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without acceleration, 

am on the pick~up , 

circulating beam in 

f accelerating voltage • 

• ctrode si~al induced 
i 

:ase of the signal am-

_the residual gas. \ 

of two-fold decre~se 

uum and part-icle enerror 

of lo-6 mm Hg it is' about 

I 

1 a special storing, 

a s~hematic view ofi this 

.cy determination which 

rf. voltage modulatio~ . 

:_time. Fig. 3 shows! the 

Fig. 3a)_and 1000 stor­

~evolution frequency 

d'measured in the elect­

'n ~t the fixed radiJs 

:termined by relation ( 4) 
, , I 

frequen~y 'coincides ':with 

·acy'i. of revolution fre-

the revolution frequency 
' ' 

'el is shown in Fig. 6. 

shift determined 

;e phase motion predicted 

1 Fig. 6 in accordance 

,fidence on radius in the 

1ese two· curves are sepa­

•val. 

'requency in ari isochro ·­

correction of the average 

' ' ' 

-· ) ' 
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', ·"~·1. l.{8cTOT8 o6pameHHSI li8CTHI1 B U~KnH'IeCKOM YCKOpHTene CBB38H8 

c aenH~HHOA MarHHTHOro nonR Ha op6HTe B H aenH~HHOA nonHoA sueprHH 

ttaCTHUbl E COOTHOW8HHeM 

(1) 

rlle e - sapRl! ~aCTHUbi1 · c - CKOpOCTb CBeTar B HsoxpoHHOM UHKnoTpoHe, 

rne OTCyTCTByeT !f>a30BaR !f>oKyCHpOBKa, aenH~HHa STOA ~aCTOTbl nonmHa 

nonnep>KHBaTbCR noCTORHHOii {H- paBHOA ~aCTOTe yCKOpRIOWero HanpR>KeHHR 

f0 . ) sa cqeT COOTBeTCTBYIOIUero H3MeHeHHR MarHHTHoro nong B anonb 

panH:yca c BbiCOKoA. cTeneHbiO TOttHOCTH. TaK, oTKnoHeHHe ~acTOTbi oT ee 
' -4 

, H30XpOHHOro 3Ha~eHHR Ha BenHttHHy fl{/f "' 3.10 ..... npHBel18T K TOMy1 .>no 
. . 0 

~aCTHUa1~ COBepWaiOIUaR B npouecce ycKopeHHR Tb!CR<Iy o6opoTOB 1 CMeCTHTCR 

no !f>ase a ·aaMennRIOIUYIO .o6nacTb H 6yneT noTepRHa. B lleKOTOpbiX cny~arur, 
121 

!lanpHMep B MOHosaepreTH~ec:Kilx UHKnoTpoaax , nonycTHMbiA !llasOBbiA 

CllBHr He 'npeBbiWaeT HeCKOnbKHX rpanycoB H ~aCTOTa o6paiUeHHR llOn>KHa · 

nOlll1ep>KHBaTbCR nOCTORHHOA C ewe 6onee Bb!COKOA TO~HOCTbiO. 

06bi~HO 0 nOCTORHCTBe ~aCTOTbl o6paiUeHHR B. H30XpOHHOM UHKnOTpOHe 
I · . • 13 41 

{ 0 CTeneHH H30XpOHH3Ma) CYllfT no pesynbTaTaM lf>a3~BbiX H3MepeHHii 
1 

• 

CywecTayeT, onHaKo, aosMomaocTb aenocpencTaenaoro HSMepeHHR ttacTOTbi / . . 

o6paweHHR ~aCTHU B UHKnOTpOH8 1 KOTOpag 3aKniO~aeTC~ B, cnenyiomeM. 
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Ecna aacTaBHTb·crycTOK "laCTHU B_ ua:KnoTpoHe o6pamaTbCH.Ha onpe-. 

JleneHHOM· paJlayce '(UHpKynaposaTb) 6ea 'ycH:opeHHH, TO qacroia carHana, 

-. ~- HaBOJlHMoi'O STHM cryCTK~M Ha. _HHflYKU~OHHb!ii: JlaT"'HK TOKa n;"'Ka, 6yJleT 

pa~Ha qacrore e~o o6pameHHH. 

ilHpKynHpyi01IIHii: ny"'OK MO>KHO nony"'HTb,':ll:cnonbay5r HMriynbCHb~ii: pe>KHM 

pa6oibr reHeparopa ycKopHromero JianpSI>KeHHSI. TaK KaK ycKopeliae :crycrKa 
• • • . . .< • . • 

\ · or ueHTpa UHKnorpoHa JlO KOHe"'Horo paJlHyca .rpe6yer HeKoroporo· spellieHH 

;· .• , .ro' "laCTHUbt, HH>KeKTHpOBaHHbie .B .yCKOpHTEmb B Te"leHHe· BpeMeHH .T· 

nep~Jl;. BbiKn~qe~~eM y~KopHromero ~anpH>KeHHH, :He 6yJlyT ycKope.Hi.l JlO 'ito­

'He~~oH: · SHeprH~·, a OCT~JIYTCH UHpKynHpO~~T~ Ha npOMe>KyTO"'HbiX paJlHYCaX~ . •. ' .· . 
TipH STOM BCH KaMepa YCKOpHTenH 6yJleT aanonHeHa UHpKynHpyi01IIHMH crycT-

~ . . . . . .. . . 

KaMH. 

·),, .. , " ilHpKynapyromHH: ny"'OK aa-aa pacceHHHH Ha OCTaTO'IHOM rase HMeeT . 
_( ._ : . . . /5/ 
. l'Or~aHa;eHHoe speMH >KH3HH t • OueHKH noKaabrsaror ,· "'TO npH JlaBneHHH 

.. . . . . . -6 
OCTaTO"'HOro'raaa 10 .... . •' . . . 

: . :. , · ( "'HCTIO. "laCTHU B ny'IKe 

MM pT.CT. BpeMH >KH3HH UHpKynapyromero ny"'Ka .. 
. . ..;2 

yMeHbliia':TCH· BJlBOe) COCTaBnHe:r npHMepHO 2x10 .CeK · 

· :· JlnH· . npo'roHoB c · sHepraeH: 1 MsB H 6brcrpo yaenH'IHBaercH c pocroM . 

