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B.H.AJI6YJI - M., 2000 -19c. 

Ha nyllKe rrpOTOHOB yCIwpB:Temr HT3l1> CIIOMOIIU>IO II.bC303JIeKTpRlJeCKHX r:u..upo!floHOB 
3aperHcTpHpoBaHo aKycTHQeCKOe H3JIyqeHHe, COnpOBo)K,llaIOm;ee TopMOiKeHlle npOTOHOB C 
3Heprnen: 125 .H 200 M3B B BO.n;e LIO OCTa.B.OBKH. IhJIyqeHHe RMeeT BM 3aTyxaromIolX rap­
MOHHlJeCKHX KOJIe6aHl:1H, Haqam.1Il:lIH nepHo.n; KOTOphIX OTpa.iKaeT cBO:ikTBa H3JIy-qaJOmeH 
C.HCTeMIJ:. Ji3MepeHhI napaMeTphl aKycTH'lecKoro CHI'Ha.rra rrpR Pa3JllJqHOR IoIHTeHCHBHOCTR 
nyQKa IIpOTOHOB 11 IIpH H3MeHeHHH ,lJ,Ha.MeTpa IIJ'rKa. 

Measurement of parameters of acoustic radiation resulting from 
proton beam with energy 125 and 200 MeV braking in water. 

V.I.Albul, V.B.Bichkov, K.E.Gusev, V.S.Demidov, E.V.Demidova, 
D.N.Zaborov, S.L.Konovalov, A.F.Kufchanov, V.E.Lukiashin, V.I.Lyashuk, 
E.G.Novikov, A.A.Rostovtsev, A.Yu.Sokolov, U.F.Feishanov, N.A.Haldeeva. 

The a.coustic radiation from proton beam has been registered at the ITEP accelerator 
by means of piezoelectric hydrophones. The energy of protons braking in water up to stop 
was E=125 and 200 MeV. The radiation wave looks like damped harmonic oscillation, 
with initial period reflecting the properties of the radiating system. Parameters of an 
acoustic signal have been measured at different proton beam intensities and for several 
beam diameters. 

Pne. - 13, CJJHCOK nIolT. - 9 HaRM. 

(f) MHC~H~YT TeOpeTHQeCKOA H SXCnepHMeHTaAhHOA ~3HKM, 2000 
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1 BBe,neHue. 

8¢¢eKTbI H3nYQeHllK a.h:YCTH'leC.h:HX CHrHaJIOB rrpll npOXO:lK.nemm 3ap.lDKeHHbIX 'lac­

THII; HCCJIe,D,yIOTCK 60JIee 40 neT B CB.i3H, rJIaBHbIM 06pa30M, C B03MO:lKHOH perRCTpaUReii: 

a.npOHHO-3JIeKTpOMarHIlTIIbIX JUfBHeH, BW3BaHHbIX KOCMlilleCKHMH qaCTHuaMH YJIbTpa- ]I 

CBepXBbICOKHX :3aepnlii: [1], (2]. Oc06eHHo rrepcneKTHBHo npHMeHeHHe aKycTHqeCKOrO Me­

TO,lJ,a B COqeTaHllH C OrrTIlQeCKliM B cxeMe COBna.neHlI.i C06bITRH .nml perIlCTpaIJ;HH KOCMH­

QeCKlIX lJaCTJIU CBepXBbICOKHX 3HeprIlH. l1neJl pea.JIH3aInIR TaKorO nO.ll,xo.ll,a rrpopa6aTbT­

BaeTC.i B KpyrrHoMaCIIITa.5HoM HeHTpHHHoM TeJIeCKOlle ANTARES ([3]), MOHTHpyeMoM B 

HacTonuee BpeM.i Ha rJIy611He 2400 M Ha ,lJ,He Cpe,IW3eMHOro MOp.ll. KpoMe perHcTpaUHH 

KOCMHQeCKHX JUlBHeU, aKycTH'leCKHe CHTHaJIhI MoryT ITpHMellilTbC.lI B .npyrRX 06JIaCTlIX, 

HarrpHMep, ,lJ,JI.sI MOHHTopHpOBaHll.ll nyqKoB Ha yCKopnTeJUX 3ap.i:JKeHHhlX QaCTHO: [1),[4],[5]. 
B O,lJ,HOR H3 paHHHx paGoT, BbInOJIHeHHhlX Ha yCKopHTeJIe HT3<t> [6), 6:bIJIa npO.ll,eMOHCTpH­

pOBaHa B03M02KHOCTh npUMeHeHII.lI aKYCTR'leCKHX MeTO.llOB B IPH31iI'IeCKHX H3MepeHH.lIX :0 

6hIJIa H3MepeHa. KpHBaJI IIOTepb 3HeprHH npOTOHaMH IIpa OCTaHOBKe (IIHK Ep3rra). B Ha­

cToJlIIJ;ei pa60Te rrplIBe.ll,eHbJ pe3YJIhTaTbI 3KCnepHMeHTa IIO :03MepeHRIO OCHOBHLIX na.pa.­

MeTpOB aKycTHlJeCKOrO CHrHa.rra, COnpOBO:lK.n;a.~meronponecc TOpM02KeHH.sI B Bo.n;e rrylJKa 

rrpoToHoB c :meprIIeii: 125 II 200 M3B, BhlIIOJIHeHlloro Ha yCKOpl:ITeJIe IIT8<1> B l:I~He 2000r. 

http:AHaJIH30CURJIJIOrpaMM.....��.�.�
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CxeMa 3KcnepuMeHTa 

CxeMa 3KenepUMeRTa nOKa3aaa aa pRe. 1 
B KaqeCTBe MIil.IDeaH, B KoTopo:l\: npoBCXOJIRJIO TOpM01KeHHe ny'iKa.. npoToHoB. eny)l(ITrra 

Bo.aa, 3anO!!RlIBIDaJI I{RJUlH.apH'lecKJrii eoey.a JIl3 nOlHl3TRlleHa .aRaMeTpoM 31 eM, BblCOTOB 

64 CM H Tomn;uHoH CTeRKIl. 2 MM. CXeMaTHqeCKH OR R306palKea B BHlle 3aInTpHXOBaHHoro 

npJIMoyrollbHRKa. Ha paeCTOllHHH hb=24 CM 0'1' ,llHa cocyna nepneH,llIn.:y!!llpHO 06p33yJO­

mea UH1lliHnpa HarrpaBJHIJlCll nyqOK npOTOHOB. Ha HeKOTopOM paCCTOJIHlm 0'1' ny'lKa Rbi" 
KOTOpoe H3MeHJ!llOCb B Teqelll![e 3KCrrepJilMeHTa, paciionararrHcb 2 rHllpo¢lona (AI 11 K2 ). 
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Pile. 1: CxeMa 3KCnepl1MeHTa. 

