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.nayxMeTpOBhrfi naoxpoHHhrfi unKnoTpon Ol1.Hl1 (Y-209) npe.rtcTaamreT 

co6ofi 'IeTbipexceKTOpHyiO Manmuy, ycKOpSIIOlllYIO. ROHbl C OTHOllleUiieM t ;::_ 2,8 

na ¢nKcnpoaannoM ypoane MarnnTnor~ rromrlll •. 

B nacTosrmefi pa6oTe npe.rtcTaaneHhi 9KcnepnMenTanbHhre peaynbTaTbl1 

rrony'Ie.nn!,re f!Pii nccnenoaannn ny'IKOB nonoa B nnanaaone 2,8 $. Z .:; 4, yc-:-

KopenHhiX na BTopofi rapMoHnKe B,'I. noTenunana c 9Heprnefi na Kone'IHOM 

pannyce oT · 9 .rto 20 M 9B/ uyKnon. 

Bee ycKopeHHhre 'I8CTRUbl MO)I{JIO ycnoano paa.rtennTb na nae· Ppyrrrrhr: . 

1. flerKRe ROHbl 
. +1 

( D 2 ' 
H +1 

ea 
+1 

, He 
4 

) . .. , 

't-8 '1-4 't-6 't-6 't-5 
~ 

2. T SJ)I{enbre liOHbl ( c . c ,N ,0 ,Ne ). 
12 12 14 . 16 20 

Ha pnc~ 1 npe.rtcTaaneHbi aaancnMocTn RHTencnanocTefi ny'IKa nonoa 
·h4 

oT: pannyca nnsr nonoa C 12 

+5 
• 0 1& ( ~ = 3; 3,2 li 4,0 - COOT

z ' 

i3eTCTBenno), naMepennhre rrpn Benn'Inne ycKopsrromero rroTenunana ·U ~ = 75 KB. 

Bee naMepennsr npoBonnnnch rrpn anatieansrx pannyca oT R = 10 CM no R , 
max 

COOTBeTCTBYIOlllero pe3KOMY yMeUbllleHiilO RUTeUCiiBHOCTR rry'IKa, KaK BlinHO li3 

pncyHKa, nnTencnBH~S:Tb ny'IKa npn auatiennsrx pannyca oT R = .20 eM no 

R = 88 CM MeUSJeTCSI cna6o, 'ITO CBiineTenbCTByeT 06 OTCyTCTBiili IIOTepb liO

' noB B rrpouecce ycKopennsr, Bhi3BaHHhiX ¢aaoBbiMR cnBnraMn nnn napylllenneM 

ycTOH'IRBOCTR 6eTaTpOHHbiX KOne6annfi, 

YMeHblllenne nnTencnBnocTn · rrytiKa· B nnarraaone pannycoB 10 eM~ R5 20 eM 

( 'I8CTiillbi COBeplllaiOT "" 10 o6opOTOB) o6'hSJCUSieTCSI liOTepeJl:. ROHOB C T~KHMR 

3 

( 

;~ 
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aaqanhHbiMH ¢asaMH 1 KOTOpbte Bbi6btBaiOT Ha npouecca ycKopeHHSI, PesK'oe 

yMeHblll9HH9 HHT9HCHBHOCTH Ha6moJla9TCH npH R > 8S CM 1 'ITO HaXOJlHTCH B XO-
. I ,, 

pollleM cornacnn c paJtHanhHhiMH pacnpeJteneHHHMH cpeJtaero. MarHHTHoro no-

nSI/2/, ~ CBHSH C TeM 1 'ITO UHKnOTpOH paCC'IHTaH Ha_ yCKOpeHHe TH~enhlX 'Iac

THU c Maccoii JlO A = 40, BeCbMa Ba~HbiM HBnSieTCSI Bonpoc· noTep~ noapB 

B npouecce ycKopeHHH aa ocTaTO'IHO,M rase B K·aMepe. llnSI pac'!eTa noTepb 

HOHOB1 CBHSaHHblX C HSM9H9HH9M 3apHJl8 llpH CTOnKHOBeHHH C 8TOM8MH OCTa

TO'IHOrO rasa, n~nonhSOBanocb Bbtpa~eane/3/ 

1/1 = exp -[ lO 
27 

0 

t 

P f a ( {3 ) {3 dt] , 
0 

;· 
(1) 

rJte I 0 H - Ha'!anbHbiH H KOH9'IHbiH TOK. ycKopeHHbiX HOHOB COOTB9TCTB9H-

ao, p - cpeJtHee JlaBneane B ycKopnTenbHOii KaMepe, a ({3) - nonaoe ceqe-

ane nepesapSIJlKH, t - BpeMH ycKopeHHH HOHa, {3= vI c • 

Tpynao aaneSITbCH·. aa cKonhKo-an6yJlh TO'!Hoe onpeneneane noTepb TaKnM 

o6paSOM 1 TaK KaK B peanbHbiX ycnOBHHX MHOrHe napaMeTpbl 1 BXOJlHlliH9 B 4Jop':" 

