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O61UA5I XAPAKTEP11CTl1KA PA6OTbl 
. . - - \• 

AKTyaJibHOCTb. .. B Teqenne pH/la noCJie;nmx JieT 6oJibllloe BHH
Manue y!le.TiHeTcH pa3BHTIIJO HOBI>IX MeT0Jl0B ycKopeHHH qacTHlC /l0 

.cBepxBbICOKIIX'. (nopH/lKa TaB) atteprnii:. 3m CBH3ano c TeM, ·qTo 
Tpa.[{HQIIOHHbie MeTO.[{bl ycKopemrn. npaKTHqecKII ncqepnami ce6.H;. 'n 
noTpe611ocTh B yBeJinqemm a11eprn11 yc1<0pme.iieii ;m;KeT 6hITh y~oB
JieTBopetta Jllllllb rrpn HCil0Jib30Bamm oqeffb BbIC0KJIX ,TeMU0B-YCK0-
pemrn, cymeCT!]CHH0. YMCHblllaIOmn:i" o6mym -.[{JIHHY ycTaHOB0K . 
Ilna3MCHHbie • ycKop1fi:en11,·. paccMaTp1mamTc5I . cpe.[{11 HaII6oJiee ,nep
~neKTIIBHbIX MeT0)l0B. B nna3Me M0)KH() no.a.aep;KIIBaTb BbIC0KHe (.ao 

· 10
9 BI cM) aneKTpnqecK1ie nonH; ·B03HHKaIOmne npn pa3.zieJiemm 3a

p$1JlOB; II npn · ocymecT,BJICHIIH CIIHXp0HH0f0 B3allM0.[{CHCTBHH 3ap.H~ 
)Kettimii <iacTUQbi C TaKIIJ\ill Il0JIHMII, yCKopl!Tb· ee, .[{0 60JibllliIX 3Hep
rniL Cpe.[{H TaKUX MCT0.[{0B CJie'tlyeT yimMHHYTb cxeJ\ty, nJia3l\ICHHOfO .· 
yciwpmenH ua mi~epuoii. BOJIHe 6nemiii. PBWA1 , yci<apmeJIH•.Ha 
nna3MCHHOii KIIJibBaTepnoii BOJIIIe PWF A2 . KoJIJICKTIIBHbllI ycKopu
TCJib T~)KCJibIX 11ouon KYTl1-20~ •;: pa31nmaBrn11ttcH ua nporn)KeHHH 

, nocJie/(HIIX JieT: B OHMY, OHMO 11' JICB3 0115111, 0CH0BaH tta' . 'L. .. / . . .. 
H.[{CC' ycKopemrn HOHOB '. 3JICKTpuqecKUM U0JieM , o6'beMHOf0 . 3apH.[{a 
K0JihQa peirnrnnndcKJix aJieKTpouon - . n aT0M 'cJifiae · np011cxo.[{HT, 
ycKopeune KB~3nn.rra3MCHHOf0 cpopM11ponamrn KaK flCJIOCTHOf0 o6b~ 
CKTa. 

Cymecrneuuoe BJimrnne ua xapaKTepncrnKn TaKHX ycKop11-; 
TeJiett oKa31>1BaIOT ucnqn63yeM1>1e n uux nna3J\ieH.Hbie o6pa3onannH.
TaK, n c~eMax I n. 2 nna3Ma ncnoJib3yeTrn /lJISI no36y)K.aetttiH,n uen: 
BOJIH. UJI0TH0CTII 3ap.H.[{a Jia3epHbIM '11im 3JICKTpOHHbIM ny,qK0M, 

· npn~eM npl! nJioTHOCTH nJia3MbI 1015-10 18
'~M-

3 n 6oJibllIOH·(ll<> ·f:M:,- · 

,llJIHHe oqenb Ba)KHbl 0,[{H0p0.[{H0CTb II Bocnp6113B0,[{llM0CTb ee napa
MeTp0B.' CTeneHb KOMnaKTHOCTll II. IlJI0TH0CTb qacTIIQ B 3JICKTpOHHbIX 
K0JlbflaX KYTl1, ,.aiittaMJIKa IIX C)KaTIIH II ycrniiqHBOCTb, 3apHJ{OBble 

' . ' : . ' . . ' ,, 

, C0CT0HHIIH ttaKonJieHHblX II0H0B onpe.[{CJIHIOT B03M0)KH0CTH. K0JIJICK-
TlIBH0ro ycKopeHll5L TaKHM o6pa30M, ,llJIH · pa3Bl1Tll.H HOBbiX CXCM ye-

·-._ 

1 C.E.Clayton eLaL-Phys.Rev.LetL 54,2343 (1985) 

2 A.Ting, E.Esareyand P:Sprangle~ Phys'.Fluids B2,!390 (1990) 

3 AJieKcaH,llpou B.C., BeJIOWHIIKHii n.<I>., Bemieu 'JLH. n Jlp.- Coo6wem1e 011Hl1, P9-83-613, 
lly6na, 1983 - · · 
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KopeHHH Heo6xo,AHMbl U3Mepemrn OCHOBHblX napaMeTpOB ucm::>Jib3Ye-

MblX HUX nJia3MeHHbIX o6paaonamdi:. ,,_ 

' ' l{aHHasI AHCcepTallJIOiIHM pa60Ta nocBmUeHa H3y'feHIIIO cno-

co6on C03,l{aHHH, paapa,6oTKe AHarHOCTU'feCKIIX cpe.ztCTB i1 IICCJie,'lOBa

HHHM · n11aaMeHHhIX o6paaonamdi, K0Topb1e ttaxo,'lHT np1mette1-111e B 

HOBbIX MeTo~ax ycKopemrn qacTHlJ .. 

ITepen ainopoM CTOHJIII c11e11y10u111e aana'fl!: 

II oTpa6oTKa JlteTOAa coa.ztamfa npoTH)Ketttto1i · O,'lHopo,Attoti rn1a3MbI 

J{JIH H3)''feHHH npo11ecc0B B cxeMax Tuna · JIJia3MCHHOfO ,JCKOpllT~JIH 

Ha '11aaepHoti no11tte 6ne1rnti PBW A; . 
II H3y'fettne OCHOBHbIX xapaKTepUCTIIK IIOTOKOB 113 11aaeptto-n11a3-

MCHHOfO HCTO'-IHJIKa He1iTpaJibHbIX qaCTilll ,'lJIH KYT~-20; 

II'' ,l{IIafHOCTHKa KOJlblJa peJIHTIIBIICTCKIIX aJICKTpOHOD ycKOpIITCJrn 

KYTH-20, MO,l{CpHH3HpOBaIJHOfO ,l{JIH IICilOJlb30BaHirn B Ka'fCCTBe HC-

TO'IHHKa.MHOf03apH,'liibIX HOHOB - (npoeKT ERIS). ·_· 

B xone Bhmo11ttemrn nattttoti pa60Tb1: 

• C03,l{atta aKcnepnMeHTaJibHM ycTaHOBKa ,iJm ' OTpa6oTKII' MCTO,'lOil 

no11y1IeHHH H nocJie,'lyIOllJCfO. H3Y'ICHIIH nJia3Mbl' onTH'fCCKOfO npo6oH 

ri:apon KaJIHH c. Kott11empa11neii 10
15

~10
16

. cM·
3 

n .ztmrnoti 06micT11 

naattMo.ztetic-rBHH c 11aaepttbIM H3JiyqettneM ,'lo 25 cM. ITpoBe.zteno 1I11c-

11etti-Ioe MO.ztennponattne nponcxo,'lHllJHX npu o6pa3onamm n11a3J\tbI 

npo11eccon. 

8 C03,l{atta ycTaHOBKa ,l{JIH H3y'feHJrn npOlJCCCOB o6pa30BaHHR- H pa3-

JieTa n· BaKyyM ttettTpaJibHbIX .'-:lacT1111 apo3HOHttoii Jia3epttoii n11a3MbI, 

HCil0Jlb3yeMOH B Jlct3epHOM HCTO'fHHKe HCllTpaJibHblX qaCTillJ KYTI1-

20; ITc)Jly'-:leHbl OCHOBHbie BJ)CMCHHbIC II aueprernqecKne napaMeTpb1· 

noTOKOB aTOMOB. '- ' ' . ' \ 

0•C03,l{atta ,l{HafHOCTH'-leCKaH CHCTCMa pefllCTpaQJIH xapaKTCpllCTJIK 

aJieKTpott-HOHHbIX Ko11e11 yCKopme11H l(YTI1-20 u ycTattoBKIL ERIS. 
CttcTeMa npe.zttta3tta'-:letta ,l{JIH , per11crpa111111 MHrKoro •xapaKrepn

CTH'-:lecKoro pemrettoBcKoro H311yqemm 11ott0B B 11po11ecce C)Kanm 11 

.ztJIHTeJibttoro y,'lep)KattnH Ko11e11. ' 

HayqttaH HOBH3Ha: 

. , 1. Co3,'latta ycTattoBKa ,'lJIH u3y'feHHH n'o3.zteiicTBIIH MOllJHOro 11a3ep

ttoro H3Jiyqemrn Ha napbl __ meJIO'-IHblX MCTaJIJIOB, BnepBble, no3DOJIJIB

llIM ·nponedn HcCJie,'lonamrn B ,'luana3mie n110TnocTn noToKa ·11~3ep-

:2 

l 

I 

I 

HOfO 'u311yqemm ,'lO 1011 BT/c:-12 II np11 60.,1hwoii ,'lJIIUIC 06.HaCTII 

B3aJIJIIO,l(CllCTBml (,'lo 25 C!II). . 

2. ITpone,'leno 1mc11ettnoe !ltOAem1pona1111c 11poueccon onT11qecKoro 

npo6oH napoB. Ka}um !IIOIUHbl!II ,1a;3ept1h;.,, 11;i.,1yqe1111e:-1· B: yc,10BIIHX;. 

6,'1113KIIX K aKcnepuitC}IT)'. Pe3)','IbTaTbl pac'ICTOB IIOKa3blB3IOT, •. '-ITC) 

B03!\lQ)KHO C03,'13HJIC nponDKCIIHOtt O,lliOpo,111oii Il.,'Ia3!1lbl C n,'IOTHO

CTblO ·aJICKTpOHOB 1015- 1017 CJ\1·3"; a ,aK)KC yKa3bIB3IOT. Ha Ba)KHYIO 

po,'16 np611ecc0B · ca:-10,11ccpoKyc11poBKJ1 113,'I)''fCHWl B ri.1a3;11e. 

3. Ha C03,'lanuoii y_c;rauonKC npoBC,'ICHhl :mc11epm1et1T3'1bHbie IICC.,'JC~ 

,'lOBamm ripoueccon OIITll'fCCKOro:11po6m1 11apoB K3JIIIH ,'Ia3epttbl!ll· ll3-

J]yqe1111eJ11. BnepDhIC noKa3ano, 'ITO !IIO)KJIO HOJl)''fllTb IIOJIHOCTbio 110-

HH30Baimy10 ,'10 3apH,llOBOro. COCtOHHirn 1101108 ( +1) npoTH)KCHH);IO 

n11a3J11y c BbICoKoii o,'lnopo,'.lHocTbIO no Koul{c11Tpaiu111 '-lacTnu. 3Kc

nepuMeHTaJibHO flO,llTBep)K,llCHbl TCOpCTll'-ICCKIIC OllCIIKII pom1, npouec~ 

COB CclMO,l{C<poKyc11poBKII 113,'I)''ICHIIH Ha rpa;{JICIITaX flJIOTHOCTH '-13C

TIIlJ np11·06pa3ooau1111 nJia3JlthI onT111IecKoro npo6m1 napon: 

4. Pa3pa6oTaHbl HOBblC MCTO,llllKII 113~1epemrn OCHOBHbIX' napa:-teTpOB 

nOTOKOB Hl13KOattepre,11qnblX aTO!IIOB; BXO,llHilJIIX D COCTaB ap()3JIOH

HOH 11a3epnoii nJia3Jltbr Jia3epHbIX IICTO'-IHIIKOB aTo'!ltoB ,1JIH KYTH0 20 

II ycTaHOBKII ERIS. BnepBhlC, TIOJIY'-ICIIO, 'ITO, B ycJIODIIHX',' xapaKTCp

HbIX ,l{JIH . pa60Tbl 11a3epHbIX IICTO'-IIUIKOD, 11a 11aqaJI~11oi'1 cTa;um o6-
pa30BaHII.Sl · JIJia3Mbl np11 JI,'IOTHOCTII II OTO Ka -;1a3ep11oro 113JIY'-ICHJIH: 

2-10
8
-2- 10

9 
· BT/ cJ11

2 
cy11JecrnyeT CTa)lusi Tep:-111'-lecKoro panuonec11si 

crycTKa: flpooe,l{CHbl IICCJIC,llOBaHIIH IlOTOKOB '-laCTIILl, · B03111IKalO!llllX 
i ' . -- ,, 

npH nona,'laHim 3TO!IIOB. 113 Jia3epHblX IICTO'-IIIIIKOB 11a 110Bepxi10CTb 

MCTaJIJill1fCCKOfO aKpana, 'IT~ J\10/lCJlllpycT· pcaJihHY}() 'cn1-yaumo pa6o:C 

Thi 11c-io-~ut11Kon' B · Ka!llepe a,-1rc3aTopa (Kmmpcccopa a11eKTpoimhIX' 

K<)Jleu) I1cc11e,'looa11b1 r~po11ecc1>1 . ra;10nb1;1e11c11w1 11p11· pa6oTe :m13ep

HbIX IICTO'-IHIIKOB. 