Ily'lOK npoTOHoB .lIMe!! cnenYIOIDIIC rrapaMeTpbI: 

• 3neprHJI qacTJIlil - 200 Ii 125 M~B; 

• Ilepllon nOBTopeRRlI .IIMnYilhCOB ny'lKa .... 4.2 eeK; 

• 1iI.HTeHOIBHOCTb -5.107 - 6.1010 'laeTau Ha e6poc YCKoprrTeJ1l1:. 

• llJI:IlTeJIbHOCTb - 70 neeK; 
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• nHaMeTp ny'lKa - 1 H 4.5 CM. 

B HH)}mei -qaCTH pHcyRKa 1 nOKa3a.HbI pe3YJIhTaThl MO.neJIUpOBaHH$I C nOMOIIJ;hlO npo­

rpaMMbI GEANT nOTeph 3Hepnm B Bo.n;e npOTOHaMH .n;JIJI .n;Byx 3Heprri - 125 Ii 200 M3B. 

IIPOTOHhI C 3HeprneH 125 M3B HMelOT cpe.n;mm rrp06er 16.5 CM H OCTaHaBJIHBalOTCJI Me)K~ 

lJ.y rH,llp0<p0HaMR, rrpOTOHhT C 3HeprHen 200 M3B OCTaHaBJIHBaIOTCJI 3a rn.upo4>oHaMH, 

npOXO,lVI paCCTOJIHEe 25.2 CM. KPHBaJl "a" COOTBeTCTByeT 3HeprJifU npOTOHOB 125 M3B, 

KpBBaJI "b" - 3Hepnfil 200 M3B. IIpH 'topMO)}(eHHH nytIKa npOTOHOB B BO.n;e npOHcxo,JUrT 

paClllUpeHl'le ero JJ.HaMeTpa 3a c-qeT MHoroKpaTHoro paCCeJlHIifjJ. 3TOT 3<pq>eKT 3aMeTeH 

Ha pRC. 2, rue npe,ll.CTaBJIeHbI TpaeKTOpHH Bcex -qaCTHIJ; (BKJIIO'tIaJl <pOTORhI)\ 06pa30BaH­

HbIX npH TOpMO}Kemm B MHIITeHH 100 npOTOHOB C :meprHen 200 M3B, CMonemrpOBaH~ 

HhIe no npOrpaMMe GEANT. TpaeKTopHH rrpOTOHOB OTMetIeHbI HenpephIBHbIMH JIBHHnm, 

raMMa-KBaHTaM COOTBeTcTByIOT nyHKTHpHhIe JIHHBH, TpaeKTopHB HeihpoHoB 06o:matIe­

Hhf IIITpHx-rrYHKTHpHhfMH JIHHBJlMH. IIy-qoK, HMeIOIIJ;KH Ha BXO,ll.e B MHmelIh ,ll.HaMeTp, 

paBHhn':i HyJIIO, IIpH OCTaHOBKe HMeeT 3aMeTHyIO ,D;HCIIepcHIO. 

Pe3YJIhTaThf H3MepeHHH aKycTHtIeCKHX CHrHaJIOB crpymwpoBaHhf B 3KCn03BUIrn, OT­

mJ:llaIOmHeCjJ ,ll.pyr OT .n;pyra, no KpaHHeii Mepe, O.n;HHM H3 'IeThfpeX napaMeTpOB - BH­

TeHCHBHOCThIO rrytIKa, ero ,ll.HaMeTpOM, 3HeprHeH H paCCTOJlHUeM OT ueHTpa IIy'IKa J1.0 

rn,qpo<poHOB. BhfJIO BhlllOJIHeHO 19 3Kcrro3uUHH MHrneHH Ha ny'tlKe npH Pa3JIHtIlIbIX yCJIO­

BIIJlX, OIIHcaHRhlX FnnKe H 2 3Kcn03RURR (c HoMepaMR 9 II 10) 6e3 rry'IKa ,ll.JIJI aHaJIU3a <poHa. 

3HeprRlI npoToHoB, BhIBOJ1.HMhfX H3 ycKopHTemJ:, DhIJIa paBHa 200 M3B (p=644 M3B/c) II 

OCTaBaJIaCh nOCTOJIHHOH. Ha,'IRHaSI C 3Kcn03HUHH 14 3HeprIDI rrpOTOHOB, na.n;alOlUUX Ha MH­

rneRh, 6hlJIa YMeHbmeHa lJ.O 125 M3B (500 M3B/c) c nOMOllIhIO <pRJIhTpa H3 nneKCHrJlacca, 

nOMemeHHoro Ha nyTH nytIKa. 

3 PerucTpupylOIIJ;aJl anrrapaTypa 

3.1 rU.ZlpOepOHbI. 

IIpeo6pa3oBaHHe aKycTR'tIeCKOI'O H3JIy'tleHHJI B 3JIeKTpIPIeCKRH cRrHaJI npOH3BOJJ.HJIOCb C 

nOMOID:bIO .rtByx rH.llp0<p0HOB, R3roTOBJIeHRbIX B BHl1l1<PTPI1: r6520ll-2 ( Al Ha PI1C. 1) R 

rr~26 816JK (K2 Ra TOM)Ke pnCYHKe). GYBCTBHTeJIhHhIM 3JIeMeUTOM B 060HX rlf.npexpOHax 

JlBJIjJeTC.lI Ilhe303JIeKTpHQeCKall KepaMHKa C TaHreHUHaJIhHOH nomlpH3aUHeR. OCHOBHhff> 

TeXHHlleCKHe XapaKTepHCTHKH rH,D;pexpOHOB npHBelleUhI B Ta6JIHue l. 
'4acToTHhIe XapaKTepHCTHKH ranp<><!>OHOB rrpellCTaBJIeHhI Ha pRC. 3 H 4. rHJ1.pOepOHhI 

6hIJIl1 3aKpenJIeHhI Ha .nypan:IOMHHHeBOH paMe, rrOJIO)}(eHHe KOTOpOH OCTaBanoCb HeH3Meg­

HbIM B Te'IeHHe Bcero 3KcnepHMeHTa, a H3MeHeHHe pa.cCTOSIHRjJ Me}Kny ny-qKOM R rH.D:po­

<pOHaMR npOH3Bo.n;HJIOCb c nOMOllIhIO rro.n;heMHoro yCTpoHcTBa, Ha KOTOpOM pa.cnonaranaCb 

MJlUIeHh BO BpeM}1 3KcnepHMeHTa. 

