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OBIII;A.ff XAP AKTEPMCTMKA P ABOTbl 

AKTYaJibHOCTb npooneMbI. YcKopeHHbie TH)KCJJble HOHbl Haxoµ;HT Bee 6orree 

wupoKoe npIIMCHCHlIC B pa::3lIII'IHbIX 06.rraCTHX q>yHµ;aMCHTaJJbHOH <plI3l!KII: lICCJJC

~oBaHim CTPYKTYPhI ~µ;pa n Hµ;epHbIX B3aHMoµ;eii:cTBnii:1 ~HHTene HOBhIX_ cBepXTH

)KC:IhIX 3ITCl\.ICHT0B II nerKIIX Hei'npoiimm6hI'.I'O'IHbIX II30TOilOB, Haxoµ;Hll.lIIXCH B6nn-

3l!. rpaHIIUhI cTa6HnhHOCTn23 II .T.µ;. Ily'IKII TH)KeJJhIX HOHOB. npnMeHHIOTCH µ;nH · 

IICClJC)J;OBaHIIH B o6naCTII 8.TOMHO_H <plI3IIKII, µ;irn pellleHirn npnKnaµ;H~X II TexH0JJO

rIPICCKl!X naµ;a'I. 

lliiTepec K 3T0MY irnnpaBneHIIIO IIccneµ;oBaHIIH noµ;TBep)Kµ;aeTcJI TeM; 'ITO no

cne BB0~a B :µ;'ei'icTBlie' KpynHhlX ycKopnTeneii: TH)K~JJhIX IIOHOB Y-400 JIRP OIIRII 

(.I(y6Ha), II UNILAC GSI (repMaHIIH) C03p;aH TPeJCUIIKJJOTpOHHbIH yciopnTellb

HbIH KOMilITCKC GANIL (ct>paHUIIH), B'npouecce Harraµ;KII Haxoµ;IITCJI ycKOplITCllb

Hb~ll KOMillJCKC Y-400 '+ Y-400M omrn (.I(y6Ha) II MH0rIIC µ;pyrn:e. BKopoTKIIH 

:nepimµ; ~.1987 no.1989 roµ;hI ocy11.1ecTBneH nanycK_ IIOHHhIX HaKonnTeneii: IUCF 

, co?ler (CIIIA), TARN .2 (Hnomrn), TSRMPI (repMaHIIH), CELCIUS (IIIBeUIIH). 

Co:Jµ;aeTcH TH)KCJJ()II0HHhIH HaKonIIT~llh _COSY (<t>Pr) n_,npoeKTIIpyeTcH HaKonn

TenhHoe KOJJhUO B OI:IRI:I (,Il;y6Ha). 

K ~~BpeMeHHbIM ycKopIITCITbHbIM KOMillJCKCaM TH)KCJJbIX II0H0B npeµ;'bJIBlJHIOTCJI 

B~e 6onee ~CCTK~e Tpe6oBaHIIJI no IIOBbIIIICHlIIO 3HeprlilI II ~HTCHCIIBHOCTII ycKO

peHHbIX ny'IKOB, o6ecne'IeHIIIO µ;onroBpeMCHHOH CTa6IIJJbHOCTII ny'!Ka, CHII)KCHIIIO 

3HepreTII'ICCKOro pan6poca ny'!Ka µ;nH npoBeµ;eHHH npeUII3lIOHHbIX nccneµ;oBaHIIH 

B o6nac:rn Hµ;epHmi cneKTpocKonnn. KpoMe Toro, B nocn~µ;Hee BpeMH noBbI11Iae_TCJI 

IIHTepec K ycKopeHHbIM ny'!KaM peµ;KIIX II paµ;noaKTIIBHbI~ II3CJT0ilOB. 

Oµ;HIIM II3 COCTaBHbIX 3lJCMeHT<JB ycKopIITellbHOro KOMillJCKCa, BO MHOrOM onpe

µ;enHIOI.1.1ero ero. napaMe,TphI, JIBrrHeTcH IIOHHhIH iicTo'IHIIK. B. HaCTOHI.l.le·e BpeMH 

IlO'ITII Ha BCCX. KpynHhIX TH)KClJOIIOHHbIX ycKOpIITC~X 3anaµ;HhIX CTpaH_ IICil0llb-

3YIOTCJI 'ncTo'IHHKII 8IJ;P-Tnna (ncTO'IHIIK _c HarpeBoM nnanMeHHhIX_ 3JJCKTpoHoB 

CB'I-BonHoii: B o6nacTII 8neKTpOHHoro IJ;~KnoTpoHii:oro ProoHaHca). lfo cpaBHe

HIIIO c Tpaµ;;IIUIIOHHbIMII µ;yroBbIMII IICT0'IHIIKaMII, 8IJ;P-IIOHH~C IICTO'IHIIKII_o6na

µ;aIOT .· cneµ;y10I.1.1IIMII OCHOBHbIMII npeIIMYI.I.ICCTBaMII: 

1Greiner W. Past and future of heavy ion research. -In: Proc. of the Symposium" 10 Years 
of Uranium ·Bea. at the UNILAC, April· 2-4, 1986, GSI Darmstadt ... -GSI-86-19 report 1986, 

p.507-553. . , . 
. . 2Oganessian Yu. Ts .. Transmendelevium elements: the present and the foture.-Proc of the 
'Robert A. Wel~b Conf~re~ce 0~ Chemic~! Recear~h XXXIV ''.Fifty years with transu~anium ele
ments". October 22-23, 1990, Houston, Texas, p.159-197. 

'· • 3Oganessian Yu: Ts., Penionzhkevich Yu. E., Ter-Akopian G. M. Investigations of exotic nuclei 
· in o·ubna; -In: Proc. 'of the Int. ·conf. on Exotic Nuclei, 1-5 October 1991, Foros, Crimea. -World 

Scientific, Singapore, 19G~'J!~~:~!i";.-::~;"~·;;;-:-;;::-.~ l -+:'J',·) ·~"i!-ot .. ·.;\.!ltJ;,5tJ ~·~1-~-•.r;.•...._:-,,. ~- f, 
' r 
~ f':1;!.'··.$,-.·!i:JJ;~ nc;; ,.; ~ 
fi r::t:·1;:',.j'L·•,;"'-.:,~·.·•-,_. fi 
1·;, Y~-~-t ..... ,;-.:J. !v'h,.,-,· ,+ ~··· .. ~ 
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• IICTO'IHIIK He IIMeeT 6bICTpopanpy1IIaIOll.\IIXC.lI B rrpou;ecce pa6oTbI 'IaCTefr 

, ( TaKIIX, K:aK ~a Tog gyro~oro II~TO'l~~Ka), 'ITO ocfecrre'IU;~ae~ ero Hap;c;irnyIO, 

CTa6IIJI:6HyI<f HerrpepbIBHYIO-pa6oTy-B-?e'leHIIU-Me C.lID;eB-(grr.lI-ranoB) ;, 

• :meprII.lI arreKTpoHOB He orpaHII'leHa HarrpmKem1eM pa3pJIµ;a, 'IT6 rrpmiop;nT K 
' ,< • .-

HarpeBy rrrranMeHHhIX arreKTpOHOB µ;o µ;ecJi:TKOB KaB. KpoMe Toro, crieu;nan:6-. ' . 

HM KOHq>IIrypau;IIJI'MarHIITHOro IIOJI.lI IIOBbIIIIaCT BpCM.lI HaXmK)];CHII.lI mm,a B 

o6rracTII IIOHimau;IIII, 'ITO B KoHe'IHOM nTore o6ecrre•mBaeT rr6JIY'.IeHuc•1ioHoB 

C 6orree BbICOKIIM nap.lI)];OMj 

• HII3KOe p;aBJieHIIe HCHTpan:en B IIOHII3aD;IIOHHOH,KaMepe, o6bI'IHO HaXO):\.lill.\C

ec.a B p;IIarranoHe 2x10-,7 Topp rro:JBOJI.lieT nHa'lnTeJibHO YMCHhllIIITh IIHTCHcn

BHOCTh IIpOD;eCCOB rrepenap.lI)];KII II O~CCIIe'IIIBaeT HI13Kym ra:JOBYIO Harpy~Ky 

B JIIIHIIII TpaHcrr,opTIIpOBKil II ycKOpIITerre, 'ITO rrpnBO)];IIT K CHII,Kemnq IIO

. Tepb IlOHHOr_o IIY'!Ka B rrpou;ecce e~o TpaHCIIopTIIpOBKII II ycKopeHII.lI; 

• II3-3a cerreKTIIBHoro Harpe:sa IIJiru::JMeHHhIX arreKTpOHOB B o6rracTII 8U:P' IIOHbI 

~cTaIOT~.lI "xo~O)];HbIMil". 8HepreTII'l~CKI1,ll pan6poc IIOHOB B rry
0

;;KC co'cT,~-

BJIJieT o6hI'IHO BeJIII'l~HY ~OP.lIA~~ 5:x:Q aB (Q - nap.Ilg noHa), · 

• t1MIITTaHc rry'!Ka µ;mt 8U:P-IIcTo'IHIIKOB o6bl'IHO He rrpeBbIIIIaeT Berrn'IIIHY rro

p.!Ip;Ka 200 7r MM :Mpaµ; rrpII Harrp.litKeH~II t!KCTpaKD;IIII 10 KB, 'ITO II03BOJI.lICT 

ocyll.\eCTBlI.lI!h aqiq>eKTIIBHYIO TpaHCIIOpTIIpOBKY IIY'!Ka o_T IIOHHoro IICTO'I~ 

HIIKa go ycKOpIITCJI.lI IIJIIl q>II3II'leCK<?H MIIIIIeHII. 

