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RJIJ:IImT9Jll>IW9 BOSM0.1tHOOTH KaK B o6JraOTH 
6JI9M 00Bp9M9HHOI C}iHam, TB.K H B pemeHJ 
88,Ita'l. 

Pe8l<Ltlm o TtmeJWMli no.HBMH noaBOJIJn 
dOM OJIHT98HjX)BaT:& TtmeJih!e H CB8pxT.fD!t9JIJ 
BaTl> HX OBOIOTBa. 

C llOMOIIlHJ TRJK&JIWC HOHOB 6WIH CHHTE 
M9HTOB • B H8.0'1'0Jmle9 Bp9M1i B CCCP, ~Pr l 
no OBHTesy IOB, 109 H II6 aneMeHTOB. • 

C ll~9Hli9M ymncaJil>Hh!X ny'IKOB T.fll 
HHI nporpeoo B oCIJiaoTR C}iHSRKH neJieHRR s 
BCIJIRSH rpaHHUH YOTO~RBOOTH, HOcnenoBW 
OJIOlltHliX JJ.Itap. 

iiORJIJ:IIm'l'eJI:W08 3Ha'leHHe HM91l'l' HHTE 
A1rJI p9W8Hltll al<TyaJiliHHX HaY'JHO-T9XHlf<l9CJ 
Sa;lta'll. Ttmemle ROHH ll08BOJmJD!I H~TH HOI 
JI9M npol!SBO.IJ;OTBa J!.It9pHHX C}iK1Il>Tp9B R R3~ 
OTK Ma'l'apJIIMOEI, 

C ITOMOIIl:UO HHT9HORBH~ ITY'JKOB T.Rllte; 
.u;y) MOryT 6~T~ Haro'l'osneHu RnepHhle wM: 
.u;o IO MRM H 'JHOJIOM OTBepcT~ no 109 Hl 

HoinlmlTeJIJaHO :aaaHHM J!BJIJl9TCJi To, 
105 + 106 pal dOJ198 BWOOROI no Opa:BH9Hl 
aol onooo6aoo'l'K>. llpx'laM BpeMH o~em 
HOOTJ! HOHHON uyua MOZEIT dHTl> 00Iql81119l 
Opa.BK9JUD) 0 ro~ Ha HeiTpoHHHX llOTOKI 

HHT&HoJIBKHe uy1IKH ycxopeHHHX TJmeJ 
THBH H ~ J!OOJI8.IJ;OB8HBI OBOICTB Belll9CTJ 
.u;e.M8HMX B '1'8Jm8p&Typax, ~BEUDD 
J!.IJ;8pHOr2 OJ!H'l'8Ba, . 

BNeoTe o 'l'&M pemeHHe KBK ~~H~ 
aoneRTOB 00Bp8M8HROI Ji.IJ;epHOI C}iR8RKH H I 

JI.HiTOJi nporpeCOOM p&8BHTRII 'MOIIlHHX yCRO] 
OH!IHHX H BHOOR08aPJ!,ItHHX JIY'IKOB TJll!WJihiX 
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ART;yygoc'l'e Ilp(?6JieMil • .HcCJie,J:toBwmsr c.·TSJ.llte.m.D.m :a:OH!OO!·IDI!em' xc:.:. 

lt.1Ii:Jim'l'6Jll>Hli6 BO BMOltHOC'l'H · RaK · B . 06.naCTH. HaY'J9IDm . <});yH.IJ,8MElH'l'8JI:LHHX' n:po-
6JI8M co:epeMeHHol <}):Ham, TB.K :R :e pememni Brultliux · HayqHo-Te:XffirqeciUIX . 

SMa"' •. · . · . ·) 
Pe~ c T.Ge.m.tMH xoHB.:MK .noa:eOJIJmT ·nptmn;zmwr:wo HO.BNM cnoco

doM CJ!HT6SHpOB8.'l'l> 'l'SeJIHe li. CBepXTRlltSJIHe aJieM9HTll;· a. TBJOite HCMe,J:to-

Ba'l'l> HX c:eOicua. . . · · • • ·' •· 

C DOMOIIllill TJDiteJIHX HOHOB 6wm CmiT93HpOB8.HH. HaOTOIIH 102;,;.!07' aJie
M6H'l'OB, B HS.C'l'OJI!Ile6 :epewi :e-CCCP, ~PI' :a: ClllA npo:eo.wrrca:'aKcnep:HMeHTll 

IIO OmiT& By 'I08, 109 H Il6 aJieMGHTOB. • 

C IIOJIY1i6HH&M ymmBJI:LHHX ·IIY'IKOB _TSJ.llte.7IHlC HOHOB c:snarui ·alia'mTeJI:&-' 

mdt nporpecc B-o6Jiac'l'H <})HaHKH ·J:teJieHIDI •Jm.ep, HSytieHHH c:eollcTB . R,ll;ep 

B6J!RaK ~ YCTO~HBOCTK, HCC119,J:tOBaHHH MexaHHaMa BsaHMO,J:t9ilCTBHH 

CJIOJitHKlt H,Ztep, · ··' 

. .HciUIJNH'l'eJI:woe aHa"'eime ·HMe~ mtTeHcHBHlle IIY'lKH TSDteJIHX xoHo:e 

1Wt pemeHK.fl e.KTyWxl.HiJt HayqHo-T9XHK'i9CKHX H Hapo.n;Ho-XOBJ!ilCTBeHHllX 

8~"1.· T~e KOHH Il08:BOJIMHHailTH HOBll9 TIO,lOCO,IUC K pemEllDm npo6-
Jl9M IIpOK8BO~CTB8. H,Zt6pHllX <})K1Il>Tp9B H HayqeHJUI pa,l:tHaiOJOHHOft . CTOilKO-

. 
1 

O'l'K Ma'l'EIPHM:O:Bo 

c .. noMomuo miTeHcKBHHX nytiKo:e T.fllt9.JIIDC-.uoHo:e cro13
u6Ho:e :e ceKYH:.. 

~) MOrYT. 6UT1> KBrOTOB7I9Hll Jm,epHlle. <})n.l.Il>Tpll .c ~,eTp~ rrop OT 0,01 . 
):tO IO MRM K 'liHCJIOM OTB9PCTIDi: ,J:tO 109 Ha I crl-. . . . . . . . 

. Hci<JIJm~TeJi:wlo :B8JIIJlHM mimleTc.fr io ~ 'iTO TSJ.llt9ille :a:oHH o6.n!WlllT :e • 
ro5 + ro6 paa 6o.iiee- BWOOKOil Iio CpaBHemm c Hellor'poHBi.m ,J:tec'rpy.KTHB ..; ' 

HOI CIIOC06HOO'l'lillo 'UPJA&M BpeM.fl 'o6.izY-qeHJUI sa C"'eT 6onHiioll miT9HC~ 
HOCTK · KOHHOro nyua iloze'l' 6HTl> coi<pallleHo J:tO He CKOJI:LKHX 'Ia COB · · no 

Opa.BH6HJD) 0 ro~ aa H81TpoHroa TIOTOKaX. [ 

· HHTeHoBBHHe ~·yCKopeHHHX TfizeJ!Hx xoHoB oTxpu8aDT.nepciiex-

TKBW K 1Wt KCOJIEI~OBS.Hd CBOilCTB :aemeCTBa np:a: 9KCTpeMSJI:DHO BllcOIG'IX 

~&HHIIX B 'l'&MIIGp&'l'ypax, li:mntimpoBaHHH ynpB.BJm9MOI. peamum T9!MD-
SJ,ll;6pHOro .CKH'1'886h ' . . ·. . . 

. BMec'l'i o TaM pemeHHe KB.K·~YH,It8MEIHT8Jl:wmc, TaK :ilr npaxTH'ieCKHX· 

acn&R'l'O:B OO:Bp9M6HHOI HitepHOil ~am K aHepreTHKH CB.fl38ll0 H. onpe,J:te.:: 

mreTCR IIporpeOCOM·paa:BlrrH.fl 'MOIItfOO( ycxopHTeJI:bHllX. KOMWI9KCOB HHT9H

CRBHHX K BHCOKOBa~ DyqKOB T~ HOHOB. 

C~-ue..:u.'iH~llil!.lfi HIICTh"fY1' 
ni'H!PH.ti!X I:Cr,:,e!IOD!lfU::l 

. 6t1SJit'l0TEHA ,......,..._.....,. ... 



