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Mpuctpin (500) ona yTpMMaHHA nnasmu Mae neplly MarHiTHy cuctemy (1), Wwo MicTUTb nepuy
MHOXWHY KOHLUEHTPUYHO PO3TalLOBaHMX KPyrrno3amkHeHux kineub (11, 12), sika yTBOplE nepLuy
KOTyLWKy (11), npusHaveHy Ans NPOXOMKEHHS CTPYMYy B MEpLUOMY HaMpsAMKY, i Apyry KOTywky (12),
BMKOHaHY AN MPOXOMKEHHSA CTPYMy B APYroMy HanpsMKy, NPOTUMEXHOMY MNEepLUIOMYy HanpsaMKy; i
ApYyry MarHiTHy cuctemy (2), WO MIiCTUTb APYry MHOXUHY KOHLEHTPUYHO po3TalloBaHUX
KpyrrnosamKkHeHux kineupb (21, 22), postawioBaHy A3epkarnbHO CUMETPUYHO MEPLUi MarHiTHi cucTemi
(1) BigHOCHO nnowmHU cumeTpii (P), po3TalwoBaHOi MK NepLIo MarHiTHOK cuctemoto (1) i gpyroto
MarHiTHOI CMUCTEMOIO (2), CTBOPIOKOYU KinbueBYy 30HY (206) yTpuMaHHA nnasmu y nrowuHi cumeTpil
(P) 3 MarHiTHUM nonem, HopMarnbHUM A0 NNOWMHU cuMeTpii (P) Ha nnowwmHi cumeTpii (P).
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BuHaxig cTocyeTbCs NpUCTPOIO YyTPUMAaHHS Nas3Muy Ta cnocoby yTpuMaHHs nnasmu.

PiBeHb TeXHiku

Benuki 3ycunns goknagalTbCs ANs CTBOPEHHSA peakTopa AN KepoBaHOro CUHTE3y Ha 3emni.
HanbinbLll nepcnekTMBHMM € NpoLEec CUHTe3Yy MiXX BOAHEBUMU izoTonamu gentepito (?H) i Tputito (3H).
Y npouecax CUHTE3y AeWTepito-TPUTIDO CTBOPIOKTLCS anbga-yacTvHka “He, WO Mae KiHeTU4YHY
eHeprito 6nmsbko 3,5 MeB (meraenektpoHBonbT (MeV)), i HENTPOH, WO Mae KIHETUYHY eHeprito
6nusbko 14,1 MeB.

o6 cuHTe3 BiobyBcs, sgopa nNoBuHHI 6yTn y copmi nnasmm 3 TemnepaTypoto 6nm3bko 150
MinbioHiB KenbBiHiB. 3abe3neyeHHs yTprMaHHsi Takoi NiasMy 3anmaeTbCcs Ceplo3Ho0 NpobrieMoto.

ICHYE Kinbka pi3HWUX BiAOMUX MarHiTHUX KOHirypauin ang yTpMmaHHa nnasmu.

YTpyMaHHA nna3mu nepefdavae yTpMMaHHs 3apsaXeHux 4acTuHOK nnasmu. Kpim Toro, MoxyTb
OyTn OaxaHMMK pi3Hi BMACTUBOCTI, CNPUSTIMBI Anst CTabinbHOCTI 0OMeXeHoT nnasmu.

Biaomoto KOHCTpYKLUiE € MarHiTHe A3epkano. ¥ HbOMYy YaCcTUHKM CRigyoTb 3a NiHIAMU MarHiTHOro
nonga i BigdbuBalTbCs B 30HAX 36iMblUEHHSA LWiNbHOCTI MarHiTHOro MOTOKY Ha BIiAMOBIAHMX KiHLSIX
npucTpoto. HesBaxawun Ha Te, WO Taka KOHCTPYKUiA 34aTHa yTpumyBaTu nnasmy, sk 6yno
NPOAEMOHCTPOBAHO EKCMEPUMEHTANbHO, BOHA MNOB'A3aHa 3 pi3HUMKM npobnemammn HecTabinbHOCTI
nnasmu. Wo6 Bupiwntn Ui npobnemn, B nonepegHbOMY pPiBHi TEXHikKM Oynu 3anponoHOBaHi pi3Hi
3aKpyyeHi HeobepToBO-CUMETPUYHI reomeTpii, Hanpuknad, gusanH Tuny "MidimaneHui B" ("Minimum
B"), Wwo Haragye TeHicHMI M'si4, abo "[IBOKOHYCHUIM 3 TouKot nepecivyeHHs" ("Biconic Cusp").

LLle ogHa BigOMa KOHCTPYKUiA uUe TokamMak. Y Tokamaky Ans YTPUMaHHA BUKOPUCTOBYETLCS
TopoigHe, TOOTO KpyronogibHe mnone. TokamMak TakoX MOB'A3aHUA 3  PisHUMKM Npobrnemamu
cTabinbHOCTI NNasmu, TakMMK SIK PO3AiNeHHs 3apsaais.

CyTb BUHaxoay

3aBOaHHAM LbOro BMHaxody € 3abe3neyeHHs BOOCKOHANEHOro NMPUCTPOID YTPUMaHHS NNasmu i
cnocoby yTprMaHHSA nnasmu, 30KpemMa A51s BUKOPUCTaHHSA B peakTopax TePMOSAEPHOro CMHTE3a.

3 uieto meTolo, 3rigHO 3 MEPLUMM acnekTom, nepeadavyeHo NPUCTPIN YTPUMAHHSA NnasmMu, SKUn mae
nepwy MarHiTHy CUCTEMY, WO MICTUTb MEepLly MHOXWMHY KOHLEHTPUYHO pPO3TalLUOBaHWUX Kpyrio-
3aMKHEHUX Kineup, WO YTBOPKE MEPLUY KOTYLUKY, BUKOHAHY AN MPOXOMAXKEHHS CTPYyMy B MepLUoOMy
HanpsAMKy, | Apyry KOTYLWIKy, nNpuW3HavyeHa Ans MPOXOMKEHHS CTPyMy B APYroMy Harnpsimky,
NPOTUMEXHOMY MNEPLUOMY HaMNpPsIMKy; | OPYry MarHiTHy CUCTEMY, WO MICTUTb OPYry MHOXWUHY
KOHLIEHTPUYHO pO3TallOBaHUX KPYrro-3aMKHEHUX Kineub, po3TalloBaHUX A3epKaribHO CUMETPUYHO A0
nepLloi MarHiTHOI CUCTEMU BIOQHOCHO MSIOWMHM CUMETPIT, po3TalloBaHOl MK NepLlol MarHiTHOH
CUCTEMOIO | APYro0 MarHiTHOK CUCTEMOLO, CTBOPIOKOYM KiMNbLEBY 30HY YTPUMAHHS NNasmun y NoLuHi
CUMETPIT 3 MarHiTHUM Nonem, HopManbHUM A0 NAOLWMHN CUMETPIT B NIIOLLMHI CUMETPIl.

Mig NOHATTAM KinMbUeBa 30Ha YTPUMaHHA Mna3mu cnig po3ymiTu obepTanbHO-CUMETPUYHY
obrnacTtb, B SKii YTPUMYHOTbCS 3apsmKeHi YacTUHKM Mra3mu, BKIYAYM BUNALKW, WO MakoTb,
Hanpuknag, Tonosorito TUNy Kinbus abo gucka.

TakMMm 4uMHOM, pesynbTyloda KOHirypauis MarHiTHOro nons MoXe yTpumyBaTW 3apsXeHi
YaCTMHKM 3 JOMOMOrOK CTaTUYHMX OCbOBMX i pagianbHuX NOMiB y MarHiTHO-A3epKanbHi KoHirypauii
3 MiHIAMK Y BIAKPUTOMY NON.

KoHCTpyKLUis, B SKi NepLua KOTyLIKa BUKOHaHa A11S NPOXOMKEHHS CTPYMY B NepLLUOMY HanpsMKy, a
Apyra KoTyllKa BUKOHaHa AN NPOXOMKEHHS CTPYMY B NPOTUMEXHOMY, OPYroMY, HaMNpPsIMKY, Y KOXHIN
i3 MepLUoi MarHiTHOi cucTtemMy Ta APYroi MarHiTHOI CUCTEMW, LO3BOSISIE CTBOPEHHS 0OnacTi BUCOKOT
LWINBHOCTI MarHiTHOrO MOTOKY MiXK NMEPLUOK KOTYLLUKOK i APYrok KOTYLUKOK Npu 306epeXeHHi BigHOCHO
MEHLLO| LLINBHOCTI MOTOKY MNOOMAM3y NIOWMHU cUMeTPil. Y MNOPIBHSAHHI 3i 3BMYANHMM MarHiTHO-
A3epKanbHMM po3TallyBaHHAM, Lie [03BONSE 30inbwunT KoedilieHT A3epKarnbHOCTi, TUM CaMuUM
3MEeHLUYI0YM PO3MIp KOHYCa BTpaT i 4O3BONAUUN Kpalle yTpuMyBaTu nnasmy.

BinbLue Toro, y NOPiBHAHHI 3 TOKAMakoM, Mpu YyTPUMaHHI NNasmMm MOXHa YHUKHYTU eddekTiB noAiny
3apsgis, konu Ans ctabinbHOCTI NNasMyM MOXe He 3HagobuTucd iHOyKOBaHMM CTpyM nnasmu. 3
OTPUMAHOI0 KBa3iCTaTUYHOK Nna3moto, To0To 6e3 rmobaneHOro NIasMoBOro CTPyMy, MOXHa, Y CBOH
yepry, YHUKHYTU MarHito-rigpoavHamiyHmx HectabinbHocTen. Kpim Toro, TepmMosigepHOMy peakTopy
MO>XHa A03BONWTU MpautoBaTu B 6e3nepepBHOMY (CTabinbHOMY) cTaHi 6e3 nigBuLEeHHS CTpyMy.

Kpim Toro, pesynbTytoua KOHQirypauis MarHiTHOro nonsi Moxe [O3BONUTM HecKnagHwui cnocib
HarpiBaHHs nnasmu.

MepLlia MHOXMHA KOHLIEHTPUYHO PO3TalLOBaHUX Kinelb MoOXe, Hanpuknag, 6yt cKoHCTpynoBaHa
iEHTUYHO [OPYril MHOXWHI KOHLEHTPMYHO po3TalloBaHuX Kineub. Lle ocobnuBo npoctuii cnocib
[OCSrHEHHS 6axxaHol koHdirypauii MarHiTHoro nonsi.

MpucTpin MOXe [O0AaTKOBO MICTUTU TPETH MarHiTHy CUCTeMy, po3TalloBaHy pafianbHO 3a
MeXaMW 30HM YTPUMaHHSA nnasmu, NpuyoMy TPeTH MarHiTHa cMcTeMa MICTUTb LWOHanWMeHLe OAHY
KOTYLLIKY 3 KPYTrJ0-3aMKHEHUMMU KiNTbLIAMMN.
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TakvMm YMHOM, MOXXHa OpraHi3yBaTu CTPOro pagianbHO 3pocTarode MarHiTHe nore, wo moxe oytn
KOpUCHUM Ans cTabinbHOCTI yTpMMaHHA nnasmu, [0OAaTKOBO MOKPaLLyl4vM 3BUYANHE MarHiTHe
Asepkano.

Kpim TOro, KOHCTPYKLiS 3 TPETLOK MarHiTHOI CUCTEMOIO MOXE A03BOMUTU OpraHidyBaTu yBirHyTe
MarHiTHe nosne y BCiil 30Hi YTPUMaHHA nnasmu, LWo Moxe ByTn KOpUcHUM Ang cTabinbHOCTI yTpumaHoi
nnasmu.