Cc>BpeMeHHbie 8TI;P-iicTO'IHIIKII II03BOJI.lIIOT rrorry'laTb .!Ip;pa,arreMCHTOB µ;o Mac

Chl 20 c IIHTeHCIIBHOCTbIO go 1 MKA. ,Il;rr.lI 6orree T.lltKCJibIX IIOHOB ypoBeHb B 1' MKA 

rrpnXO)];IITC.lI Ha Kr25+ II Xe32+. McrrorrhnOBaHIIC 8U:P-IIcTO'IHIIKOBHa cyitiecTBy

IOll.\IIX yciopIITCJI.lIX rronBolIIIJIO rrorry'IIITh Cj'll.\CCTBeHHhIH BhmrphIIII. B ·aHeprnII, 

IIHTCHCIIBHOCTII IIY'IKOB, Hap;etKHOCTII pa6oTbI II p;IIarran6He ycKOp.lICMhiX IIOHOB. 

ll;enb pa6e>ThI: 

1. Conµ;aHIIe IICT0'1HIIKa IIH~CHCIIBHbIX IIY'IKOB MHOronap.lI)];HbIX IIOHOB 8U:P

TIIIIa. 

2. llccrrep;oBaHIIe q>II3II'ICCKIIX II _TexHII'ICCKIIX ycrroBIIH IIOlIY'ICHII.lI. MHoro:Ja

p.!I)];HbIX IIOHOB B 8U:P-IICTO'IHIIKC. 

Hay'IHrui: HOBHOHa: 

1. BrrepB:i::re B OIIJIII II cTpaHax-y-qacTHIIu;ax co:Jp;aH IICT.O'IHHK IIOHOB 8U:P

. THrra, o6ecrre'IHBaIOll.\HH rrony'leHHe IIHTCHCHBHbIX IIY'IKO~ MHorcma1rn·p;HbIX HC;H·()B 
' ' • • 1 • ~ - ' • > ; 

BIIJIOTb µ;o KCCHOHa. 

2. BrrepBbIC )J;lI.lI IICTO'IHHKa 8U:P-TIIIIa IIpIIMCHCH r,em::arroJih c·KOHIJ;CHTpaD;IH'ii 

2 

MarHIITHoro IIOTOKa B·pa6o-qeii o6rraCTH,'COCTO.llll.\HH H3 12 O)];HHaKOBbIX Tparreu;n° 

II)J;a.'lbHbIX CCKTOpOB. 

, ----3;-:-8KcrrepliMCHTaJibHO 06Hapy:lKeHo, 'ITO B 8U:P-IICTO'IHIIKax C KJiaCCII'leCKOH ' I . 

i, 
·" 

I 

l 

l 
\'f:' 

MarHIITHOH KOH<pnrypau;11eii OIITIIMaJibHOe pacrrpegerreHIIe MarHHTHOro IIOJI.lI B)];OJih 

OCII IICTO'IHIIKa .lIBJI.lieTC~ cyry6o HeCIIMMeTpII'IHhIM. 

IIpaKTH'Ie
0

~K~· n;eu~OCTb p1160-'rbl. 

' 1. Congamie IICTO'IHIIKa Bhl~~KO~~T(iHCIIBH1'.IX rry'IKOB MHoronap.lI/:(HbIX :uoHOB 

II03BOJIJICT cyll.\eCTBCHHO. paCIIIIIpIITb. B03MO:lKHOCTII CJll.leCTBYIOll.\IIX ycKopIITerreii 
. ' . . . ' .. ' . : ,, ' ' . ; ·.' ,, 

MHoro3ap.1I)];HbIX IIOHOB. KaK C TO'IKU 3pCHII.lI IIHTCHCIIBHOCTU IIY'IKOB MHoro::m-; 

p.!Ip;HbIX IIOHOB, TaK II c TO'IKII 3peHII.lI MaKCIIMaJibHon: 'a·Hepruu IIJ'IKO~ T.lI:lKerrhlx 
UOHOB. 

-2. IloBbillleHne aqiq>eKTIIBHOCTII pa6oTbI ycKop:rrTerreii T.lI:lKeJibIX IIOHOB 3a C'leT 

CYll.\CCTBeHHOr<;> .yJieJIII'leHII.lI Bp~MCHII HerrpepbIBHOM pa60TbI IICTO'IHIIKa, a TaK:lKe 

na C'IeT 6orree aqiq>eKTIIBHOro IICIIOJib30BaHII.lI pa60'!IIX'BCll.\CCTB, 'ITO IIMeeT IIC

KlIIO'IIITCJibHOe 3Ha'leHIIe rrp~ pa6oTe 'C goporoCTO.llll.\IIMII pa3gerreHHbIMII. II30TO
rraMu. 

3. Mcrr
0

0Jib30Ba~ue: pe3y
0

~hTaTOB uccrregoBaHIIM )];lI.lI C03)J;aBaeMoro B HaCTO.lI

.ll.lee Bpe~.lI KOMII~KTHO~O 8U:P~II~TO'IH~Ka )];JI.II ~~KlIOTpoHa Y-,400M II p~3pa60TKII 

opnruHaJibHO~o 8U:P-IICTO'IHIIKa )J;JI.ll rrorry~eHII.lI IIY'IK~B p~~IIoai;II~HbI; IIOHOB. 
'A~po6an;u.H pa6oTbI. ' : 

·PenyrrhTaTbI ~poBep;eHHoii pa6oT~ g0Krr~g1,rnarrnc~ Ha XIX MetKp;yHapop;Hoii 

KoHq>~pCHIJ;IIII ~o JlBJICHII~~ B l1oH~30BaHHbIX fa3a~, (Berrrpaµ;', 
0

IOr~ClI~BII.lI 1989), 

V Me)Kp;yHapop;HoM CnMrro3uyMe no IICTO'IHIIKaM EBIS u IIX rrpnMeHeHIIIO (.IJ:y6Ha, 

1991),:I MetKp;yHapogHoM CeMIIHape HJ.IM no YcKopuTeJI.lIM (KneB, 1991), X Bce

coIO~Hoii K~Hq>epeHu;~u no IIo~TO.lIHHhIM MarHuTaM (Cy3garrb 1991), Pa6o'!eM 

co;ell.laHIIU IIO McTO'IHIIKY MoHOB C 8rreKTpOHHO-D;lIKJIOTpoHHbIM Pe30HaHCOM , 

(.IJ:y6Ha 1991), XII ·u.xm poBell.\aH~.lIX IIO YcKopHTCJI.lIM 3ap.lI:lKeHHbIX t:racTIID; 

(MocKBa 1990, . .IJ:y6Ha 1992), 3 EBporr~n:c~oii KoHq>~peHu;nu ll? YcKop~TClI.lIM (Bep

lIIIJ!, ct>Pr 1992) KIIeB.CKOM CeMIIHape IIO ¢II3IIKC II TexitIIKe IiHTCHCII~HbIX Mc

TO~H~KOB Mo~o~ II MoHHbIX Ily~K~B (K~~B 1992, 1993), MetKp;yHapop;Hoi°i IIIKorre-

CeMu~ape no '<t>II~IIKe T.lI:lK~JihIX MoHOB (~y6~a, 1993)', JI MetKgyHap<>gHoM Pa-

6o'!eM CoBell.laHniI no CBt:r-u3rry'leHu10 B IIrranMe (HII:lKHIIii HoBropog 1993), 11 

MetKp;yHapop;HOM Pa60'1eM·CoBell.\aHI1i1 IIO 8U:P-IICTO'IHIIKaM (rpoHIIHreH,· rorr

JiaHp;II.lI, 1993),·5 MetKp;yHapogHoii KoHq>epeHu;uu no McTO'IHIIKaM MoHoB (IIeKIIH, ' . 
KII'raii, 1993).:' 

Ily6.riuKan;uH~ ·OcHOBHoe cogeptKaHue pa60Thl orry6rruKoBaHo B 26 pa6oTax. 

CTpyKTypa' H O 6'beM. µ;HccepTall;HH • .IJ:uccepTaD;II.lI COCTOIIT II3' BBC)];CHII.lI, 

'ICTbipex rrraB, 3aKJIIO'ICHII.lI H CIIIICKa lIHTepaTyphlj cogep:lKIIT 111 CTpaHIIIJ; Ma~ 
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IIIIIH0IIHCH0I'0 TeKcTa, B TOM 'IIICJie 66 pIICYHK0B, 7 Ta6~IIQ II CITIICOK ~IITIIpyeMOlI CO,IJ;EP)KAHHE P ABOTbl 

'JIIITepa;yp'bI II3 127 HaIIMeHOBaHIIII. , , , , , , :, 

------.Ha oaIIJ;HTY BblHOCJITCJI cneµ;y10m11en·oJIO)l{eHH.H,peoyJibTaTbI,paopa----.. -1 Bo BBeµ;eHHH n0Kanam1 aKTya::rhH0CTb con;:i:amrn IIC,i,O'IHIIKa,~rnoronapJI;:tHbIX 

6oTKH: IIOHOB SUP-T1ma, irpuBoµ;rrTCJI KpaTKoe cogep)KaHJre ;:i:nccepTatimr. 