B KO~e 70-X ro~OB BCTyrrKnH B CTpOH ~eHCTB~ ~-~bHHX 

yCR9PRTeJI.fi T!llKeJIHX .ROHOB: UNrLAC ( GSI, JJ.aPMJIITa,Il;T, <l>PI' } H B I9?8ro-::-, 

~ Y-400 { OMIDI, .D;yc5Ha, CCCP ) • B Ko~e !982 ro~a IIOJIJ'ISH ycKopeHHili1 

IIY'JOK Ha 3-x URK!IOTpOHHOM KOMIJJieKce T!llKeJIHX ROHOB GANIL BO ~. 
B CCCP li PM9 CTpaH_ 3ana,IJ;a Bi.l!aC'!'Omil9~ -~peM.li pa~pac5aTli:Ba.IOTC.fi R 

ocymecTBJimOTC.fi. pasHooc5pasHlle npoeKTH ycKopHTMbHHX KOMIJJISKCOB . . MSP 

JISrKRX 3JieM9HTOB 1'1 T!llK9JillX HOHOB BllliOT:b ~0 ·~}~~ ~tre.P~ .,. 10
2 

-

I03 MaB/HYKJIOH RiC HHT9HCRBHOCT.f!MH I0
7. + IO '!aCT./c. ···~.: 

. I!OJiy'!9HR9 llJ'IKOB, T!llK~ HOHOB -~COKOH HHT9HC1IBHOCTH B .llllipOKOM :· 

~anaSOH9 MaCC H 3H9prHH.RBllfl9TC.fi CJIOl!tH9Hm9H Hay'!HO~T9XHH'!9CKO:ii .. ,?a

~a-qefi. BM9CT9 ? TSM, sa HCK1IIO'I9HH9M KOJIJI9KTHBHOr?;Y,CKOpHT9JI.fi HOHOB, 

napaM9TpH yCKOpHT9Jil>HllX K0~9KCOB_CyJll9CTB9HHO ~aBHC.fiT li BO··MHOrOM 

onpe.iJ;e.mrioTC.fi SapMHOCTI>IO H HHT9HCHBHOCT:biO ny'IKOB, IIOJiy'!9~ RS HOH-

HOrO HCTO'IHHKa, ;,·· _ . .. ,._, 

B· HaCTOmil99 Bp9MH, y'!HTHBa.fl np9HMyJI.l9CTJ3?. URK!IO'!'POHHOrO M9TO~ : 

ycKopeHM HOHOB .IJ;O cpe~ 3HeprHfi, JIBJimO~C.fi 'aKTyaJI~ ·BOnpOCH pa-: 

SBHTM ,<UliKJIOTpolll!oro HOHHoro RCTO'IHHKa ~yroooro "Tnna. · · .. · · -
UeJI:o pac5oTH · -~. yreJIHtJeHHe RH:r"SHCRBHOC'):'H H pacljiRpeHHe ,IUianasoHa 

ycKop.fieMllX -qacT~:. 

I. McCJie~oBaRHe peDMoB pac5oTH ncTO'IHHKa n RSJ'ISHRe yCJioBIDt JBS

JIH'ISHM HHT9HCRB~OCTH HSEJieEaeMllX_HS RCTO'IHHKOB.ny'IKOB ROHOB R.IIOJiy

'I9HH9 ycKOp9HHllX IIy'!KOB C TOKOM ~0 · 1014 IJ;OHOB B . C9K~ o .. ··. , · • • 

2 •. McCJie~oOOHHe yCJioBHfi· IIOB!1llleHM sapMHOCTR nsBJi:exaeMllX _u3 ::II C-. 

TO'IHHKOB.liOHHllX. ny'IKOB, . . :.: • 

3 • I!OJiytJ9HH9 HHT9HCRBHllX liOIDrux IIY'JKOB TB9p,I!;HX B9l!I9CTB. 
. . !;' 

HaY'JHM HOBliSHa, · t1 
., J}.' - . .. • ,. 

I. BnepBHe npoB~~eHH; ncCJie~o~ . EJIII.fiHM · MaTepHaJIOB KaTo~oB . 

liOHHOrO liCTO'IHHKa li xapaKT9pHCTRK.MarHHTHOrO IIOJI.fi Ha HHT9HCRBHOCT:b 
ycKopemmro ny-qKa. ; • · . · ·· · ' ·· · 

.. 2, BnepB!19,,IIOJiy<I9HH liB RCTO'IHHKa .~ · YCKOpeHH ,Ha URK!IOTpoHax .HH~. 

T9HCRBHI19 ny'IKli MHOroBapMHHX. TJillteJUIX liOHOBTBep,n;wc B9l!I9CTB.• 

3o 9c5HapY'ft9H ·:II HSJ'I9H aqqiE)_I}'j:'·.nOBI1lii9HM aapMHOCTH li HHT9HCm3HO

CTli .HOHHHX lly-qKOB liS, liCTO'IHHKa: npli JIMIIYJI:PCHOit 1IO~"i9 · rasa. :S paspM • 

. IIpaxTHtJecKM ueHHocn pac5o~H. . · · · 

.I. CoS~aHH6.BHCOKOHHT9HCRBHOrO HCTO'IHHKa MHOroBapsi.IJ;HllX liOHOB 

.D;1I.fi KpyrrHefunero .B MIJ;p6 liSOxpOHHOrO,URK!IOTpoHa·T.f.tllteJIHX liOHOB n· nOJiy

'I9HH9 YCKOp9HHHXny'IKOB.CHHT9HCRBHOCT:biO )tO IOI4 ROHOB B CeK~, 
1I08B~ npHCTyrrHT:b K liCCJI9~0BaHH.f!M npouecCOB BSal!MO~eilCTBRff CJIO-::

lKHHXM9IJ Ha p9ROp~OM ypoBHe 'IJBC~BRT9JIEHOCTH~ OOOTB9TCTB~6M no-

II9pe'IH11M C9'!9HMM. peaKUHfi nOIJMKa I0-35 +. ro:-3 cJ?-. _ ' · ·· . , 
, 2. IIoBHiireHHe . ~KTRBHOCTH ncnOJI:osoBe.miJI tnmJIOTpOHOB wm WHSH

'IecKHX .SKCIIepRM9HTOB, 'ITO. RMeeT RCK1IIO'IHT9JIEH09. 3Ha'I9HH9 npH Pac50T9 

.2 
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c ~oporocTo~-pas~eJ!eHHHMR usoTonaMH aJieMeHTOB, IIPID4eH.fieMHMl!.B 

uoHHoM ncTotJHHKe B xatJe.cTre. pac5o-qero remecTBa. 

3. Gos~aime nOHHoro RCTO'IHRKa MHOrosapMHHX ·T!llKeJillX uoHoB, pa- .· 

c50TaiOlllero Ha IIapaX MeT8JIJIOB, 

4.' Cps~e . RCTO'I:Hlllia ROHOB . C RMIIYJil>CHOH no~a-qefi pac5otJero ra

sa; •IIOSBOJI.IIIOOiero cHHan.T:h raso:Byro HarpySI~y,B llliKJIOTpOH H ,14alOillerocB03-

MOl!tHOCT:h nOJiy'!HTb c50JI69 BHCOKRH. BaKYJM B SORe ycKopHTeJI.fio 

.5.-McnOJI:OSOOOHHe pesyJI:hTaTOB uccne~OBaHRH .D;1I.fi C03~aHli.fi. HOHH11X 

HCTO~HRKOB ~.fi paspac5aTRaaeMOrO B HaCTO.fi!llee BpeM.fi MHOroue~eBOrO·UllK~ 
JIOTpoHa Y-250. 