Takum 4nHOM, MOxXe OyTn 3abe3neyeHwn nNPUCTPIN yTpUMaHHS nnasmm 3 obepTanbHo-
CUMETPUYHUMN MiHIAMWU BIOKPUTOrO MNOMs, SKMA Mae BUCOKUA KoeqilieHT A3epKanbHOCTI Ta Mae
BNACTUBOCTI, KOPUCHI Ans cTabinbHOCTI NnasmMu.

Kpim Toro, TpeTss marHiTHa cuctema MOXe [A03BOSNUTU KepyBaTu YTPUMaHHAM NrasmMu LUNAXOM
peryntoBaHHA CTPYMY B KOTYLUL,i 3 KPYrio-3aMKHEHUMU KiflbLISIMW TPETbOT MarHiTHOT CUCTEMM.

TpeTa MmarHiTHa cucTtemMa MOXe MaTu nepully KOTYLUKY, po3TalloBaHy Ha TOM CaMill CTOPOHI
NAOWMHM CMMETPIl WO i neplua MarHiTHa cuctema, i Apyry KOTYLUKY, po3TalloBaHy Ha NPOTUNEXHIN
CTOPOHI NMOWMHN CUMETPIl, Npy LbOMY, Apyra KOTyllka po3TalloBaHa [A3epKanbHO-CUMETPUYHO
BiJHOCHO NepPLUOT KOTYLLKMN.

KoxxHa neplua MHOXWHA KOHLIEHTPUYHO PO3TALLUOBaHUX Kineub Yy NepLuin MarHiTHin cuctemi Ta
Apyra MHOXWHA KOHLEHTPUYHO pO3TallOBaHMX Kineub Yy APYril MarHiTHIn cucTtemi MOXyTb OyTu
BOydoBaHi y BignosigHi depomarHiTHi cTpykTypu. Lle 36inbliye marHiTHUM NOTiK 4epe3 BigHOCHO
BMCOKY MPOHMWKHICTb (bepomarHiTHOro maTtepiany, WO MNpYM3BOAMTL A0 Bifbll CUNBHOTO MarHiTHOrO
nong i, omke, KpaLloro yTpyuMaHHs Ans 4aHOro CTPYMY KOTYLLKW.

3a GaxaHHAM, 3a3HavyeHa pepoMarHiTHa CTPyKTypa He MOKpMBAE LIOHaWMeHLIEe OAHY KOTYLUKY
BiAMNOBIOHOT MHOXWHW Kifeub Y HanpsiMKy 00 NnowmHM cumeTpii. Lle ekpaHye MarHiTHMA NOTiK y
HanNpPsIMKY Big MAOWWHU CMMETPIl i HanpaBnsi€ MarHiTHAA NOTIK y HanpsiMKy OO NAOWMHU CUMETPII,
TO6TO OO nNnasmu. TakMuM YMHOM, ONS 3a4aHOro CTPYMy KOTYLUKM AOcCAraeTbCsi Oinbll edeKkTMBHE
eKpaHyBaHHS.

3a3HayeHa hepomarHiTHa CTpyKTypa Moxe 6yTu BUKOHaHa 3 pepoMarHiTHoOI cTani.

MpucTpin 3rigHO 3 NEPLLUMM acnekTom Moxe ByTn BUKOPUCTaHUM ANS YTPUMaHHSA Mrasmu.

MpucTpin 3rigHO 3 NepLUMM acneKkToM MOXHa BUKOPUCTOBYBAaTU B TEPMOSIAEPHOMY peakTopi.

BignosigHo go gpyroro acnekty, 3abe3neyyeTbCcs Cnocid yTpyMaHHS NnasMu LWISXOM CTBOPEHHS
KiNbLEBOi 30HM YTPUMaHHA nnasMy B NMOLWMHI CUMETPIl 3 MarHiTHUM Monem, HopManbHUM [0
NAOWMHM CUMETPIi, 3 [ONOMOro NEepLwoi MarHiTHOI cUCTeMU, WO MICTUTb Nepwy MHOXUHY
KOHLEHTPUYHO pPO3TalLOBAHUX KPYrro-3aMKHEHWX Kineupb, WO YTBOPKOWTL MepLlly KOTYLIKY, ska
nporyckae CTpym y nepLioMy HanpsMKy, i Apyry KOTYLUKY, O NpOnycKae CTpyM Yy APYroMy HanpsiMKy,
NPOTUMNEXHOMY NepLUOMY; i APYroi MarHiTHOI cuctemu, WO MICTUTb APYry MHOXMWHY KOHUEHTPUYHO
pO3TalloOBaHUX KPYrro-3aMKHEHMX Kinelb, WO NponyckawTb CTPYMU A3epKanbHO- CUMETPUYHO [0
nepLloi MarHiTHOI CUCTEMU BIOQHOCHO MMOWWHM CUMETPIT, po3TalloBaHOl MK NepLlol MarHiTHOH
CUCTEMOIO i PYroK0 MarHiTHOK CUCTEMOHO.

BapiaHTu BTiNEeHHsA Ta nepesarn LbOro ApYyroro acnekty MoxyTb 6yTu B3arani nogibHumu abo
TakuMM X, SIK y NepLloro BapiaHTy 3AiINCHEHHS.

Cnoci6 moxe [oOaTKkoBO BKMOYATWM KEPYBaHHSA YTPMMAaHOK MMasMOl0 LUNSXOM perynioBaHHS
CTPYMY B TPETIi MarHiTHin CMCTeMi, dka po3TalloBaHa pafiafibHO No3a 30HOK YTPUMaHHSA niasMmu.

KepyBaHHs MOXe BKMYaTW 3MiHY pagiyca 30HU YyTPUMaHHS nnasmu, Lo, Y CBOK 4epry, Moxe
3MiHIOBaTU pagiyc nnasmu.

Cnocié mMoxe [o[aTKOBO BKMOYATM HarpiBaHHS MniasMy LUNSXOM BBEAEHHSA iOHHOMO Myyka B
obrnacTb pagianbHO No3a 30HOK YTPUMaHHA Mna3mu abo pafianbHO BCepeauHi 30HU YTpUMaHHS
nnasmu, JO3BOMSAYN iOHAM 3 IOHHOTO Myyka ApendyBaT B 30HY YTPUMAHHS NrasMu.

Ha BigMiHy Bif iCHylOuMX pilleHb, Taknx gk Tokamaku abo nogibHi npucTpoi, oe MarHiTHe none,
CTBOpPEHE AN YTPMMaHHA MnasmMu, TaKoX BIiOAXUMSE iOHW, WO HagxoAaTb 330BHI Big nnasmu, i
HarpiBaHHs HeoOXigHO BMKOHyBaTW 3 AOMOMOrOK HENTpanbHWX MPOMEHIB, SKi MPOHMKAKTb Kpisb
MarHiTHe norfe, a TiNbKW NOTIM iOHI3yTbCS Nue OAuH pa3 BCepeauHi Mrasmu — TyT iOHW BUCOKOI
€Heprii MOXHa 3py4YHO Ta NPOCTO A4oAAaTW A0 yTpMMaHoi nra3mmn abo nepeadaymTi NOYaTKOBUI Harpis
nnasmu Ons CTBOPEHHS YMOBU TEPMOSIAEPHOro CUHTE3Y, OCKIMbKW AaHa KOoHirypauis mMarHiTHoro
nonsi MOXe BTANYBAaTW iOHU B 30HY YTPUMaHHSA nnasmu, a He Bigxunaty ix. Lle moxe npussectun go
MEHLL CKNagHOoi npoueaypu 1a Moxe Lie Ginblue 3MEHLINTM BTPATU YaCTUHOK.

BignoBigHo 00 TpeTboro acnekTty nepeAdadeHo MalluHy Ha MPUHLMNI MarHiTHOT A3epKanbHOCTI
Ta/abo NpuUCTpii YTPUMaAHHA YacTMHOK, WO MICTUTb MepLlly MarHiTHy CUCTEMY, LWIO Mae nepLuy
MHOXMWHY KOHLIEHTPUYHO PO3TalLIOBaHUX KPYrrno-3aMKHEHUX Kinelb, L0 YTBOPIOKTb NepLly KOTYLLKY,
npusHayeHy Ans MPOXOAXEHHS CTPyMYy B Meplni HanpsMok, i Apyry KOTYLIKY, BWKOHaHa 3
MOXTMBICTIO MPOXOKEHHS CTPYMY B APYroMy HanpsiMKy, NPOTUNEXHOMY NepLIOMY HanpsMKy; i opyry
MarHiTHy CMCTEMY, LLIO Ma€e ApYyry MHOXWHY KOHLEHTPUYHO PO3TalIOBAHUX KPYrio-3aMKHEHMWX Kineub,
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po3TaloBaHNX A3epKasribHO-CUMETPUYHO 40 NepLUOi MarHiTHOI CUCTEMW BiAHOCHO MAOLUHU CUMETPIT,
pPO3TaLLOBaHOI MK MEPLLUOID MArHiTHOK CUCTEMOIO Ta APYrok MarHiTHOK CUCTEMOK), CTBOPHOKOUUN 30HY
KiNbLEBOro yTpUMaHHs YaCTMHOK B NIOLUUHI CUMETPIT 3 MarHiTHMM nonem, HopMarnbHUM A0 NIOLUHN
CUMETPIT B NMOLWMHI CUMETPIl.

BapiaHTn 3giiicHeHHs1 Ta nepesaru, siki OGroBoplTLECSH, Y NOEAHAHHI 3 HWMMKW acnekTamu, Ha
NpoTSA3i BCbOro OMMCy, € CYMICHAMM 3 LIUM TPETIM acneKkToM.

3rigHO 3 4eTBepTUM acnekToM, MPOMOHYETbCS CMOCIO YTPUMaHHA 3apsagXeHWX YacTUHOK, Lo
BKMNIOYAE CTBOPEHHS KifbLEeBe 30HU YTPUMAHHA YacTMHOK B MAOLWMHI CUMETPIi 3 MarHiTHUM nonem,
HOpManbHUM A0 MOLWWHN CUMETPII, 3a AONOMOroLo

nepLloi MarHiTHOI CUCTEMM, LLO MICTUTb NepLly MHOXWHY KOHUEHTPUYHO pOo3TalloBaHWUX KPYrio-
3aMKHEHNX Kineup, WO YTBOPIOKOTbL NEpLUy KOTYLIKY, Sika Nponyckae CTPyM Yy NepLioMy HanpsMky, i
OPpYry KOTYLLKY. fika nponyckae CTpymMy B APYroMy HanpsiMKy, MpPOTUNEXHOMY nepLluomy, i gpyroi
MarHiTHOT CUCTEMM, WO MICTUTb APYry MHOXWHY KOHLEHTPUYHO pO3TalLlOBaHWUX KPYrrno-3aMKHEeHUX
Kineub, WO MPONycKalTb CTPYM A3epKanbHO-CUMETPUYHO A0 MepLloi MarHiTHOI CMCTEMU BiAHOCHO
NAOLWMHM CUMETPIi, pO3TaLlOBaHOI MiXK NEPLUOID MArHiTHOK CUCTEMOLO | APYrot0 MarHiTHOK CUCTEMOLO.

BapiaHTn 3giicHeHHA Ta nepesaru, ski 0GroBOPIOTLCSA Y MOEAHAHHI 3 iHLWMMKW acnekTammn Ta B
YCbOMY LibOMY OMWUCIi, CyMiCHi 3 UMM TPeTiM acnekTom.

