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:t13MepeH ·:mepreTHtieCKHJ.t cneKTp H cpeAHRR 3Heprv!R BHBeAeH!IOrO npOTOHHOrO 

nyqKa wecTHMeTpoBoro ¢asoTpoHa OKffH npH pasnHqHHX peXHMax ycKopeHHR. CneKTP 

OllHCHBaeTCR KpHBO~ raycca c AHCnepcHeJ.t (2,8 ± O,J) M3B. CpeAHRR 3HeprHR 

onpeAeneHa c ToqHOCTbD O,I %. 
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I. B B e ~ e H ~ e. 

IloJiyl!eHHe HHTeHCHDHOro riJI!Ka npOTOHOB (I), DUBe,IteHHOrO ~3. icaMepu ¢a30TpO'f!a 

O<l'oe,ItHHeimoro H.HCTHTyTa H,ItepHUX H,CCJie,ItoBaHHil, c,IteJiaJI.o B03MOXHI>IM Bl>lllOJIHeHHe sKcne-
. . (~ 

. pHMeHTOB 1 B KOTOpi>IX TOI!HOCT:b H3MepeHHSI Cel!.eHHlt B3aHMO,ll;eltCTBHSI l!aCTH~ MOXeT OI>ITb 

,ItOBe,Itel!a ,ItO HeCKOJI:bKHX np6~eHTOB. O,ItHaKo peaJIH30BaTb llO,ItOOHyJJ TOI!HOCTb.MOl!CHO TOJib

KO B TOM CJiyqae 1 KOr,Ita O,ItHOBpeJ,t:eHHO C O!lpe,IteJieHHeM BeJIHI!HH Cel!eHHil·llpOH3.BO,ItHTCSI H 
' . . '• . . 

TIJlaTeJibHoe H3MepeHHe :meprHn nyqxa npoToHOB. IIpH4HHoi1 nora siBJISieTCR 6YoTpYn poeT 
\ J • ' 

Cel!eHHil C :meprHeff 1 OCOOeHHO B OOJiaCTI-1 1 . 0JIH3KOlt K "nopory" HCCJie;nyeMI>IX peaK~Hlt. . . . 
TaK, c~qeJme o6pa3·onaHHSI Me30HOB B HYKJIOH~Yx coy,ItapeHHRX npH 3HeprHH npOTOHDB 

650 M:m H3MeH.ReTCSI CO CKOpOCTbiO 0,7%/M3B·, a npH 3HeprHH 350 M3B - CO CKOpo'CTbiO 

3% I M3B •. BBH.JtY "CTOJih 6YcTporo pocTa cel!eHHn npH MaJII>IX 3Hepn~x ripoTOHOB Heo6XO.JtH

Mo HMeTb CBe,IteHHR He TOJibKO 0 cpe,ItHelt 31!eprHH 1 HO H 00 3HepreTH~eCKOM·ClleKTpe llYI!Ka. 

IIocJie;nHee ocooe,~mo lKeJiaTeJibHO B cJiyl!ae, Kor ,Ita yMeHLDieHHe 3HeprHH npoTOHOB nyi!Ka 

,1\0CTHraeTCSI nyTeM HX TOpMOlKeHHSI 1 I!TO CO!IpOBOlK,l\aeTCSI 3HatJHTeJibHI>IM yBeJIHtJeHHeM pa3-

dpoca nyi!Ka no 3HeprHH. HeJibiO HaCTO.RI!lelt pMon~ ~BJIJIJIOC:b HCCJie;nonaHHe 3HepreTHtJecKci

ro C!leKTpa llpOTOIIO~ llYtJKa !IpH HeCKOJihKHX 3HatJeHH.RX 3HeprHH npOTOHOB .B HHie~B~Jie 

!50 + 670 Mnn. HapSI;ny c 3IHM 61>1JIH npon~,n;eHY H3MepeHHR cpe,n;uen 3HeprHH npoTonon ·.npH 

pa3JIHtJHbiX pelB:Hl.!aX paOOThl YCKOpHTeJISI. 

2. 3HepreTHI!eCKHlt C!leKTp !IpOTOHOB. . 

,llJISI H3MepeHHSI cneKTpanpOTOHOB HaMH OUJI HC!lOJib30BaH MarHHT C ,IJ;HaMeTpOM!lOJI!QCOB 

roo CM H uanpRlKeHHOCTb!O llOJI.R B 3a3o.pe 16.000 3pcTe,It. MarHHT pacnoJiaraJICSI Ha nyTH 

nune;nennoro npoToimoro nyi!Ka (eM. pHc. I) H MOr OTKJIOHRTb \era Ha yroJI ;no 20°. IIepe;n 

MarHHTOM O!IJI llOMellleH pSI,!\ JiaTyHHI>IX KOJIJIHMaTOp~B 1 . HMeBUIHX ¢0~\ B~pTHKaJibHOR l!leJIH H 

BU;neJISIBlliHX llJIOCKHlt llYtJOK !IpOTOHOB ll!HpHIIOlt OT O,I ;no 0,7 CM H·BI>ICOTOlt 2 CM. Ha· BI>IXO-
, . \ \· 

,n;e cneKTpOMeTpa !lpOTOHU perHCTpHpOBaJIHCb ;neTeKTOpOM 1 QOCTOSIIJlHM,H3 TOIIKOrO 
. . . . \~ 