M yny ( 1) 1 HeHSB9CTHbl C JlOCTaTO'IHOH CTeneHhiO TO'IHOCTli ( pacnpeneneane 

naBneHHSI no paAnycy, ceqeane noTepn aneKTpoHoB noaaMn pa3nH'!Hoii Macchi, 

sapHna, aaeprnn H T.Jl.). TipH .HcnonbsoBaHHH Bbtpa~eHHH I/I
0

7",exp -[ 10 10 p t] 
. cH . 

BenH'lliHa llOTepb JlnH HOHOB 
12 

Ha UHKnOTpoHe Y-200 npH JlaBneHHH 
-6 . ' . 

B KaMepe p = ( 2-3) 10 . MM pT. CTo H HanpH~eHHli. Ha. JlyaHTe U !: = 75 KB 

non~Ha COCTaBnSITb =50%. 3aBliCliMOCTb TOKa ny'!Ka liOHOB.Ha KOHe'!HOM 

paJtHyce oT naBneHHH B KaMepe npencTaB~eaa aa pnc. 2. H3 pHcyHKa Bnnao, 

. 'ITO llOTepli ny'!Ka npH Jl8Bn9HHH B KaMepe p ~ 4,10-6 MM pT,CTo COCTBB

nHIOT ae 6onee 40%. BMecTe c TeM npn p > . 5.10-6 MM pT.cT. aa5niOnaeTCH 

cylll9CTB9HH09 yMeHblll9HHe HHT9HCHBHOCTH 1 CBHSaHHOe C.· rrepesapHJlKOH _'!aCTHU 

Ha OCTaTO'IHOM raGe B KaMepe UHKnOTpOHa, 

PesoHaHCHbi9_ KpH~~Ie (saBHCHMOCTb TOKa Ily'!Ka OT BenH'IHHbl · MarHHT

HOrO rronSI) JtnH R = 70, 80 n 88 eM rrpencTaBneabl aa pnc. 3a •. Tiono~eaHe 

MBKCHMyMa KpHBbiX C pOCTOM pannyca M9HSieTCH ~~a6o (HSOXpOH,~biH pe:ll(HM 

ycKopeHHSI), OJlH8KO JlnSI 6onhlllliX pannycoB Tpe6yeTCSI B9CbM8 Il~e~HSHOHH~H 
H~CTpoiiKa. H~ pnc. ·35 .rrpH~eJteaa pe3oHaHCHaH. KpHBaSI ( H · = 88 c~) rrpn 

4 

+! ' +3 
OJlHOBpeMeHHOM ycKopeHHli HOHOB He 4 li c· 12 • Bnnao ~ 

A 
KpHBbiX, 'ITO COOTBeTCTByeT pasanue B OTHOllleHllli 7 

BepTnKanbaoe pacrrpeneneaHe ny'!Ka·B nnarrasoa~ p 

·_:5R $ 88 CM 1 HSMepeHHOe C IlOMOIUbiO TpexnaMenbHOro .TC 

rrpeJlCTaBneao Ha pnc~ 4. naMenn rrpo6HIIKa cnenaHbi liS 

ue~TpanbHOH naMenH -\4 M~, BepXHSIH .H Hll~HHH naMenH HM 

"A6coniOTHbie ll3Mepeansr,· rrpoBeneHHhi~ no HaBeJteaaoii 
' . ' 

amoMHHII9BOH 4Jonhre, IlOKa3ann, 'ITO BepTHKanbHbiH pa3Mep· r 

JlHT . 10 MM .. ( MHHH_Mani:>HaH arrep~ypa JlnH IlY'!Ka. COCTaBnHeT 

poBaHne op5HT orrpenensrnocb TpeMH npo5HHKaMII, pesynbTaTI 

CTaBn~Hhi aa pnc. 5a. 

OueaKa BenH'IHHhi aMrrnnTyJlhi HeKorepeHTHbiX pannt 

A , rrpoBeAeHHaH no peGynbTaTaM H3Mepeanii " MeTOJlOl 
r 

Ilp05HHKaMli /4/ B paifoHe KOHe'IHOrO paJlnyca, · llOKa3biB8• 

A r COCTaBnHeT "' 8 MM ( CM. pnc. 56). HHT9HCliBHOCTb 

ycKopeHHhlX liOHOB npencTaBneHhl B Ta6nnue. 