KopoTkuin onuc kpecneHb

BuwiesasHauveHi, a TakoX [oOaTkoBi 06'ekTW, O3HAKM Ta nepeBarn [[aHOi BUHAXIOHWLUbLKOI
KoHUenuii OyayTb Kpalwe 3po3ymini 3aBAsdkM HaBeOeHOMY HWXK4Ye iMCTpaTMBHOMY Ta He
obmexyBanbHOMY AeTanlbHOMY OMUCY MEPEBaKHWUX BapiaHTIiB 34IMCHEHHST 3 MOCUMAHHAM Ha ofaHi
KPECrneHHs1, e 0O4HaKoBi HOMEPW NO3WLii BUKOPUCTOBYETLCA Ansi NOAIOHNX eneMeHTiB, ae:

dir. 1a - NepcnekTMBHUIN BUIMSA NEPLUOi MArHiTHOI CMCTEMM Ta APYrol MarHiTHOI CUCTEMW, SKi
MOXYTb OYTM BKIIOYEHI B NPUCTPIN YTPUMaHHS MiasMmu.

®ir. 1b - nepcnekTMBHUIM BMA 3 BMPI3OM NEPLLOT Ta APYroi MarHiTHUX cuctem Ha dir. 1a.

®ir.1c — BuA y NNOLWMHI NONEepeyHOro nepepidy nepLuoi Ta Apyroi MarHiTHMX cuctem Ha ®ir. 1a Ta
1b.

®ir.2 — B1A y NMAOLLMHI, O NOKa3ye 3MOOENbOBaHI NiHii MarHiTHOro Nons, CTBOPEHi NepLloto Ta
OPYroto MarHiTHUMu cuctemamm Ha @ir. 1a, 1b ta 1c.

®ir. 3a - BUMAL y NepcrnekTvBi 3 BMPI3OM MEPLLOI MarHiTHOI cucTeMu, Apyroi MarHiTHOI cuctemm
Ta TPEeTbOI MarHiTHOI CUCTEMM, AKi MOXYTb CKIlagaTh OCHOBY MPUCTPOI0 YTPUMAHHS NiasMmu.

@ir.3b - B1g y nnowuHi nonepevyHoro nepepisy nepLuoi, Apyroi Ta TPeTboi MarHiTHUX CUCTEM Ha
dir. 3a.

@ir. 4a Ta 4b - BMAM Yy NAOLWMHI, L0 MOKa3yloTb 3MOAEeNbOBaHI MiHil MarHiTHOro norns, CTBOPEHi
nepLUoto, OPYroto Ta TPETbLO MarHiTHUMK cuctemamu Ha ®ir. 3a Ta 3b.

@ir. 5a i 5b — B B NepcnekTuBi 3 BUpi3amMu, L0 NOKa3yTb NPUCTPOI YTPUMAHHS nNnasmu.

®ir. 6, 7 i 8 — BMAM B NepcrnekTuBi 3 BUPi3amMu NPUCTPOIO YTPUMAHHS NasmMu.

@ir. 9 - BMA Yy NMOLWMUHI, WO Nokasye 3MOAENbOBaHi MiHil MarHiTHOro Nossi, CTBOPEHi 3BUYANHO
KOHdirypauieo NnpsaMoro MarHiTHoro Asepkana.

®ir. 10 - BMA y NNOLWWUHI, WO Nokasye 3MogeNbOBaHi NiHii MarHiTHOro Nons, CTBOPEHi NepLuoto Ta
OPYroto MarHiTHAIMKU cUMCTEMaMM.

@ir. 11 - BMA Y NNOLWWHI, WO Nokadye 3MoAenboBaHi MiHil MarHiTHOro nons, CTBOPEHi MepLuoto,
OPYroto Ta TPeTbOo MarHiTHAMKU cucTeMaMMm.

@ir. 12 - BMA Y NNOLWWHI, WO Nokadye 3MoAenboBaHi MiHil MarHiTHOro nons, CTBOPEHi MepLuoto,
OPpYrow Ta TPeTbOo MarHiTHAMW cucTemMamu, NpuyoMy, KOXHa 3 BiAMOBIAHMX KOTYLIOK Yy nepLuin
MarHiTHI cucTeMi Ta Opyrin MarHiTHI cucTtemi BOygoBaHi y BignoBiaHe dhepomMarHiTHe eKpaHyBaHHS.

@ir.13 - Bug y NNOLWWHI, WO nokasye 3MoAenboBaHi NiHii MarHiTHOro nons, CTBOPEHi MepLuoto,
OPYroto Ta TPETbOK MarHiTHAMN CUCTEMaMU.

®ir.14a i 14b - pesynbTaT MOAENIOBaHHA 3 OOHIEI YaCTMHKOK B KOHQirypadii Ha ®ir. 6, 7, 8 i 13.

@ir.15, 16 i 17 -,nokasaHO, BIAMOBIOHO, 3MOAENbOBaHI TPAEKTOPIi 3aPSMKEHUX YaCTUHOK 3
noYyaTKOBMMM pagianbHMMy nonoxeHHamu 1,5 M, 3,0 m i 4,5 M KOXHa gns cniBBigHOWEHb Vz/Vr 0,5,
1,5, 2,5.

[eTanbHumn onuc

Ak BiAOMO, NPUCTPOI YTpPMMaHHA nnasMu MoOXyTb ©OasdyBaTucsa abo Ha niHiAX BigKPUTOro
MarHiTHoro nosnsi abo Ha niHisx 3aKpUTOro Mnons.

MpuncTpOol Ha OCHOBI MNiHI 3aKPUTOro NONs MOXYTh, HANpUKnaza, MaTu TopoiganbHe MarHiTHe none.
[MpuknagomM Takoro NPUCTPOIO € ToOKamak.

MpUCTpPOi Ha OCHOBI MiHi 3aKPMUTOro MO MOXYTb MOTEHLIMHO 0OMeXyBaTU YaCTUHKK Nnasmu 6e3
BUTOKY, OCKIifIlbKM YacTUHKM OyayTb crigyBaTu 3a MiHiAMM Mons, ane mMawTb iHWi npobnemu, Taki sk
apend B cxpeweHnx nonsax ExB (ExB drift), BuknukaHun noginom 3apsgy, Ta MarHiTo-rigpognHamivHi
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(MIl) edbektn, WO MOXE CNPUYMHUTKU BUMXig nrasmu. HeobxigHO BXMTU cneujianbHUX 3axofiB Ans
BUOANEHHs renieBoi 30Muv, Hanpuknag, nynbCyBaHHAM CUCTEMM, LIO BUKMOYAE CTanun pPeXuMm
poboTn.

OpHa 3 OCHOBHUX Mpobnem TopoidanbHOro Nons Mnonsrae B TOMY, WO iOHW HE YTPUMYHOTHCS
yepes apend ExB, BUknukaHum noginom sapsiay.

Y Tokamaky uto npobnemy MoxHa BUPILUWUTK LUNSXOM iHOYKYBaHHS CTPyMy B nnaswi, e CTpym
CTBOPUTL NnornoiganbHe none. Lie npu3soavTb 40 TOro, WO MarHiTHe none 3akpyyyeTbCs B30OBX TOpa,
npu UbOMY KonoifganbHe W TopoiganbHe Mnons pa3oM YTBOPKWTb CKpydyeHe MarHitHe none. Lle
nom'skwye gpend ExB, ane ctBoptoe gogaTkoBy nNpobremy, ockinbku nnasma 0yae yTpumaHa TinbKu,
MOKM CTPYM Yy BHYTPILLHI MarHiTHiN KOTyLWLi HapocTae, TO6GTO HEMOXIMBO MpaLoBaTh B yCTaneHoMy
CTaHi.

Kpim TOro, ctpym nnasmu npu3Bege A0 KiflbkOX HecTabinbHOCTENW, MOB'A3aHMX 3 MarHiTo-
rigpoavHaMiyHMMm edoektamn, Takmmm sk KuHk HectabinbHocTi (Kink instabilities). Lle moxHa
BUPILLUMTK 3 JOMOMOrOH Pi3HMX KOMMEHCAUiNHNX KOTYLLOK HABKOMO KOPMyCy peakTopa, ane OCHOBHI
XapakTepUCTUKN nnasmmu Bce OAHO OyayTb HecTabinbHUMK Yepe3 BenuvKi MarHiTo-rigpoAvHaMivHi
edekTu.

MpucTpoi yTpumaHHsa nnasmu 3 MiHisMW BiAKPUTOro Mo, BiAOMi B nonepeaHbOMY PiBHI TEXHIKH,
MOXYTb MpauoBaTV 3a NPUHLMNOM MarHiTHOro A3epKanbHOro BigoBbpaXeHHs, Npu KoMy 3apsgXKeHi
YaCTMHKM nnasmu BigbuBalwTbCas B 06nacTax 36inblUeHHS  LWiNbHOCTI MarHiTHOro MOTOKY Ha
BiAMNOBIOHUX KiHUSX 30HM YyTpUMaHHSA. Taki npucTpoi MatoTb 34aTHICTb NpauoBaT B cTalioHapHOMY
pexuMi i, K NpaBumo, MOXYTb MaTW MeHLWe npobnemM 3 Mnogifiom 3apsagy, a TakoX MoSerwyTb
MaHinyrntoBaHHA 3 MONenom renito.

Xo4ya BWM3HAETLCS, WO MPUCTPOI ANA yTpUMaHHS nnasMum 3 NiHiAMM BigKpuUTOro nons 3garHi
3a6e3neynTn yTpMMaHHs nnasmu, 3aBxamn byae BUTIK YaCTUHOK 3apsiay 3 BEKTOpaMy LWBUOKOCTEWN, SKi
OOCTaTHBbO BUPIBHSHI 3 MiHIAMW MarHiTHOro nond. TO4HiWe, A3epkanbHUA ehekT MaTuMe Mmicue ans
BCiX YaCTUHOK y AianasoHi KyTiB HabNMXEHHS no3a KOHYCOM BTPaT, LIO BM3HAYEHUIN KYTOM Haxumy
cnipani obepTaHHsa 3apaaKeHOI YaCTUHKM HaBKOMO NiHi MarHiTHOro nons.

MpOTSKHICTL KOHYCa BTPaT BU3HAYaETLCH KOeMILIEHTOM A3epKanbHOCTI Imirror, AKUA BU3HAYAETHCA
AK BiAHOLUEHHS MK MaKCUMAaribHOK Bmax i MiHIManbHOK Bmin WINBHOCTAMM MarHiTHOro NOTOKY, LLO
cnigyoThb MiHil MarHiTHOro nons:

r max
mirror B

KyT, KU BU3Ha4Yae KOHYC BTpaT, BU3HAYAETbCA (bopmynoro:

1
ooy = arccosr—

mirror

TakMM 4YMHOM, MOXHa nobaynMTv, WO BUCOKUA KoeddiluieHT A3epkanbHOCTI Mpu3Bede [no
HEeBeNnMKOro KoHyca BTpaT, TaK L0 BTEYYTb fMLWE YacTMHKWU, WO MawTb LWBMAKOCTI, HawbinbLu
BUPIBHSAHI 3 MiHiAMK nons. | HaBnaku, HU3bKUIA KoeqilieHT A3epKanbHOCTI npu3Bede Ao OinbLIoro
KOHyca BTparT.

[Mepwoto BNacTmMBeICTIO, BiAOMOK 3 niTepaTtypu, MiHiA MarHiTHOro nons MpUCTPOID YTPUMaHHS
nnasMu, nNOB'A3aHOI 3 MarHiTo-rigpoANHaMIYHOK CTabiNbHICTIO yTpUMaHOI nnasmu, € YBirHyTe
MarHiTHe none, To6TO MarHiTHe none, WO Mae€ YBIrHYTi MiHii MarHiTHOro Mons, AKWO AMBMTUCA 3 3a
MEXX 30HM YTPMMaHHS Nna3mu Ta yTpuMaHoi nnasmu.