· Arrpoc5arnm pac5oTH. PesyJI:hTaTu ucCJJ.e~oBaR1'1ll; nOJiolKeHHllX :B ocHoBy 

~ccepTauHH, ~o&rr~c:o Ha II Me~apo~on xoliwepe~ no noH

HI1M RCTO'IHRKBM (BeHa, ABcTpM, I972r.), Ha XY (MlrncK,I98Ir.) H XYI 

(,IUocceJI:r.n;o!lW,<liPI',I983r.) · Me~yHapo~HX KOH({lepe~mc no .fiEJieHMM B 

ROHli30BaHHllX rasax, Ha Me~apo~oM ceMRHape no TeXHHKe 

n3oxpoHHHX llllliJIOTpoHoB (KpaxoB, IlliP, I9?8r.), Ha I H IY Bcecorosmbc 

CeMRHapax no WHSRKe 1'1 T9XHRKe HHTeHCHBHllX ,HCTO'IHHKOB liOHOB R HOHHllX , 

nytJKOB:(KReB; I9?8 R I98I rr.), Ha.BcecOIOSHOM COBelllaHHH no ycKOpliT9-

JI.fiM HHSKHX u cpe~HX aHeprHfi (KReB, I98Ir.},·Ha YII BcecorosHoM core

Ili~HH no ycKopnTeJiffi<! 3apmKeHHHX .'!acT~ (fuc5Ha, I98Ir.), B Oc5mecTBe 

no HCCJie~OBaHRIO C T!llKeJiw.m HOHaMH ( )J.apMlllTa,Il;T, -<1/Pl', I982r,) • 

IIy6JIRKagnn. OcHoBHoe, co~e~He pac5oTR ony6JIRKo:saHo B I3 

pac5oTax~ .• 

CTPYKTYPa n oc5'beM ,nnccepTagnn. ,UHccepTaul!.fi cocTOHT Ha BBe,IleHM,:,· 

Tp9X rJiaB, ~; SaKliiO'IeHM 1'1 CIIHCKa : JIHTepaTyp!1; . C0~9plKRT · I20 CTpa.Hlm 

MaiiiiDlOIIHCHOrO TeKCTa, ·B TOM 'IHCJIS 38 pHCJHKOB, 9 Tac5JI~ H .CIIHCOK UH-

Tll;pyeMOH. JIRTePaTYP!I ._n:3 II7 :HilliMeiio:samnt. · 
"< ".t 

·' Ha 's?llwTy BHHOC.fiTC.fi CJie,n..vrowe nOJioJKeHM,pesyJI:oTaTH,paspac5oTKH. 

I. IIpRMeHeHHe xaTo~oB U3 TyrollllaBKHX MaTepnaJioB c r;!8JlRMl'l Koa~ 
wl!llHeHTaMH KaTo~oro pacnHJieHM H TennorrpoBo~ocTH rrpu cpaBHUTeJil>HO 

BHCOKOH pa6oTe BllXO~a ( Ta ) irosBOJI.fieT. B!1c5paT:h~pelKRM pac5oTII noHHoro 

HCTO'IHHKa, npH KOTOpOM CyJllSCTBSHHO y:se.i.nNRBaeTC.fi HHTeHCRBHOCT:b_ li sa-

PMHOCT:b RSEJieKaeMllX_ .ROHHllX nytJKOB.,' ', · 

2. McnOJI:osoBaH:~Ie T.filKe.JIHX ~o6aBo'IHHX rasoB rrpn pac5oTe·Ha pe~ 

liSOTOIIax Jie.rKRX _BJieMeHTOB nOSBOJI.fieT ~OCTHrHJT:b. ycTOH'IRB09 ropeHHe 

pasp~ H oc5.ecne'IliT:h cTac5Wil>HOCT:h ycKopeHHoro ny-qxa. · 

, 3.-BllXo~ BH~OKo~apsi.IJ;HllX ROHOB ns ~oBoro HCTO'IHHKa RMeeT~pes,;; 
KyiO saB_HCRMOCT:b OT TO'IHOCTli OplieHTagl!H OCH rasopaspMHOH KaMepR OT

HOCHTeJil>HO'HanpanneHM .CWIOBI1X JIHHHll MarHHTHOro ncinri. 

CJia6oe Heo~opo~oe nOJie',npn I·~ ~/H~ ~ I,3 ( ~·n H0 - , no

. JI.fi B Oc5JiaCTH KaTO~a 1'1 BMliCCHOHHO:ii l!le.JIR COOTB9TCTB6HHO); He npHBO~T 
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K CHRllt9HlllO mtTSHCRBHOCTH. IlpH Cl'fJII>HOll HSO~Opo~OCTH MarimTHOl'O llO

JIJI (~/H0 = 2,3) BHXO~ lli:lCOKOSapR,ll;HHX: HOHOB p93KO C:HHlla.STCJI. 

4. llpn HMTIY~bCHOM HariycKe pa6o~ero rasa B pas~ Iia~eTCH 

~eKT noBHmSHHH HHTSHCRBHOCTH H BapR,ll;HOCTH nsnneKaeMoro ns ncTo~-

Ka IIJ"!Ka· 
5. Hai16Mee mtTeHcHBHI:le nyqror BHCOKosapsi'.l:trutt noHo:B TBSp~ BS-

mecTB MOr:yT 6I:lTi. i:J:MyqSHI:l liS HCTO~, pa6oTamt9rO Ha napax M9T8JI-

~oB. 

6. QIJo,PMY~BaHa MO~Mb OnHcaHHH npo~eccoB noHoo6paso:ea.lnm: n 
' ' 

IIOT9Pb HOHOB B ~OBOM Jt!CT0~9 MHOrDSa~ HOHOB. 

CO.IJEPJKAlillE PAEOTH 

Bo BB9,IJ;9Hll1t! llOKa3aHa aKTyaJII>HOCT:& HCCJI9~0~ C.0 HCTO~ .· 
MHOl'03ap~ HOHOB WOBOrO.TKna, oWOPMY~OBaHa~anb pa60TI:l,EpaT

KO H3JIOJK9HO C0~9plltaHll9 ~CC9pT~. 

·• B ·· IISpBOM 'rJiaB9 •C~SJiaH "063op ill!T9HCRBHI:lX·• 1ti •BI:lCOROSa~· HCTO~-.v•'f 

HHKOB Jt!OHOB ,iwH YCKOp1tiT9~9H TJDK9~ HOHOB ll .a;D;Sp:. :rnmJIOTpoHHOro ~.:;. 
roBoro HCTO'!mma ( ·PIG ) , ~asepHoro · ncTo~ • ( HM3RJI ) • ,eyowraSMaT-

~ poHa ( DP ) 1 SJISKTpOHHO-viyqSBOrO HCTO~ ( EBIS ) H. JtiCTO'IlHHKii C 

Harp9BOM SJISKTpoHOB Ha '!aCTOT9 SJISKTpOHHO-:rnmJIOTpoHHOrO p990HaHca 

( ECR ) • · TipoB9~9Ha RJiaCCJtiW~ HOHHI:lX Jt!CTO~OB. C TO~ SpeRM 

llHYTPSHHetl 'n BHeliiHe:it RHlltSli.Ullli B ·:rnmJIOTPOH. CncTeMaTHSRpoBaHH .H cpaB-
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HHBaiDTCH OCHOBHI:le.xapa

KT9pHCTJtiKH HOHHHX: Jt!CTQ

'IHHKOB 1ti nMyqaeMHX HS 

HHX ~OB MIIorosap.a;D;

HI:lX HOHOB. 06C~9HI:l .. 

II9pCn9RTJt!BI:l paSBJtiTM HO-:

BI:lX HCTO~B ~ ·~

~OTpGHOB. Ha pnc.l''CB9.;.; 

Pnc,!.BI:lXo~ JtiOHOB H 

T9MilllMyq9RM HHT9HCJti

BHHX: H BHCOKOBapR,ll;HI:lX . 

njqxoB JtiOHOB Xe H Zr ns 

paSJIH'!HHX HCTO~B. 

~eHI:l ~ cpaBHSHHH ~aHHHe no HHTSHCHBHOCTRM n sapR,I~;HocTRM HOHHHX:ny

~oB~. HS pa~ THnOB HCTO~HKOB. TIOKaSaHO, 'ITO C yqSTOM npel!My-, 

mec~B ·~o~poHHoro MSTO~a ycKopeliaa T~e~I:lX HOHOB ~0 ope~ ;SHep

rni:i, ~rurme:funee pasBHTne~ woBoro HCTotiinma MIIorosa~ noHoB nos-

OOmrST nMyqaTb HaH60JI99 mtT9HCHBHI:l9 nyqKH~ . . . . 