5. • · Onp~~e11ettb1 · ocnomib1e xapai<iep11crnK11 pa6oTbI ·. aneKTp·o1mo

Ko11buenoro noi-i'113arnpa ERIS. B11epob1e 110Ka:ia110; '-li'o ilpe~u1 )1{113:.: 

HU 06pa3y10rui1xcH np11 :>TOlll ancKTpo11-1101i111,1x Ko11c1t MO)KCT 6b1Tb 

,l{OD_e,l{eHO ,'lO 80 MCCK, a IIX pa,llll)'C ~IO)KCT 6h1Th )'~ICHbIIICH AO 2-3 
CM. 

6. OnpC,'lCJICHbl OCHODHble xapaKTCp.llCTIIKII ~!HrKOfO pc1nreHOBCKOfO 
, ' > , ~- - '--

113JIY'-ICHII.Sl IIOHOB II aTOJ\10B Kp11IITOHa, naXO,'lHlllllXCH B ,COCT3BC 

KORbita np11 nocTOHIIIIOti ero 3arpy3Ke Jl;3 ocTaTO~IIOfO ra3a. Bncp~ 
. : - . . . ' ; , 

BbIC Il ycJIOBJIHX ,'lJIHTCJibllOro )' ,'lCp)Kalllrn 3JICKTpOH-JIOHllblX KOJICU 

IlOKa3ano, '-ITO onpe,l{CJIHIOlltllii° BKJJa;1 B 3l\lllCC1ilo peHTfCIIOBCKOro. u;l

JIY'-ICIIIIH ,'lalOT aTOJ\lbl H Hll3K03apHAHblC JIOHbl KpllllTOHa. 

.3 



IlpaKnl'IecKaH uemwcTb pa60Tb1: 

1. C03,ilaHa )'CTaHOBKa ,1.i1H IICCJie,'IOBclllllii 11pOLleCCOB . OHTJI'IecK9_ro 
npo6o.si napoB me.,10'-IHhIX :-ieTa.,1.,10B no3B0111rna npo:-IO.l{e.,111poBaTb 
npouecchI o6pa3oBauirn n11a3:-1b1 B 110.,1uo:-rac11na6HhIX 3Kcnep11:-1e11-

Tax rio .cxe:-1e n.,1a3:-1enuoro. ycKop11Te.nH ua 611emrnx .,1a3cpuoii B0.,1~. 
HbI PB\\' Au ycKopme.,151 H~ KIIJibBaTcpnoii 11om1c P\:VF A .. BbIHBJIC

HbI npollCCCbl, KOTOpb!C :-wry-r npllB0,'IIITb K p1CHblllCIIIIIO .l{Jlllllbl, 06-. 
pa3y10mei'1c.H .nJia3MbI. 
2. C03,llaH .llB)'XBO.i11JOBhrii 3a,1a10I1{1Iii reucp,nop ua IITTplltt-aJIIOMII

HHeBoM. rpauaTe v'AG:Nd3+, KOTop1,1i1 . :-10.)f{cT 61,n1> 11cno.,1b3011au n 

3Kcnepm1enrnx no PB\\! A II B 3Kcncpm1c1rrax ,no HCJilllICiiHOMY 

B3amIO.l{ClfCTBIIIO H3.11j''ICHmI C BCII{CCTB0:-14. • . 

3. C03,llaH II HCCJIC,ll0BaH IICTO'IHHK nap0B II{CJIO'IHblX :'>ICTaJIJI0B, K0-

TOpblll MO)KeT 6bITb. 11cno.,11,30BaH n :mcncp,;J\IeHTax . no Pff\\7A, B 

cneKTpo:-1eTpH'ICCKIIX IICCJIC.ll0Bamrnx5 , . B IICC.11C.ll0BaHil5IX no HCJIJI

HCHHOMY B3amto,lleikTBIIIO 113.11y~1cmrn C BCII{CCTBOM, II npn ll3Y'ICHIIII 

B3allMO.llCllCTBH5I .M0ll{H0ro 11a:1epuoro JI3.11yqc111rn C· BClllCCTB0M6 ·• 

4. Co3L{aJIHa5I. KOMllbJOTep1-1a51 ,nporpaJ\11\!a II03B0JIHCT; 'IIICJICJ-IHO llC

CJie)lOBaTb np0LlCCCbl o_6pa30Ba.HJIH IIJia3:-Ibl 110/1 .llCitcTBIICM MOIUHOf0 

Jia3epnoro H3JIY'ICHIIH, a TaK)KC 113J'IaTb npoueccbI pacnpocTpanemrn 

H3Jiy'Iemrn ll nJia~Me ll IllllpOK0:-1 ,llllana30HC IlJIOTHOCTH nJia3MbJ, II 

HHTenc11m-focn1 ll3JIY'ICIIIIH. • • ... · ~ • , , .. 
5. l1ccJieL{OBaHbl II0TOKII aTOJ\IOB. H3. ~1a3cpHblX IICTO'UIIIKOB .l{JI5I. KY~ 

Tl1;20.-H ERIS. Oueueno .BJIIIHHIICIIa HX. pa6cHy aT0MOB, OTpa)KeH~ 

HbIX.,OT. noBepXH0CTH CTCH0K naKyy:-1~10ii KaJ\ICpbl ycKOpHTCJIH,, a TaK; 
)KC. MOJICKYJI, o6pa30BaJUlblX npn. ra30llbl.llC.11CHIJII 113 MHIIICHH HC, 

TO'IH_HKa .. IloJiy'IeHHbIC pe3y JlbTaTbl IIMCIOT 3Ha'IClll1C C TO'IKH 3pemrn 
np11MeHeHHH HCTO'IHJIK.on aT~J\IOB, 113yqeHHH tj)yH.llaMCHTaJihHbIX npo~ 

neccon a3aHMO.L1ei1crnm1 ,Jia3epHoro 1pJiy'IeH11H c a_euiecTBOM, Pa3pa-
6oTaHHhie. MCTO,llHKH perncTpaQHH aTOMOB C IIJI3KOtt 3HCJ)fHCH. MoryT, 

6_b1Tb HCTIOJib30Ballbl .llJIH ·anaJIIl3a 3_p03HOIH!<>if Jia~~pHOtt, i1Jla3Mbl, 

npol.{CCCOB npH . HOHHOM pacnbIJiemm J1,JaTep11c1.,1on II B p.H.llC, .llpyrnx 

o6JiaCTeii. 

t Kenzo Miyazaki- Phys.Rev.Ai 23,n.], 1~350 ( 1981) 
: ', - ' . . ; ' . 

5 o:L.Landen and R.J.Winfield- Phys.Rev.A. 32,n.5, 2972 (1985) 
' . - .. . . ' ; ~ ' " . '·. 

6 P.Sprangle and E:E~rey~ Phy,.Fh;icls 84<7),2211 ( 1992) • 
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6. _ l1ccJie.lloBaua pa6oTa a,llre3aTQpa (KoMripeccopa 3JICKTpOHHhIX KO
Jieu) yci<OpUTeJIH KYTH-20 n JIOHJl3aTOpa ERIS. 3KcnepHMCHTaJib-. . 

HO • 3aperUCT!)HponaHbl npeL{cKa3aHHbIC .Teopen1'IeCKH npe,neJibHbie 
3Ha'ICHII5I .BpeMCHll )Klf3HH H paJ.tnyca K0JlbUa_ peJIHTHBHCTCKHX 3JieK
TpOHOB B cna.l{atomeM no BpeMem1 Marmnuo111 noJie. 3To no3BOJIHCT 

onpeJ.teJiilTh. • tjJH3H'ICCKHe · npe.nc.JibI B03MO)KHOcTett KOJIJICKTHBHoro 
MCT.O,lla ycKopemrn II0H0B II JlOHll3aTopa C. peJIHTHBHCTCKJIMII; 3JieK
TpOHHb!Jllll KOJibi(aMn. · IlpeJ.tJIO)KCHHbie u peaJII13oBaHHbie .. MCTOJ.lHKn 
H3Mcpemm M~rKo'ro pemrenoncKoro H3JI_yqemrn aTOMOB H_ 1fott0B 

KpHnToHa, HaXOLIHIUHXCH n o6oeMe KOJibIJ:a, no3B0JI.SIIOT .l{eTaJibHO HC
cJie,llonaTb L{IIHaMnKy C)KaT1rn/)'.llep)Kamrn II OITTl~MH311p~BaTb pa6o: 
TY ycTaH0BKH, onpe,llCJIIITb ycJIOBH.SI noJiy'IeHUR MHOf03ap.SI.llHblX no-, 
HOB._ 

K 3aIIU
1

1Te ripenCTaBJI.H~TCH CJienyIOWIIC T'C311Cbl: 
1. Y cTauonKa no nccJie~onaunIO onTnIJecKoro npo6o5I riapoB me- . . -

JI0'IHbIX MCTaJIJIOB, KOTopa.H H03BOJI.HCT np0BO.lll!Tb 3KcnepHMCHTbl no · 
Jia3epno~nJia3MCHHblM B3aJIJIIO.lleiicrnirnM ·npn pa3BJinlH HOBblX° CXCM 

'ycKopemiH.~~eTO.ll nony'IeHH~ npo;5I)KCHHoli O.llHOpo;:i;uou II.na3MbI c 
, . . ·1015 1016 -3 -., 25 . IIJIOTH0CTblO · - . CM H .l{JIHH0H .ll0 CM.' '· 

2. KoMllbIOTepHM: nporpaMMa, no3BOJI5IIOIUM ''IHCJieHHO. MO,lleJIHpO-

. BaTb nponeccbI onTH'!ecKoro npo6051 napoB aTOM0B · n •pacnpocTpane-

mrn Jia3epHoro. H3Jiy'Iemrn ~ 06pa3y10meticH nJia3Me. '· - . .. · 

3: 3a;:i;aIOlllHH ,rinyxBOJIHOBhlll 'reiieparnp Ha YAG:Nd3
+, ;pa6c>TaIOuinii 

O.l{HOBpeM!:!HHO Ha .l{J!Httax BOJIH L 0641 11 1. 0615 MKM c .l{JIHTeJibH0~ 

CTb!O HJl!HYJibca 15 ·n 1 HCCK. . . . 

4. :HOBble'•111eTo,llllKH periic'ipaum-i:' H0TOKOB aT0MOB C HH3KHMH yia5-, 
aeyie. Il6Jiy'IeHHbIC xapaKTCpllCTIIJ<lI.paaJieTa. HefrrpaJibH0H ~OMIIO

HCHTbl 3po3uounott Jia3epuott nJia3MbI B BaKyyM, yKa3bIBaIOll{He _Ha 
cymednonairne ci-a~un TepMn'IecKoro paBnonec1rn tta HalfaJihHoii · cTa~ 
,'{MH o6pa3oBaHH~ .nJia3Mbl. ' • • ' . . . ' ' . . . . . . .· 

5.' Pe3yJII>TaTbl no' C>npeL{e.JIHK,HiieMy ,:~KJik;:i;y Ym?yio 'OTp~e~IIb~X 
aTOMOB B cocTaB nornKoB, o6pa3)'IOIUHXC51 npn 1103,i:i;ei'1cTBHH aTpMoB 

H3 Jia3epHbIX HCTO'IHHKOB _µJIH KYTl1~20 n ycTaHOBKH ERIS m{ rio
BepxHOCTb MeTaJIJIH'IeCKOtt MUIIIeHH. Onpe,lleJieH K03tj)tj)Hl.{HCHT. OTpa

)KeHJrn aTOMOB H Bbl.SIBJieHo HX BJIHHHUe ua pa6oTy IlfTO'IHHKOB. , 
6. Pe3yJibTaTbl onpe.l{CJICHH5I MaCC-COCTaBa aTO.MOB ra3oo6pa3HblX 
3JieMeHTOB, o6pa3yIOIUHXC5I npn pa6oTe Jia3epHbIX HCTO'IHHKOB aTo-

• ~ ' . ' •• j ., ; ' '" . ' • , 
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MOB .l{JIH KYTM-20 n ycrnttoBKH ERIS. HoBbie MeT0JlbI yMeHblllemrn 
HX BJIHSIHHH Ha pa6c>Ty iICTQqHJjKOB. , r!-

7: MeTOJlHKa K0HTponH ociioBHhIX napaJ\ieTpoB ycTanoBKU ERIS npu 
HCTTOJib30BaHJm JJ:BYX 3Tanon C)KaTJIH/yJJ:ep)KaHJISI K0Jiel(. TloKa3atto, 
lfl'0 yJJ:aeTCSI .l{OBecm Bpe,r.rn )Klf3HII K0Jiel( .l{0 80 MCeK, a paiu,yc 
yMeHbllIHTb .l{0 2-3 CM'. .llocn1rnyTb1e npe.i:ieJibHble 3Jiaqemrn' BpeMe
HH ')KH3JIH, 3JieKTp0H-II0HHblX K0Jie'l( 11 IIX pannyca, no3BOJISIIOll,{lle 

. ' . 
onpe.l{eJIHTb 'TTPHHL(IITTllaJibHb!e B03M0)KH0CTII K0JIJieKTIIBH0ro MeTo]la 
ycKopeHHSI, . HCTT0Jib30BaTb K0Mnpeccop 3JieI<TpOHHbIX KOJiel( KaK nc
TOtiHHK - HO HOB II HCTQqHJIK CIIHXpOTpounoro l13Jiyqemrn B 1imppa
KpaCH0M .l{nana::ioue. 