SHeprHH •. ·.r::-.. ·.i. 

.. , • .r • :.;: 

_nn~ sneKTpOHC?Bo C. KOTOpbiMH 6binH ~binOnH.eHbi HaiiiH 9KCnepHMeHTbi 0 

CH;yauasi MeHee·' 6n~rcmpHHTHaH. TaK, npH sueprHH sneKTpOHOB· ~ HeCKOnb~ . .• . . . ·~ . . . 

, KO COT .KSB BpeMH >KH3HH. U.HPKY~~pyromer~ ny'IKa COCTaBnHer HeCKOnbKO co-
. . 

TeH MHKpoceKyHJlo TipH _STOM aMnJIHTyJla BbiCOKOiJ:aCTOTHO~O CHrHa.na,. HaBO-

•' 

.,-'>',.• ... 
JlHMoro Ha· HHllYK!lHOHHOM JlaT'IHKe UHpKynHpyromHM ny'IKOM, SKcnoHeHuHanb­

HO. y!MeHbiiiaeTcH ~o BpeMeHeM.· Ha :pHc. 1 noKaaaHa ocuannorpaMM:a TaKor:o 
' ' . ~ 

...... ···:· . . . . . I 

\· ·CHrHana, ~HaBOJlHMOrO ''Ha' eMKOCTHOM JlaT'IHKe. UHpKynHpyiD1IIHM ny'IKOM sneK,_;...;_ · .\ .. ' . . ' ~ . . 
. ',i 

·" .,r. 

po~OB C. SHeprHeii: .150 KSB •. 

2. l.JacTdTy STOrO CHrHana MO>KHO onpeJlenHTb, 'Ha~pHMep, no' ".liyne­

BbiM" ~H9HHHM, Ha6nro]laeMJ~- H~' a~~a!ie ~~uHnnorpa¢a_ npH nOJlMeiiiHBaHHH 

. K H_CcneJlyeJ?.MY CHrHany CHrHana H3BeCTHOii:. 'laCTOTbi; 

4 
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TaK KaK nepi;!Oll Ha6nro]laeMbiX "HyneBbiX" 6HeHHii: cpaBHHII; 

HOCTbiO HCCne]lyeMOrO CHrHana (BpeMeHe~ >KH3HH ny'IKa), TO n] 

norpeiiiHOCTb. B onpe]leneHHH qaCTOTbi COCTaBHT. npHM9pHO ;!:.5 Kr 

l:lellOCTaTOK M9TOJla "HyneBb!X" 6HeHJiii: 3aKniO'IaeTCH B ere 

~OCTH: Heo6XOJlHMO npH Ka>KJlOM H3MepeHHH HaCTpaHBat:bCH Ha 'I 

cne]lyeMOrO CHrHana, nplf'19M He06XOJlHMO IIM9Tb Bb!COKO'IaCTI 

uannorpa«lJ, ciepecTpanBaeMbiii: BbiCOKo'laCTOTHbiH: .reaepaTop H 'Ia 

. npyroii: B03MO>KH:b!H cnoco6 H3MepeHHH 'laCTOTbi 3aKniO'Iae~ 

30BaHJIH JlnH STOii: uenH UH«lJpOBOrO '18CTOTOMepa, npHHUHn pa6c 

aaKniO"l.aeTCH B onpeJlenemm "'HcnaJIMnynbCOB aa cTporo «l!HKCHpc 

3TOT. BpeMeHHOii: HHTepBan ( u BOpOTa") B 06b!~HC)M "laCTOTOMepe 

npHMep, KaK l.J3-4 , reHepapye:rcs:t cneuaanbHbiM reHeparopoM. 

pOHH3HpOBaTb reHepaTOp "BopoT" C HCCneJlyeMb!M CHrHanOM H i 

xo~HMyro BpeMeHHyro. aaJlep>KKy, To "lacroToMep Mo>KeT 6biTb HC 

H3MepeHHH 'I~CTOTbi HMnynbCHOrO Bb!COKO'IaCTOTHOrO CHrHana~ 3 

yJlo6eH TeM, 'ITO· HBnHeTCH, no cymecTBy, aBTOMaTH' 

ToqHoCTb H3MepeHHH '!aCTOThi HMnynbcHoro carHana '!acre 

paHH'IeHa JlnHTenbHOCTbiO 6 BOpOT", KOTOpaH, ·ecTeCTBeHHO, ]lOn>K 

IIIe JlnHTenhHOCTH accneJlyeMoro CHrHana. TaK, ecria aa BpeMH 

perHCTplipyeTCH Tb!CH'Ia HMnynbCOB, TO'IHOCTb onpe]leneHHH 'I8CTC 
-3 • 

Bb!CHT 10 • 

To'!HOCTb H3MepeHHH 'laCTOTbi HMnynbCHbiM 'laCTOTOMepoM 

MO>KHO yny'IIIIHTb, . ecnH HCnOnb30BaTb 'I8CTOTOMep B pe>KHMe Ha 

STOM C'I{!T HMnynbCOB Be]leTCH. B Te'IeHHe He OJlHOro, a MHOrHX 

JlynHUHH yCKOpHIOIUero HanpH>KeHHH, H norpeiiiHOCTb B onpeJlenef 

yMeHbiiiaeTCH KaK KOpeHb KB8Jlpa THblll H3 'IHCna UHKnOBo . 3a cq{! 
. - . ~ .. 

>Ke npH orpaHH'IeHHOM apeMeHH >KH3HH ny'!Ka, MO>KHO JlOBeCTH T 

]leneHHH 'IaCTOTbl JlO Heo6XOJlHMOii BenH'IHHbi • 
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>He o6pama'tbCSI .ila onpe-. 

