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B HULI «KypuaToBckuii uacTuTyT» B 2021 T. ImaHupyercs 3amyck Tokamaka 1-15M/] ¢ Témioit 00MOTKON TOPOUAAIBHOTO MOJS, BBITSHY-
TBHIM CEYEHHEM IUTa3Mbl M HU3KUM acleKTHBIM OTHOIICHHEM. 3BeCTHO, YTO sl 3KOHOMUYECKH BBITOHOTO TEPMOSIIEPHOTO PEakTopa Hy K-
HBI JJIMHHBIE UMITYIIBCHI pa3psiga WK JaXke CTAlHOHApHBIN pexkuM. OfHO U3 TTIaBHBIX MPEMATCTBUM Ha MyTH K CTALIHOHAPHOMY PEXUMY —
9TO KOPOTKUH UMITyIbC TopouaansHoro noss. [losromy B HULL «KypuaToBckuil HHCTUTYT» B KauecTBe Clleyromiero mara nocie T-15MJ{
TpeIaraeTcs pacCMOTPETh MPOEKT cBepXIMpoBosiiero Tokamaka (CIIT), B KOTOpoM MpaKTUUECKH COXPAHSATCSI OCHOBHBIE T€OMETPUUECKHIE
napamerps! T-15MJI: R/a = 1,5 M/0,67 M npu mone Ha ocu By < 5 T u jymmaEOM HMiynbce Toka |, < 5 MA. OcHOBHOE BHUMaHHE B paboTe
yIEJeTCsT TOPOWAAIBHOH MarHWUTHOH CHCTEMe YCTaHOBKH. llpemaraercst TpEXCNOHHAs KOHCTPYKIMS KAaTYIIKH TOPOWIAIGHOTO IOJISL:
BHYTPEHHHH CJIOM U3 BBICOKOTEMIIEpaTypHOro ceepxmnpoBoauuka (BTCIT), cpeanuit cnoit 3 Nb;Sn u HapyxHsiii coit u3 NbTi. Ha ocho-
BaHUM PAcdy€TOB KOHCTPYKIMM HA IPOYHOCTH BHIOpPAHBI MaTepHalbl — KaHIWAATHI IS KOPITYCOB KaTyllek. JIs OXiakIeHUs KaTyIIeK
TIPEAIO’KEHA TIOMYTIPOIOIbHAS MIPOKaYKa JKHIKOTO Teus HUu3Kkoro naeieHus. [logpodHo paccMoTtpena koHCTpykims BTCII-kabens B kop-
Iyce, COCTOSIIIIEM M3 ABYX IOJIOBHH. [Ipe/iokeHa ceTyaras KOHCTPYKIHS KPHOCTaTa, 00eCIIeUNBaroIasi yIOOHBIH JOCTYII ISl TUAarHOCTUKH
¥ Harpesa wiasMel. [IpoBoautcs ananms cucrem CIIT, aHanorH4YHBIX HCoap30BaHHBIM B T-15M/1.

Kurouessle cioBa: Tokamak CIIT, karymku ToponaansHoro MaraHuTHoro moiisi, BTCIL.
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The T-15MD tokamak with the conventional toroidal field coils, elongated plasma cross section and a low aspect ratio will be commissioned
at the NRC «Kurchatov Institute» in 2021. However, an economically viable fusion reactor requires very long discharges or even steady state
discharges. The short pulse of the toroidal field is among the main obstacles on the way to the steady state. Therefore, as a next step after
T-15MD in NRC «Kurchatov Institute», we propose to consider the design of superconducting tokamak SCT, which holds the basic geomet-
ric parameters of T-15MD: R/a = 1.5 m/0.67 m with field on the axis By <5 T and a long pulse of current I, <5 MA. The main focus of the
paper is the system of the toroidal magnetic field. A three-layer design of the toroidal field coil is proposed: an inner layer of a high-
temperature superconductor (HTSC), a middle layer of NbsSn and an outer layer of NbTi. Based on structural strength calculations, candi-
date materials for coil cases were selected. For cooling the coils, a semi-longitudinal pumping of low-pressure liquid helium is proposed. The
design of the HTSC cable in conduit consisting of two halves is considered in detail. A mesh cryostat design is proposed, which provides
convenient access for diagnostics and plasma heating. A list of T-15MD systems similar to the SCT ones is given.
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BBEJIEHUE

B nacrosamee Bpems B HUL| «KypuaToBCKUil HHCTUTYT» COOPY’KaeTCsl MaJIOACNIEKTHBIM Tokamak T-15MJ]
[1, 2]. YcranoBka umeer cienyromue mapameTpsl: R= 1,5 M, a=0,67 M, By <2 T, 1, <2 MA, BHTSAHYTOCTh
ceueHus mia3mel < 2. [To pasmepam u mapamerpam umirysibca T-15M/J] 0u30K K JEHCTBYIONIMM YCTaHOBKAM
DIlI-D, ASDEX Upgrade, HL-2A. TToatomy, Oyayuu moctpoeHHoit, T15-M/I mo3BOIUT TPEOI0IeTh OTCTaBa-
Hue Poccun ot MupoBoro ypoBHs. Kak U Bce 3T yCTaHOBKH C TEIUIBIMU KaTyIIKaMU TOPOUIAITBHOTO MO,
T-15M/] npu 0a30BBIX MapaMeTpax MMEeT KOPOTKHHA MMITYJbC MarHuTHOro mois u Toka <10 c. Ilockombky
TEPMOSTEPHBIA PEaKTOp IOJKEH paboTaTh CTAIMOHAPHO, BOMPOC 00 YATMHEHUH UMITYJIhCa MATHUTHOTO TIOJIS U
TOKA I1JIa3MBbI SIBJISIETCS ceiiyac OHUM U3 BaXKHEHIINX.

