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s Harpesa mra3mel B Tokamake 1CV (Jlozanna, Iseitnapust) B USA®D CO PAH pa3spaboran nepe3apsiHbIi HHXEKTOp cHOKYCH-
POBaHHOTO My4yKa OBICTPBIX aTOMOB AeiTepus sHeprueii 30 k3B, momHocThi0 1 MBT 1 jmutensHOCTBIO 2 ¢. B HOHHOM HCTOYHUKE
9TOT0 MHXXEKTOopa Ui HOPMUPOBAHUS MyYKa HCIIOIb3YETCS MHOTOLIENEBAs TP EXIIEKTPOJHAS HOHHO-ONTHYECKAs CUCTEMA C JJIEK-
TpoJgamu chepudeckoi GOpPMEI 1 SMIUCCHOHHOH o0acThio quameTpoM 250 MM. YTiioBas pacXxoIUMOCTh HOHHOTO ITy4dKa, chopM U-
POBAaHHOTO MHOTOIENICBON HOHHO-ONTHYECKON CHCTEMON, MMEET JOCTATOYHO MaJyl0 BEJHYMHY B HalpaBJICHUHU BIOJb LIeieil, 4To
obecreuynBaeT akKypaTHBII BX0 chOKyCHPOBAHHOTO ITyYKa OBICTPHIX aTOMOB B y3KHil MH)KEKIIMOHHBIH MOPT TOKaMaka. Bo Bpems
(GbopMHpPOBaHUS HMOHHOTO Iy4Ka 3JEKTPOAbl MOHHO-ONTHYECKON CHCTEMBI HArpeBalOTCs BTOPUYHBIMU YacTHLAMU U TpebyeTcs
OXJIQXKJICHUE JICKTPOJOB. [[JIsi MOBBIICHHS NPO3PAYHOCTH HOHHO-ONTHYECKOW CHCTEMBI M MPOCTOTHI U3TOTOBJICHUS OBLI MPUHST
WHEPUUOHHBIH BapHaHT OXJIAXKICHHs JJIEKTPOJOB. Bo BpeMs MMIyibca pOCT TeMIepaTypbl OTPaHWYMBAETCS TEIUIO EMKOCTBIO
9JIEKTPOJIOB, @ MKy HMITYJIbCAMH TEIUIO HMepefaéTcss Ha BOAOOXIAXKIAaeMble MIPUCOCANHHUTENbHbBIE (IIaHLbl 3JeKTpoaoB. [IpoBe-
JNEHHBIH TepMOMEXaHWYECKHH aHaJIH3 MO0Ka3aj, YTO AJISl JOCTM)KEHUS NMPHEMJIEMbIX BEJIUYNH MPOIOJIBHBIX MPOrHOOB IEKTPOIOB,
BO3HHUKAIONINX H3-32 TEPMOYNPYTUX HANPSIKCHUH, HEOOXOJUMO CHIKEHHE KECTKOCTH AIIEKTPOAOB Ha mepudepun obmactu ¢pop-
MHUpOBaHHSA ITydka. Takoe CHHXEHHE OBUIO JOCTHTHYTO 3a CUET BBEJCHHS Pa3pe30B — a3MMYTAJIbHBIX JUIS IJIA3MEHHOTO JJIEKTPO-
Jla ¥ pajinalibHbIX Ul YCKOPSIOLIETO U 3a3eMIEHHOTO JIEKTPOJOB. B craThe mpeacraBiieHbl 0COOCHHOCTH KOHCTPYKIMU U TEXHO-
JIOTMU M3TOTOBJICHUS] MHOTOIIEJIEBBIX 3JIEKTPOI0B HOHHO-ONTHYECKOIT CHCTEMBI.

