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OBIUAR XAPAKTEPHCTHKA PABOTbl 

AKTyaJibHOCTb 
. ' 

B rrocne.nHee Bp8MH Bee 6oJiblli8 rrpOBOBHTCH HccnenoBaHHA, 

ITOCBHmeHHHX CHHXpOTpOHHOMY H3nyqeHHID H pa3pa60TK8 HOBHX 

cxeM reHepaTopoB KorepeHTHoro H3JiyqeHHH, HCITOJlh3YIDmHx 

peJIHTHBHCTCKHe 3JI8KTpOHHHe • rryqKH. 9KcrrepHM8HTH C 

CHHXpoTpOHHHM H3JiyqeHH8M ( CH) yJKe .naIDT BKna.n B pa3BHTHe 

MHOrHX o6nacTe0 HayKH. HHT8HCHBHO pa3BHBaIDTCH MHOrHe 

T8XHOJIOrHH, OCHOBaHHHe Ha HCITOJlb30B aHHH CH. HCTQqHHKH CH 

TpeThero ITOKOneHHH OTJIHqaIDTCH MaJIHM 3MHTTaHCOM, BHCOK00 

3HeprHe0 H· 60JiblliHM TOKOM rryqxa, a TaKJKe KOMITaKTHHMH 

pa3MepaMH. fJiaBHaH :reH,neHUHH B pa3BHTHH na3epoB Ha 

CB060,nHHX 3JI8KTpOHOB (RC9) Ha HaKOITHT8JIHX - 3TO C03,naHHe 

crreuHaJIH3HpOBaHHHX HaKOITHTeJibHHX KOJI8U KOMITaKTHHX pa3MepoB, 

a B nc9, HCITOJib3YIDmHx JIHHeAHHe hyqxH - yBeJIHqeHHe ITJIOTHOCTH 

H 3HeprHH 3Jl8KTpOHOB, 

B BHCCepTaUHH rrpennoJKeHa HOBaH cxeMa CHHXpoTpOHHoro 

Ma3epa Ha CB060,nHHX 3JI8KTpOHax, KOTOpaH BITepBHe HCCIT0Jlb3Y8T 

MHoroxpaTHOe B3aHMO,ne0CTBHe 3JI8KTpOHOB KOJibUa C 

pe30HaTopoM. E.nHHCTB8HHaH rrono6HaH MOB8Jlb RC9, rrpe,nJioJKeHaH 

HeMHOro IT03JKe OCHOBaHa Ha HCCITORb30BaHHH 3JI8KTpOHHOro 

KOJibUa KOMITaKTHOro CHHXpOTpoHa. 9Ta MO,neJib "HaKOITHTenH 

(JlOTOHOB" Haxo.nHTCH yJKe Ha CTaBHH ocymecTBR8HHH. 

B pa6oTe TaKJKe paccMoTpeHa 3a,naqa o HaxoJK,neHHH rropora 

rrpOHBJI8HHH KorepeHTHHX 3(Jl(JleKTOB B CITOHTaHHOM CHHXpoTpOHHOM 

H3JiyqeHHH. Ee perneHHe .noJIJKHO naTb OTBeT Ha Borrpoc 06 

a6COJIIDTHOA rpaHHl.{e ITO ITROTHOCTH rryqxa B neg. HccnenoBaHHH 

KorepeHTHOro CH rrpencTaBnHIDT H caMOCTOHT8RbHHA HHTepec H 

B8CbMa aKTyaJibHH B ITOCJie,nHHe ro.nu B CBH3H C HX 

3KcrrepHM8HTaJibHHM rro.nTBepJK,neHH8M B crpyrrrrHpOBaHHOM rryqxe. 

Pa3BHTHe (JlH3HKH 3JI8M8HTapHHX qacTHU 3a ITOCJie.nyIDmHe 

.necHTHJI8THH CBH3aHO C co3,naHHeM 3JI8KTpOH-IT03HTpOHHHX 

KOJIJiaA.nepoB Ha cpe,nHHe 3HeprHH C oqeHb BHCOKOA CB8THMOCTbID 

(B-cpa6pHKH, C-Tay cpa6pHKH, ~-cpa6pHKH). B 3THX ycxopHT8JIHX 

HapH.ny C B03MOJKHOCTbID HCITOJib30BaHHH CH KaK rro6oqHoro 
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rrpo.nyKTa ,nnH rrone3HUX uenea, rrpHXO,nHTCH yqHTUBaTh 

HexenaTenhHUe corryTCTBy~mHe 3¢¢eKTU, TaKHe KaK HarpeB 

CTeHOK KaMepu H Harpy3KY o6n~CTH CTOnKHOBeHHH nyqKoB 

noTOKaMH BUCOK03HepreTHqHUX ¢0TOHOB, BnH ycTpaHeHHH 3THX 

3¢¢eKTOB Heo6xo,nHMU .neTanbHUe pacqeTU BnHHHHH CH Ha paHHHX 

3Tanax npoeKTHpoBaHHH. B .nHccepTaUHH npoBe,neHu pacqeTu ¢oHa 

CH B ueHTpanbHOH o6naCTH ,nnH npoeKTa 3neKTpOH-n03HTpOHHoro 

Konnaa.nepa Ha 2.2 f3B (C-Tay ¢a6pHKal B ny6He H Hccne.ny~TCH 

BapHaHTU 3amHTU ueHTpanbHOH o6naCTH ycKOpHTenH. 

Uenh pa6on1 HCCJie,noBaHHe aKTyanbHUX BOnpOCOB 

CHHXpOTpOHHoro H3nyqeHHH nnoTHUX penHTHBHCTCKHX 3neKTPOHHUX 

nyqKoB: 

0 ca3,namrn KOMnaKTHOro KOpOTKOBOnHOBOro HCTOqHHKa 

KorepeHTHOro CH; 

- 0 BnHHHHH 3neKTpOHHUX KOppeJIHUHH Ha cneKTp CIIOHTaHHOro CH 

peJIHTHBHCTCKoro 3JieKTpOHHOro nyqKa; 

0 npaKTHqecKOM pacqeTe napa3HTHoro CHHXpoTpoHoro 

H ¢oKycHpy~mHx 3JieMeHTOB .H3nyqeHHH OT !IOBOpOTHUX 

3JieKTpOH-n03HTpOHHOro KOnJiaH,nepa. 

HayqHaH HOBH3Ha pa6oTu: 

1. npe.nnoxeHa HOBaH cxeMa Ma3epa Ha cBo6o.nHux 3neKTpoHax, ' . 
OCHOBaHHaH Ha nonyqeHHH HH,nyuHpoBaHHoro CH OT KOnhua 

penHT,HBHCTCKHX 3neKTpOHOB. Pa3pa6oTaHa TeopHH 

HH,nyuHpOBaHHOro H3nyqeHHH B o.nHonpoxo,nHOM H MHOroo6opoTHOM 

peXHMax pa60TU Ma3epa. Ha ee OCHOBe HCCJie,noBaHU 

xapaKTepHCTHKH H B03MOXHOCTb npaKTHqecKoro npHMeHeHHH 

Ma3epa H noKa3aHO, qTo OH MOXeT 6UTb 3¢¢eKTHBeH B .nHana30He 

MHJIJIHMeTpOBUX H cy6MHJinHMeTpOBUX BOJIH. 

