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BAKYYMHhIE 3(f>ctlEKThI B KOJIhl{AX YCKOPI1TEJIhHO

HAKOITIITEJIhHOrO KOMIIJIEKCA I1T3<1> (TBH): nperrpHHT I1T3<1> 19 - 03/ 

II. P. 3eHKeBHtf, A. E. BOnblllaKOB, E. P. MycTa<PHH M., 2003 - 16c. 

PaCCMOTpeHhI OCHOBHble BaKYYMHwe 3q>¢eKThI B naKOmrreJIe TBH (11T3<l>, MocKea). 
nOlC8.3aHO, lfTO BaKYYMHble nOTepH HOHOB B KOJIl>uaX TBH o6ycnOBJIeHhI npol(eCCaMH nepe'3apRJl.KH, 
RJl.epHOrO 83RKMo'!:{eiicTBHSi H ynpyroro paCCeHHHJI. Ha aTOMax OCTaTo"tiHoro r8.3a. npoaHMH3HpoBaHo 
B03MO)KHOe HBlleHHe poCTa ,n:aBneHIDI ra3a B KaMepe HaKonHTenn BCJlellCTBHe J1.ecop6UHH ra'3t'l co 
CTeHOK BaKYYMHOH 1<1:I.Mephf. PaCCMoTpeHhl BaKYYMHLie HeCTa6HllhHOCTH, CBjl3aHHMe co BTOPHqHblMH 
HORaMH HMeTO,!:{bI HX nO.ll.aBneHHn. 

VACUUM EFFECTS IN ACCELERATING-STORAGE RINGS COMPMLEX 
TW AC (ITEP). 
P. R. Zenkevich, A. E. Boishakov, E. R. Mustafin. 

Vacuum effects in accelerator complex TWAC (ITEP, Moscow) have been studied. The ion vacuum 
losses in TWAC rings (booster synchrotron and storage ring) appear due to following effects: charge 
exchange and nuclear reactions and elastic Coulomb scattering on the residual gas atoms. The reaction 
cross sections and vacuum lifetimes for these effects have been estimated for both rings. It is shown 
that for nominal pressure the vacuum losses are small (except of carbon losses in booster due to 
charge exchange reactions). However, the pressure in rings can significantly enhance because of gas 
desorption from vacuum chamber walls connected with two processes: losses of primary ions and the 
collisions with the wall of secondary ions accelerated in space charge field of the circulating beam 
(the ~econd process can take place only in storage ring). Analysis of these processes has shown that 
vacuum instability connected with the secondary ions is very dangerous for TWAC storage ring. The 
'instability thresholds for different kinds of stored ions and possible cures for the instability 
suppression have been considered. 

PHC. - 17, crrHCOK mIT. 10 lIaHM. 
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BBeAeHHe 
B HacTOSIIn;ee BpeMH YCKOPHTeJlbHO - HaKOIIHTeJIbHhIii KOMIIJIeKC TBH (Hf3ct» 

HaxO.l(HTCB aa CTa,llHH aaJIa,n;KH [1]. KOMIIneKc COcrOHT H3 .z:tByx Konen;: CHHXpOTpOHa

6ycrepa H HaKOnHTeJ1bHOrO KOnbn;a (panee CHHXpoTPOHa Y -10). IIapaMe1'pbl KOJIeu 

,lU1HbI B Ta6JI.l. B KalJeCTBe .popHIDKeKTOpa B HaCTO.HIIlee BpeMB HCnOJIb3YeTCB 

O)lHOPe30HaTOPHhIH JIlfHeHHbIH YCKOPHTeJ1b 11-3, KOTOPbrH YCKOpBeT reJIHeno.n;o6Hb1e 

HOHbI yrJIepo.n;a (12 c i4 
) .llO 3HeprnH 1.2-1.6 M3B/H (B HaCTOJlIlJ;ee BpeMB 3HeprHg 

YCI<opeHHhIX HOHOB yrJIepo,na cocraBJ1jleT 1.3 M3B/H, a HHTeHCHBHOcrb 

1010
HHJKeKTHpyeMoro B 6ycrep nyqKa - OKOJIO HOHOB). qacroTa rroBTOpeHIDl 

HMIIYJThCOB HIDKeKD;HH B 6yCTep - 1-2 rU. B 6y.z:tYI.UeM rrpe)lTIoJIaraeTcg COOpy)lHl'b 

HOBhIii HIDKeKTop 11-4, KOTOpnm n03BOnHT yaeJIHlJHTh 3HeprnlO .llO 7 M3B1H H 

HHTeaCHBHOCTh HHJKeKTHpyeMoro nylJKa .l(O (3-5)*1010 
HOHOB/lUIKJI. Ha HHJKeKTope 

6Y.lleT YCTaHOBneH HOBbIH JIa3epHbIH HCTOlJHHK, KOTopblii:, nOMHMO yrJIepo.lla, 6y)J,eT 

YCKOPS,[Th TaK)I(e HOHbI C 60JIee BblCOKHM aTOMHbIM HOMepOM (HanpHMep, 27 Arll H 

S9CO+
25 

). I13YQaeTCB TaKJKe B03MOJKHOCTb yaeJIH"lfeHHg qaCTOTbI HHJKeKTOpa H 6ycTepa 

.llO 10-20 fn;. 

3Hepf'IDI Bbme)J,eHHblX H3 6yCTepa HOHOB COOTBeTCTByer MarHHTHoH JKeCTKOCTH 

10 TJl*M. 3m HORbI HH)I(eKTHpyroTCB B Y-10, B KOTOPOM OHH rrOJIHOCThlO 

06)J.HpaJOTCg Ha rrepe3apMHOH MHmeHH H HaKaIIJIHBaJOTCS: C nOMomblO nepe3apB)lHoH: 

MHoroo60pomoH: HIDKeKUHH. OCHoBHble nap8Me1pbI KOJlen; )J,aHbI B rn6Jl.l ()J,aHHble 
2SlJepe3 KOcyIO cKo6K)' 3HeprHH COOTBeTCTByroT HOHaM 1ZC+4, 27 Arll 

, S9CO+ ). 'tbIcno 

MOJIeK)'n raJa B KaMepe COOTBeTCTBYeT HOMHHaJIbHOM)' .n;aBJIeHHlO H HOMHHaJThHOH 

TeMnepa1)'pe (20 rpa,nyCOB LteJIbCHs.&:). 

B 6ycrepe Ha6mo,n.aroTCg 60nbmHe nOTepH HOHOB (rropg.z:tKa 80-90%) npH 

3aXBare B pe)I(HM YCKopeHHs.&:, a TaKJKe H3-38. HX B3aHMO)J,eH:CTBHg C MOJIeXYJIaMH 

OCTaTOlJHOro ra3a. IIorH6IIIHe "IaCTHQbI nona.nalOT Ha cTeHK)' KaMephI H MOryr 

Bbl3bIBaTh POCT .llaBJIeHHg H3-3a ,n.ecop6n;HH MOJIeKyJI ra3a co CTeHOK BaKyyMHOH 

KaMephI. 