KiroueBble CJI0Ba: HHKEKTOPHI IIYYKOB OBICTPBIX aTOMOB, HOHHO-ONITHYECKAsi CHCTEMa, MHOTOAIEPTYPHBIE JIEKTPOABI, TEPMOMEXaHMU-
YecKue e opMaIiuu.
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To heat the plasma in the TCV tokamak (Lausanne, Switzerland), a charge exchange injector of a focused beam of fast deuterium
atoms with an energy of 30 keV, a power of 1 MW and a duration of 2 s has been developed at the INP SB RAS. In the ion source
of this injector, a multi-slit three-electrode ion-optical system with spherical electrodes and an emission region with a diameter of
250 mm is used to form the beam. The angular divergence of the ion beam formed by the multi-slit ion-optical system is suffi-
ciently small in the direction along the slits, which ensures accurate entry of a focused beam of fast atoms into the narrow injec-
tion port of the tokamak. During the formation of the ion beam, the electrodes of the ion-optical system are heated by secondary
particles and cooling of the electrodes is required. To increase the transparency of the ion-optical system and ease of manufacture,
an inertial version of cooling the electrodes was adopted. During a pulse, the rise in temperature is limited by the heat capacity of
the electrodes, and between pulses, heat is transferred to the water-cooled connecting flanges of the electrodes. The performed
thermomechanical analysis showed that in order to achieve acceptable values of the longitudinal deflections of the electrodes aris-
ing from thermoelastic stresses, it is necessary to reduce the stiffness of the electrodes at the periphery of the beam formation
region. This reduction was achieved due to the introduction of cuts - azimuthal for the plasma electrode and radial for the acceler-
ating and grounded electrodes. The article presents the design features and manufacturing technology of multi-slit electrodes of
the ion-optical system.
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BBEJEHMUE

s HarpeBa miasmel B Tokamake TCV (Jlozanna, IlIBeiinapus) ncnonb3yercs paspaboranusiii B UIHCTHTY-
te snepHoit pusuku CO PAH uHxkekTop mydka aToMoB jaedTepus sHeprueii 30 k3B, MmomHOCTRIO Myuka 1 MBT
Y JUTTENBHOCTHIO UMITyNbea 70 2 ¢ [1]. IIpsmoyronbHbI HHXEKIMOHHBIH mopT Tokamaka TCV umeer oTHOCH-
TENBbHO HEOOMbIIYIO BbIcOTy 170 MM 1 mmpuHy 220 MM, 4TO HaKJIaAbIBaeT TOBOJLHO KECTKUE OTPaHMYCHUS HA
HavyalbHBIA pa3Mep My4yKa U €ro yrioBYH pacXxOJMMOCTb. Mallblil BEpTUKAIBHBIN pa3Mep MOPTA HE MMO3BOIHII
WCTIONB30BaTh pa3pa0OTaHHYIO paHee TPUOJHYI0 MOHHO-ONTHYECKYIO CHCTEMY C KPYIJIBIMH OTBEPCTHAMH U
OaymrcTUYeckor (OKYCHPOBKOH 3a CuéT cepuueckoit Gopmsbl aiekTpogoB [2]. [loaToMy i yMEHBIICHUS
HOTEPh IPH NMPOXOKACHUM ITydKa Yepe3 MHIKEKIMOHHBIA MOopT Obuia pa3paboTaHa MHOTOLIENEBas TPEXIIIEK-
TPOAHAs HOHHO-ONTHYECKAasi CHCTEMa ¢ OaJTHCTHUECKON (DOKYCHPOBKOW. YTIOBas pacXOAUMOCTh IMy4Ka BIOIb
BEPTUKAIBHO PACIIONOXKEHHBIX LIEJIEH TOCTATOYHO Majia, U B pe3yibTare cPOKyCHPOBAHHBIM MyYOK OBICTPBIX
aTOMOB C JUIMOTHYECKUM CEUCHHEM MPOXOJHT Yepe3 HHKEKIMOHHBIA OPT ¢ MpHeMIIeMbIMU TToTepsiMu. B cra-
The MpeCTaBIeHa KOHCTPYKIHS MHOTOLIETIEBBIX 3IEKTPOAOB MOHHO-ONTHYECKOH CUCTEMBl HHXKEKTOpPA, TIPHBE-
JICHBI Pe3yIbTAaThl MOJCIUPOBAHUS TEPMOMEXAaHUUECKHUX Ae(opMaLunii 3JEKTPOJOB U KPATKO OMHUCaHa TEXHOJIO-
TSI UX U3TOTOBJICHUSI.

