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OBm;Aff XAP AKTEPMCTMKA P ABOTbI 

AKTyaJibHOCTh npo6JieMbl. 

C paOBHTIIeM ngepHoii qlllOIIKll TH,IWJihIX HOHOB II aTOMHoii <pII~llKII HOHHbre 

IIY'IKII BhICoKoii 0Heprmr; 'BhICOKOM IIHTCHCIIBHOCTII II BhICOKoii oapHgHocTII cT·a­

HoBnTcn Bee 6orree n 6onee B1DKHhIMII. II KaK · cnegcT-BIIe oa nocnegHHe gecHTh 

rreT Bo BCeM Mnpe 6hmn npegno:lKeHbl npoeKThI coopy:lKeHIIH 0 HOBhIX ycKopIITeneii, 

1mn MogepHIIOaQIIII geiicTBYIOWIIX. OgHoii no HaII6orree Ba:lKHbIX oaga'l gnn TaKllX 

ycKopIITCllhHhIX CIICTCM HBlllleTCJI panpa6oTKa II coogaHlle Hage:lKHoro ll c 6oJih­

WIIM pecypcoM pa6oThI llOHHoro IICTO'IHHKa BblCOKOOapHgHhIX IIOHOB 6oJihWOM llH­

TeHCllBHOCTII. OgHIIM HO HaII6orree GqlqlCKTllBHblX crroco6oB nony'ICHll.ll llHTeHCII­

BHhIX ll BhICOKooapHgHhIX IIY'IKOB HBJIHeTCH llCIIOllhOOBaHIIe llCTO'IHIIKa llOHOB C 

GJieKTpOHHO-r(llKlIOTpOHHhIM p~OOHaHCOM (8IJ;P). 8To rrogTBep:lKgaeT cywecTBCH­

HhIII nporpecc B paOBllTllll 8U:P llCTO'IHllKOB BO BCCM Mllpe oa nocnep;HIIC p;ecHTh 

JICT. B HaCTOHWee ~peMH 6orree 50 8U:P-IICTO'IHIIKOB lICIIOllbOyIOTC.ll gJIH IlOlIY'Je­

Hll.ll MHorooapHgHhIX llOHOB. OgHaKO paoBHTlle 8U:P llC~O'IHll~OB no~~pe:lKHCMY 

OCTaeTCJI aKTYaJibHOM oaga'leii, TaK KaK B OH?-'lllTeJibHOll Mepe onpegeJIHCT BOO­

MO:lKHOCTll T.ll:lKCJIOIIOHHhIX r(llKJIOTpOHOB, JIHHeMHhIX ycKopIITeJieii, CHHXpOTpOHOB, 

HaKOilllTCJibHbIX KOJICQ, ycKOpIITeJieii pagIIOaKTllBHhIX rry'IKOB, KOJIJia11gepoB TH:lKe­

JibIX IIOHOB HOBoro noKorremrn, a TaK:lKe HccrregoBaHHii B o6rracTII aTOMHoii qino~KII. 

TaKoii WIIpoKIIM crreKTp rrpIIJIO:lKCHIIM 8Il;P IICTO'IHHKOB IIOHOB onpe)J;en.aeTCH cne­

gyIOWIIMll llX -~peIIMywecT~aMII: 

• norry'leiineM BhlCOKooap,HgHhIX cocTOHHIIM (go Ar18+ IIJIII' Pb40+) 

• OTllll'IHOM CTa6IIJibHOCTbIO B pa6oTe (HeCKOllhKO HegeJib gJIH ranoo6panHhlX 

GJieMeHTOB) 

• BhICOKOll llHTCHCHBHOCTbIO (go 1 mA gJIH 0 6+ II HCCKOllhKO gecJITKOB MllKpo­

aMnep gJIH llOHOB TBepgbIX BCWeCTB) 

• wnpoKIIM Ha6opoM IIOHOB ( OT JII06hlx ranoB go W, Ta, U) 

• Hage:lKHOCTbIO { rrpaKTll'leCKII 6eoocTaHOBO'IHM pa6oTa llO-Oa OTCYCTBll.ll 

npo6rreM, CBJICaHHhlX c pacnhl_JieHHeM GJieKTpogoB) . 

• npoCTOTOM ynpaBJICHllH ( Bcero 3-5 HaCTpanBaeMb!X napaMeTpC>B) 

-· 

8Il;P-HcTo'IHIIK 6hlJI BrrepBhle coogaH P. MerrrrepoM II ero rpynnoii B I'peHo-

6rre (<t>paHI:(HH) grrH rrorry'leHIIH MHorooapHgHhlX llOHOB B 1974r. C Tex nop <pllOllKa 
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II TexHonorIDI 8U:P-IICTO'IHIIKOB gmr rro~y'leHIIJI MHoro3apJI)];HhIX IIOHOB 6bICTpO 

rrpogBHHynIICh 6narogapJI ycIInIIJIM HecKOIThKhIX na6opaTopIIii:. 3a rrocnegm1e ge­

CJITh neT 8U:P-IICTO'IHIIKII IIOHOB rrony'IIInII pa3BIITIIe OT 6onhIIIIIX panMepoB c 
' . ' . . 

6onhIIIIIM noTpe6neHIIeM MO~HOCTII, KoMrrneKCHhIX npoToTIIITOB ( TJma SUPER-

MAFlOS, MINIMAFIOS) p;o KOMITaKTHhIX npocThIX, 3q>q>eKTIIBHhIX c BhICOKIIMII 

xapaKTep~CTIIKaMII nony'!eHIIJI MHoro3apJI)];HhIX IIOHOB. 

u:~Jlb pa6oTbl : 

1. Co::JgaHIIe 8U:P lICTO'IHII~~ BhICOK03apJI)];HhIX IIOHOB. 

2. 8KcnepIIMeHTanhHOe II TeopeTII'leCKOe II3y'leHIIe 0qiq>eKTa CMeIIIIIBaHirn ra-

0OB Ha BhIXO)]; MHOro3apJI)];HhIX IIOHOB II3 IICTO'IHIIKa. 

3. Paopa60TKa OITTIIMII3IIpOBaHHOro KOMITaKTHOro 8U:P-IICTO'IHIIKa MHOro3a­

PJI)];HhIX IIOHOB. . 

Harman HOBHOHa : 

1. BnepBhie B cTpaH_ax-y'!acTHIIUax OIUIII pa3pa60TaH KOMJ1aKTHhiii 8IJ;P uc­

TO'IHUK IIOHOB HOBoro noKoneHUJI. 

2. BrrepBbie B .8U:P HCT?_'IHUKe HCIIOITh::JyeTCJI HOBaJI KOHCTPYKUUJI reKcanonJI c 

HenpepbIBHhIM H3MeHeHueM OCH nerKor_o HaMarHII'!HBaHUJI. 

3. BrrepBbie 3KcnepHMeHTanhHO uccnegoBaHO BITUJIHUe CMeCU ra30B H OTpnu;aTe­

IThHOr~ IlOTeHu;IIana B rrnaoMe 8IJ;P pa3p.aga Ha _BhIXO)]; BhICOKO0apJI)];HhIX no­

HOB II3 UCTO'IHUKa, a TaKlKe TeopeTH'leCKU u3rieH 3q>q>eKT BIIOMoraTenh­

Horo rana Ha napaMeTphI rrnaoMhI 81.J;P-ucTo'IHIIKa, 

IIpaKTH'leCKrul IJ;eHHOCTh pa6oTbI. 

1. ·CoogaHhIH II uccnegoBaHhIH 8IJ;P-IIcTO'IHIIK ycTaHoBneH Ha u;nKnoTpoHe TJI­

lKenbIX UOHOB Y-400M II II03BOnJieT cyIIIeCTBeHHO pacmHpUTh guarra30H ycKO­

peHHhIX IIOHOB, 3Heprmo JI IIHTeHCIIBHOCTh IIY'IKOB. 

