHBIE MO-
e U METOJIBI JUTS HaX 0K ICHUS
[PEIICHUS TTPOCTHIX 3a1a4 10 (Pr3uKe
T1a3MBl.

Bianers HaBBIKAMU CAMOCTOSTEIh-
HOI pabOThI ¢ yueOHOM IuTepaTypoit
Mo Gu3UKe TUIa3MBbI U YITPABISIEMOMY
TePMOSIEPHOMY CUHTE3Y; OCHOBHOM
TEPMUHOJIOTUEN U IOHSITUHNHBIM aIl-
napatoM (QU3UKH M1a3Mbl; METOJIaMU
ONPEACIICHUS CBOMCTB IJIa3Mbl 110
3a/laHHBIM OCHOBHBIM MapaMeTpaM.

2. MecTo IMCHUILIMHBI B CTPYKTYpe 00pa30BaTe/IbHON NPOrpaMmbl.

I[I/ICI_[I/IHJ'II/IHa ((I[OHOHHI/ITCHLHLIC TJIaBbI TCOPUH IIJIA3SMBD» PCAIM3YCTCA B OCCHHCM CEMCCTPC 1-

ro Kypca Julsi MarucTpaHToB, oOydaromuxcst o HampasieHuio noAaroroku 03.04.02 ®dusuka. Kype
SBJIAETCS OJHOM U3 NMpOo(ecCHOHANBHBIX TUCIUIUIMH MO BBIOOPY, peann3yeMbIX Kadeapoil gpusuku
mwiasmel. Kypc mnpemmaraeTtcss K M3y4EHUIO IIOCIE TOTO, Kak CTYIEHTBl OCBOSAT OCHOBHBIE
TEOpEeTUYECKHe Kypchl MO (PU3MKE MIa3Mbl U MO TEXHUKE IJIA3MEHHOT0 dKcrepuMeHTa. B pesynbrate
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M3yUYeHHs Kypca oOydaeMble JOKHBI OBJIAZCTh 3HAHUSAMH B OOJIACTH COBPEMEHHBIX UCCIIEOBAHUH 110
npoOiieMe ympaBiIsieMOTO TEPMOSIICPHOTO CHHTE3a, B TOM YHCIIC OBJIAJeTh HOBOM TEPMHUHOJIOTHEH U
CHCTEMOW TOHSATHHA. 3HaHHWE MarepHuaja MaHHOTO Kypca SBISETCS BaXXHBIM Ui OOJIBIIMHCTBA
BeITycKHUKOB Kadenpsr ¢usukn mmasmer HI'Y (a mMeHHO, TeX W3 HHUX, KOTOPbBIE IUIAHHPYIOT
MPOJIOJDKATh HAYYHYIO0 Kapbhepy B 0a3oBoM mHcTUTyTe Kadenapsl — UAD CO PAH wunu B ogHOM U3
3apyOeXHBIX IIEHTPOB TEPMOSAEPHBIX HCCICAOBAHNUHN ), TOCKOJIBKY MO3BOJIIET COOTHOCHTD PE3YJIbTAThI
COOCTBEHHOW HAay4HO-HCCIIEIOBATENLCKOM Pa0bOThl C OOIIEH JIOTUKOM, MOTPEOHOCTAMU M YPOBHEM
UCCIIEJOBAaHHUM, BEYIINXCS B MUPE 110 OJIM3KUM TeMaTHKaM.

Jlisi yCIeIIHOTO OCBOCHMS MaTepuasia Kypca oOydaemble JIOJDKHBI MOJHOCTHIO OCBOUTH HE
TOJIBKO OCHOBHBIE OOmedu3nyeckne W MaTeMaTHdecKue Kypchl (MEXaHUKY, 3JIEKTPOAWHAMUKY,
aTOMHYIO0 (U3MKY, (PU3MKY CIUIOIIHBIX CpEJ, CHECHUAIBHYI0 TEOPUI0 OTHOCHUTEIBHOCTH, (PHU3HKY
aTOMOB W MOJICKYJI, OCHOBHBIC OIEpalli BEKTOPHOTO M TEH30PHOTO aHajiM3a B JEKapTOBOH,
WINHAPUYECKON M chepuyeckol cUcTeMax KOOPJAMHAT), HO M CIEHUalbHBbIE KYpChl MO (HU3UKE
IUIa3MBl, M3y4aeMble B paMKaX BBIOpaHHOW cCrenuaan3anud (OCHOBBI (DM3UKH IUIa3MbI, MArHUTHYIO
THJIPOAMHAMUKY, BOJIHBI U KOJEOaHHMS B IIa3Me, TEXHHMKY IUIa3MEHHOTO JKCIEPUMEHTa, METOMbI
JMarHOCTHKH IUIa3MBI).

Takum 00pa3zom, OIEHHBAsE MECTO Kypca B CHCTEME MPO(EeCCHOHATBHON MOATOTOBKH, CIEAYET
CUUTATh JAaHHBIA y4eOHBI Kypc OJHOM W3 TeX AMCHMIUIMH (Hapsny ¢ Kypcamu «llimasmeHHbIE
TexHosnoruny, «Ilmasma B kocmoce», «OTKPBITHIE JIOBYIIKHY), KOTOPbIE UHTETPUPYIOT HAKOIUICHHBIN
3a BpeMs 00y4eHHsI KOMIUIEKC (PU3MYECKUX W MATEMAaTHYECKHX 3HAHWH 1O pa3HbIM JTUCHUIUIMHAM U
JOBOJAT 3HAHUS M YMEHHS BBITYCKHHUKA MarucTpaTypbl 10 COCTOSHHS, MO3BOJISIONIETO €My IOCIe
3aIIMTHl MArHCTEPCKON TUCCEPTAIMH JIETKO BKJIFOYUTHCS B HAYYHO-UCCIIEJOBATEIbCKYIO IESTEIbHOCTh
0 CHETHATbHOCTH

3. TpynoéMKoOCTb THCHUILUINHBI B 3a4€THBIX eTHHULAX ¢ YKA3aHUEM KOJIMYeCTBA aKaJgeMHu-
YeCKHX YaCOB, BbIICJCHHBIX HA KOHTAKTHYIO padoTy 00y4arIluerocs ¢ npemnojasarejiemM
(mo BUAAM y4yeOHBIX 3aHATHI) U HA CAMOCTOSITE/ILHYIO PadoTYy.

Tpymo€MKOCTh TUCHUIUTMHBI cocTaBisgeT: 3 3a4étHbie eauHuibl, 108 gacos.
dopma MPOMeKyTOUHOI aTTecTanuu: 2/4 cemecTp — IK3aMeH.

Cemectp
Ne Bun nesrensHOCTH
2/4

1 ek, 9 32
2 [IpakTHueckre 3aHATH, 4 16

JlaGopatopHble 3aHATHS, 4 -
4 3aHATHS B KOHTAKTHOH opMe, 4 U3 HUX 57
5 ayJIMTOPHBIX 3aHATHH, 4 48
6 B DJICKTPOHHOW opme, 4 -
7 KOHCYJIbTAIIUH, Yac.
3 MIPOMEXKYTOYHAsI aTTeCTalus, 4 2
9 CamocrosTensHas padoTa, Jac. 56
10 Bcero, u 108




4. CoaepskaHue TUCHHUILVINHBI, CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jesaM) ¢ yKa3aHueM OT-
BEJIEHHOI0 HA HUX KOJIMYECTBA aKaJleMUYeCKNX YacOB U BUA0B Y4eOHbIX 3aHATHIL.

Hucuummuna «mxenepHo-pusnueckue npodiemer YTC» mpenacrasiser co0oil MOTyroI0BOl Kypce,
yuTaeMbIi Ha 1-M Kypce maructparypsl ¢pusundeckoro daxkynprera HI'Y Bo 2-m cemectpe. OOGmias
TPYJAOEMKOCTh AUCIHUILTUHBI COCTABISAET 3 3auéTHBIC euHUIIb], 108 akageMrudecKux 4acos.

IIporpamMmma u ocHOBHOe cojiep:kaHue Jekiuii (32 yaca)

Knaccuueckasi JHepreTHka M HeOoOXOIMMOCTH PeaiM3alliH YNPABJSIEMOr0 TePMOsiIePHOTO
cuHTe3a. (6 4acoB)

BBenenune. [lnazma B Hameit »u3Hu. TunuyHble napameTpsl miasmbl. Ousznueckue NPeAnOChUIKHA s
YTC. OcHoBHbIe LIEHTPHI T/51 uccinepoBanuii. [Ina3ma B acrpodusuke. [1nasma B mpomblnieHHOCTH. Bo-
enHas masma. Hanpasnenus pa6ot nmo YTC. Coneprkanue kypca. Jlureparypa.

JHepPreTHKa M 3KOJIOTUA. YIIpaBIsieMblii TEPMOSJAEPHBIN CUHTE3. YPOBEHb KU3HU B Pa3HbIX CTpaHaXx.
3aBucumocts BHII ot 3Hepretrku. MHoro nu sHepruu norpedisercs ceroana? VCTOYHMKHM 3HEPruu.
HcTounuku 3arpsi3HEHUs U 3Hepro3arparbl. MupoBoe norpebdiienue sHeprur. CTpyKTypa NEpBHYHOMN
sHepruu. J{os albTepHATUBHOM SHEpreTUKU. MupoBble pecypcbl HeTu U raza. Mi3MeHneHue riiodanbHoi
Temneparypsl. JIokansHO MOXET U moxononaTs! M3Menenue cocraBa armocdepsl. XBaTHT JIU aJIbTEpHA-
TUBHOM 3HEPIreTUKH?

SAnepuas 3HepreTuxa. Muposas siiepHasi sHepretuka. [{oys siiepHor sHepreTUKU. ATOMHAsI SHEPTreTH-
ka Poccun. Crposuuecs peaktopsl. OcHOBBI sinepHoi U T/S sHepretuxku. @usnka paboThl peakTopa.
Ceuenue neneHus ypaHa HEMTpoHaMU. SepHOE TOIUIMBO, TOIUIMBHBIN UK. Pecypchl s1epHOTO TOIUIH-
Ba. Cxema BOCHPOM3BOJCTBA TOIIMBA. PainoakTUBHBIE OTXO/IbI SHEPreTUKU. /[030Basg Harpys3ka Ha ye-
noBeka. Puck aBapuii co cmeprenbHbM ncxonom. llkana simepubix aBapuit INES (MAT'ATD). Ouenka
crenienu pucka. Cynp6a paanoakTUBHBIX 0Tx0110B. [Ipupoansie sipepHbie peakTopsl. [IpupoaHsiii peak-
top Oxyo (I"abon). ITomutrka mo orpaboraHHOMy TomuBy. Xpauwnuiie Yukka Mountain (Hesana,
CIIA). IToBblitieHne 6€30MacHOCTH PEAKTOPOB.

