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OEII.{A51 XAPAKTEPI1CTHKA PAEOTbl 

AKTYaJihHOCTh TCMhI. MeTo.n: :meK1pommro oxna)l(,neHHll iurn 

HaKonnemur H0HHbIX IIY'fK0B C MaJlbIM pa36pOCOM CKOp0CTCH 6blJ1 npe,lUI0)l(CH 

r.11.Ey,n:KepoM. 11.n:ea MeTo,na 3aKJTIOqaeTCll B TOM, qrn Ha npl!MOJJHHCHH0M 

y<1aCTKe HaK0IIHTCM 880,AHTCll HHTCHCHBHbIH 3JICK1p01Ulbltt ny'I0K C MaJlblM . . . 

pa36pOCOM CKOpOCTeii. B pe3yJJhTaTe. KYJJ0H0BCK0ro B3aHMO,ACHCTBl-lll C 

3JJCK1p0HaMH H0HbI 0XJla)l(,AaIOTCll .n:o TC!\meparypbl 3JJCl<Tp0H0B, H cpa30BblH 

o6oeM H0HH0fO IIy<IKa C)l(HMaeTCll. 

ITepBhitt uaKonHTCJJh HAIT-M c yCTaHOBKOH 1JJeK1po11noro 0XJ1a)l(.n:e11Ha 

3ITOXA 6brn noCTpOeH B 1974 r. HoBOCH6HpCKe. B Ko11ue 70-x - Ha'laJie 80-x 

ro.n:oB 3JJCK1pOHH0e 0XJla)l(,AeHHe npOT0H0B 6blJJO ycnewHO 

npo,n:eM0HCTpHpoBaHo B CERN H FNAL. 

B HaCT0llll.lCC BpCMll B pa3JIHqHhlX JJa6oparnpHllX MHpa .n:eHCTBYIOT .n:eBHTb 

HaKOIIHTCJJeii Tll)l(CJlblX H0H0B C ycTaHOBKOH 3JJCK1pOHH0fO 0XJla:)K)lCliHll, TaK 

Ha3bIBaCMblX KYJJCpOB. C IIOllBJJCHHCM KYJiepOB CTaJI0 B03M0)1(H0 npOBC)lCHHe 

npeue3HOHHblX 3KCnepHMCHTOB C M0Hoxpm1aTH4CCKl-!MH (c pa36pocoM no 

3HepmllM .n:o 10-6 ) HOHHbIMH IIy<IKaMH Ha CBepXTOlIKHX s11yrpeHHHX MllllICHllX, 

ocymeCTBJJCHHC Macc-cneK1p0CKOIIIHI CBepXBblCOKOfO pa1peme1rnll, 

11aKonne11ue )lOJlfO)l(HBYlllHX H30MepoB .H H30TOIIOB. CTaJI .n:ocryneH 

KaqeCTBCHHO HOBblH yp0BCHb HCCJJe,noBaHHH npouecCOB nepe1apl1,AKH, 

pamrnUHOHHOH H ,AH3JJCKTpOHH0H peKOM6HI-taUHH, Ha•IaJI0Cb pa3BHTHC 

JJa3ep11oro 0XJla)l(,nCHHll. Bo3HHKJJ0 H0BOe HanpaBJICHHe B qrn~HKC ny4KOB -

KpHCTaJIJJH'ICCKHe ny'IKH. 

TeXHHKa 3JlCK1pOHHOro 0XJla)K,ACHHH pa3BHBaeTC51 no IICCK0JlbKHM 

HanpaBJJCHHllM, HMCIOll.lHM o6meii UCJlblO IIOBblWCHHC ero 3QlQ)CKTl-!BHOCTH H 

pacwnp"eHue o6JJaCTH npHMCHCHHll. K HHM 0THOCllTC:ll: 

• reuepauna 3JJCK1pOHHblX ny'IK0B C npe.ueJJbHOH nJIOTH0CTblO T0Ka npn 

MHHHMaJibH0 ,AOCHl)l(HMOH TeMneparype 3JJCKrpOH0B, 

• cpopMHpOBaHtte 3JJCKrp0HllblX ny'IK0B B ycrpoikTBax C HCHTpaJJH3aUHCH 

npocrpaHCTBCHHOro 1apa.n:a 3JJCKrp0HOB; 

• TO )KC - B a.u11a6aTH4CCKH MC,lUICHH0 cna,naIOmeM MarHHTH0M II0JJe JUill 

CHH)l(CHHll nonepe'IH0H TCMneparypbl 3JJCK1p0HOB (1a C'ICT YBCJJH'ICHHH 

npo.n:oJJbHOH), 

• pacwHpeHHe .n:Hana30Ha 3Heprnii ')JlCK1pOHOB B Mera3JJCK1p0HB0JlbT0ByIO 

o6JJaCTb, 

• co1.uaHHe 3Q)Q)CKTHBHblX PCKYneparnpoB 3HeprnH 3JlCKTpOH0B. , 

HettTpaJIH3aUHll npoCTpaHCTBCHHoro 3apa.n:a 3JJCKTpOHOB npHMCHlleTCll 

.LUill CHH)l(CHHll pa36poca CKOpoCTeii B 0XJla)K,Aa!Oll.lCM ny•1Ke, o6yc,'IOBJICHHblM 

co6CTBCHHbIM 3JJCK1p0MarHHTHblM II0JJCM nyqKa. 

Ho eme 3KCIIepHMCHTaJJbHblC pa60Tbl He3mrna H ero K0JIJler BbillBIL'lll, 

qTO B .LUIHHHblX K0MIICHCIIpOBaHHb!X Hy<IKaX 3JJCKTp0H0B HaC'I)'IlaeT 

HeyCTOH4HBOe COCT0HHHe HCHTpaJIH30BaHHOH CHCTCMbl H3-3a B036~eHHll 
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nylfKOBO-)lpeiiclioBOH tteyCTOHlfHBOCTH :meKTpOH-HOHHOH IIJia3Mhl C noporoBOH 
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r)le Vo - CKOpOCTb 3neKTpOHOB, L - )lnHHa 3neKTpOHHOro nyqKa, B -
<iiOKYCHpYJOmee MarHHTHOe none. 

O)lttaKO, 3KCnepm.-teHThl Ha HAII-M B ycnOBIDIX BhICOKOrO BaKYYMa H 

Manoro KOnHlfeCTBa orpa:lKeHHI,IX OT KOJIJleKTopa BTOPHlfHhlX 3neK1pOHOB 

npo)leMOHCTPHPOBanH 3HalfHTenhHOe ysennlfeHne noporoBhlX TOKOB. TaK, np11 

3Heprnn 3neKTpOHOB 35 K3B HeyCTOHlfHBOCTI, OTCYTCTBOBana BIIJIOTh JlO 

MaKCHManhHO JlOCTH)KHl\fOH no nepseattcy KOJIJleKTopa IIJIOTHOCTH TOKa paBHOH 
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, lfTO npuMepHO B 4 pa3a npeBhIIIIaeT nopor HeyCTOHlfHBOCTH, 

onpMem1eM1,1ii Yp.(l). Hos 3THX 3Kcnep11MeHTax tte nposo)lnnuc1, npxM1,1e 113-

Mepettm1 CTeneHn tteiirpanmaum1 3neK1pOHHoro IlYlfKa. 