(0 1 I f 0 1 2 CM) !lJiaCTHtJeCKOro C~HHTHJIJI.fl:TOpa H paCllOJIOl!CeHHOrO !10,1\ \Hlo!M lPOTO :lJieKTpOHHO-
. ·. ... . . - . ', \ ' . 

ro yMHOlEJUeJISI g?3Y -19M. 3JieK,TpwtecKHe HM!lYJil>Chl YMHOlltHTeJISI HHTerpHponaJIHC:b Rc -SitJeltKon, 

H BeJIHtJHHa TOKa cro-9 + ro-7
a) l13MepSIJiaCb caMO!lHlliYII!HM llOTeH~HOMe:rpo~ 3IIIIB-5I. c no-. . . . . . '\ 

MO!ll:b!O ClU!XpOHHOrO MOTOpa ,IteTeKTOp MOr nep~;nBHraTbCSI nepneH,l\HKYJISipH.O nyqxy !lpOTOHOB. 
. . ~ 

Ilp~ 3TOM ua JieHTe Ca.MO!IMCUIJ, lperHCTpHpOBaJIOCb H3M6H6HH6 !IJIOTHOCTH nytJKa\ ·J C H3Me-
\ 

\ 
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Pn:c. 1. CxeMa OUbiTa. p- ·npOTOHHbiii ny'IoK, n- nonHaTHneHOBblii nornoTHTenb, 

K 0 -;- K 5 - K01I1IHMaTopbi 1 Ll- .lleTeKTop npoTOHOB, C- caMonn:wyi.un:A · 

noTeHun:oMeTp, B- 6noK .nnSJ HaTSI)KeHHSl HHTH. 
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nenHeM Koop~HHaTu :r. (cM.pHc.I). T>mHlfHaJI KpHBast ,J ·(:x:) npuse~ena na p>1c.2. O~no

BpeMenno na JIBHTY CaMOm!CI,\a HaHOCHJIHCb KOOp~HHaTHhle MBTI\H 1 TaK liTO ~HalfBHHe 1\00p,l\H

!laT!l X MOrJIO 6UTb onpe~eJieHO C TOlfHOCTbiD 0,02 CM. B JCTaHOBKe HCnOJib30BaJICJI eme 

o~HH ~eTeKTop, no~o6n!ln onucanHO!"'Y BIII!le, npu noMomu KoTeporo perucTpupQBaJiocb H3Me

nenue H!iTencHBHOCTH nyqKa npoTOHOB so Bpeuen». Bech tiHKJI u:JMepenuJI Kp'J.iBon J ( :x: ) 

~JIHJICJI r MHHyT. B Telfenue aToro Bpeuenu uarnHTHOe none OTKJIOHJinmero uarHnTa H3MeHJI

JIOCb ne.6onee,·qeM na 0,05%. 

KaK su,~~;no H3 pnc. 2, ¢YHKL\HR J ( :x:. ) xopol!lo onucuBaeTcJI KpnBoJ:l raycca. ~ncnep

cHJI non KpHBOn 0. onpe~eJIJIBTCSl HeCKOJ!bKHMH cpaKTOpaMH: pa36pOCOM nyqKa no 3H9p~lnf 1 
pacceJIHHBM HpOTOHOB nyliKa B B03~yxe, lllHpHHOn KOJIJIUMaTOpOB ~ TOJI!liHHOI CQHHTHJ!JIJITOpa~ 

' ' 

Kax,nuJ:l u3 nepel!Hcnenn!lx cpaKTopoB xapaKTepH3yeTcJI coo!BeTcTBYiill!len )~HcnepcHeJ:l e5t ~ , 
' . ' ' ' 

~a10men BKJia~. B nonnyn ~HcnepcHIO 6 • ITpe,~~;BapwreJibH!le tlKcnepHMElHT~, B!lll0JIHennble c 

,~~;u!'P!'PepeHnuanbnon uon»3aquonnon ImMeponC2), noKa3anu, .liTO cpe,~~;nul pa36p~c nyql<a no 

:mepruu cocTaBJIJieT oxono 3 M3B. 3ToJ:l seJIHl!HHe COQTBeTCTByeT ,JJ;Hcnepcnir 

6e= O,I(I +,f/R.) CM npH MaKCHMaJibHOM TOKe MarHHTa cneKTpOMeTpa (R H ~ llOKa3aHU 

na puc. I). IIauMeHblllHkl pa3Mep KOJIJIHMaTopoB ( d 1) . u cqunTUJIJIJITopa ( dz) B omtc!lBae-

MIIX on!lTax 61IJI paBen 0, I CM. TaK KaK ,IJ;OJillCIIO BUnOJIHstTbcn nepaBencTBO d1, dz (..t.. Oe , 

BBJIHlfHHa f. orpanul!ena cnu3y: t ~2R • RaccToJinHe ~- neJib3R B!l6pan u OliBI!b 

6oJibl!lHM,. u6o pacce_a~ue B B03.n;yxe nocne KOJIJiuMaTopa: Ko 6!lCTpo pacTeT c · yBennttenueu t: 
6~ ~0,12(1+f/2Rf/2cM.ITpH 60JiblllHX L OTJ!OI!lBHHe 6e/6~ n~aeT, KaK cV2 

• O,~~;naxo, 
B HHT9pBaJie e (.lOR :JTO OTHOI!leHue npaKTHlleciu U9CTOJII!HO., TaKUM 06pa30!l 1 t; 

,IJ;OJ!l!CHO Jielll:aTb B npe,~~;enax: 2 " f/R ~ 10 ' • PaCCTOJIHHe 'e . 6IIJIO. B!i6pano miMH paBH!IM 

4 u, liTO o6ecneliHBaJio pa3pemenue cneKTpoMeTpa dE/E d:x: ;:>! { ofo/cM • OTHOI!len~e 6e/6~ 
npu srou paBHJIJIOCb o, 7. Hap11~y c paccesmueM npoTOHOB B B03,~~;yxe nocne KonimuaTopa KQ: 

. . ' . . . ' . . 

