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Ha HH)I(eXTOpe ycxopHTellil U)f(eJIbIX 110HOB 11T3<t> THnp-1 Hcn0J1b3yeTCH 

BaKYYMHO-~rOBOH HCTOtiHHK HOHOB Merarma (B,lUU1M) BepcHH 111'3<1>-90 [1]. B 
p51,lly 3a.naQ pernaeMblx Ha 3TOM YCKopHTene, OnpeZleJleHHOe MeCTO 3aHHM31OT 

3KCflepl1MeHTbi C yCKopeHHblMH HOHaMH ypaHa, B tiaCTHOCTH, C 4-x 3apSUlHblMH 

HOHaMH, KOTopble npe.llflOJIaraerc51 florrY1laTb Ha B)lJU1M. CneKTP HOHOB ypaHa 

113 (B,lUUfM) XOpOlllO 113BeCTeH [2]. B pa60Te [2] COOTHoweHHe TOKOB HOHOB ypaHa 

C 3ap51AaMH (I +),(2+),(3+),(4+) 6bIJIO (B %) 3:38:54:5. 3TO COOTHoweHHe MeH5IeTC5I 

,WUI pa3Hblx 3K3eMrmSipoB HOHHbIX HCTOtiHHKOB B 3aBHCHMOCTH OT KOHCrpyKUHl1 H 

pa3MepoB pa3pRnHoH KaMepbI, nma HCTOtfHHKa flHTaHHSl H OT pe)f(I1Ma pa60Tbl 

HCTOtiHHKa HOHOB. O.llHaKOLJ,JUl 50JIblllHHCTBa onHcaHHblX B J1J.nepaType BaKyyMHo

.nyroBblX HCTOtiHHKOB HOHOB BblXO.n tieTblpeX3apSUlHblx HOHOB He npeBblwaer 10%. 
T.o. npH Heo6xo,UHMOCTI1 norrytieHHJI 3HaliHTenbHoro TOKa HOHOB U(4+). 

HanpHMep nOpSl,llKa 10 .«A, rronHbIH TOK HOHOB Ha BbIXOZle ZlOJDKeH 6bITb nOpSlJlJ(a 

100 - 200.MA, tiTO nerKO ocymeCTBHMO nIDI HCTOllHHKOB THlla B):{I1I1M. BMeCTe C TeM 

JlJUI MHOrHX npHMeHeHHH B,l],I1I1M. OCHOBaHHbIX Ha HCnOJIb30BaHI1H HOHOB U(4+), 

B TOM tfl1cne H npH Hcnonb30BaHI1H B HH)KeKTOpax yCKopHTeneH, :lKeJIaTenbHO 

,U06HTbCJI yBeJIHy.eHHJI npoueHTa BbIXO,lla tierblpeX3apJl,UHOH COCTaBllillOll.(eii. B 
tiaCTHOCTH AJUI THTIp-l yCKopHTeJUI C npocrpaHCTBeHHO-O,UHOpO,UHOH 

¢OKyCHpOBKOH nOK<I> ( CO crpyKTypOH RFQ) - YBenHtieHl1e rrpoueHTa BbIXOna 

HOHOB U(4+) npH yCKopeHHH JTOH COCTaBmtfO!.l.leH nytfKa B Hepa3;a;eneHHOM flO 

3apJl,llaM nY4Ke oCJIa6ID1eT KyJIOHOBCJOfe orpaHHqeHJHI ,UJISl npe.nenbHoro TOKa 

nytiKa B yCKopl1TeJIe, To-eCTb Ha npaKTHKe YBeJIHljHBaer MaKCHMaJ1bHO 

.nOCTH}I(HMbIH TOK yCKopeHHoro nyqKa LJeTblpeX3apSUXHbIX HOH08. 