B HaKOIIHTeJIe B03MOIKeH H ,n.pyroii MeXaHH3M nOBhImeHIDI ,n.aBJleHHg: «BaKYYMHWI 

HeYCToii'IJHBOCTb», B03HHKaromag npH HaKOnJIeHHH CHJIbHOTOlJHOrO UHpKyJIHpYlOmero 

nyqKa C 3aMeTHhIM npOClpaHCTBeHHbIM 3apg)J,OM. 3JIeKTPOCTamlJeCKOe KyJIOHOBCKoe 

nOJIe nyqKa YCKopHer HOBbI, 06paJy1OIIUiecg npH HOHH3aJ..{HH OCTaTO"IHOrO ra3a B 

KaMepe. DOM6ap.llHpoBKa CTeHKH KaMepbI YCKopeHHbIMH HOHaMH npHBO.llHT K 

.llecop6n;HH MOJleKYJl OCTaTolfHoro raJa. YXYJOlleHHe ,n.asneHHs: H3-3a ,n.ecop6QHH 

YBeJIH"lfHBaeT nOTOK BTOPHlJHhIX YCKOpeHHbIX HOHOB 'IaCTHI(, 'ITO H MOJKeT npHBecTH K 

B03HHKHOBeHHIO BaKyyMHOH HeYCToi'illmroCTH. 
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TIO.lllJepKHeM, 'LITO YXY.llllIeHHe .llaBneHIUI, nOMHMO pOCTa IIOTepb l.J:aCTHU Ha 

BaKY)'Me, MO)KeT TaK)Ke npHBeCTH K .1lpymM BpelUibIM 3Q>Q>eKTaM. HaH60nee onaCHbIM 

H3 KOTOPbIX HBJl.Sl.eTC.sI POCT KOHI(eH'I'pauHH 3JIeK'I'pOHOB B OKpY)KaIDIUeM nYQOK 

«3JIeKTpoHHOM o6naKe». TaKoH pOCT KOHueHTpaUHH MO/KeT YXY.llllIHTb nonepel.J:HYIO 

YCTOHqHBOCTb HOHHOfO nylJJ:(a. 

l\eJIblO ,naHHOH pa60TbI H HBAAeTCH aHaJIH3 BaKYYMHhIx 3Q>Q>eKTOB B TBH 

YCKOPHTeJIhHO-HaKOnHTeJIbHOM J:(OMnneKce I1T3<1>. 

Ta6nHua 1. IIapaMeTpbI KOIIeu KOMI1JIeKCa TBH. 

I TIapaMeTp Eycrep Hal<. KOJIhll,O 

.LVrHHa Op6HTbI (M) 220 251 

EeTaTpOHHaH 4aCTOTa 5.7 9.3 

MarHHTHruI /KeCTKOCTh (Tn*: I) 10 6.67/8.46/9.26 

fop. H BepT. aKCeIlTaHC 

I(MM*MPa.u) 

80150 100/60 

06beM BaKYYMHOH KaMepbI 
(M3) 

1.5 1.8 

OTKaQHaH cnoco6HoCTb 

HaCOCOB (wc) 
500 500 

,naBneHHe B KaMepe (Topp) I lO'!} 5·10-9 

tIHcno MoneKYn fa3a B KaMepe 5.1013 3,2.1014 

3HepmH HIIIKeKUHH .llJIH 11-3 
(M3B/H) 

1.3 410/4851530 

3HepmH BbIXO.1la.1lmI 11-4 
(M3B/H) 

7 5851770/830 

1.BpeMH)KH1HH Ha BaKYYMe. 
ilPM HaJIH4HH .n:ecop6uHH npH6JIlDKeHHbIH: aHaJIH3 I10Tepb HOHOB H pOcTa ,naBJleHHR. 

MO)KeT 6hITb BhInOJ1HeH C nOMoml~~ cneJJYIOmeH ~HcTeM~I ypaBHeHHH: 

-'=<l>(t)-N[-·+_.-]
dt To(t) Tp(P,t)j I 

(1) 
dP =<l> (N P ) _ p Po 

p i> ,I

dt Tpw1IP 


3.n:ecb N j - qHCJIO MOROS; P - .llaBJIeHHe OCTaTOlJHOrO ra3a B KaMepe (Po- 3HalJeHHe 

.lI.aSneHHR. B OTCYTCTBHe nY4Ka); Tp(P,t) - BpeMH )I(H3HH qaCTHu B KaMepe H3-3a 

BaKYYMHbIX nOTepb; 1'0(1)- BpeMJI IKH3HH 4a(''THU B KaMepe H3-3a OCTaJIhHbIX 3Q>cpeKTOS; 

http:HBJl.Sl.eTC.sI
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ct>}'III<I{IDI <I>i(t) OrmChIBaeT HH)l(eKUHIO qaCTBll B KaMepy, a CPYHl<I.UUI <f)p(~.p,t) 

CKOPOCTL pOCTa ,n;8BJIeHIDI H3-3a ,n;ecop6D;HH; rpwmp - BpeMJI OTKa~ (rJ1IIIffP = V IS, r,n;e V 

- 06'LeM BaxyyMHOH KaMepbI, S - CKOPOCTL OTKaqKH '9 ~C-l). 
llo,n;qepmeM, T.fl'() 3TH ypasHeHWI ormCDIBalOT BaKyyM.HhIe JIBJIeHIDI «B cpe,ll;HeM»: B 

,n;eHCTBHTeJIhHoC1ll~ KaK CKOPOCTb OTKaqKH, Tax H CKOPOCTb ,n;ecop6.QHH CIIJIhHO 

BapbHpyI01"C.H BHyTpH BaKYYMlIOH K8.MepbI, lITO IIpHBO,lun K nox:sneHBJI YQac11{OB C 

JIOKaJILHbIM nOBbIllleHHeM ,n;aBJIeHIDI (<<6aMnOB») H ,n;IDKe, B03MO)l(HO, C JlOK8JI]':,HOH 

HeYCTOHq}fBOCTLIO. MbI, O,l\HaKO, B ,l\aHHOH CTa.1'be He 6y,n;eM paccMaTpHBaTh 

nOK8JIbHbIe 3<p<peK'l'bI. 

PaccMOTpHM MeXaHH3MbI BaxyyMHbIX nOTep.b HOHOD, onpe,n;e.runoII(He r,(P,t). 

RBrreHml, npHBo~e K BaKYYMHbIM nOTep5IM, MO)l(HO p336HTb Ha «6bICTphIe» 

npou;eccbI, B KOTOP:bIX KID.K,l(bIH aKT B38HMO,n;eHCTBIDI npHBO,ll;HT K rH6eJm qaCTHUbI, H 

«Me,l(JIeHHbIe» npOUeCCbI, npHBO,lJ)l1IUfe K 3BomoUHH ct>YHKD;HH pacnpe,n;eneHml qaCnUl 

B ct>330BOM npoC1]>aHCTBe. K «6b1CTphJM» npOueCC8.M OTIIOC5ITC»: 1) rrepe3ap».n:Ka; 2) 
».n:epHoe B3aHMo,n;eHCTBHe; 3) KYJIOHOBCKoe pacceKHHe Ha 60Jl.bIDHe yrJIbl. OCHOBHbIM 

HCT01f.HHKOM Me,n;JIeHHbIX noreph B TBH HBJI»efC» MHoroKpamoe K)'JIOHOBCKoe 

paccemme. BpeMJI «6bIC1]>bIX» IlOTePb 

r/u1 =1I(pcdu1os ) ' (2) 
r.ne P.y - peJI5ITHBHCTCKHe napaMeTpbI, Ni - YflICJIO UHPKYJIHpYIOIIl:HX HOROB, d -

MOJIeKYmIpHaSI nJIOTHOCTb. MOJIeKYJISlpHaJI llJIOmOCTb d = n/ruh ~ To , r.ne
P",m T 

3 
HJ.mh =2,7.10'9 CM- - 'llIcno JIomMB,llTa, pa:aHoe nnomOCTH r33a npH aTMoccpepnoM 

,n;aBJIeHHH, P - ,n;8BJIeHHe, P",m - aTMoccpepHoe ,n;8BJIeHHe, T - a6COJl10THaSl TeMnepa1YPa, 