8. OcttoBHbie napaMeTpb1 MHrKoro pettTrenoBcKoro 113JiyqettnH aTO
M0B JI H0H0B KplITTT0Ha, HaX0J{Slll(HXCSI B o6oeJ\Ie K0Jibl(a. IloKa3aHO, 
lfl'0 OCHOBHOH BKJia.l{ B 3MHCCHIO J{aIOT clTOMbl. II HH3K03apSIJ{Hbie H0-
HbI. 

Anpo6aunH pa60Ti1: Ocnoni1b1e pe3yJihTaThI ,ll,nccepTal(Hounoti pa-
6oTbI J{OKJia,ll,bIBaJIHCb - Ha Pa6oqeM COBeuiamm no H0BbIM MeTOJ{aM 
ycKopemrn ( BaKypnam1, 1989), Bc~coro3ttOM , c·onei11amm rio nna3-
Mettn0My ycKopemuo (KneB, 1990), Me)KJlyuapo,ll,ttoM coBell(aHmJ no 
H0BblM, MeT0,ll,aM. ycKopeHII!I (.lly6tta, 1990), XIII COBell(aHnn no ye~ 
K0pHTeJISIM 3apH)KeHHbIX qacrnl( (.lly6ua,' 1992), 6 ·Me)K,l'(JHapoJ{HOM 
CHMTI03HyMe no 3JieKTpOHHO-JiyqeBbIM IICT0lJHHKaM H0H0B ( CToK~ 
roJibM, 1994), a. TaK)Ke __ ua ceMnnapax JICB3 (OHMY, OHMO) 
OM~M. -

Ily6nnKauun: OcuonnbI~ pe3yJII>TaTbI J{HccepTal(HII ony6Jin1<onanb1 n 
9 pa6ornx, npune.l{eHHbl:X n' CTIHCKe JIHTepaTypbI. -

_,, . '~ . ·, 

'-. 

IIncceprnuimni-iaH pa60Ta C0CT0HT, 113 BBel{eHJ'ISI, Tpex fJiaB. II 3a
KJIIO'leHHH .. O6ll(HH o6oeM COCTaBJISleT 93 CTpattUL(bI, BKJIIO'laSI 52 IIJJ--' 

· JIIOc:rpal(lm, CTTJIC0K JIHTepaTypbl, HaCtJHTbIBaeT 93 HaHMe11'.onamrn. 
f JiaBbI_ npe.l{napHIOTCSI KpaTKUMH: BBe.l{eHJHIMH 1'1 3aKattlJHBaIOTCSI BbI
B0.l{aMH. 

- CO.l(EP)KAHME PABOTbI 

Bo ~Be1IeHHl_(C:q>OpMynnpoBaHbl 3a~atJH, CT0HBllIIIC nepe.n; aB
T0{>0M pa6oT_hl, KpaTK0 H3JI0)KeH0 COJ{Cp)Kalme Bcex rJiaB, onucaHbl 

6 
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naytJHaH H0Bll3Ha, npaKTJl'IecKml llCHH0CTb pa6oTbl II np1rne,ue1Ibl Te-
3HCbI, npe,ll,CTaBJISleMbJe' K 3all(l!Te. 

B n'epnoit fJiaBe Oill!CbJBaIOTCSI 3KCnepm1eHTcL1hllaSI ycTaH0BKa 
.l{JISI · nonytJeHJISI npOTSl)KCHHOfr 0.llllOpOJ.IIIOii 1rna3J\lbl _ onTHtJe~Koro · 
npo6m1 napon KaJIIISI; a TalOKe pe3yJibTaThl 1IIICJie1111or6 l\to.l{eJI11pona-' 
Hll51 np0IICX0.l{Slll{UX np11 3TOM npo11ecc0B r 6]. B r1epB0J\t'llaparpacpe 
onncana aKTYaJibnocTb nocTanJ1e11no11 3a;1a411 - n:m3J\ia TaKoro T11na · 

- no3B0~51eT J\I0J{em,poBaTb c1nyaitllIO 110J1110:"-HlCllITa6noro 3Kcnep11-
MCHTa no no36y)K]len1110 pe.,151-r11micTcK11x nJ1a3J\teHHblX aoJ1H 6nemrn

MII Momnoro.Jia3epuoro ,11:L1y4c111151 (T.H. PB\\'A 3Kc11cp11J\H!HThi). B' 
3TOIT CXeJ\le peJI51TUBIICTCKa51 T!J1a3J\1Ctllla51 no:111a B036y)K.l{aeTC51' .llBy
MSI K0JIJIJ1HeapnblMll O IIHTCIICIIBllbl:"-111 Jia3epllblJ\lll ny'IKaJ\111 C' neJ\IHOfO ' 
pa3JII!tJalOll(eikH J{JIIIHOtt -B0J1Hbl. aTOT npOI\CCC 51BJ1.HCTC51 pe30Hanc-·: 

HhlM: nna3MCHHaH qacToTa KoJ1e6aimii 3J1eK-rpo11on n nJ1a3Me ro · ' . ' ' p· 
6JIJt3Ka K pa3HOCTJI 'lclCTOT Jia3epHhlX .Hy<lcii 0(!). TT.,1a3J\'1e'HHaSI B0J1Ha '. 
npn 3TO~I o6pa3yeTCSI 113c3a 11poCTpaucrne111-1oro rpa.llllCHTa IIHTeHCIIB
H0CTII oru6a10ll(ciiuo.11Hbl 6ne1mii J1a3epnoro mJ1y4euirn~. nanpairne,1-
noro B.llOJlb ocn pacnpocTpaneHII.H 3JICKTpm1art1IITHblX B0JIH H C03-
J{aIOll(HJ\I nepHOJUltJecKyIO no1-i.l{epOMOTOpHy10 c1rny, ;"{C1icrny10111y10, 

Ha aneKTpoubi nna3MbL _ 
Ila onettKaM, npn nom10J\1ac1ma6110~1 :-iKc11ep11:"11eHTe no ycKo..:

petttiIO 3JieKTp0H0B Jl0_nycTIIMa.H BCJilllJJllla CTCTICIIII HC0;"{H0_p0tlH0CTII 

/ 

nJia3Mbl oNe/t\ nop.H11Ka ~10·3 
11a .l{J11111C yCKopcmrn .~1 M np11 

- 15 18 .3 7 · . . 
nJI0TH0CTII _nJia3Mbl 10 -10 ' CM; . Tpa,111u11011111>1c MCT0,'lbl: C03,[la~ 
HHH nna3Mbt ( 11anp11Mep, z-mrntJ) :11e MoryT o6ecne4,tlTh no:ilo6ny10 
oJ{nopot1i-IoCTb .. Iloaim1y,: npaKTll'IecK11 uo ncex aKc1iep11MeHTax .no 
cxeMe PBWA 11c110Jib3YCTc.H nnaaMa 01m1'-lecKoro npo6051 ..:ra3a 
(o61>1tJ110 B<>Jlopo.lla 11n11 .[leihep1rn), npn'ICM _ 11J1a3Ma o6pa3yeTcH c 
11cnoJib30Ban11eM Jlpa,rnepnoro. na3epuoro 11y_•1Ka. QcnonnhtM ,M~xa
HH3M0M 'nonyqemrn uouon .HBJmeTrn ;\1Horocf>oT011HaH 11oi11l3ait11H aTo~ 
MOB 6ycpepnoro ra3a, xapaKTcpubie npe;-.1e11a npo11cxo,'l.Hll{HX npoQcc

con np11 J{JIIITCJibH0CTH IIMIIYJibca .Jia3cpnoro, 113ny4c111rn ~10 nceK 
MH0f0 _ J\lellbllle/ npeMCH ra30/lllllclMll4CCK0l"0 -pacll111pen11.H., IIJia3Men~ 
HblX o6pa3onanutt. B 3Toii c1nyal(IIII 0,'I.IIOpo;{II0CTb IIJia3MbI_0npe,'.le~: 

7 R.R. Salomaa and S.J.Carttunen- in: New Developments in Particle :',ccelerator Techniques_ 

(Orsay,1987) CERN 87-11 
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Puc.1 llpocmpaHcmeewwe pac
npei)e.,wHue 1C0UU,e1tmpa,,fiUU :ue,c
mp0ll06 e ,c01,u,e oeucmeuR .:w
aepHozo ua.1yZLellUJl c no.:rnoii 
3HepzueiJ.' .2 If. )IC :ua nap bl Ka.11UJl · c 
llall<1JlbllOU. . . . 1C(JllU,ellmpau,ueii 

,. · 16 ' -3 . . 
N

0
~0.75·10 c.i1-t . ll1az no z-

0.25.cM, no R- 20 .l>tKM; 

.' 

,1SieTC}l O~Hopo,nHOCTMO nom1-
3Hpye;\l0f0 ra3a u ,nocTu~mMoii 
CTenellbJO IIOHU3aQIIII, 6.iIJl3K()ll 
K e,n11m1Qe npu n,10THOCT.HX no

TOKa J1a3ep11oro 113Jl)"Iemrn .q ~ 
13 14 2 . 

10 -10 BT/rn 11. pa3Mepax 

nJ1a3;\lhI ~1 01. B nom1miac

una6111>1x PB\VA 3Kcnepm1e1f 
Tax 11eo6xo,'lm10 C03,'lam1e 

. irna3Mbl C npo,nOJibHbIM pa3Me
p0;\I nop>1,1Ka 1 ;\I. 

B ~10,neJ11>H1>1x aKcnepu
MeuTax, B Ka'-!CCTBe JIOHll311pye
;\IOiI cpC,llbl npe,'lCTaBJISICTC}l 

nepcnCI<TIIBHbl;\I IICTTOJlb30BaTh 
ra3bl, COCTOSIUJ,lle 113 aTOMOB. C 

Hll3KIIM flOTCHQllaJIOM H()Hl!3a~ 
1(1111, HanpnMep,. aTOMOB . ,lIJ,e
JIO'-!HblX ;ICTaJIJIOB. ::ho TT03BO-. . . 
Jl}leT np0BCpllTb_ MeT0,llbl C03,llac 

mm. H nccJ1ettoaaTb ;npoQeccbI pacnpoCTpanemm J1a3epttoro nytJKa a 
npoTSJ)KCHHqii JIJia3Me npll .OTHOCHTCJlhHO HJl3KIIX HHTCHCIIBH()~T}lX 

H3JIY'-ICH1f.H. . . 
OT~eTHM, qTo nmim10 y1<a3ammi1 06J1acn1 np11Me11emi:SI, n6-

J1y'-leHHbie. pe3y JlbTaTbI . Ba)KHhl /(JISI aKcnepuivieHTOB, no . npeo6pa30Ba
HHIO '-!aCTOThl Jla3CpHOfO 113JIY'-ICHIISI B HCJIIIHCiiHblX CP.Cttax8 ; no pea
JIH3aQIUI cnoco6oa onTH'-!ecKoro Kanam1poaa11mi Jla3epuoro H3-
J1ytJemm a· nJ1a3Me9 , 

. ' 
Bo· BTopoM ·naparpacpe onucattbI anropl!TM H pe3yJ1bTaTbI '-IHC-

J1en11oro MOl{eJ1npmiamm B3a11.MottettcTBHSI na3epttoro 113J1Y'-lemm c 
napaMn KaJIHSI. ITpHHIIMaJIIICb BO BHIIMam1e 'fIJ)OQCCCbl MHOfOqJOTOH
HOM nonn3aQnn aToMoB -,1a3epn1>1M•. Il3J1)'_'-ICH11eM, CTOJIKHOBHTeJibHott 

/ HOHH3aQHII H . yttapuo-cTOJIKHOBIITCJlbHOH peKoM61maQHH . H0H0B~ 
3JieKTpOHHaSI u H0HHaSI TeMnepaTyphl onpe,neJISIJIIICb c yqeTOM Ha
rpeaa; 3JICKTpOH0B npn ; . TOpM03HOM nor JIOII(CHllll Jia3epHOfO U3-

JIY'-ICHHSI, peKoM6n11a1.11101111oro uarpeua, 0XJlcDl{/lCHlm npn CT0JIKH0-

8 Kenzo Miyazaki and Hiroshi Kashiwagi- Phys.Rev.A 18, 635 ( 1978) 
, 9 P.Sprangle and E.Esarey- Phys.Fluids 84(7),22-11- ( 1992) 
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BHTCJibHOii 11011n3aQm1 H B pe3yJI1>TaTe ofoieHa atteprneii npn CT0JIK- _ 
H0Bemrnx C HOHaMI!. ITpoQe~Cbl pacnpocTpaueium Jia3epHoro H3-
iiy1JeH1i.H B nna:'me H: TOpito3HOfO norJIOUJ.CHHSI M0l{CJIHpOBaJIHCb

0 

c 
noM0lIJ.bIO nporpa~1M1>i HEATER 10 . · . . . 

