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0TRPHTllie 'laCTllIU, BilOCJle.rtCTBHI!: nony,rn:mmx Ha3BaIIHe "cTpaHHh!e". 

a3yqeHRe RX CBOi!CTB, MeXaHllI3MOB o6pa30Ba1l.M .llI B3aru.10,nefiCTBM nocny

ll!HJlO MOIIIHHM TO]l'(IRCI.I ,!tJISI pa3BRTWI Been qillI3HRR 3JieMeHTapHIDC 'lacuu 

R OROH'iaTeJlI,HOro ee BH,neJleHHJI B C8MOCTOJITeJU,HYJO HaYRY• 

Ha'laJIO 60-x ro,noB 03HaMeHOBaJlOC!, OTRPHTllieM cepllillI ICOPOTROlKirny

DlHX CBRSaHHWC COCTORHHll - pesOHaHCOB, qllICJlO ROTOPHX pacTeT C Rall':

,1:tHM ro,noM. 

B 1961-62 rr. reM-MaHHOM H HeeMaHOM 61rna npe,nJlOll':eHa Cl1CTeMa

Tm<a, B OCHOBe ROTopon JleJKllIT 11,!teR 06.,,e.n:aaemrn BCex 'laCTHU llI pe30-

HaHCOB B cyne~yJII,TilllJleT&, OilRCH~ruootReCR MaTeMaTJNeCRR npe,ncTaB

JieHWIM!II rpynn c!IIMMeTpllI!II SU (3)/I/. 

0.rtHaRO B ,nMLHetlmeM npm.ieaeHHe Teop!IIllI SU (3), a Tam;rn ,npyrRX, 

6onee IlOJlHWC CllICTeMaTHR, CTOJJRHyJlOCL C p.fU(OM 3aTpy,!tHCHHH • neno B 

TOM, qTO HallI60Jiee HHTepecHoff qepTofi COBpeMeHHoro cneRTpa 'laCTllIU n 

pe30HaHCOB RBJIJieTCR orpaHHqeH11e RX RBaHTOBHX 'lllICeJI npocTefilllllIMH 

npe,ncTaBJieHWIMH SU (3). 

3TOT 3RCnep11MeHTaJlI>HHH pe3y.m,TaT 06'!,RCHReTCR RBaPROBOfi MO,ne.m,q 

C ,npyrofi CTopom1, ,no CIDC nop HllI B O,!tHOM 3Rcnepm.1eHTe RBaPRllI He o6Ha

PYll':eH&, llI BepoJITHOCTL RX peam,Horo CYllleCTBOBaHWI CTaHOBllITCR Bee 60-

Jlee H 6onee npo6JieMaTHqHott. 

TaRHM o6pasoM,CTaHOBllITCR Heo6XO,IUiMHM npoBe,neHllie llICCJle,!tOB8HllIU 

no IlOHCRY HOBHX 'laCTllIU H pe30HaHCOB,a TaKllCe nonyqeHHe OTBeTOB 

Ha IlOCTaBJleHH!le nepe,n 3KCIIep,rneHTO!A BOnpocH. 

K HaCTOS!llleMy BPeMeHllI BllilOJlHeHO 60}1!,lllOe ROJllliqecTBO pa6oT no 

nccne,noBaHruo npouecCOB po)l';,!teHllIR qacTllIU llI pe30HaHCOB B lllllIPOROM .n:aa

naaoHe aHeprnfi B3am.10,neficTBJ1IR, o,nHaRO. ru.1eIO!l!IleCR ,naaaae, .rtaJKe B 06-

nacT11 Ma.JIHX saeprHfi, MeHee TO'IHH llI noJ1H1,1, qeM, HanpHMep, ,naHHHe no 
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ynpyroMy II£_ !XlCCesmmo. 3To B ocodeHHOCTll OTHOCHTC.11 K Ii3ytieHmo 

nponeccoB o6pa30BaHR.II CTpaHHHX q acTHn B conpOBOllt,I(eHHH HeCKOJll,IUDC 

rr0-Me30HOB, a TaKJKe K llCCJie~oBaHmo HettTpanHlDC MO,ll; pacna.n;a CTpaH- : 

HlllC qacTnn l1 pesoHaHCOB. ,IJ;eJIO B TOM, qTo nOMBJl.IDOa:ta.11 'IaCT!, lICCJie.n;o

BaHHH CBOfiCTB CTpaHHIDC 'IaCTRn l1 pesOHaHCOB BilllOJIHeHa C nOMO[I!I,10 BO

.n;opo.n;nwc nysup1>ROBllX RaMep, r.n;e s@leKTRBHOCTI, perHcTpan,rn t -RBaH

TOB oqeHI, Hll3Ra. 
.I!Jia peweH:aa no;n;o6HUX sa,1ta'I •ce qa~e Hatm:HaDT np:aueHaT1>ca xaue-

pu C Tmt8JI0llt~KOCTHHM HanOJIH8HH8M(nponaH,nponaa-¢peOHOBbl8 CM8CH,¢pe-! 

OH,KC8HOH).B CBR3H C 3THM 6on1,moe 3Ha'I8HH8 npH06peTaDT 1onpocu 103~ 

MOllCHOCTll ll Ha,lt8lltHOCTR H;D;8HTH¢HKalU{W 'I&CTHILH KaHaJIOJI peaKIU{R JI no

;n;OOHl:lX KaMepax. 11syqeHHe npoonew ~uno npe..npHHRTO • pa;n;e pa<loT/21, 
O,ltHaKO "ira.iteJitHOil ll O;D;H03Ha'IHOR uimiiiiKH H;ieHTHfJ)HKaii:im .n;o ewe 1· 

nop ue coa.n;aHo, H ;n;am,aenm:ae yc:an:aa B 3TOM aanpaBJieHHH, <lesyc .. 

noBno, aeo<lxo.n;1rnu. 
HacTo.11111a.11 .n;:accepTan,I.11 nocBIII!leHa Hsyqeamo nponeccoB odpasoBa-

HR.11 CTpaHHllX qacTnn Ir-M830HaMli C m.myJJI,COLI 5 raB/c R .IIBJI.118TC.II qac

TI,IO CllCTeMaTll'I8CRIDC HCCJie.n;o:saamt. npoBO.n;m&l:IX B JiadopaTOPRlI .11,ll;epHIDC 

npo6JieM 011IDf C IlOMO[I!I,IO l,18TPOBOI nponaHOB0:11 Dy.3blp1>KOBOft RaMepu 
(IIK-200) ./J/, . 