To =273 rpa.n:yca - a6COJl1OTHM TeMIIepaTYpa, COOTBeTCTBYJO:m;aa: 0 rpa.n:yCOB no 

UeJIhCHIO. lloJlara», T.fl'() T=293, II nO,llCTaBJOOI BbIpIDKeHHe .lVllI nnOTHOCTH B Yp. (2), 
rronyqHM 

r/~t =0.95.10' I(PPu, ... ), (3) 

r,n;e ,n;aBJIeHIIe ra'3a P H3Mep5IeTC5I B 10-9 
Topp, a 3q,q,eKTHBHOe ceqeHHe norepb ulos 

BbIpmKaeTC5I B 6apHax (1 0-24 c~). 3m ceqeHHe onpe,n;eJllleTcJJ q,OpM)'JIOH: 

~=~+~+~ ~ 
B Yp. (4) U dlex - Ce'l:leHHe nepe3ap5I.D:KH, 0'IIIICI - Cel:J:eHHe Sl.D:epHoro B3aHMo,n;eACTBH5I, 

(J'COId- celJeHIDI KyJlOHOBCKOro paccemH.H Ha 60JIhlliHe yrJIld. ITPH HaJI.HlmH B K8Mepe 

CMeCH ra30B 

(5) 

r,n;e CTIcs In - napUHaJIbHbIe rronepelJHhle Ce'l:leHHJJ nOTeph ,ll,lUI KOMDOHeHTbI ra3a C 

HOMepoM m, 11m - ,n;OJISl ,n;aHHoii KOMnOReHTbI r33a (11". =dlll I d , r,n;e dm napUHaJlhHalI 

MOJIeKY1ISlpHaB flJ10THOCT.b KOMnOHeHTbI C HOMepoM m). Cel:J:eHHe nepe3apJJ,ll;KH 

HaxO)lR1l0Cb C nOMOlI{b1O nporpaMMbI "CHARGE" [2]. ECJIH &Wdre.x - pacl:J:eTHruI 
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2
BepmrrHOCTb nepe3apAAKH HOHa Ha crroe BemeCTBa TOJIIIUfHOH M (B Mr/cM ), TO 

Cel.{eHHe nepe3ap~J1,lUI (B 6apH) onpe.lJ.err~eTC~ Crre.lJ.YlOmei1 qmpMyrrOH: 

=1027
(j L1wcl= ~ (6) 

che.< tJ N.~' 

r,.o;e ~ - aTOMHbIH HOMep MHweHH, N4 - "tlHCrrO ABora..a;po (NA =6.02.1023 
). 

CeqeHHe SI,.o;epHoro S3aHMO.lJ.eHCTBHSI (s 6apH) [3]: 
Ajlil.All/l 

(jllllc/ =m-/(A/
11 

+A,l/l +a III 1/3 c)2(1-Bc IEcM) , (7) 
Ai +A, 

rJ1.e fo=0.11 eM, a=1.85, c=2.0, Zi./ - 3apSlJ1,OBblH HOMep u,HpKynHpYlOmero HORa H 

MHllIeHH, Ai" - COOTBeTCTBYIOI.UHe aTOMHhle HOMepa, Be 

TCM 
- KltHeTHl.{eCKaSI :mepnf51 B CHCTeMe eM, Eo - 3HeprHSI nOK051 npOTOHa. 

A/3CM y CM 2 
ECM =AJ 1+( A, ) -1]+AI(YcM- 1)] (8) 

I1epBoe cnaraeMoe COOTSeTCTByeT KHHeTHqeCKOH 3Hepnm HOHa, BTopoe cnaraeMoe 

~ t 
KHReTHqeCKOH 3HeprHH 5I.lJ.pa MHmeHH (3,[(eCb PeM 1 A II .d' reM =~' 

+ r r, 't I - PCM 
KrraCCHQeCKHH Pa.D.l1yc npOTOHa fp = 1.53.10-16 cm, KYJIOHOBCKHH pa.rtHYC 

'c = 1.3.10-13 cm). 

CeQeHl1e nOTepb 113-3a O.l1.HoKpaTHOrO K)'JlOHOBCKoro pacceRH~: 
21rf 2Z?Z2 

U fltrl - P" (9) 
Coul - A/p4y2()ma/ 

B :nOH <popMYIle yrIloBaSI anePTYpa KaMepbI ()max 2 onpe.lJ.emleTC5I Bblpa>KemfeM: 

_1_
2 

=Ph + P. (10) 
OlllS. eh e.' 

r.ue Bh ,Bv - ropH30HTaITbHblH H sepTHKaJlbHbrH 3MH1TaHC nYl.{Ka, Ph H Pv - CpeJ1.HHe 

3HaQeHH5I COOTBeTCTSYIOIUHX P-cPYHKUHH. CKOPOCTb HarpeBa no yrJIy no OJ1.HoH H3 

rrOnepeQHbIX CTeneHeH CB06o,W>I onpe.lJ.eJUIeTCll CJIeJ.(ylOlI(eH <P0PMYJIOH [4]: 
d0 

2 
_ [13.6Z"]2 I . (11) 

-;;; - pcPA, X" 

r.ue x - n}'Th, npoli.ueHHbIH B BemeCTBe (B r/cM2), pc H3MeplleTC5I B M3B/HYKJIOH, X' 
- pa,n;HaI.J;HOHHaSI AJIHHa .lJ.aHHOrO selI(eCTBa. I1epexo.u51 K BpeMeHH H ycpe.n:IDUI no 

KOMflOHeHTaM raJa, nOJIY1.lliM: 

d0
2
_=C ~p"JljA,j (12)dt (J a 4y 2 A2 ~ X' , 

Pi " J J 

r.lJ.e - A/ MOJIeKYJI5IpHbIH Bee ,llaHHOH KOMTIOHeHThI, a C(J =1.7 .10-5 (.AaBJIeHHe 

BbIpruKeHO B 10-9 
Topp). BpeM5I >KH3HH H.3-3a MHorOKpaTHbIX KYJIOHOBCIGlX nOTepb: 

(13) 

http:OlllS.eh
http:5I.lJ.pa
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IIOlmoe BpeMSl >ICH3HH no BaK)'YMY 
l' .low1' flul 

1: 	 - p p (14)
P 1'/IOW +1'pfM/ 

Pe3YJILT8.ThI pactIeTa ceTfeHHii H BpeMeBH JKB3HH na Ba.ICYYMe JlIDl 6ycrepa H 
Ha:KOIIHTemI npHBe.n;eHbI, COOTBeTCTBeHHO, B Ta6JI. 2, 3 (.n;8.HHble nOCJIe Kocofi tIepThI B 
Ta6JI.2 COOTBeTCTBylOT 3HeprHH BhlXo,na HOBOm m{)KeKTOpa)~ llpH pacqere 
npe.nnoJIaranca cJle.nyroo::urlf COCfas r33a: H2-65%, N2 - 25%, Ar - 10% (3TOT COcraB 
6JlJ130X K H3MepeHHoM)' cocraBY r33a B SIS-18: H 2 -65%, 0 1 H 20 - 17%, co1 N z - 8%, 
Ar - 4%, C/ - 4%, CO2 - 1 %). ,ltaBJIeHHe H .n;aHHble <POIcycHpyromeit CHCTeMhI 
COOTBeTCfByroT Ta6Jl.l. 

Ta6.IIJf"Qa 2. Ce-qeHIDI nOTeph H BpeMSl >ICH3HH Ha ra3e B 6yCTepe. 