. 'IToKa3auo, ; lJTO • B pe3y JibTaTe . J\IH0fOq>OTOHHOH ~C>HH3aQHH. -

B03MO)KHO noJiy'-lenne npaKTJl'-leCKH noJIHOCTbIO HOHH3onattttoii ' (ilo 
3ap.Httoaoro cocTO.HHIISI +1) nJia3;1bI, HJ1.;e10mei1 3Ha'-!HTeJI1>ttb1e rrpo'-- . / 

l{OJibHbIC H nonepe'IHbIC pa3MCpbl (tto 25-CM no OCH. pacnpocTpatte~ 
mm H3JIY'-leHH.H H 300 MKM no o·cu r). Ha Pnc.1: noKa3aHO xapaKTep~ 
HOC paC'-ICTHOe npoc-rpaHCTBCHHO(! pacrrpetteJieHHC nJIOTHOCTH : nJia3-. 

· MbI np1i iiatJaJ11>ttoii KOHQCHTpaQmI aToiioa KaJIH.H 0.75-1016 c/4-3. 
IloJiy'-leHO, '-!TO npn TaKHX rrpoQeccax Ba)KH0 J'-IHTbIBaTb ca

MOl{C_cpoKycupoBKY Jia3~pHoro H3JIY'-lemm Ha, B03HIIKaIOlIJ,HX rpattneu
T~x nJIOTHOCTH tJaCTHQ. ITpu ·, l{OCTU)KCHnH·· rrJia3Moii , B , l{OCTaTO'-IHO 
60JiblIIOM ·,•,nHana3oHe ·. 3Ha'-!eHHH r'. MaKCIIMaJlbJIO B03MO)KHOf0. 
3Ha'-leHim fie, C0OTBCTCTBYIOIIJ.CfO 100J{ IIO~H3aQJitt; aTOMOB ,l{O 3apSI
l{OB0fO COCT0SIHHSI ( +1), pacrrpette.iiem1e :IIJI0THOCTiI HMCCT' cTy..:: 
nett'-!aTblii xapaKT~p. 3TO npHB0l{IIT° K yMCHbllleHHIO· B.JIH.HHH.H, rrpo
QCCCOB caMottecpoKycnpoBKiI, a TaK)Ke K, yaeJI1i1ieHIJIO IIHTCHCHBHO- -
CTH . .n:a3epHoro H:3JIY'-ICHU.H Ha _OIITH'-ICCKOtt O_CII :fa C'-ICT .llHcppaKl.(HH_; 

,, . IToJiyqettbI-oQeHKH aJieKTpottttoii 11 11011ttoi1Te!'1rrepaTyp .nJia3-
MbI, K0Top1>1e: c9craBJI.HIOT BCJiuqutty rropSittKa L.3B npn, MaKc11MaJ1b
H1>1x .auepnrnx . B HMnyJibCC Jia3epttoro II3JIY'-ICHII.H., MHorocpOTOHHaH 

HOHH3aQHSI npn TaKHX TCMIIepaTypax rrpaKTH'-lec~n noJIHOCTbIO orrpe
,l{CJI.HJia ,n1rnaMnKy pa3BHTH.H rrpo6o.H rrapoa H3JIY'-ICHHeM. . · 

B TpeTbCM naparpacpe · rrepBoii rnaBbI, cocT0SIIIJ.CM 113 Tpex 
tJacTett, . mmca_tta _aKcnepnMeHTaJlbHa.H : ycTaHOBKa, co3l{aHHa.H l{JI.H 
n3yqemrn 9p5>6e>SI . rrapoa · KaJIII.H H3JiytJeHIH!M · Heo,l{nMoBoro ·· Jia3epa. · B 

. rrepBoM no11ny11KTe · onncaHa o6miUI · cxeMa ycTaHOBKH, cocTO.HlIJ,eii H3 
MOIIJ.HOM Jia3epHoii CHCTeMbI, HCT0'-IHl!Ka napoB KaJIH.H H. ,l{Hartto
CTH'-ICCKOM .'-!acTH (Pnc.2). ,, '• ·, , 

10 J.N. McMullin,C.E.Ca:pjack and C.R.James.: Computer Physic Communications 23, 31 

(1981) 
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Jla3epHoe H3Jiy'IeHIIe C :meprneii B IIMnyJibCe .ao 2 ,ll)K, )lJIII-
' .· ' ' 4 . ' 

Te.JibHOCTbI0.~15 HCeK, pacXO)lllMOCTblO nyqKa 0~3.7-10- pa.a, c93,aa0 

naeMoe Jia3epHoii: cncTeMoii: 1, cpoKyciiponaJiocb JIHH30H 2 c cpoKyc-: _ 

HblM pacCTO~IHHeM LF=100 CM B U,eHTp BaKyy11rnoii KaMepbI 4, r.ae no-

Melll,aJICSI . HCTO'IHHK napon KaTJIrn 5 c KOHI1eHTpa11neii: qacTHil 
. ' 16 -3 

... No=:=(0.2~2)-rn CM·. 

IlJioTHOCTb noToKa Jia3epHoro H3JiyqeHUH cocTaBmIJia BeJIH'IHHY q :S: 
11 2 ' · . · ' 

10 BT I CM npupa.anyce nmHa ccpoKycuponaHHOfO 113Jiyqemm \V 0~ 

LF-0~370 MKM. Ilporne.arnee qepe3 HCTO'IHHK.113Jiyqerme .anacppan-m

pOBaJIOCb c noMOill,blO .anacpparMbl 6, OCJia6JIHJIOCb Ha6opOJ\I CBeTO

q>HJibTpoB u, nona.aaJio Ha ,aeTeKTOp 7 (cporn.ano.a Cl>,ll~7I<). ,llJisi 

KOHTpOJISI 3HeprHH H cpopMbI l!MnyJibCa 'IaCTb 113Jiyqemrn nepe.a BXO

)lOM B BaKyyMHYIO KaMepy OTpa)KaJiaCb ·nJIOCKonapaJIJieJibHOH CTeK

JISIHHOH nJiaCT11HOH 3 Ha ,aeTCKTOp 8 (Cl>I<-26). Ta )KC nJiaCTJIHa HC

nOJib30BaJiaCb )lJISI OTpa)KCHHSI Ha )lCTCKTOp 9 _qacTH pacceHHHOfO IIJIII 

OTpa)KCHHOfO Ha 180° H3JIY'ICHHSI. IloCJie 3TOfO OTpa)KCHHOC H3-

Jiy'IeHHe <poKycnpOBaJIOCb JIIIH30H C cpoKyCHbIM paccTOSIHIICM 100 MM 

Ha .anacppa;My · c .anaMCTpOM 00. 1 MM )lJISI · BbI)lCJICHlrn )lCTCKTllpye

MOH o6JiaCTH ' nJia3Mbl H. YMCHbllICHlrn cpoH_a. IIocJie :npoXO)K)lCHHSI 

.anacpparMbI · H3JIJ'ICHHe nona.aaJio Ha·' cBeToBo.a 1f TpaHcnopn1pomi- · 

JIOCb Ha, )lCTCKTop: I1cnOJib30BaHHaSI onTH'ICCKaH cxeMa no3BOJISIJia 

co6npaTb cBeT H3 o6JiaCTH TTJia3MbI, orpam1qen11oii ±1 CM B JIID69ii: 
TO'IKC llCTO'IHJIKa napoB. . ' ' 

B pe3yJibTaTe npou,ecCOB. MHorocpoTOHHOii HOHII3aU,HH .npn 
V ' • ·• • ) 

npeBblllICHJIH onpe.aeJieHHOII' BCJIII'Il!Hbl nJIOTHOCTH noTOKa Jia3epHOfO 

[J '. II3Jiyqemrn B o6JiaC-
8 ·v 

· Tll, 3aHSITOII' napaMn 
. 1- , · · • · 5 · · , 6 ~ · Ill,eJIO'IHOfO MeTaJIJia 

CT~~ l4= ~ : : ;-.---==11 ~ ~ npoi1cxoJ1HJio o6pa~ A L___F-v=-.z- . . E._lf-~ 30Bam1e • nJia3MbI 
I ' onTH'IeCKOfO npoc 

, f7 6oH. 

LJ 9 
Jla3epHasi 

Puc~-2 . O6w,aii, . cxe>ia , 3,Ccnepu.M.elltnaJlbHOll 
ycmaH06KU aJla UCCJleaoeaHUU npo6oa napoe 
KaAua Aa3ep11bLM U3Jly'l/,eHue.M.. 

10·· 

qacTh ycTaHOBKH 

omIca11a BO BTOpOM 

001myHKTe. 0Ha co-

CTOIIT H3 .llBYXBOJI
HOBOfO 3a,aarolll,ero 

-~ 

} 

reHepaTOpa Ha IITTpllii-a..'IIOlllllHll_eBOM rpallaTC Y AG:Ni+ (5] 11 ycn

JIIITCJibHOii CIICTCMbl Ha Cll.1'IIIKaTHOlll HCO,'llllllOBOlll CTCKJIC. BblXO)lHM 
./ 

aHepnrn Jia3epHCJH cncTe~Ibl .aocT11ra.,1a 2 ll)K n 11.:1myJibce 15 HceK. 

3a.aarom1111 reHepaTop CIICTClllbl pa60Ta.i'I B 0,1110lll0,l0B·0~1 pe)Kl!MC, C 

B03J\IO)KIIOCThIO reHep11poBaTb .llBYXBOJIIIOBhiii mmy;ii,c ( 1.0641' II 

1. 0615 MKM) C )lJIIITCJlbHOCTblO mt HY .,'JbCa 15 11mI 1 'HCCK. ,ll.1'IH nepe

xo.aa B /lB)'XB0.1'IHOBbiii pC)Klll\J B pe:mHaTOp fCIICpaTopa noMCill,a..'ICSI 
l!HTepcpepo111eTp Cl>a6p11-TTepo, 06.,1a,1arom11ii CC.HCKTl!Bllbllll nor.,'IOill,e-. 

mieM Ha pa3HbIX .ammax nomI re11epauI111. /.+ 

B TpCTbCM nOllll)'IIKTC OilllCaH IICTO'IIIIIK napoB Ka..~Irn, pa6o

Tal0Illllii no npIrn1111ny "Ten.,'JOBOii Tpy6b1" (6 J. 011 TI03B0.1'1HCT C03,aa

BaTb, O)lHopo'llHYID OOJia,CTb napoB Ka.1'IllH C KOIII1CHTpa1111eii qacn1u 

10
15 1016 -3 . ~- . 2- . TT 6. . , - ' CM Uc)lJIIIHOII /lO J Cl\!. pmnum cro pa OTbl COCTOIIT B 

_cJie.ay10Ill,eM: BaKy)'J\IIIM Ka.:1Icpa 3atiom1eua 6ycpepHhIJ\I · ra3ollt npn 

. onpe.aeJI,eHHOM ,aaBJICHIIII, K .CTCHKaM fa;\tCpbl TL'IOTHO np11.11eraeT Ka

nnJIJISipHaH CTPYJ5Typa, 11emp KaMepbI, r,'le pa311Ie1uaeTCH ~teTaJIJI, 

uarpeBat;TCSI .ao BbICOK9ii TCMI1cpai-ypb1; ll!CTaJIJI. 11c1iapHCTCH, napb! 
MCTaJIJia )lOCTllraroT o6JiaCTII OXJia)KJ{CHIIH Kall!Cpbl, ,r,1e _KOH)lCHCllpy

lOTCSI, nocJie qcro no.a .aeiicTBIIClll BTHrJIBaIOll(IIX 'Cll.1'1 B03Bpalll,alDTCH 

B o6JiaCTh HarpeBa. TTapbI McTa.,11Ia 1101inocT1>10 Bbr·i-ccHHIOT . 6ycpep

HhIH ra3, npnqeM IIX .aaBJICIIIIC paBHO ':laBJICIIIIIO 6ycpepHOI"O ra3a. 