Bo BTOpo:it rJiaBe np'oBe~eHO risyqeHlle' YCJIOBn:it nOJiyqeiiiDi IDITSHCHB -

HI:lX H BI:lCOKosap~ n~oB HOHOB ns uHKnoTpoHHoro woBoro HCTO~Hn
Ka·, CXSMa,KOTOporo npe~CTaMSHa: Ha pllC~2. ·JipiDilUUI ~9HCTBM HCTO'!HllKa 

COCTOHT B CJIS~ll!SM: no~orpeBaeMI:lll .SJISKTPOHHHM noTOKOM C HllTH.(I)Ka

TO~ (2) SMllTTHpyeT SJISKTpOHI:l, KOTOpue OCUllJIJlliPYloT :B,Il;Mb ·~llTHOro .. 
nOJIH MeJK,ey KaTO~OM H OXJIBJK,IJ;aSMblM aHTHKaTO~OM (6), HaXO~MCH IIO~ 
noT9Hqll8JIOM KaTO~a. 3JISKTpOHHHfi·rtOTOK llOHllSI!pYST ras, nocTynaromH:fi B 

rasopaspR,I~;Hyro KaMepy~o~ ( 3) no cneiurrurmoNiy ~Ha.iiy B o6;racmi KaTo

~a. aHTnruiTO~ H SMllCCHOHHOH !!1BJITI. HoHHI:l:it IIyqOKUSBJI9Ka9TCsl.ll3 SMllC;.. 

cnoHHO:it !!19Jill ( 5) B o6;racTH cpe~re:it '!acTn aHo~a. HdTO'IHHK pa6oTaeT B 

ilMIIyJIMHoM JlenM~<r:l1Mlf.'roo + .2oo ru. "LHMn. = r :!:" 2. Me~> B cl'fJimoM 

MarHHTHOM riOJie; ( 0,6 + 2,1 T ) • .IJJnrna paspR,ll;HOrO npOMSJKYTKa COCTaB -:

~neT 45 + 220 MM, . BSJIH'!mta HMnYJIMHOro TOKa ll 'mlnpJDKSHnff paSpHM 

15 + 20 A ' ·n 500 + IOOO B cooTOOTCTBSHHO. ' ! , · . · 

Pnc .2, ElroK-cxe!Vra. ~oTpoHHoro woBo-

ro HCTO~HllKa H ,CHCTSM nllTaHM. 

I - ·Hllu, 2 ..: KaTo.i{, 3 ·- aHo~. 4 - pac

Ili:lJiaeMii:it SJISKTpO~, ~,_:_ .SMllCCHOHHM !!19Jib 0 

6 - aHTHKaTO~; ? ~ BurrpRMnTS~b'pacill:lJIH-. 
9MOl'O SJISKTpO~,, 8 - MO~yJIHTOp, · 9 - BI:l

llpRMIITSJ!b HHTn, IO -, ~HnpRMIITSJib no~or
peBa,. II- BI:lnpRMI!TSJib ~. 12,- yen-· 

~T9JI~O-B!mp.f001T9JimW 6JIOK. , ·~ '' .. ",. 
Ha CT9~9 HOHHI:lX HCTO~Jt!KOB H Ha ~OTpoHaxY-200;'Y-300 H 

Y-400 ~ OHRM HCCJI9~0BaHI:l pelKHMI:l pa60TI:l JtiOHHI:lX HCTO~HHKOB c KaTO~
Mll HS ooJr14ipaMa 1 BM!IPpaMa C npH~· OlmCH aJII!:MHJIIDI, BO~!IPpBMfi C .. 

· ~o6aBKoii. pe~ ( 2? % ) .~a TaRllte:ks' M~6~eHa, peRM, TaHTrura,. ruip -' · 
6ll,Il;OB Hll06M H UI!pKOHM • , . , 

· • Y CTaHOBJISHO, .. 'ITO llpHM9H9HH9 KaTO~a 'HS TaHTaJia. npHBO~T K J'BeJill- . 
~emno BI:lXO~ · MHOrosa~ Jt!OHOB. H. ~OCTIDKElHlllO dOJ!ee BI:lCOKOSap~ · 
COCTOHHlltl.' Ha pnc.3 llpnBO~M:CpaBHHT9JibHI:l9 MHHI:l9 ,·TOKOB MHOrosapa

~ HOHOB, nOJiyqeHIJiix· HS JtiCTO..nrimOB C .KaTO~ Jt!S TaHTBJia 1ti BOJII4J

paMa •. llcTo~· Jt!OHOB C. KaTO~ .HS: TaHTaJia no ~ cpa}memno .C · HCTO~OM 

HOHOB C KaTO~ HS BOJI!IPpaMa II09BOJIH9T YB9JIH'IHT:& Jt!HTSHCHBHOCT:& Ho-
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PRe. 3. .ltiiarpaMMH TO ROB paSJIII'IJHHX no HoB :ReeHona IIS ·HeTO'llmKOB e no-

. JI!iPnaMOBb!M (a) II TaHTBJIOBWI! ( 6) KaTO,ItaMII. . . . 

Ha ,ItHarpaMMe OTMe'IJeHo, · Bo CKOJI:&Ko pas 11SMeHeHo ycmreHHe wm. BHcoRo

sa~ IIOHOB no epaBH9HlliD C HIISROSa~. ITo ropiiSOHTaJI:OHOH OeH 

OTJIOJ!t9HO paeeTomm:e OT :HeTO'IJHllKa HOHOB B,ItW JiliHli:H 4)oRyeoB, ITO B9p
THK8Jll>HOH - OTHOeiiT9JI~ BHXO~ paarrH'IJHHX liOHOB. 

B pesyJI:&TaTe npiiMeHeHHH KaTo~oB 11S.TaHTBJia H BH6opa ~ pa-

6oTu 11eTo'IJHl1Ka B I,5 + 2 pasa ~ena JIIHTeHeHBHoeT:o yeRopeHHHX 

fiY'IK. OB: Ne 5+ ( nin .. ,.oTpoH Y -200) • Ar 7+ . Ca 7+ Sc 7+ Ti 7+ ( runCIOTpoH 
3+ -4+ 6+ s+ s+ • • ' 

Y -300) ; ·.Jig . 1 Ar , Ti , Cr . , Fe ( ~OTpOH . Y -400) • 3Ha'IJ:HT9JI:&-

Hoe ~9Hl19 liHTSHe:HBHOeTH ( Ha ITO~OR ) 6ano ~OeTllrHYTO Ha UHK
J!OTpoHe Y-300 npii yeROpeHl1II :HOHOB Pe9+. . · . . . · . · .·· · · 

Ha eTeH,Ite :H Ha ~oTpoHax (Y-200, Y-300} i:Ipooo~eHo :HsyqeHIIe ·. 

BJil1lnm.!l: ~o6aBO'IJHllX rasoB ( EO,IJ;opoM, I'9Jil1li, BOs.IcyXa ... H'HepTHHX rasoB) · 

6 

!, 

' ' ,1, 

~ 

Ha :Bux:o,IJ; HS HCTO'IJHmta liHT9He11BHHX 11 BUeoRosap.ffAHHX yeRopeHHHX ITY'IJ-
. .' ..... . 

'ROB :HOHOB aSOTa~ H90Ha 1 aproHa 11 Re9HOHa. 

B OimTax . Ha eTeH,Ite . yeTa-

HOBJI9HO, 'ITO ,IJ;06aBO'IHliii. ras. I.O ~z:::::::::: l 
oKasHBaeT naH60Jimee BJIHmm:e · ~~r~.::::::: 
Ha BUeOR08ap~ 'IJaeT:O pneR-. 

Tpa ITOJIY'IJSHHHX 110HOB (pRe. 4) .' 
Ha pne. 5 . noKasano BJIHmm:e pa-

3n:H'IJHHX.,IJ;o68Bo'IJHHX rasoB ·Ha 

BHXO,II; BUeOROSap.ffAHllX JIIOHOB 

XeiD+ • ITpi llO,II;M91llliBaHlm B ne

TO'llmK JIIOHOB Ha ~OTpOHe'Y-

200 TaK:HX' T.R:llt9JI11X raSOB, KaK 

KP:HUTOH 11 ReeHoH R JierKIIM 

(KIIcnOpO,IJ;y1 HSOHy} ,II;OeTnraeT

eJI yeTOfi'IJIIBOeT:D ropeHRa pas"-

pJI,IJ;a, eTa6Rrrl>HOCT:O.yeRopeHHHX 
\. 

llY'IJKOB, a TaKme SKOHOMHJI ,II;O-

porOCTOJ1miiX JIISOTOITOB; 

Ha ~OTIXlHax Y -20CJ li, Y ~ 
300 npH YClKOp9Hl1II :HOHOB : 04+, 
Ne4+, Ne5+ ,Ar&t ,Ar7+ ,ArB-t-il zniD+ 

~o6ano'IJHUH ras npHBO,IJ;Rn K eHII-

xeHHD JIIHT9HCIIBHOCTII ITY'IJKOB. 

011114.' 
eg. 

0.5 

.. 

. Aooa&o....w raa: .. 
v.- &agopog 
o- 11e011 · 
x- &oagyx 

0,5 

0 

Xe'O" 

10 20 30 40 50 60 70 80 90 100 
..!L.IOQ% 

., ; 'nrn. . 

