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1. BBEilEH~E 

B nocne,QHI-!e rO,Qbl ee.qeTCR I-1HTeHCIIIBHbl~ nOI-1CK ,QJ.16apHoHHbiX pe
aoHaHcoe. noKaaaTellbCTBO Cy~eCTBOBaHHfl ,QI-16apHOHOB RBHllOCb 6bl 
$aKTOM ¢YH,QaMeHTallbHOro 3HaYeHI-1fl, TaK KaK npolll-1110 6bl HOBbiH 
ceer Ha KeapKOBble creneHYI cso6o.qbl e HYKlloHax H R.qpax. 06Hapy
~eHJ.1e Y3KI-1X .q1-16ap1-1oHos (r S 10 M38/c2 ) Morna 6bl ceM.qerenbcT
aoearb o cy~ecreosaHHI-1 HOBoro aaKoHa coxpaHeHIIIR 1-111111 o HeHasecr
HoM ,QI-1HaMJ.14eCKOM MeXaHio13Me, 3anpe~aJOLqeM lo1X 6biCTpbl~ pacna,Q 
Ha a.QPOHbl. B MO,Qelll-1 MeWKOB 111 crpyH KXA wecntKBaPKOBaA Cl-1creMa 
MO*eT I-1MeTb 60llb~Qe KOlllo14eCTBO YPOBHeH B036Ym.QeHlllfl ~BeTOBbiX 
creneHei:1 ceo6oAbl I/. O~eHKVI WIIIPI-1Hbl ypoaHei:1 KOne6nJOTCfl s oYeHb 
WIIIPOKHX npe,Qellax/2/. 

noi-1CK Y3KHX. .Qio16aplo1QHHbiX peaoHaHCOB OCYI4eCTB!1RnCR B paaHbiX 
nPm-'eccax paaHbiMH 3Kcnepi-1MeHTallbHbiMI-1 MeTo.QaMH. Hcc.ne,qoea.ncR 
cneKTp 3c.p¢leKTI-1BHOi1 MaCCbl ABYX HYKllOHOB npl-1 B381-1MO,Qei1CTBI-11-1 a,q
pOHOB C HYKllOHaMI-1 1-1 R,QpaMI-1, cneKTP He,QOCTa~~ei:i MBCC~, l-13y4a
Jl8Cb 3HepreT!-14ecKaR aae!-1CI-1MOCTb no.nHbiX 1-1 ynpyr1-1x ce4eH~t~i1, no
.nRPI-13au,~t~oHHbiX napaMeTpoe B PRAe pa6oT ·~~aa~eaeTCR Ha CYLI.IeCTsosaH~t~e Y3KHX ,QH6ap~t~oHosl 3 /. B pa6oTax1 Hcc.ne,qoea.nc.A cneKTP 
MaCCbl CHCTeMbl {pp-y); nollY4eHo YKa3aHHe Ha cyw,eCTBOBaH!-1e Y3Kio1X 
nHKOB, nPH4eM 3HB4eHHR MBCC 1-1 Ce4eHHi1 6111-13KI-1 K COOTBeTCTBYID
UJ.HM aHa4eHHRM AllR Cl-1cTeMbl (pp). Ha.n1-141-1e a.neKTPoMarHHTHoro Ka
Hana pacna,qa ce~t~,qeTenbcTeosa.no 6bl o Manoill w~t~pHHe peaoHaH<;a/· 
B 3TOM c.ny4ae OHa MQ}f{eT 6b1Tb 3HB4J..tTenbHO MeHbW8 1 Ma8/c2 /S • 