BH,l.I;HOHa 12 c+4 21 Arll S9CO·2' 

3HepI'HSI HOHa (M3B) 1.3/7 1.3/7 1.3/7 
Uc/uJ«6apH) (2,09/0,8)·10' (1,9110,87)·10s (5,69/1,83) .104 

UCo,/4I1 (GapH) (3,210,12).104 (5,210,18)'104 (35,8/1,15)-103 

(fCo,/tJ1IT (6apH) (7.1512.48) .107 (7,2126,9) ·lOS (9,70/1,96) .104 

t/tJ1IT1~ 0,862/0,98 46,319 1951533 
sI_ 

tp (c) 69,11862 80,4/577 42,8/399 

rp(c) 0,852/0,977 29,418,86 35,11228 

Ta6mm;a 3. CetIeHIDI nOTepb If BpeW! >KH3HH Ha ra3C B Ha:KOnHTeJIe TBH. 

BH,llHOHa IlCff> 12Cff> 27 Az+U SlIeo+27 

3HeprIDI HOHa (M3B) 200 440 600 660 
(fc/uJ< (6apH) 0,00173 2,232·10-4 0,017 0,288 

U Coui 
fost (6apH) 6,03 1,469 0,798 0,613 

u
fllltl 

(6apH) 0,919 0,923 1,428 2,16 

ulo! (6apH) 6,955 2,394 2,225 2,775 

1'/tlSI (c) 4,824.104 1,083·10' 1,077 ·lOs 8,457.104 

1'/014' (c) 4,698.103 1,492.104 2,537 ·10' 3,233.104 

1'p(c) 4,218.103 1,311.104 2.054.104 2,338.104 
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MbI BH,ll;HM H3 Ta6n. 2, QTO ,ll;JUI 6YCTepa BaKYYMHOe BpeWi iKH3HH MHHHMarIbHO 

,D,JUI ymepo,ll;a; B OCHOBHOM 3TO BpeMs{ )[(H3HH onpe,D,eJUleTcJI npoueccoM nepe3ap'l,l(KH; 

.llJUI OCTaJIbHhIX BHJlOB HOHOB BaKYYMHhIe nOTepH npH HOMUHaJIbHbIX 3HaQeHH'lX 

.llaBJIeHHX H aKceIITaHca KaMepbI ManDl. 

B HaKOnHTeJIe (Ta6n. 3) BpeMH iKH3HH no BaKYYMY onpe.llenHeTCH, rJlaBHbIM 

06P830M, POCTOM 3MH'ITaHCa H3-3a MHOrOKpaTiiOrO KyJlOHOBCKoro paeCe.aHlu. ,l1;ruI 
HOMHHaJlbHOrO aKCemaHCa KaMepbI If HOMHHaJlbHOro .llaBneHHJI 3TO BPeMJI >KH3HH, KaK 

npaBHnO, MHoro 60JIbllle BpeMeHH HaKOnneHHJI; npH YMeHbllleHuH aKc.enTaHCa U/HnH 

YXY.lllIIeHBH .llaBJIeHIDI BaKYYMHble nOTepH MorYT craT.b cymeCTBeHHblMH. 

2.BaKYYMHaH HeycTOUQHBOCTb 
BaKYYMHasI HeYCTOHt:IHBOCTb no.ll .lleHCTBHeM YCKopeHHbIX BTOPWIHbIX HOHOB BnepBhIe 

Ha6mo.llarracb B Intersecting Proton Storage Rings (ISR) B,CERN (cBO,lJ;Kape3YJIbTaTOB 

,lJ;aHa B [5]). BaKYYMHWI YCTOj{t:IHBOCTb onpe.llemleTCJI BbIXO.llOM Jl;eCOp6UHH no.ll 

.lleHCTBHeM BT()pHt:IHOrO MOHa, Ksec, Ksec ::z:. N""'i'* lion (3.lleCb New, - KOJlHt:IecrBo 

3MHTHPOBaHHbIX MOJIeKyJI raJa Ha O.llHH na,nruoIl(HH BTOPHl.IHblH waH). BbIXO.n; 

BTOPHtIHOH .necop6UlfH 3aBHCHT OT BH)1;a rra.nruomero BTOpH't.IHoro BOHa, BH,lla 

BbI)lemnOmeHCJI H3 creHKH f830BOH MoneKynbI H COCTOJlHHH nOBepXHOCTIf, a TaKiKe OT 

3HeprnH BTOpHl.IHOrO HOHa (8 3B), KOTOprur onpe,.a;errHeTCJI BbIpIDKeHHeM: 

V ~ 1.5·\0-9 Nil, (l+2In£.) , (15)
L a 

r)le L - .n;JlHHa Op6HThI B M, b - pa3Mep KaMepbl, a - pa3Mep nytIKa 

lliMepeHHble 3HaqeHHJI ~ .D;Jla p83JIHqHhlX. r830B H P83JIH"t{HbIX 3HeprHH 

rra,naIOmHX HOHOB .n;aHbI B Ta6rr. 4 (MaTepUaJI - Heo6pa6oTaHHaJI Hep)J(aBelOmasl CTarIb). 

06pa6oTKa nOBepxHoCTH MOiKeT '3aMeTHO YMeHblllHTb nOT napaMeTp. OnK.Hr In situ 
.D;O 300' C B TeqeHHe 24 ~laCOB YMeHblllaeT BbIXO.ll ..a;ecop6UHH, B CpeJl,HeM. B 3 pa'3a. 

Donee crrO>KHaJI npoue.nypa (OTIKHr B COeJl,HHeHHH c aproHHbIM 'fJ;IelOIIJ;HM P83psmOM, 

'3a KOTOPbIM cne~eT .llOnOnHHTeJIbHbIH: OTiKHr in situ) rrpHBoJl,HT K .llaJIbHemneMY 

cYllJ,eCTBeHHoMY yMeHbll1eHHIO~e' B HHTepecHoM .llJISI Hac .D;Han830He napaM~OB (c 

3HeprneH HOHOB W MeHbllIe, l.IeM O~5 K3B) K03<P<PHUHeHT .lleCOp6UHM Jl,JIJI 

He06o)[()I(eHHOH cram1 orrHCbIBaeTCa KB8JXpaTHl.IHOH: <PYHKIlHeii: 

K'J/ef:°=a1f!'+a2W
2, (16) 

fJl,e K03<P<pHlI.HeHTbI a l •2 Jl,aHbI B Ta6n. 4. 

CKOPOCT,b pO>K,UeHuH BTOPHqHbIX HOHOB 

~£.=f3cda N (17)dt Ion , , 

r.n;e napUHaJIbHOe nOnepel.lHOe CeqeHHe HOHH3auHH U io,,'" [6]: 
Z2 ~ 

U. ~[C+M2(ln~- (2)] (18)
"ill

In 
{3< I _ {32 f/ 

3.llecb Z; - 3ap5l.ll0BbIH HOMep HOHa, K03tP<PHUUeHTbI C H M2 '3aBHC5lT OT BH.lla fa3a (Jl,JUI 

830Ta C=34.8 H M2=3.7), YHHBepCaJIbHM KOHCTaHTa K 1.87.10-24 M2. 

http:BbIXO.ll
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Ta6mm:a. 4. K03tPtln{UHeST ).J.ecop6UHB .z:our HeoGollOKeHHOH: Hep)f(aBeIO:m;eii CTaJlH. 