1510 TO '18CTOTa CHI'Hana, 

:T'IHK TOKa IIY!JKa, 6ytleT 

Dllb3YSI HMriyllbCHbiit pmKHM 

iK xaK .ycKopeHH.e · crycTKa 

6yeT HeKoToporo· npE:nvieHH 

, n Te'leHue· npeMeHH r 
\ ... 

e 6ytlyT ycKopeHbi J:lO ·'i<o­

rxpoMe>KyTO'IHbiX patlHYC~X~ 

~Ha. UHpKynHpyiOillHMH CI'YCT-

·., ·,. 

ocTaTo'IHOM raae uM:eeT · 

'/5/ 
,aJOT i. 'ITO IlpH J:l8BlleHHH 

UHpKylmpyrorixero ny'IKa .. · 
. . . . . ..;.2 

T8Bll51e:r IlpHMe}JHO 2x1Q .CeK · 

·aenH'IHBSeTCSI C pOCTOM • 

I .r;, 

~Hbl H81llH SKCIIepHMeHTbi0 

:H aneKTpOHOB · B, HeCKOllb:-. .. , . ·.: 
.. 

·COCT8Bll51er H9CKOllbKO CO-

iCTOTHOrO CHI'Ha.na,. HSBO-

' ~ -·.' 
~ ny:q!<OM, SKCIIOH9HUH8llb .. 

1Ha 'oc~mnnorpaMMa TaKo~o 

>Kynupyro~uM: .ny'liwM: aneKT.;..;· 
' : . . 

.: ; 

... 

... •, 

. l 
r 

. ... · ····j 

.... ~ .• 

. \" . ·. 
~b, ·11arrpuMep, no : nyne- ,•,J .~..,_,: 

orpaclJB. IlpH ·IIOJ:lM91llHB8HHH 

TOTbi.· 

.. ,• ... , . 

o',,,R' 

TaK KaK nepl:IOJ:l aa6lliOJ:laeMbiX "aynenbiX" 6ueHHit cpanHHM c tlllHTenb­

HOCTbiO HCClletlyeMOI'O CHI'Hana (npeMeHeM >KH3HH IIY'IKa), TO IlpH t = 100 MKCeK 

norpelllHOCTb B OIIpeJ:lelleHHH '18CTOTbl COCT8BHT. IIpHMepHO :!:.,5 KI'U. 

l:fetlOCTaTOK MeToaa "HynenbiX" 6uemiit aaKnro'laeTCSI B ero TpyaoeM­

KOCTH: Heo6XOJ:lHMO IIpH K8>KJ:l0M H3MepeHHH H8CTpaHB8~bCSI Ha 'laCTOTy HC­

cneayeMOI'O cnraana, rrpn'leM Heo6xoanMo nMeTb DbiCOKo'laCToTHbiit oc­

unnnorpa$, riepeCTpannaeMbiit BbiCOKO'I8CTOTHblit ,reHepaTop ll 'ISCTOTOMep. 

• -:Dpyroit B03MO>KHbiit .CIIOC06 ll3MepeHHSI 'I.SCTOTbl 38Kll10'189TCSI D llCIIOllb-

30B8Hllll J:lllSI STOit U9llll UH$pOBOI'O '18CTOTOMepa, IlpHHUllll pa60Tbl KOTOpOI'O 

38KlliO'IaeTCSI B OllpeaeneHHll 'lllCll8llMIIyllbCOB 38 CTpOI'O $HKCHpOB8HH09 BpeMSit 

3TOT npeMeHHOit llHTepnan ( "nopoTa") B 06b!'IHOM '18CTOTOMepe, T8KOM 0 Ha­

IIpHMep, K8K t{3-4 • reaepnpyeTCSl CII9UH8llbHbiM reHepaTopoM. Ecnn, CHHX­

pOHH3HpOB8Tb I'eHepaTOp "nopoT" C HCCneayeMbiM CHI'H8llOM ll BB9CTH Heo6-

XOJ:lllMyiO npeMeHHyiO. aaaep>KKy, TO '18CTOTOMep MO>KeT 6biTb HCIIOllb30~8H llllSI . 

H3MepeHHSI 'I~CTOTb! llMIIYllbCHOI'O Bb!COKO'I8CTOTHOI'O CHI'Hana. 3TOT CIIOC06 .. 
yao6eH TeM, 'ITO 51Bll519TC510 110 CYill9CTBYt 8BTOM8TH'IeCKHM. 

To'IHOCTb naMepeHHSI 'laCTOThi HMnynbCHoro cnraana 'laCTOTOMepoM ·or':" 

paHH'IeHa annTenbHOCTbiO "nopoT", KOTOp8510 eCT9CTB9HK00 J:l0ll>Kf!8 6b!Tb MeHb­

lll9 annTenbHOCTH nccneayeMoro CHI'Hana. TaK, ecim _a a npeMSI naMepeHHSI 

perncTpnpyeTCSI Tb!CSI'Ia HMIIYllbCOB, TO'IHOCTb Ollp~aeneHHSI '18CTOTb! He IIpe-
. -3 

Bb!CHT 10 • 

To'IHOCTb naMepeHnH 'laCTOTbi HMnynbCHbiM qacToToMepoM, oaHaKo, 

MO>KHO .yny'llllllTb, . ecnn HCIIOllb30B8Tb '18CTOTOM9p D pe>KHM9 H8KOIIll9HHSI. flpH 

aTOM C'I~T HMIIYllbCOB neaeTCSI. B T9'19HH9 H9 OtlHOI'00 a MHOI'HX UHKllOB Mo-

aynSIUHH yCKOpSIIOillei'O H8IIpSI>KeHHSI0 H IIOI'pelllHOCTb B OIIpeaeneHHH '18CTOTbi . 

yMeHblllaeTCSI K8K KOpeHb KBaapaTHb!it ~3 · 'IHClla UHKllOD. 3a C'I~T STOI'O, aa­

>Ke IlpH OI'p8HH'I9HHOM Bp9M9HH >KH3HH IIY'IK8 0 MO>KHO J:lOBeCTH TO'IHOCTb Ollpe­

J:lelleHHSI 'laCTOTbi tlO Heo6xoauMoit aenH'IHHbi. 
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·v - , . 

. ~ . 
3. TaKoil: '{aCTOTOMep lln~ 'H:sMepeHH5I 'IaCTOThi HMriynbcHoro BhiCOKo­

'IaCTOTHoro CHI'Hana B pem:uMe HaKonneHH5I 6hrn paspa66TaH cnenHanbHO llll5I 
. . ' ·. .,. . . 

a~cnepH:MeHTa no HSMepeHHrO qaCTOThi o6pameHH5I 'IaC.THil B llHKliOTpOHe Ha 

6 
. . . . 161 0 . . . 6 . . . 

ase 'IBCTOTOMepa, OnHCaHHOI'O B • H HMeeT llBa pemHMa pa OThl no llliH-
. ' . 