®uzuka TepmosiiepHbIx peakumii. [IpeumymectBa YTC kak ncrounuka snepruu. TepmosiiepHble pe-
aKIUK — OIpeJiesieHue. DHeprus cBs3M B sipax. Beibop nmoaxosmux peakuuid. [loTeHnnanbHas sHeprus
B3auMojeiicTBus. OCHOBHBIE TepMOsIEpHbIE peakiuu. Peakuuu tepmosiiepHON sHepretuku. Jpyrue
Ba)XKHbIE PEaKLMU. 3aBUCUMOCTb C€YEHUs OT 3Hepruu. CKOpPOCTh PeaklUu OT TeMIeparypbl. DPpPpekTHB-
HOCTh pa3MyHbIX peakiuii. Peakiun va CosHIE - BOJOPOIHBIN UK. BOAOPOAHBIN UK — MPOJIOIIKE-
Hue. Peaknuu B 3Be3/ax - yriiepoaHbli muki. ['openune renus B 3Be3nax. OOpa3zoBaHUe TSKEINBIX sEp B
3Be3fax. TOIMBO Al TepMOsiAepHOM sHepreTHku. BocnpousBoactBo Tputus B Onankere. [louemy
nMeHHo mnazma? Kpurepuii Jloycona. bananc sHepruu B peakTope. DHEPreTUYECKOE BpeMs KU3HHU TE.
[Tpunuuns! ynepskanus miasmel. Kputepuii Jloycona ans mnepuuansHoro YTC. TumnoBas cTpykTypa
TepMosiiepHoro peaktopa. Koadduuuent ninasmennoro ycunenus Q. AJbTepHAaTHBHBIE TEPMOsACPHBIE
tormmBa. Peakuus D + 3He — *He + p. Peakuus p + !B — 3 *He. OtHocutensnas 3pdhekTHBHOCTH pe-
aKUUi. DHEPrOBBIACIECHUE B 3apsHKEHHBIX YacTUlaX. MOLIHOCTE U3IIydeHUs IpuMeceil. DKOJIOTHYECKHe
acrneKTsl T/5 HepreTuku. CTouMoCTh TepMosiiepHOM sHepruu. CTpyKTypa CTOMMOCTH T/s1 dHepruu. Pa-
JMOAKTUBHOCTh TEPMOSIACPHON CTAHIIMH. 3a4€M HY)KHA TEPMOsIIEpHasi SHEPIUsi?

YTC Ha ocHOBe TOPOHIAIBLHBIX MATHUTHBIX cucTeM (14 yacoB)

MarnuTHoe yaepxkaHue miasMbl. TokamMaku. YaepaHue IU1a3Mbl B MArHUTHOM T10JI€. DJIEMEHTHI TO-
pounanbHOM reomeTpun. Pons MmarautHoro nois. Mcropus padot no Tokamakam. KakoB nporpecc 3a 3tu
roasl? Ilporpecc B ynepskanuu miaa3msel (Tokamaku). Tokamaku Mupa — pacroyioxkeHue. Pa3zBurue TuHuM
kinaccuuecknx TokamakoB. Tokamak JET (Culham, UK - EU no 1999). Toxamak TFTR (Princeton,
USA). Tokamak JT-60U (Naka, Japan). Tokamak D-111D (General Atomics, San Diego, USA). Tokamak
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Tore Supra (Cadarache, France). Tore Supra - nByxMunyTtHbIi pa3psa. Tokamak T-15 (KypuaroBckwuii
unctutyt). Tokamak EAST (Kwurait, T-7 -> HT-7 -> EAST). Tokamak KSTAR (Daedjon, Kopes, c
2008). Tokamak SST1 (Mumus). [Iporpecc - B3rasa u3 Hadana 1980-x rogos. Uro Obu10 OBI, ecinm... To-
KaMaK — OCHOBHBIC YaCTH. DJIEMEHThI KOHCTpYyKuuH Tokamaka T-15. Tokamak TCV (Varenna, IIseiina-
pusi). Ynpasienue Gopmoii minazmel Ha TCV. JIBrkeHue yactuibl B Tokamake. [lonsaTre MarHUTHOM 10-
BEPXHOCTH. MarHuTHbIE OBEPXHOCTU TOKAMakoB. MarnutHbele ocTpoBa. [loAroroBka MarHMTHOW CH-
crembl. CrieHapuii mpoBeneHusi paspsana. Paspl moabeMa U HpekpaiieHus Toka. OMUYECKUIl Harpes
wia3Mel. Panuanbueiii npodwis miasmMbl. YHHUBEpCATbHBIN Mpodmiib naBieHus. Moxaenp “Ky4u mecka”
(toxkamak CASTOR). Tupunr-monsl Ha JET. Tupunar-moast Ha TCV. ITunoo6pasusie konedanus. [Tumo-
oOpasubie Konebanus — reomerpust. [Irmmoodpa3Heie konebanus — Bosonus. [InnoodpasHbie KoeOaHus
— Tomorpadus. [TunooOpasubie konebdaHus - MarHUTHbIE MOBEPXHOCTH. [IumooOpasHbie KoneGaHus —
MojenupoBanue. CpbiBbl B Tokamakax. bonbioii cpsiB B T-10. Bonbmioi cpeiB Ha JET. @unansnas dasa
cpeiBa (Alcator-C).

JIumureps! U quBepTOpkl. IIponeccsl Ha rpaHuLe MIa3Mbl CO CTCHKOM. PeanbHas miuasma U peanbHas
crenka. KOHTaKT mia3mbl CO CTEHKOM B TOpOMAAIbHBIX cucTeMax. Pabora numurepa B mia3me. /{usep-
TOPBI - HOBbIE TEpMUHBI. [lepBriii 1uBepTOp. MarHUTHBIE CUCTEMBI TUBEPTOPOB. DBOIOLMS JUBEPTOPA
Ha JET. Ilpucrenounas miasma B auBeprope. M30Tomnbl Boopoaa B MpUCTEHOYHOU miazMe. CBeueHue
BOZIOpOJa B AuBepTOpHOi 1uiasme. [Ipumecu B norpannunom cioe. MARFE. Tononorus MARFE. I'pa-
¢but kak MaTepuai neppoit crerku. “liBererue rpadura” (carbon bloom). Dposust rpadUTOBBIX MITACTHH
Ha D-I1ID. Ynpaenenue nonoxxennem SOL Ha mactuHax. [Tapamerpsl nuBepTopHOI mia3Mel. TpeboBa-
Hus K quBeptopy UTOP. Pexumbl paboTsl (a5 TemioBeix mOTokoB U TOP). OTpeIB miia3Mbl OT JTUBEPTO-
pa (detachment). OtpsiB t1a3mer ot quBeptopa Ha JET. Uznydenune mnasmer SOL (ASDEX, Bripeick Ne).
Oproauueckuil [uBepTop - Tore-Supra. Iproauyeckuil UBEPTOp — pe3yabTaThl. JJMHaMUYeCcKuit pro-
aaeckuil quBeptop. Iproaudeckuit museprop — TEXTOR. DED TEXTOR — kaptunku. JlocTurayteie
MOoTepH Ha nepeusnydenue. Harpes u s3po3ust auBepTopHbIX MactuH. Gusnueckue npoodiemst s UTOP
(KOHTPOJIb TOTOKOB MOIIHOCTH U yacTull). KoHcTpykiuu quBepropHbIX miacTul. [Iporpecc TexHonoruu
JuBepTopoB. [lyTH NOBBIIEHUS TEIJIOBOM HATPY3KH.

CucreMbl J0NOJHUTEIHLHOI0 HArpeBa. 3aueM HY)KEH JIOTOJIHHUTENbHBIA HarpeB? MeToabl TOMOTHU-
TEJILHOr0 HarpeBa. Bce MeTopl jononHuTenbHOro Harpesa. Annadarudeckuii Harpes - npoekt TCII (T-
14). Tlepssie pesynbsTaThl o DIIP HarpeBy - TM-3. Pesynbratel DLP Ha T-10. I'uporpons! (HmxHuUi
Hosropon). MonoBast cTpykTypa MomHbIX rupoTpoHoB. Kommiekc DLIP narpesa Ha D-11ID. Orpanuue-
HUE€ MOIIHOCTH MPOYHOCTHIO OKHA. AJIMa3HOE€ OKHO I'MpoTpoHa. HarpeB Ha 3agaHHON MarHUTHOW MO-
BepxHocTH. [leMoHcTpanus nogaepxxanus Toka ECCD. HuxuaernOpuauslit pezonanc. [loriomienue BoiaH
npu LHCD. O6opynosanue mins LHCD. NonHo-muknorponssii HarpeB. @usuka UIP warpesa. WIIP:
koHBepcus moJ. P narpes Ha Tokamake PLT (CILIA). Ucrounuku nznydenus g ULP. ULIP narpes
Ha Tore-Supra. ULIP narpes Ha JET. HarpeB myukamu HEWTpajdbHBIX aTOMOB. CXxeMa HEUTpaIbHOUN WH-
xekuu. Monuelii ucrounuk ycranoBku D-I1ID. Harpes neiitpansueiMu nmydukamu Ha JET. Harpes
HelTpanbHbiMu Tydkamu Ha JT-60U. JT-60U: orpunartensHbie MOHBL. VICTOYHHK C OTpUIATEIbHBIMH
noHami - JT-60U. Otpunarensubie nonsl Ha JT-60. JlononnuTensHbli HarpeB ans UTOP.

PexxuMmpbl ¢ yiyullleHHbIM yaep:kaHnueM B Tokamakax. Cxeinuar aist L-moapl. Cxednunr s L-moast
TokamakoB. H-Moza - pexuM ¢ ynydieHHbIM yiepxkanueM. HoBbli paananbHbIil Ipouiis MapaMeTpoB.
Ilepexon L-H na toxamake DIII-D. Anunnoumnynscubiil pa3psa ¢ H-monoit B DII-D. L-H nepexon:
sBOJIOIUS Mpoduis mioTHocTH. Bo3HukHOBeHHEe 6aprepa npu H-moze. Dnexktpudeckoe nose u H-mona.
Mexanm3Mm wn waHummamus H-monesl. Ckedinmar i H-monel TokamakoB. HenmHeliHble 3amadum ¢
oudypkanueit (moneitka 00bsicauts L-H nepexomx). Tunst ELM (JET). 3aBucumocts sueprun ELM ot
uxX 4YactoThl. Ympasienue tunom ELM. Bnusuue tpeyronsHoctu mnasmel (JT-60). PBepositHbiid
MexanusM (popmupoBanus ITB. Pazpsa ¢ skBuBanienTHoiM Q=1.25 Ha JT-60. ITB u pasuslii npopuisb
mmmpa. Supershot - ymyumennoe yaepxkanne Ha TFTR. Viaepkanuwe B pexume “supershot” ma TFTR.
ITpodpwunu q B TFTR. RI-mozxa Ha Tokamake TEXTOR (namyck HeoHa Ha nepudeputo). Uucto omuyeckas
H-mona c ITB. Ilpo6nema pexumos ¢ ITB.

Jdxcnepumentsl ¢ D-T mna3moii. Kparkas ucropust D-T skcnepumentoB. KpaTkas uctopust npoekra
TFTR. Pabora ¢ Tputuem B pexxume “supershot”. IlepeHoc y ObICTpbIX 4acTuil MeHblie. Heycroiiun-
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BocTh anbhBeHOBCKUX MO B TFTR. Bo3oyxnenue TAE - teopus u sxcnepument. MI'Jl-akTHBHOCTD U
anb(a-uyactuubl B TFTR. TFTR - ocHoBHBIe pe3ynbrathl. TputHeBbie TexHonoruu Ha JET. IIpensapu-
TenbHbIe dKciepuMeHThl Ha JET. [1nazma ¢ Gonbmioi moneit Tputus. JET: 3aBucumocts Momuoctu L-H
nepexona oT A. CKEWIMHIU Ul SHEPreTU4ecKoro BpeMeHH >ku3HU. Paspsnbl ¢ D-T: pexkopanas Mor-
HocThb. Paspsnel ¢ D-T: kBaszuctanuonapuoe ropenue. Harpes a-yactuiiamMu u 3aBUCUMOCTH OT Joiu T.
Jlyumne D-T pesynbratel JET u TFTR.