Energy (ke V) H2 CO CO2 CRt 
0.5 4 2.9 1 0.35 
1 5.4 4 1.4 0.45 
2 7 5.4 1.8 0.6 
a l 10.6 7.6 2.6 0.95 
a 2 -5.2 -3.6 -1.2 -0.5 

dN 
BBe,I(eM BpeMSI HOHmamm f'lt1If = Nt 1---1!E..; KpoMe Toro, npe.nrrOJIO:>KHM, 'ITO npH

dt 
06paGOTKe nOBepXHOCTH xap3KTep 38BHCBMOCTH K03tPtPlfUHeHTa BTOPHlIHOH 

,I(ecop6UHH OT 3Hepnrn He H3MeHHeTCSI; TOr).J.a CKOPOCTb mrreKaHIDI raJa H3-3a 3toro 
npouecca MO)f(HO 3aDHcaTb B CJIe.nYlOllI.eM BH,lle: 

dNsce =A f( O(N).!!J... (19)
dt tr...., I f'Jim 

B 3TOM ypaBSeHlIB «K03CPCP~HeHT 06pa6oTKH nOBepXHOCTH» Air OITHChIB8.eT 

ynyqmeHHe ee xapaKTepHCTHK npH 06pa6OTKe. BpeMeHa HOHH3~HH ,AIlS p8.3JIH1lllb1X 

THIIOB HOHOB (npe).J.llOnaraeTC.SI, 'qTO COCTaB ra3a COBrr8,llaeT C 81818) llpHBe,AeHhI B 

Ta6n. 5 (nepBhIe TPH p.B)la - .z:our 6ycrepa, OCTWIhH:&.Ie TPH - ,nruI HaKOmrreJlbHOrO 

KOlILUa). 

J];ecop6:QIDI rro,ll; ,lI;eitCTBHeM BTOPH'qRhIX HOHOB llpHBO.D;IIT K B03HHKHOBeHHIO 

BaKyyMBoii HeYCTOHqJfBOCTH C BpeMeHeM p33BHTftjI rropSI.AKa BpeMeHH OTKa'qKH. 

IlOpOroBLIA TOK 3TOH HeycTOiiQHBOCTH orrpe).J.eIDlerC.SI cne).J.ylO:m;eit tPoPMYJIoii [6]: 

(20) 

r,ll;e S - CKOPOCTb OTKaq}{H BaKYYMHOH CHCTeMhI, L - lQIHHa M8IlIHHhI, 11"" 
K03CPtPHUHeBT BTOPHQSOH 3MHCCHH (KaK BImBO U3 Ta6n. 4, 3aBHClIlI(Hif. OT 3HeprHH 

HOHOB, TO eCTh OT [lim)' llpe).J.llOnO)l(HM, lITO 3Ta 3aBHCIlMOCTh COBn8,llaeTC ,lI;aHHhIMH 

,lUUI BO).J.OPO;:I;a H Heo60)f()KeHHOH: CTaIIH, rrpHBe.n;eHHbIMH BblllIe (Ta6n.4); TOr.n;a 

(21) 

r.n;e al =0,761 p,a2 =-0.0051If. B Yp. (21) MHOlKHTeJIb Ad OnHChIBaer· rrO,I(aBJIeHHe 

.n;ecop6UHH H3-3a o6pa6OTKH nOBepxHOCTH. ProYJILTaTbI pac'qeTOB noporoBbIX 

UapaMerpoB .n;aHbI B Ta6J1. 6. IlepBaJI UHtPpa COOTBeTCTByer A d =1, BTOpble UHCPpa 

(uoene KOCOH CKo6KH) Ad =0.1. 

http:orrpe).J.eIDlerC.SI
http:OCTWIhH:&.Ie
http:npe).J.llOnaraeTC.SI
http:OITHChIB8.eT
http:CJIe.nYlOllI.eM
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Ta6mnta 5. CeqeHHSl H BpeM}I HOHH3aW{H B KOJIbUax TBH JUUI Pa3JlHtfHbIX HOHOB. 


BH.nHOHOB 3HeprH}I 

(M3B/H) 
(J'ion (B 10"18 

CM2) 

'iOIl( C) 

12e"" 1.2 (7) 1210 0.175 
27 Ar" 1.2 (7) 9160 0.023 
S9 Co+2S 1.2 (7) 47000 0.0045 
12C-MI 440 41.8 0.402 
27 Aru 600 170 0.090 
~9 CO+27 660 730 0.021 

Ta6J1Hua. 6. nOporOBhle napaMeTpbl ,n:JIS BaKYYMHOH HeYCTOHtfHBOCTH B HaKOnHTene 
TBH. 

12 C-MI , 440 M3B 21 Ar l3 
, 600 M3B $9 Co +21 , 660 M3B 

lllnlise.: (A) 0,459 0,245 0,118 

11_ 0,679/0,207 0,47710,147 0,33210,107 

111m (A) 0,676/2,21 0,51311,67 0,356/1,10 

N1jm (6.08126).1011 (2,59/8,44)-1011 (8,48126,2) _1010 

3HeprHSl 

(~) 
nyqKa 0,513/2,22 0,67212,19 0,528/1,63 

Mhl BHAHM, T:fTO 6e3 no.n:asneHHSl )J;ecop6UHH rrpe.n:em.HM HaKOIIneHHasI 3HeprHg rry1{Ka 
IIpHMepHO Ha 2 nop5UXKa MeHhwe npOeKTHhIX rrapaMeTpOB TBH. fIo.naBJIeHHe 
,n:ecop6UI-lH Ha nopSl,n:OI< n03BOAAer S 3-4 pa3a YBeJIHtfHTb rrpe.n:enhHbIH TOK lfaCTHU H 

npe.z:teHhHYIO HaKOrrneHHYIO 3HeprHIO. ,[(IDI ,naJlhHeDmero rrO){aBneHBJI BaK}'YMHOH 
HeYCTOH1.IHBOCTH B03MO}f(HhI cne.nyroIIU:le MephI: 1) yseml'leHHe OTI<atfHoit 

cnoco6HOCTH BaKYYMHOH CHCTeMbI; 2) YBeJIHQeHHe 3HeprBH HaKOnneHHblX QaCTHIJ; 

{rrpH 3TOM YMeHhWaeTC.H (1'wn). 

3. )J.ecOpO~B raJa npH rHOeJIH nepBH'IHOrO DOHa. 
B nocneAHee BpeMR 6hIDO 06HapYiKeHO, 'ITO npH rn6eJIH nepslfllHoro BOHa Ha 

CTeHKax SaKYYMHOH KaMepbI B3-3a JlecOp6UHH B KaMepy MOJICeT BbT,n:eIDIThC.R 

3Haq-HTeJ1hHOe KOJIHlfeCTBO MoneKYJI ra3a (CMOTpH, HanpHMep, (7]). HaTeI<aHHe 

MoneKyn B KaMepy onpe.neIDIeTcs: B.hIXO.IJ;OM ,necop6UHH npH nMeHBH rrepBlflIHoro 

HOHa, ~, KOTophm onpe)J;enS:eTCH KaK 

http:rrpe.n:em.HM
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(22) 
3.n;ecb N....u KOnlflIeCTBO 3MHTHPOBaHHl:>IX MOJJeKYJJ ra3a Ha OJUfH na,nworrudi Ha 

CTeHICY nepBHqHbIH HOH (CJJe.n;yeT rrO.nqepKH}'Tb, 'tJTO HapMY C raJOM B KeMepy 

Bl:>IJtemtlOTCSI H aTOMbI MeTanna, 113 KOTOPOro COCTOHT CTeHKa; BpeMR )l(H3HH 3THX 

aTOMOB, O.llHaKO, npeHe6pelK1:IMO MaJIO H3-3a HX CnHnaHH.SI CO CTeHKoH). BbIXOJ{ 

J{ecop6U:HH .3aBHCHT OT BH,Ila HOHa, ero 3HeprHH, yrJIa na,n;eHHSI HOHa Ha nOBepXHOCTb 

BaKYYMHOH KaMepbl, COCTOSIHIDJ 3TOH nOBepXHOCTH H KOHu:eHTPau:HH 

a6cop6HpoBaHHbIX aTOMOB ra'3a. 