[pyra BnacTtmeicTb, BigoMa 3 nitepaTypu, MiHi MarHiTHOro Nons NPUCTPOI0 YTPUMYBaHHSA Nnasmu,
noB'd3aHa 3 MarHiTO-rigpoAMHaMIYHOK CTabINbHICTIO 3aMKHYTOI nnasmu, Ue pajianbHO CTpOoro
3pocTarode MarHiTHe none.

Ha ®ir.1a, 1b i 1c nokaszaHo nepLuy MarHiTHy cuctemy 1 i opyry MarHiTHy cUcTemy 2, siki MOXYTb
BXOOUTU B NPUCTPI yTpuMaHHs nnasmu (dir. 5a i 5b).

Mepwa marHiTHa cuctema 1 MICTUTb MNepLly MHOXMHY KOHLEHTPUYHO PO3TallOBaHMX KpYrro-
3aMKHEHUX Kineub, pO3TallOBaHUX HABKOMO OCi cUMeTpii A, Hanpuknag, sk nokasaHo, y BUrnsAi
nepLloi BHYTPIWHBbOT KOTYWKM 11 i Apyroi 30BHILHBOI KOTYLWKMA 12, po3TallOBaHOi KOHLUEHTPUYHO OO0
BHYTPIWHbLOI KOTyWwKa 11 i pagianeHo 3a ii mexamu.

Kpim nepwoi marHiTHOi cuctemmn 1 € gpyra marHitTHa cuctema 2, Wo MIiCTUTb OPYry MHOXWHY
KOHUEHTPUYHO pO3TallOBaHMX KPYINO-3aMKHEHUX Kineub, TaKOX KOHLUEHTPMYHO pO3TalloBaHUX
HaBKOMO OCi A, ane BepTUKarnbHO 3MilleHMX BiQHOCHO MepLUoi MarHiTHoOi cuctemu. [lpyra marHitHa
cuctemMa MOXe, Hanpuknag, gk nokasaHo, MICTUTU NepLUy BHYTPILLHIO KOTYLIKY 21 i opyry 30BHILLHIO
KOTYLLIKY 22, po3TalloBaHy KOHLUEHTPUYHO OO0 BHYTPILHBLOT KOTYLWKM 21 i pagianbHO 3a Tl MexaMu.
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Ha ®ir. 1c nokasaHo nonepeyHuin nepepi3 nepLuoi MarHiTHoi cuctemy 1 i gpyroi MarHiTHol
cucTemMu 2 y NNOLLMHI NONepeYHoro nepepisy no oci cumeTpii A.

KoTywkun 21, 22 gpyroi MarHiTHOI cuctemun 2 po3talloBaHi A3epKanbHO CUMETPUYHO OO KOTYLLOK
11, 12 nepLoi MarHiTHOI cuctemmn 1 BiAHOCHO NIOLWMHM cUMETPIl P, sika 3HaxoguTbCs Ha OAHAKOBIN
BijCTaHi 4O KOXHOT 3 NepLuoi MarHiTHOl cuctemu 1 i 4O Apyroi MarHiTHOI cuctemm 2.

Y UbOMY ONUCI MOXXHA MOCUMNATUCH Ha CUCTEMW KOOPAMHAT i HANPSAMKM BIQHOCHO OCi A i NMAOLLMHK
cumeTpii P. 3okpema, KoopauHaTK i HanpsMmM MOXyTb ByTu onucaHi 3 NOCUMaHHAM Ha LMIIHAPUYHY
cucTeMy KoopauHaTt abo Ha JeKapToBYy CUCTEMY KOOPAMHAT, KOXHA 3 SKMX Mae K MoYaToK NepeTuH
oci cumeTpil A Ta nnowmHm cumeTpii P.

IMig AekapToBOK CUCTEMOIO KOOpAUHAT 3 KoopAnHaTamu, SKi nosHadvatoteca "X, y, z", "X, Y, Z", "A,
B, C" abo Tomy nogibHe, cnig po3ymiTu, WO BOHA Mae nepuli ABi KoopAaMHaTHI oci "x, y", "X, Y", "A, B"
abo nofibHi, Wo nexaTb y NnowmHi cumeTpii P i TpeTio koopauHaTHy Bicb "z", "Z", "C" abo Tomy
nogidHe, WO NPOCTAraeTbCs B MO3UTMBHOMY HanpsMKy Bropy (sik BugHo Ha ®ir. 1-5) Big nouatky
KOoOpAMHAaT B3O0BX OCi cumeTpii A.

AKWwo ofuHULI Ans NpoOCTOPOBMX KOOPAUHAT He pPO3KpWUTi, TO MalTbCH Ha YyBasi OauHWLI
BUMIPIOBAHHS Yn rpagycu. AKLWO OAMHULSA Yacy He pO3KpuUTa, MaeTbCA Ha YBa3i OAMHULSA CEKYHA.

Mig uMNIHOPMYHOK CUCTEMOKD KOOPAUHAT CRig PO3yMiTU Taky, WO Mae pagianbHUA HanNpsiMoK i
koopguHaty ("R", "r" abo nogibHi), Wo nayTh Big NoYaTky KOOPAMHAT Ha NepeTuHi oci cumeTpii A Ta
nnowuHyn cumetpii P, asumyTtanbHui Hanpsamok i koopauHata ("phi", "Phi" abo Ttomy nogibHe),
BMMipsiHa sIK KyT oOepTaHHA HaBKOJIO OCi CUMETPIi A, a TakoXX OCbOBUWA HanpsMOK i koopauHata ("z",
"Z", "C" abo Tomy nopfibHe), WO NpOCTAratTbCA B MO3UTMBHOMY HaMpsMKY Bif noyaTky KoopauHaT
Bropy B340BX OCi cumeTpii A. MMO3UTUBHMI HAaNPAMOK OS5 a3uMyTanbHOro HanNpPsIMKy € BignoBigHO 0
npasura npasoi PyKX LWOJ0 NO3UTUBHOIO OCbOBOIrO HanpsMKYy.

Kpim Toro, y ubomy onuci 6yayTb 3pobrieHi nocunaHHsa Ha girypu 2, 4a, 4b, 9, 10, 11 Ta 12, wo
nokasylTb 3MOAENbOBaHI MiHil MarHiTHOro nons (LWinbHOCTi MarHiTHOrO MOTOKY), TOBTO MiHIT PiBHMX
MarHiTHMX MnoTeHuianis. 3aBOdkM CUMETPUYHUM BRACTUBOCTAM MarHiTHUX CUCTEM, PO3KPUTMX TYT,
BNacTMBOCTI MarHiTHOro MOMs Takoro KBagpaHTa € AoCTaTHIMM Ans Onucy KOHdirypauii nmons B
uinomy, To6TO 3aBOSKM A3epKarbHiA CUMETPIl BiZHOCHO NnoLwmHM cumeTpii P i cumeTpii obepTaHHA
Haskono oci A. OTxe, dirypy, WO nokasye KBagpaHT, crig iHTepnpeTyBaTh K pO3KpUTTHA KOHirypauii
nons Ta MarHiTHOI CUCTEMW Yy BCiX YOTUPbOX KBaAapaHTax, 3 ypaxyBaHHsM BNacTMBOCTEN CUMETPII.
Kpim Toro, uyepesa obepToBy cumeTpito dirypn cnig iHTepnpeTyBaTM SIK PO3KPUTTS TPUBUMIPHMUX
MarHiTHUX NOniB i MarHiTHNX CUCTEM.

Meplua MHOXMHA KOHLUEHTPUYHO po3TalloBaHuX Kineub 11, 12 nepwoi MarHiTHoi cuctemn 1 moxe
(amB. ®ir. 1c), 6yTU iOEHTUYHO CKOHCTpyWOBaHa 3 APYrol MHOXMHOK KOHLEHTPUYHO PO3TallOBaHUX
Kineub 21, 22 Apyroi MarHiTHOI cuctemu 2 3 ypaxyBaHHAM A3epKanbHOT CUMeTPIl.

Ha ®ir. 1c Takox MmokasaHO HanpsMKWM CTpyMy B KOTYyLUKax nig 4Yac poOoTu nepLioi MarHiTHoi
CUCTEeMM Ta ApYyroi MarHiTHOI CUCTEMMU, SKi BUKOPUCTOBYKOTLCS B MPUCTPOI yTpMMaHHA nnasmum (Pir. 5a
i 5b).

Y nepLin MarHiTHin cuctemi 1 CTPyM BHYTPIWHLOI KOTYWKN 11 € Takum, WO BiH BXOAUTb Y
HaMNpsAMKy B NIIOLWMHY MONepeyHoro nepepisy (Mo3HayeHo XxpecTukom) 3 npasoro 6oky Ha ir. 1c i
BMXOAMB 3 NIIOLLMHN NONEPEYHOro nepepisy (No3Ha4YeHo KOroM 3 TOYKOI0) 3 fiBoro 6oky ®ir. 1¢, To6T0
NPOTU MOOUHHWKOBOI CTPINKW, AKLIO OMBUTUCH 3BEPXY HA NepLuy MarHiTHy cuctemy. | HaBnaku, CTpym
30BHILWHBOI KOTYWKM 12 HanawToBaHUW Ha Te, WOO WTWM B HaNpsiMKy Bi4 MfOWWHM MOMNEPEYHOro
nepepidy (NO3HaA4YeHO KONOM 3 TO4YKOK) 3 MpaBoro 60Ky dir 1c i B NNOWUHY NOMEepeYHoro nepepisy
(no3HayeHo xpecTukoMm) y niBui Gik ®ir. 1c, TOOTO 3a FOAMHHWKOBOK CTPINKOK, SKLWO OUBUTUCS
3BEepXY Ha nepLly MarHiTHy cuctemy.

TakvMm YMHOM, nepLUa MHOXWHA KOHLUEHTPUYHO PO3TalloBaHUX KPYrno-3aMKHEHUX Kinelb YTBOPHE
nepLuy KOTywky 11, HanawToBaHy 4715 MPOXOAXKEHHSI CTPYMY B MEPLUOMY HaMNpsIMKY, i ApYry KOTYLUKY
12, HanawToBaHy AN MPOXOMKEHHA CTPYMy B OPYroMy HanpsMKy, MPOTUIEXHOMY MepLIoMy
HanpsIMKY.

AHamnoriyHo, JOTPUMYKUUCH A3epKalnbHOIi CUMETPIi MO BigHOLWIEHHI OO0 nrowmHn P cumeTpii, y
APYrii MarHiTHIN cuctemi 2 CTpym BHYTPILWHBOI KOTYLWKU 21 HanawToBaHWW Tak, Wwob npoTikatu B
HaMpsAMKy B MAOLWMHY MOMNEpeYHoro nepepisy (No3HavyeHo XpecTukoM) Ha npasomy boui dir. 1c i Big
NOLWUHN NONEPEYHOro nepepisy (No3Ha4yeHo KONoM 3 TOYKOK) y niBomy 6oui ®ir. 1c, To6To NpoTn
rOOVHHWKOBOI CTPIfKK, SIKWO OMBUTUCA 3BEPXY Ha Meplly MarHiTHy cUcTemy, a CTPYM 30BHILLIHbOT
KOTYLUKM 22 HanawToBaHMN Tak, WoO pyxaTucs B HanpsaMKy Bid MMAOLMHM NOMEPEYHOro nepepisy
(Mo3Ha4YeHOo KOMoOM 3 TOYKOK) 3 NpaBoro 6oky Pir. 1c i B NAOWUHY nonepeyHoro nepepisy (No3HavyeHo
XpecTukoMm) y niBomy 6oui ®ir. 1c, TO6TO 3a rOAMHHMKOBOK CTPINKOK, SKLIO AMBUTUCS 3BEPXY Ha
nepLuy MarHiTHy cuctemy.
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Takum YMHOM, CTPYMW APYroi MarHiTHOI CUCTEMM 2, KOMW NpaLoe neplla mMarHitHa cuctema 1 i
Apyra MarHiTHa cuctema 2, po3TalloBaHi [3epKanbHO CUMMETPUMYHO [0 NepLuoi MarHiTHOI cuctemum
BiQHOCHO nnowmHM P cumeTpii, po3TalloBaHOi MiX MEepLIod MarHiTHOW cuctemor 1 i gpyroto
MarHiTHOH CUCTEMOIO 2.

