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OE!!l!!fl._ Me.MTEPl1CTllKA PAEarH 

AKTyaJII,HOCTl> TeMH. HcCJ1e,noB8.HWl a,IU)OHHOro po~eHWI CTpam!HX 

H oqap0138.HHllX 'laCTHU S!BJiliIOTCJl aKTyaJILHI:lM Ha.llpaBJleimeM llCCJle,noBaimil 

B ~3HKe arreMeHTapHWC -g:acTmi; H, B 'laCTHOCTH, B ~3llK8 a,IU)OHOB. :xa
paKTepHCTHKH aJJ:POHHOro pOli\ll:8HWl OTpaJKaIOT M8:xaHH3M B3aHMo,neilcTBHJl 

a.nJ:lOHOB, napI:Cll:aJll,Hbl8 BepoaTHOCTH pacna,n;oB co,nepmT mlIDQ!)Mauwo 0 

CJ1a6.wc BaaHMo,nei!:cTBRIIX S-YlJIJII. C - KBapKoB, a TaKJlte o npoIJ;eccax 

a,npOHH38.IJ;lili KBapKOB. 3xcnepHM8HTaJILH0.06Hapy:llteHHoe aBJ18Hll8 3Ha'lli

T8JIDH0il nOJtapH38.IJ;lili rnnepOHOB, po~eHHIDC B npoIJ;eccax cppal'M8HT8IJ;lm 

HenOJtapH30BaHHblX a.npOHOB,CBll,Il;9T9Jl:bCTBY8T O npoaBJiemm: CM, CBJl3HBa

llJlll'IX KBapKll B a.npouax. POli\ll:8Hll8 CTpamm:x: 'laCTHU ll peSOHB.HCOB nponc-

XO,Il;HT B "MJU'KHX npoIJ;eccax" c He6.oJILmm.m nonepe'IHHMH HMIIYJILC&m 

~0,5 rsB/c HK HHM H8JIL3Jl npHM8HRTl> nepTyp6aTHBHYJO KBaHTOByxl xpo

MO,Il;mlaMHKy (KX.IO • IIosTOMY 1l81ll9 Boero. TeopeTH'!ecKRe Mo,neJIH .ItJm HHX 

HOCJlT W8HOM9HOJIOI'H'I8CKllfi HJilll llOJIY\P9HOM8HOJIOI'R1lecm xapaKTep. B TO 

JKe BpeMJl .ItJm C - KBapKOB, o6Jia,naRIItWC 60JII,mett Maccott, COOTB9TCTBYJO

IIU1ii "pa3Mepy" napaMeTp, o6paTHO nponopIJ;RoHaJII,Hbli!: wcce C - KBapKa , 

~O,I i . IIOSTOMY M:10I'll8 npoIJ;9CCbl C yqaCTl'IeM C - KBapKa npe,nCTaB

JIJllOTCJl 60JI98 npOCTHMl'I H ll03BOJIJlm Ha,D;9JlTI,CJl Ha TO, 'lTO ,ItJra pac1!8TOB 

xapaKT8pllCTl'IK po~eHWI O'lapoBaHHWC 'laCTHU MOJKHO HCllOJII,30BaTD nep

Typ6aTHBHYIO KX,U, 

OdHoBHaa sa,n;a-g:a HCCJl8,IJ;OBamIJl a,IU)OHHOrO p0llt,ll;8Ima O'lapoBaHHWC 

'lacTmi; - BblaBJl9HH8 M8xaim3MOB po!f,Il;eima TruiieJIWC RBapKOB, 

ECJIH ycllJIIDlMR TeopeTl'IKOB l'I sxcnepHMeHTaTopoB y,nacTca ycnemHo 

peWHTI, STY aa,na'ly, TO MOJKHO Ha,D;9JlTDCJl, 'lTO ee peayJl:bTaTH B TOA :wm 

Q-fibE.., ... ;.:v;;-·'.": '.~HCT'1T~T I 
~.O.E'.) t)" · :.:d;r:X 3i-.1 ;~1i 1 
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1moil cTeneHll MOJKHO 6y,1teT aKcTpa.noJmpoBa.TI> Ha :apo~eccu poF',,n;emm 

JierIGIX KBapKOB, )J.1m IIpO,ltBlm9Illffi B pememm 8TllX aKTYBJII,HllX 3a,I(alJ 

qlli3mtll a,I(poHOB Heo6XO.IUIMO HaKOIIJI9HHe 3Kcnepl!MeHTa.m.HUx ,ItaHHUX B 

e~e He llCCJie,ItOBaHHHX o6JiaCTJIX. 

3Ha'illT9JII,H09 'iliCJIO ::mcnepl!M9HTBJII,HUX ,It8HHUX O xapa.KT9pllCTli:KaX 

8,IU>OHHOro pol!t,D;emm rnnepoHOB IIOJiy'ieHo B Ilp0TOHHllX, K- ll rnnepoH

HWC ny-qKaX. 0,ItHaKo. B Heil:TpoHHUX IIYlJKax TaKoro copTa ncCJie.itoBamm 

BllIIOJIH9Hll ~pa.I'Me~TapHO. Oco6eHHo CKy;IU!ll lL7lH OTCYTCTBym 3Kcnepn

M9HTBJlI,Hll9 .ztaHHUe o pol!t,D;eHHli rnnepoHoB H 8.HTHrnrrepoHoB c /SJ > l 
B HYRJIOHHllX nyq::KaX, T.e. B IIy-qKax C eyJieBoil: CTp8.HHOCThID, 3KCII9pll

M9HmJI&Hlle .ItaHHlle o po.~emm Z0
(1530) H Q- B liYRJIOHHllX ny-q

:KaX OTCYTCTBYIDT, 

C OTKpllTll9M B KO~e 1974 r. ;J /~ - 'iaCT~ ll HHTep:ape-

T~eil HX Kalt CBSi3aHHoro COCTOSIHrul CC - KBapKOB BaJKHeil

meil sa,n;a-qeil CTaJia sa,n;atJa o6Hapy,Kemm H ncCJie~oBamm 'lac~ c 

OTKpllTllM O'iapOBa:Eill9M, 

0,ItHaKO, H9CMOTPJl Ha MHOrO'iliCJI9HHll9 8KCII9PHM9HTH µo IIOHCKY 

O'iapoBa.HHUX 'lac~. BllIIOJIH9HHlle Ha KpynHeih!mx YCKOpllT9JIRX MHpa ,no 

1979 r., Hll B 0,ltHOM ll3 HHX He ~8JIOCh Henocpe,ncTB9HHO Ha6JI~aTh 

KaKOil-Jm60 Ol!apOBaHHOil: 'iaCT~. 