TenbHOCTH -'sopoT' :.. 50 H 100 MKCeK - :u nsa pe)KHMa no 'IHCny HaKOII- . 

· . neHHhiX llHKliOB -. 100 H 1000.. , 
~ ~· 

YnpomeHHa5I 6noK-cXeMa 'IaCTOTOMepa nng·'sopoT' nnHTenbHOCTbiD 

100 MKCeK H HaKOIIlleHH5I 100 ~HKliOB llOKaSaHa Ha pHC. ~2. 0H COCTOHT liS 

KBaplleBOI'O I'eHepaTopa,. lflopMnposaTeng aTanoHHOI'O, speM;eHH. ( 0 BOpoT"), 
~ ., ;... . ~ : . ~. .. ·:· 

C'I~T'IHKa llliKliOB1 lleKallHOI'O C'I~T'IHKa, yCJiliHTeng IIyCKOBOI'O CHI'Hana JI 

.. 

Tpex KliiD'IeBhiX cxeM, K1· , K2 , BK, KOTophre yrrpasn5IIDTC5I cooTseTCTBeH-. ' . . . . . . . 
• HO TpHrrepaMn TK 1, TK2 H TBK. B ;_ pemHMe O*HilaHH_5I 9TH TJllii'I'ephr Ha- .. 

· _XOil5ITC5I s cocT05IHJIH, sarrpemaromeM rrpoxomneHHe cHrHanos 'Iepes Kllro'Ie­

-~~l.,~hie CXeMhlj TpHI'I'ephl C'I~T'IHKa llHKliOB 1i lflopMHpOBaTeng "sopoT" HaXOil5IT-' 

C5I B liylleBOM COCT05IHHJI. 

HamaTHeM KHOII.I<JI "rrycK"' Bhrpa6aThrsaeTC5I (Ha Bhrxone. ycHnHTeng) 

liMIIYnbC C6poca ll9KallHOI'O C'I~T.'IJIKa B Hynesoe COCT05IHJie, JI 9TJIM me HM- ·. ·' 

rrynhcoM nepeson5ITC5I 5 cocT05IHHe · "1" TpHrrephi T10-T12 C'IeT'IHKa H TpHr- · 

J: > rep TK2. llpoXOil5ImliH IIpH 9TOM 'Iepes K2_ IIepBhiH HMIIyllbC MOilYliHTOpa rre­

peBO/lHT TK1 s pa6o'Iee cocT0.5IHHe,: H JIMnynbCbi OT Ksapnesoro ~'?HepaTopa 

.. 
. _Ha'IHHaiDT IIOCTyiiaTb Ha ~XC?Il lflopMHpOBaTeJig aTanOHHOI'O speMeHH. 

<l>opMnposaTenb aTanoHHoro-.'speMeHH rrpencTasngeT co6oil: nson'IHhiil: 

. C'IeTtJ'JIK, OXBa'IeHHhiH o6paTHOH CBsiSbiD Ha TpeTHil:, 'IeTBepThiH JI II5IThiH TpHI'­

.. rephr. llpH aToM paspemaromHil: · JIMiiynbc c TpHrrepa TBK yrrpasneHH5I shrco-

Ko'IacToTHoil: KliiD'Iesoil: cxeMoil: BK nMeeT nnHTenbHOCTb 100 MKCeK (n.sa­

nep)Kaa OTHOCHTellbHO HMIIYllbCa MOilYli5ITOpa Ha - 32 MKCeK). 3aJiHliJ11 lflpoa-> 

TOM paspemaromero. HMIIynbca Tpli_rrep TK-1 nepesonHTC5I s ncxonHoe cocT.on • 
. . . . . I 

Hne. OnHospeMeHHo npH6asn5teTC5I enHHHila s C'IeT'IHK llJIKnos, rronHag eM-
.) . ( 

KOCTb KOTOpOI'O pasHa 100 JIMIIynbcaM 'yMeHblli9HJie' eMKOCTH C'I~T'IJIKa 

llHKncis Ha 28" enHHHil nocTHraeTC5I sa C'I~T c6poca TpHrrepos Tt'O-T12 s 

6 

'-' 

'·· ... 

... 

I 

.,, 

I 

I 
I 
l 

·I 
I 
I 
I 

., 
' ~} 

/\ 

! 
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IIOliOmeHHe '1' B Ha'Iane llliKlla IIpH HamaTJIJI KHOIIKH 'rrycK'). 

:- TK-2 IIpHneT · s HCXonHoe cocT05IHHe T~nbKO rrpn rrepe':IonH~:!~~n 

ll~KnOB, II09TOMY HMIIynbChl MOilYli5ITOpa 6ynyT sarrycKaTb '!aCT 

100 pas. 

B p'emHMe HaKorrneHH5I 1000 UHKnos C'I~T'IHK pacnmp5teTcs ' ' . 
repo~,. a s 'l' c6pachiB~IDTC5I' TpHrrephr .. Til H T12. .. .. 

EcnH HMIIyllbChi c KliiD'Iesoil: cxeMhi K1 rronaTb Ha sxon 1 

aTanOHHOe BpeM~ 6yneT paBHO 50 MKC.eK. 
. . 