Ha yCTaHOBKe "Mo)leJih coneHOHJla", IUI<D Hosoc11611pcK B 1984-1987 

r.r. 6bIJIO npoBe)leHO BCeCTOpOHHee 3KCnep11MeHTanhHOe 11ccne)lOBaHHe 

KOMneHCHpOBaHHoro COCTOHHHH 3JieKTp0HHOrO IlYlfKa. Euno BhlHBJieHO, lfTO 

xopolIIaH HeflTPanH3aUHH cymecTByeT B )lOBOJlhHO Y3KOM )lHana30He )laBJieHHH 

OCTaTO'lttoro Ta3a, a HMeHHO npu P=l0-6+1-0-8 Ila; KpOMe sepxttero nopora no 

TOKY, cymecTByeT eme JI HH:lKHHH nopor (OTCyrCTBHe KOMneHCaQHH HH:lKe 

Het<orophlX senlilfHH TOKOB); 3a noporOM YCTOHlfHBOCTH B036y)K)laIOTCH 

nonepelfHhie 3neKTpOH-HOHHhie KOne6aHHH, T.e. IlYlfKOBO-)lpeii<Iiosa»: 

HeycTOHlfHBOCTh, KOTOpaH conpOBO)K)laeTCH pacKalfKOH npo)lOnhHl,IX Kone6aHHH 

HOHHOro CTOJI6a. Cne)lyeT OTMeTHTh, lfTO oco6eHHOCThlO )laHHOH MO)lenhHOH 

yCTaHOBKH HBJIHeTCH ManeHhKHH PaJlHYC 3neK1pOHHOro IlYlfKa a=lMM, npH 

cpasmuen1,tto 6oJihlIIOM pa;leyce BaKYYMHOH KaMep1,1 b=20 MM. 

3Kcnep11MettTan1,tt1,1e pa60T1,1 Ha ECOOL ( CHCTeMa 3neKTpOHHoro 

oxna)K)lemrn B ttaKon11Tene LEAR, CERN) npose)leHHhie np11 6onee s1,1coKoM 

BaKYYMe P=l0-10+10-11 
Ila, c 6onhlIIHM PaJlHYCOM 3neKTp~HHOro IlYlfKa 

a=25MM, npH pa)leyce BaKyyMHOH KaMepbl b=70 MM, nOKa3anH, lfTO BhICOKO 

KOMneHCHpOBaHHOe COCTOHHHe 3JieKTpOHHOro IlYlfKa Ha 3TOH yCTaH_OBKe Mettee 

CTa6nn1,uo, lfeM Ha "Mo)leJIH COJieHOH)la". B lfaCTHOCTH, )leKpeMeHT 3aryxaHHH 

CB060)lHhIX nonepeqHl,IX KOne6aHHH KOMneHCHpOBaHHOro nyqKa Ha nopHJlOK 

HH:lKe, lfeM s HOBOCH6HpCKOH yCTaHOBKe. 

Pe3yJII,TaThI HaCTo»:meii pa60ThI BO MHOroM OCHOBaHhl Ha TeopeTHlfeCKOM 

ocM1,1cnettm1 3Kcnep11MeHTanhHhix pe3ynhTaTOB Konna6opau1111 CERN (LEAR, 

pyKOBO)lHTeJ11, J.Bosser) - Poccn»: (Ollfilf, 11T3<D, PYKOBOJlHTen1, 11.MelIIKOB) 

1992-1996 r.r. no H3YlfeHHIO HettrpanmoBaHHOrO 3neK1pOHHoro IlYlfKa B 

c11CTeMe 3neKTpOHH0ro OXJia)K)leHHH LEAR (CERN) 11 Ha CTeH)le 

"PeKYTTeparop" (IDIII OIDIB) [l ]. 

OcHOBHLie UeJIH pa60TLI • .[{aHHaH pa60Ta nocsxmetta TeopeTHlfeCKOMY 

HCCne)lOBaHHIO nonepelfHl,IX KOJIJleKTHBHI,IX 3<li<lieKTOB B Heiirpanll30BaHHOM 
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IIYlfKe 3JieKTpOHOB. Oco6oe BHHMaHHe npH 3TOM y.11,eJIHJIOCh cneJlyIOIUHM 

nono:lKeHHHM: 

• HCCne)lOBaHHe B3aHMOCBH3H napaMerpOB Heiirpann3YJOIUero HOHHOfO nyqKa 

C napaMeipaMH CaMOCOrJiaCOBaHHhIX 3pro.11.HlfCCKHX pacnpe)leneHHH B 

<lia30BOM npocrpaHCTBe; 

• 11ccne.11.0BaHue nonepe'IHOH CHOCOBOH H a6COJIIOTHOH HeyCTOHlfHBOCTeH B 

nHHeHHOM np116nH)KeHIUI B paMKax <IieHOMeHOJIOrHlfeCKOH MO)lenu; 

• HCCneJlOBaHHe 3BOJIIOUHH IlYlfKa HeiirpanH3YJOIUHX HOHOB B :meKTpHlfeCKOM 

none 0.11.nopo.11.Horo 3neKTpOHnoro IlYlfKa q11cne11HMM MO)len11posa1111eM 

nonepelfHI,IX KOne6aHHH c nOMOll.lhIO MeTO)la KpynHhlX lfaCTUU. 

HarmaH H0BIIJHa H JHa'IHM0CTL pa60TLI. IlpoBe)leHHbie 

reopeTuqecKHe HCCJie)lOBaHHH n03BOJIHnH BblllBHTh rnaBHble oco6eHHOCTH 

nefirpanH30BaHHOro 3JieKTpOHHOro IlYlfKa: 

• caMocornacosanHoe pacnpeJlenenue uonoB B cTauummpHOM cocTOHHHH 

MO:lKeT 6b!Th onHCaH0 .3PfOJlHlfeCKHM pacnpe)leneHueM, OCHOBHbie 

napaMerpbI IlYlfKa KalfeCTBeHHO He 3aBHCHT OT Bb16opa "pa3yMHOH" MO)lenu 

3aBHCHMOCTH <liYHKUHH pacnpe)leJieHHH OT :meprntt; 

• npu He CJIHIIIKOM 60JihIIIHX 3HalfeHHHX )le6aeBCK0ro pa;luyca 3HalfHTeJibHaH 

lfaCTh KOMneHCHpYJOIUHX HOHOB HaX0,[1.HTCH B "uoHH0H wy6e" (3a 

npeJleJiaMu 3JieKTpOHHOro nyqKa B nonepelfHOM HanpasneH11u) u, TeM 

caMhIM, He )laIOT BKJia)la B CHmKenue pa36poca CKOpOCTeH B 0XJia:lK)laIOmeM 

3neK1pOHHOM nyqKe; 

• pa36poc npOJlOJlhHblX CKOpoCTeH Heiirpanu3yIOIUHX HOHOB )laeT ManhlH 

BKJla)l B )leMncliupoBaHHe CB060JlHhIX KOJie6aHHH ueHrpa TH:lKeCTu nyqKa; 

• Hau6onee onaCHblMH, . C TOlfKH 3peHHH o6paTHOH CBH3H, . HBJIHIOTCH 

orpIDKeHHhle OT KOJIJieKTopa H MHoroKpaTHO UHPKYnHpyIOIUHe B CHCTeMe 

BTOpHlfHhle 3JieKTpOHhl C "naMHTbIO"; 

• npuMeHeHHe cocpeJlOTOlfeHHOH 3neK1pOHHOH (paJlHOTeXHHlfeCKOH) 

o6paTHOH CBH3H )lnH IlO)laBJJeHHH a6COJIIOTHOH neyCT0HlfHB0CTH 

nonepelfHblX KOJJe6mmH, Bhl_3BaHHhlX BT0PHlfHhlMH 3JJeKip0HaMH, 

He3cf><lieKTHBHO; 

• KaK IlOKa3aJJH TeOpeTHlfeCKHH aHaJJH3 H qucneHHOe MO)leJiupoBaHHe 

JlByMepHbIX nonepelfHhlX KOJJe6aHHH HOHOB BO BHeIIIHeM nOJie, 

o6pa30BaHHhlM IlOCTOHHHblM no IlJJOTHOCTH 3JJeK1pOHilhIM TIYlfKOM, 

HCTOlfHHKOM 3aryKaHHH CB060JlHhlX KOne6aHHH HeiirpanH3YJOll.lero IlYlfKa 

MOryT 6b!Th ronhKO HeiirpanH3YJOIUHe HOHhl C 3Heprneii JlOCTaTOlfHOH JlJIH 

Toro, lfT06hI BhlHTH B HeJIHHeHHOe none 3JJeK1pOHOB 3a npe)leJiaMH 

3neK1pOHHoro IlYlfKa B nonepeqnoM 11anpasnen11H; 

• aHaJJH3 ypaBHeHHH 6ananca lfHCJia qaCTHU H ypaBneHHH 6anattca 3HeprHH 

TI03Bonnn KalfeCTBeHHO cornacoBaTh <lienoMeHOJIOrHlfeCKYJO TeOpHIO C 

pe3yn1,TaTaMH 3KcnepHMeHToB na LEAR H na cTen)le "PeKYTTeparop" .. 
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IlpaKTH'leCK3H ueuHOCTb pa60Tbl. C ynyrnneHHeM BaK)'YMa H 

npH6nmKeHHeM nonepeqHI,Ix pa3Mepon :meKipOHHoro nyqKa K pa3Mepy 

BaK)'YMHOll KaMep1,1 · YMeHbWaeTCH KOJlliIIeCTBO Hell'I'paJIH3ytoW:HX HOHOB B 

"nOHHoil: my6e'', ~ Be~ K )'XY.znnemno 1:ffi6HJThHOCTH KOMnettcnponairnoro 

COCTOHHIDI. 3To .11:aeT KaIIeCTBeHHoe 061>HCHeHHe pa3.1IWIHIO ycnOBHH 

crn6IDibHOCTH .nJIH LEAR H .nJIH "Mo.11:em1 coneHmma". 