0CHOBHOe BHHMaHRe dblJIO y.n;eJieHo lIOC~e.n;OBaHmo nponeccOB c o6pa-

30BamieM Hec1<onKIDC HefiTpaJII,HUX qacTHn ( A O, K0, rr0) B ROHe'lHIDC 

COCTORHIDIX, T.e. nponeccoB, KOTOpue JIH6O saTpy.n;HRTeJII,HO, JIH6o He

B03MOlKHO llCCJie,ll;OBaTI, B BO.n;opo.n;nwc nysup1>KOBIDC KaMepax. qaCTI, Ha

CTO.IIIIIRX HCCJie.n;oBaHHfi HOCH.Ila IlOlICKOBufi xapaKTep. 

,IJ;JI.11 YJ(asaHHUX nenefi 6u.na TmaTeJII,HO HsytieHa npo6JieMa ~eHT~n

Ka.wIB qacTHn H KaHaJioB pea1<n,1fi. Paapa6oTaHa Me:ro;n;Hxa onpe;n;ene-

HH.11 ceqeuHH BsanMo.n;eiicTBHfi n T.llllteJiol!W,ItRocTHUX (npommonux} nysup1>-
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KOBI:IX KaMepax. Ilpe.n;noJKeHHa.lI M8TO.n;RKa HOCHT ;n;ocTaTO'IHO 061!1lifi xapaH

Tep lI MOJKeT 6UTI, lICilOJ11,30BaHa B .mo6ux 3KCnepmt.eHTax, BHIIOJIH.118MUX C 

IlOMO[I!I,10 nysup1>ROBUX RaMep npn BHCORHX 3Heprll.llX B38IDAO.n;e~CTBH.11. 

,IJ;HccepTalU{.11 COCTOlIT l13 qeTupex r.naB. 

B nePB0:11 r.naBe .n;aeTC.11 onHcaHHe 3HcnepHMeHTaJI1>HOfi ycTaHOBRlI C . 
. • ;,/J/ 

200-JIHTPOBOH nponaHOBOil nysup1>KOBOfi KaMepofi B MarHRTHOM noJie 17ic.C:i, 

pacnOJiarB.JOOlefic.11 Ha nytJRe rr--MesoHoB c m.mym,coM 5 rsB/c cnHXpo

qiasoTpoaa OHIDI141 • B § 4 ;n;aHHOfi rJiaBbl OillICaHa ClilCTeMa o6padOTKll 

cTepeoqioTorpaqinfi, BKJIIO'IaIOma.11 Tpn sTana: 

1) noocMOTP ~oTorpaqinfi n oT6oo co6uTnfi, y;n;oBneTnop.mollllIX Tono

JIOrllll llCCJie.n;yeMWC peaKnHH;. 

2) H3MeoeHHe, reo1.1eTPntJecR:yp oeKoHcTPyRUIDQ oTo6paHHHX co6uTnfi 

l1 onoeneneHHe RHHeMaTH'leCKlIX naoaMeTPOB TpeKoB; 

3) HnellTHifumamuo 1/°__ 'I8CTIU! l1 t-RBaHTOB Pl H.n;81ITHij),1KalU{IO Ka-

1-!8JIOB peaKlU{:11, 

Co6HTH.11 C'IPITaJIHCI, ll3MepeHHblMH "xoporno", ecJIH B pe3yJII,TaTe ll3-

Mepem H nocne;n;yIOlllefi peROHCTPYKUHH napaMeTpu (HMnym,cu l1 yrJIU)Bcex 

TpeROB B co6blTHH HMeJIR omn6Kl1, He npeBlllllaIOIJll18 30%. 
Heo6XO)J;HMO OTMeTHT1>, qTQ B npoBO)J;HMblX 3KcnepHMeHTax sqxileRTHB

HblH od~eM KaMepu He B~eJI.IIJIC.11; BMeCTO 3TOro Tpe60BaJIOC1>, 'lT06bl pac

CTO.IIHHe OT nepllillHH VO 
- qacT1un1 HJIH '(-KBaHTa .n;o rpaH.an KaMepu 6H

no He MeHee 7 CM .n;JI.11 06ecneqeHR.11 .n;ocTaTOqHott ToqnocTH .asMepeH:irn. 

Hs-sa norpemHOCTefi ll3Mepem ll MHOrORpaTHoro !XlCCe.llHll.11 qaCTI, 

V0
-qacTnn PI.n;eHTlIWHUHPYeTc.11 Heo.n;nosaaqHo, T.e. rnnoTe3H A0

- rnne

poaa ll K0-Me30Ha HM8IOT cpaBHPIMYJO BeposrrHOCTI,. B Hanrnx 3KcnepHMeHTax 

.n;oJI.11 Heo.n;nosHaqao-n,neHTH~HUHPOBaHHHX V0 

- qacTnn cocTaBJI.11.na "'15%. 
Ilpll H;n;eHT~g/HK8n,f.ll r- RBaHTOB npHMeH.IIJIC.11 OT6Op no yrJI:y ey 

M8llt,I(y HanpaBJI8HH8M noJieTa r-KBaHTa lI HanpaBJI81!l1eM cyMMapHOrO PIM

nyJII,Ca napu RoHnepc.aH, a TaR~e oT6op no BeJIHqnHe HMnynca napu. 
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T8Ml~a-KBaHT CtJRTaJICJI npRHa.I(JielltalllHM .IJµHHOMy BSaHMo.n;effCTBWO It He OT-

6pac1rnaJic11, ec;m: ( S ) 

1) P¥ ~ 30 M:rn/c; 

2) a) Sr , 5 o ,ll;JIJI JllOClIDC l r ; 
6) ®~>5°, Ho cA8J11' >2.~10 .n;JIJI l't~ 5 cM. 