neKallHhlH C'I~T'IHK ~aCTOTOMepa aHa~OI'H'IeH OIIJICaHHOMY 

9KCIIepHMeHTallbHOI'O onpeneneHHsi IIOI'pelliHOCTH C'I~Ta B SaBJICJ 

'IHClla _HaKOIIlleHHhiX llHKliOB 6hxn npoaeneH KOHTpOllbHhiH 9KCIIepJ 

'IeCTBe. HCTO'IHHKS BhiCOKO'ISCTOTHOro CJII'Hana B 9TOM 9KOnepHI 

sosancg CTaHnapT 'IaCTOThi q 1 -10; .. o6eciie'IHBBIDlliHil: CTa6nnbHO< 
-9 

BhiXOilHoro CHI'Hana He xyme. 10 • BpeM5I C'I~Ta ~ OllHOM llJIK 

no _100 MKCeK, a 'IaCTOTa CHI'Hana - 80 MI'Ilo llpH 9TOM TO'IHO 
' -3 

, HJI5I 'IaCTOThl B 0/lHOM llHKne llOllmHa COCTaBli5ITb. 1.25x10 • B1 

. ):tosaHo nsa · pemnMa: c HaKorrneHHeM 100 n 1000 llHKnos. llony• 

· :"aa pacrrpenenemig ~TKnoHeHHil: rro~~saHa Ha pnc. 3 ( a· H 6), r 

a6~llJICC OTliO)KeHa BeliH'IHHa OTKliOHeHH5I .. fl. f. OT HCTJIHHOJ:'O SHS 

----Thll a no OCR OpllHHaT - COOTBeTCTByiDmee eMY 'IHCiiO OTC'I~TO 
: . 

cny'Iae (pH c. 3.9.) OTKliOHeHHe c sep05ITHOCTbiD 85% He rrpe-Bhilll 
I . • •· 

a. BO. BTOp~M - ±.lr 5 KI'Il, 'ITO COCTaBn5IeT OTHOCJITenbHYID OlliHf 
- . . -5· -5 

neH~m 'IaCTOThi cooTseTCTBeHHo 6,25x10 H 2x10 • MaKCHMal 

CHTellbHag OlliH6Ka B OIIpeneneHHH 'IaCTOTbl Ilplf HaKOIIlleHJIJI 10( 
~ . . . . -~~ 

TC!BllgeT 1, 375x10 , a npH HaKonneHHH 1000 :llHK~OB 4,5x10. • 

9THX llBHHhiX noKaShiBaeT, 'ITO OlliJI6Ka B OIIpeneneHHH 'IBCTOThl 
.• 

C5I npOIIOpllHOHanbHO KOpHID KsanpaTHOMY HS 'IHClla HaKOIIlleHHhl 
. I • ~ • 

'ITo rrpH aaKQIIneHHH 1o'oo ·llHKnos Momao HSMepJITb 'Iacl-oTy HM 
. · ... -5 . . . . . 

. CHI'Hana C BbiCOKOH ( "" 2x10 · ) ·. TO'IHOCTbiD IIpH OTHOCHTenbHO . . . . . 

. ( ioo MKCe~) speMeaU: HSMepE7HH5I B: o.ilHOM llHKne. 
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4. HFDKe npHBOilSITCSI peaynbTBTbi aKcnepHMeHTOB no H3MepeHHIO qacTci-
. . · ·Ill 

Tbl OopameHHSI "'8CTHil B aneKTpOHHOii: MOJlenH KOnbi(eBoro IlH~!JOTpOHa 

DnSI npoBepKH MeTOJl8 H a~napaTypbi Ha ~HKCHPOB8HHOM panHyce onpe­

nenSinOCb H3MeHeime "'8CTOTbi .oopameHHSI qaCTHil 'npH H3MeHeHHH J'l9nH"'HHbi 

MarHHTHoro nonSI. CBSI3b Me*llY naMeHeHHSIMH "'aCTOTbi H MarHHTHoro no"fiSI 

MO)!{HO Haii:TH, llH~epeHilHpySI (1) npH IIOCTOSIHHOM paJlHyce H HCnOnb3YSI 

CBSI3b Me*llY BenH"'HHOii: nonHoii: aHeprHH "'aCTHU E 

•H pannyca R B BHile . 

2 2 2 
E = E + (eBRc) . 

0 

0pH :3TOM. nony"'HTCSI Bbip8)!{9HHe 

6.[ 

f 
1 6.B 

y2 B 

E 
y=-

Eo 

MarHHTHoro nonSI B 

(2) 

(3) 

TaK KaK B naoxpoHHOM IlHKnoTpoae B "" B y 
0 

, rne 8
0 

-none B ueHTpe 

IlHKnoTpoHa, BbiP8*9HHe (3) MO)!{eT. ObiTb aanHCaHO T8K)!{9 B BHJle 

6.f =-1- 6.8 (4) 

fo y3 B 
0 

MarHHTHoe none B aneKTpoHHOii: MonenH coaaaeTcSI TOKOBbiMH o6MoT-

K8MH. 093 npHMeHeHHSI ~eppOMarHHTHbiX MaTepHanoB, noaTOMY BenH"'HHa Mar­

'HHTHoro nonSI, C03Jl8BaeMoro KaKoii:-nHOO OOMOTKOii:, nHHeii:HO CBSI38Ha C Be­

nH"'HHOii: TOKa B Heii:. 

B onHCbiB8ElMOM :3KCnepHM~HTe MarHHTHOe none H3MeHSinOCb 38 C"'eT 

H3MeHeHHSI TOK8 B OllHOii: H3 KOHil9HTpH"'9CKHX OOMOTOK.'C031l8B89MOe :3TOii: 

OOMOTKOH MarHHTHOe none H3~e?THO H3 MarHHTHbiX H3MepeHHH H 38BHCHT 

OT panHyca B COOTB9TCTBHH.C JlaHHhlMH Taon. 1 • 
. I 

j' 

8 

il 

r 
,\ 
I 
i 

·~ 
.~ 

l~ 
j. 

l 
I 
~:; 
\ 
" 

~,.; I . 
' 

! . 

1 
l 

i 

Ta6nnua 1 

R, CM 65' 70 75 80 85 . 90 92 95 98 

B 13 • rc 5,33 5,51 6,02 6,49 7,09 7,86 8,25 8,92 9,70 

BenH"'HHa TOKa B OOMOTKe KOHTpOnHpyeTCSI C TO"'HOCTbiO 

H3M9HSITbCSI B :3KCnepHM9HTe Ha BenH"'HHy nopSIJlKa 1%. 

Ha PHC. 4 IIOKa3aHa 38BHCHMOCTb "'aCTOTbi . oopameHHSI, F 

HyneBbiM OH9HHSIM, OT' BenH"'HHbl MarHHTHOrO nonSI JlnSI llBYX 3 

yea. 