2. P~an1mau;IIJI.pelKHMOB panpJiga B·8IJ;P-ncTo'IHHKe c ncrronhtJOBaHIIeM 0qiqie1<­

TOB OTpnu;aTenhHoro noTemi;uana II CMeCII ra::JOB II03BOITJieT cy~eCTBeHHO 

yBenH'IIITh UHT!'!HCIIBHOCTh, IIY'IKOB BhICOKo3apJI)];HhIX IIOHOB. IlpnMeHeHUe 

BCIIOMOraTenbHOro rana II03BonJieT 3Ha'!UTenhHO (Ha 60% ) CHU3IITh pacxo_g 

pa6o'!ero Be~eCTBa, 'ITO UCKITIO'IUTenhHO BalKHO gnJI II0ITY'feHIIJI ITY'IKOB no­

HOB o6ora~eHHhIX II paguoaKTIIBHhIX II30TOIIOB. 
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3. Pa3pa6oTaHHhil! KOMIIaKTHhifr 81.J;P IICTO'IHIIK II03B0nJieT rrony'IIITb BhICO­

KIIe . rrapaMeTpbI IIJ'IKOB IIOH0B rrpn cy~eCTBeHH0M ynpo~emm TeXHII'!e­

CKOl! peammmi;mr, ygeIIIeBnemrn CTOIIMOCTII co::JgaHUJI n ::iKcnnya.Tau1m. Bna.­

rogapJI BhICOKOII 0qiq>eKTIIBHOCTII II ymIKanhHOII KOHCTPYKUIHI npegycr.rnTpn­

BaeTcJI B03MOlKHOCTb ncnonh30BaHIIJI KOMIIaKTHOro 8IJ;P-IICTO'IHIIKa B rrpo­

CKTe pa3BIITIIJI UIIKnoTpoHHoro KoMnneKca JUIP OIUUI gnJI rronrremrn ycKo­

peHHhIX IIJ"IKOB noHoB pap;uoaK'tIIBHhIX II3oTonoB (U400M+ECRIS+U400). 

Anpo6aIJ;HH pa6oTbI. 

Pa60TbI BKITIO'ICHHhIC B guccepTaun10 6binI! npegcTaBneHbI Ha MelKgyHapO)];HhIX 

II Hau;rrnHanhHhIX KOHq>epeHIJ;IIJIX, B TOM 'Il!Cne: 

13th International Conference on Cyclotron and Th~ir Application (Vacouver, 

Canada, 1992); 29th European Cyclotron Progress Meeting (Dubna, Russia, 1994); 

International Workshop on Physics with Polarized Beams and Targets (Prague, 

Czech Republic, 1994); 7th International Conference, on the Physics of. Highly 

Charged Ions (Vienna, Austria, 1994); First International Symposium on Beam 

Technologies BT'95 ( Dubna, Russia, 1995). 

IIy6JIHKaIJ;HH. OcHOBHoe cogepiKaHne guccepTaUIIII ony6mIKc>BaHo B 10 pa6o-

Tax. 

CTpyKTypa H o6'beM )];HccepTaQHH. ,II;nccepTau;Irn COCT0IIT II3 BBegemrn, 

'ICTbipex nrnB, 3aKnIO'Iemrn II CIIIICKa JIIITepa.TyphI; cogeplKI!T 121 CTpa.mui; Ma-. . 

lliIIHOIIIICHOro TCKCTa.! B _TOM 'IIIC/Ie 72 1mcyHKOB, 11 Ta6JIIIU u CIII!COK uu:rnpyeMoi:i 

nu:repa.TyphI U3 llO HaIIMeH0Ba.m111. 

Ha oarn;HTY BbIHOCHTCH cJiegymrn;ue IIOJIO)KeHHH, peoyJihTaThI, paopa-

6oTKH: 

L CcmgaHIIe mrnoro coBpeMeHHoro 81.J;P ncT0'IHIIKa IIOHOB DECRIS-14-2 (Du­

bna Electron Cyclotron Resonance Ion Source at 14 GHz) gnJI u;uKnoTpcma 

TlllKC/IhIX IIOH0B .JUIP OIIJIII. 

2. Pea-~1mau;1rn MarHH;Hoii cncTCMhI c npegenhHO BhICOKII11 ypoBHCM Ma.rHIIT­

Horo· nonJI go 1,2 T B aKCI!a/IbH0M ~a.~i>a~neHIIII II 6orree i:o T Ha CTCHKe· 

pa.3pll1];HOII Ka.Mcpbl B paguanhH0M mmpaBnemrn. 

3. IloJI)"ICHl!e IIHTeHCIIBHhIX BhICOKC>3a.pJI)];HhIX IIY'IKOB UOHOB ( \f;()r,+, 135 /tA; 
40 Ar11 +, 25. ttA; 132 X e18+ ,31 JtA ) rrpu ncnonhnoBaHmr :-incKTI><>p;a c oT1mua.­

TPIThHhIM IIOTeHIJ;IlillIOM II :-Jq>q>PKTa. CMPCII pa6oTIPro II 1];0II0/IHI!Te/IhHOro, ra.-

30B, YBf'nI!'IIIBaIO~IIX TOK IIY'IKa. IIOH0B BhIC0KI!X 3apJI)];0B 6onee, 'ICM ·B_ 2 

pana no q>a.BHCHUIO C II0HHh!M IICT0'IHIIK0M C 1];0IIO/IhHI!TCnhHOII CTYilCHbIO 

l!OHII3i!UIIII. 
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4. IlpoBep;eHIIe 'IUCJieHHbIX pac'!eTOB Ha OCHOBe conµ;aHHOll Moµ;erru 6arraHCa '!a­

CTIIQ U HHTepnpeTaQIDI 0qiq>eKTa CMecu ranoB_ Ha BbIXoµ; MHoronaplip;HbIX 

IIOHOB KaK cynepII03IIQIIJI HeCKOJibKIIX q>aKTOpOB: UOHHoro oxrra:a-;µ;eHIIJI, yBe­

JIII'IeHUJI, 0JieKTpOHHOII IIJIOTHOCTU II IIpOBUCaHHJI IIOTeHQHarra, yMeHbllleHUJI 

cpeµ;Hero napJI;i:(OBoro COCTOJIHIIJI II ;a;pyrux, cpe;a;u KOTOpbIX IIepBbie µ;Ba JIB­

JIJIIOTCJI p;oMIIHIIpJIOLL\UMU. 

·5_ 0IITUMII3aQIIJI II panpa6oTKa KOl'YIIIaKTHoro 3U:P~ucTO'IHUKa IIOHOB Ha 'rn­

cToTe_ 10 frQ c napaMeTpaMu, cpaBHIIMbIMH c JIJ'IllIIIMII IICTO'IHUKaMn no­

HOB Ha '!aCTOTaX 14 frQ, na C'IeT HOBOII MarHIITHOII -CTPYKTyp1,1 reKcanoJIJI 

C HeIIpepbIBHbIM lI3MeHeHUeM OCH rrerKoro HaMarHII'IIIBaHirn. 

CO,IJ;EP)KAHME P ABOThI 

. Bo 'eeeµ;eHHH noKacJaHa aKTyaJibHOCTl, pa3BUTlIJI II cerop;HJillIHee COCTOJIHIIe 

3U:P-IICTO'IHIIKOB µ;JIJI MHoronapJip;HhlX IIOHOB, cqiopMJJIIIpOBaHbl QeJIU II nap;a'III 

p;IIccepTaQIIII, npIIBOIJ;lITCJI KpaTKOe cop;epJKaHIIe p;IICcepTaQIIU. 

IlepBalI rJiaBa cop;epJKIIT onucaHIIe OCHOBHbIX npIIHQlIIlOB pa60Tbl 3U:P­

IICTO'IHIIKOB IIOHOB II IIX CIICTeM. Mccrrep;oBaHbl II o6cy)Kp;eHhl Bonpochl corrracoBaH­

Horo BBoµ;a B nrranMy CB9:-MOLL\HOCTII, n~rrroll\eHIIJI 0rreKTpoMarHIITHoro unrry'!e­

HIIJI B nrranMe u p;BII)KeHIIe 0rreK;poHoB B 8U:P-rioBy1IIKe. PaccMoTpeHbI napaMeTphl 

nrranMhI 8U:P p~1fap;a T'aKue, KaK 0rreKTpoHHalI u uoHHalI TeMnepaTyphl, nrroT­

HocTb IlJla3MbI, BpeMJI yp;ep)KaHIIJI, noTeHQIIaJI B nrranMe u ~HepreTIPI~CKIIll pan6p­

oc IIOHOB 3U:P-IIcTo:,IHIIKOB Ha 6ane p;aHHhlX panrrII'!HbIX rra6opaTopIIii: Mnpa. C 

J'IeTOM TeHp;eHQIIH COBpeMeHHOro pa3BIITIDI IlOKa3aHhl nyTII OilTIIMII3aQUII 3U:P­

UCTO'IHIIKOB IIOHOB na C'!eT p;onoJIHUTeJibHOll lIH)KeKQIIII 0JieKTpOHOB B nrranMy 

panpJIµ;a,- yBeJlII~eHIIJI ypoBHJI MarHIITHOro IlOJIJI, IICilOJib30BaHIIJI CMecu ranoB, yBe­

JIII'IeHIDI IIOHIInaQIIOHHOro 06'1>eMa II '!aCTOThl CB9:-HaKa'IKII. 