B 1o xe Bpems B HUI «KypyaTOBCKHI MHCTUTYT» JABHO OCBOEH M JO CUX IIOp IOKa €IIE HE MOJHOCThIO
YTEpSIH OIBIT COOPYKEHHS CBEPXIPOBOIAIMNX MarHUTHBIX cucteM. Emé B 1979 r. ObuT moCTpOeH M yCHENHO
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samymieH T-7 — mepBeiii B Mupe Tokamak co ceepxmnpoBomsaimumu (CIT) xarymkamu [3, 4]. Corpyaunkn HULT
«KypyaToBCKUI MHCTUTYT» MPUHUMAIM AKTUBHOE y4acTUE B pacHpOCTpaHEHUM 3TOH TexHonoruu B Kurae,
OxHnoi1 Kopee u Unanu, rae ¢ ux ydacTueM ObUIM MOCTPOEHBI U YCIIEIIHO pab0TalOT CBEPXIPOBOIAIINE TOKA-
maku EAST, KSTAR u SST-1 [5—7]. B 1989 r. 8 HUI] «Kyp4aToBCKHi# HHCTUTYT» OBLI IOCTPOCH, YCIEIIHO
ucnbitad [8] u B 1995 . BeIBeeH Ha mpoekTHbIe mapameTpsl T-15 (By = 3,6 T, 1, < 1 MA, 20 uMITyIscoB 1uid-
TEIHHOCTHIO 10 1,5 ¢ mHTEpBaioM 5 MHH 0€3 BIUSHUS Ha MarHATHYIO CHCTeMY). Takxe ObUTH HCIIBITAaHBI WH-
KEKTOPBI U TUPOTPOHBL. DTO OblIa KpYIHEWIIas B MUpe AeicTByromast ycraHoBka ¢ ClI-karymkamu.

B nacrosmieit paboTe mokazaHa BO3MOKHOCTh CO3IAHMS CTallMOHApHOH (cBepxmpoBosmeii) ycraHoBku CIIT
pasmepom R/a = 1,5 M/0,67 m (acniektHoe oTHOMmIEeHHE A = 2,2). OHa MO3BOJIMT NOIHATH MArHUTHOE TI0JIe Ha OCH JI0
Bo ~ 5 T, T.e. BoIiiTH Ha ypoBeHb 1ot B UTOP. D10, B CBOIO OYepenp, MO3BONMT UCIIONB30BATh CTAIIMOHAPHBIE
THPOTPOHEL, pa3zpaborannbie A UTOP, u uchbITHIBATE AHAarHOCTUYECKYTO anmapaTypy a1t UTOP B mose HyxHOM
BenmuuHbL. Takoe yBenuueHue By OTKpbpIBacT BOZMOMKHOCTH IMOJYHYESHHUS paspsIoB ¢ TOKOM IUIa3Mbl 10 5 MA c
JUTUTENIBHOCTBIO UMITYJIbCa, KOTOpast OyIeT 3aBUCETh TOJIBKO OT METOJOB HEMHAYKIIMOHHOM T'eHepaly TOKa.

Baxnetimmmu 3anavamu CIIT 0yayt ocBoenne BTCII kak marepuaina Juis H3rOTOBICHUS MAarHUTHOW CHC-
TEMBbl TOKaMaka, €ro UCIBITaHUS Ha MEePeMEHHbIC MEXaHWYECKHE U DIICKTPOMArHUTHBIE HArpy3KH, OTpabOTKa
TEXHOJIOTHH MPOBEIEHHS CTALIMOHAPHOTO MMIYJIbCa TOKaMaka, COMPOBOKAAEMOr0 CTALlMOHAPHBIM HOAJEpXKa-
HUEM HEMHJYKIIMOHHOTO TOKAa, U METOJIOB CO3/[aHMsI IEPBOM CTEHKHU IS CTallMOHAPHOTO UMITyJIbca. Takum o6-
pazomM, CIIT craneT HEOOXOAMMBIM IIATOM JJIsl IPOEKTa CO3JIaHMs TOKaMaka peakTopHbIx TexHojoruit (TPT), a
B JanbHeueM — peakropa JEMO.

annast pabota choxycupoBana Ha npoekrupoanuu CII TopouaanbHOi MarHUTHOW CUCTEMBI.

C momnydeHHeM paspsia MpH MAIOM acleKTHOM OTHOIIEHWH A = 2,2 W CHJILHOM MAarHUTHOM TOJIE MOJKET
OBbITh CBsI3aHA HAEXa Ha MOJTYYCHHUE HOBBIX PE3YyJIbTATOB I10 yACP)KAHHIO IUIa3Mbl. DTa 001acThb SBIISICTCS HOBOM
Y HEeU3BEJAHHOM 11 COBPEMEHHBIX YCTAaHOBOK. Y CIIEXH KPYThIX TOKAMaKOB MTO3BOJISIOT HAAEATHCS Ha TOITydYeHHE
OoJiee BBICOKHX MTapaMeTpOB yIep KaHHs M AaBICHHS TIa3Mbl HIMEHHO B 00J1aCTH 0OJIBIIOTO By py MajioM A.