2. BnepBUe pa3pa60TaHa TeopHH H3JiyqeHHH paBHOBeCHOH nna3MU 

BO BHemHeM MarHHTHOM none, yqHTUBa~maH ToqHo .nByxqacTHqHue 

KOppenHUHH B ,nBHXeHHH 3JieKTPOHOB. Ha ee OCHOBe BUqHcneHU 

KorepeHTHUe nonpaBKH K cneKTPY H3JiyqeHHH Heno.nBHXHOH nJia3MU 

H peJIHTHBHCTCKoro nyqKa 3JieKTpOHOB B napaJieJibHOM BHemHeM 

MarHHTHOM none. HaR.neHu rpaHHUU npHMeHHMOCTH .nonymeHHH 

HeB3aHMO,neHCTBy~mHx 3JieKTpOHOB. 
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3. Pa3pa6oTaH qHcJieHHUH anropHTM, n03BOnH~mHH, npH 3a,naHHUX 

pacnonoxeHHH H napaMeTpax MarHHTHUX 3neMeHTOB HaKOIIHTenH, 

TOqHo BUqHCJIHTb HHTeHCHBHOCTb H cneKTp. H3JiyqeHHH, 

reHepHpyeMoro nyqKoM npH npoxox,neHHH qepe3 HHx. nonyqeHu 

xapaKTepHCTHKH IIOTOKOB CH B ueHTpanbHOH o6nacTH 

CHMMeTpHqHoro 3JieKTpOH-n03HTpO~Horo KOnnaR.nepa. npe.nno~eHU 

pa3HUe KOH¢HrypauHH 3amHma~mHx OT CH MaCOK H Hccne,noBaHa HX 

3¢¢eKTHBHOCTb C TOqKH 3peHHH ¢0HOBOH 3arpy3KH ,neTeKTOpa. 

npaKTHqecKaH ueHHOCTb pa6oTU 

1. Pe3yJibTaTU qHcJieHoro MO,neJIHPOBaHHH reHepaUHH H 

pacnpocTpaHeHHH noTOKOB CH HCnOJib30BaJIHCb npH BU6ope 

reoMeTpHH KaMepu a MeGTe BCTpeqH H npH o6meM npoeKTHpOBaHHH 

C-Tay ¢a6pHKH B ny6He. 

2. Pe3yJibTaTU .nHccepTaUHH MOryT 6UTb HCnOnh30BaHU .nnH 

C03,naHHH HCTOqHHKa KorepeHTHoro H3nyqeHHH B MHnnHMeTpOBOM H 

cy6MHJIJIHMeTpOBOM ,nHana30He. 

Anpo6auHH pa6oTu 

Pa60TU, nono~eHHUe B OCHOBY ,nHccepTaUHH, .noKna.nuaanHCb 

Ha Bceco~3HOM ceMHHape no KBaHTOBOH OPTHKe (By6Ha, 1988~. ); 

Ha CoaemaHHH no HOBUM MeTo,naM ycKopeHHH (By6Ha, 1989r. ); Ha 

III EBponeHCKOH KOH¢epeHUHH no ycKOpHTenHM qacTHU (EepnHH, 

1992r.), a TaKxe Ha ceMHHapax OHMO OHHH. 

ny6nHKaUHH 

no TeM~ .nHccepTaUHH ony6JIHKOBaHO 8 pa6oT, npHBe,neHHUX 

B cnHcKe JIHTepaTypu. 

CTpyKTypa nHccepTaUHH 

Pa6oTa COCTOHT H3 BBe,neHHH' Tpex r naB' 3aKJI~qeHHH H 

.nayx npHno~eHHH. o6mHH o6oeM COCTaBnHeT 95 CTpaHHU, BKn~qaH 

23 pHCYHKOB, cnHCOK nHTepaTypu HacqHTUBaeT 65 HaHM8HOBaHHH. 

COBEP~AHHE PAEOT~ 

Bo BBeneHHH ¢opMynHpy~TCH OCHOBHUe aonpoc1,1, 

Hccne.nyeMUe B .nHccepTaUHH, KpaTKO onHCaHU MeTo,nu HX pemeHHH 

H H3no~eHU H~KOTOpue pe3yJihTaTU HCCJie,noBaHHH. 
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~ nepBo8 rJiaBe npoBO,nHTCH HCCJie.noBaHHe xapaKT8pHCTHK 

HOBOro THna Ma3epa Ha CB060,nm,1x 3JI8KTPOHax - CHHXpOTPO.HHoro 

Ma3epa. cxeMa Ma3epa noKa3aHa Ha PHC.1 - KOJihUO 

peJIHTHBHCTCKHX 3JI8KTpOHOB (3HeprHH 2+10 M3B, pa.nHyc OT 2 .no 

-10 CM) qacTHqHo norpy~eHO B noJie .nByx3epKaJibHoro 

pe3oHaTopa ct>a6pH-nepo; MarHHTHoe noJie nepneH,nHKY JIHpHo 

H8B03MY!l.l8HH08 TpaeKTOPHH 3JI8KTpoHa H napaJIJI8JibHO 38pKaJiaM 

pe3oHaTopa. ll3JiyqeHHe BHBO.nHTCH qepe3 He60Jiblli08 OTBepCTHe B 

o.nHoM H3 38pKaJiaX. 

y},. 
I 
I 
I 

BTOpo8, 

~ : 
c:- • 3epK0110 

l)ib~-------l-"' fil ________ ,.,. ___________ ~----- X 

®( +-- L1 ~ 
H. 0 ff 

1------- -~--------, 
-----------------------------

PHC.1 

CHMMeTpHqHo pacnoJio~eHHH8 

pe30HaTop, KOMneHcHpyeT 

yxo.n U8HTpa KOJibUa 

H3-3a noTepH 3HeprHH. 

npe.nJiaraeTcH 

HCnOJib30BaTb KOJibUa co 

cJia6o8 

HanpHMep, 

!f>oKycHpOBK08, 

KOJibUa B 

a.nre3aTopax KOJIJI8KTHBHHX 

ycKOpHTeJie8 HJIH KOJibUa 

KOMnaKTHHX CHHXPOTPOHOB. 

TTpH BH6ope cxeMH 

HCnOJib30BaJIHCb ,nBe 

OCHOBHHe H,neH. nepBaH H3 

HHX - noJiyqeHHe HH.nyuH-

poBaHHoro H3JiyqeHHH B6JIH3H MaKCHMyMa cneKTpa cnOHTaHHOro 

CHHXpOTpOHHOro H3JiyqeHHH 3JI8KTpOHa, BHCKa3aHa BnepBHe B 

pa6oTe 1 ~ B cxeMe, npe,nJIO~eHH08 B1 )JIHHe8HH8 nyqoK 3JI8KTpOHOB 

noBopaqHBaeTCH BO BH8lliH8M MarHHTHOM noJie, B3aHMO,ne8cTBYH C 

noJieM pe3oHa TO pa. BTopaH H,neH, 3TO HCnOJib 3.0BaHHe KOJibUa, 

T. e. peUHPKYJIHUHIO 3JI8KTpOHHoro noTOKa B He60JiblliOM o6'beMe. 

npHM8H8HHe KOJibUa HMeeT CJie,ny10mHe npeHMymecTBa: a) 3HeprHH 

3JI8KTpOHOB MO~eT 6HTb yBeJIHqeHa npH noMO!l.lH 6eTaTpOHHoro HJIH 

,npyroro cnoco6a ycKopeHHH; 6) Mo~Ho .no6HThCH pocTa Knn 

BCJie.ncTBHe MHOrOKpaTHoro B3aHMO,ne8CTBHH Ka~.noro 3JI8KTpOHa C 

l) EpaTMaH B. H ,np.- PeJIHTHBHCTCKaH BHCOKOqacTOTHaH 
3JI8KTpOHHKa, ropbKH8, 1979, c.157. 
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noJieM pe3oHaTopa; C) KaK BHHCHHJIOCb npH pacqeTax, B 
. 1 ) 

KOJibU8B08 reoMeTpHH Knn B03pacTaeT no cpaBHeHHIO C Knn H3 

H Ha O,nHOM o6opoTe. 