Cdepuueckne Tokamaku. Bapuantel ToponaanbHol reoMeTpun. Uto Takoe “chepudeckuii Tokamak™?
Ocob6ennoctu chepuueckux tokamakoB. Maruutabele noBepxHocTH (NSTX). Cdepuyeckne Tokamaku
mupa. Tokamak START (Culham, UK). ITapamerpsr TokamakoB START u MAST. START: paspsias! ¢
H-monoii. START - sneprerudeckoe Bpems xu3nu. [IpenensHoe nasnenue mia3zmel — START. Cxema u
napametpsl NSTX. Buaemmnuit Bug NSTX. NSTX - paspsg ¢ H-momoit. MI'JI-akTuBHOCTH B
chepuueckom Tokamake. NSTX: HeMHIYKTMBHOE Haudano paspsjga. Mmkeknus crnupansHocTd. BY
HarpeB ¥ noanepxanue Toka BU nHarpeB mmasmer Ha NSTX. KoHTponb mpodwumns Toka - yaepxaHue
nyume. Ilapamerpsl B pexxume ¢ xopoummm yaepkanuem. NSTX - ocnoBubie pesynbratel. MAST -
ycTaHoBKa W mapametpbl. ®opmupoBanue miazmMel B MAST. Yopasnenaue popmoit miasmer B MAST.
[Tnazma B MAST — ynepxxanue. TomconoBckoe paccessuue B MAST. Ilnasma B MAST — nuarHocTukw.
H-mona u pexumsl ¢ ITB 8 MAST. Crabunuzanus nuinoodpa3Hbix kojebaHuid. BoliscHeHUE MPUPOIbI
ELM B MAST. Jlunamuka ELM B MAST. I'NIOBYC-M (®TH um.Hodde, C-116). H-mona na ['mobyc-
M. HarpeB HeitTpansabiMu iyukamu Ha ['moOyc-M. HULIP narpes Ha I'mo0Oyc-M. I'mo6yc-M - ocHOBHBIE
pe3yIbTaTHI.

IIpoext UTIAP. Kak noctpouts 1/ peaktop? Ckevnunr mist H-monsl TokamakoB. HoBwie kpymHbIe
¢u3nveckne ycTaHOBKH. IIpOEKTHI YCTaHOBOK CIIEAYIOIIETO IMOKOJeHHA. Llemw Tpex mpoeKToB
paznuuatorces. [Ipoexkt IGNITOR. IIpoekt FIRE. IIpoext UTOP. Kpartkas xponosnorust mpoexta UTOP.
Odunmansapie nenu npoekra UTOP. Cuenapun paborsr UTOP. Pacdernas nuHamuka mapameTpoB.
Panuanbupie 3aBucumoctu mapamerpoB. Oxumaemoe 3HaueHue Q. Oskupmaembie mapamerpsl |ITER-
FEAT. Craunonapnast pabora ¢ Q=5. [IpuHummner ¢puHancupoBanus npoekra. CTpyKTypa yrpaBlIeHUS
npoekToM. Packnanka croumoctu ITER-FEAT. Poccmiickuii Bkinag B UTOP. OrpaboTka TeXHOMOTUi
NTOP. Karymxu topounansHoro mnois HWTOP. CsepxnpoBoanuk ans WUTOP (Muct. bousapa).
[Iporotun nentpanbHoro conenouja. Bakyymuas kamepa UTOP. Kpuocrar UTOP. IlepBast crenka u
6manker. CucreMa 3aMeHbl 3JieMeHTOB OnaHkeTa. KoHcTpykius auBepropa. OTpaboTka TEXHONIOTUM JUIs
nuBeptopa. [Ipobnemsr muarnoctuk ITER. 3manme ans ITER (¢ TputueBsiM komriuiekcom). Pabouas
momanaka UTOP. bezonacHocts u padota ¢ TputueM. Mecto crpoutensctBa UTOP (Kamapamr). Tore-
Supra u ITER. Texymmii Bua momanku MTOP. I'padpuk crpoutensctBa. I'paduk 3KCrIEpUMEHTOB.
NTOP u naneme: mnansl. ITER u apyrue.

Crennapartopbl. Unes cremnapatopa. Knaccuueckue cremnaparopsl. Topcarpon/I'ennorpon. I'enmak.
Crennaparop C (IIpuncrton, CIIIA). Crennaparopsl U Tokamaku — konen 1960x. Kak nemanvch nepBbie
tokamaku B CHIA. ITpoOGaembl nmepBbIX 3kcrnepuMeHToB. CpaBHeHHE ¢ TokamakaMu. OCHOBHBbIE Mapa-
METpHI CTeJIapaTopoB. MoayibHbIe KaTymku creiniapatopoB. Cremmaparop W-7AS (Iepmanus, ¢ 1988
r.). [Tapamerprsr mnasmel Ha W-7AS. Ilpoextr W-7X. W-7X - coctosaue pabot. Cremmapatop LHD
(Naka, SInonwust). Buyrpu BakyymHo# kamepsl LHD. ITnazma LHD (Naka, Sinonust). Jlydmme noctuke-
Hus cremnaparopoB. LHD: paspsnsl 6onbmoit amurensHoctu. Ilapamerpst miasmel Ha LHD. Ilpoext
HSX (Wisc. Univ., USA). Tlytu pa3Butus cremiaparopHbix koHdurypamuii. [Ipoekr NCSX (CIIA).
CKeWIMHT JUIsl TOKaMaKOB U cTestapaTopoB. TokaMaky M CTeJIapaTopbl: JOCTH)KEHUSI.

JApyrue noaxoasl k YTC (12 yacoB)

Munu ¢ oopaménnniv mosem (Reversed Field Pinch). ITunu ¢ obpaménusiM nosiem. Mcropust paboT
no RFP. Ilpensicropus — actpodusuka. [leficTByromue ycTaHOBKH. OTpHuIaTenbHbId >PQeKT -
croxactuzanus neHrpa. YcraHoBka RFX (ITamys, Wramus). CamoopraHu3zanus W TOAJCpKaHHE
koHpurypauuu RFP. Otpunarensssiii 3¢ dexr - cuHxpoHu3anust MoJl. BparieHne cCHHXpPOHHU30BaHHBIX
moz. Pulsed Poloidal Current Drive. Quasi Single Helicity states. AxtuBHas ctaOuan3anus Ijia3Mbl Ha
RFP. AxtuBHas crabwimusanus — pesyiabtartbl. YcranoBka MST (U.Wisc., Madison, USA). MST -
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BCIBIIIKY TUIA3MEHHOTO TUHAMO. CTOXaCTUYHOCTh MarHUTHOTO MOuIsL. [1OMCK «IIpaBHIBHOTO» MPOQUIIS
toka. J[Ba moaxoma k RFP. YcranoBka EXTRAP T2 (Alfven Lab., IllBemus). YcranoBka TPE-RX
(Anonus). Ckeinmmar nns RFP. CpaBuenne RFP u TokamakoB omHoro pasmepa. 3agadd CieayrOIIero
stana st RFP.

HNuepuuanbHblii TepMoOsiiepHbIii cuHTe3. HepuuanbHOE ylep)KaHWE IJ1a3Mbl. Y CIOBUE 3a)KUTaHUS
munieHd. CTpyKTypa «uMHEpUUaIbHONW» 3nekTpocTaHuuu. Ilapamerpsl mnasmel g nasepHoro YTC.
Hpaiisepbl 11t unepuuainbHoro Y TC. ['eomerpust npsimoro cxatusi mutieHd. CTaauu CxKaTusi MUIICHHU.
Cragus yckopeHuss U cxatuss mumieHd. Craguss TepMOsSIEpHOTro ropeHus. ONTUMalIbHBIE PEKUMBI
cxarusa muieHei. [IpodunupoBanue MomHocTu Harpesa. [Ipumep BiIMsHUS HEYCTOMYUBOCTH. MHUIIEHU
JUI MHEpLUAIBbHOTO cuHTe3a. Cxema HempsiMoro HarpeBa MHILEHHU. TepMosiiepHoe opyxkue. BoeHHbIN
YTC. Mumenn st NIF. ITpoekTs! yaydmeHasix muineneii. Maes konmenuu Fast Ignition.

JlazepHbiii TepmosiiepHblii cuHTe3. [lornomenue u3nydeHuss MuleHbro. Jlasepbl: BbIOOp JJIMHBI
BOJIHBL. Y CTaHOBKH Ja3zepHoro tepmosia. Ycranoska Omega (Rochester, USA). Mumrenu mis Omega
(cxema mpsimoro oOxartus). IlpodunupoBanue MomHOCTH HarpeBa. UYrto naér mnpoduiupoBaHue
MomrHocTH. M3MmeHeHune korepeHTHOocTH criekTpa (Omega). BiusHMe KOTepeHTHOCTH Ha CXKaTHe
muiienu. Jlazep Nike (NRL, Bammarron, CIIA). Jlazep Nike — xouctpykums. Jlazep Nike —
noapoOHoctu. YcranoBka «lckpa-5» (BHUUT®, Capo). YcranoBka GEKKO-XII (Ocaka, Snonus).
Cxema nempsimoro Harpesa mumienu. Jlazep Nova (Jlusepmop, CIIIA). National Ignition Facility
(JIuBepmop, CILIA). NIF - ontuyeckas cxema onnoro kaHana. NIF - mumennas kamepa. NIF — muiens
(xombpaym). NIF — ¢ororpadun. Hauanmo paborsr NIF. Jlazepnas mporpamma ®panmmu. LMJ —
noapoOHoctu. YcrtanoBka YDJI-2M (BHUUT®, Capos). [Inazmennas daszopas mnactuHa. Konuenius
Fast Ignition. ITosryueHue yapTpakopoTKUX UMITYIbcoB. IleraBarTHbli asep B MIID PAH. Fast Ignition
Ha Gekko-12 — mumiens. Fast Ignition na Gekko-12. Peaktophbie nepcnektuBbl jgazeproro YTC. Jlazepsr
¢ uvactotoii moBtopenus. IIpoekt Fusion Test Facility. Monyns ycranoBku Fusion Test Facility.
[TpoGnembl MUIICHHOH KaMepbl. MeTauinyeckue 3epKajia CKOJIB3SIIEro majeHus. MUIeHHas kamepa ¢
(UHATEHON ONTHKOM.

CunTe3 ¢ mMyYKaMu TsKEIBIX HOHOB. HepuuanbHblil cuHTE3 ¢ TSOKENBIME HOHamHu. [loriomenue Ts-
#€EnbIx nOHOB B BemiecTBe. Y TC ¢ Tsok€nbiMu noHaMu — MullieHb. Y TC ¢ TSKeIbIMU HOHAMH — PEAKTOP.
MHuoroaneptypHbie yckopsitorue cTpykTypsl. Y TC ¢ TsxensiMu noHamu — npoosuemsl. YTC ¢ Tsokemnbi-
Mu noHamu - nporotunsl (CLIA). YTC ¢ Tsokensimu noHamu — UTO®. YTC ¢ TsKkenpIMU MOHAMU -
CHIA B 2015 r. YTC ¢ mspxensimu nonamu — GSI. YTC ¢ Tspkensimu nonamu - Fast Ignition. Tsokerno-
nonnelii YTC - Fast Ignition peakrop.

