
AKa~eMuK A.M.liaJI~uu 



OEbE,[1;11HEHHblll 11HCT11TYT Jl,[l;EPHblX 11CCJIE,[l;OBAHl1ll 

AKa,LJ;eMuK A.M. IiaJI,LJ;UH 

K 75-.nemuw co ona po:»eoenua 



Am1,ueMHK A.M. Jian,uun. K 75-JieTHIO co .unn po~enun: / C6opHHK cTaTeii. -
A38 ,[{y6Ha: 00:.5111, 2001. - 256 c., 24 c. <poTo. 

Ilpe,nrraraeMbIH BHHMamno tIHTaTeilll c6opHHK 110,WO'f0BJieH B CBR3H C 75-neTHeM aKa,neMHKa 

AJieKCaH)l:pa MuxaiinOBH'l!l EanJ:i:H.Ha - BbI)l:aIOIIJ,erocR pOCCHHCKOro q>H3HKa, HMJI K0T0poro llIH-
p0K0 H3BeC'rH0 MHpOBOH uaytIHOH o6IIJ,eCTBeHHOCTH. _ 

A.M. EanJ:i:HH suec ocuoBononaraIOIIIHH BKnaJ:i: B cranoBneuue H pa3BHTHe q>H3HKH 3neKTP0-

MarHHTHhIX B3aHMO)l:eHCTBHH a,npoH0B, ero pa60'fbl cyIIJ,eCTBeHH0 o6oraTHnH Hccne)l:0BaHHR no 
q>H3HKe aT0MH0fO 51)'.(pa H 3neMeHTapHbIX qaCTHII. 

A.M. ba.JU(HH - 0CH0BaTenb Hayquoro HanpaBJieHHR «peIDITHBHCTCKaH RJl:epHaR q>H3HKa», 

aBTop HeCK0nhKHX HaYtJHblX O'fKpbITHH, HHHIIHaT0p C03)'.(aHHR 3K0H0MH'IHbIX CBepxnp0B0MIIIHX 

ycKopHTeneii 3apRiKeHHbIX tiaCTHII. IloJ:i: ero pyK0B0Jl:CTB0M nocrpoeu csepxnpoBOMIIIHH ycKopH
Tenb H0Boro Tuna «ffYKnOTp0H». A.M. EanJl:HH RBJUleTCR HHHIIHaTopoM H nHJ:i:epoM rrmpoKoii ua

yquoii nporpaMMbl, pa3Bepuyroii Ha ycKopHTenhH0M K0MnneKce Jia6opaTOpHH BbJC0KHX 3HeprnH. 
Ero uayqHhie Jl:0CTHiKeHHR orMetieHhl JlenuncKoii H rocyJ:i:apcrneHnoii npeMHRMH CCCP. B Tetie

HHe 30 neT A.M. EanJ:i:HH B03rnaBJIHn Jla6opaTOp1110 BhIC0KHX 3neprnii O61,eJ:i:HHeHnoro HHCTHTY

Ta R)l:epHbIX uccne)l:OBaHHH, ceiiqac OH HBIDleTCR uaytIHbIM pyK0B0)l:HTeneM Jla6opaTOpHH. 

B c6opHHK B0llillH H36paHHhie opHrnHanbHbie pa60Tbl B o6naCTH ycKOpHTeneii, RJ:i:epHOH q>H-

3HKH H q>H3HKH 3neMeHTapHblX tiaCTHII, ony6nHKOBaHHbie B nepH0Jl: C 1970 110 1975 fOJl:, K0T0pbie 

onpe)l:enHnH s )l:anbHeiirneM 0CH0BHbie HanpasneHHR HCcne)l:OBaHHH s Jla6opaTOpHH BbIC0KHX 

3Heprnii. TaKiKe B c6opHHK BKnIOtieHbI cpororpacptttt H3 ntttIHoro apxttsa A.M. Erum:Hna H apxttBa 

Om,eJ:1:HHenuoro HHCTHTyra RJ:i:epHbIX uccne.u.oBaHttii. 

ISBN 5-85165-596-8 © 061,e,nHHeHHhIH J:IHCTHryT 
51,nepHbIX HCcne,noBaHHH, 2001 



Oli HCTOKAX TEOPETWIECKOH rPYIIIIhl 
«3TAJIOHHOH» JIAliOPATOPHH B <l>HAHE 

Morraa rrrac1u, 1.JT0 A.M. Earr,rurna II B.B. M11xaiinoaa, czy,n;eHT0B MH<l>H, np11aerr eme B 

crnp1,1ii <l>HAH B K0HI~e 1947 11rr11 Hal.Jane 1948 ro,n;a TOr,n;a eme KaH,n;11,n;aT Hayi< M.C. Pa611Ho

a11q (B rrpocT0Hapo,n;1,e MycH) C uerrLIO, 1.JT061,1 M0JI0,ZJ;I,Ie JIIO,ZJ;II Il0M0rJIII eMy paCCl.JIITaTI, ,ZJ;BII

)KeHHe qacTIIU B ycKop11Terre C pa3pe3HLIM MarHIIT0M. IloTOM norryqeHHLie czy,n;eHTaMII pe3yrr1,

TaTI,I 6y,n;TO 61,1 IICIIQJII,30BaJIIICI, np11 Han11caH1III npoeKTa 60JII,IIIOro np0TOHH0ro ycK0pHTeJIH 

Ha 10 [3B, KOTOpLIH rrrraH11poaarr11 II0CTp0HTI, B 0KpeCTH0CTII 11BaHLKOBCKOH IIJI0TIIHI,I Ha Borr

re. B 1949 ro,n;y BI,IIIIeHa3BaHHLie czy,n;eHTl,I 3aK0H1.JHJIII MH<l>H II CTaJIII C0Tpy,n;HHKaMII «3Ta

JIOHHOH» (ycKOpHTeJILHOH) rra6opaTOp111I B.11. BeKcrrepa ~e Ha 3aK0HHI,IX 0CH0BaHHHX. 

B Te ro,n;1,1 B <l>HAHe IIIJI0 6ypHoe CTP0HTeJILCTB0 H0BLIX ycKop11Terreii, pa6orn K0T0pLIX 

0CH0BaHa Ha 0TKpLIT0M a 1944 ro,n;y B.11. BeKcrrepoM rrpHHUHile aBTOQ)a3HpOBKH. Eme B CTa

poM <l>HAHe B 1947 ro,n;y 3apa60Tarr 3JieKrpoHHLIH CHHXP0TP0H Ha 30 M3B. Ha TeppHTOpHH 

TaK Ha3LIBaeMoro «IllITOMHIIKa» B K0HUe 1949 ro,n;a COCT0HJICH 3anycK nepaoro B Eapone 3JieK

Tp0HH0ro CHHXP0TP0Ha (C-25) Ha 250 M3B. B 1953 ro,n;y ~e Ha Tepp11Top1111 HLIHeIIIHero 

<l>HAHa B0IIIJia B CTpoH Mo,n;err1, 6orrLIIIoro rrpoTOHH0ro ycKop11TerrH Ha 180 M3B, B ,n;arrLHeH

rneM rrepe,n;erraHHoro B 3JieKrpOHHLIH c11Hxp0TP0H Ha 680 M3B. 

I1MeHHO B 3TOT rrep110,n; «6yp11 H HaTIICKa» BCTarr cepLe3H0 Bonpoc 06 IICil0JII,30BaHIIII co-

3,n;aHHI,IX ycKOpHTeJieH ,ZJ;JIH q>H3H1.JeCKIIX 3KCrrepHMeHT0B. Ilo,n; BJIHHHIIeM IIH)KeHepa II 3Kcnep11-

MeHTaTOpa B.11. BeKcrrepa H H3BeCTH0ro ( oco6eHHO KaK aBTOpa CTaTLH B )KypHarre «BorrpOCI,I 

q>HJIOCOQ)HH») TeopeTHKa M.A. MapKOBa Ha ycK0pHTerre C-25 Il0CTerreHH0 Hal.JHHaIOT pa3B0pa-

1.JHBaTLCH 3KCIIepHMeHTaJII,HI,Ie IICCJie,n;oBaHHH rrpoueccoB q>OTOpO)K,ZJ;eHHH IllI0H0B II q>OTOpac

merrrreHHH aTOMHLIX H,n;ep. A 1.!TO )Ke HaIIIH 61,rnII111e czy,n;eHTLI? A.M. Earr,n;11H II B.B. M11xaHJIOB 

II0HHJIH HCTOpHl.!eCKHH M0MeHT H 6I,ICTpO rrepeKBaJIIIQJIIUHpOBaJIIICI, 113 ycKop11Ten1,m11K0B B 

TeopeTHK0B no q>II3HKe 3JieMeHTapHLIX qaCTHU II o6pa30BaJIII K0CTHK TeopernqecKOH rpynn1,1 

M.A. MapKOBa. B 1950-1953 ro,n;ax IIMII 6LIJIH BI,III0JIHeHLI pacqeTLI ,ZJ;IIq>q>epeHUIIaJII,HI,IX ce-

1.JeHHH IIH0HH0ro q>oTOpO)K,ZJ;eHHH Ha rrp0TOHe H ,n;eHTPOHe npH HH3KHX (B6JIH31I nopora) 3Hepr11-

HX B paMKaX 0,ZJ;H0HYKJI0HH0r0 (nOJIIOCHOro) npH6JIII)KeHIIH II IICCJie,n;oBaHa II30TOillI1.!eCKaH 

CTPYKTYPa a,n;p0HH0ro 3JieKrp0MarHIITH0ro T0Ka. B qacTH0CTII, 61,ma BI,ICKa3aHa rHII0Te3!} 0 

,ZJ;0MHHHp0BaHHH BKJia,ZJ;0B H30BeKTopHLIX T0K0B B aMITJIHT}',ZJ;ax IllI0HH0ro q>OTOpO)K,ZJ;eHHH Ha 

HYKJI0He. Ha 0CH0Be norryqeHHI,IX pe3yJILTaT0B TeopeTHl.JeCK0ro II3Yl.JeHHH pa3HLIX npouecc0B 

IIH0HH0ro Q)OTOpO)K,ZJ;eHIIH A.M. baJI,n;IIH Harr11carr II ycneIIIH0 3amHTIIJI B 1953 ro,n;y KaH,n;11,n;aT

CKYIO ,ZJ;HCCepTaUHIO. OTMel.!y, 1.JT0 3a ro,n; ,n;o 3T0ro co6LITHH eMy 61,mo npHCB0eH0 3BaHHe Ma

CTepa crropTa no aJILilHHH3My. K CQ)KaJieHHIO, 3T0T ro,n; 61,m 0Mpal.!eH TPar111.JeCKIIM co6LITHeM. 

B ropax rrorH6 B.B. MHxaHJIOB, C K0T0pLIM 6LIJIH c,n;erraHLI rrepBLie IIIar11 B HayKe II crropTe. 

B TeCH0M K0HTaKTe C 3KCIIepHMeHTaTOpaMH A.M. Earr,n;HH npo,n;0JI)KaJI H3yqaTL q>OTO

po)K,ZJ;eHHe HeHTPaJILHI,IX H 3apH)KeHHLIX IlH0H0B Ha HYKJI0He ,n;o cepe,n;HHI,I 60-x ro,n;oB. qaCTL 

pa6oT Ha 3TY TeMy 6Lma HM BI,III0JIHeHa B C0aBTOpCTBe C A.H. Jle6e,n;eBLIM, KOTOpLIH npHIIIerr B 
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rra6opaTOpmo a 195 5 ro,n:y,.. O,n:HOBpeMeHHO c HHM M.A. MapKOB npHBeJI K A.M. ~aJI,UHHY CB0e

ro ,UHnJI0MHHKa H aBTOpa HaCTO.si::rn;eu: 3aMeTKH. TaK B «:narrOHHOH» rra6opaTOpHH o6pa30Barracb 

MarreHbKa.si: TeopeTHqecKa.si: no,n:rpynna m Tpex qerroaeK, pa6orn10:rn;Hx B 6orree HJIH MeHee Tee

HOM K0HTaKTe C 3KCnepHMeHTaTopaMH. 

Ee PYK0B0,UHTeJib H p.si:,n:0Bbie qJieHbl 6b~JIH Tor,n:a e:rn;e M0JI0,UblMH JIIO,UbMH, H Me)K,n:y HHMH 

6bICTpO B03HHKJIH ,n:py)KeCKHe 0THOllleHH.sI. A.M. Earr,n:HH HeHaB.sJ:3qHB0 npe,n:rrararr pa3Hble 

TeMbl ,UJIH pa60TbI, qacT0 ,n:aaarr ,n:eJibHbie C0BeTbI. ..H H3pe,n:Ka e3,UHJI C HHM no B0CKpeCHbIM ,UH.sIM 

B I.J;apHilbIHO, r,n:e Ha CTeHaX ,UB0pU0BblX pa3BaJIHH norryqHJI nepBbie ypoKH CKaJI0Jia3aHH.sI. B TO 

apeM.sI a HHCTHTYTax AH 6bIJIO npHH.sITO ycTpaHBaTb aeqepa c TaHuaMH, Ky,n:a c y,n:0B0JibCTBHeM 

X0,UHJIH H M0JIO,Ubie COTPY.UHHKH HHCTHryTa, H 3aBrra6bI C )KeHaMH. A.M. Earr,n:HH npHX0,UHJI 

06b1qHo co caoeu: )KeHou: TaHeu:, K0Topa.si: Morna H, KaK MHe Ka)KeTc.si:, rr106Hrra TaHueaaTb. Bo 

BpeMH TaHua 0Ha HHOr,n:a MeH.sI cnpallIHBarra, Kor,n:a )Ke Carna 3a:rn;HTHT ,U0KT0pCKYIO ,UHCcepTa

umo, a .sI orneqarr eu: C rrry6oKOMbICJieHHbIM BH,U0M, qTQ 3T0 npomou:,n:eT B He,n:arreK0M 6y,n:y:rn;eM. 

B CB0eM 0TBeTe .sI yqHTbIBaJI, qTo Halli TOr,n:aIIIHHH 3aae,n:y10:rn;HH rra6opaTOpHeH oqeHb 0TBeT

CTBeHH0 0TH0CHJIC.sI K TaKoro po,n:a C06bITH.sIM, oco6eHHO eCJIH 0HH npoHCX0,UHJIH C TeopeTHKa

MH. Ceu:qac .si:, K0HeqHo, 3HaIO, qTQ 3T0 xapaKTepHa.si: qepTa MH0rHX 6oJibIIIHX H MaJieHbKHX py

KOBO,UHTerreu:. O,n:Ha)K,Ubl Ha 0,UHH m TaKHX aeqepoB, Ka)KeTC.sI HOBOro,UHHH, npHIIIJIH JI.,[(. JlaH

,n:ay H A.C. KoMnaHeeu H CTaJIH BblCMaTpHBaTb CHMnaTHqHbIX ,n:eayrneK, HO Mbl CB0HX 

3HaK0MbIX YMbIKHYTb HM He ,n:arrH. 

MHoro IIIYMa npomaerro B caoe apeM.si: npe,n:norro)KeHHe A.M. Earr,n:HHa o B03M0)KH0M cy

:rn;ecrnoaaHHH qeTBepToro nH0Ha (H30TOnHqecKoro CKarr.si:pa), 0CH0BaHH0e Ha TeopeTHqecK0M 

aHarrme HeK0T0pblX 3KCnepHMeHTaJibHbIX ,n:aHHbIX. OHO CTHMYJIHpoaarro H0Bbie 3KCnepHMeH

Tbl BO MH0rHX rra6opaTOpH.sIX MHpa. OqeHb HHTepeCH0 pa3BHBaJIHCb co6bITH.sI C HHTepnpeTaUH

eu: ,n:aHHbIX IlpoKOIIIKHHa. CHaqarra Ka.3aJIOCb, qTo TaK Ha3bIBaeMbIH nH-H0Jib-Me30H npo.si:BJrneT

C.sI Ha yp0BHe ,U0CTOBepHOCTH B 5-6 CTaH,n:apTHbIX OIIIH60K, HO ,n:aJibHeu:rnee yaerrHqeHHe CTaTH

CTHKH 0TMeHHJI0 HaMeqaarneec.si: 0TKpbITHe. B 1960 ro,n:y A.M. baJI,UHHY 6bIJIO npHCB0eHo 

3BaHHe ,U0KTopa <p.-M. HayK no C0B0KYnH0CTH pa6oT, a B 1973 ro,n:y 60JibIIIOH rpynne C0TpY.UHH

K0B rra6opaTOpHH BMeCTe c HHM 6bIJia npHCY*,UeHa rocy,n:apcTBeHHa.sI npeMH.sI. 

Tpy,n:HO B KOpOTKOH 3aMeTKe pacCKa3aTb 060 Bcex HHTepeCHbIX H Ba)KHbIX pa6ornx, BbI

n0.!IHeHHbIX B Te ro,n:1,1 B rra6opaTOpHH C yqacTHeM A.M. Earr,UHHa, HO crre,n:yeT 0TMeTHTb e:rn;e 

0,UH0 Hanpaarremie 3KCnepHMeHTaJibHbIX H TeopeTHqecKHX HCCJie,UOBaHHH, B K0T0p0M OH npH

H.sIJI yqacTHe. B 1951 ro,n:y B «IlHTOMHHK» npHIIIeJI 60CHKOM (TaK rrraCHT MOJIBa) H3 I1HcTHTYTa 

XHMHqecKOH q)H3HKH ,U0KT0p HayK B.11. fOJib,UaHCKHH. OH npHIIIeJI He C nyCTblMH pyKaMH, a C 

H,Ueeu: (6bIJia HM npe,n:JI0)KeHa H cxeMa 0nbITa, HO ee cpa3y pacKpHTHK0BaJIH HaIIIH reHHH) HC

crre,n:oBaTb ynpyroe pacce.si:HHe !pOTOHa np0T0H0M. I.J;errb - 3KCnepHMeHTaJibH0 0TKpbITb 

CTpYKTYPY npoToHa. BcnoMHHTe, qTo HeKoTopbie oqeHb CHJibHbie TeopeTHKH nHcarrH n y)K TeM 

6orree roaopHJIH, qTQ HHKaKOH CTPYKTYPbI y 3JieMeHTapHbIX qacTHU HeT H 6bITb He M0)KeT. B TO 

)Ke caMoe BpeM.sI cqHTaJI0Cb, qTQ nepeHocqHKaMH .si:,n:epHbIX CHJI .sIBJI.sIIOTC.sI nH0Hbl, qTo no,n:pa3y

MeBaeT cy:rn;eCTB0BaHHe y a,n:p0H0B nHOHHOH rny6b1. KaK H3BeCTH0, npH6JIH3HTeJibHO B TO )Ke 

BpeM.sI Ha CT3H<pop,n:CKOM JIHHeHHOM ycKopHTerre P. Xo<pIIITa,UTep no,n:roTaBJIHBaJI 3KcnepHMeHT 

no ynpyroMy pacce.si:HHIO 3JieKTpoHa Ha npoTOHe. B 1956 ro,n:y Harna rpynna ony6rrHKOBarra 

CB0H pe3yJibTaTbl B )KypHarre «,[(oKJia,UbI AH»: 3KCnepHMeHTaJibHbie TQqKH 3aMeTH0 0TKJI0H.sI

JIHCb OT TeopeTHqecKoro ,UH<p<pepeHUHaJibHOro ceqeHH.sI pacce.si:HH.sI !pOTOHa Ha TQqeqHQM npo

T0He c aH0MaJibHbIM MarHHTHbIM M0MeHT0M. HHKaKOH y6e,n:HTeJibHOH HHTepnpeTaUHH norry

qeHH0ro pe3yJibTaTa B CTaTbe He 6bIJIO, a 0Ha Moma 6bITb, eCJIH 6bl yqacTHHKH 3KCnepHMeHTa 

BHHMaTeJibHee npoqHTaJIH T0JibK0 0.UHY CTpaHHUY H3 UHTHpOBaHHOH HMH CTaTbH A. Krr.si:iiHa B 

)KypHarre «Phys. Rev.» 3a 1955 ro,n:. AMepHKaHcKa.si: rpynna H3 CT3H<pop,n:a ony6rrHKoaarra caou 

,n:aHHbie no pa,n:Hycy H <popM<paKTopy npoTOHa B 1955-1958 ro,n:ax. Pe3yrrbTaT 3TOro copeBH0Ba-
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HIDI xopomo H3BecTeH: P. XocpmTa,LI;Tep nOJI)'1IHJI Ho6erreBC.K)'IO npeMHIO. B 1960 ro,n;y rpynna 
B.M. fom,.n;aHcKoro norryrmrra 6orree Toqm,ie ,n;aHHLie no ,n;HcpcpepeH.UmUILHOMY ceqeHHIO pac

ceHHIDI q>OTOHa np0TOH0M HH)l(e nopora nH0HH0ro cpompo)l(,ll;eHH5I H H3BJieKJia H3 HHX BnepBbie 
3KCnepHMeHTaJibHbie 3HaqeHH5I 3JieKTpHqecKoii H MarHHTHOH noJI5IpH3yeMOCTeii npOTOHa. IlpH 
q>HTHpOBaHHH 3THX ,n;aHHbIX HCnOJib30BaJIOCb 6e3MO,ll;eJibHOe TeopeTHqecKoe ceqeHHe, norry

qeHHOe MHOH H3 CTporoii HH3K03HepreTHqecKOH TeopeMbl, H 3HaqeHHe CYMMbl noJI5IpH3yeMO
CTeii npoTOHa, npH6JIH)l(eHHO BblqHcJieHHOe A.M. Earr,n;HHbIM no BbIBe,n;eHHOMY HM B 1957 ro,n;y 
,ll;HCnepcHOHHOMY npaBHJIY CYMM, B HaCT05IIIJ;ee BpeMH 3TO npaBHJIO CYMM o6bl1IHO Ha3bIBaIOT 

npaBHJIOM CYMM Earr.n;HHa-JlanH,n;yca HJIH npocTO n.c. Earr,n;HHa. 3TO O,ll;HH H3 CTPOTIIX pe3yJib
TaTOB B TeOpHH 3JieKTpOMarHHTHbIX B3aHMO,n;eiiCTBHii a,n;pOHOB. Tenepb 3KCnepHMeHTaJibHbie 
3HaqeHIDI norr5IpH3yeMOCTeii npOTOHa nOCT05IHHO ny6JIH.K)'IOTC5I B Ta6JIHIJ;ax PDG. MHTepeCHO, 
qTQ H3MepeHH5I norr5IpH3yeMOCTeii npOTOHa 3a py6e)l(OM 6bIJIH noBTOpeHbl TOJibKO qepe3 TpH,ll;

uaTb rreT. B HaCTOHIQee BpeMH TaKOro po,n;a 3KCnepHMeHTbl npOBO,ll;5ITC5I BO MHOrHX ueHTpax, r,n;e 
HMeeTC5I no,n;XO,ll;5IIQHH no 3HeprHH nyqoK q>OTOHOB. B nocrre.n;HHe rD,ll;bl ony6rrHKOBaHo TaIOKe 
MHOro CTaTeii, B KOT0pbIX norr5IpH3yeMOCTH npoTOHa BblqHCJI5IIOTC5I B pa3HbIX KBapKOBbIX Mo,n;e
JI5IX H TeopeTHqecKHX npH6JIH)l(eHH5IX, B qacTHOCTH, B KX,Zl; Ha pemeTKe. 

Co BpeMeHeM Hama TeopeTHqecKaH no,n;rpynna pacmHpHrracb H crnrra rpynnoii. IlpHmrrH 
C.<l>. CeMeHKO H B.H. <l>eTHCOB. OHH CTaJIH aKTHBHO pa3BHBaTb HeKOTOpbie HanpaBJieHH5I 51,n;ep

HOH qJH3HKH: TeopHIO MYJibTHnOJibHbIX pe30HaHCOB, TeopHIO q>OTOH,ll;epHblX peaKIJ;HH H TeopHIO 
mnepH,n;ep. B 3THX HanpaBJieHH5IX HMH 6bIJIH norryqeHbl HOBbie pe3yJILTaTbl H HeKOTOpbie H3 
HHX BMecTe c A.M. Earr.n;HHLIM. ,Zl;o nepexo,n;a Ha pa6ory B JIB3 OIUIM A.M. Earr.n;HH aKTHBHO 
HHTepecoBaJIC5I H 3TOH npo6rreMaTHKOH. HeMHOro n03)1(e COTpy,n;HHKaMH rpynnbl CTaJIH 
JI.B. <l>HJibKOB H B.A. U:apeB. Mx npHX0,ll; npHBeJI K ,ll;aJibHeiimeMy pacmHpeHHIO npo6rreMaTH
KH. IlepBblll Bblil0JIHHJI ,ll;HCnepCHOHHbie pacqeTbl aMnJIHTY.ll:bl ynpyroro pacce5IHH5I q>OTOHa Ha 
npOTOHe, a BTOpoii: TeopHIO Pe,n;)l(e npHMeHHJI ,ll;JI5I onHCaHH5I 3KcnepHMeHTaJibHbIX ,n;aHHbIX y)l(e 

,n;pyrnx rra6opaTOpHH no pa3HbIM a,n;poHHbIM npoueccaM npH BblCOKHX 3HeprIDIX. 

,z::i:yMaIO, qm yxo,n; m <l>MAHa B JIB3 OIUIM A.M. Earr,n;HHY ,n;arrcH Herrerno. 3HaIO, qm ne
pe,n; TeM, KaK OKOHqaTeJibHO pemHTbC5I Ha 3TOT mar, OH COBeTOBaJIC5I co MHOrHMH JIIO,ll;bMH. Pa3-

fOBapHBaJI Ha 3TY TeMy OH H co MHOH. ,Zl;eTaJIH pa3roBopa nOMHIO nrroxo . .5I eMy roBOpHJI, qm 
nocrre nepexo,n;a Ha a.n;MHHHCTpaTHBHYIO pa6ory B JIB3 OH 6y,n;eT MeHbme 3aHHMaTbC5I caMOll 
HayKoii:, H ceii:qac cqHTaIO, qm 6bIJI TOr,n;a npaB. OH, B CBOIO oqepe,ll;b, BbICKa3aJI npe,n;nOJIO)l(e

HHe O 6y,n;ymeM 3a6orraqHBaHHH HCCJie,ll;OBaHHll no H,n;epHoii q>H3HKe H q>H3HKe 3JieMeHTapHblX 
qacTHU B Hameii: rra6oparnpHH nocrre nepe6a3HpoBaHHH ee B Ilaxpy. B 3TOM OH 6brn ecrrH He 
noJIH0CTbIO, TO, no Kpaii:Heii Mepe, qacTHqHo npaB. IloTOM A.M. Earr,n;HH H3pe,n;Ka n05IBJI5IJIC5I B 

KOMHaTe Ha TpeneM 3Ta)l(e npaBoro KpLrna <l>MAH, r,n;e A.H. Jie6e,n;eB H H npopa6oTarrH c HHM 
OKOJI0 15 rreT, cnpamHBaJI O HamHX ,n;errax, HHOr,n;a qTO-JIH60 paCCKa3bIBaJI. Ho C ro,n;aMH 3TO 

npoHCX0,ll;HJIO Bee pe)l(e H pe)Ke. OH B MOJIO,ll;OCTH Bcer,n;a 6brn H OCTaeTC5I ceii:qac aKTHBHblM qe
JIOBeKOM, HO HbIHemH5!5I aKTHBHOCTb HHOro po,n;a. qyBCTByeTCH, qTo ceii:qac y Hero ,n;pyraH 
)KH3Hb no cpaBHeHHIO c Tott, Kornpy10 OH Berr B <l>MAHe. 

3aKaHqHBa5I 3TY 3aMeTKY, xoqeTC5I CKa3aTb, qm HCKpeHHee YBJieqeHHe HayKOH ,n;aBaJIO HaM 
BCeM MHOfO pa,n;OCTH H noMorarro MHOrHM H3 Hae qyBCTBOBaTb ce65I BHyTpeHHe CB060,n;HbIMH 
JIIO,ll;bMH. Xoqy Bblpa3HTb Ha,n;e)l(,ll;y, qm HOBblH BeK coxpaHHT Hae ,ll;JI5I HayKH H caMy HayKy ,ll;JI5I 
6y,n;ymHx Hccrre,n;oBaTerreii:. 
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B.A. IlempynbKUH, K.qJ.-M.H., 

omOe.Jl qJU3UKU 6blC0KUX 3Hep2uu </JJfAH 



IIEPBhIE BIIEqATJIEHIDI OT 3HAKOMCTBA C A.M. liAJIL(IIHhIM 

5I Il03HaK0MHJIC5I C ArreKCaH):i;poM MnxattJIOBlPieM OaJI,l],llHbIM me-TO B Haqarre 1953 r. 

Ha caM0M ,nerre Moe 3HaK0MCTB0 C HHM (npaB,na, 0,l],HOCTOpOHHee) np0H30IIIJIO noqn1 Ha ro.n 

paHbIIIe. lfro61,1 o6T,5ICH11Tb 3T0 Ka)KyIIJ;eec5I HeC0OTBeTCTBHe, np11,neTC5I c.uerraTb He6orrbIIIOe 

oTczynrreHne. 

B 1952 r. 5I yqnJIC5I Ha 4-M Kypce !pll3q>aKa MfY (Ha TaK Ha3brnaeM0M <rn.nepH0M OT,nerre

Hllll» ). B TOM ro.uy cpe,n11 cneueypcoB, q11rnBIII11xc51 Ha OT,nerreH1111, 6nm cneueypc M.A. Map

K0Ba. <DopMarrbHOe ero Ha3BaH11e, CK0JibK0 5I Il0MHIO, 61,rno «Me30HHa5I Teopn5I», xorn roB0pllTI, 

B Te ro,l],bl 0 Me30HHOH Teopnn 61,rno HeCK0JlbK0 npe)K,l],eBpeMeHH0. Kypc 61,rn 3axBaTbIBaIOIIJ;e 

llHTepeceH (,nJI5I MeH5I, no KpailHeil Mepe) 11 B He nocrre,nHIOIO oqepe,n1, 3a cqeT rnro poMaHT11qe

cKoro Haqarra, K0T0poe BH0CHJI B CB0H rreKUllll MapKOB. H ero M0)KH0 61,rno Il0H5ITb. 3apH)KeH

Hbie nn-Me30Hbl 61,rnn 0TKpbITbl BCero JIIIIIII, Il5ITI, rreT TOMY Ha3a,l],. Hen:TparrbHble Me30Hbl - II 

Toro MeHbIIIe- ,l],Ba ro,na Ha3a,l],. A caM0e rrraBHoe: 3TII Me30Hbl 6bIJIII ,naBH0 llCK0MbIMll qacTII

uaMII (TeopeT11qecKII npe,ll,CKa3aHHbIMll X. lOKaBOH eIIJ;e B 1935 r.). IlH-Me30Hbl np0JIIIBaJIII 

onpe,nerreHHblll CBeT Ha npnpo.uy TaK Ha3bIBaeMoro CIIJlbH0ro B3allMO,l],eHCTBIIH, CKpenJI5IIOIIJ;ero 

npoT0Hbl II HettTpOHbl B BeIIJ;eCTBe. OIIJ;yIIJ;aJIC5I HBHblll npopbIB B q>II3IIKe 3JieMeHTapHbIX qa

CTIIU, II BMeCTe C TeM B03HllKaJIII Ha,l],e)K,l],bl Ha 6orree rrry6oKoe Il0HIIMaH11e MllKp0Mllpa. Bee 3T0 

He M0rJI0 He HattTll 0Tpa)KeHH5I B rreKUIIHX M.A. MapKoBa. 

Ilo.u B03,l],ettCTBIIeM rreKUIIH M.A. MapKOBa y MeHH B03HIIKJI0 0CTpoe )KeJiaHIIe 3aHIIMaTbCH 

!pll3IIKOH 3JieMeHTapHbIX qacTllU, II 5I Il0,l],0IIIeJI K HeMy C npoc1,6oil B35!Tb MeH5I K ce6e Ha ,l],11-

IlJI0M. TeM 6orree qrn H Y3Harr, qTo M.A. MapKoB B03rrraBrrHeT TeopeT11qecey10 rpynny B 

<DHAHe, B KOTOpoil aKTHBHO 3aHIIMaIOTC5I !pli3IIKOH Me30H0B. MapKOB 6rraroCKJIOHHO 0THeCCH 

K Moen: npoc1,6e, HO TaK KaK ,l],0 q>OpMaJibHOro Bbin0JIHeHIIH ,l],IIIlJI0Ma 0CTaBaJI0Cb 0K0JI0 ro.na, 

OH peK0MeH,l],0BaJI MHe ,l],0 3T0ro nepIIo,na npocTO n0X0,l],IITb Ha ceMllHapbI B <DHAHe II npIICM0-

TpeTbC5I K o6c~aeMbIM Ha HIIX TeMaM. 5I ,l],0 CIIX npmHaTeJieH M.A. MapKOBY 3a 3TY, Ha BII,l], 

Taey10 npoczyIO, peK0MeH.naUIIIO, 1160 0Ha Il03B0JillJia He CT0JibK0 Y3HaTb, qTo o6cy)K,l],aeTCH Ha 

ceMIIHapax B <DHAHe, CK0JlbK0 - KaK 3T0 o6cy)K,l],aeTCH 11 TeM caMbIM Il03HaK0MIITbCH, KaK 

npIIHHTO roBopnTb cen:qac, c ,nyxoM «crnporo» <DHAHa. A M0CK0BCK0MY <DHAHy B Te ro,n1,1 He 

6brno II ,ll,Ba.uuaTII rreT. 

Cpe,nII .npyrnx ceMIIHapoB B Te ro,l],bl oqeHb aKTIIBH0 ,l],eHCTBOBaJI CeMIIHap «3TaJIOHHOH» 

rra6opaTOpIIII, PYKOBO,l],llMOH rnr,na B.H. BeKCJiepoM. 3TOT ceMIIHap np0B0,l],IIJIC5I T0r,na y)Ke 

B H0B0M 3,l],aHIIII <DHAHa (Ha HbIHeIIIHeM JleHIIHCKOM npocneKTe). CeMIIHap 3ace,narr B 

0TH0CIITeJibH0 He60JII,IIIOM noMeIIJ;eHIIII, K0T0poe Bcer,na 61,rno Il0JIHblM-Il0JIH0 (He Mettee 

40-50 qerroBeK). 

CeMIIHap np0XO,l],IIJI IICKJIIOqIITeJibH0 )KIIB0 II no xapaKTepy B0npocoB II 3HTY3IIa3MY 

yqacTHIIK0B qeM-T0 nepeKJIIIKaJICH C TeM poMaHTIIqecKIIM HaCTP0eM, KOTOpbIH npIICYTCTB0Barr 

Ha JieKUIIHX MapKOBa. ,[(JI5I noro 61,rno, KaK MIIHIIMyM, ,l],Be npIIqIIHbI. Bo-nepBbIX, He3a,norrro 

nepe.n 3TIIM (B 1949 r.) B «3TaJIOHHOtt» rra6opaTOpII11 <DHAHa 61,rn 3anyIIJ;eH 3JieKTpOHHbIH CIIH-
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xpcrrpoH Ha :meprmo 250 M3B, ,n;ocTaTOqHy10 ,D;JUI poiK,n;emrn rrn-Me30H0B Ha ».n:pax, a qepe3 K0-

poTKoe apew1 3TH Me30HbI 6burn B na6opaTOpHH 3apemCTPHP0BaHbI. Bo-BTOpbIX, ace 3T0 6bmo 

c,n;eJiaH0 0TH0CHTeJibH0 He60JibIIIHM K0JIJieKTHB0M q>H3HKOB, H,n;po K0T0poro C0CTaBJIHJIH M0JI0-

,D;bie JIIO,D;H B B03pacTe 30 JieT H ,n;aiKe M0JI0iKe. EcTeCTBeHHO, TaKHe ycrrexH C03,D;aBaJIH 3aK0HHbie 

0CH0BaHHH ,D;llil rop,n;0CTH H 3HTJ3Ha3Ma K0JIJieKTHBa, H 3T0 HeJII,3H 6bIJIO He rroqyBCTB0BaTb Ha 

3ace,n;aHHHX ceMirnapa «3TaJIOHH9H» na6opaTOpHH. llMeHHO Ha 3THX ceMHHapax B <l>HAHe }I 

BrrepBbie YBH,D;eJI (H ycJibIIIIaJI) A.M. oaJI,D;HHa (HJIH CaIIIy Ean,n;HHa, KaK BCe ero Ha3bIBaJIH B TO 

npeMH). llMeHHO 3T0 o6bHCHHeT M0e 0,D;H0CT0p0HHee 3HaK0MCTB0 C HHM Ha rrepBbIX rropax. 

CaIIIa Ean,n;HH Hepe,n;Ko ,n;enan coo6meHHH Ha ceMHHape, rrpaKTHqecKH Ha KaiK,n;oM ceMHHape 

BbICTJIIaJI B ,D;HCKJCCHHX H C K0MMeHTapHHMH. OH KaK HeJib3H nyqIIIe BIIHCbIBaJICH B aTMOCcpepy 

3THX ceMHHapoB: MOJIO,D;OH, ,D;HHaMHqHbIH, CIIOPTHBHbIH (rro cnyxaM, OH aKTHBH0 3aHHMaJICH 

aJibIIHHH3MOM) H 0,D;H0BpeMeHH0 xop0III0 IIO,D;KOBaHHbIH TeopeTHK. IIo He3aBHCHMOH OT ceMH

HapoB HHq>OpMaQHH .sI 3HaJI, qTQ A.M. Ean,n;HH (BMeCTe C B.B. MttxaHJIOBbIM) C0CTaBJIHJIH maB

HYIO y,n;apHyIO CHJIY B TeopeTHqecKOH rpyrrrre MapKOBa, 3aHHMaBIIIeHCH pacqeT0M H aHaJIH30M 

rrpouecca cpoTOpO)K,D;eHH.sI IIH-Me30H0B Ha HYKJI0HaX. 

Ho BpeMH IIIJI0, H HaCTaJia nopa 3aHHMaTbCH ,D;HIIJI0M0M. B 3T0T M0MeHT np0H30IIIJI0 TO, 

qTQ B npHHQHne M0iKH0 6bIJIO npe,n;BH,D;eTb. MapKOB, yqHTbIBaH MOH HBHbIH HHTepec K Me30H

HOH cpH3HKe, nepenopyqHJI 3a60TbI 060 MHe CB0HM yqeHHKaM: A.M. Ean,n;HHY H B.B. Mttxai-ino

ey. B 3TOT M0MeHT H np0H30IIIJI0 Moe Herrocpe,n;CTBeHH0e 3HaK0MCTB0 C A.M. OaJI,D;HHbIM. 

IIocne ,n;oroeopeHH0CTH C OaJI,D;HHbIM B KaKOH-TO H3 ,D;HeH ( CK0pee BCero, B cpeapane 

1953 r.) » npH6hln B K0MHazy 325 <l>HAHa, B KOTopoi-i pa3MeII.J,anHcb pa6oqHe Mecrn Ean,n;HHa H 

MttxaHJIOBa. IIocne cpopMaJibHOrO 3HaK0MCTBa H npHBeTCTBHH X03HeBa K0MHaTbI KaK-T0 He3a

MeTH0 CMeCTHJIH Moe BHHMaHHe Ha ,D;0B0JibH0 BHYIIIHTeJibHbIH 6pycoK CBHHQa (B cpopMe BbITH

HyT0ro napannenenttne,n;a), KOTOpbIH HBH0 BbirJIH,D;eJI HH0p0,D;HbIM TeJI0M B K0MHaTe TeopeTH

K0B. K cepe,D;HHe 6pycKa 6hma npHKpenJieHa pyqKa H3 f!P0B0JI0KH. Bo3MOiKHO, H 3a,n;an HaHB

HbIH B0npoc: «,[(ml qero 3,D;eCb 3T0T 6pycoK?» MHe C roT0BH0CTblO o6bHCHHJIH, qTQ 3T0 

y,n;o6HblH CHap.si,n; ,D;JI.sl TpeHHp0BKH MbIIIIU pyK (aHanor npHBbJqHQH mpH, T0JlbK0 6onee y,n:06-

HbIH). H ,n;anee He 6e3 XHTpHHKH H 3JieMeHTa Il0,D;HaqKH npe,D;JI0)KHJIH: «IIonpo6yi-iTe Il0,D;HHTb 

6pycoK pa30K-,n:pyroii Ha BbIC0TY BbITHHyTOH pyKH». 

IIoxoiKe, C no,n:o6HbIM npe,D;JI0iKeHHeM o6paII.J,aJIHCb HK ,n:pyrHM noceTHTeJIHM 3TOH KOMHa

TbI. 3To 6bIJI CBOeo6pa3HbIH TeCT Ha npoaepey q>H3HqecKOH CHJibI, CBH3aHHbIH C 3JieMeHTaMH 

MaJibqHIIIeCKOH y,n:anH H CII0PTHBHOro a3apTa, a TaKiKe, eCJIH yro,n:HO, CKpbITOro Bbl30Ba. B HeM 

omymanocb qTQ-TO OT TOH aTMOCcpepbl paCKOBaHHOCTH H TBopqecKoro Il0,[{beMa, B KOTOpoii 

K0JIJieKTHB na6opaTOpHH )KHJI H pa60TaJI B Te ro,n:bl. 

B M0eM cnyqae .si, II0-BH,[{HMOMY, 6blJI oco6eHHO HHTepeCHbIM o6beKTOM ,D;JJH TeCTHpOBa

HH.sI, II0CKOJibKY Ha cpoHe xop0III0 TPeHHpOBaHHbIX X03.sieB K0MHaTbl CM0TPeJICH 6ne,n:HO H aTJie

THqHOCTblO q>HrypbI OC060 He BbI,[{eJIHJIC.sI, XOTH H 3aHHMaJICH B Te ro,[{bl BOJieH60JIOM H KOHbKa

MH. Pa3 rrpe,D;JiaraIOT TeCT, Ha.no rrpo6oBaTb • .51 B3HJI B PYKY 6pycoK (rro omymeHHIO B HeM 6bIJIO 

rrop.si,n:Ka 20 Kr) H IIO,[{ npHCTaJibHbIMH B3rJIH,n:aMH X03.sieB KOMHaTbl ( oco6eHHO A.M. OaJI,D;HHa) 

CTaJI ero IIO,[{HHMaTb. llo,n:HHJI pa3, ,n:pyroi-i, TPeTHH, qeTaepTbIH ...• IIocne ce,n:bM0ro HJIH BOCb

MOro IIO,[{beMa MHe CKa3aJIH: ,[{OBOJibHO. B ma3ax X03.sieB KOMHaTbI qifTaJIOCb HBHOe y,r(HBJieHHe. 

TaKoro OT MeHH He )K,[{aJIH. H xorn y MeHH caMoro B KOHQe HCIIbITaHHH CHJI OCTaBaJIOCb HeMH0-

ro, rrpH3HaBaTbC.sI B 3TOM He XOTeJIOCb. 

KaK 6bl TO HH 6blJIO, npoeepey » rrpoIIIeJI, H MeHH HemaCHO rrpHHHJIH e Kpyr IIOCBHIUeH

HbIX. IIocne noro Haqanacb J)Ke o6bl,n:eHHa.sI )KH3Hb: pa3roBOpbl O HayKe, o6CJ)K,[{eHHe TeMbl 

Moero ,[{HIIJIOMa H T.II. B ,n:yxe BeHHHH Toro BpeMeHH H HayqHbIX HHTepecoB MOHX PYKOBO,D;HTe

JieH TeMa ,[{HIIJI0Ma 6blJia O'-IepqeHa KaK paclJ:eTbl ceqeHHH rrpouecca q>OTOpO)KL{eHHH IIH-Me30-

H0B Ha ,n:eiiTPOHe. 
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Pacrrpe)];eJieHIIe ofol3aHHOCTeii Me)K,rzy MOMMM PYKOBO)];MTellilMM B HaqaJibHblH rrepMOA pa-

60TbI Ha)]; )];MITJIOMOM He 6hIJIO qeTKO o603HaqeHo: MHe )];OBO)];MJIOCb 6ece)];OBaTh TO C O)];HMM, TO C 

ApyrnM. Tpare)];M», crryqMBina»c» rremM 1953 r. (rn6errb B.B. MMxaiirroBa B ropax), c Hell36e)K

HOCThIO OCTaBMJia MeH}I TOJlbKO C O)];HMM PYKOBO)];MTerreM. 

Pa6orn Ha)]; )];MilJIOMOM 6hma MOMM rrepBbIM pa6oqMM KOHTaKTOM c A.M. baJI)];MHbIM. <Dop

MaJibHO :no 6bma KrraccMqecKM CMTYaU:M» BeAymero M Be)];OMoro. <DaKTMqecKM CHTYau:u» 6hlrra 

)];aJieKa OT TaKOH CB»3Kll ll MO» CB060)];a 6hma )];OCTaTOqHa BeJIMKa. IlorrttTMKOH MOero PYKOBO

)];MTellil 6hIJIM MaKCllMaJibHM caMOCTO»TeJibHOCTh, OTCYTCTBMe MerroqHoii orreKH. KOHCYJibTa

IJ;llll u IlOMOmh rrpe)];OCTaBllilJlllCb Jllllllb TOr)];a, KOr)];a OHM pearrbHO Tpe6oBaJIHCb. 11 pa6orn 

6hma 6rrarorrorryqHo AOBeAeHa AO KOHu;a. 

Y)Ke M3 :.noro rrepBoro OilbITa pa6oTbl C A.M. baJI)];MHbIM }I ycBOHJI, 11TO OH HCilOBe)];yeT B 

pa6oTe TOT )Ke )KeCTKHH CTMJib, qTo M B CIIOpTe: Ta )Ke Tpe6oBaTeJibHOCTh, Ta )Ke CKOHIJ;eHTpttpo

BaHHOCTh, TO )Ke OTCYTCTBMe BC»KMX rro6rra)KeK. B 3TOM rrrraHe He6orrbIIIOe MCilbITamie, KOTOpo

MY MeHH IlO)];BeprrrM B Haqarre pa60TbI Ha)]; )];MITJIOMOM, 6hIJIO CBoeo6pa3HblM M IlO-CBOeMy rro

Jie3HbIM ypOKOM. 