Bo BTOpo:u rJiaBe npeµ;cTaBJieHbl oco6eHHOCTII KOHCTPYKQIIII 3U:P-IICTO'IHII­

Ka DECRIS-14-2, 0KcnepIIMeHTaJibIIhle uccrre;a;oBaHIIJI u penyrr1>TaT1>1 n~ onTIIMII­

n~QIIII BhlXoµ;a MHoronapJip;HbIX IIOHOB. ,I(aHhl qlII:JII'!eCKIIe II TexHII'!eCKIIe acneKThl 

norry'!eHIIJI IIOHOB TBepp;bIX BeIJJ,eCT~; MeTO}];IIKa II3MepeHIIJI 0MIITTaHca IIJ'IKOB 

MHOronapJip;HhlX IIOHOB. 

Ha pIIc. •l noKanaaa cTpyKTypHaJI cxeMa IIOHHoro ucTO'IHIIKa DECRIS-14-2. 

KoHq>IIrypaQIIJI MarHIITHoro IlOJIJI C "MIIHIIMYMOM B" conp;aeTCJI B penyrr1,TaTe 

cyrrepno3IIQIIII aKQIIaJibHOII MarHIITHOll JIOBJllIKII OT p;Byx KaTyllleK II pap;IIaJibHOro 

reKcanonhHoro norrJI nocTOJIHHhlX FeNdB 1,mrHnToB. CB9: cIIcTeMa BKJIIO'!aeT B 

ce6JI KOMMep'!eCKIIH reHepaTop Ha 14 rrQ u BOJIHOBO}];HhlH TpaKT, corrracoBaHHhlH 
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c penoHaTopoM 3U:P-ncTO'IHIIKa. BaKyyM Ha ypoBHe 1 x 10-5 Ila o6ecne'!IIBaeTCJI 

IJ;BJMJI Typ6oMoJieKyJIJipHbIMH HacocaMII, OCJLL\eCTBJIJIIOLL\IIMII OTKa'!KY IIOHHOI'O lIC­

TO'IHIIKa co CTOpOHbI IIH::KeKQIIII pa6o'!IIX Bell\eCTB II 0KCTpaKQIIII lIOHHOro IIJ'!Ka 

COOTBeTCTBeHHO. 

,I(Ba correHou;a;a pacnorroiKeHbI Ha KpaJix reKcanorrJI u Bp;erraa1,1 B JKerrenHoe JipMo. 

Ha puc. 2 noKanaHO ImMepeHHoe aKcuarrhHoe MarHIITHOe rr?rre. Aii:cIIaJibHaJI Ma­

rHIITHalI JlOBJllIKa, KaK BIIp;Ho, conp;aHa BHJTpII reKcan:OJIJI. MaKCIIMJM aKCIIaJib­

HCJro pacrrpep;eneHIIJI MarHIITHoro nonJI cci cTopoHhl u~iKeKQIIII gocTnraeT 1,2 T. 
1pap;neHT MarHnT:ii:oro nonJI Bp;onb pap;uyca II ocu TaKiKe o'!eHh: BhlCOK u cocTa­

BJIJieT OT 0,4 p;o 1,2 T, 'ITO JIBJIJieTCJI Heo6xop;liMbIM_gnJI Han60Jiblllero BbIXOp;a 

MHOronapJip;HbIX IIOHOB., AMilJlIITyp;a ~CII~JlbHOrO MarHII,THOrO IIOJIJI B o6naCTII 

0KCTpaKQIIII B 0TOM crry'!ae p;on~rna COCTaBlIJITb OKOJIO '0,85 T.' 

BbICOKIIH ypoBeHb aKCIIaJibHOrO MarHIITHO:r~ IlOlI~ i~cTIIrHJT na C'IeT OIITII-. ... ,, ' ·;.,"· ' ' ' 

MimaQIIII coneHmIµ;anbHhlX KaTyllleK. MuHIIMaJibHbIH BHyTpeHHIIH 'panMep KaTy-

llleK onpe;a;errJieTcJI MIIHIIMII3aQueii reKcan~nJI. I'eKcarrorrb IIM~eT.CII~QIIaJihHyro reo­

MeTpuro II COCTOIIT Im Ha6opa KOJleQ IJ;BJX p~HhlX BHe~~rr~'p;IIa~eTpOB. IJ;eHTpanb­

HaJI '!aCTb reKcanorrJI, KOTopalI p_acrroJIOiKeHa MeiKp;y KaTyII~Kll:MII IIMeeT 6onbllIYIO 

TOJlll\IIHY, 'IT06bI IIOJIJ'IIITb IIHTeHCIIBHOe pa;a;iranbHOe rrorre Ha CTeHKe panpJip;HOH 

KaMepbI II TeM caMhlM,ynj'IllIIITb ycnOBIIJI yµ;epiKaHMJI IlJla3Mhl B panpJIµ;e. BoKo­

Bbie KOJibQa reKcarronJI IIMeIOT MeHbllIIIII BHellIHIIH, ;a;~aMeTp, 'IT06hl yMeHbllIIITb 

BHJTpeIIHIIH panMep KaTyllleK u T~M caMbIM ;a;o6IITbCJI MaKCIIMaJibIIOrO aKCIIaJib­

HOro IlOJIJI. ,I(Ba QeHTpam,HbIX KOJlbQa reKcanoJIJI COCTOJIT II3 24 cerMeHTOB Ka­

)Kp;bIH, BHellIHIIe KOJibJa - II3 12: II3MepeHHOe paµ;IIaJibHOe MarHIITHoe none Bcero 

reKCallOJIJI 6hlno II3MepeHO Bp;OJib OCH II rrpeµ;cTaBJieHo Ha pnc. 3. 

3 U:P- IICTO'IHIIK D ECRIS-14-2 6hlrr IICilbITaH II IIccrreµ;oBaH rrpII _rrony'IeHIIII Ho­

HOB anoTa, KIIcnopo;a;a, HeoHa, aproHa n Kcem>Ha. IIony'IeHIIe BhlCOKcmapJip;HbIX no­

HOB 0TIIX ranoB 61,rno onTIIMIInupoBaHo c ncnoniooBaHUeM 0qiq>eK'i:·a cMeCII ranoB 

II :meKTpo;a;a c OTpIIQllTeJibHhl~ IIOTeHQIIaJIOM ( 6eo. rrepBOH CTyrreHII HCTO'IHIIKa ). 

PeoynhTaTbI co6paHhI B Ta6nnQa 1. 

B Ta6JIIIQe 2. rrpeµ;cTaBneHbI TIIIlII'!Hhle TOKII noHoB_U q>aKTOphl pocTa TOKa 

rrpn 0cf>cf>eKTax cMecn ranoB ~ oTp~QaTeJibHoro rroTeHQnarra.-

CpaBHeHne Bhrxo;a;a.IIOHHhlX TOKOB no· IICTO'IHIIKa c rrepBoii cTyrreHbIO II oTpIIQa­

TeJibHhlM noTeHQIIaJIOM (6eo rrepBOlI,.cTyrreHu) noKa3aHO B Ta6nnQe 3 ( B o60IIX 

CJIJ'IaJIX C 0cf>cf>eKT?,M CMeC!1 ranOB ). 
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PJic.2. Pacnpeµ;erreHJie aKcJiarrbnoro MarHJITHoro norrJI. 
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\I 

'\ 
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Taomm;a 1. Pe::Jym,TaTbI, noJI)"IeHHbie B nepBbIX flKcnepnMeHTax Ha IICTO'IHIIKe 

II0H0B DECRIS-14-2. ToKn IIOH0B (e11A) noJiyTreHbI npu CB'I M0~H0CTHMeHee 

250 BaTT II Bb!TJir1maIO~eM Ha.npJI:lKeHim 10 KB. 

I\ Q 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

uN 110 20 
.160 180 135 24 
20Ne 90 56 20 
4oAr 166 98 25 
·••xe 20 23 26 29 31 28 18 

TaoJIIID;a. 2. Pe3ylihTa.ThI UCClIC/J;OBaHIIII Bb!X0/J;a. BbIC0K03apJI/J;HbIX IIOHOB Im l!C­

T0'IHUKa ( e11A) AJIJI KIICJiopoµ;a 1 aprcma n KCeHoHa B ClI)"Iae ucnoJih30BaHIIJI nepBoii 

CTyneHn, a TaK:lKe ::i<f>qieKTa c:i.1ecu ra.30B II 0Tpnu;a.TCJibH0ro noT_eHu;Iralia. 

I ( JtA ) nepBa.ir 0Tpnu;aTClibHbUI noTeHu;uan + <paKTOp 

CTyneHb CMCCb ra.30B JBClIII'ICHIIJI 

16Qfi+ 60 135 
. 