1. IIorryqemre MHOronapJIµ;HhI~ uoHo~ npII IICIT~llh:JOBamm oiHoCHTeJihHO m,r;- . 

KIIX qacTOT CBlf-HaKa'IKII B nHa'IIIT~ITbHOH ~;eneHII naTpyµ;HeHo ~poQCC

caMII nepenapJI~KII MHOronapJI~HhIX IIOHOB Ha He!ITpMJIX. IlpII •rncToTc Ha

~aqKII 14 rr~ KOH~eHTpaQIIll H~iiTpaneii Ha OCH pa3p1111;HOII KaMephI npc

HC,6p'e)K~MO Malla II np~~e~Chl irepenap11µ;KII _BHOC11T HenHa'!II;e~hHhlll BKrraµ; 

B noTepII MHOI'03apJI)J;HbIX IIOHOB. ' 

. 2. Panpa6oTaH II· conµ;aH SUP-IIcTQ'IHIIK MHoronap11µ;HhIX. IIOHOB c qacTOTOII 

HaKa'IKII' 14 - 14.5 rr~. llcTO'IHIIK o6ecneqIIBaeT noJiy'ICHHC nyqKa IIOHOB 

Ar8-l: c IIHTCHCIIBHOCThIO 6onee 100 MKA, a IIOHOB NB+, ,II 07+ II Ar
1
H c 

IIHTCHCIIBHOCThlO 6oJiee 15 MKA · B HenpephIBHOM pe)KIIMC., 
I 

3. IlpII IlOBblllICHIIII MOll.lHOCTII CBlf-HaKa'IKII IIHTCHCIIBHOCTII II3BiICKaeMhIX 

UOHHbIX ny'IKOB B~COK03ap11µ;Hoii qacTII cneKTp~ MOHOTO~H~ ~o~pacTaIOT. , 

Ilp,11 µ;ocTn~eHIIII anpeµ;eJieH~OI'O npeµ;ena B nrranMe B03HIIKaIOT IICYCTOH'III-
• ' • • : • > • \ 'f . 

B0CTII, CB1!3aHHhie C µ;ocTII)KCHIICM KplITII'ICCKOll ITJIOTHOCTII _nJia3_~hl II rpa

p;IICHTaMII TIJIOTHOCTII, IlJ>IIB01);11il.lIIC K CHII)KeHIIIO BpCMCHII 'yµ;ep)Ka:HII11 liOHOB 

II CHII)KCHIIIO IIH~CHCIIB~O~TII II c~~6JIJihH~CTII II;BJICKaeMOI'O IIOHHO~O ny<IKa. 
. , ,, ' . . . ' ' ' ' 

4. llcnOJih30BaHIIE; µ;op:OlIHIITCJihHhlX JICI'KIIX ranoB npII TIOJIY~ICHIIII MHorona
0 

I I • 

p~p;HbIX HOHOB Tll)KCJlhIX 'aneMeHTOB Il03BOlI11CT TIOBbICIITh IIHTCHCIIBHOCT_II 

II3BJieKaeMhlX TIY'IKOB MHOronap11µ;HhIX II0HOB II cymecTBCHHO CHII3IITb pace 

,xoµ; pa6o'Iero ra:Ja. 

5: llcriorrh:JO~aHIIC KBanmiMTIYllhCH~ro peiKII~a' CffLJ-nIITaHirn Il03BOJ111CT TIO-' 

rry'IaTh IIMTIYllhCbl TOKa MHOronap11~HhlX IIOHOB µ;rrIIT~llhHOCThIO rv 1 M(: C 

aMillIIITyµ;oii, B 27;'\ pa6 npeBbIIIIaromeiI ~Ha'ICHIIC llOHHOI'O ;oKa BO BpCM11 
. , ' .'' . ' '. ' ", 

CB1I-11Mnyrrhca. Ilp11 <JTOM qacToTa crreµ;oBaHII11 IIMITYllhCo'B MO)KCT µ;ocTII-,. . . -~ . 

I'?'Th 50 I'~. 

6. OnTIIMMhHOC 3Ha'!CHlle MaI'HllTHOI'O IT0JI11, B paiioHC 3KCTpaKil;IIll IIOHHOI'O 

ny'!Ka JIC)KIIT.B.µ;11ananoHC 0.75 - 0.8.T:11 0TlllI:aeTCJI HC:JHa'IIITCllhHO µ;mr 

pa:JJIII'!HhlX K~mcp11rypaQ11ii MarHIITHoro r:roJI11. IloBbIIIIeHIIC ypoBH11 MarHIIT

Horo norr11. B paiioHc nepBoii cTyncHII IICT0'IHnKa µ;o BCJIJI'Im~hl ,1.2 - L3 T 

IlJ>IIBOIJ;IIT K YBCJIII'ICHIIIO IIHTCH.CIIBH0CTII ll3BJieKaCMOI'0 lIOHHOI'O IlY,IKa. 

4 '· 

, I 

i 
I 

1 

1 

J 
I 

,:,:. 

IlepBa.H rJiaBa ilocBJill.lCHa 66nopy <pII31l'ICCKl,IX II TCXHII'ICCKIIX acne~TOJ3 co-· 

nµ;amrn SUP - l!CTb'IHII{oB.IIOHOB. Pacc1IOTJ>C~bl a:re:IICHTilJ>H.bIC npoueccbI B n;xan

MC IICT0'IHIIKa, IlJ>II_BO;J;Illl.llIC K IIOTCJ)JI11 ;I oGpanoBaHIIIO 1IH0I'03apJI;:tHbIX IIOHOB. 

IloKamlHo, 'ITO ocH0BHhn.r npoQecco:11 noTcph IIOHOB B ·n::ran~rc SUP-ucTo'IHIIKa 

JIB;JJICTCJI ncpcnapJip;Ka Ha HCIITpa:rnx. Ha ocH0Bamm npocTOII :110;:i;e::ru npoBc;:teHhl 

0QCHKI! K0HQCHTpaQmr HCIITparrcii Ha 0CII pa3pJill;HOIVI Ka:\ICJ>hl ;J;;JJI IICTO'IHIIK.OB, pa-

6oTaKimux, Im panrrrr~rni.r~ •mbOT;l~, p<':JY;JhTitThI -K~T~phlx' npIIBC~CHbl B Ta6~11~J 
1.' , ,.. , , , , , . ' . , 

Ta6nHu;a 1. 3Ha'ICHIIJI npoGcro~ u KOHQCHTJHt1\Ii11 ttex"rTp,wcii 

p11µ;HOII Kauepbl µ;:rn HCCK0ilhKIIX xapaKTCJ>HbIX 'IaCT0T HaKa'IKII. 

f(I'I'Q) Dk(cM) nc(n,i-3 ) T (c) l;(11n.1)' 1N~.r(n-e:1) 

2.45 10 3.5x1010 l.6x10-s 90 2xl010· , ,· 

'6.4 9 2.5xl011
' 2.2x10-c; 11 6 X 108 

' 

lQ, .. 7 0.6xl012 9.2x10-7 4.6 ,, 2x1Cl7 

14 7' l.2xl012 4.6x10-7 2.3' 9x103 

16 7· l.6xl012 3.4x10-7 1.7 4x101 

Ha 0CII pan-

f ~ 'IaCTOTa: HaKa'IKH, Il _, IJJI0THo'CTh nri,im.thl, Dk - gna11icTp panpJip;Hoii Ka:IIeJ>hl, 

-~ ,'L. -BJ>CM11 II np66cr HciiTp,i.~hkoro llT0Ma go IIOHil3clQIIII, ,N,.,, ~ KOHQCHTPHQII~ 

HeiiTparreii Ha o.c11 panpJIµ;Hoii KaMepbr. 

IloKanaHo, 'ITO IlOJIY~IeHIIC MHoronap11µ;HhIX II0H0B npn 11CIT0Jih30BaHIIII,'IaCT0T 

HaK,l'IKlI MCHee,10 rrQ B nirn~IIITCJihHoii CTCTICHII naTpyµ;HCH0 HHJill'UIC:11 BhICOKoii 

KOHQCHTpaQl!UHcii:Tpane:ii ~ nmmMc. Ilp1rncµ;cm> omrcamrc KoHcTpyKQllii Hl'CKo::r.h-
• , • " • l 

Kn~ SUP~IICTO'IHl~KOB n paccMoTpCHhl B0:JM0)KHblc nyTn yny•iIIIcmrn nx xapaKTP-, 

· pucTnK.na,-c:•rcT. ucnoJih3oBaHI~JI cMeccii rancrn, noBhIIIICHIIJI •racToThI_ HaKWIKII n 

06ll.lCI'O ypoBH111-mI'HIIT~OI'O TI0JI~, UCTI0Jih30BaHirn IIMTIYJihC'H0I'0 JH')Kin.fa pa60TbI. 