Ilocrre oKoHqaHM» MrY H ocTarrc» B <DHAHe B acrrMpaHTYPe y M.A. MapKOBa. ,l(o rrepee3-

Aa EarrAMHa B ,r:(y6Hy Mbl TPYAMJIMCb C HMM 6oK O 6oK B <DHAHe My Hae 6hIJIO HeMarrO IlOBO)];OB 

Alli KOHTaKTOB C HMM M COBMeCTHOH TBOpqecKoii pa60Tbl. ro)];bl IIIJIM, qTo-TO MeHHJlOCh, HO Ka

qecrna xapaKTepa AneKcaHApa MMxaiirroBMqa EarrAMHa, KOTOpbie KOrAa-To rrpoll3sentt Ha MeHH 

CMJibHOe BrreqaTJieHMe rrpM rrepBOM 3HaKOMCTBe C HMM, no cqacTbIO, coxpaHHIOTCH. Mbl 

rro-rrpe)KHeMy Ha6JlIO)];aeM B HeM TY )Ke HaCToiiqMBOCTb, TY )Ke TBep)];OCTb B )];OCTH)KeHHH HaMe

qeHHOH u;eJIM. CKJia)]; xapaKTepa, Bbipa6oTaHHhIH B MOJlO)];OCTM, - 3TO Ha)];OJiro. 
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A.A. KoMap, iJ.¢.-M.H., 

npo¢eccop, 3a6eoy1014uu Jla6opamopueu 

3JleKmpoH06 6blCOKUX 31-lepzuu <JJ11AH 



<l>OTOPO)K)];EHHE OTPHU:ATEJihHhIX 1t-ME30HOB I:IA ,[(EHTEPHH 
BliJl:U3:U TIOPOrA 

(:U3 BOCilOMHHaHHii O paHHHX pafioTax no l}>oTopo~eHHIO) 

<l>OT03MYJibCIUI 3anonmmacb T}l)KeJioii BO,n;oii H 06nyqanac1, Henocpe,n;CTBeHHO B KOJIJIHMH

poBaHHOM nyqKe q>OTOHOB CHHXpOTpOHa <l>HAH C MaKCHMaJibHOii 3Heprtteii 250 M3B. B 3KC

nepttMeHTe HCnOJib30BaJIHCI, q>OT03MYJibCHH HHK<l>H THna P, TOJIW:HHOii 400 MKM, qyacTBH

TeJibHble K cne.n;aM pemITHBHCTCKHX qacTHI.(. 

Konttqecrno .H.n;ep .n;eiiTeptt.H, BBe.n;eHHbIX B 3MYJibCHIO, onpe,n;eJl}IJIOCb no aecy rn)KeJioii 

BO.Ubl. B cpe.n;HeM 1 CM 3 co.n;ep)I<aJI 3,2-1022 
.H,n;ep .n;eiiTepH.H. O6Hap~eHHbie B nJiaCTHHKaX 

TpexnyqeBbie 3Be3,Ubl aHaJIH3HpOBaJIHCI, C u;eJibIO Bbl,ll;eJieHH.H cnyqaeB, OTHOC.HW:HXC.H K peaK

l(HH y + d ➔ p + p + 7t-. IlOMHMO KYJIOHOBCKOro B3aHMO,n;eiicTBH.H npOTOHOB HMeeT MeCTO ey
JIOHOBCKOe B3aHMO,Ueiicrntte Me,UJieHHOro 7t-Me30Ha C npOTOHaMH. 3TOT 3cp<peKT o6ycJIOBJieH 

B3aHMo,n;eiicrntteM qacTHI.( B KOHeqHOM COCTO.HHHH, a He caMHM npou;ecCOM q>OTOpO)K)];eHH.H 

7t-Me30HOB Ha HeiiTpOHax . .Zl:JI.H 3Heprttii q>OTOHOB 154-160 M3B BKJia,n; 3TOro B3aHMO,n;eiiCTBH.H 

B nonHoe nonepeqHoe ceqeHtte peaKu;HH no rpy6oii KaqecrneHHOii ou;eHKe cocTaamieT 

OKOJIO 12 %. 

A.M. EaJI,ll;HHbIM noKa3aHo, qTQ BeJIHqHHa KYJIOHOBCKOH nonpaBKH Ha B3aHMO,n;eiicrntte 

7t-Me30Ha C npoTOHaMH B03pacTaeT no Mepe yMeHbIIIeHH.H 3Heprttii 7t-Me30HOB, ,ll;OCTHra.H BeJIH

qf(HI,I OKOJIO 10 % M.H 7t-Me30HOB C 3Heprtteii MeHbIIIe 10 M3B. IlpttMeHeHtte ::noii nonpaBKH K 

,uaHHbIM EeHeBeHTaHO tt ,up . .n;aeT ,UJI.H OTHOIIIeHH.H cr-/ cr+ BeJIHqHHY OKOJIO 1,4, qTo cornacyeT-

C.H C HaIIIHMH .n;aHHbIMH. 

YcTaHOBJieHO, qTo noMHMO KYJIOHOBCKOfO B3aHMO,n;eiiCTBH.H npOTOHOB HMeeT MeCTO KYJIO

HOBCKOe B3aHMO.n;eiicrntte Me,n;JieHHOro 7t-Me30Ha C npOTOHaMH. ,n:Jl}I 3HeprHii q>OTOHOB 

153-160 M3B BKJia)]; 3TOro B3aHMO,n;eiiCTBH.H B nOJIHOe nonepeqHoe ceqeHHe peaKI.(HH no rpy-

6oii KaqecrneHHOii ou;eHKe COCTaBJI.HeT OKOJIO 12 %. B 3TOH )Ke pa6oTe A.M. EaJI,n;HH Bbl,ll;BHraeT 

rnnOTe3y O cyw:ecTBOBaHHH ng-Me30Ha-CKaJI.Hpa B H30TOnnqecKOM npocTpaHCTBe. 
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Mlf. AdaM06UlJ, d.(jJ.-M.H., 
3ae. ceKmopoM omde;ia 

qJU3UKU 6blC0KUX 3Hepzuu </JHAH. 



«H CHOBA qyscTBYIO CEii$! B rOPAX ... » 

AneKCaHJJ.P baJI}].HH - JJ.HpeKT0p Jia6opaTOpHH BblC0KHX JHepruii O6ne}],HHeH

H0ro HHCTHTYTa .HJJ.epHblX HCCJie}],OBaHHH s II0JJ.M0CK0BH0M ropo}],e ,[t;y6He. <DyHJJ.a

MeHTaJibHbie JKcrrepHMeHTaJibHbie H TeopeTHqecKHe pa60Tbl JT0ro HayqHoro ueHTPa 

xoporno H3BeCTHbI H B CoseTCKOM Co103e, H 3a ero rrpeJJ.enaMH. OJJ.HaKo ceroJJ.H.H pa3-

rosop c rocTeM )KypHana rroiiJJ.eT o rrpo6neMax, }].aneKHX OT .HJJ.epHoii cpH3HKH. Eonee 

}],BaJJ.uaTH JieT )KH3HH cpH3HK-TeopeTHK EaJI}],HH 0T}],aJI aJibIIHHH3My. YqaCTBOBaJI B 

CJIO)KHeiirnHx socxo)K}].eHH.HX Ha sepIIIHHbI KaBKa3a, IlaMHpa, AnTa.H. YJJ.OCTOHJIC.H 

rroqeTH0ro 3BaHH.H «MacTep crroprn CCCP», 6brn qeMIIH0H0M CoseTcKoro Cm03a. 

AKaJJ.eMHK AneKcaHJJ.P EAJI,[t;HH orneqaeT Ha sorrpocbI Koppecrr0HJJ.eHrn «Crroprn B 

CCCP» JI. IlnernaKoBa. 

-CornacHTeCh, ,llJUI MHOrHX CO''leTaHHe «TeopeTHIJeCKaH q>HlHKa H cnopn> npe,uCTa

BJIHeTCH HeCKOJlhKO HeOiKH,UaHHhlM. TeM 6oJiee, KOr,ua pe1Ih JaXO,UHT O TaKOM TPYJJ.HOM, 

Tpe6y10meM orpOMHOH q>HlHIJeCKOH HarpylKH BH,ue, KaK aJibilHHHJM ... 

- H see )Ke KaKa.H-T0 cBmb 3}],ecb ecTb, xoT.H B JJ.Byx cnosax 06 JT0M He cKa)KeIIIb. Y Anh-

6eprn 3iiHIIITeiiHa eCTb 061>.HCHeHHe TOro, rroqeMy yqeHbie CTpeM.HTC.H K cpyHJJ.aMeHTaJibHblM 

HCCJie}],0BamrnM. CMbICJI ero BblCKa3bIBaHH.H rrpHMepH0 TaKoB: T.Hra K HayKe cp0JJ.HH H0CTaJib

rHH ropo)KaH no HeTpOHYTOH rrpHp0}].e. )I{HTeJI.HM ropo}],a xoqeTC.H BblpBaTbC.H H3 JJ.YIIIHOH cyTO

JI0KH ynHU K peKaM, 03epaM, necaM, qHCT0MY B03JJ.YXY ropHbIX sepIIIHH, rrpHo6mHTbC.H K Ka

KHM-T0 seqHbIM, HerrpeX0}],.Hll.{HM ueHH0CT.HM. 3aH.HTH.H HayKoii, ITO CJI0BaM BeJIIIK0ro yqeHoro, 

rrpHH0C.HT qeJioBeKy Te )Ke omymeHH.H. MHe Ka)KeTC.H, qTo H aJibIIHHH3M, II0}].06Ho HayKe, 0}].a

pHBa.H crropTCMeHa HeIIOBTOpHMOH KpaCOTOH, He06b1qHbIMH omymeHH.HMH, }],aeT B03M0)KH0CTb 

II0H.HTb KaKHe-T0 seqHbie HCTHHbl H ueHH0CTH. 

- 3TOT TeopeTHIJeCKHH aHaJIHJ n npHBeJI Bae B aJihilHHHJM? 

- Pa3YMeeTC.H, HeT. <DHJIOCOq>CTBOBaTb HaqHHaeIIIb C B03paCTOM, aHaJIH3Hp0BaTb - Ha 

0CH0BaHHH 0IIbITa. A CHaqana 6bIJIO rrpocToe ysneqeHHe poMaHTHqHblM BH}].0M crroprn, K0T0-

pbIH Ha}],eJI.HJI CB0HX rrpHBep)KeHues 3}].0p0BbeM H BbIH0CJIHB0CTbIO. ,[t;eno B TOM, qrn BCIO BOHHY 

.H rrpoBeJI B MocKBe. bbIJIO X0JI0}].H0, roJI0}].H0, qpe3BbJqaiiHO TPYJJ.H0. HaM, II0JJ.p0CTKaM, rrpHX0-

}].HJIOCb H yqHTbC.H, H pa6oTaTb, H HeMeUKHe 3a)KHraJIKH TYIIIHTb. Kopoqe, K0r}],a B K0HUe BOHHbl 

.H II0CTyrran B HHCTHTYT, TO BbirJI.H}],eJI THIIHqHbIM «XHJiblM HHTeJIJIHreHT0M». A aJibIIHHH3M, KaK 

yrnep)KJJ.aJIH MOH JJ.PY3b.H, 6bIJI crropT0M CHJibHbIX H CMeJibIX. HMeHHO II0JT0MY B rrepBbie )Ke 

cryJJ.eHqecKHe KaHHKYJibl .H 0TrrpaBHJIC.H B ropbl. C Tex rrop Ka)K}],blH CBOH 0TIIYCK crnpanc.H rrpo

B0}].HTb TaM. 

- ,[t;JIH cepheJHhlX JaHHTHH cnopTOM ueo6xo,uHMO BpeMH. qT06bl IlOKOpHTh Bepurn

Hhl, HYiKHO MHOro TpeuupoBaThCH, a ,UJIH JTOro, H ,uyMaIO, MaJIO KaHHKYJI HJIH OTnycKa? 
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- KoHeqHo. IlpmIIJIOCb HayqHTbCjJ: )KllTb B )KeCTKOM pe)KHMe, qTo, KCTaTH CKa3aTb, npH

yqnrro K caMO.l{HCUHilJIHHe. He cnopIO, arrbnHHH3M MHororo Tpe6yeT, HO eme 60Jibllie OH .n;aeT. 

IloMHIO, .B 1956 ro.n;y Hama rpynna- B Hee, KCTaTH, BXO.l{HJI 6y,n;yP{llH np0<peccop H PYKOBO.l{ll

TeJib nepBOH COBeTCKOH 3KCne.l{HUHH Ha 3BepecT EBreHHH TaMM- 3a6parracb B rrryxoii yrorroK 

Amag, ey.n;a .l{0 Hae HHKTO ll3 aJibnHHHCTOB He nona.n;arr. IlpaB,n;a, 6bIBaJIH 3.l{eCb OXOTHHKH, HO 

OHM npOMbllliJijJ:Jill B .l{OJIHHax, a Bblllie He nO.l{HHMaJIHCb. Ilpe,n;cTaBJijJ:eTe? rorry6b1e 03epa, CTall 

.l{HKHX rre6e.n;eii:, B 3epKaJibHbIX BO,n;ax OTpa)KaIOTCjJ: CHe)KHbie BepmHHbl, 0.l{Ha .n;pyroii npeKpaC

Hee, ll Bee 6e3bIMgHHbie: HHKTO eme zy.n;a He no,n;HHMaJICjJ:. Mbl nOKOpjJ:Jill HX 0.l{HY 3a .n;pyroii ll 

Ka)K.l{OH no npaBy nepBOBOCXO.l{HTerreii: ,n;aBaJIH llMj!. BH.l{HMO, no.n;o6Horo po.n;a omymeHHjJ: 

MO)KHO Ha3BaTb cqacTbeM. Pa.n;H TaKOro CTOHT BbIKpaHBaTb BpeMj! .l{Jljl TpeHHpOBOK, qeM-TO 

)KepTBOBaTb ..• Me Hg, HanpHMep, He y.n;HBJijJ:eT, qTo MHOrHe Hamn yqeHbie He TOJibKO caMH yBrre

KaJIHCb BOCXO)K.l{eHlljJ:Mll, HO nopoii CTaHOBHJIHCb opraHH3aTopaMH ll PYKOBO.l{HTeJijJ:Mll arrbnll

HIICTCKHX 3Kcne.n;HUHH. O,n;HH ll3 MOHX yqnTerreii:, aKa.n;eMHK, rraypeaT Ho6erreBCKOH npeMHH 

Mropb EBreHbeBHq TaMM, C03.l{aTeJib nerroii: HayqHoH lliKOJibl, CTpaCTHO JII06Hrr ropbl • .51 BCTpe

TIIJI ero Ha KaBKa3e, Kor.n;a eMy 6bIJIO 3a meCTb.l{eCjJ:T. Ero CbIH EBreHHH npo,n;OJI)KaeT .n;erro OTUa 

II B HayKe, ll B cnopTe ... 

- Bhl CKaJaJIH, qT0 JaHHJIHCh cnopT0M, CTpeMHCh CTaTb CHJlhHhIM. Onpae,LJ;aJIHCh 

JIU eamu Ha,LJ;e)K.LJ:hl? 

- ,[(YMaIO, qTO .n;a. Ilo.n;rnep)K.l{eHHe TOMY norryqaemb nopoii caMbIM HeO)KH.l{aHHbIM o6pa-

30M. B 1957-1958 ro.n;ax jJ: pa6ornrr B EHpMHHreMCKOM YHHBepCHTeTe HayqHbIM COTpY.l{HHKOM B 

rra6opaTOpIIH Py.n;orrbCpa Ilaii:eprrca. ,[(err 6bIJIO MHOro, 0 3aHjJ:TlljJ:X aJibnHHH3MOM jJ: ll He nOMbllli

JljJ:JI, crnpaJIC51 no B03M0)KH0CTH TpeHHpOBaTbC51 Ha CTa.l{llOHe. M B,n;pyr, K MOeMy y,n;HBJieHHIO, 

norryqa10 npIIrrrameHHe ,[()KOHa XaHTa noceTHTb CeBepHblH Y3JibC ll npHHjJ:Tb yqacTHe B npa.3.l{

HOBaHIIH n51TOH ro.l{OBIUHHbl nepBoro BOCXO)K.l{eHH51 Ha 3BepecT. Bbl noMHHTe, B 1953 ro.n;y 

XaHT B03rJiaBJijJ:JI 3Kcne.n;HUHIO, B KOTOpyIO BXO.l{HJIH XnrrrrapH ll TeHUHHr, nepBbie JIIO.l{ll, czy

mrnnme Ha BbICoqaii:my10 BepmHHY MHpa. KaKHM-TO o6pa30M XaHT Y3Harr, qTQ B EHpMHHreMe 

pa6orneT COBeTCKHH aJibnIIHHCT, .n;a eme B npomrroM qeMnHOH CTpaHbI, n pemHJI co MHOH no-

3HaKOMIITbCjJ:. B TY nopy. Haqarrn HaJia)KHBaTbC51 KOHTaKTbl Me)K.n;y arrbnHHHCTaMH HalliHX 

CTpaH, aHrm1qaHe roTOBIIJIIICb npnexaTb K HaM Ha KaBKa.3, H, pa3yMeeTC51, HmpopMaUHjJ: ll3 nep

BbIX pyK HX oqeHb HHTepecoBarra. Ho oKa3arrocb, qTo npocToro pacCKa3a o Hamnx ropax HM 

6bmo Marro. JI nOH51JI 3TO, Kor.n;a X0351eBa Be)KJil1BO npe,n;JIO)KllJIH MHe: «He XOTHTe JIM npOHTHCb 

no HalliIIM CTeHKaM B CB513Ke C ,[()Kop,n;)KeM EeH.l{OM?» 

B 3HaMemIToii 3Kcne.n;IIUIIH XaHTa EeH.n; yqacrnoBarr TOJibKO B 3a6pocKe rpy3oB. Ho qYTb 

n03)Ke OH caM noKOplIJI .n;pyroii: flIMarraii:CKHH BOCbMIITblC51qHIIK, KaHqeH.l{)KaHry, II, ecTeCTBeH

HO, 6bIJI BOCXO.l{IITeJieM 3KCTpaKrracca. A jJ: CTOJibKO BpeMeHII y)Ke He 6bIBaJI B ropax. Kopoqe, 

qT06bI He Tep51Tb JIIIUa, Be)KJIIIBO OTKa3aJIC51: 51, MOJI, q>II31IK II Boo6me HeTHnliqHblH arrbnlIHIICT. 

Ho X0351eBa He OTczynarrlI, II MHe nplilliJIOCb nOHTII ..• 

-II KaK? 

K cqacTbIO, Bee norryq1Irrocb BnorrHe nplirrnqHo. Ilocrre npe6blBaHH51 B CCCP XaHT Bblny

CTIIJI KHIIry, r.n;e, B qacTHOCTII, onIIcarr II 3TY Hamy c HMM BCTpeqy B ropax Y3rrbca.IlocMoTpeB, 

KaK npOXO)Ky CTeHKH, aHrJIIIqaHe, no ero CJIOBaM, nepeCMOTperrlI COCTaB CBOe:ii KOMaH.l{bl, 3Ha

qlITeJibHO yc1IJIIIB ee. 

TaKoii: BOT 3a6aBHbIH crryqaii:. OH .n;arr MHe B03MO)KHOCTb JilllliHIIH pa.3 y6e.n;IITbC51 B TOM, 

qTo KaqecTBa, BOCilHTaHHbie aJibillIHH3MOM, - CIIJia, JIOBKOCTb, peaKUII51, yMeHIIe BbICTOjJ:Tb B, 

Ka3aJIOCb 6b1, np01IrpbllliHOH CttzyaUIIII - CO BpeMeHeM, qTo Ha3bIBaeTC51, BXO.l{51T B TBOIO nJIOTb 

II KpOBb. MMeHHO no3TOMY MHe II y,n;arrOCb 6e3 BCjJ:KOH cnen1IaJibHOH no,n;roTOBKH BbI.n;ep)KaTb 

HeO)KII.l{aHHblH 3K3aMeH, npe,n;JIO)KeHHblH aHrJIIIHCKHMII KOJIJieraMII. 
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3.u;eeL yMeeTHO He60JILWOe OTerynJieHHe OT HHTepBLIO, BLIJBaHHOe Heo6XO,!J;HMOeTLIO 

npOKOMMeHTHponaTL noeJie,!J;Hee BLieKaJLIBaHHe Hawero roeTH. B 1962 ro.u;y yMepJia 

~eHa AJieKeaH,u;pa MnxaiiJIOBHqa liaJI,!J;UHa, OeTaBHB Ha ero pyKax IlHTHJieTHIOIO ,u;oqL H 

HOBOpo~eHHOro eLrna. TenepL, KpOMe orpOMHOH HayqHoii H npeno.u;anaTeJILeKOH pa6o

TLI, ua ero IlJieqH JierJIH H nee eeMeHHLie Ja6oTLI. qepe3 ,!J;Ba ro.u;a OH euona ~eHUJieH, HO 

BeKope HeHJJieqHMaH 6oJie3HL Ha noeeML JieT npHKOBaJia ~euy K noeTeJiu. A 6LIJIO B ee

MLe Toma ~e Tpoe .u;eTeii. H B 3TO BpeMH JiaJI,!J;HHY npem1mKHJIU BOJrJiaBHTL Jia6opaTO

pHIO B ,[(y6He. H~HO 6LIJIO PYKOBO,!J;HTL peKOHeTpyKUHeH e11uxpo<l>aJ0TpOHa, 'IUTaTL 

JieKUHH ery.u;eHTaM, yqaeTBOBaTL B pa3JIUqHLIX Me~yuapO,ll;HLIX uay'IHLIX KOH<l>epeuu11-

HX. H OH He IlO3BOJIHJI ee6e paeeJia6HTLeH, eyMeJI «BLieTOHTL B, KaJaJioeL 61>1, npourpLIW

HOH euryaUHH». 

,[(JIH eBOHX IlHTH,!J;eeHTH IlHTH JieT liaJI,!J;HH BLffJlfi]lUT ,!J;OBOJILHO MOJIO,!J;O. H Bee ~e ... 

Be.u;L JII06oii: qeJIOBeK, B TOM qffeJie u enopTeMeu, YBLI, ue BJiaCTeH ua.u; BO3paeTOM. K lTOH 
TeMe Heno,u;BOJIL nonepuyJieH paJroBop: 

- To, qTo no.u; eHJiy B ,!J;Ba,u;uaTL-TpH.u;UaTL JieT, B IlHTL,!J;eeHT ... 

- Pa.J)'MCCTC.sI, IlOBTOpIITb TPY.UHO. Caoe IlOCJIC,UHee cepbC3HOe BOCXO)Kll,CHIIe .sI COBep-

IIIIIJI B copoK JICT. IloTOM }')KC BMCCTe C ,UCTbMII 3aHHMaJIC.sI ropHI,IM TYPII3MOM, ropHbIMII Jlbl)Ka

MII. 3IIMOH CTapaIOCb XOT.sI 61,1 IIHOr,ua 61,rnaTb Ha KaTKe, o6.si3aTeJihHO 6eraIO Ha JibI)KaX, KOTOpbI

MII y Hae a ,[(y6He YBJICKaIOTC.sI 1IYTh JIII He Bee. liJiaro, ycJIOBII.sI ,UJI.sI ::noro BCJIIIKOJICilHbl: XOTb c 

nopora ,UOMa CTaHOBIICb Ha Jlbl)KII - II B Jiec. 

- A e aJILilHHHJMOM eoneeM paenpomaJIHeL? 

- KaK CKa.JaTb? RTO JICTO, Kor.ua pO,UIIJiaCb MO.sI nepaa.si ,UO1Ib, }l ,UOJI)KCH 61,rn BO3rJiaBIITb 

CJIO)KHOe BOCXO)K,L{CHIIe Ha IlaMIIpe. fpynna yexaJia B ropbl, TpCHIIpoBaJiaCh TaM, a .sI, Ha,Ue.sICb 

no,u1,exaTb IlO3)KC, pa.3pbIBaJIC.sI Me)K.L{y pa60TOH II CCMbCH, KOTOpa.si )KIIJia Ha .ua11e H HY)K.L{aJiaCb 

B MOCH IlOMOIUII. TaK BOT, 1IT06hI He IlOTep.sITb cnopTIIBHOH cpopMbl II HC IlO.ZlBCCTH TOBapIIIUCH, 

.si npII.Zl)'MaJI ce6e Heo6bI1IHOe ynpa)KHCHHe. HarnrttBaJI Me)K.L{y .ZlB)'M.sI .uepeBh.sIMII TOHKYIO 

npO1IHYIO aepeaey, B36IIpaJIC.sI Ha Hee, BCTaBaJI II, 6aJiaHcttpy.si, XO,UIIJI OT .uepeaa K ,uepeay .. TyT 

caMoe Tpy,uHoe no,uT.sIHYThC.sI Ha pyKax II BCTaTh Ha aepeaKy, a noToM, Kor,ua oHa pacKa11aeTc.s1, He 

copBaTbC.sI Ha 3CMJIIO, ycTO.sITb. CaMoe npHBJICKaTeJibHOe B 3TOM - y,uep)KaTbC.sI, Kor,ua ace Ka

)KCTC.sI 6e3Ha,UC)KHbIM, yxIITpIITbC.sI coxpaHIITb paBHOBCCIIe, Kor.ua }')KC IlO1ITH copBaJIC.sI ... TyT, 

KaK a ropax, pa6oTaIOT Bee MbIIIIUhI, a BOJI.sI Hanp.sI)KCHa .uo npe.ueJia. 

5I .uo CIIX nop peryJI.sipHO XO)Ky no BepeBKC. HeKOTOpble C1IIITaIOT 3TO 11y,ua11eCTBOM. Ho 3TO 

He TaK. 5I npocTO CHO Ba 11yacrny10 ce6.si B ropax II IlbITaIOCb c.ueJiaTb HCBO3MO)KHOe ... 

«Cnopm e CCCP» N2 2182, 1982 2. 

12 



• 

HYKJIOTPOH IlPHrJIAIIIAET K COTPY,lJ;HIN;ECTBY 

KaK y)Ke coo6maJioch B Harneii ra3eTe (N~ 9-10 OT 22 arrpeJUI 1992 r.), 10 arrpeJUI cocT0H

nocb 01:1epe,n:Hoe 3ace,nam1e 06me1IHCT1ITYTCKoro HaYtJH0ro ceMIIHapa rro,n rrpe,nce,naTeJihCTB0M 

rrpocpeccopa P03eHTaJUI H.JI. 

C 6oJibIIIIIM IIHTepeCHblM coo6meHIIeM «HyKnOTpOH II peJUITIIBIICTCKaH H,nepHaH !plI31IKa» 

BbICTYIIIIJI aKa,neMIIK A.M. Ean,nlIH. 

KpyrrHeHIIIIIH YtJeHbIH c MIIp0BbIM IIMeHeM, ,n1IpeKTop Jia6opaTOp1III BbIC0KIIX :meprliii 

O6I,e,n1rneHHOro IIHCTIITYTa H,nepHbIX IICCJie,noBaHIIH B .Il:y6He, 0CH0B0II0JI0)KHIIK H0B0ro Ha

npaBJieHIIH cpyH,naMeHTaJibHOH HayKII - peJUITIIBIICTCKOH .H,nepHOH !plI31IKII, AneKCaH,np MII

xaiiJIOBH1:I HBJIHeTCH HpKHM rrpe,nCTaBHTeneM «30JI0TOro BeKa» MH<l>M. Ey,nYtJII HaIIIIIM Bbl

rrycKHIIK0M, OH coxpaHIIJI caMbie TeCHbie CBH31I C IIHCTIITJT0M . .Il:nlITeJibHOe BpeMH OH rrperro,na

BaJI Ha cpaKyJibTeTe «T», He0,nH0KpaTH0 B03maBJIHJI f3K Kacpe,npbl 7, BHIIMaTeJibH0 cne,n:H 3a 

rro,nroTOBKOH Ka,npoB BbICIIIeii KBaJIII!plIKaU:IIII - KaH,nlI,naTOB HayK II Jl:0KT0p0B. 11 B 3TOT pa3 B 

ero BbICTYIIJieHIIH rrp0HBIIJI0Cb BHIIMaTeJibH0 HepaBH0.D:YI11.H0e, IICKpeHHee 3alIHTepecoBaHH0e 

0TH0IIIeHHe K MH<l>H, ero rrpo6neMaM II rrepcrreKTIIBaM. Xorn B CB0eM coo6meHIIII OH paccKa-

3bIBaJI 0 .D:0CTII)KeHIIHX H H0BbIX II,neHX cpyH,naMeHTaJlbHOH !plI31IKII CIIJibHbIX B3alIMO,neiiCTBIIH, 

TeXHII1:IeCKIIX H0BHHKaX II Haxo,n:Kax, rrplIMeHeHHbIX IIplI co3,naH1III CBepxrrpoB0Mmero ycK0-

pHTeJIH .H,nep - HYKn0Tp0H~ B ,l(y6He, Bee 3T0 rro,n1:1epKHYT0 C00TH0CHJI0Cb C B03MQ)KHQCTHMH, 

3a,na1:IaMH H rrpo6neMaMII, B03HIIKaIOIUHMII B CBH31I C 3TIIM .D:JIH MH<l>H. 

BoT 0.D:HH II3 rro,npo6Ho o6cy)l(Jl:aIOmHXCH CIO)KeT0B. O,n:Hoii II3 HalI6onee ropHtIIIX rrpo-

6JieM COBpeMeHHOH cpyH,naMeHTaJlbHOH !plI31IKII HBJUieTCH cymecTB0BaHIIe crycTK0B 3JieMeH

TapHOH cy6CTaHU:HII - KBapK0B B H,nepH0M Bemecrne H TpaHccpopMaU:IIH KBapK0B B cpopMbl Be

mecrna, Ha6n10,naeMb1e B 3Kcrrep1IMeHTe. fpyrrrroii YtJeHbIX B ,l(y6He, pyKoao,nHMoii A.M. EaJI

.D:HHbIM, 6brno IIOKa3aHo, 1:ITO 3cpcpeKTIIBHbIM cpe,nCTB0M perneHIIH 3TIIX rrpo6neM HBJUIIOTCH 

oco6bie, HMH 0TKpbITbie, my6oKOHeyrrpyrHe H,nepHbie peaKQHH - TaK Ha3bIBaeMbie «KYMYJIH-

THBHbie». Eonee Toro, 0Ka3aJI0Cb, 1:IT0 HX aHaJIHTH1:IeCK1Ie CBOHCTBa Jl:0CTIIraIOT CBoeii, TaK CKa-

3aTb, IIOJIHOH CIIJibl J)Ke rrpH He 01:IeHb BbIC0KIIX 3Hepr1IHX 6oM6ap,nnpyIOIUIIX 1:1aCTIIU, rropH,nKa 

10 f3B/HyKnOH. IlpH yneJIH1:IeHHH 3HeprHH, C H3MeHeHIIeM 3HepreTH1:IeCK0ro MaCIIITa6a, rrpo

}IBJI}IIOTC}I CBOHCTBa rro,no61IH. TaK 1:IT0 3HaMeHHTbie Tpe6onaHIIH <I>. JllICTa, K0T0pbIM cne,nyIOT 

cp1I3HKII: «6bICTpo, eme 6bICTpee, 6bICTpo, KaK T0JibK0 M0)KHQ)) II .D:aJibIIIe BCe-TaKII «eme 6bI

CTpee», cymecTBeHH0 CMHrtiaIOTC}I. IlOIIYTHO M0)KH0 3aMeTIITb, 1:IT0 B 3T0M II eCTb IICX0.D:Ha.H 

H,neH C03,naHIIH HYKJI0TpoHa. He HJ)KH0 roaoplITb, KaKoe 3Ha1:IeHHe IIMeeT 3T0 0TKpblTIIe .D:JUI Ha

rneii cp1I3HKII B HbIHeIIIHee BpeMH. TaK, paCCKa3bIBaH 060 BCeM 3T0M, A.M. EaJI.D:IIH 0TMeTIIJI, 

1:IT0 B03HIIKna Heo6xo,n1IMOCTb cepbe3H0ro II3y1:IeHHH czy,neHTaMII MH<l>H q_)II31IKII HBJieHIIH rro

,no6HH II COOTBeTCTByIOmeii KoppeKTHp0BKH y1:1e6HbIX rrnaH0B H rrporpaMM • .Il:aJiee roaoplIJI0Cb 

0 TOM, 1:IT0, peIIIaH 3a,na1:1y, ,ny6HeHCKHe !pH3HKH pa3pa60TaJIH HOBbIH peJUITHBHCTCKII-IIHBaplI

aHTHbIH aHaJIHTH1:IeCKHH MeTo,n, IICIIOJib3YIOIUHH II0HHTIIe CK0p0CTII B 1:IeTbipexMepH0M rrpo

CTpaHCTBe. H cpa3y )Ke BCJie,n 3a 3THM 6bIJIO o6cy)l(Jl:eHO rrperro,naBaHIIe B MH<l>H TeopHH OTHO-
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CHTeJibHOCTH H BbICKa3aHbl KOHKpeTHbie npe.rLJIO)KeHHH no Heo6XO)lHMbIM ycoaeprneHCTBOBa

HHHM H opraHH3a[(HOHHbIM cpopMaM MH BOnJIOI[(eHHH. 

,[(pyroii npHMep - o6cy)K,ll;eHHe KOHCTPYK[(HH HYKJIOipOHa. 3.r:i:ecb TaK)Ke cpeiiepaepK )lO

CTH)KeHHH, KaK TeXHH"IeCKHX, TaK H MeTO)lHqecKHX. HaxO)lKH a o6naCTH XOJIO)lHOll CBepxnpo

BO)lHMOCTH, HOBa[(HH B TeXHOJIOrHH H3rOTOBJieHHH CBepxnpOBO)lHHKOB, HOBbie MarHHTHbie 

KOMn03H[(HOHHbie MaTepHaJibI, n03BOJIHIOI[(He MHHHaTIOpH30BaTb KOHCTPYK[(HH, )lOCTH)KeHHH 

B npoeKTHpOBaHHH H H3rDTOBJieHHH MarHHTHbIX 3JieMeHTOB ycKOpHTeJIH. 11 BHOBb ace 3TO Tee

HO YBH3bIBaeTCH C HH)KeHepHO-q>H3HqecKoii no)lroTOBKOll HaIIIHX czy.r:i:eHTOB, cpopMyJIHPYIOTCH 

He06XO)lHMbie KoppeKTHpOBKH H )l06aBJieHHH. 

O6neM ra3eTHOro MaTepHana He n03BOJIHeT no.r:i:po6HO OCTaHaBJIHBaTbCH Ha Ka)K,ll;OM pa3-

)leJie 3TOro 6orarnro no CO)lep)KaHHIO H npe)lJIO)KeHHHM coo6I[(eHHH. Hy)KHO OTMeTHTb TOJlbKO 

O)lHH H3 ero rnaBHblX BblBO)lOB, o6pal[(eHHblX K MHcJ>H. Jia6opaTOpHH Ha 6a3e HYKJIOipOHa B 

,[(y6He MO)KeT H )lOJl)l(Ha 6bITb 3cpq>eKTHBHOll TBopqecKOll H npOH3B0)lCTBeHHOll IlJIOI[(a)lKOH, 

r.r:i:e czy)leHTbl MHcJ>H 6y.r:i:yT OBJia)leBaTb 3HaHJrnMH B caMblX nepe)lOBbIX o6nacrnx cpyH)laMeH

TaJibHOll II npHKJia)lHOll HayKH, TeXHHKH H TeXHOJIOrHH. A.M. EaJI)lHH Bbipa3HJI yaepeHHOCTb B 

TOM, qTQ Harne B3aHMO)lellCTBJie C ,[(y6HOH 6y.r:i:eT pa3BHBaTbC.SI. 
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HHcTpyKTop no anhnHHH3My. KaBKa3. Yrn;errhe ,n:hmcy. 1947 r. 

Ilepe.u; TpaBepcoM MaccHBa .z:t:0M6a0 YrrhreH. 
3HMa 1960 r. 

lllKOJibHbie rO,!l;bI 

Ha BepIIIHHe lfaTbIH-Tay. 3a peKop.u;Hoe BOCXO)l(,!l;eHHe 
B COCTaBe rpynnhI aJibilHHHCTOB cnopTHBHOro Kny6a 
MfY norryqeH THTyrr qeMnHoHa CCCP H npHcBoeHo 

3BaHHe MacTepa cnopn CCCP. JleTO 1952 r. 



A.M.EaJI,L\HH H B.B.Mttxai1:noB. 1944 r. 

Aman. 1956 r. 



A.II.Py,1v1K, A .M.Ean~HH, A.A.JioryHoB, M.,Il;)l(aKo6, ,Il;)l(OHCOH, ,IJ;.B .IlittpKOB y HttarapbI (CWA). 1960 r. 

C 3.EeHeBeHTaHO (lfranmr) , JI.Oc6opHOM (CilIA), M.C:rn~coM (CilIA). )l{eHeBa, 1956 r. 



Y 3,!(aHHJI KoJiyM6Hi1cKoro QHKJI0Tpotta (CIIIA). M.A.MapKOB, 11.B,qyBHJio, H.H.Eoromo6os, 
B.11.BeKcJiep, C.A.A3HMOB. CTOHT A.M.EaJI.l(HH. 1960 r. 

Ha Y'feHoM coseTe 0115111. B.II.,D;)KeJienos, A.3Jih-Harn, M.11.CoJIOBhes, 
A.A. TJ1nKHH, O.A.3ai1MH.l(opora, A.M.EaJI.l(HH. 1970 r. 



Hl1illi1d.JTS: 'Hl1'11Ull~I"J,'•rv 'aog01rro.1og·ffH '80)1d11ffi'ff)1 



C r.H.<l>nepoBhIM 

JI.f.MapKoB, A.M.Ean,z:urn, B.JI.KapnoacK11ii 



,IJ;0cKycc1u1 c f.H.Ey.[(KepoM B IUl<l> CO AH CCCP, AKa,[(eMropoAoK 



Kompepettu;1u1 B XaphKOBe. B nepBOM pH,n:y cneBa: A.M.Ean.n:1rn H Il.B.CopoKHH. Maii 1979 r. 

IloceIIJ;etttte JIB3 JI.B.CMttpHOBhIM (3aM. npe.n:. CoBeTa MttHHCTpoB CCCP) 



Ha rrynhTe yrrpaBnettiu1 cirnxpoq>a3oTpotta. 
A.A.CMttpHoB, A .M .Ean~HH, M.E.Jilcc0HcKHH 

B JIB3 Ha ycrnHOBKe CTIMH. H.TI.TepexttH, H.H.Eoromo6oB, 
JI.f.MaKapoB, A.M.Ean~HH, M.A.lllenaeB 



BH3HT ,D,errerau,ww 
KHTaiicKoii AKa,D,eMHH HayK 
BO rrrase C npe3H,D,eHTOM 
aKa,D,eMHH npocpeccopoM 
BaH faHqaHOM 

C reHepam,HhIM 
,D,HpeKTopoM U:EPH 
npocpeccopoM B.EHqKe. 
Mair, 1971 r. 

C 3.H.IJ;hlraHOBhIM 



·.1 £861 ·.ixrql:tJ.O T:?H 



B rrepno,n; rrycKa Bo,n;opo,n;Hoii KaMepbI (JIB3) c H.M.BnpacoBhIM, H .11.IlaBrrOBbIM, A.f.3errh,n;OBnqeM. 1970 r. 

Koml_>epeHIIHa, 110CBaIIIeHHaa 50-rreTHIO 0TKpbITHa rrpHHIIHITa aBTOcpa3HpOBKH (<Dl1AH). 1994 r. 

~ 1Hf501H 
~ IN#lrERSIRY 

u1 'UJsr si:;,:,~i,sro,11, 
oua11-uosco PR/HCIJl!f 

__ w._ ,2-1s JULY, 199n 



C H.H.Eoromo6oBhIM 

C HryeH BaH Xhey (BbeTHaM) . 1982 r. 

C TI .A.lJepeHKOBbIM 



)};ttpeKTop HauttottaJibHOii Jia6opaTOpHH HM. 3.<I>epMH (CllIA) P.BHJibCOH B JIB3. 
Ha CHHMKe: A.M.EaJI~HH, P.BHJibCOH, A .A.Ky3tteuos, A .A.BacHJibeB, IO.A.IIJ:ep6aKoB 

OKOJIO CTpoxruerocx (205) Kopnyca BbIBe~eHHbIX nyqKoB ycKopttTeJibHOro KOMTIJieKca JIB3. 1975 r . 

C P.BHJibCOHOM H A .A .BacttJibeBbIM 





M.M.Conoahea, A.M.Ean,rvrn, B .C.CTaBHHCKHH, r.A.JleKCHH. 1974 r. 

Ha Me)l(~yHapo~HOM CeMHHape no npo6JieMaM q>H3HKH BhICOKHX :rneprHH 

c JI.M.Capb1qeao11 H B.A.H»KHTHHhIM. 1981 r. 



Ha ceMHHape 



C B.f.CoJIOBheBhIM 



Me)l(,n:yttapo,n:HhIH ceM1rnap «Ean,n:HHCKa» ocetth». C A.B.KaH,n:anOBhIM 0 M.C.Ean,n:HHOH. 1978 r. 

Ilpa3,n:HH:qHa» 3CTaq>ern. E.M.EyrpHHOB, JI.f.MaKapoB, C.H.IIn»111KeB0q, A.M.Ean,n:HH, 
A.A.Ky3tte110B, E . .[( . .[(otte11, M.E.Mcc0ttcKHH, A.f.3enh,n:0B0q, M.A.CaBH:H. 1975 r. 



Ha KOHq>epeHI . .(1111 B ,n:arrrrace (CIIIA) 
c A.H.MarraxoBhIM. 1992 r. 

9 ,Mall 2000 r. 



«Earrp;11HCKa~ ocem,» 2000 r. C BS.Kap;brIIIeBCKHM 

A.,D;.KoBarreHKO, A.H.MarraxoB, A.M.Earrp;11H Ha Me)Kp;yttapop;HOM ceM11ttape 
no npo6rreMaM cp11311K11 BhIC0K11x :rnepmii:. 1998 r. 



B .n:oManrneM KaforneTe. 1997 r. 





Ha COUCKaHue I'0<;:yoapcmeeHHOU npe.MUU 

KPYilHLIH BKJIA,L( B Cl>H3HKY qACTH~ 

Ilpeo6rra,n:a10rueif TeH,n:eHUHeH B pa.3B.HTHH HaynJHOro IIOHHMaHJUI CTpYKTYPLI aeruecTBa, 

KaK IlOKa3bIBaeT HCTOpmI HayKH, 6LIJIO CTpeMJieHHe CBeCTH OCHOBHbie CBOHCTBa MaTepHH K 

CBOHCTBaM npocTeHIIIHX 061,eKTOB (MOJieKyrr, aTOMOB, 3JieMeHTapHbIX tJaCTHU), ,lJ;IDI 3TOro co-

3,n:aaarrHCb MeTO,n:LI, Il03BOJIHIOIUHe paCtJJieHHTb MeJibtJaHIIIHe tJaCTHUbl MaTepHH Ha C0CTaBHbie 

tJaCTH H HCCJie,n:oaaTb HX CBOHCTBa. Oco6eHHO cyruecTBeHHYIO p0Jib Cbirparro HCIIOJib30BaHHe 

3JieKTpOMarmlTHOro H3JIYtJeH.HH npe,n:eJibHO MaJIOH ,n:JIHHbl BOJIHLI. qeM KOpoqe ,n:JIHHa BOJIHbl 

<pOTOHOB, TeM 6orree TORK.He ,n:eTaJIH CTpOeH.HH MaTepHH MO)KHO «paCCMOTpeTb» c IIOMOIUbIO 

YCTaHOBOK ,n:JUI norrytJeHHH H pemcTpaUHH TaKOro H3JiynieH.HH. CoBOKYilHOCTb no,n:o6HbIX npH-

6opoB HrpaeT 3,n:ecb pOJib, aHaJIOrHtJHYIO MHKpOCKony. B pe3yJILTaTe HCCJie,n:oaaHHH H3JiynJe

mrn, norrroruemrn H pacceJIHHH <pOTOHOB H 3aKOHOB .ll:B.H)KeHHH tJaCTHU B 3JieKTpOMarHHTHbIX 

nomIX 6bIJIH OTKpbITbl aTOMHble H,n:pa H cpyH,n:aMeHTaJibHbie tJaCTHUbl MaTepHH - 3JieKTpOHbl, 

o6Hapj')KeHbl 3aKOHOMepHOCTII, IlOJIO)KeHHbie B OCHOBY KBaHTOBOll MexaHHKH. 

Ilpo,n:BII)KeH.He B o6rraCTb erue 6orree KOpOTKHX ,n:JIHH BOJIH 3JieKTpOMarHHTHOro H3ynJeHHH 

npIIaerro K pO)K,n:eHHIO KBaHTOBOll 3JieKTpOJJ:HHaMHKH, KOTOpM o6ne,n:HHHJia HCKJIIOtJHTeJibHO 

IIIIIpOKHll Kpyr HBJieHHH - OT 3cp<peKTOB, Ha6rr10,n:aeMbIX B o6rracTH paCCTOHHHH, B MHJIJIHOHbl 

pa3 MeHbllllIX pa3MepoB aTOMa, .n:o npoueccoa K0CM.HtJeCKHX MaCIIITa6oB. Teop.HH 3JieKTpOMar

HeTII3Ma He TOJibKO Jie)KHT B OCHOBe coapeMeHH0ro ecTeCTB03HaHHH, cero,n:HHIIIHeH TeXHHKH, 

HO H CJij')KIIT 6a30H JJ:JIH IlOCTpOeHHH Teop.HH ,n:pyrHX KJiaCCOB cpyH,n:aMeHTaJibHblX B3a.HMO,n:ei-i:

CTBHH - CHJibHbIX (H,n:epHbIX) H crra6LIX. IlocTpOeH.He TaKHX TeopHH ,n:OJI)KHQ OTKpbITb nepe.n: 

qerroBetJeCTB0M nepcneKTHBbl HCilOJib30BaHHH npHHUHil.HaJibHO HHbIX, tJeM HbIHe H3BeCTHbie, 

3aKOH0B npIIpO,n:bI. 