CJie,IJ;yeT. YliHT!IBaTb TaKlll:e pacceJIHHe·B B03,1\yxe MBllC,IJ;Y KOJIJIHMaTOpaMH. 0ti9HKa COOTBeTCT~Y-

IO!llen ,~~;ucnepcnu . 0~ (3Ta ,~~;ucnepcuJI nponopnHonaJihHa ~eJIHliHHe . 1 + f/2R. ') noKa3!lBaeT, 

liTO B nameM cnyllae Oe/0~ = 0,7 • TaKHM o6pa3oM, · pacces!HHe · B · Bb3,~~;yxe ~aeT oci!oB.:. 

non BKJia,IJ; B llOJIHYIO ,IJ;HCnepCHIO 0 na. nyTH nyqxa. 6!lna · 

noMemena TOHKOCTennaJI noJIH3THJienoBaJI rpy6a, ·nanonnennaJI renHeM, _liTO no3BOJIHJIO ocna-

6HTb pacceJinue B necKOJibKO pa3. 

3HepreTHlfBCKHti cneKTp npOTOHOB MOllCeT 6!lTb Halit~eH nyTeM cpaBHBHHfl KpHB!IX j (:x:) 1 . 

l13Mepel!HUX C BKJI!OlfBHHIIM MarHIIITH!lM llOJIBM ( JH (x)) li 6e3 llOJIJI ( ::Jo( :x:J) • ,llJIJI _H3M9-

peHHSI Jo (:x:.) ,~~;ereKTop nepeuemancR B TOliKY A (cM.pnc.I) • .UiicnepcuJI 6e onpe,~~;enH-

eTcn npH 3TOM1 KaK pa3HOCTb '( 0~ - o!) l/z 1 r,IJ;e OH H Oo - ,IJ;HCnepCHH cpyHKL\Hn 

JH (:x:) H :Jo ( :x:) • B 3KcnepHMenTax, s~monneHH!lX 6e3 npHuenenHR renuR, oTnomenne 



I tO 

E' 0.8 
!") 

0.6 

ll* 

OJ 

0
1 ~o , 

I A I 

1 

- 6 -

2 I I f I 7'""-
J.. 5 ' 

-·:X, Crt---------

PHc. 2. YfaMepeHHaH aaBHCHMOCTb · J (x) /cnnomHaH KpHBaH/. Kpy:>KKaMH 

yKa3aHhl 3HaqeHH51 ¢YHKUHH_raycca CO CTaHaapTOM 6 

,. 

l' 



t 

j 

I 

I 
l 

- 7--

· 6E/60 paBHJ'IJIOCb 0, 5. BeJIHq~ma cpe~Hero--pas6poca nyqKa no :meprHH B 3TOM c11yqae 

onpe~eJIJ'IJiaCb C. TOqHOCTbD::: 0, 6 MsB, HO OTHOCHT81IbHO cpopMbl 3HepreTHqeCKOrO cneKTpa 

neJib3R 6u11o BblcKasarb onpe~eJieHHoro cyx~eHHR. HcnoJib30Ba~Re. reJIHR yBeJIHqHJIO orHome-

HHe Oe/Oo B 2' 5 pasa., qro ll03BOJIH~O ~OCTaToqHo roqHo ortpe~eJIHTb H ~HcnepCHD Oe ' 

H cpopMy Cll8KTpa. <l>yHKUHJ'I F(x) t OllHCbiBaDIJlaH. Cll8KTp, MOli:8T· 6b1Tb Hat!~eHa nyTeM pe

lli8HHJ'I HHTerpaJibHOrO ypaBH8HHJ'I: 

JH lx) = l;o (:X:- U F ( U d ~ 
0 

(I) 

3Hepre:nrqecKHI'l Cll8KTp npOTOHOB BbiB8~8HHOro nyqKa OKa3aJICH CHMM8TpH~HhiM. 0H XOpOWO 

onHcuBaercR KpHBOt! raycca: 

¢(E) ,_.exp{-(E-Ef/2~~} (2) 
llpH sHeprHH nporoHOB E = 665 MsB BeJIHqHHa lle Hat!~eHa paBHOt! (3,0 .:t 0,6) MsB 

(HsMepeHHR 6es reJIHH) H (2,7 .:t 0,3) MsB (HsMepeHHH c reJIHeM). Cpe~Hee B3BemeHHoe · 

paBHO: 

Lle = (2,8 .:t 0,3) M3B, 

rpa~yHpOBKa cneitrpoMerpa (r. e. onpe~eJieHHe BeJIHqHH E H dE/dr. ) 6u11a ocYIJleCTBJie

Ha M8TO~OM TOKOHeCyiJlet! HHTH (CM. HHll:e).· 

Hat!~SHHaH B HaCTOJ'I!Il8t! pa60T8 B8JIHqHHa ~HcnepCHH ~E. OTJIHqaeTCH OT OL\8HKH 