Ak nokasaHo ctpinkoto 202, sika Bkadye Ha BekTop B marHiTHoro mons (WinbHiCTb MarHiTHOro
noToky), B nnowumHi P cumeTpii, A3epkanbHO-cumeTpmnyHa KoHdirypadis CTpymiB nepLuoi MarHiTHoOi
cuctemu 1 i gpyroi MarHiTHOI cuctemm 2 CTBOPIOE, B NNOLWKMHI P cumeTpii, marHiTHe none, HopmansHe
Ao nnowmHn P cumeTpii. B nnowmHi P cumeTpil yTBOPIOETLCS KinbLeBa, K NpaBunio, TopoiganbHoi
dopmu, 30Ha 206 yTpumaHHsa nnasmu (Pir. 2, 5a i 5b), nosHaveHa NPUBNM3HUM NYHKTUPHUM ESlincomMm,
Ak Oyae nosicHeHo dani.

Takum 4YMHOM, BUpPaXak4yuCb iHWMMK CnoBamu, NPUCTPIA YTPMMaHHSA NMAasmMu MoXe MICTUTU ABi
anckonoAibHi marHiTHIi cuctemm 1, 2, 3BepHeHi ogHa 4O OA4HOI B OCbOBOMY HarnpsiMKy, 3 MPOMKKOM
MK HUMMK, Oe Moxe OyTu yTpumaHa nnasma. KoxHa marHitHa cuctema 1, 2 mae npuvHanMHi aBi
kotywkmn 11, 12, 21, 22, ge HaNpsAMOK i BeNW4YnHa CTPyMy CTBOPIOOTb FPaHNYHY YMOBY HOPManbHUM
MarHiTHUM nosnem B NNoLmHi P cumeTpii.

Kpim Toro, we 3 nocunaHHam Ha ®ir. 1a, 1b i 1¢, nepwa MHOXWHA KOHLEHTPUYHO pPO3TallOBaHNX
Kpyrno-3aMkHeHmx Kineub 11, 12 B nepwin MmarHiTHin cuctemi 1 i gpyra MHOXWHA KOHLEHTPUYHO
PO3TaLLOBaHUX KPYrno-3aMKHEHUX Kineub 21, 22 y Apyrin MarHiTHiN cuctemi 2 MoxXyTb ByTn KOXHa
BOyOoBaHi y BianoBigHi cepueBuHHI CTPYKTypu 204, Aki MOXyTb ByTK 3 dhepomarHiTHoOro maTtepiany,
Takoro sik oepomarHiTHa ctanb. B akocTi anbTepHaTuBM, cepueBuHHaA cTpykTypa 204 moxe 6yt 3
Hed)epoMarHiTHOro Matepiany, Takoro gk HedbepomarHiTHa cTanb.

3a GaxxaHHsM, sIK NOKa3aHo, BiAnoBiAHI cepueBUHHI cTpykTypy 204 nepLuoi marHiTHoi cuctemun 1 i
ApYroi MarHiTHOI CMCTEMM 2 He MOKPMBAKOTL LLUOHAMMEHLIE OOHY KOTYLUKY, SIK MoKa3aHo, BCi Kifbus
BiANOBIOHOT MHOXWHM Kineub y HanpamMKy OO nfowmHu cumeTpii P, ane nokpmBaioTb BignoBigHi
koTywkm 11, 12, 21, 22 y BCiX iHLIMX HANPAMKaXx.

[na nopiBHsAHHSA, Ha Pir. 9 nokasaHi 3MoAenboBaHi NiHii MarHiTHOrO nons, KoHgiIrypadii npsiMoro
MarHiTHOro A3epkana, Wwo MiCTUTb ABi KOTYLLKKU, @ came, OgHY KOTyLKy 1600 y KOXHin niBkyni. Tunoso
ANsi Takol KOHdirypauii npsmoro MarHiTHoro Asepkana ("nnswku"), marHiTHe none Bigobpaxae
obnacte 1602 3 BIQHOCHO HWM3bKOKO LUIMBHICTIO MarHiTHOrO MOTOKY nNobnum3y nnowuHu P cumeTpil i
obnactb 1604 3 BigHOCHO BMCOKOHO LLiMbHICTIO MarHiTHOro NoToky nobnmay kotywwkn 1600, cTBOPHOOYM
30HY YTpUMaHHA 206 Ons 3apsmKeHUX YacTUHOK, 3aCHOBaHY Ha NPUHLUMMI MarHiTHoro BigoWTTS, SK
nosicHeHo Buule. binblie Toro, sik BUAHO pagianbHoO 3a Mexamu 30HK 206, To6To crnpaea Ha dir. 9,
BiJHOCHO Benuka obnactb Nobnuay nnowuHM cumeTpii BigobpaxkeHa OnyknMMK MiHIAMW MarHiTHOro
nons, Todi Sk MeHwa obnactb 6nmxye o koTywkn 1600 BigobGpaxkeHa yBirHyTMMM NiHIAMWU MarHiTHOrO
nonsi, MepLi, 3rigHO 3 MEpPLUIOK BIACTUBICTIO, PO3MMAHYTOK BUWE, € He OaxaHumn, a apyri €
OaxaHumu. [Jani MOXHa BiA3HAYMTWU, WO B MMOWMHI P cuMeTpii LWinbHICTb MarHiTHOro mnoToKy
3MeHLLYEeTbCA 3i 3BinbLUEeHHAM pagiycy.

PoskpuTi koHdirypauii MarHiTHOI cuctemn pobuTb MarHiTHe nofe HopmarnbHUM A0 nrowuHu P
CUMETPIi NO BCiM NMOLWMHI P cumeTpii, Wo BUMAHO 3 NiHi MarHiTHOro Nons, Wo NepeTnHaTb NOWNHY
P cumeTpii nig npamum kytom. Ha ®ir. 2, ak i Ha ®dir. 1¢, nokasaHi niHii MarHiTHOro Nons B MAOLLMHI
nonepeyHoro nepepisy no oci A. Yepes obeptanbHy cMMeTpito nepLuoi MarHiTHoi cuctemu 1 i gpyroi
MarHiTHOT CUCTEMM 2 KOHpirypaLisi MarHiTHOro nons Takox € 06epTanbHO-CUMETPUYHOLD, Tak Lo Pir.
2 € penpe3eHTaTMBHOKW A58 OyAb-sIKOi Takoi NMOLLMHWU MOMEepEeYHOro nepepisy i, omke, Ans BCiel
KOHdpirypauii nons. 3okpema, MarHiTHe norne He Mae TOpoiganbHOI CKNagoBoi, TOGTO B HANPSIMKY, LUO
Bkasye B abo 3 MMOWMHM MonepevHoro nepepidy Ha Pir. 2, WO € asumyTanbHUM HanpsMKOM,
3rajaHum Buwe. |HWMMKU cnoBamu, BEKTOPM MarHiTHOro nongd nexaTtb Yy MNNOWWHI NonepeyHoro
nepepidy Ans Oyab-sKOi Takoi NIOLWMHU nonepeyHoro nepepidy no oci A. Te X camMe CTOCYeTbCS
KOHdirypauin Ha ®ir. 9-13.

Ha ®ir. 2 nokasaHi niHii MarHiTHOro nNons, Wo BMHUKAKOTL B pe3ynbTaTi A3epKanbHO-CUMETPUYHOIT
KOH@irypauii CTpymiB y NepLUiv MarHiTHin cuctemi 1 i Apyrii MarHiTHin cuctemi 2, siki obrosoproBanucs
BuLe 3 nocunaHHsam Ha dir. 1a, 1b i 1c. PesynbTyloya KoHdirypauis marHiTHoro nons NpusBoanTb 40
KinbLeBoi 30HM 206 yTpuMaHHS, 3HOBY NMPeACTaBNeHOi NPMOMU3HO MYHKTUPHUMK enincamu, B SKNUX
MOXYTb OyTW yTpMMaHi ioHM nnasmu. 3oHa yTpUMaHHS nrasmm pagianbHO oBMeXeHa MK BHYTPILLHIM
i 30BHILWHIM pagiycamu, WO MNiATBEPAXYETLCA MOAENIOBAHHAM. lOHW nnasmu, WO YTPUMYIOTHCH B
NPUCTPOi AN YTPMMaHHs nnasmu, B 30Hi 206 yTpMMaHHsA nna3mu B NIIOWMHI cumeTpii P, 6yayTb
34iNCHIOBATM KPYrOBUIN pyX Y Ui NMOLWLMHI 3aBASKU MarHiTHOMY Mosto, neprneHaukynsapHoMy Ao uiel
nnowmHW. Ak 3ragyeBanocd, TopoiganbHoro nons Hemae. OTKe, BpaxoBYyUM BiACYTHICTb
TOpPOiAanbHOI CKMNagoBOi MarHiTHOroO Mons, Ha ioHW B nnowwuHi P cumeTpii He Oyae ocbOBOI cunu
JlopeHua. Bigoansatounch Big NMOWUWHW CUMETPIl B OCbOBOMY HanpsiMKy, B3[OBX MiHii nond, cuna
JlopeHua Moxe LUTOBXHYTU iOH Ha3ad A0 NITOLMHU CUMETPIi, YTPUMYIOUM iOH Y NAOLWMHI CUMETPIi.
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Ha BigmiHy Big cuTyauil B ToKamaky, e nnasma YTpUMMYETbCA TopoiganbHUM i nonoiganbHUM
nonaAmMu, NPUCTPIN YTPMMaHHS 3rigHO 3 LMM BMHAaxXOAOM YTPMMYE Nra3My OCbOBMM (NapanenbHO Oci
A) i pagiansHUm nonsamum.

®ir.10 nokasye iHWY KOHdirypauito, sika Moxe OyTn BKNIOYEHA B MPUCTPIN YTPUMaHHS nnasmu,
3HOBY X Taku, CKOMMOHOBAHWIA 3 MEPLUOID MarHiTHO CUCTEMOIO 1, WO MICTUTb nepLly KoTywwiky 11,
npu3HayeHy Ang nNpoBeAeHHs CTPYMy B NepLUOMY HanpsaMKy, i Apyry KOTyLWKy 12, npu3HadyeHa Ans
NPOXOMKEHHS CTPYMY B APYroMy HanpsiMKy, npoTunexHomy nepwomy (gus. ®dir. 1c); i 3 Apyroto
MarHiTHOIO cCUCTEMOI (He MokasaHa), WO MICTUTb nepwy i ApYry KOHLUEHTPUYHO poO3TalloBaHy
KOTYLUKY 3 KpYrfo-3aMKHEHUMU KinbuAMW (He MOKa3aHOo), pOo3TallOBaHy A3epKaribHO- CUMETPUYHO
LWoA0 3rafgaHoi MnepLuoi MarHiTHOI CUMCTEMM BIAHOCHO NMOWMHM P cuMeTpil, po3TalloBaHOl MiX
NepLlod MarHiTHOK cucTemMoro 1 i Apyroo MarHiTHOK cuctemotlo 2. Tak camo, §K i ona npsiMoro
MarHiTHoro pg3epkana Ha ®ir. 9, obnacTtb yTpMMaHHS 3apsioKeHUX 4YacTUHOK, ToO6To 3oHa 206
YyTPUMaHHS Nrasmu, € NAOLWKUHOK CUMETPIl P 3 MarHiTHUM nonem, HopManbHUM NSIOWWHK CUMETPIT B
NIOLWMHI cCUMETPIl.