KatJeCTBeHHO HOBbIH 3Tall B pa.3B.HTHH HCCJie,n:oaaHHH C 3JieKTpOMarHHTHblM H3JiynJeHHeM 

npe,n:eJibHO MaJibIX JJ:JIHH BOJIH HatJaJICH a 1949 ro,n:y, Kor,n:a OJl:HOBpeMeHHO a Cl>H3HtJeCKOM HH

CTHzyTe HM. IT.H. Jle6e,n:eaa AH CCCP Ha EepKrrH (ClIIA) 6bmH 3anyrueHLI 3JieKTpOHHLie CHH

xpoTpoHbl, ,n:aIOruIIe B03MO)KHOCTb norryniaTb <pOTOHbI C ,n:JIHHOH BOJIHbl, KOTOpM MeHbIIIe pa.3-

MepoB COCTaBHOro 3JieMeHTa aTOMHOro H,n:pa - np0TOHa. B IlOilbITKax pactJJieHHTb, pa.30pBaTb 

npOTOH c IlOMOIUbIO TaKOro )KeCTKOro H3JiynJeH.HH 6LIJIH o6Hapy)KeHbl TaK Ha.3bIBaeMble HBJieHHH 

cpornpo)I(Jl:eHIIH Me30HOB, KOr,n:a B pe3yJILTaTe CTOJIKHOBeH.HH <pOTOHa C npoTOHOM po)I(Jl:aIOTCH 

HOBbie tJaCTHUbI, a caM npoTOH qacTO BbIXOJJ:lIT H3 TaKHX CTOJIKHOBeHHH He.H3MeHHbIM. q.HCJIO 

qaCTHU He coxpaHHeTCH, HX MO)KeT IlOHBHTbCH CTOJibK0, CKOJibKO Il03B0JUieT 3aKOH coxpaHeHHH 

3HeprHII. IlpH 3TOM CTapble Ha.HBHbie npe,n:cTaBJieHHH O ,n:eJIHMOCTH aeruecTBa Ha tJaCTH, caMO 

IlOHHT.He ((COCTOHT H3» OKa.3bIBaIOTCH HeCOCTOHTeJibHblMH. EcrrH OT npOTOHa MO)KHO «OTO

pBaTb» CKOJibKO yro,n:HO qacTHU, 3HatJIIT, OH He 3JieMeHTapeH, a 6eCKOHetJHO CJIO)KeH. 

,lJ;IDI KOJI.HtJeCTBeHHOro Oil.HCaHHH no,n:o6HblX CHCTeM c 6eCKOHetJHbIM tJHCJIOM CTeneHeH 

cso6o,n:LI Heo6xo,n:HM cyruecTBeHHLIH nporpecc a peIIIeHHH ueHTparrLHOH npo6rreMLI <p.H3H-
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KH - IIOCT})Oemrn KBaHTOBOH TeopHH rrom1, B qeM, co6cTBeHHO, H COCTOHT rrraBHl,IH CMbICJI HC

crre,D;OBaHHH rrpoueccoB q>OTOpO)K)];CHHH MC30HOB. ,ll;OCTH)KCHHH B IIOC'IpOCHHH KBaHTOBOH Teo

pHH IIOJIH )')KC rrpHBCJIH K C03,D;aHHIO HOBbIX H 3q>q>eKTHBHblX MCTO,ll;OB OIIHCaHHH «IIOBe,D;eHHH» 

MaTepHH Ha CaMblX pa3JIHqHbIX ypoBHHX. 3TH ,ll;OCTH)KCHHH peBOJIIOUHOHH3HpOBaJIH BCIO Teope

THqeCK)'IO q>H3HKY, BKJIIOqaH pa3,D;CJibI, HMCIOIUHe 60JibIIIOe rrpHKJia,D;HOe 3HaqeHHe ( CTaTHCTH

qecKaH q>H3HKa, q>H3HKa TBep,D;oro Terra, q>H3HKa aTOMHOro H,D;pa, q>H3HKa MCTaJIJIOB H ,D;p.). 

IlpouecCbl o6pa3oBaHHH H B3aHMO,ll;CHCTBHH 3JICMCHTapHbIX qacTHU H3yq:aIOT B ,ll;CCHTKax 

KpyIIHblX rra6opaTOpHii MHpa. MomHoe pa3BHTHe rrorryq:HJIO H HCCJie,D;OBaHHe q>yH,D;aMeHTaJib

HOro B3aHMO,D;eHCTBHH q>OTOH-IlpOTOH, rrpeapaTHBIIIHCb B 60JibIIIOH pa3,D;err q>H3HKH 3JieMeHTap

HbIX B3aHMO,ll;CHCTBHH. Ee OCHOBHOH 3a,D;aqeii: CTaJIO HCCJie,D;oBaHHe 3ara,D;oqHbIX CHJibHbIX (HJIH 

H,D;epHbIX) B3aHMO,ll;CHCTBHH C IIOMOIUbIO xopOIIIO myq:eHHOro 3JICKTpOMarHHTHOro B3aHMO,D;eii

CTBHH. OKa3aJIOCb, qTo OCHOBHble qepTbl rrpoueccoa q>OTOpO)K)];CHHH CBH3aHbl C ,ll;HHaMHKOH 

CHJibHbIX B3aHMO,ll;CHCTBHH. Il03TOMY H3yqeHHe TaKHX rrpoueccoB II03BOJIHeT BbIHBHTb HOBbie 

3aKOHOMepHOCTH CHJibHbIX B3aHMO,ll;CHCTBHH - HaH6orree CJIO)KHOro H oqeHb aK'I)'aJibHOro pa3-

,D;erra q>H3HKH 3JICMCHTapHblX qacTHU. 

Pa6oTbI M.ll. A,D;aMoaHqa, A.M. EaMHHa, A.C. Eerroycoaa, E.E. foaopKoaa, A.ll. Jle6e

,D;eaa, A.A. JioryHoBa, JI.,ll;. Corroabeaa, A.H. TaaxerrHme, E.ll. TaMMa, C.Il. XaprraMoBa, 3arro

)KHBIIIHe OCHOBbl COBCTCKHX HCCJie,D;OBaHHH q>yH,D;aMeHTaJibHOro B3aHMO,D;eHCTBmI q>OTOH-Hy

KJIOH, Bbl,ll;BHHyTbl Ha COHCKaHHe rocy,D;apcTBeHHOH rrpeMHH 1972 ro,D;a. OHH BbIIIOJIHCHbl a 

1950-1970 ro.uax H IIOCBHIUCHbl TeopeTHqeCKOMY H 3KCrrepHMCHTaJibHOMY HCCJie,D;oBaHHIO 

HBJICHHH q>OTopo)K)];eHHH IIH-MC30HOB. ABTOpaMH 6bIJIH BrrepBbie rrp~,lICKa3aHbl OCHOBHbie 3a

KOHOMepHOCTH q>OTOpo)K)];eHHH MC30HOB, C03,D;aHbI HOBbie MCTO.libI HCCJie,D;OBaHHH, 3KCI1epH

MeHTaJibHO orrpe.nerreHbI rrapaMC'Ipbl KJiaccHqecKOH Me30HHOH q>H3HKH H IIOC'IpOeHa Teopm1 

3JieMeHTapHbIX rrpoueccoB q>OTOpo)K)];eHHH, OCHOBaHHaH Ha q>yH,D;aMCHTaJibHbIX IIPIIHUIIIlaX 

KBaHTOBOH TeopHII IIOJIH. 

Oco6oe BHIIMaHHe 6bIJIO y,nerreHO IICCJIC,ll;OBaHIIIO TaK Ha3bIBaeMoro OKOJIOIIOporoaoro q>O

TOpO)K)];CHHH IIII-MC30HOB. ll He crryqaiiHo: 3a rrocrre,D;HHe 20 rreT 60JibIIIIIHCTBO IIOilbITOK IIO

C'IpOCHIIH TCOpIIH CIIJlbHbIX B3aIIMO,ll;CHCTBHH rrpoaepHJIOCb IlyTCM COIIOCTaBJICHIIH IIX BbIBO,ll;OB 

HMCHHO C ,D;aHHbIMH IIO q>OTOpO)K)];eHHIO IIH-MC30HOB B OKOJIOIIOporoaoii o6rraCTII 3Heprnii. )lJrn 

3KCrrepI1MCHTaJibHOro HCCJIC,ll;OBaHIIH 3TII HBJICHIIH OKa3aJIIICb BCCbMa TPY.lIHbIMII: BHOBb o6pa-

3YIOIUileCH qaCTIIUbl IIMCIOT oqeHb MaJIYIO 3HeprI1IO. qT06bI 3aperIICTpI1poBaTb IIX, q>H3IIKII pa3-

HbIX C'IpaH C03,naBarrII crreuI1aJibHbie BO,D;OpO,D;Hbie MIIIIICHII II TOHKOCTeHHbie cqeTTIIKII, rrpIIMe

HHJIIICb II IIY3blpbKOBbie KaMepbI. Ha3BaHHbIH HaMII KOJIJieKTIIB rrpe,D;JIO)KIIJI OpilrIIHaJibHbie II 

rrpoCTbie MCTO,ll;bl, II03BOJIIIBIIIIIC rrorryq:IITb ,D;aHHbie, OTHOCHIUIICCH K peKOp,D;HO 6JIIl3KIIM K IIO

pory 3HeprI1HM. PH,D; rrpIIHUIIIIIlaJibH0 HOBbIX MeTO,D;OB 6bm mo6peTeH II ,ll;JIH perncTpaUIIII q>O

TOpO)K)];CHHH HeiiTpaJibHbIX IIII-MC30HOB - qaCTIIU, rrpaKTI1qecKI1 MfHOBeHHO pacrra,naIOIUIIXCH 

Ha q>OTOHbl. ABTOpaMH 6bIJIH Il3yqeHbI oco6eHHOCTII pO)K,D;CHIIH IIII-MC30HOB He TOJibKO npII 

CTOJIKHOBeHIIHX q>0'1:0H-I1pOTOH, HO II CTOJIKHOBeHIIHX q>OTOH-,neii'IpOH. B qacTHOCTII, IIMII 

BnepBbie npe,D;CKa3aHbI, a 3aTeM 3KCI1CpI1MCHTaJibHO myqeHbl xapaKTepIICTIIKII rrpouecca q>OTO

pO)K)];CHHH HeH'IpaJibHbIX IIII-MC30HOB Ha H,D;pax, npoTeKaIOmero 6e3 Il3MCHCHIIH CBOHCTB H,npa 

(TaK Ha3bIBaeMbIH rrpouecc KorepeHTHOro q>OTOpO)K,ll;CHIIH MC30HOB). 3TO II03BOJIIIJIO npoae

PIITb 0.lIHH ll3 OCHOBHbIX rrpIIHUIITIOB CIIMMeTpIIII 3JieMeHTapHbIX qacTIIU - Il30TOTIIlqecKyIO 

IIHBapHaHTHOCTb. 

AHaJIIl3 COBOK)'IIHOCTH acex rrorryqeHHblX aarnpaMII pe3yJibTaTOB II03BOJIIIJI orrpe,D;CJIIITb 

Ba)KHCHIIIIIC rrapaMeTpbI Me30HHOH q>Il3IIKII. Heo6XO,ll;IIMO OTMCTIITb, qTo co,nep)KaHIIC COOTBeT

CTBYIOIUIIX pa3,D;CJIOB Me)K)];yHapo,D;HbIX cnpaaoqHIIKOB no 3JieMeHTapHbIM qacTI1UaM II IIX B3aII

MO,D;eiicTBIIHM I1cqepI1bIBaeTCH y)Ke MHOrile ro,D;bl ,D;aHHbIMII 3TIIX COBeTCKIIX IICCJIC,ll;OBaTerreii, 
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HeCM0T})H Ha 3HaqRTeJlbHbie yCHJIHH, npe,n;npRHHTbie B ,n;pyrRX Jia6opaTOpRHX. lliRpOKOe 

Me)K)];yHapo,n;H0e npR3HaHRe nonyqRJIR R RX TeopeTRqecme BbIB0.ZJ:bl. 

HccJie,n;oBaHRH pa3BRBaJIRCb napaJIJieJibHO B TeCHOM KOHTaKTe q:>R3RKOB-TeopeTRKOB R 

3KcnepRMeHTaTOpOB. DblJI npRMeHeH Beeb apceHaJI COBpeMeHHOH q:>R3RKR 3JieMeHTapHbIX qa

CTR.Q - OT qRCTO llH)KeHepHbIX pa3pa60TOK no C03,n;aHRIO CJIO)KHOH annaparypbl ,no a6CT})aKT

HbIX MeTO,n;OB Teopen1qecKOH q:>R3RKH C npRBJieqeHReM TaKHX pa3,n;eJIOB MaTeMaTRKR, KaK Teo

p1rn 06061.QeHHbIX cpyHK.QRH R TeOpRH cpyHK.QRH MHOrRX KOMilJieKCHbIX nepeMeHHbIX. 

B RTOre aBTOpaMR 6bIJIR BnepBbie ccpopMyJIRpoBaHbl R .ZJ:OKa3aHbl, RCXOM H3 cpyH,n;aMeH

TaJibHbIX npRH.QRil0B KBaHTOBOH TeopRR IlOJIH, ,n;RcnepCROHHble COOTHOIIIeHRH .ZJ:JIH q:>OTO

po)K)];eHRH Me30HOB. 3TR COOTHOIIIeHRH ycTaHaBJIRBaIOT CBH3b Me)K)];y 3KcnepRMeHTaJibHO R3-

MepRMblMR BeJIRqRHaMR R HBJIHIOTCH O.ZJ:HRM R3 oqeHb HeMHOrRX CT})OrRX pe3yJibTaTOB TeopRR 

CRJibHbIX B3aRMo,n;eiiCTBRH. Ha RX OCHOBe y,n;aJIOCb CBH3aTb q:>R3R~IeCKRe xapaKTepJICTJIKJI npo

.u:eccoB cpornpO)K.ZJ:eHJIH IlJI-Me30HOB C xapaKTepJICTJIKaMR CJIJibHOro B3aJIMO,n;eiiCTBJIH IlJI-Me3o

HOB C HYKJIOHaMJI JI norryqJITb Ha,n;e)KHbie KOJIJlqecTBeHHbie pe3yJibTaTbl MH npo.u:eccoB q:>OTO

pO)l(.ZJ:eHRH B .ZJ:OCTaTQqHo IIIJlpOKOH o6JiaCTJI 3HeprJIH. TeM caMbIM 6blJIJI 3aJIO)KeHbl OCHOBbl 

TeopeTJlqecKoro OilJICaHJIH npo.u:eccOB cpoTOpO)K)];eHHH. TmaTeJibHaH 3KCnepJ1MeHTaJibHaH npo

aepKa .ZJ:JICIIepCJIOHHbIX COOTHOIIIeHJIH, rrpoae,n;eHHaH KaK aBTOpaMJI, TaK JI q:>Jl3JIKaMR MHOrJIX 

,n;pymx Jia6oparnpJ1ii MJlpa, rro,n;rnep,n;JIJia crrpaae,n;JIJIBOCTb OCHOBHbIX q:>Jl3RqecKJIX npJIH.QR

TIOB TeopJIJI ,n;m1 ,n;aHHOH o6JiaCTJI 3HeprRH. 

BbI.ZJ:BJIHYTbie Ha COJICKaHJle rocy,n;apcTBeHHOH npeMJIJI pa6oTbI, BbIIlOJIHeHHbie a O61:,e,n;JI

HeHHOM RHCTJITyTe H.n;epHblX RCCJie,n;oBaHRH a ,[(y6He R a <DmRqeCKOM JIHCTJITyTe JIM. Il.H. ne-

6e,n;eBa a MocKBe, BHeCJIJI KpynHbIH BKJia,n; a OTeqecTBeHHYIO J1 MRpOBYIO Hayey. OHJI OKa3aJIJI 

~ 60JibllIOe BJIRJIHJle Ha pa3BJITJle .QeJIOH o6JiaCTR cpyH,n;aMeHTaJibHblX JICCJie,n;oBaHJIH, KaK B 

~ CCCP, TaK R 3a py6e)KOM. 

~ A1<ade.Mu1< H Eozo.mo6oe. 
~ A1<ade.Mu1< E. Ilonme1<opeo. 
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OrtHCbIBBeMblH HH)!{e pe)!{IfM ycKopeHHSI ael1TpOHOB peaJIH3yeT paHee 
Ill 

caenaHHOe rrpeano)!{eHHe , B KOTOPOM yKa3bIBaJIOCb Ha B03MO.>KHOCTb 

HCitOJib30B8HifSI cymecTByJOmHx CHCTeM CHHXpo¢a30TpoHa llJISI ycKopeHHSI 

aeATpOHOB. Haes:i: rrpellJIO)KeHHSI COCTOSIJia B TOM, qTo6w npoBeCTH ycKope

HHe B flY Ha BTOpOli KpaTHOCTH, CHH3HB B l!Ba pa3a CKOpOCTb BXO.O.SIUlHX B flY 

H BblXO.O.SIWHX H3 Hero aeATpOHOB no cpaBHeHHIO C Itp0TOHaMH. YcKopeHHe 

B CHHXpo¢a30TpOHe npeanaraJIOCb ocymeCTBHTb B llB8 3Tana, BHaqane Ha 

BTOpoA KpaTHOCTH, 8 nocne .O.OCTH)!{eHHSI rrpenenbHOH qacTOThl ycKops:i:10mefi 

CHCTeMhl ItpOH3BeCTH nepexoa B pe.>KHMe ·cTona· M8rHHTHOro IlOJISI Ha nep

BYIO KpaTH0CTb ycKopeHHSI. 

OTMeTHM c11e.ny10mne oco6eHHOCTH pe)KHMOB pa6oTbl CHCTeM CHHXpocpa-

30TpOH8 rtpH ycKopeHHH aeATpOHOB. 

1. Pe)KHM pa60Thl HOHHoro HCToqHHKa Ha neATepHH npaKTHqeCKH He 

0TJIHqaeTCSI OT pe)KHMa pa6oThl Ha Boaopoae, TaK K8K rrpoHHUaeMOCTb HC

nonb3yeMoro a HcToqHHKe rrannaaneBoro ~HnbTpa oKa3bIBaeTcs:i: nns:i: aeATe

pHSI nocTaToqHo BblC0KOH, a noTeHUHaJI HOHH3aUHH neATepHSI rrpaKTHqeCKH He 

0TJIHqaeTCSI OT IlOTeHUHana HOHll3aUHH BOllopoaa. 

2. Ilng rronyqeHHH pa6oqHX TOK0B ycKopeHHhlX neATpOHOB Ha BhlXOlle 

H3 flY 0K838JI0Cb HellOCTaToqHhlM Itp0CT0 CHH3HTb B l!Ba p838 H8ItpSI)KeHHe · 

Ha qiopHHtKeKTope H yMeHblllHTb 3830pbl Me)1<.o.y apefi¢oBblMH Tpy6K8MH nY 
(sTo Heo6xoaHMO nng coxpatteHHSI paananbH0A ycTofiqnaocTH npn ceToqHofi 

¢oKyCHpOBKe), TaK KBK ItpH CHH)!{eHHH HartpSI)!{eHHSI Ha QOpHHtKeKTOpe yxya-

3 
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waIOTCSi yclIOBHSi cpoKyCHpOBKH ny,rna Ha axone B nY. no3TOMY 6bl1IO pea-
/2/ 

nHaoaaHo npenno)KeHHe o npHMeHeHHH coaMemeHaoro 2-aaaopHoro rpyn-

nHpoaaTenH c HH)KeKuHe'1: a 5-bI'1: aaaop yCKOpHIOUieH CTpyKTypbI nY, l{TO 

nano B03MO>KHOCTb fiO!lHSITb HtfnpSI)KeJrne Ha cpopHH)KeKTOpe H yny<IWHTb TeM 

caMbIM axonHbie napaMeTpbI nyqKa. npH 3TOM B nayx nepBbIX aaaopax 

qacTHUhl He nonyqaIOT npHpocTa aHeprHH H3-3a COOTBeTCTBy10wero aw6opa 

cpaKTopa apeMeHH nponeTa, paaHoro Hynro, a a TpeTbeM H qeTaepTOM aa

aopax ocywecTBnHeTCSI rpynnHpOBKa qaCTHU no cpaaaM H BbipaBHHBaHHe 

HX 3HepreTHqecKoro cneKTpa. CyMMapHo aTo nano yaenHlfeHHe TOKa yc

KopeHHhlX neRTpOHOB a 6 paa. 

Ha BbIXOne flY _ II03B01IH1IO B 2 paaa no

BhlCHTb aaxaaT ne'1:TpOHOB B KBa3H6eTaTpOHHOH H nanee B CHHXpOTpOHHhlH 

pe)KHMbI • 

3. TaK KaK Ha BbIXone H3 nY HMnynbc neHTpOHOB paBeH HMnynbCY 

npoTOHOB, HH)KeKUHSI nyqKa nefiTpOHOB B KaMepy ycKOpHTenSI He Bbl3Bana 

aaTpynHeHHH. noTpe6oaanacb lIHWb 6onee TUiaTenbHBSi HaCTpOAKa KBa3H6e

TaTpOHHoro pe>KHMa. 0THOCHTe1IbHbie noTepH qaCTHU Ha yqacTKe nY - KBa- -

3H6eTaTpOHHhlH pe)KHM npHMepHO TaKHe )Ke, KaK H npH ycKopeHHH npoTOHOB. 

4. YcKopeHHe B CHHXpo~aaoTpOHHOM pe)KHMe ocymecTB1ISl1IOCb B naa 

3Tana: Ha BTOpOH KpaTHOCTH C HCII01Ib30B8HHeM nHanaaoHa qacTOTbI ycKo

pHIOIIIero HanpH)KeHHSI OT 0,2 no I ,44 Mru ( n0 HMnynoca PdneATpoaoa 1,08 r3a/c) 

H Ha nepaoA KpaTHOCTH a nHanaaoHe oT 0, 72 no 1,44 Mru ( Pd= 11 r3a/c). 

nepexon co BTopoA KpaTHOCTH Ha nepay10 ocymecTaneH Ha 'cTone' MarHHT

Horo nonSI, rne npoHcxonHn fiOBTOpHblH aaxBBT nyqKa H3 CIIlIOWHOro K01Ib

ueaoro crycTKa qacTHU, o6paaoaaawerocSI nocne BbIKmotJeHHH ycKopS110rnero 
/3/ 

HanpSI)KeHHSi B KO!{Ue 1-ro 3Tana ycKopeHHSI '=:M. pHc. la) • Ha pHc. la 

OT'leTnHBO BH~eH nepBbIH 9Tan ycKopeHHSI neATpOHOB Ha BTopoA KpaTHOCTH 

H rrepexon Ha BTOpO~ STan ycKopeHHSI C KpaTHOCTblO enHHHua. nepecTpOH

Ka C 1,44 .no 0, 72 Mru qacTOTbI yCKOpSIIOllleA CHCTeMbI Ilf)OH3BOnHTCSI npH 

4 
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BblKnlOl.!CHHOM B4 Hanp~)f<eHHH; CHrHan HHTeHCllUH0CTII np11 3T0M l!C'-le3aeT 

(HHTepB8Jl l2 ' t 3 ) H3-38 pacnnblB8HHH crycTKa qaCTHU no op6HTe 

YCK0pHTenH. 

OnnrManbHb1A Bb16op ¢opMbl MarmrTHoro nonH B pe>KHMe "'cTona"', 

cppoHTa H aMnnnTy,nbl Bt.J ycKopH1oiuero HanpH)l<eHHH, pamrnnhHoro nono)l{e

HHH crycTKa qacTHU nepen nepexonoM Ha BTopon sTan ycKopeHHH .nan 

B03M0)1{HOCTh nonyqHTb MaKCHM8JlbHhlA nepe3aXBaT qaCTHU B (90➔95)% 

(cM. pnc. 16). 

TTepe3aXB8T qaCTHU co BT0pon Ha nepeyID KpaTH0CTh 0Ka3aJlCH qye

CTBHTeJlhHhlM K HepaBH0MepH0CTH "'cTona"' MarHHTHOro nonH. HanHqHe ,na)l{e 

Manwx nynbcauHA Bhl3hlB8Jl0 3aMeTHOe CHH)l{eHHe s¢¢eKTHBHOCTH nepe3aXB8-

Ta. 

HaMH 6bIJIO peann3oBaHo npe.nno)KeHHe onHoro H3 aeTopoe (A. vf. MH

xaAnoaa) CKOMneHCHpOB8Tb ¢a30Bhle B03MymeHHH, B03HHKa~mHe B M0MeHT 

nepexo.na co "'cTona"' Ha pacTymy~ eeTBh MarHHTHoro nonH, qTo .nano aoa

MO)l{H0CTh cnH3HTh noTepH Ha nepexo.ne no KpaAHeA Mepe B .naa paaa. 

O6mnA ¢aKTop noTeph npH nepexone c nepaoro sTana ycKopeHHH Ha 

BTopoA B ny,:1weM cnyqae He npeeocxomrT 40% ( cM. pnc. 16). 

ilan&HeAwee ycKopeHHe qacTHU nocne nepexo.na .no MaKCHManhHoA 

SHeprHH He BbI3blB8JlO 38Tpy.nHeHH:1 ( CM. pHc. 16, Ha K0TOpOM noKa3aHa 

OCUHnnorpaMMa HHTeHCHBHOCTH npH ycKopeHHH neATpOHOB no MaKCHMaJlbHOH 

SHeprHH). 

5. Paapa6oTaHHaH pattee cHcTeMa 6wcTporo eweona ycKopeHHhlX 
/4/ 

rrpoT0H0B 6wna HCIT0Jlh30B8H8 DJlH BhlB0,na .neATpOHHoro nyqKa H3 ycKo-

PHTenH B MarHHTHblA KaHan ( CM. pHC. 2). 

6. B STOM Kattane 6w~o npoeeneHo o6nyqeHHe ewaeneHHhlMH neATpo

HaMH C HMnynhC8MH 9,4 rsa/ c, 7,0 fse/c, 4,5 fse/c HeCKOJlbKHX necHTKOB 

SMYJlhCH0HHblX K8Mep, 6onhWHHCTBO H3 K0TOpblX 6b1Jl0 npH STOM noMemeHo 
/5/ 

a CHJlhHOe HMnynhCHOe MarHHTH0e none ( CM. pHC. 3). 
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ABTOp8MH T8K)Ke 6blJlH nposeneHbI npenaapHTenbHble 3KCIIepHMeHTbI 

II0 ycKopeHHIO a -'18CTHU. OcymecTsneaa HH)KeKUHSI a -l{SCTHU B K8Mepy 

ycK0pHTenSI, 38XB8T B KB83H6eTaTpOHHhlH H CHHxpo¢a30TpOHHhl8 pe)KHMhl 

H ycKopeHHe Ha Manwx 3HeprHSIX. B HSCT0SIWee apeMSI IIp0B0JlSITCH pa5oThl 

no ysenH11eHHIO HHTeHCHBHOCTH rry11Ka a -'ISCTHU. 

OcymecTsneHHe pe)KHMa ycKopeHHSI neATpOH0B Ha CHHxpo¢a30TpOHe 

ysenH11HsaeT 3cp¢eKTHBHOCTb HCIT0nb30B8HHH YCK0pHTenSI H pacrnHpHeT B03-

M0)KH0CTH ¢H3H'leCKoro 3KcnepHMeHTa. 

ABTOphl C'IHTSIOT CB0HM npHSITHhlM aonroM Bhlp83HTb 5naroaapH0CTb 

f.A. EoKosy, B.H. EynaaKoBcKoMy, H.n. fonosaa10, A.3. IloporneHKo, 

E.Ll. LlpamrweaoA, B.C. 3a6onoTHHY, T.H. HnKHTaesoii, C.A. HoBHKDBY, 

n.c. PycaKOBOH, n.r. Cepo6a6e, A.A. CMHpHOBY, IO.M. CTapHKOBY, B.H. Xpe

H0BY, Ll.H. illepcTHHOBY 3a coaeficTBHe B peanH38UHH npeano)KeHHH no yc

KopeHHIO aeiiTpoH0B B CHHxpocpa3oTpoHe OHHH. M bI 6naroaapHhI TaK)Ke 

B.n. CTenaHIOKY H B.A. TTonosy 3a ycTaH0BKY H HacTpoiiKy ae6aaqepa. 
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3. r.c. Ka3aHCKHH, A.H. MHxaAnos. TTpenpHHT OHHH, 2795, Lly6Ha, 1966. 
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TTpenpHHT OHHH, 13-4582, Lly6Ha, 1969; n.r. MaKapoB, A.A. CMHpHOB. 
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PyKOIIHCb nocTynHna B H3Jl8TenbCKHH OTaen 

6 HoH6pH 1970 roaa. 
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a) 

t1 t > tl ti( 

5) 

1Z3" 
P11c. 1 (a,6). Ocu11nnorpaMMa IIHTeHCIIBHOCTII BHyTpe,rnero rryqKa neATpo

HOB. 1 - MOMeHT rrepexona MarHIITHoro rronH B pe)Kl!M "cTona•. 2 - MO
MeHT BbIKmo'-!eHIIH ycKOpH!OWero BY rronH (qacToTa 1,44 Mru). 3 - MO

MeHT ITOBTOpHoro BKn!O'-lemrn yCKOpH!O·nero BY rronH ( qaCTOTa 0, 72 Mru). 

4 - MoMeHT rrepexona MarHIITHoro rron,i 113 pe)Kl!Ma "cTona• Ha paCTYWY!O 
BeTBb. ( OTMeTl!M, '-!TO B MO Me HT 4 l!MeeTcH • WlllJnbKa. B !1p0113B0ilHOi! Mar

HIITHoro rronH ITO BpeMeH11). 

P11c. ~ ABTOrpa¢ ITY'-!Ka neATpOHOB Ha peHTreHOBCKOA ¢oTorrneHKe, ITOMe

WeHHOil B MarHIITHblA Ka Han. ( l1MrrynbC Pd = 9,4 r3a/c, llOTOK - 5.10 JO 
neATpOHOB). 
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I.· .. .. . 
J.·. 

't 

Puc. 3. B3a11Moael!cTa11e ael!Tpoaa ( Pd= 9,4 rsa/c) c srnpoM qioT03Mynb
c1111. 
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KpaTKUt. coo6™cHUR no cpuau,ce Ni 1 RHsapb 1971 4trA H. 

MACWTAEHAH l1HBAPl:1AHTHOCTb AflPOHHblX 
CTOnKHOBEHH0 H BO3MO~HOCTb nonYYEHMH 
CTYt.IKOB 4ACTI1U BblCOKYiX 3 HEPfH '1 TTPM 
PEn.HTl-1BY1CTCKOM YCKOPEHU.H MHOf03APHilHblX 
l10HOB 

A~ Ean.q Ha 

TiyqKH qacTl:lU BblCOKHX 3HeprHA no nocne!lHero BpeMe

HH nonY'ianHCh· HCKnIO'iHTenhH0 Ha np0T0HHhIX H sneKTp0H
HbIX ycK0pHTeJrnx, T.e. npH ycKopeHHH qacTHU, o6nanaK>
lllHX elUIHH'iHblM aapstLl0M. y CK0pem1e qacTHU, 0611anaK>11rnx 
38pslLl0M 6onbWHM e!lHHHUbl, KaK H3BeCTH0, B npHHUHne 
naeT B03MO>KHOCTb nonr1HTb 3HeprHIO ycKOpSieMblX qac
THU (npl:l 0LlHH8K0BhlX napaMeTpaX ycKOpHTeIISI) 6onbwy10, 
qeM 3HeprHH npOTOHOB, B qHcno paa, paaaoe Kp8TliU~TH 

aapHLla. TaK, sanpaMep, Ha fly6HeHCKOM CHHXpO<p830TpO
se, paccqHTBHH0M Ha nonyqeaae npoT0H0B c sHepraea 
10 fsa, M0>Kao nony11HTb Rnpa renWI c aeeprHe8 20 raa, 
a snpa aeoea (aapsn 10 e) c aeepraea 100 fsa. BoaaH
KaeT ecTecTBeHHhIA aonpoc, ee nony11arcsi nH a peaynh
TaTe CT0IIKH0~eHHH C MHWeHblO SILlep, HanpHMep, Heoaa, 
0611ana101UHX 3HeprHeA 100 rsa, nyl:JKH BT0pHqHbIX qacTHII, 

nony11eHHhie IlOKa TOilbKO Ha CeprryXOBCKOM ycKOpHTene? 

YTBep!lHTenbabIA 0TBeT Ha ST0T sonpoc oaaaqan 6w, qro 
c noM0lllbIO ycKopeHHS! Tst>KenhIX sinep, 06nana10urnx 6onee 
BhICOKHM aapH!l0M, M0>KH0 0hlIIO 6bl cpaBHHTeIIbH0 Aewe
BhlM cnoco6oM B K0p0TKHe cp0KH nony11HTb IlrIKH 118CTHU 

- peK0pAH0 BhIC0KHX asepri!A. 

llenb H8CTOSlllle.A. 38M€TKH - paCCMOTpeTb aTOT sonpoc 
H caenaTb onpeaeneeawe npeacKa3aHHSI. 

O6wqHo Ha sonpoc o soaM0>KH0cru nepeaaqa 6onbwo8 
3Heprs,rn COCT8BHhIM SI.llpOM o,nenbHOMy ( Hanp11Mep, CBO-
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60.AHOMY H IlOKOSllUHMYCH) np0T0HY 0TBetJalOT 0TpHUaTen&

H0. Bbl.ABHraroTCSI coo6pa)KeHHSI_ 0 'pbIXnOCTH' Sill.pa, 0 
Manca aepOSlTHOCTH KOHUeHTp8UHH aaeprHU rpynnbI HyKnO

H0B Ha 0.AH0M HyKnoae. Boapa)KeHHSI cpopMynHpylOTCSI TB.K
)Ke cneay10mHM o6paaoM. 

HaaecTao, 1iT0 .AH<pcpepeauHanbHoe ceqeHHa ynpyroro 
pacceRHlra np0T0H0B Ha Hll.pax ~KCll0HeHUHanbH0 aaBHCHT· 
or KBaapara qerwpexMepaoro nepeitaaaeMoro HMnynhca 

~ ,.., eat • npa11eM a ~ R2 , rite R - paaHyc· .Bll.pa, a 
dt 
-t = (P - p' ) 2 ·= 2m'l'. 3aec.b P a p' - 4-HMnyn.bCbI HY-

Kn0Ha Ao B nocne cTomcaoaea11.s:, • - Macca HyKnoaa, a 

T - KHHeTH1i8CKBR 9HeprHSI npOTOHa nocne CTOlUCHOBeHHSI. 

Ha npHaeaeaaoa cpopMynw aerpyll.H0 nonf1iHT.b, 11ro aepo
SITH0CTh nepeitaqH aHeprHH -J raB 6y.cteT C0CT8Bll.s:T.b~ 8-4() • 
OitBaKO 8TH coo6pa)KeHHSI 0THOCSITC.S: X 11HCT0 ynpyroMy 
CT01IKH0BeHH10. CT8THCTH11ecxae JKe coo6paJKeHHSI 0 K0H
aeaTpauaa aaepraH 0TH0CSITCSI x paaaoaecawM npoueccaM 
H ae H.MelOT 0TH0WeHBSI X /leny. HaHny_11wHA X0J:ITpapry
MeHT - nony,1ea:ae ny11KOB BTOpHl!HhlX 'IBCTHU aa coape

MeHHhlX PeJlllTHBHCTCKHX YCKOpHTelUIX npe: CT01IKHOBeHHH 

npOTOHOB C npOTOH8MH. XOTSI ceqeaae pacceSIHHSI ~- Me-

aoaa aa &y1tnoae T0}Ke HMeeT BHll ~ - eat, aTo Be 

.MewaeT nony11aTb ny11xa naoaoa c aaeprHeA 50 H /la}Ke 
60 rsa Ba yc1t0pHTene np0T0H0B c aaepreeA 70 raa. Ilpa
ae.neeH.blA npe:Mep [I0K83h1B8eT, l!TO cpopM<p8KTOpb1 He ar

palOT cymecraeaaoa pone a npoaeccax o6paaoaaaag iiac
THU B JKeCTKOA ll8CTH cneKTpa. 

Cll.enaeu icpa.aaee npe/lnonoJKeaae, 11ro He T0n.bK0 
cpopMq>aKTOp.bl, HO H D.pyrae npocTp8HCTBeHHbI8 xapaKTe

pHCTHKH { HanpHMep, cpe.naee paccTOOHHe Me)K.Cly HYKJIO
H8MH) He HrpalOT cymecraeaaoA ponH npH CTOJlKHOBeHHH 

a/lpoaoa H Rll.ep npa ahlcox.ax aHeprH.HX. Hawe npe.anono
)Keaae COOTBeTCTByeT 8BTOMOAenbHOMY xapaxrepy noae

.aeaH.H peweHHll HeKOTOpbIX aaaaq rHll.pO.AHHBMHKH {aaaa11a 

cenhaoro T011eqaoro B3phlBB) / 1,2/. 3T0 npennono}Keaee c 
ycnexo.M 6wno npHMeHeao K aaD.a11e rny6oKo aeynpyroro 
pacce.B:Hlill aneKTp0H0B Ha HyKnOH8X /3-5/, T.e. KaK paa K 
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3aaaqe, oqeH& 6nH3K08 x naTepecy10me8 Hae - K aanaqe 
0 nepeaaqe 6onhWHX HMnynhCOB npH CTOnKHOBeHHSIX Bhl-
COKHX sHeprH8. _ 

nHqxpepeHUHanhHOe ce1.1eirne npouecca I + I- 1 + 2 + 
+ 3 + ••• aaeTcsi H3B8CTH08 q>opMynoa Menne pa 

d6 = 4,_2 . [d;P 1 

tnxPI B1 
• • • 

X 1 
(2jn + 1)(2jI + 

d'Pn]·84(P! - PI - PI)x 
En 

1) Il<flS - 111>1
2

, 

:t ,1 

< f IS - 1 f 1> - MaTpH'lHbie aneMeHTbI S- MaTpHUbI. 
Hawe acxoaaoe npeanono:>Keaae oaaaqaeT, qTo Mac-

wTa6aoe npeo6paaoaaaa~ scex HMnyn&cos BHaa 

P1-}f,P1 

npHBOaHT K YMHO>KeHHlO ceqeHHR Ha MHO»<HT.em:> ~-2 • 
IlycT& Hae HHTepecyeT cya&6a qacTHilbI 1, no HMnynb

caM CCTan&Hbl.X li8CTRU npOHHTerpapyeM. CeqeHHIO MQ)i(HQ 

npHaaT& aaa ( npaae6pera.51 •~ no cpaaaeaH10 c ~ ) • 

dG 

dP1dQ1 

p 

= -1... f ' 
Plm][ 

( 1 ) 

<p- q> YHKUHSI, 38BHCSIW8Sl TOnbKO OT perulTHBHCTCKHX 

HHBapHaHTOB a 1:1Me10masi paaMepaocT& lm-2). CoxpaHSISI 
npeeMCTBeHHOCTh c aaaaqeA aeynpyroro paccesiHHR aneK
Tpoaoa Ha ayxnoaax, BhI5epeM B KaqecTBe perulTHBHCTCKH 

HHBapHaHTHb@IX nepeMeHHbIX q2 = - (Pl - P1 ) 2 = 4E1E1Sin2e;2 

H v = ~ = = EI _ E
1

• Toraa cp MO:>KHO aanHcaT& 

B BHae 

1 2:mnv 
Cf'= ~ F( 2 ) 

q q 
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r.ne F- YHHBepcanhH.'.lSI q>yaKUHSI OT O.0.HOA 6eapa3Mep-
HOA, HHB8pHaHTHOA nepeMeHHOA 

1 - Z 

r.a.e Z = E1/Er. 
CeqeHHe, rrpoHHTerpHpoaaHHOe no HHTepaany yrnoa, 

MO:>KBO 38ITHC8Tb B BH.O.e 

d6 

dP1 

l2) 

r.oe cp- yHHBepcanhHaSI q>yHKUHSI OT E1/E1 • YiMeHHO 
TBKOI"O xapaKTepa cneKTphI BTOpHqHhIX q3crnu aa6n10.a.a
nnch Ha CepoyXOBCKOM ycKOpHTene /8/. 3TO CBH.O.eTenbCT

ByeT B nonb3y TOI"O, 1ITO CTOnKHOBeHHSI 1IuCTHU BblCOKHX 

3Heprull onpe.neJI.9:IOTCSI ra.npo.nHH8M 5-i"iCCK HM 11 CBOi1CTB8MH 

a.npOHHOA MaTepHH, a He reoMeTpH1IeCKHMH xapaKrepHCTH
K8MH CTanKHB810II{HXCSI 06'beKTOB •. 

TaKHM o6paaoM MhI C"-lUT8eM, 1ITO cne.nyer OTBeTHTb 
nono.acnTen~ao Ha nocraaneaahiit B aaqane cTaTbH aonpoc. 

TipoaepKa nonyqeaao:n Bhillle OCHOBHO.A aaKOHOMepaocra 
(2) nocne oonyq:eaHSI Ilj"IKOB perulTHBHCTCKHX R.nep npe.q
CTa.BJUieTCSI aaM Kpaitae aa:>KHoA. fnaaahIA aonpoc, a:a KO
TOpbIA Ha.no nonyqHTb OTBeT, cne.a.y10mliil: HaqHaaSI C Ka

KHX 3Heprua aaqaeT ocymecTBIISITbCSI 8BTOMo.nenbHhIA 

pe.>KUM npH CTOnKHOBeHHH pemlTHBHCTCKHX SI.nep? 
KaK Il0K838HO BbIWe, .naHHhie O BTOpHqHblX nyqKax Ha 

CepnyxoasxoM ycKopliTene SIBHO yKaahIBBIOT Ha peanaaaUHIO 
8BTOMO.llenhHOI"O pe)KHMB B qHCTO aapOHHbIX CTOnKHOBe-

HlHIX. Eonee .neTanhHasI npoaepKa sToro BhIBo.na aacny

)KHBdeT cneuHanbHhIX 3KCnepa~eHTOB ~a pelUITHBHCTCKHX 

ycxopHTenRx npoToHoa. B oco6eHHOCTH iKenarenhHa npH- . 

MasI npoaepKa 3aKOHOMepHOCTH 

d6 

BKn1011a10maH uarzeHHe yrnosbIX pacnpe.a.enem1a. 
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HayqeHHe s¢¢eKTOB, CBH38HHhlX C 6onblliHMH nepenaqaMH HMrrynbCOB 

npH CTOnKHOBeHHH nenTOHOB C anpoHaMH HnH anpOHOB C anpoHaMH, npHBne

KaeT a rrocnenHHe ronh1 ace 6onbwee BHHMBHHe. B peaynbTaTe MHoroqHcneH

HhlX HCCnenoaaHHA 6hlnH o6Hapy)KeHhl oqeHb HHTepeCHhle 38KOHOMBphOCTH, 

HOCHWHe yHHBepcanbHhlA xapaKTep. 

CpenH 9THX 3aKOHOMepHOCTeR oco6oe 3HaqeHHe HMeeT M8CWTa6HaH 

HHB8pHaHTHOCTb, IIO-BHilHMOMY' 0Tp8)1{8J0Ul8H o6urne B8)Ki-lble CBOHCTBa MaTe

pHH. OnHHM H3 HpKHX nposianeHHH 9TOH 38K0H0~tepH0CTH cnenyeT cqHT8Tb 

o6Hapy)KeHHYJ0 38BHCHMOCTb OTH0wemrn BbIX0il0B BTOpH'IH,,IX KaOHOD K 

/1/ 
TOnbK0 OT 0THOWeHH~ p / P ma,c , rne Pma1t - MaKCHManbHhlA ITHOHSM 

HMnynbc, a p - HMrrynbC BTOpHqHOH 48CTHUbl, n1rn p ·> 0,6 P max 

Dpo6neMa nonyqeHHH BT0pH'll~TLIX ny'llKOB 'i8CTHU HMeeT 6onbwoe 3Haqe

HHe He TOJlbKO C TOqKH 3peHH SI OTMeqeHHblX Bbl We HileH, HO H C T0'IKH 

3peHH~ nnaHHp0B8HHH 9KCrrepHMeHTOB, CTp0HTenbCTB8 H ycoaepweHCTB0Ba-

HHH yCKOpHTeneR. 

Ha CHHXpo¢aaoTpoHe a aarycre 1970 r. 6wnH aaaepweHhl pa6oTw no 

MonepHH38UHH pHna CHCTeM ycK0pHTenH H nonyqeH pemHM ycKopeHHH neATO

H0B c HMnynbCOM 11 rsa/c. 
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HOBhlH pe>KHM OTKphlBaeT HHTepeCHhle nepcneKTHBhl anSJ HCCneaoaaHHA 

/2/ 
B o6naCTH penSJTHBHCTCKOH SJaepHOH ¢H3HKH • nocOKOnbKY Rapa aeftTepHH 

o6naaaJOT OTHOWeHHeM aapSiaa K Macce npHMepHO TaKH M X<e, '-ITO ff Hap a 

C 0,0HHaKOBblM KOnHtteCTBOM npOTOHOB ff HettTpOHOB, TO npo6neMa penHTH

BHCTCKoro ycKopeHHSI MHOroaapSI.OHblX SJaep Ha CHHXpo¢a30TpOHe B 0CHCBHOM 

CB0.OHTCSJ K npo6neMe C03.08HHSJ HCTOttHHKOB nonHOCTb!O 1[0H1!30BaHHhlX c'.lTO~fOO. 