B nOCJIeJlHee BpeMSI nOSlBWIHCb pa60Tbl, B KOTOpblX 6narOJlapSl 

ycoBeprneHCTBOBaHHIO B,[(I1I1M BblXOA 4-x 3apSlJlRblX HOHOB YBenHtieR .nO 40% [4]. 

fIonblTKa yBeJIHtieHHSI Bblxo.na qerBepToH 3apAAHoCTH, 6blJIa npe.n;npHHSlTa 

Ha HH}I(eKTOpe TSl)f(enOHORHoro yCKopHTemr TI1nP-I B 11T'3<%> B J994 r. H 

npoToTHnoM HORRoro HCTOtiHHKa CllY)l(HJI B,LJ;I-H1M BepCHH 11134>·90 [1]. 
CneKrpanbHble xapaKTepHCTHKH nyqKa 6blJIH nonytieHbI c nOMOlUblO CHCTeMbl, 

tiCn0J1b3YfOUletf -rpH He3aBHCHMbiX MeTO,lla H3MepeHHSl cneKTPa tfaCTHU no yneJIbHOMY 

3apSl.ny. 3TO: MeTO,ll BpeMeHH npoJIeTa (TOF); MarHHTHbll1 aHMH3 cneKrpa (MA); 11 

MeTO,D; pe30RaHcHoro yCKopeHHSl nytiKa QaCTI1U B CTpYKType nOK<1> (RFQ). 



__

PaCCMOTpHM KalK,QblH li3 HHX 60nee nonpo6Ho. Hi:! pHc.l nOl(a3aHa 6JIOf(-CXeMa 

paCnOJIOlKeH1U1 Y3JIOB yCKopliTellil. 

7

uJ': 

11 

Puc.1I5IlOK-cxeMa paCnOIlO>KeH~~ Y3IlOB YCKopIIITeIl~ TvlnP-1 

1- lIloHHblCl LilCTO'lHlilK, 2- Lil3MeplilTeJlbHa~KaMepa,
 
3- BXOAHoCi I.\I1JlI1HAP Cl>apaAe~ (LtCl>1), 4- YCKOp~toll.\a~ Tpy6Ka,
 
5- 3!leKTpOCTaTLil'leCKa~ !llilH3a, 6- pe30HaTop,
 
7 - TOKonpllleMHIIIK MarHlIITHOrO aHanl13aTOpa, 8- MarHIIITHbll::i aHanl13aTOp (MA),
 
9- 3anlilpatoll.\aR ceTKa, 10- y6lilpaeMble nOBopoTHble nnaCTI1Hbl,
 
11- BblXOAHOli1l..\l1JllilHAP Cl>ap8Ae~ (Lt¢2).
 

A. TOF - MeTOA BpeMeHM nponeTa . 

KopOTKHe uMnYJlbCbl .LJ.J1jI TOF- MeTOlla q>OpMHpOBaJIHCb B 06JIaCTH 
BblTilfliBaHHlI C nOMOLUblO 3amlpalOIlleil ceTKH 9 (pHc.I). 

fIy'iOK yCKOpllJICJI B 3a30pe 4 (puc.l). 
)lmI TOF-H3MepeHRI{ ny'JoK JIpeiiq>oBan 'Jepe3 q>OKyCHpyIOWHii KaHan 

yCKopUT6uI J1lluHoii 12 MeTpOB Ii nona.nan Ha TOKonpHeMHHK U<1>2 B H3MepUTeJIbHOii 
KaMepe. paCnOJIOlKeHHOH Ha BbIXOL\e YCKop"Tellil. (fIOJlllali llJUlHa npoJlera 14M). 