3KcnepJ.1MeHTB1lbHaR CHTYBL.J,HR C HCCJle,qoBaHHeM ,QV!6apHOHOB ,QO
BOJlbHO CJlQ}f{Ha ~ C O,QHOi1 CTOPOHbl', Ha611ID,QeHO 6o.nee ,QeC.ATKa OC0-
6eHHQCTeil! 8 cneKTpe Mace 1-1 Ce4eHHRX, KOTOPble C4HTaiDTCR KaH,QI-1-
,qaTaMI-1 B peaoHaHCbl, a C ,Qpyroi:1 - PRA BBTOPqB He Ha6niD,QaeT pe-
30HaHCHbiX 3ttl!PeKTOB B CI-1CTeMe ,QBYX HYKllOHOB/ 6/. EiollbWJ.1HCTBO 
3KCnep~t~MeHTOB BblnOllHeHO C nOMOUJ.biD nY3blpbK08blX KaMep C MBCCOBbiM 
paapeweH~t~eM ~s MaB/c 2 , noaToMY HCTHHHaR w~t~p~t~Ha KaH,q~t~,qaTos 
B Y3KHe ,QI-16BPI-10Hbl HeJ..1388CTHa. 50llbWBR 4aCTb J.1CCJle,QOBaHHi1 Bbl
nOJlHeHa Ha 6e,QHOM CTBTHCTH4eCKOM MaTep~t~alle. 3¢>q,eKT 06bi4HO Ha-
61110,QaeTCR Ha BbiCOKOM ypOBHe !POHa 1-1 8 3H841-1T8JlbHOi1 CTeneHI-1 38-
sHCHT oT cnoco6a era on~t~caHH.A. HeKoTOPble pa6oTbl, BbmonHeHHble 
C J..1Cn01lb30BaHI-1eM 31leKTPOHHOi1 MeTo,QHKI-1, Tome He HMeiOT ,QOCTBT04-
HOi:1 cTaTHCT~t~4ecKoi1 To4HOCTH. KpoMe Taro, B HI-1X OCYLI.IeCTB.n.AeTcR 
onpe,qeneHHaR Bbl6opKa 4aCTI-1U. no yr.ny 1-1 3Hepr~t~l-1, 4To MOmeT np~-1-



secT~ K norepe 3$¢eKTa. Bo BCRKOM cny~ae, nPRMoe conocraeneH~e pe3Y1lbTaToB pa3m1~Hbrx aero poe 3aTPY.QHeHo. Pa3o6PaTbCR e cnom~ewei:kR C~TYal..lf.H1 nOMOryT JlVIWb HOBble 3KCnepVIMeHTbl, BblnOJlHeHHbfe C BbiCOKVIH pa3peweHHeM no MaCCe f.1 ,QOCTaTO~HOH CTaTHCTI-1~ecKoi1 TO~HOCTbtO. 

EcnH .QH6apHoHbf c H3oron~~ecKHM cnHHOM T = 1 cy~ecreyror H npoRBJlRtOTCR e KaHane pacna.Qa Ha napy nporoHoB , ro e ce~eHHH ynpyroro pp-pacceRHVIR KaK ¢yHK1..1HH 3HeprHH ny~Ka cne,Qyer omH,QaTb oco6eHHOCT~. Ha ocHoBe ycnoBHR yHHrapHocTH noKa3aHo/ 7 I ~To H3MeHeHHe ce~eHHR s o6nacTH pe3oHaHca Momer ,QocTHrarb 6onbwHx 3Ha~eHHi1 /- 100% H 6onee/. 
t-bnomeHHbre ¢aKTbl H coo6pameHHFI no6y,Qf.1JlH Hac ocy~ecrBHTb 3KcnepHMeHT no npei..IH3HOHHOMY H3MepeHH10 3HepreTH~eCKOH 3a8HCHMOCTH OTHQCHTeJlbHOrO ,QH$¢epeH1..1HaJlbHOro ce~eHHR ynpyroro pp-pacceFIHHFI c MaJlbfM waroM no 3HePrHH. ~ccne,QyercR ,QHana3oH 3¢$eKTHBHol1 MaCCbl CTaJlKIIIBaiO~~XCFI npOTOHOB 1 ,93-:-1 ,97 r38/c 2 , 8 KOTOPOM P.AAOM aeropoM nony~eHbl yKa3aHIII.A Ha pe3oHaHCbr. 