AE~ 4 M3B, noJiyqeHHOt! B. pa60T8 (3) M8TO~OM HOHH3aUHOHHOlt K_&!epu(4). llpHqHHOR 

paCXOli:~8HHJ'I siBJIH8TCJ'I, KaK noKa3aHO B(2), 3aBUW8HH8 BeJIHq~mu .1E B pa6oTe(4), 

KOTOpOt! He yqJIH BJIHJ'IHHJ'I pacceHHHSi npOTOHOB. 

nora 

aBTopu 

· Mero~oM, onHcaHHUM Burne, 6u11o npoae~eHo H3MepeHHe cneKrpoB npoTOHOB H npH 6p11ee 

HH3KHX 3HeprHaX, KOr~a nyqoK TOpM03HJICH, npOXO~Si ttep~3 nOJIH3THJieHOBhlif norJIOTHT81Ib 

(pM.pHc.I). llpH YMeHbWeHHH sHeprHH .npoTOHOB pas6poc nyqKa no sHeprHH Bospacraer Hs

sa YBSJIHqeHHSi HOHH3al.\HOHHUX norepb H ~HCnepCHH THna "CTparJIHHr"; B03HHKall!llet! 6Jiaro

~apa cpJiyKryal.\HHM HOHH3aUHOHHUX norepb~ llosroMy OTHOCHTeJibHa~ ~HcnepcHa Ae/E 6ucrpo 

pacrer no Mepe ropMoxeHHR nporoHoB, qro sHaqHTaJibHO o6Jierttaer npoue~ypy H3Mepe-

HRa. TaK, npH E c 185 MnB reJIHI'l MOXHO yxe H8 HCnOJib30BaTL H npHMeHSiTb WHpOKH8. 

( _ 0, 7 CM) KOJIJIHMaTOpU, R60 ~axe B 3TOM CJiyqae. Oe/00 =2,5 •. 9?yHKUHH JH (x.) H :Jo(J:) ,

H3MepeHHUe npH MaJIUX 3HeprHHX npOTO!IOB, COBn~aDT C KpHBUMH raycca~ 0TCD~a CJie~ye~, 
qro cnexrpu nporoHoB . ¢(E) -npH MaJIUX sHeprHax HMeDT cpopMy · KpHB!lX raycca. (2). O~Ho

BpeMeHHO 3TO no~TBepx~aeT. paHee C~eJiaHHhllt BUBO~ 0 TOM, qro cneKTp_ He3aTOpMOli:811HOrO 

nyqKa onHcuBaercH KpHBott ·raycca. 

HsMepeHHUe npH noMO!IlH cneKrpoMerpa ~HcnepcHH ~E npHBe~eu!l Ha pHc.3. TaM xe 

llOMeiJleH!l·~aHHble 06 OTHOCHTeJILHOM H3MeHe~HK BBJIHqHHU ~E C 3HeprHell, llOJiyqeHHU8 npH 
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PHc, 3 • .llHcnepcHSI ny'IKa A E npH pa3J'IH'IHhiX aueprKSIX npoToHOB E. t -H3M~ 
peHO npH noMOlllH cneKTpOMeTpa, f- H3~~peHO npH fiOMOlllH .z:tHcpcPe -

peuuHaJ'IbHOil: HOHH3c9.UHOHHOA KaMepbi, Cnnowuast Kpxsast - TeopeTX'IQCKa• 

38BHCHMOCTb ,llHCnepCHH OT aueprHH, 

tl 
', ~._ 

,. 
' 

1 

-} 

\. 



1 

- 9 -

noMOIItH rta.MepH, omteaHHon B pa6o:re(2). Pe3yJib:ra:rbl nKcnepHMeH:ra cornacyJOTCSI c :reope

TH4ecKon saBHCHMOCThJO, ryoc:rpoeHHOtl c yqe:ro!.! poc:ra l10HH3a~HOHHHX nnepb H ,n;Hcnepc~om 
THna "c:rparJIHHr".· 

3. Cpe.JU!IIII :meprHII npo:roHoB. 

HaHClOJiee pacnpoc:rpaHeHHhiM cnocoeloM onpe,n;eJIOIIHII cpe.n;Hen :meprHH BbiBe,n;eHHOro 

ny4Ka RBJISieTCII H3Mepe!!HO npoelera npOTOHOB npH ilOMOIItH HOHH3a~HOHHOtl KaMepb1(4,J). O,n;Ha· . 

. KO SIOT MOTO,ll; B .TOM BU,D;e, KaK 011 oniicaH B pa6oTe(4), npHBO,li;HT K CI1CTeMaTH4eCKOll'no

rpeWHOCTH (2 t 3 M:m ,n;n11 E"" 650 M3B) Hs.,.sa :roro,· q:ro npH o6pa6o:rKe KpHnon _Eparra 

ne Y4HTHBae:rcSI paccei!HHe npoTOHon.·IIpaBHJihHblll yqe:r pacceSIHHII yc:rpanSie:r yKasaHnyJO 

norpeWHOCTbj O,D;HaKO.H B aTOM CJiy4ae MeTO,ll; HOHH3a~HOHHOn KaMepbl He MOJKOT o6ecne4H'Ib 

ilOTOH~HaJI, KOTOpbill BXO,li;HT B ·COOTHOWeHHe ··"npoeler-:meprHSI" 1 He H3BOCTeH ,li;OCTaT04HO 

T04HO. 