TTpH o.nHOKpaTHOM npoxo~.neHHH 3JI8KTpOHOB qepe3 pe3oHaTOp 

(nepBH8 o6opoT KOJibUa) 3JI8KTpOHH rpynnHpyIOTCH Ha 

orpaHHqeHHOM 0Tp83Ke B3aHMo.ne8CTBHH Ll H, no.n B03,ne8CTBH8M 

HeCHHXpOHH08 (BCTpeqHo8) BOJIHH OT.naIOT 3HeprHIO He3aMe,nJI8HH08 

BOJIHe. OnTHMaJibHHe ycJIOBHH reHepaUHH COOTBeTCTBYIOT .nJIHHe 

.nyrH B3aHMO,ne8CTBHH Me~.ny 3JI8KTpOHOM H BOJIH08 nopH,nKa ,nJIHHH 

lf>OpMHpOBaHHH cnOHTaHHOro H3JiyqeHHH (yrJIOB08 pa3Mep -1/7), a 

onTHMaJihHH8 c,nBHr 3JI8KTpOHa OTHOCHT8JibHO BOJIHH no nopH.nKy 

paBeH ,nJIHHe BOJIHH A~R/7
3

, COOTB8TCTBYIO!l.le8 MaKCHMYMY cneKTpa 

cnoHTaHHoro H3JiyqeHHH. · 

B, pacqeTax noJie pe30HaTopa OilHCHBaeTCH nJIOCK08 CToHqe8 

BOJIH08 C HeHyJieB08 y~KOMilOH8HT08 B8KTOp-nOT8HUHaJia 

Asin(wt)sin(kx), k=w/c. YpaBHeHHH ,nJIH 3HepreTHqecKHX noTepb 

3JI8KTpOHa W=1-E/El ( El H <pl- 3HeprHH H !f>a3a 3JI8KTpOHa Ha 

BXo.ne B pe30HaTop) HM8IOT BH.n: 

dW l ( N • 2 • ) -::; --- o:pxs1.n(rp)+(1/4)o: s1.n(2rp) 
dx 1-W 

( 1 ) 

drp 

dx 
= --- 1+p x + o:px cos( rp) + ( 1/8 )o: ( 2+cos( 2rp) , ( 2) 1 ( 2N2 N 2 ) 

(1-wf 

wcx=-l /2J=o; rp(x=-l /2J=rp. 
1 1 1 

r.ne rp=wt-kx cpa3a no OTHOlli8HHH K CHHXpOHH08 BOJIHe; 

o:=eA/mc
2
=0,3 E[MB/CM].A[CM]; p=(2eH l)/(mcw); x=kx/(2a2

); 
N ,

2 
01. 1 

L =kL /(2o ). HH,neKc 1 03HaqaeT nepBH8 o6opOT. 
I I 1 

0,nHoo6opoTHH8 3JI8KTPOHHH8 Knn onpe.neJIH8TCH BHpa~eHHeM 

1 J2rr r, (o:,p,LI)= <W> , r.ne <> = - drp • ( 3) 
I 1/)l <{) 2n 0 

YpaBH8HHH (1)-(3) pernaJIHCb MeTo.noM nocJie,noBaTeJihHHX 

npH6JIH~8HH8 B "JIHH88H6M pe~HMe" (o:«1,o:p«1)) H qHcJieHHO .nJIH 

npOH3BOJibHHX o:,p. HCCJie.nonaHHe Knn T/1 H 30H reHepaUHH 

I o6JiacTe8 3HaqeHH8 napaMeTpoB p,L, cooTBeTcTBYIO!l.lHX 
I 

caMOB036y~.neHHIO - OHH onpe,neJIHIOTCH HepaBeHCTBOM 

r,1(0:,p,L1)>0 ) noKa3HBaeT cJie.ny10mee: 
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1) )lJrn MaJII:lX a B6JIH3H MaKCHMyMa CII8KTpa CIIOHTaHHOro CH 

( P"'4) 11 -1 Oa
2

• 
I 

2) no cpaBH8HHD co CX8M08 IIOBopoTa JIHH88Horo nyqKa B 

KOJibU8B08 reoMeTpHH pacTyT Knn H•llIHpHHa 30HH reHepauHH. 3TO 

o6'b.HCH.H8TC.H Te.M, qTO B cnyqae KOJibUa 3JI8KTpOH .ll0Jlblll8 

.llBHlK8TC.H B 06JiaCTH p830HaHCa C BOJIH08 X-0 ( B 3T08 06JiaCTH 
2N2 

MaJI cpa30BH8 C.llBHr CB.H3aHHHH C KpHBH3HOH - MaJI qJieH p X B 

( 2)) • 

3) B H8JIHH88HOM pelKHMe OIITHMaJibHHe 3HaqeHH.H napaMeTpoB: 

a=2, p=l2, L=0,6, 
I 

Knn 11
1 

-3o7.. 

a COOTB8TCTBYDlllH8 a6COJIDTHH8 MaKCHMYM 

qHCJI8HHOe H aHaJIHTHqecKoe HCJI8.llOBaHH8 MHoroo6opOTHOro 

.llBHlK8HH.H IIOKa3HBaeT, qTo 8CJIH YCJIOBH.H Ha nepBOM 06op.0Te 

COOTB8TCTBYDT JIHH8HHOMY pelKHMY (a«l), TO 3JI8KTpOHH B 

cpe)lH8M OT)laDT 3HeprHD IJOJID pe3oHaTopa (HM88TC.H 

HH.llYUHPOBaHHOe H3JiyqeHHe) Ha Bcex IIOCJI8.llYDlllHX o6opoTax. 

noTepH 3HeprHH npH 3TOM npHBO.ll.HT K IJJiaBHOMY ClKaTHD KOJibUa. 

nnHHa H3JiyqaeMoro HMIIYJibca onpe.ll8JI.H8TC.H HHT8pBaJIOM BpeMeHH, 

3a KOTOpHH KOJibUO IIOJIHOCTbD BHXO.llHT H3 pe3oHaTopa; npH 

npHpOCTe 3HeprHH IIOJI.H Ha o6opoTe -17. OH COCTBJI.H8T -1 MKC 

(-10
3 

o6opOTOB). ¢OpMyJia, BHpalKaDllla.H 3aBHCHMOCTb OT BpeMeHH 

(OT qHcJia o6opoTOB N) MHoroo6opoTHoro Knn HMeeT BH)l: 
N 

11N =<1-o N/o
1
> ip "' I 11/ a, p, L 1 ) , ( 4) 

1 
I =I 

r )le ON - 3HeprH.H 3JI8KTPOHa Ha N-HOM o6opoTe. npHBe)leHHa.H 

.llJIHHa B3aHMO.ll8HCTBH.H Ha i-TOM o6opoTe f. yMeHblllaeTC.H C 
. I 

pocToM qHcna o6opoToB, a 11 (a,p,L )>O .llJI.H Bcex i=l,2, ... 
I I 

npH BHBO)le cpopMy JIN ( 4) yqHTHBaJIOCb, qTo HHepuHaJibH08 

rpynnHpOBKOH 3JI8KTpOHOB 3a BpeM.H HX .llBHlK8HH.H BHe pe3oHaTopa 

MOlKHO npeHe6peqb, T.e. pacnpe.lleJieHHe 3JieKTPOHOB no cpa3aM Ha 

BXO)le B pe30HaTop .HBJI.HeTC.H paB~OMepHHM .llJI.H Bcex o6opoTax. 

qHCJI8HHOe MO)l8JIHPOBaHHe 3aBHCHMOCTH 71N =<1-o N/ol> tp OT 
I 

N npHMepHO .llJI.H 10 o6opOTOB ?POB8.ll8HO npH yqeTe H8JIHH88HHX 

.HBJI8HH8 rpynnHpOBKH 3JI8KTpOHOB BHe pe30HaTopa. Pe3yJibTaT 

IlO.llTBeplK)laeT cpopMyJiy (4). 
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B IIOCJI8.llH8M pa3)leJie r JiaBH 1 HCCJie.llyeTC.H B03MOlKHOCTb 

C03.llaHH.H 

ycTaHOBOK. 