Tak camo, gk obroBoptoBanocs Bulle y noegHaHHi 3 dir. 9, ak nokasaHo Ha Pir. 10, a Takox
HarnagHo nokasaHe Ha @ir. 2, 3aBAskv BignosigHOMYy BUBOpy reomeTpii KoTywok 11. 12 nepuoi
MarHiTHOI CUCTEeMU Ta APYroi MarHiTHOI cuctemu 2 i CTpymiB, LLO NepeaarnTbCs B HUX, MOXHa AOCAITH
CTBOPEHHSI 30HM 206 yTpMMaHHS 3apsmiKeHUX YacTUHOK Ha OCHOBI MPMHLUMMY MarHiTHOro BigbuTTs
KOHpirypauieto nons, wo Bigobpakae obnacte 1602 3 BiAHOCHO HWU3bKOK LWUINBHICTIO MarHiTHOro
noToky no6nuay nnowuHn P cumeTpii i obnacte 1604 3 BiAHOCHO BWCOKOI LUINBbHICTIO MarHiTHOro
notoky nobnuay kotywok 11, 12,. Kpim Toro, Tak camo, sik i Ha cir 10, AKWo ANBUTUCS MO pagiycy
nosa mexamum 30HM 206, T06TO cnpaBa Ha ®ir. 9, obnactb 1602 no6GnM3y NNOWMHM CUMETPIT
BigOOpaXaeTbCs OMYKNMMKU MNiHIIMM  MarHiTHoro nons, Toai sk obnactb 1604 BigobpaxaeTbcs
YBIrHYTUMMW MiHIAMW MarHiTHOro nons.

Kpim TOro, sk BuaHo 3 nopisHsaHHS ®ir. 10 (i Pir. 2) 3 dir. 9, BignosigHM BUBIp reomeTpii KOTYLLOK i
CTPYMIB, LLO NPOTiKaTb B HUX, OO3BONSAE 3HAYHO 30iNbLUNTU LiMBHICTE MArHiTHOrO NOTOKY B 06nacTi
1604 BIiAHOCHO BWCOKOI LWiMBHICTE MAarHiTHOro noTtoky nobmm3dy koTtywok 11, 12. Le wmoxe
3abesneynTn BinbluMi KoedILiEHT A3epKanbHOCTI, MOKPAaLLyloYM YTPUMaHHSA 3apSmiKeHNX YacTUHOK Y
nnasmi, 3aBaskM 3MEHLLEHOMY KOHYCY BTpar.

Ha @ir.3a i 3b nokasaHo nepwy marHiTHy cuctemy 1, opyry MarHiTHy cuctemy 2 i TpeTio MarHiTHy
CUCTEMY, SIKa MOXE BXOAWUTM B MPUCTPIN yTpumaHHA nna3mu (Pir. 5a i 5b). Axkwo cneuianbHo He
3a3Ha4YeHO HMX4Ye, MarHiTHi cuctemm Ha @ir. 3a, 3b i Ha @ir. 4 mawTb Ti X 0ocobnuBocTi Ta
XapakTepuCTUKK, WO W neplla MarHiTHa cuctema Ta gpyra MarHiTHa cuctema, onucaHi Bulle B
noedHaHHi 3 dir. 1a, 1b, 1c i 2. TpeTa marHiTHa cuctema 3 po3sTalloBaHa pajianbHO 30BHI, BIAHOCHO
oci A i 30HK1 206 yTpyMaHHs nNnasmu.

Kpim Toro, Tpetst marHiTHa cuctema 3, Sk NokasaHo, Moxe OyTu poaTalloBaHa pafianbHO 30BHI
BiJHOCHO OcCi A, nNepLloi MarHiTHOI cuctema 1 i Apyroi MarHiTHoOi cuctemm 2.

Tpeta MmarHiTHa cuctema 3 Mae MNpUHaAWMHI OOHY KOTYLUKY 3 KPYrfo-3aMKHEHUMMW KinbUaMW,
Hanpuknag, SK nokasaHo, nepuy KOTyLWKy 31 3 Kpyrno-3aMKHEHUMU KifbLSMMW, PO3TALLOBAHY Ha Til
)Ke CTOpOHi Big nnowwuHun P cumeTpii, WO i nepwa marHiTHa cuctema, i Apyry KoTywky 32 3 Kpyrmo-
3aMKHEHUMW KinbLUSMU, PO3TallOBaHy Ha MPOTUMEXHIA CTOPOHI Big nrnowuHu P cumeTpii, npu Lbomy
apyra koTywka 32 posTalloBaHa A3epKanbHO-CUMETPUYHO BiAHOCHO nepLuoi KoTywku 31. 3okpema, 3
nocunaHHam Ha ®ir.3b, koxHa 3 nepwoi KoTywkn 31 i Apyroi KOTyWKM 32 Mae CTPYM, L0 NPOTIKaHHS,
KOMW MarHiTHa cuctemMa npaule, Yy HanpsMKy B MNIIOLMHY MONepeyHoro nepepisy (no3HayeHo
XpecTukoMm) 3 niBoro 6oky ®ir. 3b i 3a nnowwmHy nonepeyYHoro nepepisy (No3Ha4YeHO KOJIOM 3 TOYKOI) 3
npaBoro 6oky ®ir. 3c, TO6TO 32 FOAMHHUKOBOK CTPINKOH, SKLWO AMBUTUCA 3BEPXY HA MepLly MarHiTHy
cucTemy.

OTpvmMaHi 3Mo4enboBaHi NiHii MarHiTHOro nons nokasai Ha @ir. 4a i 4b. KoHdirypauisa marHiTHoro
nons nogibHa go koHgirypauii Ha ®dir. 2. 3okpema, yTBOPIETLCS KinbueBa obnactb 206 yTpumaHHs
nnasmu, SK onMcaHo BuLle Yy noegHaHHi 3 dir. 1a, 1b, 1c i 2. dir. 4b nokasye kBagpaHT 3 ir. 4a
KPYMHMM MraHoM. 3aBAsiku BMaCTUBOCTSM CUMETPIi MarHiTHUX CUCTEM BIIAaCTMBOCTI MarHiTHOro nons
Takoro KBagpaHTa AOCTaTHi Ansi Oonucy KoHdpirypauii mons B uWinoMy, TOOTO 3aBOAKWM L3epKarbHin
CUMETPIi BiQHOCHO nnowwuHu P cumeTpii Ta cumeTpii o6epTaHHsa HaBkoro oci A.

Ha ®ir.11 nokasaHo e OAHY KOHirypauio, Ky Moxe MaTu NpUCTPin yTpuMmaHHA nnasmu. Ha
[o4aToK A0 nepLlol MarHiTHoT cuctemu 1 i gpyroi marHiTHoi cuctemu 2 Ha @ir. 10, gk i Ha @ir. 3a i 3b,
TpeTa MarHiTHa cuctema 3 posTalloBaHa pafianbHO Mo3a 30HOK yTpumaHHs nnasmu 206. Tpets
MarHiTHa cMcTema MiCTUTb KOTYLIKM 31 3 Kpyrno-3aMKHEHUMMU KiNbUAMMU.

HopaTkoBo, 3 nocunanHaM Ha dir. 11, sk obrosoproBanocs sue (Pir. 9), KoHdirypadia nons, wo
Bigobpaxkae obnactb 1602 3 BiQHOCHO HU3bKOK LUIMbHICTIO MarHiTHOro MOTOKY No6nu3y nnowuHu P
cnmeTpii i obnacTtb 1604 3 BIiQHOCHO BMCOKOHO LLINBHICTIO MarHiTHOro NoToky noonmsy Kotywok 11, 12,
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CTBOpIOE 30HY 206 yTpMMaHHA ANA 3apsiKeHMX YacTMHOK, 3aCHOBaHy Ha NPMHUMMI MarHiTHOro
BiAGUTTA.

Binbwe Toro, we 3 nocunaHHAM gk Ha ir. 11, Tak i Ha ®ir. 10, aKWO AMBUTUCSA pagianbHO 330BHiI
30HKU 206 yTpumaHHsi, To6TO cnpaea Ha dir. 9, obnacTtb 1602 nobnu3y nnowmnHM cumeTpii Bigobpaxae
YBirHyTi NiHiT MarHiTHOro Nons, SKWO ANBUTUCH 330BHI 30HM 206 yTpMMaHHS nnasmu, Todi sk obnactb
1604 Bigobpaxkae onykni NiHii MarHiTHOro Mons, 3HOBY X TakW, SKWO AWBUTUCH 330BHI 30HM 206
yTpumaHHsa nnasmu. OgHak obnacTb YBIrHyTUX MiHiN MarHiTHoro nons GinbLua, Hix y KoHgirypadii Ha
@ir. 10, wo BignoBigae GiNbLUIA YAaCTUHI NNOLLI YTPUMaHHS NnasMu.

BinbLe Toro, sk i Ha ®ir. 11, Tak i Ha ®ir. 10, BignoBigHM BNGIp reoMeTpii KOTYLLOK i CTPYMIB, O
NpoTiKalTb B HWUX, O03BOMSIE 3HAYHO 30iMbLUMTK LWMbHICTL MarHiTHOro noToky B obnacti 1604
BiJHOCHO BMCOKOi LifIbHOCTi MarHiTHOro noTtoky 6ins koTywok 11, 12, wo 3abesne4vye BMCOKUN
KoeilieHT A3epKanbHOCTI.

Kpim TOro, sik BugHo 3 ®ir. 11 (ta ®ir. 4a i 4b), 3 gonomorow BiAMNOBIAHOrO BMOOPY CTPyMy Mo
KoTywili 31 TpeTbOi MarHiTHOI CMCTEMM MOXHA OOMOrTUCH KOoHQirypauii nonsa 3 pagianbHO CTPOro
3POCTaKYO0 LUINBHICTIO MarHiTHOro NOTOKY B 30HI 206 yTpMMaHHS nNnasmu.

Ha ®ir.12 nokasaHo e OAHYy KOHirypauito, Ky Moxe MaTu NpuUCTpin yTpumaHHA nnasmu. Ha
A0AAaTOK A0 KOoHpirypauii, nokadaHoi Ha ®ir. 11, koxHa 3 BiONOBIAHUX KOTYLUOK Y MEpLUid MarHiTHIn
cuctemi 1 i Apyrin marHiTHIn cuctemi 2 BGyaoBaHa y BignoBsigHe depomarHiTHe ekpaHyBaHHs. Lle
OKyCye MarHiTHe none, Lo 403BONSE OTpMMaTu BinbLuni koedilieHT A3epKarbHOCTI.

Ha 13 nokasaHo we oaHy KoHdirypadito, sKky MoXe MaTtu NpUCTPIin YTPUMaHHA nnasMmu. Y Uubomy
npuknagi koHdirypauii, NopiBHAHO 3 koHQirypauieto Ha ®ir. 12, koTywkn 11, 12, 31 MalOTb KOHiYHi
Ta/abo onykni noBepxHi. Takum 4YMHOM, sik BugHO 3 Pir. 13, Moxe OyTM gocarHyTa KoHdirypauis
MarHiTHOro nons, Ae pagianbHUi 30BHiWHIN nepumeTp 1202 30HM 260 yTpMMaHHA nnasmu, yBecCb
WNax OO TOYKM BiAOUTTA, Mae YBIirHyTi NiHii MarHiTHOro Monsl, a TakoX pagianbHWUA BHYTPILWLHINA
nepumeTp 1204, npy LUbOMY LLINBHICTL MArHiTHOrO NOTOKY € pafianbHO CTPOro 3pOCTaloyoIo.