2.25 

4UArl1+ 11 25 2.27 

132xe1s+ 14 31 2.21 

Ta6JIHQa 3. CpaBHeHue TIIIIII'IHhIX uoHHhIX T0K0B rm DECRIS-14-2 B cny,rae 

ncnoJib30BaHUJI nepBOH cTyneHH C <llICKTp0/J;0M noµ; 0Tpnu;aTClibHhIM noTCHD;UalI0M 

IIJIH Ge3 Hero. (B oGoux ClIJ'Ia.lIX - C fl<p<peKTOM C!vieCU ramrn). 

I ( 11A ) nepBa.ir ::llICKTJl0/J; C <paKTOp 

CTJnCHb 0Tpnu;a.TeJibHbIM noTCHD;l!aJI0M JB<'lIIPICHIIJI 

rno6+ 90 135 1.5 

40Ari1+ 63 98 1.56 

4uAr11+ 16.5 25 1.52 

132xe1s+ 23 31 1.35 

132 _)( e19+. 22 28 1.27 

Ilpn onTIIMima.u;nn I!OHH0ro IICT0'IHUKa. C :ollICKTP0A0M noµ; 0Tpnu;a.TC'libHbI?-I no­

TCHD;IIa.lI0M T0KII .MH0r03llJJ5I/J;HbIX IIOH0B CHa.TrnJia pacTyT, ::Ja.TCM /J;0CTIIraIOT Ha­

C.bl~PHIIJI. Ha pnc. 4 norrnaana. mrnnruuocTb T0Ka. I!OH0B Ar11+.. OT noTeHu;nana Ha. 

[llif~KTpoµ;c. OnTIIMillibHOC ;JHlJ.TICHIIC 0TJ>IID;ilTCJibH0ro m_iTeHu;namt Ha fllICKTpoµ;e 

/J;lIII paamrIHh!X 3i1J)II/J;HOCTPii □aBIICUT B CBOIO CJTIPpP/J;b OT ypoBHJI a.KCIIaJibHoro 
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Pnc.3. -~aMepeHHOe pa}:\nanbHOe MarHHTHOe none reKcanon.ll B):\Onh 

OCH Ha patlnll'iHb!X pa}:\Hycax. 
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P= 220 W 

A 
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r .4o 

30 L,_._ _____ ........ ~_._~ ........ ~~ ....... -----~..,_.-~......, 

0 30 60 90 120 150 

Negatively Biased Potential (V) 

'Pnc.4. 3aBIICIIMOCTb HOHHoro TOKa Ar9+ OT noTeHI_\H~a 

OTPHJ.\aTenbHOro :meKTPOfla. 
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l. 

!I 

I 
'I 

~ 
\ 
I 

ll 

Ma.I'HMTHoro rroirn, CB"l£-MOI.I.\HOCTII M pa.cxo;a;a rana. HarrpuMep, BeJIM'IIIHa OIITII­

MII3IIpoBa.HHoro OTpMD;aTellhHOI'O IIOTeHD;IIaJia B03pacTaeT OT CB"l£-MOI.I.\HOCTII II 
' 

Ma.CChI IIOHOB. 

Cpa.BHeHIIe pe3yJihTaTOB, rrorry'!eHHhIX B rrepBhIX riKcrrepuMeHTax Ha DECRIS-

14-2 c lIY'IllilIMII MIIpOBhIMM ;a;aHHhIMII rrpe;a;cTaBJieHO Ha puc. 5. 

B TpeThe:u rJiaBe orruchIBaIOTCH TeopeTM'!ecKue pac'IeThI u pe3yJihTaThI 

riKcrrepHMeHTaJihHoro uccrre;a;oBaHHH ::icpcpeKTa cMecII ranoB ;a;JIH DECRIS-14-2. 8cp­

cpeKT CMecu I'a30B o6etrre'IHBaeT cyll\eCTBeHHOe yBeJIH'IeHIIe Tm;a BhICOK03apH;a;H­

h!X HOHOB B Clly'!ae, eCJIII rro;a;MelliaH BTopoii: 6orree JieI'KHH ran. CMelliHBaHHe I'a30B 

6bIJIO lliHpOKO HClIOJih30BaHo BO MHOI'HX 8~P HCTO'IHHKax. Ho MexaHH3M ::JTOI'O 

ricpcpeKTa He 6h!JI ;a;ocTaTO'IHO HCeH. "l£To6h! IIOHHTh qJII3HKY rrpou;ecca B ;a;aHHOH 

pa6oTe 6hIJIH rrpoBe;a;eHhI 'IHCJieHHhie pac'IeThI Ha OCHOBe Mo;a;erru 6arraHca '!aCTHD;. 

8~P-IICTO'IHIIK pacCMOTpeH, KaK MarHIITHaJI JioBymKa c ropH'IHMII (HeCKOJihKO 

KrlB) II TeIIJIOBhIMII' ( HeCKOllhKO ;a;ecH~KOB ::iB) rJJieKTpOHaMII, a TaK:lKe C XOJIO;D;HhIMII 

IIOHaMM (HeCKOJihKO ::iB). Ilpe;a;rrorraraJIOCh, 'ITO IIOHHoe y;a;ep:arnHIIe 3aBIICIIT OT 

KoHcpHrypau;IIII Mani:irTHOI'O IIOJIH II rrry6IIHhI lIOTeHQIIaJia B lIJia3Me. HoHhI y;a;ep:lKH­

BaIOTCH 0JieKTpocTaTII'IeCKlI rrpocTpaHCTBeHHhIM 3apH;a;oM, co:J;a;aBaeMhIM ::irreKTpII­

'!eCKIIM rrorreM ropJI'IIIX ::JJieKTpOHOB, 'ITO COOTBeTCTByeT y;a;ep:lKaHIIIO MaJihIM OTpII­

u;aTeJihHhIM lIOTeHu;HaJIOM. ,Il;pyrIIM rrpe;a;rroJio:iKeHIIeM HBJIJieTCH To, 'ITO IIOHhI BCex 

BII;D;OB Haxo;a;JITCH B TeIIJIOBOM paBHOBeCIIII rrpII op;Ho:U: TeMrrepaType. ropH'IIIe 0JieKT­

poHhI co3;a;aroTcH B pe3yJihTaTe 8~P HarpeBa:u· yµ;ep:iKIIBaroTcH " B MIIHIIMYM " 

KOHcpIIrypau;ueii: MarHHTHOI'O lIOJIJI IICTO'IHHKa,. Ilpe;::i;rrorraraeTCJI, 'ITO BpeMH :lKII3HH 

ropH'IHX ::irreKTpoHoB B ocHoBHOM orrpe;a;errHeTCH 6orii:fuirM yrrroM pacceJIHIIH c ;a;pyr­

HMII '!aCTHD;aMII IIlla3MhI. KoHu;eHTpau;mr ropH'IlIXII TelIJIOBhIX m:i:eKTpOHOB pacrrpe­

;a;erreHhI B lIJia3Me e;a;IIHOo6pa3HO. TerrJIOBhle ::JJieKTpOHhI B03HIIKaIOT I'JiaBHhIM o6pa-

30M B pe3yJihTaTe IIOHII3aD;HII II ::JMIICCIIII co CTeHOK'Pa3PH;D;HOH KaMephI. C'IIITae-
' ' 

TCH, 'ITO TerrrroBhle ::irreKTpOHhI riTo Te, KoToph!e He rro;a;BepraroTCH .8~P-HarpeBy. 

Ilpe- ;::i;rrorraraeTCH, 'ITO IIMeHHO OHII I'JiaBHhIM o6pa30M ;a;orr_:a.,::s:hi y;::i;ep:lKIIBaThCH 

lIOJIO:lKHTeJihHhlM IIOTeHD;HaJIOM lIJia3Mhl. 8cpcpeKTIIBHOe BpeMH :lKH3HlI TeIIJIOBhlX 

::irreKTpOHOB MO:lKeT 6h!Th :paCC'IIITaHO 'Iepe3 90° illrruTI:i;epoBCKOe CTOJIKHOBeHIIe II 

lIOTeHD;llaJI IIJia3Mhl. 

C'IIITaeTcJI, 'ITO B Illlal'.3Me 8~P-IICTO'IHIIKa irc'Ie3HOBeHIIe Hen:Tparreii: rrpoucxo­

;a;uT B pe3yJihTaTe IIOHII3au;IIII ::irreKTpOHHhlM y;a;apoM, a TaK:lKe rrpou;ecca rrepe3apH­

;a;KII c IIOHaMII. B ~a.H'.tt:oii: 'pa6oTe paCCMOTpeHhl o;a;HocTyrreH'9:aTM IIOHII3au;IIH II 

O;D;HO- CTYIT~H<i~~a:ir II~peiJapH;a;Ka, a ;aK~~ lIOTOKII HeIITpaJieH BttyTph lIJia3MhI II 

Hapy:iKy. ,Il;JIH Mog~1up~~amr.ii GTOI'O rrpou;ecca ncimrrhoyeTCH CHCTeMa ypaBHeHHII, 

COCTOHI.I.\M 1m ceMII rro;a;cIIcTeM, KOTOphle CBJI3aHhl KBa3ImeIITpaJihHOCThIO lIJia3Mhl, 
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Pn:c.5. CpaBHeHn:e peoyilbTaT~B, rrorry'leHHblX Ha DECRIS-14-2 c 

):\aHHblMH JIJ'IIIIHX llCT0'IHHK0B B MHpe. 