CHHXpOTpOHHoro Ma3epa Ha OCHOBe cymecTBYDlllHX 

YCJIOBH.H CTapTa reHepaUHH ( CTapTOBOe qHCJIO 

qacTHU) OU8HHBaDTC.H H3 ycJIOBH.H 6aJiaHCa MOlllHOCT8H - BHOCHMOH 

3JI8KTpoHaMH 

CJI8.llYDlllH8: 

B pe3oHaTop H H3JiyqaeMOH). Pe3yJihTaTH 

. ~ 

a) nn.H KOJibUa B a)lre3aTOpe (pa.llHYC 4CM, qHCJIO qacTHU 10 ) 

B03MOlKHa reHepauH.H B )lHaIJa30He MHJIJIHMeTpOBHX H 

cy6MHJIJIHM8TpOBHX BOJIH npH 3HeprH.HX 3JI8KTpOHOB M8Hblll8 6-7 

M3B. npH 3TOM OTHOCHT8JibHH8 IIpHpOCT 3HeprHH IIOJI.H Ha o6opoTe 

COCTaBJI.H8T HeCKOJibKO npoueHTOB )lJI.H MHJIJIHMeTpOBHX H nop.H.llKa 

17. .llJI.H cy6MHJIJIHMeTpOBHX BOJIH, a Tpe6yeMHe .ll06pOTHOCTH 

pe30Ha Topa M8Hbllle 10°. nnHHa H3JiyqaeMoro HMIIY Jib Ca -1 MKC. 

npH Hanp.HlK8HHOCTH IIOJI.H B pe30HaTope -100 KB/CM MOlllHOCTb 

H3JiyqeHH.H IIOP.H.llKa 100 KBT. 

6) B KOMIJaKTHOM CHHXpOTpoHe ~TpOJib 1·
2 > (pa.llHYC KOJibUa 

-2CM, qHCJIO qaCTHU -10
10

) B03M,QlKHa reHepaUH.H B · )lHana3oHe 

MHJIJIHMeTpOBHX BOJIH. npH 3HeprHH 3JI8KTpOHOB -1-2M3B )lJI.H 

3Toro Tpe6yeTC.H .ll06pOTHOCTb 'pe30HaTopa -10
4
-10

5
, MOlllHOCTb 

H3JiyqeHH.H nop.H.llKa H8CKOJibKHX KBT. 

C) nn.H KOMIJaKTHHX CHHXpOTpOHOB THIIa "ABPOPA" 3 ) c 

3HeprHeH 60Jiblll8 100 M3B )lJI.H reHepaUHH B cy6MHJIJIHMeTpOBOM 

.llHana3oHe Tpe6yeMa.H .ll06poTHOCTb pe3oHaTopa npeBHrnaeT 106
• 

Bo BTOpOH rJiaBe pa3BHTa T80pH.H H3JiyqeHH.H 

peJI.HTHBHCTCKoro 3JI8KTpOHHOro nyqKa BO BH81l18H8M napaJieJibHOM 

MarHHTHOM none, yqHTHBanma.H .llByxqacTHqHHe KOpeJI.HUHH B 

.llBHlK8HHH 3JI8KTPOHOB. Ha ee OCHOBe BHqHCJieHH KOrepeHTHHe 

nonpaBKH ~ cneKTpy CIIOHTaHHOrd H3JiyqeHH.H nyqKa. 

KoppeJI.HUHH B .llBHlK8HHH 3JI8KTpOHOB B03HHKaDT BCJI8.llCTBH8 

YCHJI8HH.H M8lK.llY3JI8KTpOHHHX B3aHMO)l88CTBH8 B IJJIOTHOM H 

OXJialK)l8HHOM nyqKe. 

B co6CTB8HHOH CHCTeMe OTcqeTa nyqKa paCCMaTpHBaeTC.H 

2) 
naHacDK B.C., ATOMHa.H 3HeprH.H, T.67, B.2, 1989, c.114. 

3 ) H.Yamada et al, Review of Scient. Instr.,V.60,7,. 1989, 
p.1786. 
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H3nyqeHHe HenonBHJKH08 paBHOBeCH08 nna3MN BO BHelliHeM 

MarHHTOM none B
0

• HeBosMymeHHoe paccnpeneneHHe ::rneKTpOHOB 

no HMnynbCaM f (p) npennonaraeTCH penHTHBHCTCKHM 
0 • 

MaKCBennoBCKHM c TeMnepaTypo8 T. 

0CHOBH08 aHanHTHqecKH8 pesynbTaT (CM. HHJKe ( 10)) 

COCTOHT B TOM, 

THna K. K. B 
I j mn 

nnasMu (snecb 

nonHpHsyeMOCTH). 

qTo 3(1J<tleKTN KOppenHUH8 onHCNBaIDTCH qneHaMH 

BNpaJKeHHHX nnH K03¢~HUHeHTOB nornomeHHH 

K. - 3neMeHTN TeHsopa BNCOKoqacTOTH08 
I j 

B npenenbHOM cnyqae TeopHH naeT cornacHe 

cornacyeTcH c H3BecTHNMH pesynhTaTaMH: H3 Hee nnH Manux 

nnoTHOCTe8 cnenyroT TeopeMa KHpxro¢a H H3BeCTHaH ¢opMyna nnH 

HHTeHCHBHOCTH H3nyqeHHH HeB3aHMone8CTBYID!llHX 3neKTpOHOB. 

Pa6oTaH .B paMKax ¢nyKTyauHoHHoro nonxona npHHHMaeM, 

qTO H3nyqaeMNe nonH reHepHpyroTCH cnyqa8HNMH ¢nyKTyaUHOHHNMH 

TOKaMH 3 (-;.' t) ' pacnpeneneHHNMH B 06'beMe nyqKa. IlpH 

He6onblliHX nnOTHOCTHX ¢nyKTyaUHH TOKa B pa3HNX TOqKax-;. H B 

pa3HNe MOMeHTN BpeMeHH t CTaTHCTHqecKH He3aBHCHMN, a 

H3nyqaeMaH HHTeHCHBHOCTb nponopUHOHanbHa o6meMy qHcny 

3neKTpOHOB. OTCYCTBHe KoppenHUH8 03HaqaeT, qTo 

npocTpaHCTBeHHNe KOppenHUHOHHNe ¢YHKUHH TOKOB Ha qacTOTe w 

noKanbHN - <jw(r')jw(r"l>=O]J-;.,_-;.,,,w~o(r'-r"), a HX 

npocTpaHCTBeHNe ~ypbe KOMnoHeHTN (KoppenHTOPN TOKOB) ~e 

3aBHCHT OT BOnHoBoro BeKTOpa. C noBNllieHHeM nnoTHOCTH 

KoppenHUHH B 'ABHJKeHHH 3neKTpOHOB BN3NBaIDT HenoKanbHOCTb 

¢YHKUH8 < jW( r') jW( r") >, T. e. nocne'AHHe yJKe HMeIDT HeHyneB08 
➔ ➔ I panHyc KoppenHUH8 I r'-r" . B cHcT.eMe nyqKa B03HHKaeT 

OTKnoHeHHe OT cnoHTaHHoro HsnyqeHHH Ha nnHHax BOnH A=2rrc/w, 

cpaBHHMNX C 3THM panHycoM, B TO BpeMH KaK 6onee KOpOTKHe 

BOnHN H3nyqaroTCH 6e3 B03My!lleHH8. 

nnH npHMoyronhHo8 o6nacTH V=LxL XL 
1 2 3 

(L?A, 

L -npononbHN8 K HanpaBneHHID HsnyqeHHH 11 pa3Mep) nonyqeHO 
3 0 

cnenyromee BupaJKeHHe nnH MonynH BeKTopa· no8HTHHra B TOqKe R 
B BOnHOB08 30He: 

SW 
wL L 

1 2 

4rr 3 c 2 R2 

+oo 

_Jdn 
2 ~ 

sin ((n -1)L
3
/2) 

(n -1 ) 2 

8 

J~(n) L =L WIC. 
3 3 

( 5) 

~ 

t 

1 
l 

\ 
r r 
~ 

I 
111 
' 

- ' ------

3necb KOppenHTOp nonepeqHNX TOKOB 
2 - ;; 

Jw(n)= Sp I2. (JJ)n,w; (]]Jn w= (]]Jn=nn w 
, o' 

I = (1 0). 
2 0 1 

IlpHMeHHH ¢nyKTyauHOHHO-nHCCHnaTHBHOe COOTHOllieHHe 

BenHqHHY J~(n) BupaJKaeM qepes eneMeHTN TeHsopa 

BNCOKoqacTOTH08 nonHpHsyeMOCTH nna3MN K. 
I j 

2 wT 2 2 ( Im f + ( n) Im f _ ( n) ) 
Jw(n)= 2rr (n-l) 2 2 + 2 2 ' 

In -1-f+(n)I In -1-f_(n)I 
( 6) 

2 2 

rne f±(n) 1/2 [K. +K. + 
1 1 2 2 

K. -K 
2 3 13 

1+K. 
33 

]± 

+ ! { [ K. -K. + - 2 1 1 2 2 

K. 
2 

-K.
2 

] 2 [ K. K. ] 2 }1/2 2 3 13 _ 4 K. + 1 3 23 
1+K. 12 1+K. 