.UM c06!iTllli C ,ll;ByMJI R 6oJiee t-RBaHTaMH TpeCSOBaJIOCI>, trro6l:l 

yrOJI pasJieTa JIJOClIDC ,D;Byx t -KBaHTOB (9rt > 50, 

0,D;RH RS pas.n;eJIOB HaCTOJIIllett rJiaB!i. llOCBJIIlleH RCCJie.I(OBaHm> norpem

HOCTeH RSMepeHWI pasJIH'!Hl:lX xapaxTepRCTHK C06HTRtt. IloKasaao~ qTQ ,ll;JIJI 

.I(aHHOfl KaMepa HSMepeHHJI Kll:HeMaTHqec:imx napaMeTPOB TpeROB npOR3BO.I(JIT

CJI C TOqHQCTl>ID, He ycTynaromeff TO'IHOCTJIM, ,ll;OCTHraeM!iM B RaMepax no

.n;o6Horo THna, B KatteCTBe RJIJIIOCTpaW!R Ha pRc.1 npRBe,D;eH!i pac-

npe.I(eJieHRJI llO ajxlleKTRBH!iM Ma.CC&! ,ll;JIJI rr+rr H ~ r -ROM6RHa~. ll:3 

pacna.n;OB K0-MesoHa (K0 -+ rr+n-) R rr0-MesoHa crr0 -o+ r ). IIo.eyqeH

Hlie cpe,D;HHe SHatJeHRJI: MKo =(497 ± 2) MaB/c2 H Mn0=(135,5±0,6)MaB/c2 

xopomo corJiacyroTcJI c HSBecTH!iMR Ta6JIRtl!IllMH .naHHllMi'141 , a c&1It pac

npe.n;eJieHHJI ,ll;OCTaTO'lHO YSKH 

/j MKo = ± 28 MaB/c2 
R A M no = ± 10,5 MaB/c2• 

Bo BTOpoit rJiaBe ,D;RccepTaW!H OllHCl:lBaeTCJI paspa6oTaHHaJI HaMH Me

TO,ll;Rl(a R,D;eHTHq>HKaw,m KaHaJIOB H onpe.n;eJieHRJI ce'ttem peaK~, a TamKe 

ee npHMeHeHRe K aHaJIHay ,nB_yxJiyt1e11ax n-p-BSaHMo.n;ei1cTBHli c o6pasooo-

HHeM A
0

- rHnepOHOB B conpoBOl!t.I(eHRH n°-Me30HOB R r-KBaHTOB. 

0CHOBHM n,zr;eJI npe.I(JiaraeMOH MeTO,ll;RKH KpaTKO CBO,ll;HTCJI I( c11e.n;yrome

My: 

a) MO.I(eJIRpyroTCJI (,nocTaTO'IHO 6JIR3KO K peanH!m) C06h!THJI paSJIHtJ

HIDC TOllOJIOrHH, o6pasyromaecJI B HCCJI8.I(y8Mb!X KaHa.na.x peaKW!ff; 

6) MO.I(eJIRpOBa.HH!ie C06!iTM 06C'!HT!i:saIOTCJI no TOH ge nporpaMMe 

" f if - KaH~JIOB peaKW!ff" H K HRM npm.1eHJIIDTCJI Te ge RPHT8PHH oT6opa, 
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'ITO H ,ItJIJI peam.Hmc co6HTlm. Ha OCHOB8.HHH pe3ym,TaTOB 3TOI'006cqeTa 

BuqHCJlfIIOTCJI "RoaqxflmnrnHTH npOXOlK,It8H:IUi lJ tf , ;KOTppHe 

onpe.neJlfIIOTCJI RaR OTHOCHT81II,Hml. BRJJa.It B .namme, O,ItH03Ha':IHO

Hl\8HT.il(plUU,!pyeMOe ROH8':IH08 COCTOJIHl!e :on:pe,n;eJieaaoil Tononor1m H3 COOX• 

BeTcTBYIOUUDC Tononornil Hccne;zyeMoro aa6opa perutIUIH; 

B) nonyqemrue Roaqxflm:uieHTH npoxolK.zteHIUi no.ncTaBJUIIOTCJI B c.11cTe-

MY ypaBHeHmi M 

J{i = T, f, d6 fJ ~£~ 1~.)t,d° c1> 
,, i:f.,.L J.>H, 

r.zte -JJ,- ':IHCJla peaJU>HHX co6HTHH, Y.ItOBJ18TBOPJIIOlllliX TOH HJlli HHOil rH
IlOT838, 

Ti - Roa<lqimu,ieHT, Yt:IHTI:lBaIOIIIHil nonpaBR.11 _pa3J1HqHoro po.zta ( aa 
3qxfl8RTHBHOCTJ, npocMOTpa, reoueTpHD RaMepa, npnMecb B3aH
MO,It8HCTBH:it Ha RBa3HCB060,ItHIDC npoTOHax yrnepo.zta,· B8Jlliq.l!Hy 
nonHoro n-p-ceqemm/ Ha 1 co6!:lTHe, rioTepH co6aTmi np.11 us-

. MepemUIX) , nonpaBKR Ha ueilTpan1,uae MO)(l:l pacna,n;a V0

; 

{\(f~f~ 1waqxflm:u,ieHT, yt:IHT!:!BaIO!I!li:!i cpe,ItHJOID acpcpe:kTHBHOCTb per.11cTpa-
O ru,rn K0-Me30HOB H \4-RBaHTOB l\.11JI R/llKl\OH ROHRpeTHO:it TOilO

nor:im 11 l\JJJI .IJ,aHHor8 Rauana perutru,i:it. 

