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~OTORHHe ny~ KOrepeHTHOrO TOpM03HOrO R3~qeBBX (KTfi) 

3JleKTpoHOB BHCORRX 3Heprnl! B MOHO!tp:IICT8J!JlaX [I, 2}. 6JiarO,JJ;apJl 

BHCOKOl! CTeneHR llailllpR3aJ41!1! R MOHO:lCpO!,BTRqHOCTR, II8JIIJIJ[ lllllpoltOe 

npll:MeneHI!e B <P>ts:I!Ke aJieMeHTap!lllX qacTJtll. CTenelll> HOJ.UqJJ13aJ41!1! It 

MOHOXj)O!&l.TitqHOCT:b KOrepeHTHO R~qe!llll<X \P<JTOHOB CYJ!leCTBeHI!hlM 

06pe.30M 3aBRMT OT yrJIOBIDC xapru<TepRCTRH ll!IJIBJll!ero 119. MJIII!elll> 

MeKTpoHHoro ny~ [ 3) • 

CYJ!lecTBYJlllll!e MeTO.llli no YJIY'lllle!IIIJl Hai8J'E'TPOB ( cTenenx nOJU<­

p:113au:IIR R MOHOXj)OMaT:IIqJ,!OCT:II) 3HepreT:~IqeCKBX cneKTpoB .KIM [4,5] 

B KOH6qHOM cqeTe OCHOBalllol H8. JMeHl>llleHJIJI( Ha'UIJlloliOI'II yrJIOBOI'O 

pa36poca 3JleKTPOHOB, ;rr.aJ!ll1ltX BKJl3,Jt B ,lleTeKT:IIpyeNylll o6J!acT:o yr­

JIOB :I!MyqeHJm. 

B HacTo~el! pa60Te ODXCHBa9TM HOBHI! MeTO. M9HOxpoMRT:II3a­

~ anepreTxqecRRX ClleKTPOB Klli, yqRT!lBal!liJ!J<ll cnBiliiPm<.Y CltCTeMH 

. BhlBO)Ia EpeBaHCKOro ClllDCpOTpoHa. KaK R3B8CTHO, H8. 3JleKTPOHllHX 

CHI!XpOTpoBS.X BlmO,II '€ - nyqKOB o6ll'!HO Ocyll{eCTBJ!HeTM JlOKaJI:bHHM 

B03MYII{eHReM paBHOBeCHol! Op6RTII 3JleKTPOHOB ( TaK H8.S!lBaeMJ>l! Me-

TO,II "beam-bump " (61 ). B MOMeHT HHllO,IIa nyqOK YCKOp81111l<X 

aJieKTpoHOB C6paC!lBaeTC!t Ha BHYTP9HHDl Mlllllel!l>. llpx STOM OCYJ!leCTI-
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llJLJl:OTCJI B08MOlltl!OCT:& MeMeHI!Oro COpOCa (BpeMJl: BHBO.Ita ~ 2+3 MC ) l 
Me,!IJleHHHl! c6pcc SJ!OKTpOHOB !Ia KjlHCTa.JI.JII<'l:OCRl!li pa.ItnaTOp II08BOJIJ1l 
eT ncn~soBaTb coBUa.ItaT~ MeTO.ItHKY B qu3KqecKHX axcnepn­
MeHTax, B 'tJa.CTHOCTH , npH 1i3Mepemm: 8HeprSTH1!8CltHX CUSRTpoB TO~ 
MCSHOI'O 113Jiy'IeHHR C IIOMOiill>IO liB.pnOrO ~ - CIIOKTpOMOTpn [7] 
ilHWOPMau;w! OT .IlOTOKTOpOB SJIOKTpcHOB H II03HTpOHOB rrapHOro I) -
- CIIOKTpOMeTpa perHCTpl'fPYOTCJI B TO'IOHHO Ml'fTeJibHOCTH BOpOTHOI'O 
(cTpo6Kp~ero) cnraama copna~~ro c .IlJli!TeJibHOCTbiO BpeMeHH 
BHBO~ @OTOHHOI'O ny'!Ra. 8To II03BOJIJ19T HCKJilO'IHTb WoHOBHO BJIHJIHHJI 
MOKTPOHOB, c6paCHBaeMW<: !Ia MIIIOOHb B KQHJIO l1HlCJ1" YCl<OpeHHR (ll'l 
c6pcc). 