YcKopeHHe ttaCTHU, o6naaaIOWHX 3apHa0M, 6onbWHM ea11m1Ubl, aaeT B03M0>l<

H0CTb nonyttaTb 3HeprHIO ycKopHeMblX ttaCTHU ( llpH 0.OHHaK0BLIX napaMeTpax 

yCKOpHTenSJ) 6onbwy~. tteM 3HeprHH np0T0HOB B ttHCno pa3, paBHOe KpaT

H0CTH HX 3apHaa. 

8 CBH3H C H3nmrceHtlhlM B03HHKaeT ecTeCTBeHHb!H B0npoc: CKOnb 

HHTeHCHBHbl 6yayT nyttKH BT0pHttHblX ttaCTHU C 3HeprHel1, npeBblWB!OllleI1 

3HeprHIO, npHX0.OHWYIOCH Ha 0llHH HyKn0H penSJTHBHCTCKH .OBH>Kymer0CH Siapa? 

OTBeT Ha 3T0T aonpoc HMeeT 6onbwoe 3HatteHHe B o60HX yKa3aHHhlX BhlW9 

acneKTax. 

/2,3/ 
B pa6oTax 6binH BblCKB3BHbl coo6pa>KeHHH B nonb3y B03MO>KHOCTH 

nonytteHHH Ha 0CH0Be penSJTHBHCTCKoro ycKopeHHH MHoroaapHaHblX HOHOB 

BT0pHttHb!X ny'IKOB ttaCTHU C 3HeprHeH, 3H8'IHTenbH0 npeBbIWaJOUieH HOMHHanb

HylO aHeprH10 ycKoprfl'enSJ. 

EcTeCTBeHHO O>KH.08Tb, 'ITO anH 6onbWOH nepe,oaqff atteprHH O.OHOH 

BTOpHttH0'1: '{8CTHU9 rpyn'na HyKnOHOB HaneTa10wero SI.llpa .OOII>KHa HaXO.OHTbCSI 

Ha OTHOCHTenbHhlX paccT0SIHHHX, M9HbWHX pa3M9p0B o6naCTH, B K0T0poA 

np0HCX0.OHT MHorottaCTHttHhle o6MeHw - TO eCTb Il0SJBneHHe IlH0HOB c aHep

r1rnA, 3H8'IHTenbH0 npeBbllllBIOWeH aHeprHIO, K0T0paSI npHXOllHTCH Ha 0.llHH 

HyKn0H HalleTaIOwero Hapa, SIBIISJeTCSJ cneaCTBH9M MH0I'0HyKn0HH0f'0 CT0IIK

H0BeHHSJ, cneaCTBHeM SJ.OepHoro KYMYIISITHBH0ro a¢¢eKTa. 

Ue/Ib'!{) HaCT0Sllll9H pa60Tbl SIBIISJII0Cb o6Hapy>KeHHe npocTefiwero MHoro-

6apHOHHoro CT0IIKHOB9HHH: 

d + Cu ➔ 11-+ 
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npu 3Hepruu nHOHOB, 3HaquTenbHO npeBbIWaroweA nonOBHHY KHHeTuqeCKOH 

3HeprHH .aefiTOHOB. 

3KcnepHMeHT 

nepaHqHblH nyqoK ycKopeHHblX .aeiiTOHOB ( d) nonanan Ha on~y 113 

noMeWeHabIX :s KaMepe yCKOpHTenst Me!lHblX l\.'1HllleHe.H T7 T2 T3 r,, 
T5 . ( pttc. 1). Pol!</leHHhie B HanpaaneHHH na.aa,ournx neiiTOHOB n110Hbl 

aHan11attpoaanHcb no HMnynhcy MarHHTHbIM noneM ycKop11Tenfl H nonanan11 D 

MarHHTHhle Kauanw K1 11 K2 (pHC. 1 ). nepBhle 06beKTHBl>I ( fl 1 , fl 2 

" n 8 ,n9 , n10 ) MarmITHOH onTHKH KaHanoa onpeaenHmt Tenec11L1e 

yrnbl BbtneTa BTOpHqHbIX ITHOHOB 
-4 -4 

l\n, 1= 2.10 " l\n2 = 4.5.to 

CTepa.a), a HMnynbCHL>1e wenH K 1 

pyeMblX HMTiynbCOB ( ± l\p le: 3% 11 
P1 

H K2 onpenamm11 HHTepoan perttcTpu-

± l\pi = 1,5%). AHanH3Hpyroume M8r'HUTbl 
P2 

(H1H2 H H3) BMecTe c MarHIITHt.lM nonel\t ycKopnTenfl onpenemmu 3Hep-

rHIO BTOpHqffblX . TIHOHOB. 

nocKOnbKY reoMeTpHH MarHHTHblX KaHanoo (~HKCHpoBaHa, pa3111,1e 3Hep

I'HH BTOpHqHL!X l1HOHOB 1\10)!<110 6l.>1no nonyqHTb, m160 'vleHSISI i\rnureHb B KaMepe 

YCKOPHTenst ( 11 T 2 H r.n.), m160 ,1eHS1H MarH11Tuoe none ycKop11TenH, 

T .e. MeHSISI 3HeprHIO ycKopeHHLIX .!l•~HTOHOB. 
- J2a 

CeqeuHe pomnemrn nttouoa n d onpenenstercst qepe.3 113MepsteMb1e 
d d p · 

BennqHHhl cne.ayIDWHM o6pa30M: 

d2ad =-·-----n 1 

dndp N e-l\n.l\p• ( 

n - HHTeHCHBHOCTb po>K(If~HHblX !l8iiTOHOB, 

N - HHTeHCUBHOCTb na.aaIDWHX .aeATOHOB, 

2 
e - qttcno st.aep Ha CM, 

u 0- TeneCHblii yron Mar'HIITHOr'O l~aHana ' 

l\p- HHTepaan HMnynbCOB H 

r.ae 

( - 3cp<peKTHBHOCTb B3,ll1MO.aeii CTBllfl nepa11qH0·· 1) :1yqKa C ;\llllllCHbIO. 

5 
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'4To6bl HCKnlOttHTb norpeWHOCTb, CBR38HHy:o c aq>q>eKTHBHOCTbIO D3i3UMO-

Jl0RCTBHR { E ) ycxopeHHOI'O nyttKa .oeATOHOB C MHWeHbIO, a6conIOTHasr Hop-

/1 4/ 
MHpOBKa 6bll18 BblilOnHeHa no 3KCnepH!\:19H1_'8nbHblM .oaHHblM ' .onsi C9'I9HHR 

pO)K.Qemrn IlHOHOB ycKopeH!lhlMH npoTOH8"-1H. ileACTBHTenbHO, ceqeuue o6pa30 -

B8HHR IlHOHOB npOTOHa MH paaao: 

_d_2_a __ P_ = _m_ .• ___ 1 ___ _ , rae 

dQ dp M e•~Q.~p•l 

m - HHTeHCHBHOCTb pmKJl0HHl,(X nHOHOB,' 

M - HHTeHCHBHOCTb yCKOpeHHWX npOTOHOB. 

Cner.toaaTe11hHO! 

2 
dad 

dQ dp 

2 
d ap 

=T/ ------
d n d p 

TJ - 3KCnepHMeHTanbHO H3MepsreMasr aenH'IHHa. 

HaMepeHHR Ha ycKopeHHhlX npOTOHaX 6~nH npOB9JlCHhl 6ea H3MeHeUHH 

reoMeTpHH OilbITa ( nono>KeHHH MHW0l1H B KaMepe YCKOpHTensi, M8I"'HHTHOI"'O . 

nonsr YCKOpHTensr H OTITHKH M8f'HllTHOI"'O KaHana)~ 

HHTeHCHBHOCTb nepBHttHOI"'O nyttKa npOTOHOB ( M ) 8 .oeATOnOB ( N) 

onpe.oensrnacb TIO BHyTpeHHeMy MOHHTOpy nyttKa CHHXpoq>a30TpOHa C TO'IHOCTblO 

• 10%. 11HTeHCHBHOcT'b BTOpHttHblX TTHOHOB ( n H m ) onpe.oensrnacb 

CHCTeMoA ttepeHKOBCKHX .l"O.QOCKOTIHtteCKHX ( .C3Han 1) 
151 

H CUHHTHnn~UHOHHhlX 

ctteTttHKOB (KaHan 2). 

PerHCTpHpy10masr armapaTypa ( pHc. 1, KaHan 1) COCTOHna H3 Ctt~T

'IHKa 8HTHCOBIT8Jl0HHH ·s a C OTB0pCTH0M JlHSMeTpOM 7 CM, orrpe.oenHIOUlero 

paaMephl nyqKa IlHOHoB; f'OJlOCKOilHttecKoro Ctt~TttHKa fo llBOHHhlX coanaaeHHA 

ueaTpanoHOH 30Hhl H .llHq>q>epeHUHanbHOI"'O ttepeHKOBCKoro Ctt~T'IHKa M TpOfiHhlX 

coarraaeHHH. TTpH yrnoaoM paapemeHHH :!:. 2 Mpaa CHCTeMa HMena 

3HepreTH'I0CKOe paspemeHHe + ~: = 1,5%. 

'I&AH~e coanaaeaHsr) ansi onpeaeneHHR 

YpoaeHb q>oaa (cny-
n -8 

OTHOlll0HHH COCTaBnHJI 10 • m 

6 
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CtfeT'IHKH H8CTpaHaan!{Cb Ha perHCTpaUHIO nHOH03 TaK, lfTO aepostTHn«:Tb 

per'HCTpamrn MIOOH1(:>H ll 3neKTpOHHOH KOl\tnOHeHT He npeBblWana HeCK0.1bKIIX 

npoueHToa. 

B 4JoKa1thHOH nnocKOCTH KaHana 2 racnonarancsi roaocKon 113 Tpex 

CUHHTHnnstUHOHHl,IX ClfeTlfHKOB. 

B ra6mme 1 npHae.cteHhr 3KCrrepttMeHTanbHhre aaHHhle no eenw-mH~ 71 

anst pa3flHt{HblX nepBlftlH":>IX 3Hepruii aeflTOHOB, pa3J1Ut{Hbl~ 3iiepru ii II yrnoa 

Bblllera BTOPH'IHolX TIHOHOB ( ace eenH'IHHbl B na6opaTOpt10li CUCTe/1.fe KOOi)Jlll

HaT) • 

Il11;i on;>eaeneHHSI a6comoTHOJi aem1'IHHb1 ceqemrn po*;,e.mSI m10Ho0 

neiiTOHaMH no H3MepeHHOH BellHlfHHe 7l Heo6X,)JlH/1.10 HMeTb 3KCTpanomt-

poBBHHb"e 3Ha'leHHSI cetfeHH51 pO)l<!leHHSI IlHOHOB ( YK838HHl,IX B cron6ue 2 

Ta6nttUbl 1 3Hepruii) npOTOHa.vrn C HMnynuC0/1.1, paBHblM lfMilYllbCY ycKopeH

HblX ,'.leHTOHOd. 

AHanH3 3r<CnepttMeHT8llbliblX Q.:lHHhlX ~o Ce'-leHUIO o6pa30Bamrn IlUOHOn 

aa >1npax ( Be Al Pb ) npOTOr.8MH C lfMnyJibCOM 11, 8; 18,8; 
/1 4/ 

23,1; 70 f3a/c ' MeTOJlOM HBHMeHb!llHX KBanpaTOB noKa3an, •(TO 

dl u 
rrno6xo,nuMaSI n.·rn HOpMHpOBKH BellHlfllHa p - MO)l<e'I' 61,1Tb anllpOKCH-

dO dp 
MHPOBBHll tlHBlllITHlfeCKOH <PYHKUHeH OllHOA nepeMeHHO~ 

X , 
•Prr 1 Prrma1r I ra.e 

p TT - lfMnynbc pO)l(JlE!!-IHOro n&{Offa, 

PTTmar M8KCHM811bll,,IH HMilYJlbC nHOHll 13 npennOJIOiKe~iHH, 'ITO 

HaneramwuA npOTOH A3aHMO.neAcTayer C OJlHHM H3 HYKJIOH03 

Hllpa MHWeHI{. 

Ha p1tc. 2 npHaeaeHbI 3KCnepliMeHranbHhle namc,1e no 
dO dp 

nepeClfliT8Hilble Ha !IllPO Men" ( npstM8SI nponopUHOHUJibHOCTb nonHOMY Heynpy-

I'OMY ceqeHHIO) ·a 38BlfCHMOCTlf OT nepeMeHH0.1 X 

nepecqera Ha stll?O Men" HeynpyrHe celfeHHst, paBHhle 

8 
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Taauue. I 

KRaernecKU Kimyuc MuCIDIUL■O Yrci Met0.l 3BepMI 1ropn1ua 103MODMI aw.tera 
ftlTOBOII 0•0■01 Dmy.Hc BTOp■lfllWX rt_ 

H3MepeHHR 
rH) (r:ni/c) n•oRA,goz- 010B0B 

.lhRor O.PJIM ( Mpa..1. ) ■a ayuo1101 
'elTOA 
u/c 

12 2· 3 ' 5 - - 6 
-2 

7,60 4,23 3,82 C (I,7 .;t0,25).IO CUJfBtNaJRUMOHHYI 

7,92 lf,62 3,98 0 (I,?.+O,I8) 10-2 qepeHOBCXNH 

~ 7,92 4,62 3,98 9'+ (I,5+0,22) 10-2 qepeHJtOIICJ(ttl 0 co -
8,52 4,95 4,30 0 (O,8,!O, I2) 10-2 qepeuxoscnll 

8,52 4,95 4,ro 94 (i,2.;t0,I8) 10-2 qepeHltOBCKJIR 

5,40 3,35 2,72 0 (O,8+0,12) 10-2 CU 11B tll.11.llllU!OllHY 8 -
8~52 7,02 4,30 0 (5,3+0,8) 10-4 qepeHJCOJCJtHR 

8,50 7,2'+ 4,29 0 (4,4.;tC),7) 10-5 CUHHTtlJIJllllUIOHHYD 



Kl1HeTHtiecKa.R 
:3HeprHH 
)!et1TOHOB 
lI':3B) 

7,60 

7,92 

7,92 

8,52 

8,52 

5,40 

8,52 

0,667 

0,694 

0,68I 

G,779 

U,966 

Ta6m11ta 2 

X 9 
[m"--] 

0 

0 

94 

0 

94 

0 

0 

10 
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3,BI+0,76 -
2·;24,:tO, 45 

0,82,:t0,I7 

I,52,:t0,30 

0,83+0, I7 - ' 

I,24,:t0,25 

O,OI4+0,003 -

0,057,:t0,0I5 

O,OlJ.5+0,0I2 -

C,03+0,008 -
O, C6+0, OI5 -
o, 3,:t0,2 



d~6(w) [ mi ] 
f (pBe)3,75 

Po 
1 f .s 

d Q dp _ ,t. Ge-1/c 2 (pBe}3.75 ~ 8.8 
~ (pBe)3.75 23.~ 

i0
3 

y f (pPt)O.'f9 ~8.8 
~b ? (pPS)OA9 23.1 

¢ {pAt)i. 8 70 

~02 

1d 

4 3!:03 
(i.68:t0,16)1oXti-X) . ·e-(2.l!O,G)X 

i0° 

X 
0.2 · DA Q.6 0 .. 8 .0 

PHC. 2. ArrrrpoKCHM8UHH 3KCrrepHMeHTanbHhlX aaHHhlX rro ceqeHHID pomaeHHH 
ITHOHOB Ha Hapax MeaH aHanHTHqeCKOH ¢YHKUHeH. 

I I 
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a(Be) = 227 M6 

a(AI} = 472 M6 

a(Cu) = 850 _\,f6 

a(Pb)= 1750 M6, 

x0powo cornacy10rcSI C 3[ll)HCHMOCrbIO o·: aTOMHOro HOMepa THna A213 • 

3KcnepuMeHTam-.,;1we aaHHh1e !pHTHpoaanucb attam1TH'leCKOil qiy1m1rnen 

aima: 

d la __ _...__= AX (1-X) c .-aX • 

dn dp 

ITpH x 2 
= 29 (28 3KCnepHMeHTanbHJ,!X TO'teK) nony'leHl.,1 3Hct'l{eHHSI 

napaMerpoa: 
4 A = ( t ,68 .:t.. o, 16) to 

a = 2,70 .:!:. 0,60 

C = 2 ,99 t_ 0,30 

M6 
crep. f3a/c 

TaKIIM o6paooM, 3KcnepHMe!rranbHr,re aam,~,e no po::-t<ae!-rn1O nHOHOu nporo

HaMH pa3Hl.,IX 3aepr-Hli 1'.IO>KHO onHC8Tb <PYHKUHeii. 3aBHCflllWli or OTHOCHTem~--

i-IOH nepeMeH11oil X • Mcnom,ayH Hai'taeHHJ!O napar-.1erp11aauH10, MO>Kilu 

rIO 3KCnepnMeHTanbHOli aemI'l{ltHe 1/ Ha!1TH a6co..-z:orm,re aenH'IHHul ceqe-

HHSI o6pa30B8Hlifl nUOHOB aeilTOHa:vrn. 3KcnepuMeHTam,Hr.,re aaHHh1e no 
dla d 

dn dp 
npHBellP.llbl a Ta6nuue 

dlad 
OTHOllleHIHI ( a 

d 2 a p 

dfl dp 

) Ce'--leHHll 

II 

dn dp 

npu raKOll 3Hepnrn npOTOllOB, 'l{T06 ,I i\lc!KClff\18,1'.,if() •l03!,10>KHl:le 

. B 3Ton >Ke ra6nuue np0aeaeHhl 

HMnynbC-:bl nHOHOB B peaKUHflX 

( X - OTHOllleHHe HMnynbca pO>K;J:.::U t•.)i'O nHOHa :~ MaKCHManbHO !)O3~fO>K-

uouy B peaKUH H C aeiiTOHOM). 

Ha pHc. 3 npHaeaeHa KpHaaH ceqeHHH pomaeHHH n0OHoa aenroHaMH, 

flDpMttpoaaHHaSI ria cpenttee 3Ha'--lemrn a , Ha11aeHJIOe HOpMllpOBKOll 

3KCnepHMeHT3nt.ilib!X .'lHHU!>IX an SI aei1TOUOB no npOTOfiHOMy !pH Ty• 

1 2 
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O6cy*Jl8HHe 3KCnepHM8HTanbHhlX Jl8HHhlX 

nonytteHHb18 pe3ynbT8Tbl nOK83bIB8!0T, 'ITO npH: 6oM6apnHpOBKe MHllle

HII Jl8*8 TBKHMH cna6o CBH38HHbIMH HJlp8MH: KaK Jl8HT0Hbl BbIXOJl BTOpHttHblX 

IlH0H0B 3anaHH0H 3HeprHH: scero nHlllb B - 25 pa3 HH*e tteM npH 6oM6ap-

nnp0BKe TOH *8 MH:lll8HH npOT0HaMH (npH paBHhlX KHH8M8THtt8CKHX npe

nenax nnH 3HeprHH IlH0Ha, P0*Jl8HH0ro Ha HyKn0He MH1ll8HH). TaKHM o6pa-

301\t, o6Hapy):,eHHblll scpcpeKT JlOCTaT0'IH0 BenHK, 'iT06bl npenocTaBnHTb HHTepec 

B o6onx, YK838HHblX BO BBeneHmI, acneKTax. 

/3/ 
B 6b1na BblCKa3aHa rHTT0Te3a, 'iT0 cneKTpbl BT0pHttHbIX 'i8CTHU 

BblC0KliX 3Hepruii npH CT0nKH0B8HHH penHTHBHCTCKHX Hnep onpenenmOTCSI 

noKanbHhlMH CBOHCTB8MH anpoHHOH MaTepHH, a He reoMeTpH'i8CKHMH xapaK

TepHCTIIK8Ml1 CTanKHBBI0lllHXC 5I o6'beKTOB ( ¢opM<p8KTOp8MH). 3Ta rHnOTe3a 

<pBKTHtteCKH 03HattaeT pacnpocTpaHeHHe M8Cll1Ta6HOH HHB8pH8HTH0CTH Ha 

CT0nKH0BeHHe penHTHBHCTCKHX Hnep. 

CornaCHO c¢opMH:pOB8HHOH rHnOTe3e,cneKTp BT0PHttHhlX ttaCTHU OT 

6oM6apnHpOBKH ru:tp8MH nefiTepHH non*eH onpenenHTbCH TOH *8 YHHBepcanb-

HOH cpyHKUH8H OT apryMeHTa X 'KOT0poA 0DHCblBaeTCH cneKTp BT0pHtt-

Hb(X 'll8CTHU B HYKll0H-HyKn0HHbIX CTOnKH0BeHHHX. l,13 pHc. 3 BHJlHO, ttT0 

3KCnepHMeHTanbHbie JlSHHhie, nonytteHHble B H8CTOSIUleA pa6oTe llllH Sillep 

neilTepHH, xopowo cornacy10TCH c ST0H rijnoTe3oA. OueHKa *e a6con10T

ttoa H0pMHp0BKH cneKTpa (oTHOWeHHe BhlXona tt8CTHU OT CT0nKH0BeHHSI 

rpynnhI H3 A HyKn0HOB C MHW8H6!0, K BhlX0ny OT CT0nKHOB8HHH 

npOTOHOB) non*Ha onpeaenHTbCH aep0HTHOCTb!O H8X0*Jl8HHH rpynnw 

H3 A HYKll0HOB B o6naCTH Me3oHoo6pa30B8HHH. 

8 npHMeHeHHif K HaweMy cnytta!O 3T8 M0Jlenb 03HattaeT, 'iT0 0THowe

HHe BhIX0llOB DHOHOB a cnyttae neHTOHHOH H np0TOHHOH 6oM6apnHpOBOK a 

ycnoBHHX, Kor-na apr-yMeHT X 0JlHH8KOB, nonmHo 6hlTb nOCTOHHHOH aenH-

ttHHOH, paBH0H 0THOWeHH!O o6'beMa, onpeaengeMOI"O panHyCOM B38HMOJleHCT-

13 
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QQ 0.4 0.6 
X 

0.8 Lo 
PHC. 3. CpaaHeHHe 9KCnepHMeHTanbHb[X ll8HHbrX no Ce"ieHHIO po.>K.aeHHH mIO

HOB neHTpOH8MH C TeopeTH"ieCKOH cpyHKUHeH, onHCbIBBIOWeii Ce"ieHHe pO>l<Jle

HHH nHOHOB npOTOHBlv!JI. 
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BHH p , K 06'beMy, 38HHMBeM'oMy aeATpOHOM, a=(p/Rd) 3
• 

KaK Blt.llHO H3 Ta6n. ,, I BenH•rnHa a B npenenax OWH60K TTOCTOHHHa 

H paBHa 4 .. 5%. OTc10na nnH pai:rnyca 'P nonyirneM 

) 0 - 13 
p = (0,J +0,8 , J CM. 

TaKHM o6pa3oM, aawH naHHhle xopowo cornacy10TCH c o6cy)KaaeMOH 

MOaenblO. CneayeT 0TMeTHTb, qTo 0HH 0TH0CHTCH K 6nH3KHM 3HaqeHHHM 

X 

ToqKa npH X = 0,966 T0)Ke cornacyeTcH c Moaenb10, npH'leM ceqe

mie B 3Tof1 o6nacTH naaaeT Ha aBa nopHaKa aem1'1HHbI no cpaaHeHHJO c 

X - 0,7. OaHaKo 3T0MY cpaKTY Mb! He cKn0HHbI npHaa aaTb 6onbworo 3Ha'le-

HHH, 1160 B aaHHDII o6nacTH cneKTP Hell0CT8IOIUHX Mace onpenenSieTCSI 

oqeHb ManblM paapeweHHbIM ¢a30BblM 06'beMOM, B K0T0p0M 0CH0BHYIO ponh 

HrpaIOT llHCKpeTHbie H KB83HllHCKpeTHble C0CT0SIHHH, a He C0CT0SIHHSI cnnow

H0ro cneKTpa C 6onbllHiM 'lHCn0M o6pa3yJOIUHXCH '18CTHU. 
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THE OBSERVATION OF HIGH ENERGY PIONS IN INTERACTIONS OF 
RELATIVISTIC DEUTERONS WITH NUCLEI 

A. M. Baldin, N. Ghiordanescu, A. D. Kirillov, V. A. Kuznetsov, 
N. S. Moroz, V. B. Radomanov, V. N. Ra.mzhin, V. S. S~avinsky, V. A. 

Sviridov, M. I. Yatsuta, V. N. Zubarev 
Laboratory of High Energies, Joint Institute for Nuclear Research 

Dubna, U.S.S.R. 

ABSTRACT 

The production cross sections of negative pions by relativistic 
deuterium nuclei have been measured. The energy of secondary pions 
exceeded the kinematic boundary of the pion production by a single 
nucleon from deuteron. It has been obtained that the ratio of the 
differential cross sections of the pion production by deuterons 
and protons, at the angle o0

, ~ / m at eq_ual P/P , is 
0.05 and, within the limits of erro !r, d8es fot depend on tW~energy 
of incident particles and pions produced. 

INTRODUCTION 

The study of effects connected with large momentum transfers 
in lepton-hadron or hadron-hadron interactions has recently attracted 
great attention. As a result of numerous investigations, very inter
esting regularities, having a universal character, have been found. 

Among these regularities, scale invariance which seems to 
reflect very general and important properties of matter is of 
especial importan~e. The de~endence of the ratio between the yields 
of secondary kaons and pions on the ratio P/P only, where Pis 
the secondary particle momentum and P is itW~aximum value for 
P ~ 0.6 P , should be considered asmMe of the striking manifesta
tions of ffls regularity. 

The problem of secondary beams is of great importance not only 
from the point of view of the ideas mentioned above, but also from 
the point of view of experiment planning, accelerator construction 
and development. 

The problem of obtaining secondary p~rticle bea.ms in collisions 
of relativistic nuclei has been discussed in refs. 2, 3. The know
ledge of the secondary particle flux from relativistic nuclei colli
sions is of great importance as the energy of accelerating particles 
is proportional to their charge ( at eq_ual para.meters of the accelera
tor). From here it follows that it is possible to obtain particle 
beams with the energy significantly exceeding the nominal accelerator 
energy. We mean the transformation of a proton accelerator into an 
accelerator of relativistic nuclei (the situation at the Dubna 
synchrophasotron). 

It is natural to expect that for a large momentum transfer to 
one secondary particle the group of nucleons of the projectile 
nucleus should be at relative distances less than the dimensions 
of the region in which many-particle exchanges take place. Thus, 
the generation of pions at an energy.significantly higher than the 
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132 A. M. BAI.DIN et al. 

energy of one nucleon of the projectile nucleus is a result of multi
nucleon collisions, a nuclear cumulative effect. 

The aim of the present work was to observe the simplest multi
baryon interaction: 

d + Cu ➔ TT + •••. 

at the energy of pions considerably higher than a half of the kine
tic energy of deuterons. 

EXPERIMENT 

The primary beam of accelerating deuterons (d) bombarded one 
of the copper targets T , T

2
, T

3
, T , T (Fig. 1) located in the 

chamber of the acceleraior. Pions ip) ~enerated in the direction 
of incident deuterons were momentum-analysed in the magnetic field 
of the accelerator and arrived at the magnetic channels K, and K

2 (fig. 1). The first lenses (L1 , 12 and 18, 1q? 110 ) of tfie magnetic 
optics of the channels determi~ijd the solid emissi~U angles of 
secondary pions ( . ~.n, = 2 .10 and A.fi 1 = 4. 5 10 steradians). 
The momentum slits K, and~ defined the interval of detected 
momenta ( :t ~ = 3% and ~= 1. 5%). The analysing mag
nets (H1 , H2 fnd H~) together wit~he magnetic field of the ac
celerator determin~d the energy of secondary pions. 

As the geometry of the magnetic channels is fixed, different 
energies of secondary pions may be obtained either by changing the 
target in the chamber (T

1
, T

2 
etc.) or by changing the magnetic 

field of the accelerator, i.e. by changing the energy of accelerating 
deuterons. 1 d'3<rJ 

The pion production cross section p d.n.d is deter-
mined from the measured values as follows: P 

J. d -ao-,;t - ..!l 
P d.ndp - ~ p.LAn. Ape 

where n is the intensity of pions produced, 
N is the intensity of incident d2uterons, 

.J. is the number of nuclei per cm, 
b,Ais the solid angle of the magnetic channel, 
A p is the momenta interval and 

€ is the efficiency of the primary beam interaction with the 
target. 

In order to exclude the error connected with the efficiency of 
the interaction ( E) of the accelerating deuteron beam with the 1 4 target, an absolute normalization was made by the experimental data' 
for the cross sections of the pion production by accelerating protons. 
In fact, the cross section of the pion production by protons is 
equal to: 

I~ 
p d.n.cJp 

-- m -
M p.i A.O. Ap E 

where mis the intensity of pions produced and 
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Fig. 1. Elcperimental layout. 
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Mis the intensity of accelerating protons. 
Conseq_uently, 

= h. d~Op 
p d.n.dp 

where 't is the experimentally measured value. 
The measurements with accelerated protons 

changing the experiment geometry (the location 
chamber, the magnetic field of the accelerator 
the magnetic channel). 

were made without 
of the target in the 
and the optics of 

The intensity of the primary beam of protons (M) and deuterons 
(N) was determined by the internal monitor of the synchrophasotron 
beam with an accuracy of 10%. The intensity of secondary pions 
(n and m) w~s defined by a system of Cerenkov hodoscope counters 
(channel 1) and scintillation counters (channel 2). 

The registration apparatus (Fig. 1, channel 1) consisted of 
the anticoincidence counter S (with a hole of 7 cm in diameter) 
determining the d~ :ensions ofathe pion beam, double coincidences of 
the central zone of the hodoscope counter H and triple coincidences 
of the differential counter M. 0 

At the angular resolution+ 2 mrad the system had the energy 
resolution ± !f: = 1. 5%, The-background level (acciden~81 coinci-
dences) for determining the ratio n/m was of the order 10 The 
counters were adjusted to detect pions so that the registration 
probability of muon and electron components did not exceed a few 
per cent. 

The hodoscope of three scintillation counters was placed in the 
focal plane of channel 2. 

Table I presents the experimental data of the 
different primary energies of deuterons, different 
emission angles of secondary pions (all the values 
lab coordinate system). 

value of h, for 
energies and 
are given in the 

In order to determine the absolute value of the cross section 
of the pion production by deuterons by the measured value of Jt_, 
it is necessary to have the extrapolated values of the cross section 
of the pion production by p~at0~s (see column 2 of Table I) with 
the momentum being eq_ual to the momentum of accelerating deuterons. 

The least-sq_uare analysis of the experimental data according 
to the cross section of the pion prodfction on Be, Al, Pb nuclei by 
protons at 11.8; 18.8; 23.1; 70 GeV/c ' show that the value of 

~;f req_uired for normalizing may be approximated by the 
anal:y r function of one variable 1,.-:. ~ 
where P is the pion momentum produced, fl<'\~,,. 

PTI is the maximum pion momentum on the assumption that an 
incidenf~roton interacts with one of the nucleons of the target 
nucleus. The data on ~ are presented in Table Il- This 
table also gives the ratios ro( ) of the cross sections Jb. f'1 
to the proton cross section fJ'tJ' at the proto~ eKergy 
which corresponds to P both for the rhction d + N ~TT+ ... and 
p + N ➔ n- + . . . . . m8fx is the ratio of the pion momentum product 
to the maximum one in the deuteron reaction). 

52 



PIONS FROM DEUTERON BOMBARDMENT 135 

Fig. 2 shows the curve for the cross section of the pion pro
duction by deuterons normalized to the mean value of o( found by 
the normalization of the deuteron data according to the proton fit. 

DATA DISCUSSION 

The results obtained show that when bombarding the target 
even by such weakly bound nuclei as deuterons the. yield of secondary 
pions at the given energy is only IV25 times as low·as the yield 
when bombarding the same target by protons (at equal kinematic 
limits for the energy of the pion produced on the target nucleon). 
Thus, the effect observed is sufficiently pronounced to be of inter
est in both jspects mentioned above. 

In ref. the hypothesis that spectra of high energy secondary 
particles are determined by local properties of hadron matter when 
interacting with relativistic nuclei, but not by geometric charac
teristics of colliding objects (form factors) has been suggested. 
In fact, this hypothesis means that scale invariance can be applied 
for the collision of relativistic nuclei. 

According to the mentioned hypothesis, the spectrum of secondary 
particles, as a result of the bombardment by deuterium. nuclei, must 
be dete:rniined by the same universal function of X (the spectrum of 
secondary particles in nucleon-nucleon interactions is described by 
this function). As is seen from Fig. 2, the data obtained for deu
terium nuclei in this work are in good agreement with the hypothesis. 
The estimate of the absolute spectrum normalization (the ratio of 
the yield of particles from collisions of-N-nucleons with the target 
to the yield of particles from proton collisions) should be dete:rniined 
by the probability to find N-nucleons in the small region respon
sible for production mechanism. 

In our case this model means that the ratio of the pion yields 
for the deuteron and proton bombardments, when argument Xis the 
same,should be a constant value being equal to the ratio of the 
volume defined by the radius p to the volume of a deuteron 

. « - (L)3 
R<i 

As is seen from Table II within the limits of errors , o( is 
constant and equal to 4 + 5%, From here for the radius .J' we obtain 

-13 p"" (0.7 + 0.8) x 10 cm. 

Thus·, our data agree well with the model discussed. It should 
be noted that they refer to values of X in a small range. 

The point at X = 0.966 also agrees with the model. The cross 
section in this region decreases by two orders of magnitude in 
comparison with x- 0.7. However, we are not inclined to attach 
great significance to the agreement at X = 0.966, as in _this region 
the missing mass spectrum is determined by a very small phase space 
in which discrete and quasi-discrete states, but not continuous 
spe~trum states with a great number of particles produced, play the 
main role. 

We would like to express our gratitude to N. I. Pavlov, I. N. 
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Fig. 2 
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Comparison of the experimental data on the cross section of the 

pion production by deuterons with the function describing the 

cross section of the pion production by protons. 
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°' O') 

Kinetic 
energy of 
deuterons 
(GeV) 

12 

7.60 
7,92 
7.92 
8.52 
8.52 
5.40 
8.52 
8.50 

Momentum of Maximum 
secondary momentum 
pions (GeV/c)of pion 

2 

4.23 
4.62 
4.62 
4.95 
4.95 
3,35 
7.02 
7.24 

produced 
by one of 
deuteron 
nucleons 
GeV/c 

3 

3,82 
3,98 
3,98 
4_. 30 
4.30 
2.72 
4.30 
4.29 

TABLE I 

:Emission 
angle of 
secondary 
pions 
(mrad) 

4 

0 
0 
94 
0 
94 
0 
0 
0 

h. 

5 

-2 (1.7+0.25) 10_2 
( 1. 2+0. 18) 10 -2 
( 1. 5+0. 22 ) 10 -2 
(0.8+0.12) 10_2 
(1.2+0.18) 10_2 
·( 0. 8+0. 12 ) 10 -4 
( 5.3+0.8) 10_5 
( 4.4+0.7) 10 

Method of 
measurement 

6 

scintillation 
Cerenkov 
Cerenkov 
Cerenkov 
Cerenkov 
scintillation 
Cerenkov 
scintillation 
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Kinetic 
energy of 
deuterons 
(GeV) 

7.60 
7.92 
7.92 
8.52 
8.52 
5.40 
8.52 

PIONS FROM DEUTERON BOMBARDMENT 

TABLE II 

X S(mr) d
2

CT0 ( mb ) 
d.n.dr ~t. ~" 

0.667 0 3.81+0.76 
0.694 0 2.24+0.45 

94 0.82+0.17 
0.681 0 1. 52+0. 30 

94 0.83+0.17 
0.779 0 1.24+0.25 
0.966 0 0.014+0.003 
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0( 

0.057+0.015 
0.045+0.012 

0.03+0.008 

o.06+0.015 
0.3+0.2 



CBOPHHK 

KPATKIIE 
COOBmEHIIH 
no 

<l>H3HKE 

M 1 11Hsap11 197 2 

AKAJlEMH.R HAYK CCCP 

<1Ju.:Jul.fec,cuu UHC'TllT!/T UM, ll.H . .Ae6e.,esa 
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KpaT,c,ue coo6weHuR no cf,u8u,ce M 1 RHsapr, 197 2 

OEPA3OBAHHE 'l-M E3OHOB B 11.-p-CTOJIKHOBEHHHX 

TTPH P,c = 3,36 fsa/c C .MAflblMH TTEPE.llAt.IAMH 

HMnYnbCA 

M. H, A,gaMOBB"l. P, r. AcraagaTypos, A. M, 6annHH. 
r. n, MenKyMoa. c. n, XapnaMOB, M. H, Xa"iBTYpilH. 
M. C, XaacTyaoa. ¢>, P. HryAHHa 

Mccnenoaa.noc& 06pa3osaaue 

UHH 

,t- + p - 1l + n, 

'l-Me30H0S B peaK-

1? - 2l[ ( 1 ) 

DpH HMnyll.bCe DII0B0B 3,38 f3a/c (±1,5%) B HHTepaane 
uepenaHHbIX 4-HMnyn.bCOB O .,__ ltl ~ 0,24 (fas/c2-):Z-

n~olC OTpBUSTenhHhlX DHOHOB OT CHHXp0cp830TpOH8 
JIBS OH.HH npoxo.aan 11epea )l{llLUtoaonopo.aay10 MHWeH&. 
O6paaoaaeeble B e:ea: 'l,-Meaoabl npaxrnecx:u s T<Yute 
reaepanHB pacna.aanacb aa LlBS q>OTOHa. TTOTOK JIH0H0B pe
rRCTpBposa.ncg LlByMg CUHHTBnnBUHOHHbIMH C118T11BICSMH, 

pacnonoJtCeHHblMB nepen MHW8HbIO. 

YcTaHOBlt8 llJUI perHCTpaUHH q>OTOHOB COCTOSlna H3 nsyx 
H,lleHTB'CIH.blX JtaHanos, Jt8)KJlbl:8 113 K0T0phIX npe.acTaBruln 
co6oA CHCTeMy qeTblpex HCXp0BbIX 00TB11ec1rnx KaMep B 
naaaeaoro 11epeaKoacxoro cnexTp0MeTpa nonHoro no
rnomeallSI. B 0LlH0M H3 Tpex K0HBepTopos, noMemeHHbIX 
Me.>tt.lly 1i8TblpbMSi1 HCKp0BblMH ISMepaMH, q>OTOH K0HBepTH
pyeT B aneKTp0H-ll03HTp0HHYIO napy, K0TopaH perBCTpB
pyeTCSI B nocneny10m,ax K8Mepax. TpeKH B HCKp0BbIX Ka
Mepax q>OTorpaq>e:posanHCh nsyMS1 CHHXp0HH0 pa60TBIOlllH
MH ¢0ToannapaT8MH. Ha11aawaAcsi B K0HBepTope 11HBeHb 
pa3BHBaeTc·SI s· paL1H8T0pe cneKTp0MeTpa K3 CSHHU0B0I"0 
CTeKrul. l.iepeaxoacxoe HanyqeHHe 311eKTp0H0B H IT03HTpo
H0B nHBWl perHCTpHpyeTCB B 1ta.>K.AOM K8Hane LJ.eBRTblO 
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¢0ToyMHO>KHTen.S1MH <PSY-49. B 3KcnepRMeHTe perscTpB
posanacb 3HeprHB E xa>KLtoro ea asyx q>oToaos OT pacna-

aa 1}-Meaoaa H onpeaeruincs yron HX pa3JleTa a,,. 
3ttepreTHqecKoe paapeweaHe cnexTp0MeTpoB npa HMnynh
ce snexTpoaoa 4 rsa/c 6~no pasuo 12%. ToqaocTb onpe
.oeneHKSJ yrna paaneTa COCTSBllllna ± 0,6°. 

PaenpeaeneHHe co6hlTHA no 3¢cpe1tTHBaoA Macce asyx 

~- KBSHT0B M !lf = V2E1E
2 

(1 - cos9Jl) npeacTaaneao Ha pRC. 1. 

TTonmKeHHe Max.eHMyMa 6naaxo .1: Macce ,Z-Meaoaa. Ha 

3T0M >Ke pHCYHKe H300pa)KeHo npoMoaenapoaaauoe pac-

npeneneHHe 3¢~eltTHBHhlX Mace asyx ~-1raaHTOB 0TpaC-
nana 7l-Meaouoa, o6paaoaaawaxcs a Toa >Ke peaxnaa. 

KaK 6H!lH0 H3 pHeyaKa, 3KenepHMeHTSnhH0e pacnpeae-
neHHe WHpe M0aenbH0ro H HMeeT cymecTBeHa~a 'xBOCT' 
a o6nacTH 6onbwHx Mace (M1,->650 M3a). Oa o6yc
noaneH HanH1:rneM q>OHOBblX nponeccoa. K HHM OTHOCRTCSI, 

ao-nepah1x, npouecc o6paaoaaHHSI 11-Meaoaoa a pea.1:-
UHH 

!11.- + p - ,Z + 6.0 (123b), 7Z - 2t, (2) 

K0T0phIA HMeeT TO )Ke eaMoe pacnpeaeneaHe a<l>cl>e1tTBB-

HhlX Mace, qTo H OCH0BH0A nponecc. 
Bo-BTOphlx, npoueec o6pa30B8HH.S W-Me30H0B B pe-

8KUHSIX 

,t- + P - Ca> + n, (Sa) 

(36) 

c nocneny!OlllHM pacnaaoM w-1t0 1 a ,t 0 
- ?~, B q>oao-· 

BbIX. peaKUHSIX BT0poro THna IlpH npoMawxe 11nH HeltOB-
sepcHH onaoro H3 Tpex i-.1:BBHT0B M0.)KeT HMHTHp0B8Tb-
eR 3q>q>eKTHSHSSI Maeca, OOH3K8Sl It Macce "l- Me30H0B. 
BcnencTaHe 3Toro eymeeTBeHH0 aecpopMHpyeTc.st cnexTp 
3cf><pelCTH6HblX M8CC B o6nBCTH Ma>(.,()() M'.)fi. 

Ha pHCYHKe 2 npe!lCT8BneH0 no11yi-H•1moe B 3KCnepH-

MeHT9 pacnpeneneHHe no yrny pa3n0Ta nByx ~-KBBH-
roB 9tl. ny111<n1 pOM H306pa~eHO npOMOllP11HpOBclHHOe 
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N 

100 

50 

.300 500 700 900 lfOO 11;, (t4--'.,B) 

p H c. 1. PacnpeaeneHH8 C06blTHA no 3cp¢eKTHBHO.H MBC

ce Mn llBYX 3'-KBaHT08. fnaD.KOA JIHHHe.H HJ06pa»ceHo 

pacnpeaeneHHe co6blTH.fi B peaKUHH (I), p8CC'-lH TaHHOe Me-
TO.OOM MoHTe-Kapno. 

so 
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{. (' 

.-ro 

.?O 

,o 

JS'' J -o :, 

P H c. 2. PacnpeaeneHHe co6b1'ta:A no yrny paaneTa 8!~ 
uayx a--KBaHTOB. PaccqaTaHHhlA MeTOAOM M OHTe-Kap
no BKna.u npol.\ecca (I) H3o6pa.)KeH cnnowaoa naaaeA, npe>
uecca (2) - nyHKTHpOM, (3a) - WTpHx-nyHK:TBpOM, (36) -

TOtlKBMB. 
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pacnpeaeneHHe yrnos pa3neTa ~-KBBHTOB OT pacna.aa 

"'l- Iwe3OHOB, o6pa3yIOutHXCSI a peaK rurn {I). KaK BHil-

ao, aKcaepEIMeHranbuoe pacnpenenettHe yr.1OB pa3neTa 

cymecTaeaao OTnHt.iaeTCSI OT rrpoMonem1po0aHttoro pac
apeaeneaHSI. 

SO() ,--- ---·--- --r---------.------.----------, 
d6"_ 1030 fl"/ l 

dt (r9~)' 

.!OU 

too 

~r 
! ~ ' f 11 ~ 

l 
lO 

10 
-t(r:B)' 

J" ...._ ________ __._ _______________ ~ 

0 oo, , 010 
I 

0'1S 
I o,~o 0,.,.,:-

,4,J 

pH c. 3. 3aBHCHMOCTb ~~-p-"ln,11,-21) OT -t.Tpe

yrOJIJalDUt8MH apeacrasneHhl D.8HHbl8 pa60Tbl / 1 / npH p,t = 

- 3,72 fas/c. 

OneBHTb BEJI8D. q>OHa MO>KHO no BbI'IHCneHHblM reo-

MeTpB~eCKHM 3~~8KTBBHOCTBM H no H3BeCTHblM ceqeHHSIM 

q>oaoabIX peaKilHA. PeaKilHH (Sa) a (36) Mo.aeneposanHcb 

Jt8Jt C npOM8WKOA, Tait II C aexoHBepcHeA O.llHOro x
KBaara. },13-3a OTCYTCTBII.SI npRMblX 3JCCnepHMeHTSnbHblX 

D.SHHblX 06 oopaaoaaHHH 'l:= Me30Ha s pea.Kl.lHH ( 2) ee 

ce11eHH8 MO)KHO 0~9HHTh 1!3 H3BeCTHblX Ll8HHblX no pe
SQHB 
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( 4) 

ecnn n~nonb30B8Tb COOTHOWeHae 

(5) 

SIB1UIIOII1eecH cne!lCTBH8M H30TOnIPieCKOA HHBape.aHTHOCTII. 