Y CTaIIOBHBIITeecH CTaQHOHapHoe COCTOHHHe HOHHoro nyqKa 3aBHCHT OT 

TeMna HarpeBa HOHOB. .ll:mI ycTaHOBOK C 60JII,IITHM PaJUIJCOM :meKipOHHOro 

nyqKa, TaKHX KaK B LEAR, onpe.11:erunomnM HCTO'IHHKOM HarpeBa HBJUIIOTCH He 

ynpyrne CTOJIKHOBCHIDI HOHOB C 3JICKipOHaMH, a KOrepeIITHI,IC KOJie6aHIDI HOH-

3.lieKipOHHOll CIICTCMbI, B036)'iK,l(aCMbie CTOXaCTHIIeCKHMH IITYMaMII. 

TeopeTHIIeCKOe. IICCJIC.D:OBaHHe IlOKa3aJIO, 'ITO npaKTIIIIeCKH HaH6onee 

onaCllblMH nepeHOC'IHKaMH .. o6paTHOH CBH3H C ·. CHCTeMe 3.lICKipOHHOro 

OXJill)KJJ.CHHH HBJIHIOTCH BTOpHIIHbie 3.lieKipOHbl C "naMHTbIO". IlpWieM, 

BBC.D:CHHe . cocpe.11:0TO'ICHHOll 3.lICKipOHHOll (pa,nHOTCXHIIIIeCKoil:) o6paTHOH 

CBH3H .. .nJIH . no.11:anneHHH ·a6cOJIIOTHOll HeyCTOll'IHBOCTH KOrepeHTHbIX 

nonepernn,ix . Kone6aHttil:; B036)')K)];aeMoii IUfPKYJIIIPYIOinHMH B · CHCTeMe 

BTOpHIIHbIMH 3JICKipOHaMH, -HBJIHeTCH ,Ma.110 3qJqJCKTHBHbIM. ·.[{ml· IlOBbIIIlCHHH 

noporoBoro TOKa. Heo6XOJJ:HMO npHMeHeHHe paccpe.D:OTO'ICIIBOH · CHCTeMbl 

o6paTHOll CBH3H, a TIUOKe oqH:meHHe CHCTeMbI OT BTOpHIIHbIX 3.lICKipOHOB. 
1laCTOTil KOrepeIITHI,IX . ,nHilOJII,HbIX KOJie6airnil: HCH'I'paJIH30BaHHOH 

CHCTCMI,I 3aBHCHT OT CTeneHH HeiiTpamI331Ufll; H npH q>aKTope HCliTJ)aJIH331UfH 

6JIH3KOll K e,nHHHn;e MO)KeT 6bITI, cymeCTBCHHO (Ha 20+25 %) Hll)KC, rieM npH 

cna6oil: HeiiTpaJIH3a!UfH. B riaCTHOCTH, 3TOT q>aKT YKa3bIBaeT Ha TO, 'ITO .11:aHIIJIO 

3aBHCHMOCTb Heo6xo,nttMO Y'IHThIBaTh npH onpe.11:eneHHH OTHOIIIeHHH 

3apHJifMacca Heil:'I'paJIH3JIOID:HX HOHOB H3 3KCnepHMCHTilJII,HI,IX cneKipOB 

CB060,nHI,IX KOJie6airnil: HCliTJ)amI30BaHHOro nyriKa. 

Anpo6aunH pa60Tbl. MarepHa.111,I ,nHCCepTillUfH npe.l{CTaBJIHJIHCI, Ha 

EBponeil:cKoii ycKopHTe.111,Hoii KOHq>epeHQHH, JloHJJ:OH, 1994; Me)K)zyHapo,nHoii 

ycKopHTe.111,Hoil: KOHq>epeHIIHH, . .lJ:annac, CIIIA,. 1995; Me)K)zyHapo.11:Hoii 

KOHq>epeHQHH "Beam Cooling and Damping", .ll:y6na, 1996; Me)K,lzyttapo.D:HOM 

ceMHHape ."New Ideas for Particle Accelerators", CaHTI1-Eap6apa, CIIIA, 1996; 
a TaK)Ke o6c)')K)];aJIIICI, .Ha HayriHbIX CCMHHapax B EBponeil:CKOM n;eH'I'pe H,nepHblX 

HCCJIC.l{OBaHHll ()KeHeBa). 

CTPYK'I'YP3 H o6'beM pa60Tb1. .lJ:nccepTilIUfH COCTOHT H3 BBe.11:eHHH, 

'leThipex rnaB, 33.KJIIOIICHHH, CIIHCKa JIHTepa'I)'Pbl. TeKCT .D:HCCepTaQHH H3JIO)KeH 

Ha 81 C'I'paHHQax, BKJIIO'IaH 27 pHCyttKOB tt 4 TI16JIHQI,I. CIIHCOK JIHTep3TYPbI 

co.11:ep)KHT 42 HaHMeHOBaHHH. 
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CO,ll,EP)l{A.HUE PAliOThl 

Bo Boe.11:euuu o60CHOBaHa 3KTY3filHOCTh TeMbI JJ:HCCepntUHH, .l{3H 

KpaTKHH aHaJIH3 npo6neM, peIITaeMblX B .D:HCCepnln;HH, H cqiopMynHpoBaHI,I 

uenH HCCJICJJ:OB3HHll, BOIIle.l{IITHX B pa6my. 

B nepooii rnaoe o6c)')K)];aeTcH npou;ecc . HeiiTpami3aQHH 3JieK'I'pOHHOro 

nyqKa H yCTaIIOBHBIITeecH caMocornacoBaHHOe pacnpe.11:enettHe HOHHoro 

cryCTKa. 3JieKipOHHblll nyqoK HCH'I'pamI3YeTCH HOHaMH, KOTOp1,1e o6p33YfOTCH 

H3 aTOMOB OCTaTOIIHOro ra3a B pe3y.111,mre Heynpyroro coy.11:apeHHH 3THX 

aTOMOB C 6bIC'I'pbIMH 3JICKipOHaMH, C IlOCJIC.nyIOIQHM 33XB3TOM HOHOB IlOJieM 

npoC'I'paHCTBCHHOrO 3apH.na HHTeHCHBHOro 3JieKipOHHOro nyqKa. B3)Kttyro poJII, 

B yCTaHOBJieHHH CaMOcornaCOBaHHOro pacnpe.11:eJieHHH HOHOB HrpaIOT ynpyrHe 

H Heynpyrne KYJIOHOBCKHe coy.l{apeHHH B HOH-3JICKipOHHOll CHCTeMe: 

• Heynpyrne CTOJIKHOBeHwi IlplIBO.l{HT, npH 60JII,IIIOM BpeMeHH )KH3HH HOHOB, 

K IlOHBJICHHIO HOHOB C BbICOKOll 3apH,nHOCTbIO Q(nocne.11:0BaTeJII,HaH 

HOHH3an;HH), 'ITO pe3KO YBeJIIIIIHBaeT 'I3CT01)' HOH-HOHHI,IX CTOJIKHOBeHHH 

(v,,-Q4); 
• ynpyrtte CTOJIKHOBCHHH 6bIC'I'pbIX 3JICKipOHOB C HOHaMH Be.D:eT K HarpeBy 