COBOKyiiHOCTb BCeX yCKOpellHHX SJ!9KTpcHOB, C0paCHBa6MHX Ha 
NUUIISH.b H ,I(alOII:tKX- BHJIB..D; B RSMep.cieMYe CITSKT'pll TOpM03HOrO HSJiy't!SIDm, 
XapaKTOpHSyOTCJI HOKOTOPHMl'f}CPO.IlH6HHHMH ITO BpeMeHH BHBO.Ita napa~ 
r,;eTpa>IH yrJIOBOro H aHep:reTH'IeCKOro W30poca. 0TCIO.llii B03HHKaOT 
OCTOCTBOHH!llt BO!IpOC, KaltOBH S!la'I6IDIJI STHX napaM9TpOB B pa8HH9 
MCMOHTH BpeM9HH BHBO~. DTJIH'Il're yrJIOI.HX pacrrpe.IteJiei!Jil! B pa3HH9 
MOMeHTH BpeMeHH BHBOna .ItOJill<HH HBl!Tll OBOe 0Tpal!<9HH9 Ha H3M9pl19-
MU9 crreKTPH KTH. 

C rreXOIO BHJ1CH9HHJI 3TKX BO!IpOCOB, HaMH !IpOB9.Il9HH nccrre.ItOBa­
BaHHJI BJ1HJIHHJI paSilH'IHHX J«)M9HTOB BpeMeHH BbiBO.Ita (BpeMeH!IaJI CeJieK­
l(lfJI sJieitTpOHOB) 11a aaepreT1!'leCKKe cneKTpH KTH. B sxcrrepi!MeHTe 
H3MePHJIHCb CII6KTpaJibHH6 JcapaKTepHCTHKH T0pMCSHOI'O HSJIY'IOHHJI 
SJieKTpOHOB C aaeprne! E

0= 3,9 reB B MOHOKjlHCT~e amMasa rrpn 
@HKCKjlOBaHHOM yrJie BJ19TH OTHOCHTeJibHO KjlHCTaJIJIOrpaWH'IeCKO! ITJIOC­
KOCTH (OII). AJ!MasHaJI IIJIHCTHHKH IIMema pa3MepH(2,0 X 7,0 X 0,I)MM3 

I! ee lll!!pOKaJi I'};rulb OW!a DapaJIJ!eJI!>HH ITJIOCKOCTII (100) II ]l<lCIIOJia­
ra.JJacb rreprrei!JIIIKYJliiPHO K riY'fEY SJieKTpcHOB. ll.a.r:r:pa.BJieHHJI oceli 
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< OII > J1l < OJ'I > Kp!!CTa.rr.lla COBrra.n;a.Jill C Bep'I'I!KaJI:bHOfi ll ropll30H­

T8.JI:OHO:l1 OCHMt!I Bpa~€Hl'LFI rOIIDOM€Tpa.. 

~OR H~eHHHX ~~TOHOB W0pMHpOBanCH KO~~BTOpOM 1C pa3-

Mepa.Mll OTBepCTll!I (3,3 X 3,3) 10<12 , paCUOJIOJKeHH!lM Ha paCCTOHHJil! 

I0,5 M oT Kp>IcTanJIOrpa~ecKoro ~TOpa. 