JEKTPOJbIl HOHHO-ONITUYECKOM CUCTEMBbI

OOmwmii BUA nepe3apsAHOro MHXEKTOPa MOLIHOTO ITy4Ka OBICTPBIX aTOMOB ACHTEpHs AJIsl HArpeBa I1a3Mbl
B Tokamake TCV moka3zan Ha puc. 1. MoHHbII ucTouHNK GopmupyeT c(hOKYCHPOBAHHBIH ITy4OK HOHOB JeHTe-
pust ¢ TokoM 10 45 A u sneprueit 1o 30 k3B. ChopMupoBaHHBIN TyHOK HOHOB J1ajiee mepe3apsKaeTcsl B aTOMBI
B T'a30BOM MMIIEHU HelTpanuzaropa. Hemepesapsusiinecs HOHBI OTKIOHSIIOTCS MarHUTOM U TOMNAJai0T B BO-
JooXJIaxaaeMblil MpruéMHUK. OTKauKa WHKEKTOPHOTO Oaka MPOW3BOAWTCS YETHIPbMsI KpHoHacocaMu. s u3-
MEpPEHHsI MOIIHOCTH MOJIY4YE€HHOI'0 Iy4Ka ObICTPhIX aTOMOB Ha BBIXOJE HHXKEKTOPHOro 0aka MPHUCTHIKOBAaH pas-
JIBIKHOU KaJTOPUMETP.

B 1oHHOM HCTOYHUKE, TIOKA3aHHOM Ha PUC. 2, TUNIA3MEHHBIN SMUTTEP CO3MaETCs MHIYKIMOHHBIM BU-paspsaom.
Jnst hopmMupoBaHUs MMydKa JIeUTeprsi UCIIONIB3YETCsl MHOTOIIETIeBast TPEXAIEKTPOIHAS. HOHHO-ONTHYECKAs CHCTEMa
co cepruuecKrMH AIEKTpoJiaMu. B pe3ynbrare YMCIeHHBIX pacuéToB M OKCIICPUMEHTATIBHBIX HCCIieIoBaHuH |3, 4]
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Puc. 1. VHXeKTOp MOIIHOTO My4Ka OBICTPBIX aTOMOB JeiTepust
JUI HarpeBa IUTa3Mbl B Tokamake 1CV: 1 — HOHHBIN MCTOY-
HHK; 2 — IOBOPOTHBIH MAarHuT; 3 — My4YOK OBICTPBIX aTOMOB;
4 — xanopuMeTp; 5 — KpHOHACOCH; 6 — HeHTpamu3arop; 7 —
y3€eIl IPUIEeTNBaHNs
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Puc. 2. Cxema MOHHOTO MCTOYHMKA. 1 — Tra3o0BBIH KiIalaH; 2—
BHYTPEHHUII MarHUTHbIA 3KpaH; 3 — BHEUIHUH MarHUTHBIH 9K-
paH; 4 — mmasmeHHbli BU-sMuTTep; 5 — HM30IATOpHEINA y3en
HMOHHO-OIITUYECKOM  CHCTEMBI; 6 —  3JIEKTPOJbI
OINTHYECKOH CUCTEMBI; 7 — HeHTpaau3aTop

HOHHO-
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Obuta BEIOpaHa MOKa3aHHAs HAa PHUC. 3 TEOMETPUS SUCHKH MOHHO-ONTHYECKOW CHCTEMBI C OMUCCHOHHOH IIEIBIO
mmpuHOi 3 MM u JuuHOHM 47 MM. M3MepeHHas yrioBasi pacXOIUMOCTh OTAENBHOTO My4Ka, c()OPMUPOBAHHOTO
1IeneBo sueikoi, cocrapmsier 10 Mpa B HalpaBlIeHUH BAOJb MU U 22 Mpaj B HAaIlPaBICHUHU MONEPEK MICTH.
[lenwn pacmonoXeHsI ¢ maroM 6 MM B Kpyre ¢ auamerpoM 250 mm. O0mast mpo3padyHOCTh TIA3MEHHOTO AIIEKTPO-
Ja umeeT Benuunny 45%. @oKycHOe paccTOSHIE HOHHO-ONTUYECKOH CHCTEMBI cOCTaBIsIeT 4,1 M.