Ha koxHin 3 ®ir.5a i 5b nokasaHo npucTpin 500 yTpMMaHHS nna3mu, KOXKEH 3 SKMX MICTUTb nepLuy
1 i gpyry 2 marHiTHy cuctemy, ki geTanbHO onucaHi Buwe B noegHaHHi 3 ®ir. 1a, 1b, 1c, 2, i, 3a
OaxaHHsAM, TPeTIo MarHiTHy cuctemy 3, sika AeTanbHO onucaHa B noegHaHHi 3 ®ir. 3a, 3b, 4a i 4b.
KoxeH Takun npuctpii 500 gna yTpyMaHHA nnasMyM MOXe 3acTOCOBYBATMCA B TepMOS4EpPHOMY
peakTopi.

Kpim Toro, koxeH npuctpin 500 gns yTpMMmaHHsa nnasmmu mae kopnyc 208 peaktopa, akuii gobpe
BiQOMMIA y TexHonorii nnasmoBoro cuHTe3dy. Kopnyc peakTtopa, $IK MokasaHo, Moxe Oytu
po3TalloBaHWU MK MepLUO0 MarHiTHOK cuctemoro 1 i gpyroto marHiTHow cuctemoro 2. Kpim Toro,
kopnyc 208 peakrtopa MOXe, sik NokasaHo, po3TalloByBaTUCA pafianbHO BcepeauHi TpeTboi MarHiTHOT
cuctemmn 3, Akwo Taka cuctema €. Kopnyc 208 peaktopa, sik nokasaHo, Moxe 6yTn obepTanbHO
cumeTpuyHum  Haskono oci A, Kopnyc peaktopa 208 posTawioBaHw/ Tak, WO KinbLeBa,
TopoigonoaibHa, 3oHa 206 yTpMMaHHS nnasmu poatalloBaHa BcepeauHi kopnyca 208 peakTopa.

®isnyHi poamipu npuctpoto 500 yTpuMaHHS nna3mm 3anexaTb Big 6aratbox napamMeTpis, Taknx K
TEXHIYHA LWINbHICTb CTPYMY B MarHiTHMX KOTYLIKax, CTYNiHb YTPUMaHHSA anbda-4acTuHOK, BaxaHuin
06'em nnasmu, Towo. Hmwk4ye HaBegeHO TMNOBI PO3MipK, AKi MOXYTb 3abe3neunT XopoLue yTpUMaHHs
anbga-4yacTMHoK i 06'em nnasmu npubnmaHo 15 M3 Npu TEXHIYHIMA LWINbHOCTI CTPYMY B MarHiTHMX
cuctemax 10 A/mm2;

30BHILLUHIN diaMeTp nepLuoi MarHiTHol cuctemn 1 i gpyroi mMarHiTHoi cuctemu 2: 8 M — 16 M,
3asBuyan 12 m.

BucoTa koxHoi 3 kotywok 11, 12, 21, 22: 1,5 m — 3,5 M, 3a3Bu4ant 2,5 m.

ToBwyHa cepaeyHuka 204, BbyaosaHoro B KoTywku: 0,6 M — 1,3 m, 3a3Buyaii 1,0 m.

BioctaHb MK BEpXHbOK KPOMKOK MNepLUoi MarHiTHOI cUCTeMM 1 i HUXKHBOK KPOMKOK ApYyrof
MarHitTHoi cuctemun 2; 4,0 m — 8,0 M, 3a3Bnyan 6,0 m

30BHILLHIM giameTp TpeTboi marHiTHoi cuctemun 3:10,0 M — 22 m, 3a3Buyan 16,0 m.

3MiHIOUN CTPYM KOTYLLKM, MOXHa 3MiHIOBaTU KOHirypauilo marHiTHoro nons, wob kepysatu
nnasmolo, obmMexeHow B 30HI 206 yTpyMMaHHS nnasmu. Hampuknag, mMoxXHa 3MiHUTKM pagiyc 30HM
YTPUMaHHS Niasmu.

Ha ®ir. 5b nokasaHo npuctpii 500 yTpuMaHHS nnasmu, WO Mae BigoOMUN, HEOOOB'SI3KOBUN,
npucTpin 210 MiKPOXBUNBOBOIO HarpiBaHHs Nnasmu, posTalloBaHui y LieHTpi npuctpoto 500 no oci A
i, TaKMM YMHOM, pafianbHO BcepeauHi 30Hn 206 yTpuMaHHS nnasmu.

Kpim Toro, npuctpinn 500 yTprMaHHSA nnasMu MoXe MaTtu BifoMUIN, HEODOB'A3KOBUIA, NPUCTPIn 212
AN BBEOEHHs1 iIOHHOro nyyka, skun Beae B kopnyc 208 i postalloBaHuii pagianeHo nosa 3oHow 206
YTPMMaHHS nnasmu.

IOHHUI NPOMiHb, HaMpUKNag, Wo MICTUTb anba-4acTUHKN BUCOKOI eHeprii, Moxe 6yTn BBeaeHWI
3 gonomorot npuctpoto 210 Anst BBEAEHHS iOHHOrO nydka pagianbHO B obractb nos3a 3oHot 206
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YTPUMaHHsS nnasmu, Micrns 4oro ioHam 3 iOHHOro nyyka Moxe OyTu [Oo3BoneHo apendyBatn B
HanNpsAMKY MeHLIoro paaiycy B obnacte 206 yTpumaHHsA nnasMmu, TUM CaMyMM Harpisaroudm nnasmy, ska
Ha HacTynHin gasi Mmoxe OyTn Takow, WO CaMONIATPUMYETLCS NPW HarpiBaHHi, TO6TO 3ananeHo
nnasmMoto.

Ak anbTepHaTuBa (He MNOKa3aHO), IOHHWA MPOMiHb, Hanpuknag, Wo MICTUTb anbga-4acTUHKU
BMCOKOI eHeprii, MOXXHa BBOAUTW 3 LOMNOMOrOK TaKOro MPUCTPOK ANsl BBEAEHHSI iOHHOro mnyyka
pagianbHO B obnactb BcepeauHi 30HM 206 yTpMMaHHs nnasmu, Micns 4oro ioHam 3 iOHHOro nydka
MOXHa O03BOSNUTU ApendyoTb Y HanpsMKy Ao Ginblioro pagiycy B 30Hi 206 yTpuMaHHS nnasmu, TUM
caMnm HarpiBarouu nnasmy.

TakMM 4YMHOM, KOHCTPYKUiS MPUCTPOK YTPUMaHHA nnasMu BignoBiAHO OO UbOro BUHaxody
3abeanevye OOCTYMN HarpiBanbHMM MPUCTPOSIM SIK HA 30BHILLHLOMY pagiyci, TaK i B LLEHTPi CUCTEMMN.

Ak anbTepHaTuBa, 3HOBY X Taku, nrasma MOXe HarpiBatucsa 3 gornomoroto npuctporo 210
MIKpPOXBUITbOBOIO HarpiBaHHs nnasmu.

Ha ®ir. 6, 7 i 8 nokasaHi B nepcnekTuBi 3 Bupidamu iHwWni npuctpin 500 yTpumaHHa nnasmu, Lo
Mae nepwy 1, apyry 2 i TpeTio 3 MarHiTHi cuctemu, siki getanbHo onucaHo sue Ha dir. 13. MpucTpin
500 yTpumaHHA nnasmm moxe 6yTu BUKOPUCTAHUI B TEPMOSIAEPHOMY peakTopi.

Kpim TOro, sk nokasaHo Ha ®ir. 7, npuctpin 500 yTpumyBaHHA nnasmu moxe mae koprnyc 208
peakTopa, fkui gobpe BiZOMUA Yy TEXHOMOrii NnasMoBOro cuHTesy. Ak nokasaHo, kopnyc 208
peakTopa Moxe OyTuM po3TalioBaHUW pafianbHO BcepeauHi kotywok 31, 32 TpeTboi MarHiTHol
cuctemn 3, pagianbHO BCEPEAMHI 30BHILLHIX KOTYLWOK 22, 12, BigNOBIiAHO, NEPLLOi MarHiTHOT cMcTemMmn
1 i Apyroi mMarHiTHOI cuctemmn 2, a TakoX pagianbHO 30BHI Ta MO OCi BCEpeAMHi BHYTPILLHIX KOTYLIOK
11, 21 BigNOBIAHO NEpPLLOI MarHiTHOI cuctemu 1 i Apyroi MarHiTHOI cuctemmn 2.

Oani, Ha ®ir. 7 nokasaHo depomarHiTHMI cepaeyHunk 204.

HanpwkiHui, Ha ®ir. 8 nokasaHo npucTpin 500 yTpnmaHHa nnasmu, wo mae kopnyci 1500.

Tunosi po3mipy MOXyTb OyTu Takumu. Bknrovaroum kopnyc 1500, npuctpin 500 moxe matu
diametp 6nm3bko 25 M i BUCOTy 6mm3bko 35 M. BHyTpIWHIN giameTp KOTYLWOK TPEeTbOoi MarHiTHOI
cuctemMmn 3 Moxe CTaHoBUTK 6nm3bko 12 M. MiHiManbHa BigCTaHb MiXK BHYTPILLHIMK KOTyLwKamu 11, 21,
Bi4NOBIOHO, MepLIOi MarHiTHOI cuctemun 1 i gpyroi MarHiTHOI CUCTEMM 2 MOXE CTaHOBUTM NPUBIN3HO
11 m.

3rigHO 3 UMM BMHaAxXOAOM, 3aranbHWUA CTPYM Yy CUCTEMI YAacTMHOK, TOOBTO nnasmi, Wo yTpumaHa,
MoXe OyTV HynboBMM abo 6nm3bkum Ao Hyns. Lle moxe npmsBecTv OO 3HA4YHO MEHLU OUHaMivyHOl
nnasmm B MOPIBHSAHHI 3 peakTopaMy Ha TopoifarnbHi OCHOBI, TaKMMKU SIK TOKamaku. Taka MeHL
AVHaMiYHa nnasmMa MoXe MaTu MeHwe npobnem i3 HecTabinbHICTIO nnasmu, KEpoBaHOK CTPYMOM,
Hanpuknag, rBMHTOBO HECTABINbHICTIO.

Hwx4ye 6yoyTb 0OroBopeHi pesynbTaTti MOAENOBAHHS NPUCTPOK YTPUMAHHSA NfasMu BigMNOBIAHO
00 OaHol KoHuenuii BUHaxody 3 nocunaHHam Ha ®ir.14a, 14b, 15, 16 i 17, aki niaTBepoXyoTb
3gaTtHicTe npuctpoto 500 yTpyMaHHs nnasmu obmexxyBaTu iOHM nna3mMum CUHTE3Y. YTPUMaHHS
TepMosaepHol MnasMu O3Hayae YTPMMaHHA IOHIB OeWTepito, iOHIB TpuTilo, anbda-4acTMHOK Ta
€NeKTPOHIB MarHiTHUM nonem B o06'emi nnasmu. Anbga-4acTuHKM, OAMH i3 NPOAYKTIB CUHTE3Y
OenTepito Ta TpUTIto, 3 KiHeTMYHOK eHeprieto 3,5 MeB (6nnsbko 13 000 000 m/c) € HanGiNbL BaXXKMMK
AN yTPUMaHHS YaCTUHKaMW.

Axkwo anbga-yacTuHka MoXe OyTu yTpumaHa, ue CnpuaTMME HarpiBaHHIO Mnasmu Tak, Lo
3ananeHa nnasma 6yage camoniaTpumyBaTucsa yTpymMaHuMmn anbga-vyacTuHkamu. Ons ropiHHA nnasmm
noTpibHa 30BHILLHA €eHepria, ane MeHLWa, HiK eHepria HarpiBaHHs, WO BUMPOONSIETLCA B MPOLECI
TEPMOSAEPHOrO CUHTE3y. Take HarpiBaHHs 3abes3nedvyeTbca anbga-4acTMHKaMu SK MNPOAYKTY
CUHTE3y. TakMM YMHOM, YTPUMaHHSA anbda-4acTUHOK € BaXNUBUM.