Pac'ieTll a,I(poHHoro p0.llQ:temm O'iapoBa.HHUX KBapKOB, BllIIOJIHeHHUe 

MeTO,ItaMH IIepTyp6aTHBHOil KX,!L (Halzen F., Matsuda S. - Phys.Rev., 

D17(1973) 1344; Babcock J .• et al. -Phys.Rev., D18(1978) 162; 

KapTB9JmWBMli, B.r., Jimco,ne,n A.K., CJia6oc~ C.P.-H<I>, T.28 

(1978) I3l ) npe.ztCKa3llB8Jlli .IJ.Jm. cepnyXOBCKliX 8Heprni1 C9'i9Hlif.l pom:

.nemm O'iapoBa.HHUX 'iaCT~ ~ l MM, 'iTO ,lt9JiaJIO llX IIOHCK IlpaKTWieCKH 

6ecrrepcneKTHBHllM. TaKne neccmmcTHtJecKHe o~eHKH Haxo,ItWm .itonoJIHH-

TeJIDHoe IIO,ItTBep.llQ:teHHe B OTp~aT9JlI,HllX pesyJIDTaTax aKcnepllMeHTOB: 

IIO IIOllCKy O'iapOBaHHUX 'iaCT~, BllIIOJIHeHHWC paHee Ha.cepnyxoBCKOM yc

KOpllT0Jie (AilxHep r. H .zu>.-fil,T.28(1978) 663 ll H<I>, T. 29 (1979) 94; 

AHTHIIOB ll .zu>. lmChMa B Xo'.Ni,T.28(1978) 495). B03MOJKHOCTh 06Hapy-
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lict3Hllfi Ha cepnyxOBCKOM YCKOpRTeJie O'iapOBaHHllX 'iaCT~ B 8,lijlOHHllX B3a

RMO,IteilcTBllllX 6UJia Tor.ita He TOJihKo He o'ieBH,IUiott, Ho MHOI'EMH cnerca:a

JIHCTaMH C'iliTaJia.Ch Hepeam,Hoil. TaK, B C,IteJiaHHOM B 1979 r. o6sope IIO

RCKOB Ol!apoBaHHUX tJac~ aBTOp o6sopa EopaTaB .I(8.lK0 He ynOMHH8JI 81(

crrepIDv!eHTll, BllITOJIHeHHlle rrpll SHeprlffiX HHJK8 100 raB, C'iliTB.H liX 6e3Ha

,It8JKHllMH • 

06Hapyi!'..eHRe po.llQ:temm O'iapoBaHHUX -qacT~ B o6JiacTn aHeprnil cep

nyxoBcKoro YCKOpRTeJill :ape,ItCTaBJilleT oco6llil HHTepec, IIOCKOJIDKY OHa 

6JIHi!'..e K nopory nx po.llQ:temm, 'ieM aHeprHR HK UEPHa, npH KOTopux Bnep

Blle B 1979 r. 6UJIO 06Hapy'1t9HO po.llQ:temte Ol!apOBaHHUX -qacT~ B PP -

- B3a.RMO,lt9llCTBlffiX ll npH KOTOpllX BllIIOJIH9Hll B IIOCJie;n;yKll!Re ro,Itll ll Be

JJ:YTCH ceil-qac pa3JIH'ilill9 3KCIIepHM9HTll Ha .zu>yrRX yCKOpllT8JII,HllX KOMII

JieKcax no Hsy-qeHHro xapaKTepHCTHK pOlli,ll;eHHH ll pacrra,n;a o-qapoBaHHUX -qa

CT~ B a,IU>OHHHX B3EillMO,IteilCTBWDC, 

~eCTBYl(IIIHe Ha cero,ItHH 3KCII9pllM8HTaJIDHlle .ztaHHUe O ce'ieHHHX 

po.llQ:temm B a,I(p0H-a,IU>OHHllX B38IDIIO,IteilcTmmx O'iapoBaHHUX 'iaCT~ B9ChMa 

npornBope'iHBI:l. IlpH aToM aKc=:epHMeHT8JIDHllX .zta.HHUX o po.llQ:teHHHH A; 
- 6apllOHOB M9HDWe, 'i9M O n / n - M930Hax. 0TCYTCTBll9 llHi.{lopM~ 06 

A - 3aBHCHMOCTH nonepe'iHHX ce'ieHHil otJapoBaHHUX 'iaCT~ saTpy]UlJt)Io co

nocTaBJieHHe 3KCII9pRM8HTBJlI,HllX ,ItaHHUX Ilpll IDC 3KCTpaIIOJIHrtl{ll K HYKJIOH

HYKJIOHHllM B3aHMO,IteilcTBH.RM. C~eCTBym e~e ll ,npyrne Tp~OCTll, TaKHe 

Kalt CKy,ItHUe H IIp0TliBOpe'illBll9 ,IJ;aHHUe O naprtl{aJIDHllX nm:pllHax K8.H8JIOB 

pacna.n;a, 0 B8Jml!MHax HHKJII03HBHllX C9'i9HHll po.llQ:teHHH B 8,lijlOHHllX B38ll

MO,IteilcTmmx A~-6apHOHOB, TaK 'iTO Heo6xo,1J;HMocTh nOJiyq:emm HOBOi1 aK

cnepHMeHTam,Hoil n$pM~ o po.llQ:temm: O'iapoB8.HHllX 'lac~ B a,I(poHHllX 

B3aHMO,!J;eilcTBllHX OCTaeTca B9ChMa aKTyaJIDHOil. 

rJiaBHM geJID pa60T, HCIIOJih3Y9.MliX B ,IJ;HCCepT~,- IIOHCK, 06Hapy

X9HH9 ll HCCJ19,IJ;OBaHHe JCapa.KTepHCTHK po.llQ:teHHH 'lac~ C OTKpI:lTllM O'iapo

Bamt9M B HeilTpoH-.a,n;epHllX B3aHMO,Itei1cTBlIJIX Ilpll 3H9pl'HH H9llTp0HOB 

40-70 raB. 
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BcnoMoraT8JII,HBJI U9JII, - no.nyqeim:e HOBHX 3RcneplIM8HT8Jll,Hl1X 'AaH

HHX o xapaKTepncTmtax llliKJII03IIBHoro pol!Ql;e.Hrul rnnepoHoB: A, 2±(1385i 

,2-. E 0(1530), sr 11 aHTIIrnnepoHOB: A, x-(1385),_E+B HefITpOH

R,JJ;epHHX B3WlMO'Aeil:cTBIDlX npn cpe,zmell aHeprmI HefITpoHOB ..v40 raB. 

8RcnepEM9HTbl BWIOJIHeHH B 1979-1988 rr. c IIOMOIIioIO CII8RTpOM8Tpa 

EMC-2, 'A9HCTBOBaBmero B IIY'll(e HefITpOHOB cepnyXOBCROro ycRopnTeJIR. 