Pema<I M8TOl\OM HaHMeHburnx RBa,IJ;paTOB CHCTeMy ypaBHeH:l!:it (1),MOllt

HO IlOJJY':IHTJ, B8Jlli':II!Hl:l JJ • 
Gpe,ItJ10)!(8Ha MO)U:lq)HRaru,m M8TOl\HRH - onpe.neneHHe cet:IeHH:it C IlOMO

UU,JO IW8(!Xpllru,!8HTOB ~i , onpe.ztenJieMmc Rrut OTHOCl!T6Jll,Hh!H BRJJa,It B 

,ItaHHoe ROH8':IHOe COCTOJIHl!e RaRO:it-Jll!60 perHcTp.l!pyeMo:it TOilOJlorHH HC

cne;zyeMmc peaRru,i:it H83aBHCl!MO OT cTeneHH O,ItH03Hat:IHOCTl! l!l\8HT:ll(p.l!Ra

Iu,!l!, T.e. OMO I! TO )!(8 C06!:!Tl!e MOlKeT l!,It8HTl!(pl!W!POBaTbCJI RaR Il.PH

Ha,ItJlelltamee pa3Jll!':IHI:!M RaHanaM peaxru,i:it. 

B pe3ym,TaTe npl:IM8H8HHJI pa3pa60TaHHOil M8TO.It.l!Rl! R )(ByxnyqeBIDI. 

rp-B3aHMOl\8HCTmt.fIM C o6pa30BaHl!8M /\
0 

- r.11nepOHOB H r-RBaHTOB 

Ml:! cMorJm onpe.zteJl.l!Tn .ztecm1, cet:IeH.l!:it RaHanoB peaRiu,!:it, npl!':IeM BnepBI:le 
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pa3,It8JII,HO ( OTHOCHT8Jll,HO AO 

.I! 2: 0 ) TaR.1!8 ,RaR: 

1rp - irt n- /\ 0 n° 
rp - n+ r A o Ko1io 

li 

H 

n-p -K+ :n- z. o no. 

n-p -,rt n=-i:.°K°rro, 

BnepBae onpe.IJ;eJieHI:l cet:IeHM Taxmc RaHanoB, RaR 

n-p - K::n- AO n° n° :a Ir-p -+ n+:rr A° K°rr°rr0
• 

TaKllte 

B Ta6~e I np.l!Be.IJ;eHI:l no.nyqeHHI:le pe3ym,TaTa, cpaBHeHHe me c 

,ItaHHI:lMll mrmc pa6oT, a TamKe C pe3ym,TaTaMH, IlOJiy':I8HHHMH Tpa.D;l:1-

Iu,!OHHO:it M8TO.It.l!ROif / 6/. , 

0,ItHl!M .1!3 npe.l!MymecTB npe.IJ;JlOlK8HHOll M8TO.IJ;l:IRH JIBJIJI8TCJI B03MOlK

HOCTJ, RoppeRTHO onpe.IJ;eJlHTJ, B8JIHTIHHy npm.1eca OT .n:pyrmc RaHaJlOB pe

axru,i:it cpe.ztH o,n;H03Hat:IHO l!.IJ:8HTl!cpl!ru,!pOBaHHHX C06!:!Tlm, 'ITO qpe3Buqa£J:

HO BaltHO npl! HCCJ18,ItOBaHl!l! .IJ;l:!HaMRqecR.l!X xapaxTepHCTl!R H3yqaeMmc 

B3al!MO,ItetlcTB.l!H. 

HecoMH8HHI:lM ,ItOCTOHHCTBOM pa3pa60TaHHO:it M8TO.It.l!RH JIBJIJI8TCJI OT

cyTCTBl!e He06XO,IU:IMOCT.I! .1!.It6HTHcpHRanHH qacTl!l'( no l!OHH3aru,!l!, 'ITO· 

ocod8HHO neHHO ,l(JlS onpe)(8Jl8HH~ ceqeaHil 138.WlO,l(eilCTIHil npH 

Bl:lCORHX aHepr.l!JIX, ROr.zta npoBe.n;eHHe HOH.1!3aru,!OHHHX oueHOI{ H ll:3Mepe

HH:it cTaHOBl!TCSI Rpa:itHe 3aTpy.n;HHTeJJI,Hl:lM. 

B TpeTne:it rJJaBe .It.l!CCepTaru,!l! Oil.l!CaHI:l H8ROT01)1:le pe3yJII,TaTI:l H3y

':I8HIDI peaxru,iil C yqacTH8M CTpaHHI:lX qaCT.l!U, 
,-...-

1. Hccne.ztoBaH nponecc POllmeHlUi ~ - r:HllepoHOB B n-p-mam.10-

.n;eilcTBWIX np.11 5 raB/C /?/. C 3TOff J:l81II,ID 6HJll! OTo6paHH y.n;OBJ18TBOPJI

romHe R.P.l!T8.PWIM n-p-B3a:HMO.n;eilcTB.l!JI co6HT.l!JI, r.n;e Bmco.wrm.11:it 1!3 3B83.Itl:l 

OTp:auaTeJII,HIDi BTOp.11qHI:lii TpeR m.1eJI xapaRTePHI:lii ~JlJI pacna.zta 2::. /\ 0-1 lC 
H3JIOM, c ItOTO!)hlM accoru,i.11poBaJ.1cJI pacna.n V°- qacTnnu. nonytJeHo CYM-

.--,-
MapHoe C8':I8H.l!e P0llm8H.l!JI ..::.,. - rllilepoHOB 

<:6_ ,:,- = c2,9~ }~> ,ub. Jtr ....... +... , / 
CpaBHeHne c pe3ym,TaTaMli mr:ex p:t6oT noRa3HBaeT, -q~o cet:IeH:ae re-

Heparu,!.1! 
~- . 
..:,.. - r:HllepOHOB B n-p-B3aHMo~e:itCTB.l!JIX llJiaBHO B03paCTaeT 

9 



~ (::) 
.... 

"' ~ 

~"''-i-" 
i-1 t 
~ ~ ~ 

~ - ~ ~~(:) 
.... 

-1' 1-t .... 
~ co ~ 0) 

Iii 
½ t! ~~ ~ 

-.;t-" '1-1 ... , . 
~ ~ "-'· 

~ -
. 

H 

;i 
EH 

! <::) 
\,\ ~ 

....... 