Me:ro,n; H3Mepe!!HII yrna HsnyqeHHil qepen~~naC4 ,J) nosnoJIHeT Henocpe,n;cTBeHHO onpe,n;e

JIHTh ciopoctb H nneprHJO npo:ronon. 3TOT Mero,n;·naHClonee roqen npH MaJIHX nHeprHSIX npo

TOHOB. C pOCTOM :3HeprHH T04HOC'Ib oro na.,n:aeT H npH E :::>< 650 M:JB COC'IaBJISleT 2 M:m • OnTH· 

48CKilll! rlpHClOp~ npill llOMOIItill KOTOporo iii3MOplleTCSl yroJI H31IJ4811illll qepeHKOBa, BOCbMa CJIO

XeH, 4TO Orpa1!114i11Bae:r B03MOJKHOCTill.npaKTi1148CKOrO llpiiiMOHBHillll :JTOrO MBTO,D;a. 

nnll.H3MepeHillll Cpe,n;Hell :3l!Oprillill npOTOHOB HaMill Clb!JI HCllOJ!b30Bal! MeTO,ll; TOKOHOCJIItOll 

HHTH (5). OH no.n;po6Ho onillcaH B paelo:re (6 ), non:roMy .. B Hac:roSimen pael~:re Mhl orpaHiii4HMCJI 

JIHWb KpaTKiiiM paCCMOTpOHiiiOM l!eKOTOpbiX BOllpOCOBi CBJI3aHHbiX C npiiiMeHOHHeM 3TOrO MeTO,D;a 

,n;JIII HSMepeHHII nHepnm npo:roHOB c T04HOCThJO, nyqmen, 4eM I MnB, npill E:::t650 Mnn. CxeMa 

H3}AepeHHll npe,n;c:raBJIOHa Ha piiiC. I. TOHKal! rH6Kaii ilpOBOJIOKa-HiiiTb saKpenJieHa .O,li;HHM KOH

I~OM B ~Ol!Tpe ,li;OTOKTOpa (nepe,n; C~iiiHTiiiJIJIIITOpOM) ill npOXO,ll;iiiT qepe3 MarHHT H KOJ!JliiiMaTOpb1 1 

TIOBTOpi!il nyn nyqKa npoTOHOB. B T04Ke E pacrroJIOllteH Cliro!t,' npH llOMOIItill KOToporo HHTb 

H!lTIIrHBae:rcl! rpysoM T. qepes. HiiiTh ~ponycKae:rcsi :rox l 

nyJibC npOTOHOB llY4Ka P YAOBJI9TBOpiiiOT COOTHOWOIUiJO 

p = c~ T/i. ' ' 

EcJIH T, L ii cpe,n;HHll HM-

(3) 

r,n;e C - CKOpOCTb CBOTa, ~ - JCKOpOHHO CiiiJII:l TIIJKeC'IHX/, T~ npoeK~H~ HHTH H llY4Ka Ha. 

ropi1130HTaJibHYIO.llJIOCKOCTb COBlla,ll;aiOT. PacnoJiaraSI ,n;e:reKTOp TaK 1 4T06bl C~HHTHJIJISITOp Ha

XO,li;HJ!CII. B MaKCHMJMO KpHBOll :J ( x) 1 .cOBMOutaSI l!HTb C ~OHTpOM l!lOJIH KOJIJ!HMa:ropa K0 H 

H3M9p1Ii! npH 3T0),( ilOJIOJ:OHHH HiiiTill TOK L 1 MOl!CHO HarlTH.BOJliii411HY P C ClOJibWOll T04HO -

x/ 3Ha4eHHe cci Ha umpo:re ny6Hbl .Paimo 2,9426,eCJII1 T l13M9pSITb B qiaMMax,. 
t- B mmepax, a p - B M:m/c. • 
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CTbiO, 

Coornornen>Ie (3) cnpase,n;JIIIBO~ ecmt Hl1Tb aOcoJIIOTHO r»OKa 11 nbecoMa. HanHqHe 

ynpyrHX CBOiiCTB y HHTH !IpHBO,!(HT K !IORBJieH>IIO lAO!.!eHTa, !IpOTHBO,!(efiCTBYIO!Itero MarHHTHO

:JJ16KTpl1qecKHM CHJiaM. 3uaqen>Ie >!MllYJibCa, B!Iql1CJI6HHOe !IO !fJOpMyJie (3), OTJIHqaeTCR BCJie,!( 

CTBHe 3TOrO OT HCTH!Il!OrO ~a BeJIHql1liY 

. 5·103 P d4fr (4) 

(,n;JIR Me,!(HOfi !IpOBOJIOKl1). 3)\eCb d- ,!(l1a.MeTp.Hl1Tl1 B CM, 3HaK 3TOii !IOIIpaBKl1 onpe,n;eJIReT

CR HaiipanJiel!H6M ,!(Bl1lKeHl1R Hl1Tl1 K !IOJIOlKeHl110 paDHOBeCHR, a TaK KaK Hl1Tb BCe BpeMR COBep· 

rnaeT MaJIUe KOJie6aHHR. OTHOCl1TeJibHO IIOJIOJKeHl1R paBHOBeCHR !13-aa·cJiyqaiiH!IX l13MOHeHHii 

roKa 11 MarnHTHoro rronn, ¢aKTOp (4) arpaer ·poJib cnyqannon rrorpernnocTH 11 .nonJKeH 6IITb 

BKJIIOqeH, B 06utyiO IIOrpelliHOCTb O,!(l!OKpaTHOrO l13MepeHl1R BeJIHql1Hbl HMIIYJibCa P, IlorpelliHOCTb -

(4) yMeHblllaeTCR B 2-3 paaa, eCJil1 rrepe,n; l13MepeHHeM !IpOBOJIOKY OTEeqb IIyTeM !IpO!IYCKa

HHR qepea nee Oonbrnoro TOKa. 