HenTepin i TpuTii 06'egHytoThes npy 12 keB (keV) abo HaBiTb HUXYe. YTpuMaTu GinbLu NErkun ioH
Npy MEHLLIN eHeprii HabaraTo nerwe, HiXX BaXXKUI iOH NPW BUCOKIN eHeprii. AKWO anbga-4acTuHKn SK
NPOAYKT CMHTE3y MOXYTb OYTW yTpuUMaHi, TO iOHW OEWTepilo Ta TPUTIlD, a TakoX eNeKTPOHMU, TakoxX
OyayTb yTpMMaHi B TOMY X 06'eMi, TOBTO AKWO anbga-4aCcTUHKN YyTPUMYIOTLCS, TO iOHU AenTepito Ta
TPUTIO Takox 6yayTb yTpMMyBaTuUCS.

lMpoBegeHo ModentoBaHHA TPAEKTOPIN 3apAoKEHUX YaCTUHOK Y MarHiTHOMy noni, po3paxoBaHe
mMeTodoM kiHueBux enemeHTiB (finite element method FEM), nepeBipstoun MOXNMBICTb yTpMMaHHS
3apASKEHNX YACTUHOK.

Ockinbkn cuctema € obepTanbHO-CUMETPUYHOI, ii MOXHA onucatu npu ABOBUMIpHOMY (2D)
MoaentoBaHHi. KpiM TOro, OCKinbku iCHYe A3epkarnbHa CUMETPISs MK [BOMa NepLuold MarHiTHO
CUCTEMOIO Ta APYro MarHiTHOW cucTeMol, nepwunin kBagpaHTt (Pir. 4b, 9-13) mir 6u nosHicTO
BM3HAYUTN BeCb 00'EM cuctemm.

TpaekTopil 4YaCTUHOK po3paxoByBanucd iTepauifiHo, BpaxoBytoum cuny JlopeHua Ha YacTUHKY Ta
Apyrnin 3akoH HeloToHa.
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Ha oir. 14a, 14b, 15, 16 i 17 nokasaHi pe3ynbTaTM OAHOYACTUHHOrO MOAESNIOBAHHA B
KOHpirypadii, obrosoptoBaHin BuLLe y noegHaHHi 3 dir. 6, 7, 8 i 13.

Ha @ir. 14a nokasaHo 3mMoAenboBaHUi LWNSX AeNTpoHa 3 KiHeTu4Hoto eHeprieto 100 keB, a Ha dir.
14b nokasaHun 3mogenboBaHUM LWASAX anbda-4acTMHKM 3 KiHeTU4HOW eHeprieto 3,5 MeB, Tto6To
Takui xe TUNOBWUW, AK MPOAYKT CUHTE3y MiXK iOHOM gentepito Ta ioHoM TpuTito. OBnaBI YaCTUHKKM
YTPMMYIOTBCS B 30Hi YTPUMaHHSA Nnasmu, MarHiTHO BiagbuBarumnch y BigNOBIOHUX KiHLEBUX Toukax. Y
nepwomMy HabnWKEHHI ONs 3agaHoro BEKTOpa MOYaTKOBOI LUBWAKOCTI FPOLEHTP 3apsiaXeHuX
YacTuMHOK Oyae crnigyBaTM 3a 3agaHow JiHiEl nonst M BigbuMBaTMCA B Tid caMi KiHUEBIN Toui
He3anexHo Bi4 KiHETUYHOI eHeprii 4M 3apsgy uYacTuHkM. OfHak, OCKINbKM YacTUHKM OyayTb
Bigpi3HATUCA pagiycamu ripockona (pagiyc Jlapmopa), apend 6yae Bigpi3HATUCS.

Ha @ir. 15, 16 i 17 nokasaHo, BiANOBIOHO, 3MOAENbOBaHI TPAEKTOPIl YTPUMAHHA 3apsaXeHuX
YaCTMHOK 3 MOoYaTKOBUMM pagianbHUMyM nonoxeHHsmmn 1,5 m, 3,0 M i 4,5 M, koxHa pgns
cniBBigHoWeHHs Vz/Vr (OCbOBa LUBUAKICTb A0 padianbHoi wewuakocti) 0,5, 1,5, 2, ANs KOXHOT 3 UMX
KOHGpirypauin.

KoHuenuis BuHaxogy B OCHOBHOMY Oyrna onvcaHa BuLe 3 MOCUMaHHAM Ha NpUKNagu BapiaHTiB
3gincHeHHs. OpHak, 3po3ymino, wo daxiBeub B AaHii 06nacTi Moxe CTBOPHOBATW iHLWII BapiaHTu
30JiMCHEHHS, HK PO3KPWTI BULLE, OOHAKOBO MOXNMBI B paMKax KOHUeMLUii BUHaxoay, Sk ue BU3Ha4YeHOo
dopmyrot BMHaxoAy, Lo A0AAETHCS.

®OPMYJIA BUHAXOLOY

1. MpucTpin gnsa ytpumanHs nnasmu (500), Ak mae:

nepLuy MarHiTHy cuctemy (1), WwWo mae neplly MHOXUHY KOHLEHTPUYHO po3TalloBaHMX KOTywok (11,
12) 3 Kpyrnux BUTKIB, SKi CKnagarTbCa 3:

nepLoi KoTywku (11), BUKOHAHOT 3 MOXMMBICTIO MPOBOAUTU CTPYM B NEPLUOMY HANPSAMKY; i

Apyroi  KOTywkn (12), BWKOHAHOI 3 MOXMMBICTIO MPOBOAMTW CTPYM B OPYrOMYy HanpsiMky,
NPOTUNEXHOMY NEPLUOMY HaMNPSAMKY; Ta

APYry MarHiTHy cuctemy (2), Wwo mMae Apyry MHOXWHY KOHLEHTPUYHO pPO3TalloBaHUX KOTYLIOK (21, 22)
3 Kpyrnvx BWTKIB, pO3TallOBaHWX A3epKaribHO CUMETPUYHO BIiAHOCHO MEpLUOi MarHiTHOI cucTemu
CTOCOBHO nnowmHu (P) cumeTpii, po3TalloBaHOI MiX MepLIO MarHiTHow cuctemotro (1) i gpyroto
MarHiTHOIO cucTeMolo (2), cTBoptoruM KinbLeBy 30HY (206) yTpumaHHa nnasmu B nnowwmHi (P)
CUMETPIT 3 MarHiTHUM NoneM, HopManbHUM A0 nnoLwwmHK (P) cumeTpii y uin nnowwuHi (P) cumeTpii.

2. Mpuctpin (500) 3a n. 1, B AKOMY NepLly MHOXMHY KOHLEHTPUYHO po3TalloBaHMX KOTywok (11, 12)
CKOHCTPYMOBaHO OAHAKOBO 3 APYrO MHOXWHOK KOHLEHTPUYHO pO3TalloBaHMX KOTYLIOK (21, 22).

3. MpucTpii 3a n. 1 abo 2, akuin Mae TpeT MarHiTHy cuctemy (3), po3TalloBaHy pagianbHo 3a
Mexamy 30HKM (206) yTpumaHHA nnasmu, Npuyomy TpeTsd MarHiTHa cuctema (3) Mae LWoHanuMeHLe
ofaHy KoTywwky (31, 32) 3 Kpyrnux BUTKIB.

4. TMpuctpin (500) 3a n. 3, B gkOMy TpeTa MarHiTHa cuctema (3) mMae nepuwy KoTywky (31),
posTawwoBaHy 3 Toro x 6oky nnowwmHu (P) cumeTpii, wo i nepwa marHiTHa cuctema (1), i apyry
KOTywKy (32), posTawoBaHy 3 npoTunexHoro 6oky Big nnowwuHu (P) cumeTpii, npn ubomy Apyry
KOTYLKY (32) po3TalloBaHO A3epKanbHO CUMMETPUYHO Bi4HOCHO NepLUoi KOTYLwWwkK (31).

5. MpwucTtpin (500) 3a 6ygb-akuMm i3 nn. 1-4, B AKOMY NMepLUy MHOXMWHY KOHLEHTPUYHO pO3TalloBaHUX
KOTYLLIOK Y NepLUii MarHiTHIN cuctemMi Ta Opyry MHOXWHY KOHLEHTPUYHO PO3TalloBaHMX KOTYLUOK Y
OPYri MarHiTHi cucTeMi yknageHo y BiANoBigHI hepoMarHiTHi CTPYKTypu.

6. Mpuctpin (500) 3a n. 5, B gkomy depomarHiTHa CTPyKTypa He MOKpMBaE LLOHaWMeHLle OAHY
KOTYLLIKY 3 BiANOBIOHOT MHOXWHW KOTYLLOK Y HAanpsIMKY 0 BKa3aHo! NMOLWUHU CUMETPIT.

7. MpucTpin (500) 3a Oyab-Akum i3 nn. 5-6, B AKOMy dpepoMarHiTHa CTpPyKTypa MiCTUTb oepoMarHiTHy
cTaneb.

8. Cnocib yTpMMaHHs nnasmu, Sk nongarae B TOMy, LLO

y MEPLUIN MarHiTHin cuctemi (1), Wo mae neply MHOXWUHY KOHLEHTPUYHO po3TalloBaHuX KoTywok (11,
12) 3 Kpyrnmx BUTKiB, nepLia koTywka (11) npoBognTb CTPyM y NEpPLUOMY HaMPsSIMKY, a Apyra KOTyLUKa
(12) npoBoAUTE CTPYM Yy APYroMYy HanpsaMy, MPOTUIEXHOMY NEPLUOMY HanpsMKy; Ta

y APYrif MarHiTHin cuctemi (2), Wwo mae gpyry MHOXWHY KOHLEHTPUYHO pPO3TallOBaHMX KOTYLOK (21,
22) 3 Kpyrnnx BUTKIB, KOTYLIKK (21, 22) NpoBOAATb CTPYM A3epKaribHO CUMETPUYHO BiAHOCHO nepLuofl
MarHiTHoi cuctemn (1) cTtocoBHO nnowuHM (P) cumeTpii, po3TalloBaHO! MiX MepLUO MarHiTHOK
cuctemoto (1) i Apyroo MarHiTHOK cucTemolo (2), CTBOpPHOKYM KinbueBy 30HY (206) yTpumMaHHS
nnasmu B nnowmHi (P) cumeTpii 3 MarHiTHUM nonem, HopmarnsHUM 0 uiel nnowmHu (P) cumeTpil.

9. Cnoci6 3a n. 8, 3a AKMM KepylTb YTPMMaHOK MIa3moto, PErynioyn CTpym B TPETIA MarHiTHin
cuctemi (3), posTalloBaHin pagianbHoO nosa 3oHoto (206) yTpMMaHHsa nnasmu.

10. Cnocib 3a n. 9, 3a AKMM NNa3MoIo KEPYOTb, 3MiHIOKOYM pagiyCc 30HN YTPUMaHHS NnasmMu.

10
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11. Cnoci6 3a 6ygb-sikum i3 nn. 8-10, 3a skMM Nnasmy HarpiBalTb, BBOASUN iOHHMIA NMy4OK pagianbHo
B 30HY 3a Mexamu 30HK (206) yTpumaHHa nna3mu abo pagiansHO BcepeavHy 30HU (206) yTpumMaHHA
nnasmMmu, JO3BOIAOYM iOHAM 3 IOHHOro Nyyka apendysaTn B 30HY (206) yTpMMaHHs nnasmu.

12. Cnocib 3a n. 8, skuin 34iMCHIOTb Y TEPMOSAEPHOMY PEAKTOPI.
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