B sToi#i 00macTi oKuIaeTCsl MPOTPecc, CBA3aHHBIN ¢ MPUOIMKAIOIINMCS ITyCKOM CBEPXITPOBOMAIIEH ycTa-
HoBKHU JT-60SA [9], a Taroke npunsituem petienus o coopyxkennn DTT [10]. 3ameHa Temibix KaTyliek MarHuT-
Ho¥ cuctembl T-15M/] CBepXIPOBOTHUKOBBIMU IIPHU COXPAHEHUU UX MaciiTaba v (pOpMbI U YBEITHUECHUE TOPOU-
nansHOro noist ¢ 2 1o 5 Ti obecrneyat NpopsIB B CO3JaHUM KPYTOro TOKamaka ¢ cuibHbeIM nosieM, UTOPomno-
N00HOH (opMOIl ceueHHs MIa3MEHHOT0 MHYypa (M0 aCHEKTHOMY OTHOIIEHHIO, BHITSIHYTOCTH U TPEYTOJIBHOCTH)
0e3 orpaHuuYeHUs JITUTEIBHOCTH pa3psja, YTO MO3BOJIUT MPOBOJIUTH CHCTEMATHYECKUE UCCIIEOBAHHS CTAIHO-
HapHBIX PEKUMOB. B yacTHOCTH, Majioe aCIIEKTHOE OTHOLIEHKE TI03BOJIUT IOJIYYUTh CYLIECTBEHHYIO A0JIO OYT-
CTpEM-TOKa, YTO BeChMa Ba)KHO JUIA TOJYYEHHS JJIMTENILHOTO TOKa MPH BBICOKHX MapameTpax Iua3mbl. Kpome
toro, CII-MarHuT mO3BOJIUT YMEHBIIUTE TOTPEOIISIEMYIO SJICKTPUUECKYIO SHEPTUIO U YIIOKUTHCSI B UMEIOIIUAHCS
B HUII «KypuaroBckuii uncturyt» numut 300 MBT, a C3KOHOMIIEHHYIO MOIIHOCTb KUCIIOJNB30BaTh ISl TOMOJI-
HUTEJIPHOTO HarpeBa U reHepaluy TOKa T1a3MBbl.

MATHUTHASA CUCTEMA CIT

Pasmepsl MAarHUTHOM CUCTEMBI U YHCIIO KATYIIEK
NpeaJIaraeTcsi OCTaBUTh TakKUMHU ke, Kak B T-15MJI.
10Tn |\ Pacripenenenne TOpoMAambHOrO TOJS MO OOJBIIOMY
A paamycy mokazaHo Ha puc. 1. Ilpm mome Ha ocwm
\ Bo=5,2 Tn Ha BHyTpeHHeM OOBOJE OHO JOCTUTHET
12,5 Tn. 3a mociiegHUE TOABI OTMEUEH OOJIBIION TIPO-
rpecc B nmpomusBoacTBe BTCII, n nmeroTcs nmpenioxe-
4 To . Huga no ucnonb3oBanuio BTCII B Tokamakax kak 3a

' py6esxom [11—15], tak u B Poccuu [16, 17]. TIpeana-
raercs pas3/elNTh BUTKH BCEX KaTylleK Ha TPH IPH-

Tnazma MEpHO OJIMHAKOBBIE TPYMIIBI, KaKIas U3 KOTOPBIX CO-
S — A €JMHEHAa C COOTBETCTBYIOLIEH I'PyNIONH COCEIHUX Ka-
0 1 2 3 TyIIEK, TaK YTO OHU OOPa3ylOT TPU TOPOHJIATHHBIX

R, M COJICHOW[A, BIIOKEHHBIX ApYr B Apyra. ['pynma BHyT-

Puc. 1. PaguansHoe pacnpesienieHue TOpOHIaIbHOrO I0Jist PEHHHX BHUTKOB, pa0OTAIOMMX B HAHOOJBIIIEM TT0sIe 9—
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13 Tn, 6yner ucnons3oBate BTCII-nenry. Cpennsis rpymma HFS
OyzneT ucmonp30BaTh OOMOTKY M3 IUIOCKHX HPOBOJOB (THIA P '
pe3ephopaoBCKOi CKpyTKH U3 TpuIieToB u3 NbzSn-npososa T
UTDP), BHEImHSAS IPyHa — U3 TAKUX K€ TPUILIETOB, HO U3 |
NDbTi-npoBoma, KOTOPBIA MPEANOYTUTEBHEES TIPH MEHBIIUX
MOJISIX | JIEHIEBJIe. DTH TPYIIBI 00pa3yloT TPU TOPOUIANTb-
HBIX COJICHOM[A, UMEIOLINX Ka)KIbIH CBOM MCTOYHHUK IUTa-
Husl. CevyeHne KaTyIIKy U €€ BUTKOB TIOKa3aHo Ha pHC. 2.

HaunbGonpmas TpyaHOCTh B CO3JaHUHM MAarHUTHOHN CHC-
TEMBI CBSI3aHa C TECHOTOW BO BHYTPEHHEH 30HE MarHUTHOU
CHCTEMBI, IUaMeTp KOTOPOH Uil 00ECIeYEeHUs] MAJIOTO ac-
MIEKTHOTO OTHOIIEHHS COCTAaBIsIeT Bcero 81 cm, TeM He Me-
Hee JaKe TaM MOXHO pa3MeCTUTh HEeOOJIbIIOW MHIYKTOD,
HEOOXOMUMBIN A MPOOOS W TEPBOHAYAIBHOTO MOIBEMA NbsSn B‘T‘Ch
ToKa. CTAlMOHAPHBIA TOK OYIET MONIEPKUBATECS PASIHY-  pyc 2. Crpykrypa TpEXCIOHHOH KATYIIKH HA BHYTpEHHEH
HeiMu MeTonamu Tenepaiuu Toka (ECCD, ICCD, LHCD,  wore: HFS — cropona cumbHOro moss s 0GMOTKE
NBI).