. PI!e.4 • BJIIIJIHJII9 npiiMeeH BO,II;Opo,II;a Ha 
BHxO,II; BHeOROSap.ffAHHX IIOHOB 
Ke9HOHa. .. . 

. t, 

B pesy~:oTaTe HSY'IJ9HHJI . ' ') . . 
BJIHJIHHfi·xapaKT9p~CTHK MarHHT-: 

Horo noJIR Ha Buxo,IJ; MHorosapJI-

,II;HHX :HOHOB ITOKaSaHO, 'ITO ,II;JIJI 

ITOJIY'IJSHHJI JIIHT9HeJIIBHHX ITY'IJKOB 

nueoKosap~ noHoB Heo6xo -

~ Mari!HTHH9: riOJiJI' 60Jiee. 

·?,4 r. Y9Ta~()~9HO, 'li~'He'-
.. SHa'IJIIT9Jil>HH9 ·oTKJIOH9HliJI oeH 

pas:PJI.ruioif KaMep1i (".rr,mllioit 220 

MM) llCTO'Imnta JIIOHOB OT Iianpa

'BJieHHi! e:wr6nui'Jnnrnn Mai'lffiT ·
Horo ITOJIH (p:rre.6) npiiBO,II;HT . R 

· ·o ·1o 20 • 30 40 50~ 10 80 90 100 
,_,. ~~t'!'n. '100% 

eHJ~IX9HIID'Bl1XO,IJ;a TOKa liOHOB 

ArB+ B IO pas. B pesyJI:oTaTe 

IICC:JI9,II;OBaHliH pa60TH :HeTO'tJliHRa 

B H90,II;HOpO,II;HOM MarHHTHOM ITOJ!9 

ITOKaSaHO 1 'ITO yneJ!lrqeHJII9 Ha

np.R:lltSHHOeTJII MarHIITHOrO ITOJIJI 

·Pne. 5 •. B.niiJIHHe ,IJ;o6ano'IJHHX rason 

Ha 000,11; JIIOHOB XeiD+ • . 
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Pnc.6.'a)Cxe~ OTIHTa no onpe~e~eHnro BHXO~ MHorosap~Hx HOHOB 
B SaBHCHMOCTH OT BaiTHqllHll OTKHOH9HRff OCR pasp~OH ~m-
IJI! OT HanpaM9Hl:IJI, CllJIOBhiX 'JIHHIDI MarliliTHOrO no~R. · 
O)Bh!XO~ HOHOB aproHa B SaBHCHMOCTHOT B~RqRHR OTKnOHe
HRH OCR pasp~oii Ka.Mepll OT Hanp8M9ffi:IJI CMOBhiX JIHHllH _ 
MarmiTHoro n~. 

B o6JraCTH KaTO~ R .aHTRKaTO~a 0~) no CpaBH9HHro C HanpmK9HHOCTHO B 
o6~acTn aMRccmoiiH6u meJin (H0) npnBo~T K SHa'IHT~Jil>HOMY YM9HHIIeHHID 
Bh!XO~ BHcoiwsap~ ROHOB. Mccne~oBaHHH IIOKaSMH, no Hal'I60JIHIIl1ii 
BUxOA l'IOHOB ~OCTnraeTCR B cnyqae:o~opo~oro MarHRTHoro IIOJIR. Heo~-

. Hopo~oe MarHIITHoe nOJie JIPR I\/H0 = I,3.He npuBO~T K peSROMY. CHII
JKeHHro HHT9HCilllHOCTH 1 HO Tpe6yeT onpe~e~eiDIOH.IOCTiipOBRil IIOJI()jK9HRff Ka
TO~ OTHOCUT~l>HO HaKn~Il C SMRCCHOHHOH nteJIHO. B cnY,.ae CM:bHOH He
O~opo~OCTH MarHHTHoro nOJIRHJ!'H0 = 2,3 IIOJIJ'IRT:o no:Hu aproHa c Z>6 . . 
:liS HCTO'IffiiKa He y~aeTCR. . . . 

B HCMe~oBami.roc, npoBe~eHHhiX Ha IUIR7IOTIJOH9 Y-300, HS ROHHOro· 
liCTO'IHHR~C JIOxaJ.ll>HO COS~eMI>JMll H90~0pO~OCTm.ll'I MarmiTHOrO. IIMR 
B o6JraCTIDC 1 6JIHSKHX K KaTO~ (MarnHTHH9 npo6RU), ·.6WIO· IIOJI~9HO.He
KOTOpoe YB~emi:e mrTeHCilBHOCTH·. ycRopeHHOro. IIJ'IRLl ROHOB . Ar?+. 

B pesy~~TaTe nccne~oBaHHH.HoHHoro ncTo'IH:IIRa c HMnY~~cHo~ no~
"tJ:eii: rasa.(pnc.?). o6HapyJteH s®JeKT YB~eHHH miTeHcmmocTR.H sapM
HOCTH HOHHhiX TIY'IKOB~ 3a c'Iei ocYJ!lecTMeHHH pelltl:!Ma padoTH noHHoro nc
To'!Hl'IRa C .-llMIIY~~HOft · IIO~'Ieii: rasa llliTSHCilBHOCTl> · HOHOB A}3+ YBeJmq9-

. _TO+ · . -· 15+ . . . 
Ha B 2 pasa, lU'" .- B 2,5 pasa, Xe - B. 5 pas. 
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Pnc. 7. ·· CxeMa ncTo.qmiKa HOHOB c mmy~~Hoil 
· · ·no~a,.eii: ra·sa. · · . · 

_I "'" ~T~ :H~a. 2 - lmTo~, 3 - pa~pJI.I(liM Ka
Mepa, 4 - MO~JmTOp, 5.- SMRCCHOHHaJI l!l9Jib, '6-
qiOTO~O~, 7 - aHTHKaTO~· . . 

Ha BCTaBRe: coBMemeHHHe ocium.rrorpaMMH HMfiYJI~ 
ca .TaKa TJiei!IIlero pasp.Ma (onepeJKaeT) n HM-

' rryJI~ca c <JlOTo~o~.. · · 

; 1 ~aBH9Hile TIDill"ilrnx CII9RT~B.HOHOB KC9HO-
. Ha H3·HCTO'IlilffiOB C HSnpepllBHllM li EMIIy~~CHllM 

iiarrycxoM pa6o'Iero rasa: npe.itCT~eHo Ha pnc.8. Ilpn HMfiYJI~Hoil rro~'Ie 
Kr n · Xe B paspM B cneRTpax .. o6Hap~TCR IIRKH coOTB9TCTBeiiH6 ~e
H~aTn n mecTH~aT:ri:~ HOHOB. B cnJ'Iae padoTH ncTO'Ililffia noHoB 
BpeJKHMe C HMIIYJI~HOH IIO~'I9H rasa CHil.lKa9TCR B 115 i-.2 pasa pacxo~ 
pa6o'Ier() rasa. 

.. · 
... "( x.~,· 

H·_·.·.··• 

\' ,· 

"" x:'" 

.r ... -
0:~ (5 ~· 0.1 :.·~ ···~· 

:I -: 

Pnc.8. C~eKTP noHHoro llY'!Ka .Hs HCTO"tJ:miKa npn HMIIYJI~CHOM ( ciiJiom-
HM JIIDIM) :II HenpepllBHOM HanycKe rasa B,HCTO'IHHR. ··. · 

Ha pii:c.9 ripe.IiCT~eHH pesyJI~TaTu 
CT9~0BhiX nc~e~oB8HnH BhiXOAa MHorcisa
PMHhiX IrOHOB Ne ns ncTo..JmmoB noHi>B 

Pnc.9.oTHOCRTeJihHHH Bh!XO~ MHorosa~ 
HOHOB HSOHaRS HCTO"tJ:ffiiKOB C paSJmtrnoii: 
.n;mmoil rasopas~oii::RaMepu. 
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URMOTpOHa Y-200, Y-400 H Y-300, llMerommt pa3JUIIll!yro MllHY rasopaspR
,nHO:fi :KaMepu (paccTomme Mex.ey-RaTO,I(OM :ri a.HTHRaTO,I(OM) cooTBeTCTBeHHO 
45, Ioo 11 220 MM •. IIo:~tasa.Ho. ·'ITo HcnOJII>SoBaHHe JicTo'IID!Ka. c KopoTim:ii 
KaMepofi;. Ha i:UIKJIOTpoHe y.:..2oo npJIBoiorT K cHit1ite:Hmo HHTeHCliBHOCTII.nytllia -
HOHOB ~ -Ne5t . B HeCKOJI:hKO pas no cpaBHeHHIO 6 HCTO'IHliiWMR ,wm ~O'l'po
HOB Y-300 II Y-400. 