3,0 _ 3,5 35 a

N 7/ 3| 4 i6
45$Z 44,0

Puc. 3. OtnenpHas meneBas sueiika HOHHO-ONTHYECKON CHCTEMBL: g — pa3pe3 SUCHKH, 6 — BUJ MIETH [UIa3MEHHOTO 3JIEKTPOJIa CO CTO-
POHBI IIA3MEHHOTO MHTTEPa

[Tna3mMeHHBIN 37IEKTPOJI SABJIACTCA HauOoJIee CIIOKHBIM ISl M3TOTOBJICHHMS, TOCKOJIBKY MMEET HEOOJNBIIYIO
TOJIIIMHY CETOK M IICIH ¢ (pacKkaMH. DJICKTPOJ WU3TOTOBJICH M3 XPOMOLMPKOHMEBON OpoH3bl Mapku BpXIp.
DTOT MaTepHas uMeeT BhIcoKyro TBEpaocTs HB 1% = 110—140 MIla, TemmonpoBoaHocTs A = 366 Br/(M-Tpax)
U 3JICKTPOIIPOBOJAHOCTh XPOMOIIMPKOHUEBON OpPOH3bI, OJU3KKHE K Melnu. Bricokas TBEPAOCTh MaTepuaa Ias-
MEHHOTO AJIEKTPO/Ia He0OX0AnMa [T oA AepKaHus chepruueckoit POpMbI CETOK.

[lepen HauaIOM MEeXaHMYECKOW 0OpPaOOTKH BCE 3arOTOBKH IPOBEPSUTUCH HA TBEPAOCTH IO IIKane bpuHen-
ns1. Eciu TBEpIOCTh KaKOM-IMOO0 3arOTOBKU OKa3bIBAJIaCh HIDKE TPeOyeMOW BEIMYHUHBI, TO €€ MOJABEPraiu Jo-
MOJTHUTENLHON TEepPMHUUECKOH 00paboTKe (cTapeHHI0) /Ui MoMydeHus HeoOxoaumoil TBéproctu. [locme atoro
NPOU3BOIMIIACH TOKapHasi 00pabOTKa 3ar0TOBKHM JUIS TOJydeHHUs TpeOyeMoro nmpoduiist anekTpoaa (puc. 4).

280,0
; ]
|< 26,0
o
- _ﬂf' — o ‘
b (8
213 - ¥
o™ T
ERE 2280,0 ]
| |
|, |ID: ! [ l - 3 I
] |
L Lwl - ©0323,0 .
l @356,0
l . -

Puc. 4. 3aroroBka I1a3MeHHOTO AJIEKTPOJia [ociIe TOKapHOH 00paboTKu

B niporniecce TokapHO# 00pabOTKH KOHTPOIIb pa3MEPOB MTPOBOIUIICS HA H3MEPUTENbHON MamuHe «ONTOHY.

[Tocne TokapHO# 00paOOTKH 31MeKTpo noaBeprajcs (pesepHoi 00paboTKe B CIEHUAIBHON aJFOMUHHEBON
orpaBke ¢ (OpMUPOBAaHHEM LIEJEBHIX Ma3oB. B mporecce 06paboTKH Ma30B, MOCe ONPeAeIEHHOI0 KOJINYEeCTBa
orepaluii, MPOU3BOAMIICS KOHTPOJIBLHBIA 00MEp paJlyCOB BHYTPEHHEH M Hapy»KHBIX cdep anekrpona. Eciu pas-
MEpBI HE COOTBETCTBOBAJIM HOMHMHAJIBHBIM, TO CETKY ITOJIBEPrajli TEPMOPUXTOBKE B CTAIBHOM OIpaBKE, KOTOpast
MMeJa pa3Mephl, COOTBETCTBYIOIINE HOMUHAIBHBIM pa3MepaM paanycoB cep npu temneparype He menee 800 °C.

®pe3epoBKa IIeJe IEKTPoAa BBHIMTOIHSIACH CHAYajla ¢ BHYTPEHHEW CTOPOHBI AJIEKTPOJa, a 3aTeM C Ha-
pyxHoii. [locie ¢pesepoBku Iiesell B INIA3MEHHOM 3JIEKTPOAE JIEKTPOHCKPOBOM 00pabOTKOM Mmpope3ainch
a3UMyTaJIbHBIE M1a3bl HY>KHOH T€OMETPHUH.

