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BBe.tteHHe 

UHnHH.ttpH'l0CKHil pe3OHSTOP nHH0ilHOI'O yCKOpHTem1 npoTOHOB, HarpylKeHHblll Tpy6KaMH 

.ttpeilq>a, MOlKHO paccMaTpHBSTb KSK nocne.ttOBaTenhHOCTb lK0CTKO CB>I3SHHb!X M0lK.tlY co6oi! 

UHnHH.ttpH'10CKHX TOPOH.[ISnbHbIX pe3OHSTOPOB C Me.ttneHHO M0H>IIOIUHMHC>I napaMeTpSMH H 

B036YlK.tlS0MbIX HS O.tlHOi! 'ISCTOTe, 

ITpHpOCT 9H0pI'HH npOTOHOB npH nponeTe O.[IHOI'O ycKopstIOIUero npOM0lKYTKa onpe.tte-

nsreTcsr.no q>opMYne .i:\W = eEGLcoscf,, r.tte e• - aapsrn npoToHa, E - aMnnnTy.t111oe 

3HS'l0HHe aKCHanhHOll KOMilOHeHTbl aneKTpH'10CKOI'O non,r B npHOCeBoi! o6naCTH, KOTopoe 

o6bl'IHO npHHHMSIOT. IlOCTO>IHHbIM, L a /3 ,\ - .tlnHHa nepaona ycKopeHHSI, cf, - q>a3a non,r B 

MOMeHT npOXOlKJ:10HHH 'ISCTHUeil U0HTpa 3a3opa, G - q>aKTOp BpeMeHH nponeTa, . 
/1/ 

ITOHSITH0 q>aKTopa nponeTHOI'O BpeMeHH, BBe.tteHHOe ITaHOq>CKHM 
I 

Y'IHTbIBaeT, C O.tl-

Hoil CTOpOHhI, H3M0H0HH0 aneKTpH'l0CKOI'O non,r B aaaope M0lKJ:IY Tpy6KaMH .ttpeilcpa aa Bp0M>I 

npoXOlKJ:10HH>I npoTOHSMH 3a3opa, C .ttpyroil CTOpOHbI, Y'IHT_b.IBaeT peanhHOe pacnpe.tteneHHe 

aKCHanhHOil KOMilOHeHTbl aneKTPH'l0CKOI'O non,r no nepHOJ:IY ycKopeHH>I, 

iln,r D -OI'O nepHOJ:18 YCKOp0HH>I 

G 
D 

2 rrzn 
fE (z)cos-L dz 
Ln • n 

(1) 

B H.t10SnbHOM cnyqae, ecna none O.[IHOPO.tlHO B yCKOp>IIOIU0M aaaope, a B. Tpy6KaX 

.ttpeilq>a paBHO Hyn10 {cny'lail •npstMOYI'OnhHOI'O' nonsr), HHTerpHpOBSHHe (1) .ttaeT 

G a 
D 

"Sn 
slnr;;-

irg,.. 
r:;:-

r.tte Sn - paCCTO>IHHe M0lK.tlY coce.ttHHMH Tp.y6:taMH .ttpeilq>a {cM, puc. 1 ). 
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B peanbHOM cnyqae none cymecTBeHHO oTnH'laeTC!I OT np!!Moyronbaoro. nosTOMY nnsi 

TO'IHoro onpeneneHH!I Gn- ,paKTopa Heo6xonHMO aHaTb pacnpeneneHHe aKCHanbHOii cocTaB-

mnomen E 0 .(z) Ha OCH ycKop!!IO!llero nepHona. 

IlpaBna, nng cny'la!I g < 2 b H g >> 2b ' HCnOnb3Y!I TeopeTH'leCKYIO annpOKCHMSllHIO 

pacrrpeneneHH!I non!! B 3830pe, MOlKHO nony'IHTb aHanHTH'leCKOe Bbq)SlKeHHe nng G 

6bmo cnenaHo B pa6oTax
12

•31• 

Ilony'leHO 

rrgn 
sini:':-

G • 2rra 
n rrgn • Io(-L 

L n n 

rrgn 
Gn •Cos~ 

2171 ) 
Io(~ 

npu g < 2b 

npu g » 2b , 

• 3TO 

(2) 

(3) 

rne 10 - <pyHKUHH Eeccensi HyneBoro nopsnKa OT MHHMoro apryMeIITa. Ho yKaaaHHbl0 pac

'leTHbie <popMynhl He OXBSTblBSIOT BCero nuanaaoHa B03MOlKHb!X 3Ha'leHHH Ln • nosTOMY 

nnsi pac'leTOB G - ,paKTopa no ,popMyne ( 1) nnsi KaKoro-HH6ynb nepHona Heo6xonuMo 

3HSTb TO'IHOe pacnpeneneHHe E 0 .(z) no 3TOMY nepuony. 