HaoniOJl8IOIII99CSI OTKnOH9HHe aKcnepHMeHTanhHblX TO"'eK OT 

38BHCIIMOCTeii:, noKa3aHHbiX. Ha aTOM )!{9 pHCyHKe npSIMbiMH nHJ 

llHTCSI B npenenax 0)!{HJl89MbiX OIIIHOOK npir H3MepeHHH "'aCTOTl 

OOM. 

Ha pHc. 5 noi<aaaHa aHanorH"'HaSI aaBHCHMOCTh, rronyqeHJ 

peHHH 1iBCTOTbl onHC8HHbiM Bblllle "'8CTOTOMepOM, 0TKnOH9HH9 

TanbHblX TO"'eK OT nHHeHHOii: 38BHCHMOCTH He IIpeBbllll8eT 1 Kr. 

MeHTanbHaSI npSIM8SI OTKnOHSieTCSI OT pacqeTHOii: He oonee '19M 

OTKnOHeHHe MO*HO OO~SICHHTb OTnH"'HeM paC"'eTHOro aHa"'e 

rHH "'aCTHil OT ~ai{TH"'eCKOro Ha BenH"'HHY IIOpSIJlKa /),.y/y = 0,6' 

. OpH H3MepeHHH "'aCTOTbi o6pameHHSI HMnynbCHbiM .. "'aCTOT' 

CHHXpOHH38IlHH nOJlaBanCSI Ha "'8CTOTOMep "'epea perynHpyeMYK 

BenH"'HHa KOTOpoii: IIOilOHpanacb TaK, 'ITO H3MepeHH9 "'8CTOTbl l 

rrocne BbiKniO"'eHHSI YCKOpSIIOIII.erOCSI HaiipSI)!{eHHSI .CnrHan C HHilYKU 

"'HKa, HM9IOIIIHH BHil 'HMnynbCOB, cnenyiOIIIHX C "'8CTOTOH. oopalll 

HeHuHanbHo yobJBaiOmeii: aMrrnHTynoii:, BHa"'ane rrpoxoJlHn "'epea 

BTOpoii:.rapMOHHKH H ~aTeM nonaBancg Ha BXOJl "'8CTOTOMepa. 

no BJlBOe yBenH"'HTb "'HCnO pernc"TpHpyeMbiX'HMIIynbCOB H T8KH~ 

nH'l:HTb TO"'HOCTb H3MepeHHSI "'8CT0Tble 

9 



1.1eHTOB no iiaMepeHHIO 'lacT0-
·/1 I 

onbueao~o UHKnoTpoaa 

HKCHpOBBHHOM pa~HyCe onpe-

U npH. H3MeHeHHH aenH'IHHbl 

18CTOTbl H MB~HHTHO~O nons:~ 

:oM .paauyce u ucnonbays:~ 

E , Ma~auTao~o nons:~ B 

-"-

(2) 

E 
=- (3) 

E 
0 

~~e 8
0 

-none a ueaTpe 

aao TaKme a_au~e 

(4) 

03LtaeTCH TOKOBbiMH OOMOT-

tnoa, noaTOMy aenu'IHHa Ma~ 

Kofi, nuaeil:Ho cas:~aaaa c ae-

'none· H3MeHHnOCb 38 C'I~T 

ilbiX H3MepeHHH H 38BHCHT 

Ta6nuua 1 

R, CM 85 70 75 80 85 90 92 95 98 ·100 

B 13 • ~c 5,33 5,51 8,02 8,49 7109 7,88 8,25 8,92 9,70 10,27 

. -4 
BenH'IHH8 TOKB B OOMOTKe KOHTponupyeTCH C TO'IHOCTb!O 10 H MO~na 

H3MeHSITbCH B 9KCnepHMeHTe Ha aenH'IUHy nopHLlKB 1%, 

Ha puc. 4 noKa3aHa aaaucuMoCTb 'laCTOTbi o6pameHHH, H3Mepemioll: no 

HyneabiM 6ueHHHM1 OT' aenH'IHHbl Ma~HUTHO~O nonSI JlnH ~BYX 3Ha'leHHH paJlH-

yea, 

Ha6nro~aromeecH OTKnoaeane aKcnepuMeHTanbHbiX TO'IeK OT pactJ:~THbiX 

38BHCIIMOCTefi 1 noKa3aHHbiX Ha 9TOM me pHCYHKe npHMbiMH nHHHHMH 1 HBXO­

JlHTCSI B npeaenax omuaaeMbiX OlliHOOK npit: H3MepeHHH '18CTOTbl 9THM cnoco­

OOM, 

Ha puc. 5 noKaaaHa aHano~u'IHaH aaaucuMOCTb, nony'leHHaH npu naMe­

peHuu 11aCTOTbi onucaHHbiM Bbillle qacToToMepoM~' 0TKnoHeHue aKcnepuMeH­

TanbHbiX TotJ:eK oT nnHefiHofi aaaucnMocTu He npeabimaeT 1 K~u, a a~sn.epu­

MeaTanbHaH npHMBH OTKnOHSieTCH 01' paC'I~THOH He oonee 'l:eM Ha 2%, 8TO 

OTKnOHeHUe MO*HO OO~HCHHTb OTnU'IHeM paC'I~THO~O 3HatJ:eHHH 9Hep-

~HH '18CTHU 01' <jJai{TH'IeCKO~O Ha aenH'IHHY nopHJlKa .. iiy/y = 0,8%. 

. Tip11 H3MepeHHH '18CTOTbl o6pameHHH HMnynhCIIbiM 'IBC·TOTOMepOM CH~Han 

cuaxpoHuaauun noaaaancs:~ aa qacToToMep qepea pe~ynupyeMY!O aa~epmKy, 

aenH'IUHa KoTopofi noa5upanacb TaK, 'ITO uaMepeaue 'laCTOTbi Ha'lnHanocb 

nocne BbiKnroqemm ycKops:~romerocs:~ aanps:~meaus:~ ,Curuan c HII~YKUHOHHoro ~aT­

'IHKa, HMe!O!llHH BH~ 'HMnynbCOB1 cne~y!OlUHX C 'IBCTOTOH o6pa!lleHHH H 9KCno­

HeHUHBnbHO y6biaaromefi aMnnuTyaofi, aaa'lane npoxo~un 'lepea ycnnHTenb 

BTopofi rapMOIIHKH H aaTeM noaaaancg aa axoa 'laCTOTOMepa, 8To noaaonu- · 

no a~aoe yae·nH'IHTb que no pernc"TpHpyeMbiX ·nMnynbcoa ~ TBKHM o6paaoM yae...; 

nH'J:HTb TO'IHOCTb H3MepeHHH '18CTOTbi, 

9 



' ~. 