Ha plic.2 nOKa3aH THnH'lHblH cneKTp MOHOB ypaHa 113MepeHHbTH TOF- MeTO)lOM 

C nO},lOLUblO U<1>2. 



ill) 

b) 
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Puc.2 TOF-cneKTp MOHOB ypaHa a) 06b14HaR cxeMa nMTaHIIIR AY~. (BBepxy 
06nacTb nOAlKMra, HIII>Ke - 0611acTb ,QyroBoro pa3pRAa). 6) CxeMa nlllTaHIIIR c 
,QonOJlHIIITeJlbHblM MOAyI1RTOpOM. 

lJTo6b1 pa306paTbcR B TOM, KaKOH npH TaIClIX YCJJOB\1RX TOK H3MeplleT ~<I>2 • 
06paTHMClI K pHc.3, r.ne Ha !fla30BoM nnOCKOCTH (X,X') H306pa)l(eH 3MHTIaHC nylJKa 
'1aCTHU (B BH.ne 3JlJIHnca) Ha Bxo.ue B KaHan THTIp-J (d -llHaMeTp nYlJKa). 

Xl 

Puc.3 3MlllnaHc nY4Ka Ha BxoAe B Tlilnp-1. 

3a nepHoll llpeii!fla B KaHane ny'loK 'IaCTI1U 6y.neT Bblpe3aH (orpaHH'IeH) 
CTeHKaMH KaHana ( 2&, - pa3Mep ny'lKa H3 BbJxOlle KaHana), TalC 'ITO nponycKHall 

cnoco6HOCTb ero, M r ' (B oTcyTCTBHe BY no,ul) onpege.'lIeTCR npoH3BeneHHeM 



'1 

At"ILiY;. cue Lix; =: ~I / L ,3 L - ,UJU1H3 nYTH nponna no K3Hany. B TOKonpneMHI1K 

nonallYT 1f3CTHUbl, npe,n:CTaBmnOWHe TOlfKH KOTOpblX H3 ¢330BOH unOCKOCTH 

paCnOll0)KaTCSI Ha 3aWTpHXOBaHHOH 4ac.nf 3ITITHnca. TOLfHO TaKYlO )Ke KapTHHY 

MO)KHO HapHCOBaTh.llllil nnOCKOCTH (y,y'). 

TaKHM 06pa30M H'3MepeHHe TOKa nY4Ka TOKonpHeMHHKOM U<I>2 MO)J(eT 

.nan BemilfHHY $lpKOCTH ueHrpaJIhHOH lfaCTH uYl.lKa. KOTopa~ Bhl4:HCJUleTC$l no 

q,0pMyrre:

B~ :::: 2M I JI" (M..\.Ml')' r.ne d; - TOK ny4Ka H3MepeHHhlM Ha U<1>2 . ! 
H a Bxo.ne B Kamm B) ::: 2111r: AxAI' ; me Ax .Ay - aKcemaHCbl KaHana no OCH x,Y 

COOTBeTCTBeHHO. Beml4HHbi B H B • a TaK)Ke Ax H Ay nOCTOSl:HHbl ,Zl11S1: Ka)[(.[(ol11 2
AaHHoH KOMnOHeHTbl. D03TOMY 

(I) 

rue K, ,K: - K03<pepHUHeHTbl nponOpUHOHaJIbHOCTH. 

ilPH :nOM K, = (MxM~, I AXAy ) - onpe.ueJUlerc~ TonbKO reOMerpHeH KaHana, B TO 

BpeMSI KaK K~ == B2 / Bj - 3aBHCHT OT pacnpeAerreHHjl llByMepHoH ¢a30BOH nJIOTHOCTH 

no n1l0ma.nH 3MHTTaHca H MO)KeT MeHSlTbCSI OT KOMnOHeHTbI K KOMnOHeHTe (MO)KeT 

3aBHcerb OT YAenbHoro 3apMa HOHOB). TaKHM 06pa30M ,WUl nonY4:eHHSI 

rrpaBHnbHoro COOTHoweHIHI Ai:'<: I He06xo.rU1MO 3H3Tb 3MlITTaHC nY4Ka ,AnSI 

K3)1(llOH H3 cOCTaB~I011.1HX. Me)J():{y TeM Ha npaKTHKe pacnpe,IJ;eneHHC ¢330BOH 

nJIOTHOCTH )l,JUI COCTaB~lOIllHX nY4Ka ,IJ;OBOJIbHO 6nH3KH llPYT K n.PYTY, TaK 4:TO 