+' e 
§ -I u 
"Cl u 

~ 

I 

100%Ar 

e. 50%Ar50%0 

· ■ 10%Ar90%0. 

o 2%Ar98%0 

T(hel) 3000 OY T(thol) 50 " 

N(hol) 5.Ell ND 1.B ID 

TIS ev 

· 2 . . 4 6 8 . 10 12 

Q 

,.•·1; 

Pn:c.6. 3ap.HAOBoe paorrpe11erreHI!e B rry•ne noHOB.apro11a npn. 

paoJill'IHblX 1106aBKaX KllCJI0po11a. 1(8+) ooHa'laeT Bellll'lllHY l!OHHOro 

T0Ka Ar8+ 6eo BCil0MoraTeJibH0ro raoa. Bee TOK~ H~pM_npoBaHbl K 

1(8+ ). 
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IIJI0TH0CTbIO HeIITparre:i'I B II/Ia:JMC, II/I0TH0CTbIO II0H0B c ::iapHIJ;0M i ( 2 ::; i ::; 

iMaKCl!l\laJILlll.JII) II IlJI0THOCTbIO 0IJ;H03apHIJ;HbIX II0H0B. ,Il;rrJI pemeHIIJI CIICTCMbI ypaBHe­

m1ii ncnorrb::iyeTcH _K0MilbIOTep VAX. Bxop;HbIMII napaMeTpa.11m nporpa.MMbI HBJIH­

IOTCH : K0HIJ;eHTpaii;IIII He:i'ITpaJibHbIX 'laCTIIIJ; 0CH0BH0ro II BCII0M0raTeJibH0ro ra-

30B BHC nrra3MbI, _K0HI:i;eHTpaii;IIJI II TeMncpaTypa ropJI'IIIX rmeKTp0H0B, TeMnepaTy­

pa TeIIJI0BbIX 8/IeKTp0H0B, TeMnepa.Typa. H0H0B, BeJIII'IIIHa npo60'!HOro C00TH0Uie­

mrn, pa3MepbI pan- pHp;a, uommaii;uoHHbie Il0TeHIJ;IIaJibI II K08<p<pIIii;IIeHTbI CKopocTII 

nommaii;mr IJ;JIJI ocHoBHoro u nop;;a;ep:aornaro111ero ra::ioB. 

B ;a;IIccepTaii;mr npe;a;cTaBJieHbI proyrrbTaTbI pac'!eT0B p;rrH nrra3MbI_ aproHa c ;a;o­

fiaBKoii KIIcrropo;a;a. Ha pIIc. 6 noKanauo 3apHIJ;0Boe pac1;1pe;a;errem1e npn panJIII'IHbIX 

') K0HIJ;eHTpaii;rrnx CMecII. l'.I::i pIICYHKa BIIIJ;H0, 'ITO KUCJiopo;a;, KaK BCilOMoraTeJibHbIII 

t 
\ 

ran, ;a;aeT cp;Bnr ::iapH;IJ;0B0ro pacnpep;erremrn B CTopoHy BbICOK0::iapHIJ;HbIX COCT0-

JIHIIH. Op;HaKo, ecmr npoii;eHT Bcno11mraTeJibHoro rana npeBbIUiaeT 98% , TO ero 

npucyTCBIIe Il0Jie3H0 JIHIIIb IJ;/IJI 0'IeHb BbIC{lKIIX 3apHIJ;0BbIX COCT!)JIHIIIi. Pac<J:eTbI 

YKa:JbIBaIOT, 'ITO cpe;a;mrii 3apHp;, Il0TeHIJ;IIaJI rirra3MbI II KoacpcpIII:i;IIeHT pacceJIHIIJI 
. ' :·, . i • 

8/ICKTp0H0B YMCHbIIIa.IOTCJI C JBCJIII'ICHIICM npoii;eHTa BCil0MoraTeJibHoro rana, npu 

IlOCTOJIHH0~06ll(eMKOJI~'iecTBC Heii.'.rparrc:i'r ( puc: 7,8,[J°) B TO BpCMJI, KaK ~pOBIICa­

HIIe II0TeHIJ;Ha.Jia yBeJIIl'IIIBa.eTCJI B 8T0M crrrrne ( pIIc: '10 ). Ha puc. l lnoKana.no, 

'ITO T0JlbK0 II3MeHJIJI Il/IOTHOCTb ne11Tparre11 BCiloMora.TeJibH0ro ra.::ia, M0)KHO o6Ha­

PY)KIITb p0CT II/I0TH0CTII TCilJI0BbIX 8/IeKTpoH0B npu JBeJIII'IeHIHI K0HIJ;eHTpaii;mr 

BCnoMora.TeJibH0ro ra::ia. · Ha puc. 12 noKa:JaHa 8Kcncpm ... 1eHTaJI.hHaJI ::ia.BIICHMOCTb 

BJIIIJIHIIJI TeMnepa.TypbI IIOHO~ Ha ::iapw:i;o:oe pacnpc;a;errem1e. Pa.C'!e;,bI Il0KanbI­

BaIOT, 'ITO 6orree HimKaJI TCMilepaTypa U0H0B p;eiicTBilTC/IbHO. neo6xop;uMa. ;D;JIJI 

norry'IeHIIJI 6orree BbIC0K0:JapJIIJ;HbIX COCTOJIHIIII B nrran!lfe; Ha pnc. 13 Il0Ka.:JaHbI 

pcnyrrbTa.TbI <pIITIIpoBamrn npu pa.c•reTa.x pacnpe;a;errcnrrn ::iapH;a;oB B nrranue apromi. 

C KHCJiopo;a;oM B cpaBHCHilH C 8KcnepIIMeHTaJibHbIMII p;aHHbIMH, Il0/IJ'ICHHbIMII Ha 

IICTO'IHIIKC II0H0B DECR.IS-14-2. 

C ii;errbIO yBeJIII'Iemrn IIHTencnBnocTn IIY'IK0B nonoB n::i D ECRIS~ 14-2 II 8Kcnqm­

MCHTaJibHoro rmy•reHHJI 8cpcpeKTa. CMCCII ra30B 6bma BbIIl0JIHeHa. cepnH 8KcnepIIMf'H­

T0B B panmI'IHbIX KOH<fmrypa.Ii;IIJIX HCTO'IHIIKa. II0H0B: C ncpBoii CTJIICHbIO, C. 8/ICKT­

po;a;oM npn o~pHI:i;a.TenhHOM Il0TeHIJ;ImJie (6e::i nepBOil CTJilCHII) II c nepBOII CTJIICH­

bIO II ineKTpo}'ioM np1i. oTpHI:i;a.TeJibHOM Il0TCHIJ;Uarre. Ilpn IICII<J/Ibl3(JBaHIIII 0CH0-

BHbIX ranoB ( KIICJiopo;a;, a.proH, KCCH<)H) UCil0Jib0oBaJIIICb Ta.Kne BC.Il0I\WraTC/IbHbIC 

ranbI, Ka.K rerrnii, KIICJI0po;a;, HC0H. 

CpaBHCHIIC 0ilTIIMnnupoBaHHbIX U0HHbIX T0K0B, Il0JIJ'I<'HHbIX npu nny•reHIIII 

~cpq>eKTa. CMCCH ranoB ;D;JIJI HCT0'IHIIKa. IIOH0B C. II<'J>BOII CTJIICHbIO II 8/ICKTpo;a;oM 

IIJ>II <>TpIIii;a.TCJibH0M II0TCHIJ;IIa.rrc npe;a;c.Ta.BJI<'HbI B Ta6mrii;e 4. Bn;a;Ho, 'ITO cpa.KTOp 
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Pnc. 7. 3aBHCHMOCTb 'cpJAHero oap~p,oaoro COCTOJIHHJI HOHi>B OT 
--'' '.r:·,: 
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Pnc.9. 3aBHCHMOCT~ Koaq>qmu;neHTa pacce.HH~ aneKTpOHOB. OT 
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Pnc.12. 3ap11AOBoe pacnpeAeneHHe ,HOHOB B ny.'l!{e npH0 paoIIH'IHOH 

TeMnepaType HOHOB(Ti). 1(8+) n HOpMHpOBKa - CM. IlOAilHC.hK pHc.6. 
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Pnc.13. CpaBHenne pacqeTHoro H 0KcnepHMeHTaJJbHOr? nap.H,11oaoro 

pacnpe,11ene1111.H 110110B a·proHa no DECRIS-14-2 nµn Hcnonbooaamrn B 

KaqeCTBe acnoMoraTem,Horo raoa Kl!Cnopo,11a. 