IIpOBOAliJiHCb IlpH pa6oTe UHKnoTpOHa B liMITynbCHOM pe~ 

3.:..8) rrpn. aarrpsr~eanH a a JtyaaTax U g = · 75 KB H JtaBneHI 

= ( 2":'3)• 10-6 'MM pT, CT, 
. ' 

ABTophi Bhtpa~aiOT rny5oKyiO 5naronaps:ocTh aKaiter" 

38 IIOCTOSIHHOe BHliMaHHe ll llHTepec K pa6oTe, M bl Ta 

B.A.· AKHJ.\;10By, B.B •. Ba'riOHe n' B.B.·TiorroBy 3a rroMOIUh 
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3. A.. Chiorso et al. IEEE Transactions on NL 

Ns..:.1. 3, No4, 1.966, 

4. ·A.A. Garren and L. Smith. International Confere 
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ecca ycKopeHHH, PeaKoe 

CM 1 'ITO HBXOUIITCH B XO

:penaero MarHIITHoro no- . 

ycKopeane. TH)KenhiX qac

csr Bonpoc noTepb HoHpB 

~pe, nnsr pacq~Ta noTepb 

IOB9HIIII C aTOMaMH O~Ta-

rHhiX IIOHOB COOTBSTCTBSH-

pe, a. ({3) - nonaoe ce<re-

{3=v/c. 

JeaeneHHe noTepb TaKHM 

aMeTpb11 BXOUSIIIIII9 B <jlop':" 

ro<raocTH (pacnpeaeneH!Ie 

roaaMH paann<raotl Macchi, 

~eansr I /1
0

:=,exp- [ 10 10 p t] 

~ Y-200 npH aaBneHHH 

HH·. a a· nyaaTe U c = 76 KB 

r<rKa HOHOB Ha KOH9'IHOM 

1c, 2. Ha pHcyaKa BHJ:IHO, 

,10-6 MM pT,CT, COCTaB-

6 .MM pT,CT, Ha6ntOJ:l89TCH 

'e c. ~epeaapsrnKo.tl <racTnu 

Ka ,OT BenH'!IIHhl • M8I'HIIT

hl aa pnc, 3a. ITono)KeHHe 

;a6o" ( H30XPDH~hiH pe)KHM 

rcsr BecbMa npeuHaHoaaasr 

HBasr. ( R · = S8 eM) npH 

I 

. +1 c+a 
OJ:IHOBpeMeHHOM ycKopeHHH HOHOB He 4 II 12 BIIaHo q~TKoe paaaeneaiie 

KpiiBbiX1 'ITO COOTB9TCTByeT p83HHUe B OTHOill9HIIII + 1 paBHOH 0,065%, 

BepTIIKanbaoe pacnpeaeneH:IIe rry<rKa B aHarraaoH~ paJ:IHY?OB .10 eM ~ 

._:::R :::: 88 CM1 II3M9p9HH09 C noMOillblO TpexnaMeJibHOI'O ·TOKOBOI'O npo6HHK8 1 

npe]:(CT8BJI9HO Ha pliO, 4, naMenH npo6HH,Ka C]:(9JI8Hbi II3 rpaqliiTa; BbiCOTai 

ue~TpanbHotl n~MenH - 4 MM, Bepxasrsr II HH)KHHH naMenn liMe lOT BhiCOTY 13 MM,· 

A6ooniOTHhie H3MepeHIHI 1 npoBeaeHHhie no HaBeaeaaoii . {3 -aKTIIBHOCTH aa 
' . . . . 

amoMIIHIIeBotl <jlonbre, noKaaanii, 'ITO BepTIIKanbHhiii pa3Mep nyqKa ae "npeBocxo-

J:IIIT .10 MM ( MIIHIIM8JibH8H anepTypa ]:(JIH ny<rKa COCTaBnSieT 30 MM), lleaTpii-. . . '. . ' ~ 

poBaHIIe op61IT onpenenSinoc6 TpeMsr npo6HIIKBMII 1 peaynbTaThi II3Mepeantl npen

cTaBneHhi aa puc, 5a. 

OueaKa Benii<rHHbi aMIInHTYJ:lbi aeKorepeHTHbiX paaHanpHbiX -Kone6aaHll: 

. A r , npoBeaeaaasr no peaynbTaTaM H3MepeaHtl " MeioaoM ·Teaetl" .:. aByMsr 

rrpo6HIIKaMH /4/ B paiioae Koaeqaoro paaiiyca, · IIoKaabmaeT, 'lTO aaaqeaue 

A COCT8BJISI9T ., 8 MM ( CM, puc, 56), l1HT9HCIIBHOCTb II aHeprHH ny'lKOB 
r . . 

ycKopeHHbiX IIOHOB IIp9JlCT8BJI9Hbi . B Ta6nuue. • Be~ II3MepeHII51 

npoBO]:(IIJIIICb npH pa6oTe UIIKJIOTpoHa B HMnynbCHOM p9)KHMe (CKB8)KHOCTb 

3-8) IIpii. HanpSI)K9HIIII Ha ayaHT8X U g =. 75 KB II ]:(8BJI9HIIII B KaMepe p = · ... 
( 2-:3) • 10-6 · MM pT, CT, · 

ABTOpbl Bb!p8)1{8!0T rny6oKy!O 6naroaapHOCTb--aKaiteMIIKy r.H. ··Cf>~-y-~-~--
\ . 