Bo BT Op OH, rJiaBe npC)IJ;CTaBJICHhl pmyrrhTaThl IIC'CJICJJ;OB<Urnu_ :\ta KC Ta ,SUP. i' 

IICTO'lHUKa C 'HlCTOToii m1Ka'IKII 2.45 rrQ. :Ha MaKCTC IICT0'IHl!Ka (Pn~. 1 ). TIPCA-
• • • -• , I ' • 

cTaBJIJIK>ll.\CM ,1m ccGJI o~H<?M~µ;oBhlii pcnoHaTop, HaCTpoc>HHhiii Ha }.mµ;y TE1·11 .. 

norry'ICHhl IIOHhl an,oTa µ;o N3 +, npn CYMlllaj)HOii IIHTl'HCIIBH0C'TII, H(' npeBhIIIIaIO

il.lCii HCCK0JihKIIX MK~ .. 

ivfaKcnMaJihHoc nornoll.lPHII<' CB'I-BorrI~hI nm1m,wHHhI11n1 am'KTJ>0Ha111n ocyme

cTBJI11Jioch H<l BCJ)XHcrn6pnµ;m.1111 peaom1HC"I' II II!\I<'JI0 HC'l'Ta0IIJihHhlfr xapaKTPJ>. Ilo-
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PHc. 1. CxeMa '3Kcnep~rk1eHTclllhHOlI ··y~:T
0

aHonK'u II CITCKTp IIOHOD 
anoTa. 1 - . KBapn;en~ . BaKyyMHa:ir· °K~Mepa;. 2,: - / nnbir,. ran,( 3 - riri~p; 
CBlf, 4 - pe30HaTop, 5 - IIOHHhIII IlJ"IOK, 6 - p;eTeKTOp pcHTrCHODCKOro 
II:JJIJ"IeHIUI, 7 - KaTyWKII . 

' ' . ' ' 

rry<JeHHbie penyrrbTaTbI II03BO/IIIITII cµ;enaTb BbIBOµ; 0 Heo6xoµ;IIMOCTII IICIIOITb30Ba

HII.!I 6onee BhlcOKII~ <Jac~~T HaKa<JKII II M~oroMoµ;oBoro penoHaTopa in.II ~ony<IeHII.!I 

MHoronap.!Ip;HbIX IIOHOB.' ' 

B TpeTheH l'JI~Be rrpirnoµ;~TC.!I ~IIIICaHIIe KO~CTpyi~n~ HOHHOro IICTO'!HIIKa 

DECRIS (Dubna ECR Ion Source), c~eMa
0

~0TOporo IIpIIi::i~µ;HTC.!I Ha p~c.2:, 

HcTO'IHIIK COCTOIIT nn_µ;Byx CTyrremiiI: CTyrreHn rrpeµ;~apnTeITbHOH IIOHnna~nII, 

rµe o6panyeTCH XOITO/J;Ha.!I rrnanMa II OCHOBHOH CTyIIeHII c KOHqmrypa~neiI ''MIIHII-. 

MYM B" ,. rµ;e .rrpoIIcxoµ;nT Hapa6oTKa MHoronapHp;HbIX noHOB. H.cTO'IHIIK ·TaKJKe 

B~mo~aeT ~ ce6.H CB~-~IICTeMy, Ba~yyMHy10° c~dT~lv1~ II ~dc;eMy BBoµ;~ pa6~<JIIX 
• : • ' ' , • , I i J j ': : •.' : ): • ', , '. , .- ' _ / , '. : ,', , : \ ' ~ 

BC~CCTB. 

OcHOBHOH cocTaBIT.!IIO~eH 8U:P-IIcTO'IHIIKa, orrpeµ;enHIO~eiI ero CTpyKTYPY II 

B03MO;KH<:icTn, HBJI.!IeTcH MarHIITHa.H cIIcTeMa. Om1 BbIIIOITHHCT o~HoBpeMeHii:0°p;Be 

<pyHK~nII: yµ;ep::is:aHIIC nmim.ibI II conµ;aHne ycnOBIIH µ;nH penoH;;,HCHoro rrorno~eHH.!I 

CB~ -;meprIIII 3rreKTpoHa1m rrrranMhl.: PenmiaH~Hoe rrorno~eH:Ue · 0Heprii:II rrponc-

xoµIIT B o6iracTII ;)ITCKfpoHHO~~HKJIOTpoHHoro 
0

penoHaHca. . , ' . 

Ilpe;:i;BapiI
0

TeJibHbIC paC'!CTbl MarHUTHOH,CIICTCMbI rrpo:aoµ;nnIICb C IIOMO~bIO rra

KCTa rrporpaMM POISSON, KOTOpbIH II03BOJI.!ICT paCC'JMTblBaTb OCCCMMM'epII'IHble 

MarHIITHbIC KOHqmrypa~IIII II3 KaTyUieK Ii M.!II'KOI'O )KCJiena, a TaK )KC µ;ByMepHhle 

cuc-reMbI IIn nocTOHHHbIX MarHIIToB.'0,a;HaKo HanU'IIIe B pacc<JUTbIBaeMOH cIIcTeMe 

MYJibTIIIIOIT.!I rrpIIBO/J;IIT K ,, yTpaTe OCCBOH' CHMMCTpHII 'II Tpe6ye'l' npoBep;eHU.!I. p;o

IIOiIHHTCJibHbIX TpexMepHbIX pacc<JeToB, T: K. ·BnaIIMop;eiicTBIIe KpaeBhlX rioneiI reK-
. . " : . carro.:rn C coneHmIµ;arrbHbIM IIOJieM MO)KCT rrpIIBCCTU K B03HHKHOBCHHIO rrapannT-

6 \, 
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~ fffl t8 ~ 
Ka.Tyru~11 .. reKcarrom, Msi;rKoe :>Kene~o ,II30IT5I'.l'0P 

PHc. .2. CxeMa IICTO"IHHKa MHoronap5.l)J;HhIX IIOHOB DECRIS 

Hbrx" penoHaHcoB B paiioHe GKCTpaKQHII II BBop;a CB~~MO~HocTn._ ,OKOH<JaT~nbHble 

pac'!CT:W: rrpOBO,IJ;IIITIICb C IIOMO~bIO rraKeTa rrporpaMM, IICIIOJib3JIO~IIX II:HTerpaJib

HYIO MCTOl];IIKY II II03BOJI.l!I,O~~x rrp·o~:mBO,IJ;IITb paC'JCTbl TpexMepHOH KapTIIHbI Ma-
· l'HIITHOI'O IIOIT.l!.' 

' . 

ct>opMIIpOBaHIIe' aKCIIaJibHoro MarHIITHoro IIOJI.!I IIOH_Horo IICTO'JHIIKa ocym;e-

_ CTBJIHCTC.!I C IIOMO~bIO oxrraJKµ;aeMblX B0,IJ;OH MC,IJ;HblX COITCHOII,IJ;aITbHbIX KaTyUieK. B 

OTJIU'JHII OT' ncTO-'IHHKa: MINIMAFios,: rp;e p;~ oxrraJKµ;eHiIH KaTyUieK rrpIIMCH.!I

CTC.!I C:rre~IIaJibHa.H MarIIcT;anb c µ;aBrreHII~M oxrraJKp;aro~eiI JKII~KOCTII 20 KI'/ cM2 ; 

B IICTO'JHIIKe DECRIS UC~OJib3JCTC.l! o6~aa MarIICTpanb OXJiaJKµ;eHIIJI c'p;aBJICHHCM 

,IJ;IICTHJIJIHTa: 6Kono 5 KI'/ cir\ '!To rrpnBoµ;nT K orpaHII'ICHIIIO p;rrIIHbI npoBop;HIIKa B 

K;;,T)'UIKax. ,II;ii.ir o6ecrre~eHII.l! Heo6xo~IIMoro KOITII'ICCTBa. aMrrep-BIITKOB,KaTyllIKU 

II~~K;; MeH~UIIIH ~HCUIHIIH p;IIaMeTp n 6onbUiyro, no cpaBHCHUIO c rrpoTOTIIIIOM, -

irpoTHJKCHHOCTb. CiicTeMa K;;.TyriieK o6erre<JHB!1CT ccinµ;airne nepKanbHOH KOHqmry

pa~IIII ~·aK B_ KaMepe rrpep;BapIITCJibI_IOH UOHIInaQIIII TaK II B ocHOBHOH IIOHIInar:iir-

. OHHOH KaMepe. Pac'!CTHOC H U3MepeHil:O~ pa~~p~p;erreHH.l! MarHnTHOl'O IIOJI.!I _Ha OCII 

IICTci~HIIKa IIpIIBC,IJ;CHbl Ha pIICJHKC 3. Il0Tpe6IT.1ICMaH ~aTJUIKai,m 3ITCKTpII'IeCKalI 

MOn{HOCT:b IIpII TOKe 1000 A COCTaBnJieT 130 KBT. ,II;rr.!I o6ecrre<JeHII.!I peryrrnpcJBKII 

pacrrpep;eireHU.!I 
0

MaI'HIITHOl'O non.II IlIITaHire KaTyrireK ocy~eCTBn.!ICTC.!I OT _µ;:syx Bbl-

'rrp.!IMHTCJICII'•c• HC33.BIICHMOII peryrrirpOBKOI°i:'. 

,II;iui ~opMHpOBaHU.!I pap;IIa.J:IbH~H KOMIIc:JHeHTbl MarHHTHOrO-IIOJI.!I B OCH~BHOH 
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B) 

@'JlJ!f!:> 
-~··~ 

~ffi~ 
.4 .. KoHcTpyKIJ;MM reK.carroJieH. 