Ha6JIIOJ1.eHRe 3JleKTpHlJeC}wro CHrHaJIa H ero 3aill!Ch .n;mI ,ll.aJIbHenUIeH 06pa60TKH npo­

H3BOlJ.HJIHCh lJ.ByM.lI cnOc.06aMH: oCUHJlJIOrPa<PHllecKHM H C nOMOlUhIO aHanOrOBo-UHq>pOBoro 

npe06pa30BaTemr. 
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GEANT simulation of p beam traversing water 2911/0 
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PRe. 2: Pe3YJIbTaThl Mo.ne.JlHpOBaHIul npouecca. TOpM02KeHHJl npoToHoB c 3HeprRen: 200 
M:~B B Bo.ne. 
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Ta6JIHlla 1. TeXHH"IeCKHe XapaKTepHCTHKH rH,llpo4;JoHoB 

A1 K2 

MaKCHMa.JIbHOC pa.6o"lee CTanr-qeCKoe naBJreHHe,MIIa 65 

llHana30H -qaCTOT, Kfn 16-60 1.6·100 

J!:paBHOMeplIocTh AQX B .n;Hana30He 'Ja.CTOT, nS, He 60JIee ±4 ±2 

Cpe.n;HSuI 'JYBcTBHTem,aocTb nbe303ITeMeHTa, MKBjIIa 1500 

nlIaMeTp Dbe303JIeMeRTa, MM 20 -
BbIcoTa ITbe303JIeMeHTa, MM 30 

K03<P<PHUHeHT YClmemH£ BCTpoeHRoro npe.nycHJIHTeJIJr 200 
--

IDYMbl rrpe,llynIJUITeJIsr, fiB /JT ~ 2 
YpoBeHb CHrHaJIa (MaKCHMaJIblII>IH), B 2 
HanpJDKeRlIe nHTalllUr, B 12 12 

TIoTpe6mIeMbIH TOK, MA 5 
ra6apHTbI r:an;poq,oHa, MM o 36x150 o 20x40 

Macca r~po«p0Ba, r, Be 60JIee 250 

3.2 OCD;BJIJlorpa<Jl. 

ilJI.ll aBa.Juna q,opMhI aKYCTJlIqeCKn:x CETHaJIOB B TeqeH!-Ie OTHOCHTeJIbHO KopOTKoro 

BpeMeBJiI (no 0.02 ceK) HCITOJTh30BaJIC.lI 4-x JIy'leBOH UHq,pOBOH oCIJ;n:ITJIorpaq, IPkfPMbl 

TEKNRONIX - TDS3014. 

Ha I-a KaHan no.n;aBaJICH nOJIO~HTeJIbBbIii CIIRXpOD.Mrrym.c C aMnmITy.noH 25 B H .nmI­

TeJIhHOCTblO 4 BceK (FWHW). OR l}>OpMHpOBaJICJI o.nROBpeMeHHO c rrpHxo.nOM cn:rHana 

Ha HMrrYJIbCHhTR MarHHT, BbIBOroIIUHU OnJlIB 6aH'i yCKOpHTeJl.K B HanpaBJIeHHH rrY'lKOBoro 

TpaKTa Ii COBna.n:arr C MOMeHTOM Bxo.na rrY'fKa qa.CTlU.( B MHmeHb C TOqHOCTbIO 20 HceK. 

BpeMeHa. Bcex IIpOUeCCOB. onUCbIBaeMhIX HH:lKe, OTCqHThIBaIOTCH OT MOMeHTa ITpHxo.na 

CHHXPOHMIIYJIbca. Ha BTOPOH H TpeTHH KaHaJII.l IIO,llaBaJIHCb CHrBaJIhI C 2-x OITHCaHHblX 

BbIme rH.n;poq>oHOB. 

4-H KaHaJI OCUHJIJIOrpatPa CJIy:lKHJI .nJIa: H3MepeHHlI HHTeHClIBHOCTH nyqKa npOTOHOB 

Ha BXOne B MIillleHb. Ha Hero BbIBO,llHJICH HMrryJIbC OT HH.uyKUHOHHOro ..aa.T"I:HKa. Bpe­

MjJ npHXOna. 3TOro H1I.mynbca - 8 MKceK, .nJIHTeJIhHOCTh nOJIOlKHTeJlhHO:H l:laCTH CHrHaJIa., 

aMlTJrnTy.n;a KOTopoii: nponoprUIOHam,Ha HHTeHCHBHOCTH, COCTaBJI.llJIa 4 MKceK. TOY.HOCTh 

1I3MepeHIUr HHTeHCHBHOCTH 6bIJIa paBHa ±(5 - 10)% JZ[ 3aBHCeJla 0'1' ee BeJIH'JIIHbI. 

3.3 AHaJIOrOBo-D;H<JlPOBoii npeo6pa30BaTenb(AUll). 

1l1T1f H3MepeHH.lI qaCTOTHOH xapaKTepHCTHKJII aKYCTlIqeCKoro H3JIYQeHIUJ H H3MeHeHR.ll ee 

BO BpeMeHH aHaJIOTOBbIH CHrHaJI npeo6pa30BbIBaJlCJI B IUI«ppOBOH BHA H 3arrRCblBa.TTCil Ha 

.nHCKOByIO na.M.lITb 8BM. O:qHl}>poBKa npOH3Bo.n;HJIaCb C IIOMOIUblO O.nHOKaHaJIbHOH 12-TII 

Pa3PHlIHOR nJIaTbI Aun, pa3pa6oTaRHOH Ii H3roTOBJIeHHO:H B HHcnlTyTe .11M. MeH./::r.eJIeeBa., 

.neHcTByIOn:r.en: B HerrpepbIBHOM pe)KHMe 6e3 CHHXpOffil3a.IUIH. 

Bo Bcex 3Kcrr03HII.H.llX 3aJI.HCbIBaJlHCb C.HTHaJlhl c Ka:iK,lloro rB,1J;poq>OHa. TIPH 3TOM BpeM}J 

3aIIHCH 6bIJIO paBHO 35 ceK (:::::; 8 IIHKJIOB YCKOpHTeJI.lI), 'JaCTOTa OII.Hl}>pOBKH - 400 Kfu, 

06beM O,llHoi!: 3aUHCH - 15 M6aiT. 
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4 AHaJIH3 ,D;aHHhlX. 

4.1 AUaJIR30CD:RJIJIOrpaMM. 

Ha pRe. 5 npO.D:eMOHCTpHpoBaH npHMep THIIIl'lHOA OCI:\HnnOrpaMMbI axycnrqecKHx CFlfHa­

nOB, 1T0ny'leHHbIX B 3KCII03HI{HH 2. 11ID1 IIPOCTOTbI Ha pHcyuKe He IIOKa3aHO H306paiKeHIU' 

1-ro ny'la, CBg3aHHOro C CHHXpoRMlIynhCOM. Ha 2-H II 3-ii: n0I (HOMep ny'la, yKaJaJI cneBa 

Ira BepTlfKllJIbHQH ,n.HHeHKe) 1I0D;aBaJIHCh CHrHaJIbI OT flmpo¢OHOB Al II K2, COOTBeT­

CTBeHHO. IIOJIOlKllTenhHhlH nonynepHO.D: CHrHaJIa, pefHcTpHpyeMOfO 4-M ny'lOM, cnYlKllJl 

.D:IDI H3MepeHHll HHTeHCHBHOCTI1 nY'IKa. 8HepfHg Q&CTHII paBHa 200 M3B, HHTeHCHBHOCTh 

- 0.96 . 109 , 'ITO COOTBeTcTByeT 1T000HOMy 3ueproBhl.neneHllJO B MHweHH 1.85 . 1017 3B. 