B CBH3H C 3THM HSMH 6blnH npOH3BeneHbl H3MepeHHH nong B aaaope MeJKny Tpy6KSMH 

npeii:,pa nm1 pa3nH'IHb!X nepHOllOBj Ha OCHOBe nony'leHHb!X naHHb!X paCC'IHTb!Banocb 3Ha'leHHe 

G- ,paKTopa no <pOpMYne ( 1) nnH· COOTBeTCTBY!OlllHX nepHOllOB. nony'leHHbie 3HS'leHH!I G 

HCnOnb30BanHCb B nanbHeiimux pac'leTaX no onpeneneHHIO reoMeTpHH yCKOP!IIO!lleii CHCTeMbl 

nuHeii:Horo ycKopHTeng npoToHOB Ha 20 MsB. 

MeTOllHKS H3Me£eHHii 

IlpH H3MepeHHH nom1 HCnOnb30Ba_ncg MeTon noKanbHb!X B03MymeHHii,. onHCSHHb!ll B 

pa60Te
121

• 11aMepeHHH npoH3BOnHnHCb Ha MonenH enHHH'IHoro OTceKa B nHanaaoHe 'lac-

TOT 130-150 Mrn, npH 3TOM nnHHa ycKOPHIO!llero aaaopa MeHsmacb oT 15 no 130 MM. 

CymHOCTb MeTona 38KnlO'ISeTCH B cnenyromeM. 

IlpH BHeCeHHH B aaaop Ha OCH pe3oHaTopa HeKoToporo·Manoro Tena 06beMOM Bv 

(6eapa3nH'IHO npoBOllHHKS HnH llH3neKTpHKa) npOHCXOllHT H3MeHeHHe co6CTB0HHOit 'ISCTOTbl 
/2/ 

peaoHaTopa. 113 cnenyeT, 'ITO 3TO H3MeHeHHe onpenen!leTC!I paBeHCTBOM 

2 2 
1

1 
• 10[1 -cE 6v] 1 (4) 

4 

'\ 

rne lo - co6cTBeHH8!1 'laCTOTa pe30HaTopa npH OTCYTCTBHH B03Mymaromero·Tena Ha OCH 

'peaoHaTopa, 11 - co6cTBeHHS!I 'laCTOTa peaoHaTopa npH noMemeHHH B none Ha ocH peaoHa-

Topa Tena o6beMOM B V , 

H ero MaTepHana. 

C - nOCTOHHHS!!, 38BHCHIH8!1 OT reoMeTpHH noMemeHHOro Tena 

C'IHTa!I H3MeHeHHe 'laCTOTbl ManbIM, MOJKHO nony'IHTb H3 (4) 

2 2 
M • 11 - 10 =kE 6V HnH /lf ~ E, 

T.e. none nponopnHOHSnbHO KOpHIO KBanpaTHOMy H3 paccTpOllKH. 

TaKHM o6pa30M, UOM0IH8!1 nocnenoBaTenbHO B paanH'IHble TO'IKH 3a3opa no OCH peao

HaTopa Teno (mapHK HhH llHnllHllP), H KSlK/lblit p~3 ,PHKCHpy!I ero nonoJKeHHe H paccTpoii:Ky 

peaoHaTopa, MOJKHO nony'IHTb KpHBYIO pacnpeneneHHH nong B aaaope no ocu pea oHaTopa. 

/3/ 
B pa60Te onHcaH. M0TOll, npH KOTOpOM H3MeHeHHe 'laCTOTbl npH nepeMelI!eHHH 

mapHKa B aaaope H3Mepsinoch c noMOIHbJO BonHoMepa BBT-.n. 

IlpH H3MepeHHH c noMO!llbJO BOnHoMepa BBT-.U TO'IHOCTb OTC'IeTa '!aCTOTbI no II!Kane 
. -5 

HHTepnonHUHH COCTaBn!leT :t.0,5 • 10 , 'ITO nnsi qacTOTbl 150 Mrn COCTaBn!leT norpelI!HOCTb 

;t.750 ru. 