B H3MepeniDIX ocymecTBJIWia.C:O CKTyai:Om:, Ror,na OCHOBHoH BRJia,II: 

B ce'!emm KTil o6yCJioBJieH y3JIOM [[022)) o6paTuoil pemeTKl! KJlHCTaJI­

.Jia [81 H IT03TOMY B 113M€peHHHX CliSKT:pa.x 0Tl!€TJllffiO Bl:lpa.JK€H TO.JThKC 

rJIHBH!lli MaKCJ!l;yM B pafione E ~ root ; I rsB. lviOHl!TOPJilPOBaHl!e 

rrpOH3BO,I(IDIOCb Ha O,nHHa.KOBO€ 3Ha'l:€ID!€ liOJIHOfi lUITSHCHBHOCTH HSJiy· 

qemm, H3Mep.aeMo}l KBaHTOMeTpOM BIDThcDHa. 

,lJ.Jm B!J,lleJienl!J'~ ( ceJieR!liD!) 1!3 I\l!KJI8- c6poca ycKOp!!TeM orrpe­

,IJ;eJleHHoti: 1:!8.CTK I!CIIOJTh3DB8.JlaC:O CX€ivB C fiPHM€H€Iffi€l'li JJ.BYX reHepa.­

TOPOB BopoT TIII!a GG- ±oo (<!)l!pr,:a EG& G), RoTopRe rrpe)(cTaBJIRm 

H3 ce6ff cno*HHe O~OBHdpaTOpH C BUCOKOM TOl{HOCTbiD H CTad}W1b­

HOCT:DKl·YCTaHOBK11 ~T-6JU>HOCTH. ITepB~ c.rry.ilmJI ,JJ.JIH aa.n;ep..'001 m:­

rryJn,ca rrporryCRHHl!!I rry'll<li (BOpOT) OTHOCHTeJil>HO Clli!X]X>Th<nJYJILCa 

ycRopnTeM. 3a.n;HI!M tjlpOHTOM HMrryJil>ca era BHI\epJKRH (c rroMODlbiO 

BHXO,TI;a'1DEUED OUT") 3aiiYCRaJICH BTOpO}i r€H€p8.TOp, Bi::l.X:O.J].ROlt C1IT­

HaJI ROTOporo CTPQ6HpoBarr 3JieRTPOH>!RY rrapHoro ClieRTPOMeTpa. 

T~1 o6paaoM, BTopoH reHepaTop orrpe~~,KaRaa ~cTb ~ 

c6poca yCROpllTeM llCCJie;uyeTCJi ITO )l,Jll!'reJILHOCTll, a rrepB!!l! ·- aa­

,D;e.PJKKY I-ICCJie;nyeMOii 'tJB.CTH 0THOC1!T6JThHO P..8."tla.J!a mmo,na. 

Crpo6!!pyroilll1lil HMrryJil>C rro)(HBarrCH TaRl!le na o)(I!H na BHJWI\OB 

1\BYXKaHHJil>HOro OcqHJinOrpa4a, Ha BTOpon BXOII ROTOpOro liO~CL 

HMrryJLbCH OT CIJ;l!HTHJIMJ1l<OHHOrO C'!eT'!HRa, perJ>ICTPJ1lPym!ero BHBe­

)(eHH!lli tpoTOHH!lli rry'!OR. l'a3BepTRa OCI\l'[JIJIOrpa(jla SarryCI<aJiaCb CI!H­

xpo>IMrryJILCOM ycRopnTeM. !!a aRpaHe ociil'tJIJ!orpa4a na.6JrBJ)(aJII!c:o 
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.rr.>rn:Te.JIDHOCTJ; II !Ipl!MepHaH CTpYRTy1>3. Jiy'II<B. II I<ru<ru< '!aCT!> ll,l'lltJla 
c6poca rrporryCI<aBTC!I !Ia aHaJ!IIa Dapi!HM (I' - CITBKTPOMBTpOM. 