"' .:t-' ~--
~ ts ~"'~ i-1 

~ ....... ~ ... 
~ (6 

Q :} ~ 
"I) I "' t::: ·~ -t_'- !O' 

•...a • ._.. 
~ ~ rt! '1-1 ~ ~~ t<) 

!'I' ao' !")' l;f ~ .. 
'-0 ~ It-) 

~ 
I;) OQ i - ~ ~--lit \o' t ~ .. ~ ~ ~ t tJ .. ~ ti ~ !-ci' "{J; .. ~ 

c..t:i:: I 
li'j .... 

a> Ill 0) " .. ~ ~ ~ .. t:i::t:i:: i-..:- ~ ~('): •,) ~ P.a> ;:u"O ~ 't ~ ~ c.,:,S Q) ~ ~ ~-- ,:t:' 
. >,i:,::,, . "') <:),o ~ ~ 

H :f . 0 
0 ' (.) «:\j 

~b~ 
g~~ . ! 

! 

s c:-.'i 
I ! i 
I ! 

: l< : I 

:s: ~ 1 I :,;~ I Q) ! 
,,: 

I<>~ -fl } Q) 

~ ~ ·P. 
~ t::: 

O, 

.-._ ~ !"1ffl~t 1} ~·~ 
' < '-'I~ 
ti: 

' 
I ffi I 

:s: 
~ ll: 

Q) ... ,~ it1 ~ i :,, 
~ ~O) 

,Q) 

~ ~ ! i 

~- 0 :~. Q ~ <)~ 
~ ,0 

1"'-' ~ ~ ~ 
~ 'k -+-~ -;.~ 

~ ~ 
10 

- lo C'\j 

+I 'tJ ~ IV) 

\Q 

"t ~ +t 
~ ..~ .... I)() 

~ ~ ~ 
if . 1-1 i-1 

~ -l ~ 

le- ig ... 
~ 

~ ~ ~r ~ - -lt-. -~ ... I * -?:1 ~ tJ .... 
!ti' ~ ~ 

Ir,"' 

" \I) 

f ~-- I I ij I. 

~ ~ .. 
~ ~ ... 

~ ♦. 

it- ~ ~ .. -... g-
tl 

~ 

~ ru.. ~ 
f;f ~ ~ i' 

I~ ~ 
t-! "' 

1-1 
~ 

tJ ~ ,,. J I ~ :1-1"' 

~ ~ 
~ 

~~ ~ '1- ~Cl') ~w, ~ 
~ ~ 

ffl+ ~ ~ I() 

~ 6f 
~ ·1~ s ~ 
co ~ 

mij 
I) ~ ,:~ ::~ 
<)~ 

I~~~ I~ 
-\-~ -j.: .k\ 
~ ~ ~ ~ 

~ 
.f:t 
~ 
"') 

~ 

I 
~ 
"!J. 
#. 

~; i~ 
I~ 
~ <.o 

l:J 

} 'l-1 

~ .... 

:! 
I~ 
~~ 

.. 
Q) 

l:i 
Q) 
:,, 
Q) 
(.) 

Q) 

0 
ll: 
;:u 
Ill 
I'{ 

,.q 
(.) 
0 

l;l 
,,: 
Q) 

~ 
,:,. 
t::: 
0 

~ 
0 
,:,. 
0 
H 
0 
:,; 

0 

't::: .. 
:cs: 
:s: 
H 
:is 
'O 
0 
(.) 

0 
,,: 
(.) 
:s: 
:,, 

,.q 

~ 
H 

~ 
Q) 

:ol 

~ 
~ ,. 

>< 

·r 

t~ 
; I 

{f 
,1, 
I, 

l 

i 
I 
I 

i 

C aHeprReii rr--Me30HOB B o6JJaCTR (3+10) raB/c2 • 

2. CoBMeCTHO c rpynnoti 55-CM nponaHOBOli RaMepu JiacfopaTOPRli BII

CORIDC aHepr11ti 611n BllllOJIHeH u;imn 11ccne~0Ba.Hltii cneRTPOB A °r{0 
11 K~ K~

CRCTeM, oc5pa3~CH B Irp-B38.ID,IO~eticTBIDDC npM P1c = 4,0 M 5,0raB/c 
( S19). 

B cneKTpe Mace A %0-cncTeMll Ha6mo.n;anocI> npeBhl!IleHire na.n woHoM 

B o6JJaCTli MB.CC (1,61 + 1, 96) raB/c2 , He CBJI38.HHOe c OTpaJKeHaeM 113-

Y. ... * 
BeCTH!:lX pe30l18.HCOB I (1385) M K0 (890) Ha cneRTP A. %0

• AH8.Jlll3 no-

Ra3an, tJTO Ha6mo.n;aeMaH UHOMan1rn MOJKeT 6!1TI, 06'bHCHeHa nn6o pacna,I(OM 

Rao6ap 511 (1710), P11 (1750) (H, Menee nepomno, "b 13(1730) no I<a:

HaJJY J{ it- A 0 
-1- I<° , nn6o cymecTBOBaHHeM HoBoro pe3oHaHca c MaccoJ;t 

ORono 1685 MaB/c2 ' Ha q;o T8.RJKe JR8.3!1BaJOT )J.aHHhle ~pyroti pa60T1:/IO/.' 