3~ 33 

KoppenHTOp B3aHMone8CTBYIDlllHX TOKOB (6) 

npocTpaHCTBeHHyID nHcnepcH~ cpenu (3aBHCHMOCTb 

HccnonhsyH nHcnepcHoHHoe ypaBHeHHe nnH nna3MN 

D(n,w) = (1+K.
33

)(n
2
-1-f+(n)) (n2

-1-f~(n))=o, 

HaxonHM 

yqHTNBaeT 

OT n). 

( 7) 

s = w 

w
2
TL L 

1 2 

Brr
4 

c
2
R

2 

+CXJ 2.2[ ~) + _ + J (n+1) s1.n (n -1 JL/2 
(S +s ); s-= dnt------'------...,_Imf+(n). 

w w w ln2-1-f (n)l2 -
-a, ± ( 8) 

HsnyqaTeRbHaH cnoco6HOCTb nna3MN (MO!llHOCTb, HsnyqaeMaH 

enHHHqHNM o6'beMOM B enHHHqHoM TenecHOM yrne H a enHHHqHOM 

HHTepaane qacToTJ paaHa 

71 =. R
2
V-1S ( 9) w w 

BNpaJKeHHH (8),(9) OnHCNBaIDT H3nyqeHHe nna3MN c yqeTOM 

B3aHMone8cTBHH MeJKny 3neKTpOHaMH. H3 HHX nnH Manux 

nnOTHOCTe8~ coxpaHHH B auqHcneHHHX qneHN no BToporo nopHnKa 

no K. - q=w2 /w2 « 1 , nonyqaeM 
lj p 0 

71 . = I (w/c)(n"(w,e)+n"(w,e)) + O(q
3
), ( 10) 

W ITT + -

nepau8 qneH naeT H3BecTHyro ¢opMyny KHpxroqia. 3necb 

I =w2T /Brr
3
c

2 
- pacnpeneneHHe P3neH-nJKHHca; e - yron 

RJ 

HanpaBneHHH H3nyqeHHH no OTHOllieHHID K nocTOHHHOMY MarHHTHOMY 
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non10; n±=Im(n±) - K03¢¢HUHeHTH nornomeHHH; n±- KopHH 

aHcnepcHOHHOro ypaBHeHHfl CHCTeMH D(n,w)=0 BliqHcneHHHe H3 

( 7) c ToqHoCThIO ao q2
; w = ( 4rrn e 2 /m ) l/2 - nna3MeHHafl 

p O 0 

qacTOTa; WO =eBO/mo C - UHKnOTpOH;lafl qacTOTa 3neKTpOHOB; 

no-nnoTHOCTb 3neKTpOHOB. 

H3BeCTHOe BHpaJICeHHe anfl H3nyqeHHfl HeB3aHMoaeHCTBymHX 
0 J.3 ➔ 0 ➔ 3neKTpoH0B riw= a p f/p) Iw(p) ,nonyqaeM H3 ( 10) coxpaHHfl 

TOnbKO qneHH -q. 
0 

Ko3¢¢HUHeHT KoppenHUHH CX=l-riw/Tlw' aa10mHH KorepeHTHHe 

nonpaBKH K cneKTPY CilOHTaHHOro H3nyqeHHfl Tl~, HcneaoBaH B 

co6CTBeHHOH H na6opaTOPHOH CHCTeMaX OTcqeTa anfl pa3HHX 

3Haq~HHH napaMeTpoB B co6cTBeHHOH CHCTeMe: yrna B 

(O<B<rr/2), HOMepa rapMOHHKH m=w/w
0 

(m~2) TeMnepaTypHoro 

napaMeTpa µ=m c 2/T H napaMeTpa nnoTHOCTH q=w2 /w2
• npH 3TOM 

0 p 0 

Tl HaxoaHTCfl H3 (10), a 3neMeHTH K =K (n=1,m,8,µ,q) B w u u 
o6naCTH m~2 HaxoaHTCfl qHcneHHO, nonb3Yf!Cb H3BeCTHHM MeTonoM 

Tpy6HHKOBa. OCHOBHHe pe3ynbTaTH cneay10mHe: 

1. B co6cTBeHHOH CHCTeMe B o6naCTH BHCOKHX rapMOHHK 

rHpoqaCTOTH ( m>2) 3¢¢eKTH KOppenf!UHH yMeHblllaIOT 

HHTeHCHBHOCTb CilOHTaHHoro H3nyqeHHfl ( cx>O) . B 3TOH 06nac1:H 

3TH 3¢¢eKTH noaqHHf!IOTCfl H3BeCTHOMY KpHTepHIO - OHH B03HHKaIOT 

Ha nnHHax BOnH, cpaBHHMHX c paaHyCOM ne6aeBCKOro 

3KpaHHpoBaHHfl: '>../21l-r ; r =Tn/(m1nw ). 
d d p 

2. H3 cpaaHeHHH nayx HneanH3HpoBaHHHX cnyqaea: H3nyqeHHe 

HeB3aHMoneHCTByIOmHx 3neKTpOHOB C nornomeHHeM BOnH B nna3Me 

H H3nyqeHHe B3aHMone9CTBYIOmHx 3neKTPOHOB, 6e3 nornomeHHfl 
-2 2 aonH caenaH auaon, qTo: a) nnsi xononHHX (T<10 m

0
c) H 

nnOTHHX (w2 >w2
) nna3M, TonmHHOH ~ 10-100 nnHH BOnH, 

p 0 

_ 3aTyXaHHe BCnencTBHe Koppenf!UliOHHHX 3¢¢eK'.roB·. rrpeo6naaaeT 

•. -Han·· 3¢¢eKTaMH · nornomeHHH aonH anH rapMoHHK rHpoqacTOTH w 
0 

12 - 3 BHllle 2; 6) npH nnoTHOCTH 3neKTpOHOB nna3MH MeHhllle 10 CM 

Koppenf!UHH npaKTHqecKH He BnHSIIOT Ha H3nyqeHHe 

cy6MHnnHMeTpOBHX BOnH. Koppenf!UHOHHHe -3'q>¢eKTH npoHBnSIIOTCfl 

npH H3nyqemrn MHnnHMeTpOBHX. BOnH cnof!MH nna3MH TOmHHOH B 
13 - 3 

-10 nnHH BOnH npH nnoTHOCTflX nopHaKa 10 CM • 

10 

I 

l 
i! 
l 

if 
I 

:!· 

. \ 

3. 3¢¢eKTH KOppenf!UHH MoryT 6HTb cymecTBeHHHMH npH BHCOKHX 
13 -3 6 nnoTHOCTflX 3neKTpOHOB ( -10 CM B na opa TOpHOH CHCTeMe) 

anfl cnyqaf! H3nyqeHHfl 3neKTpOHHHX 

penf!THBHCTCKHMH ¢aKTOpaMH 7<10 

nyqKoB c He6onblllHMH 

H TonmHHOH nopHaKa 

HeCKOnbKHX caHTHMeTpOB. 