38 IIOCTOSIHHOe BHIIM8HII9 II IIHTepec K pa5oTe, M bi TBK::>Ke 5nai'0]:(8pHbi 

B.A. AKH¥OBy, B.B •. BaTIOHe II' B.B. ·ITo no By a a noMOillb B aKcnepH!'1eHTax; 
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o· 2. 4 6 8 iO fZ 

Puc, 2. 3aBHCIIMOCTb TOKa IIy'IKa Ha KOII8'IHOM pannyce OT AaBnei!HSI B YCKO

piiTenbiiOH KaMepe,-. llaHI!bl8 IIpi!B8A8Hbl AnSI IIOHOB c;; .. 

. 8 

t 
. 

I 

. I 

u 

11 

~,5 I ' .. 
I I +3c/2 

I(orH.ea.J @. . t 

1.0 
I r./1 . . 

· iJ ~- I 
e•BB . 

73" ll vt' ~ ..,R::BO 
I 

0.5 r ,, .... ,. ~ v~=?O 
. \ I 

\ I 

l . ' I I J 
I' 

. ~ \ 
\ \ 

I~ ,~ ~ 
20fJZ.O 20.060 EOIOO 20050 

Puc. 3, a) PeaonaHCHbie Kpl!Bbie 0 naMepei!Hbie AnSI rry'IKa noE 

paanii'IHhiX paniiycax ycKopeHIIH,. 6) PeaonancHbxe KpHBbie AJ 

rry'!Ka ·l!OHOg c+3 n. He+l • l!3MepeHHbie Ha KOHe'IHOM pann 
12 4 

.9 



I' 

iO i2 
P(HN Ha) 

. "4(]6 ~ 

OT /J.aBl!9HHH.B YCKO-
,· 

~.5 ....--------.----.--:----..-------, 

I(orH.ea.J @. .® 

1.0 

tf He4 

t 
0.5 

20.020 2Q060 20100 20050 20090 

~HC31 

PHc, 3, a) PeaoHaHCHbie KpHBbie, naMepeHHbl9 /ll!H nyqKa H~HOB c+a Ha 

paann'IHbiX pannycax ycKopeHHH, · 6) PeaoHaHCHbie KpHBbie nnH cM~2waaaoro 
ny'!Ka ·HOHOI'l c+a n. He+l .• H3MepeHHb19 Ha KOH9'1HOM panHyce R ... 88 CM, 

12 4 

.9 
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~r otTN.ed GBJJ,¥. , '· 

a5 
. I. 

01 I I :7:: J I ' I 

w,-=~-----c~~~----~-----.:ZCjuO'nH.~ CBpB8UHa I 

as 

0~.----~--~----~--~--~ 

(.0~--------------------~--. 

~/u o/1?/f.ea l-lll3 

0.5 '! 

o~--~----~--~--~~--~ 
20 40 60 . 80 100 

----RcH 
. . c+a 

'Puc, 4. BepTIIKBnbHOe pacrrpeJleneHIIe lly'IK8 YCKopeHHhiX IIOHOB .12 1 ·113Me-

peHHOe TpexnaMenhHhiM rrpo6HIIKOM,. BbiCOTa ueHTpanbHOii. naMenll - 4 MM, 
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Pnc. 5. 3KcrrepuMeHTanbHOe orrpelleneHne aMrrniiTYil KorepeH1 

repeHTHhiX (.6) Kone6aHIIii TpeMSI 11 llBYMSI rrp6HnKaMii. To'IKII 

COOTBeTCTBYIOT UeHTp8M Dp6UT 110118 ·qepea· 10 o6opOTOB, 

11 
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P11c, 5, 3KcrrepiiMeHTanhHoe orrpenenea11e aMrrniiTYA KorepeHTHhiX .(a) 11 HeKo
repeHTHhiX. (.6) Kone6aa11ii: TpeMSI n ABYMSI rrp6HIIKaMil. To'!KII aa rpaqli!Ke a) 
COOTB8TCTBYIOT U8HTpaM. OpOIIT IIOHa ·qepe3' 10 o6opoTOB, 

11 