111!laMeTp lTy'lKa - 4.5 MM, paJBepTXa OCIIHJlJIOfpal!>a - 40 MKcex Ha .QeneHHe. MacmToo no 

BepTHKaJIhHOii UlKane - 0.1, 0.2 I!l 2 B Ha .neneUHe .ling ny'leH 2, 3 n 4, COOTBeTCTBeHlfO. 

MOMeHT npuxo.n:a CHHXpoHMnynhca 0603Ha'leu cTpeJJJ<oii, HarrpaBJIeHHoii: cnepxy BHH) 116y­

KBOH "T" Ha OCIDIiIJIOfpaMMe. KOpoTKHii: Cl!lrRan; 3apefHCTpl!lpOBaHHhlH B 3TOT MOMeHT\ 

HMeeT Bim 3aTyxalOIIIIf)( Kone6aJIHH H npeD;cTaBnJleT c060H 3ne"TpoMarHHTRylO HaBOlrKY, 

HCTO'IHHK KOTOpoii noKa He yCTaHOBneH. 

PIfC. 5: IIpHMep aKycTH'leCKOfO CHfHaJla, nonyqeHHOrO B 3KCn0311IIHl1 2. Ha BTOpoii H 

TpeTbeif KpHBOH (aoMep KpROOii yKaJaJI CJIeBa Ha BepTI1KaJIhHoii: JlI1HeiiKc) npHBeD;eHhl 

Cl!IfHaJlhl OT fll",Qpo¢OHOB A1 H K2, COOTBeTCTBeHHO. Ha 'leTBepTaJl Kpl!IBaJI COOTBeTCTByeT 

CHfHaJlY, cnylliliBweMy D;Jlll 1I3MepeHHlJ I!IHTeHCI!IBHOCTI!I nY'lKa. 

B MOMt'HThl BpeMeHlI tx = 132 MKceK JiI tA = 148 MKCeK.lIO fHLlPOlPOHOB K2 I!I A1lJ.oxo­

.n:IlT aKycTH'leCKl1ii CHfHa.., , pacnpocTpaHlJlOIII1'l1kll B BO,lle co CKOpOCThIO 1500 MiceK OT 

6JlHiKaHmeJii TOqKlf Ha nY4Ke. Kax BlI,llHO 1f3 p.I!CYHKa, 3aperl1CTpl1pOBaHHoe aKycTI!I'l.eCJ(oe 

I13:Iy'IeHHe HMeeT CJTOlKHYIO rapMOHH'lecKylO CTPYKTypy. 

IIpH penlcTpauHH CHfITa.TiOB Ha 60JIee MeD;JICHHOii pa3BepTKe Ha6JIIOnalOTCli COTHH ne­

pUO.D:OB 3aTyxalOlllHX KOJIe6aHHH B TeqeHlIe 10-1.5 MceK. B <jJOpMHpoBaHlilH pefHcTpHpye­
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Moro H3JIYQem:IA: KpOMe Hcc.ne)lYCl\lhIX cBofrCTB rnnyqaTeml, yYaCTByIOT, no I.:pa.rIHefr Mepe, 

TpH ¢a.r,Topa: I·mepUHOHHOCTb rrpne:\IHHI,a H3rrYQellHi'1, ero qa,CTOTHhle CBOHCTBa H ilBJIeHHe 

CJIO)KeHlIil 3BYTWBblX BOJIH, OTpa.LI..:eHHblX OT CTeHOK, OrpaUlly.l1BaIOIIl;HX MUlleH!>. 

{{a:I-: TIOl(1l3an aUaJUI3 CHrHa.>l:OB OT nByx Hr.n:poq>OHOB, nepBhIH nepnOJl I<one6,nmH xa.­

paJ\Tepl'l3yeT cRoiIcTBa H3JlYQaTeJIil H cna60 3aBHCHT OT YKa3aHllLIX BhIIIIC rpaKTOpOB, Kpo­

Me. 803MOiKHO, lIHepUHOHHOCTII. bO:lLlllHllCTBO 3aperHCTpHpOBaHHhIX c.nrHa..'lOB Ha'HlHa­

lOTCil C IIOJIyBOJIHhI C2KaTHil (nOJTO)i\HTeJI!>HhIH: C1:1fHaJI Ha OCUlIJI!lOrpar\'IMe). AMllJIHTY)lhI 

rrOJIOiKHTeJlbHOl~In. B03~1O)KHO, OTpnuaTenhHOH nOJIyBOJIH 11 HX .D:JlHTeJI!>HOCTl, ~aBHCj[T 0'1' 

yCJlOBHti 3Kcnepn:MeHTa. 

Pe3YJU,raTbI H3MepeHHH rrpUBe.lIeHhI B Ta6mme 2. B nepBoii KOJlOHKe - HOMep 3KCIIO­

3I1UUH, B IIocnenylOIIUIX: t,'b.M3B - 3HeprFIH IIpOTOHOB. rrona)laJOWHX B MHllIeHb, Dm,MM ­

nHlllllf'TP rryQI,a, (('i±,::\U;),B - PC3YJIhTaThI H3MepeIlIHl a.\1WIHTynbI IIOJIO)KHTeJIbHOrO cnr­

Hana B 4-M KaHaJIe ocumIJIorpa¢a, (} - OTHOIlIeHWf' IInoma.rreii KOJ1JIlIMaTOpOB B nYQKOBOM 

TpaI":Tc,]{ - KO:-J<p<PI1UHeHT oCJIa6JIemuI. CUrHaJ1a R cxeMe H3MepeHHil a.MUJUITYJlhI Vi. ITo Eb 

Ii TpeM IIOCJIC.TU-IRM BCJUIYJHlaM BbIqHCJIKJIaCh 3HeprUH, BhI)1eneHHail B MHIIIeHH npoTOHaMH 

Edepvs (3B).llaJIee .lIJIil 060MX funpO¢OHOB (A111 K2) Upl1Be)l€HbI P€3YJIhTaThIlDMepelUU1 

rrapaMeTpOB nepBOfO nOJIO)KMTCJIhHOrO CFIfHaJTa. ITo BpCMeUll 3ana3lIblBaHIfil CHfHaJIa OT­

HOCHTenhHO CTmxpoHMuyJIbCa ts ± !lts (MKceK) BhflUI.CJI.ll:J10Ch paccTosnme R-I>h ± ~Rbh., MM 

no 6JIMJKaihuCH TOqI.:H, H3JIYQaIOIIWH 3BY1\. CKOpOCTb 3ByKa. B Bone npHHHManaCb paBHofI 

1500 MiceK ('1'eMnepaTypa. BOlIbI 6bTJla 6JIII3Ka K 25°C). M3MepHJIHCh TaK2Ke aMIIJIIfTy.n:a 

CHfUaJJ.a D\ ± AUI MB If ero nmITeJIhHOCTb B MKCf'K - TI / 2 ± AT1/ 2 • llpHBC'uCHhI TaK)T.;e 

MaKCliIMa.JlbHhIe a.MITUTynbl CllTHaJlOB Urn ± .6.Um, MH. 