(RaHaJI 4H) B 1979-1985 rr.B 3RCnepHM9HTax 6wra aapeI'11CTpllpOBaHa HH

WOpMa.uwI, COOTB9TCTBYKII!M ~8•107 B8allMO'A9il:CTBHmll HefITpOHOB C smpa

MH BO'AOp0'Aa, yrJiepo'Aa, ~ ll Me'AJ,I. 

~ll8K'!80Rll9 peayJI1,TaTH, BOme;roIIHe B 'AJ,ICCepTaIJ;l'IIO, 6aanpYIOTC.fl. Ha 

8.HaJIH89 ,v 3,5•107 B8aHMO'A9llCTBllii H9li'l'pOHOD. 

MeTO'A noncRa.·rnnepOHOB, aHTRrnnepoHOB lI OliapoBaHHWC 'iaCTllll; oc

HOBaH Ha aHaJI:1189 cneRTpOB llBBapnaHTHHX Mace OlKH,Il;aeMWC Ilp0'AJRTOB rue 

pacna,n;a Ha aapJVKeHHHe 'iaCTilll;l,I 'AJIR. /1 rum An 'AJIR. ocTam,HHX Ha 

;1 /A lIJilI R0 I K0 IIJIIOC aapJVKeHHHe 8.,I(pOHH n Ha6JI~eHllll B aTrue 

cneRTpax Y3RliX CllrHaJIOB OT IlCROMHX 'iaCTmi;. 

,!uma.M:iriecRHe napa.MeTpu po.llQ];eHRa ncROMllX 'iacTmi; onpe'AeJiaJilICI> 

IIYT9M aHaJIH3a llX mma.pllaHTHl1X cneRTpoB npO'AOJil,Hl1X ll nonepeliHHX lIM

IIYJil,COB. 

BHcoRaa paapema.mtrui CIIOC06HOCTI, cneRTpOMeTpa EMC-2 IIO HHBapllaH

THHM MaCCaM II08BOJiaJia C BHCOROfI Ha,Il;9JKHOCTI,IO BI,J,Il;9JI.f!TI, lICROMHe rnnepo

HH, aHTnrnnepoHH n O'iapoBaHHHe 'iaCTilll;l,I 'AruKe 6ea Il'AeHTncpmtanm1 aapa

JKeHHHX l!acTmi; no Macce. 

HOBR8Ha !!§:60T 

- IlOJIYl!6HH HO~He 3RCII6PHM9HT8Jll,HlJ:9 'AaHHli9 06 llHRJII08llBHl1X C8'i8-

IDIJlX_RO.llQJ;8Hrul I\, l::.t (1385), E-, E" (1530), 52- - rnnepoHoB 

i\,2-(1385) E + - aHTnrnnepoHOB B HefITpoH-yrJiepo'AHUX BaaHMo'Aeil:-, - . 

CTBilaX npu cpe,zmeil: 3H6pI'lm HefITpoHOB 40 TaB B o6JiacTll cpparM6HT~ 

n~. 
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- IlOJIYll9HlI HOBHe 8RCneplIM9HT8JII,HlJ:9 'AaHHHe O 'AllH8Ml'IR9 poJI\Il;eHRa 

A , ~± (1385), E- u A B HeHTpoH-yrJiepo'AHUX B8a.HMO'AeiicTBn

.f!X npn cpe'AHeii 3Heprnn HefITpoHoB 40 raB B o6Jiacrn WparMSHT~ nYl!

Ra. Onp6'A9JI6Hli ROJill'i6CTB9HHO napaMeTpli RHBapnaHTHlIX cneRTp0B Ilp0'AOJI1,

Hl1X ll rronepe'iHHX llMIIYJII,COB. 

- BnepBHe Ha6JI~eHH A:, li0 n )l- npn aHeprnu B6Jlllau OT rue 

nopora po.llQJ;eID.t/i. Onpe~eJieHH rue nonepeqHHe ce'ieHrul u napaMeTpH, xa

paRTepuayiillUm 'AJ,IHaMIIRY ll.X pol!Ql;eHI!.fl.. 

- BnepBHe Ha6JI~eH RaHBJI pacna,n;a /\°6 -+ I<° P n+ rr-

- BrrepBue onpe~eJieHo OTHomeHRe rrapu;umHHX mnpllli RaHaJIOB pac-

rra,n;a /\ ~ : 

B1 CA: -. ir' P n+ rr- > / n2 C A: - I\ n+ rr+ u)= 4,2±0,s. 

- BrrepBHe B o~HoM aRcnepmneHTe nOJiyqeHII ~aHHHe o poJI\Il;eHRn 

" 6"-6apnoHOB Ha pa3Jlll'iHHX ~ax. 113 ROTOpHX o_npe~eJieHa 3aBl1CllMOCTh 

nonepeqHoro ce'ieHll.fl. po.l!Ql;eHll.fl ;\ 6 oT aTOMHoro Beca ~a MllllleHH. + 
- rro.nyqeHH HOBHe aRcnepRMeHTBJII>HIIe ~aHHHe o noJI.f!pnaan;an Au Ac, 

llllRJII08llBHO po.llQJ;eHHHX B HSHTpOH-smepHHX B8aI1MO~eiicTBll.fl.X npn cpe~

Heii 8Hepr1m H6HTpOHOD ~40 raB. 

Hamra.a 8Haq11MOCTI, 11 npaKTU'i6CRa.fl USHHOCTI, pa60TH 

_ - Ha6JTIMeHUe n nccJie~oBaHUe po~eID.tli oqapoBaHHHX qacTmi; A 6, 
)l -M630HOB npn 3HeprIDJ.X cepnyXOBCROro YCROpllTeJI.fl. no CJmSCTBY OTRpu

BaIOT HOBYIO o6JiaCTI, 3Heprnfi 'AJIR. llCCJI6'AOBaHll.fl. oqapOBaHlllIX qacTmi;. 

- PeayJII,TaTH naMepeHll.fl. nonepet!HHX ce'ieHUfI poJI\Il;eHll.fl A6- n i 
- M930HOB noRa8HBaIOT, qTo OHl'I npn cepizyXOBCRUX 3H9pI'R.fl.X CJm9CTB6H-

HO Blillle, 'i9M CJI6'AOBaJIO Il3 pacli9TOB M8TO~OM nepTyp6aTllBHOfi KXJl ll 

MHOI'11X .IUJyrruc TeopeTK'!eCRllX MO~eJiefI, onnCHBaKII!llX po~eHl'le o'iapOBaH

HHX. 'iacTmi;. 