3aroToBKM BTOPOTO U TPETHETO AJIEKTPOIOB M3rOTABIMBAIUCH U3 TPEX DJIEMEHTOB — JHUCKa M3 OpOH3BI
BpXllp, obeuaiiku u diaanna u3 meagu M1 meronom naiiku B Bakyyme. Onepanuy o o0padOoTKe 3TUX 3JIEKTPO-
JIOB IPOBOAMIIUCH B TOM K€ TIOPSIZIKE, YTO U JUIsI IEPBOTO.
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Bo Bpems hopMupoBaHUS IMydKa dICKTPOIBI HOHHO-ONITHYECKOW CHCTEMBI HAarpEeBaIOTCSl BTOPHYHBIMH Jac-
TUTIAMU U TpeOyeTcs OXJIaXIeHHE NEeKTPOIOB. TumMIHOe 3HaUYeHNe MOIITHOCTH HarpeBa KaXkJ0To U3 DJIEKTPO-
IIOB cocTaBisieT ~1% OT MOTHON MOIIHOCTH IMy4Ka. DJIEKTPOAbl HOHHO-ONTHYECKOH CUCTEMBI yCTaHOBIICHBI Ha
(bmaHIax ¢ BOMSHBIM OXJIQXKICHHUEM, YTO 00ECIIEYUBACT OTBOJI TEIUIA OT AJIEKTPOJOB B MPOMEKYTKE MEXKIY HM-
MyJECaMH [UTHTEIHHOCTHIO 5 MUH.

PE3YJIbTATHI MOJAEJUPOBAHUA TEPMOMEXAHUYECKHX JJE@OPMAIIMNA SJIEKTPOIOB

Pacuétsl pacnpenenenuii Temneparypsl U nedopmanuii
B AJIEKTPOAAaX MOHHO-ONTUYECKOH CHCTEMBI IPOBOAMIHCH C
UCIIONIb30BaHueM mporpammuoro komruiekca ANSYS [5].
Pacnionoxenue 1mesneil B Ha4aabHOM BapHaHTE IIa3MEHHO-
ro 3JeKTpoAa IIOKa3aHO Ha puc. 5. PesymbraTel pacuéra
pacrpeneneHuii TeMIepaTypsl 1 MpOoIoabHON Aedopmarnun
3TOr0 BapHaHTa IUIA3MEHHOT'O 3JIEKTPO/a B KOHLE UMITYJIb-
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ca MporpeBa IIUTEIBHOCTBI0O 2 C U MOIIHOCTBIO 12 kBT

MMMHMMMMMMHMMM

MpU HA4YaJIbHOU Temreparype 31eKTpoJoB 22 °C moka3aHsbl

sLELLELLLLLLLLLLL

MMMMMMHHHME

Ha puc. 6. MakcumainbHas TeMmIepaTypa IOCTUTaeTcsi B
LIEHTpE 3JIEeKTPoJa B KOHIE UMITyJbca IPOrpeBa U COCTAB-
nset 105 °C, a uyepe3 300 ¢ ocTeIBaHMA TOCIIE UMITYJIbCa

(300 ¢ — may3a MeXay UMITyJbCaMH) TeMIIepaTypa B IICH-

Puc. 5. Pacnonoxxenue mjeneil B Ha4aJlbHOM BapuaHTe Tpe 2NMEKTPOIa CHHKACTCS 10 23’7 °oC. HpO(bI/IJIb TeMrepa-
MJIa3MEHHOTO 3JIEKTpOaa

Max
105,78

96,475
87,166
77,857
68,547
59,238
49,928
40,619
31,309

22

1,5939
1,4168
1,2397
1,0626
0,88547
0,70838
0,53128
0,35419
0,17709

0

Min Min
Puc. 6. Pacnipenenenvie Temmeparypsl (a) 1 pojiosibHast Aedopmariust (6) mia3MeHHOT0 SJIEKTPOoa B KOHIE MMITYJIbCA JINTENBHOCTHIO 2 ©
Max Typsl anektpoaa depe3 300 ¢ mocie pabodero MMITyibca