T.K. napaMeTphI fH.npo¢oHa Al 1'1 ero npenYCHJlIue.nil H3B€CTHbI 60ZTee TOqHO, 'IeM 

rHp;po¢oHa K2, )lJIH Hero 6uiUr orrpe.lIeJIeHhl aKYCTH'ICCKHC naBnCHH.ll: P ± AP,fla. IIPH 

paCqCTaX IIpUHl:IMaJloCh BO BHIolMaHue Cl'O '1aCTOTHaH xapaKTCpl-ICTHt.:a ( pHC. 4). 
110)l1CICpKHeM eme O.lIHy oco6eHHocTI> aKycTli':leCKOrO 113JlY'leHHj[, KOTOpail Ha,6mo.lIa.eT­

Cli B CHrHanax AI. B3KC1103HUIUX C 3Hcpnlci1: 125 M3B CHrna.., Ha"IHHaeTC}[ He co CiKaTHil 

(rrOJlO)f<HTp.JlhHaH IlOJUlPUOCTb), a c pa3peJKCHFIil. B03MOiKHoe 06b.ll:cHeHHe 3aKnlOQaeTCK B 

TOM. 'ITO B 3THX 3Kcno,\FuHTSlX npOTOHbI oCTaHaBJUlBaJIlICb .lIO rnp;po<pOHa. If 6JI}DKafIlliail 

roqn:a, 01' KOTOpOH .lIOXO.lIHT aKYCTFPleClmi-i CHrHaJI HaxoJJ.l1TCil. lIe Ha 06pa3YIOmeii H3JIY'Ia­

IOwero llHJIU1111pa. a. Ha ero OCHOBa.HHB, rlle ,UHHaMFIKa 06pa~OBa.HHjI CBrITaJIa MOJKeT 6hITh 

lIHoft. B Ta6.'1}m:e 2 B KOJIOHKaX U_, T_ rrpHBeneHhl pe3YJIhTaThi H3MepeHliIH aMnJlHTy.nhl 

·.HOft qaCTH CHrHaJla B MB H ee .lIJlHTeJIhHOCTH B fo.'1KCeK )lJIil. ~KCll0311UHH 19-21, rJle 3Ta 

oc06eHHocTb Ha.a60rrcc 3a...\.reTHa.. 

ITo )laHHblM B Ta6JIHue MOlKHO rrpOCJIC.JlHTb, KaK HCXOp;HhTP. ITapaMeTphl BJll1XIOT Ha 

aKycTHqeCKIII~I C111'11a,11. 

Ha pnc. 6 nor,a,3aHa 3aBlICHMOCTh CU'ycTH<Ieo.:oro naBjleHHil 0'1' :,meproBhIp;CnCHl:Iil B 

MllIIIeHIi B HHTcpBa.ne 0'1' 1.08 . 10163B ll.0 1.4 . 10183B. 3aBllcMMoCTL aIInpoKcHMHpoBaHa 

cTeneHHoii (hH!-~IlHCIl F( 11 a) = (0.2:3 ± O.O.5( C Tn am) ± O.O.5(c 11 em)) . ]0-1\ KOTOpaJI C 

y-qeTOM IIOrpelTTHOCTeU y.UOBJleTBOpllTeJIbHO OIlnCbIBaeT :n,cnepI'JMeHTaJIhHbIe TO<IKH. Pe­

3YJIbTa.ThI HaIIIBX 113MepemnI6.'IH3KH 1{ rrOJTyqeHHhIM paHce B pa60Te [4J. flo .naHHhlM 3TOH 

pa60ThI npil :;lHCprOBhlneJIeHHH 1016JB ,U;Iil p;naMeTpa IIyQKa 1 CM Ha, paCCTOgHMH 8 C.\-1 

a;\mmnyna ah)'CTH"IeCTwro cnrua:m COCTaBmreT 0.071 ± 0.01 lla. :,jTH YCJlOBHH 6JJH:nol 

K YC.10BH.iIM 3I,cno:mrnm 1:~, B KOTOpOJI al\mnHTY.lld CflfHa..'la, 3apeTHcTpupoBaHHoro Ha 

paCCTOilHFIH :32.8 CM. COCTaBHJIa. 0.02 ± 0.003 ITa. 

Ba.iKHbIM napaMeTpm.l aKycTwIcclwro curH{\.J'1a, l'l8JIHCTCH ero nJIl1TejJhHOCT],. CarJIac· 

HO TenJIOBOIl Mo.n:eJlI1 epOpMupOBaHI1jJ a.KycTHqeCKOfO CFIfHaJIa,(l], .lIJIMTeJIbHOCTh HMuyJIbCa 

onpe.lI€JISleTCSI BpeMcHeM pacnpocTpaneHH5I 3ByKa no nHaMeTpy Ii3jlytIalOmero IlJfJH111Jlpa 
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T1/ 2 = Die" rile es - n,:opOCTb 3ByKa. B BO,nC. B Ha.rneM cnyqae "lTO 30 H 1.5 MKCeh: 

,Iln'!: D=45 Ii 10.6 MM, COOTBeTCTBeHHO. llpn ,IlUaMeTpe D=45 MM (.no :H~cno:nm,lfH ~ 3, 
B&:JIJOlJHTeJIhHo) cpen,HjiJ[ lI.JIHTeJIhHOCTb COC'l'a.B.iHleT 20 Mh:CeK. npH YMeHbmeHHR lI.HaMe­

Tpa .no 10.6 MM .n:m'TenhHOCTb rra,naeT ilO ~ 10 MKceK. "ITO I(aQCCTBeHHO COI'JIacyeToI C 

npe,ncr.:a3aHHjiMH TerrJIOBOfY MO,nP..JHJ. 

Ha pHc.7 npe.nCTaBJIeHbI ,IlaHHhle, nOJIyqeHHhle B :>l'Cn03H1UU1X 5-19 (D=10.6 MM) B 

nepeMeHHhlx 3HeproBhl.Il.eJIeHlle B :IImmeRR (anCTlHCca) - .n.r:mTeJIbHOCTh HMrryJIbca.• 5IBHOH 

3aBHCHMOCTH n,JIHTeJIbHOCTH OT E'depos He Ha6mo.naeTCjI. 