· - TumaocTI> nonepeliHIIX ce'ieHHil: po.llQJ;eHrul n napaMeTpoB, onpe'A9JI.ll

KII!l1X llHBapllaHTHIIe cneRTPH rrpo'AOJII,HHX n nonepeqH1J:X IIMIIYJI1,COB A6 n ii, 
a TaruKe 1-1e1-1a6JI~e1me po~eHll.fl )l - M930HOB yKaaHBaIOT Ha TO, 'iTO J\ 6-
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l! ,lJ, - M830Hl,I IIpl! cepnyXOBCIGIX SHepI'liJIX po~~K1l'CJl B ~prucqHOHHOno

,Il;06Horo Tmra npo~eccax nyTeM ~ccoIJ;ltamm HeilTpoHa rry•rna B ( /\ 6 :ii ) 
- cncTeMy c noCJie,IzyKIIUJM ee pa3BaJIOM Ha If 6 n ;L - MeaoH. 

0Tcro,Il;a ~e CJie.zzyeT, qTo norrepe<rHoe ceqemre accoIJ;1taTHBHoro por.memm 

( A6 ii ) CYlllBCTBeHHo BWUe, qeM ( .IL ii ) cncTeMH. 

- BnepBl,le Ha6JI~8H pacrr~ Br ( A 6 ~ K0 p n+ rn . 
- BnepBl,le B O,ItHOM 3KCrrepllM8HTe /\ 6 Ha6Jr1~am101, no MYM KaHa-

' JiaM pacrr~a A 6 - K0 
P n+ rr n A: - /1 n+ rr+ Ir, qTo 

noaBOJIHJIO onpe,Il;eJIHTl> OTHOilleHHe nx napIJ;1taJI1>H1,1X Illl'lpl!H pacrr~a. 

- BnepB1,1e onpe,Il;eJieHa A - aaBHcHMOCT1> ~oHHoro pox~emm A 6 -
6apl!OHOB, KOTOpaa, Hanpm~ep, CYlllBCTBOHHa .n;JIJl 3KCIIJIYaT~! ,Il;8.Hl!l,IX, no

JI~SHHl,IX B pa3JIWIH1,JX SKcnepmleIITax. 

- B O.ItHOM 3KcrrepHMerlTe,B paHee He l!CCJie,Il;OBaHHOil o6JiaCTll 3Heprnil, 

nOJI~SHl,I HOBl,le ,Il;aHHl,18 0 xapaKTepl!CTHKax poxui;eHHa B HefiTpOH-yrJiepo,Il;

Hl,IX B3aID,W,Il;eil:cTBIDIX npn 3Heprun HeilTpOHOB 40 raB, rnnepOHOB: 

/1, I_± (1385), .z-, E 0 (1530), Q - u aHTHI:'JmepoHoD A, 
:E- (1385) n 2+. BnepB1,1e Ha6JI~eHo poxui;eHHe E 0 (1530) n 9.-

B n~e qacT~ C HYJieBoil: CTpaHHOCTl>ID. 

- PeayJI1,Tam nsMepemm noJiapnaamm A , po;r,n;eHHI:lX llHKJII03HBHo Ha 

R,llpax yrJiepo,Il;a HeilTpoHaMll 40 ran B paHee He llCCJie.zzyeMOll 06.JraCTll aHep

rnil Heil:TpOHOB, ITOMepxarnaIOT TOT qiaKT, '!TO noJiapll3all;lia /\ He 3aBllCllT 

OT copTa ITaAalllllllX HYKJIOHOB ll llX SHeprllll. 

8KcnepID.leHTaJI1>Hl,J8 pe3yJI1,TaTll ncnOJI1,3yroTCa B o6sopax 06 ~OHHOM 

po~.,n;eHllll o<rapoBaHHl,IX <racT~, B TeopeTll'!ecKHx pa6oTax .n;JIJI orrpe,Il;eJieHHa 

napaMeTpOB MOAeJieil:, a TaKate npn II.Jia.HHpOBa.Hllll HOBl,IX 3KCnepID.leHTOB no 

IlOllCity l! l!CCJIBAOBaHHID o<rapoBaHHl,IX <raCTll~ Ha cepnyXOBCKOM YCKOpHTeJie. 

llsMepeHnaa BeJill'!l!Ha Maccu A6 II OTHOilleHHe rrapD;1tam,H1,1X nmp1m 

B1 < /l 6 - K° P rr+ rr ) K B2 < A 6 - A Ir+ n+ rr ) BKJimeHl,I 

B "06aop ,naJiHl,IX o qacnrn;ax" ll B neM HCilOJI1,3yroTCa: nepBM. - .n;JIJI no.ny

<reHHa cpe,ItHero MllpoBoro aHa<reHHa Macc1,1 /\ 6 ll BTopaa - B pacqeTax 

rrapIU1M1>Hux IllllpllH pac~oB A;. 
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TaKllM o6pa30M, C IlOMOlJll,ID O,ItHOfi axcnepHMeHTaJil>HOil: YCTaHOBKH Bl,1-

noJIHeHO ltOMilJieKCHOe l!CCJieAOBa.Hlle xapaKTepHCTllK po:litI{eHHa rpyllill,I 6apn

OHOB, COABPJKalltllX CTpaHHl,le KBapKH,H 6apHOHOB ll Me30HOB, COAeplliBIIll!X 

oqapOBaHHl,18 ltBapKH. Pe3yJI1,TaTH 3THX llCCJieAOBaimtt JU3JISil!1l'ca KPYmmM 

,Il;OCT~HlleM B pa3BllTllll nepcneKTRBHOrO HanpaBJI8HHa !pll3l!Kl! ~OHOB -

ncCJie,Il;oBaHHa B ~HHHX npo~eccax cioilcTB n xapaxTepHCTHK po:atiteHHa 

<raCT~ C OTKp.b!THM o<rapoBaHH8M B 06JiaCTll llHeprnil: ~ 100 raB. 

Anpo6aywr pa.60T l! ny6JII!Ka.µmr. 0CHOBH1,Je peayJI1,TaTH H BHBO'All, 

BKJIIO'leHH1,Je B ~ccepTaD;1tro,06cy:atitaJIHc1> Ha HayqHWC ceMHHapax Jia6opaTo

pllll BHCOKHX 3Heprl!il, Jia6opaTOpl!ll .ff,I(epHl,IX npo6JieM Ol1IDI, Ha 06l!lel!HCTll

TYTCKOM ceMHHape Ollilli, Ha·HayqHW{ ceMHHapax llHCTHTyTa (p3HKH BHCOIGIX 

3Heprnil: (ITpOTBHHO), llHCTl!TYTa <pl!3lOOI Bl,ICOIGIX 3Heprntt T6RllHOOltOro 

rocy,Il;apcTBeHHoro ~epoHTeTa, rum: AH CCCP (MocKl38) , · Hayq

Ho-ncCJieAOBaTem.cxoro . RHOTRTYTa .ff,I(8pHot! qiR3RKl! MOCltOBOKOro rocy

,Il;apcTBeHHoro YHRB8PCI!TeTa, MHcTHTYTa <pl!Sllltll BHOOKRX tlHeprnil: AH llU' 

(UottTeH). WHS~ecxoro llHCTl!TyTa 'leXOCJIOBaD;KOil: AH (Ilpara)' llHCTllTyTa 

.ff,I(8plil,IX RCCJieAOBaHllil: H .ff,I(epHOil: 3Hepr8Tl!KR BAH ( Co<pHH) , Ha ~eHHX CO"". 