pacnpe.n:eJIeHHe TOKa 6.i n.oCTaT04HO XOPOIllO )],JlSl OlteH04:HbIX H3MepeHHH orpa)l(aer 

pacnpeAeneHHe TOKa J. 
HaH60nee CYll.leCTBeHHble OIllH6KH B COOTHoweHHe 6.i II Moryr BHeCTH 

npouecchl peKOM6HH3ltHH HOHOB BO BpeMSI HX npoJlera no KaHany. Ol.JeBHllHO, QTO 

OHM npHBO,LJ}[T K OTHOCHTeJIbHOMY YMeHbIlleHHIO 311eKTPHlJeCKOrO TOKa .llIDi 
BbICOK03apSl,D;HbIX HOHOB. 

B. MA • aHanH3. 
ilpe)K.ne 'leM nonaCTb B aHaJIH3HpYlOlllHH: MarHHT 8 (pHc.I), ny40K AOll)[(eH 

6bJTb OTKnOHeH OT OCH HOHonpoBoua HH)KeKTOpa B 60KOBOH KaHan, Be.uYlUH.H K 

MA. C nOMolUbIO 3neKTpocTanflfecKoro nom OTKJIOHHlOll.{H.X nnaCTHH (10). ilpH 

3TOM, TaK KaK pa3Mepbl OAHopoAHoro Y4aCTKa .:meKTpOCTaTI1QeCKOrO nom 

orpaHH'leHbl, ny40K He06xo,IJ;l1MO ,IJ;Ha<pparMHpoBaTb. TaKHM o6pa30M y:>Ke npH 

nepBoM, 311eKTpOCTaTH4:eCKOM, OTI<JIOHemUl nyl.JOK KOJIJIHMHpyercSi H .uaJIbWe 

.nnSl H3YlfeHHSI MarHHTHoro cneKTpa HCnOJIb3yercH TOJIbKO 4aCTb (npH xopowel1 

lOCTl1pOBKe ueHTpaJ1bHa~) nyQKa. Cne,IJ;yfOll.{HM KOJIflHM3TOPOM, KOTOpblH 

YMeHbwaer BeJIH4HHY MCCJle.llyeMoro nY4:K3 H B KOHe':lHOM Cl.JeTe CBeTOCMny 

cneKTpoMerpa. SlBnSlIOTCSI CTeHKH KaHana H BXOllHble werrH MA. B pe3YJIbT3Te 

CBeTOCHna ll1TaTHOro MA - cneKrpOMeTpa YCTaHOBJleHHOrO Ha HH)KeKTOpe 

YCKOp,.fTell.S1 THnp-l - HeBeJIJ1Ka. Pam1YC nOBopOTa MarHHTa R = 56 eM, 

HaH6oJIbll1aSI l1H,LlYKUH>I MarHHTHOrO nom! 0,75 T. TIpH 3Hepnll1 110HOB 

COOTBeTCTBylOllleH paBHOBeCHOH. 3HeprHH HH:>KeKUHH 3TH BeJIHl.JHHbI orpaHH4HB31OT 

B03MO)l(HOCTI1 MA 1lM aHaJlH3a TSDKeJIbIX HOHOB(BO;IbeppaM, CBHHeu, ypaH) 

3apR,IJ;aMH HOHOB 2+ H BhIll1e 
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B(H) 

Puc.4(6) MA-cneKTp ~OHOB ypaHa. HOBas:t CXeMa n~TaH~R. 

TeM He MeHee .naHHble MarHHTHoro aHaJUna (PlicA) S1BJUll:OTCSI BeCbMa UCHHblM 

MaTepHaJIOM lUljj HalleiKHoro onpelleJIeH1UI cneKTparrbHoro COCT3Ba nyllKa MH)i(eKUHl1. 