2. nOCTAHOBKA 3KcnEPHMEIITA 

YcraHo8Ka pacnonomeHa Ha JlHHC~HoM nPoMemyrKe cHHxpo¢a3orpoHa nB3 OHR~. B Ka~ecr8e BHyTpeHHe~ Ml-1WeHH HCnOJlb3yeTCR TOHKa.A nneHKa, H3rorosneHHaR ~3 cnnaea o6bi~Horo H .r:teHrepHposaHHoro nonH3THneHa. MHweHb ~t~Meer nPHMepHo o.QHHaKosoe co,QepmaHHe Bo.Qopo.Qa H ,Qel1repHR. no,Q 3a,QaHHbiM yrnoM B na6opaTopH0\1 CVICTeMe H3MepReTCFI OTHOweHHe R = Np/Nd = Op/ Od KaK ¢YHK1..1HFI 3HeprHH nY~Ka Ep /1-um 3¢$eKTHBHoH Maccbr .QBYX npoToHoB M/, r,Qe Np, Nd -l.!Hcna ynpyro pacceRHHbiX nporoHoB 111 ,QeHrpoHoB, a ap, ad - coorsercrsyrou~He ,QH$¢epeHI..If.1a!lbHble ce~eHHR. He3ae~cHMoCTb R or ceeTHMOCTH MHWeHH Jlemf.1T 8 OCHOBe ,QaHHoro 3KCnepHMeHTa. npe,QnonaraeTCFI, l.ITO MOHf.1TOp1.1pyro~aFI $YHK1..1HR Nd JlH6o rna,QKaR, nH6o VIMeer oco6eHHoCTH, nonml<eHHe Koropbrx He coena,Qaer c nonomeHHeM HCKOMbiX oco6eHHocrel1 ¢YHK1..1HH Np ~a p (M). Be11H4HHa R (M) H3MePReTcR c noMO~biO )':IByx He3aBf.1CHMbiX renecKonos H3 nonynpoeo,QHHKOBbrx ,qereKTOPOB Tl H T2 /pHc .1 I. Ka»<,Qbri1 Te!leCKOn HMeeT aneprypy ~1 ,5 CM 2 H COCTOf.1T \.13 Tpex KpeMHHeBbiX nonynpoBo,QHHKOBbiX ,QeTeKTOPOB. nepBbre ,QBa H3 HHX pa6oTaiOT 8 pe>!{HMe CQBna,QeHHR 1-1 H,Q€HTH$f.11..1HPYIOT 4aCTHI..Ibl no ~E-E cHrHaJlaM /till - 3Heprosw~eneHHe 4acTHI..Ibl 8 nepsoM Aere~nope, E - 80 BToPOM/, rperH~ AereKrop BK!lt04eH Ha aHTHcoena,QeHHB c nepBbiMH ABYMR All~ noAasneHVI~ npo.nerHbrx 4aCTI-14. nepBbri:1 renecKon perHCTPHpyer npoToHw e HHTepsane 3HeprHH 4~20 M3B, ,Qe~rpoHbr- 5-=-27 M3B, sropoi:1 perHcTpHpyer nPoTOHbl 8 ~t~HTepeane 4 .;-24 M3B, ,QeHrpoHbr -5.:-33 M3B. CI..IHHTHflllRI..IHOHHbre TenecKonbl cnymar ,Qn~ HaBeAeHHR nyY-
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MHmEHb 
P11c. I • CxeMa pacrronoJKeHH.H ycTaHOBKH BHYTPH KaMepbi 
ycKOpHTenR. MHmeHD - nneHKa CH2 + CD2 nno~a,UbiD 
5X 15 MM 2 , ITO,UBeiiieHHafl Ha KBapueBbJX HHTHX, TeJieCKOITbl 
I n II - rronyrrpOBO.IJ;HHKOBbi€ KpeMimeBhie ,ueTeKTOPhi. 