BbicTpble Z-nmuHun. MHOrompoBojiouHble cucteMmbl ains Z-nuHueil. [lonme mapameTpoB BOIM3H
npoBosioyku. llosiBieHne mnpeniiecTBEHHUKa Ha OCH. J[BOWHBbIE MacCHUBBI - BapUaHThl ITOBEICHMS.
PentreHoBckas mieneBas pa3BépTka cBeueHus. Kommanc aBymepHoro maccuBa. /[BoiiHble MaccCUBBI —
CTOJIKHOBEHHE CJIOEB. Z — CpaBHEHME JKcnepuMeHTa U mojenu. Kommiekc «Anrapa-5-1» (Tpounk,
Mock. 00:1.). [Ipyrue poccuiickue ycranoBku. YcranoBka Z (6siBirass PBFA-II, Sandia, USA). TTporpecc
B UMITYJIbCHOM MomHOCTH (Sandia). YcranoBka Z — pe3ynbTarsl. Mitysbe Z - He3aBEepILICHHBIC Pa3psiibl
B BoJie. CxeMbl 00XKaTusi MUILIEHH M3TydeHueM nuHva. Cxarue tepmosiaepHoit mumeHu Ha Z. [lepBbie
skcnepumentsl ¢ dynamic Hohlraum. Tlepcnexktusl u maanbsl CIHA u Poccun. MoaepHusariust
ycraHoBkH Z. ZR — BBesnena B ctpoit 18.02.2008. Ilpoekr «baiikam». CTaTyc U MepcrleKTUBbI pa3BUTHA

ycTaHOBOK. ByMakHbI# TTpoekT anekTpoctanimu. Texunonoruu. CpaBuenne mutnereit NIF u Z-nuaua X-
1.

Herpagnumnonnsle moaxoabl k YTC. Hanpasnenuss pador mo YTC. TopounanbHble CUCTEMBI
marautHOoro YTC. Cdepomak — tomonorus. Cpepomax SSPX (LLNL, CHIA). Chepomak SSPX —
pe3ynbratel. Konduryparmmus ¢ oopaméaasM nojieM. FRC — cxema u ycranoBku. Cucremsl FRC - cratyc
u nepcrneKkTuBbl. CHHTE3 Ha CTAJIKUBAIOIIMXCS IMy4YKaX MOHOB. JIEBUTHPYIOLIMI IUIIONB - UES METOAA.
JleBuTupytomuii gunone — yaepxanue. JleButupyromumii gunons - ycrtaHoska LDX. JleButupyrommii
aurnounb - nepsas iasma. [lnasmennsiit ¢oxyc. Ilnasmennsiii poxyc — I1dD-3 (PHL[ KM). Cunres c
3aMarHM4eHHON MuieHbto. CTeHO4YHOoe yAepxaHue I1azMbl — wujes. CTeHOYHOe YyAep)KaHUe -
skcniepuMeHT (CapoB). CteHouHOe yzaepxkanue Iuasmbel — CHIA. MHepuuanbHbelii CHHTE3 C JIETKUMU
MOHAMH.
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Iporpamma npakTuyeckux 3ansruii (16 yacon)

Kinaccnueckasi 3HepreTMuka W He00XOAMMOCTb peaM3alMU YNPaBJIsieMOr0 TEPMOSIEPHOIO
cuHTe3a. (3 yaca)

duzuka TepMosiiepHbIX peakunid. OCHOBHBIE TEPMOSICPHbIC peakiu. Peakimu TepMosiiepHOi
SHEpreTUKu. Jlpyrue BaXKHble PeakUU. 3aBUCUMOCTb ceueHUs! OT 3Hepruu. CKOpOCTh peakluu OT
Temrepatypbl. DPGEKTUBHOCTh pa3audHbIX peakuuii. Peakumumn Ha CoNHIE - BOJOPOAHBIA ITHKJI.
Bonoponnselii nukin — npoaoipkeHue. Peaknuu B 3Be3ax - yINIEpOAHBIM LMKI. ['opeHue renus B
3Be3gax. OOpa3oBaHHe TSDKETBIX siiep B 3Be3Aax. TomauBO i TepMosiiepHON sHepreTHku. Boc-
IIPOU3BOJICTBO TpuTHUs B Osankere. [louemy nmenno mnasma? Kpurepuii Jloycona. bananc sneprun
B peakTope. DHepreTudeckoe BpeMs xku3Hu Te. [Ipuniunel ynepsxkanus miaasmel. Kputepuii Jloycona
s nHepumanpaoro Y TC. TumoBas cTpykrypa TepMosiiepHoro peakropa. KoaddunuenT miazmen-
Horo ycunenns Q. AnbTepHaTHBHBIE TepMosAepHbIe TormBa. Peakmus D + *He — “He + p. Peak-
uus p + 1B — 3 *He. OtnocurensHas 5GeKTUBHOCTD peakiuil. DHEProBlIeNeHHE B 3apAKEHHBIX
yacTuax. MOIHOCTh U3JIy4eHUsl IpUMeECceH.

¥YTC Ha ocHOBe TOPOHIAJIBHBIX MATHUTHBIX cHCcTeM (7 4acoB)

MarnutHoe yaep:kanue mia3mbl. Tokamaku. MarautHoe none topouna. [lonspuzauus nia3Mel.
[NosiBnenue paauanbHOTO Apeiida. Kak 6opoTtses ¢ npeiihom Hapyxky? [pelid B BUHTOBOM TOpOH-
JanpHOM Tone. Topoua ¢ mna3zmMon ¢ Touku 3peHus MI'JI. BBoguM MarHutHoe moJie MIa3MEHHOTO
Toka. JlobGaBisieM BepTUKallbHOE MarHuTHoe noje. [lognepxkanue paBHoBecus miaa3Mmel. [IpeaenbHblii
TOK pa3psana. ¥ CTOM4MBOCTh BeIcIIUX MOJ. [IpeaensHast minoTHOCTh mma3Mbel. MI'JL nipenien o maBnie-
HUIO TUIa3Mbl. MATKUI U )KECTKUW TTpeaen no AaBieHuro. [IposieTHbie U 3anepThie yacTuibl. J(BUkKe-
HUE TPOJIETHBIX M 3amepThix uacTull. Heoxmaccuueckas nuddysus B toxkamakax. Kosdduuuent
HeokJlaccuyeckoi nuddysun. PeanbHoCcTh M HEeoKIaccuueckas Teopus. byrcrpamn-tok. Heycroium-
BOCTH - SHepreTruueckuii mpunmuim. Tearing-mode (repecoeMHEH e CHIIOBBIX JTHHU ).

Jlumutepsl U quBepTopbl. CHUXKEHHE MOTOKA SHEPTUU HA JIMMUTEp MyTeM repeusnydeHus. CHU-
JKEHHE IT0TOKa TeIIa epen3inydeHueM. JInMuTep u IuBepTOp - CPaBHEHUE FEOMETPHH.

Cucrembl 10NMOJHUTEIBLHOT0 HarpeBa. Harpes snexkTpoMarHUTHbIMHM BoHaMHu. Ilokazartens mpe-
JIOMJIEHMS IUTa3Mbl ¢ TosieM. Harpes Ha dJIE€KTpOHHOM LUMKIOTPOHHOHM 4actore. PacnpocTtpanenue
O0OBIKHOBEHHOW BOJHBI. PacmipocTpanenne HeoObIKHOBEHHOW BONHBI. Harpes anexktponoB mpu DLIP.
I'enepanus Toka mpu OLIP.

Pe:xxumbl ¢ YIAYYHICHHBIM YACPKAHUEM B TOKaMaKax. Pexumer ¢ OTpULATCIIBHBIM HINPOM.
cDOpMI/IpOBaHI/Ie TPAHCIIOPTHOT'O 6apbepa. Z[J'II/ITCJ'ILHHI\/‘I paspdaa € OTpULATCIBbHBIM I[MHPOM.
I[J'II/ITCJ'IBHI)II\/'I paspsaa ¢ HCMHAYKTUBHBIM TOKOM.

JdxcnepuMenThl ¢ D-T miaasmoii. VcTouHukn HEWTpoHHOro usnydeHus. OmnpeseneHHe BpeMEHH
*U3HU TpUTOHOB B TFTR. M30TONHAas 3aBUCUMOCTh 11 BpeMeHHU KU3HU. OpOUTHI alb(a-yacTuil B
TFTR. Ilotepu anbda-yactuil — kinaccuueckue. Topmoxkenue anbda-dyacTull Kiaccuueckoe. Bpems
KW3HH TNl B YCTAHOBKE.

Jpyrue noaxoast k YTC (6 yacoB)

Iy ¢ oopaménnnim mosem (Reversed Field Pinch). OcHoBubie uuen. Poib miazmMeHHOTO
auHaMo. CTaHIapTHBIA MEXaHU3M MOIEPYKAHHS TOKA - TIa3MEHHOE THHAMO.

Nuepunanbubiii TepmosiiepHblii cuHTe3. MI'J[-HeycroitunBocTh Ckarud. 3arpaBku juist MIJI-
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HEYCTOMYMBOCTHU. THUIIBI BO3MYIIIEHUH (IT0 HOMEPY MOJIBI).

JlazepHblii TepMOsiAepHbIA cCUHTe3. [lornonienre n3ny4eHus: MULLICHBIO.

Cunres ¢ nyvyKaMu TSKEJIBIX HOHOB. HOFJ’IOH.[GHI/IG TSDKENBIX HOHOB B BEIIIECTBE.

Boictphie Z-nunuyu. DopmupoBaHue IIa3MeHHOro cios. 3D  cTpykTypa cxXJIOmbIBaroIIencs
o0onouku. JlMHAMHMKa B3pbIBAa OTICIBHOW IPOBOJIOYKU. J[MHAMHMKA CXJIONBIBAHUS MPOBOJIOYCK.
JHunamuka cuctemsl ¢ N ~ 100.

CamocrosiTesibHas padoTa cTyaeHTOB (56 Yacos)

[Tepeuens 3ansTuit Ha CPC O0newm,
qac
W3ydeHne TeopeTHUecKoro MaTepuraia, He OCBEIIaeMOTro Ha JIEKIUIX 16
[ToaroroBka pedepara 22
[TonroroBka K SK3aMeHY 18

5. IlepeyeHb yueOHOI JUTEPATYPHI.

1. Apuumosud JI. A. Yrpasisiembie TepMosiiepHble peakuuu. M.: @usmatiut, 1961. 467 c. (5
9K3.)

2. Opank-Kameneuxwii 1. A. Jleknuu o ¢pusnke mia3Mel. 2-e¢ u3g MockBa : ATOMU3IAT,
1968286¢. : uept.(50 3K3)

3. H. Kpoun, A. TpaiiBenmuc. OcHoBbl pu3uku 1ia3mel / [lon pen. A. M. [leixae. M.: Mup, 1975.
527 c. (11 7k3)

4. Apmumonuu JI. A., Cargees P. 3. ®usuka mnazmel 1 gusukos. M.: Atomuzaar, 1979. 315 c.
(17 7k3.)

5. JlykpsHoB C. 1O., Koanbckuii H. I'. ['opsiuas nia3ma u ynpaBiisieMblid sIepHbIN cuHTE3. M.
MHU®DU, 1997. 430 c., (11 3k3)

6. Korenpaukor U.A., Jleknuu o ¢usnke mia3mel, U3natensctBo BUHOM, Mocksa, 2013, 384
c., ISBN 978-5-9963-1158-3 (24 5k3.)