Ho pac. 2 npe.ncraaneHhl 1IpOMO!lenHp0B8HH.ble BhlXOllbI 

pa3nH'l{HblX peaICUHA B 381HI.CJ:H,IOCTH OT yrna paanera LIBYX 

~- KBSHTOB. KaK BB.LI BO H3 PHCY HKa, orpaHHl{eHHe 9" npe-

aenat.M JSO - 21 O BwtenReT B OCHOBHOM pea.KUHJO 'X-P-"lll• 

Jlm1 oueHKH ceqettuH pea.KUnH ( 1) ubina pacc11araaa 

Me TO!lOM 1\\ OH re-Ka pno 3q$CK THBHOCTb perHCTpllllHH "
co6.blTHA B 38BHCKMOCTH OT -t B HHTepaa.ne aaa11eHl1J 

yrnoa paaneTa 18° - 21°. PaapeweHHe not a aay11ae

MOM HHTepaane COCTaBm1eT -;-Q,015 f3a/c. 

Ha pee. 3 npeacTaaneao naq,q,epeanaan&aoe ce11eaHe 

d6/dt B 38BMCHMOCTH OT -t. Kax BHllHO B3 pHCYHKa, B 
BHTepaane aaa11e1:1a8 -t OT O no 0,24 m-1c.t,il>epea11aan&aoe ce

qeaae cornacyeTCB c .naHHblMH / l /. 
B HSCTOBII{ee BpeMH npOBO!lHTCg TOttHag ouea~a B.vta

.na q>OHOBblX nponeccoa npa HCR0nb30B8HHB EpRTep.ae:a 110 

X2· 

nocrynua a pena~~ 

12 OETSl(Spa 1971 r. 

nHTepaTypa 

1. O. Guisan, J. ICirz, P. Sonderegger,~. V. Stirling, 
P. Borreaud, C. Bruneton, P. 1alk-Vairant. Phys. 
Letts., .:@, 200 (1965). 
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I. BB EA EH HE 

YcrremHHfi 3anycK 2-- MeTpOBOH XH;ZJ.KOBo;n.opo;n.HoH Kauepu 

"JIDlllIDIA." Jia6opaTopHH Bucomx 3HeprH:A: arum Ha nrmax cepny

xoBcKoro yCKOpHTeJUI OTKpHBaeT 60JIDnme B03UOJIUIOCTH ;ZJ.JUI HCCJie;n.o

BaHH.fi nrnpoKoro KJiacca nponeccoB ~3HKK s~ueHTapH!iX. qacTHU. 

B RacToroneu npoeKTe npe;n..naraeTC.R: HCITOJil,30BaTD Hllen~eec.R: 

Bpeu.f! (oKoJio ro;n.a) ;n.o co3Jta.HHH ymmepcaJll>Horo cerrapeyoBaHHoro 

nyi:rna Ha aTy Kauepy ,ltJlJl o6JiytieHHJl Ka1.rnpu qJOTOHawr BliCOKHX 

3 HeprHfi. TaKoe 06.nyqemre ll03BOJIHT BWIOJIHRTD p,m Bairnmc HCCJie;n.o

BaHHR B o6JiaCTH qJli3HKK a.neKTl)OWPlmTH!iX. B3aIDlo;n.eRCTBKR. 

UeJiecoo6pa3HOCTD HCll0JlD30BaHll.f! BTOPH'qHWC cpoTOHHliX R .neIITOHHHX 

nytiKOB npoTOlmHX ycKopHre.nea oTYeqa.nacD M.A.MAPKOBHU e~e B 

1960 ro,zty II/. Hcnom,soBaHHe 3TJOC nytIKO.B nosBOJI.fieT R3~TD 

a .neRTpouarmtTHlie npoueccI:i Ill)K aHepI'HRX, He ;n.ocTHrHYTliX Ha 

3J1eKTPOHHHX ycKOpHTeJilIX. ilpe;n..noxeHH.R: 3RCIIepHUeRTOB B JieIITOHHliX 

H qJOTOHHNX ny,utaX 6wm c;n.eJiaHli ;ZJ.J1Jl WIOI'KX llpO'l'OHH!iX. ycKOpHTeJieR, 

:a TOM tmCJie H )tJIJt c~pnyxoBCKOro 12· 31 . liHTepecmnt :aaPHaHT 

no.nyqeHH.R: cermpHpOBaHHliX 3J1eKTpOHHliX Il;ytIKO.B Ha llpOTOHHOll ycKo

PHTeJie 61:iJI IlpeAJIOXeH A.B.CA.llCMJIOBWl H A.U.©POJIOBWI / 3/_ 

R3MepeHH.fi, npo:ae;n.emrne He;n.aBHo o6"I>emrneHHoR rpynnoa 

iIIZAH-H~ID-Ep. ~H Ha cepnyxoBCKOll ycKopHTe.ne, norasamt, tiTo 

BTOpHtmliH aJieKTPOHHliH nyqoK IIpOTOHHoro YCKO!)HTeJI.fi mm IDleeT 

rrapaMeTpI:i, II03BOJlRDIIO{e C ycnexou HCII0.1U>30BaTD ero )tJIB HSyqeHH.fi 

3 JleKTpouarHHTHliX npoueccoB. Ewr no.nyqeH llyt{OK 3JieKT!)OHOB 

c aHeprReH 40 ThB, HHTeHCKBHOCTDD I,3.I05 (IOIKJI H c IlpHMeC.R:UH 

,ztpyrHX t{aCTHU I± I%). ltc.ne;n.oBaHHJl a.neKTpouarHHTH!iX. B3aHMO-
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.neRC'!'BHH ffi3JIID)TC.fi IIpRllliU H JIQI'l{qecKHU rrpo.nomteirneU nporpall!J~ 

HCCJie;ztoBaIDIH B3aH}JO,ItettCTBliH qacTHU BI:lCORHX aHeprufi:, np0Bo,nm.1ofl 

B H~ID. TaK, 06Hapy-?tem10e B CepnyxoBe noBe.zteHHe nommx ceqemrn 

B 3amrn.n,eHCTBH.fi [lf -+_ H ,e_, -+_ ue30H0B C Ilp0T0Halm H a1.mJ1HTY.IlU· 

pereuepaumr k O 
-i.!e:J oHo.s ,neJiaDT oco6eHHO HHTepecHmrn H3Mepemu:r 

noJIHoro ceqemrR ~OTOITOrJiomeHHR, npOB0,11JIUHe B HaCTORmee BpeuR 

B H~ID. 3JieKTpouarmtTHl:le npouecc1:1 noc TORHHo npu3;,1e1<anT BHH:.:amre 

IICCJie,1J.0BaTeJie!1 B CBJi3H C B03lJOnHOCTffi,{l[, i·:OTOp!:ie OHH OTI-:pcIBc.llT 

.ItJIR H3y"t!eHHJI CTJ)YICTyp!:I a.npoHOB 11 oco6eHHOCTeH ux B3amrn.ztCi1CTBHfl 

Ha OCHOBe xopol!IO H3yqeHHUX 32.KOHOB aJieKTpouarHeTH8MQ.. ilpH 

H 3yqemm aJieKTpmiarHHTHU:X rrpoueccoB 06Hapy1umaeTCR P.flll. Ba1rneH

IDHX 3aKOHOMepHOCTe i1, Tarorx, I<aIC Be.KTopHaR )lO!J]-{HaHTHOCTl>, 

MacmTa6HaR HHBapHaHTHOCTD u ,Ilp., IlpOJIHBanmHX CBeT Ha CTpyKTYPY 

H B3aHMO)le~CTBHe a.npoHOB. 

HHxe paccuaTpHBaeTCR ~H3HtieCKaR npo6JieuaTHRa H B03MO~Hlie 

3KcnepHMeHTa.,1hHHe HCCJie)lOBaHHR Ha aJieKTPOHHOU rryqKe ycKOpHTeJifl 

Yl~ID C II0M0mhD 2·- MeTp0B0fi mi,ZU{OB0,ztopo;nH0H ny3!ijH,IC0B0tt Ka~1epli 

omrn. IIpe.zt.JiaraeuaH nporpm.ma He npeTeHnyeT Ha rroJIHoTy, Ho, 

no MHeHHD aBT0p0B, _ll0~eT CJIYJ![HTI> lt0Ka3aTeJil,CTB0U ueJiecoo6pa3-

HOCTH H Bal!tHOC'l'H IIO)l06HI:iX H3Mepemiff. 

CcHODHI:le nocTaHOBICK sa,naq onpe'Ae.1IRDTCR B03MOIHOCTmlH 

MeTo;zurnu Jilli,ItKOBO)lOPO.ZUHiX KaMep. Ce't!eHHe B3am.to;neMCTBH.ft 

3~eKTp0H-Ilp0T0H C~HlllKOU M8.JIO. ICaMepli o6JiyqaDTCH nyt{KaMH 

TOPM03Hl:lX qlOTOHOB. r.naBIIa.fi Tpy:z(HOCT1, -:- HenpepHBHOCTh cneKTpa 

rf,0To11on-npeo,ztoJieBaeTcR cJie;uynnonrn cnoco6amr: 

a) CHCTeMa "ucqeHHR" cpoTOHOB (cu .pac .I). lfoH03HepreTHt{eC

i~He aireKTpoHl:l c aHeprlrni! Ee Topuo3HTCJI B TmIK0M pa;zt:rraTope. 
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AHaitR3ifPYJ)IIOUl MarHRT ( C ) BwteJUieT BTOPK'll!He a.neKTPOHli C 

3 HeprHeR E'f' JI B SaBHCHllOCTK OT aHeprHH TOPU03Horo qJOTOHa 

HanpaB.ruteT B COOTBeTCTByDI!tHR KaHaJI TeJleCKOIIa CllHHTHJIJUIUifOHHHX 

c~eTtmKOB (TC). 3TO onpe.n;eJUieT 3HeprHD ~OTOHOB rryrey COOT

H a me HK.ff 

Ej = Ee -E:1 . 

BOJH,IDHHCTBO qlOTOHOB npoxo,n;HT rry3I:IpI,KOBYD Kauepy 6e3 B3amrn.nen-

C TBRJI (Hopua.JU,Hlie .7J.03HpOBKH 50-80 ~OTOHOB 3a HYTiy.n1c. orrpe.ne

JIRDTCJI 3arpy3Ka1nr Kauepu s.neKTpoH-II03HTpOHHHUH rrapa1,nr, 06pa3yn

nuu.rnc JI B Bo;n.opo.n;e). H:mpop11amrn CHCTeMH "uetreHH.fI 11 He peracTpHpy

eTc.fI, ecJIH OlHOBpeueHHO B03HHKaeT CHrHaJI OT JIHBHeBoro cqeTtrHKa 

( s ) rro3a.zi;H IIY3I:IphKOBOH KaMepl:l. Co6HTHe TaK~e He perncTpHpyeT

CJI, ecJIH tf' -Kl3aHT Bl:l3BaJI peaKl1,HD B OKOIDKe Kauep!:i (CUHHTHJI

.RJIUHOHHI:tll CtreTtraK rro3a.zi;H OKOI!IKa Kauepli). TaKHY o6pa30M, perHCTpH 

PYDTCJI TOJII,KO ~OTOlll:l, KOTOpHe Bl:l3UBaDT B3aID(0,1J;eHCTBHe B Bo.n;opo

;n.e Kauepli ( e+e- - napH, peaKUHH qx:>TopoQeHHJI). 

fumym,cHHH uarHHT ( C ) , CTOffiI{Hli rrepe.n; KOH.BepCHOBH01t 

MmIIeHhD (T),nepeuemaeT B ropH30HTaJihHOa rIJIOCKOCTH IIY"'{OK B Teqe

HHe RWiy.111>ca • 

Tal<HM 06pa3ou, aHeprHR ~oToHa orrpe.ne.11ReTCJI rroJioxeimeu 

BepmHHli co6HTHJI B ropH30HTamHoa IIJIOCKOCTH o6~eya Kauepu, KOTO

poe CKoppemrpoBaHO c KaHa.JIOll CUHHTHJLJI.HWrOHHoro cqeryna. 3Ta 

CKCTeua 6wra paspa6oTaHa B 'AHILIIOMHI:DC pa6oTax C.PIBIBPA H B.HA~

KA ( .D E S Y) H HCil0J[b30BaHa B r.Me 3KCIIepHMeHTOB. Heo6xo.nm:ar1 

HHTeHCHBHOCTh a~eKTpOHOB !03 
e/uK.KJI. 

CrreKTp ~OTOHOB 6wr H3MepeH OT 0,5 . 
.no 5 I'aB,H 6WIO B~JICHeHO, qTQ B COOTBeTCTBHH c OMH;zJ,aHHeM 

pa3pemeHHe ronocKona oKa3a~ocb ± IOO ~B • 
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6) CHCTeMH, Il03BOJim>!llHe IlOJiyt{aT:& K:Ba3HMOHOXPOMaTHqecKoe -

IlOJUij)H30BaHHOe TOpM03HOe H3Jiyt1em1e Ha KpHCTaJIJiaX. TH~HqHJ:dt 

cneKTp TaKoro H3Jiyqemrn H noJUiPH3a1urn ,nJI.R: £, = 7, 2 ThB 

noKa3aHl:l Ha pHc.2. 

0::HOBHYJ) pom, 3,nec:& KI"PaeT He CTOJI:&KO MOHoxpowaTH'lHOCT:&, 

CKOJI:&KO IlOJIHpH3aUHJI. OCHOBHa.fI Tl)y;z!.HOCT:& B C03,namut TaKOH 

CHCTeMH - I'OHHOMeTpl:l, Il03BOJUIDIItHe C C)QJII,filOH TO'llHOCT:&D opneHTR

poBaT:b IIJiaCTHHli KpHCTaJIJia no OTHOll!eHHD K n~rtIRY. 3Ta CilCTeua 

6y;neT co3,naHa Ha nepBou 3Tarre pea.1m3a1.0rn npe,nJiaraeuon nporpawu. 

B) CHCTeuu, peaJIH3Yl)ttHe KBa3HMOHOXpouaTHtmOCT:& aHHHI'H

JI.R:UHOHHOI'O H3JI]l{eHHR Il03HTpOHOB. 

r) CHCTeuu, OCHOBaHHlie Ha TpaHCqx)puamrH Jia3epHoro 

H3JiyqeHH.R:. 

CHCTeMli (B) H (r) Tpe6ynT 3HatrHTem,Ho OOJiee BliCOKKX 

HHTeHCHBHOCTeR 3JieKTl)OHHNX IlytrKOB, treU 3TO ;l(OCTRI'HYTO B rf~B3. 

CYl!leCTBYDT H ,npyrHe CHCTeuu, O;n,HaKo OHH He,nocTaTO'l{HO paspa6o

TaHU (BO BCmtOM CJI~e B CoBeTCKOM Con3e). 

B Ta6JIHUe I npHBe,neHa CBO,llKa Bcex aKcne:pHMeHTOB, KOTopue 

6uJIH nPE3e,neHH no irnH6oJiee xapaKTepHo8 peaKumr ?'/: -B3am.lo-

,u.e Ac TBHR, CBO,lJ..Ka B 3.flTa H3 warepHaJIOB_ Mex,1tyHa pO.l{HO R 1:oHqiepeH

UHH no B3aHU0,1J.eHCTBH.fW !pOTOHOB H 3JieKTl)OHOB npH BUCOKHX aaep

rmIX (KopHeJIJI - aBrycT I97I r.). PeaKI-OiH tf? - ..P ~ H;ZtCT c 

C>OJI:&IIIHU napUHaJI&Hlill ceqcmrnu (OKOJIO IO% OT IlOJIHoro), TCM HC 

ueHee lmpOBaR CTaTHCTHKa rroKa eme ,1J.OB0.1I&HO 6e,u.Ha .na~e npH 

a Heprmoc Ect ~ 6 I':313. Kpoue Toro , KaK BH,lJ.HO H3 Ta6.mnui, 

OCHOBlllie .11.aHHUe no 3TOH peaKUIDI IIOJiyqeHU Ha Tl)eKOBUX npH6opax, 

B TOM 'lfflCJie 3HatrnTe.ll:&HUH 061,eu pa6oTH BllIIOJIH.FreTC.ft Ha !M,1J.ICOB0,1J.0-

ponHHX Kaucpax. KauepH o6Jiyq3DTCH ue TOJI:&KO ~eqeHhlIDI H KBa3H

UOHOXPOMaTHqeCKHMH ql(}TOHaMH, HOH ~OTOHaMH cneKTpa TOl)U03HOro 
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H3nyqeHHH. CTaTKCTmta no .ltPYI'KM MHoroqaCTHqHr.ru peaKUHIDl 3Ha

t{RTen»HO 6e;z1.Hee. TaKHM 06pa3ou, paccuaTpHBaeuaH o6nacTD HBJieHHH 

HaxOlHTCH B HaqaJU,HOR CTa;rr.HH H3yqemtfl ;z1.axe npH 3HeprHmc ~OTO

HOB Ej L 6 I'aB, r;n.e HMeeTCH .HeCKOJlDRO 3JleKTPOHHliX YCKOpHTeJieii. 

IIpe;rr.JiaraeMHe aKcnepHUeHTU cymeCTBeHllO pilCmHpRDT ;rr.ocTynuyn ;zl.JIR 

li3ytleHHfl 06J1acT1> 3Heprnii (pOTOHOB. 

B HarneM pacnopHJ:emrn IlOKa HeT CHCT8JJU Metiemrn QlOTOHOB, 

Bonpoc o co3;zI.amnt crtcTeuu MetieHH.fI JI.JI.fl Rauepu "JIDJUAIDIA" B 

HaCTOronee BpeMH H3yqaeTCR, 

06JiyqeHxe Kauepu ~oToHauH cn.1omHoro cneKTpa rrpe;rr.cTaBJIRBTCR He 

oqeHD 3~~eKTKBHOH rrpoue;rr.Yl)Oii, XOT.fl H peaJIH3yeuott B caMHe 

KOpOTKlie cpoim. 3TOT BaprtaHT paccuaTpHBaeTcrr Hai.m KaK pe3epB

HUH. 0CHOBH1:ill Bap1taHTOM npe;rr.JraraeTC.fI paccuaTpaDUT::E, 06Jiyqemre 

Kairnpu Kl3a3HMOHOXpOMaTHt{ecmnilH IlOJIR!)H30BanmnIH ~OTOHaMH Kore

peHTHoro TOpM03Horo H3JiyqeHKfl Ha KpHcTaJlJle aJiua3a. B ~TH 

HMeeTCfl 60J1Dfil0a OilHT no cos;rr.aHHD rOHHOMeTpH'l!eCI<HX CHCTeu, 

o6ecnetIHBannurx xopomHe napaueTpH TaKoro K3JiyqettWI. Ilpe;rr.BapHTeJ11>

HNe oueHKR H COOTBeTCTBYDDtHe neperoBopu C ~H3HKilUH ~Tit HaMH 

npoBe~eHH. OueHKH noKa3a.JIH, t{TQ HMeeTCH B03UOXHOCTl> HCilOJII>30-

BaHRfl cy~eCTBYDlltHX roHHOMeTpHt!eCKHX CHCTeu. 06JiyqeHHR KauepH 

IlOJlR!)H30BaHHI::ilLH ~OTOHaMH ,IJ.aeT pe;rr.KHe B03MOXHOCTK HCCJie;rr.oBaHHH 

peam:urn npH BblCOKHX 3Hepnrnx, Kor;rr.a H3BeCTHH IlOJIJipH3a1urn 1.{::l.CTUU 

B HatraJD:,HQ~ H KOHeqHOM COCTOHHH~, B03UO~HOCTl> HCCJie~OBaHHR 

MHOXeCTBeHHoro o6pa3oBaIDtH qacTHU IlO~.HpH30BaHHHUH ~OTOHaMH H 

T.Il. 

B pa3.n.eJie il H3JiaraDTC.fi nocTaHOBICK 3~at{ no HCCJie;zI.OBilIDl:D 

peaKUHt\ IDlenmax ;rr.ocTaTotIHO 6onmHe ceqeHHR H rrpe~cTaBJIHDrrtmc 

3Ha'lliTe~blilll1 HHTepec ~JUI TeOpHH. B pa3;zI.eJie ill KpaTKO OID[CaH 

pacqeT napaueTpOB nyqKa Il03HTpOHOB, KOTopm1 MOlltHO C03~aTn TIJ?H 
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sa;naHHou pacno.11oxemrn Kauepl:l 11Jln;zunrna 11
, ycFnpineJUI ~m Ha 6a3e 

;neHCTBynmero KaHana ! 9. 

B pa3;ne.11e IY IIPHBe;neHH pe3yJIDTaTH oueaoK, saTpaT pecypcoB, 

Heo6xoiunmx ;zJ,JUI IlOJIY'{eHHR qlH3HtteCKKX pe3yJII>TaTOB. OueHKH 

C;zJ,eJiaHl:l ;zJ,JUI nepBoro 3Tana pa60Tli, KOTOpHR UOXHO 3aBepmHT!> 

B TeqeHHe 6JI:HxaRmero roia • 

.na.111>Hei1IllaR nepcneKTRBa pa3BHTH.f! !pH3KKH 3JieKTpo1,1arHHTHl:OC 

B 3a:mJo;zteHCTBHH Ra Kau:epe "Jln;nMWia 11 6y;zteT 3aBHCeT!> OT Bpeuemr 

BBe;neHWi B CTpOH yHHBepcaJI1>Horo cenapffPOBaHHoro Ilyt!Ka H KOHKY

peHTHOCilOC06HOCTH nporpaw, F.OTopue 6"jAYT_ ;ztJlfI 3TOI'O npe;nJio~eHH. 

II • IIPOEJIEllA THKA. 

I. IloJIHoe ceqeHHe ~0Tonor.11o~eHwt 

Ilpezr.;ne qeu paccMaTpHBaTD O'l';I!,eJI!>Hlie KaHaJW !pJTOH-HyKJIOH

Horo BSaoo;neRCTBHR, KpaTKO o6cy;nHU om:naeuoe IlOBe;neHHe IlOJI

Horo ceqeHH.f! /.Al_ B3airuo;neRcTBHR • 

. B HaCTOffil{ee BpeuR 6t if~H3MepeHo ;no J./% 2) ThB, 

pHc.3. HaH6oJiee nony.11;:rpHID! BupaxeHHeu i:tJIR 

o't- B 3TOH o6JiaCTH HBJUieTCR: 

,8 
6't- (v) = ./I -f ;-;;-

// -3aBHCHU0CTH 

(I) 

STo cooTHomeHue BHTeKaeT H3 uo;ne~ Pe;nxe ;nJlfI aunJIHTy;nli nepe;n

Hero KOMilTOH.JJq:qJeKTa: 

Im /rv) = j[ ~ fp) (2) 

npH y-qeTe BKJia)la P ( otl' (o} = t' ) 1 P / u Llob 

TpaeKT OpHn. 
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llilen!IUieCR aKcrtepHMeHTa.1r:Eim:!e naHrrne nanT nJUt rtpoToHa: 

.Jlz 9~ , 
e = .8 , 4 ~ . C::' <SJ-

/' .ih. 
(3) 

Hcoom,3y,q (I) H (3), YOXHO HattTH OUi,naeuHe 3Ha'!emrn 

B 06.nacTH 20-IOO raB (KpHBaH I,pHc.4). 

ll3MepeHHe 6(/'f'fl'I CpaBHeHHe era C anpoHHNUH ceqemuruH HHTepeCHO 

C TO't!KH 3peHHR IIpOBepKH uone~eH BeKTOPHOil noMHHaHTHOCTH H 

KBapKOB. Oco6Uli HHTepec 3TH H3UepeHHR rtpHo6peJIH rtoc~e 06Hapy

:1emrn B CepnyxoBe Crtel{H(pHtieC KOro IIOBeneHHR 6t- r 7,~ J 
K eft- ( I.!. -t;;) • 

3aueTHll, qTO HeCKOJil,KO HHYD 3aBHCHUOCT:b 6t- (J/) OT 

3Hepr1m ~ae/4/ MO)teJI:o KOWIJieKCHWC IlOJIDCOB Pen3e: 

3~ec1, 

TOPHH. 

B } 6 (JI) = slJ -1- /j7 Cos (y:> + dI e,)I , (4 ) 

y:, - tpa3a BHtJeTa H o{]'" 
/ 

- MIIIDlaH tJaCT:b p TpaeK-

liBTepeCHO OTMeTHT:b, tITO uoneJII, (I) C ytl8TO~' HMeDntRXCH naHHl:OC 

npHBOltHT c Heo6xO'AHl.lOCT1,D K cyIQeCTBOBaHHD (cpHKCHpoBaHHoro) 

noJIDca c ol(a)== 0 B auIIJIHTy.zte KOUil!'OH-aqxpeKTU / 5/. 

HaocSopoT, MO)teJII, KIIP (4) norrycKaeT OTCYTCTBHe ~.II., IIpH'lieU 

B aTOll CJIY'{ae IIpH // ::::,,, 20 ThB rtpe'ACKa3UBaeTCH // -:JaBHCH

MOCT:b, 3aueTHO OTJIHtmaR OT (I) (KpHBaH 2, pHc.4). 

ECJIR TO't!HOCT:b l!3JlepeHHJI 6-t- B o6JiaCTH JI> a) ThB 6y;zteT 

~OCTa~OqHOa, qro6H pa3JIRtmT1> KpHBUe (I) H (2), TO 3TO uoxeT 

cnoco60TB0BaT1, pemeHHD -qpe3BHtrattHo Baxnoro 'AJIJt TeopHH Pen~e 

BOIIl)OCa O c~eCTBoBamrn qi.II. B 3Jie.KTpOU8I'HHTHUX BMIIJIHTy.nax. 

(Hano11HKu, tITO ip. n. npaBHJIJaHOt:t cHrHaTypu B a1m.mrrrnax CHJIDHWC 
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B3amrn,ztei1CTBH8 B OTJIHtrne OT 3J1eKTpoMarHHTHUX H c.na6ux, sanpe

meHI::l yCJlOBHeY yHKTapHOCTH. iloaTouy o6HapyxeHHe ~.n. B 

aMrIJlHTy;zte KOW1TBI1--3qxpeI<Ta 6wto 6N BaXHO )4JIJI BWIBJleHH.ft CI'iel.U{

q>mu,: 3J1eKTl)OYarHHTHUX npoueccoB npH BI::lCOKHX 3Hepnrnx). 

2. UHo!teCTBeHHOe QOTopogeHHe 

HaH6omnrnn o6~eM HH¢opuaUHH, KOTOpaH MOXeT ~B'l'l,. IlOJlytieH 

B Kauepe np11 o6JIYtieIDtH noToKou: <pOTOHOB c aHeprHeH E - 20-40 

r3B ~mrnatt c rrpoueccauH MHoxecTne1rnoro ipoTopox,n.emrn. B HacToR

mee BpeMH H3Y1ieHHe WiOXeCTBeHHI::lX npouecCOB COCTaBJIHeT OAHY 

H3 ueHTPa.Jll:iHI::DC 3a,ztaq qJH 3HKH qaCTIU{. MHoxeCTBeHHOe cpoTopo?t,n.eHRe 

Hapm:r.y c (MHOileCTBeIIHHM) o6pasoBaHHeu qacnn~ B l!HCTO a;i:tpoHHI::lX 

peaKUIDIX rI03DOJGfT IlOJlYtIHTb CBe;rr.~HH.ft, He06XOAHMHe :UJIJI IlOHRMaIDU! 

CTPYKTYl)I::l a;rr.pouoB, uexaHH3?.ra D38.RM0,1J,ei1cTBH.ft Il];)H BHCOIGIX sHep-

r }HIX, a TaKJ~e C nel.U{(lJHKH 3J1e KTpOMaI'HHTHUX B3aHiIO;rr.e HC TBKH. 

(HarroMHHM, qTQ HUeHHO B HeynpyroM e-f' pacceJIHHH 6WIO Ha~eHo 

Ha1I6OJ1ee 3HatrnTeJU,HOe OT!LJIOHeHHe OT MO,zteJ".i.H BeKTOPHOR ,zto1nmaHT

HOCTH, T.e. OT npe.J4CTaBJ1eHHR o6·a,ztpoHono;rr.oc5HOM xapaKTepe 

q?OTOHOB ). 

ilpH CHCTeMaTHqeCKOM H3yqeHIDI aeyrrpyrmc apoueccoD 

y;rr.aJIOCb BWIBHTl:i pR;ZJ. Bazumx oco6eHHOCTeR, CBOHCTBeHHl:t< Heynpyr,n,1 

a;n.poH-a;rr.pomnw H JienToII-a;rr.poHHblM npoueccau. 

TaK, noKasaHo, tITO poE;IJ.aDl!UieC.ft rmoHH HMeDT ua.1me ~10nepett

m:1e mmym,cu f .1. ~ 0, 5 ThB OTHOCHTeJU,HO OCH CTOJlKHOBeliHR. 

B pJme CJiytiaeB HarateHO t 'l!TO pacnpeAeJleIIHR qaCTHU C poCTOM 

sHeprHH CTpeWITC.ft K npe,zteJiaM, He saBHCHillHU OT sHeprHH. B Heyn-· 

pyrou e-p paccemnrn o6HapJ'%eHo .ftBJie1rne iracmTa6Hoil 11ID1Ap11aHT

HOCTH' KOTOpoe' B03MOXHO' uozteT 6HT1:i oc5oc5meHO R Ha ,ztpyr,rn 

nponeccH. 
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l~R od~RCHeHHJI aKcnepHUeHT8JU,H!:iX cpaKTOB dwr npe,zr,~oxeH ueJWR 

PRJt TeOpeTHtleCKHX uo,zr,eneH, TaKHX,KaK MYRDTmiepaipepHqecKrut, 

MYJIDTHpe,zr,xeoHHaR, CTaTHCTHqeCKaR, ipa8ep60JIDiraR, napToHHaR H ,zr,p. 

CymecTBeHIIue qepTH 3THX uo,zr,enea noJiylfflJIH oTpazemre B Tax Has. 

rHnoTe3e rrpe,zr,e.TtoHoR ~parueHTamrn 161, cor.nacHo KOTopoR ,zr,JIJI 

HHKJID3HBHtIX pea1unrn THIIa a.. +t - C-1 ... B CHCTeue IlOKOR 1.mmeHH 

cymecTByeT npe,zr,en 

fo2 ,,/~ 2 = .,P (/lJ,f!.i E)---: .1:,_Jf!t,P.j, 
' y>;/ ',P .1. 

(I) 

K KOTOpouy CTpeUKTCR ceqcHHe o6pa3oBaHHH ~parueHTOB wmeHH. 

(AHa;rorHtnrne rrpe,zr,e;ru CYIIteCTBYDT H ,zr,JIR ce11eF.Ha c perucTpa1urea 

2-x, 3-x H T • .zr.. qacTHU). Totmo TaK xe B CHCTeue IIOKOJI HaJieTaD-

mei:t qaCTHUf:l cymeCTByeT npe,zr,eJI, K ,I<OTOPOMY CTpeMHTCJI cetreHHe 

'qiparueHTamrn Ha.lleTaDmen qaCTHUJ;l. · He TPY.UHO llOKill:3aTl> / 7 /, trro 

cymecTBOBaime TaKHX rrpe,zr,emB 

HHBapHaHTHOCTH <Derunra.Ha /a/, 
rHJtx cet1eHHe fc,d6/dp 
ID X= P/1/Pc,. 

~aKTKtleCKH 3KBHl3a~eHTHO MacmTadH0:8 

cor.na.CHO KOTopo:8 Ilpli doJIDmKX 3Hep

.ftBJUieTCJI £PYHKI.01eR TOJil,KO /J ..1. 

ITpe,zr,eJI (I) IIpOCTNU cnocodou MOMeT 6HTD IlOJiy-qeH nocpe,zr,cTBOM 

ododmeHHOH OilTHtieCKOH Teopeu~ 19;, CBJISUBanmea ceqeHHR HHKJID-

3HBHHX npoueccoB THIIa 

a-+8~c-1- ... 

co CBOllCTBaun aunJIHTY.U peaKUHH 

a~t-1-c -;JQ-t-~+c 
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B uo,iteJili no;mcoB Pe,nxe y:n.aeTC JI TaK:1e rrpe:ztc KasaT:o xapaKTep 

BliXO,ita HadCKUilTOTKKy: 

E o(-/ I 
P(f,1✓ PJ.1 E)= J:ofh,f!t.)r .? r'A,1?:i.), (4) 

r.n.e ol. CBJI3aHa c ueaaxyywnn.rn: pe.n;xe-06ueHau:;r/6/(3), a :;rcno.1Th-

30Bam1e ipaKTopHsaumr II03B0JIJieT CBJI3aT1> npe:zteJThHHe pacrrpe;zr.eJiemtff 

.JJ 
00 

.lt.rut pasm1tmux npoueccoB. B tiaCTH0CTH, ;rr.JIJJ. HHTepec ynm;roc 

Hae peaRI,tHli, HHHmrnpoBaHHHX qJOTOHauH, MOXHO IlOJIJtIHT'I> /IO/: 

.P~(f> £ cJ·=.Poc, f,P~cJ ~if?)l°-t-if?),. (5) 

<f "Ji:! 
fi,o(J)-J?Cj =P

00
(f)--(} ~(//J/~(IJJ/, 

r;n;e _.P { jJ ~c) COOTBeTCTBYl)T KHKJID3KBHID.I peamnurn Cl~JJ..:a.:,C-1; •• 

TaKHM o6pa30M, O~H,naeTCH, t{TO ~yHKUH1I pacrrpe:zteJieHHH 

.Po,,::, ( f}11f1.} JIBJUieTCJI (c TOtffiOCT:&D ;zr.o lIOptmpoBotmoro l)aKTopa) 

YHH:BepcamHoR ~YHKUHea ;n;.zm ~parMeHTaUHH HyKJIOHa B a.n,poH 

BHe 3aBHCHUOCTH OT BJma uaJieTanm;en tiaCTKUli. 

lli!eDIIUleCH B HaCTomnee BpeMR: 3KCilepID.1eHTarr:&HHe ;naHHUe H 

TeopeTHtleCIGfe UO:ztemr rrpe;zr.CKa3f:il3aDT poCT MHOieCTBeHHOCTK C 

aHeprHeR . . 
Ii ~ th E' 

Ha puc .5a np,rne;zteHH ;zr.aHHHe no E-3aBHCRuocm ceqemrn ~To-

p oimeHM 2, 3, . . . • ttaCTHU, }13 KOTOPUX BHlf,eH y-BeJIHi:rRBaDm;HilC H 

C E BKJiclJ\ B ~(rf' ,P) llHOJ!eCTBeHHoro po][,ltemrn. 

Ha pHc. 56, 6 np1rne,1teHt1 HUenJitHeCJI .n.aHHHe no ceqemuw pa3JIHtmli){ 

KaHaJIOB ( tf'f _,. ,P JF"'.11; ;° )! -!-,e ~ ,P ,P ft", jJ "tr-f-h -f ft-;;- - ) H T.;zt. 

IJ 
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EcJIH llOJIHOe ceqemre tf? - B3aHMO,zteRC'rl3HH llOCTOHHHO, a . 

MHOXeCTBeHHOCTD pacTeT, ro,oqeBH;ztHO, napl.U{aJII,HJ:e ceqeHHH KaHa

JIOB C poJ;zteHHeM onpe;neJieHHOro tmCJia ( /2, ) qaCTHU ;JtOJIEIH ;ztOCTK

raTD J.raKCJUIYl,(a npH HeKOTopoa aHeprKR E n,-

3KCTpanoJIKl)yH HlleDDUteCH ;naHHHe no Beynpynn, a;ztpOH--a,1tpOHHHM 

npoueccau H HCilOJI&3YH COOTHomeHHH THila (5),UOXHO oueHHTD 

napmmJI&HHe ceqeHHH p~3JIKtmliX wwxecTBeHHliX qx>TopeaKIO!R 

rf-t? ~ ( IL. - ttaCTHU). Pesym,T~1!li oueHOK ;ztJIJI cpe;ztHeR aHepmH 

E - 30 PaB npHBe;zteHli B Ta6JIHrte, II: 

Ta6JIHI.ta II 

/1,. 2 4 

30-40 25-30 

6 . . 
IO 

8 IO 

3 

TaKHu o6pa30M ,01m,naeTCH, l!TO Cpe,?tHHH llHOJ:eCTBeHHOCTD COCTaBHT 

£ • 4 H HaH6o.nee BepoHTHI:D.m 6YJI,YT C06liTHH c 2-, 4- '11 6-

ttaCTHUaMH. CJie;nyeT 3aMeTHTn, t{TO ou,naeTCH yneJIHtm:eaDn:ta.JICS CE 

;ztOJIH npoueoco~B KOHetlliliX COCTOmtR.RX KO'l'OPliX 6YJI.YT IIPHCYTCTBO

BaTD HeRTpa.n::&Hlie qaCTHUli. Ta.K,OTHOmeHHe ceqeHHH npoueccoB c 2 

sapHXeHHNWI llaCTHUaMH (HJill 2 sap.R:IeHHliUH H O;ztHOR He8TpaJI:LH08) 

K C yuue Ce'l!eHH:3 C 2 3ap1memnnm H IlpOH3B0.11l,Hlill traCJlOM HeRTpa.IU,

HliX oocTaBJIHeT ~.t. - 2. J{JIH 4 sapHJ:eHHHX J!,t;,v 0,5 H ;n;JIH 6 -

/l..1,tv O,I. 
. 

OcHoBHruI Tpy;ztHOCTI> npll H3Y'lJ:eHHH LCHOieCTBeHHliX npouecCOB 

CBHSa.Ha C TeM' 'tlTO orpowrne KQJIHqeCTBO HHcpopwumr, 3aRJIDtieHHOe 

B MHOXeCTBeHHOM co6HTHH, TPY:ztHO "nepeBapHTI> 11 H3-3a OTCYTCTBHJt 

HCHoro BH6opa cpe;ztH 6oJI&moro tIHCJia B03MOXHI::« Ha6opoB nepeueH

HliX 
0

H HeO;ztH03Ha'1HOCTH B TeopeTHqecROH HHTepnpeTar.um. JionoJIHH-

14 
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TeJII>Hag Tpy;nHOCT1, B03Hru<aeT H3-3a 60JU,moro (IUCJia HeRTpMI>HHX 

qacTHU, He Ha6JID;zr.aeMHX Ha aKCnepHueHTe (B kauepe) H 3aTpYJtHRD

mux, TaK}D,( o6pa3ou,KHHeM~TH'lleCKHR aHaJIHs co6uTWI. Ilpe;rr.no.rraraeuaR . 
HHxe nporpauua nepBooqepe;zr.HNX HsuepeHHR MHoxecTBeHHl::lX npoueccon 

cno6o;zr.Ha OT Tpy;zJ.HOCTea, CBJI3aHHHX C perncTpauHeH HeHTpilJinHI:iX 

qacTHU, 3TH H3YepeHHJI IT03BOJIRM' rrponepHTI, B CJIYlJae ~OTOrrpouec

COB cymeCTBYDIItHe rrpe;zr.cTaBJieHHJ! 0 uacmTa6HOH HHBapnaHTHOCTJI, 

JqJe;zr.eJII>HOi1 qiparueHTaUHII, ;zJ.yaJII>HOCTll, BI:HIBHTI> poJII> ITHOirn3amnr B 

qJOTopoimemrn npH BI:ICOKHX aHeprnmc, a TaI<?te IIpOBCPHTI, rrpe;zr.cr<a3a

HHJI cyI!leCTBYDntHX MO;zteJieH MHO?teCTBeHHOro poueHHR. B pa3JilPIHHX 

KHHeuaTHqeCKHX ycJIOBHRX Morrr 6!:ITI, H3yqeHU pa3JilPlliHe UCHLHITOTU

qecKHe pemnm. 

JiaHHI::le IlO UHOzteCTBeHHOMY pozr;n;emm npe;zr.CTO.BJIRDT HHTepec Tamire 

;zr.JI.fI rrpoBepKH pasJIHtm:oro po;zr.a npaBHJI cyuu ;zr.JLtI Heyrrpyrnx peaK-

1urR /I2/ H .nexam;Hx B HX OCHone npe;zr.noJioxeHna ocf aHaJIHTHqecmrx 

CBOHCTBax, aCHW1TOT}fqeCKOM noBe;rtemm H "o6o6meHHOH ;ztyaJII>IIOCTH 11
• 

(IlpH 3 TOM Ba!Uio yMeTI> Bl:i;lteJIHTI, pe3oHaHCHI:re Bitna,n.u no He;zr.ocTan

meR uacce OT qioHa). M~ Ha;zr.eeuc.fI, trro npoBe;zr.euHe aTHx aKcnepHUeH

TOB 6y;zr.eT CTHyYJIHpoBaTI> ;rtaJII,HeRmHe TeopeTHqecKHe HCcne~OBaHH& 

B ;zr.aHHOH o6JI.aCTH. 

3KcnepHUeHTU ycJIOBllO pa3;zr.eJieHI::l Ha TPH rpynnu, COOTBeTCTBYD

ntHe y:aemPnraanmeuycR o6~euy HHqiopYaUHH B H3J..tepeHHRX: 

a) B nepByn rpynny BXO:ZVI'r H3MepylIH5I, Tpe6yn~re TOJII,KO 

no;ztc~eTa 'tllc~a (3apmteHHUX) ~aCTHU, 6e3 KHHCMaTHqecKoro aHaJIH3a. 

I. _Q_pe;gmm uHoxecTBeHHOCT1> KaK !pYHKIQUI 3HeprHH gioToHoB 

~KTH~ecror H3Mep.fieTC.fI 3a.BHCHMOCTI,. 

~rz.~ == :f ( Ej 
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cpeAHeK llHOXeCTl3eHHOCTU 3ap.imemnnc l{aCTHU H cpaBHHBaeTCJI C 

npeAcKasamreM (6). lb3uoxHo, ~o/ (Ej pacTeT c E Me;zvreHHee, 

tieM li{E) . 
• 

2. 3aBHClfMOCT:E, napa;HaJI:E>HUX ceqemrn OT sHeprHH 

l13Y'taeTCH saBHCHMOCTI, po~emrn: /1., sap.smeHHUX qaCTlH~ 

( ll = 2, J, 4, •... ) OT s HeprHH ipoTOHOB E. KaK yxe roBopuoc:r,, 

CJie;nyeT omr;naTI>, tJTO ~{E)6Y1J,.eT ;ztOCTKI'aT!, MaR'CHl.fYlla IIpH 

HeKOTOPOM E/Z. H 3aTeM na;naT:E, C pocTOM E. 

J. 3aBHCHMOC T:E> naptµraJt&HI:iX . ce tre HH 'H OT tJHCJia l{aCTHH 

H3MepReTCR saBHCHMOCTI, pox;zteHHR /v 3apmteHHUX qacTHU 

( ll = 2,3,4, •... ) OT tJHCJia ~ : 

Bo3MOJKHO, tITo y'!f..e B HCC.11e;nyeuolii 06.11acTH .::rneprn:n 6y:neT o6HapYl(eH 

JtHII B 3aBHCIU.IOCTH cs; (n) , . KOTOpllli l,(Ql[HQ CB.A:3aT:& C cynteCTBOBB.

HHeu ;nByx pa3.mttIBHX uexamrsuoB MHonecTBeHHoro pol{'AeIIHJI! 

,ItHq>paKI.l;HOHHOR ' ;n1tc·coa;Harnm H MYJI:&THIIepucpepHlieCROro /a/. 

4. OrHoCHTe.1II>HI:l11 Bee pas.mrtmux t1aCTHU 

~ ~ l,·(EJ, 
- COOTBeTCTByeT pa3JIHt{HIDl THnau qacrnu. 

Pa3JIHtIHHe MO;zteJlll rrpe;ncKa3HBaDT pa3Hlie COOTHOilleHHH ,ItJIJI OT,IteJI:&HliX 

COpTOB -qaCTHI.I;, ( 71,, ...P -ue30HH, HyKJIOHH' ••• ) •. 3TH H3MepeHHJI 

Tpe6ynT H;zJ.eHTH¢HKatmH qaCTHU 
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6) Bo BTopyn rpynny BXO;lt.fl'I' H3MepeHU.fI O]\HOt{aCTHT.iHHX cneKT

POB BTOpHtraUX qacTHU. 

I. 0:3Mepem1e CIIeKTpa 7i - (HJilf 7i-+ )-Me30HOB 

P ( .P111 I} I E) 

-npu 4JHKCIIpoBaHHHX ;ma qemrmc m.mym,ca ue3oHa ( fau ~ ) H nepe

:.rettHOH 3Heprrnr !pOTOHOB. CJie,I(yeT OlUi,n.aTJ,, liTO C pOCTO!.I E 

..? C/111 f.1 / F ) 6J'AeT ;n;ocTHraTI, rrpe,nerill 

.P(/11/ ~; F) - .P~ (JJ11./ ~..1) 

(rimoTe3a npe;neJI:r,Hon cpparMeHTauI-m). I1HTepectto npoc.rre.zmT:r, BUXo;n 

Ha acm.mTOTH'9'.ecKHH pe;urn H cpaBHHTI:> c npe;ucrmsamreM (4). 

2. B03MOJ!CeH ,n,pyroi1: Bap1mHT H3U:epemrn, ripH KOTOPOM ?..1. 
cpHKCHpyeTCJ!, a pl/ H 17 MeHJIDTCR. 0:3ytiaeTCR aaBHCHMOCTI, .P 

OT f}, / C (npoBepKa MacmTa6Hoi1: 1mBap1i:aHTHOCTU). 

IIepmm H3Mepemu1 TaKoro TI-ma 6umt 

CTeHqiop31.e ;zt.llll peaRUIDI r p -- A - -r • •• 
0Ka3aJIOCI:>,tfTO B o6JiaCTH ,1(0 !5 ThB ~opua 

npone,n.eHu He,n,aBHo B 

rrpn 5, 5 L E L I 5 Th{) t 
ceqemm yxe He saBucnT 

OT 3Hepnnt' a BeJrntnrna IlpOJll3JI.11eT CJia6yn 3aBHCID.lOCTI, OT E. 