Ka Ha M~W€Hb. ny~OK HaBO,Q~TCA Ha M~W€Hb np~ cna,qe MarH~THoro 
IIOilA YCKOP~T€JlA OT 770 ,QO 576 rc B Te~eH~e 0,5 C. ~3M€P€H~A 
nposoAATCA s ~HTepeane 3Hepr~~ nyYKa 116~199 M3B. BMeCTe c c~r
HanaMlt1 aT A€TeKTopos annapaTypa ¢lt1KCI-1pyeT T€Ky~ee 3Ha~eHI-1e Mar
HI-1THoro nOHR, KOTOPO€ Bbi,QaeTOl VIH.QYKU,VIOHHbiM VIHTerpl-1pyiOUJ,lt1M AaT
Ylt1KOM c waroM 1 rc. AonrospeMeHHaA H€CTa6V1nbHOCTb MarHlt1THoro 
nOJlR 8 T€4€Hlt1€ CeaHCS H€ np€Bb1WaeT 1 rc, 0Ha KOHTpO!llt1pyeTCA 
nyTeM I-13M€P€Hlt1A 4SCTOTbl YCKOPAIO~ero 3Jl€KTPit1Y€CKOrO nollfl, KOrAa 
nYYOK HaXOAt.1TCFI Ha OP6t.1Te C 3aAaHHbiM paAVIYCOM, a MarHt.1THO€ 
none AOCTI-1raer 3aAaHHoro 3Ha4€Ht.1FI. 

War I-13MepeHt.1~ no M s cep~At.1He t.1CCJleAYeMoro t.1HTepeana 3¢¢eK
Tt.1BHOYI MaCCbl &'1 = 0,2 M3B/c2 • CpeAHeKBaApart.11..1HaFI senYil..IYIHa Mac
cosoro pa3peweHt.1FI ycraHOBKI-1 /Wt.1Pt.1Ha Ha nonyBbiCOTe/ cocrasnr~eT 
0,26 M38/c2 • 0CHOBHO~ BKDaA 8 3TY B€DV11..1YIHY BHOCFIT! 

- Wt.1Pt.1Ha VIHTepsana no MarHt.1THOMY non10 H (~H = 1 rc, ~H/H ~ 
~ 0 ,2~~} ' 

- HeTo\.IHOCTb socnpot.13BeAeHV~FI MarHt.1THoro nonr~ YCKopV~renr~ 
8 Te\.leHV1€ 3KcnepV1MeHTa /Pa36POC ~H/H H€ BbiW€ 0,1%/, 
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PHC. 2. Pacnpe.ueneHHe CHrHaJIOB .6E-E npH H = 650 rc 
I 6E H E - ::meproBbJ,Qenenne COOTBeTcTBeHHO B I H 2 ne
TeKTopax nepnoro TenecKona; t, d, p - TPHTHeBaH, net'JT
poHHafl H nPOTOHH35J JlHHWI co0TBeTCTBei-mo/. 05JtaCTH cry
tn;eHH.R TOl!eK COOTBeTCTBYJOT C06b!THHM Ynpyroro pp- H pd
pacceHIIHH. 

- H€MOHoxpoMaTH~HOCTb ny~Ka /6Ep/Ep = 0,12%/, 
- nporHmeHHOCTb M~WeHH no PaAHYCY /6Ep/Ep = 0,04%/. 
Ha puc.2 npeAcraeneHo pacnpeAeneHHe curHanoe 6E-E e nePBOM 

TenecKone npl-1 3HaL!€HJ.1\.1 MarHl-1THoro nOilfl YC-KOPHTenfl H = 650 rc. 
Q6naCTH crymeHHR TOY€K Ha npOTOHHOH J.1 A€HTPOHHoC1 JlHHHRX COQT
BeTCTBYIOT Co6biTH.RM ynpyroro pp- H pd-pacceRHHR CQOTBeTCTBeHHO. 
3ror CHII1MOK c Al-1cnnefl, CAenaHHb!H eo epeM.R 3KCnePI-1MeHTa, xapaK
repH3yeT Ka~eCTBO J.1,QeHTJ.1$HKal..li•H1 4aCn11..l J.1 BbJ,Qe!leHI.'lA C06biTHi1 yn
pyroro pacceAHHA. 

Ha pJ.1c.3 /CHHMOK c AJ.1CnneA/ noKa3aHo pacnpe,QeneHHe cHrHanoe 
B nnoCKOCH1 E - H ,Qm'l HAeHTJ.1¢HllHPoBaHHbJX npoToHoB B OAHOM 
H3 TenecKonoe. CornacHo KHHeMaTHKe ynpyroro pp-pacceAHHA 3Hep
rHA 4aCTHI..l OT,Qa4H PacTeT npH Bo3pacTaHHH nonA H, 4To H Ha6n~
gaeTCA Ha PHCYHKe. 