6. IlepeyeHb yueOHO-METOAMYECKMX MATEPHAJIOB 10 CAMOCTOSITEJIbLHOI padoTe 00yJarouInX-
col.

B nocnennue roapl HaOMI0AaeTCA 3HAYUTENBHBIN pOrpecc B 00J1aCTH PU3UKHU I1a3Mbl, OTHOCS -
nielics K TeMaTuKe JaHHOTO Kypca. POCT Kak 3KCIIEpUMEHTAIbHBIX JOCTHKEHHH 110 YBETUUEHHUIO OC-
HOBHBIX MapaMETPOB IUIa3Mbl, TAK U PA3BUTHE TEOPETHUECKUX METOJIOB ONMCAHMS U MTPEICKa3aHus
IIOBE/ICHNS BBICOKOTEMIIEPATYPHOM IJIa3Mbl B pE€aIbHBIX YCIOBHAX B OCHOBHOM CBS3aH C IIPOrPECCOM
TEXHHUKH TUIa3MEHHOT'0 3KCIIEPUMEHTA M YCHEIIHOM paboToi 3HAaUNTEIHHOIO KOJIMYECTBA SKCIIEpH-
MEHTAJIBHBIX YCTAHOBOK, B TOM YHCJIE KPYIHBIX M CBEPXKPYIHBIX. K coXkalleHnI0, MPakTUUECKH BCe
3T paboTHI JenatTes 3a npeaenamu Poccuu, Ha COBpeMEHHOM 3apy0eKHO SKciepuMeHTalIbHOM 0a-
3e. [loaTOMy OCHOBHBIE MaTepUallbl, B TOM YHCII€ OPUTHHAIBHBIE UCCIIEI0BaHUS U o0o0Imatoniye (B

TOM YHCJIe YIeOHBIE) MaTEepHUaIbl B HACTOSIIIIEE BPEMsI BBIXOAAT MO OOJIbIIIEH YacTH Ha aHTJIUHCKOM
SI3BIKE.
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B nporecce 00y4ueHus o JaHHOMY KypCy peKOMEH]IyeTCsl HCIIOJIb30BaTh B KAUYECTBE OCHOBHBIX
JIBa UICTOYHMKA HHPOpMAIK. Bo-niepBbIX, 3TO ANEKTPOHHBIA KOHCIIEKT aBTOPCKOTO Kypca JIEKIIHH,
KOTOpBIH octyneH maructpantaM Kadenpst ¢pusnku miazmel HI'Y BO BHYTPUHHCTUTYTCKON CeTH
NAD CO PAH B aupekTopuu ¢ yueOHBIMHE MaTepuaiaMu Kadeapsl. Ha MoMeHT Havana yaeOHOTro ro-
71a CTYZICHTaM JIOCTYITHA BEPCHUsl JIEKTPOHHOTO KOHCIIEKTA, YATABLIETOCS B IPEABLAYIEM y4eOHOM
roxy. O6HOBNEHHAs BepcHsl KOHCIIEKTA BBIKJIABIBACTCS HA TY K€ CTPAHUILY IO 3aBEpIICHUH LIUKJIIA
nexuuid. [loMuMo 3TOTO0, TOCTYITHA CIIEIMaTBbHO 0T(OpPMATHUPOBAHHAS BEPCHs Kypca, IpeHa3HaYeH-
Hasl JJIs UCIIOJIb30BaHUs B KaUeCTBE 3arOTOBKH JIJIsl KOHCIIEKTHPOBaHUS 00y4aeMbIMU MaTepuraia B
XoJie ieKknuii (hopMart 1o 3 ciaiiia Ha JIMCT C MOJISIME JJIsl COOCTBEHHBIX 3aMeTOK). [locnenusis cyie-
ctBytomias Bepcus 2013 roga cocrout u3 581 cnaiina. JlaHHBIN Kype JEKIHH pEeryaspHO OOHOBISETCS
HOBEWIIMMHU MaTepHajaMH, KOTOpPbIE JIEKTOP MOTyYaeT Mo KaHajaM oOMeHa MpodecCHOHATBHOM WH-
dhopmaruei.

BropbsiM pekoMeH1yeMbIM 00y4aroiM MaTepHaiOM SIBIISICTCS YHHUKAIBHBIN aHTIOS3bIYHBIN
coopuuk «Fusion physics» 06bémMoM 1158 cTpanuil, HaMMCAaHHBIA BETYIITUMUA MUPOBBIMH SKCIIEPTaAMH
Y OXBaTHIBAIOIINHI MPAKTHYECKH TMOJTHOCTHIO MTPOrpaMMy JJTaHHOTO Kypca. DTOT COOpPHUK ObLT M3JaH
MAT'ATD B 2012 roay, 37eKTpOHHAsI BEPCHUS PACTIPOCTPAHAETCS OSCIUIATHO U HE UMEET OTPaHUICHHI
I10 UCII0JIb30BAHHUIO.

1. B.B. Ilocrynaes, MnxenepHo-puznueckue npodaemsl Y TC. DneKTpoHHBIH KOHCIEKT Kypca

nexkmuii. HoBocubupck, 2013, 581 c.

Sheffield J. The physics of magnetic fusion reactors // Reviews of Modern Physics, 1994, v.66,

p.1015-1103.

Utoru nayku u texuuku. Cep. @usuka miazmsl. M.: BUHUTU (nauunas ¢ 1979 r.)

Status Report on Controlled Thermonuclear Fusion // Nuclear Fusion, 1990, v.30.

ITER Physics Basis // Nuclear Fusion, 1999, v.39.

Ryutov D.D., Derzon M.S. and Matzen M.K. The physics of fast Z pinches // Reviews of Mod-

ern Physics, 2000, v.72, p.167.

7. Wesson J. The Science of JET. Culham, 2000. — sniekTpoHHast BEpCHS KHUTH JOCTYITHA I10 aJI-
pecy http://www.jet.efda.org/documents/wesson/scienceofjet.pdf

8. Wesson J., Tokamaks, 4th ed. (Oxford Univ. Press, Oxford, 2011).

N
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IIpumepsl TeM pedeparoB

. OcHoBHbIE HOCTIKEeHUS paboT Ha Tokamake JET 3a mocnenHue aBa roaa.

. OcHOBHBIE JIOCTIKEHUS paboT Ha Tokamake JT-60U 3a mociennue aBa roja.

. OcHOBHBIE TOCTIDKEHUS pabOT Ha Tokamake TOore Supra 3a mocienHue aBa roja.

. OcHOBHBIE TOCTHXCHHS Pa0bOT Ha Tokamake Asdex 3a mocieaHue 1Ba roja.

. OcHoBHbIe HOoCTIKEeHUA paboT Ha Tokamake DIII-D 3a mocnennue aBa rona.

. OcHoBHBIE JOCTIKEeHUS paboT Ha Tokamake MAST 3a mociennue aBa roja.

. OcHoBHbIe HOCTIKEeHUS paboT Ha Tokamake NSTX 3a mocnenHue aBa roaa.

. OcHOBHBIE JIOCTIKECHUS paboT Ha Tokamake [ mo0yc 3a mociieaue 1Ba roja.

9. OcHoBHBIE TOCTIKEHUS pabOT Ha Tokamake Kstar 3a mocienHue aBa roaa.

10. OcHOBHEBIE TOCTIXKEHUS paboT Ha Tokamake EAST 3a mociennue n1Ba roja.

11. Coctosinue pabot 1o coopyxenuto Tokamaka UTOP

12. OcHoBHBIE HOCTHX)EHUA padboT Ha cTesuapaTope LHD 3a mocnennue nBa roxa.

13. Coctosinue paboT 1o coopyxxenuto cremuiaparopa W-7X.

14. OcHoBHBIE HOCTHXKEHUS padboT Ha na3zepHoi yctaHoBke NIF 3a mocnennue nBa rona.
15. OcHOBHBIE TOCTHXKEHUS padOT Ha JiazepHOU ycTaHoBke Omega 3a mocieaHue 1Ba rojaa.
16. OcHOBHBIE JOCTIKEHHUS paboT Ha asepHoit ycranoke Nike 3a mocnennue n1Ba roja.
17. OcHOBHBIC TOCTH)KEHUS paOOT Ha JIa3epHOUN YCTaHOBKe Firex 3a mocieaHue Ba roja.
18. OcHOBHBIE TOCTHXKEHUS pabOT Ha OBICTPOM MHUHYE AHrapa-5 3a mocjaeHHue Ba ToAa.
19. OcHOBHBIE TOCTHXKEHUS pabOT Ha ObICTpoM muHYe ZR 3a mocienHue ABa roja.
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20. OcHOBHBIE JOCTIXKEHUS paboT Ha MHYax ¢ oopaméHubM nosieM MST u RFX 3a mocnennue
7Ba TOJ1a.

7. IlepeyeHb pecypcoB HH(OPMAIHOHHO-TEJIeKOMMYHUKAIIMOHHOM ceTH « AIHTEepHET», HE00-
XOAMMBIX /115l OCBOEHUS TUCUMILINHBI.

J1J1s1 OCBOCHUS TUCIUTUTUHBI UCTIOJIB3YIOTCS CIICYIOIIUE PECYPCHI:
-3JIEeKTpOHHAast HHPOpMaIMOHHO-00pa3oBarenbHas cpeaa HI'Y (OMOC);
-00pa3oBaTeIbHBIC HHTEPHET-TTOPTAIIBI;
-MH()OPMAITMOHHO-TEIEKOMMYHHUKAIIMOHHAS CeTh VIHTepHeT.

7.1 CoBpemeHHbIe NIpodeccHOHATbHBIE 0a3bl JAHHBIX
He ucnons3yrorcs
7.2. UndopManiuoHHbIE CTIPABOYHbIE CHCTEMBI

He ucnons3yrorcs.

8. IlepeyeHb MHGOPMAIHOHHBIX TEXHOJIOTHIA, HCTIOIb3YeMBIX MPH OCYIIECTBJIEHHH 00pa30-
BaTeJIbHOI'O Npolecca mo JUCIHUILINHE.

Jiis obecrieueHus pean3aliy JUCIUILTUHBI HCIIOJIB3YeTCsl CTaHIAPTHBIM KOMIUICKT IIPOrpaMM-
Horo obecrnieuenus (I10), Bxmrouaromuii perynsapHo oOHoBisiemoe nurensuonnoe I[10 Windows u
MS Office.

Hcnonp3oBaHue CrelUaIn3upOBAHHOTO MTPOTPAMMHOTO 00ECTICUCHHUS ISl U3YYCHUS TUCIIUILIH-
HbI HE TpeOyeTcs.

9. MaTepI/laJIbHO-TeXHI/I‘IeCKaﬂ 6338, HeoOXoauMas aJ1s OCYyHIE€CTBJICHUSA 06pa30BaTe.111>H0r0
nmpouecca mo IMCUHUIIJINHE.