0TMCTIIM, q~o pacnpe.aeJien11e TclltncpaT)'pbI 110 ocn Tpy6b1 SIRJrneicsi 

O)lHOpO.llHhIM, T.K. npbU,CCCbl TenJIOIICpe,aaqu IIpll ,lTIIX YC.1'IOB!ISIX 

11,dyT )lOCTaTO'fHO IIIITCIICIIBHO II JII06bIC rpa,llllCIITbl r'IJIOTHOCTII II TClll

nepaTypbI. acpcpeKTIIBHo er Jicl)!OrnaroTcH. B naparpacpe onncaHhI oc-. 

HOBHhie 1'IepTi>I ncnoJih3oBamwii cxc11I1>I ccx1;{a1111H napoB Ka..i1rn; npn
Be,aetthI ·pa6otme 3Haqemm' /lOCTllrHYTbIX KOlll(CHTpa1u1li . aTOMOB. 

CTeneHb O)lHOpO.llHOCTII Il0.1'IY'ICliHoii 06.,1aCT11 11apo1i' Ol{CHIIBaJiaCb- no 

q>JIIDOpec11eHI1Hll 113JIY'ICHII; reJI11ii-11eo11onoro jia3ep'a.' OnieqaeTCH, · 

'ITO npn ,aaBJICHIIII aTOMOB 2:'.0.7 Topp 11a Kpa51~ 06Jia_c,T11. napoB 1 

HaqnnaeT o6pa30Bb!BaTbCH o6JiacTb paccesrnIrn i,:i.riyqcinrn, 'ITO CBH-

3aHo, riO-BU~IIJ\IOMY; C IIOHBJICHIICJ\I 30Hbl OOl>Cllll!C)Ji napoKOH)lCl!Ca-

1.UUI : aTOMOB. KaJIHSI. 

/ 

B 'ICTBCpTOM naparpacpc npIme.ae111>I OCIIOBllblC noJiyqeHHblC 3KCne

pHMCHTaJibHbIC pe3yJihTaTbl. 01111 COCTOHT B OllpC/lC.1'1cillll( YCJIOBllii 

B03HllKHOBemm :nJia3Mbl npo6ost riapon, llf>OCTpaHCTBCHHOM 'pacnpe
')leJICHIIII. IIHTCHCIIBHOCTII .Jia3Cp110rD. ll3)ty'IeHIIH,' IIpOliIC)llllf!fO' qepe3 

nJia3MY, a TaK)Ke 3aBIICIIMOCTCli UIITCIICIIBIIOCTII pacceHi1i10ro Ha 180° 

B nJia3MC Jia3epHoro 113JIY'ICHIIH. 

11 



fj:opor o6pa30Batt11H nJia3;\l.bI cocTaBJ1SJ.,1 ~o.02 .ll)K no, E1 

(nnornocTb nornKa 113.,1y'1eH11SJ ~109 BT/ C;\1 2). flp1.r:mepn111 1-2 .ll)K 
nJia3Ma 3aH11Ma.,1a npaKTll~CCKII BCIO o6JiaCTb napoB Ka.,1HSJ. (25 'c;\I)' a 

ee nonepetJ~bIH pa3Mep cocrnB.,1SJJI ~300 ;\lK;\I. 06pa3y~m~cSJ n.na3-. . . ·. ' 
Ma cymecTBCHHO BJillSJJia Ha npoCTpaHCTBCHHOC pacnpe.[1eJiem1e 1111- . 
TeHCIIBHOCTH· Jia3epttoro 113.,1yqemrn, npome,1mero qepe3 ncTOtJIUIK 
napoB KaJIIISJ. . -. 

Ilpu HH3KHX (~0.1 ,ll)K) a11eprm1x Et 11.,111 11113KIIX ttatJa.,1b1IbIX 

KOHUCHTpau1rnx aTOMOB No 11epB011atJaJiblIOC rayccOBO pacnpe.[1CJICHIIC 
no nonepeqnoi'i KoopmmaTe npaKT11tJecK11 11c .11cKa)Ka.,1ocb. ·flpu 60-
nee BblCOKIIX El Jia3epHbiii nyqoK noc.,1e npoXO)K.[1CIIIISJ nJia3Mbl on-

TJilJCCKOfO npo6oSJ '1me.,1 Ko.,1b!l~nyio cTpyKTYPY ( Pnc.3), 113nyqem1e 
OTKJIOHSJ.,10Cb 06pa3y10ilidicSJ JI.,1a3MOli OT OIITJllJCCKOtt . OCH .. YBe- r 

JIHlJeHHe. HatJaJibHOtt KOHI\Cl!Tpatum aTO;\IOB _NQ •yBeJIJllJIIBaJIO KOH-

TpacT 06pa3yiomeiicSlcTpyKTJPbl. CTencHb cmmeTplltJHOCTH Koni,ua 
onpe.[1eJISJJiacb TOtJHOCTbIO cori;\1ememrn onn1tJecKoro ue11Tpa cpoKycu
pyJOmeii JIIIH3bI. 11 uempa I1a.[1a10mero 11a 1111113y na3ep11oro nytJKa; 

paccoiJiaCOBKa no KaKoii-JI1160 OCII Ha neJi114miy ~t MM MCHSJJI~ IIH
TCHCIIBHOCTb B coorneicrnyJOll\CM. 11anpanne1mi1 B. 3-4 pa3a. 

. . IlpH,.llMbH~itmeM fIOB!?lllH~HIIII 3~epnm .Jia3epttoro H3JIYtJCHIISJ 

,KOH;P~CTHOCTb "?JIY'IaeMoro KOJibUa yi1~Hbmaml~b i, npn El~2 Jl)K 
"~po nan'~ B uempe ,nJ4Ka npaKTlllJCCKII IIC4C3aJI. CTeIICHb, O.[\HOpO,D.

P~c.J llppc,npm,c;~eewwe pac
npedeAenue. noAnou 3Hepzuu Aa~ 
3epnozo U3Aylle1:lm1,. Ha . 60AbWO.M. 
( 135. c.M.)jJClCG_mORllU~ om, ,06./WC; 

,imu napjJe K<l!}UR C . naqaJlbllOU 
KOHU,e1}mpau,1!,eU 0.75-101~. C.M.'.3. 
lloAnaa ::mepzua e u.M.ny,1bce 
0.5 /l)K. 

HOCTII . . pacnpe.[1CJICHIISJ 113-
JI)'lJCHIISJ JIO . pam1ycy nytJKa 110 
cpaBne1-11110 c nytJKOM, npoxo,llSJ
mnM tJepc3 xono.L1ny10 KaMepy . c 
N

0
:=0,. y;-.1eubll1aJiacb, ; .pa3Mep 

\, . 
-nytJKa ,ocTanancsi notJTH TeM. )KC. 
· 3n1 Ka'!ecTnem1b1e , 11a6mot1:emrn 

· 6bIJIII fl0.[1TBCp)l<.[1eHbl _npn_, H3Me-

12 

peHUSJX . ·anepnm • na3ep11oro : H3-
nyqemrn, rtpornemuero .. TIJia3MY, 
npn Bbipe3anun- .[1HacpparMott tte-
6oJiblllOH o6nacTn . ,n6JIH3H, on
TIP.iecKoii ocn .. ,I1onyqeuu1>1e · 3a
m1cnMocT11 • :, ,flOK33bIB3IOT; ''ITO 
pe.9lpaKI\IISJ· H3JJJlJCHHSJ 11a, o6pa-
3J!Oll\UXCSJ rpanueHTax , :.f!JIOTHO-

1 
1 !, 

•i 

:) 
11 

CTII qacn,u: cymecTBCHHO ll3MCHSJCT napaMeTpbl Jia3epnoro nytJKa, B, 
COOTBCTCTBIIII c pactJCTHbIMH .[\aHHb!Mll n.2. TeM He Mcnee, nptt ,llOC-. 
TaTOlJHO 6oJiblllllX IIHTCHCIIBHOCTSJX JJa3epnoro 113JIJlJCHHSJ, CaMOL(e
cpoKycnpoBK,a CTaHOBHTCSJ J\feHee 3aMCTHOit, H npn f!OJIHOH 8HeprHII 2 
.ll)K npaKTlllJCCKH HClJe3aeT. 

3am1c11MocT11 a11eprun u3nytJeH11SJ Eb, paccemrnoro 11a3a,ll H3 
06J1acn1, 3attSJToii 06pa3y10meiicSJ' nJJa3MoH, oT noJIHOH a11eprHii B 
HJ\ITIJJlbCe E1 II OT uaqa.,1bHOH KOHUeHTpaunn aTOMOB KaJIIrn, noKa3bI-

' BaIOT: 

1. Ilpn 11e60J1bll1HX E1 II npn c6ope pacceSJHHOfO ll3JIJtJemrn H3 06-
JJaCTII, 6m13KOtt K KpaSJM TCf!JIOBOtt Tpy6bi tta6JJIO)laeTCSJ 3aMeTHOe1 

npeBbilllettne Eb- na.[1' q>oHOBbI~m 3Ha4eHUSJJ\m, 3annc11MocTb Eb(E1) 
. nMeeT n1rnettnb1tt xapaKTep, · KoacpcpnuneHT Ko-ropoH · 3anncHT . oT 

HatJaJibHOH KOHUeHTpauim aTOMOB; . ' ' 

2. Ilpn anepnrnx E1~0.2 .ll)K, nosBll.llllMOMY, npmicxo,llHT pa3pyrne~ 
ttne 30HbI- pacceSJHHSJ 113JIYtJenn.si iia·. KpaSJx o6nacrn napoB 1caJ11rn; 
'ITO. Bbipa)KaCTCSJ. B pe3KOM yMeHbIUemm Koacpcpim:HeHTa rrponopu1io~, 

, ' , '. ~ . . -. ' ' ~-·. - '' 
HaJibHOCTII pacceSJHHOtt 8Hepnm OT fIOJIHOtt 3Heprnn B mmjJibce; 
3. Ilpn c6ope perucTpitpyeMoro H3JIY'ICHUSJ 113 o6JJacTH Ha116onee;· 

OCTpoii q>OKJCllpOBKII JI33CpHOfO H3JIJlJCHl151 II npH 3Hepnrn:x EJ ~1 
.ll)l( ' cpnKcnpyeTCSJ. I1peBblill~HHe cpoHOBOfO i1i.JiytJeHH5I ~' B 5 pa3 ( 

ypoBCHb 'cpoua COCTaBJI5IJI .~10-.8 OT TIOJIHOii ,mepnin H3JIJtJemrn). 
Ilpu MeHblIIHX attepruSJx Eb tte. npeBbirnaeT cpo11a. 
Xapai<Tepttbie 3aBncnMocTn Eb (E1) noKa3aHbI tta .Pnc.-4 n 5: 

.. 

. ·<__.:• 

'' ,-.-~ .. , 

,/ 
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Puc.5 3a6UCU.MQCmb .3Hepzuu 
Pu(?. 4 3aiJucuMocm~ nOJlHOU U3JlytJeHUR., pacceR.HHOZO Ha f 80° 
:mepzuu U3Jly!l,eHua, pacceauuozo u3 o6JZacmu nJZa3.Mbt, 6Jlu3KOU K 
ua 180° u3 o6JZacmu, 6JZU3KOU K 1<pa10 30Hbt napoB KaJZUR.,,; om 
motJKe uau.6oJZee ocmpou rpo1<y- noAnou aHepzuu 6 uunyAbce E[. 
qupo6KU~ ~m nOJl1lOU 3Hepzuu 6 N =O. (e), 6-1015 ;M-3(0), 8· 
UMnyllbCe. . . 0 . . 16 · 3 . • 
N =5·1015 c~-3 1015 bt-J ( + ), 1·10 cM· (■). o 

o =25% 
'c... 