Ha PIIC.I !IpKBB1I8H 113Arepe1IHHH 3HepreT~ecKHa ClieKTp OTHOCII­
TBJl:bHOil ID!TBHCIIBHOCTII 113J!y'IBHI!ff MBKTpOHOB :/ /J HBK (rrre ':J HBK_ 
- HBKOrepeHTHaH '!aCT!> CliBKTPa), KDrna .rr.>mTBJl:bHOCT:O CTp06npynme~ 
ro IDffiyJl:bCa COBUa,IJ.aBT C .rr.>mTB.JThHOCT:OIO B!IBO.l¥'1 @QTOHHOrO nyqi<B. 
( '(, = 3 MC ) • Cl!Jlo!llHaa r<piiBM rrpoBerrena no aKCnepiiMenTa.UHHM 
TO~maM. CrreRTp COOTB6TCTBy8T CJIYtmiO, xor,na BSKTOp IIOJVJ:pHSa:o;KK 
@QTOHOB neprren;n;ruty.llffpBH l!JlOCKOCTII ( < 100 > , < OU > ) • 
Ha pKC. 2 nperroTaMeHU 113MepeHHHe CJIBKTPH li.llff TpeX pa3HHX BpBMBH­
HHX liDJIOJ<eHIIJl CTp0611pyl!JI(BrO KMrry.JThca (Ha'JaJ!O, Cepe)l,IIHa K KOHBI1 
BHBO~a). llpH 3TOM ~TBnbHOCT~ ITOC~e~ero COOT~ 0,4 MC. 
1\aK BJI;nHO H3 pHC. 2 Ha6J!IOM8TCH 3alvf8TH08 H3M8H8HH8 KOrepeHTHOro 
SQxbeRTa ( T. e. OTHOlllSHM H~T8HCID3HOCTH B Ma.KCH!eyMS R KHTSHCJIBHOC­
TM ner<orepenTHDil 'ffiCTII crrer<Tpa f.l = J MaRC I J HeR ) , rrp11 CM&­
ru;e!lliH CTpodHpyKillerO CHI'HaJIB. OT Hagaaa ,ItO itoHu,a BHBOM. Korep€H~ 
H~!i :lif4eKT lJaKCl<II!BJIBH B Ha'laJIB BHBOrra ll Mliiiii""-'-BH B KOiiliBo Ha6-
lliDMIDTCH TaKMS pas~~ M~ 3H8prKRMH ycKopeHHHX 3~8RTpoHOB 
(A Eo=:!: roo MsB) B 3aJll1CIIMOCTII OT BpBMBHII c6poca Ha MIDl!Bitb. 
O.n;Ha.Ko aTO'l' <,PaRT He odMcHReT pasJIHtmH Me.110zy s:Ha-qeHlU1MK xore-
peHTHHX Stfx;pei<TOB, ITOCKOJli,Ky IIOCJIS,J:Ume M8HilmM BCero JI.HID:& Ha 4% 
rrpH Ji:'I3M8H8Hllli SH8})I'IDI rra_ua.RXUJrX_ Ha MHlliS!fb SJ!SRTPOHOB Ha ±J:QQ MaB. 
Xapa.KTepHH:M .f.IBJlHSTG.ff TaRJRe CM8Il.!Siffi:8 :rm:KOBOii 9HSpriDI B CIIeRTpe, 
H8MepeHHOM Ha ROHQe BHBO~, B CTOpoHy M8HDmKX aHeprzi. 3TO CBH­
SaHO xax c YMeHDmeHHeM Ha~o! SHeprKH s~eRTpoHOB, TaR H yBe­
~eHIIeM ax yr~oBoro pas6poca [3] . 

Ta!me JKB xapaKTep!llle OC06eBHOCTII !Ip0JlJlJl!l10TC!I ll B K8MBPelll!ffX. 
0 JIOJIHOJl: .rr.>mTBJl:bHOCT:blO BHBOrra,paBHOli t' = 2 MC (piiC.3). 0JIHaKO 
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B 9TCM CJIY<!ae MaKCHMaJil>mtil KorepeHTmril si!il)eKT y:ae;m:'IIl:BaeTca 

~o 3Ha~e~ 8,83 1 0,14. llpa STOM, corEacHo WOPMY~e [9] 

2\1-Xd) 

P= 1+(1-Xd)• 
X = E """/ r ;r.ne d (f co 

CTerreHb ~eilHott no~~ ~TOHOB PB MaKCRI~~e KHTeHCHBHoc­

TH B03paCTaeT ~0 85%. 