Ha , pnc. 5 BlfJlHO, ':ITO ,B onncaHHOM SKCnepHMeHTe TO':IHOCTh lf3MepeHHSI 
-5 ~~-

':laCTOTbl o6pameHHSI _coc!aBnsteT · :!:.,2,5x10 • 

~a pnc. 6 npeJlCTaBneHa aa!3HCHMOCTb ':la_CTOTbl 06P.~WeHHSI ~T paJlnyca, 

HSMepeHHaSI .C llOMOIIIbiO O~HCaHHOH MeTOJllfKH; BenH':IHHa !!!./ eCTb OTJtnOHe-

HHe ':laCTOTbi o6pameHHSI I oT ':laCTOTbi ycKopSIIOmero Hanpst}KeHHSI f 
0 

•. 

.· 

TaK KaK ]lnSI sneKTPOHOB c yMeHbiiieHHeM SHepi"Iflf, JlO o6nac_Tif Hlf}Ke 100 KSB 

BpeMst }KHSHH · unpeynnpyrome~o' ny'iKa 6i.IcTpo cnaJlaeT, oKaaanocb BOSMO}K-• . . 

. -

!. 
". '}.-

[ ...... 
I, 

l :' 

i: 

·><:. 

:"-"' 

HbiM naMepnTb ':lacToTy o6pameHnst, Ha':IHHast nnmb c pannyca R =10 eM 

(suepi"HSI sneKTpOHOB "' 113 KSB). 

0TnH'ilfe ':laCTOTbl o6pameHHSI ':18CTHU OT ':laCTOTbl yc~OpSIIOIIIei"? Hanpst­

}KeHHSI JlOn}KHO llpHBOJlHTb K HX CMeiiieHHIO llO <!Jaae, KOTOpOe B Cny':lae JleBSI-
, 141' 

HOCTOI"paJlyCHOI"O JlyaHTa OllHCbiBaeTC~ Bbipa}KeHHeM 

sin ( cp 
.:z 

I"Jle v 
. 0 

45°) - sin (cp -
1 

o . Eo Y !!!.{ 
45)=--2rr (2-dy v 2 e v ·>j f 

0 0 

(5) 

aMnnnTyJla YCKOpSIIOIIIei"O Hanpst}KeHH5lo ll.onbSySICb ·(5), MO}KliO 

CpaBHHTb peaynbTaT HSMepeHHSI 'iaCTOTbl o6paiiieHHSI1 fipHB.e]leHRbiH Ha pnc.6, 

c JlaHHbiMH IienocpeticTBeHHbiX <!JaaoBbiX HSMepeHHii. Ha pHc. 7 cnnomHbiMH 

KpHBbiMH ll.OKaSaHa 38BifCHMOCTb <!Ja3bl OT paJlHyca, HSMepeHHaSI C llOMOIIIbiO. 
.. /4/. . " . 

<!JaaoMeTpa , a KpecTaMn- JlaHHbie. o JlBH}KeHHH <!Jaabi, nony':leHHbie o6pa-. 

6oTKOH -38BHCHMOCTH 'iaCTOTbl o6paiiieHHSI OT paJlHyca (pHC. 6} • 

. <tlaSOBbie KpHBbie 1-2 H.SMepeHbl JlO H nocne lf3MepeHHSI ':18CTOTbl o6pa-
. . . .. . " " " 0 

IIIeHHSI. 11MeiOIIIHHCSI Me}KJlY HHMH nO':ITH nOCT05lHHbiH CJlBHI" ·,. 3-t4 MO}KeT 

6biTb o6'bSICHeH KaK HeTO':IHOCTbiD npHBSI3KR a6coniOTHOI"O SHa':leHRSI <!Ja3bi, ; . 
t . .. ~ • . • •. i 

; 
_TaK J:[ B03MO}KHbiM" yXOJlOM ':laCTOTbl YCKOpSIIOIIIei"O Hanpsp«:eHHSI Ha BenH':IHHy 

"'·1 KI"Uo 
'-·. 

4. HaMepeun:e -~. BbiCOKoii .TO':IHOCTbiO ':laCTOTbi o6pameHn:st ':lacrnu B 

R30XpOHHOM UH~nOTpOHe, .J~MO}KHOCTb KOTOpOI"O ll0Jll'B~p}KJl8eT~SI peaynb~ 
' - . . .. 

TaTBMH HaCTOSIIIIeH pa60Tbl1 MO}KeT OKaSaTbCSI noneSHbiM npn aBTOM8TH'ieC~OH 

. I ."" ,~ - ' 

·,' 

., 
(c llOMOIIIbiO 3BM} KOppeKUHH Benn':IHHbi'··cpeJlHero Mai"HHTHOI"O nonst 'no ny-i{-

. 

Ky" no. A~YM npH'iHimM: B?-nepBbiX, Ol'Knoueune. ':laCTOl'bl o5pa 

HO CBSISaHO C OT~nOHeHReM .Mai"HHTHOI"O nonst H o6pa60TK8 pea 

peHn:st aa 3BM, ~oropast· npcmaBOJlHTCSI Jlnst :~aXO}KJleHHSI Koppel 

TOKOB B 06MOTKaX Mai"HHTa, He CBSI3aHa C _norepeii TO':IHOCTH I 

JlnSI ·ST~X )K~ ueneii <!JaSOBbiX HaMepeHHH Tpe6ye~ .iui:<P<Pep~HUHpc 

aynb:aTOB HSMepeHJtii, 'iTO 06bi':IHO CB5l38HO~C '6onbiiiHMH norpe 

.BD-BTOpbiX1 BOCCTaHOBneHHe KapTHHbl M8I"Hill'HOVO nonst no .. pea 

H3MepeHHSI. ':laCTOl'bl o6paiiieHHSI MO}Kel' 6biTb. B~IIIOnHeHO 6on~e 

KaK ':lacrora of?pameHnst ':lacrnu aaBncnr roni.~o. oT Benn':IHHbi 1 

nomr" Ha op6nTe n He aaBncnr (B ornn':ln~ oi <!Jaabi} oT ':lacTm 

• mero HanpH}KeHnst. 