CTyrreHil lI0HH0I'0 lICT0'IHHKa DECRIS 6brna panpa6oTaHa KOHCTpyKQIDI reKca-
. . ' ' . - ,_ . ·., , .. ; . . . ' 

,rromI, 06ecrre'lnBaIOID;aJI K0HQeHTp~lIIO MaI'HlITH0I'0 II0T0Ka BHYTPil pa6o'lell 06-

na~Tll .. fe~c~•OITb C0CT0lIT Il~ 12 ng~HT~~m;;~ Tparr~QHIIg~nb~bIX ce~TopoB. Il3 

N dFeB, nMe10rn;m~ . coC>TBeTc;ay10uiee . HarrpaaneHI~~ · HaMaI'HlI'l~HHo_cTn. (P~cA~). 

Am~.norn'IH~re KOHC;pyKQII~·ncrron~3Y~Tc~ rrp~ c~3~aHn~ HeH~H~rio'n~c~bIX ~HH3 
. .· ' ., . . , . ; ' . . ....... ; ! - '. ·-, ·.· ' 

pannn'IHOH MJITbTlIIIOITbH0CTII. 
. . ' '. . . ',, ' - -

feKCaIIOITb IIMeeT BHyTpeHHilll gIIaMeTp 7 CM, orrpegenHeMhill gIIaMeTpOM HO~ 

HH3aQIIOHHOH KaMepbI. Tom~~nHa re~c~rronH g~n~H~ 6~Th AOCTaT~'!Hoii gn:H co3ia
HHH Heo6xog~MOH B~ITII'llIHhI MaI'HH~~or~ 'rro~H II BMecTe c '-reM MIIHII~ttnnpo;aHa. 

C_ T~'!Kll 3p~HII~ JMeHbllieHIIH Beca, ~ cnegoBaTeITbHO lI Q~HbI reKcanon~'. KpiJMC 
- .. - ' ' - -, '·, . 

Toro, yaenn'leHne ero aHemHero gnaM~Tpa rrpnaog~IT. K ao3pacTaHHIO .. gnm.1eTpa 

coneHOIIgaJibHbIX KaTymeK n, KaK cnegcTBIIe, 3Ha'!IITenhH0MY yacmpreHHIO IIOTpC-

6nHe1'I~ll MOID;HOC~~- ,Il;nH Bhr6opa aHemHero gnaMeTpa reKcarronH 6bIJIH rrpoaPgCHhI. 
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PHc. 
HHKa: 

5. ToriorpaqmH MarHIITHoro rrorrJI no i3Topm'i cTyrrem1·11c'ro"'I-

paC'ICTbI 1i'arHIITHOI'O IIOITH gnH I'<:'KCarroneii pa3:IIl'IHOII TOiIID;IIHhI. CornacHo pac, 

'ICTaM 6bIJI BbI6paH BHCIIIHIIII ;i;m111cTp I'CKcarronH 190 1IM . .il:aHHaH KOHCTPYK~IIH 

rcKcarronH n cneQ1rnnhH0 p,wpa6oTaHHaH TCXHononrn ero c6opim o6ecnc~m:ra B03-

MO)KHOCTb nony,iemrn acmP-IIIHhI 1mrH1ITfloii 1rn;i;yKQ1m Ha pa6o•refr noBCJ>XHocT11 

I'CKCano_nH, npeBbIIIIaIOrn;eii 1 T rrpH HepaBHOMCpHOCTII IlOiIH Il0 a31111YTY ;1ICHCC 

3%: 
Tonorpaqnrn ccf>opMI!pOBclHHOI'O MllI'HIITHOI'O nonH B OCHOBHoii IIOHlma~IIOHHOii 

KaMcpe :UoKU3aHa Ha puc.5. Pc30HaHCHaH mrncpxH0CTh Brcs ~ 0.5T cm.nwTpwrno . '. ,, . . ' ' . ' . ., ... ·., ··, 

pacnoITO)KCHa BHYTPII lIOHII3aQUOHHOII KaMepbI lI HIII')J;C HC ncpeceKaCT ('(' CTeHoK. 

MarHHTHoc none paBH0MCpHo ao3pacTacT OT yppBHH. npn6mr3I!TcnbHo 0.4 T B 

~CHTpe KaMCJJbI p;o 1 T Ha ee noeepXH0CTII. 

B Ka•recTBc CBt.I-reHepaTop,i' ncnonb3oaaii: BhrrrycKa~Mbiii cepniim>· nepe;i;aT

'IIIK cnyTHIIKoaon: C1:3H3H, pa6oTaro~nfr B i:111anan0Hc 14+ 14.5Tf~. YcnmITf'nor 

M0ID;H0CTH HBnHeTCH MHOI'OpC30HaT0pHbIII KITHCTp0H _B03gyllIHOI'O. ox:r.rn.,:p;eHIIlI C 

BbIXO)J;HOH M()Ill;H0CTbIO go 2.2 KBT n nonocon: ycnncHUH 0KOITO 70 l'vlfQ. Morn;HOCTb. 

OT yc1m~ITCITH 'ICJ>C3 q>epp11TOBbIIi BCHTIIITb _ncpep;aCTCH K. IICTO'IHIIKY no ao:rno

B0)J;HOMY TpaKTY, BhIIl<>JIHCHHoMy Ha aonHm~ogax. cc•reIIIIcM 19x_9.5 1111 c. ~c!IhIO_ 

coKparn;eHII.ir Ha 25% IIOTepb MOID;HOCTH npu ec TpaHCil0J>TI!p0BKC. IlbICOKOBO!Ib-
. . : ' . . . . . - , . ~ 

THM 'H:JOITHQIIH B0ITH0B0)J;H0I'O TpaKTct 'ocyrn;ecTBITHCTCH C n0MOID;blO 0)J;H0I'0 ll!III 

Hec~onh~nx CJiocB nonuaMngHoii: nnc~KII T<>nrn;HH~ii 0.1 u~1, 06f'cnc•maa1<>.rn;cir' 1130-
. . ,. . - - .. ,' ,, ' 

nHu;n10 go 30 KB. fep110.0KHO "6aHo'rHoro" T1rrra, 11nroT0BncHHoe n;i HIITpu;:i;a 6opa, 
,. - ... ·.. ' . ''. . '• ' ' ~ --~ 

npncocgnHHCTCH H_(;'.nocpep;CTBCHH0 K BllKYYMHOii Klt?\!CJ>C IICT0'IHIIKa. 

KaK oTMC~mnl>Ch pam:c, nogaancH,11e npo~cccoa ncpc;i;1p~p;Ku B_.ocHOBHoii cTy-· 

neHII' II0HI!3a~mI Har..:nap;bIBaeT )l..:C'CTKII<' TIW0OBaHIIll Ha mrnyyuHhI<' ycnoBIIlI B 

IIOH~OU IICT0'IHIIKP. OrpaHIPI<'HHbH' npoX0)J;HbI<' C("l,<'HIIll p;:r~ OT,Ka'.~~~II Tl-H'0YJ<>T. 
' . -
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:l-UIHUMiman:nw napaaUTHbIX HaTeKam1ii. C ::i~oii n:eJlbIO BaKyyMHhIC 'IacTI; ycTa.~ ArlO+ 
--HOBKILimrOTOB;JCHhI_II3_Me;i;n __ n __ H~piKc!:13,_~!2~CU CTa.'In, a KO:IIPICCTBO ynnoTHCHIIII ~•" k:~7+ 

;:i;omKHO 6bITb CBC;J;CHO K MUHIIMyMy ... - - - - . J-1-A;:;,.,-6+-~-----
B rJiaee qeTbipe npnBO;l;HTCH peny:rhTaThI ::iKcnepnMeHToB c ucTo'IHnK011 DE- l Ac 

CRIS. lkTO'IHUK 6brn-ycTaHoBrreH Ha cTCHAC BUP-ucTo~IHIIKOB, r;i;e 6b1m'1 npcme- I k:5+ 
;J;CHhI, 3KCnepm,IeHTbI no no.,zy'leHUIO ny<IKOB MHOronapHIJ;HbIX IIOHOB, a TaKiKC nc

C;JC):\OBaHne pa3:Ill'IHbIX peiKIIMOB-pa6oTbI UCTO'IH:IIKa. Ta:i KaK UCTO'IHIIK'UMCCT 

orpaHU'ICHHOe 'IIIC:IO napaMeTpOB HaCTpOllKU B npon:ecce pa6oTbI, K KOTOpbIM OT

HOCH;c.ii n6;::i;aBae118Ji"i3 IICcTO'I~IIK:CB 'f-~!Olll.H?C~h, peryimpciBKa noga~ll pa6o'lero 

BC!llCCTBa U peryrrupOBKa B He601Ibllil1X npe;:i;errax pacnpep;elICH~IH OCCBOro'.~1arHI1T

Horo,nOlHI, K-IICTO'IHUKY npeg'bHBlIHIOTCH iK~CTKlle,Tpc6oBaHIUI npn ero no):\rOTOc ;-
,. ' ,, • • • ' •• , •• • • • ' • ~ • ' • , • • ' ' - , \ • < , ' ,. 

BKC K pa6oTe. IIepBbIM .!IBlI.!ICTCH qiopM11pcmam1c nap;aHHOlI MarHIITHOII KOH<p11rypa~ 

. n:uu. ,UpyruM ycrrOBUCM HBlIJICTCJI cor:racoBaHue CB'-1-reHcpaTopa 11 BOlIHOBO):\HOro 

TpaKTa-C HarpynKoii, KOTOpoii B p;aHHOM CJly'lae .!IBlIHCTCJI IIOH113aUIIOHHaJI Kq,.'-Iepa 

llC,TO'IHUKa. 