Ar 
II+ 

d 3 xi 8+ 
] 2 

06+ /~ --------<'l e 1.5 ,■-
u ,,_, 

10-2 -C: -~ 
C. e 
::I ., . I """ Cl xenon 
0 u 3 
., 

2 first stage pure gas gas mixing .. • 0 
0 

1.5 negative potential ■ pure gas Ll gas mixing 

10-3 L-~---~--~~~---'-~~--~_J 
5 10 15 . 20 

Charge State 

Pnc.11. Pacxo}( Kucnopo}la, aprona WKceuona npn 11cnom,001rn.m111 

· 11c110Mora:rem,11oro rana. 
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yBelIII'IeHUJI HHTeHCUBHOCTII HOHHbIX TOKOB npu IICilOlib:.JOBaHIIH CMeCH ra:.JOB B 

crry'Iae 3lieKTpop;a npn OTpm.:i;aTeJibHOM IlOTem.:i;narre HeCKOJibKO HU:.-Ke, 'IeM B nc­

TO'IHUKe noHOB c nepam'i cTyneHhIO. 8cpcpeKT Bcnm.rnraTeJibHOro ra:.Ja cpaKTH'IeCKH 

OTCYTCTByeT npII onTIIMII:.JaI.J;IUI ny,IKOB IIOHOB Ar9+ II Ar11+ /];lill BapnaHTa IICTO'I­

HIIKa HOHOB C 3JieKTp0p;OM npn OTpIII.J;aTelihHOM noTeHI.J;narre II nepaoii: CTyneHbIO. 

8To O:.JHa'!aeT, 'ITO 0cpcpeKT cMecn ra:.JoB cp;ep:iKirnaeTcJI B crry'Iae 0rreKTpop;a npu 

OTpIII.J;aTeJibHOM noTeHI.J;Uarre no cpaBHeHIIIO c nepBOIJ: C_TyneHbIO. 8TOT cpaKT 

nop;pa:.JyMeBaeT' 'ITO ,YBeJIII'Iemre nJIOTHOCTH 3JieKTpOHOB /J;OJI)KHO 6bITb 0/J;HOIJ: II3 

p;oMIIHIIPYIOil.lIIX npII'IIIH 0cpcpeKTa CMecn ra:.JOB. 

Ta6nuua 4. CpaBHeHne TUnIPIHbIX onTUMH3UpoBaHHbIX /];lilI p;aHHbIX 3apl!p;OB 

TOKOB HOHOB (MKA) II 0cpcpeKTa CMecn ra:.JOB B crry'!ae nepaoii: CTyneHII II 3lICKTpop;a 

npn OTpHI.J;aTeJibHOM noTeHI.J;narre. 

--- ---nepBWI cTynen~ -·"73JieKTpo;o; npH OTpilll;aTem.HoM--

---noTem~mure------

6eo BCllOMoraTO- C BCllOMOraTe- f 6co BCllOMOraTe- C BCllOMOraTe- f 
m.noro raoa m.HLIM ra::30M JibHoro ra:3a libHbIM ranoM 

0~ 60 90 1.5 116 135 1.16 
Ar~+ 11 16.5 1.5 17 25 1.47 
Xe132 15 23 1.53 23 28.5 1.24 
xe;;r 14 23.5 1.68 22 31 .. 1.4 
Xe132 14 22 1.57 20 28 1.4 

*: B crrrrae 160 6+ acnoMoraTeJibHbIM raDOM 6brn rerrrri\:, B gpyrrrx crry'la.JIX - Ktt­

crropog; f- q>aKTop pocTa. 

8cpcpeKT CMecn ra:.JOB He TOlibKO yBeJIII'IIIBaeT TOKI! BbICOK03aplip;HbIX HOHOB, 

HO TaK:iKe cyll.leCTBeHHO yMeHbIIIaeT pacxop; OCHOBHOro ra:.Ja. Pacxop;bI OCHOBHbIX 

ra:.JoB npn norry'Iettnn ny'IKOB noHoB 0 6+ , Ar11 + n X e18+ B crry'Iae ncnorrb:.JOBaHl!lI 

acpcpeKTa CMeCU ra:.JOB. nOKa:.JaHbI Ha puc. 14. 

B rnaee 'leTBepTOH npep;cTaBrreHbI pe:.JyJihTaThI nccrrep;oBaHnii: no onTnMn­

:.JaI.J;nn HOHHoro HCTO'IHIIKa 8IJ;P Tuna Ha octtoBe ncnoirh:.JOBaHUJI HOBOIJ: MYJihTII­

noJibHOH cncTeMbI Ha nocTOJIHHLIX-MarHnTax. Ha pnc.15 noKa:.JaHa cxeMa TaKoro 

ycoBepIUeHCT_BOBaHHoro UCTO'IHUKa UOHOB DECRIS-lO·Ha '!aCTOTe CB'I-HaKa'IKH 

10 rrI.J;, OCHOBHbie napaMeTpbI KOToporo npep;cTaBJieHbI B -Ta6JIIII.J;e 5. 

8ToT UCTO'IHUK IIMeeT p!Ip; o6Il.lUX C p;pyrIIMU 8IJ;P UCTO'IHIIKaMn 3JieMeHTOB 

TaKHX, KaK nrra:.JMeHHall KaMepa C /];BOIJ:HbIMII CTeHKm,rn-p;rrlI oxrraJKp;aroll.leH BO/J;bii 

Mep;HhIH KOaKCIIaJihHhIH BBop; p;rrlI Cff1I MOil.lHOcTn, HanycKa pa6o'!ero ra:.Ja nrrn no­

p;a'!II TBepp;oro pa60'1ero Bell.leCTBa B pa3plip; C noMOil.lbIO Tnrirn HlIIl 3JieKTpop;a; 

KOHH'IeCKOH cpopMbI llIHMMHpyroll.lee KOlibI.J;O IJ;lilI II:.JMeHeHIIlI BelIII'IIIHbI MaKCIIMyMa 
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aKCIIalibHOrO noJIJI II ero norro:iKeHIIlI B 30He nepBOII CTyneHII IICTO'IHIIKaj p;Be co­

rreHonp;aJibHbie KaTyIUKII /];lilI C03p;aHIIlI aKCIIaJibHOII lIOBYllIKH II lipMo HO CTaJIII p;lilI 

o6ecne'!eHIIlI Tpe6yeMOH KOHq>IIrypaI.J;IUI MarHIITHoro noJIJI. 

Ta6nuua 5. IIapaMeTpbI DECRIS-10 

AKCIIaJibHOe MarHIITHOe norre 

MaKCIIMaJihHa!I BeJIII'IIIHa 

HoMIIHaJibHhIIJ: TOK correHoIIp;a 

MaKCIIMaJihHhIH TOK correHoIIp;a 

.I(rruHa rroByIUKH BTopoi'r cTyneHII 

reKcanOJib 

BHeIUHIIII p;riaMeTp 

BHyTpeHHIIIJ: p;uaMeTp 

.I(rruHa reKcanorrJI 

Ilorre reKcanoJIJI Ha CTeHKe KaMepbI 

IIrra:.JMeHHa!I KaMepa 

BHyTpeHHIIH p;IIai.reTp BTopc,:in CTyneHII 

BHyTpeHHIIH p;uaMeTp nepaJn ci-yneHII 

,I(JIIIHa BTOpOH CTyneHII 

CorrettoIIp; 

1IIIcrro KaTyIUeK 

BttyTpeHHIIIJ: p;IIaMeTp 

BtteIUHMII p;IIaMeTp 

1IIICJIO O 6MOTOK 

1IIICJIO BIITKOB 

MaKCIIMaJihHa!I 3JieKTpII'I(!C;Ka!I MOil.lHOCTb 

Pacxop; oxrra:iKµ;aroll.len Bop;bI 

,I(aBJieHIIe BOp;bI 

,I(JIIIHa IlpOBOIJ;HIIKa p;lilI 2-X KaTyIIreK 

1,2 T 
900 A 

950 A 
15,5 cm 6ro.:iKeJie:.JHoro nyrrrrepa 

18,0 cm C :lKeJI~3HbIM nyrrrrepoM 

12,0 cm 

7,0 cm 

16,0 Wl 
0,8 T 

6;5'cm 

2,5 cm 

16,0 cm 

2 

13,0 cm 

34,0 cm 

4 p;BOHHbIX 

11 

40kW 

11,0 rr/MIIH 

4 aTM 

130M 

Ho _'ITO oco6eHHO Ba:lKHO, 3TOT HCTO'IHHK IIMeeT np~HI.J;IIIlIIaJibHO HOBYIO MYJib­