HOHHOro cryCTKa; 

• HOH-HOHHbie ynpyrHe coy.11:apeHHH BCJJ:YT K "3prO.D:H33UHH" 

YCTaHOBIIBIIIerOCH pacnpe.11:eneHHH HOHOB B q>a30BOM npoC'I'paHCTBe, T.e. 

e,nttHCTBCHHbIM HHBapHaHTOM .l{BH)KCHHH, OT KOToporo MO)KeT 3aBHCeTh 

CTaQHOHapHaH q>yttKQHH pacnpe.11:eJICHHH;·HBJIHeTCH HHTerpan 3Heprnu;· 

• HOH-HOHHble CTOJIKHOBCHHH Be.nyT TilK)Ke K "MaKCBeJIJIH3aQHH" 

CTaQHOHapttoro pacnpe.11:eneHHH HOHOB, T.e. K IlOHBJieHHIO ,llJIIIHHOro 

BI,ICOK03HepreTWieCKOro XBOCTa pacnpe.11:eneHHH; 

• yxo.l{ HOHOB H3 CHCTeMbl Ha CTeHKH B3K)'YMHOH KaMep1,1 npOHCXO.D:HT HMeHHO 

qepe3 BbJCOK03HepreTHqffI,IH XBOCT pacnpe,a;e.HeHHH HOHOB, npH 3TOM 

TeMnepa'I)'Pa ycTaHOBHBIIIerocH pacnpe.neneuiur MO)KeT 61,1Tb 3HaqHTeJI1,Ho 

HH)Ke, qeM nonepeqtt1,1ii n0Temuiani.tt1,1ii 6ap1,ep', o6p330BaHH1>1ii 

IlpOC'I'paHCTBeHHbIM 3apH,nOM HOH-3JICKipOHHOH . CHCTeMbl ' (T.H. 

"no.11:6ap1,epHbIH" yxo.11: HOHOB ); · 

• BblpaBHHBaHHe TeMenpa'I)'P pa3.11HqHI,IX HOHHblX KOMilOHCHT BC.D:eT K 

BI,IMbIBaHHIO H3 CHCTeMbl nerKHX MaJI03apH.D:HbIX HOHOB, T.K. npH 

0.11:HHaKOBOH KHHeTWICCKOH 3HeprttH nOTeHQHaJII,HbIH 6ap1,ep .nJIH HHX HH)Ke, 

'ICM JVIH MHOr03apH,nHbIX HOHOB; 

CaMocornacoBaHHoe pacnpe.11:enettHe HOHOB B rione O.D:HOPO.D:Hofo 3JieKipOHHoro 

nyqKa MO)KeT 6bITh OilHCaHO q>yttKUHCH MaKCBeiIJ1a-EOJibUMam1: IlpH 3TOM ilce 

HHTepecyromHe q>H3HqecKHe napaMC'I'pbl CHCTeMbl . 6y.z&r 3aBHCeTb (IT. 0.D:HOro 

cBo6o.D:Horo napaMC'I'pa .(ttanpHMep, OT reMnepaTYJJbI ltolioB): YI<a3airnaH 

3aBHCHMOCTI, 61,ma qHCJICHHO HCCJICJJ:OBaHa .nJIH pacnpe.neneHHH MaKCBeJIJia

EoJibUMaHa, KpOMe Toro YAaJIOCb IlOC'I'pOHTh aHanHTWieCKOe pemeHHe .nJIH 
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pacnpe,neJICHIDI "BO,IVIHOH MCIIIOK" B !pa30BOM npOCTpaHCTBC (B HCJIHHCHHOM 

none 3JIC!crpOHOB) [2,3]. CpaBHCHHC pe3ym,TI1TOB BhlqHCJICHHH ITOKa3bIBaCT, 'ITO 

!pH3HqecKHC napaMC'IJ)bl cna6o 3aBHC.ITT' OT BH.D.a <pymanrn: paCIIpMCJICHllil. )13 

PHc.1 BH.nHO, qro ,naiKe npn creneIDIX HCHTl)aJIH3aIOrn:, 6nn:3KHX K 100%, 
cymeCTBye-r "HOHHM rny6a" - HCKOTopoe KonmecrBo HOHOB. 3a npe~eJiaMH 

3JICicrpOHHoro nyqKa. 3KcnepHMCHTilJibHbie ,naHHI,1e Ha ECOOL 

CBH,nCTCJibCTBYJOT O HaJIIBIHH TaKOH '.'HOHHOii rny6r,1" . B qacrnqHo 

KOMITCHCHpOBaHHOM 3JIC!crpOHHOM_Il)"IKC [4]. . . . 

1,2 

1,0 

~8 

~6 

~4 

~2 

I i ~o 
' 0 1 
L .~ 

- - TJ=0.1 

--TJ=0.5 

• ~ • ·TJ=0.9 

- - TJ=0.99 

2 3 r/a .4 

Puc. I 3aBHCHMOCTb OTHOWCHiui rutOTHOCTH 3apll,na HOHOB K rutOTHOCTH 3apll.D.a 

3JieicrpoHoB OT pa.nHyca. 17 = Q; N;IN,, N,,; - KOJIHqecTBo 3JieicrpoHoe H HOHOB · • 

Biiyqm BaKyyMHOH KaMepbl, a ~p-a.nHyc 3JlC!crpOHHOrO ITytIKa. , 

Bo BTOpoii rJiaBe HCCJIC.D.0BaHa nyqKOBO-,npeii<pOBllil HeycroiiqHB0CTb 

HCHTl)aJIH30BaHHOro 3JIC!crp0HH0r0 nyqKa B paMKax rni:lpO.D.HHaMHqCcKoii 

M0.D.CJIH, K0r,na B JIHHCapH30BaHHblC ypaBHeHHll J{Jlll .D.BHiKCHHH. UCHTl)a TlliKCCTH 

nyqKa. BB0.D.HTCH, KaK <pCH0MCHOJIOrnqeCKHii napaMC'IJ), .D.CKJ)CMCHT JaryxaHHll 

cBo6o,nHbIX KOJie6aHHH HOHOB [5-7]. flonepeqttaii Heyc+oi-iqfrnocTb 

KOrepeHTHblX KOJie6aHHii UCHTl)a TlliKCCTH HCHTl)aJIH30BaHHOro nyqKa HMCCT 

CHOCOBbIH xapaKTCp, ecJIH B CHCTCMe OTCYTC'fBYCT o6pa:rnrui: · CBllJb, KOTOpall 

MOiKCT nepeHOCHTh UH<pOpMaQHIO B HanpaBJICHHH, ofipaTHOM K .D.BHiKCHHIO 

3JIC!crp0HOB. CHOCOBllil Heycroi-iqHBOCTb xapaKTCpHJYCTCll pOCT0M aMrutHT)'.D.bl 

KOJIC6attuii B' IIpO.D.OJibHOM HanpaBJICHHH, npu OTC}'TCTBHH . 3aTYXaHHii BO 

BpCMCHU. Hanmue o6parnoi-i CBllJH B CHCTCMC MO)KCT npHBCCTU K 

BOJHHKHOBCHHIO a6COJIIOTHOH HCyCToiiqHBOCTU nonepeqHbIX KOJie6aHHii UtfoTl)a 

THiKCCTH nyqKa, T.e. K pocry aMrutHT)'.D.bl KOJie6aHUH BO BpCMCHU. . • ·' 

O.nuuM HJ Hatt6onee BaiKHbIX HCTOIJHHKOB o6parnoii c:01130 HBJIHIOTCH 

OTl)IDKCHHblC OT KOJI1ICKTOpa BT0pIBIHblC 3JIC!crp0Hbl. AHanu3· .nucnepCHOHHOro 

ypaBHCHIDI, BhlBC.D.CHHOro C Y'JCTOM HaJIHlIIDI B . CHCTeMe BTOpIBIHblX 
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1} 

!I 

' 

·\ 
\ 1/ 
'\ 

I 

3JIC!crpOHOB, IlOKa3bIBaCT, 'ITO uan6onee onaCHblMH HBJIHIOTC5l TC ,BTOpHqur,re 

3JIC!crp0Hhl, KOTOpbIC MOryT J.tHOWKpamHO lfUPKYllUpo6amb B CHCTCMC. 