HapR.l\Y c nonpanKon (4) cJie,l\yer yqaTIIBaTb nponHcanHe HHTH .no.n .nencrnaeM coOcrneH· 

I!OrO neca, KOTOpOe xapaKTepH3YOTCR !flaKTOpOM 

d2 t!/T (5) 
' 

- 3.necb e. - ,!(JIHHa HllTl1~ Hl1Tb pacnoJiaraeTCR nonoMy lll1l!Ce TpaeKTOpl1l1 nyqKa, qro cyiite..: 

CTBeHI!O, eCJIH !.!arHHTI!Oe noJie HeO,!(!!OpO.!(HO, COOTBeTCTBJKll!laR IIOnpaBKa MOlKeT 6llTb onpe

,n;eJieHa 3KCnepHMei!TaJibHO nyTOM IIepeMeiiteHHR HHTH no nepTHKaJIH, BHaDieM CJiyqae·na 

nonpaBKa He npeDlllllaJia 0,05%. 

l!3 (5) CJie,n;yeT' qTo ,!(JIHHY IIHT,H eo HYliCHO Bll6HpaTb no B 03MOllCHOCTH Manon. O,n;HaKO' 

C yMeHbDieHHeM ,!(JIHHll HHTH na,n;aeT ToqnoCTb l13MepeHHii, HOO 

~y/~P ·;,;,· L( t.-L- R)Sin9/Pf 0 
(6) 

(cu.pHC .!) , UHHHMaJibHaR ,!(JIHHa e~ onpe,n;eJIReTCR TOqHOCTbll LlYmLo , C KOTOpOii HHTb 
• 

MOllCeT OllTb ycTaHOBJiel!a B I(eHTpe I:(eJIH KOJIJIHWl.TOpa Ko , B narueM cJiyqae L = 9 M, 

e.= !6 M, a LlYmtn= 0,03 CM. HH.Tb ycTaHaBJIHBaJiaCb B ~e!!Tpe IIteJI>I aBTOMaTHqeCKH !IpH 

nOMOIItH KO!!TaKTHOrO JCTpOiiCTBa. IlorpeDIHOCTb L\P/P, 

onpe,n;eJIRe!.!aR
1 

COOTHODIOHHeM (6), COCTaBJISIJia -0,03%. 

IiaK BH,n;no H3 (4 ·, 5 ), nonpaBKH OHCTpo y:MeHbDiallTCR c YMOHbruenHeM ,n;HaMeTpa HHTH, 

TaK, H3Mepennan npH T = ioo r H d = O,OI eM nonpanKa (4)ol<aaaJiacb pannon o;4% 

(,n;JIR P = !300 M:JB/c), a npH d = o,biJ eM iiOnpanKa pasna I,O% (Me,l{HM, Heorouennan 

npOBOJIOKa). McnOJib30BaT·b npOBOJIOKY ,!(Hi:weTpOM ~enee' o, 005 CM- npH )l;JIHHe ' eo~ IO M 

npaKTHqOCKH Tpy,n;no, ,l{aJibHeiirnee yMeH-bDieHHe nonpaBOK (4, 5) MOllCeT 6HT.b ,!(OCTHrHyTO 

JIHmb sa cqer ynemiqenHn neca rpyaa T. O.nilonpeMenno neoOxo,n;HMO yneJIHqHTb H TOK i. B 

COOTBOTCTBKH C COOTHODieHHOM (3). BeJIHqHHU T H L orpanHqeHU MeXaHHqecKOii !IpOqHOCTbD 
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l 
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2,5 

_1,5 --- ____ 2,0._ --- _2,5 ____ ~0 

·- (.7/d-¥tD), 0/I'11'f~-

PHc~ 4. 3aBHCHMOCTb Memay MaKCHManbHhiM- TOKOM -qepe3 HHTb (,- H rpy30M T 1 

· npH KoTopoM- npoHcxoaHT pa3pbiB- HHTH.' -f· 1 f -1 f H'3Mepeao ansr · 

- Me.ciaoii npoBonoKH .Ll,HaMeTpOM 1 - COOTBeTCTBeHH0 1 0 10063; 0,0099 H 

0,0156 eM. Cnnowi-iasr ·KpHaasr _ ... oKpymaooTb ·n I. 
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IIpODOJIOKI1. I!a pnc. 4 npv!De,n;eHa 3aD!1Cl1MOCTb TOKa i.. OT rpyaa T, I1pl1 KOTOpOM IIpOHCXO

,li;MT paaph!n nponoJIOKM. )lJISI ue,nuon 'nponoJIOKH rpmiM!.Ia oCIJiacTH ,norrycTHMb!X anatteHHR T 

11 L rrpuCIJIHll\eHHo orrucunae.TC.fl ypanneHt1eM oKpp:nocTn (eM. p11c. 4): 

(T/d2 x104 )
2 +( LjdxioF· ::::2 2 (7) . 