BeTax no qlli3Rlt8 BllCOKI!X 3Heprnil: 0Hlil1, Ha ceccnax liayqHO-KOOp,IUmall;li

OHHOro COBeTa II~B3 (IlpoTBHHO), Ha IlJI8HapHOM aaceAa.mm C80CRR 0TA8JI8-

Hlla .ff,I(epHoil: qMSllltli AH CCCP, a Taltl!te 6HJIR npeAcTaBJieHH 

Ha M81Jr,Izyliapo,ItHHX H BC8COID3Hl,IX KOHI])epe~ax. CHMIIOSnyMax H C8MH-. 

Hapax: "KBapKH-82" (CyxyMR 1982),"KBapKH-84" (TowmcH,1984),"KBapIG!

-86" (T6HJIHCII,I986), "CTpyKTypa ~HOB - 84" (CMOJie~e, 'lCCP, 1984), 

no 1toCMH'ieCltllM .ny-qBM (AJ!Ma-ATa, 1888 r. ) • Ha XIY R X:I Me,imyH:apo,ItHHX 

cm.moanYMax no npo6JieMaM MHOrHX <rac~ (Jiattx Taxo, anA, 1983 r. II 

.Jly}r,Il;, IllBeIJ;lta, 1984 r.).Ha Me,imyH:apo,ItHWC xoHI])epeHD;liaX no qmSHKe BHco

KHX 3H8prnil: (M3AHOOH, CII!A, 1980 r.; IIapu, ~paHIJ;lia , 1982 r.; Jiett

ImRI',r.ll.P, I984 r.; EepKJIH, CIIJA , 1986 r.; MmxeH, wPr, 1988 r.); 

Ha 12 Me,imyH:apo,It!Iott-xoHqiepeHD;l!H no qMSHlte HefiTpRHo II acTpoqil!aHKe 

(CeHAail:, .fiIIOHHa, I986 r.). Ha nepBOM K0Hl'p8CC8 OOJirapcIGIX <pl!3HltOB 

(Coqina, 1983 r.). 
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,OCHO~e J!83Y~,TaTH_ ,IUiccepTrunm ony6JilIKOBrulli B pa6oTax, CIDI

COK KOTop:wc IlpRB8,ll;8:H B, K9ImE:I aBTOpe!pepaTa. 
, ,. < ~' • ~ • • • • • • 

CO,I(EPL\llliE ,lUiCCEPI'@HOHHml PAECJ.rhl 

Olia COCTOllT ll3 BB9,ll;8ID1fl, 'l8Tl:lp8X 'laCT8ll, 3aRJIIO'l9HWl ll CirnOKa 

.1mTepaTypu. 

Bo'BB888Hlm 06Cy~a.IOTO.ll rutTyaJII,HOCTl> TeMli RCCJI8,ll;OBaH:llif, CYlll9-

CTBOBaBIIIl!l8 3KonepllM8HTaJI&Hlle ll T80p8TR'l90KH8 OOHOBli ,IVIJl nOCTaHOBKH 

ll npoBe,n;eHWI 3KonepRMeHTOB. YKa3aHa anpo6~ pa6oT, Ha OOHOB8 KO

TOpliX Hanricaaa ,IUIOOepT~,ll OOHOBH08 oo,n;epJltaHIIe ,IUiccepTmnm. 

B nepBOtt 'laCTll npe,n;CTaBJI8Hli 3KonepIDl!eHT0Jll,HaJl yoTaHOBKa -

6eo/J)R.m,MOBlill oneKTpOM8TP - mc-2.III, xaprutTepllOT:llK:ll rrytfKa HeilTpo

HOB 12-4/ ll 06lllll8 npmnnmu HaKOILll8HWl nepBR'!HOft l'!HcpopMarnm / 5 , 61 
Ha .lillHID1 o 3BM EC-I040, ee noCJie,JzylllqaSI o6pa6oTKa n aHaJIH3 /?-9/. 

CxeMa oneKTpOMeTpa filiC-2 Ha KaHaJie 4H cepnyXOBOKOro YCKOplITeJIJl no

Ka3aHa Ha pllC. I. 

OoHOBHliMR ,n;eTeKTllp~ 8JI9M8HT8Mll cneKTpOM8Tpa EHC-2 6wm 

MHoronpOBOJIO'lHlle 'AByxKOOp,IU!HaTHlie nponoproIOH0Jll,Hll8 RaM8Jlli (FC) C 

maroM HaMOTKH OliI'HaJI&HllX npOBOJIOK 2 MM, ro.i:tOCKOn n.a CiniHTRJIJIJlll;liOH

HllX O'l9T'lRKOB (H2) lI oneKTpOM8Tpll'leoKRft MarimT CII-4Ci11 (M) C pa6o'lIDIJ 

IDITerpaJI&HliM MarHR'l'HliM no~eM 2,I3'1!1l:~M. 3To npliBO~O K ll3M8H8HIDO 

nepneH.IUmyJISlpHOii KOMllOH9HTll mmy~oa 3a!)JllK9HHOii -qac~ ,_ Ha 640 

MsB/c H938.BllOllMO OT MeoTa BXo,n;a B anep'l'ypy MB.l'HHTa. I!OSTOMY mmy~o 

sa!)JllK9HHllX 'lacTmi;, pernoTpnpyeMllX cneKTpoMeTpoM, onpe,D;eJIJIJicJI no cpop-

My~e: C 
P=- /!lin.t:1-$in_J,/•Sih.¥ 

1 ( I ) 

r,IJ;e C = 640 MaB/o, J.., '?{ - yr~ T!)a8KTOpllli -qaoTmi; Ha BXO,IJ;e 

B cneKTpoMeTp M9JIWY OObID ny-qKa HettTpOHOB ll npoeronrm,m TpaeKTOpllll 

'lac~ Ha ropll30HTaJll,HYfil ll B9PTRKaJII,HYID ILl!OOKOOTll OOOTB8TCTB9HHO, 

8 

i: ,, 

h 
,! 