.-~~· 

,, 
~,.. I 

L-- i 
I 

L n 

1~11 

mil~ . _.,.,. 

''·&·, 

ft. 
~ 

g_ 

PIIc·.ro. ·· cxe:Ma.Tir<Ie~oa· HsoClpallt9Hlle 
;;' HOHHOro_ HCTO'IHlllta C HCIIapeHli-
. eM pa6otiero BS~ecTBa. . 

I - Hl'ITb HaKana, 2 - RaTo.n, 3 ~ .Ten
JIOHSOJmi>YIQIIUl:e ma:ii6u, 4 - TPY6KII no.na
'Ill rasa, 5 - ltaMSpa, 6 - aMHCCIJ:OHHaR · 
~eJib, 7. - TSIJMonapa KaMepu, 8 - a.HTIJ:
RaTo.n, S - TeiJMonapa TIIrJIR;. IO - · IJ:c
napReMOe Be~ecTBo, II - TIIreJib, ·. I2 -
Harp9J¥lT9Jib,. I3 -:- OTBSpCTIIR. HanycRa 
napa; I4 - _naponpoBo.n, · 

- . • fl . . 
.lVIR nOJIY'JeHli.II YCKOpeHHb!X ny'IKOB 

IJ:OHOB TBSp,I(biX Be~ecTB PaSpa6oTaH xi: 
RCcnS,I(OBaH liCTO'IHliK MHOrosapR,nHHX IJ:O
HOB,C no.natieii pa6otiero rasa B .Bll,I(e 
napOB MeTaJIJIOB (pllc,IQ) ,llCTO'IHliK nos
BOJIReT noHY'JaTb liHT9HCIIBHUe ny'IKli IJ:O
HOB MeTanJIO~ 1I llOHOB paanlr<!Hb!X TBep
,!JbiX coe.ziillteHllii, y KOToplix · np11 TeMne
paTypax B·IIHTepBane IDD+900°C ,I(OCTIJ:
raeTM. ynpyrocn napcm· Io-I + I Top. 
lls IJ:CTO'IHl'IKa'• pa6oTaromero Ha napa.x, 

KaK Bll,nHO _IJ:S Ta6JI,I, ,I(OCTIIraJOTcJr .HaH60Jiee ·liHT9HCliBHll9 llOHHl:le IIyqKIJ:, 

Ta6~ I. CpaBH9Hlle Bb!XO,I(a llOHOB .liS RCTO'IHliKOB C IJ:cnapeHIJ:9M 
n. KaTO,I(HllM pacnwreHlleM' (*) pa6otiero BS~ecTBa, 

fiOHliS, ToR B __ llMny~I>ce no sapsmaM, MA 
SJieMSHT I+ 2-l- ; 3+. 4+· .. 5+ .6+ 7+ 8+ 9+ ID+ 

S1 23 38 26 I6 2,6 
_n_; 

* I2 45 34 I2 I,6 o,2 0,02 

Ca 7 32 33 ~9 '•12,0 3,0 0,7 0,2 ·o,or _ .. _ 
* 3 ··-23 22 I4 4,5 I,o 0,2 0,04 

Zn IS 33 30 I6,0 a,o 3,6 ·I;4- o,2 o;oor 
It 

* .64:_ 54 29 Io,o 4,2 o,s 0,2 0,03 --. 

10 

TIOCKOJI:hKY B 3TOM ~y-qae no CpaBHeHIJ:ID C RCTO'IHliKO~ C_KaTO,I(Hl:lM pacnu-
JieHlleM He ncno.irbsyeTM BCllOMOraTM~·ras. lls RCTO'IHIIKa TIOJIYtieHU 
noiru Ka.nRniJI JJ.o· .neBirrHsal;>JiitHoro, a IUIHK8. · -:· JJ.o .necmHsapromoro. · · Ha •. 
rn&.rroTilC>He Y-300 no.iryqeHl:l yCiropeHHHe nyqKll. ROHOB 3Ip5+, ··40ca 7+ II: __ 

Zn lot-, Gpe,nHJiii paCXO}J, lle~SCTBa B RCTO'IHliKe COCTa.B.imeT 50Mio/'Iac,. 
.·' .. ' .IlpOB9}J.9IIl:l OTIUTl:l no Hccne,I(oBffimio BOSMOJKHOCTeii . TIOJiytl9HIDI. miTeHCR_: 

BHb1X IIY'ffiOB 'ROHOBMeTO~OM KaTO,nHoro pacnwremm -Tyroi11IaBiooc· B9~9CTB 
IJ:s aHTmtaT?.na. · · · ' · 

· B Tpeneii rJiaBS npoBo,I(liTCR TeopeTir<ISCKoe paccMoTpeHRe B7IliRHliR 

pa~ npo~eCCOB ROH006paSOBaHl'IR R TIOTepb Ha Bl:lXO,I( MHOrosapR,I(HHx 
IJ:OHOB l!S·li:cro'!Hima ;iyroBoro Tllmi. !IpoBS,I(eHo o6o6~eH1Ie paHee nsBScT-

, ' ~ . 

Hl:lX llO,I(XO,I(OB ,I(n.II 0~9H~K.Bb!XO,I(a MHOrosap.II,I(Hl:lX llOHOB IJ:S pa3JUIIll!biX ROH-
Hl:lX HCTO'IHliKOB. • 

JUi'ocHOBe ~6paaHoii ~ ~OTpoHHOrO RCTO'IHl'IKa ~1ISH'I9CKOH MO
.I(9Jm'npOB9,I(ElHOOniJ:me npo~eCCOB ROH006paSOBaHl'IR 1I noTep:b ROHOB He 
n .N : 

z . z 
dno - F + Z · ni -- · 2 A. 

.. <ft - o l=1··f1-aonon-no-Goj+ ~1n1n- no ·k=2 r ok nk 

dn1 n1 . . . .. 
'd't = - Ti + ai-1 n1::_1 n ~- a1nin + n1.,.td i-1. j - n1 61 j -

- ot1n1n + -"1~1 n1+1 xi+ n1+1 f3~,1+1 no - n1J1o no• 

dn ···n 

dt
z = -·;;:Z +·a 

1
n ·

1
n+ n 

1
d_ · 

1 
j-ot n n- nflzono . ~ z- z- z- z- z z z ., . z . 

z 
n .. .2 1·n1 1=1 

- K~eHT~ noHoB 1-oii sapsi.n;HocTH, 
""' ' . . ·. 

r.ne n
1 
(t) 

n (t) ...;. KO~eHT~ SJieKTpOHOB IIJiaSMU, 

q:i. 

a1 

J 

~i 

)31~ 

- BpeMR ~~a HOHOB 1-0ft sapR,nHocTn Ha cTeHKR KaMe~ 
•_pu,-- '. : . . _• ' . . 

--- KOS@~eaT y.napHoii noHlls~ ·sJieKTpoHaMH, 

llOTOK ~epBIItiHUX aJieKTpoHOB, 

- KOaiflll~eHTH CKOpOCTli peKOM6liH~ i~SapR,nHoro RO;.;. 
na, _. _ · _ · . . . .. 

- ROHCTaHTa CKOpOCTR nepesapR.I(Kll i-Sap.II,I(Hl:lX ROHOB C 
neiiTPM:DH!:lMH aToMfu.m. · · _. .·. ·· 

II 



nnH OU8HKH_ BKn~a nepesap~ ·HCTIOHbSOBaHa SaBHCHMOCTb 

bi i-k ='Ak i .,lk I~k , r.n;e I- TIOT8Hnnan HOmiSanHH aTOMa, R-

'!HMO nepe.n;aro,eJ-illx 3JI8KTpOHOB, Ak, dk' .fik .- ::mcnepHM8HTaJII>Hhl~ KOH

CTaHTll. . . . . · . _ , .; · .. :. 