KOTOpOe y,no6HO HeiiOJ!b30DaTb IIpM n1160pe OIITMMO.JlbHI:JX 3HatteJIHl1 T, l l1 d • (T H3Mepe

HO n rpaMJAax, . L - n aMrrepax, d - n Ml1JIJ1!1MeTjJax). B uaCTO.flllleR paeloTe H3Mepem.Ul 

ClhiJIH nunonneHhl np11 d =0,01 eM, T = IOO r. ToK l. MElll.flJIC.fl n rrpe,neJiax 0,2-ri,O <l. • 

BeJIMttHHH T M l. · Clb!JIM H3!.wpenu c TOttHOCTbJO, nyttmen 0,05%, ttTO rro3nOJIMJIO onpe,neJIHTb 

cpe,nJIJOJO nneprHJO nyqKa ~ e rrorpemnocTI>JO, Meui>men tteM I Man: 

i = (667,1 ~ 0,7) Man 

(HO. niiXO,ne !13 l\aM8pb! yeKOpl1TO.JIR). 

YKa3aHJiaR TOttJioeTb l13MepeuHH Moll\eT Clh!Tb oeymeeTnJiena B orpanHttennoM ,n11anaaone 

:mepr11A · npoTonon (E > 250 M:m). I1p11 MeHblliHX aneprMRx rrpHXO,li;MTe.fl 11enoJib3 onaTb MaJiuR 

rpy3 T., ·nponyCKO.Tb ttepe3 HMTb CIOJiblliOR TOK l1 IIpMMeHRTb TOJICTYJO npoB.OJIOKy, ttTO CHl1-

xaeT TOttHOeTb l13MepeHHR. 

4. 3neprl1R IIYttKa np11 pa3JI!1ttnux pell\l1Max 
XCKopeHHSI ngoTonon. 

BeJIMttMna epe,nnen :meprnn nyttKa E 3aDHeHT OT nanpRxennocTH MarnHTnoro noJIIl 

. ycKopHTeJIR, oT xapaKTepa .crieKTpa aMIIJIHTy,n pa,nHaJII>HhiX KOJieelannR 11 yeJIOBHR nuno,na 

nyttKa, T.e~ RDJ!R8TCR ¢YHK!.{HeH' CIOJibllOrO ttl1CJ10. napruAeTpon, XapaKTepH3YJOml1X paCIOTY 

YCK~pl1T8JIR. EJiaro,napR 3TOMY :meprll.fl IIYtiKa 118 RnJIR8TCR IIOeTORHIIOll .D8Jil1tti'IHOtl, a li3M8-

IIIl0.TC.fl B HeCIOJiblliHX npe,neJiaX !13-30. HeKOHTpOJIMpyel.lbiX l13MeHeHMll pa,na napaMeTpOn YGKO

pV.TO.JI.fl. 3TH tPJIYKTya!.\1111 nemtttMHh! E , KaK ·BH,nHo !13 Ta6JII1!.\hl I, eocTaDJIRJOT neeJ-:oJibKo 

Man. 

,!'lQ.:[I1I.Ia I. 

.UaTa 
. 

113Me:.. 5.7.57 3.8.57 20.8.57 3.5.58. 5.6.58 29.7.58 20~ 
~Hli.fl 

E M:m 671,0~1,5 667,8~1,0 667,1~0,7 658,8~1,0 669,3~1,0 666,3.:t.W 665 
----- -·- --- - L___ ---- ---~ - __ L_. _____________ -

---- --t -.. ··:-·-- -
8.58 12.10.58 
-- ··---- .. --
' 3.;ti, o 663 ,2.:tiP 

--·-- - ... -- ·-
norpemnoeTb OTJIOeHTeJibHhiX l13~epeHI1A tteThlpex n6ene~HI1X neJil1ttl1H coc~aBJI.fleT 0,5 Man 
(B OTHOCI1T8Jibllb!X 113MepeHI1.f!X >ICIIOJib30DaJiaer, ,nwpcpepeHitl1aJibHaR l101!!13a!.{HOHHaR KaMep~2 )) 

Be.i!HttHHY E MOll\110 l13UeHRTb D HeK0
1

TOpbiX npe,neJiaX nyT.eM no,nelopa COOTDeTCTByJOmero 

peli\!1Ma yeKOp8Hl1.fl~ .Heo6XO,ll;l1MOeTb IIO,li;OCIHOro "peryJIHpOnaHHR" 3HeprH!1 IIyttKa ncTpeqaeTCR 

II pH nh!IIOJI!le~mH pR,ll;a 3KCIIepvU.!eHTOn, n KOTOpbiX TpeelyeTC.fl eo6JIJO,li;O.Tb IIOeTOHHCTD 0 3Hep

rl1!1 nyttKa npoTonon. I\aK noKaaaJivt . vt3MepeHvtR, aneprHH E cyll(ecTne.nno aaBHCvtT. OT nanpa-
. ' ; :. . ' . '' ·-· 

ll\eHHOCTH MarnvtTHoro noJIR ycKopHTeJin (eM. p11e ~ 5). "PeryJiaponanHe" nemtt:IHHU En ne-
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-5 

Vf3MeH.eHHe cpe.nHeA aHeprHH npOTOHHOI'O nyqKa npH H3MeHeHHR senHqHHbi 

.ToKa. lo_~ar,HHTa YCKOpHTensr I r I H TOKa lt qepea o5MOTKy I KoppeKTH
pyromyro nono:m.eHne Me.nHaHHoA nnocKoCTH. MarHHTHoro nomr I £ I. 
CTpenKaMH · yKaaaHbi 3HaqeHHSI I 

0 
H I 

1 
B o5biqHoM pa6oqeM pe:m.nMe. 

0 . 