B aaKnro':leHlie aBTOpbi 6naroJlapstT B.A. AKKyparcJBa 'n ,B. 

Sa llOMOIIIb B npoBe]leHiflf·SKCnepHMeHTOBo 
., 

nnTepaTypa 

1. B.H. AilocoB H. itp. ATOMHast ,sHeprnst, -~ 66 (1968}. 

2. A.A.;fnaaoB H. llPo )!(Till , §L Bbm. 5, .1465 ·.(1969). - . 
3. H.P.Stussi et al. Nucl~ Iristr, ~ 87 {1970). . · 

.. . . . 
4. B.H. 'AuocoB u llP~ OH.HH, Pfl-5873, ,Uy6:Ha~ ·197.1. 

5. L EpyK •. li!fKnii':lecKne ycKopnrenn aapst}KeHHbiX 'iacrnu. A To 

MoCKBa, 1970_. .. 

B. -IO~H~ .UeHHCOB If llP~. HaMe}JHTenbHast TeXHHKa N91, 59 ( l£!68) 

PyKonRcb'nocTynHna B naJlaTenbCKRii OT]len 

24 CeHTSI6pSI 1971 I"O]la. 



~MeHTe.TO~HOCTh H3MepeHH£ 

OTbl 06P.~xUeHHsl OT panHyca, 

!nH~HHa } 1 f ecTb oTxnoae-

mnero aanp£>KeHH£ f 
0 

• _ · 

H no o6nac_TH HH>Ke 100 Kas 

. . . 

·. J 
tnaeT, OK~~anocb B03MO>K--....__ ;~ 

b c panHyca R =70 eM ·- : ... ~- .) 

:::TOTbl YCK.OP£lOIU9l"O HanpH-

1e, KoTopoe B cny~ae nesH­
/4/' 

3M· 

(5) 

nonb3YHCb ·(5), MO>KIIO 

!IHH, trpHJ~eneaimfi aa pHc.6, 

[fi, Ha · pHc. 7 cnnoWHbiMH. 

ca, H3MepeHHaH c noM~IUblO _ 

<fla3bi, nony~eHHbie o6pa­

a:yca (~He. 6). 

! 1_13i\tepeHHH tzaCTOTbl o6pa-
· .. ' . 0 . i 

bifi cnBHr.';,_ 3-!4 MO>KeT 

IlOTHOI"o' 3Ha~eHHH, tPI:l3bi, i · 
' ' l aanp~eHHH aa senH~HH~ 

•· 
rbi o6p~WeHHH ~aCTHU B 

nonTsep>KnaeTCH peaynb~ 

•ne3HbiM npH aBTOMaTH~eCKOfi 
;~0 .. ' 

'0 Mal"HHTHOI"O nonH 'no ny~- i 

·.' 

,. 

I .. 
i 
t 

l 
I 
I 

·t 
~. 

·I 
I 
~ .. 

Ky" no. nsyM npH~HHaM: :Bo-nepBbiX, OTKnOHeHHe ~aCTOTbi o6pameHUH nHHefi-_:_ 
. . 

HO CBH3aHO C OT~nOH~HHeM .Mal"HHTHOI"O non£ H o6pa60TKa pe3ynhTaTOB H3Me-
. t\" .••• 

peHHH Ha 3BM, KOTopaH· npOH3BOnHTCH nnH· HaXO>KneJIHH KOppeKTHPYlOIUHX 

TOKOB B o6MOTKaX Mal"HHTa, He CBH3aHa C noTepefi TO~HOCTH (o6pa60TKa 
. . ; .:·· -... " . . . 

nnH 9TH X >Ke uenefi <fla30BbiX H3MepeHHfi Tpe6yeT nJi:<fJ<flepeHUHpOBaHHH, pe-

aynhTaTOB H3MepeHJifi, ti:TO 06bi~HO CBH3aHo···c -'6~nhWHMH norpeui~~CTHMH) j 
.. BO-B'!'OpbiX, BOCCTaHOBneHHe KapTHHbi Ma~HifTHOPO n01JH no_ peaynbTaTa¥ 

H3MepeHHH · ~acTOTbi o6paweHHH Mo>KeT 6biTb · Bbuiormeao _ 6onee ~HcTo, TaK 

KaK ~aCTOTa o6pameHHH ~aCTHU 3aBHCHT TO~i;KO OT BenH~HHbi Mal"HHTHOI"O . . . ~ .. : ' . . '' . 
nonsr ~-lia. op6HTe H. He 3aBHCHT ( B OTnH~He OT <fla3bi) OT ~aCTOTbi yCKOpHro-

• mero aanpH>KeHHH. 

B aaKnro~emie aBTOpbi 6naronapHT B.A. AKKypaToaa ·~~.B.A. KotzKHJia 

3a noMOIUb B npOBeneHHH'9KC~epHMeJITOBo 

nHTepaTypa 

1. B.H. A.Hocoa H. i:tp. ATOMHaH .aaepl"HH, ;lli, 66 (1968). 

2. A.A.:rna30B H. itp. )KT<P • a Bbin. 5, .1465 '(1969). 

3 •. H.P.Stussi et- al. Nuct Iristr, ~ 87 (1970). 

4. B.H. ·Aaocoa n .np~ OIHIH, P9-5873, Jly6aa·, ·1971. 

5. L EpyK,- llHKnH~eCKHe ycKopHTenH aapH>KeJIHbiX 'raCTHUo ATOMH3naT, 

MocKsa, 1970 •• 

6. -IO.H· • ./leJIHCOB H np~_ I1aMepHTenhHaH TeXHHKa N21, 59 ( l!:!f!S). 

PyKonHcb·nocTynHna B HanaTenbcKIIfi oTnen 

24 ceHTH6pH 1971 rona. 
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