. ITo pa3pa00TaHHOi1: rrporpaMMe Ha . oBM IDCM--6 IIpOBe.n;eHO if>HTHpOBaHHe 

napaMeTpOB MO,ll;ElJIH, HCXO,ll;H HS., 3KcnepHM8HTaJililillX. ,ll;aHHHX , H BllllanH9Hll. 

lJHCJieHHHe paclJeTH. Ha pn:c.II npe.n;cTarorem.i pesyJII>TaTH pac'leTa B cpa:B:-:

Heillm c 3KcnepHMeHTMmHMH .n;aillrHMH. Pac-qeTHM KpHBM no~aeT B 3K-

• . ' • r • .J· cnepnM8HTaJII>Hlli1: )JlffinasoH IIpH 

,i" ..lL. CJie.n;yrouri-IX napa_MeTprue;T
9
=3oaB, 

l IIz ' I A3orl <Z:"i=Z,5 ro~.'1_=i2IOI1c~c-~ L 

-~ ' ' ' .. ~~ . '· . BllllOJIH8HHl1~ orieillar :J,Ii;OB-' 

: ... -'IIIII ft~ -· · -_- ::~~Pll~:~:;~~::::e ~== · 
t Hhle no BHXo.n;y MHorosap;wnnc 

lf 
9 
6 
5 
4 

3 

r 
6 
5 

3 

•-C }"fel'OH nepe33pft,QKH 

o- 6e3 ~Ta nepeJapft.QKM 

HOHOB HS ,ll;yrO~OrO -HOHHOrO HC

TO'IHHKa. 

B ~8HHH oW0PMYJIHPO

BaHl1 OCHOBHh!e pesyJII>TaTll HC

CJI8,ll;O.BaHHi1: H paspaOOTOK HCTO-

'IHHKa .n;yrOiioro THTia .rvrsi: .· UHK

JioTpOHOB. 

2 ~--~----~2~~-3~---4----~5----~z~~ 

L IlOKaSaHO' 'ITO B CJiy

'lae UHRJ!OTPOHHoro MeTo.n;a yc

KopeHHH ny-qKOB T~8JlllX HOHOB 

paSBHTH8 HCTO'IHHK8. ,ll;yrOBOrO 

THITa 110SBOHHJIO nany-qHTb Ha 

UHKnoTpoHe Y-400 B rnHpoKoM 

,IUiam1soHe Mace ( O+Fe) y~Ko-PHc.II.CpaBHeHHe pesyJII>TaToB pac'le- . 
Ta C BllXO,ll;OM HOHOB HS HCTO'IHHKa., p8~l18 ny-qKH HOHOB C HHT8HCHB-
3arnTpHXOBaHHM OOJiaCTb COOTB8TCTBy- HOCT~· roi3 + roi4 -qacTHU B 
8T 3KCn8pHM8HTaJililil1M ,ll;aHHI:lM. 

. · ceKyH.n;y •.. 

2 • Y CTaHOB7I8HO, 'ITO B ,ll;yrOBOM HCTO'IHHK8 MHOrosapH,n;HllX HOHOB C 

-KaTO,ll;OM H mrTmtaTO.I\OM HS TaHTaJra, no cpa~HeHHIO c MTO,ll;aMH HS BOH!ilJ -

paMa,. BOH!ilJpaMa C IIpH~aMH OKHCH ,aJIIOMHHrui, BOH!ilJpaMa C .n;oOaBKOH 

p8HHH; MOJIHO,ll;eHa, peHHH, KapOH.n;OB HHOOHH H UHpKOHHH, MoryT OHTD pea

.misoBa!IH peJltHMII paspH.n;a, rrpllBb.n;Rnwe It YBemiremno :Buxo.n;a MHorosapH.n;

HHX HOHOB H ,1:\0CT~eHHID Oanee BHCOKOSapR,Ii;HHX co6TOHHHi1:. 

IlpH llCCJI8,!\0BaHHH p8EnMOB paOOTll HCTO'IHHKa C HC11QnbSOBaHH8M TaH

TaJIOBOro RaTOM IIpH TOKaX paspH,n;a .n;o 15 A y.n;aJIOCb oc5ecne'IHTI>' OTHOCH-

T9JlliliO 'BHcoxo~ Harrp~eHHe pasp,Ma ·.n;o IIOO B:· ·· 

12 

Ilpll 3TOM HHT9HCHBHOCTb nylJKOB HOHOB Ar8+ YB9~8Ha B 2 pasa, 

Kr 1 O+- B 6 pa~, xei2+ .,;,.· B ? pas; n~eH TOR HOHOB xe15+, paBH!lil: '. 

IO MKA B HMJIYJIDCe • · · · 

·. B pesyJII>TaTe "HCCJie.n;oBaHHil: peEnMOB paOOTll "HOHHOro HCTOtnmlta. C Ra-

. TO.n;aMH _ HS paSJIHiiHllX MaT9pHaJIOB H ,ll;OCTHrHyToro YB9JIH'l9HHH HHT9HCHBHOC;,.; 

TH · ycRopeHH!lX nytiKOB B 2 T IO pas YMeHHUeHo ·. :BpeMH · n:cnan:r,soBa.mm · 

UHKJIOTpoHoB Jiac5opaTOpHH .ff.n;epirn:x pea.roulli (Y-200, Y-300, Y-400) · .IVIH 
IIpOBe,I\SHHH if>HSH'J9CKHX 3KCnepllM9HTOB, "'TO HM99T OC009HHO BalKH09 SHa

"!9HHS !!RH pac5oTe c .n:oix>rocToBmHMH_. pas.n;eJieHIIHi.m. :iisoTona:MH' · T~, Ka!t 
4Bca~ 5uri, 54cr, 58re H ,IWyrHMH. · 

. a·. OOHapYJKSH H HSYlJ9H 3\NJeKT TIOBl1lll9HHH llliT9HCHBHOCTH H sapH.n;HO-.. . . . . . - ~ . 
CTH HOHHllX ny"'KOB, liSB7I9Ka9MllX HS HOHHOrO HCTO'IHHRa, IIpH HMJIYJII>CHOM 

l • . -

·HanycKe rasa. · ~ 

' 'lia OCHOBe IIpOB9,ll;9HHllX HCCJie.n;oBaHHil: paspaOOTaH HCTO'IHHK HOHOB C 

HMIIYJI_DCHoit no.n;atJeit rasa B · paspH.n;, nosBOJIHBlliHi1: yBeJIH'IHTD HHTeHCHB -

HOCTi Uy-qKOB KOHOB ArB+ B 2 pasa, Kr1D+ - B 2,5 pasa, xe15+-B 5 pas, 

nPH 3TOM B cneRTpe HSEJieitaeMHX HS HCTO"lHHKa HOHOB oQHap~cH ' 
Kr12+ H xe16+~ · .·. .· · 

McTo"lHllK· 0 mmyJIDCHOH no.n;atJefi rasa no3BanH9T n]m pa00T9 Ha Xe 

CHHSJiiTl> B 2 pasa·raSOBYJl HarpysKy .B YCKOp.fDJ!Ileit SOHe BaKyyr.moit KaMe.:.. 

pll i:nmJIOTpoHa. · _ . . 

4~ IIpooo.n;eHo sitcnepHMeHTaJililiOe Hsy-qeHHe· BJIIDiiln:H xapaKTepHCTmt 

MarHHTHOrO nanH Ha BllXO,ll; MHOrosapH.n;HllX _HOHOB HS HCTO'lJHHKa. 

Ilo~SrurO, "'TO .IVIH nany-qeHHH HHT9HCHBHHX ny-qKOB BliCOK03a_pH.n;HllX 

HOHOB,HeOOXO,IU!Mll Mai'HHTHli9 nanH Bliiii9 o,4 T. 
. OKcnepHMeHTaJililiO ycTaHoMeHo, "!TO npH MOHOTOHHOM YJ39JIH'l9HHH MB.-;

rHHTHoro nanH oT oc5JiacTH sMn:ccll:oHH6it meJIH K RaTo.n;y BHXo.n; MHorosapH.n;

HHX HOHOB cHHJRaeTCH. B CJiy-qae CJia6oro Heo,ItHopo,ItHoro. nanH (I.s~~I,3) 
noTepH HHT9HCHBHOCTH nyqKa MomHo HC~Tl> sa ctJeT BH6opa nOJioxeHHH 

OCH RaTO.n;a OTHOCliTeJililiO:TIJIOCKOCTH pacliQ.nollt9HHH SMHOCHOHHOit lll9J1Ho IlpH 

CHJililiOH H90,ItHOpO,ItHOCTH.MarmiTHOro
1
nOJIH (~0 = 2,3) BllXO.I\ HOHOB A;r6+ 

cHHJRaeT~H 6anee, "19M B IOO pas, H liiOHll o sapH.n;oM z >6 nany-qHTI> HS 

HCTO"lHHKa H9. y.n;aeTCHo 

. ~RCnepHM9HTaJililiO. _liiCCJI9,ll;OBaHa 31:iBHCHMOCTI> .,BHXO.n;a Bl1COK03apH,Ii;HHX 

HOHOB OT BeJIHtmHll OTKJIOH9HHHOCH ·paspH.n;Ho:ll KaM9pll HCTO'lJHHKa HOHOB· 

UHKJIOTpoHa Y-3oo·(paccToHHHe Me~ ItaTo.n;oM n:.aHTHKaTo.n;oM 220 MM)~ oT · 

Hanpal3JI9HHH CHJIOBllX JilUiHit MarimTHOrO UanH • Y CTaHOEJI9HO: H9 3Ha'IHT9JIJ:r: 

HHe oTKJIOHeHHH, (-!MM) ocH KaMe pH oT HarrpaMeHHH CHJIOBllX .1IHliHit Mar

HHTHoro nOJI!l npHBo.n;HT it ~eHHIO HHT9HCHBHOCTH n:oHHoro ny-qRa .. ArB+ 
B IO pas. 