Hnst momyyenus mosst Ha ocu Topa By = 5,2 Tin npu Ntg = 16 xatymkax no Ny = 138 BUTKOB TOK B BUTKE
Karyuku cocrasiuser | =10°BjR/(0,2N,.N,,) =17 KA, a cymmapHas IUIOWaJb CEYCHHUs [POBOJHMUKA B
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karymke 100 cv® = 0,01 M.

Bricokas IUIOTHOCT TOKA B KaTyLIKE MPUBOIUT K MOSBJICHUIO OonbmMX ycuiuid. Beprukanensie F,, pagu-
anbHble Fr ¥ Toponnansuble Fr cuiibl, AelCTBYIOIINE HA KAaTYIIKY, IOKa3aHbl Ha puc. 3. Pacu€Tbl Ha NPOYHOCTH
IPOBOJIMIINCE 110 CIEAYIOLUIMM (popMysaM U au pe3yJibTar:
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Puc. 3. BeprukanbHas (pactsrusaroiuas) F, u pagnansHas Fg cuna, feficTByromnias Ha Katyiky (a), ¥ CHJIbL, ASHCTBYIONIME B MOIEpeY-
HOM CEUCHHH KaTYLIKU Ha e BHYTpeHHei Hore (6)
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Fr= e _200 MH. (3)

LT
SiIn——
TF
CornacHo pacy€TaM KaTyIIKH MOABEpraroTcs pactsxeHuto F,~16 MH u pagmanbHOMYy CXaTHIO
Fr ~ 40 MH, 4Tto cooTBeTcTBYyeT HampsokeHusM G; = 390 Mlla u o3 = —-540 MIla. MakcumanbpHasi CKU-
maromas cuia FF = 200 MH neficTByeT co CTOPOHBI apoYHOro pacropa u naér o, = —162 MIla. DxBuBa-

JICHTHOC HAIIPSKCHUC
Os = O1 — V(Gz + 0'3) =600 MHa, (4)

rae v — koabdunment Ilyaccona, 3aBucsimit ot matepuana. J[is 60IbITHHCTBA TIPUMEHSEMBIX B KPHOTEHHO
TexHuke marepuaioB v ~ 0,2—0,3. Paccunrannbie napamMerpbl MaruuTHoO# cuctemsl CIIT:

Ione Ha ocu By, T . . . 52
KommgectBo ToponnansHeIx karymiek Nqte . . . 16
Bonpmoit paguyc miasmMel R, M . . . 1,5
BHemnuit paguyc KaTymku Rype, M . . . 3,15
BryTpeHHnit paanyc KaTymka Ryg, M . . . 0,57
Bricora karymku Hye, M . . . 4,44 m
OO1ast MIOIIAh CCYCHHUS KATYIIKH, M2 0,061
[1101ab CeYeHHs METalIa B KOPICe KATYIIKH, M° . . . 0,016 (26%)
[Inomans cedeHnss METAUTMYECKUX KOPITyCOB KabeeH, M2 ... 0,028 (46%)
CyMMapHOE IOMePeyHOe CeYCHHE MeTalia, M- . . . 0,044 (72%)
CyMMapHOE IOMePeYHOE CeYCHHE IOJIOCTEH B METAILIE, M2 . . . 0,017 (28%)
BepTHKaIbHOE CeUeHHe BHYTPEHHEH HOTH, M . . . 0,69
Ioma/ s 6OKOBOH TOBEPXHOCTH BHYTPEHHEi! HOTH KOPITYca KATYIIKH, M° . . . 1,25

B pabore [18] mpuBeneHsl JaHHBIE TIO yIAPHON BA3KOCTH M TpEAeNy YCTAIOCTH PAa3IUYHBIX MATEPHAJIOB
IpU KPUOTE€HHBIX Temmeparypax. CorjiacHO 3TUM JaHHBIM TpeOOBAaHUSM Ha MPOYHOCTh KOPILYCOB KAaTyIIeK
YAOBJIETBOPSIIOT BhICOKOIIpOUHbIe cTaiu 7X16H6, 03X20H16AIl'6 nnu tutanossi crutas BT3-1.