AH.a.;rm-3 3RCU8l)IDJI8HT8.J'lhHHX pesyJThTaTOB IIOKa3l:lB8.8T, 'ITO OdHa· 

pYJKemrue H3MeHemm: :KorepeHTH&X s@;eKTOB B cneKTpax KTI1:, B oc­

HOBHOM, o6ycnoBn8Hll pa3HHMR 3Ha~e~ yr~o:eoro pas6poca aneK­

T:POHOB, na,uro:mzyrx Ha RpHCTaJLJ'll!T.I8Crutli pa,mra.Top B pa3HH8 MdM8H'Fbl 

BpeMeHH BHBO~a. llpH sTOM ~crrepcHa yr~oBoro pacrrpe~~eHHa s~eK­

TpoHoB (:e npe.n.noJIO.iKemrn:, l!TO ·aHa mo1eeT BH.n; raycco:ecRoro pacrrpe­

~~ellW!) li3MeHffeTCSI B )l;HaiTa30He OT 0,15 • ro-3 ~0 0,04·I0-3pa,n;. 

8TOT @3.KT MOxtHO Ka't!8CTB8HHO 06'b.HC:flliT:C, BOCIIOJlb30.Ba.BiiDIC:b i\•i8TO­

,II;OM "Bpat$.J:OJ.U8rOCH Kpyra" (10] , ROTOpirlt ,n;aeT B03MOJKHOCT:b pac­

Cl&lTI>HBaT!> "saxBaT.r' ycxoperurux. 3Jl8KTp0HOB nyllli.a I>illlii81£biO B 

npou;ecce era Ha:ee,:n;eHPia Ha rroCJie,Wim. 

lla Ta30BOH MOCKOCTli ( 'l'" ; '1. ) ( r~e 7.' - CKOpoCTJ, liOITe-
rm(l..x . 

pe~oro ~eHHH 9JI8KTIJOHOB, 

- aMnnHTy~ K~e6~ ~eKTPOHOB)9
MHTTaHCyCKOpeHHOrO rry~, 

HallO)II!Moro Ha Ml!llleHb, rrpe~CTaBJiileT co6oli KPYr (pllc.4). BliJ~MeH·· 

HHS Ha eyyre 06JiaCTE: I,2 H 3 COOTBSTCT:BYIDT CJJYliaHM:, KOr;ml rvrn:­

illeHb, ~HHe pa3Mepa KOTOpO~ MHOro MeHbrue lianymHpnEli yc­

KO:pSHHOI'O II)""'C'Ra, T. e. ~ 't <<A: IIOM8UJ,8Ha B :aytrOK B Ha"G:a.JI:bH!:lli, 

c:pe.ztmrl1 :k'l: IWHe'il:lJ:rlt MO!_v18HT!::I ITO BpeMeiDI BHBO,:n;a. lt13 pucyHKa BH,TI;r!O, 

'ITO yrJIOBOif pa36pOc qaCTHI.l, TI8J.\BlO!IlHX HB. MHIII9H:b, ITO N!epe ·yr;rry6-

J ~ I I 

~eHJ<ff B ~OR yxy)l;lllaeTca, T.e. ('I.·J"m }1<('l• ?->m )z< CL·~m )::,, 

'ISM R 06~CRff8TCH pa3~~e KorepeHTHHX ~KTOB B SHepreTH't!SC-
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= crreKl'paX KTI!. 
ITpn HeHSMeHHofi rro~ofi HHTSHCllBHOCTll WOToHOB xorepeHTHHe 

~erm• B crreKTpax, H3Mepemrux B )l)3yx paa!lllX peJJti!Ml.X BJmo.n;a 
(BWlO.n;& )J.JIHT8J!bHOCTI!Ml! 3 MC H 2 MC) OTJUMa!OTCH .n;pyr OT .n;pyra 

BCJIB,IJ;CTBRe H3MBH8Hli.S CKOPOCTll HaBS,l(SHHF.r :o:ytiRa ycKopeHHh!X SJISR­
TIJOHOB Ha fi.OO!ISH:O. 