Jlig peanuzanny JUCUMILIMHBI UCIIOIB3YIOTCS CHEIHAIbHbIE TOMEIIECHNUS:

1. YuebHble ayTUTOPUU AJIsl IPOBEJICHHS 3aHATUH JIEKIIMOHHOTO THIA, MPAKTHYECKUX 3aHATHH,
KYPCOBOTO MPOEKTUPOBaHNS (BBIMOJIHEHUS KYPCOBBIX padOT), TPYIIOBBIX U MHINBUIyaJIbHbIX KOH-
CYyJbTAlLMH, TEKYIIEr0 KOHTPOJIS, IPOMEKYTOUHON U UTOTOBOM aTTeCTalUH.

2. TlometieHus 15t CaMOCTOATENLHON PabOThl 00YUaAIOIIUXCSI.

VY4yeOHble ayIUTOPUHM YKOMIUIEKTOBAHBl CHELUANTU3UPOBAHHOW MeOenbl0 M TEeXHHYECKUMHU
CpeaCTBaMH 00y4YeHUS, CIY>KAIUMHU JUIs [TpeIcTaBIeHUs] yd4eOHON nHpopMaIui O0JIbIION ayTuTOPUH.

ITomemenuss Ui caMOCTOATENbHON pabOThl OOYUalOIIMXCSl OCHAIEHbl KOMIBIOTEpHOU
TEXHUKOW C BO3MOXHOCTBIO TMOJKIIOueHuss K cetu "HMHtepHer" u oOecmedeHWeM J0CTyna B
3JIEKTPOHHYIO HH(POPMALIMOHHO-00pa3oBareibHyto cpeny HI'Y.

MarepuanbHO-TeXHUYeCKOe oOecrieueHrne 00pa3oBaTeIbHOro Mpolecca MO AUCHUIUIMHE s
o0yJaroImuxcs M3 YWUCIa JHUI C OrPAaHMYEHHBIMH BO3MOXHOCTSIMH 3/I0pPOBBSI OCYIECTBISETCS
cormacHo «llopsiaky oOpraHuM3alMM ¥ OCYILECTBIEHHMsS 0Opa3oBaTeNbHON AESITENbHOCTH IO
o0pa3zoBaTeNbHBIM MPOrpaMMaM JJIsi HHBAJIHMJIOB U JIUI] C OTPAHUYEHHBIMUA BO3MOXKHOCTSMU 3/10POBBSI
B HoBocHOupCcKoM rocy1apcTBEHHOM YHUBEPCUTETE.
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10. OueHouHblIe cpeacTBA A/ NPOBEIEHUS TEKYIIEro KOHTPOJIs M MPOME:KYTOYHOM aTTecTa-
MM 110 U CUUILINHE.

10.1 HOpﬂ)IOK NMPOBEACHUA TEKYLIECT0 KOHTPOJIA U HpOMe)KyTOqHOﬁ aTrrecranmu 1o
AUCHHUIIJINHE

Texkywiuii Konmpo
Texymuit KOHTPOJIb OCYIIECTBISETCS yTeM KOHTPOJsS MmocemeHus jekiuii. CTyaeHTaMm HeoOXo-
MO MOATOTOBUTH pedepar 1o TeMaTrke MpoiIeHHOro MaTepuarna.

Ilpomescymounasa ammecmavyun

OcBoeHMe KOMITETCHIIUN OIIEHUBAETCS COTIACHO IIKaJle OLIEHKU YPOBHS C(OPMHPOBAHHOCTH KOM-
nereHuH. 1lonoxuTenbHas OLEHKA MO IUCUUIUIMHE BBICTABIISIETCS B TOM CIIydae, €CIIU 3asBICHHAs
kommnereHus [1K-1 chopmupoBana He HUKE TTOPOTOBOTO YPOBHS B YaCTH, OTHOCALICHCS K (hOPMHUPO-
BaHUIO CIIOCOOHOCTH MCIIOJIb30BaTh CIHELMAIM3UPOBAHHbIE 3HAHUS B O00JIACTM HH)XEHEPHO-
¢uznueckux npodiem YTC B npodeccnoHaabHOM e TeTbHOCTH.

OxoHuaTenbHast OLleHKa paboThl CTy/I€HTa B TEUCHHE CeMecTpa MPOUCXOAUT Ha 3K3aMeHe. JK3a-
MEH MPOBOJUTCS B KOHIIE CEMECTpa B IK3aMEHAIIMOHHYIO CECCHIO 10 Omieram B ycTHOU (opme. Bo-
IIPOCHI OUJIeTa MOIOMPAIOTCS TAKUM 00pa30M, YTOOBI IPOBEPUTH YPOBEHB C(HOPMHUPOBAHHOCTU KOMIIE-
Terrmu I1K-1.

BeiBog 006 ypoBHE CPOPMHPOBAHHOCTH KOMIIETEHLMH NpPUHUMAETCs mpernojaBareneM. Kaxbli
Borpoc Owmnera onenuBaercss oT 0 mo 5 Oamnos. IlonoxuTenbHas OLlEHKa CTAaBUTCS, KOTJa Bce
KOMIIETEHIIUM OCBOEHBI HE HW)XXE IOpOroBoro ypoBHsA. OLIEHKH «OTIMYHO», «XOPOILOY,
«yZI0BJIETBOPUTEIILHO» 03HAYAIOT YCIEIIHOE MPOXO0KIEHUE IPOMEKYTOUHON aTTECTALIUU.

CooTBeTCTBHE HHAUKATOPOB U PE3YJbTATOB OCBOCHHUS TUCIHMUIIIMHDBI

Taomuua 10.1

Nupuxarop PesyabraT 00yuenuns no gpucuuminie | OueHo4Hble cpeacTBa

IIK 1.1 IIpumenser cre-
[UATN3UPOBAaHHBIC 3HAHUS
B 001acTH (pU3MKH MTpH
peleHrn KOHKPETHBIX
3aJa4 B 00JIACTH HAy4YHBIX
HCCIIE0BAHUMN B COOTBET-
CTBHMH C Mpoduiem moj-
TOTOBKH B 3aBHCHMOCTH
oT crienupuku 00BeKTa
WCCIICIOBAHMS.

3HaTh METOABI U CITOCOOBI IIOCTAHOBKH
U peleHus 3a1a4d GU3NIeCcKux uccie-
JIOBaHMUM B 00J1aCTH (PU3UKHU TJIa3MBl,
BO3MO>KHOCTH, METOJIBI U CHCTEMBI
KOMITBIOTEPHBIX TEXHOJOTUM JJ1s1 HU3H-
YECKUX TEOPETUUYECKHUX U IKCIIEPUMEH-
TaIbHBIX UCCICIOBAHUMH.

ITonroroBka pedepara,
9K3aMeH

YMerh NpUMEHATh U3Y4EHHBIE MOJEIIH
Y METOBI JUIsl HAXO0XKACHUS PELICHUs

IIK 1.2 Beibupaet Hanbo-
nee 3¢ EeKTUBHBIE METO-

JIBI PEIICHUST KOHKPETHBIX
3a/1a4 B 00JIACTH HAYYHBIX
HCCIIEIOBAHUM B COOTBET-
CTBUHU C MpoQuiieM Mo/I-
TOTOBKH B 3aBUCHIMOCTH
oT crierupuku 00BeKTa
WCCIICTOBAHMUS.

IMPOCTHIX 3aaa4 I10 (1)I/I3I/IKe IIJ1a3MBI.
Buasers HaBBIKAMU CaMOCTOSITENIBHOU
paboTel ¢ yuyeOHOW JUTEepaTypod IO

¢u3MKe T1Ia3Mbl U YIPABISIEMOMY
TEPMOSAJIEPHOMY CHUHTE3Y; OCHOBHOMU
TEPMHUHOJIOTHUEN " OHSITUHHBIM

anmnapaTtoM (pU3UKU TIa3Mbl; METOIaMHU
ONpEACNCHUsI CBOWCTB IUIa3Mbl 10

[Toaroroska pedepara,
JK3aMeH
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3aIaHHBIM OCHOBHBIM ITapaMETpaM

10.2 Onucanue KpUTEpPUEB M KA OLEHUBAHUA HHIAMKATOPOB J0CTHXKEHHUSI Pe3yJIbTaTOB 00Y-

yeHns no qucuumiuHe « AnxkenepHo-gusnyeckue npodaemnr Y TC».

Taoauma 10.2

Kpurtepun oueHuBanus pe3yJibTaToB 00y4eHUsI

HIxaJja oneHUBaHUA

IK3aMeH:

— CaMOCTOSATEIIbHOCTh, OCMBICJIEHHOCTh, CTPYKTYPUPOBAHHOCTb, JIOTHY-
HOCTb U apTyMEHTHPOBAHHOCTH U3JIOKEHHS MaTepHara,

— TOYHOCTH U KOppeKTHOCTI) HpI/IMeHeHI/IH TepMI/IHOB n HOH?ITI/Iﬁ,

— HaJIMYKME UCUCPIBIBAIONINX OTBETOB HA JIOTIOJHUTEIbHBIE BOTIPOCHI.
[Tpu u3noxxeHuu oTBeTa Ha BOMPOC(bI) MpernoaBaTelisa 00yJaromuncs
MOT JOMYCTUTh HEMPUHILIUIIUATIbHBIE HETOYHOCTH.

Omauyno

IK3aMeH:

— CaMOCTOSATEIbHOCTh, OCMBICJIEHHOCTh, CTPYKTYPUPOBAHHOCTh, JIOTHY-
HOCTb ¥ apTyMEHTUPOBAHHOCTD U3JI0KEHUSI MaTepuaa,

— TOYHOCTb M KOPPEKTHOCTh IPUMEHEHHSI TEPMUHOB M IOHATUN TPH
HAJIMYUN HE3HAYUTENBbHBIX OIINOOK,

— HaJIM4Me MOJHBIX OTBETOB HA JIONOJIHUTEIIbHBIE BOIPOCHI C BO3MOXK-
HBIM MIPUCYTCTBUEM OIIHOOK.

Xopouwio

JK3aMeH:

— CAMOCTOSITETTLHOCTh ¥ OCMBICJICHHOCTh B H3JIOKEHUU MaTepuaia,
HaJIMYUe OUTMOOK B JIOTUKE M apryMEHTAINH, a TAaK)Ke 3aTPYIHCHHUH TPU
bopMyTHUPOBKE COOCTBEHHBIX CYXKIICHUM,

— KOPPEKTHOCTh MIPUMEHEHHUSI TEPMUHOB U TIOHATUN, C MHOKECTBEHHBI-
MH OITHOKaMHU,

— HAJIMYME HETIONHBIX /UK COAEPIKAIIUX CYIIECTBEHHbIE OIIHOKH OT-
BETOB Ha JIOTIOJTHUTEILHBIC BOTPOCH.
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IK3aMeH: Heyooenemeopumenvbro
— OTCYTCTBHE OCMBICIEHHOCTH, CTPYKTYPUPOBAHHOCTH, JIOTUYHOCTH U
apryMEHTUPOBAaHHOCTH B U3JI0KEHUH MaTepUala,

— rpyOble OIMOKHN B IPUMEHEHUH TEPMUHOB U TMOHITHH,

— OTCYTCTBHUE OTBETOB Ha JOIIOIHUTEIbHBIEC BOIIPOCHI.