3. CneuHa.JII>HIDi UHTepec npe,n,cTaBJIHeT H3J'9'.eHHe HHRJID3HBIIHX 

cpoTopeammi1:, uuenmmc sK30Tii'IeCFlIH ? c. RaHa.rr, ItaK Hanpmrn/,IO/ 

/"~P ~ IL.-+ .. . 
(7) 

r1~,~;o+ .. . 
JlyaJII>HOCTI, B 3TOM c.rry-qae rrpe,n.CKa3tIB3.eT OblCTpbltt BNXO;Lt Ha 

npe,n,eJU,HUH peXHM. 
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PaccuoTpeHHHe BHille H3MepeHHJI HOCJIT B OCHOBHOM HHTerpaJII>

HliR xapaKTep. EoJiee ;a.eTaJ!I>Ha.fi HHq>opuamrn oTHOCUTeJII>HO J.texam-131,,ra 

poM,IteHHJI JrollteT Ch::ITI, IIOJlytteHa B KoppeJI.RintoHHUX 3KcnepmrnHTax. 

B) K 3TOH 'rpynrre OTHOCJITCJI 3KCIIepHYeHTN, B ROTOPHX H3Ue

PRDTCJI pacnpe;neJieHHR ;nByx sapmreHHUX ttaCTHU. 

I. IImtcirn KoppeJrnrµrnHHOH ]lJIHHN 

V~3Me,PJ:reTCR a) .ZU3yxtiaCTKtIHI:lli CIIeRTp Pif 111 ,PJJ {fi/lL_ / 
;a.JUI Ji H 7 C m.mym,caMH p H ,P/ H c5) O}U!03Hatnrne 

~ 

'PYHKI.Urn pacrrpe;a.eJieHHJI fl H 7i -

ThueTC.fi KOppeJUII.zyIOlUJaJI qJyHKI.Urn: 

G-: { !°;, J ?-i 1 ?t, / /J.t 
I 

EJ = .P if,, ,I~) f,, A; E) jP (4,A I £") /JfA~; £"). 

CneUH8.Jil>HID1 HHTepec rrpe,zr.CT8.BJUieT H3ytieHHe npe.zte.na (2 IIpH 

fu L.C f 1 / 1 F. PaBeHCTBO HYJID ~noro rrpe;a.e.zra CBmteTeJ1:&eTBOBaJ10 

61:l O cymeCTBOBaHHH cner.ur<pHtieCKOH Koppe.runnroHH08 .ztJIHIIH /IJ/ 

2. JpyraR B03MOXHOCTI> H3ytieHH.fi Koppemm;HR CBJI3aHa C H3Me

peHH.RllH nonepetn1ux HWIYJ!I>COB ~yx (sapsmeHHHX) qaCTHU B KOHetmOJl 
' 

COCTOHHIDI. 06o6me1me UYJ!I>TRIIepHq>epHtieCK08 H ac5copc5THBHOH UO.zte

Jie R npHBOJ.tHT K cJie;nynmeH napaueTpHsa1um ceiremrn: /IS/: 

/;~ , = r; rJ;._, f.,' J, 
~ ~ . 

~ r;;J ~,) = r;o e XjJ (- 0 JJ-;- ~~-; - C A~.J ¢;~,1/j_/ EJ. 
-3,zr.ec1, .P1 - nonepetnnrn mrnyJII:,c KoHeqHoR ":oo;iumeR" qacTHlU:i, -ft~ - nonepetmWi: HLmym,c qiparueHTa 1.rnme1m. Ile ocTa.JIJ,HIDl nepe-

weHnw np0H3BO;zJ.HTCR HHTerpHpOBrurne. 

I8 
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BeJIHtmHli a.. H 6 H3llep.flllT "pa3uep1:l'' HaJieTaDII{ei1: qaCTHUN 

(fOTOHa H 1.rnmem1), Koppe.lUIU}toHHNR rrapaueTp C YtrnTI:maeT 

rrepepacce.mrne it a6cop6I.tHD qaCTHU B HattaJil,HOM H KOHetIHOU COCTO.fl

HK.flX. E - ~KKCHpoBaHo. ITpH 60JU,IIIHX 3HeprHHX (ac~MilTOTH~ecKaR. 

o 6JiacT:o) H3ytieHHe 3aBHCHUOCTH ceqemrn OT Y7 = l~--'7 Mo:teT rrpo.mrTI> 

CBeT Ha np,q:>o;ny CHHryJ.UrpHOCTH rrouepaHqyi<a. OxH;naeTC.!i /I6/, tITO 

ec;rn . noMepoHy w COOTBeTCTByeT• IIpOCTOH TIOJIDC. TO ceqemrn He 

6~eT 3aBHCeTI> OT Y' ; eCJlli J:e p - 3TO 60.rrce CJIOJrna.!I oco-

6eHHOCT!, (HanpHMep, pa3pe3), TO TaKas:I 3aBHCl1UOCT:O 6y.zteT npHCYT

CTBOBaTI,, 

3. aK30TRqeCKHe peaKUHH, Bo3MOHHOCT:O IlOJIY'IBTI, 3K30THqecRHR 

f c. KclHaJl B CJiy1icle 2 perHCTPRPYel.lNX qaCTmt ( C == c /""" C..i. ) 

sHatmTeJU,HO mHpe_, qeu )J..rut o;nHof; ,i npe'A,CRa3aHHH "06061I{eHHott" 

'AYaJlI>HOCTH UOXHO IIpOBepRTI, B cneKTpaX -qaCTHU c;, H C ,,z, )l.1.LJI 

TaRHX pea.KIUI~, Ka.K 

tf-+P ~ "Ji ~ ii-+ . .. 

no;zto6HO TOiiy, RaK 3TO npe;zt.l!aI'aJIOCI, JJ.JUt peaKitRR (7) .• 

4. IlOHOKH ;1101moro o6veaa IIOM8l)OHOM 

ECJIH )lHq,paKUHff IIpeJJ.CTaBJI.ReT cneUB~HqecKoe ffi3JleHH8, . 

He CB113aHHOe C o6MeHOIL IlOJIDCOB B ~ -KB.Hane' TO llexaHH3)( 

)lBOIDIOI'O P-o6ueHa 1'0:leT 6UTl> sanpe11:teH. B IlpOTHBHOl,( CJiyt{ae OH 

MO:leT 6liTI, npeo6Jia)lanmHU )lJIH onpe)leJieHHNX peaKURH. B qaCTHOCTH, 

npo4eccy t1+ ,P -- .,P 0(.JF~ rJ +°I~ ./i- uoryT COOTBeTCTBOBaTI, 

uexaHH3llli, H306paxeHHHe Ha CJie.zt.YDIIl8M PHCYHK8 • 
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7i -f I .. 7i.,. 
/ .,,. ,,,, 

...... 77- ...... .. 'Ji-
71-I- .... .. :1 f 

'- p- ....... 7i -

p 
a. 

ITpH aTou ,11.owrHHPYDmHil (ecJI.H OH B03Mo~eH) uexaHH3M ( C) cooT

BeTCTByeT 7 + 77- nape B coca,omnm I = 0 H T .o. npoHB.naeT 

JJ -mm. ,11.JIB "no;zraemeHHOH" napl:i II-ue3oHoB. 

Ec~H o6a MexaHH3Ma padoTaDT, TO C poCTOM E ,11.O~llHO Ha6JID-

;naT:oC.fI ynmpeHHe p -mraa B pacnpe,11.e~emm 7J r Ji"'- /IJ/ 

IlOCKOJII>Ky CilHH H t{8THOCTI:, BeKTOPHblX Me3OHOB TaKHe xe,. 

KaK y cpoToHa, rrpouecc cpoToodpa3oBamrn _p~w 0
-H Y'- MesoHoB 

. / 

npH BHCOKltX 3Hepr1rnx o6yc~oBJieH . ~H~:gaK~HOHHIDf MeXaHH3MOU. 

ACHVIlTQTHqecKHe 5HaqeHH.fI no~HX ceqeHHH ~OTopol,lleHH.fI COCTaBmtDT 

(cu .pHc. 7). 

6(rf? -.PJ)~10~/,
1
6(f-J°,PJ~l.7'/,,, r;s'(JP,PJ~o.-5/,i. (I) 

JlHqicppeHI..UlaJU,HHe cetieHH.fI 3KCilOH8HUHa.Jll,HO na;naDT C pOCTOM 

KBa,n.paTa nepe,11.aBaeuoro m.mym,ca t (cu...µanpmlep, pHc .a· , ~e 

npHBe;zieHo ck-'/c/-t- ,11.mt npo~ecca <f ;° ~ .P;° ) . '.BH.FicHemrn uexa~ 

HH 3Ma Bl:lXO,11.a ce11emr0 q>OTopozur,emur Hei1:TpaJll,H1:iX BeKTOPHl:lX ue3OHOB 

Ha ·acmmToTHtieCKHfl peiurn rrpe,ncTaB~eT 6om,mofl HHTepec c TOttKH 

3peHH,t Teop,rn Pe,1!.llte (BliRCHeHHe OTHOCHTe~:oHoH po.oi O61.rnHa 
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f.1 f ~ 4 / § - TpaeKTopmnrn). v!3ytteHHe Ma.TpHI..tH IIJIOTHOCTH 

pacna,1ta BeKTopHl:t< Me30HOB Ha IllfOH!:l rrpe,nocTaBJUieT YHaKUJII,IIYD 

BO 3UOJ:HOCTI, BW!CHeim.fl pomr rrepcBopoTa cmrna B . ~HcppaKUHOHHb!X 

npoueccax. 

3apruteHHI:Ie ..,P -a&C30HH o6pa3yIJTC rr IlpH BUCOI{H:X ::rneprHJIX, 

BH,JJ,HMO, 3a C qeT o6ueHa 0,1U!Offi10HH!:1'"'1 IIOJIDC OlJ B C -I<aHaire, 

IIOaTOMY ceqe.HHe HX po!,JJ,eHHH 6y;neT OtieHI, uairo H A0Jl~HO na.n,aTn 

c pOCTOM sneprHH (CM,pHc.9). 

kf3yqe1rae !pOTopoil,1!,eHI-rn .P/-lJ-1 y:' -!le30HOB ]\aeT B03MOJKHOCTI, 

ocymeCTBHT:E> rrpoBepKy UO,JJ,eJIH BeKTOPHOH ]J.OMY.HUIITHOCTH (llBJI) rrprr 

BfiCOIGIX aHeprIDIX. M3BeCTHO, tITO B O(L'IaCTH 3Hep:rm1 QX) TOHOB 

5-20 ThB 06Hapyiir;e1m cymeCTBeHirne OTKJIOHCHHR OT rrpe,z;cKa3amr H 

UBJJ.. 
Han6oJiee I!pRJJoi1 crrocoo rrpoBe:pKH MBJl cocTOHT B H3uepcmm 

JICBOH H rrpaB011 qacTeH COOTHOmemrn, KOTopoe CJie,JJ,yeT H3 3TOfl 

Mo,JJ,eJrn: 

I 
'> I J,, ,r o,( I c4( /, -? ') I 

<£-(rr;,J=::f,~:,'\ /I, /I/Ii ;_.,.p1, c/t-(I;° ,I))/ lt--v (2) 

3,nec:r, 6t - IlOJU!Oe ceqemi:e ~.OTOIIOI'Jlomemrn, ~ - KOHCTaHT3. 

CBJ!3H qx)TOHa C 1f -Me 30HOU, '( )I - OTHOillCHHe ,JJ,efiCTBHTeJU,H0.1 

H MIDIMOH qacTeH aunJUITY.JJ. ~oTopoi;meHHR. 

Jlpyroe COOTHOUJCHHe, HEJI.fmmeec.c: CJ18,1I,CTBHe:.i UBJI H 'IJ0,1I,eJrn 

KBapKoB, IDJeeT Bn,n (uu npeHe6peraeM BKJia,TI,ou rrepexo;non // ~// 

ot/ I :;f"o( 
-:71- ((ff -;;I/) = I;, 3. ~ f If -t--;a_/ ' ~.,t- (3) 

ff (.P/J .,./';°)=ff (o/ ~~p)~ ¼l.(/4~ (T-;-J ~ $~ (~~) 2 
(4a) 

' 
:5! ('1',P.,. 'l'j') =(/5:J (t:'/_; r /5112;,J - /jff'f lF)'.J) _z ( 4B) 
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ITpoBepKa 3THX COOTHomemut IIpK BUCOKHX 3HeprWIY.. npe.ztCTaBJIJieT . 
6oJtE,mon mTepec. 

H3 BupaxeIDI.fI (3) H uo;neJIH 1rnapK0B cJie,uyeT eme o;n.Ha rpyrr

na C00TH0illeHnfl: 

dt-{f/J) = ~(w;;J- i,["0:.(7if1) + ~ (:1-;oJ} 

~ (>"/J ~ v;; ( JLr,11) • 

, 
(6a) 

(66) 

Moirno H36el!taTI, HCil0Jll,30Bamrn: CO0TH0meHHil (6)' T. e. Mo.zteJIH 

KBapK0B, eCJIH ;ltJUI <t.t"f'J HCil0JII,S0BaTI, ;naHH&e, Il0Jiy~eHHNe fil)H 

o 6pasoBamrn BeKTopmu. ue3ouoB Ha JQpax. 

HaKOHeu, Mal M0zteT 6UTI, !lpOBepeaa' eCJIH U3Mel)eH0 Cel!eHi!e 
I 

K0MilT0H0BCKOro paccemmrr qx:>TOHOB Ha uaJII:ie yrJIH. CooTHomemre 

HMeeT Bmt: 

EOJII,IDOH HHTepec ;ltJVI ~H3HKH SJieueHTapHUX '1aCTHU npe.ztCTaBJUI

eT K3y~eHHe ~H~pa.KIUIOHHOrO,Heynpyroro cpoTopox;zteHHH BeKTOPHHX 

ue30H0B, rrpe;ncTaBJIHeuoro rpa(f5ucauH THna 

r 

KB8.ll'r0Bl:le 
tmCJia .~y1t110Ha 

OneHKR noKas1:manT, ~To ce~eHHR no;no6Hmc nponeccoB uorYT ;nocTH

raT1, 3HatrnTeJII,HOH BeJmtmHli. 
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4. IlOJIRJnt3al.ptoHHHe K3llepeHH.fl. 

IIomqm3aUHOHHHe H3Mepemm ,zr.anT 1rncpopuaUHn, Ba?myn .ztJm 

IIoHm,amrn AeTaJieH uexaHH3ua peam.imr ii 1cpHTHtiec,~ro BH6opa Teo

pern-qec1mx uo:n,eJietl. JlocTaTotIHo BcnoUH1IT1i, Ka.Kyn Ba?tHyn pom, B 

ye TaH OBJieHKH C oxprur emrn CIIlI.PaJI1ilI0C TU B .n:acf>p~UllOHHbC{. 111)0 uec cax 

C l:ll'paJIH H3MepemtH no.Tmpit3aUH0HH0H MaTpm.ui ilJI0TH0CTU pacna,zr.a 
0 

..,P -Me30H0B, o6pa3oBaHHl:IX II0.1U!pH30B.l.HHi:l?.UI ~OTOHaun B rrpouecce 

I"? - _p 0 +;:, .. Ha pac. IO H3o6pa?teua yrJioBa>t RHHeuanrna 3Toro 

npouecca B cttcTeMe Koop;zr.i:rnaT roTTctpu;zr.a-Jll!teKcoHa. Ecmr acnam,30-

BaTI> Te l!te 0603Hatiem1.fI ;rr..IDI yI'JlOB, HO B CHCTeMe KOop;zr.mrn.T, I';te 

OCT> c:iZ COBIIaJ!,aeT C HaTipaBJ1em1eM "lJ.BHJKeHH.A: ,.P
O 

-Me3oHa B CHCTe

Me ueHTpa uacc, To B c.nyqae coxpanemrn: crmpaJI:oHocTu yrJioBoe 

pacn:pe.zteJiemre ~ -ue3oHoB pacrr~a Jfl' ;IJ.ommo 6uT1, rrporropr.nrn-

naJIJ,HO """./,i,,, a &11 , trro H Ha6JID,naeTc>t Ha 31<cnepmi1eHTe (pttc. II). 

Pac npe.zteJieHHe W no yrJiy >'ft ;naeT cBe;zr.emrn o )'.l'.pyro n Ba:mon 

xapaKTepHCTKKe uexam13ua ¢oTopnmemrn neKTopHI:IX ue3oHoB: o pomr 

o6ueHOB HaTypaJil>HOH H HeHaTyp8JI1iH00: qeTHOCTI>D B -c- -1-:.lHUJie. 

B C 00 TBeTCTBHH C MO.zteJI:&D , ,D;H<ppa.KUKOHHOro cpoTopox,neHHR .,LJ - -ue3o

H OB .ztOJIIeH npeo6Jia.ztaT:& HaTypa.JThHblti o6u:eH, l!TO npY.BO;ZJ.HT K yr~o-

:ROH 3aBHCKMOCTH Jvw Cos z ~ , n:pe1.1)aCH0 cor.nacy1mtefIC.fI C 

a KcnepHU:eHTaJil,HHMH ;ztaJIHW,(H (CM .pHC. II). 

Ilo;no6Hl:le H3MepeHH.fi Heo6xo,ZU[JJO npoBeCTH ll Ji.JUI o6JiaCTH 

BliCOKHX 3HeprHB, IIpHlieU Heo6xo.n.mrn UCCJie,1J.0BaT1> He TOJU,KO qlOTO

pox,neHHe __/)
0 

-Me30HOB, HOH .tJ -!Je30HOB (n.JUI KOTOpblX ,.ll:HCP:Qa.K-

UHOHHI:lH MeXaHH3Y HatnmaeT npeo6.11a.zr,aT1> rrpH 3HeprHmc 

Blime IO ThB) H rrpo~eccu uHoxecTBeHHoro ~oToponeHHH, KOTop1:re 

06cyua.zmc1, Haira Blillle. IlpH 3TOM c~e:n,yeT 00060 OTUeTHTl>, tITO 

HC nom, SOBaHHe KB::l. 3 ID,(QHOxpoMa THtre C KHX ayqICOB (pOTOHOB Il03BO.IDieT 

npoBeCTK IDHl)OKYD nporpaMMY, BKJIDtianmyn: 

2:J 
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a) H3uepemre acuuueTpmr pcnmeHHfl noJuq)H3oBamrw.m qioToHaw; 

6) H3Mepemre Il0.1Uipl{3amrn KOHetnrwc lfclCTHI.t (npH HeIIOJUll)K30-

BaHHOU f-nytme); 

B) u3uepemre noJIJII)H3amrn Konetmwc traCTHI.t rrpH po!]temrn 

HX IIOJIJII)H30BaHHNMH qJOTOHam1. 

B CJIYlJae mmJID3:rtBHWC peaKUHfi sTrr H3Mepemm uoryT 61::lTI:i 

HCrI0JlD30BaHH ~JIB rrpoBepKH @aR'l'opK3aUHH IIOMepoHa H ;zr.pyrHX 

TpaeKTOpnrr. EOJ!I)IDOfi rIHTepec npe,nCTaBJIRDT n3?JepeHHR rIOJIIIWC 

cc t-rnmrn !IX) TorrorJiomeHUJI IIOJUJpH30BaHHUX (l -ImaHTOB. CJie;nyeT 

npe;nycuoTpeTI, Tamm :n3uepemrn IIOJIJ!PH3amrn 6apHoHoB oT,na tm 

B Tex cJI::,~nmc, Kor,na sTo B03~oimo, ttarrpm,rnp, B peaRinrn 

I" -1-,P ~ J). +. . . 

ITpe,nCTaBJUieT 60JII:iIDOH liHTepec TIOJiyqeHHe (XOTfl 61::l rpyc5wc) 

;zr.aHHNX O B8 .. 'llitmHe H 3HaI<e ac~eTpHH U IlOJIRPH3amm :a pa3JIHlll!WC 

KUHeuaTHtJec KUX Oc5JiaCT:IX •. 

24 

89 



- ID. I!YllOK-BHCOKOOHEPrETH1IHI::ll OOTOHOB 

Cxeya noJiyt1emrn nytIKa qioToHoB B KaHa.ne ~ 9 · · Ha 

ycKOpHTeJie H~ro .n,JIR o6JiytieHHR Dl;ItKOBO.n,opo,nHOU ny3HpoKOBOH KauepH 

"Jin;ium.na" npe,ncTaB.neHa Ha pHc.12. llmneH::Ei T, ycTaHOBJieHHa.fI Ha 

cymecTBynmeM B JO-OM I!pJDlOJIHHeHHOM npoMeiyTKe ycKOpHTeJUI MKilleH

HOM IllHIBO~e CJI]IKT HCTOtmHKOU raMua-KBaHTOB, o6pa3Yl)JitHXCfi B 

pacna.n.e rr0 -- 2f . ra1n.ra-KBaHTH c yr;rou o6pa3oBamur ~ = o 0 

KOHBepTHJ:)YDT B 3JieKTpOH-Il03HTpOHHHe napu B CB~OBOli nJiaCTHHe 

K TOJlll\HHOR O, 2-0, 5 p~. e.n,HHHnH. KoHBepTop ycTaHaBmmaeTCR Ha 

BHemHeu pa;IU{yce ycKopHTeJIB Ha paCCTO.filHIH I6 CL{ OT paBHOBeCIIOH 

op6HTli IIpOTOHOB. B KaHa.ne OT6KpaDTCR Il03HTPOHH C HUilYJI::EiCOM 

P:35 I':3B/C npH 3Heprmr t:70 nm. IlpK 3T0ll immeHI, B pa6otieM 

no.riozelll!H .n,oJIEia Haxo.n,HTI,CH Ha paBHOBeCHOH op6HTe IlpOTOHOB. 

MarHHTHOe IlOJie ycKOpHTeJIJI H u.arHHTHIDl aHaJIH3aTdp KaHaJia 

( Q/ /~ 2 ~ ..u,/ ) otmmam II03HTPOHH1:i1t Ilyt{OK OT a.n.poHOB, po~eH-

HWC B JIHIIIeHH (IB/. HeKOToprur npm,:ecI> no.nouTeJt:EiHO sapR:iemmx 

a,npOHOB 6y;zteT llpHCyTCTBOBS.TI, B Il03HTPOHHOJl nytIKe R3-3a B3aKUo

.n.eacTBWI B BeJneCTBB KOHBepTopa HeRTpaJI!,HI:DC qacTH~ C MHIIIeHH. 

Il03HTl)OHHli8 IlytiOK C KOHBepTopa BHB0.1J.HTCR MaI'HHTHHll IlOJieM ycKopH

Te.nR_ Ha BHemHDD 'rpaccy npoTOHHOI'O Blil3o.n,a C /I9/ . J{.nR ipopimpoBa

HH.fl IIOSHTpOHHOro nyqKa B KaHaJie Heo6xo;zunrn ;ItOllOJIHJITeJI:&HO ycTaHO

BHTI, KBa;n.pynoJI:EiHHe JIHH3H 0,/q n OTKJIOH.RDmHa uarHHT M3. 

TpaHcnopTHpOBKa nytIKa ocymeCTBJl.fleTCR B BaKyyu-npOBOAe. 

B nepBoR oepHH o6~y~eHHR ny3HpI>KOBOfi Kauepli rauua-ny~oK 

C immeim Ha KOHB8pTop BliBO;IlHTCfi qepe 3 CTeHKy BaKyyUHoft Kauepl::! 

lCKO!)HTeJIH C KOJlHtI8CTBOM BemeCTBa O, 69 pa,Il. e;ZJ.HHH1,\l:l {Hep:taBenma.H 

CTaJil, I, 23 CM). liCllOJII,3yeTC.H CTaH,IlapTHa.a: B MlliID BHyTpeHH.f!.H 

Wlfil8HI, ;ItJIHHOH 20 MM t ' 2 MM, ..at, . B OTHI'MaTHtIHOM q>oKyce ue.1,1ty 

MarHHTaMH M:3 H w4 ycTaHa.BJIHBaeTc.fl pa.n,HaTop ,R.,, TOJIIltHHOH 
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0,02-0,05 pa'A.e,1JJ1HHUU, KOTopwi HBJIHeTCR KCTOqJIHKOM TOPM03HNX 

ra:.n.ta-IIBaH'!'OB. MarHUT M!I HCnom,3yeTCf{ ,nJUI OtJHCTKH IIyqKa TOPM03HUX 

rauua-:ia3aHTOB OT II03I-ITPOHOB. "~treHHe" 3THX rauua-KBaHTOB no 

3 Hepnrn OCJmeCTBJUieTCR OTKJIOH.RDntHM MclI'HHTHOU C JJ.mieHHO · ueHJD)II~n,

Cf{ BO BpeMem1 MarHHTHHM no.neM (Ha pHC. I He noKa3aH). CBeTOCHJia 

KauaJia B 3TOM CJiyqae COCTaBJUieT --20 MKCTep X % P/P, t{TQ Il03BO

JIJieT O~~aT:& IIOTOK Il03HTpOHOB B KaHaJie - !04 e+/HMII. IIpH !OI2 

p/nMn. H npeMeHH "c6poca" IlpOTOHIIOll'O Ilyt!Ka na MHl!leHl,~ I MCeK. 

Pa3uepu rauua-rryqKa Ha &auepe ,noJIXHli cocTaBHT» - 80 x 50 uu2 

(ropH3qHTaJU, X BepTHKaJU,), a cooTBeTCTByDntiie yrJIOBlie pacxo.nH

MOCTH (+l,0) X (+I,0) Mpa,n2. 

Bo BTOpori: cepmt o6Jiytiemrn IIY3!:lp:&KOBOH KauepN aJIDwtHHeBaR 

MHID8H:& 3aueHReTCR Ha 6epHJI.1IHeByD A.IDIHOll 50 Mli, BHCOTOH 0,5 ).( 

H pa;zu,taJU,Hl:n.1 pa3uepoM J MU. BHBO;ll r.aiu,a-nyttim C l.GfllleHH Ha KOH~ 

BepTop ocymecTBJIReTCSI tiepes cneuH~ID,HNH BaKyYJJHl:IH BHBO;ztHOff 

naTpy6oK. BuecTo pa.iHaTopa IL B TOM Jte MecTe ycTaHaB.mrnaeTCJI 

ICpHCTaJIJI aJDla3a, KOTOPNit JIBJIJieTCJI HCTO'IHHKOM MOHOXPOMaTH3ifPOBaH

IlliX IlOJIJipH30BaHHWC rauua-KBaHTOB. llarHHT !14 BllilOJIIUreT TY 1:e 

ipyHKUHD, 'ITO II B npe.nimYIIte8 cepmt 06Jiyqe1m1t ny3HpI,KOBOfi KauepH. 

Pa3wepH Il03HTpOHHOI'O nytJKa B KpHCTaJIJie on.naDTCJI 20 X 8 w 2 

(ropH3011TaJil, X BepTHKaJI:&), a COOTBeTCTB°yDIItHe yrJIOBNB pacxo;zun&0c

TH (+I, 5) X (+0, J) MpcU 2. OD,naeuNii IIOTOK Il03HT!)OHOB B mU!aJie 

JxI04 
e+/mm. npH 1012 p/mm. u r ~ I ucex. Pa3uepu rauua

nrma B IIY3!:lp:&KOBOii Kauepe ,nOJilKJ{U 6UTI, - IJOx25 w 2 
(ropH30HTaJtI 

X BepTHKam,), a cooTBeTCBYDIItHe yrJIOBlie.pacxo'AHUOCTil 

- (,:t I, 5) x (.± 0, J) upa.n
2• JlaJU,Heiiman orrTm.m3aum:i: npoeKTa 

,nOJIJtHa Il03BOJil{Tl, Y~YtDIIHT:& IIpeACT8B~eHH~e BHIIle napaMeTpli rrytJKa. 
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IY. OgEHKH WXOJ{OB PEAKrnro 

CtraTaR HaH60Jiee peaJIIillUJd BapHaIIT 06Jiytiemrn Ka!JCPH 

KBa3HUOHOXpouaTHtieC KHU IlY1{l{OM d -KBaUTOB, IlOJiytraeMO!J Ha 

RpHCTaJI.ne a.!Dla3a, uu oueHHJIH KOJIH'l!eCTBO Ont,1J,aeMI:1X C06UTHH 

no RaHa.nau peaKUJIH B o6JiaCTH noJI.HpH3aUHoHHoro IIHKa (p = 0,6, 

I4 r3B -&:.. Er~ IT ThB) H, .B1:1coK03HepreTH'llHOH o6JraCTH cneKTpa 

(I7 I'3B ~ Er~ 35 r3B). 

Pe3yJII:,TaTH BbMrCJie!ffiH, COOTBeTCTDYDIICliX o6wrno'1: !pOH030ii: 

sarpysKe KauepH B I4 KOHBepCHOHHUX. nap ( er nap (H2) - 20mb y· 
H aKcnosHUHK B 500 000 qioTorpaqx.rn (25 000/"J'- B3am.io.n.eHCTBHH, 

H3 HHX <".J I7 000 3- ;rytieBl:lX), rrprrne,n.eHu 1:uui:e .. 

l!Hc.no I4 ThB .::: Ee~ rr I'3B I7 ThB ~ E J- s 35 ThB 

JiytieR · K-BO co 6. tr?-.f'I' K-BO co6. t/'p ..,.P'}J 

3 4 000 600 2 300 350 

5 I 750 I 000 

7 250 I50 

.: Jlmr cprurneHK.fl yKaxeu, tITo tIHCJio oumaeuux co6mun no 

a THY -:!e Kmia.naM IlpH o6Jiy'l!emrn Ka)JCPH HeUOHOXl10IJaTit3HpoBaHHW.[ 

TopuosmiY H3JIYttemreu B HHTepBaJie I4 r3n ~ E ~ IT Thn 

c5~eT t'\,... • B 5 pas uea1,me. 

PacqeTH 11Q3HTPOHHOI'O ITYtII,a noI<a3imanT, trro oirn,TI,aeMOfi 

HHTeHCHI3HOCTH-003HTpOHOB ,1J,OCTaTOl.IHO ,1J,JIR C03,1J,aHHR Heo6xo,1J,HMoro 

no HHTeHCHBHOCTH ItBU3Hl,{OIIOXPOl!aTH1.!eCKOI'O nyl.fKa 0 
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R A E P H A.R <I> H J H KA 
JOURNAL OF NUCLEAR PHYSICS 

T. 18, Bbrn. 1, 1973 

RYMY JUITIIBHOE ME30HOOBPA30BAHHE 

A. M. EAJIAlIH, C. E. rEPACIIMOB, H. rHOP,[J;oHECKY, B. H. 3YEAPEB, 
JI. K. IIBAHOBA, A. ,D;. KIIPIIJIJIOB, B. A. KY3HED;OB, H. C. MOP03, 

B. E. PA,D.O:MAHOB, B. H. PAl\IiKHH, B. C. CTABHHCirnn, M. II. Hll;YTA 

OB'I.El{JIHEHHMft HHCTHTYT HJI,EPHMX. HCC.-IEl{OBAHHft 

(Hocmynu.11,a e pei)ax'iutO 5 gleepa.11,A 1973 z.) 

JiaMepeua nepoHTlIOCT& pom,n.cmrn Meaouon ycKopennm,m n,n.pa11m ,n.eiiTepnn. 3aep
mu BTOpll'IHbIX IlllOHOB npeBblIIlaeT 3Hepnuo. o,n.uoro HYKJIOHa .II,D.pa ,n.eiiTepIDI. OTIIOmeHH0 
CC'ICllllll pom,n.cmrn Me30HOB .II,D.paMU ,n.e11Tepnn K ce"leHIUO poIB,D.eHHH IlllOHOB HYKJIOHaMll 
np11 paBIII,IX :meprOBbl,D.CJieIUIHX ue aaBlICllT Ill[ OT OTHomeHIISI m,myJI&ca nnoua I, MaKCH
MaJU,IIO B03MOilOIOMY no mmcMaTUKe, Hll OT 3Hcprim ncpDII'IHblX ,n.eiiTpOHOB ll panno 0,06. 
CaMa nc.,11'11ma OTHOIIIemm n ce auepreTu'IecKan aanucm,1ocT& ue MOiK£:'T 6&1T& 061,ncHeua 
<pcp.11m:,D.DlliKCI1lleM. 

1. Buep;eHue 

Hep;aBHO B ,[J;y6He [I] liI Bepmm [ z] 6LIJill IIOJI}"I0HLI II}"IKH ycKopeHHLIX 

JI,tl;ep C ,meprIIJIMH IIOpJip;Ka HCCKOJILKIIX I'ae Ha nyKJIOH. lIMerom;11ec11 BO3MOiK

HOCTII II p;aJILHeiinme nepcIIeKTlIBLI IIOJIY1ICHJIJI II IICIIOJI1,3OBaHHJI IIY't.IKOB peJIJI

TlIBJICTCKlIX Jip;ep coap;aIOT npep;IIOCl,IJIKll )J;JIJI pa3BIITllJI HOBOfO paap;eJia qman

KH ap;poHOB - peJIJITIIBlICTCKOii TeopmI B3a:HMO)J;CHCTBIUI CJIOrRHLIX COCTaBHLIX 
qaCTHJl., T. e. aTOI\IHl,IX JI,tl;ep. IIepDI,IMH aKcnep11MeHTaMII, BLIIIOJIH0HilLIMlI Ha 

nytrnax Jip;ep BLICOKIIX :rnepmii, 6I>IJIII 8I{CIIep1rneHTI,I no naytteHllIO peaKil,Illl 

«IIHKJII031IBHOro» THIIa 

IlomIMO OTHOCHT0JlbIIOii npOCTOTI,I IIOCTalIOBKlI aKcneplIM0lITa Bl,I60p pea:nu.11n 

(1) o6'LJICH.fl0TCJI, IIO-BlI)J;UMOMY, em;e II TeM IIOBI,IIII0HHl,a! lIHTepecoM, KOTOpI,Ift 

IIpO.JIBJIJICTCJI B IIOCJiep;Hee BpeMJI R npo6JieMe om1caIIIIJI MHOro·cracTJI1IHI,IX peaK

Il,IIH. TeopIIJI o6pa30BaHIIJI IIY1IKOB BTOpIIqHI,IX qacrnu. cpaHTII'ICCKII OTCYTCTByeT 

p;ame )J;JIJI cnyqaJI CTOJIKHOBCHIUI ABYX HyKJIOIIOB. BMeCTe C Tel\I 3IIa1IIITCJlbHl,Ili 

rrporpecc B ,rncnepIIM0HTaJibHOM nayqemrn MIIoro1racTnqIII,IX peaI{Jl.Hll IIO3BOJIIIJI 

Bl,IJIBIITI, II cq>Op'.\lYJIHpoBaTb lI0IWTOpbie BeCbMa Bai-KHI,Ie 3aKOHO'.\IepHOCTII 06-

m;ero n ymrnepcaJibIIoro xapaKTepa. 

B nepnyro oqepep;b aTO OTHOCIITCJI I{ 061:1apyineHIIIO MaCIIITa6noro 3aROIIa, 

I{OTOpl>Ill xapaKTepu3yei'' cneKTP qacTHJl.I,I C B peaKI~IHIX TIIIIa ( 1), II BcUKHOH 
YIIIIBepcaJII,HOii xapaKTepIICTIIKII - cpeAIIero 3llatieHlIJI norrepe'IIIOro IIMIIYJII,

ca pomp;arom;IIXC.fl qaCTIIJl., KOTOpoe He aaBHCIIT OT TIIIIa CTaJIKIIBarom;IIXCH 11ac

TlID;, IIX :meprn:u, MHOIBCCTBeHHOCTII o6paayIOIIl,IIXCH qacnrn;, T. e. p;eiicTBIITCJib

HO Bl>ICTynaeT B pomr xapaKTepIIoro napaMeTpa, orrpep;e;rnrom;ero Ramm-To 06-

m;n:e CBOllCTBa B3amrop;eiiCTBIIJI a,ri;pOHOB. KpoMe TOro, 61,1no BI,IJICIICHO, 1ITO xa

paKTep YHIIBepcaJlbHOii 3aBIICIIMOCTII, OIIIICl>IBaIOIJl.Cll BbIXO)J; 'IaCTIIIl, B peaKil,IIIl 

( 1)' H a6cOJIIOTHaJI BCJIIPUIHa noro BI,IXO,ll;a CIIJlbHO 3aBIICHT OT BIIyTpeHHIIX 

1rnaHTOBLIX q11ceJI ClICTCMbI (ac). Bonpoc O rrpHMCHHMOCTII aTIIX o6m;nx aaKo

HOI\IepIIOCTeii: K peaRD;HJIM B3aHMO,D;CllCTBHJI H,!l;ep He HCCJIC,!l;OBaH. TeopeTH'I0CI{JI 

OH rrpep;cTaBJIJICTCJI IIpHHil,IIIIIIaJlhHO HCHI,IM, ecm1 npHHHTb Tpa,tl;IIJl.HOHHYIO TO1l
I{y 3pemrn Ba JI,D;pO KaK Ha COBOKYIIHOCTb cna6o' CBH3aHIII,IX Memp;y co6oii HYK

JIOIIOB. ,D;eiicTBHT0JlbIIO, KaIBeTCH BIIOJIJ-Ie ecTeCTBeHHl,IM rrpIIHHTb, 'ITO BCIO 
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n;1rnaMI'lKY MHollieCTBeHHoro po5ngemur qacTrr:a; orrpegemreT B3a:in.rnge:i:i:cTBIIe 
KBa3IICB06ogHI,IX HYKJIOHOB II 'ITO BCH Hgepna.ir crre:o;rrqmKa CBOAIITCH K rrpa
BIIJibHOMY yqeTy rrpo:a;eccon MHoroKpaTHOro B3aIIMOge:ri:cTBIIH qacTIID; C HYRJIO
HaMII rrffi)a. TaRaH RapTIIHa B3aIIMOge:ri:CTBIIIT BbirJIHAIIT, OAHaIW, BilOJIHe orrpan
.n;aHHOll ,ll;O TeX IIOp, IlORa paCCTOHHIIe Memgy HYRJIOHa1>fII B rrgpe He MeHoille, 
'IeM xapaKTepHarr AJIIIHa l, CBIT3aHHarr C orpaHIP:IeIIHI,IM 3Ha'IeHIIeM cpegnero 
nonepetIHoro uMnyJioca BTopntirrorx ,rncnr:a;, pomga1m:o;nxcrr n Bb1corrn::meprerrr
trecmrx coygapemrnx: 

1 
p ~~> ~ 0,6 if;. 

P.1.. 
(2) 

Onrennr, 'ITO p ~ re = 0,3 7 0,5 if;, rge re - pagrryc oTTaJIKirnamr:o;ero Kopa, KO
TOpbrfr xapaKTeprrayeT HYHJIOH-HYKJIOHHoe naarn,rop;efrcTmre Ha MaJibIX paccrorr
mrnx. Ecmr 6bI MbI IIMeJin p « re, TO nep0HTHOCTb AJIH gnyx (rmrr 6om,mero 
'IIICJia) HYKJIOHOB HaXO,IJ;IITbCH Ha pacCTOITHIIII, ,IJ;0CTaTO'IIIO 6mI3IWM, 'IT06br CJiy
iHIITb (<IICTO'IHIIKOM>) Il0JIH M8.30HOB C xapaKT8P,HOII o6JiaCTbIO B3aUMO,!l;8HCTBIIIT 
rroprr,r:i;Ka p, 6bIJia 6b1 3KCIIOII8IIJl.IIaJihHO MaJia~Ilop;o6Horo pop;a IIHTYIITIIBHhl8 
coo6pameHIIIT MoryT CJIYllillTb CBII,D;8T8JibCTBOM B IIOJih3Y rrpeg.rronrnHHOll paHee 
[

3
• 

4
] rHIIOTe3bI O l\IaCilITa6HOM xapaKTepe IIHK.1II03IIBIIbIX CIIeKTpOD traCTIID;, 015-

paaymr:o;uxcrr n rr.n;epnr,rx coyp;apeHIIrrx, Korp;a n onpegeJiemie MacmTa6Ho:u: ne
peire1rno:a: BXOAIIT ne :meprnrr, nprrxogrrr:o;aHcrr Ha op,rrH H)TRJIOH rrgpa, a MOJKeT 
BXop;rrTh 3rrepnrn rpyrrrru HYRJIOHOB rr.rrH game 3rrcprnrr H,IJ;pa rrnR :o;cJioro. Ilpo
u.ecc o6paaonamrn rnimx tracTn:o; naai,rnaetcrr H,n:epnr,rM KYMYJIHTIIBHhIM 3cpcpeK
To:-.r. OcrrOBHhie 3aKOHOM8pHOCTU IIHKJII03IIBHbIX npo:u;eccon ,IJ;0JiiKHbI rrpOHDJIHTb
crr B RYMYJIITTIIBHOM 3cpcpeKTC ,IJ;OBOJibIIO pe3I{O Il II8Tp1rnrra.1IhIIO (mrneTCH 
B BH,ll;Y IIpOHBJieHIIe xapaKTepHofr ,ll;JIIIHbI, 3qJlpffKTLI :r.moro6apIIOHIIhIX (<3I\30T11-
lfecrmx>> oforeHon). O6HapymeHrre KYMYJIHTIIBHoro ::>cpcperna npe.n;noJiaraeT ra-
1me YCJIOBHIT 3KCIIepnMeHTa, Kor.n;a IIOHBJI8IIIIe DbICOI{03HepreTil'I8Cirnx BTOp11'I
m,IX:: qacnr:u; He M0iI'8T 6hITI, o6'hHCHeHO cpepMH8BCRilM ,ll;BIDK8HII8M HYKJI0IIOB 
n rr.n;pax. ~eJih HacroHr:o;efr crari,n - coo6r:a;emre o pe3yJihTaTax aiiaJinaa pa6o
TLI [~] ITO nepBOMY 06HapyiReHIIIO rrp;epuoro KYMYJIHTIIBHOrO 3cpcperna ll peaKJl.IIII 

d+ Cu- ,c + ... 

ll yc.'IOBIIHX, Irnrp;a nnon YII0CIIT 3IIU'IIITeJI!:,IIO 60.rrbllIC, IlOJI0llllllbI IUlIICTII'ICCI,Oi'r 
3Hcprrrn geiiTpoHa. 

2. 3Kcnepmueur 

IIepnrPIIIbIII ny,101{ ycKopemn,rx geiirponon nonap;a.1 Ha op;Hy JI3 rro1,rer:a;en
n1,rx n 1rnl\repe ycKoprrTeJIH Mep;m,1x Mnrucrrerr T 1+s (prrc. t). Po;R;::i:eHHhre n 
narrpaD.rreHIIII na,n;amm;nx .n;eii:TpOHOB IIIIOHbI anaJIII3IIpOBU."ITICb no 1nmy,11,cy 
MUrHIITilbIM II0Jie:-.r ycI{opurc.::rH JI rrorra,ri;a:m- Il l\IarHUTHLIC I\UIIa.'lLI K1 II K2 
(pnc. 1). IIepni,re 061,eKrnnu (JJ1,2, lla+10) l\rnrmrTHoii orrrnRn 1,ana."I0D orrpe
p;e.rrmm TC."IeCm,re yrJibl BTOpIItIHhIX IIIIOII0B (L1Q1 = 2. 10-- II 1Q2 = 
= 4,5 · 10-· crepafJ), a mmy.:rr,cuhre m;e.rrrr IC II K2 - nrrrepnaJI per)rcrpupye
MLIX m,mynr,con (1p1 / Pi = 3 % n L1p2 I Pz = 1,5 % ) . Arranrr3npy10r:a;ne 1rarm1-
TLI (H1, H2, H3) BMecre c :-.rnrmrrn1,rn no."Iel\r ycKopnreJIH onpe;::i:eJIHmr 3rreprrno 
BT0pIItIIILIX IIII0HOB. 

IIoc1rn.rrhKY reo:-.rerpmr MarrruTrrux 1rnnaJioB cpm~crrponaHa, pa3HLI8 ::>rreprrrn 
BT0pIItIHLIX IIIIOH0B M0iimo II0JiyqIITb, .rru6o l\I8HHH r.rnmeHb B I,aMepc yc1rnprr
Te.Jrr (T1+5), ,;rn6o ireHHH Marmnnoe rroJie ycr~6prrTe.rrrr, T. e. MeHHH ::>neprmo 
ycRopeHHLIX .n;efrTpOHOB. 

Cetienne pomp;emrn nnonon d2
crd / dQdp orrpe,n:e.rrrrercrr qepea na:-.repHeMhie 

ne.11Fmrr1,r c.rre,r:i:ymr:o;mr. 06pa30:-.1: 

d2ad n 1 
dQ dp (po, Pn) = N lQL1ped ' (3) 
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Pnc. 1. · Cxer.rn :mcnepmreHTa 

r,r:r;e n - llllTeHCIIBH0CTb pom,r:r;eHHbIX IIII0H0B, N - IIHTeHCllBH0CTb rra,r:r;aro~HX 

,r:r;eiirpoaon, l - ro.rm~mrn :m1meHII (n 11ucne Rd pol CM
2
), Q - renecH&Iii yroJI Mar

HIITnoro KaHa.rrn, !J.p - IIHTepBaJI lIMIIYJibC0B IIH0H0B, Cd - aq>q>eKTHBHOCTb MH

meuu, orrpe,r:r;emrnMasI ilT0plltzHbIMll B3aHMO,D;SllCTBllflMII, Po - IIMIIYJI&C rrepBntJ
llbIX qacTH~, p,. - U:\IIIYJibC pom,r:r;eHHbIX IIH0II0B. 