Ormcamnn'l: MSTO,l( MOHOXpolV18.TH3arnrn: SHepreTHtiSCIDlX CITSR'l'POB 
IDfTBHCHBHOCTH MOJRST HMST:b Iij:aRTlfliSCKOS IIpiW!BH8HH8 B llCCJIS,II;OBa­
IWJD( ITO qklTOpOJK,UeHIDO MSMSHTapHUX 'tffi.C~ C HCITOJI1)30:Balil:WTJ! Bli-
lfaCJ.GITS.7I.bHHX IllariiiDI B pejjffiMe " on line 11 

• 3aJIOJK.UB B lla.JI.T.aTI:. 8Bi1l 
aapaMeTpll CIISRTpa B 3a.BHCH:M'OCTH OT TOrO, B Ka.KO:f.i MOiv!SHT I.J;HKJia 
c6poca yCKOp!!TeJif! OH JIOJzy'ieH I! ITapa.Me.JI~HO rrepa,11aBM Ha 3BM 
KEli?OPMSLiliDO OT 1t3JK,!!;OrO COdbiTJI.fi HCCJIS.IJYSMOfi peaKU;HH C Bpe!.';'SHF!hiMH 
MSTKaiVIH, MOJKHO CSJ!SI'i.THBHO o6pa6aT1lJ3aT:o (fM3}fqeCrure ,l(aJ-IHllB. Ta:RaJ:i 
npoqe.n;ypa 06pa60T!G! )J;aHllllX IT03B03li!T M36eJi<aTl> He06XO)J;I!MOCTI! YC­
p8,1UIS.FIID! BS.Jm'U!HH liOJI.FipH38.UIDr g_}OTOHOB ITO BOSH JI,JlliTSJJ'.DHOCTM BI:ii­
BO,na, T.ITO BCTBCTBBHHO IIpHBO,!OiT K CHCTSMaTHt!BC:tmM Oll'IH6Kal.·I H3MB­
pal!!!iL 

ill)AMOJKSHill:ifi MSTO.D; ,ztaBT C)OJll,llili!S B08MOJKI-tOCTII HCCJieJJ;OBai-llt>;i 
yrJIOBWC li ::mepreTJfiieCIWX. xare,RT€pliCTHR yCI<:apemmx: 3JI€RTpOHOB. 

B qe.JIOM ~e WI!SI!'<ecKHX nc~e.n;oBaHEfi, r.n;e Tpe6yeTcH ~ 
yr.JIOBoJ! pa36pOC Ha~IDIX 'iaCTI!1\ (Harrpi!Mep, I!C~e)10BalfM B3ai!­
M0)19liCTBI!>i 3apmlt9HllllX 'iaCTJ!I1 B pel<l!Me J<a.l<a.JI!!pOBalil!l!) I!CIIOJ!b30-
BB.Ime MSTO.D;a BpeMSHHOif CeJ.tSKIJ;IDI MSKT})OHOB HB.ll.&STCR ,ItOBOJlb1lO 
rrepcrreKTI!B!lllM. 
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Fnc.I SHepreTaqecKH~ cneKTP KorepeHTHoro TOpMOSHoro R~e­
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PRe. 2 3HepreTaqecKHe cneKTp!i R~elml{ npll Tpex nOJiollteHRilX 

CTp06JIPY10ll1ero l!MllYJThca B CJIY'lae, KOI',!Ia. t = 3 Me. 
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