23,755 MoKa3aH Ha puc. 7. MakcuMaabHOE CMEIICHHUE BIOIb ONTH-

23,56 YECKON OCH B IICHTPE JJEKTPOJa UMEET BEIMUUHY 1,5 MM.
23.365 Takast BemuIrHA CMEICHUS SBIACTCS HEAOITYCTUMO OOJb-
IO, TTOCKOJIBKY COM3MEpPHMa C BETTMYMHOW 3a30pa MEXIy
23,17 IJIa3SMEHHBIM MW BBITATHBAIOIIUM 3JICKTPOJaMU. B sTom
22,975 ciydae (OPMHPOBAHKE OTIENBHBIX MYYKOB U3 3JIeMEHTap-
22,78 HBIX IIEJIEBBIX SYeeK OyaeT HEONTHUMAbHBIM M OHH OyIyT
MMETh 3HAYUTENBHYIO YTJIIOBYIO PacXOAMMOCTh MOIMEpEK
LIEJIEH.

I[J'ISI YMCHBIICHUA nporn6a MJIa3MCHHOI'O 3JICKTpOAa

22,585

22,39

22,195 OBUIO PEIEHO CHITh TEPMOYNPYIHe HAIPSHKEHUS 3a CUET
22 BBEJICHUSI Ha nepuepurd SMUCCHOHHOM O0JIACTH a3uMy-
Min
Puc. 7. Ilpoduns TemrepaTypbl IUTa3MEHHOTO SIIEKTPOJA i
gepes 300 ¢ mocie HMITyIbCa YacTH DJEKTPOoJa MEXJy HMITylbcaMHu 3aTpyAHEH. [l

TalbHBIX Ma30B. [Ipu 3TOM OTBOJ TeIUIa M3 LIEHTPaIbHOU
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OpraHU3alUU JOTOTHUTEIHFHOTO TEIIOChEMA B IIEHTPAIBHON YaCcTH ICKTPOia ObUT BBEACH JTOTOTHUTEIBHBIN
KOHCTPYKTHUBHBINA 3JEMEHT— IUIOMAJKA OXJIKIACHUS, KOTOpas MEXaHHUYECKH COCIMHSCTCS C OOOBIIIKOM,
CKBO3b KOTOPYIO MPOXOJUT OXJaxkaaemas Bonoi TpyOka. TpyOka 3akperuieHa Ha Kpasx 3JEKTpOJAa CHAPYKH
OT pa3pe30B IS CHIDKEHUSI MEXaHHYECKOW HArpy3KH Ha pabouyro 4acTb.

Pacuérnpie npodrim HarpeBa ¥ MPOIOIHHON AedhopMalii OKOHYATEIFHOTO BaApUAHTA MJIa3MEHHOTO DJICeK-
TpOJa 3a UMIYJILC JJIMTSILHOCTHIO 2 ¢ MOKa3aHbl Ha pUC. 8. MakCUMalIbHBIA HATPEB 3JICKTPOJIa 32 MMITYJIbC
coctaBui 106 °C, TemmepaTypa B EHTpE AEKTPOIa K clieAyromemMy uMiryibey (octeiBaane 300 ¢) cHmxaercs
1o 37,1 °C (puc. 9), MakcumanbHas npojaosibHas jaedopmanus umeer Benmuuny 0,09 mm. [lonydeHHble 3Haue-
HUS TEMIIEPATyPhl M MPOJOIBHOTO CMEILEHHS IIAa3MEHHOTO JJICKTPO/IA SIBJISIOTCS BIIOJHE JIOIYCTUMBIMHU.
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106,02 87,35 68,679 50,007 31,336 0,091268 0,070579 0,049889 0,0292 0,008611 37,118 33,758 30,398 27,038 23,678
96,686 78,015 59,343 40,672 22 0,080923 0,060234 0,0395450,018856 —0,0018336 35438 32,078 28,718 25,358 21,998

Puc. 8. IIpoduis Harpesa (@) u gedopmanust (6) OKOHYATEILHOTO BapraHTa riasMeH- Puc. 9. Ilpoduns Temreparypsl IUIA3MEHHOTO
HOTO JICKTPOJa 32 UMITYJIbC ATUTEIBHOCTHIO 2 € anekTpona gepes3 300 ¢ mocie pabouero uMITysbca