B II0CJie,l{HeM; _IIHT0M rraparpacpe IIpO~O,l{HTCH o6cy)K.l{eHJie II0-
JiyqeHHbIX. peay JihTaT0B; II poBO,l{HTCSI · attaJiiI3: ycJIOBIIJI B03HHK0BeHH~ 
IIJia3MhI rrpu orrTuqecK0M rrpo6oe rrapoB. Kamm n nx cpaBttemie •. c 
pacqeTHbIMH; 3HaqeHHHMH. IIoKa3aHO, qTO pacceHHH0e Ha 180° H3-
JI_yqettne M0)KeT 6bITh cBH3atto c rrpoQeccaJ\m BbIHY)K.UeHttoro pacceH
HHH Matt.neJihIIITaMa-BpnJIJI1mma BPMB, qTo roBopHT o .. BbICOKott 
cTerrettu o.nnopo.nnocTu o6pa3JIOIIJ;ettcH rrJia3MbI. IIpn BPMB B3an
Mo.neiicTByIOT octtoBnoe Jiirnepnoe JI3Jiyqettne, H3Jiyqettne, pacceHi1-
Hoe. Ha HOHH0-3BJKOBOJI B0JIHe .B rIJia3Me, , II caMa B0JIHa. YrnoBOC 

0 pacrrpe.neJiettue paccesrnttoro JI3Jiyqemrn nMeeT mm npn .yrJie pacceH
HHH 180°; B.OJIHOBO~ BeKTop JIOHHo_-3BYKO~Ott B0JIHhI k

5 
=2k

1 
, r,l{e k

1 
-BOJIHOBOJI BeKT0p Jia3epttoro lI3JiyqeHJIH. 

l1HKpeMeHT 3aTyxaHJIH HOHH0•3BYKOBOli. B0JIHbl ou,eHJIBaJICH 
no cpopMyJie11 : · 

rt(it/8)1/
2
(Mlm)ro \/ks

3v T/(1 +(M/m)1/7"/T/
12

exp(-ros
2 
/2ksV Ti

2
)]; _ 

r,ue (i)s - qaCTOTa IIJia3MC~HOJI B0JIHhl, (i)s =ropiksrd/ ~ 1+ksrd)1/2; 

11 fl.RTHHQKHH JI.H. Jl33epuaH ttHarnocTHKa DJJa3MbL M.: M.np. c.39 ( 1976) 

14 

©pi -11onnaH nJia3MemiaH 1.JacTOTa, ropi =4ne2Ni/Mi; n ro5=1.27: 

1010 ceK·I npn ~pi =2.1-10 10 ceK-
1

; YTe=(Te/me) 112=5-107 CM/ ceK, 
I-·? 5 . . · 

VT_=(T./M.) 1 -=1·10 cM/ceK- TenJ10Bbie cKopocT11 cmeKTponoB n 
I I ! . ·. 

'. . 1 . . . . 
II0H0B, C00TBeTCTBenno, a M. / m =7 .1 · t ff - C00TII0llICHl!e ~rncc 3JieK-

. · 1· e · · 

. B · • A - 1 08 -I . 30 Tpona 11 11011a JlJIH Kamm. 1nore, -y
1
=-i..)· ceK II ro

5
/y1.:::: • 

)IJIH 11impeMe1na poem BPM6 Bo.111b1 11an11rne~1 12 : · 

y0=1/2(V0 /c) [ro
0
/ro.)]1_.:2ropi, r,1e V

0 
- ci<opocTb Ko.,1e6a1111li a.JI.CK-:' 

. _ -10 1/2 . 
1pona B noJie. Jia3ep11oro 113.,1y,ie1111H, V

0
/ c :::::9-10 q: ,npn 'A 

=1.064 MKM, ro
0

- 'l'acToTa Jia3epttoro 11:rny'1c1111H, ro0=1.77-10
15 

ceK-
1
; 

II Yo=J.1.10
9

-ceK·l npn aocomonmii 11ecrn611:1bl10CTII BPMB, T.e. B 

' ycJI0BIIHX, · K0r.l{a xapaKTepllble ,llm!Hbl 113;\ICIICHIIH .K0HQeHTpaQJIII 
IIJia3Mbl II ee TeMnepaTypbI J\IH0fO 6oJibllIC ;11111!11>1 IlJ1a3Mbl. Onmrne

nne. 1rnKpeMe1na poCTa B0JIHbI I< 1111Kpe:i1e1ny ee :laTyxamrn y0/y1 .::::2 

11,. cJie.l{oBaTeJibI1<>; ·3al\·1eTnoro poCTa BPM6 B0Jlllbl iie ;'l0JI)KH0 6bJTh. 
)IJIH MOll{II0CTUpaccemmoro·113.,1yqe1111H J\I0)KH0 ::iam1caTh12

= 

Pb. =P exp(2y
0
2L ./y

1
c), r.z1e L ..:,'lJI1ma rIJia3~tbl, .::::10 CJ\1; P -Mom-

n •. . p p . . n . 

H0CTb 3aTpaB01.Jnoro J131rytJe111rn, Ir B IITor~ uoJiy1.JaeM: Pb/ P n .::::6, 1.JT0 

6mI3KO K Bem11.J1111e' Puc.4, 
f JiaBa 3aBepm~CTCH BblB0Jial'm, cpe;u1 OCIIOB!lblX - BblB0.l{ 'o 

B03MO)KHOCTII II nepcuei<TIIBIIOCTII IICll0Jib30Bamrn no,'I06JlbiX nJia3-
MeHHh[X o6pa3oBaHIIH .l{JIH 3KCnepmtcHTOB HO PB\V A, . 

-Bo BTopoli rnaBe om1cbrna10TcH pe:ly:11>rnTb1 11ccJie.l{oBa1111tt. .. ., . ., . , 
.3p031IOHHOJI Jia?epnoli IIJia3MbI, .11CfI0.,1b3)'C;\IOii B Jia3epno~t 11CToqin1-
K.e nettTpaJibHbIX qacTIIQ .l{JIH K0JI.r1eKTIIBHoro ycKop111eJIH KYTl1-20 · 
n ycrnnoBKII ERIS13 . I<paTI<oe · nuc11e1mc 01111cbrnaeT aKTYa.JibHocib 
noCTaBJiennoii 3a.l{aqn. Om1ca11 npmn11111 pa6oTbI Jia3epnoro · uc-

. ... 1 . . . 

ToqnnKa u cxeMbI ero pa3MCUtemrn B BaKyyl\111011. KaMepe ycKop1ne-
JIH, np11B0.llHTCH napaMeTpbr UCfl0J)b3)'Cl'I0f0 J1a:1epa - ,mepnrn B UM-' 

nyJihCe .l{0 60 M.ll)K, '.l{JIIITCJibHOCTb 11~my1i1>ca i-=15 HCCK, 1.JTO II03B()
JIHeT r10Jiy1.JaTb nJioTnocTb noToK~ 1ra3epnoro 11:rnytJemrn• na noriepx-

H0CTb TBep.l{o{eJI1>110Ii M11memr 11cT01.JHIIK0B q:-::2• 10
9 

B_T/ CJ\~ 2 • 

12 A.A.Offenberger et al.- J.Appl.Phys. 47,1451 ( 1976) 

13 IO.A.6i.1KoBcKHH II ttp.-:>KT<l>_ 54,c.527 ( 1984) 
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0TMe'IaeTcSI, •no .llJISI ycneurnoit aKcm1yaTau1111 ucTO'IHHKOB ,Heo6xo
.lll1MO ,[{eTaJibHOe n3yqeHue noBe,[{emrn Jia3ep11~ii nJia3;1Ibl npu.. ee 06~ 
pa3oBaHmi u:pa311eTe,B BaKyyM. · · 

· IIepBbitt naparpacp rnaBhI, cocTOSIIU11ii 113 .llByx ITO.llTTYHKTOB, 
.IlOCBSill(eH· onncaumo MeTO,[{IIK 113Mepcmrn BpC;\ICHHblX xapaKTepu
ciHK ·noTOKOB Hf:;liTpa.,1bHbIX qacrnu C HC60,1bllJIIMII a11eprm1J1.in, ,[{a'IO
ll(HMJI OCHOBHOH BKJia,[{ B. 3MIICCJIJO lJaCTIIU npu pa6oTe. Jia3epHbIX nc
TO'IHHKOB aToMOB. Iloc,1e ue60,1brnoro BBel{CJIIISI B naparpacp, B nep
BOM nonnyHKTe onncana MCTO,[{IIKa per11CTpau1111 aTOl\lOB C HCITOJib30-
BclHIIeM na3epimro HqO'IHHKa UOHOB [ 4]. TT pn 'aTOM ,llJISI . onpe,lleJie7 
HHSI KOHUCHTpaumi aTOMOB Ha onpe,aeJieHHO;II paccTOSIHIUI OT TO'IKiI 

~--------------------~. o6pa3oBamrn n11a3-
\ lr1I -~lbl JIOTOKI; 30H,l(U-

. 17 
... ;}->,_, . 

~
. · '-._\ - . I i 14_- • ~2 13 

. 10 . ~ ·... 5. ' i+n .. - ~-. -.. - ~ - 0 7 1 4 - i>- - - ·1, 1--~--f ;F_ . i--. . . 

+5 kV 

. PYJOTCSI 'cneuna.nh0 

no· ccpop~mpoBaH
HhIM ny'IKOM HOHOB 
H3 11a3epuoro nc-

. TO'IHHKa c anepnr
eii 3-5. KaB; :',B . p<:;-
3YJibTaTe npm~e~-
COB pe3onaHcHoH 

, nepe3apSI,llKH. qacTh 
:J 

HOHOB HCHTpaJII13y
Puc. 6:. 06w,~ .cxeMa 31<,cnepu;,iemnaJLbHOlt eTcSI .npn cTOJIKHo
y/:maHoeKu aJlR onpeaeJleHUR epel>WHUbtx xa-. Bemm C -aTO?-taMll, 
paicmepucmuK pa3Jlema . HelltnpaAbHbLr: . 'lac-_ . H 3aTeM • 6hICTpb1C 
lllUI.{ 3pfJ3U01lHOU Jla3epHOU Yflla3Mb(~ eaKyy;,t . neihpaJibl: ·nona,[{a
c ucnoJLb?oem1ueM npol.{ecqoe nepe3apaa1<,u _ uo- . JOT .. ua. . JlCTeKTop 

H06. · (BTOplllJHO~aJieK-

TpOHHblH, YMHO)KHTeJib B3Y) u perncTpnpy10TcSI nM. Om1cb1~aeTcR: 
3KcnepnMeHTaJibHaSI ycTal!OBKa; C03,llaHHaSI- ,llJISI npnMeHeHHSI ,llaHHOH 
MeTO.llllKH c ue11h10 · aHaJIH3a -pa6oTbl. 11a3epHoro. ncrolJHHKa._, Ee 06-
IUHH BH.ll np1rne,lleH Ha Pnc.6. Jia3epnh1ii HCTO'IHHK nonoB - (7:::10); 
HCTO'IHHK aTOMOB - ( 1-6, 14), iI11ocKnii KOHJlCHcarnp, CJiy)Kall(nii ,llJISI 
Y.llaJICH,JISl,3apSI)KCHHblX 'IaCTHU H3 ITOTO~OB - 12, ,llCTeKTOp - 13. J1c
ITOJih3YJOTC.H YAG_:Nd3+ Jia3ephI ( 1, 11) c a11eprneii.~0.06 . .l{)K n ,llJIH~ 
TCJibHOCTblO HMITY JlbCa , 15 HCCK: 
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Bo _BTopoM nonnyHKTe nepBoro nap~rpacpa onncaHa MeTo,llHKa 
pemcTpaunn a1:()MOB C HCIIOJib30BaHneM Jia3epHoro HCTO'IliHKa .~JieK-
TpOHOB [2]. . ' ·.· . . . . . . _ . , 

11cnoJih3yei'CSI Merni( qae:u'IHoii noHH3auun ncc11el{yeMbIX an>MOB 
npn npoxo)K,llemm noTOKOB CKB03b ima3MJ c · HH3KOH 1LJIOTHOCTh10·, 

5.0 ,-------"------------, 
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Puc. 7 3aeucu;,iocmb KOHU,eHmpaUiu·u 
amOM06 ( 1la paccmORHUU 5 CJ.! om 
mOllKU. o6pa306aHUR nlla3Mbl) om epe-. ' .· . . 