OnHaKo, 'IT06bI nony'IHTb TSKOe H3MeHeHHe qaCTOTbl BHeCeHHblM D none aaaopa mapu-

KOM, 06beM nocnenHero nonJKeH 6bITb TSKOit BenH'IHHbl, npH KOTopoii: Ha6nronaeTC!I cymeCTBeH

HOe HCKalKeHHe H3MepgeMoro nonu. OnbIT noKa3bJBaeT, 'ITO npenenbHbJH o6beM mapHKa non

JKeH Ob!Tb TSKHM, npu KOTOPOM H3MeHeHHe 'IaCTOTbl OT ero BHeCeHHH B none aaaopa COCTaB

Il!leT 150-200 repn, 'ITO neJKHT 38 npenenaMH BOOMOlKHOCTH BOilHOMepa BBT-.n. 

B CBH3H C 3THM HaMH Obin paapaoOTaH MeTOll H3MepeHHH co 3Ha'IHTeilbHO 6onbmeii: 
- /3/ . 

TO'IHOCTbJO, 'leM MeTon I onucaHHb!H B paooTe • CymHOCTb 3Toro MeTona 3aKnro'IaeTCH 

B cneny10meM. 

PeaoHaTop (puc. 2) qepea ycunuTenb BoaoyJKnaeTC!I Ha aonHe Tuna E010 OT 

Q - MeTpa /1 /. 0-MeTp HM00T llBa H8CTp00'IHblX nnyHlKepa, rpy6bJH /3/ H TOirHblH /41. 

IlnyHJKep TO'IHOll HSCTpOiiKH ycTaHaBnHB80TC!I B TaKoe nonoJKeHHe, 'ITO nep0M0IH0HH0_ ero B 

Heo6xonHMb!X npenenax naeT nuHellHoe H3MeHeHue '!aCTOTbl Q -MeTpa. C nnyHlK0pOM TO'!-

HOll HaCTpoiiKH CO'lneHeH C'leT'IHK ooopOTOB. OnHH ooopoT nnyHJKepa·TO'IHOii: HaCTPOHKH H3~ 

M0H!l0T qaCTOTy Q -MeTpa Ha 460 ru. 

Bb!COKO'laCTOTHOe sneKTpH'10CKoe none peaoHaTopa KOHTponupyercg HHllHKSTOpOM TOKa 

/6/' coenuHeHHblM 'lepe3 ll0T0KTOP C neTnell, pacnonoJK011HOH B pe30HaTope. 

C uenbJO nOBbllllellHH TO'IHOCTH H3M0p011H!I pe30HaTop B036y>KnaeTC!I Q -MeTpOM 

110 Ha 'laCTOTe pe30HaHca, a 118 '!aCTOT0 11 (11a y pOBH0 0,7 OT Lmax no HllllHKaTopy) 
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C TeM, 'ITOObl HM0Tb M8KCHMan&HyIO 'lyBCTBHTenbHOCTb H, cneAOBaTen&HO, 6onee BbICOKYIO 
I 
ro'IHOCTb H3MepeHH51 (pnc, 3). 

I - - TTpouecc H3MepeHH51; npn STOM CBOAHTC51 K cneny10meMY, Ha'lan&HOMY nonoJKeHHIO 

~apHKa COOTB0TCTByeT 3Ha'JeHHe TOKa 11 HHAHKaTopa (TO'IK8 A) Ha pe30HSHCHOii KPHBOii 1 
I -

(pHc, 3), TTepeMemeHHe wapnKa B cneny10mee nonoJKeHHe npHBOAHT K paccTpoiiKe peaoHaTopa 
! 
Ia BenH'IHHY Ill, COOTB0TCTBYIOlll0ii CABHry ABYX pe30HSHCHbIX KpHBblX /1 H 2/, '!To, B CBOIO 

)'lepeAb, BbI3bIBaeT yMeH&WeHHe ToKa HHAHKaTopa Ha Ill 

TTepeMemeHneM-nnyHJKepa TO'IHoii HacTpofiKH no6aaaeMC51 nepa0Ha11an&Horo noKa3aHH>r 

IHAHKSTopa, T,e. TOKS II • TTpH 3TOM no C'l0T'IHKY ¢HKCHpyIOTC51 o6opOTbI H AOnH o6opo-

roB nnyH>Kepa TO'IHOii HaCTpOiiKH, KOTOpb10 C BblCOKOii CTeneHbIO TO'IHOCTH A8IOT OTC'l0T Ill , 

~KcnepnMeHT noKaaan, 'ITO cacTeMa xoporno 11yacTayeT 1/3 o6opoTa nnyH>Kepa, T,e. paccTpoii

•Y peaoHaTopa fl I = 150 ru - 200 ru. 