MA-aHaJIH3 KOpOTKHX HMnyJlbCOB .llOnOJIHjleT H YTO'iHjleT LtaHHhie TOF-aHaJI~Ba. B TO 

BpeMSl KaK JlJlSl ,llJ!HHHbJX "MnyJIbCOB nOJlHOrO TOKa rrY'iKa "HiKeKUHH OH" SlBJUllOTCjj 

OCHOBHbIM rrOKa3aTeJ1eM COOTHoweHHj{ ynenbHhIX 3apjlD.OB "OHOB B nyqKC (B 
I 

ueHTpaJlbHOH ero qaCTH). 0pH 3TOM llaHHble TOr - H3MepeHHH BbmonHeHHble BllOJIb". i BceH 1J,JlHTeJIbHOCTH nOJIHOrO TOKa nyllKa (pHc.5) (T.e. BllOJlb )]JlHHhl .uyroBoro HMnynbca 

" 3a era npenenaMM. JV1Sl 3Ha4eHHH cTapToBol'O TOF-HMnYJIbCa OT t = 0 110 t > ,tarc). 

npoHHTerpHpoBaHHble no BeeM. :noli ,J,JIHHe ..'10nO:IHSll:OT MA-naHHble D.JUI .ilJIHHHbIX 

MMnYjJbcOB nOJIHOrO TOKa nyllKa Ii nOJ1:JKHbI 6hlTb 6mnI<H I< naHHbJM YlA-aHaJlH3a. 

OTJm'lH51 MoryT onpe,nellilThCj:I pa3HoH I1HTeHCHBHOCTblO npoueCCOB peKOM6HHaUHH 

HOHOB B KaHanax TpaHcnopTHpOBKH. 



C. MeTOA MCnOnb3YIOLL&MM Pe30H8HCHOe yCKopeHMe B TWnp-l. 

OCHoBoM 3TOrO MeTOna $/BmnOTC$/ pe30HaHCHhle XapaI<TepHCTHKH 

yCKOpUTeJUI co crpylCTypOH RFQ. KaK nOKa3aJlO yCKopeHlfe LIaCTHU C pa3;IHYHhIMlI 

yneJIhHhlMH Jap».uaMH B THTIp-1 (3], B HeM CYllleCTBYeT B03MOJKHOCTh ,UOCTaTO"lHO 

Ha,Ue)KHO OT,ueJUfTb yCKopeHHbIe LI3CTHUbI C .l13HHbIM YJIeJIbHhIM 3apSUIOM OT 

yCKopeHHbIX llacnlU c .lijJyrHM YIlenhHbIM 3ap5UloM nyTeM nonxo,Wuuero Bhl60pa 

ypOBH51 (aMnnHTy,llbl) yCKOp51lO1I1erO Bq nOAA H BenW·iHHhl :meprHH HH:lKeJCUHH. 3TH 

H3MepeHIDI npOBO,UHnHCh npH Hcnonb30BaHHH KOpOTKHX HMnynbcoB TOKa nYLIKa, 

npHMeHReMbIX 06hILIHO }lJ1SI H3MepeHHR BpeMRnpOneTHOrO cneKTpa. TIPl1 BKIUOlJeHHH 

yCKopR!Owero noJUl BpeMR npOJIeTa pe30HaHCHhix HOHOB YMeHhwanOCb B 

COOTBeTCTBHH C YBeJIHlleHHeM HX JHeprHH, B TO BpeMj[ KaK nOnO)KeHHe nHKOB )lJUl 

Hepe30HaHCHbIX HOHOB OCTaBaJIOCb HeH3MeHHbIM. 3T0 c xopomeii TOllHOCTbIO 

qnU<CHpyeTCR BpeMRnpOJIeTHbIM MeTO,llOM. BMeCTe C TeM HMeeTCR B03MO)J(HOCTb 

HCnOJIb30BaTb MeTOJJ. pe30HaHCHoro yCKopeHH» Ii AJUl ,llIIHHHhIX HMnynbcoB nonHoro 