B 3KcnepHMeHTe B rel1 rronylfeHbl rrpH6JIH3HTeJIbHO TaKHe ,naHHble (Bee OHH Ha 

HORbI C 3HeprHeH 1.4 r3B/HYKJJOH): -HOB yrJIepo,na C+1 OT 3.5/HOH Ra KpeMHHH .nO 

120/HOR Ha amOMHHHH (10/HOR H SO/HOH Ha Hep){(aBelOmeii CTaJJH .n;ayx pa3HbIX 

THTIOB), HOH xpOMa Cr+1 OT 160/HOH Ha nOnHpOBaHHoit Me,nH J1.0 350/HOH Ha Me.n;H, 

nOKpbIToA cepe6pOM (300/HOH H 240/HOH H8 Tex x<e ,nByx copTax Hep)[(aBelOIl(eA 

CTaJIH), HOHbI CBHHu:a Pbt-l7 J1.aJIH npH6JIH3HTeJIbHO 3000/HOH Ha Hep){(aBelOIUeii CTaJIH 

[8]. 
MeXaHH3M 3Toro aBneHIHI He BnOJIHe SlceH, H .llOCTOBepHM TeopaH 3$4>eKTa nOKa 

OTCYTCTBYeT. O.nHH H3 B03MO){(HbIX nO)lXO.llOB pa1pa60TaH B pafioTe [9], B KOTOpoA 

HCCJle.nOBaHa .llecop6U:HSI aTOMOB MeTaJIJIa. B 3ToA MO,nerIH npe.nnonaraercR, 'ITO 

3HepfHR HOHH3au:HOHHbIX nOTeph HarpeBaeT aTOMhI MeTaJIJIa, HaxOJI.SIIllHecR BHyrpH 

[dE dE 
TpeKa; TeMrrepaTYpa 3THX aTOMoa T - Vd;' r,ne dx - 3neKTpoHHrut y,nerIhHWI 

HOHH38UlUI (B 3B/CM). ECJIH 3Ta TeMnepaTYpa 60JIbWe TeMnepaTYPbI HcnapeHHSI, TO 

Bce aTOMbl MeTaJIJJa B -rpeKe HCnapJIlQTCR (BMecre c 3aKJllOqeHHblMH BHyrpH TpeKa 

MoneKynaMH ra30B). IIo,ntIepKHeM, tiTO HcnapeHHe MeTaJIJIa CaMO no ce6e He onacHO: 

aTOMbI MeT8JIJla, KaK npaBHJlO, CJIHnaIOTCSI co CTeHKOH rrpH nona,n;8HHH Ha Bee, If BpeMs{ 

HX iKH3HH B KaMepe MaJIO. TaR HJ1H HHaqe, B paMKax :nOH MO.neJIH npe.nnOJIaraeTCSI, 

dE 
l{TO .necop6u:H.R B03paCTaeT C POCTOM dx' quCJIeHHbIe npOrH03bI C nOMoIUbIO, 3TOiI 

TeopHH. O)lHaKO, BeCbMa Heonpe.neneHHbI. 

TaKHM 06pa3oM. MbI BH.QHM, tfTO H3MepeHHLle 3Hal{eHH.SI A, IDHpoKO BaphHpYIOTCR, 

a TeopIDI He n03BOJI.sIeT npe.nCKa3aTb K03q,¢lHU:HeHT J1.ecOp6UHH C .ltOCTaTOlIHO~ 
TO'tJHOCTblO; rr03TOMY MhI B JJ.aJI.bHeHWeM 6y.neM paCCMaTpHBaTb A, KaK CBo60JJ.HbUf 

napaMeTp. 

4. BaKYYMuLle nOTepH HOUOR R 6ycTepe 

B 6ycTepe HHTeHCHBHOCTb nytJKa cnHIIIKOM MMa, tJT06bI YCKOPHTb BTOPHlIHbIH 

HOH ,no rrOTeHUHarra, BbI3bIBalOmero 3aMeTHYIO JJ.ecOp6u:HIO co CTeHOK • .D:ecop6U:HR ra3a 

IIpH nOTepe nepBHqHOrO HOHa, O,nHaRO, MO){(eT rrpHBo.l1,HTb K poCTy ,naBJIeHHH. ilPH 

tJHcneHHOM HCCJIe,lJ,OBaHHH CHCTeMbl (1) Y,lJ,06HO BBeCTH «HOPMaJIH30BaHHYID 

HHTeHCHBHOCTb» HOHHOro nYl{Ka Xi == Ni I NiQ (N/J 
- qHCnO HHJKeKTHpOBaHHbIX qaCTHU) 

H HOpMaJIH30aaHHoe ,!\aBJIeHHe Y = P / Po = NINo (Pn - HOMHHaJIbHOe .llaBneRHe ra3a B 

http:3Hal{eHH.SI
http:CnHnaHH.SI
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pa60lJeM pe:>KHMe, No - COOTBeTCTBywm.ee 1I.HCJIO MoneKYn raJa B KaMepe). 

ITpe~onolKHM, qTO OCHOBHhIe nOTepK, He CBSI3aHHhIe C .n;3.BJIeHHeM, HMeIOT MecTO BO 

BpeM.SI HIDKeKlUDl (npH 3aXIUlTe lJaCTHl.( B peiKHM YCKOPeHIDl); Tor.n;a Yp.(l) MOlKHO 
38.IU1CaTb B CJIe.n;yIOIll.eii q,opMe: 

dX {-KJo:6(S)-~'S~StM;
-= /1:p(S)
tis 

O,s« ~s~l (23) 

dY =_A(s)riX _ Y-l 
ds ds /1:JNI"P 

3.llecb S =tI1'o, 1'0 =1/ / (/ - qacTOTa IIOBTOpeHH.H I(HKJIOB 6ycrepa); A(s) =),(s)Nj 
O 

/ No; 

K03CPCP.BI:UieHT K(os OITHCblBaeT «6bICTphIe» nOTepH qaCTHI( CP83Y nOCJIe BHiKeKInlH; 

Stu! = tac /1'0, r.n;e tM -BpeW! YCKopeHRH,. 3Ty .CHCTeMY ypaBHeHHii c.ne~eT pemaTb co 

CJIe.nyIOII:J,HM::H Ha"laJIbHhIMH ycnOBIDlMH: X(O)=l, Y(O) = Y(l). 

H3BecTHO, "ITO Ce"leHHe IIeproap.H.zn<H u cit"" ::::: U t:/rQ 
0 P(O). YlIH'I.'bmruI Yp. (4) H 

P(s) 
npeae6pera.a: BceMH rrpou;ecCaMH, KpoMe nepe3apMKH, HaH,neM, qTO BP~WI lKH3HH Ha 
ra:re He 3aBHCHT OT BpeMeHH ('1'(8)::::: 1:p(O». 3aBHCHMOCTb K03cpq,Hu;Helria .n;ecop6I(HH 

OT BpeMeHB HeH3BeCTHa; MOiKHO OlKH,lJ,aTh, lITO OH na.n;aeT npH YCKopeHHH (BBHJJY 
YMem.meHIDI HOJJH3aI(BOllBbIX nOTepb C POCTOM CKopOCTH HOHa). B )J.a.IIbHeiimHx 
PaclIerax npe~OJIaraeTC.H, liTO noT K03<p<pl:II{HeHT TIUOICe He 3aBBCIn' OT BpeMeHH 

(A(s)=Ao)' 