TaKHM o6pa3oM, 'IYBCTBHTenbHOCTb AaHHOfi M0TOAHKH npHMepHo Ha nopSIAOK Bb!W0 Toii, 
/3/ 

OTopag onacaHa B pa6oTe • 

Pe3yn&TaTbl 9KCnepaMeHTa 

OnacaHHa,r MeTOAHKa acnon&3oaanac& npa H3MepeHan pacnpeueneHnH non,r B 3a30pax 

:aHeiiHoro yCKOpHTen,r npOTOHOB HS 20 Msa. H3MepeHH>I npOH3BOAHnHCb Ha MaKeTe pe30HaHc

:oii nonoCTH AHaMeTpOM D ·=1500 MM H AnHHOii L• 300 MM, Pe30H8TOp B03oy>KuancH aa Bon

e Tana E010 B naana3oHe 11acToT 130-150 Mru, nonyTpyoKH upeii¢a HMena naa¢parMbI 

HaMeTpOM OT 00 AO 130 MM (naaMeTp uaa¢parM Bb!6Hpanc,r B COOTBeTCTBHH C npaH,r

blM AHaMeTpOM Tpy6oK. npeii¢a naHeiiHoro ycKopaTen,r). Bena1111Ha 3a30pa Me>KAY nonyTpy6-

aMH npeii¢a Morna M0H>ITbC>I OT 15 AO 130 MM. l-13MepeHlf>I npOH3B0UlfllHCb np11 anepTy

e Tpy6oK npeii¢a 17, 20, 25 MM a CO~TBeTCTBIIH c npllH>ITOii anepTypoii llHHefiHoro yCKOpH-

ensi. 

B KS'l8CTBe B03Myma10mero Tena HCilOn&30Banc,r naTyHHblii wapHK AlfaMeTpOM 5 MM npa 

aepType 17, 20 a 10 MM npn anepType 25 MM. lllapHK nepeMemanc,r no oc11 3a3opa c no

:oIU&JO KanpOHOBOii HIITII, To11HOCTb OTC'leTa nonOlK0Hlf'1 rnapHKS B 3S30pe C noMOIUbIO cne

aan&Horo npacnoco6ne1m,r o6ecne'IHBanac& He MeHee 0,05 MM, 

Ha p11c. 4, 5, 6 H306pa>KeHbI KpHBbl0 pacnpeueneHH>r non,r E0• B 3SBHCIIMOCTH OT 

,nn'IHHbI 3a3opa ( g ) npa anepTypax 17, 20, 25 MM, CH>ITbl0 OnHCSHHblM MeTOAOM, 

Ha pnc. 76 H306pa>K8Hbl KpHBbl0 G - ¢aKTOpa, paCC'IHT8HHbl8 no ¢opuyne ( 1) c HC-

1n&30BSHHeM KpHBblX pac. 4, 5, 6. Ha 3TOM ll{8 PHCYHK8 H306pa)KeHbl T8KJK8 TeOp8Tlf'l8CKHe 

,ffBbl8 G - <paKTOpa, paCC'IIIT8HHbl8 no ¢opMyne (2). 
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l-13 conocTaaneHH51 T00p8TH'l0CKHX H 3KcnepHM0HTan&HblX Kpll'.Bb!X BHAHO, '!TO npH 6on&

lllHX aaaopax, Korns Ha'laHaeT cKa3bIBSTbC51 npoancaHne nong (pac. 5, 6), 9KCnepaMeH:i-an&

Hbie KpHBbl0 BAYT cymeCTB0HHO HHJKe TeopeTH'leCKHX. 

Ha pac. 7a aao6pa~eHa Kpaaag anepTypHoro nepexona B aaBHCHMOCTH OT nnHHbI nepao-

na ycKopeHa,r 
/4/· 

L nn,r npoeKTHpyeMoro IIHHeiiHoro ycKopaTensr. llaHHa>r Kpaaa,r nony11eHa 

B pa60Te , H3 paCCMOTp0HH>I Bnll'.>IHH>I H0TO'IHOCTeii HOHH0-¢0Kycapy10mero KaHana 

naHeiiHoro yCKOpHTen,r Ha ABHJK0HHe ycKopeHHbIX '18CTHIT. 

CoBM0CTHOe HCilOn&30BaHH0 KpHBblX 7a H 76 AS0T B03MOJKHOCTb paCC'IHTSTb yCKOp>IIO

lllYIO Cll'.CT0MY naHeiiHoro yCKOpHTen,r C JK0CTKOii ¢oKycapOBKOii Ha 20 M9B. 