· B Hacron~eii pa6oTe a6comornan: nopMIIpoBKa 6bIJia BbIII0JIHeHa no ceqe
mrm,i . pom,r:r;emrn IIII0H0B npoTOHa.MII. ,D;eiiCTBllTSJibHO, ce11en11e o6pa30BaHH.R: 

IIH0H0B IIp0T0HaMH paDH0 

d2ap · m 1 
dQ dp (Po, p,.) = M lQ!J.pei>' 

r,r:r;e m - lIHTeHCHBH0CTb p_om,r:r;eHHI,IX IIH0H0B, M - IIHTeHCIIBH0CTb ycKopeHBbU: 

rrp0T0II0B II ep ·- aq>q>eKTlIBHOCTb r.-mmenu ,D;JI.fI IIp0T0H0B. C.'IegoBaTeJI&HO, 

(5) 

r,r:r;e YJ - ::lI{CnepnMeHTaJII,H0 II3MepHer.-rnn: BeJIII'IHIIa. 

Ta6Jinqa l 

MaRCl!MaJJb· 
HO BOJMOah 

lIMnym,c 
Hblii 

°Yl'OJJ l\llHeTlftle• IIMnyJJbC 
CKaR JHep- BTOPH'I- mtoHa, POlR- Bb!JJeTa 

l'llll ll,CHTpO- llblX ll,CHHOl'O BTOPll'I- Tl MeTOA H3MepeHl!ll 

HOB, I'ae nl!OHOB, OAHJ!M 113 HblX m10-
I'ae/c HYKJJOHOB HOB, Mpai:) 

AeltTPOHa, 
I'ae/c 

7.60 4,23 3,82 0 (I,7±0,25) · 10-2 CqlIHTlIJIJiflQIIOHHhlll 
7,92 4,62 3,98 0 (1,2±0,18) · 10-2 qepeHKOBCKIIii 
7.·,92 4,62 3,98 94 ( 1,5±0,22) -10-2 )) 

8,52 4,9$ 4,30 0 (0,8±0,12) · 10-2 )) 

• 8,52 4,95 4,30 94 ( 1,2±0,18) · 10-2 » 
5,40 3,35 2,72· 0 (0,8±0,12) · 10-2 CqIIHTHJIJifl~IIOHHbl fr 
8,52 7,0Q 4,30 0 (5,3±0,8) • I0- 4 llepeHKOBCKUll 
8,50 7,24 4,,29 0 (4,4±0,7) • I0-5 C~IIHTIIJIJifl~lIOHHblll 
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,[(Jrn Me,IJ;HOH ~rnmemr TOJI~IIHOJI 10 C.lt OTHOIII8HIIe 3<p<peKTIIBHOCTeii paBHO 

epl ed = 1,4 + 0,15 

( omufo<a orrpe,ri;e.'IHeTCH Heorrpe,ri;eJieHHOCTbIO llOJIHbIX ce'IeHIIII B3alIMO,ri;eiiCTBIIH 

,ri;eiiTpOHOB Il rrpOTOHOB C H,ri;paMII Me,ri;II). . • 

MHTeHCIIBHOCTb nepBII'IHOro rrytIKa npOTOIIOB (M) H ,ri;eiiTpOHOB. (N) orrpe

,ri;eJIHJiaCI, ITO BHyTpeHHeMy MOHIITopy llY'IKa c1rnxpoqia30TpOHa C TO'IHOCTbIO 

10%. 11HTeHCIIBHOCTb BTOpII'IHbIX llIIOHOB (n n ni) onpe,ri;eJIHJiaCb CIICTeMofr qe

peHKOBCKIIX [
6

] (KaHaJI 1) II CIJ;IIIITIIJIJIFI!l;rroHHbIX C:IeTTIIIROB (KaIIaJI 2). 
PerncTprrpyro~an amrnpaTypa (pIIc. 1, RaHaJI 1) cocToirna II3 C'IeT'IIIKa au

TIICOBrra,ri;eHIIii: Sa c OTBepcnreM ,ri;naMeTpoM 7 cM, orrpe,ri;emno~ero pa3MepbI 

ny-qKa llIIOHOB; tiepeHKOBCKoro C'IeT'IIIKa I'o (ABOil:Hbie COBrra,ri;eHIIJI) II 'IepeH

KOBCKOro C'IeT'IIma M (Tpoii:Hbie COBrra,ri;emrn). I1pn YrJIOBOM pa3pememrn 

oef:ctt J 

,u-z 

U,o, 

£ £ 
£ 

~ ....... 

i 

',· 
:----

·' :---

0,8 

:---
:--

:--

1 

\ 
\ 

I, fl 
.:CtJ 

. Pnc. 2. CpaBHemie aHcrrepm,ie11Tam,
HhlX 8Haqcunii a C pacqeTOM B_ f!M
nyJihCIIOM npn6m1memm. Toq1m -
:mcrrcpIIMCIITaJihllhle /],aHHhle. ITy,m
TBpHaH . HpIIBaH "'.""" BOJIHOBaH qiy1m
Ii,JUI · ACiITporra c 1rnpoM (mmy.1JLc · 
/J,CiiTponon 10 I'ae/c), crrnom1rnn 

+2 MpaiJ CIICTeMa IIMeJia 3HepreTII'IeCKOe 

pa3pememrn c.E IE= 1,5 % . YpoBeHh <poHa 

(cJiy-raftm,rn coBrra,ri;emrn) ,ri;mr orrpe,ri;enemrn 
OTirnmemrn n Im cocTaBJIJIJI 10-s. CtieT'IIIKII 

HacTpanBa.JIIICb Ha perncTpan;mo llIIOHOB TUH, 

'ITO BepOJITHOCTb perrrcTpan;nfr MIOOHIIOIT II 
3JieHTpOHHO:ii HOMllOHeHT . He rrpeBbIIDUJia HC

CKOJibKIIX rrpon;enTOB .. 

B qJOI\UJibHOll llJIOCKOCTll HarraJia 2 pacno

JiaraJICJI TeJieCKOII II3 Tpex CD;HHTllJIJIJID;IlOH

HbIX C'Ie.T'IIIKOB. 

B Ta6n., 1 np1rne,ri;eHbI 31,cnepmrn1ITam,

Hhle .AaIIIIbie no BeJIII'IIIHe Tl ,!J;JIJI paaJIII'IHbIX 

nepBII'IHbIX 3Heprnii: ,ri;eiiTpOHOB, pa3JIII'IHbIX 

3Heprrrii: II yrJIOB IlbIJieTa BTOpII'IIIbIX IIIIOHOB 

. ( nee Be.'III'IIIIlbl n, JI. C.) . 

3. OnpeAeJienue ce11e1mii o6paaonamrn 11uo11on 
npa n~alllUO,l:\CllCT_BIIII np0T0H0B C n,ri;paMH 

,[(JIJI orrpe,l:\eJIElHIIJI BepOJITilOCTlI o6p~30Ba

. mm: llUOIIOB (c 3Heprneii, 6JIII3KOft K MaKcr 

Ma JI bIIO Il03:'>fOJimoii no HllllC:'>Ia TIIHe) llCIIOm .-

3OBaJlllCb 3Kcnepm,rnnTaJihHhie ,ri;amn,rn o poiK-Rpxrnan - 6ea 1rnpa 
ACHIIH IIIIOHOB B npOTOH-IIpOTOHHOM B3aIIMO

Aeii:CTDilll npu 1nmyJihcax npOTOIIOB 12;5 [ 7 ], 18,3 [ 8 ], 19,2 [ 9 ] II 30 [ 1•0 ] I'aBI c. 
8Kcnepm.1enTaJ1hI1bIC ;a;am11,ie am1po1<cmmpOBa.'II1Cb ;J;By:-.rn (cprrT 1 II qmT 2) 
aHaJIIITU'IeCKII:'>m cpyHKIJ;UJI:'>lll 

r,ne 

E" d2ap 
p(x,p.1.)=--z dQd: 

Gppp" p 

p(x,p.1.). F(x)exp(-a6p:), 

p(X,P.1.)=F(x)exp[a5(-P.1. +p.1.x-l.1.x2
)], 

exp(- azx) (1- x)a•, 
F(x)=a1 1 +exp[(x-a3)/a,] X = Pi/Pmax 

(6) 

(7) 

(OTHomerrIIe napaJIJieJibHOii COCTaBJIJIIOll~eii mmy.'lbca IIIIOIIa K MaI{CIIMaJihIIO 

B03M0iI{H0li no mrneMaTIIKe), p .1. - nepneHAIIKYJIJipHaJI COCTaBJIIIIO~aJI llM

nyJihCa IIIIOHa (B I'aBI C). AHa!III3 no MCTO,UY MaRcm.rnJibIIOro npan,ri;orro,ri;o6Irn 

AJIH X > 0,5 ,l:\aJI CJie,l:\yro~rre 3Ha'IeHIIH napa?.teTpon: 

<DnT I 
<l>nT 2 

82 

1?1 

0.176±0,07 
0,92±0,3 

a2 
1.87± I 
3,9±(A9 

a3 a, as aft 
0.6±0,0Q 0,076±0,003 0,47±0d · ~24±0,04 

0,65±0,03 0,083±0,005 0,69±0,17 ., )2±0,04 
l 
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Ilpep;rroJiara.a:, 'l!TO cpyHKI:VIH p (x, 0) ,JJ;JI.!l rrpOTOHOB lI p;eiiTpoHOB, B3aIIMop;e_iiCT
.nyrom;nx C .a:p;pOM MIIIIIeHII Cu, OTJIII1-IaeT~H Ha l{OHC:,raHTY, MO.iKE,IO HaHTlI OTHO-_ 
ClITeJII,HYIO BepOHTHOCTb pomp;eHIIH IlllOHOB npn O,JJ;IIHaKOBbIX arra'l!eHlIHX BeJII1-
qm11,1 Xd 

· ( · ) 8p p (Xp, 0) ' p;ax (d) 
CG Xd = Yj - Xp = Xd max( ) 1 

edp(xd,0)' P,. P, 
(8) 

r,o;e p;ax (d) - MaKClll\IaJII,Hblll m.rri:yJibC B apry:~rnHTe xd orrp'e,o;eJrneTCH RlIHeMa-: 
nrnoii peaKI1,1rn d + N -+ re + ... Ha pnc. 2 H B Ta6JI. 2 np1rne,o;eHbI :mcnep11-
:.re1ITa.TJ:b111,re µ;aHHbie O BemI'IIIHe a II OIIIII6KJI, orrpe,o;eJIHeM:&Ie. l\IOHHTOpIIpona-

T a o JI II ri; a 2 

E,I'ae p, I'aa/c xd a 

7,60 4,23 0,667 (9,1±2) ·10-2 

7,9·2 4,62 0,694 (7,6± 1,7) · 10-2 

8,52 4,95 0,681 (4,4± 11) -10-2 

5,40 .3,36 0,779 (115±4) · 10-2 • 

8,52 ,7,0f2 0,966. (4,5± 1,2) · 10-~. 

HIIeM, Heonpep;eJieHHOCTbIO B OTHOIIIenn:a: acpcpeKTlIBHOCTeii 8p / ed ll ROpnp;opoM 
OIIIII60K B cpymm;uII p. 11,JIH npOTOHOB. Ma puc. 2 Bil,JJ;HO, 'l!TO BeJIII'IIIHa OTHOCll
TeJibHOrO BbIXO,JJ;a IIIIOHOB a (x) B rrpep;eJiaX OIIIll60R H3Meperrnfr He aaBlICIIT OT 

apryMeHTa x. Cpep;nee ana-qe1rne (a) paB~o 

(a)= 0,06 + 0,007.· 

4. Bmurnue cpep:iu11enc1wro ,o;nm«eH1111 11ym10HOB B 1111:pax 

Ila o6paaonamrn BLICOK03HepreTll'leCKHX IlHOIIOB 
B p;eiiTpoH-1111,epHLIX CTOJIKH0°B0HH11X 

qT(?6bI O11,eHlITb mrnap; <p_epl\rneBCIWrCf ,JJ;BlliKeHllH HYKJIOHOB B c~~ieiiue o6pa-
30Daii1rn IIl:IOHOB IIIJII paCCMaTpIInaeMl>IX . HaMiI KIIHeMaTII1IeCI{HX ycJIODli.flX; 
61,ma pacctJ:HTaHa BeJI11'llmia · · · 

() 
d2a(d+Cu-+1c+ ... ) 

ax=-----.--------
d2a(p +Cu-+-· n- + ... ) 

n pal\rnax Mop;eJIII m~rryJihcnoro_ npn6m1memrn. JJ:ncpcpepen11,~aJibHoe cetJ:eHIIC 
o6pa30BaiilIH IllIOHOB peJI.FITIIBHCTCKIIMil ,o;eiiTponaMII B iIMIIYJibCIIOM. IIpII6JII1.iKe-
11~ p~w . .. 

~ . [ ~ . 

d d 
(d+Cu-+n+ ... )= J --(pd-f-:Cu-+-n-+ ... )+ 

Qp ~~. . 

+ d~
2
:p (nd +Cu-+ rt- + ... ) ] I \{I (p') I 2 dp'' . rn) 

r.n;e ycpe,o;nenne rrpOBO,D;IITCH no IIMIIYJibCHOMY pacnpe,o;eJieIIIIIO HYKJIOHOR n 
µ;eiiTpone II -q, (p') - BOJIHOBan: <pyIIKI.J,IIH ,o;eiiTpona B HMIIYJibCHOM npep;cTaIUTP.
HIIII. )];JI.a: cetJ:eIIIIll'. pomnemrn IIIIOHOB' HYKJIOHaMII p;eiiTpoHa IICIIOJib3OBaJIIICb 
aHaJIIITII'IeCKHe <pyHKI.J,IIH p (x, p 1.), IIOJiy~reHHI,Ie n p;aHHOII pa6qTe ( <pllT. 2), 
rrpnqeMnpe,o;noJiaraJIOCb,'ITO 

d2a(n+ Cu-+ n-+ .. . ) ~ d2a(p +Cu-+- n+ + ... ). 

3anucmrncTb ceqem1ii OT mmyJibca p' BHYTPIIH,o;epnoro ,o;nIImenu.a:·HYKJIOHOB n 
geiiTpone- BXO7.J,IIT 1Iepe3 MaCIIITa6nyro nepe}teHHYIO X = p,. 1p1:ax (p') ;" )];JI~ 'lIIIC:. 
.'Iennoro pacqeTa cpop~1yJ11,1 (9) ucrro:11,aonaJincb ,o;Ba BapnaHTa nom:iqa~1x cpynR-
11,nii ,o;eiiTpona: BOJIHOBaH <pyHKI.J,UH TFma XaMap;1,r - JJ:moucotrn: ·c, oii'aJIKIIBaI(l-

6* s:1 
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IIJ;IIM R0pOM [ 11
] II B0.'lll0BaH q:>yHIUJ;IIH 6ea KO pa [ 12

]. Ha pnc. 2 IIpHBe;IJ,eHI,I pe
~YJILTa ThI Bb1quc.i:remiii:. CIIJlOIIIHaH KprrnaH C00TBeTCTByeT B0,1HOBOli q:>yHKD;HH 
6ea Hopa, a IIYHKTIIpHaH - C KOpOM. Ha pncyHKa BH;IJ,HO, 'ITO paC'I8THaH Bem1-
"IIIHa a no a6comonroii BeJmqune rrpIIMepHo ua ;n,na rropH;n,Ka M8Hhrne :rncrre
pnMeHTa.TihHhIX 3Fia'leHnii: a II, Kpo:.rn Toro, pacqeTIIaH 1'pIIBaH aaBHCHMOCTU 

TauJIHn;a 3 

lhtnYJILC II~rny JILC Ep 
)];eJ!TpOHOB, ITIIOHOB, n- '111 

I'ae/c I'Je/c Erl 

7.06 3,35 1,12.10-2 2\03-1'0- 4 

9,3 4,23 2,32-10- 2 1,04-10-3 

9,64 4,62 1,6'8, 10~2 6,2 -10- 4 

10.29 4.95 0,8· 10-2 7,3· 10-4 

10.29 7,02 7,42-10- 4 1,6· 10-7 

a (x) cnm,no na;~aeT c pocT0M x, Tor;n,a KaI< :rncnepnMenTa.%HaH Be~1n,nma 
npa1nn,1ec1m He aaBHCIIT OT apryr,rnnTa x. ,D;nH on;ermu nmrnmrn cpep;\menc1wro 
,ABUil\CTIIIH IIYI{.'I0IJOB n n;i,pc MIImenn 61,rno Bbl'IIIC:JCII0 0TJIOllICIIIIC ceqe1111ii 

d2a (d + Pcu (p, )- re+ ... ) 
11 = -----------~ 1 

d2cr(p+pcu(P,)-:c+ ... ) 

npn o;n,Hna1wn1,1x m,my,1Lcax rraµ,a10r.u;11x qacTnIJ; n o,r:umaK0BhIX aHaqemrnx HM
nynLcon perncTpnpye),n,rx rrHoIIon. IhmyJILcnoe pacnpep;e.'lcrrne uy1rnonon n 
n;n,pc :\18]].II 61,rno B3HT0 D BIIµ.C 

W(p) - J 4np~ 
! - \ 11in.r 

. 0 

Ip, I ~ Pmax = 0,26 I'ae/c 

lp,I > Pmax 

a pacnpe;n,eJ:remre llMilY.:JbC0B B ;ri;eiiTpoue orrpep;eJIHJI0Cb BO.TIHOBOii q:>yHI{D;Ueii: C 
1wpoM [ 11

]. B Ta6n. 3 npu ne]].eHhI peay.TILTaThI pac•rern. BuTinc:remraa ne.11uqn
na cyrIJ;ecTneuIIo Mem,rnc (60.'l(,IIIe •reM na nopn]].oK ne~11Jlmm,r) ::mcneprrnen
Ta.11,uo II3Mepennoii ne:11Prnm,1 ri (Ep I Ed). 

3a11:mo•rcn11e 

B 3aK.'l10qem1e rro,unc;:i:e:.1 o6ui;nii nTor 11acToH11i;eii pauoTLr. Ana.1n3 no11n~
;a,ern11,1x n1,m1e 31,crrepm,1eIITa:1hI1bIX ,;:i;am1LIX rro 06pu301Ja11mo pc:rnT1rnucTr.Tm
M1r ;n,eiiTpoIIa).m nnouon c :meprneii, 3Wl'IIITC.1Lno IIpen1,m1a1011i;cii 3Heprmo. 
rrpuxo;:i:mIJ;yIOCH Ha 0)l!III IIYK10H, II03BO.'IHCT c;:i:c.1aTL c:1c;:i:y10u.i;ne DLIB0,'lbL 

1. O6Irnpyi!,CH :.)tpcpeKT II II3).1Cpeno ccqe1111c 1,y).1y:1rrnm11oro oopa:ionamrn 
ITIIOII0B B ]].eiiTpOII-Hµ,CpHbIX B3[1JDIO)J.C'iiCTBllHX npn Bl,ICOl\lJX :)J1Cprm1x. 

2. OT11omern1e m,rxo;i.on pcaI,IJ;Im d + Cu -+ ,c + ... II p + Cu _.., ::-i- + ... 
npn Tamrx :)l!Cprrrnx :-.1e:1011on IIC :.10,KCT OI,ITI, 001,f!CIICIIO q)cp~III-;J:Bml,('IIII(')I 
HyI,JI0llOD B ,neiiTpOiiC. 8To C:.1C;J.YCT llC T0.11,J\O ll3 HUCO:IIOTIIOii BC:Jil'llllll,I ::noro 
OTHomemrn (pa3:m•me c npc;i;c1rn3a1-rne:.1 Teopnn 60:1ee ,re:.1 na nopH;:i:01, nem1-
'IHJiu), no n n3 xapai,Tcpa :1anncm10cTn ero OT ).Iacrurn6110ii nepe).reimoii x = 
= Pn I p;:ax (cM. pnc. 2). 

3. 8.1<cnepm,teHTa:J1,ITbIC AarmLre naxo,;1,HTCH n cor:iacrm c runoTC3oii [ 3
] o 

crrpane,n:nrnocTII MacmrnGnoii: mrnapnanTII0CTII )J.:rn peam.i;nii: 1,y:.ry:rnnrnnoro 
o6pa30BUHI1H BTOpnqHbIX qaCTIIIJ; rrpn CT0:muonemm pe:IHTIIBIICTCIOIX H,Uep. 

4. PeayJILTUThI 31,cnepnl'IICHTa uc nponrnope,rnT :-.1011;c.1Lno:-.1y npc,TI.no.1ome
HllIO [ 3

] 0 TOM, qT0 CII8KTPLI IIIIOII0B, o6pa30llOJIIIblX npu CT0:nmonennu fl)J.Cp, 
0IIUChIBaIOTCH TOii iI,C cpynm . .i;ncii: f (x) OT MaCWTUUIIOII ncpe:.termoii X = 

I m•1x = Pn Pn , qTQ ll CTICKTpLI IIIIOIIOB B nyICIOII-IIYI,.1011llbIX CT0.'IKI!0BCHI!HX. 

,84 
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5. IIpocTa11 l\co.o;eJih [ 3
], cornacno KoTopoii a(x) = const H orrpe.o;eJIHeTCH 

nepOHTUOCTblO ·.o;JIH nyK.'IOHOB B .o;eiiTpone OKa3aTbCH Ha paccTOHH:Ull, MeHbIIIeM 

xapaKTepnoro paaMepa p, xoporno rrpe.o;c.KaahrnaeT rropHp;O.K nemPIHHbI CG. BeJIII
trmrn CG!:::::: 0,06 cooTBeTcTByeT p = t / (p.J..), r.o;e (p.J..) - cpe.o;uee aJiaqemre BeJJII
q1mhr rrorrepeqnoro IIMIIYJibca rrpu l-tHOIBecrnemrnM pom.o;emrn qacnm;. Ta.Kim 
o6paaoM, HCCJie.o;onann:e KYMYJIHTHBHOro oopaaonamrn tiaCTlIIJ; npu CTOJI.KHOBC
HIIH peJIHTHBHCTCKHX H,!'lep .o;aeT B03MOlliHOCTb rro.'IyqaTb cne.o;emrn O nan6oJiee 
cy~ecTBeHHhIX trepTax .nnKJII03IIBHbIX npou;eccon (}mCIIITa6ua11 mmapnanT
HOCTb, po:1b .KBaIITODbIX tmce.'I, ofocemrnaeMbIX B t-K::rnaJie, BbI)];eJimmoCTb xa
paKTcpnoro rrapa~reTpa cn.rrr.IIbIX naamco.o;eiicTBIIii paal-IepHOCTH .o;:mm,r 
p = t / (p.J..), ~moroqacTntrn1,re 1wppeJim:1;m1), rrpuqe~c nu xapaKTepnr,re trepTbI 
ucc~1c.o;yroTc11 n ncTpnnna.11,noii rrocTaHonKe aap;a'!n. O.o;nar-o ,i:i;JIH naytremrn 06-
n~ux 3aKoHo~reprrocTeii nymm,1,· ecTCCTnenuo, Go.nee ,u;eTa:1r.m,re ::rncrrepu:\Ieu
ram,nr.w gaIIm,re. 
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CUMULATIVE i\IESOPRODUCTION 

A. M. BALOIN, S. n. GERASIMOV, H. GUIORDENESCt:, V. N. ZUBAREV, 
L. K. IVANOVA, .A. D. KIRILLOV, V. A. KUZNETSOV, N. S. MOROZ, 

V. B. RADOMANOV, V. N. RAMZHIN, V. S. STAVINSKY, M. I. YATSUTA 

Probability of production of mesons induced by accelerated deuterium nuclei is 
measured. The produced pion energy is more than the energy of a nucleon in the clcu
lcron beam. The ratio of the cross section of the pion production induced by deuterium 
nuclei to the cross section of the pion production induced by nucleons at an equal energy 
rPlcase does not depend on the ratio of the pion momentum to the maximal value allowe:l 
by I.he kinematics, nor on the primary deuteron energy. The ratio equals to 0.06. This 
quantity and its energy dependence cannot be explained by means of the Fermi motion. 
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TipeiocraBneHHe cpH3HKau YHHKBJihHHX HnH peAKHX B03MOXHOCTeR 

npoBe~eHHH 3KCnepHueHTa HMHeTCH OAHHU HJ BaxHeRmHX cpa.KTOpOB 

ycnemHHX HCcneAOBaJIH" B o6nacrH ¢H3HKH BHCOKHX 3HeprHR. 

B CBH3H C 3'mK BO BCeX KpynHeffmHX ycKopHrenbHHX ueHrpax UHpa 

oqeHh 6onbmoe BHHMa.HHe YAenneTCH KOpeHHOtt YOAepHH3al.UiH KpyrmHX 

YCTaHOBOK, H B nepsyD oqepeAh, YCKOpHTenen. 3aHOBO C03A8.DTCH 

60nhmHe YCKOpHrenH, npH4eM HOBHe CHCTeMl:l AepEaT peKOpA no napa

lreTpa.Jl nyqKQB B reqeHHe BCero nHIIIh HeCKOnhKHX ner. Co BpeMeHH 

3MYCKa B 1957 rOlY OCHOBHOtt daJOBOR YCTa.HOBKH 0Hffi{ B 06JiaCTH 

qll3HKH BHCOKHX 3HeprHR - CHHXpoqa3orpoHa - 6unH npe.ztnpHRHTH 

nHmh ~OBOnhHO orpaHHqeRHHe ycoaepweHCTBOBaHHH 3TOro ycKOpHrena. 

CHHXpoqia.JorpoH AaBHO yrpaTHn peKOPAHOCTh napauerpoB ny4KOB,H 

nepel JIB3 H HHCTHTYTOM CTOHT TPYAHaH 3~aqa - n~1CK Han-

paMeRHR HccneAOBaHHR, KOTOpHe Il03BOnHnH 6H OTBeTHTb Ha HaH6onee 

ocrpHe BOnpocu qiH3HltH BHCOKHX 3HeprHR H npelOCTaBHTh ¢H3HKaM, 

6aJHPYD~HUCH Ha OHIDI, YHHKaJihHHe H pelKHe ycnOBHH 3KCnepHueHra. 

O~HO H3 TaKHX HanpasneHH8 - BHXOl Ha KpynHeHmHe YCKOpHrenH UHpa

yxe npHHecno xopomHe nnoAu. Co3~rutHe JIB3 KpynHeRmHX 3neKTpoH

HHX YCTa.HOBOK K ABYX ny3HpbKOBHX KaMep Ha CepnyXOBCKOU ycKopH

re~e B nepKOA, KOrAa 3TOT ycKOpHrenb o6n~an peKOpAHHUH napa

wetp8.MH nyqxos, noJaonHn na6oparopHH He ron1Ko nonyqHrb PR.It 

BaxHHX Hay4HHX peJynhTaTOB, HOH odecneqHTh na6oparopHH CTpaH

yqaCTHHn orurn YHHKaJihHOR HHcpopMal.UfeR, KOTOpaa OyAeT HUH o6pa-

6aTHBaTbCH B TeQeHHe 6nHxalmMX ABYX-Tpex neT. 3ro HanpaBne!Il1e 

C npeB~eqeeaew YCKOpHTenel Ha BCTpe4HliX nyqxax H 3n8KTPOHHliX 

ycKopHieneR HMeer xopowtte nepcneKTHBli H Ha 6y~y~ee. 

O~Haxo, H8CMOTpR Ha 3Ha4HT8RhHHe ycneXH B 3TOff o6naCTH,BliXO~ 

Ha KpynHeffmHe ycKopHTenH He uoxer o6ecneqHn, norpe6ttocrea 
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!pH3HKOB, 6a.:rnpyDlltHXCJI Ha onmt. Trucoizy KPYllHOMY Me:a:.»;yHapo,ltHOMY 

HHCTHTYTY Heo6XO~HM8. co6CTB0HH8Jl,~OCTaTOqHQ COBpeMeHHa.JI ycxo

pHTeJI.bHaJI 6a:m. ,llJUI noc-raHOBKH 3KCnepHlleH'IOB Ha 3Haq:HT8JlbHOU 

paCCTOJIHHH OT OCHOBHOR 6a3li Heodxo~HMO HMeT.b B03MO%HOCTb He 

TOJlbKO ITOJIHOCThD OTJiaJtHT.b H OTKaJIH6poBa.Tb ycTaHOBXH, HOH 

HcnuTa.Th HX B pa6oqHX YCJIOBHJIX. IlpoBe~eHHe 3KCnepHMeHTOB Ha 

"qyxHX" ycKOpHTeJIRX Tpedyer CJU1IUK01l 60JU1IUHX YCHJIB11 H He no:rno

JIHeT IlOJIHOCThD HCITOJih30BaTb noreHUHMbHHe B03:UOXHOCTH ycTa.HO-

BOK. 

ITpe~npHHJITaJI B ITOCJie,IUIHe ro]tH MO~epHH3aUHR CHHxpOqia.30TpOHa 

B 3Ha4HTeJibHOR creneHH pemaer npo6JieMy C03~a.HHJI codCTBBHHOR 

YCKOpHTeJibHOR 1Ja3li orurn Ha 6JIHXa.Rmee BpeMR. Co3~a.HHe CHCTeMl::l 

MeMeHHOro BHBOla. /I., 21, YHHKWI.bHHX nyqxoa peJIJITHBHCTCKHX H.It0P 

H MOHOXJ)OMaTHqecltlfX HeRTpOHOB /J, 4/, coopyxeHHe 3KCnepHM0HTM.b

HOro naaHJI.bOHa - co3~8J)T xopomHe npe~nocHJIXH ina npoae~eHHH 

~YH~a.ueHTM.bHHX HCCJie~OBa.HHR. 

B03HHltlliee H pa3pa6aTHBa.eMOe B JIB3 HOBOe Haytrnoe aanpa.B

JieHHe - peJIJITHBHCTCKaJI H.ItepHa.JI !pH3HKa /S+ 91 - HMeeT xopomHe 

nepcneKTHBli, odecneqHBaJI He TOJILKO HeTpHBHaJibHIDt no~xo~ K Cal,WM 

ocrpuu npodneuau <fJH3HKH 3~eMeHrapHHX qacTH~ (imoxecrBeHHHe 

npoueccu, npodneua crpyKTYPli qacrHn H ~p.), Ho H BaxHue 

nprutTH4eciwe npHMeHeHHH. 3ro aanpaanenHe ao~xaaqeao H HHTeHCHB

HO p8.3BHBa.e-rca a.uepHKa.HCKHWf cpH3HKaMH. 0.IO{wtO era .n;a.JII,Hellmee 

paaBHTHe- yaenHqeHHe HHT8HCHBHOCTH ny4KOB H aapJUHOCTH H.Itep

Ha cy~eCTBYD~eu ycKopH?ene BCTpeTHTCJI co 3HaqHT0JlhHHllH rpy~

HOCTHMH, CBH3aJ!HliMH c oco6eHHOCTH}.(l{ KOHCTPYKUHH CHHxpo¢aao

TpOHa JIB3. HeodecneqeHHoR noKa ocraerca H 6onee .n;aneKM 

rrepcneKTHBa ipyrHX Hanpaa~eHHR ~H3HKH BHCOKHX 3HeprH8 B OHID!. 
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HHxe H3Rara.DTCH coo6paieHHR no C03AaHHD B HB3 OHfilf cBepx

npOBO.L(H~ero %8CTK0¢0KYCHpyn~ero YCKOpHT8JIH penaTHBHCTCKHX JI.L(ep

"HyKJIOTpOHa", KOTOpwt B 6YAY~8M 3a1'8Hli1T CHHxpoqx3.3orpoH. 

"HyKnOTpOH" - Tp8XK8CKa.rtHwl YCKOpHTeJIDH~R KOMITJieKC (pRc.I), B 

KOTOpou a~pa ycKOpHDTCH noc~e.L(OBaTeJIDHO B cy~eCTBYD~eu JIHHeRHOM 

YCKOpHTeJie AO 3HeprHH IO M3B Ha HYKJIOH, npouexyrotrnou KOJIDUe 

YCKOpHTeJIH (ITKY) .L(O 3HeprHH 0,75 r3B Ha HYKJIOH, OCHOBHOU 

KOJIDUe ycxopHTeJIH (OKY) - .L(O 3HeprHH 20 ~ 25 r3B Ha HYKJIOH. 

YCKOpHTeJihHIDt KOMl1Jl8KC dy.L(eT paooraTh B CJie,L(yD~eu penue: 

H)q)a, ycKopeHHIJe B JIHHetlHOM ycKOpHTeJie, 3a J-4 o6opora BB O.L(RTCJI 

B npouezyTOqHoe KOJIDUO; H3 ITKY H)q)a nepeBO.L(JITCH B OCHOBHOe 

KOJihUO; rAe nocne HaKOnJieHHH HeCKOJIDKHX HlLilYJIDCOB, HHZeKTHpyeMHX 

npoue~yroqHUM KOnLuou, ycxopanrca .L(O KOHeqHo« aHeprHH. 

Tipe.L(yCuaTpHBaerca BUBO.L( R;tep B 3KCnepHM8HT8.JlhHUe naBHJIDOHU KaK 

n3 npouexyrotmoro KOJIDUa npH 3HeprHH IO. 750 M3B Ha HYKJIOH H 

HHTeHCHBHOCTH npHuepHO rci1 2; z JU8P B C eKyHAY ( z - 3apR,It 

a;q>a), Ta.K H C OCHOBHOro KOJihUa npH 3HeprHH 0,75 + 25 r3B Ha 

HYKJIOH H HHTeHCHBHOCTH npHllepHO rcJ- 212 suep B UHKJie. 

ITpHMeHeHHe CBepxnpOBO.L(H~HX uarHHTOB IT03BOJIRT npHuepno B 

4 pa3a YBeJIH4H'Th 3HeprHD YCKopeHHHX suep npH pa3Me~eHHH CBepx

npOBOAH~ero KOJihUa B cy~eCTB}'D~eM 3.L(a.HHH CHHXpOcp130TpOHa H 

o6ecneqHTh 60JihmyD .L(JIHTeJihHOCTh BUBO~a (donee 5 ceKyH~). 

PeanH3aUHa 3Toro npe~noseHHH no3BOnHT o6ecneqHTh q113HKOB, 

68.3HPYDUU1XCR Ha orum, mHpOKHM cneKTpOM nyqKQB qaCTHU B~COKHX 

3HeprHR: penRTHBHCTCKHe R;q>a BilJIOTh ~o cpe.L(HHX H, B03MOXllo, 

raxenux R~ep C 3HeprneR 20 ♦ 25 raa Ha HYKROH, qTQ TI03BOJIHT 

nonyqaTh Ha OCHOBe KywynaTHBHOro arpf>eKTa BTOpHqHue nyqKH 

qacTHU C 3HeprHeH 3HaqHTen~HO BUme roo raB, BUBe~eHHwt npOTOH-
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PHc.I. Cxeua "HyKJIOTpOHa" - KpHoreHHoro YCKOpHTeJIJI 

peJIRTHBHCTCKHX suep: 

I. Itpoue:a:yT04HOe KOJILU0 YCK0pHTeJIR (IIKY) 

2. OcHOBHOe KOJibU0 YCKOpHTeJIJI (OKY) 

J. HiaeKTop 

4. Cy~eCTBYDutHR CHHXp0¢8.30TpOH 

5. CHCTeMa BUBO~a nyttKa H3 ITKY H BBOAa B OKY 

6. BUBO~ nyqKa su;ep H3 ITKY B 3KCnepHMeHTa.JILHl:dt 

Ila.BHJU,OH Ji! l 

7. BUBO~ nyqxa R~ep H3 OKY B 3KCnepHMeHTaJILHwl 

naBHJILOH i 2 

8,9. Ycxopsm11U1e pe3oHaropu 
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HHR nyqox C 3HeprHeR AO 50 r3B, HHTeHCHBHwl M0H0Xp0MaTH4eCKHR 

nyqoK HeRTp0H0B C perynHpyeM0R 3HeprHeA H )(p. 

C03Aa.HHe "HyKJIOTpOHa" noTpe6yeT 0TH0CHTeJibH0 CKp0MHl:iX 

3aTpaT, TaK KaK npe)(Jiaraerca M.a.KCHllaJibHO HCnOJib30BaTh pa3BHTHe 

cy~eCTBYDmeR nJI0~MKH, HMeDmHeca coopyxeHHR, K0WJYHHKaUHH H 

annapaTypy CHHXpoqia.3orpoHa, a TaKxe HaKonneHHhdt B fla6oparopHH onHr, 

TpaJtHUH0HHlie HanpaBJieHHa Hay4Hl:iX K TeXHH4eCKHX HCCJie)(0Ba.HHR. 

KaK noKa3HBaDT oueHKH, 3arparH Ha coopyxeHHe Trucoro ycKopHrena 

YKJIMHBaDTCJI B pawrn <pHHaHCHp0BaIHUI pa3BHTHR JIB3. 

ITpHMeHeHHe CBepxnpOBO)(HMOCTH, aBTOMaTH3aUHH H )(pyrHX )tOC?H

xem1R coapeMeHH0R TeXHHKH o6ecne4HT CHHXeHHe H 3KCilJrYaTal\H0HH!:iX 

pacxo)(oB no cpaaHeHHD c pacxo)(ai.rn Ha :1Kcnnyarau111n cymecTB}'Dmero 

CHHXpO<pa30TpOHa. BaxHHM UOMeHTOM coopyxeHHR YCKOpHTeJia RBJIReTCR 

OCBOeHHe H pa3BHTHe cneUHa.JIHCTau:H COUHa.JIHCTH4eCKHX CTpaH HOBOR 

reXHHKH, B 4aCTH0CTH, reXHHKH CBepxnp0B0)(HM0CTH, 4T0 6y)teT cno

codcTBOBaTb nOBW!leHHD Hay4HO-TeXHH48CKoro noreHUHa.Jia COUHBJIHCTH

tieCltHX cTpaH. Ocodoe 3Hat1eHHe H11eno 6u re.Koe pa3BHTHe .mum, ec1rn 

6y;ter IIpHH.RTO pe~eHHe O C oopyxemrn B COUHaJIHCTH4eCKHX crpaHaX 

YCKOpHrena HJIH Ha.KOnHTeneR Ha CBepXBHCOKHe 3HeprHH. B 3TOM cnyqae 

"HyKJIOTpOH" war 61:l CJIYXHTb np0T0THnou TaKHX YCK0pHTeJieR. 

"HyxnorpoH" dy.iteT nepBHM ycKopHTeJieM, cneuHanhH0 coopyxaelll,lM 

.IUIR YCKOpeHHa penRTHBHCTCKHX RAep, qro o6ecne4HT euy YHHKaJibHOCTb 

H ~UC0KYD K0HKypeHrocnoco0H0CTb HCCReA0BaHHR. 

B pa3~ene I HaCT0R~ero npe~JIOXeHHa 0TTHCUB8JJTCR HanpaaneHHa 

Hay4HHX HCCJie~OBaHHR, KOTcpue OyJJ.YT 8.KTYa.JibHl:iMH K MOMeHTY C03~a

HHR "HyKJI0ip0Ha", oueHHBaerca HX 3Ha4HLl0CTh, ~eJiaDICR 

nporH03U pa3BHTHH 3Ton oanacTH ¢H3HKH. 
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B pa3,IteJie TI npHBO,ItHTCH coodpaxeHHSI no BUdopy napaueTpOB 

ocHoBHhlX y3JIOB npe,Itnaraeuoro cnepxnpoBO.ItH~ero xonLnenoro ycxo

pHTeJia "HyKJIOTpOHa". 

I. 11POEJIEMATUKA ijCCJIE,UOBAHmt HA "HYKJIOTPOHE" 

OCHOBY npodJieMaTHKH HCCJie.ItODa.HKR Ha "HyKJIOTpOHe" COCTaBHT 

3KCnepHMeHTli B odnaCTH peJIHTHBHCTCKOH H,ItepHOR ~H3HKH, T.e. 

HCCJie,ItOBaHHH SIBJieHHn, B KOTOpUX BaxHYD pan~ Hrpal'.)T MH~rodapHOH

Hlie CHCTeMhl, .ItBHXY~HeCH co CKOpOCTRMH, 6JIH3KHMH K CKOpOCTH 

CBeTa. B HaCTOR~ee apeWI 3Ta OdJiaCTL ~H3HKH TOJILKO 3apox,1taeTCH, 

H nporH03HpOBa.HHe ee pa3BHTHH MOZeT CO,Itep:EaTL HeKOTOpue ae

onpe,IteJieHHOC~H. Buecre C TeM, CTaHOBHTCSI ace doJiee oqeBK;tHUM, 

QTO pemeHHe O,ItHOll H3 neHTpaJILHWC npodJieM COBpeMeHHOR ~H3HKH -

npodnew nocTpOeHHH TeOpHH _CHJILHHX B3aHMO,IteRCTBHR - H8B03MOZ

HO de3 npHBJieQeHHH cy~eCTB8HHOR HH~OpMaUHH O MHOroqacTHQHliX 

nponeccax. Ilponeccu MH0%8CTBeHHOro poz.iteHHH qacTHU HBJIHDTCH 

B HaCTOH~ee BpeWI HaHdOJiee HHT8HCHBHO H3yqaeMUMH npoueccrum 

~H3HKH BUCOKHX 3HeprHR. Kx 3KCnepHMeHTMLHOe HCCJie,ItOBaHHe 

npHBeJIO K ITOHHMaHHD Ba.%HOR ponH MB.CmTadH08 HHBapHaHTHOCTH B 

~H3HKe 3JieMeHTapHHX qacTHU, QTO, B CBOD oqepe.ItL, OKa.3aJIO H 

npO,ItOJixaeT OKa3UBaTL dOJILmoe BJIHHHHe Ha pa3BHTHe acel KBaHTO

DOlt TeOpHH ITOJIH • TeH_,IteHUHH YB8JIHQ8HHSI 3HaQHMOCTH HCCJI8,It0BaHHSI 

nponeccon MHOZeCTBeHHOro poueHHH, H8COMHeHHO, coxpaHHTCH Ha 

MHOrHe ro,Itu, HdO 3TH nponeccli HeoduqaAHO CJIODlli H MHOroodpa3Hli. 

UccJie,ItOBamrn CTOJil:tHOBeHHR peJIHTHBHCTCKHX H,!tep ,ItaeT B03M0:IH0CU, 

HeTpHBHa.JILHoro no.zoco.zta x woroqactKt{}{UM nponeccaw. 
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Onpe;teJieHHe peJUlTHBHCTC·KOR suepHOR .q!W3HKH Ka.K 06JiaCTH 

MHOro6apHOHHHX RBJieHHH, 38,)taBaeuoR YCJIOBHeM 
2 

~ ;: _E_ >) 1 
S m 2 ' 

2 2 · 
r.ite f - KBa..itpaTl:,l mmyJibCOB tiacTHU , a m - KBa.,npaTH 

HX Mace, coana.itaer c onpe;teJiemrnM o6Jiacrn npm.rnHHMOCTH 

Macwra6uoff HHBapHaHTHOCTH. IlpIDJeHeHHe npHHUHna MaCWTa6HOR 

HHBapHa.HTHOCT~ 040Hh CHJihHO orpa.HHtIHBaeT B03UOXHH~ KJiacc 

MOAeneR H CYJ!teCTBeHHO ynpo~aer 3a.Ita4y nocrpoeHHR reopHH. 

QqeHb B8.XHHMH oco6eHHOCTRMH, COCT~BJIRD~HlLH cneUH~HKY CTOJIK

HOBeHHR peJIRTHBHCTCKHX R;tep no cpaBHeHaD co CTOJIKHOB0HHIDJH 

qacIHU,RBJIRDTCR: (I) B03MOXHOCTh BapbHpOBaTb B mHpOKHX 

npe,IteJiax KBaHTOBble 4HCJia (B qacIHOCTH, HCCJI0.ItOBaHHe MHOro-

6apHOH.HliX OOMeHOB ); (2) B03MOltHOCTh HCC Jie,ItOBaih MHOXeCTB~H

IWe npoueccl:,l, KOr;ta He TOJibKO B KOH0QHOM, HOH B HaQaJihHOM 

COCTORHHH npHCYTCTByeT_Wioro QaCTHU; (J) B03MOXHOCTh HCCJie

,ItOBamrn "nonepeQHoro p8.3Mepa" CTOJIKHOBeHHR, TeCHO _CBR3aHHOro 

C nepneH,lOIKYJIRpHOH npoexnHeH HMllYJihCOB BTOPHQHUX qacn1u. 

KaK IlOCTaHOBKa 38.)taQH O npID.!eHeHHH MacmraOHoR HHBapHaHT

HOCTH K CTOJIKHOBeHHIDl peJIRTHBHCTCKHX R,Itep, Ta.It H nepBHe 

3KCnepHMeHTl:,l B 3TOR 06JiaCTH 6HJIH npe,ItJIOX0HU H ImnOJllleHH 

B JIB3. B Hacton~ee apeMR MH pacnonaraeM nyqxru.rn c napaMe-rpou 

~ :25, QTO no~a. He .ItOCTHrHyIO B .ItpyrHX JiaOoparopHRX. 

B EepKJIH (CIIIA), r.I(e He.Itan~o TaJCte Ha1.mT01 3KcnepHMenrn c 

peJIHTHBHCTCKHMH suprurn, _napa.Meip 5 He npeBllillaer 6. 

naxe B Hawen oOJiaCTH 3HeprHH nonpaBKH Ha KOHe4HOCTh J 
O.K8.3~Ba.KlTCR cy~eCTBeHHHMH H 38.MeTHO Mac101pyDT 3qxpeKibl 

npORBJieHHR MacmTa6HO~ HHBapHaHTHOCTH. 
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C03.I(aHHe "HyKJIOTpOHa" TT03BORHT AOCTHrHyTL 3HaqeHHR 

napauerpa ~~ o, 5.I03 • I{poMe Toro, cyutecTBYDlltM naxyyuHrur 

CHCTeMa. CHHXpOcpa.30TpOHa He Il03B OJISieT nonytJHTI, CKOJII,KO-IDfdyn 

3HatJHMUe HHTeHCHBHOCTH nytJKOB aztep Tmtenee HeOHa. ~JI.fl 

"HyKJIOTpOHa" xe orpa.HHtJeIDf.R no 3apSI.ItHOCTH H HHTeHCHBHOCTH 

nytJKOB suep dy)J..YT onpe.I(eJI.RTbCH TOJILKO ycJIOBHSIMH HHX8KUHH, 

KOTOphle nonyqar B JID3 3HatJHT8J[I,HOe pa3BHTHe .I(O C03.lUl,HHSI 

"HyKJIOTpOHa" • 

B JIB3 HatJaTO H3yqe1me npHHUHilHaJII,HO HOBOro SIBJI8HHSI -

K}'l{YJISITHBHOro 3q><peKTa, r.e. Twtoro CTOJIKHOBeHHSI peJIJITHBHCTCKHX 

SI.I(ep, xor.I(a 3HeprHa rpynrw HYKJIOHOB nepe.I(aexca O.I(HOR qacTHije. 