TIIIlOlihHYIO MarHIITHYIO CIICTeMy C HenpepbIBHbIM II3MeHeHneM OCH rrerKoro HaMa­

rHII'IIIBaHHJI. TaKa!I MarHHTHa!I CIICTeMa Il03BOJIJieT norry'IHTb 6orree CillibHOe Ma­

rHIITHOe norre npn MeHbllIHX pa3Mepax MYlibTIIIlOlibHOro MarHnTa. B TO )Ke BpeMlI 

aKCHaJibHa!I MarHHTHa!I CIICTeMa IIMeeT 6orree HII3KOe noTpe6rreHne 0rreKTp03Hep­

rIIII. Ha pIIc.16 npep;cTaarretto pap;narrhHoe MarHIITHOe norre ;a;rrJI reKcanorrlI c Henpe­

pbIBHhIM II3MeHeHneM OCH rrerKoro HaMarHH'IIIBaIIIIlI B cpaatteHIIH C Krraccn'!eCKOH 
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Pnc.15. CxeMa HOBoro 8IJ;P-ncTO'IHJIKa DECRIS-10. 

1.0 

0.9 

0.8 

0.7 

0.6 

E o.s 
t:Q 

0.4 

0.3 

0.2 

0.1 

• ContinOIII orientation 
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Pnc.16. PaAJiaJihHOe MarHJI~Hoe none AflJI reKcanonJI c Henpepi.IBHhIM 

JIOMeHeHJieM OCH nerKoro HaMarHJI'IJIBaHHJI B cpaaHeHJIJI C 

Knaccn'lecKoii KOH<pHrypa~neii, cocToJII..IJ,eH JIO 12,24 JI 36 'laCTeii. 
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PIIc.17. PacnpeAeneHHe aKCHaJIMIOro MarHJITHoro nonJI B DECRIS-10. 

DECRIS-10 with iron puller 

~:!F~-----·~ 1 
1.6 

--.._ 0.8 

t 0.0 
~-0.6 

-1.6 0 
-2.4 t--::....: - _....--:-'" _/ i 
-J.2 :-------= I I 

0 2 4 6 8 10 12 14 16 
Z/cm/ 

Pnc.18. Ilono)KeHHJI MarHIITHhIX OKBJIIlOTeH~JiaJihHhIX nosepxHocTeii 

so sTopoii cTyneHn DECRIS-10. 
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KOHCTpyKu;uei°I, COCTOJUI.(eII II3 12,24 II 36 'JaCTei°r. ,UpyruM IICKITIO'IIITeITbHO Ba.:iK­

HhIM npeIIMYll.leCTBOM HOBOI°I KOHCTpyKD;IIII JIBITJICTCJI TO, 'ITo' BCJIII'IIIHa. norrHoro 

pap;IIa.ITbHOro MarHIITHoro norrJI Ha. TO:M :-KC pap;uycc 0CTaeTCJI nocTOJIHHOII npu 

pa::mII'IHhIX a3IIMyTarrbHbIX yrrrax, 'ITO O'ICHb Ba:-KH0 p;rrJI pap;ua.rrbHoro yp;cp:-Ka.HIIJI 

nITa.:JMhl. 

YcoBcplllCHCTBOBaHHa.JI BCpc1rn MYIThTIIIIOITbHOi°I CIICTCMbI Ha. nocT0JIHHbIX Ma­

rHIITa.x B crry'Iae 6orrh!llCro 'IIIcrra noITIOCOB (6orrec 'ICM 12) M0:-KCT YBCJIII'IIITh, KaK 

noKa3bIBaIOT pac'ICThI, GqJqJCKTIIBHhIM IIOHII3au;uoHHhii°I o6'bCM 3gp panpllp;a. 

Oco6oe, BHII11aHIIe B pa6oTe 0hlITO yp;eJICH0 onTIIMimau;uu KOHqJIIrypau;uu a.K­

cuarrhH0ro M,arHIITHoro n~rrlI. 3ap;a'Ia co,CT0UT B BbI6opc KOMnpOMIICCa. MC:-Kp;y 

Tpe6yeMoii: K0Hqiurypau;uc11 MarHIITHoro nmrn, pa.3MepaMII HCTO'IHIIIm II Bcmrrn­

nm'i: noTpc6JIJICMOM GJICKTpII'ICCKOM Mi)ll.(HOCTII. O'ICHb Ba:-KHO onTIIMII3IIpoBa.Tb 

KOHqJIIrypaD;UIO KaTylllCK ('IIICJIO CITOeB,U BIITKOB) II OTHO~IITeJibH0e pacnOITO)KeHIIC 

Ka TYlllCK, 'ITO 6hr MIIHIIMII3IIpoBa Th .. 06'be1r · Ma.rHIITHoro nonn: 'Ha pIIc.17 noKa.-

3aHhI p;Ba. BapuaHTa pa.npa6oTaHHhIX KOHqJIIrypau;uii Ma.rHIITHOro nOJIJI ( C )KeJie-

3HbIM nynrrepoM II nynrrcpoM II3 Hep)KaBeIOll.(CM CTarru). O6e KOHqJIIrypaD;IIII IIMCIOT 

BhlCOKIIM ypoBeHb MarHIITHoro n:orrJI (1,2T) B6JIH3II ncpBoii: cTyneHII II p;ocTa­

TO'IH0 CIIJihHhIM rpap;ueHT B o6rrac·Tu Me:lKp;y ncpBmI u BTopoii cTyncHJIMII. Ha puc. 

18 noKa3aHbI noJIO:lKeHirn GKBIInoTeHu;IIa.JibHhIX Ma.rHIITHbIX noBcpXHOCTCM BHypu 

pa.npllp;HOII KaMepbI II M0:lKHO BIIp;CTh, 'ITO BTOpalI 3:0:P noBcpXH0CTb Ta.K)KC norr­

HOCTbIO 3aMKHyTa BHYTPII pa3pJip;HOM KaMCpbI: 

B aaKJIIO'ICHHII clf>opMyJIIIpOBaHbl OCHOBHble peayJibTaTbl paapa6o­

TOK H uccJiep;oBaHHH : 

1. Ha ocHoBa.HIIII aHaJIII:Ja KOHCTpyKu;nii coBpeMeHHhIX 311;P-ucTO'IHIIKOB pa3-

pa6oTaH II co:Jp;aH IIOHHhIM IICTO'IHIIK DECRIS-14-2 p;rrn cucTeMhI aKcIIaJib­

Hoii IIH:lKCKD;IIII Ha D;IIKJIOTpoHe Y-400M. CorrracHo coBpCMCHHhIM TCHp;CH­

IJ;IIJIM B pa.3BIITIIII TeXHIIKII norry'IeHIIJI MHoro3apnp;HbIX IIOHOB B IICTO'IHIIKe 

ucnOITb30BaHa KOHCTPYKD;IIJI MarHIITHOM CIICTCMbI C KOHD;CUTpau;ueii MarHIIT­

Horo nOTOKa B pa6o'IeM 06JiaCTII, 'ITO n03BOJIJieT norry'IaTb BCJIII'IIIHY Ma­

rHIITHOrO norrlI B aKCIIaJibHOM HanpaBrreHIIII p;o 1,2 T n BCJIII'IIIHY pap;narrbHOM 

COCTaBJIJIIOll.(eM MarHIITHoro norrJI Ha noBepXHOCTII IIOHII3aD;IIOHHOM KaMepbI 

6orree 1,0 T. Ilo cpaBHeHIIIO c cyll.(eCTBYIOll.lIIMII 311;P-ncTO'IHIIKaMII IICTO'I­

HIIK DECRIS-14-2 oTITII'IaCTCJI oTHOCIITeJihHO HII3KIIM GHepronoTpc6rreHIICM 

(55 KBT) II IICnOJib30BaHIICM HII3Koro p;aBJICHIIJI OXJia)Kp;aIOll.(CM :lKII/];K0CTU. 