5. llsy-qeHo BJIHHHHe .n;odaBO"'Hl:lX raso:B (Bo.n;opo.n;a, reJIHH, -BOs.n;yxa, 
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IIH9pTHHX' rasoB) Ha BllXO,lt MHorosapJI,IUllD{ 110HOB H90Ha, aproH~ 11 KC9HO
Ha ria ,eyroBoro 11CTo"!Im!ci. il ::mcnej:mMeHTax Ha cTeH,Ite i ·· runmoTpcmax 
Y-200 11 Y-300. . . .. . . . 

!Ip11 llOJI]"lSHlJ:H 110HOB o4+, ne4+ ,· 11e5+, '_Ar6+·:· Ar 7+, ArSr ii zniD+ 

11CIIOJrh30Ba:illie ,Ito6aBO"l~bro rasa Ilp:HBO,lt:HT K CHlllK9IDno IIHT9~CHBHOCTR yC-
KOp9HHOrD IIY'tJ~. . . . -~ . . . . ~.· - .. 

!Ip11 .rto6aBJieHHl1 (<IO%) Trua!i TsbKe.7rl1X raso:B,KaK iqnmTOH 11 Kce:HoH 
K .T.ierru!M (KiiCJ.iopo.rt, HeoH) . .rtOCT:HraeTCR: ycTO:iitiHBOCT:& :paspH.Itil :B 11CTO'I
H~e·, CT~6HJIDHOCT:b YCKOpeHHJ:iX IIY'tJKO~- Ha rrim.Jro;pOH9. Y-200; a , TaroK9. 
3KOHOMIDI ,ltOpOrOCTOJI!lUDC ll30TOIIOB. .. 

6. Pas:pa6oTaH ir 11cCJie.rtoBaH Ha cTeH,Ite 11 I.UmJioTpoHe Y-300. 11cTo'I
. HHK r:ffiorosapJWillX 11oHc>B c 11crrapemieM TBep.rtoro pa6otiero BS!IlSCTBa _ im . 
T:Hr.JIR. Hs 11CTO'IHJ!Ka IIOJ!YlJ9Hll 110Hll ~biU1ll ,ItO ,lt9BiiT113apJI,rUIOrO, a iuffi
Ka --~o .rteCR:T11SaPJWioro •. 
. C03,ltaHU9 11CTO'IlillKOB 110HOB ·C.11CIIap9Im9M, pa6otiero B9l!l~CTBa .IT03Bo.:.:' 

Jlli.n:o Bnepmm B M!ITJ9 HMJ':'!HT:O n~Kll HOHOB, ~c\Popa, ~HmJI n Wrima 11 
ycKopHTD IDe (3Ip5+, 40ca7+~4zn 0+) Ha m00rOTpOH9 Y-300, r,Ite 6wra Ha-
"laTa l!llipOKaJI nporpaMMa CIIHTesa n 113YlJ9HM SaKOHoMepHocTeii o6pasom -
Hllff TpaHcwepMll9Bl1X 3JI9M9HTOB. . . . 

· J3 pesyJI:&TaTe 11ccJ!e.rtomHllfi 11cTo"!HlJ:Ka 11oHoB c KaTo.rtli:HM pacnwreHH
eM pa60"!9rO B9l!l9CTBa US aHTHKaTO,Ita IIOJIY'tJ9Hll _Hall60JI99 IIHT9HC:HBHll9 IIy-

"'KH MHorosaPJWillX 11mio:B Mo n w.; · ,. 
7. !IpOB9,lt9HO 0606l!l9HH9 paliee HCIIOJI:03Y9Ml1X ITO,ItlCO,ltOB IIO OllllCaJUno 

npo~eccoB o6Pa.aoBaJiM: 11 ITOTep:o" llOHO·B, Bit.n:maJI lJ:ClH~TOMHYID nepesapJI.It
KY B 110HHI1X 11CTO'IHHKax. B pesyJI:&TaTe MO,Ite.Jmp<)BaHM 11_ pad<J:eTOB ,wL'I 
He ir 11 . UOJIYlJeHo KbJI:H"!ecTBeHHoe cor~acne' c sKcnepHMeHTarrl'ilillM:H .rtaHHH-

I ,---::--'----~---, =· 
Yli 

I 
I .----1 
I 
I 
I 
tz~ 
I .------ttl 

I I 
----..J "•f15 

I 
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I 
I 
lo 
I 
I 
112 

l 

Mil. 

·· 8. B pesyJI:oTaTe· · npoBe~e~ 11cCJie-
• : : ' • ~ • • ' 'I 

.rtoBiHRfi 11 BlliiOJIH9HHHX :paspa60TOK B o6J!a~-
Tll qmaiiiD! 11 TeXIliool 110HHoro 11CTO'IHilKa 

• • ' ' • • • ~. I> 

· ,eyroBoro · TlJ:IIa .rtocTHrnYT nporpe cc · :e YB9Jlll:-
'I9Hl1H IIHT9HC:HBHOCT11 11 3aPJWIOCT11' IIY'tJKOB 
TSDK9JIHX 110HOB, KOTOpllfi'IIp9,ltCTaBrr9H Ha 

p11c .I2. liOJIYlJ9Hll9 IIy'IM HOHOB. Xei5+ c IIH
T9HC:HBHOCT:bro 50 MKA·B HMnyJ!:oce.pacWHpJieT 
~ana SOH YCKOpJI9MHX Ha l.UmJIOTpoHe Y -400 .·. 
SJ!9M9HTOB!Iep110,ltll'ISCKoii'c11CT9Mll ):{~H.MeH-. . . ' ., ... 

PHc.I2.PasBnTlie ·,eyroBoro ·11cTotnnma MHoro
. Sap.iWillX 110HOB ~ l.UmJIO~poHOBHHP. 
CIIJIOIIIHM J!IIHM - IIHTeHc:HBHocT:&. 12-sapJI.I(
HllX 110HOB Xe • IIyHKT:HpHM :.. MaKCHMaJI:EJwii 
SapJI,I( :IIOHOB fe, ITOJIYlJa9Ml1X :liS :IICTOtnnma • . 

14. 

.n;eJieeoo BIIJIOT:& .n;o Xe c. 3Hepr:He:i1, npeBll!ll8101neii KyJioHoBcKIDi 6ap:oep 
( >)) ,!.:!sB/!!YM·). . . . . :. - . ; , ,;, ·: . _, . - . , •. , , ••. 

. ~!IOJI~eHHHe pesyJ!:&TaTu ITOJIOEBHll B:oc~oBy coo.rtaH~ HOBHX.110HHUX 
HCTOtlHHKOB ·imr paspa6aTlli31leMorQ_ .B HaCTOJlll1~e Bp9Mll)·niOro~eJieooro ~
J!OTpOHa ,TIDK9JIHX llOHOB ~~250 II r.Mara6apHTHIDC rulli.JioTpOHOB Wm rrpHKJia-
,Il;HHX licCJie,n;o~1. . , . · .·. ' · ' ·. ~, 
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KMHmJI li rumka. - ATOMHM sHeprM, I970~T.28,B~I,c.?5-'78. 

3. :Pasyuk A:.S. ,Kutner v .B. Production of Multiply Charged Ions 
from a Pulse Arc Discharge. -In :Proceedings of the TI Inter
national~' Conference on Phenomena· in Ionised Gases.Minsk,July 
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