IlpH 1rnyqemm cneRTpa Mace K~1 - CUCTeM!l OCH0BHOe BHilMaHHe 611-

no y.n;eneHo oRononoporoBOH a.HOM8.JIHM - o6nacTR Mace (0,96-1,12)raB/c
2

• 

'CymecTeyromne aRcnepm.1eHTaJU,H11e ~aHHlle He ~aroT o~oanaqaott RHTepnpe

TanRR 8TOMy ~eHOMeHy: OH MOJKeT TpaRTOB8.TI,C.f! JIR60 RaI{ npoRBJleHHe M30-

CRanHpHoro S- BOJIHonoro KK-B3URMO~eficTBMH, RoTopoe MOJKeT 611TI> onn

cano C Il0M0IIU,ID ROMnneRCHOii ,I\JlMHhl pacceHIIIDI, n1160 !{8.R o6pa30BaHRe pe-

30HaHCa s"c1068) - K~ + K~ ' C I{B8.HTOBb!Mli tJliCJiaMR I 6 :I ~o+o+. 
Hamll! .namme 1zy'lll!e cor.nacyroTcH c pe30HaHcnoli liHTepnpeTanrrev. oRonono

poroBO~ aHOMamm, AnnpOI{CRMaIUIH mrna qioµ.1~'noit EpetiTa-BRrnepa .n;aeT 

cne,eyXJl!lHe 3H8.tJ€H;f.f! ~M M8.CCb! H mnpRHII pe30Ha.Hca: M s .. =( 1032±24) 

M:rn/c2 R r = (40 ± 20) MsB/c2 , 0~8.I{O Bcei\ COB0RYilHOCTR nonytJeHHW:: 

.naHH!lX Bee eme He.n;ocTaT0tJHO ~M 0~03HatJHOll HHTepnpeTaIUIR, 

3. ITpoBe~eHO MCCne~cBaHRe o6pa30Ba.HR.f! qeTupex CTPaHHhlX qacTRU 

B RacRa~HllX nponeccax, B!13B8.HHIDC CTOJJRHOB€HIDIMR rr--Me30HOB C .fl;IJ;paMR 

yrJ1epo.na B nponaHoBOH RaMepe/II/ , 

B pe3yJit,TaTe pa60T!l juno Il0R8.3aHO, tJTO 8TH nponecc!l RMeIDT 3a

MeTHhle ceqenRH, 60lII>lllllliCTEO R3 R0TOPIDC 611no M3MepeHO BUepB!Ie, 

II 
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B 3Rcnep:11MeHTe Ha6.mo,naJICH li36blTOR ""'3 CTaH,napTHWC OTRJlOHeHruI) 

11ncJ1a co6HTnii c o6paao;MHileM ,nByx AO 
- rmiepoHOB 6e3 conpoBoJK.n;emm 

. OAO 
R0 n R+ -MesoHoB. 3TOT qia.RT, aHaJlll3 cneRTpa aqxpeRTHBHHX Mace "A t\ "-

co6hlTHi1, a TaRlKe cneRTP He,ll;OCTa.JOillIDC Mace (MM) .n;JlH B03MOlKHOro nponec

ca rr- + 11 d llsuwa -+ A0 
+ 1\0 

+ MM CnyJKaT, Ha Ham B3rJUJ,I(, HeROTOPHM 

yRasaHlieM Ha B03MO;ItH0CTI, ojpasoBaHa.a: ,nOJirOlltlIBYlllero HeiiTpaJII,HOro Me-

30Ha CM (1,9+2,0J ran/c2 li CTpaHH0CTI>ID s = + 2 npn B3aHMo,neiicT

mrn rr--Me30Ha C 11RBa3Il,neiiTOHOM" B gnpe yrJiepo,na. 

HecOMHeHHO, 'ITO 3TO ,naJieR0 Il.nymee npe,nn0JIOlitemrn .ll;OJUKHO 6b!TI> 

npoBepeH0 Ha 6om,moii CT8TliCT!1Re. 

B '!~j'BepToi1 r.naBe onncam,1 nccJie,noBaHM no no:10Ry n o6HapyJKeHm 
0 ,.. 

peaoI,aHca B m:cTeMe II A·~ " - Yo (1327). 

Ilepnue yRa3aHM Ha D03MmtH0CTI, CYllleCTB0BaHM CliHrJleTa C Maccoii, 

MeHI>meii, 11eM Macca '('\1385) - pe30HaHca, BCTpe11amcH B pa6oTe 

reJ1J1-'.1lrurna n HeeMaHa "BocI>Mepn:11Hblii nyTI>"1121 n pa6oTe lliBHHrepa 11.Ue
MTHii 6apn:0H"/I3/_ 

B padoTax no nccJie,noBaHIIlO cneRTpa aqxpeRTHBHHX Mace II At "-cilc

TeMbl, B!1IlOJIHeHHb!X Ha 55-CM,nponaHOBOll RaMepe B ny'!Rax rr--Me30HOB C 

nMnym,coM (7¾8) ran/c( 11.J) H 4,0 ran/c(iS), RpoMe nHRa, o6ycnoBneHHo-
o Ao 

ro pacna,noM L - 11 t 'I) , Ha6mo,nancH TaRJKe MaRCHMyM B 06.nacTn Mace 

(1300 ¾- 1400) MaB/c2 • ADT0Pbl C'lliTaJlli, 'ITO 3T0T mm o6ycJIOBJleH RHHe

MaT1111eCRllM 0Tl)aK(eil!JeM pacna,n.a 
\It 0 

r0 (16B0)---+ A +z_ i-2 0 _ (2) 

HaMn 611Jlll npoaHaJ1Il3HPOBaH11/I5/ peaym,TaTH pa6oTu1161 npn 

pli- = 4,0 ran/c n IlORa3aHO, 'ITO Illil( B cneRTpe II A°t'-Macc (1300¾-1400) 

Man/c2 He MOlKeT 6hlT1> o6'bHCHeH TO.'ThK0 oTpallteHHeM ( Aiz, .)pesoHaHca. 
/17/ -

B BHnoJIHeHH0M n omrcHBaeMoM B .n;IlccepTannn a1rnnep:0MeHT'S cneRTP 
Ao. 

a<IJlieRTliBHWC Mace /I ~ - CHCTeMhl (pnc.2) ,nJIH rr-p-co6HTllii Tamite llMe-

eT .nm MaRCHMyMa - o.nrm B 06.nacTil Z:
0

-rnnepoHa, .npyro~ - na ypo:s-

12 
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He 4-x CTaH)J.apTHb!X OTKJlOHeHim B palloHe MaccH (1327,5±3,5) MaB/c2 

c nrn.p:1mon (20 ± 4,4) MaB/c2• 

no Hail,neHHOMY KOJll1leCTBY co6HTd c ~yMfl KOHBepTHPOBaBllll'!Mll 

Vt-KBaHTaMR Mil ouemi:JIH, 'ITO Bepo.flTHOCT!, O6'1,HCHerum: BTOporo ruma 
0 0 v.· B cneKTpe (At ) - Mace KHHeMaTH'IeCKHM oTpaJ!teHaeM pacna,na 0(1680)-