4. nyTeM npeo6pa3oBaHHH cneKTpa B na6opaTopHy10 cHcTeMy 

nonyqeHo qacToTHo-yrnoaoe pacnpeaeneHHe HHTeHCHBHOCTH 

H3nyqeHHfl nyqKa C yqeTOM KOppenf!UHOHHHX nonpaBOK. 

R TpeTbeH rnaae npoaoaHTCfl pacqeTH ¢oHa CHHxpoTpOHHoro 

H3nyqeHHfl B ueHTpanhHOH o6nacTH CHMMeTpHqHoro 3neKTpOH

Il03HTPOHHOro Konnaanepa (C-Tay ¢a6pHKH), oueHHBaeTCfl 

3arpy3Ka aeTeKTopa napa3HTHHMH ¢0TOHaMH CH H HccnenoBaHH 

BapHaHH MaCOK, 

nyqKOB. 

3amHma10mHx TQqKy B3aHMOaeACTBHfl (TB) 

noTOKH CH B03HHKaIOT npH IlOBOpOTe 3neKTPOHa (Il03HTpOHa) 

B none MarHHTHHX 3neMeHTOB, pacnonoJICeHHHX B ueHTpanhHOH 

o6nacTH: TpH KBanpynonf! "MHKpo~6eTa" BCTaBKH Ql,Q2,Q3; 

3neKTpOcTaTHqecKHH cenapaTop ES, KBanpynonh Q4, IlOBOpOTHHe 

MarHHTH BVl H BV2 (PHc.2). 

B pa3n. 

reHepaUHIO H 

2 onHcaHa nporpaMMa II SYNRAD", MonenHpy10maH 

pacnpocTpaHeHHe IlOTOKOB CH. nporpaMMa 

peanH30BaHa Ha nepcoHanbHOM KOMilbIOTepe PC-386; ee pacqeTHaf! 

qacTb HanHCaHa Ha fl3HKe. FORTRAN, a rpa¢HqecKHe MonynH - Ha 

BASICH CI. MeToa MoaenHpOBaHHfl COCTOHT B cneay10meM. BHYTPH 

BaKyyMHOH 

nnocKOCTb 

KaMepH 3aaaeTcH aHanHTHqecKH npOH3B0RbHaf! 
11 nnocKOCTb oTo6paJICeHHH 11 c no) . H3nyqeHHe, 

co3naaaeMoe nyqKOM npH era npoxoJICneHHH qepe3 onHHM HnH 

HeCKOnbKHX MarHHTHHX 3ReMeHTaX co6HpaeTCfl H HaKannHBaeTCfl 

Ha no. R pe3ynhTaTe 

cyMMapHOH (OT Bcex 

nonyqa10TCH aayxMepHHe pacnpeaeneHHH 

3neMeHTOB) nonana10meA Ha no 

HHTeHCHBHOCTH (MOmHOCTb HnH qHcno ¢0TOHOB/C) B 3anaHHOM 

3HepreTHqecKOM 

OTo6paJICeHHfl B 

coanaaana HnH 

IlOBeXHOCTeA. B 

HHTepaane. PacnonoJICeHHe nnocKOCTH 

npocTpaHCTBe BH6HpaeTCfl TaK~ qT06H OHa 

Kacanacb HeKOTOpHX HHTepecy10mHx Hae 

qacTHOCTH BH6HpanHcb: cTeHKa BaKyyMHOH 
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BV2 BV1 Q4 

LJ 
Q3 Q2 Ql 

I Ill LJU 
ES ES Q4 

LJ 
BV1BV2 
Uj) 

iJemeKmop / 
/--

BVE: BV1 ES 

1t:M 

"1;11 

.,....- oepu,11J11eMn 
mpyo!r:a 

filQQ/ I 'QQ~J ES 

P11c.2 

·----..._ 10M 

"-·'\;__e+ 
"\. 
\ 

n ITT 
Q4 BV1BV2 

KaMeph!, nJIOCKOCTh CHMMeTpHH ueHTpaJibHOH o6JiaCTH, CTeHKa 

6epHJIJIHeBOH Tpy6KH (oHa OT.L{eJIHeT o6beM .neTeKTOpa OT KaMephl 

ycKop1nensI) , noBepXHOCTH .MaCOK, 3JieKTPO.Llhl 

3JieKTpocTaTHqecKoro cenapaTopa. 

rpa¢HqecKHH MO.LIYJ!h nporpaMMhl n03BOJIHeT paccMaTpHBaTb B 

HHTepaKTHBHOM pe:HrnMe ¢0PMY H JIHHHH YPOBHH nHTeH CM Ha no. 

npH HHTerpHpoBaHHH no BCeMy cneKTpy 3HeprHH ¢0TOHOB 

MaKCHMaJibHOe BpeMH pacqeTa Ha PC-386 COCTaBJIHeT -10 MHH. 

AJiropHTM npoeKTHpoBaHHH H3JiyqeHHH Ha nJIOCKOCTH 

OT06paxeHHH COCTOHT B CJie,nyIDmeM. 

Ha Bxone nporpaMMbl 3a.L{aIDTCH: 3HeprHH nyqKoB (2,2 f3B); 

noJIHblH TOK 

3MHTTaHChl 

ny,rna ( 0, 6 A) ; 

(C =4,1.10-7M, 
X 

ropH30HTaJibHhlH 

C =2.10-8M); 

H BepTHKaJihHhlH 

KOH¢HrypaUHH 
y 

MarHHTHh!X 3JieMeHTOB H HX napaMeTphl 

pa.nHyc KpHBH3Hhl B .L{HnOJIHX p); 

npocTpaHCTBe. UeHTpaJibHaH (oceBaH) 

( CHJ!bl KBa.npynoJieH k H 

pacnoJioxeHHe no B 

TpaeKTOpHH H orH6aIDmHe 

nyqKa u (s)=M, u (s)=~, Haxo,nHTCH B HHTepBaJie ±15 M 
X XX y yy 

OT TB c rnaroM ds=1 CM (s-npo,noJihHaH KOOp.L{HHaTa no OCH 

nyqKa). npHMeHHeTCH cnJiaHH HHTepnOJIHUHH onTHqecKHX ¢YHKUHH 

ycKOpHTeJIH ~ (s),~ (s). 
X y 12 

ToqHoe BblqHcJieHHe HHTeHCHBHOCTH H3JiyqeHHH nona,naIDmero 

B 3a,naHHYID TOqKy no Tpe6yeT yqeTa ¢0pMbi orH6aDmHX nyqKa B 

MarHHTHblX 3JieMeHTax, a TaKxe (.LIJIH y,naJieHHhlX 3JieMeHTax 

ES,Q4,BV1 H BV2) co6CTBeHHOH yrJIOBOH paCXO.L{HMOCTH H3JiyqeHHH 

(-1/o), ~JIH 3Toro nyqoK pa3~HBaeTCH C MaJiblMH rnaraMH B 

npO.L{OJihHOM (s) H nonepeqHblX (x,y) HanpaBJieHHHX, a nJIOCKOCTh 

OT06paxeHHH pa36HBaeTCH B .LIBYX nonepeqHhlX HanpaBJieHHHX Ha 

npHMoyroJihHhle HqeAKH. .J1331yqeHHe Kax.noro 3JieMeHTapHoro 

o6beMa nyqKa npoeKTHpyeTCH Ha no, yqHTblBaH yrJIOBOe yrnHpeHHe 

KOHyca H3JiyqeHHH B BepTHKaJihHOM HanpaBJieHHH -1/o, npH 3TOM 

Kax.noa Hqe8Ke no cono~TaBJIHeTCH qacTb o6mero qHcJia ¢0TOHOB, 

nponopUHOHaJibHaH OTHOrneHHID ee .nJioma.nH K nJioma.nH ceqeHHH 

(pHc.3). 

.,r \)-'\ Fll70CKOCmb 01TIO~pO!K8H/Jf/ 
,. I ) I I_ 

(/ . ... 
\ ... 
\ ,. .. , ~ :ueMeMm 
\ ii.\\,.-
,' \ v", IT!OKIJ 
\ ,'\ L_. 