B otnmmume ot Tokamaka T-7, rae kopiyca ObUTH U3TOTOBJICHBI 3 AIFOMHHAEBOTO cruiaBa AMI'-7, kopiyca
CIIT He UMEIOT N30JIALMOHHBIX Pa3bEMOB, TAK KaK OHHM MCIOJIB3YIOTCS JJIA 3allUTHOTO BBIBOJIA SHEPTUHU H3
CII-marauTa 3a c4€T HHAYKIMOHHON CBA3M C KaTylIKaMHU. B cilydae aBapuM 3aIIUTHBII BBIBOJ SHEPTUH U3 BCEX
TpEX Tpynn (CeKUuil) MPOM3BOAUTCS OJHOBPEMEHHO M C OJMHAKOBOW CKOPOCTBIO, YTOOBI M30eXaTh mepepac-
npeneneHns Toka. B kadecTBe 3alIUTHBIX CONPOTUBIICHUM NMpeAIaracTcsl UCIONb30BaTh KOPIyca KaTyIleK, HH-
IOYKTUBHO CBSI3aHHBIE C UX 0OMOTKamu (puc. 4). XOTd 3TO yIJIMHUT BOCCTaHOBIIEHHE TEMIIEpaTypbl MarHUTa
MOCJIE 3aLIMTHOIO BBIBOJA TOKA, HO ONBIT T-7 MOKa3aji, YTO 3Ta CUTyalMs MIpUeMIIeMa, MOCKOJIBKY CIy4aeTcs
oHa moctaTtouHo penko (12 pas 3a 8 ner padotsl T-7). Hekoropoe 3amemsieHrne JOITyCTUMOM CKOPOCTH BBOJIA
TOKa TOXKe MpuemieMo. Bece Tpu rpyIiel HIMEIOT OJMHAKOBOE BPEMsI BBIBOJA TOKA, ONPEAEIsieMOe COPOTHBIIE-
HUEM 3aIIUTHl. DTO MO3BOJIUT YMEHBIIUTH HANpPsHKEHUE Ha 0OMOTKaX MU aBapUiHOM BBIBOJIC DHEPTUH U3 TO-
pOMIANbHON MarHUTHOM CHCTEMBI IIPUMEPHO B 9 pa3 MO CPaBHEHUIO C TPAJUIIMOHHON OJHOTPYIIIOBOM cHCTe-
Moii HaMOTKu. Kpome Toro, 3To cHmkaeT TpeOOBaHMS K MEKBHTKOBOW M3OJSIIMU W TIO3BOJISIET PACTIONOXKHUTD
CUCTEMY 3aIUTHl MAarHATA BHYTPHU KPHOCTATa, YTOOBI YMEHBIINTH YHCIIO TOKOBBOJIOB M TIOTEPH XOJI0a HA HUX.

Ly L/
- - R1 Rl
f 001. 244 - \- IR 3
Ly Ly
180 ]
T -‘ O [+2 x O O

A

Puc. 4. Cxema 3aIIUTHOTO BBIBOJIa SHEPTUHU U3 MATHUTHON CUCTEMBI (0J1HA U3 16 NAEHTUYHBIX AYEeK)
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eeeesesess |

Puc. 5. Cxema nojynpomosbHOW MPOKAuKH (a) ¥ MOTOKU
renus B packax MeXAy KaOelsiMH U BIOJNb kKabenei B ce-
yeHun A—A (6)

OXJVIAKJIEHHUE

i oxnakaeHusl mpeasaraeTcs IMOJIyNpOAONIbHAs Hpo-
KadKa MOToKa xkunkoro He Huskoro masnenus. Kak nokasan
ombIT T-7, 370 HaMHOTO 3¢ (deKTHBHEE, YeM OOBITHO HCIOIb-
3yeMbiil He, cxateiil 10 5 atM. ['ennii BBITAJIKMBAETCS 35KEK-
TOPOM, M C MOSABJICHUEM Iapa OH MOJHUMACTCS CHHU3Y BBEPX
(mapmudt). ['epmernunocts He Oymer obGecrneunBaThes KOp-
mycamu Katymek. Cxema MpoKayky MoKa3aHa Ha puc. 5, 4, 0.
[lomepeynass mpokayka requsl OCYIISCTBISETCS B KaHalax B
CHJIOBOM Kopityce kabems. IIpogonbHas mpokauka Temus
ocymiecTBisieTcsl napiaudToM B kaHanmax, 00pa3oBaHHBIX (ac-
KaMu, U BHYTpHU KaOesst. sl JONOTHUTENBFHOTO OXJIaXKICHHS
KaXI0M KaTyIIKd MOYXHO HCIIOJIb30BaTh KOMMEpUYECKHE Te-
JUEBBIE KYJEPhl, MIMPOKO HCIOJIB3YeMbIe ISl OXJIaKACHUS
THPOTPOHOB.

TOPOUJAJIBHASA OBMOTKA

YroObl yIOBIETBOPUTH YKa3aHHBIM TPEOOBaHHUSIM K 00-
MOTKE, HCIIOJIb30Balach KOHCTPYKIMSI MarHUTHOM CHCTEMBI,
MpenyoXKEeHHass JJii MCTOYHHKA TEPMOSIEPHBIX HEHTPOHOB
(TUH) [16]. B Heli mpUMEHSIOTCS OYEHB TOJICTBIE KOpITyca
BOKpPYT BHTKOB, COCTABIISIIOIINX HE MECHEE MOJIOBHHBI 00bEMa
O0OMOTKH, KaK C WU30JSIMEH, TaKk ¥ 0e3 M30JIALHUU MEXIy HU-
mu. Tokonecymuit snemenT B Buje nakera BTCII-nenT wim
CKpY4eHHbII Kabenb U3 MPOBOJOB PAa3HOTO THUIA, MOKPBITHIX
M30JISIUEN M OMBIBAEMBIX XJIaJlar€HTOM, COBMECTHO C JBYMS
MOJIOBUHAMH KOPITyCOB Kalesis emé Bo BpeMs HaMOTKH CBO-
00IHO 3aKJaJIbIBaeTCsl BHYTPh JIBYX TOJICTBIX IOJIOBHH KOp-
ITyCOB C 3aMKOM. TOKOHECYIIHI 3JIEMEHT OTIENEH OT KOpITy-