-2 

-4 

-6 

271 2IJIJ .281 28Z 

z Cl'l
' 

VI aMeHeHHe cpe.nHeit aHeprHH npoTOHHoro nyqKa npH H3MeHeHHH nono:m.e
HHSJ 'Z pereHepaTopa I.neTaJif ycTpoAcTsa, npH noMOutH Ko'Foporo ocy-· 
mecTsnSJeTcSJ Bbiso.a: nyqKa 11 ' 1. 
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PRe. 7. C6poc aHepF"Hlf A E = ·E - E B itonHaTHneHoaoM nornoTHTene 

Tonm:HHo:ll: :=;· I 3aeob. E H ·.E' - aHeprHSI ny'IKa npoTOH;B ao 
H nocne nornOTHTensr/. UHqJpbl y KpHBbiX YK83biB8lOT COOTBeTCTByiO

m:He 3Ha'!eHRH E. 
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dORbWHX npe~enax MOXeT dHTb ~OCTHrHyTO TaKXe nyTeM HSMeHeHHR ycnOBH" BHBO~a nyttKa 

(CM. pHC .6). licnonb30BaHHe yKaSaHH!iX npHeMOB noSBOVU!eT yBeRH4HTb ;meprHH nyttKa ,ItO 

3HatteHHll 
-
E max = 683 M:m. 

fipH ::lTOM HHTeHCHBHOCTb~BHBe,IteH!IOrO nyttKa npOTOHOB CHHXaeTCll Ha TpH nopR~Ka. 

1\aK dhlno panee yKasauo, HsuepenHH ::JHeprHH ~ ny~tKa ocodenno BaXHH~ ecnH B sKcne

pHMeHTe npHMeHl!eTCR TOpMOXeHHe. npOTOHOB nyttKa (M6TO,It TOpMOXeHHll nyttKa BeCbMa pac-

. npOCTpaHeH, OH HCnORb30BaRCH B ,IteCHTKaX padoT, BYnORHeHHli~ B nadopaTOpHIIX pa3RH4HliX 

cTpaH). B noM cnytiae na,Ito nHdo onpe,ItenRTb :mepr1.uo saTopMoxeimoro nyttKa (tiTO uey,Itod

HO, TaK KaK TORIJlHHY nOUOTHTenll Odlitt!IO Me!ll!IOT HeCKORbKO pas B Tettel!He 3KCnepHMeHTa), 

RHdO T0\1!10 113Mep.!!Tb·3HeprHIO He3aTOpMOXeHHOrO nyqp;a, HCnORb3YH 3aTeM ,li;Rll HaXOX,IteHH.Il 

3HeprHH 3aTOpMOXeHHOrO nyttKa COOTHOWeHHe "cdpoc 3HeprHH B nornOTHTene - TORillHHa 

nornoTHTenn". 3Ta saBHCHMOCTb dhlna Ha.MH H3Mepe'na .,Itnll· nonHSTHneHa (CH2)" (oua np11ro~Ha 
. . . 

H ,Itnll napa,¢11Ha) B odnacTH I50 + 665 Msn H npHBe,It.eua Ha pHc.7. 0TMeTHM, ttTo-Hcnonb-

soBanue .ItiiR onpe~eneHH.II sneprHH npoTouoB ·odhlttuoro cooTHoweuHR ":meprHR-npoder" 

BMecTo yKasaunoro Bbl!J!e cooTnoweHHll "cdpoc ::JHepraH - Tonuuma nor noTHTenR" nexenaTenb

uo, Hdo ono npHBO.ItHT K donbWHM norpewuocTRM, ocodenuo B odnacTH ManHx sneprHM saTop

MoxeHHoro nyttKa. TaK, ecn11 coo:moweuue ":meprHa-npoder" ~snecTHO c 'i:ottnocTbiO 2 J4sn 

npH E = 650-Msn (T.e. 0,4%), TO npH TOpMOXeHI111 nyttKa ~0 IOO M3B norpemHOCTb B onpe

,IteneHHI1 sHeprHI1 ynenHttHBaeTc~ ,Ito 6 Msn 11 cocTannaeT yxe 6%, T.e. nospacTaeT B I5 pas. 

B saKniOtteHHe Mhl nonbsyeMCll cnyttaeM nodnaro,ItapHTb A.A. Tm1KHHa sa odcyx,IteHHe 

·pesynbTaToB !laCTOR:Jien·padoThl. 

I. 

2. 
3. 
4. 

5. 
6. 

· n H T e p a T y p a 

B.Il.,UMaTpHencKHn, ·n.11 • .Ua!!HnoB, D. H.,UeuHcoB, H.n.sannaTHH, 
B.C.KaTb!WeB, A.A.KponHH 1 A.B.llecTUOt! • ITT3,I,II,I957. 
11.M.BacHnencKHn, D.,U.ITpoKoWKI111. ITT3 (roToBHTCR K.nettaTH). 
B.I1.3pBJIOB 1 r.,U.CToneTOB. ATOMHall :meprHll ( B nettaTH), 

R,Ma.ther, I'hys,Rev,,s4,IBI,I95I. R,Mather,E,Se&re. 
I'hys,Rev,,84,I9I1 I95I. 
J,J,Thomson, Phyl,Mag.Ser.,6 1 IJ 1 56I,I907, 
M.C .Koso,Itaen, A.A. '£RnKHH. ITT3 1 I 1 2I, I956. 

"PadoTa nocTynHRa B H3,ItaTeRbCKH~ OT~en · 3 HORdpll 1958 r. 