Ha pHc.4 noKa3aHo e Ka4ecTee nPHMePa pacnpegeneHHe npoToHoe, 
3aj)erHcTPHPoBaHHbJX B nePBoM TenecKone, npH none H = 695 ~697 rc. 
Xopowo BHAeH nHK oT ynpyroro pacceflHHR. 8blgeneHHe ynpYrHx co-
6brTHL:1 npOIA3BQ,QIATCA B pe3Y!lbTaTe Bbi41-1TaHHA $OH08b1X C06b1THi:1 
nO,Q ynpyrHM nHKOM. 4HC!l0 (!JOHOBbJX C06b1TI-1i:1 onpe,Qe!lAeTCA !lHHei:1-
Hoi:1 I-1HTepnonAI..lHeH ¢aHa cneea 1-1 cnpasa oT ynpyroro nHKa e o6-
nacTb nHKa. Pe3ynb TaT cna6o 3aBHCHT oT rpaHHI..l nHKa, Ho ,QaHHbJH 
MeTOA MQ)I{€T 6b1Tb HCTQ4HHKOM CHCTeMaTH4€CKHX OWH60K. 
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PHc.3. PaCnpe~ene
HHe CHrHaJJOB B rrep
BOM TenecKone B nno
CKOCTH E-H .IJ,.l.H H,.TJ;eH
THQ:lHIJ;HpOB3HHhiX npo
TOHOB /H - MarHHT

HO€ TIOJI€ YCKOPHT€
Jl.H/. 06~aCTb cry
meHHH T04€K COOT
B€TCTBY€T C05biTHHM 

ynpyroro pp-pac
ceHHHH. 

PHc.4. Pacnpe.u,ene
HHe TIPOTOHOB ITO Kil
H€TH~€CKOH 3HeprHH 
E, 3aperHCTpHpoBaH
HbiX B nepsOM Tene
CKone, TIPH none H = 
= 695+697 rc. a -
o6naCTH, Bbi6paHHbie 
AJ1R onpe.u,eneHHH ¢o

,.,_~.,<;,~-.,-.._~.Ha TIO,ll ynpyrHM TIH""' 
KOM, 5 - o6nacTb 
ynpyroro nHKa, 
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H, r c 
PHC. 5. BbiXOll TJPOTOHOB H neti:TpOHOO H3 MHUJeHH KaK rilyHKUH51 
MarHHTHoro noJHt YCKOPHT€Jl51 H: a - npoTOHbl OT Heynpyroro 
B3aHMon;eHCTBH51 /np::maH urKana/; 6 - npoToHhl oT ynpyroro 
B 33HMO.D;€t'i:CTBHR; B - D;ei:fTpOHbl OT ynpyroro B33HMOD;€J1CTBHR, 

Ha p1.1c. 5 noKa3aH BblXO.Q pa3m1~HbiX 43CH1l\ 1-13 M~t~weH\.1 KaK ¢YHK
~l-1A nonA H. B npe.Qenax ~1 ,5% Ha6n~.QaeTCA nponOPL\IIIOHanbHOCTb 
nOTOKa npOTOHOB OT ynpyroro 1.1 Heynpyrl-1X nPOL\€CCOB

1 CBIII,Q€T€JlbCT
BYIOLll3A 0 M3!10M BKJla,Q€ ¢aHa, H€ CBA3aHHor0 C B3aHMO,Q€i:1CT81-1€M 
ny4Ka C Ml-1W€Hbl0, 

3. PE3YnbTATbl 

3apen1CTP\.1P083HO 3,4 MJlH l.1 1 ,8 MJlH C06btHH1 ynpyroro pp-
J.-1 pd-pacceAHI-1R. Ha p1.1c.6 noKa3aHa ¢YHKL\l-1A R(H)~Np/Nd=op/od, 
nocTPoeHHafl Ha ~acTI-1 MaTepl-1ana. $yHK~I-1.R R(H) onl-'lchlBaeTc.R nonH
HOMOM p CTeneHI-1 3f5, 1-1 .Qfl.R Harnfi.QHOCTI-1 npe.QCTaBneHI-'I.R MaTePHa
na CTPOHTCfl HopMHPOBaHHafl $yHK~H.R R0 = R/P. 