3JIC!crpOHHOro. OXJIIDK,ll;CHIDI. Ilopor BOJHHKHOBCHIDI a6COJIIOTHOH 

ueycromHBOCTH J{JIH 3TUX 3JIC!crpOHOB ua nopH.D.0K HHiKC, J{JIH o.nnonpoJICTHbIX 

3JICKTl)OHOB. IlOKa3aHO TilKiKC, 'ITO BBC.D.CHHC .CUCTCMbl cocpe,noToqeuuoii, 

pa,nuOTCXlfffqCCKOH o6parnoii CBH3H, KOTOprui: COCTOIIT HJ TOqeqnoro IIHKarra B 

KO~C nyqKa U Toqequoro KHKepa B uaq.a,rre, HBJIHCTCH MaJI03<p!pCKTHBHbIM B 

6opr,6e c. a6comornoii neycroijqnBOCTbIO. IloporOBblH TOK MOiKCT 6bITb, 

BOJMOiKHO, ynyqUieH npu HaJiffqUH · HCCKOJibKHX IIHKalI0B H KHKCpOB IIO .nnuue 

nyqKa, a TilKiKC npH 3!p!pCKTHBHOH oqnCTKC CIICTCMbI OT BTOPIBIHbIX 

3JIC!crpOHOB. 

B paMKax ru.np0.D.HHaMIBICCKHX ypaBHCHHii . HCCJIC.D.OBaHO BJIIDIHHC 

pa36poca npo,nOJibHbIX CKOpOCTCH HOHOB Ha .D.CMnq>HpOBaHHC nonepeqnr,1x 

KOJie6aHHH QCHTl)a TlliKCCTH UOH-3JIC!crpOHHOro nyqKa. floKaJaHO, qro .D,aIJHbIH 

MexaHI-I3M npaKTHqecKn He· .nae-r BKJia,na B cra6Imll3aUnIO . nonepeqnr,1x .. 

Kone6aHnii. 

IlpoBC.D.CHO cpaBHCHHC IIIHpOKOro cneicrpa 3KcnepHMCHT3JlbHbIX ,naHHbIX 

Ha yCTaHOBKC 3JIC!crpOHHOrO OXJia)KJ{CHHll LEAR C BbIBO.D.aMH 

rn.npO.D.HHaMHqecKOro no.nxo.na C UCJiblO onpe.D,CJICHHll <pCHOMCHOJiornqecKH 

BBC.D.CHH~ro napaMC1pa .D.CKpCMCHTa JaTYXainiH CB060.D,HblX KOJie6aimii HOH0B 

[7]. IlonyqeHHblC HJ pa3JIHqHblX 3KCnepHMCHTaJibHblX JaBHCHMOCTCii. JHaqemrn 

.D.CKpCMCHTa 3aTYXaHHH Y.t xopowo cornaCYfOTCll .npyr C .npyroM H paBHbl 

npH6JIHJHTCJlbHO 5 % OT peJOHaHCHOH qaCTOTbl of0 h_ T.e. BCJinqmm MHHMOH 

qaCTH .D.H3JICicrpHqecK0H npOHHUaCMOCTH .D,JIH HCHTl)aJIHJ0BaHHOro 

3JICicrpOHHOro nyiiKa LEAR paBHa: 

ti'"" Yllofoh ,"; 0.05 (2) 
ftOT peJyJibTaT JHaqHTCJibHO OTJIHqaCTCll OT ,naHHblX Ha yCTaHOBKC "Mo.D,CJib 

COJICHOH,na", r.ne E.t
11 ""0.3. 

.[{.nll 06bllCHCHHll .naHH0ro paCXOiK,nCHHll 6b1Jla Bbl.D.BHHyra rHIIOTC3a; JJT0 

JaryxaHHC cno6o.D.Hb[X KOJIC6aHHii CHCTCMbl onpe.D,CJIHCTCH HaJIHqHeM B_ CHCTCMC 

HOHOB, K0TOpblC MOryr B CBOCM .D.BHiKCHHH BbJXO.D.HTb 3a rrpe,neJibI JIHHCHHOH 

qacTH 3JIC!crpHqecKoro IT0JIH BHYTPH 3JIC!crpOHH0ro rryqKa H qacrr, BpCMCHH 

.D.BHraTbCll B CHJibHO HCJIHHCHHOM none 3a npe.nenaMH 3JlC!crpOHHOrO rryqKa. 3Ta 

rnnoTCJa o6bllCHllCT 3KCnepHMCHTaJibHYIO 3aBHCHMOCTb rroporoBoro. TOKa 

HCHTl)aJIH30BaHHOro nyqKa OT ,naBJICHHH - npH YJIY'IIIICHHH BaKyyMa rroporoBbIH . 

TOK xopowo CK0MITCHCHpOBaHHOro nyqKa na,naeT. Eonee BbICOKHH BaKyyM HC 

TOJibKO yseJIHqHBaeT BpCMll iKHJHH H0HOB, HO BC.D.CT ·TaKiKe ~ _c:r,,iememoo 

HOHHOro COCTaBa HCHTl)aJIHJYfOIIICro nyqKa B CT0pOtty MHOroJapH.D.HbIX qaCTHQ, 

a 3T0 JHaqHTenr,u:o yeenu~nBaCT qacwiy rrapnr,1x cTOJIKHOBeuuii (v;; - Q4). 
flOTIOMY yCTaH0BHBIIIC~CH CaMOcornacoBaimoe 'pacnpe.nenenue UOHOB 6y,ne-r 

HMCTh 6onee HH3KYfO TeMnepa'I)'J)y (CM. Yp.(3)), .1"-C, Mem,me qaCTHQ B XB0CTC 

paciipe)lCJICHIDI,' qTQ BC~CT K. yxy,nrne~ .. CTafiHnbifOCT~ . CUCTCMbI. KpoMe 

6onee Hll3Koro BaKyyMa (I 0-Q + 10-& Ila no cpannenmo 10-10 + 10-11 Ila ;:vrn: 
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LEAR), yCTIUioBKa "Mo.n;em, coneHou.n;a" HMee-r 6om,mee ornomeHue pa3Mepa 
BaKKJMHOii KaMepbI K pa3Mepy :meKTJ)OHHOro Il}"IKa: rwfa =20 .wrn "Mo.n;enu 
conettou.n;a", rwfa =3 .wrn LEAR. 3rn TO)Ke npHBO.n;HT K 6onee MHHHOMY 
HOHHOMY XBOCTy H 6onee CTa6HnbHOMY HeiiTpamOOBaHHOMy Il}"IKY, no 
cpaBHeHmo c yCTaHOBKoii :meKTJ)OHHoro oxn~emrn Ha LEAR. 

B Tpen.eii r JJase If3JIO)KeHbI pe3ynbTI1ThI 'IHCneHHoro Mo.n;ennpomumx 
,D;BJMepHbIX Kone6attHii HOHOB a none O.n;ttOpo.n;ttoro :meKTJ)OHHOro nyq:Ka [3]. 
U.enb qHcneHHoro MO.n;enHpOBaHHH MeTO,D;OM MaKpoqaCTHQ 3aKmOqanaCb B TOM, 
qT06bI no.n;TBep.n;HTb, ~o MeXaHH3M 3aTJXaHHH CB060.n;ttbIX Kone6aHHii HOHOB 
CBH3aH C BbICOK03HepreTffqeCKHM XBOCTOM pacnpe.n;eneHHH HOHOB IIO 3HeprHHM. 
E1,ma pa:1pa60Tatta KOMnbIOTepHax nporpaMMa Ha H3bIKe <l>oPTPaH co 
cne.n;yromHMH .n;aHHblMH. 
Mo.n;en1,: 
• JneKTJ)OHHbIH nyqoK Heno.n;BH)KeH B nonepeqHOM HanpaBneHHH, a ero 

JneKTJ)HqecKoe none (He MeHHIOmeecx BO apeMeHu) Hrpae-r ponb BHeIIIHero 
cl>OKJCHpyromero nom ,Wm HOHOB, KOTOpbie OnHCbIBaIOTCH 
MaKpoqaCTHQaMH; 