B 3aKn1011eIme 8BTOpbl C'IHT8IOT CBOHM IlpH>ITHbIM nonroM Bblp83HTb 6naronapHOCTb 

A.B. Ky3HeuoBy 38 OOCYlKAeHH8 9KcnepHMeHTan&HblX ASHHblX H n.1-1. lllepCT.IIHOBY 

nOMOlllb B npoBeAeHHH 3KCnepHMeHTOB, 

n HT e pa T_Y pa 

1. W. Paoofsky UCRL 1216, February, 195i. 

38 

2. n. An&Bapeu n up. BepKnaeBCKHii npoTOHHbiii nnaefiHbiii ycKopnTen&. TTpo6neMbI coBpeMeH
Hoii ¢1I311KII, N2 4, 1056 r. 

3, fl.TT, 3HHOBbeB II AP, <l>H3H'18CKII8 060CHOBSHII51 npOTOHHOrO lllfH8iiHoro yCKOpHTen51 - IIHJKeK
Topa caaxpo¢a30Tpoaa. TTpenpHHT 011.1111 510, lly6aa 1060. 

4, A.ll. ConOAOB, lllinnoM, l-!ccneAOBSHH51 no TeopHH II pac'leTy naaeiiaoro npOTOHHOro ycKo
paTen,r C >K8CTKoii ¢oKycapOBKOfi, MfY 1065 r. 

5, B.C. KnauanuK11ii. <l>aKTop BpeMeHH nponeTa un,r npoToaaoro n11aeiiaoro ycKop1ITen,r. 
)KT<I>, T, XXX, 1060. . 

PyKonHCh nocTynana B H3USTen&CKHii OTU8n 
24 aarycTa 1066 r. 
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I- peJ0>1amop 
2 - admoe~HHpamop 
3- wapuk 

PHc. 1. Cx_eMa oTceKa peaoHaTopa. 

{ - 0-Memp 
2 • eeHepamop Q-~i'mpa 
3- n11vH.,,rcep ep11coa Hocmpoa1ru 
~ • nl1!/H:,/Ci'p mol/HOO Hocrnpoalru 
S • Cl/eml/ulr' o&,pon,c,$ 
6 - UHgukomop 

PHc. 2. CxeMa H3MepeHHR. 
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fzpv3!1peJ. 

PHc. 3. PeaoHaHCHbie KpHBLie. 

Rn,pmvpa 17,.,,, 

., 

,,,,,, 4o JO 20 10 

UIHmP 

JIUOP<Z//f 

0 

Pnc. 4. KpHBble pacnpeneneHHR nong Eo. B 38BHCHMOCTH OT BenH'IHHbl aaaopa g 
npH anepType 17 MM. 
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1,0 
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as Jlnepmvpa 20,.,,., I 

I 
0.6 I • 

J,••0 J,'so ;:•o ,1'40 

I 
M 

I 
0,2 I 

I 
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MM jO l;o JO 20 (0 0 

PHc. 5. KpHBbie pacnpeneneHHSI nong E Oz B 38BHCHMOCTH OT BenH'IHHbl 383Opa g 

F Dl 

/,0 

npH anepType 20 MM. 

Jlnepmvpa 11,,,. 

0,6 

1!6 

,,,., 60 fO 1,1] JO 20 10 

ueH111P 
JIUDPtZ/j/ 

0 

PHC. 6. KpHBble pacnpeneneHHSI nonSI Eoz B 38BHCHMOCTH OT BenH'IHHbl 383Opa g 
npH anepType 25 MM. 
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2a~20 · 

2a,17 

a} 
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PHc. 7a. KpHB8SI pacnpeneneHHSI anepTypbl no nnHHe pe3OHaTopa B 38BHCHMOCTH OT nnHHbl 
nepuona • 
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2 - mlOOl,m;<.;lt:!rt/ltl KOI.J&o• ;,:,.f/).-
2' - ]Kt:n#_OUMIHmOnt>HOII /t:f1'1JiSa11 2o • ;o,..,., 

J - m,c~<11:.•uu1• ~oulott 2o •2S.-
J' - JJ'1:nlpul't'NtnOl7tJJIQII 1rpu&a11 2o•PS-

4- Kpu&;;,::-:;:/' t:': j~":::::r:yuflttlt"CU 

6) l:,13A CH ·--~~----~----·---~-~ 
Puc. 76. KpHBble C -q,aKTOpa. 
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