T.e. X 02 ll yo.z ( 0 - U:8HTp MaI'HllTa, OCl> y - HanpaBJieHa BBepx, 

OCl> Z, - 001> lly'!Ka HeilTpOHOB HanpaBJieHa no Han~eHRID llX no~eTa, 

001> X - oo6paHa TaK, '!To6u npm11oyr~m1a oncTeMa xoop,IJ;l'!HaT 6wra 

npruioil) , /5 - yrOJI MeJIWY 001,ro _ny-qKa HeilTpoHOB n npoeronren Tpaemo

PIDI 'laCTRIJ;ll Ha ILl!OcKooTI» XO~ ua.BHXO,IJ;e 113 IIOJ!Jl MarHE:Ta. 

CneRTpoMeTp EIC-2 B npou;ecce 3KonepRM9HTOB MO,D;epim3llpoB8JICJI. 

B Ha'laJII,HOll OTa,IUrn OH HMe~ OKO~O 6 TliO.ll'l Ol1I'H8JI1,HllX npoBO~OK l1 He 

HMe~ MHOrOKaHaJII,Hl,IX raSOBllX noporoBHX 'lepeHKOBCKHX ctjeT'lHKOB CI l1 

C2 ,IVIJl H,IJ;9HTll!pl!RaIJ;lrn /I U/ sapJillt9HHllX a,npoHOB no Macce. Ha BTOpoM 

3Tane OH l!M8~ OKO~O IO THC. OliI'HaJll,HliX npOBO~OK O, CI l1 c2.· IloCJie,IJ;

Hllli BapllaHT oneKTpoMeTpa EHC-2 npRBe.D;eH Ha p.0.c. I. Bo BTopoM Bapn

aHTe oneKTPOMeTpa EHC-2 6wra yooBepmeHCTBOBaHa MeKTpOHHrut annapa

Typa lI MaTeMaTll'!eoKoe 06ecne'lem1e sKonepm.mHTa mi .7IHHlill c 3BM ECI040, 

'ITO II03BO~O CYJ!l8CTB9HHO .IIOBllCllTl> CKOpOOTl> Ha6opa CTaTllOTllKH BO Bpe

MJl o6~eHllJI ( oeaHOOB pa60Tli YCTaHOBK.0. Ha IIy-qRe) lI "c1lraTl>" rpynno

BOil: Olil'HM O oo6HTlllI, 3annmmaeMHft Ha MarHlITHlie ~8H'l'll, Boero B SK

oneplIM9HT9 6wro IIpOB8,IJ;9HO HeCKO~KO pa6o'll'!X 09aHCOB ~Te~HOCTl>ID 

OT I5 ,n;o 30 OYTOR. Il p83YJThTaTe 6wra HaI<OILlleHa 11HcpopMaIJ;l!Jl O MHOro

'laOTll'lHllX (B cpe,n;HeM 'l9Tllpex ~eoox) C06llTll.llX Ha ~ 2000 MarIDIT

HllX ~9HTaX. 1Ip11 STOM 6WIO 3airn0aHO ~ 22 • ro6 oo6HTllil: C '1Gl,IJ;KOBO,D;OpO,D;

HOii, ,.., 28• I06 C06llTllli O yr~epo,IUiofi, ,.., I6• I06 - 0 8JIKM11Hll9BOll ·ll 

,v I5•I06 - C M9,IUiOil Mllill9HSIMll. 

IJy-qoK HettTpoHOB 121 cepnyXOBOKoro YOK0pl1T8M (ImHM 4H) qiop.m:

pOBaJICJl c~e,nyKIJllIM o6pa3oM. YcKopeHHHe ,IJ;O 70 rsB npoTOHH 60M6ap,D;11po

~ B Te~e:ime ~ (0,8 + I,6) c BeyTpemIIOIO 6epHJI.7Il1eByID Mllm9Hl>. Po

~eHHlle H9HTp8JI1,Hli9 'lac~ IIO,IJ; yr~OM II,3 Mpa,n BllXO~ 3a npe,D;e.Jm 

BaKYYMHOfi -KaM8pll YOKOpllT9M, r,IJ;e O'llIIIl~Ol, OT raMMa-RBaHTOB 11 3apJI

JK9HHliX qJOHOBllX -qaoTmi;, npoxo~ B BaKYYMOilpoBO,IJ;e. OllCTeMy O_OOOHllX 

CT~HliX KO~aTopoB 11 'lepe3 67 MOT BHYTP9HHei1 Mlllll9Hll ,IJ;OOTllraJill 

pa6o-qeft MHWeHE:, HOil~3Y9MOii B SROll9PHM8HTe. Pa3M9pll ny-qKa B pattoHe 

paono~OJKeHllJl Mllm8Hll CII8KTpoMeTpa EMC-2 OOOTaBJIJIJill OKO~O 5 X 5 CM. 

PacXO,IJ;HMOOTl> ny-qKa HettTpOHOB COCTailJIJIJia ~I lllPM• 
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Pnc. I. Cxer..ia pacnoJIOJKe!IlI.ll annapaTypH EHC-2 (BTopoil Bapua.HT) 
Ha Ka.HaJie 4H cepnyxOBCKOro ycKOpHT8Jm. 

06osHa'leHHR: A - Cl(llllTHJIJIHrOIOHlwil c'leT'IHK, COMI, COM2 - cll;i:IHTRJI
JIRUHOHHHe ro.rtOCKOilll OKpylKeHWl Millll8HeH TI,2,3. PC - .rtByxKOOp,IU1-
HaTHH8 nponopll;i:IOHaJI1,liH8 KaM8pH.PC7,II,I4 H 15 C Kocon HaMOTKOH 
CHrHBJJI,HliX npOBOJIOK no.rt yrJIOM ± 22,5° OTHOCHTeJll>HO nepneH.InIKY
JUipa K IJJIOCKOCTH )( 0 z . B OCT8JII,HliX PC H8MOTKa CHrHaJII,HliX npo
BOJIOK - no.rt o0 :u 90° K IJJIOCKOCTH X O 2 , M - cneKTpoMeTpH'Ie
cKHii MarHHT CII-40M, HI, H2 - ro.rtocKonu ns cIJ;i:!HTHJIJIRinrOHHHX 
C'i9T'IIIKOB, CI, C2 - MHOrOKaHaJil,liH9 noporoooe rasoooe 'I8peHKOB
CKH8 C'i8T'IHKH, C3, C4 - ro.rtOCKOilll 'IepeHKOBCKllX C'l9T'IHKOB ITOJIHOrO 
norJIOlllelilIJl, MO - TeJieCKOil H3 CIJ;i:IHTHJIJIHr(llOHHIDC<C'ieT'IHKOB .rtJin 