llnfl OL(eHKI-1 CI-1CTeMaH1~eCKHX OWI-160K Mbl paCCMOTpefll-1 OTHotueHHe 
CLieTa .QBYX TenecKonoe N1 H N2 . Ha PHC. 7 1-1 8 noKa3aHhr HOPMHPo
eaHHMe $YHKL(HH N0 1 /Np 2 /P H Nd 1 /Nd 2 /P. AnA 3THX pacnpe,qene-'' ' ' ' HH~ BeflHI~HHa X2fn /n - LIHCflO TQL!eK B pacnpe,qeneHHH/ COCTaBnA-
eT 0,94 1-1 1,04. npt.-1 npaBHflbHO~ OL(eHKe OWH6KH BeflH4HHa X2 /n 
,qon»(Ha 6b1Th pasHa 1 e npe,qenax cTaTHCTHLiecKoi-1 Heonpe,qeneHHO-
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H, rc 
PHc.6. 0THorueHHe Op/od KaK ¢YHK~HB MarHHTHoro nona YCKOpHT€J1H. 

cn1 oX = V2/n = 0, l. 0TCIO,Qa Mbl aaKiliO~aeM, LlTO HeytneHHaR HaMI-l CV1CTeMaTI-14€CKaR OW1.16Ka 0 LHCT, ~ 0, 02a CTa T. npeHe6pe»H1MO Mana. CyMMa PHbre HOPMit1posaHHble gaHHble Ru (M) npe,qcras.neHbl Ha p1-1c. 9. B 4€Tbrpex TOL!Kax noKa3aHbl xapatnepHbre cran1CTV14eCKlo1e owH6Kit1, Cpe,q1.1 195 V13MePeHHWx To4eK B 3HepreTV14ecKo~ aasHCV1MOCTV1 ynpyroro pp-pacceRHV1R gee T04KV1 OTKilOHR~TCR or cpe,QHe~ rnagKo~ KPVIBOii! Ha ~3a yKa3aHo COOTB€TCTBY10Lil€€ V1M 3Hal.l€HI-1e MaCCbl M. 8 pa6ore/7 J l-13 YCilOBVIR YHl-1TapHOCTit1 8bi8€,QeHO COOTHOW€Hit1€ M€}1{AY eap1t1a41t1e~ nonHero ce4eHV1R ynpyroro pacceRHV1R 4aCTV14 6o npV1 nPOXO}f{,Q€HV1V1 P€30HaHCa WV1PV1HOii! r ~ cn~HOM j! 

2 ·' (2J. + I) =-'r_,_ ~a = k 2 r + lo ' 

rAe k = p/h- sonHosoe 4~cno neps~4Horo nPoTOHa, lo- Maccosoe pa3peweH~e annapaTYPbl, 8 AaHHOM 3Kcnep~MeHTe 6o/o < 12% /pa3-
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PHc. 7. HopMHpoBaJmoe oTnomeHHe ap, 1 1 ap, 2 KaK ¢YHKUHH 

MaritHTHoro HOJHI YCKOpHTenH. 

HOCTb 0TKfiOH€H~~ BBepx ~ BH~3 QT CP€.QHero 3Ha4eH~A Ha 3o/. 0T

CIO,Qa onpe,QeneHa BepxHAA rpaHHLJ,a f max Wt.1PHHbl P€30HaHCa: j = 0, 

rmax = 0,04 M3B/c 2
; j = 1, rmax = 0,013 M3B/c2; j = 2, fmax = 

= 0,008 M38/c
2

• 3TOT BblBo.Q cnpaee.Qm1e .QflA O.QHOKaHallhHoro pe-

30HaHca npH ycnoBHH nponopu,HoHaflbHocTH nonHero H AH¢¢epeHu,Hanb

Horo Ce4eHHA ynpyroro pacceAHHA. 
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Puc. 8. HopMHpoBaHHoe OTHO!rreHHe ad fact ~ 'KaK ¢YHKU:W:I 
J l J L MarHHTHOrO riOJ15I YCKOPHTI2.J1R. 
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A-- O.B.A6JUmon H np.; *- B.Trtnuues H .up. 
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