TOKa nyLIK3. OTHOCHTeJIbHO HeBblCOKaA LIaCTOTa yCI<Op5lIOwero nOAA B THTIp-l 

naeT B03MO)l{HOCTb Ha6mo.n;aTb all eTPyKTypy yCKopeHHoro TOKa nylJKa C 

nOMOWblO CTaHIIapTHOH H3Mepi1TeJIbH0J1 annapaTypbI (HanpHMep, OCUHJInorpa¢a 

C8-14), LITO TaKJKe 06JIerQaer cenapaumo yCKopeHHbIX HOHOB OT HeycKopeHHblX B 

npouecce H3MepeHHH. .nnS! )J,J1HHHbTX HMnyJIbCOB nOJIHOrO TOKa nylJKa (pHc.6) npH 

HaJIHLIHH peJOH3HCHoro yCKopeHWI TOK HeycKopeHHblX HOHOB HMeeT BHn 

nbe,lleCTaJIa, a TOK yCKopeHHblX HOHOB OTnWiaeTCR aq crpyxrypOH HMnyJTbca. 

D. Pe3ynbTaTbi M3MepeHMH AnR BAMMM BepCMM MT3C1>·90 [1]. 
OrpaHJi1UIM HOHaMH U(4+) C80M aHaJIH3 BbJXo.ua HOHOB. PaccMo-rpHM 

CHaLIana nHKH HOHOB ypaHa pacnpelleJIeHHble 110 BpeMeHH nponeTa H3 pHc.2(a). TIl'lK 

OTHOCRWHHCR K liOHaM C 3apSlp;oM 4+ HMeeT l'lHTeHCHBHOCTb 4~lA H COCTaBJIReT 

9.2% nonHoro TOKa. OueHHM ero HHTeHCHBHOCTb Ha Bxo.n;e B KaHan THfip-1 no 

<t>-rre (I). (M / A)" =(0.5_10-7 /0.5_10-5
)" =:; 10-4 

TaKHM 06pa30M (I1~i)=(BI/R2)-104. ,[(nSl (B1 IB2)=10-1, 1= 4!\1A. 
OTMeTHM, LITO ,3TOT pe3ynbTaT COOT8eTCTBye-r nOJIHoMy TOKy nyLIKa paBHoMy 50 .MA. 

06paTHMcR Tenepb K ,n;aHHbIM TOF- aHamt:3a anonb BceJ1 .llJlHTeJIbHOCTH 

HMnynbca TOKa ,llyrH, pHc.5(a), H COOTBeTCT8YlOWHM HM AaHHbIM MA-aHanHJa, 

pHc.4(a). B TOF-cneKTpe .lJ.OAA HOHOB 4+ B cpeAHeM no Jl,.TIHHe nyroBoro HMnynbca 

COCTaBn»eT senwiHHY nOp5l,UKa 10%, 8 TO BpeMSI KaK lJ)1SI MA-cneK-rpa :na senHLIHHa 

eCTb 8%. 3TO .n;OCTaTOQHO xopowee COBnalleHRe, eCJIH ytIeCTh tITO T04HOCTb 

H3MepeHHH H CTa6HJIhHOCTh peJynbTaToB He npeBbllllaer 10 -15%. HaKoHeu, 

npoBelleM oueHKy TOKa nyllKa HOHOB U(4+), yCKopeHHblx B crpyKType RFQ. Ha 

pHc.6(a) nOKa3aHa OCUHJ1JlOrpaMMa nOflHoro TOKa HOHOB Ha BbIXOJle yCKOpHTenR 

THfip-l. BenHLIHHa yCKopeHHoro TOKa, OTJII1yalOlIlerOCjI OT HeycKopeHHoro 

(HMelOlllero BHIl nbe.lJ.eCTana) HaJIHLIHeM B/q CTPyKTyphl HMnynbca, MeHRerCR OT 4 
15.1-tA B 06nacTH n0.lJ.)lmra, .lI0 2 - 5.uA Bnonb .uyroBoro HMnynbca. 3TO aaeT. ecnR 