• HOHbI Heno.n;BH)Kffbl B npo.n;OnbHOM HanpaBneHHH; 
• cl>JHKQHH pacnpe.n;eneHHH HOHOB B nonepe'IHOM cpa:10BOM npoc-rpaHCTBe B 

CTaQHOHapHoM· COCTOHHHH HBilHeTCH 3pro,D;HqeCKOH. 
AnropHTM: 
• MaKpoqaCTHQbI MO.n;enHpyroTCH MeTO,D;OM "o6naKo B jfqeiiKe"; 
• noTeHQHan BI,lqHcnHeTCH MeTO,D;OM 6bicrporo npeo6pa30BaHIIH <I>yp1,e; 

• Kpyrnoe ceqeHHe KaMepbI 3aMeffjfeTCH KBa.n;paTHbIM c "HeBIDKoii" = (blrw)4; 
• cxeMa pacnpe.n;eneHHH 3apH.n;a Ha YJilbI ceTKH o6ecneqHaae-r coxpaHeHHe HM- ' 

nyn1,ca. 
KoMnbIOTep: 
• PC c npoueccopoM Pentium; 
• TaKTOBaH qaCTom 90 Merarepu; 
• onepaTHBHaH naMHTb 16 M~ra6aiiT. 
THnHqHbie napaMeTpbI nporpaMMbI: 
• KOnHqeCTBO MaicpoqacTHQ 500+800 TbIC}lq; 

;~'.: ', 

• KOilffqeCTBO Y'.1/I0B B CeTKe 257x257 H 513x5B (2n+ lx2n+ 1, c n = 8 H 9); 
• BpeMJI cqem 0.n;HOro IIIara HHTerpnpOBaHHH 10+20 CeKJH,D;. 

IlporpaMMa 61,ma npOTeCTHpOBatta Ha MHKpOKaHOHHqeCKOM 
pacnpe.n;eneHHH HOHOB no 3HeprHHM, .n;nH KOToporo HMeIOTCH attanHTHqeCKHe 
pemeHHH rnroKCTepHa. Pe3ynbTI1TbI recm c xopomeii TOqHOCThIO coBnanH c 
BbIBO,IJ;aMH rnroKCTepHa: KOne6attHH ueHTpa TH:lKeCTH HOHHOro nyq:Ka HBilHIOTCH 
qffCT() CHHJCOH,D;allbHbIMH (He 3aTJXaIOT II He .paCTyT BO BpeMeHH), KBa.n;paT 
qaCTQTbI .n;ayx HH3IIIHX KBa.n;pynOilbHbIX MO,D; nuHeiiHO 3aBHCHT OT CTenem1 
HeiiTpanH3aQHH. 
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~anee-nccne.n;OBanHCb KOne6attHH QeHTpa TH:lKeCTH u cpopMbI nyq:Ka HOHOB c 
pacnpe.n;eneHHeM "BOMHOii MemoK" B cpa:10BOM npocrpaHCTBe .wrn qHCTo 
nHHeiiHoro BHeIIIHero nom. Pe3yllbTI1TbI · pacqeTOB nOKa3aJIH, ~o qaCTOTa 
Kone6aHnii ueHTpa TH:lKeCTH cryCTKa MaKpoqaCTHQ He 3aBHCHT OT creneHH 
HeiiTpanH3aQHH, a onpe.n;eme-rcH TOnbKO · BHemHHM noneM, 'ITO nonHOCTbIO 
COOTBeTCTByeT o6meii TeopeMe O TOM, ~O HellHHeHHOCTb C06CTBeimoro nonH 
cryCTKa He Be.n;e-r K crn6nnH3aQHH .n;unonbHbIX Kone6attHii ecnn BHemaee none 
He HMeeT HenHHeiiHOCTH. 

~anee paCCMaTpHBallHCb KOne6aHHH HOHOB c pacnpe.n;eneHHeM "BOMHOH 
MeIIIOK'? ,Wm CllyqaH , KOr.n;a' HOHHbIH cryCTOK npeBbIIIIaeT no pa,IUiycy 
3ne1<TpOHHbIH. B TaKOii MO.n;enu TOnbKO QeHTpanbHaH qaCTb HOHHOro Il}"IKa ,(B 
npe.n;enax O.n;HOpO.n;Horo JneKTJ)OHH0rO nyq:Ka) HaxO,D;HTCH B nHHeiiHOM 
BHeIIIHeM none. 3a npe.n;enaMH 3ne1<TpOHHOro nyq:Ka HOHbI .n;BHraIOTCH B CHnbHO 
HenHHeiiHOM none JneKTJ)OHOB. Iloica:JaHO, 4TO B Kone6attIDIX QeHTJ)a TIDKeCTH 
cryCTKa MaKpoqaCTHQ npn HeiiTpann3aQHH 1 0+ 70 % npHCJTCTBYeT no KpaiiHeii 
Mepe .n;Be Mo,D;bl: o.n;tta Mo.n;a oqeHb 61,1crpo (B TeqeHHH HeCKOnbKHX nepuo.n;oB 
Kone6aHnii) 3aTJXaeT, eii coOTBeTCTBye-r rnnpoKHii nHK B cneKTJ)e Kone6attnii, 
.n;pyrax Mo.n;a He 3aTJXaeT (HnH 3a1yxae-r oqeHb cna6o - 3a npe.n;enaMH TOqHoCTH 
cqe-ra), eii B cneKTJ)e coOTBeTCTByeT JIHHHH 6e3 nrnpHHbI. Ilpn JBenHqeHHH 
CTeneHH HeiiTpanH3aQHH aMnnmy.n;a IIIHpOKononocHoii MO,IJ;bl . na.n;a&r, no 

cpaBHeHHIO C Y3KOnonOCHoii: KpoMe roro, npH HeiiTpanH3aQHH 80+90 % 
Ha6nro.n;aeTCH cna6oe 3aTJXaHHe Y3KononocHOii MO,D;bl C IIIHpHHOH nnKa B 
cne1<Tpe t,.oiro = 0.02. Ha Puc.2 npe.n;CTaBneHbI Kone6attHH ueHTpa rn:lKeCTH. 
HOHHOro nyqKa H COOTBeTCTByIOIQHii cnel<Tp ,Wm creneHH HeiiTpaJIH3aQHH 80%. 

0012 

o.ooa t.l11Ul.l111ld1,111t.l111.11,I 1..1. I I I 
0006 

0005 

0.004 .............................................. ' 0004 

~ 1nnnmn11111m111nn111mllll111l11111m mp 1 1 I I 0003 

0000 

-0004 JIOO~lffllmlMlfflMll I ] 
0.002 

0.001 

]-..&. 
-0.ooa -lfl IIIPtlUllll 111 'I Ill' lllf 111' Ill 1 · fl 11 I I .. 0000 , 

000 0.42 OB2 122 1.62 

-0.012 I I m/O)p 

P11c.2 Kone6aHHH ueHTpa TH:lKeCTH nyqKa MaKpoqaCTHQ n cooTBeTCTByromnii 
cneKTJ) (HeihpanH3aQHH 80%, 0-¼,- nna:1MeHHaH qaCTOTa): 
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J].pyroii oco6eHHOCThlO KOJie6am1ii u:eHTJ)a TIDKeCTH HBJUleTCH 3aBHCHM0CTh 

11aCTOThl KOJie6attuii OT creneHu HempanH3au;uu - qacnrra na.n;aeT c poCToM 

HeiiTPaJIH3aU:HH. TaK npH creneHH Heii1paJIH3au;HH 90 % qaCTOTa KOJie6aimii 

u;eHTPa TIOKeCTH H0H0B M0)KeT OTJIU'laThCH Ha 25 % OT 'laCTOTbl nyq;_a co 

CJia6oii KYJIOHOBCKOii HarpY3KOii. 3m Heo6XO,AHMO yqHThIBaTh . npu 

onpe,AeJieHHH OTH0llleHHH 3apH,ll/Macca H0Ha H3 3KCnepHMeHTilJII,HLIX cneKIJ)0B 

KOJie6aHHii H0H0B. 