MOHHTOpHpOBaHWl HefiTpOHOB Ily'!Ka, 

8HepreTH'l8CKHil cneKTP ny'IKa H9HTpOHOB 6WI onpe.rteJieH: 

a) IlYTeM pac'leTOB Ha OCHOBaHHH "ATJiaca cneKTpOB pol!'.,Il;eHilliX 

'iacT;m", ony6mrnoBaHHoro B UEPHe B 1970 r. X.l'poTe ll .rtP•; 

6) nYTeM :uccJie.rtoBaHWI peaKil;i:IH rrepesapsuum /
3

/ >t.P - P 11, ; 

B) IlYTeM ll3MepeHWI 3Heprm1 HeilTpOHOB a,Iij)OHHHM KaJIOpHM8TpOM/1/ 

IO 

'.\ 

.~ 

Bee Tpu MeTo.rta .rta.Jm corJiacoBa.HHHe pesym,TaTH.Cpe.IUIJUl aHepI'Rll 

HeiiTpOHOB B Il]'IKe paBHa ,..., 40 raB. ~OpMa cneKTpa - KOJIOKOJI006pa3-

HaJi c umpIDIOil Ha IlOJIYBHCOTe OKOJIO 20 raB • 

IlpHM9Cb Ki - M930HOB B ny'IK9 <COCTaBJIRJ.Ia OKOJIO 2,5 %. IIpn 3TOM 

me lIMilYJ!bCHllll cneKTp 6llCTpO lla,ItaJI Bl,11119 IO raB/c KaK exp (-P/30) 3 ' r.rte 

P - IIMnym,c l{i - M930Ha B raE/c B ~.C.K. 3apmKeHHM. KOMilOH9HTa, B 

OCHOBHOM IlpOTOHli, COCTaBJinJia OKOJIO 2 % H HCKJIIDllaJiaCb B 3KCnepm,ieH

T9 npH qJOpMl!pOBaHHH TpHrrepHoro CHrHaJia. 

B CBa3H C 60J!blllllM 061,eMOM nepBH'IHOH lIHqJOpM~I~ 60Jiee 80· I06 co-

6llTHH, ,.3ill1IlC8.HHHX Ha MarHHTHHe JI8HTli,Tpe6yromruc .rtJin o6pa60TKH ll aHa-

' JIH3a .rtaHHHX CYlll9CTB9HHO 6om,mero pecypca BpeMeHH SBM, 'ISM .rtJin Ha6opa 

nepBH'iHliX C06HTHH,a TaKJite IlOCKOJ!bKy xapaKTep 38,Ita'll:1 B OCHOBHOM<IlOHC

KOBllH, CTPYKTYpa o6pa60TKH H aHaJ1113a .rtaHHllX 6HJia onTm.m3HpOBaHa 

Ha O.rtHOBp8M8HBYIO ll YHH(]?lIIJ;i:IPOBaHHylO pa6oTy pa3JIH'IHHX rpynn qlll3llKOB, 

]'laCTByI<IllIDC B 8TllX 3KcnepmJeHTax,IIM8KlllIDC .rtOCTyn K pa3JmliHllM THII8M 

3BM. 
KpoMe aToro npo~ecc o6pa6oTKH n a.Ham1sa .rtaHHllX 6wr pas,neJieH Ha 

IlOCJI9.rtOBaT9J!bHll8 CTa,mm: 

a) reOM9TpH'I9CKaa peKOHCTPYKIJ;rui co611THi¥7- 9/ H KOppeKTHpOBKa 

reoMeTpH'IeCKHX KOHCTaHT .rteTeKTOpOB 'laCT;m; 

6) qiopMHpoBaHHe JI9HT C]MMapHHX .rtaHHllX pa3JIH'IHOro ypoBH.f.l., B co-

OTB9TCTBHH C OlKIU(aeMOH TOITOJIOrHefi co6HTHfi; 

B) aHaJ1113 .rtaHHllX; IlOHCit KpHTeplleB .rtJin mz.rteJiemui co6llTHfi; 

r)Mo.rteJIHpOBaHHe ncCJie,ttyeMoro npo~ecca; 

.rt) H3BJI8'i8HH9 4JH3H'I9CKHX xapaKT9pHCTHK. 

Ha Kal!Ol;OH cTa,mm o6pa60TKH H 8.Ham13a pesym,TaTH 3anHCW38JIHCb 

Ha MarHHTHlle JI9HTli TaK, '!T06ll OHH 6wm .rtOCTynHll BC9M ]'IaCTHHKaM 

8KCIT9pIIM9HTa. IlpH 8TOM 38.IIHCb H '!TeHHe UHqiopMaIUm O co6HTHS1X 6wm 

YHH(]?lIIJ;i:lpoBaHll .I(JIJl BC8X ypoBHeil o6pa60TKH H 8.Ha.Jm3a ,ttaHHllX. 

BTopaa 'iaCTb .rtHCC9PTaIUm IT0CBJlll{8Ha llCCJI8.rtOBaHHIO xapaKTepHCTIIK 

poJMeHHJI B HHKJII03llBHHX npo~eccax rnnepoHoB: /\ , L.. ± (1385), 3-, 
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.E 0 (1530), >l- n aHTlll'miepoHoB /II/ A,~- (1385) II E+. 
KOTOpHe HaOJIIO.Wl.)IllC:b B crreKTpax RHBapHaHTHllX Mace no KaH8JI8M pac

rra,n;a: 
+ + /\-PK-, 5:.-(13B5)-A91-, 

E-_-" ~~ ~ 0 (:1s30)-.. .=-.ri: 
52--AK~ X--i59L: ( 2 ) 

L.-(1.3s5)-.i11r-: ~+-A !K+. 
KoppeKTRpoBKa KOHCTaHTH CB (I) rrpoBo,murac:r, rryTeM COITOCTaB-• 

JieHRJl n;eHTpam.llliX 3Ha'leHHfi CHrH8JIOB OT /\ ll ~ B crreKTpax HH-

BapHaHTHHX Mace M (P Jr) ll M (W Jr) C Ta6JnrtIHl:lMll 3HalI0HlIJIMH 

Mace A n ~ cooTBeTCTBeHHo. 