Bropoii, BEITSArUBarOMuUil 3JIEKTPO UMEET NPOTHKEHHYIO IMIMHAPHUIECKYIO YacTh, B KOHIIE KOTOPO Iepes
NPUCOEAMHUTENBHBIM (IIAHIIEM PACIIONIOKEHBI OTBEPCTHS TSl AOTOIHUTEILHON OTKAYKH ACHTEPHs U3 3a30pOB
MOHHO-ONTHYECKON cUcTeMbl. Hanmuune mumuHIpuyeckoil 4acTH MO3BOJIMIIO MCTIONB30BaTh pajualibHbIE pa3pe-
3Bl JAJIs1 CHIKEHUS KECTKOCTH 3JIeKTpoia Ha nepudepun padouelt odnacti. PaguanbHele pa3pe3bl HE MPEsATCT-
BYIOT OTBOJy TeIjia OT pabouel yacTu 3eKkTpoja. PesynpraTsl pacuéra pacupeneieHuil Temneparypsl 1 npo-
JOJBbHOM eopMaliii BapHaHTa BBITATHBAIOIIETO AJIEKTPO/Ia B KOHIIE HMITYJIbCA IPOTPeBa JJTUTEIBHOCTHIO 2 C
1 MomHOCThIO 12 KBT noka3ansl Ha puc. 10. MakcuManbHbIN HarpeB 3J€KTPOAa 33 UMITYJIbC UMEET BEIUUUHY

‘ Max Max
- 93983 0,30698 I
85,984 I 0,2723
77,986 | 0,23761 |
| 69,988 | 0,20202 |-
‘l\l 61,99 0,16823
| | I . o395 |
I ll I' 45994 | 0,008859 |
I ' 37,996 0,06417
29,998 0,029484
22 8 -0,0052031
Min Min

Puc. 10. Pacnipenenenue TemnepaTypsl (@) 1 poaoibHas AedopManust (6) BEITATHBAIONIETO 3JIEKTPOAA 32 UMITYIIBC JIIUTEIBHOCTBIO 2 C
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B.X. Amupos, A.U. I'opbosckuii, B.1. laBbinenxo, I1.I1. Jeituymu, A.A. Banos, B.A. Kanuronos, B.B. Mumarus u jap.

93,9 °C, Temmneparypa B IIEHTpE JJIEKTPOJa K CIEIYIONEMY UMITYJIbCY CHIDKaeTcs mo 27 °C, MakcHMabHas
npoaosbHast aedopmaitist umeeT BennauHy 0,3 MM (3TOT BapHAHT BBITATHBAIOIIETO 3JIEKTPO/1a ObUT PUHST IS
MPUMEHEHHUS B HIOHHO-ONITHYECKOW CHCTEME HOHHOTO MCTOYHHKA WHKEKTOPA).

KoHcTpykius TpeTbero, 3a3eMIEHHOTO IEKTPO/Ia OJ00Ha KOHCTPYKIIMH BTOPOT'O 3JEKTPOJa, U Pe3yJibTa-
Thl TEPMOMEXAHUYECKUX PacuETOB ISl TPETHETO AJIEKTPOAa OJIM3KUA K pe3yiabTaTaM pacu€ToB JJIsi BTOPOTO
AIIEKTPOJIA.

3AK/IIOYEHUE

B nacrosmiee BpeMs MHXEKTOp My4yKa OBICTPBIX aTOMOB JIEHTEPHs C ONMCAHHON MHOTOILIEIEBOW HOHHO-
ONTHYECKOW CHCTEMOM YCIICIIHO MCIOJIb3YeTCsS B SKCIEPHMEHTaX 10 HarpeBy IUia3mbl Ha Tokamake TCV [6].
Pemenust, npuHATHIE 1Is1 KOHCTPYKIIMM MHOTOLIENEBBIX 3JEKTPOJIOB HOHHO-ONITUYECKUX CHCTEM, TaKKe MOTYT
OBITH MCIONB30BaHBI AJISI HOHHO-ONTHYECKUX CHUCTEM APYTHMX HMHKEKTOPOB. B To ke BpeMs yBeluueHHE IJIH-
TENBHOCTH MUMITYJIbca MHKEKIMH MyYKa OBICTPHIX aTOMOB MOTPeOyeT Mepexoa K HOHHO-ONTHYECKUM CHCTEMaM
C UHTEHCUBHBIM OXJIaKJACHNEM BHYTPEHHUMH BOJITHBIMU KaHaJaMH.
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