\ 
r 

\,•~~ \' I \ _. I I l"" ~,.,.~ r \ .,. \ .,. ' \ 
, ........ ~ \ ... t... J.,.,.··\ 
f I l • ' ,I 
I 
\ 
I 

\, 
I 
\." 
I 

PHC.3 3JieMeHTapHb18 
o6beM nyqKa H MeTO.L{ 
npoeKTHPOBaHHH Ha 

~ nJIOCKOCTh OT06paxeHHH 
\ ;_~ : .... ,, 

B KOHUe, npoBO.L{HTCH HHTerpHpoBaHHe no o6oeMy nyqKa: a 

nonepeqHblX HanpaBJieHHHX B HHTepBaJiaX ±10U H no .L{JIHHe s -
x,y 

B npe,neJia_x .naHHoro MarHHTHoro 3JieMeHTa. 

~JIH npoBepKH .L{OCTOBepHOCTH pe3yJihTaTOB qHcJieHHOro 

pacqeTa HCnOJih3YIDTCH CJie,nyIDmHe KpHTepHH: 

cyMMapHaH HHTeHCHBHOCTh, H3JiyqaeMaH .naHHblM MarHHTHhlM 

3JieMeHTOM, He .L{OJIXHa 3aBHCeTb OT Bbl6opa noJioxeHHH nJIOCKOCTH 

OT06paxeHHH; 

- cyMMapHaH HHTeHCHBHOCTh, H3JiyqaeMaH KBa.npynoJieM, .L{OJIXHa 

6b1Th 6JIH3KOH K H3BeCTHOMY oueHoqHOMY 3HaqeHHID; 

13 



- cyMMapHaH HHTeHCHBHOCTb, H3nyqaeMaH noaopOTHHM MarHHTOM, 

BHqHCRHeTCH aHaRHTHqecKH. 

npoaonHROCb cpaBHeHHe C • pe3yRhTaTaMH BHqHcneHHH 

aHanorHqHHX KOMnbIDTepHHX nporpaM 4 ), 5 ) . 

OCHOBHHe pe3yRbTaTH aHaRH3a ¢0Ha CH B OTCYTCTBHH 

MaCOK: 

1) MaKCHMaRbHaH noaepXHOCTHaH nnOTHOCTb CH nonanaIDmero 

Ha cTeHKY KaMepH (OT MarHHTa BV2) cocTaBnHeT 1,4 BTICM2
• 

2) MaKCHMaRhHaH noaepXHOCTHaH nnOTHOCTb CH nonanaIDmero 

a o6nacTH nayx HHJICHHX 3neKTponoa 3neKTpocTaTHqecKoro 

cenapaTopa ( OT MarHHTa BV1) COCTaBnHeT O, 3 BT/CM2
• EcnH 

nonyruHpHHa 3a3opa MeJICny 3ReKTponaMH paaHa 1cM, TO Ha KaJICnuR 

3ReKTpon nonaneT H3nyqeHHe C noaepXHOCTHOH nnOTHOCTbID 

MOmHOCTH MeHbllie 5.10-3 BT/CM2
• 

3) HeMaCKHpOBaHHaH 6epHRRHeBaH Tpy6Ka c panHYCOM 3, 5 

CM 3acaeqHaaeTcH H3nyqeHHeM oT KBanpynonH Q4 - nonHaH (OT 

o6oHx nyqKoB) nanaIDmaH MOmHoCTb paBHa. 0,8 BT, a nonHoe 

qHcno ¢OTO HOB 6, 4. 1016 ¢OT. IC. CneKTp 3TOro H3nyqeHHH 

HaMHoro MHrqe cooTaeTCTBYIDmero cneKTpa, nonyqeHHoro B 

HccnenoaaHHX B-¢a6pHKH, a qacTHOCTH nonHOCTbID OTCYTCTBYIDT 

KBaHTH c 3HeprHeH 8-9 K3B ( K-o6onoqKa aTOMOB MenH). 

MaCKHDOBaHHe, onHaKo, aeo6xo.nHMO, nocKonbKY npoxonHmee 

qepe3 Tpy6Ky H3nyqeHHe (npH HCnORb30B aHHH 

25MKM Cu+ lMM Be) naeT noaepXHOCTHYID nnOTHOCTb MomHOCTH Ha 

nepBOM Si-cnoe KpeMHHeaoro aeprnHHHoro neTeKTopa nopHnKa 
-9 2 KpHTHqecKOH (-10 BT/CM). 

B pa3n. 3. 4 HccnenoaaHH naa aapHaHTa 

3amHmaIDmHX 6epHRRHeByID Tpy6Ky OT npHMoro 

BH6opa MaCOK, 

nonanaHHH CH: 

1) KOpOTKHe CHMMeTpHqHue MaCKH H 2) nnHHHHe acHMMeTpHqHHe 

MaCKH. Ha8neHH MOmHOCTb H3nyqeHHH H qHcna H cneKTp ¢0TOHOB 

a) nonanaIDmHx Ha noaepxHocTH MacoK; 6) rrorranaIDmHx Ha 

rroaepxHOCTb 6epHRRHeBo8 Tpy6KH BcnencTBHe OTpal!CeHHH OT 

CTOPOH H BepruHH MaCOK; C) npOHHKaIDmHx qepe3 Tpy6Ky B 

4 ) CLNS 91-1050, Cornell Univ.,pp.4-8. 
5) SLAC-372, 1991, p.111. 
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neTeKTOp. Pe3yRbTaTH cnenyIDmHe: 

1) DpHMeHeHHe MaCOK B RID60M H3 BapHaHTOB Il03BORHeT 

yMeHblliHTb nanaIDmyID Ha Tpy6Ky MOmHoCTb no ~o~ BT, a qHcna 

¢0TOHOB yMeHblliHTb no -2.10 12¢0T./C. DpH 3TOM caMHH 6onblliOH 

BKnan B 3arpy3KY neTeKTOpa OTpal!CeHHHMH ¢0TOHaMH naeT 

3acaeqHaaeMaH CTOpOHa nanbHe8 (rro OTHOllieHHH K H3nyqaIDmeMy 

3ReMeHTy) MaCKH. 9TOT BKnan MOl!CHO yMeHblliHTb, ecnH yMeHblliHTb 

yron HaKROHa 3TOH CTOpOHH MaCKH (3TO cnenaHO B BapHaHTe 2). 

BKnanoM pacceHHHH OT aeprnHH MaCOK MOl!CHO npeHe6peqb. 

, I ' 
1oeme~mop / \ Is• I \ I I 

I _i.....:; I 

-- MOCK□ ./B ! •~acKa -----...:.... ____ __,,..,,,,..- e, 
.L 
I 

HcM _ J 
_J ____________ L-----------~------------L----------- ---

1H. 

Ompa/KeHHb!e q,bmoHb0 ,:. nom~m Q 4 

/ . , ::}::-r-:..::::::~ ~ 
' I \ MOCK□ 

I --,- \ 
I SI I \ 

I I \ -

/aemeKmop \ J 

PHC. 4 BapHaHT 2 3amHTH TB - nnHHHHe aCHMMeTpHqHue MaCKH. 

2) DpHMeHeHHe nnHHHHX MaCOK MOl!CeT oKa3aTbCH 

Heo6xonHMHM npH 6ynymHx HccnenoaaHHH ¢oHa co3naaaeMoro 

pacceHHHHMH qacTHUaMH, a KpOMe Toro, OHH 3amHmaIDT OT 

H3nyqeHHH caepxnpoaonHmHe KaanpynonH Q1,Q2,Q3. 