yLIecTb K03¢¢HUl'leHT 3anOJIHeHHSlLIaCTHuaMH BY nepHO)]a H3 Bblxo~e THllp-1 

(I :5), CB5I3aHHbIH C 3aTyxaHHe~ ¢a30Bblx Kone6aHHH LI3CTHU (c npo,nO:IbHbIM 

C:lKaTHeM cryCTKa). 8eJIHtIHHY cpellHero no HMnyJIbcy TOKa JlJUI LIeTblpeX3apRllHbiX 

HOHOB 0,8 - 3 MA B o6naCTH nO,lDKHra u 0,4 - I MA 8rIOnb lIyroBoro HMn :lbca. 
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CI:S 
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40 

30 

o 50 100 150 1!s 
Puc.5 AaHHbie TOF-BHaIlM3a ,qnSl TOKa MOHOB U(4+) B % nOIlHoro TOKa nY4Ka 
B;l\onb Bce~ AnLIITeI1bHOCT~ LIIMnYllbCB TOKa .Qyn", a) 06b11.jHB~ exeMa mnBHLllSI ,l\yrLII. 
6) CxeMa nLilTaHLIIH e .QemneneM TOKa pa3pSlAa. 

HH3KH:H K03epqmUH:eHT 3aXBaTa. nonY4eHHbIH B 3THX H3MepeHIHIx MO)KeT 

CBH,UerenbCTBOBaTb KaK 0 3aBbIllIeHHblX oueHKax TOKa U(4'+-) nytIKa B Haqane 

pa3)lena, TaK H 0 HeOnTHMaJIbHOH HaCTpOHKe pe)KHMa yCKopeHI1S1 .l(..IDI 4+ HOHOB. 

21) 

A T= 0.05 I's/d 

b) 

AT == 50ps/d 
"add. mod. 

, trigger / 

Puc.6 OC4L11I1nOrpaMMa yCKopeHHoro nonHoro TOKa nY~Ka Ha BblxoAe T~np-1.
 

Xopowo BLilAHa B4 cTpyKTypa LIIMnYI1bCa npLil pa3BepTKe 0,05 I-' sId.
 

a) 06bl~HaR cxeMa nIIlTaHLilA AyrLil AIlA pa3BepTKa 0,05 liS! d lit cxeMa nLilTaHLilfi C
 

.qemneneM TOKa pa3pSl.qa AIlA pa3BepTKLII ~ r = 50 f.J sId (!'i I = 4 mAId).
 

6) CxeMa nLilTaHIIIR c AOnOI1HLIITe.nbHbIM MOAynfiTopoM (!J. I = 10 mAId).
 



E. OnTMMM3allM~ BbIXO,Q8 'f8TblpeX3apRAHbIX MOHOB. 

YlKe BO BpeMjI nepBblX 3KCnepl1MeHTOB C B;J;HHM BepCI1H I1T3<I>-90 6b1no 

o6HapylKeHo, 'ITO nylJ.OK 110HOB reHepl1pyeMblH npl1 nO,!l)Klfre ,rtyroBoro pa3pjl,lI3 

I1MeeT Gonee BbiCOKOe 33pSl,lIOBOe COCTOSlHlfe, '1eM ny'loK COOTBeTCTBYlOlllHH '1HCTO 

B3KyyMHO-.llyroBoMy p33pll.llY [I]. H3 Onbrre, npH HCnOnb30B3HHH TOF-MeTO.lla, 

:no npOSlBJIlIeTClI B YBemll{eHHH .llOm1 BbICOK03apSl.llHbIX 110HOB B .KOpOTKOM 

HMnylIhCe Bhlpe3aHHOM 113 nepellHeH '1aCTI1 HMnynbc3 TOKa pa3pSl,lIa. bonee TOro, 6b1JlO 