2. IIpoBep;eHbI GKcnepUMCHTbI no norry'ICHIIIO ny'IKOB MHoro3apJip;HbIX IIOHOB II3 

IICT0'IHIIKa D ECRIS-14-2 c panmI'IHhIMII KoHqinrypau;UJIMII nepBon cTyneHII 

20· 

./ 

• 
UCTO'IHIIKa. BnepBhle noKa.:JaHo, 'ITO ucnOJib30BaHIIC norpy)KeHHoro B nJia.:JMY 

GJICKTpop;a nop; OTpuu;aTCJibHbIM noTeHIJ;IIaJIOM COBMeCTHO C nop;a'IeM BCno­

MoraTeJibHOro ra.na no3BOITJICT yBeJIII'IIITb TOKII MHOronapJip;HhlX IIOHOB B 

cpcp;HeM B 2,3 pa.na no cpaBHeHIIIO C ucnorrb30BaHIICM Tpap;lIIJ;IIOHHOH KOH­

CTPYKIJ;IIII nepBoii cTyncHII. B pc:JyJibTaTe onTIIMIInau;IIII pe)KIIMOB pa6oTbI 

IICTO'IHIIKa 6hlJIII norry'IcHhl TOKII IIOHOB 1606+ - 135 MKA, 40 Ar1H - 25 MKA, 

132 X e1s+ - 31 MKA u p;pyrne. Crrep;ye,T OTMeTIITb cTa6IIJibffYIO II Hap;e:lKHYIO 

pa6oTy IICTO'IHIIKa. BO BpeMlI GKcnepIIMCHTa. IIorry'ICHHbie IIUTeHCIIBHOCTII 

TJI)KCJibIX MHOro3apllp;HbIX IIOHOB, TaKIIX KaK Xe C napllp;aMII OT 14+ p;o 

20+, Haxop;JITCJI Ha ypoBHe, xapaKTepHOM p;nH JIY'IlllIIX COBpcMeHHhlX 3:0:P­

II~TO'IHIIKOB, B Hay'IHbIX u;eHTpax cI>paHu;uu, CIIIA II p;p. 
i' ' ' : 

3. IIpoBCp;CHO 'IIICITCHHOC II3Y'ICHIIe GqJ<peKTa CMeCII raooB -~ITJI stiP-McT~'IHIIKOB 

Ha OCHOBC cocigaHHOM /];JIJI G;oii u;enri ~oMnbIOTCpHOM ri:porp~i.1:~bI. IIoy'IeHO 

BITIIJIHIIC r~oB~IX CMCcei\: pa.3JIII'IHhlX KOHIJ;CHTpau;~H Ha, OCHO~~bie 'napa­

MeTpbI, xapaKTepunyIOll.(IIe norry'ICHIIe II noTepu MHOronapJip;HhlX IIOHOB B 
' . - , ( . '1• 

nrra.nMe, TaKIIC KaK: BpCMJI :lKII3HII IIOHOB, noTCHD;IIaJI IlJia.3Mhl, BCJIII'IIIHa no-

TCHIJ;IIaJibHOro 6~p~epa f /];ITJI IIOHOB, TCMIIepaTypa IIOH0B II' T.~.. Ilorry'IeHhl 

pacnpep;erreHIIJI IIOHOB no napHp;aM p;nlI Ar II Xe B cMeCII c KIIcrropop;oM. IIo­

Ka.:JaHo, 'ITO npIIMCHCHIIe p;o6aBO'IHbIX ranoB yBeJIII'IIIBaeT BbIXOp; IIOHOB c 

3apnp;aMII, Bhl!lle cpcp;Hero. Ha OCHOBaHIIII aHaITII3a pC3YITbTaTOB p;aHO O0'b­

JICHCHIIC ,lToro G<p<peKTa. 

4. BncpBbie npoBep;eHO GKCIICpIIMCHTaJibHOe II3y'IeHIIe G<p<peKTa CMeCII ra.n,o,B 

Ha IICTO'IHIIKC c op;Hon II ABYMJI cTyneHJIMII n npII no_p;a'Ic oTpuu;aTeJihHoro 

noTeHu;IIarra Ha nrra:JMy. IloKa.:JaHo, 'ITO IIcnoITb30BaHIIe rerrIIJI II KIICrropop;a , 

B Ka'IeCTBC p;o6aBO'IHb~?C ra.:JoB, no3BOITJieT yBeJIII'IIITb TOKII MHoro3apllp;HhlX 

IIoHoB, TaKIIX KaK 132 X e1s+ B 1,5 - 1, 7 pana B crry'Iae pa6oThl c ncpBoM II BTO­

po:ii: CTyneHJIMII II B 1,2 - 1,4 pa.na npII nop;a'IC noTeHD;IIaJia Ha IlJia.:JMY TOJibKO 

BTOpoii CTync:irn. 3cpcpcKT npaKTII'IeCKII OTCYTCTByeT npII norry'IeHIIII II,OHOB 

6orrce HII3KIIX napHAH.ocTeii, HanpnMep, TaKIIX KaK. 
40 Ars+ II 40 Ar9+, 'ITO co­

rrracyeTcJI. c penyrr~TaTaMII pac'IeToB. 

BncpBhle IlOKa.:JaHo, 'ITO nop;a'Ia OTpIIu;aTCITbHOro noTeHIJ;IIaJia 'Ha IlJ:ra.3MY 

orpaHII'IIIBaCT G<p<peKT OT npIIMCHCHIIJI CMec'e:ii: ra.:JoB, 'ITO HC MO:lKeT 0hlTb 

o6'bJICHeHO B paMKaX II3BeCTHOM TeopIIII "IIOHHoro OXJia)Kp;CHIIJI". 'YcTaHO­

BJICHO, 'ITO IICnOITb30BaHIIe p;o6aBO'IHhlX ra.:JOB Il03BOJIJieT yMeHblllIITb no­

Tpe6JICHIIC OCHOBHoro ra.na 6orree 'IeM Ha 60 %, 'ITO JIBJIJieTCJI, IICKJIIO'III­

TCJibHO Ba,KHbIM IlpII pa6oTe Ha p;oporOCTOJill.(IIX II0OTOnax II npH IlOITY'ICHIIII 
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BTOpII'IHbIX paµ;IIoaKTIIBHhlX IIY'IKOB. 

5. Ha OCHOBaHIIII rrpoBeµ;eHHhlX TeopeTII'IeCKHX II GKCIIepuMeHTaJibHbIX IICCJie­

l];OBaHIIH rrpeµ;Jio:lKeHa IIHTeprrpeTarrmr rroJiy'IeHHbIX pe3yJibTaTOB, a TaK)Ke 

IIYTII YJIY'IIIIeHIIH" BbIXOl];HhlX rrapaMeTpOB µ;aHHOro IIOHHoro UCTO'IHIIKa KaK 

C TO'IKII 3peHIIH yBeJIII'IeHIIH IIHTeH~IIBHOCTU II3BJieKaeMoro IIY'IKa MHOro-

. 3apHl];HbIX IIOHOB ra:JOBbIX i:JJieMeHTOB, TaK II rroJiy'IeHIIH IIOHOB TBepµ;bIX Be­

ru;ecTB. 

Pa3pa6oTaHa KOHCTPYKIIIIH KoMrraKTHoro 8Il;P-IICTO'IHIIKa Ha '!acToTy 10 

rrrr ·c IIOHII:lKeHHbIM IIOTpe6JieHIIeM GJieKTpu'r"ecKOII MOlll;HOCTII (MeHee 40 

KBT) rrpn coxpaHeHIIII' aMrrJIIITYl];hl aKcIIaJibHOH cocTaBnmoru;eii Marm~THoro 

IIOJI.!I Ha ypoBHe 1,2 T. IloKa:JaHo, 'ITO rrpnMeHeHIIe HOBOII KOHCTpyKIIIIII CII­

CT.eM~ q>~p~.u;poB~HIIH paµ;IIaJI~HO~ COCT~BJIHIOru;eII MarHII;H~ro IIOJIH (reK-
• 1., , • < , 'C ; ; • , • •. :, ' • ••'' 'l • _._>: > ' ,~ .' ,::. • 1 ~ 

carroJIH), II03BOJIHeT Han6onee GqJq>eKTIIBHO IICIIOJib30BaTb MaTepIIaJI IIOCTO-
• \ ;; ' • ,' '. ' ' ' ~ l ' < ~ ' 

HHHhlX MarHIITOB, rrpIIBOl];IIT K yMeHbIIIeHIIIO BHeIIIHIIX panMepoB reKCaII0JIH 
• ••' I j,, . ,, 1J • , t;,: 

n, KaK pe3yJibTaT, K 3Ha'IIITeJibHOMY yrrporu;eHIIIO ,KOHCTpyKIIIIII IICTO'IHIIKa 

II CH~:lKeHIIIO IIOTpe6~HeMOH Ha co3µ;amre.Mar~IITH~ro ~OJIH MOl.l\~0CTII. 

,Il;aHHM KOHCTpyKIIIIH MO:lKeT 6bITb IICIIOJib30BaHa-B Ka'!eCTBe 6a30BOH IIpII 

panpa60TKe IIOHHOro.IICTO'IHIIKa µJIH rroJiy'IeHIIH BTOpII'IHbIX paµ;IIoaKTII­

BHbIX IIY'IKOB ... 
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