- A° t - pesoHaaca COCTaBMeT 0,6% (He Ha6.7llQitaJlOC!, RH O,IJ,Horo Ta

Koro co6HTM), TaKHM o6pasoM, ysmtil mm (ero nrn.pHHa coBna,naeT c pas~ 

pemeHHeM YCTaHOBKH) MOJKeT 6HT:E, o6~HCHeH TOJlI,KO pacna,nOM HOBOro pe-

Y.
t' 0 

aoIIaHCa (HJIH qacTHI.U,t) 0 (1327) - A + t , 
B § 3 ,naHHOfi rnaBH .naeTCfl o6aop aKcnepmieHTOB, BHllOMeHIU:lX 

,npyrHMu MeTo~aMu. I1O1msaao, 'ITO 6om,ll!HHcTBY aKcnepm.ieHTOB He .no-

Y.* • 
cTaeT paapemaRl!lleil cnoco6nocTH ,IJ,Jlfl o6HapyllteHM O (1327) -+AY- pe-

aoHaaca H noaTOMY nonyqeHHHH OTPHIJ,a.Ten!>HHH peayJJI,TaT (HJIH, Bepaee, 

oueaKa Bepxaen rpaHHI.U,t ceqeHM) He npoTHBOpe'IHT cymecTBoBaHmo aTo

ro peaoHaHca. 

§ 4 nocBHmeH PHJJ:Y TeopeTR'!eCRHX pa6OT, B KOTO!)HX JIH60 paccMaT

PRBaeTCfl MeCTO Yo(1327) B CRCTeMaTru<e 31IeMeHTapmnc 'IaCTRU, JIH60 

cne,ncTBRH, lll,IT8Kruotl!Re R3 ero CYll\eCTBOBaHIL't, 

B pa6oT~ D.M.OrReBeUKorcl~cMaTpRBaeTcH anre6pa:11:qecKM peaJIH

aan,rn npaBRna cyMM SU(3). EcJIB peanaayeTCH R~TR'IHaH 4JOPMYJia 

,Il,Jlfl Mace My.lll,TRnJleTOB, TO cyll(eCTBOBaHRe HOHeTOD flBJ!fleTCfl cTporo He

o6XO.IUlMHM,H B HOHeTe 6ap:l'IOHOB 1;2+ ,Il,OJ!liteH cyll(eCTBOB8.T!, rRnepoH 

c Maccoll, nelltalllell B HHTepBane (1280+1340) MaB/c2• 

B pa6oTe B.E.KonenuoBR'Ia, H.H.HmrnnaeBa R JI.E.0Kyl&
1
~cyxM

IOTCH BOaMoJKHUe RaI-JaJIH pacna,na, KBaHTOBHe 'IRCJia Y0~1327) H cne.n

CTBRH Ha ero cymecTBOBaHHH. B c;zyqae JP Yc1327) = 1/2+ BOaMollteH 
,-,o ,:--, y 1o 

KaHaJI pacna,na- G - rnnepoHa no neno'!Ke ,;. - - /I r C BepOHT-

HOCT!>IO ~10%. 3TO np:l'IBO,Il,:l'IT K aapymeHHIO npaBRJia /1 T=1/2 ,Il,Jlfl COOT-

14 

l 

r--,b ,-,• 
HometmH BpeMeH :uaHH .::. n .::. (,., Ha 10%) 't'zo /r.- -= 2. (.. z:- . 
B HaCTOSllll88 BPeMH 3TO OTHOmeHHe paBHo 1, 82 ± o, 14, .. 

HecoMHeHHo, 'ITO CHTyanwt c Y0 (1327) nonaocT!>IO MOJKeT npoHc-

ImT:E,Cfl TOJ!E,KO npH nocTaHOBRe HOB!:lX 3KcnepHMeHTOB C xopomHM paapeme

HHeM n Ra cymecTBeHRO 6OJIE,men CTaTHCTHKe. 

3-Jl K 11 BJ 'I e_H--1l'. e 

1. Paapa6oTaHa HOBM opuraaam,HaH MeTO,nHKa onpe,neneHHH ceqe

~ KaHaJIOB peax~ C llOMOll(:E,B) nonyqeRHl:lX nyTeM MO,Il,eJIBpOBaHHH 11H03q>

~!m0'.eHTOB npoxollf,D;eHHH". 

HecoMHeHRllM ,ItOCTOHRCTBOM paapa6oTaHROH MeTO,Il,liI:H flBJlJieTCH OT

cyTCTBHe Reo6xO,ItHMOCTR H,Il,eHTH~HKanHH qacTRU no HOHH3aUHH, 'ITO CTa

HOBHTCfl oco6eHHO ueHHHM ,Il,Jlfl onpe,neneRrui: ceqea:,rn B3aHMo,nei1CTBHH npH 

BHCOKHX aaeprrunc, 

0,IJ,HHM H3 npeHMyll(eCTB npe,zpJOJKeHROfi MeTO,Il,HKH flBJ!fleTCH BO3MOJK

HOCT!, KOppeKTHOro onpe.zteneimfl llPHMeceil qJOHOBl:lX RaHMOB peru(Ulfll, 

'ITO qpeaBll'iatiHO BalltHO npH HCCJle,ItOBaHHH ,Il,HHa!,IH'IeCKHX xapaKTepii:cTMK 

aayqaeMHX BsaHMo,neilcTBnll. 

2. npm.ieReHHe. paapa6oTaHHOH rAeTo,nmrn K HCCJie,Il,OBa.HIDO . .IIBYXJiylJe

BHX rr-P-B3aHMo,neficTBHH c o1paaoBaHHeM /1° -rnrrepoaon B conponoEr,e

mm t-RBaJITOB no3BOJIHJIO onpe,nennT!> ceqeHHJI .necmu KaHanoB peax

UHfi (cM,Ta6n.I), B TCI.I 'Ilicne 

n-p - !{+31- Z:. o n° 

Irr :si- /\ O rr0 n° 

TaRii:X TP,y~HO,Il,OCTYilHI:lX ,Il,JlJI ll3J'IeHrui:,KaR: 

n-p ~ rr+ Ji- z:. o I{o no 

rr+.r1- AO I{o no no, 

ceqeRH.fI R9TOpbIX J)aHee 6!:lJIH COBepmeHHO He 113BeC?HH. 