OKoHqaTenhHO, BapHaHT 2 (PHC.4) npencTaBnHeTCH 

npennoqTHTeRbHee. B 3TOM BapHaHTe noaepXHOCTHaH IlROTHOCTb 

nanaIDme8 MomHocTH Ha nepBoM KpeMHHeBOM cnoe aeprnHHHoro 
-14 2 neTeKTOpa nopHnKa 10 BT/CM , qTo HaMHOro HHlKe nonycTHMOH 

HOpMH nnH opecneqeHHH MHHHMaRbHOro BpeMeHH lKH3HH ~ 10
7 

c. 

nonHoe qHcnq rrpoHHKaIDmHx B neTeKTop 

H3 HHX 1,3.103 c 3HeprHe8 6onbrue 

3HeprHe8 6onbrue 2 K3B. 
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¢0TOHOB "" 10
6 

¢OT. IC, 

1 K3B H OKORO 10 C 



npeaBapHTenhHHe ycnOBHH Ha aonycTHMHe ¢oµOBHe 

3arpy3KH, npHHHTHe npH npoeKTHpoBaHHH aeTeKTOpa C-Tay 

¢a6pHKH mum OTBff'laIOT 1rncnaM npO.HHKaIO[UHX ¢0TOHOB. KOTOpHe 

npH6nH3HTenhHO Ha aBa nopHaKa 6onbrne nonyqeHHHX 3aecb. 

CornaCHO pe3ynbTaTaM, nony'leHHHM B 4 ), 3arpy3Ka TpeKOBHX 

KaMep npH TaKOM ypoBHe ¢oHa He3Ha'lHTenhHa. 

nepe'IHCnHM OCHOBHHe pe3ynbTaTH, nony'leHHHe B 

aHccepTaUHH: 

1. npeano~eHa HOBaH CXeMa Ma3epa Ha CB06oaHHX 3neKTPOHax, 

OCHOBaHHaH Ha reHepaUHH HHayllHPOBaHHOro CHHXpOTpOHHoro 

H3nyqeHHH C Hcnonh30BaHHeM KOnhua penHTHBHCTCKHX 

3neKTpOHOB. Pa3pa60TaHa TeOpHH HHayuHpOBaHHOro H3nyqeHHH B 

oaHonpoxoaHoM H MHoroo69poTHOM pe~HMax pa6oTH Ma3epa. 

noKa3aHo, 'ITO OH MO~eT 6HTb co~aaH Ha OCHOBe 6ymecTBYIOIUHX 

ycTaHOBOK (KOnb{la B aare3aTopax KonneKTHBHHX ycKopHTenea H 

KOnb{la KOMnaKTHHX CHHXpoTpOHOB) H 3¢¢eKTHBeH anH reHepaUHH 

MHnnHMeTpOBHX H cy6MHnnHMeTpOBHX BOnH. Tpe6yeMHe anH 3Toro 

napaMeTpH KOnhua: paaHyc OT 2 ao 10 CM, 3HeprHH OT 1 ao 10 

M3B. nonHoe 'lHcno qaCTHll 1010 
+ 1013

; Tpe6yeMaH ao6poTHOCTb 

pe30HaTopa - MeHbllie HnH nopHaKa 10
5

• npH nonHOM 'lHcne 

'laCTHll B KOnbue 10n-10n ypoBeHb H3nyqaeM08 MOIDHOCTH. B 

cy6MHnnHMeTpOBOM pe~HMe reHepaUHH -100 KBT. 

2. noKa3aHO, 'ITO npH B3aHMoae8CTBHH 3neKTPOHOB KOnbua C 

noneM pe3oHaTopa ~a6pH-nepo, MO~Ho ao6HTbCH pocTa Kn)l 

o6opOTOB) BcneacTBHe MHOrOKpaTHOro ( B Te'leHHe MHOrHX 

06'bHCHeH )33aHMOae8cTBHH Ka~aoro 3neKTPOHa. MexaHH3M 

MHoroo6opoTHOro pocTa Kn)l - OH OCHOBbtBaeTCH Ha TOM, 'ITO 

3neKTPOHH nonHOCTblO xaoTH3HpyIOTCH no ¢a3aM 3a BpeMH 

aBH~eHHH BHe pe30HaTopa. 

3. Pa3pa6oTaHa TeOpHH H3ny'leHHH paBHOBeCH08 nna3MH BO 

BHernHeM MarHHTHOM 

KOppenHUHH B aBH~eHHH 

KorepeHTHue nonpaBKH 

HenoaBH~Ho8 nna3MH H 

none, Y'lHTHBaIO[UaH aByxqacTH'lHHe 

3neKTPOHOB. Ha ee ·ocHOBe RH'lHCneHU 

K cneKTPY cnoHTaHHoro H3ny'leHHH 

penHTHBHCTCKoro nyqKa 3neKTpOHOB B 
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napanenbHOM BHernHeM MarHHTHOM none. noKa3aHO, 'ITO B o6naCTH 

BHCOKHX rapMOHHK rHpoqacTOTH (6onbrne 2 B co6CTBeHH08 

CHCTeMe nyqKa) 3¢¢eKTH KopenHUHH yMeHhlliaIOT cnOHTaHHOe 

H3ny'leHHe. HaaaeHH 

HeB3aHMoae8CTBYIOIUHX 

rpaHHllH 

3neKTpOHOB 

npHM8HHMOCTH 

3~eKTH 

MoaenH 

KOpenHUHH 
npoHBnHIOTCH 

ae6aeBcKoro 

Ha anHHax BOnH, nopHaKa HnH 6onhrne paaHyca 

3KpaHHpOBaHHH. :3¢¢eKTH KOppenHUHH MoryT 6HTb 

cymecTBeHHUMH npH H3nyqeHHH HHT8HCHBHHX ny'IKOB 
13 

3neKTpOHOB -10 B na6opaTopHo8 CHCTeMe), C 

(nnOTHOCTb 

He6onblliHMH 

penHTHBHCTCKHMH ¢aKTopaMH . (7(10) H TOn[UHH08 nopHaKa 
H8CKOnbKHX caHTHMeTpOB. 

4. Pa3pa6oTaH 'lHcneHHH8 anropHTM, no3BOnHIOIUH8, npH 3aaaHHHX 

pacnono~eHHH H napaMeTpax MarHHTHHX 3neM8HT0°B 3neKTpOHHoro 

ycKopHTenH (HnH HaKOnHTenH), TO'IHO BH'lHCnHTb HHT8HCHBHOCTb 

H cneKTp CHHXpOTpOHHOro H3ny'leHHH, -reHepHpyeMoro ny'IKOM npH 

npoxo~aeHHH qepe3 HHX. Ha ocHoBe anropHTMa co3aaHa 

6HcTpoae8cTBy10maH nporpaMMa, MoaenHpy10maH pacnpocTpaHeHHe 

nOTOKOB CH. nporpaMMa no3BOnHeT 

HHTepaKTHBHOM pe~HMe ¢opMy H nHHHH 

-paccMa TpHBa Tb 

ypoBHH nHT8H CH 

B 

Ha 

npOH3BOnbH08 nnocKOCTH BHYTPH BaKyyMH08 KaMepH ycKopHTenH. 

5. caenaHH npaKTH'l8CKHe peKOMeHaaUHH no paccTaHOBKe 

MarHHToonTH'l8CKHX 3neM8HTOB H no BH6opy reoMeTpHH BaKyyMH08 

KaMepH B ueHTpanbH08 o6naCTH C-Tay ¢a6pHKH C TO'IKH 3peHHH 

3a[UHTH aeTeKTopa OT noTOKOB CH. npeano~eHa KOH¢HrypauHH 

3a[UH[UaIO[UHX MaCOK, 06ecne'lHBa10maH MHHHManbHYIO 3arpy~eHHOCTb 

KOMnOHeHT aeTeKTOpa. )lnH 3T08 KOH¢HrypaUHH Ha8aeHH nonHoe 

'lHCno H cneKTp npoHHKaIO[UHX B aeTeKTOp ¢0TOHOB, a TaK~e 

noBepXHOCTHaH nnoTHOCTb MOIUHOCTH Ha nepBOM cnoe BeprnHHHoro 

aeTeKTopa. 06e 3TH BenH'lHHH HaMHOro HH~e aonycTHMHX HOpM. 
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