J>teHu, HopJ.tupoeaHHozo Ha: npoAemHoe 
paccmoRHue. MuweHb ua 1.{11.HKa Zn. 
IlllOlllHOCmb nomoKa ' U3JlylleHUR Ha 
iiuweub · q: 1 . .2:109 Bm/c;,i2 · · (e), 
0.1.109 < ~x o.f109 <n1> · ·· · 

C03,llaBaeMyJO Jia3epHblM HC
TQqHUKOM aJieKTponoB. 06-
pa3yIDIUHec'SI HOHbl. pemcT
p1ipy10fc* B3Y, nornK pe~ 
rncTpnpyeMhIX .noHOB IIpo
nopunoHanen ·. rro'ioKy nc
cne,riyeMbIX aTOMOB B 06-
JiaCTb 110HH3al{HH. Onucana 
cxeMa co3,llannoii aKcnep1t
MCHTaJibH011 ycTaHOBKH II ' 

cnoco6b1 o_6pa6o"rK_n , I10-
11yqaeMb1x pe3yJibTaTOB. 

Bo . BTOpOM naparpa- ' 
!P.f, ITOCJie KpaTKOfO, 063opa , 

CB513aHHOII . c . T~Moii ,. napa
rpacpa ~mepaTYJ:lbl, 'npn~o
,llSITCfl OCH(?BHbl~ ,, pe3y JlbTa
Thl, n_oJiy'IeHHble '• C _noMO
ll(blO nepBoi1 (nottHon) Me
TO.llUKii. [4]._ oim .COCT051T 

, . , BO BpeMeHHbIX . 3aBHCHJ'.fO-
CTSIX n11ornocrn aTOMOB npn ucnoJib3oBanun MHIIIeneli H3 C, Al, Zn, 
In n Pb n nJIOTHOCTSIX noToKa Jia3epnoro u311yqemrn,,B .,D;nana3one 

7 9 2 
5-10 -2-10 BT/CM . 3aBHCHMOCTH annpoKCHMHpOBaJIHCb pacnpe,lle-
JieHneM MaKcBe1111a-DOJibUMaHa; II no11yqeHo y .llOBJieTBop1ITeJibHOe 
corJiaC!!C jl,Je)K,lly . annpoKCIIMHpyIDIUHMH: ,JI ·i3KcnepIIMeHTaJibHblMH 
KpHBblMH. IlpHBO,llSITCSI 3aBHCHMOCTH no11yqenHblX .npn annpoKCHMa
l{HM TeMnepaTyp crycTKOB, n qnce11 Maxa ... XapaKTepHoe · BpeMeHHoe 
pacnpe,lleJieHne KonueHTpau1m neli'ipaJibHbIX qacnm; npnBe,lleHo · na 

.J Pnc.7 ... 
B TpeTbeM naparpacpe npHBO,l(SITCSI,pe3yJlbTaTbl iHCCJle,llOB<iHHH 

ITOTOKOB aTOMOB, B03HUKaIOll(IIX npn ·nona,l{amm,nepBH'IHblX ITOTOKOB 
HCTO'IHHKa aToMoB Ha noBepxHoCTb, MeTan1111qecKoro aKpaua · [ 1]; 
,OnncaHa C03,llaHHaSI ,[{JISI 3TOro y~TaHOBKa II OCHOBHbie no.n:yqeHHble 
pe3yJibTaTbl. Ilptt 3TOM HCIIOJib30BaJiacb "aJieK'iponttaSI" ;MeTO.l(HKa 

• •· .. 7- ,· • )> ·' , 
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n.1.2; TloKa3aHo, 'ITO ocHOBHoii BKJia,1:1 Bo BTop11':ltty10a1-mccmo ,1:1a10T 
aT0Mbl, ynpyro · OTpa3HBIIIHec.si. OT aKpaH,! .. OQemmaeTCH BJIH.HH!fe Ta:. 

KHX noToKoB Ha npoQeccbI · pa6oTbI Jia3epHbIX ncT0':IHHK0B aToMoB 
,l:IJIH KYTH-20 u ycTaHOBKH ERIS. . . 

ff ':leTBepToM' naparpacpe onucatta 'MeTO,l:IIIKa II3MepeHHH aTO- -

MOB ra3oo6pa3HblX BJieMeHT0B, B03HHKaIOil{HX npll pa6oTe Jia3epHbIX . 

HCTO':IHHKOB [3]. · Co3,1:1aHHM ycTaiioBKa pa6orneT Ha npHHQ1me · f.tacc~ 

aHaJIH3a o6pa3yIOil{HXCH. Il0T0K0B C. noM0il{bIO Macc-aHaJIH3aTopa 

MX~7304. IloJiy':leHbI 3aBHCHM0CTH Ko~nqecTna aMnTTnpyeMbIX M0-

JieKyJI 'OT nJI0TH0C"I:H noT0Ka Jia3epHoro H3Jiyqemrn Ha nonepXH0CTb, 

-MHIIIeHH HCTO':IHHKa;· a TaK)Ke :IIX npeMeHHbie xapaKTepUCTIIKH. )leJia

IOTCSI O[leHKH BJIHHHHH TaKHX aT0MOB Ha npoQeCCbl pa60Tbl HCT0':IHH-
. ' - ,.,, 

K0B, a TaK)Ke npe,1:1JiaraIOTCH Mepbl no yMeHbllleHHIO TaKoro BJIIIHHHH. 

B K0H[le rJiaBbl ,1:1eJiaIOTC5J. FbIB0Dbl. 

TpeTosr rnana nocBsril{eHa onttcam110 pa6oTbI ycKopHTeJisr KY

.TH-20, Mo,1:1epnua11poBaHHoro )'lJIH ncnoJib30Bamui n KaqecTBe nc

T<>lfHHKa MHOf03apHl{HbIX HOHOB (npoeKT ERIS [7]). B nepBOM napa

rpacpe naim KpaTK0e onncam1e aKTyaJibH0CTII nocl:anJieIIHOH 3a.z:1a1JH 

H KOHQenQHH: ee perneHHH. Ilo.z:1qepKm~aeTc~, 'ITO_ petnreH0BCKaH 
• • ••• • ' ' • '· > : ' • ' '. 

cneKTpOCKOnnsr MHOroaapH,l:IHblX · II0H0B HMeeT Ba)KHOe 3Ha':leHne ,l:IJIH 

cinpeileJieHirn CTpy1frypbI aneKTp0HHbIX 060~0':leK H0H0B. IIoiiyqenne: 

TaKHX HOH0B · Ba)KHO .riJisr perneHirn cpy1:1,1:1aMe~TaJibHbiX npo6JieM, e 
TOM 'IHCJie: MO,l:IMHpoBaiiil:e, ,1:1uarnocrnponaHJie . H OIITHMH3aQH~ 

nJia3Meiumix ycrniioBOK ):IJIH nccJie,1:10Bam1ii B o6JiacTH yripaBmie:-
, .< •-,. • • , ,. 

Moro TepMoH,1:1epnoro CHHTeaa; coa,1:1am1e n 11ccJie,1:1onamrn HCT0':IHH-

_K(?B' K~repeHTHoro pe11TreHOBCK0rO H3Jiyqemrn; pa3pa6oTKa II 0nTH:, 
MH3aQH51. HHTeHCHBHblX HCT0':IHHK0B H0H0B JIJIH C0BpeMeHHbIX ycK0;-
pHTeJieii TH)KeJibIX notton. · • 

· · ,KoJIJieKTHBHbIH yCKopHTeJib TH)KeJibIX HOHOB . KYTH-20 

no3B0JIHeT noJiyqaTb K0MnaKTHbie K0Jib[la. peJIHTHBHCTCKH:X aJieKTpo

H0B; . HBJIHIOil{HeCH YHHKaJibHbIMH no nJI0TH0CTII HOHH3ttpy10mnx 
qacrnQ ···: u , BpeiieHn cymecTBoBamrn KBa31rnJia3MeHHbIMH o6paao

. BaHHHMH. )lJisr Toro ,'IT06b1 -~B noJIHoii Mepe ncnoJib3oBaTb nMeIO-

. ItinecH HOHH3aQHOHHble cnoco6HOCTH aJieKTp0HHblX K0Jie[l, . 6bIJIO 

npe,1:1JI0)KeHo14 . MO,l:lepHH3UpOBaTb ycKopHTeJib TaK, ':IT06bI cyil{e

CTBeHH0 yMeHbilIHB pa3Mepb1 K0Jib[la H YBeJIH':IIIB BpeMH era )KH3HH, 

,4oBeCTH 110Hn3aQHOHHbiii cpaKTOp j,t ,1:10 BeJIH'IIIHbI -1020-1021 n TeM 
caMblM no,1:1roT0BHTb -B03M0)KH0CTb , HCCJie):IOBaHnii . · xapaKTepn:.' 

14 ::fA.HepeJJbWTeHH, r:i( Ill~pKOB- Ilpenpl!HT OHHH £9-85-4: .lly6ua (1985) 
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CTll':leCK0fO peHTreHOBCKOro ll3Jl)"IellllH 1!0110B C 3apsr.aoM -30~40. 
)lo611TbCH aToro · npe.z:1J1araeTcsr nyTe.!\1 y.!\teHbIIIemm Bpe . .!\tettn cna,1:1a 

MarHHTH0ro Il0JIH na CTa,1:11111 pa3)KaTIIH aJieKTp0HH0f0 K0Jib[la, TaK, 

.'IT06b1 npn y1-ienbrnem111 auepr1111 aJieKTpoHon 3a cqeT · c1rnxpoTpoH

Horo H3Jiyqemm 'pa,1:111yc KOJib[la OCTaBaJICH npaKTnqecKH IlOCT0-

HHHbIM Ha nporn)KeHIIH 50-100 .!\1CeK (T.11 .. CTa,l:IIIH ,l:IJIHTeJibH0fO 

y,1:1ep)KaHJiH KOJib[la). 

Bo BTopoM naparpacpe l{aHo ormca1me aKcnepm1e11TaJibHoii 
ycTaH0BKII, np11':leM OCIIOBH0e BH11l\Iam1e y l{e.,1sreTCH cnoco6aM C03l{a-. 

HliH .l{0Jif0)KllBYfllllX SJieKTpOHHbIX K0J1Cll ( co Bpe.!\1e11e;i1 )1(1131111 .l{0 

80 MCeK), UMeIOil{IIX pal{JIYC 4.Sl2.5 C.!\I. )lJlH ,l:IJIUTeJlbH0fO y.z:1ep)Ka

mrn KORe[l, HCilOJib3YeTCH MCT0L{ IIIYIITIIJ)OBKII TOK0B :itafHIITHbIX Ka~ 
TyrneK, cpopMIIPYIOillllX MarttirrHoe. Il0JIC 11a KOHC':IHbIX CTa)UIHX ·c)Ka

THH K0Jiel{. Tipn aKcnoHe11n11a-1bHOJ\t cnal{e .!\iarmnnoro noJ1sr pa.a11yc 

KoJiell ocTaeTcsr npaKTll':leci<11 nocTOHHHbll\l 11;1-3a 111neHc1mHoro · CIIH" 

XpOTp0HH0ro ll3Jiyqemrn 3J1eKTp0H0B. 'DOJlbIIIOe BpeMH cymecTB0Ba

HHH. KOJle[l 1103B0.TUieT no11yqaTb MHOroa'apH)lllblC IIOHbl - cpel{Hllii 3ac 

psrtt IIOH0B 3anncnT OT npeMe1111 nx 11011113a1.um aJ1eKTpOHHbIM ytta

poM. B naparpa_cpe 0illlCbIBaeTCH pa6olfllll uiIKJl ycraHOBKil, HplIBO

.l{HTCH pac_;1eTHble _3aBIICIIM0CTII T0K0B B MarHIITHbIX KaT)'IIIKaX CIICTe

Mbl,. pa,ll11yca KOJlb[la II noKa3aTeJIH c1ia,'la MclrIUITHOrn .Il0JIH. Onnca

Hbl . aJieKTpH'I~CKHe cxeMbl. i1mamrn 'KaTyIIIeK, _110380J1HIOllllle 06ec

ne':ll1Tb cTa,1:11110 ttJinTeJibHoro y ;:iep)Kai11rn K0Jib[la. B' TpeTbeM · napa-

rpacpe np11B0.UHTCH ocHOBHbie 
60,------------~ .1 , ' 

qcpTbl IICHOJib30BaHHOII MeT0-

)llIKII pcnICTpannn MHfK0fO 
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Puc. 8 KoJlUlleC1n60 zaJ.vta-K6aHr 
111.06 'N 1' pezucr,ipupyeM.bL't 3a 'oaHo 
cpa6ambl6q11ue ycma_HOBKU u3 060-
e.M.a .. KOJlbU,a .· npu pa3llUl/.HbL't KO
JlUl/.eCm6ax . 3.11.e,cmpo1106 6 KOJlbU,l? N .· ._.,, .. ·" . 