3. }faw.epeHO ce'IeRHe poiz,neHrui: 2: rlinepoHoB B !Cp-BaaHMo,ne!foT

BWIX npli 5,0 faB/c '5:::- =(2,9~ 1;~).rb . CpaBHemie C ,Il,aHHb!MH JWY

rHX pa:5oT IlORa3h!BaeT, 'ITO B O6JJaCT:1'1 SHeprnil OT 3 .no 10 r:rn cetieHue 

POE,ll6HHJI 2 - rMnepoHOB IlJia:SHO BO3paCTaeT C pOCTOM :rnepnrn rr--Me-

30EOZ. 

15 



4. l1ccJie,noBaH cneRTP aqxiieRTIDlHHX Mace A°K 0 
- CHCTeMu. Ha6JID

,naeMM aHOMa.Jlllil B 06JiaCTH Mace {1,61 - 1, 96) raB/c2 MOJKeT 61ITI, 06'1,-

.ffCHeHa JIH6o pacna,I\OM 11306ap 511 { 1?10), P11 ( 1?50) no RaHa.ny 

J{ it - AO
+ IC', JIH6o cymecTBOBaHHeM HoBoro pe30HaHca c Maccoit ORO

JIO 1685 MaB/c2 • 

5. B cneRTpe aqxiieRTHBHHX Mace K~ K~ - CHCTeM!I OROJIOnoporOBM 

aHOMa.1IH.1I,no HallrnM ,naHHIIM,JlY'l'.ile cor.nacyeTC.ff C pe30HaHCHOH HHTepnpe

T~ei, HeJKeJUI C OilllCaHHeM npu IlOMOmH ROMilJieRCHOH ,nJillHII pacce.lIHHJI. 

IIo.nyqeHu cJie.nyromue 3HatJeHH.ll Maccu H nmpHHu 5tL - pe3oHaHca 

M = (1032 ± 24) MaB/c2 H r = (40 ± 20) MaB/c2• 

6. IIpoBe,neHO HCCJie,noBaHHe RaCRa,nHIIX npoueccoB C o6pa30BaIIHeM 

qeTupex CTpaHHHX qacTHU npH B3am.10.nencTBUR rr--Me30HOB C .ff,npaMH yr

Jlepo,na. Onpe,neJ1eHu ceqemm o,n11HHa,nuaTH RaCRa,nHHX npoueccoB , 

60JlI,illllllCTBO H3 HHX - mepBUe. 0Ra3aJlOCI,, 'ITO npH Hamett 

aHepr1111 5 raB yKa3aHHIIe nponeccu HMeDT saueTHue ceqeH11a. 

?. IIo.nyqeHo yRa3aHHe Ha cymecTBOBaH~e HoBoro 6ap110Ha: B cneRT

pe aJxpeI{THBHHX Mace CHCTeM!l A°f Ha6JIIO,naeTC.ff Y3Rllli (m11p11Ha COBil. 

c pa3:pem.npm5opa) mm npu M A't = (132? ,5 ± 3,5) MaB/c2 c npeBinnellli

eM Ha,n (llOHOBOH RPHBOH OKOJlO 4 CTaHMPTHhlX OTRJlOHeHHit. HOBM qacTU

~a xopomo BllllCUBaeTC.ll B dapHOHH!lli HOHeT 1;2+, npe,nJioJKeHHHH B.11. 

OrHeBeUKIW. 

TamlM o6pa30M jlamH HCCJie,nOBaHH.ll IlORa3!IBaIOT, 'iTO npHMeHeHHe 

RaMep, 3anoJIHeHiillX TIDI8JlOH lltil,nROCTI,JO ( B ,na.HHOM CJJytJae - nponaH) 

.naeT RaqecTBeHHo HOByJO 11 cymecTBeHHyJO UHWOPMal(lllO o B3aHMo,neitcTBU

.IIX aJieMeHTapH!IX qacTHU. OTO B nepByJO oqepe.n;r, OTHOCHTC.ll R peruun1.RM 

C poJK,neHHeM 60J1I,moro 'iHCJla HeitTpaJlI,HhlX qacTHU ll raMMa-RBaHTOB. 
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MaTepH8JIII, llOJIOJKeHH!:le B OCHOBY ,n11ccepT~H, 6UJJH no.nyqeH!I 

aBTOPOM B 1966-1971 rr. Bee OCHOB!We llCCJle,nOBaHH.ll BWlOJlHeH!l COB

M8CTHO C COTpy,namtaMll rpynnu M8TPOBOR nponaHOBOH ny3IIPI>KOBOH Ra

Mepu JradopaTOPHB .fllt8PHIIX npo6JieM OIDil1 npH ocymecTBJ18Hllll Ha Hen 

nporpaMMll HCCJie,nO:saHWi B3aHMO,n8HCTBUH rr--M830HOB C HyRJIOHaMli ll 

~aMH no.n o61IlIDd pyRooo,ncTBOM qJieHa:KoppecnoH~enra AB CCCP npo

weccopa B.IT,nxeJie~oBa. 

Bee imrepHWIH, 1ome~111He 1 ~ccepranxD, ony6JIHKOBaHH • xypHa

Jiax •rrxcI>Ma J 13T~•/7,8,9, 171, •H,n;epHaa ~H3HKau/ll/'H J BH,Jt8 npe

npHHTOJ H coo6~eHHff OIDlli/5, 6, 161, a raKze ~OKJI~HBWIHCI> Ha Me~yHa

po~HHX. KOH~epeHnHu no ~H3HK8 JHCOKHX 3HeprHff B ]8H8 (1968), KHeBe 

(1970) H lY6He (1971) • 

• 
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