,.[(.rr.a: HJlJI1OCTPa.D;HH paCCMOTpHM nOBe.n;eHHe CHCTeMbl .llIDI cne.n;yrom.ero Ha60pa 
IIapaMerpoB (yrnepo.ll): No = 5.1013 

,1:P""¥> =3c, N,o=lOll, 'p(O)=lc, KJo:=O,8, ~(o)=300, 

f=O.5rI(, sac =0,5. THIIWnnJe 38.BHCHMOCTH 6e3p83MepHoro TOKa H 6e3p83MepHoro 

.n;8.BJIeHIDl OT BpeMeHH npHBe.n;eHLI Ha pHc.l,2 . .H3 pRC. 2 MhI BH,lJ;HM, "ITO MO.n;yJlllI(HJl 

.n;8BJI~HHJI B Te"leHHC IJ;HKJIa Mana; TaKHM 06p830M, .n;ecop6D;IDI npHBO,D;HT, B OCHOBHOM, 
K yse.inAeHHIO cpe,lUlero .n;8BJIeHIDl Y..". 3m ynpom.eHHe II03BOJI.a:er c.n;enaTb npocryro 

onemcy cpe.n;Hero .n;asneHHSI H noTepI:. qaCTHI(. MHrerpHpyJl CHCTeM)'. (23) no s H 
nOJIaru, "ITO Y =Yay, HaH.n;eM, "ITO .n;OJISI YCKOpeBHLIX "IaC'l'Hll Xac onpe.llemleTCJI 

CJIe.nyIOm.HM anre6paH"lecICHM ypasHeHHeM: 

xQI; =(1-K1df)exp[-s"" , j'p(O)-Cd (1-X )] (24)ac 

r~e Cd == A(O)rpumpsac / rp (0) . ITPH 3TOM cpe,lUlee .n;asneHHe 

(25) 

http:CJIe.nyIOm.HM
http:yrnepo.ll
http:COOTBeTCTBywm.ee
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0.8 

0.6 

X 
0.4 

0.2 

0.0 
0.0 0.5 1.0 t 1.5 2.0 

PHC. 1. 3aBMcMMocTb HopMamBoBaHHoH MHTeHCHBHOCTH OT BpeMeHH. 

1.67 

1.62 

1.57 
Y 

1.52 

1.47 

0.0 0.5 t 1.0 1.5 2.0 

PHC. 2. 3aBHcHMoCTb HOPMaJlH30BaHHoro )J,aBneHlU OT BpeMeHH. 

TIPH YBeJIHqeHHH qaCTOTbI nOBTOpeH115! UHKJIOB Slf< I fip(O) --+0, H npH 3a,llaHHOM 

3HaqeHHH K,()S nOTepH 'tIaCTHIJ; onpe.n:emfIOTCJI napaMeTpOM Cd') He 3aBHCilUeM OT f. 
cl>H3HKa nora 3$$eltranpOCTa: C POCTOM f Cpe,llHee ,l'(aBneHHe paCTeT H3-3a 

.uecop6umi nponOpUHOHaJlbHO I; BpeMJI YCKopeHH5I, O)lHaKO, na)J,aeT KaK I-I, 'tITO 

rrpHBO)lHT K He3aBHCHMOCTH BaKYYMHbIX rrOTepb OT qaCTOTbl nOBTOpeHH.sl UHKJIOB npH 

I --+00. rpa$HK 3aBHCHMOCTH Xllc(Cd ) .ll.JUl )J,BYX 3HaqeHI1H Kli>$ npHBe.n:eH Ha PRc. 3. 
3Ta KpHBM MO)l(eT HCnOJlb30BaTbCSI)J.J1S1 paCqeT8 nOTepb. eCJIH Sac I Jrp(O)« 1. 

http:nOBTOpeHH.sl
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0.3 0.8 1.3 L8 
c 

Puc. 3. rpacpHK 3a.BHCHMOCTH X(Cd); BepXHSlSl KpHBWl - K,CM =0,2, HIDKB1HI KpHBWl 

Kk;$=O.5. 

;::(Jut HJlJIIOCTpa:u;HH BJIIDIHIDI lJacTOThI nOBTOpeHWI QIfKlIOB paCCMOTpHM 

QHCJIeBHLIit npuMep, COOTBeTCTBYIDm:Hii ,l(aHHhIM BldllIe napaMeIpaM. rpatPHKH 

38BHCHMOC1H HOPM8JIH30BaHHOii HH"I'eHCHBHOCTH H HOPMaJIH30BaHHoro ,l(3.BJIeHIDI OT 

nepuo.n;a 6yCTepa 1'0 ,l(aHhI Ha PRc. 4,5 (nYHI<.mpHasI KpHBasI - ~(O)=lOO, cnnonmruI 

IqlKBWI: ~(O) =300). 1'13 PHCYHKOB MbI BB,AHM, lfl'O HHTeHCHBHOCTh 6yCTepa H 

HOPM8JIH30BaHHOe ,l(aBJIeHHe nanaKIT npH YBen:Hqemm To. 

0.7 

0.5 

X 

0.3 

0.1 -'----.,--~-_r-~-.__--_,__---' 
0.3 0.8 T 1.3 1.8 

PHC.4. 38BHCHMOCTh HOPMaJlH30BaHHOH HHTeHCHBHOCTH OT To . 
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1.0 

0.3 0.8 1.3 1.8 
T 

PHc.5. 3aBl1CHMOCTb HOPMaJIH30BaHHOrO .n:aBJIeHIUI OT To. 

5. BftKYYMHble 'lfjullelITbi B HftKOnHTeJlt>. 

B HaKOnHTen:e BBH.uy BhICOKOH HHTeHCHBHOCTH HalmnJIeHHOrO nyllKa 

.n.06aBIDIeTc~ HOBhIM <pR3Hl:ieCKHH npou.ecc: BaKYY:MHruI HeYCToHllHBOCTb H3-3a 

.uecop6UHH no.n. .n:eHCTBHeM BTOpHlUflJX tIOHOB. KOTOPbIH H BHOCHT OCHOBHble 

OrpaHHlleHHlI Ha KOJIHlleCTBO HaKOnJIeHHhlX qacTHU.. TIpH anaJIH3e :nora 3cpcpeKTa 

y.u06HO HOPMaJIH30BaTb HHTeHCHBHOCTh Ha - noporoBYID HHTeHCHBHOCTb )1)UIN1im 

BaKYYMHoH HeYCToH4I1BOCTH. «CrJImKeHHaID} 6e3pa3MepHruI CHCTeMa YPaBHeHHH JUUl 

HOPMaJIH30BaHHOH HHTeHCHBHOCTII H HOPMaJlH30BaHHOrO .uaBJIeHHlI HMeeT 

cne.n:YIDI.UHH BH.n:: 

T' B Yp. (26) t:.N,
I 

(26) 

r.n:e X N, / N 1im , Y:= p / Po, 7: = - qHCJIO MOHOB, HH)KeKTMpOBaHHhlX 3a 
() 

UHKJI; no - 'lHICJlO UHKJIOB, KOTophle nyqOK )KHBeT B KaMepe npH H.n:eaJIhHOM BaKYYMe; 

A. . Nli 
Kl&s - .n.OJUI qaCTHU, nOTepHHHhIX npH HH)KeKUHH; K1 :::; ~. )J.mI KBMpaTHqHOH 

No 

anTIpoKCHMaIJ;HH /(2 (X) = X (I +a X) , r.ue a =C!JI1im . 