Ih Puc.3 BH,llH0, 'IT0 MaKCHMaJibH0e KOJIH'leCTB0 qac-rnu: B XB0CTe 

pacnpe,AeJieHHH (3a npe,AeJiaMH 3JieKIJ)0HH0ro nyqKa) ,llJIH MO,lleJIH "BOMHOii_ 

MeUIOK" npHX0JlHTCH HMeHH0 Ha creneHH Heii1paJIH3au;HH 80+90 %, Il03T0MY 

M0)KH0 C)leJiaTb BbIB0.!l, 'ITO 'IHCJieHHbiii C'leT no,llTBep)KJ:laeT rHnOTe3Y 0 TOM, 

'ITO MeXaHH3M0M .neMmjmpoBaHHH CB06o.UHbIX KOJie6attuii HOHOB B Il0Jie 

O.UH0PO.UH0ro 3JieKIJ)0HH0ro nyqKa HBJIHeTCH HaJIH'IHe H0H0B, K0T0pb!e B CB0eM 

.!lBH)KeHHH M0ryT npm30.UHTb. 'laCTb BpeMeHH B CWlbH0 HeJIHHeUHOM Il0Jie 3a 

npe.nenaMH 3JieKIJ)0HH0ro cryCTKa. 
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Puc.3 3aBHCHMOCTb K0JIH'leCTBa H0H0B B "HOHHOii llly6e" ff! creneHH HeiiTPa

JIH3au;HH. 1Jetr = Q; Nen/Ne, Nctr - K0JIH'leCTB0 H0H0B BHYfPH 3JieKIJ)0HH0r0 

nyqKa, b/a - OTH0llleHue pa,nuycoB H0HH0ro H 3JieKIJ)OHHOro ny'IKOB. 

B 'leTBCpTOH r JiaBe paccMaTPHBalOTCH H 'pelllalOTCH ypaBHeHHH ' 

6anattca 'IHCJia qaCTHU: H '3Hepruu. KaK OTMe'laJI0Cb, napaMeTpbl H0HH0ro 

cryCTKa c c;ni:ocornacoBaHHbIM pacnpe.nenemieM · MaKcBeJIJia-lionhUMaHa 

3aBHCHT OT O.UH0rO CB06o.UHOro napaMeTpa, K0T0pblM MQ)KeT 6h!Tb, HanpuMep, 

TeMnep.nypa nyqKa. lil:3BeCTHO, 'IT0 eCJIH B CHCTeMe HeT HarpeBa H0H0B, TO 

caM0COrJiaC0BaHH0e pacnpe,AeJieHHe M0)KeT HMeTb T0JlbK0 uyneBYJO 

re~mep.nypy npu IlOJIHOii K0MneucauHH 3JieKIJ)0HH0ro nyqKa. HaJIH'IHe 

HarpeBa B CHCTeMe IlpHB0.UHT K YCTaH0BJieHHIO CTaUH0HapHoro C0CT0HHHH 'C 
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HeHyJieBoii 3Heprueii, 3Ha'IHT H C HenoJIH0ii KOMneucau;Heii. TTpoBe.neHHblii 

aHaJIH3 ypaBHeHHH <l>oKKepa-IlJiattKa C YlJeT0M H0H-H0HHblX CTOJIKHOBeHHii 

noKa3hIBaeT, 'IT0 .llJIH CTaU:HOHapHoro pacnpe,AeJiettu» xapaKTepHo cJie.UYJOmee 

C00TH0UleHHe: 

H max/ T ~ ln( V;; Tneutr ), (3) 
r.ne Hrnax. - MaKCHMaJibHaH 3HeprHH, C KOTopoii H0Hbl Il0KH,llalOT CHCTeMy, T -
Tel\rnepaTYPa H0H0B, 'l'neutr - BpeMH HeiiTPaJIH3aa;HH CHCTeMbl. )].nH CHCTeMbl 

3JieKIJ)0HHoro oxna)KJ:leHHH LEAR 3TO OTHomettHe MO)KeT 6bITh paBHO 5+8, 'ITO 

rOBOpHT O TOM, 'ITO TeMnepaTYPa HOHHOro cryCTKa MO)KeT 6bITh 3Ha'IHTeJibHO 

HH)Ke, 'leM nOTeHU:HaJibHblii 6apbep, C03.UaBaeMbIU DpOCTPaHCTBeHHbIM 3ap».UOM 

HeiiTPaJIH30BaHHOii CHCTeMbl. 

B ypaBHeHHH 6anauca 3Heprnu YlJHTbIBaeTCH KaK HeKorepeHTHblH HarpeB 

HOHOB H3-3a KYJIOHOBCKHX CTOJIKHOBeHHii C 6bICTPblMH 3JieKIJ)OHaMH, TaK H 

KOrepeHTHblii HarpeB UIYMOM llioTTKH (KOTOpbIU ycWIHBaeTCH BJlOJlb nyqKa H3-

3a MeXaHH3Ma CHOCOBOii ueyCTOH'IHBOCTH). 1lHcJieHHbie oueHKH IT0Ka3bIBalOT, 

'ITO B HHTeHCHBHOM 3JieKIJ)oHHOM nyqKe ECOOL c 6onhlllHM .nHaMeTpOM 

OCHOBHOU BKJl3,L{ B HarpeB ,AaeT KOrepeHTHblii 'IJieH. )vi» pellleHHe ypaBHeHHH 

6anauca Heo6xo.nHMO 3HaTh 3aBHCHMOCTh MHHMOii 'laCTH .UH3JieKIJ)HtJ:eCKOii 

npouuua;;,rnc-rn el OT TeMrrepaTYPLI nyqKa T. Ha yCTaHoBKe "Mo.neJib 

COJieHOH,lla" 6bma 3KCnepHMeHTaJibH0 npoBepeHa cpopMyJia: 

. "'" - ✓4QT ".l - --
,r 

(4) 

r.ne T =TleQ;Uo - TeMnepaTYPa HOHOB, uopManH3oBaHHa» ua U0 - pa3HOCTb 

nOTeHUHaJIOB HeKOMileHCHpOBaHHOro 3JieKIJ)0HH0rO nyqKa Me)KJ:ly ueHTP0M H 

KpaeM nyqKa. 

B Ta6nuue I IlpHBe,AeHbl CTaUHOHapHbie napaMeTpbl KOMileHCHpOBaHHOro 

3JieKIJ)0HHOro nyqKa .llJIH pe)KHMa LEAR, Kompoe cooTBeTCTBYeT pe)KHMY 

0XJia)K,lleHHH HOHOB CBHHU:a, a TaK)Ke Bbl'IHCJieHHbie c npHMeHeHHeM Yp.(4) 

3Ha'leHHH TeMnepaTYPbl HOHOB, OTHOWeHHH pa.n;Hyca 3JieKIJ)OHH0ro nyqKa K 

.ne6aeBCKOMY pa.n;Hycy afro u el. BMHO, 'ITO BhltJ:HCJieHHhle 3Ha'leHHH e.t'' 
cornaCYJOTCH c 3KcnepHMeHTaJibHhIMH .naHHbIMH Ha LEAR Yp.(2). Ho 3ua11ettHH 

alro C0OTBeTCTBYJOT CJIHWKOM 60JiblllHM CTeneHHM HeiiTPaJIH3aUHH 90+ I 00 %. 
3KcnepHMeHTaJibHO yCTaHOBJieHHbie 3HatJ:eHHH CTeneHH HeiiTPaJIH3aUHH .zurn 
LEAR B .nattHOM pe)KHMe coCTaBJIHIDT 70+80 %. J].aHHoe pacxo)K,lleuue cB»3aHo, 