• IIpoBep;eHbI 3Kcm:p11MCHTbI no norry'leHUIO_MHOronap.!Ip;HbIX llOHOB ranoBblX ::irre

:l-ICHTOB; IIorry'leHbI ny<IKll IIOHOB Ar~+ C l!HTCHCll~HOCTbIO 6orree 100_ MKA 11-llOHOB -

Ar1
.
17' QH' N6+, C 1llHTCHCI1BHOCTbIO 60:rce 10. MKA. ThmPIHhlll.· cn_eKTP llOHOB 

_ aproHa npUBC;J;CH Ha puc. 6, a -penyrrhTaThI no BbIXOl:\Y, MHoronap.!IIJ;HhIX UOHOB · 

HCKOTOpbIX ::llICMCHTOB npllBC)];CHhI B Ta6m1n:e 2. 

T~6min:a. 2. To~u MHOI'03ap.!I~HbIX llOHOB II3 llCTO'lHI-IKi 'n ECRIS. /MK.A/. 

3ap.!I)]; / llOH 14+;: 5+ ,6+ 7+ 8+ 9+ 11+ ,I(onorrHIITerrhHhill ran 

AnoT 270 92 17 . - ',: : . , --
-. 

Kuc:ropoJJ:,. 160 87 26 : l , ' -· . 

AproH ' :70 24 .. . . 
-

AproH -- . - - -· 95 45- 9 ' rerr1111 .. 

AproH, ,. \i .. '·', _. , 120 110 70 ,15. ,_ -KllClIOpOIJ; :: • ,· 

8Kcnep11MeHTaITbHO ycTaHOBIICHO, 'ITO. npu ynerru.:ieHIIll M011(H6CTU CB'-1-HaKa"l- • 

KU cy11MapHblll' UOHH~Ill TOK 11 TOKll OT~eirhHhlX nap.!I~HOCTCll MOHOTOHHO B03pac

TaIOT, np11~ei:l CKOJ)OCTb p'oc:Ta cymecTBeH~O CHUiKaCTCH npu Mri~HOCT.!IX 6orree 

500 BT (Puc.7): B ~uammoHe MO!llHOCTeii 500 - 800 BT iia6mop;aeTCJI cpbIB pan-
·, . l ~ '. ', • 

pmi;a, 'npu'IeM nHa'leHue ·MaKCIIMarri,Ho B03MO)f(Hoii BBop;uMoii·e panpJIA MO!llHOCTII 

onpc;n;err.HCTCJI KaK pacnpep;elICHUeM Mai'HllTHOrO ~omr, TaK II KO~~'l~CT~OM nop;a-" 

BaeMoro pa6o'!ero BemecTBa. 
·:.,_ 

'IlpOBep;eii~r II~crrep;~BaHu~' ~rru:iiHIIJI pa:JrriI<iHbIX BcnoMoraTellhHhIX ranoB'·Ha 

BbIX~J:1 ;_rnoro3aplIIJ;ii'bDc uo~m{
1 
ap~~Ha. II0Kana110 (Ta.6rrIIiia 2), ~TO p;o6a~rr~ii:ue 

B pacipnii; rrer;:i1x ra~~B, TaKII~ "KaK He, N2, 02 npUBOIJ;:iiT K YBCITII'ICHIIIO BbIXOAa 
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Puc. 6. · CrreKTp lI0H0B aproHa 

1 ·.o 1 · ' ~ 1 

,A 830T 5+. 
o - aproH 8+ 

X cyMMaptthiif TOK 
~ • '• \ l 

0 ·~oo 300 400 - 500 600 
- . . . _, P \BT\ 

Puc. ; '7.' 3ailiic:u:M?cTi, TOKa H0H0B oT BBoµ;HMOH CB1I-MOlll;HOCTlI · 
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PHc. 8. AKcnam,Hoe pacrrpep;erreHHe MarHHTHoro rrorr.ll n HCT0"I
HHKe rrpn·ncnorr1,nonaHHH K0aKcHarrnHoro CB9:-nnop;a 

MHOronapJI):\HbIX HOHOB lI npHBO):\lIT K 3Ha'IIITeJibHOMY ( B 2 - 4 pan a). CHlDKeHUK) 

.pacxoµ;a pa6oqero rana .. IIpn 0ToM Ha:MJIJ'llllHe penyrrhTaTbl norry'leHbl npn uc

norrbnoBaHHH KHcrropoga B ·Ka'IeCTBe µ;o6aBO'!Horo rana. 

IIpoBeµ;eHbl 0:icnepHMe~Tbl 
0

IIO 'norryqeHHIO MHOronapJip;HbIX HOHOB B KBa3H

HMIIJllbCHOM pe:lKHMe. IIpn onpegerreHHbIX p(!:lKHMax lICTO'IHHKa aMIIJIHTyga nima 

"afterglow current" B 2. - 5 pan npeBbllllaeT ciHa'!eHHe ToKa µ;a.HHOII napJigHocTH 

BO BpeMJI CB'I-nMnyrrhca IIJJH grrnTeJibHOCTH nnKa oKorro 1 .Mc. Bp~MJI BbIXoµ;a 

HOHHoro TOKa Ha .cTaI(HOHap COCTaBJIJieT''BeJIH'IHHY 20 + 30 MC. IIoKa3aHo, 'ITO 

. Bo3MO:lKHa 0cp<peKTHBHaJI pa6oTa HCTO'IHHKa B HMIIJllhCHOM pe:lKHMe c '!aCTOToII 

crrep;OBaHHH lIMIIJJibCOB ):\0 5.0 fl( .. 
IlpoBegeHbl nccrregoBaHn~ 3aBH~HMOCTH Bblxoga MHorona:pHl:\HbIX noHoB OT pac

npeµ;erreHHH aKCIIaJibHOro MarHHTHOro IIOJIJI µ;rrJI pa3lIH'IHbIX KOH<pnrypa11nn· Ma

rHHTHoro IIOJIJI B nepBOII CTJIIeHH; B np01~ecce nccrreµ;oBaHHJI pa60TbI lICTO'IHHKa 

IIOJIJ'leHo, 'ITO 3Ha'!eHHe MarHHTHoro IIOJIJI B,panoHe 0KCTpaKI(lIH C TO'!Kll npeHHJI 

MaKCHMaJibHOro Bblxoµ;a MHoronapJip;HbIX HOHOB UMeeT OIITHMaJibHOC. 3Ha'ICHIIC, 

MeHJIJICh B He6orrhlllHX npeµ;errax ;a;rrJI panrrH'IHbIX noHoB·, oµ;HaKo. H3BJieKaeMbIII TOK 

noHoB µ;aHHOII napHµ;HOCTH, KaK n cyMMapHbIII HOHHhIII T<JK, BonpacTaeT npn yBe

JIH'ICHHII ypoBHH MarHIITHoro n~JIJI B o6rr~CTH nep~on cTyneHII. 

,[(rrJI pelllCHHJI 0TOII npo6rreMhI 6blrra panpa6oTaHa KOHCTpJKI(HH nepBOII cTyne

HH, o6ene'!HBaIOlll,aJI HaJIH'IHC 30Hbl pe30HaHCa B Hell npaKTII'ICCKii npn JIKJ6<>M 

ypoBHe MarHHTHOro IIOJIJI (Pnc. 8). PenoHaHc B nepBOII CTJIICHH ocy111,ecTBJI!I-
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PHc.,, 9. CpanHc~m' p1,1xop;a noHon apromt nn ncTo'IHIIK<>B. PIG . 
. MINIMAFIOS n DECRIS, . 

CTCJI rrpu 0TOM Ha crra;a;e MarHHTHOro IIOJIJI, T. e. B rrqrno{r CTYIICHII OTCYTCTByeT 

neIJK,Wh~aJI ·rroB;~~a. ',,{HaJI<;r~I'~HaJI KoHcpurypaI1IIJI :,.rnr~IITHoro m>::r~ IIrn~>;:r~ny-
-' .•:' .. ''' . i . - : < ' ' ' ' •• - ; ; ' _: • '. • ~ • i , . • ' \ • • '. -

CTCJI B nc:i:-,0•111n~ax Tima CAPRICE. YpoBCHb uarHIITHOro rro_JI.ll B 11aKnm~:!-!C B 

0TOM crry~tae yµ;acT~.lI ,YBCJII~'IIITh~a'o.5 T ~o cpa~~CHII~ ~- rrcpBOHa:mrrhH~I~~ BB-
' ' ·,. " ·, ' ' ·. : · .. ·,' , 

pIIaHTOM II OH •µ;ocTnraeT BeJIIPIIIHbI 1.3 T' a 30HU p<~:J~>HaHCa B rrcpBoii CT)"IICHII 

rrpn6rrnl~e{,C.ll K OCHOBHOii, 1i6HII;JUI(IIOHHOII KaMcpe rrp1i11epH~) Ha 10 "('~L 
; :,n penyrri..TaTe rrpoBeµ;eHHbIX 0icnep1~~!eHTO IIOll)"l<'Hl), 'IT<> OilTIIiHlilhHiie pae

npe;a;erreHIIC MarHI!THOro. IIOJI.ll BAOJib. OCII lIC'!'0,'IHUKc1 cyry6o 'm·CII1111<'Ti>IPIHO: IIO

pHµ;Ka 0.7 - 0.8 TB o6rracTU 0KCTpUKI(IIH II 6orre'e 1.2 TB 06:iac;u·nc;pB<.lii CT)"IICHII. 
. ~ . 