OnHaKO, CJIe.nYCT OTMeTHTh O,lJ,Hy 3aMeTHyIO KOppeJTlH{IHO Me)K.ny .nJIHTe.JlbHOCThIO llM­

IIyJIhCa H 3Hepnleil npOTOHOB. Me)K.n;y 14-:H Ii 15-1'% 3Kcn03HUTHlMH 3HepnUI. nyqKOBhIX qa­

CTHO 6bTJJa YMeHhIllena.. lla pRC. 7 3Ta KOppCJUIUlUI OTpa)KaeTCiI TaKHM 06pa3O:M, "ITO 

TOqKH, COOTBeTCTBYlOlTU,le :mepnnJ 'laCTHU 200 M3B. paCUOlloa.:eHbI CHCTCMa:TH'leCKH HH­

2Ke TOqCK npB: E=125 M3B. 1'aKYro KoppeJUIUltlO MO)KUO 06bHCHHTh TCM, ~ITO npn: MeHb­

illei 3HcpnIH 6mUl(aiimeH K rIUJ:poq>oTTaM: 1I3JIyqaIOmeH qacThlO UH.JIHH.D:pa, OrpaHH'lCB­

HOro ny't{l(OM, CTaHOBHTCJI OCHOBaHlfe UHJIHH.llpa, rne 3HeprOBhl.ll.eJIeUHC MaKCHMaJIhHO R 

r.ne, B03MOJKllO, .nUHaMHKa q>0pMHpOBaHU.H aKycTHqeCKoro Cl'IrHaJIa Mo»\eT OTJIHQaThCH 

OT romaMIHm Ha 06pa.3YlOll/,eH illUlHH.npa. 

TIPII nnaHHpOHaJilIH 3KCnepl1MeHTOB no perHCTpaUIUI KOCMliqeCKJilX qaCnlU BhIcoKoi% 

3Hepnm Ba)l(HO 3lTaTh, I,aI, 3aRHCIIT Ma.KCHMaJlhHaJI. aMllnHTY.lla aKyCTHqeCKoro CRrHana 

OT 3HcprOBbl.neJIeHHS[. TaI<asr 3aBHCHMOCTh rrOKa.3a.ua 11a pHc.8 ilJUI 060HX rIUJ:poepoHOB. qa­

CTO MaKCliMaJIh;lIhIH CHrHaJI rrpHXOltHT ropa3.no lI03)l(e t s , qTO npli He60JThIDOM 06'beMe MR­

meHH B HameM 3KcnepHMeHTe MO>I<eT rrpHBeCTlJ K ero HCKa)KeHHlO 3a CtIeT OTpaiKeHIiSI OT 

CTeHOK cocy,na. 'rCM He MeBee In pn:cyHKa. RH.nHO, tITO Me>K.ny aMnJUITY.llOH H 3HcproBhl.Il.e­

Jleill1eM cymecTByeT npKMaJI 3aBHCHMOCTh, KOTOPYIO CJIe.uyeT YTOtUiHTI. R :)KCnepHMeHTax 

C MJHTIeTTMO 6oJIhmero 06'heMa.• 

Ha pHc.9 npe.llCTaBJIeHhI n,Be epOHOrpaMMbI, nOJIyqemn;re rrpR pa60Te yCKopHTeJIK: BepXH.Hg 

(4)OHOBaJI.) 3a.perHCTpHpOBaHa 6C3 BbIBo.na uy'lKa, HlDKHU - C rryQKOM. lfiKaJIa aOCUHCC CO­

OTBeTcTRyeT HHTepBaJIy BpeMeHH 1.1 eel(. IIa o6eHx q,oHorpaMMax MCJK.ny OTMeTKa",UI no 

OCR a6cIlRCC 52.25 H 53.6 Ha6mo.n:aeTcSl mYM OT CHCTeMT.I mIraHHg MarHHTOH yCKopHTe­

mI. AKycTHqeCKOe H3nYQCHMC: Bhl3BaHHoe rrYlII\OM npOTOHOB, MO:i>HO RH,lJ;eTb Ha HlDKHei't 

epOHOrpaMMe ua OTMen,:e 51.9. 8TO 3aTyxaIOIUHii nepIJO,IlHtICCKHH CHrHaJI C aMIIIUITyn,OH 

OKono 35 MB H JlJlRTeJIhHOCThlO ~ 15 MceK. <PoHol'paMMa COOTHeTcTByeT cnen,YIOIlllIM 

rrapaMe'l'paM ~KcnepHMeHTa; Edepos = 1.8 1017 
3B, D = 45 MM, Rbh = 22 CM. 

IIo.n06Hhle ¢OllOl'paMMLl y.n06HLl ilJUI H3MepeHIlH CIIeKTpanhHbIX XapaKTCpnCTUK AC. 

Ra pn.c.10 nOI\a3aHa oueHKa 'laCToTHoro crrelapa CHrHa.:"Ia, CHKToro rrp.l-! YKa,3aHHblX 8hUlle 

YCJlOB1UIX 6e3 IIorrpaBKH Ha qaCToTHYIO xapaKTepHcTHKy HI.n;poq,OHa. CueKTphl nOJIyqeHbI 

npH cneKTpanhROH o6pa60TKe no npOrpaMMe SPECTRLAB [7J no anropuTMy XaMMlIH­

ra c qnCnOM He3aBFICHMhlX qaCTOT 256, l(pHBaJI 1 - cnCKTp rrcpBbIX 15-TH rrepuo.n;OB AC, 

KpKRaJf 2 - CTTeT,Tp ntrHana npH t s=10 MceK, KpHBaJI 3 - cneKTp mYMa. KaK rro.n;qepKH­

BaJIOCh BblllJe. 60Jlee a.neI'BaTHO CneI\Tp aKycTUtIeCKoro lBnyqemHI OIIHChlBaeTOl KPHl~OH 

1, crreKTp CHrHana. npn OOJIhillI1X BpeMeHax HCKaiKaeTCll 3a CqeT oTpaJKeuml cHrHana 0'1' 

CTeHOK cocy.na. 

HTITepecm,re oc06eHHocTH .nil}! aHaJU13a CIICKTpa aKycTHtICCKOrO cHrrrana npe.Ll,OCTa.­

BJIjiCT 1/3-oKTaBHbIH aHaJIH.3. Ha pMC. ] 1 u 12 npHBeneH Ij:3-oKTaBHbIH cncKTp B 06JIa­
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CTII <pOHa U B 06nacTH aKYCTJPICCKOro CllrHana B HHTepBane :::::: 5 MceK, 3amlcaHHoro 

B :n.:crr03HUHH 2. BHLlHO. 'ITO B CHrHaJIe npc06.j1aLlaJOT '-IaCTOTbI 01' 10 no 50 Id'u. Ha 

pHc.13 naHa COHorpaAIMa. curHana - pa3BIlTue BO BpCMeHH aKycTHLieclwro CHrHa..1:a. ITo 

OCB WUHCC OTnO)i\CHa'laCTOTa B Kl'u. 110 OCIl op)UIHaT OTJIOJKCHO BpCMH. Pa3HaJI HH­

TeHCUBHOCTb llBeTa COOTBeTcTByeT pa3HOH HHTeHCHHHOCTH CHl'HaJIa.. NloiKHO B:bI.ueJIUTb 

HCCKOJIbl\O Xapah:TepUblX 06:raCTeii. BpeMeHHaJI 06naCTb "a" COOTReTcTByeT tPOHOBOMy 