10.3 TunoBbie KOHTPOJIbHbIE 32JAHUSL M MATEPUAJIBI, HEOOXOTUMBbIE /115l OLEHKH
pe3yJbTaTOB 00yUYeHHUs

IIpumepsi Tem pedepaTon
(kaxgast Tema J1aeTcs TOJIBKO OJIMH Pa3, UCIOJIb30BAHHBIE TEMbI HCKIIFOYAIOTCS U3 CIIHCKA)

HccnenoBanus o TeMaTUKE MAarHUTO-UHEPLUAIBLHOTO TepMosaepHoro cunresa B CLIIA
Konuenuus Z-nuHya co crabuian3ayeil cABUrOBbIM TEUEHUEM

Pa3BuTHe TexHOIOTMI MPOU3BOACTBA MULLIEHEH [uist nHepiuanbHoro Y TC

Pabotel no nuTueBoil nepBoii crenke B komnanuu Tokamak Energy

Cocrosiaue pabdoT o chepuyeckomy Tokamaky EXL-50

[TpoekT simoHCcKOrO peakropa-creiiaparopa FFHR

[TpoekTbl TOKaMakoB-peakTopoB ¢ cuibHBIM nojieM SPARC, ARC

®dusndeckue 3aa4i 1 0COOCHHOCTH SIIOHCKOTO JiazepHoro npoekra J-EPOCH
Hcnonp30BaHne aIrOPUTMOB MAallIMHHOTO 00OY4€HHUs JUIS aHAIM3a JaHHBIX B YCTAaHOBKAX
MarHMTHOTO yJEpKaHUs

Hcnonp30BaHne CUHTYISIPHOTO PA3NIOKEHUS U UACHTH(HUKAIINY TUIA3MEHHBIX KOJIeOaHui B
TOKaMakKax

11.  Pa0oTbl O TEXHOJIOTMH MOIIHBIX UMITYJIbCHBIX ATF nazepos B NRL

12. [Tporpecc B pabotax no nazepuomy Y TC na National Ignition Facility

13.  Pabotsl mo mua3MeHHOM TeMaTrke B kommanunu Commonwealth Fusion Systems

14.  Pexum I-mode na tokamake Alcator C-mod

15.  Ilepssie pe3ynbraThl ¢ Tokamaka NSTX-U

CoNoR~LNE

[
©

Hepeqeﬂb BOIIPOCOB HA JK3aMEH

Kaxip1if 6ueT coepkKuT 1o oAHOMY BOIIpocy U3 pasnenoB 1, 2 u 3. Hymepanuus BonpocoB B repeyHe
HE COBIAJAET C Hymepaluei OUIeToB.

Pasznea 1. ®u3nka TOKaMaKoOB

1.1. Y aepxanue maa3Mbl B TOPOUJATFHOM MarHUTHOM ToJie. BpamatensHoe npeodpazoBanue. Mar-
HUTHBIE TOBEPXHOCTU U MArHUTHBIE OCTPOBA.

1.2. Tokamak. Y CcTpoilcTBO, OCHOBHBIE (PU3NUECKHUE TPUHIIMIIBI.

1.3. IIpenensHbIi TOK B TOKaMake. 3anac ycroitunBoctu no Kpyckany-Illagpanosy. [llup MmarHuTHOTO
roJisi. Pe3oHaHCHBIE MOBEPXHOCTH.

1.4. ITonnep>kanue paBHOBECHS IJIa3Mbl B TOKaMake. Binsianue GpopMsl 1mia3msl Ha yiepKaHue.

1.5. OmMuueckuii HarpeB 1U1a3Mbl B Tokamake. KaHoHnueckue npouin mioTHOCTH, TEMIIEpaTyphl U
JaBJICHHUS.

1.6. [IpenenbHast MIOTHOCTH IJIa3MbI B TOKAMAKe.

1.7. Ilpenen no gaBEHHUIO MJIa3Mbl B TOKAMaKe.

1.8. ITponeTHpIe U 3anepTHIC YACTUIIBI B TOKAMAKE. THIIBI TPAEKTOPHIl.
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1.9. Heoknaccuueckast udy3ust B Tokamakax. Posib TypOyJIeHTHOCTH IS IPOLIECCOB MEPEHOCa.

1.10. [IpoaoKUTENBHOCTh CYIIECTBOBAHUS IJIa3Mbl B TOKamake. byTctpan-Tok. HemHaykTUBHBIE Me-
TOJIbI OJIEP>KAHUS TOKA.

1.11. OcHOBHBIE THITBI HEYCTONYMBOCTEH B TIa3Me TOKaMaKOB (00IIast XapaKTepUCTHKA).

1.12. TIunooOpa3Hbie KojaeOaHMs B TOKaMaKax.

1.13. HeycTolHuuBOCTh CpbIBa B TOKaMaKax.

1.14. Ilponeccol Ha cTeHke. MeTo/ bl IToJIydeHus: YMCcTol mi1a3Mbl. [IpucteHouHas miaszma.

1.15. JIumutepsl (OCHOBHBIC THIIBI, TPUHITUIIBI PAOOTHI, Pe3yJIbTATHI).

1.16. luBepTops! (OCHOBHBIE THIIBI, IPHHLIUIBI Pa0OTHI, pe3ynbTaThl). [lonstue SOL.

1.17. Heycroituusocts nepudepuiinoii miasmel (MARFE).

1.18. Ionsitre ckeitnmuara. H-mMoa (monydenue, ocobennoctn). L-H nepexon. Ckeitnunru L- u H-
MO/IBI.

1.19. Monpl, tokanu3oBaHHbie Ha Kpato (ELM).

1.20. TlonsTHE BHYTPEHHUX TPAHCIIOPTHBIX OApbEpOB. PEXKUMBI C YIyUIIICHHBIM YIEp>KaHHEM B TOKa-
MaKax.

Pazgen 2. YTC ¢ MarHuTHbIM y/iep:KaHUEM IJIa3MbI

2.1. Yenosus ocymectsumoctu Y TC. Kpurepuii Jloycona juist cucteM ¢ MAarHUTHBIM U MHEPLUAIb-
HbIM yaep:xkanuem. [Tonstue Q.

2.2. IloHsiTHE TEPMOSIIEPHON PEAKIINH, XapaKTEPUCTHKA OCHOBHBIX peakuuii g Y TC.

2.3. "be3HeTpoHHbIE" TEPMOSIIEPHBIE PEAKIINU, UX XapaKTePUCTHKA K OCOOCHHOCTH HCITOIb30BaHUS
g YTC.

2.4. TepmosiepHbIe peakIMK B 3BE3/aX.

2.5. MeToap! TOTOHUTENIFHOTO HAarpeBa IIa3Mbl B CHCTEMAaxX ¢ MarHUTHBIM yAep)KaHueMm. Anuadaru-
YECKUH Harpes.

2.6. Meronp! BY Harpesa mia3mbl. AHTEHHBI.

2.7. HarpeB mina3Mbl my4KaMu 4acTull. MTHKEKTOPBI C MONTOKUTEIbHBIMA U OTPULIATEIbHBIMA HOHAMH.

2.8. OkcnepumenTsl ¢ D-T minazmoit. OCHOBHBIE PE3YJIbTAThI.

2.9. ®usuka anbda-yactun B mazme. Pons ansda-uyactui. HeyctoiiunBoctu anbga-dacTull.

2.10. IIpoeKThbl yCTaHOBOK CJIEAYIOLIETO MOKOIeHUs. PU3NYecKUe 3a1auu.

2.11. Copepuyeckue Tokamaku. Ouznyeckre NPUHIUIIBI, TPEUMYIIECTBA U HEJOCTATKU KOHLEIIIHH.

2.12. JletictByromue ceprueckue Tokamaku. OCHOBHBIC YCTAHOBKHU U PE3YJIHTATHI.

2.13. Crennaparopsl. OCHOBHBIE (pU3MUECKHE MPUHIMIBI. MarHuTHble cucteMsl. JleficTByromue
YCTaHOBKH U PE3YJIbTaThI.

2.14. TopounanbHbli TUHY ¢ 0OpaleHHbIM nosieM. OcHoBHbIe uzaeu. [loanepxkanue KoHGUTrypanuu
MarHMTHOI'O TOJIS.

2.15. TopounanbHbIi MUHY ¢ 0OpallleHHBIM 1oJieM. [leiicTByroIuMe YCTaHOBKH, OCHOBHBIE PE3YJIbTaThI.

2.16. TlepeHOC B TOPOMJATBHBIX TMHYAX C 0OpamnieHHbIM nosieM. Texauka PPCD.

2.17. Chepomak. MaruuTHast KOHGUrypamus. Y CTpOHCTBO yCTaHOBOK. Pe3ynbTaThl.

2.18. Cucremsl ¢ obpamennbM mosieM (FRC). MarautHas koH(UTyparus. DKCIepUMEHTAIbHBIC pe-
3yJbTATHI.

2.19. Y aepxanue B MarHUTHOM noJie aumnosis. [Ipunuuns! pabotel. Pe3ynbTatsl.

2.20. lnxxeHepHble POOIIEMBI PEAKTOPOB U CIIOCOOBI UX peleHus (TiepBasi CTeHKa, TUBEPTOp, BOC-
MIPOU3BOJICTBO TPUTHSI, CTAIIUOHAPHOE TOPEHHUE).

Paznen 3. Unepunansubiii YTC

3.1. OcHoBHBIE pUHIMIIEI HHEepHUanbHoro ¥ TC, nuanazoH napameTpoB, kpurepuii Jloycona. ®usu-
yeckue npoOsaeMbl. THIIBI IpaiiBepoB, OlleHKa TPeOyeMOoil SHEPreTUKH.

3.2. YcrporictBo JazepoB At nHepuuainbHoro Y TC. IIpumepsl yCTaHOBOK € Jla3epaMu Ha CTEKIIE.
Bb100p ATMHBI BOJHBI, JUIUTEIBHOCTH, OHOPOIHOCTH.

3.3. Cxema npsimoro o0xkatust muiieHu B azepHoM Y TC. Konctpykuus mumieneid. Poins MI'/] He-
YCTONYUBOCTEM.

3.4. YMeHbpLIEHNE KOTEPEHTHOCTH J1a3€PHOr0 U3aydeHus. [[puHIunIbI 1 pe3yabTaThl.
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3.5. Cxema ¢ npo(puarpoBaHNEM MOIIHOCTH JIA3EPHOTO UMITySIbca. OCHOBHBIE IPUHIUIIBI U PE3YIbTa-

THI.

3.6. I'azoBsle nazepsl 11 uHepuuanbHoro Y TC. IlpumMepsl ycTaHOBOK, X YCTPOHCTBO, XapaKTEPHBIE
rapameTphl.

3.7. Cxema Henpsimoro o0xatust MutieHH B JazepHoM Y TC. @usnueckue npuHIUmbl. KoHcTpyKIus
MUILIEHEN.

3.8. Cxema "ObicTporo 3axkuranus". OCHOBHbIC IPUHIMIIBI. MeToab!l peanu3anun. Pe3ynbTarol.

3.9. [IpuHIUITBI TOCTPOCHUSI METAIKOYJIbHBIX JIa3epoB i nHepiuaibHoro Y TC.