YcttopeHHe tlaCTHll, odna.italllltHX 3apH.JtOY, 60.IILmHM 8.IUIHHIUI, B npHH

nn:ne, ;taeT B 03MO:l:HOCTI, nonyqaTb :rneprrm YCKOpReMHX tlaCTHU 

(rrpH O)tHHaKODhlX napauerpax ycKopHTena) dOJILWYD, tleM 3HeprHSI 

npOTOHOB, B t{HCJIO pa3, paBHOe KpaTHOCTH 3apsua. 

Ila "HyKJIOTpOHe" rrpH pa~yce ero, paBHOLl pa.ztHycy CHHXpO

<pa.30TpoHa, l.fOXHO dy.1.teT nonytla.1'1,, HanpHMep, aztpa Ka.JI:bUHSI C 

3HeprHen OKOJIO !000 ron. (3HeprHSI Ha HYKJIOH - 20 + 25 r3B). 

Ka.K noKa3UBallT oueHKH KYUYJI.RTHBHOro 3~KTa, OCHOBa.HHble Ha 

npHMeHeHHH MacmradHOR HHBapHaHTHOCTH, H~ "Hy!t1IOTpOHe" UO~HO 

nonyt1HTL BTOpHtIHhle nytIKH t.lOCTHU C 3HeprH.RMH,3HaqHT8JILHO npe

BUW8.lllltHMH IOO ran. XOT.R H3ytJeHHe KYMYJISITHBHoro oqxpeKTa TOJU,KO 

Hat.lMOCL H Ha,Ita:H~e oueHKH HHTeHCHBHOCTeH nyqxoB BTOpHquux 

qaCTHll c~enaTL rpy~Ho, 0.lU{a.KO yxe ceHqac RCHO, qTo B 3THX 

nyqKa.X MOXHO dy)teT npoBeCTH dOnLmyD nporpauMy 3KCnepHYeHTOB 

B odnacTH ~H3HKH BUCOKHX 3Heprmt, ocodeHHO Ha OCHOBe KWLepHOR 

MeTO,JtHKH. 
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TaxHY o6pa.aoM, HccneA0BaHHe KYMY!RTHBH0ro 3q:xpeKra Kpoue. 

60nbmoro npHHUHilHMbH0ro 3Ha4eHHa, HMeeT H np8.KTH4eCK0e 

3Ha4eHHe - cy~eCTBeHH0e IlOBHWeHHe 3HeprHR nyqKQB YCK0pHTeneR. 

Il0MHM0 HeynpyrHX CTORKH0BeHHR H npoueccoB MH0XeCTBeHH0ro 

o6pa30B8.HHR qacTHU, 60nbm0R HHTepec npeACTaBnRDT 3a,n;aqH 

ynpyroro pacceaHHH H 6HHapHHe pee.KUHH c penRTHBHCTcr,HUH 

npormr:eHHHMH CHCTeMru.m. 3T0 raKXe C0BepceHH0 0TKp~Toe nor.e 

~earenbH0CTH. 3TH peaxnHH npe~craBnRDT 60nbW0R HHTepec C T0QKH 

apeHHH nponepoK pRAa M0AeneR, Hcnonbayewx B reopHH oneueHrapHHX 

qacruu, Hd0 n~pa Moryr cnyxHTb peaJIHCTHQH0~ "KBapKOBOR" 

M0AenbD penRTHBHCTCK0ro nporueHHoro 06oeKTa, 0 K0T0p0M MU 

MHOroe 3HaeM, X0TR 6H B HepenRTHBHCTCK0M npeAene. ITpH4eM 

M~ MOSeM B mHp0KHX npeAenax BapbHp0BaTb crpyKTYPY Ta.KliX 06oeKT0B, 

BH6Hpaa pa3HHeny4KH H ll.HmeHH.O6na.cTb 0THX RBneHH~ qpe3BUQrulH0 

MHoroo6pa.aHa, a npo6neua onHCaHHR crpyKTYPH 4aCTHU craH0BHTCR 

BCe 6onee BBXHott, H60 yxe B Hacroamee BpeMR B <pH3HKe BHC0KlfX 

3HeprHR Ml:i Hueeu Aeno C ,It1IHH8J.01 BOnH qaCTHU, 3Ha4HTe.1IbH0 ueHb

WHWI HX pa.auepoB. Ilo3T0M}' aKTYaJibH0CTb HccneA0BaHH~ He 

TORbK0 coxpaHHTCR, HOH cymecTBeHHO B03pacrer. 

C03AaHHe "HyKn0TpOHa" Il03B0nHT Ha4aTb CHCTeMaTHQ8CK0e 

H3y4eHHe H0Boro pa3Aena q113HKH - rHnepsuepHyD ~H3HKY U H30aAep

HYD ~H3HKy. B03M0XH0CTb Ha6nDAeHHR ABHXY~HXCR rpynn 6apH0H0B, 

ocodeHH0 rpynn 6apHOH0B, o6na..ztavmHX CTpaHH0CTbD, AaCT B03M0X

H0CTb HCcneA0BaTb raK H8.3HBaeuoe 3K30THqecxoe RAPO, B TOM 

qHcne B036yx~eHHHe C0CT0HHHH aAep C oqeHb K0p0TKHMH BpeMeHa.MH 

XH3HH BnnoTb ~o ro-23 ceK. Kalt nOKa3~BaDT oueHKH, IIpH ycKope

HHH HAep cpe~Hero Beca M0XH0 nony4HTb KBa3HCTa6HnbHHe H.Iq)a, 

co~epxruqHe,noJ.CHMO np0T0H0B H HeRrpoH0B,HeCK0RbK0 nm.<6~a-qacTHn. 
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fJuon1e H3 3THX JtBJieHHtt .ItO C03,ItaHHSI "llyKJIOTpOHa" Ha cy11teCTBYDntHX 

ycKOpHTensrx B00611te H9B03MOXIIO H3YllaTh. B llaCTHOCTH, HeCllOTPSI Ha 

3HaqHTeJII,Hhle ycKJIHn, ,ItO CHX nap !p8.XTHtleCKH He 06HapyxeHO HH O,IUIO 

no36Yi=.n:e1rnoe coc rosnrne nmep.1t.ztep, n ro xe npeMsi: rHnepsuepHaSI 

cncKipOCKOITV.SI - O~HO H3 B03MOXHhlX cyll{eCTBeHHO HOBli!X HanpaBJieHHtt 

n .fL!];epnotl ~3HKe. 

IToKa notITH c0Bepwe1rno Herpouyron o6JiacTI:iD 11ccJie.ztoaamrtt 

OCT2.eTCP. ITOJiylleune CBepXCUJI!,Hli!X 3JieKTpOMarHHTlll,lX TIOJiett, KOTOphle 

B03HI1I(aiilT npH C6JIH3:elll111 .ItDYX 3apsr,n;OB 60JII,lllOR BeJrn'-rnHhl, ,ltDH?:YI:U-IX

CR co CKCpocrm.m, 6JIU3KHW! K C:E-:OpOCTt-1 CBeTa. 3TH 3a,Itatm npe,ItCTaB-

JlR!OT CJOJII:il!IOtl m1repec, O,IlHaKO :rncnepm.1eHTa.JII,HO OHH ,Jtaxe He 

c(!Jop1.1ynnp0Bam~. Hrut60JII>11IMtt HHTepec 3,ItecI:i npe.ztcTaBJIRJIO 61:,1 H3Y

'llerme o6pa30BDJH1.f{ 3JieKTpOHHli!X lfJIH MDOHHHX nap. 

Ifcno.nL3onamrn ycKopeHHhIX uep 11ueer 60JI1,moe npHKJia,ItHOe 

3Haqemrn. IIpoXOlii:~emie 4epe3 Bell{eCIBO peJIRTHBHCTCIGIX MHOro-

3apR,D;IlblX 1rncntu npaKTHqecKlt He irnytieHO. Ee3 ;teTa.JII,HOro HCCJie,ItO

Bamrn npouec COB aTOMHOro CTOJII(HOBeHHH peJIHTIIBHCTCroiX H,Itep TPY.ItHO 

pacC'llHTHBaTL Ha npeUH3HOHHhle H3M9p?HHSI JtBJieHHR suepHhlX B3aHMO

,ItettCTDHR. H3ytieHHe npoxox,IteHHR MHOr03apR,ItHHX qacTHU qepe3 

BemecTBO npe.n:cTaBJIJteT OOJILmon HHTepec C TO'll!W 3peHHSI nposepKH 

cyutecTBYDl!tHX npe,ztc·xaaJiem1A o cocraae H npHpo.zte KOCWfqecKoro 

H3JiyqeHHR, 0 Pa.itHaI.tHOHHO~ Oe30ilaCHOCTH KOCUOHa.BTOB H KOCWfQ9CKHX 

annapaTOB. (!{ax H3BeCTHO, peJISITHBHCTCIGfe supa B onpe,IteJieHHUX 

YCHOBHRX npe,ItCTaBJISIDT B KOCUOCe Ha.H60JILfilYD Pa..rtHa.IlHOHHyn onac

HOCTh ). 

C03,ltaHHe "HyKJIOTpOHa" cy~eCTBeHHO pacm.HpHT KaK .I{OCTynHyn 

06Jia.CTh 3Hepn1« penR?HDHCTCIGIX R,Itep, TaK H Il03BORHT ~OCTHrHYTh 

OoJILmHX aapR,ItHOCieR. nn.H HCCJI8,I{0Ba.HHSI KOCMHqecKHX nyqeR oco6eHHO 
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xe~aTe~DHO 6wto 6H ~OATH ~o ycxopeHllH ~ep XeJJe3a, qTQ H8B03-

MOXHO Ha CHHXpO!pa30TpOHe H, nO-BH.ztHMOMY, B03MOXHO ~~H "HyKno

rpoaa: 

OCHOBHliM MOTHBOM )UIH no.rryqeHHH nyqKOB penaTHBHCTCKHX 

~ep B CllIA 6uJJa B03MOXHOCTb HCCne~OBaHHH p~a Me,lUfK0-6HOJJOrH

qecKHX npOOJJeM. Kalt 6WIO fi0Ka3aHO auepHKa.HCKHMH 4JH3KKWLH H 

6HOJJOrru.m, npocrpa.HCTBeHHOe pacnpeAeJJeHHe HOHH3a~HH B~OJJD 

HarrpaBJJeHHH ~BHXeHHH MHOr03apJUHliX HOHOB qpe3auqrufHO onaro

IlpHHTHO .IOIH pemeHHH nenoro pa~a npo6neu. B HacTOJlll!ee apeMH HMH 

paapaOOTaHa oOmHpHM nporpa.wre. HCCJJ8~0B8.HH8 or H3yqeHHH Pa.itHa

UHOHWX B03~effcTBH8 Ha KJJerxy, ~o 06JJyqeHHH CeMeHHOro aepHa H 

neqeHHH pa.xa. OqeBH~Ho, qro npH qiopi.mpOBaHHH CHCT8.W. nyqxoB 

"HyKAOrpOHa" Heodxo~MMD rrpe)O'CMOTpeTb ITOTpe6HOCTb B MeAHXO

dHOAOrHqecKHX nyqxa.x KaK CB.JlDCTOHTeHbHJD. llyqKH •HyKHOTpORa• 

woryr raxxe HMerb npolUl.Dl~eHHiie rrpHireHeHHH. 

Hrutoaen, noMHMO orueqenHHX Blillle YHHKaJibHHX xaqecra, 

"Hyuorpoa" 6yier o6naJtaTD Bceim xaqecTBaMH coapeueHHoro 

IIpOTOHHOro ycxopHrenH Ha 3HeprHD 40-50 r3B. 06nacID 3HeprHU 

BHXe 25 r3B - o6~acTi 06HKLHOro poJ:,JteHHa pe30HaHCOB. 

HeodXOllfMO OTKeTHTL, qro ceqeBlls po~eHHH pe30HaHCOB D8Jt81lT, 

npH},(epao, Ea.JC XBa.:(par 3Hepr11 HaJ18TB.1J~ea qacTHIUi H, cne~oaareJJb

HO, )UIH 3THX HCcne~OBaHHI oqelib BliC0ltl{8 3HeprHH He HYXHli. 

Jia.xe B o6JJaCTH 3HeprHR ~o IO r:rn MODO npe,lUIOXHTb 06111HpHli8 

nporpal,ll,(bl HCCJie~OBaHHR, KOTOpue 3aBeiouo He 6y~yT HcqepnaHU 

3a OJIHXaltllrne 5-7 JJeT H BP~ nll norep.llDT CBOD HCKJIDllHTeJibHYI} 

aKTY8JlbHOCTb. YBeJI"lleHHe ~Hana.30Ha 3HeprHff BTOpHqHb[X nyllKOB 

qacTHU, HYeDIIU{XCR B pa.cnopaxeHHH cpH3HKOB, 68.3HPYDIIU1XCR Ha orurn:, 
~o ICO raa H Bli!Ile (Ha OCHOBe HCilOJIL30BaHBR KYyYJIRTHBHoro 3<ppeK

ra) Il03BOJIHT HCCJie~oBa?b ltaX pe30Ha.HCHYD 06JiaCTb ceqeaH", 

13 

126 



Tax I npe.itacHMJITO?Hqecxyn K aCHlUITOTHqecxYJ). Cy~eCTB8HHO no~

•1epJ01yT1>, qro yze npH 3Hepr1ax oxoJ10 20 r3B ceqeaHa npoaBJUIDT 

aBTOMO~eJibHHe (C8J,lOOO~OdHHe) CBOICTBa. 

TaxHM odp8.30M, ·co3~ruu1e "HyKJIO?pOHa" ~TH'l8CltH ;i;ac? B03-

MOXHOCTb nepeKpHTb Bee Ha.Hdonee HH?8HCHBHO H3yqaewe o6nacrH 

3HeprHR. Tiepexo~ xe K "YHHTapHHM" 3HeprHHll (200-300 r3B B CHCTe

Me neHTpa uacc), IlO-BH~HUOMY, B HaCTOSl~ee BpeWI nenr ~8.JI8lCO 3a 

npe~enrum 3KOHOMH'leCKHX B03MOXHOCTeH orum. OrueTHM HeKOTOpHe 

H3 TpBJtHUHOHHHX .!UIJI JIB3 Hay'IHHX HanpaBJiemdt B od)IaCTH qM3HKH 

3JleMeHTapHHX qacrHn, KOTOpHe 3aBe~OHO Halt]O'T OTpaxeHHe B dy,zy~eR 

npodJieMaTHKe HCCJie~OBaHHR Ha "liyKJIOTpOHe". 

(I) Kccne~DBaHHe ce'leHHA dHHapHHX pea.KIU!R npH npe~eJibHO 

MaJIUX (BltJm'laJI CJIY'la.B KYJIOHOBCKOR HHTepnpeTa.IUtH) H npH dOJihIIIKX 

(6JIH3ltl!X lt 180°) yrnax. Jl,JtJI npone~ HHJI 3THX HCCJI8Jt0B8JUIA B JIB3 

p83pal1oTaHu, 3KCilJiyaTHp:yDTCJI H, HeCOKH8HHO, nonyqar p83BHTHe 

r8.30Bbl8 .JtHcfxl>epeHIU!a.JILHhle H noporoBHe qepeHKOBCIOle C'l8tqJfltJI opa

rHHanbHHX ltOHCTPYXIUIR, HCKpOBHe B crpx:wepHlie lCaKepH, MarHITlU18 

cnexrpowetpH, HClCpOBHe cnexrpowerpH C deCcptJlbKOBHK c~eKOM lll~P
Ma!lHB, YCTaHOBKH C BHYTP8HBIJ0t wmieHsnm ycxop1reJ1J1 I )ij). 

B 3?0H KJiacc1qecxow J)43A8Jie cf:113BXB CIJiiHHX B38JIKOielctBII dy~er . 
C~8JI8JI cy~eCTBeHHHR mar B cropoay npe.n,J13KOHKHX KOJlllqeCTBeRBHX 

B3MepeHH;, yaenBqeHHR HCC~8J0'81WX 3H8prerzqecx•x HHTepBaJIOB, B3Jll8-

HHS CIDUI) BHX 3aBHCHM0CTe;, JBCMJlpemur Hadopa qaCTHit, BltJIDQaJ! 

CT0JiltH0BeHBa HJU)O-H,lij)O. HH(f>oplllUtHR od 3TIX peaitIUIJ!X scer,la 

CJlyD~a I dy~eT CJJYD!Tb oqea& KpHTHQHOI nposepxoff p8.3JDlqJWX 

K0~8JIJ,HHX DO,ltXO,ll;OB B T80pHH CM~RlilX B3aBMO~eAcTBII •. 
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(2) Hccne.ztOBa.HHe woroqacTHqHHX rrpoueccos Ha ocHoBe 

TpeKOBO« MeTO.ztHKH (rrporraHOBM H DO.ztOpO.ztHM ITY3lipbKOBble KaMepH, 

CTpm.rnpHHe KaJ,rnpc1) • MHOrHe H3 3THX 38,!taq It MOMeHTY C03)t8.HHSI 

"HYKJIOTpOHa" dy.D;yT HCCJie~OBaHH JIHWb qacTHqHo. MHoxecTBeHHlie 

:re rrpoueccH•· rrpH CTOJIKHOBeHHH R.ztep BliCOKHX aTOMHI:.X HOMepoB H 

B~COKHX 3HeprHR MOlCHO Oy;teT H3yqaTb TOJibKO Ha "HYKJIOTpOHe". 

K MOlleHTY C03.D;aHHH "HyKJIOTpOHa" HC06XO)tHMO npe.n;ycucrpeTb 

pa3pa6o:rKy 6onee coBepmeHHoro TpeKoBoro npH6opa, cneuHanbHO 

npHCllOC06JieHHOro )tJist HCCJie~OBa.HHH MHOXeCTBeHHliX npoueccoa. 

(3) HccJie.ztoBaHHe peaxun~ c yqacnrnu ruliMa-KBaHTOB, a 

TOM qHcne perHCTpanHH HSKOTOpliX qHCTO aJtpOHHliX peaKUHA no 

rrpo,ItyKTWl pacna.n;oB Hec:radHJibHblX HeR:rpaJibHliX qacTHU (:Jl 0
, ?,f 0 

(J)
0 H .D;p.). Cy~ecrsyeT ·o6JiaCTb stBJieHHR ~H3HKH 3JieMeHTapHI£< 

qacTHU - 3JieKTp0MarHHTHlie pacnaJtH pe30HaHCOB. 3Ta OdJiaCTL 

.ztaeT HeOdliqHQ ueHHYD HH~Oplla.UHD O CDH3H 3JI8KTpOMarHHTHblX 

H CHJILHWC B3aHMO.zteRCTBH0. Hecuorpst Ha 60JILmoe 4HCJIO 3anpocoa 

reopeTHKOB, aneKTpOKarHHTHble pacna,Jtu pe30HaHCOB, 3a oqeHb 

HedOJILmHM HCKJIDqeHHeY, He H3ylleHbl 3KcrrepHMeHTaJihHO. Jaxe TaKOB 

,D;aBHO H3B8CTHlifl pacrraJt, KaK pacna.it HeflTpaJihHOro ITHOHa Ha 
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~Ba r8.lilMa-KBaHra, BH3liBaeT e~e cepLe3HHe iHCKYCCHH; H3 ~BeH~

uarH pacna;tOB THna BeKTOpHmt Me30H-nceB~OCKa.JIRPHHR Me30H + 

cl>oTOH H3y4eHH TORhKO ~Ba, a AnR OCTMbHHX HMeDTCR nHmL oqeHL 

rpyOHe oueHKH. B Te4eHHe nocne~HHX ~ecarH ner ony6nHKOBaHli 

COTHH pa6or, B KOTOphlX TTOKa38.Ha Y~HBHTeJILHaR KpHTHqHOCTL 

cymecTBYDUU1X reopeTH4eCEHX MO~eneR (uo~enL COCTaBHHX qacrHn, 

aJire6pa TOKOB, BeKTOpHaR ~01!11H8.HTHOCTL, 3qxpeKTHBHHe narpaHXHaHH 

H ~p.) K BepORTHOCT.IUl HX pacnaJtOB. He no;menr COMHeHHD, qro 

OCHOBHaH Ma.Cea 3neKrpoMarHHTHHX pacna,JtOB pe30HaHCOB (a HX MOXHO 

YKa.3aTL COTHH) 3a BpeMR ~o C03~8.lIHH "HyKJiorpoHa" He 6yAeT 

H3y4eHa. 

OcoOoe BHHMaHHe Oy~eT y~engn,cg HCcne~OBB.HHD peaKIUIR C 

BeKTOpHm.m MB30HaMH H HX cnenH¢HKe B3BJU.ro~e8CTBHU C 3H8KTpO

Ma.I'HHTHHM noneM. B 3TOR o6naCTH y JIB3 HMeeTCR 6onoIIIoR OilHT 

pa60TH H xopomHR 3a;ten MeTOAHK. 

noOoR nponecc pacna;ta c Hcnycxa.HHeM 3apaeHnux qacrHn 

conponox~aercn H3ny4eHHeM ~oroHoB, a B pJI;te cnyqaeB H 3neKrpoH

no3HTpOHHblX nap. Oco6uR HHrepec npe~cTaBR.!IDT nponeccu cna6oro 

B3aHMO~eRCTBHR, H~yl!Uie C HCilYCKaHHeM ¢0TOHOB. EonLmHHCTBO 

TaKHX nponeccoB Ta.KXe He H3Y49HO. Co3~aHHe ycTaHOBOR JLJtepHoR 

3neKrpOHHKH, paCC4HT8HHHX Ha Hccne~OBa.HHe KOppeHHitHff ~OTOHOB 

H 3apaeHHHX qacTHU, ipa.KTHqeCKH TOHLKO Ha4.HHaerca. Co CTOpOHli 

reopeTHKOB HMeeTCR nenwt PR~ npe~nozeHHR no H3Y48HHD 3H8KTpO

ire.rHHTHHX xapaxrepHCTHK Hecra6HHLHHX qacTHU Ha OCHOBe H3MepeHHR 

nepexo~OB C HCilYCKa.HHeM ~OTOHOB H 3HeKTpOH-IT03HTpOHHHX nap. 

ITpo~o~xa.er OCTaBaTDCR 8.KTYBJILHOR npoBepKa rHilOT83H 0 

HapymeHHH CP-HHBapHa.HTHOCTH B 3H8KTpOM8.rHHTHHX B3aHMO~e8CTBHHX 
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B,ItpOHOB. Ilpo~eccu, B xoropux O~OBpeMeHHO ripOJIBnJIDTCJI Ka.It 

cna6ue, TaK H 3neKTpOMarHHTHH8 B3aHMOAeRCTBHR, npeACTaBnHDT 

co6oR oqeHD BBXHYD, HO :w.nOH3yqeHH}'D o6naCTD qlH3HXH. 

IlpHB8A8HHHe BHI!I8 HanpaBneIDfH, KOHeqHo, He Hcqeprn.B8.llT 

6y~y~ea npo6neMaTHXH HCC!8~OB8.HHR Ha "HyKnOTpOHe", OHH CKOpee 

HBnHDTCR HnJIDCTpaIUteA Toro, qro OAHOBpeMeHHO C BHXOlOM B 

COBepmeHHO HOBYD o6naCTh Hccne~OBaHHR - B penaTHBHCTCKYD aiep

HYD qil3HKY, C C03~aHHeM "HyxnorpoHa" oomr nonyqHT BnOJll!e COB

peMeHHYD ycxopHTenhHYD 6aay B O6JJ8.CTH BHCOKHX 3HeprHa. 3ra 

daaa nO3BOnHT nonHOCThD o6ecneqan, norpe6HOCTH qi13HKOB, opHeHTH

pyDmBXCH Ha OHIDI, mHpOXHM cneKTpOM nytIKOB 4aCTHU. Cne,ItyeT Ta.Iae 

orueTHTh, qro crrenuq,HKa ceep:xnpoeoAamero ycKopHTena odecne4HBaer 

oqeHh xopomHe npoctpaHCTBeHHo-epeMeHHHe xapaxrepHCTHKH nyqxoa. 

Ilocne.JO{ee ocodeHHO Kacaerca raxoro rrapa.Merpa, xax donbmaa 

BpeMeHH8.Jl paCTRXKa nyqKa, HeAOCTHXHMaH ~JI cymecraynmHX YCKO

pHrene«. 

IT. COOEP.AXEEUUI ITO OCHOBHlHI Y3JIAM "HYKJIOTPCHA" __________________ ..... _ 
§ I• 0 !ra!~.!!.fil!!!..£!~.!IJpOBO ),Jlllt!!_!!,_ar.2!!,!~_£ 

B3M8HHDmHMCR ie.rHHTHlill noneM B xonLneeux ------------------- ---1CK O]!!J~JIX _ 

Bo MHOrHX na6oparopHJ1X, pa6OT81>JltHX B o6naCTH qlH3HD 

BHCOKHX 3HeprHA, paapadaTHBal>TCJI npoeXTH CBepxrrpOBO~Jll!UfX 

ycxopHteneR Ha BHCOKH8 H CBepXBHCOXH8 3H8p111H. B CCCP pa3-

padorxa caepxrrpoeoAal!UiX :uanoaneptypHHX (KHdepHerHqec.ux) 

ycxopareneR /IO,II/ JIBHnacL npoionxeHHeK pador no npoexn1-

poBB.HHD H 3KCnepHM8HTa~hHOMY 1ccne~OB8.HID KaJlOaneprypHHX 
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KHOepHeTKqecKHX YCKOpHTeneR, C xene3HliM aneKTpouarHHToi/12, 13, 14~ 

B CBR3H C OonbmoR ioporOBH3HOR CBepxnpOBOlR~HX Ma.TepH8JIOB 

npHMeHeHHe BaKyyMHon Kauepu c MaJIOR anepTypoR H, cne~oaarenoao, 

He06XO~HMOCTb aBTOMaTHqecxoro perynHpOBaHHH cue~eHHR op6HTU, 

OKa38JIHCb oco6eHHO BaxHUMH lRR CBepxnpOBOlR~HX YCKOpHTeneA Ha 

caepXBUCOKHe 3HeprHH. 3TH KOHuenQHH Hcnono3JDTCR B npoexTax 

acex caepxnpoao~R~Hx ycKopHTeneR, pa3pa6aruaaeMWC· B CCCP, ClllA 

H 3ana,n:HoR Eapone. 

B HaCTOR~ee apeMR PRl npoeKTOB HOBUX YCKOpHTeneH npei

yc:u.e.TpHaaeT npHMeHeHHe caepxnpOBO~R~HX uarHHTOB. 

B AHrnHH paCCMOTpeH aonpoc o woiepHHaanHH ycxopHrena 

"HHMpOl" C nepeBO~OM ero Ha caepxnpOBOlHMOCTb H yBenHqeHHeM 

3HeprHK C 7 r3B lO 25-30 r3B C nocnelyD~HM KcnonL30BaHHeM era 

B KaqecTae 6ycTepa ~na ycxopHTena Ha 150-200 f3B /I5/ • .AHaJio

rHqauR npoeKT HMeeTCR BO ~PaHUHH no peKOHCTPYKUHH YCKOpHTena 

"CarypH" C yaenHqeHHeM 3HeprHH C 3 r3B lO 15 r3B /l6/. B Ha

CTOR~ee apeMJI ycneDIHo pa6oTaer rpynna no pa3pa6oTxe EaponeR

cxoro CBepxnpOBOlR~ero ycKOpHTena Ha CBepXBliCOKYD 3HeprHD B 

UEPHe, B xoropyi> aomnH yqeaue AHrnHH, ~pa.HUHH H tPr 1171• B 

ClllA yqeHue HanHOH8.JibHOR YCKOpHTeRbHOR na6oparopHH B liaTaBHH 

HaMepeHli IlOlHBTb 3ReprHD cy~eCTBj'D~ero YCKOpHrena (400 raa) 

c IlOMO~bD npHMeHeHHB caepxnpoao~a~HX MarHHTOij ~o IOOO ra/18, 191. 
PaapadoTaa npoexr caepxnpoBoia~ero ycxoperenR Ha JHeprHD roo-

-150 raB /20/ a raxze npoeKT Ha1tonHTenoaux xonen 1211 B EpyK-
' 

xeRBeHCKOR naOopaTOpHH. IlapaMeTpli H8KOTOpux npoeKTHpyeuux 

KOnbneBliX caepxnpOBOlB~HX YCKOpHTe~eR npHBeleHli B TadnHue 1. 

OxHJtaerca, qro cBepxnpoBO~H~He ycxopHTenH 6YAYT ~emeBne no 

KailHTaJibHliM 3aTpaTB.M H norpe6yDT MeHbmHX 3KCnnyaTaUHOHHliX 

pacxo~OB no cpaBHeHHD C 06Hqau:arn YCKOpHTeRRMH Ha Te xe 3Hep-
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C.:> -
~ 

(0 

YCKOpHTem, 

IIapaueTpu 

3HeprHSI ycxopHT8J!SI 
(rsa) 

3HeprHSI BHX8KTOpa 
(rsa) 

fIOJie .l(HilOJII,)HX 
uarHHTOB (T 

TAEJilUIA I 

IIAPAMETPl:J HEKOTOPUX ITPOEKTHPYEMHX KOJLbUEBHX CBEPIµPOBOJUID!HI 
YCKOPHTEJIEI /II,I5,I6,I7,I8,I9/ 

C R R l'I II Nimrod · NAL 
C C C P I Pe3ep4>og.1toa-

I~SI Cta,Jtita 1 · ·2-a CTa,JtHn Cltast Jia 0)8.T. M'l'8.BIISI 
(.AHrJin.a (CllIA) . 

2000 500' IOOO 30 IOOO 

70 IO IO so.10-3 200+400 
4,5 4,5 4,5 6 4,5 

AnepTypa AHOOJieU (w) 60 IOO - IIO IOO - IIO 80 50 
UHKJI ycxopHTeneA (cex.) IOO -II 22 - 30 
HHT8HCHBHOCT:& 4.Io14 9.1011 · 4.IoII 1013 -IlpOT/ItHltJt npot/cex. npo,:/cex llpOT/nI!XJl 
llOntHOCTl> (XBT) 50 22-45 45-90. - -pecppH:a:epaTOpOB npH 4,2 ~ npH 4 K npH 4 K 
Pa.AHYC KOJI:&Ita 3 3 . 3 

I03 ycxopHTena I,9.IO I,I.IO I,I.IO 28 

Saturno 

caic11e 
( ipaH IPlJI) 

IS 

20.I0-3 

6' 

·100 

2 

I 8 
npM 4,2 K_ 

·22,6 



ru B·JIHTeHCHBHOCTE. B03KOUOCTD pa3padOTXK csepXIIpOBO.U~ 

•llIIY~bcBwc ycxopar~11ea npxodpe11a pe~D~I xapuTep, rJiaJSllHJI 
' . 

odpa3ou, 611aroiapa xpyIIHJilu ycnexaK nocne~BHX ier B co3iun 

CBepxnpOBO.l(HIIUIX xade11en. B ?aJtll xadenax J;JIB YM8Hb58HI~ ,lEIS.

Mll1l8ClCJIX IlOTepb 'u:106111-TIITaHOBlile ~BepXIIpOBO,llBlllXJI nporarKBaJ>T

ca 13 Ke.tao! !IA:rpxne .l(O Hllre.t! :rOJil!PllIOff 2-IO iat• 11 3axpyqxMJ>r

ca c ma.row 2-5 HM~ IlpK dOJIDl!IHX cxopoc:rax H3KeHeHxa roxa »e~u 

im.rpzna coiepu:r, xpoue roro, ue~HO-HRXeJieBHe neperopoixa 

(pHc. 2). 0TJt8JlDHI-le DJW codHpaD?Ca B TpWICllOBiripOBa.Rmil IlJl81'8-
-· 

HHI •i• BHTOI xadeAbe Taxol xadeJib Odlil~O ~op»yerca ,ltJIB np•-

.2(8.BBH e11:1 IIpauoyrOJibHOI JIHdO IlJIOCXOI ~Opllli (pxc.3). 

IlYJIDCHpYJ)Dtll8 CBepxnpOBO~BllUl8 Kal'HHTM lJISI CBBXpOTpOHOB co-

3,JtaDTCJI B p.8.3JIHtmlil 11aooparop11sx impa c I967 ro,1;a. HandoJiee 

npOJtBDy:ra 3ra padota B iadoparopHax, mcoialltll B rpyn:ay no 

C03JtaBm EBponeAcxoro csepxnpoBOla~ero cimxporpoaa, a taue 

B BpyueABeHCXOI H HoypeHCOBCXOI p&,ll;Ra.IlHOHHOI na6oparopu (CI1lA). 

Tax, 3HaqxreJIDHliK JtOCTRZ8HHeK Pe3ep~Op.l(OBCXOA Jiadopa:ropHH (JBr

JIHa) BBHJIOCb H3rOT0BJI8BH8 B ycneumoe HCIWS8.HH8 B I972 roiy .l(Byx 

CBepxnpOBO.l(H~HX .l(HilOJieR ACJ u AC4. UarHHT AC4 1221 c BHy:rpeH

BHH J(Xauerpou oduorxx 90 MK H .l(JIImOR 0,72 u npH HCilHTaHH.SX . 
ioc:rHr pac11erHoro UOHR 4,5 T padoTaa B HKIIYJihCBOM peuue C 

J 

l~H?8JihHOCThD ItHJCJia 4 cox. (npH BpeMeHH Hapac?aHHS 2 cex.). 

MarHHT reaepHpyeT none c HeO,ItHOpO.ztHOCTDIJ ,._ 10-3• Ha.ueqeH pa.it 

uep, KOTOpHe Il03BOJIHT YJIYq)]IHTD OlHOpO~HOC?b llOHH IlpH H3rOTOB

neHHH CHe.l(yD~HX YarHHTOB THna ACS, inHHa x~oro H3 KOTOpliX 

6yier COCTaBJIHTh I,8 M. 

UeH:rp HJtepBHXHCC~e~OBalUIA B Crutne (~aHUHH) cocpe~OTOtJHJI 

YCHJIHH Ha C03~aHHK MarHHTOB C 6onee BHCOKHR 3HaqeHHeu nona, 
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PHc.2. CeqeHue c?pell,l(H (XH.11u) IIpOBO.lOIHKa c Nb Ti -H11T11MH • 

.nHaJ,{8l'p crpeH)U! - ~ MM; quC)IO Hl!l'ell - !3255;,lU!aMeTp 

HHTell - 5WtMj Ma?pPllta - Cl.l H 

TOK - 470 A !Ipff ST. 
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Pnc. 3. CaepxnpoBO.l(Jlllla.R "xoca" H3 Nb Ti ; tDICJtO cTpeB.l(ell-25; 

.l(H8Jl8Tp crpeH,ll;H - 0,3 Ml!; qHCJtO HHTell B CTp8H.l(H - 380; 

.l(HaMeTp HHTell - IO MitM, MaTpH~a - Cu , pa<lo1ndt 

TOlt - 1400 A npH 5T. 
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.D;OCTHrruJl!(Hll 6T, HO .ItJISI Oonee )tJIHTeJI.bHOro BpeMeHH DO;t'.beMa DOJIJJ 

(UHKJI 20~0 cex.) /I71. 
MarHHThl, paspaOaT1rnaeMhle ~HCTHTYTOU 3KCrrepmrnHT8Jl.bHOR 

a.n;epHOR ~H3HKH B Kapncpye~ OTJIH~aDTCJJ OOJibwen .ltJIHHOR(.n;o 2,Ju)/17/ 
3HaqHTeJibHOe qHCJIO CBepxnpOBO.ltH~HX MafHHTOB C pa3JIHtUiblllH napa

VeTpa.MH CO3.D;aHO B CIIIA B EpyxxeRBeHCKO0.JiadopaTOpHH, B Ea.TaBHH, 

B llOYPeHCOBCKOR H AprOHHCKOR naOopaTOpHJJX. 

B CoaeTCKOM COD3e pa3pa00TKa CBepxnpOBO.itRmHX MafHHTOB C 

nepeMeHHblM noneu Ha npOTHXeHHH pa.n;a JieT Be.n;eTCH B Pa.itHOTeXHH

qecKOM HHCTHTyTe AH CCCP, r.n;e B I972 ro.n;y dhlJI ycnemHo HCilLITaH 

HMIIYJibCHblR .ltHllOJI.b Ha none 4T 1231• JHITOJib paOOTaJI 6e3 .n;erpa

.itar.rmr TOKa co cKopocT.bD pocTa nomt .n;o o, 4T/ceK ,Be,IJ;eTcR pa3pa-

60TKa CBepxnpOBO.D;JJ~HX MafHHTOB .ltJIR yCKOpHTenen B Haytrao-HCCJie

AOBaTeJibCKOM HHCTHTyTe 3JieKTpoqJH3HqeCKOR annapaTypbl HM. ~.B • 

EqipeMOBa. HaqaTbl paOOTbl no CO3.D;aHHD CBepxnpOBO.itHmHX OTKJIOHJJD

~HX uarHHTOB B naoopaTOpHH BblCOKHX aHeprHR OWfl~ (.l{yOHa). 

XapaKTepHCTHKH HeKOTOpUX unrHHTOB, CO3.D;aHHblX H npoexrH

pyeMblX B nocne;tHHe ro.n;hl, npe.n;craBJieHhl B TaOnHue rr. 
Ha pHc. 4 H300paieH o.n;WI H3 co3.n;aBaewx B Kapncpye 

MarHHTOB. 
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Jladoparo- BHyrpenmrR 
p1rn, pa3wep 06-CTpa.Ha MOTKH,CM 

I ? 

PTH AH 
CCCP 7,8 

BNL 5 
I-" 

N CIIlA Cl, 
-:J ... 

8 

8 

KapJicpy3, 4 X 8 
q,pr 

8 

TaC1rnga rr 

ffMIIYJI1CHUE MAI'HRTi:l, IIPEJUIA3HA tIEHHiJE JlM CBEPXIIPOBO.U,9lill!X 
CMHXPOTFOHOB / 2J,JI/ 

3anacea- MumntaJI .b- )!ara Xapruc-.IInm-ta., iene3HhlR Hoe BpeWI UCIWT. II one# Hall Tep 
cu T 3Hepr1rn 3Kpa.H Ha pacr. ro.it nonH • K Jlx OOJIH ceK. 
J 4 5 6 7 8 9 

65 4 50 HeT IO 1972 rennoe 

J5 4,I 6 eCT.b 50-100 1972 X0JI0.lt-
H0e 

90 ( 4,0) (J8) ecT.b 50-100 I97J X0JI0.Jt-
Hoe 

290 (4,0)(- 120) eCT.b 50-100 (1974) Tennoe 

40 4,0 - eCT.b IO- 20 197.'.3 X0Jl0.l{-
Hoe 

140 (4,5) (128) eCTL IO- 20 I97J -

ITpHllellaiiHe -

IO 

CIU-3 

Hcmna.Hhl IO 
.l{lITT0Jie'1 C 
pa3Hl:lMI1 npo- . 
BO.D;mtKaWt 
2 H,D;eHTH4Hl:lX 
MaI'HHTa B 
n~orpa.LWe 
"3adenna" 
Ilfi0T0THTil:I 
" l3ae5eJinu", 
ueran.npo-
nHTKa Kadenn 

OT0fHYTl:le KOH-
u~,nponHTKa 
"Jc"noeu Jn Sn. D T 

as 9 -pacnpe-
.n;eJieHHe TOKa, 
npom1TKa npH-

· noew Jn Sn. D 2a 



2 J 4 5 6 7 8 9 IO 

8 (140-280) (4,5) (I50+JOC) ecTh 5-IO (I974) rennoe J{H a OJI H Jt2 .o-JO 
B CTB,ltHH npoex-
THp0BaHH8 

C Ill A, 7,5 40 '.3,9 22 ecrh 0,5 !972 XOJIOJ.t- 8 .ztHnonen uc-
HOe IlblTa.Hbl npH 

L R A nocne.1t0Barem,-
HOU coe.1tHHeHHH 

7,5 40 (4,5) 29 eCTh 0,5 1971 XOJ(OJ.t- 2 H)teHTH\JHllX 
HOe .It H n OJI.Ii .It JI JI 

HCOllTaHHJI Ha 
,_. O.ItH op OJtH OCT L 
c., N 

(I0-14) (I00-200)(4,5) (" IOO) 00 CJ'1 eCTb XO- 0,5 (I97J- rennoe B CTB,ltHH npo-
JIO.ItH • H 1974) eKTHpOBaHHJI 
renn1:,1V. 

Earamrn, 5 90 2,7 20 HeT >JO 1972- XOJIO.Jt- flporpruwa ,n;y6-

C Ill A, I97J HOe nepa 

N A L J,8 30 J,O 6 HeT >30 1972- XOJIOJ(-
I97J HOe 

5,5 90 (4p-\5) (20-40) ecn, ~JO (I97J) rennoe 4 :uarm1ra B 
(XOJI0.1(- rpynne 

HOe) 

5,5 600 (4,5) (IBO) ecrL .-Jo (I97J) rennoe l .LlaI'HHT B 
(XOJIO,!t- rpynne 
Hoe) 



2 J 4 5 6 7 

5,5 600 ( 4, 5) · (IBO) eCTb "- JO 

AHrJIHH, IO - J,9 58 

RHEL 8 40 4,5 - HeT I 

~ 

9 50 5,0 82 I Cl,j N eCTb ~ en 
(9-IO) (I00-200) (4,5) >150 eCTb I 

Crume 
I 

IO 50 (6,0) (280) ecTh 5-20 
4.>paHUHH 

II 150 (5,0) (~700) ecth 5-20 

~) Ilpe~nonar~ei.we xapa.xreP,HCTHKH_3aitJIDqeuu B cxo6xH. 

8 9 IO 

(1974) TenJioe IO M8.r.HHTOB B 
·(xoJIO.It- rpynne 
HOe) 

.. 

1971- XOJIO,I(HOe ACJ 
1972 

1972 XOJIO.I(HOe AC4 

( !973- Tennoe ACS 
1974) 

1973 Tennoe MOBY . 

( 1973- Tennoe ALEC 
1974) 
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Co3.n;rutHe Ka.6eneR, co.n;ep~antHX d0Jibmoe qHCJI0 T0HK0XHJibHHX 

CBepXnp0B0)l;mttHX TBHCTHp0BrutHHX J:HJI H3 CITJiaBa Nh Tl , Il03-

B0JIHJI0 HaqaTb paapad0TKY CBepxnpOB0.n;HmHX MaI'HHT0B, cnocodHUX 

cpopl.Gfp0BaTb H3M8HJIDmeeCH BO BpeMeHH uarHHTH0e none. C Il0M0mLD 

TaKoro po.n;a KadeneR y.n;anocb npeo.n;onerb rpy.n;nocrH,· CBH3a.HHue 

c rennoB~J.m norepn?.rn B caepxnpoao.n;HHKe H3-3a padoru Ha nepeMeH

H0M T0Ke npH JIJIHTeJibH0CTH UHKJia YCK0pHT8JIH,60JibilleR HeCKOJibKHX 

CeKyH.n;. 

HHxe dy.n;yr c.n;enaHH oueHKH 0TH0CHT8JibH0 rpedyeuoro K0JIHqecrBa 

CBepxnpoao.n;nmero MaTepHana, trnCJI0 MarHHT0B H KBan;pyn0JibHliX JIHH3, 

K0TOp1rn Il0Ka3liBaDT cpaBHHTeJibH0 CKpowrntt od-r,eM H3r0T0BJI8HlU 

MarHHTH0R CHCT8Mli ycxopHTeJIH C yqerou .n;axe Heodxo.n;HM0CTH H3r0-

T0BJieHHR KpH0CTaToB, no.n;ao.n:nnmx reJIHR rpydonp0B0)l;0B H ycTaH0BKH 

H8CK0JlbKHX pe~pHxeparopoB. 

PeaJIH3Y8U0CTb CBepxnpoao.n;n~ero YCK0pHTeJIH cy~eCTBeHH0 

3aBHCHT OT Heodxo.n;HMoro .11:JIR 3JI0KTpOMarHHTa K0JIHqeCTBa CBepX

np0BO.n;HHKa, onpe.n;enneMoro .n;JIHHoR aneKTpouarHHTa Hera nonepeqHuM 

C8tI8HH8M. 

B I96I r0J!Y rpynna C0BeTCitHX cnen,HanHCT0B npeJIJI0J:HJia ,llJIR 

yueHbmeHHR aneprypu aaxyyuHoR KB.Mepu H, cne.n;oaarenbH0, .n;nn 

yveHLmeHHH nonepeqHoro ceqeHHR MarHHTa npHMeHaTb vero.n;u aaToMa

THqecKoro perynHpoBaHHR nonoxeHHH opdHTH YCK0paewx qaCTHU 

nyreu H3MepeHHR 0TKJI0H8HHR opdHTU H K0ppeKUHH napa.MeTpOB MarHHT

H0I CHCTew, onpe.n;ensm~eR derarp0HH0e )l;BHJ:8HHe qacrHu. 

3TH KHdepHerHqecKHe wero.n;u YM8HbmeHHH nonepeqHHX pa3MepoB 

ycxopHrena dUJIH npoaePeHH B K0HUe 6O-x ro.n;oa Ha cneuHBJibH0 

cos.n;aHH0H B Pa»ioreXHHqecK0M HHCTHT}'Te AH CCCP uo~enH RHdepHe-
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