Clll'Hi:lJIY. XapaKTepHhIH crreKTp .nJIJI 3TOIJ 06naCTH "plIBe.ueH Ha pHC. 11. 06nacTl. "6" co­

OTHeTC1'ByeT rrpOXO.lK.ueUHlO ny'lKa. CneKTp .nJHI 3TOH 06.iTacnr npJlIBeneH Ha pnc. 12. llmr 

Hee xapaKTepno B03pacTaHlle cnrnaJla oco6eHllO 3aMeTHoe 8 06nacnI 10-50 Krn:. B CMr· 

Hi:lJle IlpHCyTCTBylOT H BhICOKHe 'laCTOThI - .no 130 KrU. lla.1Jee pacrrOnO)i(eHa 06naCTh "c", 

KOTOpa.ll xapaKTeplnyeTor myMaMFI 01' CHCTCMbI mITalUI.lI MarHHTOB yCKopHTcnSl. lln.ll HCC 

xapaKTcpHO 6oJIbmoc B03pa.CTaJUIe HH3KBX 'laCTOT (.no 5 KrlJ,). 

B paHHIIX pa6oTax, BhIrrOJIHeHHhIX Ha uylJ.KaX rrpoTolloB H 3neKTpOHOB, OTMelJ.aJIOCb, 

'ITO MaKcHMyM cneKTpa i:lKYCTH'leCI<Oro H3nY'lemUr Haxo.nVlTCJI rrpl! '-laCTOTe 23.5 Kfll (CM.: 

HarrpHMep,[8]). IIa6mo.n.euHe B HameM 3I<CrrepfIMeHTe 60JIee mHpoKoro crreKTpa AC. R03­

MO)J{HO, 06MICH.lIeTOr Pa3:IU'llIE'M B napa~eTpa.x U[.nP0<P0HOB. 

3aKJIIOQeHHe. 

IIpoH3Bc.uCH aHaJIU3 3BYKOBoro Cl1l'HaJHI., l'ellepHpyeMOI'O ny1.IKOM rrpOTOHOB B nponecce ero 

TOpMO.lKeHHjJ B BO.ue.uo OCTaHOBKI!. IhMepeHbI napaMeTpw rrcpBoro nOJIyrrcpHona CETHa.'Ja, 

HaH60JIce a,neKBaTHO OTpa)l{aIOlll,ero CBoiiCTl~a. H3JlYlJ.aTen.ll. OI~eHeH crreKTp CHrHana Ha 

60.n:ee .nJII1TeJlbllOM BpeMellllOM npOMe)KyTKe. 

TIoKa3aHO, 'ITO C nOMOIIJ,blO runp0<p0Ha Al MO:d<.HO Ha.ue)l{HO pcrHcTpnpoBaTb aKyCTH­

1.IeCKlle CHrHaJIhl, npOH3BO.nK1IJ;HC MaKCHManbHoe .uaB:IeHl-Ie 01' 0.02 ITa 11 Bhlille. ECJ1H l1.MeTh 

B BH.ny paCCTomIHX 01' .iTHBHg no pe1'11(';TpHpYI01lJ,eii CHCTeMhI :::::: 100 M., TO, cornaCHO [1] 
(fig.15) B llpe.n.llOJIOl!\eHHl1. .'lHHeHHOfl 3aRVlCHMOCTR CHrIIana 01' BhI,UeJIeHHOH 3Hepnni, IIO­

JIy'lHM, 'ITO liOpol' penlcrpaullIf :UIBHeR COCTaRmreT R... u ::::;: 0.3.1017 3B. y'lHTWBalI, 'ITO 

aeJUilJ.HHa 0.02 TIa 06yCJTOR.ilena. ypoBHeM IlIyMoB B yCJIOBHKX 3KcnepHMcHTa, 3TY rpaHHny 

~10)KliO 6y.neT nOHH3ITTh, rrpHHlrB MCpW no YMCHbIlICHHlO aKycT.HllecKHx H 3JIeKTpaQeCKHX 

IlIyMOB. Tal·aiM 06pa30l'd, B yrroMKHy'l'LlX BbWle UOLUiOllHhIX 3KcnepMMeHTax, nO-BH,UHMoMy, 

B03MOJKHa pel'l1Cl'palJ,I15:l a.upoHHo-:>JIeKTpOMarHHTHhlx nHBHeH C nonHbIM 3HeproBhI.ueneHI1­

e~'1 HamIHan co :mayeHliU ::::; 1()16 3B. 1 3Ty Ae:IHQI1HY C,iC.uyCT paCCMaTpJdBaTh KaK l'py6y.lO 

oueHKy, T.". rrplfIUrToe ,norrymE'HI1e ° TOM, 'ITO pe3y!lhTaThI YCKopHTeiIbHhIX 3KCnep.l1.MeH­

TOB MO)J(HO nepeHOCHTh Ha a.npOHHo-:meKTpOMarHl1TH.ble nHRHH UpH CBepXRl>rCOKHX 3Hep­

rI1XX rrpeZlCTaBJI.lICTCJI MaJIoo6ocHoaauHhIM, XOT.lI npynrx crroco60B 3KcrrepHMeHTaJI:bHoro 

Mo.nenHpOBaHIHl B naHHOH 06JIaCTH He Cy1IJ;CCTByCT. 

B 3aKnlO'-leHHe CJIC.uyCT OTMeTl1Th B03M01KHhIH Hea.neKBaTHhIH 3JIeKTpaqeCKHH OTKnHK 

aKYCTH~ICCKHX npe06pa30Ba:re:leH Ha 6hfCTphTe IUMeHeHI1X .uaBJICHH.lI Ii no.nlJCpKHyTh HC­

06XO.ul[MOCTT, FIcc.rrenOBiHIHK He TOJIbKO 'laCTOTHhIX xapaKTepl1CTHK 1'11.1J.PO¢OHOB, HO H RX 

HuepUHOHHhJX CRoikTB. 

1IIpH5nu3lfTenbHaJI qaCTOTa IIOllBneHlIJl Ha ypOBue MOpJl KOC~\IHqeCKlIX qaCTlIU C TaKoki. 9J:fcprneii co­

CTaBllSieT 1013 qaCTIUl HCl K~12 B rOll ([9)). 
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PRe. 6: 3a..BRCHMOCTb 3ByKOBOro .naBJleHH~ OT 3ReproBhl1I,eneHH.ll. 
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PRC. 8: 3aBRCJIIMOCTb MaKCHMaJIbHOH a.MlJnJllTY.QhI CHrHll.na OT 3ReproBbT.QeneUtl.1I. 
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PIIC. 9: <f>oHOrpaMMhI 3ByKOBOro H3JI)''1eHHJl, 3aperHCTpapOBaHHhIe 6e3 ny'lKa npOTOHOB 

(<PoH) Ii C ny'lKoM (BepXHn:ii: II HHlKHwi pIlCYJJKH, cooTBeTCTBeHHo). 
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Kfu 
Pac. 10: lfacTOTHhIH cneKTp aKycTII'IecKoro CHrHaJIa. KPIIBaJl 1 . Cnel<Tp rrepBblx I5-TII 

nepHoJJ;oB AC, KpRBaJl2 ~ ·crreKTp CIlTHaJIa IIpH t.=l0 McilK, KpHBaJl 3 - cneKTp UIyMa. 
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Pll.C. 11: <l>OHoBbIH 1/3 OKTaBHRii crreKTp. no OCll. a6wrcc npHBelleHa qacToTa B Kfn. ITo 

OCll. op.z:umaT .!laRa HHTeHCI'lBHOCTb B .!lE. 