BMHMO, c uenpHMeHHMOCTblO .zurn ycnoBHii LEAR Yp.(4). J].nH KoppeKTHoro 

onpe.neJieHHH 3aBHCHM0CTH el OT reMnepaTYPbI ueo6xo.!lHMO 

ycoBepmeHCTBOBaTb MO,AeJib OilHCaHHYJO B fJiaBe 3: BO-nepBbIX, HCCJie,AOBaTb 

TPeXMepHbie KOJie6aHHH, B0-BTOpbIX, BKJIIO'IHTb KOJie6aHHH 3JieKIJ)OHH0ro 

nyqKa. O,AHaKO, B ,AaHHblii MOMeHT tJ:HCJieHH0e HCCJie.U0BaHHe TaKOii M0.UeJIH 

HaxO)llITCH 3a npe.nenaMH HallIHX Bbl'IHCJIHTeJlbHblX MOIUHOCTeii. 
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Ta6m1ua 1 
/3,CKOpOCTbJJieKT()OHOB 0.103 

•neutr, BpeM.!I Heinpami3aUliH 3 ceK 

a, pa.ZJ.HYC JJieKTJ}OHH0ro nyqKa 2.5 CM 

h, oa.UIIYC BaKVYMHOH KaMePbl 7 CM 

A;, aTOMHblH H0Mep HOHOB 14 

Q, 3ap.!1.l{OBblH HOMeP HOHOB 3 

l,.llllHHayCTaH0BKH 3M 

/, TOK JJJeKTP0HHOro nyqKa 0.13 A 
lfo, noTeHUHaJJ ::meKTJ}OH0B DOH r=a 38 V 
/J, MarHHTHoe noJJe 600fc 

n,, K0HUeHTPaUH.!I JJleKTPOH0B l.34*107 CM-J 

X, K03cj)qmuneHT o6parnoii CB.!13H 0.1. 0.02 

fn( V;; T,,.,,1,-) 4.3 5.7 

1~ TeMnepaTYPa I.I 3B 0.42 3B 

arn=K"a 6.97 9.77 

ei" 0.078 0.048 

Btt.UHO, 4T0 BbI4HCJJeHHbie 3Ha4eHH.!I el cornacy10Tc.11 c 

3KcnepHMCHTaJJbHbIMH .uaHHbIMH Ha LEAR Yp.(2). Ho 3Ha4eHH.!I a rn 
CO0TBCTCTBYIOT CJIHWK0M 60JlbWHM CTCDCH.!IM HCHTPaJJH3aUHH 907] 00 %. 
3KcnepHMeHTaJJbHO YCTaHOBJleHHbIC 3Ha4CHH.!I CTCDCHH HeHTPaJJH3aUHH ,ll]].!I 

LEAR B .uaHH0M pe)lmMe cocTaBJJ.!IIOT 70780 % . .[{auuoe pacxmK.llCHHe cs.11Ja110, 

BH.UHM0, c HenpHMCHHM0CTbIO .llll.!I ycJJOBHH LEAR Yp.(4) . .[{JJ.11 K0ppeKTHoro 

onpe.ueJJeHH.!I JaBHCHM0CTH el oT TCMnepaTYPbI ueo6xom1Mo • 

ycosepweHCTB0BaTb M0JlCJlb 0DHCaJIHYIO s fJJaBe 3: B0-nepBblX, HCCJlCJl0BaTb 

TPCXMCpHblC KOJJe6aHHll, 80-BT0pblX, BKJll04HTb KOJJe6aHHll 3JlCKTP0HH0ro 

ny4Ka. O.l{HaKO, B .uaHHblH M0MCHT 4HCJICHH0C HCCJlCJl0BaHHC TaKOH M0.llCJlH 

·11aX0JlHTCll 3a npe.ueJJaMH HaWHX Bbl4HCJlHTCJlbHblX MOIUHOCTCH. 

B 3aKJIIOl.feHJIH npHBCJlCHbl 0CH0BHblC pe3yJlbTaTbl JlHCCepTaUHOHHOH pa60Tb1: 

1. BbI.l{BHHYTa " o60CHOBatm mnoTe3a 0 MexaHH3MC JlCMDQ)HpOBa!jHll • 

cso6o,uHblX KOJJe6aHHH HCHTPaJJH3yIOIUHX H0HOB BblC0K03HepreTH4CCKIIM 

XBOCTOM pacnpeneJJCHH.!I HOHOB no 3HeprttllM 3a C4CT CIIJlbH0 HCJlllHCHHOro 

II0.IDI 3JlCKT()0H0B 3a npeneJJaMH 3JICKT()OHHOro cryCTKa B nonepe4H0M 

HanpaBJJCHHH . .[{aHHa.!I rHnOTC3a Kal!CCTBCHH0 npaBHJlbH0 o6bllCH.!ICT 

JKCrrepnMeHTanbHyIO 3aBllCHM0CTb noporosoro TO Ka Bbl CO KO 

K0MIICHCHpoBaHHOro JJICKTP0HH0ro nyl!Ka OT .uasJJeHHll 0CT3T04HOro ra3a, 

KOTOpa.!! paHbIIIC He 6bma o6bllCHCHa TCOpCTll4t!CKH. 

2. IToKaJaHO, 4TO rnasnbIM HCT04HHK0M a6conIOTHoii tteyc-roii4HBOCTH B 

CHCTeMe 3JlCKT()0HH0ro 0XJla)l()leHJUI .!IBJl.!IIOTC.!I 6bICTPbIC BT0pH4HblC 
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JJieKT()OHbl, QTPIDKeHHLle OT KOJJJieKTOpa, KOTOpble MOryt' MHOrOKpaTIIO 

UHJ)K)'nupouaTL B CHCTeMe. Bue.ueHHe cocpeAOTO'leHHOH CHCTCMLI 

pa,nHOTeXHH4eCKOii o6paTIIOii CBJl3H JlBJIJleTC.!I He3Cl>cl>eKTHBHLIM B 6opb6e 

npOTHB a6cOJDOTHoii ueycroH'IHBOCTH. Heo6xoJlHJ,l8 paccpe.naro11eHHaJl 

CHCTeMa o6paTIIOH CBJl3H H 3q)q)CKTHBH3Jl O'IHCTKa B"l'OPH1Ull,IX 3JleICTpOHOB. 

3. Co3,naHa KOMIILIOTepHM nporpaMMa JlM MO,D;CJIBJ)OBaHHJl MeTO,D;OM 

MaKpO'lacmu JlB}'MepHLIX KOJie6aHHH HOHOB B nOJie 3JleICTpOHHOrO nycuca. 
IlporpaMMa 6L1J1a ycnewuo npOTecmpouatta Ha MOACMX JlM xarop1,1x 

HMeIOTCJl attaJIHTH'lecKHe pemeHHJl. Ilpoue.ueHHLlii 'IHCJieHHLlii pac'leT 

noJlTBep,n;un BLIABHffYTYIO u nyHKTC 1. rnn0Te3y. YCTIUiouneua 3aBHCHMOCTL 

qaCTOTLI KorepeHTHLIX JlHIIOnLHblX Kone6aHHii OT c-reneHH ueihpanu3~. 

4. B&1ue.n;eHbl n peweHbl ypauueuHJl 6anattca 11uCJia 11acmu H 6anattca 3ueprnH. 

Bi.r11ucneHbl CaMOC(?rJiaCOBaHHLle napaMCTpbl yCTaHOBHBweroc,r 

c-raunoHapHoro pacnpe.ueneHHJl uelhpanH'3yIOIUHX HOHOB. 

5. Pe3yn&TaTLI paC'leTOB HaxO,D;JlTCJl B cornaCHH C 3KcnepHMeHTanbHblMH 

,11.aHHblMH B CHCTeMe 3JieKT()OHHOro OXJIIDIC.l{eHH.!I LEAR, Ha yCTaHOBKe 

"PeKY"eparop" H pattee ony6nHKOBaHHblMH ,11.aHHblMH Ha yCTaHOBKe 

"Mo.uenb coneHon.ua". 

OcHOBHble pe3yJibTaTbl ,11.HCCepTaUHOHHOH pa60Tbl ony6JIHKOBaHbl B 
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Oscillations. CERN, PS/AR Note, Geneva, 1995. 

7. E.Mustafin Influence of Reflected Electrons on the Stability of Neutral,Sed 
Electron Beams. CERN, PS/DI/Note 97-18, Geneva, 1997. -

PyxonHCJ, OOCT)'IIHJII B H3AITCJIJ,CJCHA O'f~ 
29 OJCT.ll6p11 1997 roAa, 

13 

(1,/ .,/ (J Q /,. 