ca 3a30pOM, B KOTOPOM PacCrOI0KEHBI N30JIALMOHHBIE OMOPEI BUTKOB M MPOXO/BI AJS XJIAAAr€HTa, TOKa3aHHbIC
Ha puc. 5 u 6. DTH OMOPHI IEpealoT Ha KOPILYC CHILY, ACHCTBYIOIIYIO TOJIBKO HA OJUH BUTOK, @ HE CyMMHpYe-
MYI0, KaK B OOBIYHON MHOTOBUTKOBOH KaTYIIKE, I7le BUTKH ONMUPAIOTCS APYr Ha aApyra. CyMMupyerTcs: Harpy3ka
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Puc. 6. [lomepeunast oTka4uka BHyTpH Kabes 1o kaHanaM (a) ¥ IpOROIbHAs OTKAa4Ka 10 (ackaM Mexay kabemimu (6)
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TOJIBKO B CTPYKTYpE KOpIIyca KaTyIIK{ ¥ KOPIyCOB BUTKOB. JTO 3HAYMTENIBHO CHIDKACT TPEOOBAHUS K MEXaHU-
YEeCKOH NMPOYHOCTH KOHCTPYKLHH CaMOTO TOKOHECYILIETrO IEMEHTAa M Harpy3Kd, KOTOpPbIE OHHM JOJDKHBI BBI-
HocuTh. CeueHne TOponIaTbHON KaTyIIKK MTOKa3aHo Ha puc. 7.

BayTtpeHH:s Hora Buemnss Hora
R690

R405

ITnasma
I1nasma

Puc. 7. DxBaTopuanbHOE cedeHUE TOPOUAATEHON KaTyIIKH

Ha puc. 8 nokaszan minockuii ka0enb pe3epopIoBCKOro THMa M3 TPEXKWIBHBIX cyOkaOenel, HOMmoNHu-
TEJNBHO CJIOKEHHBIM OTUH pa3 ¢ mpoknagkoid. /i cpaBHeHus moka3aH kabenb st peaktopa UTOP. [{nsa uzo-
JSIIMM BUTKOB OT KOPITyCa MCIOJB3YIOTCS KEPAMUUECKUE MJIACTUHBI WM CIHpajibHas 0OMOTKa IUIACTHKOBBIM
JKI'YTOM B IIPOIIecCe HAMOTKH.

IIpoxnanxa
CyOkabenn
) T-15
<
1
3amok
2,4
Kanan nyst He
Mzonstop
Kabens UTOP

Puc. 8. Cxema ykiaaku cBepXnpoBosinux cyokaodeneii B kabens CIIT. J{ns cpaBHeHus moka3aHbl craguu usrotosieHns Cll-kabens UTOP

ITapameTpsr kabens:

Yuco ctpeHnoB (kwi) B cyOkabene . . . 3
Tox Ha cTpeHn, A . . . 140
Tox Ha kabenb, KA . . . 15 (zamac 2 nipu paboueii 7= 4,5 K)
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Juamerp cyOkabens, MM . . . 2,6
Yucio cybkabeneii B kabene . . . 36
Yucio CTpeH 0B B Kabere . . . 108
OO01as TONIIMHA TBYXCIONHOTO CyOKa0es, MM . . . <10—11

BTCI-ITPOBOJHUKHU U KABEJIN

Hns CIT npennaraercst ucnons3zoBatb BTCII-nentsl, ynoxkeHHsle B kopnyc katymku. ['mbkocts BTCII-
JICHT TMO3BOJISIET c(HOPMHUPOBATH M3 HUX KaOETb MOJI pa3Mep OTBEPCTHS B TOKOHECYIIEM 3JIEMEHTE U3 CIIUPATEHON
MHOT'OCTIOHOW M MHOT'03aX0JTHOM 0OMOTKHM MeHOTO opMepa ¢ oTBepcTreM s mpoxona He. KonbreBoii BuToK
mramerpoM 300 MM M3 TaKOro Kadessi M3TOTOBJIEH M
ycnemHo ucnsitad B UCOTT HUL «KypuatoBckuit
WHCTUTYT». M3roToBneHsl  oOpasusl w3 16 meHT
SuperPower B 4 cnost, 8 nment SUNAM B nBa crnog
(puc. 9). IlokazaHo, 4TO OTCYTCTBYET MeXaHHUYECKas
JeTpaialysi Py U3rOTOBJICHUH, & CHIDKEHHE TOKa He-
3HAYUTENBEHO U OOYCJIOBIEHO COOCTBEHHBIM MAarHHT-
HBIM TI0JieM. TOK B OOJIBIIMX BHEIIHMX IMOJISIX BBIXO-
JUT Ha pacuéTHOE 3HAYCHHE 1O BOJILTAMIICPHOM Xa-
pakrepuctuke neHT. lllar tBucta ~30 mm, yron Ha-
motku 30 wmiam 45° (pacxon JieHTHI ~1,2 IJIMHBI TIpU
30°). TubkoCTh M MeXaHW4YecKas YCTOMYHBOCTH 00- Puc. 9. Obpasen BTCII-xabexs SuperPower
pasloB MO3BOJISIIOT UcTonb30BaTh ux ams CIIT.

KPUOCTAT TOPOUIAAJIBHOI'O MAI'HUTA

CeueHue CTEHKH KpHOCTaTa Moka3aHo Ha puc. 10. A30THBINH 3KpaH H3rOTAaBIMBAETCS U3 IBYX CTaJIbHBIX
mucToB (2—4 MM), CBapEHHBIX TOYEYHOH CBApPKOM M I'MIAPABIMYECKH Pa3lyThIX. JlaHHas TEXHOJOTHs XOPOILIO
oTpaboTaHa 1 MacCcOBO MCHOJIb3YETCA B KPUOI'€HHON TeXHUKE. M307s111s — MHOTOCIIONHBIN Maiiap, MaccoBO
HCIIOJIb3YEMBIN B KPHOTE€HHBIX YCTPOICTBAX.