PRC. 12: 1/3 oKTaBHblii erreKTp, IBMepemn,IH BO BpeMll I1Y'll'a. ITo OCI!. a6I:\BCC OTJIOlKeRa 

~aCTOTa B Kfn. no OCB op.!lHHaT .!laRa HHTeHCRBROCTb B .!lE. 
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Puc. 13: CqHorpaMM~ axycTH-qecKoro carHana.TIo OCl! ~cc OTJIOlKeHa qacToTa B Kfn:. 

TIo OCR op.llHuaT OTJIOlKeHO BJieMjl.'·:eajH~ RHTeHCH~HOCTh '!1BeTa COOTBeTCTBYeT pa:mOH 

HHTeHCHBHOCTH cHrua.Jla. BpeMe.!!~a.ll 06JIacTh "a." COOTBeTtTBYeT q>DHOBOMY CHTHany. 

06JIaCTl> n6n eOOTBeTcTBye-r.,llP<lXOlKJI,elIHlO nY'IKa. IIOC1It' Bee pacriolIolKeIia 06JIa£Th "en, 

IWTOpaJl Xa.paKTepI13yeTCJl llIY~1aMH OT CBeTeMbJ JIHTaHHlI MarHHTOB yCKopHTe1Il1 



TaMUQ8 2. 3KcnepHMeHT8JlbHLle )laHUble 

A1 K2 

Exp Eb O. 
mm 

E.depos 
eV 

Rbh 
mm mm 

ARbh Is. 
mQ 

61& 
mks 

U1, 
mV 

AU1 
mV 

T1/2 
mka 

AnJ2 
mks 

p. 
Pa 

6P 
PI 

Um, 
mV 

AUm 
mV u- T- Rbh 

mm 
ARbh 
mm 

1&, 
mks 

61& 
mkll 

U1, 
mV 

AU1, 
mV 

T112 
mks 

AT112 
mks 

Um, 
mV 

AUm 
mV 

1 200 45.0 1.12OE+18 219.0 3.0 1460 2.0 2400 50 25.0 1.0 2400 100 190.5 3.0 127 2.0 4000 200.0 28.0 1.0 4000 2DO 

2 200 45.0 1.848E+17 223.5 0.8 14!l.0 0.5 53.0 2.0 17.0 2.0 0.210 0.040 85.0 5.0 199.5 3.0 133 2.0 186.0 5.0 23.0 2,0 183 5 

3 20D 45.0 3.24OE"'7 324.0 3.0 216.0 2.0 67.(1 3.0 17.0 1.5 0.268 0.040 125.0 3.0 301.5 2.3 201 1.5 254.0 5.0 21.0 1.5 2n 5 

4 200 "5.0 t.000E+t7 0.0 0.0 0.0 0.0 

5 200 10.6 1.AeGE+17 303.0 3.0 202.0 2.0 23.0 2.0 11.0 1.0 0.085 0.010 121.0 3.0 307.5 3.0 205 2.0 170.0 5,0 13.0 1.0 1n 5 

6 200 10.8 7.84OE+1e 310.6 1.5 207.0 1.0 10.8 0.5 9.7 0.5 0.035 0.006 82.0 3.0 309.0 3.0 206 2.0 85.0 4.0 12.'­ 0.5 85 3 

7 200 10.6 8.lMlE-t18 307.5 3.0 205.0 2.0 10.7 0.5 10.2 0.5 0.036 0.006 81.5 3.0 309.0 3.0 206 2.0 99.0 ".0 14.2 0.7 89 .. 
8 200 10.6 U20E+17 ~.o 1.5 204.0 1.0 23.0 2.0 10.0 1.0 0.082 0.010 88.0 3,0 309.0 3.0 206 2.0 180.6 5.0 12.8 1.0 181 6 

11 200 10.6 2.44OE+17 307.5 1.5 206.0 1.0 18.0 1.0 11.5 0.5 0.070 0.009 146.6 6.0 307.5 1.5 205 1.0 237.0 5.0 14.5 1.0 280 5 

12 200 10.6 2J1l18E+1S 0.0 0.0 5.0 0.5 0.0 0.0 

13 200 10.8 U180E+16 328.5 3.0 219.0 2.0 3.0 0.5 8.0 0.5 0.020 0.003 16.0 0.5 310.5 3.0 207 2.0 n.o 1.5 11.5 0.5 37 2 

14 125 10.6 7.8OOE+15 0.0 0.0 4.5 0.5 300.0 15.0 200 10.0 10.0 2.0 15.0 7.0 15 5 

15 125 1Q.6 3JIOOE+16 351.0 4.5 234.0 3.0 4.8 0.5 17.0 2.0 0.017 0.003 25.0 0.5 285.0 ".5 190 3.0 23.0 3.0 28.0 3.0 52 5 

16 125 10.8 O.1eoE+16 0.0 0.0 12.2 1.0 2&0.5 15.0 187 10.0 12.0 5.0 28.0 5.0 15 5 

17 126 10.6 1.eooE+18 348.0 4.5 232.0 3.0 11.0 0.5 22.0 3.0 0.033 0.006 79.0 1.0 280.5 3.0 187 2.0 87.0 2.0 32.0 2.0 140 
J 

6 

18 125 10.6 1A4llE+17 ~5.0 3.0 230.0 2.0 26.0 3.0 23.0 2.0 0.076 0.010 180.0 3.0 286.5 3.0 191 2.0 120.0 3.0 28.0 2.0 2..0 5 

19 125 10.6 3.48OE+t7 346.5 7.5 231.0 5.0 "7.0 3.0 25.0 3.0 0.150 0.C20 310.0 5.0 .a 21 282.0 3.0 188 2.0 250.0 ".0 32.0 2.0 484 8 

20 125 20.0 :ueoe+t7 346.5 7.5 231.0 5.0 35.0 2.0 24.0 2,0 0.110 0.015 238.0 6.0 10 21 283.5 3.0 189 2.0 190.0 5.0 30.0 2.0 423 1D 

21 125 20.0 1.3S/2E+1' 345.0 3.0 230.0 2.0 110.0 5.0 25.0 2.0 0.360 0.020 700.0 10.0 45 18 26U ".5 179 3.0 600.0 10.0 40.0 3.0 1500 20 

~ 

00 