OTMeqeHO 11 ,lIOK333HO B CneUH8JlhHOM OllblTe, 'ITO BO BpeMJI nOlllKHra nOllBJIlIlOTCSI 

HOHbl C 60nee BblCOKHMH 3apll.llaMI1, '1eM B '1HCTO B3KYYMHO-.llyroBoM pa3pJllle. B now 

CB1I3H He06xo.llHMO 06panfTb BHHMaHHe H3 TO, 'ITO B H3'1aJIe I1MnyJlbCa, B nepHO.ll 

nO.lllKHra, Mbi HMeeM .lleno He C B3,KyyMHO-.llyroBhIM pa3pSl.llOM, 3 C P33Pjl.llOM 

npyroro nma, nOCKonbKY B nOT nepHOJl p33pSl.ll H.lleT no nOBepXHOCTH 

H30JJSlTOpa, pa3.l1;eJUllOlUerO nOJl)l(HralOlUHH 3neKrpO.ll 11 KaTO.ll. TaKoR p33pSl.ll 

H33blBaeTCli CKonb3S1lUHM. ECTeCTBeHHo 6bIJJ0 npeJlllOlIOlKHTh, 'fTO Gonee 

BblCOK038pSl.llHhle 110Hbi B CKOlIb3j1111eM pa3pjl.lle B03HHKalOT B pe3ynbTaTe H8JlH'IHjI 

B HeM JJIeKrpOHOB C G01lbllleH, qeM B JlyroBoM pa3pllJle JHeprHeH, 'fTO B CBOlO 

O'lepe,lIb nOACK83hIB8JlO nyrh yBeml'leHHlI 3apll.lla C03.ll8BaeMbIX B HCTO'lHHKe HOHOB, 

3TOT nyrb COCTOUT B TOr.,t•.~:ro 33pll.ll H _,TOJ< MHor03ap5UlHbIX HOHOB MOJICHO 

YBeJJH'II1Th, ecJIH nOnbITaTbCli O.D,HOBpeMeHHO C BaKYYMHO-.llyrOBbiM pa3pMOM, 

KOTOPhI~. ropHT MelKA)' K8TOAOM H aHOJlOM, 3alKeqb J:{onOJlHHTeJJbRblH, CKOnb311111HH 

pa3p5Ul MC)K.lly TeM lI:C K3TO)lOM H nO)l)l(HralOiuHM :meKrpoitoM.. OTMCTH'M, 'ITO B 

YllOMlItJyrOM COlJCTaHKH llllyx pa3pll.llOB K3TO.llHble naneHHSI .ll1l1l K3l1:.ll0rO H3 HHX 

Moryr COCYllleCTBosaTb He3aBHCHMO B pa3,lIeJlbHblX y'laCTKax KaTO.llH0rO 

npocrp8HCTB3' H :meKTpQHhl 6oJ1bweii JHeprHI1 H3 CKOnb3J11l{ero pa3pjl.lla.6y.llyr B 

T8KOM cny'l3e y'I3CTBOBaTb B HOHH3aUIHl napo!!' pa60~ero Bei.ueCTBa. AJIlI 

npaKTH'fecJ<oro ocyweCTB1leHMJI nora 3aMblcna, To-eCTb AJlll COnpll)l(eHHlI 

CKOJlb3J1111erO p33plllla C BaKYYMHO-JlyroBblM, 6bIna I1CnOJIb30B8H8 cxeMa C 

)]On01lHHTeJJhHhIM MO,lIyJJllTOpOM, nOKa3aliHajJ H.a pHC, 7. 
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Puc. 7 eXaMS mnaH~Sl Ayr~ c AOnOJ1HloITaJ1bHbIM MOAYJ1SlTOPOM 
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