e 

l9 

pe11ue110BcKoro · 11a11yqemrn 

IIOH0B K0.1lblla II HeK0T0pbIX 

nmI<HbIX" napaMeTp~B a11eK-
. Tpo11110-1IOIIHblX KBa3IIIIJia3-

MCHHbIX 06pa3qna1111ii: . I1c
noJJb3YCTCH nponopllll0HaJib
Hbiii C':ICTlfllK. raMMa-KBaHTOB, 

o(faopnb1ii raMita-tteTeKTop," a 

TaK)KC Blll{C0CIICTeJ\ta .l{JIH ana-
.. JIH3a npocTpaHCTBeHH0fO pac~ 

npe.z:1e;1cmrn · c1rnxp0Tpo11noro 

.11311yqemm •·· aJieKTponoB.: KOJib_.: " 
[la.. 'HaKOfIJie1111e · II0HOB .' B 

' KOJlbl{aX np0B0.l{IIJI0C~ npn IIX 

~,.,.---/ 



C)Kanm u yJ:lep)KaHJm B an10ccpepe Kp11mo11a Kr. IT011y'-lettbI 3an11-
• ..2- . • ' •• ; < 

CHMOCTII, HHTeHCUBHOCTJI ;\ISifKOro penueUOBCKoro 113JIY'-leHIIH IIOHOB 
i, 'aTOMOB Kp{mTotta. (1:1a J~IIJIIIII Ka.) ~T KOJ1Jl'-le~TBa 3Jie~TpOHOB. a 
KOJib*' 1i':l{aa1iemrn OCTaTO'-IHOro ra3,a B BaKyy;\IHOH K_a;\!epe_ ycTaHOB7 
Kif. XapaKTepttrui -33B IICIIMOCTb TaKoro -poJ{a npuneJ{etta Ha Puc.8. 
fJiaB~

0

3aKaH'-lttBa,eTCH 06C);)Kne~11e~1 no11y'-leH11~,1x pe3yJlbTaTOB _B na- ' 
parpacpe 4. BpeMe1rna51 ,'lllarpamia mnerpaJibllb!X l,lOTepb 3JieK-, 
TpOHOB, pemcTp11pye;\ta51 o630pHbl:\I ;1CTCKTOpO)I ){{CfrK.Oro J)CIITfCHa, 
noKa3hIBaei, _'-ITO npoaeJ{e11·1'ra» .. pe1<oucTp)'KUII.H Manmnwii cncTe
MbI · ycKopmeJI.H KYTI1-20 rio3BOJISICT 3!Ia'-l!ITC.1hHO noahICHTb ape
M.H ){{JI3HH C)KaToro 110 4.5 OL ua nepBOM II 3, CM Ha, a'TopoM 3Ta
nax '.' KOJ1bQa. , _06~ee Bpe~rn C)'ll(CCTBOBa'miH o6pa3yl0Il(e~oca, ~JI.eK
TpOHH0-1iomroro crycTKa COCTaBJ1ieT 75~80 M~eK. CaM ,cpaKT ., J{JIII-

·' , • • " •: C • i • ;1 

TCJibHoro_ - cymecrnoaamrn KOJibIJ,a _ 11a ~rnpo)I .:lrnne yJ:lep,Kan~rn. ,,a 
ycnoan»x Ma.1ettbKoro (~o.1) noKa3aTeJ1.H · cna.l(a Mai·uuTHoro no
_JISI , CBUJ{CTeJibCTBYCT O TOM, '-ITO o6~eM~hiii 3apSI.l( ,KOJibll,a, npaK
TnqecKJI nonnocT~IO . cK0Mnettc11p~Ban naKomrnui11M11c5i imnaMn, H 
cpoKyc11poaKa MaJibIX pa31-l~pon ocymecTBJI.HCTCSI H3c3a cJ{,BHra ;,iacTO-, 
Thi. 6eiaTpoHHhIX KOJie6am1i1 3J'ICKTponon _. o6beMHbIM. 3ap»J{OM 110-. . . ' ' . ' -, ' 

HOB. 
Oll,eHKU HHTCHCHBHOCTU M.HfKOfO peHTfCHOBCKOfO If3JIY'-ICHH.H 

Kpnmona noKa31>1Ba10T, BMeCTe ~. TCM, ~no ocnonHott aiuiaJ{ n ,aMuc
cuIO ,l(a!OT Hei-iTpaJibHbie aTOMbl II .J\laJI03apSIJ{Hbie HOHbl KpimTOHa. 
Bonpoco cpCJ{HeM 3apSI,'lC II KOJill'-le~TBe uoiwa o~aeTC.H OTKpbITbIM. 
OueneH_a ·: B03MO)KHQCTb Hcno,11,3onamrn '3Jiel<TpOHHbIX Koneu; yJ{ep-' 
)KJIBa~MbIX, J{JIHTeJibHOe Bpc11rn na MaJibIX pa,111ycax, KaK. HCTO'-liuma 
c1rnxpoTpOHHOro H3JIY'-ICHIISI B HK ,l(llana30He. KpoMe Toro, J{eJiaeT
C.H ouenKa MaKCIIMaJibHO ,l(OCTJl)KIIMbIX TCMfIOB KOJIJICIQ'HBHOfO ycKO

peHH.H HOHOB .npn Tex 3ap.HJ{Hocrnx, KoTOpb1e MoryT 6hITb nony'-leHhI -
np11 J{ocrnrnyThIX 3naqemrnx _ cpaKTopa non113aunn. f nana 3aaep111a- '. 
CTCH BblBOJJaMH. · · - - ·: , - . -

-, B '3airn10qemm -npHBOJl~TcH ocnoBHbI_e pe3yJI_bTaTbl u BbIBo
JlhI; nonyqeHHbIC B ,l{anuor,. pa6o~e, a TaK)Ke llpHBC.l{CH ClllfCOK ny6- . 

-JIHKaUHH no TeMC .l{HCCepTaUIIH. 

OcHOBHblC . pe3yJibTaTbl II BblBOllhf, IIOJIY'-IC!Iflb[C np11 BblfIOJIHemm : · 
nncceprnunonHoii pa6oTbI: . __ _ _ · _ 
1: C03J{ana ycraHOBKa, BKJIIO'-laJOll(aSI B ce6.H HCTO'IIIHK 'inoMOB KaJIHH 
iJ na3epny10 cncreMy Ha Nd cTeKne, no3noJIHIOU(aH npoBOJ.lHTb nccne- . 
J{OBamrn 'iB3aHMO.l{ettCTBHH -MOll(HOfO Jia3cpnoro H3Jl)''-leHHH C aToMa- · 

20 

MH,·. llMelOIUIIJ\111 Hll3KIIJi fIOTeHUllaJI IIOHJI3aUmL ITonyqenHble 3KCfle
p11MeHTaJibHblC pe3yJihTaThI Bnepnhie B- M11pe noKa3aJIH, 'ITO np11 
803,llettcTillIII JJa3epHoro U3JiytJemrn C J{JIIIHOH BOJIHbl 1 :06 MKM .l{JIH

TeJibHOCTblO IIMnynbca 15 uceK H nJIOTHOCTblO noToKa ::;;1011 BT/cM2 

Hcl napbl KaJIIIH C-Ha'-laJibHOJi KOHUCHTpaunefi clTOMOB (0.2-2),1016 

CM:3 MO)KCT 6bITb o6pa3onana no.ruiocTbIO IIOHU30BaHHaSI; COCTOHll(aH 

113 0,l(H03apH.l{HbIX IIOHOB JIJI33Ma ~JIIIHOII ~2s CM H J{llaMeTROM ~300~ 
- MKM. 'I1cnoJi1>3oBaime no.l{o6noro MeTOJ{a c03tlamrn nna3MhI MO)KCT• 

npeJ{OCTaBIITb pH.a 11pe1my1UCCTB no cpanHeHIIIO C J{pyrHMlf MCTO.l{a
MII (HH3KHH nopor o6pa3oaamrn, §oJihlllIIe npoJ{OJibHhie n none
petJHhie pa3Mepb1, BblCOKa.H O.l{HOpOJ{HOCTb), npn HCilOJlb30BaHHII B 
pa3.JIH'-IHhIX cxeJ\taX KOJl-'.1CKT11anoro ycKopemiH 3JICKTpoHoB, oco6eH
i-io B T~lK Ha3bIBaCMOH PBW A cxeMe, HCflOJlh3YIOll(eJi Jia3epHo-nJia3:: 
MCIIHbie B3aHMO.l{eHCTBIISI. 
.2_. Pa3pa60TaHa' KOMnbIOTepnaH nporpaMMa, n03BOJIHIOIUllil MO)leJIH
ponaTb _ npol{eCCbl onTHlJeCKOfO npo6oSI napoB MOll(HbIM 'na3_epHbIM 
113nytJen11eM n npoueccbI pacnpoCTpatteH11H na3epHoro H3Jiy'IeiiHH B 
nJia3MC. 
,3. Co3J{ana ycTanonKa, ocnonauna.H Ha 30HJ{11ponamm noToKon aT<>:: 
MOB noi-IaMH Jia3epHOro IICTO'-IHJJKa, n03BOJI.HIOIUaH per11crpnpoBaTb 
HMnynbcHbie IIOTOKH arnMon, BXOJlHIUue-n cocrnB 3po3uonHott Jia3ep
Hoii fIJia3Mbl Ha CTaim1,ee UHepUHaJibHOfO pa3JICTa B BaKyyM'. Bnep
Bble noKa3ano, '-ITO n ycnomrnx, xapaKTepHbIX .l{JI.H pa6<>TbI- Jia3ep
Hhix IICTO'-IHIIKO.B He1hpanon ,':{JI.SI KYTH-20 u ycrnnonKn ER-IS; Bpe- · 
MCHHble xapaKTepHCTHKII pa3JICTa HeiiTpanon J{OCTaTO'-IHO xopoino 
OfIJICbIBaKlTC.H , MaKCBeJIJIOBCKHM pacnpe.l{CJieHHCM, xapaKTCpHbie 
3HatJem151 TeMnepaTyphI T cocTaBJI.HIOT 10-20 3B npn nnoTHOCTH no

TOKa ~ Jia3epiioro, 
0

IJ3JIY'-ICHIIH q~(3+5)qtr ', (qtr:. noporonoe 3Ha'-leHHC 
nnoTnoci:u noToKa naaepnoro H3JIY<JeHII51 Ha Mniue.Hh), MaKCHJ\laJib

HI>ie '_cKopocrn pa3JICTa Vrnax' ~ 106 CM I eek, .zinmeilhHOCTiI i10°TOKa -
(1+5)MKCeK/CM. . - - .:.:, - 1'' 

4- C03,l(ana ycTaHOBKa' no 113yq'.ennio npouecCOB pai:cemiiiH IIOTOKOB 
aTOMOB Ha IlOBepXHOCTll CTeHOK KaMepbI a.l{re3aTopa. ITpoBCJ{CHbl 
Macc~cneKTpOMeTpniiecKHC ncc.n:eJ{OBaniiH np'o'i(eCCOB J{CCOp6l{Hlf ra-
308 npn pa6oTe Jia3epHblX\icTO'-IHHKOB. ·• BnepB,blC 'onpe.l{eJieH~ BJIIUl'
Hll~ o6pa3JIOll(HXCH nOTO!(OB 

0

Ha pa6oTy Jia3ep
0

HblX JICT?'-IHJII(OB am
MOB .l{JIH KYTH-20 II ycTaHOBKH, ERIS_ II pa3pa6oTaHb,I MCTO,llbl 

' ' ' ' • • • ' ,., < ' ~ ' 

yMeHbllleHlrn TaKoro BJIHHHIISI. 
,'.i. ITpone.l{eHHaH peKOHCTPYKUH.H •ycKopmen.SI KYTH-20 B ycTattoBKY 
,ERIS ~no3BOJIHJia yBeJIH'-IHTb 'BpeMH · HaXO)K.l{eHHH 3JICKTpouHoro 
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KOJibu;a B C)KaTOM cocroHHHII (,no 75-80 ~ceK). )locT11rnyrb1 peKop.n
Hbie napaMeTpbI BpeMeHn )Kll3HH H pa,nnyca ,rneKTpoH-HOHHblX KO
Jieu;, IlJIOTHOCTH :rneKTpOHOB. y CT~lHOBKa MO)KeT. 6bITb IICilOJib'30BaHa 
B Kaqecrae ncToqunKa · nmppaKpacuoro naJiyqemm 6oJiblllOtt · nM

nyJibCHoii MOII.l;HOCTH ,llJIH qmanKn KOH/l,eHcnponaHHbIX epe,n, a TaK)Ke 
/l,JIH HCCJie/l,OBaHHH no qmanKe MHoroaapH,llHbIX IIOHOB. 
6. BnepBbie H3Mepeua llHTeHCIIBHOCT~ xapaKTepncTnqecKoro 1(3-
JiyqeHHH IIOHOB KpHDTOHa npu IlOCTOHHHOH aarpyaKe KOJlbUa HOHaJ\111 
H3 ocTaToquoro raaa. 
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