3.10. YcTpoilcTBO KOPOTKOUMITYJIBCHBIX Ja3epoB s nHepuuaibnoro Y TC.

3.11. BeicTprie Z-MHYM KaK ApaiBepbl 11 uHepiaabHoro Y TC. dusnueckre NpUHIMIBL. JKCIe-
PUMEHTAIIbHBIE PE3YJIBTATHI.

3.12. IIpocTbie MHOTONIPOBOJIOYHBIE CUCTEMBI. XapaKTepHbIE MTapaMeTphl YCTAHOBOK, IPUMEPHI peau-
3alMH.

3.13. Jlunamuka ria3Mel B IPOCTOM MHOTOMPOBOJIOYHOM cucteme. [lepeTekanue BeiiecTBa, mpeKkyp-
cop.

3.14. JIBoiiHbIe MHOTOITPOBOJIOUHBIE cucTeMbl. [IpenmyiiecTBa. J[uHamuka mia3mbl B IBOMHBIX CH-
cremax. [Ipumepsl peanuzanum.

3.15. Uuepunaneubiii YTC ¢ TsoxensiMu noHaMu. Pu3nueckue NpuHIUIbL. KOHCTPYKIMS MULLIEHEH.

3.16. Cxembl nocTpoeHus yckoputenei Tsokenbix noHoB it Y TC. TpeOGyemble mapameTpsl. DKcCIie-
pUMEHTaNIbHbIE JOoCTHKeHHs. Puznyeckue IpoodIeMbl.

3.17. Cxema "OpicTporo 3axkuranus" mais tsokenornonnoro Y TC.

3.18. Cxema CTeHOYHOTO yJepKaHUs 3aMarHUUEHHOM MI0THOM ma3Mbl. Guznyeckue NpuHIuUIbL. Pe-
3YNbTATHI.

3.19. Cucremsl "mna3mMeHHbI Gokyc". Pusnueckue NpuHLIUIBL. Pe3yabTaThl.

3.20. MeToapl TMarHOCTUKU CBEPXIUIOTHOM IJIa3Mbl B SKCIIEpUMEHTaxX 1o uHepuuaibaomy Y TC.

IIpuMepsl 32124 HA IK3aMeH

1. ToHkas mIMHHAS HUTH M3 TBEPAOTO BOJIOPOIA TIOMEIIICHA B MPOA0ILHOE MarHUTHOE TToie B (o11-
HOpoJHOE U OeckoHeuHoe). B MmoMeHT t = 0 yepe3 HUTh MPOITYCKAETCSI UMITYJIbC TOKA TaK, YTO

10 10-15
1 T+D—n+He <oV>,
I 1016 [ em¥c =
E- | _IE D+D—p+He 1017 L D-T :
E ] D+D—n+T va 2
o) 10-2_E 10-18 4 iy ,,/
_}: 3He+D—)p+4He v //
15 109 =L =
4: /I
T e we 10w |
1 T, xoB 100

W, x»B
HUTh MTHOBEHHO IpeBpalaeTcs B ropsuyto miazmy. HaganbsHoe sHeprosuiieneHue ¢ 3pr/cm.
HaiiTn paBHOBECHBIN U MaKCUMAaJIbHBIN paguychl I1a3Mbl. UeM onpenensercs Bpems 3aTyXaHus
Kose0aHui TIa3MEHHOMN IpaHUIIbI (J1aTh Ka4eCTBEHHBIH OTBET)?

2. Kakoe MarHuTHOE 1moJjie TpeOyeTcs co37aTh B YCTAHOBKE JIJISl TOTO, YTOOBI YIACPKUBATH TUIA3MY C
miotHocThIo N = 10 em® u Temneparypoii T = 100 k3B, ecmu mapamerp p = 0.01 ? Uemy paBHO
JaBJIEHUE TaKOTO0 MarHUTHOTO ToJis (B atMocdepax)?
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3. Ily4ok aToMoB Bojiopoa ¢ sHepruei 20 k3B oT yckopsIomei CTpyKTYpbl HHKEKTOpa MPOXOAUT
yepes nepe3apsaaHyro KIOBETY JUIMHOM | M, 3al0JTHEHHYIO HEUTPaIbHBIM BOJAOPOIOM C TaBICHUEM
1 I1a, x koTopoii npuiioxeno Hanpsbxkenue U = 1000 B. Haiitu cpenHioro sHEpruio, KOTOPYIO MpH-
0o0peTyT aToMbI BOAOPO/Ia MOCIE MPOXOKICHUS uepe3 KioBeTy. [IpuHsATh ceuenue nepesapsaku
Oep = 6-1071% cM2, moHM3AINH Gyon = 2-10718 cM ™2,

SN

. Ionepék Tonkoro muypa aeirepuesoii muazmei ¢ T= 10 k3B u n = 10'* cm umxextupyercs my-
4OK OBICTPBIX aTOMOB TPUTHS ¢ 3Heprueii 100 k3B u mroTHOCTHIO MomHocTH 10 KBT/cM2. Kakue
peakiuu OyAyT UATH B TaKoW cucTeMe? BBIYMCANTD MOUTHOCTD KaXKA0H pEaKIuy U3 eAUHHUIIBI
o0bEMa. JlaHHbIE IO CEUEHMSIM peaKluii IpUBeIeHbI Ha TpaduKax.

5. PaBnoxommnonentHas D-T mna3ma ynepxkuBaercs B MarHuTHOM riosie 50 kI'c, mpu sTom B = 0.05.
BbruucinTh MakcUManbHyt0 MOIIHOCTh D-T peakuuu, KOTOPYIO MOKHO HOJIYYUTh B TAKOW CHCTe-
Me. [Ipu kakoii TemnepaType mia3Msl oHa gocturaerca? B ogHolt peakuuu Boiiensercs 17.6 MaB,
cuutath Te = Ti. JlaHHBIE IO CEUCHMIO PEAKIIMM IPUBEACHBI Ha TpaduKe.

6. HaiiTu mI0THOCTH TOKA, HEOOXOAUMYIO JJIs IO IEPKaHMsI TEIUIOBOro OajaHca B BOJOPOJHOM
mwasme ¢ muotHocThio N = 10 em™ u Temneparypoit T = 1 k3B, uMerommeii sHepreTHueckoe Bpems
KU3HU TE = 1 MC.

7. II1OTHOCTH Ma3Mbl B HEKOH JIOBYIIIKE OMPEAEIsIeTCs MO CIEAYIOLUIEMY CIIOCO0Y: 30HIUPYIOILUI
CBY-umnynbc IpoXoAUT CKBO3b ILIa3My, OTpa)kaeTcs Ha3al OT peIeKTOpa Ha IPOTUBOIIOJIONK-
HOM CTEHKe KaMepbl U yJIaBJIMBaeTCsl aHTEHHOM, PacloIoKEeHHOH psAIoM ¢ unyyareneM. M3meps-
eTcsl BpeMs IIPoJI€Ta UMITyJIbCa OT M3JIydaTesist 10 aHTeHHBbI. [1n1asma nuimmHapuyeckas ¢ [uamer-
pom 90 cm, muametp kameps! 120 cm, gactota f = 90 I'Tu. Haittu Bpems nponéra mus n = 5-10%3

-3
cM” U

— .10 g3 9
n=2-10"" cm™. Kakas mI0THOCTb ONpesesieTcs, IEKTPOHHAs UM HOHHAs ]

8. B HekoTopoiil ycTaHOBKE ¢ BOJOPOIHOM TIa3MOH MPH MOMOIIY BHEITHETO UCTOYHHUKA MOICPIKU-
BaeTcs Temneparypa uoHoB Ti= 10 k3B. Haiitu ynenbHyto MOIIHOCTE HarpeBa 1 TeMIepaTypy
ANEKTPOHOB (WJIM pa3HULLy MEXAY TEMIIepaTypaMu 3JIEKTPOHOB U MOHOB), €CJIM U3BECTHO, UTO

Maa3Ma OXJaXKIaeTCsl TOJIBKO 3a CUET H3JTyUCHUA. IInoTHOCTE M1a3MBI
n=10%cm3.

9. Baytps Toponnansaoro coneHonna (R=1wm, a =0.1 m, B = 10 x'c) B BaKyymMe MOMECTHIIN dJICK-
TpoH ¢ sHeprueit 1 k3B. Uro, kak 1 korja OyaeT MPOUCXOIUTh C ITUM AIIEKTPOHOM? 3aBUCHUT JH (U
€CJIU Ja, TO KakK) cyb0a 3JIeKTpOHa OT Ha4aJIbHOT'O HalpaBJIE€HUSI BEKTOPa CKOPOCTH U OT TOUKH, B
KOTOPYIO IIOMECTHUIIH JIEKTPOH?

10. ®uszukam nmoTpedOBAIIOCH MOTYYHUTH TUIA3MY CO CIEAYIOIIUMHU CBOHCTBaMHU. [ ITOTHOCTH T1a3MBI
10 cm3. dynkuus pachpenesneHus dIeKTPOHOB GJIM3Ka K MAaKCBEIIOBCKOI ¢ TeMrepaTypoi 40
Kk3B. @yHKk1us pacnpeneneHust HOHOB OM3Ka K MaKCBEJUIOBCKOM ¢ TemmnepaTypoit 10 kaB. MoxHo
JIM TIOJTYYUTh Takyto miasmy? Eciau na, To o0bsicHUTE PU3MKY Ipoliecca M BEIUMCINTE Bpems (B
CEKYHJIaX), B TEUCHHE KOTOPOI'0 TaKas IUIa3Ma MOXKET CyLIECTBOBATh.

11. HaiiTu paBHOBECHYIO J10J110 OBICTPBIX HEMTPAIOB MPU NMPOXOKACHUH ITydKa HOHOB C SHEpTUei
20 k3B uepe3 nepe3apsAHyI0 BOAOPOAHYIO MUILIEHb OOJIBIION TOMIMHEL [IpUHATE cedeHue nepe-
3aPSIKH Gnep = 6-107% M2, ceuenne moHM3amy Gyon = 2:1071 cm2,

12. B marautHoM mionie 10 xI'c ynep>kuBaercs mia3MeHHBbIH cTon0 ¢ mapamerpamu: 1T = 1 k3B u
n = 10! cm. HaiiTi ckauok MarHUTHOTO TOJIS HA TPaHHIIE TIa3MEHHOTO ITHYPA.

IMpumep 7K3aMeHAIMOHHOTO OUJIETA

buner 1.
1. IIponetHble U 3anepThie YACTULIBI B TOKaMake. TUIbl TPAeKTOPUIA.
2. ®usuka anba-yactuil B mnazme. Pois anbda-gactui. HeycroitunBoctr anbda-gacTtuir.
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3. Cxema npsimoro oOxatus muieHu B gazepHoM Y TC. Koncrpykuus mumeneid. Pons MI'/] He-
YCTOHYUBOCTEM.

OneHouHble MaTepuaibl IO IPOMEXKYTOUHOM aTTecTalluM, IpeJHa3HAuY€HHbIE i1 IPOBEPKU
COOTBETCTBHUS YPOBHS MOATOTOBKM Mo aucuuiinHe TpeboBaHusM CYOC, xpaHsaTcs Ha Kadenpe-
pazpaborturke PII/] B meyaTHOM M 3JIEKTPOHHOM BUJIE.
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