/(2(1) l+a a , 

AHaJIl13 .uaHHbiX no BaKYYMHOMY BpeMeHfI )KH3HH nOKa'3bIBaeT, qTO, KaK 

npaBHJIO, B 30He BaKYYMHOH cTa6HJIhHOCTH BaKYYMHhlMH nOTepJlMH B HaKOfIHTeJIe 

MO)KHO npeHe6peQh (1:1> == 00). Tor.n:a HOPMaJIH'30BaHHM HHTeHCHBHOCTb onpe.ueJ1HerClI 

<P°PMYJIOH: 
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(27) 

,l{aBJIeHHe npH 3TOM paCTeT; npH n» nl) X ~ X."Y ~Y", I',Il,e 

X l:lN,no(1- KIo..) y _ 1+ ).,,/ 'rp1I8fpl:lNJ I No (28) 
81 NtittJ 'II l-K (X )X IK (1)

1 SI tt 1 

lJHCJIHTeJIb B BLIpIDKeHHH ,ll,Jlll CTa.I:UlOHapHorO )J.aBJleHIDI Y onpe)J.emrer poCTtt 

)J.8BJleHIDl H3-3a HaTeKaHWI I'a3a npH m6eJIH HOHOB, 3Ha.MeHaTeJIb- pOCT )J.a:BJIeHIDI H3

3a npu6JIHJKeHIDI K nopory BaK)'YMHOH HeYCToiRHBOCTH. PacCMOTpHM 1£Hcnemum 

npHMep)l,JlJI K06a.JIbTa: 1lo=200, /=10 rIl, K'or=O,l, l:lNi =109
, T~ =3.6c, Nfjm =2,6.1011 

, 

KO~CPHUHeHT nepBB:qHOH 3MHCCHH A, ::: 1<Y, a =0. TIo)J.CTaBJIjJJI )J.aHHble, HaH,neM, lfI'O 

X'f =0,693, Y.t =2,15. ECJIH Xsf npH6ml>KaeTCll K e)J.HHHIle mIH npeBocxO)J.HT ee, 

He06xo)J.HMo tIHCJIeHHO pemaTh cucreMY (26). 

3m CHCTeMa pemarraCb C nOMOII(.bIO nporpaMMbI "MA THCAD" .Il.IDl HaqanLHbIX 

YCJIOBHH X (0) =0, Y (0) = 1. Ha pHC. 6, 7 npHBe)J.eHbI pe3)'JIbTaThI :noI'O pemeHIDI AWl 
1:lN( =1 010

, T p ::: 5.104 
(OCTa.nJ,HbIe )l,aHHble COOTBeTCTByroT npHBeJleHHoMY BblIDe 

qHC1IeHHoM)' npHMepy). 11:3 PHcyHKOB MbI BH].J)IM, qro )l,aBJIeHHe YBeJlHlmBaercll60nee 

qeM B 10 pa3 npH HHTeHCHBHOCTIl, B ){B8. p83a npeBblIllaromeii noporoBoe 3HaQeRHe. 

TIPH X-.=2,7 mrreHCHBHOCTh )J.OCTHraeT MaKCHMYMa (X =2,7) H 3aTeM Ha"lJHHaeT max 

YMeHbIIIaT.bCIl; )J.aBJIeHHe npH :nOM yserm'DfBaeTC.II 6oJIOO qeM Ha 3 IJopll,l(Ka H~38 

pa3BHTIDl BaKyyMHoii Heycroii'qHBOCTH. 

Ha nepBblA B3I'.lUI)J., KIDKeTCIl, .qro pOCT )J,aBJIeHHIl He onaceH, ecrm OH He npHBO)J.HT 

K m6eJIH nylJK8. O)J,HaKO, npH pocre ,Il;aBneHIDI nponop:u;e:oHa.JILHO yBeJIHlmBaeTCll 

CKOPOcn. HaTeKaHHIl 3JIeKTpOHOB B KaMepy H, COOTBeTCTBeHHO, KOBIJ;eBTpau;IDI 

3JIeK1pOHHoro 06JIaKa [10]. POCT KOHIleHTpaI.tHH 3JIeKTpOHHoro 06mlK.a MO)l{eT 

rrpHBeCTH K pa3BHTHIO .D;Byxn:yqKOBOH HeycTOiAHBocTH, HarpeBY KaMephI H .D;pyrHM 

Bpe)J,HbIM 3$-PeKTaM. 

http:npHBO)J.HT
http:yserm'DfBaeTC.II
http:npeBocxO)J.HT
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PRC. 6. 3aBHCHMOCTb HopManU30BaHHOH HHTeHCHBHO("'TH X = N I N 1im OT QHCJIa 

UHKJIOB HlDI<eKIum. 
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PHC. 7. 3aBHCHMOCTb HOPMaJIH30BaHHoro .naBJIeHH$! y = PI Po OT tIHCJIa UHKJIOB 

HHJI(emHH. 

6. 3aKJIIO'IeHHe. 

TaKHM 06PaJOM, BbIIIOJIHeHHblH aHaJll13 n03BOllilef C)leJIaTb CJIe.nYIOJ.nHe 

BbIBO.nhl: 

• 	 BaKYYMHbIe nOTepH B 6yCTepe, B oCHOBHOM, onpe.uemnoTcH npou,eCCOM 

nepe3ap$!)lKH (cetIeH1!le nepe1apJl,n:KH MaKCHMaJThHO )lJI$! yrJIepo,n:a). ,lJ;.ruI 
OCTaJIbHhlX BH)lOB HOHOB BaKYYMHble nOTepH MaJIbI. 

• 	 B 6yCTepe npH YBenHtteHHH t.IaCTOTbI nOBTopeHHB HMnym>COB )leCOp6UHSI H3-3a 

f:n6eJIH nepBHttHbIX HOHOB npHBO)lHT K pocry .naBJIeHHa. BaKYYMHble nOTepH 

npn :nOM YMeHbllialOTca H3-3a COKpameHHB BpeMeHH YCKopeHHB, H npH f ~ 00 



HHTeHCHBHOCTb 6yCTepa CTpeMHTc..sI K HeKOTOpOMY MaKCBMaJThHOMY 3HaQeHHlO, 
38BHClIII(eMY OT K03<Pti>HnHeHTa Jl.eCOp611,HH ~. 

• 	 B HaKOIIHTene OCHOBHOH np06neMOH KBJllIeTClI BaKYYMHasI HeYCTo.if.qJlBOCTh, 
B03HHKaIOIIlWI B HHTeHCBBHbIX nyqxax 113-3a .n;ecop6IlBlf Ha BTOPJ.IqH])JX 1I0Hax; 
npll lfHTeHCHBHocm, npeB1illIIarom;eH noporOBoe 3HaQeHlle, ,IJ;aBJIeHlle B KaMepe 
HaqlfHaeT 6h1ctpo B03paCTaTh. 

,lJ.mI nonyqeHIDI npoeKTHOH HHTeHCIIBHocm B TBH Heo6xo)J.HMO Tm;aTeJIbHO 
HCCneJlOBm'L pa6m:y BaKYYMHOH CHCTeMbI HaKOllHTe1llI. Heo6xo.lUlMo YTOqflHTh COCTaB 

r83a, H3MepHTh 3Ha1:JeHHSI K03<P4>HIlHeHToB .1lecop6IUIH aa nepBH'lHhIX H BTOpHlffibIX 
BOHax, ynyqmHTh 06pa60TKY nOBepXHOCTH KaMepLI R, B03MO)KHO, pe3KO YBeJII:l1DfI'L 
OTKaqayro cnoco6HOCTL CRCTeMhl. CJle.nyeT TaIOKe Tl.I(aTeJIbHO H3yqHTh TeOpemqeCKH 
(H, ecJIH B03MOlKHO, 3KcnepHMeHTaJILHO) BITIDl.HHe ::meKTpOHHoro o6naKa Ha 
,IJ;lfHaMHKy 1:JaCTHIl. 
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