IloKa3aHa B03MO:lKHOCTb pafioTbI UOHHoro IICTO'IHIIKil K,iK B KJii1cc1i•iecK01! · ;J:Byx

cTa;a;niiHOM BapnaHTC, TaK lI rrpn, IICIIOllb30BitHIII~ KOaKCIIilllbHOro CBtl-BBO;lH' C 

pe;a;y11npoBaHHOII rrepBoII cTym~HhID .. 

C~a~~~ir~e penyrrhTUT<~B no BbIXoµ;y IIOHOB aproHa Im. IICTO'IHUKa DECRIS 
" ' ( ~ ~ : > ' • -

C penyrrhTUTaMII, IIOlIJ'ICHHbIMII Ha IICTO'IHIIKaX irnaJIOrII'IHhlX KOHCTpJKQIIfr, a 

TUK)KC. II3 'gyroBoro IICTO'IHIIKll; IIpliBCp;CHbI Ha pIIC. 9. 
B oaKJiIO'leH~H ccf>opMymrpoBaHbI ocHOBHhHi pt~ny.rrbTaThI panpa60T1.>K n' nc-

crregoBaii:irii IICT<>'IHUKa DECRIS: · . · · 

, l. PaccMoTpCHbl OCHOBHblC .rrpo11eccbI o6pancrnamrn II IIOTCpb IIOHOB ,B rr:H~n1ie 

. C ,xapaKTepHbIMH .µ;rrH: 8IJP•nCTO'IHIIK,~ n;1paMcTpa1m. IloKanaHO, 'ITO 'ITO 

o6MeH ;meprIICII MC)Kµ;y .rop.ll'IIIMU :1lICKTpoHaM11 II IIOHaMII na C;ICT yrrpyrnx 

CTOJIKHOBl'HUii 110:ili:C'T !J}>O,UCXOp;UTh, :Ja Bpe11c:m1, 3Ha'Jll1;'PJibHO IIp<'BbIIllaKJ-

111,II<' Bpl'M.ll )ii:U:JHII llOHOB B lIOB)"IllKP. Il P<'~YllbTaTe 3Toro UOHbI O\"Taic>TC!I 
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"xon:O;:tHbI1IU" U ::nntTTaHC nrrKa He Bo;:ipacTaCT. 

AHa;:nm UOHHoro 6an:aHca· no.Ka;:ia.;, 'ITO ocHOBHbIM MexaHU3MoM .~61,e~IHbIX 

>------noTepbIIOHOB· B· UCTO'IHIIKe·JIBmieTcJI ·nepe;:iap.HgKa·Ha· HeitTpairnr.;-B ·pc;:iyn:~-----

Ta Te npoBegeHI:IbIX Ol{eHOK ycTaHOBITCHO, 'ITO KOHI.{eHTpal{Irn HCIITpa."ICII Ha 

ocu pa3p.1I;:i;Hoii: KaMepbI npu 'IaCTO;C HaK~'IKII 14 rrl{ npeHc6pe,i,:u{ro :l.Ia:ra, . 

a no:ry'ICHIIe :i.rnoro;:iap.H;J;HbIX II0HOB Ha 0THOCUTC:IbH0 HlI3KIIX 'IaCT0TaX 3a-

Tpy;::1HeHo npol{ecca:,.,m Ilepe3ap.iiiu'. cho 6bI~O ·Il~;J;TB!'.!),K;J;eHO ~K~~~pmieH-
., :·• ~ ; . ' '"·" . . ; 

TaJibHO mi MaKeTe 8D;P-ucTO'IHIIKa npu 'IaCTOTC HaKa'IKII 2.45 rrl{, rge 

6bmII no:ry'IeHbI ~oHbI NH c IIHTCH_CIIBH0CTbIO n;p.HgKa 1 MKA. 

B pe3J:IbTaTe ~poBe;J;eHHoro.1;1:irnmma npol{eCC0B B nJia3Me IIOHH~~-0 IICT0'I

HUKa onpegen:eHbI. OCH0BHbie ycJIOBIIJI no:ry'ICHIIJI MHorcmaplI;J;HbIX IIOHOB B 

8D;P-pa;:ipJige. 

2. 'Ilpcrnegea :a:HaITII3 cyll{CCTBYIOII.{IIX' KOHCTPYKI.{IIll 8D;P~IICTO'IHIIKriB. B· Ka- . 

'!eCTBe 6a;:ioBoii g:rJI peammal{IIII IICTO'IHIIKa I)ECRIS ·. ~br6ia:H·; · ii:raccit~e- ·· 

CKaJI MarHIITHaJI KoHqmrypal{IIJI IICTO'IHIIKa MINIMAFIOS, K0TOpaJI .IIBJIJI

eTCJI n~p~r'r'~KTIIBHoii c TO'IKII ;:ipeHIIJI ~Kcnep~~cHTaJI~Horo II~y~e~~JI ycno

~~iii n'6ny'IeHII~ MHor~;:iapJI~H~Ix noH6~ B 8tiP-'pa3p.H/W, II2c.neg~B~mrn pa;

:III'I~bIX KOHCTPYKI.{llll IIHJKeKTopHoii: <rncTII ~cTO'IHiIKa · II pa:;:inwIH.bIX Ma-

r~~THbIX KoHcpnrypal{IIii. ' ·· · · ' · · 

,Il;~JI CB'lf-HarpeBa nn~MeHHbI~ :3JieKTJ>OH.OB BbI6paHa '!aCToTa J 4. I'I'l{, KO~ .. · 

TopaJI JIBn:~eTCJI onTnMa:JibHOH gnJI _8I.J;P-ucTO'IHIIKOB c ''.'.rennoii" MarHIITHOH 

. CIICTCMOH. ,Il;aHHaJI '!aCT;Ta o6ecne•iIIBaeT co;:igaHne K0HI.{eHTpal{IIII nna~M~I, 
.-- ' ' F' .- ; • , - • ..,, • 

npIIBO;J;JIII.{eit K "BbiropaHnro", HenTpa!leii u Il(?IJ:aBn:eHIIIO npol{eccoB nepemi-
. ' 

p.lI;J;KII .B nna;:i1,1e_II0HHoro IICT0'IH_IIKa. 

3. Pa;:ipa6oTaii:a MarHIITHaJI cIIcTeMa IICTO'IHIIKa; o6~cne'IIIBarou.iaJI co;:i,o;aHIIe 

KOHq>IIrypal{IIII "MIIHIIMYM B" B OCHOBHOH cTyri.eHII II0HII3al{IIll c npo6o:.iHbIM 

OTHOIIIeHIIe~ /3 ~2 II ;:iaMKHYTOH boHbI peboHaHca B~0.5 T. 
. . 

Pa;:i;IIaJibHaJI cocTaBJIJIIOII.{aJI MarHIITHoro n6JIH co;:i,o;aeTCH reK~anoneM Ha.no~ 

cToJIHHbIX MarHIITax u;:i N dFeB c KOHI.{eHTpal{II~iI ·MarHIITHoro n6~oKa B pa-

60•1eii o6JiaCTII. BnepBbie g~JI 8D;P-u~TO~HIIKa npII~e~eHa KOHc'.rpyKI.{~~ re~-
' .,, ' ' ' ,.. - " 

canoJIH, C0CTOHII.{aJI U3 II,IJ;eHTU'IHbIX Tpanel{eIIgaJibHbIX ceKTOpOB C COOTBeT-

CTBYIOII.{IIM · HanpaBJieHIIeM · OCH nerKoro HaMarHII'IttBaHUH. Paupa6oTaHHaJI 

TexHOJI0rIIH c6opKU ·reicanorrH no3BOJIIIJia nonri:nTb OTKJIC>Heime:.MarHIIT~ 

Horo nonH OT rronH u,o;eanbHOro reKcarronH MeHee 3_% u BeJIII'IIIHY MarHRTHoro 

II0JIJI Ha·rioBepxHo'CTIITeKCaIIOJIJI, rrpeBbIIIIaKlll{YIO 1 T; 

4. Pa;:ipa6oTaHbI II co;:igaHbI cncTeMa CB'tf-rrIITamrn II BaKyyMHaJI cIIcTeMa :ii:c-

14 
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TO'IHIIKa, a TaKJKe gpyrne BCilOMOraTeJibHbie CIICTeMbI, o6ecne'IIIBaIOII.{Ue ero 

. p~6oTy. 

CIIcTeMa CB'tf-mtTaHirn no3B0JIJieT BB0;J;IITb ,o;o 2KffrCB1I- MOII.{HOCTII B pa-

6o'IyIO o6JiaCTb II npe,o;ycMaTpIIBaeT BaKyyMHYIO II BbICOKOBOJibTHY~ (,o;o 30 

KB) II30JIHI.{IIIO uommal{IIOHHOII KaMepbI 01: B0JIH0B0,IJ;H0ro TpaKTa., 8neMeHT 

nogcTpOHKU CBH3II BOJIHOBO,IJ;HOro. TpaKTa C pe30HaTopoM Il03BOJIUJI nony

'IlITb 3Ha•reHIIJI OTpaJKCHHOH M0II.{H0CTU B pa60'ICM peJKIIMe ,B ,o;uana;:ioHe 1 

-10%. 