OOmmii Bua KpuocraTa mokasad Ha puc. 11. Ha ocHoBe omnbita T-7 MOXHO 0KHIATh, YTO KPHOCTAT TAKOTO
TUNa 00ECIeUYNT CHIKEHUE TEIUIONPUTOKA K MarHUTy 110 12 Br/m%. Mcrionb30BaHme OTACTBHBIX KOpILyCOB JJIs

1

]

5
Puc. 10. ®parmeHT ceueHust kpuocrata: 1 — BHEUIHHUH Puc. 11. O0mwuit Bua kpuocrara (63 HUKHEH 4acTH M CHCTEMBI
KOpIyc KpHOCTaTa; 2 — MHOTOCIOHHBIA Maiinap; 3 — aBapuitHOl 3ammThn). Takke MOKa3aHBI PACTIOPHI JUIS KOMIIEH-
A30THBIH 3KpaH; 4 — BaKyyMHBII IPOMEXYTOK; 5 — KaHaI CALUH ONPOKUIBIBAOLINX CIIT
HPOXOXKIEHUS a30Ta; 6 — KpeIuIeHHe a30THOTO 3KpaHa;

7 — KOpIIyC KaTyIIKH; 8 — CBEpXMPOBOIAIIMN Kabenb
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TTOJIONTANTBHBIX OOMOTOK (ceTdaTas KOHCTPYKIIHSA), CBApUBAEMBIX CHApYKH, o0Jjerdaer JAOCTYN K IUTazMe II0
CPaBHEHHIO C YCTaHOBKaMH, MOMEIIEHHBIMU B crutoniHoi 6ak (kak EAST [5]). IIpu ucmosnp30BaHnH BapuaHTa ¢
TOPOUAATIHHBIMU PACIIOPaMU KPHOCTAT YMEHBIIA€T BepTHUKAJIbHBIE YIIBI JAOCTyNa psga nmarpyokos. I[loatomy
st CIIT npeuiaraercss HCIOMB30BaTh HECYIIHE KOPITyca MOJIOUAATFHBIX 0OMOTOK BMECTO PaclopoB, MOKa3aH-
HbIX Ha puc. 11. Torna ToponaanbHple YTl TOCTYyTA K JUATHOCTUYECKUM MAaTpyOKaM CTaHyT OOJBIIIE, YeM B
T-15M/1. Cosur BHemrHe# yacTi KaTymky Ha 20 cM BBEpX U HapyKy OTHOCHUTEIHHO UCXOJHOTO BapHaHTa MpH-
BOJIUT K YMEHBIICHUIO ToGpHPOBKH TOpouaaibHoro o ¢ 1 o 0,35%.

IIpu 3TOM CTaHOBUTCS BO3MOXKHBIM CUMMETPU30BaTh KATYIIKY (C YBEIIMYCHUEM PATUYCOB BEPXHsISI YacTh
KaTyIIKu He OyneT 3a1eBaTh matpyOku). Takke yBEIMYMBACTCS MHUHHMAJIbHBIA pajnyC KPUBU3HBI HAMOTKH,
YTO BAYKHO MPU U3TOTOBJICHUH KATYIIKH, TOCKOJIBKY JaéT BO3MOXKHOCTh HAMOTKH IOCIIE OTKHUTa Kaders.

Wamenenue dopmel katymek CIIT orHocuTensao T-15M/1, mokazanHoe Ha puc. 12, IPUBOAMT K yBEIUYC-
HUIO TOPU30HTAIBHBIX YIJIOB JIOCTYIA K MaTpyOkam (¢ y4ETOM KpHUOCTaTa), UYTO SIBJIICTCS KPUTHUYCCKH BaKHBIM
U psiga muarHocTuk u HarpeBa myukoMm NBI. KommuectBo, pasmepsl u ¢oopMa THAarHOCTHYECKUX MATPYOKOB
BaKyyMHOIH KaMepbl OyIyT COXPaHEHBI MPAKTHUECKA B HEM3MEHHOM BHJIE. BO3MOXXHO HEKOTOPOE YBEIMUCHHUEC
WX JUIMHBI Ha TonmuHy Kpuoctata 20—30 M.

A A RRRRRRRNRRN
PPw o "
y');'?ve '
N DI :
t .
vigelels H
Akelele ]
/,.; elats s
vAjalele '
VA
vATelels i
T-15MJ1 e "
e "

Puc. 12. Ycranoska CIIT ¢ myukom st NBI-Harpesa, Bun cepxy (a); cpaBHenue cedenust karymek T-15M/J] u CIIT (karymku CIIT
YIYYIIaloT A0CTyH K a3me) (6)

OBIIME 2JIEMEHTBI T-1SMJI U CIIT

Paccmotpum, kakue cucteMbl CIIT u T-15M]] aHanoru4HsI:

— BaKyyMHas Kamepa: HecCMOTpsi Ha Oiu3ocTh pasmepoB ¢ T-15MJI, MalloBeposITHO, YTO OHA OKaXKETCS
MpeKHEH. YBenuUueHue oJIs YCTAHOBKY M TOKA IUIA3Mbl MIPUBEAET K YBEJIMYCHUIO HArpy30K IPHU CPBIBAx, MPO-
MOPILUOHATILHOMY MX MPOU3BEACHHIO, YTO MOTPEOYET 3HAUNTEIILHOTO YCHICHUS KOHCTPYKIIMH U ONTUMHU3AIUH
(dbopMbI KaMepbl (YIIPOYHEHHE, MPHOIMKEHUE K OBOMIHOW (opMe, «cpe3aHue yrioB»). Jas ynmpodHeHHs Io-
TpeOYIOTCS IOTIOJTHUTENBbHBIE PEOpa KECTKOCTH WM JTaXKe JABYXCIIOHHAS Kamepa, a JIJIsl IporpeBa KaMephl Mo-
TpeOyeTcs yBeIMYCHHE MOILITHOCTH IIPOTPEBHON CUCTEMBI,
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— BaKyyMHasl CHCTeMa: Ha OCHOBE McToiib3yeMoit Ha T-15M/];

— monouganbHeie 00MoTkn P-1—P-5, pacnonoxenne npexuee, P-6 TpedyeT onTuMu3anuy U, BO3MOXKHO,
pasjienieHus] Ha HECKOJBKO YacTei, OJIHAKO TOKH B OOMOTKaX W MEXaHHYECKHE HArpy3Kd OyAyT 3HAYHTEIBHO
OoublIIE;

— MUArHOCTUYECKUH KOMIUIEKC IS IJIa3Mbl: ucnois3yercs ot T-15M/1 ¢ oOHOBIIEHHEM;

— cucrema umxekimn (NBI) Ha ocHoBe mcronb3yemoit B T-15MJ] ¢ BO3MOXHBIM YBEJTHYCHHUEM SHEPTUH
MydJKa JUIsS HarpeBa v TeHepaIiK TOKA B TIa3Me BHICOKOMW TIIOTHOCTH;

— HarpeB 2JIEKTPOHOB: HCIOJB3YIOTCS CTallHOHAPHBIE TUPOTPOHBI, pa3paboTaHHbIE AJIsl HArpeBa U reHepa-
uu Toka (ECRH/CD) B UTOP;

— HMOHHO-IMKJIOTPOHHBIA HarpeB u reHepauus toka (ICRH/CD): npenmnonaraercs cOTpyIHHYECTBO C
ERM, Benbrus [19, 20];

— HWKHEruOpuaHbIi HarpeB u reHepanus Toka (LHCD): noBropenue u pazsutue onbita T-7 [21].

Takum 00pa3om, OyzieT obecriedeHa MpeeMCTBEHHOCTh B uccienoBanusix Ha T-15M /] u CIIT.

OTMeTHM, 4TO AeTanbHON NpopaboTKe KaMephl, BAKYYMHOW CHCTEMBI, METOOB IOTOJIHUTEIBHOTO HArpeBa,
CHCTEMBI TOJOUAANBHBIX BUTKOB, O0OCCIICUNBAIOIIECH paBHOBECHE U OONBIION TOK IUTa3Mbl, U APYTHX Ba)KHBIX
CHCTEM, a TaKK€ UX UHTErpalud B €IUHBII MPOEKT, OyAyT MOCBSILEHBI OTACIbHBIC Pa0OThI, aHAIOTHYHBIC BbI-
MIOJIHEHHBIM 14 rpoekTos [10, 15].

3AKIIIOYEHUE

[Ipennaraempiii MpoeKT pa3BuThs KoHueniuu T-15MJ] MO3BOIMT MOCTPOUTH MEPBBI B MUPE TOKaMakK
CPEIHUX Pa3MEpPOB C CUIIbHBIM CTAllMOHAPHBIM MarHUTHBIM TIOJIEM U MaJIbIM aCIIEKTHBIM OTHOILIEHUEM.

Takol MPOEKT CMOKET BBIBECTU POCCHI0 Ha YpOBEHb MHUPOBBIX TEPMOSIIEPHBIX UCCIEAOBAHMM, YTpadyeH-
Heli €10 B 1990-x rr. OH MO3BOJIUT OOBEIUHUTDH M HUCIIOJIB30BaTh JIBE UACH, POXKIEHHBIC U BIICPBHIC pealln3o-
BanHble B HUL «KypuaToBCcKkuii MHHCTUTYT»: TOKamak ¢ BHITAHYThIM ceuerueM (T-8, T-9, T-12) u cBepxmposo-
nsiid Tokamak (T-7).

Ecnu npoekr Oyzaer peanuzosan, To B HULL «KypuaToBckuit uHCTHUTYT» Oynet padorars ycranoska CIIT ¢
marHUTHBIM nosieM UTOPosckoro macmrada u ¢ UTOPononoOHOH (hopMmoii momnepeyHoro ceueHus Miiasmbl,
YTO TO3BOJIUT NMPOBOAUTH (HU3HUECKHE HcciienoBanus B nogaepkky MTOP. Ona mact BO3MOXKHOCTH NMPOAOI-
JKUTh DKCIEPUMEHTHl MUPOBOTO YPOBHS Ha MOCKOBCKOM IUIOIIAJKE B TEUEHHE 3HAYMTEIBHOIO BPEMEHH, TEM
CaMBbIM COXPAaHUB BaXXHYIO POJIb HHCTUTYTa B TEPMOSIIEPHBIX UCCIETOBAaHUIX.

Peanuzauus npoekra ¢ yactuunbiM ucnonb3oBanueM BTCII gact umnynsc n1s opranusanuu B Poccun
MOJIHOTO LIMKJIa MPOM3BOJCTBA: OT MaTepuaia i HanblieHus Ha jJeHTy 1o BTCII-kabemns.

Pabota BeimonHena npu noxaepxxke Poccuiickoro Hayunoro ¢gonaa, npoekt Ne 19-12-00312.
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