5. IIpoBeµ;eHbI 13KCIIepnMeHTbI no rrony'IeHIIIO IIY'IKOB MHOro;:iap.Hl];HbIX IIOHOB'' 

·, ra::JOB B FierrpepbIBHOM peJKnMe. Haii,o;eHbI. orrTIIMaJibHbie peJKUMbI pa6oTbI 

ucT0'IHIIKa. B pe;:iyn:bTaTe rrony'IeHbI TOKII II0HOB Ars+ 6onee 100 MKA, TOKU 

uoHoB NB+, 0 7+, Arn+, rrpeBbIIIIaIOII.{Ue 15 MKA. 

8KcrrepUMCHTaJibHO ycTaHOBJieHo, 'ITO rrpu · yBeJIU'ICHUU MOII.{HOCTII CB'tf-. 

HaKa'IKII cyMMapHbIH IIOHHbIH TOK II T0~II IIOH0B oT,IJ;CJibHbIX 3apJI,IJ;HOCTeH 

M0HOTOHHO B03pacTaIOT,' rrpII'ICM CKOpOCTb pocTa cyll{eCTBeHHO CHII)KaCTCJl 

rrpII MOII.{HOCTHX 6onee 500 BT. Ilpu ,o;ocTIIJKCHIIU orrpe,o;eneHHoro rrpe,o;ena, 

ne)Kall{ero B ;:i;ua:rra;:ioHe MOII.{HOCTeii 500 - 800 BT rrpoucxogIIT cpbIB pa;:ip.H,o;a. 

3H~'IeHIIe MaKCIIMclJibHOH MOII.{HOCTII, BBO;J;~MOH B p~13J>H,D;, OIIp~µ;enHeTCH KaK 
,., ·,·.,' . ( ; ' ' ' ' .. ,, ' ·' ,. , ' ' 

pa~rrpegeJI~HUeM MarHIITHO_ro II0JIH,_ TaK u KOJIII'leCT.~OM rroµ;aBa~M:Oro B. UC~ 

T0'IHIIK ra;:ia. 

6. IIccne,o;oBaHO BITIIHHIIe ,o;o6aBO'IHbIX ra30B Ha BhlXO,D; MH0ro;:iaplI,IJ;HbIX IIOHOB; ' 

IloKanaii:o, 'ITO UCIIOJib30BaHUC nerKUX ,o;o6aBO'IHbiX ra:JOB rrpu rrony'leHIIII 

MH0ro;:iaplI,IJ;HbIX U0HOB cpe,o;HIIX u TJI)KeJibIX Mace ripnBO,IJ;IIT He TOJibKO' K 

yBe:III'IeHUIO BbIXO,D;a MHOro;:iaplil];HbIX U0HOB, HO u cyll{eCTBeHHO ( B 2 - 4 pa;:ia) 

rron_13oirneT CHII3IITb pacxog pa6o-qero Bell{eCTBa, 'ITO JIBJI.JieTCH BaJKHbIM rrpu 

IIOJIY,'ICHIIII II0HOB panµ;eneHHbIX U:JOTOIIOB. 

IlpII IICIIOilb:J0BaHUU B ~a'leCTBe ,o;o6aBO'IHOr0 rana KUCJIOpo,o;a UHTeHCU

BH0CTb rry'!Ka IIOHOB -Ar8+ yBeJIU'I~Ha B 1.6 pana, a Arn+ B ,IJ;Ba panan~ 
,. ; • ' , • I • < 

cpaBHeHIIIO c pa6oToii Ha 'IIICT0M aproHe, 
'1 , • ' , , · , l ~· , • , 

7.' IlpoBeµ;eHo 3KcrrepIIMeHTaJibHOe II3y'IeHne UMIIYJibcHoro peJKIIMa CB'tf-irnTa

HU.H IICTO'IHIIKa. YcTaHOBneH0, 'ITO aMIIJIIITJµ;bI IIMIIYilbCOB TOKa MIIOro;:i,a- . 

:, . p.lI,IJ;HbIX UOHOB B peJKIIMe "rrocJieCBe'IeHUJI" B 2 - 5 pan rrpeBOCXO;J;.IIT 3Ha'!eHUH 

TOKa BO Bpe:&ur CB'tf-IIMII}'JibCa. ,Il;nuTeJibHOCTb nMrr.ynbca ·"rrocnecBe'IeHIIH", 

. Ha IIOJIYBbICOTe rrop.H,o;Ka 1, MC, 

BpeMH BbIXO,D;a aMIIJIHTY,IJ;bI IIOHHOro' TOKa Ha HaCbIII.{eHiie ,IJ;JIH Ar
8
+ u BO,IJ;O

po,o;orro,o;o6m:rx IIOH0B a;:ioTa II KIIcnop<>Aa ne~IIT B ,o;uarranoHe 20 - 30 MC. · 
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I 
IIcrrorrb:JoBaHMe· KBa:JMMMIIYJihHoro pe)KMMa pa6oThI MCT0.'IHIIKa c •mcToTOII 

µ;o 50 rn; .lIBJIJieTC.lI rrepcrreKTMBHhIM )];ll.lI pewemIII HeK0T0pbIX q>fmU'IeCKIIX 

1 · :Jap;a'I;-Tpe 6yIOll.\IIX-MCIIOJih30BaHIIe "MO)];YllllpOBaHHOrO-IIOHHOrO-IIY'!Ka. , 
. . . 

8. 8KcrrepnMeHTaJihHO nccrreµ;oBaHo BJIMHHIIe pacrrpeµ;erreHMH oceBoro MarirnT

Horci rroirn B pa3JllI'!HhlX KOHq>nrypan;nHX Ha BhIXO)];. MHoro:JapH)];HhIX llOHOB. 

IloKa:JaHo, 'ITO B OIITIIMaJihHOM pe)KIIMC pacrrpeµ;erreHne MarHIITHOro II0JIH 

B)];0llh 0Cll llCT0'IHIIKa .lIBJIJieTC.lI HeCIIMMeTpll'IHhIM. 

3Ha'leH~e MarHllTH0ro II0JIH B o6rraCTll :JKCTpaKD;llII ll0HH0ro IIY'!Ka UM.eeT 

0IITMMaJihHOe :JHa'!eHlle )];JI.lI Bcex llCCJieµ;oBaHHhIX. ClIY;'laeB,. rrpu :JT<?M B_errn

'IMHa MarHMTH0ro II0JIJI 0TJIM'laeTC.lI He:JHa'lllTeJibH0 ll JIC)KllT, B µ;nana:J0HC 

0.75 - 0.8 T. 

3Ha'leHn~ MarHllTHoro II0JIH B llH)KeKTOpHOH 'laCTll llCTO'IHIIKa )];OJI)KHO 6bITh 

MaKCllMaJihHO BO:JMO)KHhIM B crry'!ae llCIIOJih:JOBaHMH B rrepBoii CTyrreHM rrpo-

6o'!HOH KOHq>nrypan;MM MarHMTHoro IIOJIJI u COCTaBJIHTh BCJIII'IMHY•L2,- 1.3 
• • ' ' • '/ I ,, 

T B crry'!ae opraHM:JaD;MM pmoHaHcHoii rroBepxHo,cTM B rrepBoii•cTyrreHM Ha 

crraµ;e MarHMTHOro rrorrH .. 

' ' ·: , / 

Pe:JyJibTaThl BhIIIOJIHeHHoro I\MKJia pa6oT rroJIO)KCHhI B ocHOBY co:Jµ;aBaeMorc> " . ; 

B ~aCTO.lill.\ee ~peMH B JUIP OII.ffl1 HOBOro 81.J;P-MCTO'l'ii:IIKa. KoFin;eHTpar:iMH Ma-
! .. ,, . ~ , , , ' ,. , . ' ' - ' , ' . . , ' ' I 

rHMTH0ro rrorri B pa6o'leir o6JiaCTll llCTO'IHMKa IIO:JBOJIMJia COKpa TllTh ,ero ra~apnT-

Hhie pa3Mephi B µ;Ba pa:Ja, a IIOTpe6JIJieMyIO MOll.\HOCTh Ha CO:J)];aHMe MarHMTHoro 

rrorrJI CHll:JMTh µ;o 60 KBT. KpoMe :JToro pa3pa60TaH KOMIIaKTHhIH 81.J;P~Mc;c:;:rnMK 

Ha. '!aCTOTY 10 rrn; opMrnHaJihH0H KOH~TPYKil;llll, KOTOphlll M0)KeT 6hITh MCIIOJih

:JOBaH KaK B o6hl'IH0M pe)KMMe, TaK n µ;rrH norry'leHIIJI BTOpM'IHhIX IIJ'IKOB M~HoB 
'' ' "' , , . ~ ,• . 

paµ;MoaKTllBHhIX ll:JOTOTIO.B. 

.· OcHOBHhle pe:JyJihTaThI µ;nccepTan;nM orry6JIMKOBaHhl B crreµ;yIOll.\llX pa6oT·ax: 
' . . . ", . 

1.Efremov A.A., Kutner V.B., Biri S. et. al. Prospects of the ECR .source 
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