Tplll'repHH!i Clll'HaJI rrpeliMYl!leCTB8HHO oopa6aTHB8JIC.fl B CJiy-qae 

rrpoxol!QJ;emf.fl l!epea crreKTpoMeTp l!eTHpex RJIH 60Jiee aapruKemrux l!aCTllD;, 

Bee K8.H8Jlll pacrra.n;oB ( 2 ) He yp;oBJieTBOPRJn! ITOJIHOCT:bIO YCJIOID!IO Tpllr

repa, rro 3TOMY rrpn orrpep;eJielllm aq$lKTllBHOCTR HX perncTpan;IIII Tpe6oBa

Jioc:r, Mo.IJ;eJillpOBaT:b rrOJIHHfi rrpon;ecc nx pol!Q];eHHR. B corrpoBoJ1QJ;emn1 p;py

rnx aapSVKeHHHX liacTmi;, 

3,IJ;ec:r, JKe rrpIIBO,Il;.flTCa crreKTpH mmapnaHTHHX Mace ( 2 ), IlOJiy-qeH

HHe Ha OCHOB9 a.Ha.Jil13a 5,I·ro6 rrepBlil!HIDC aaperIICTpllpOBa.HllllX B 3K

crrepnMeHTe co6HTHfi B H9fiTpoH-yrJiepo,rumx B38.HMO,IJ;eftcTBRHX, IlpII rro

CTpOeHllH crreKTpOB RHBapHaHTHHX Mace aapruKeHHHM l!aCTHD;8M ,arrpnopHO 

IlpllITHCHBaJillCI, Ta6Jilll!HHe 3Hal!eHIIa COOTB9TCTByIC!l1RX 'laCTHD;:IlpoTOHOB, 

aHTIDipoTOHOB IlJIH IlllOHOB, A - rnnepom.: ncrroJII,aoBaJillc:r, ~ rroncKa 

p;pyrnx rrurepoHoB na HHTepBaJia Mace OT III2 MaB/c2 
p;o III9 MaB/c

2, 

a A - I'Imepom.: cooTBeTCTB9HHO OT IIIO MaB/c
2 

p;o II22 MaB/c
2• 

Bo BC9X MaccoBHX pacrrpep;eJieHHHX Ha6JIJQIJ;aIOTC.fl CTaTRCTll'l0CKll 3Ha'IH

MH9 ClII'Ha.7lll OT HCKOMWC CTpaHHHX l!aCTmi; ll'.Jm pe30H8.HCOB, 

B Ta6JillD;e I Ilpli89,Il;9HH pe3yJII,TaTH aHBJm3a crreKTpoB mmapRaHT

HHX Mace rnrrepoHOB II aHTlll'llll9pOHOB, 
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Ta6JIH_!!,a I 

TurrepoH, Mace~ IloJIHM 1hJ:CJIO CO- tfuCJIO qJO- 6·I04 
ump1rna 6HTM B HOBHX CO- K x.a-0,2 aHTllI'Ime- M3B/c2 CHrH8Jia, 6HTM ITO,II; 

pOH MaB/c2 CllrH8JI9 Clll'H8JIOM 

I 2 3 4 5 6 7 

I\ III5,5i0,2 3,6±0,4 5644o±r25 21429 I,6a±0,05 4,44 

i:-(1385) !386,8±0,9 47 * 4279 ± 58 !558! - + I,99-0,IO 4,79 

!_+(!385) !386,r±r,5 42 * 1437 ± 35 9049 I,94±0,II 4,II 
r1- 132!,o±0,3 6,4±0,4 37! ± !3 342 2,37±0,i9 6,62 ;:,. 
o_- 1669,7±2,2 9,2±5,7 4I ± 5 61 3,0 ±o,7 6,03 

£.0 (!530) 1528,6±3,3 rn± s 35 ± 5 56 3,4 ±o,7 3,50 

A III5,s±o,2 4,o±o,6 674 ± 23 2298 2,12±0,IO 3,31 

1~-(1385) I38I,6±6,6 42 * 69 ± 7 252 .::,5 ±o,5 2,61 
r1+ I32o±r0 20 IO ± 3 IO 3,4 ±o,s I,90 L 

* fuqlrutcHpOBaHH rrpn arrrrpoKCRMa.I.J;lm Cil9KTpOB aHaJIItTH'l0CKID/IH qJyHKIJ;l'lji-
MH. 

B Ta6JillD;e I B KOJIOHKe 6 IlOKa.3aHH K03@>llD;HeHTH, KOTOpHe orrpep;e

JI.flIOT ,Il;OITOJIHIIT8JI:bHH9 ITOTepn co6HTllft na-aa reoMeTpll'l9CKHX ll KRHeMaTII

l!eCKRX KPHTepneB, llCITOJI:b3yeMHX rrpn IlOCTpoemm: crreKTpoB RHBapHaHTHHX 

Mace: B KOJIOHK9 7 IlPllB8,Il;8HH a@>eKTHBHOCTH perHcTpaD;Hll co6HTM (2), 

Bll'mCJI8HHH8 MeTO,Il;OM MOHTe-KapJIO. Ilpli 3TOM rrpe,IJ;ITOJiar8JIOC:b, l!TO B pe

a.ro.nmx mi HYKJIOHax rrpH coxpaHeHHH CTpaHHOCTH, aap.fl,IJ;a poJlf,ll;aGTC.fl m, 

ImOHOB. ht - :aap:r,npoBMOCI, OT O ,Il;O 14. B rrporpaMMe MoHTe-KapJIO pac

rrpe,D;eJieHrul no MHOlK9CTB0HHOCTH rrapaMeTpH30BaJmCI, corJiaCHO H3B9CTHOfi 

(l)OpMYJIH 1llilKeBCKoro-PH6HD,Koro • .IlJm KHHSMaTllKR RCll0JII,30BaJIOC:b"rrpo,D;OJII,

HOe cpa30B09 rrpocTpaHCTBO", aJirOpHTM ,IJ;JIH. ROTOpqro pa3BHT rpynrrott 

Opca. Ilpn MO,Il;8Jmp0BaHHH Y'lHTHBaJillCJ, BpeMeHa l!Cll3HH reHepnpyeMHX l!ac

TRD;, reOM8TplilI9CKHe orpaHll'leHrul, orrpe,D;eJI.fleMHe crreKTpoMeTpOM, 3<%tIJeK-
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TlIBHOCTlI lI rrpOCTpaHCTBeHHoe paapemel!lie nporropIUIOHMI,IlliX 1'ElMep, KY

JIOHOBCKOe paccemme '18.CTH~ B BemecTBe CII9I{TpOM9Tpa, YCJIOBlle Ha Tplll'

repHilil CllrHB.JI, 3HepreTJi!'I9CY.llli crreKTp HeilTpoHOB IIy'!Ka. 8qxI/eKTHBHOCTll 

perncTp~ orrpe.D;eJieHil MR 11Bll,IUIMOH11 KllH9MaTU'I9CKOii o6JiacTn X >0,2 

H PT~ I raB/c, r.D;e X - OTHOClIT9JII,HllH rrpo.D;OJII,Hllll B c.~.M., a PT -

rrsprrsnromyJIHpHllil m.mym,cu cooTBeTCTBYKII!IlX rnrrepoHoB wm aHTnrurrepo

HOB. 

3,D;ecr, JKe MR A , .Lt (1385), 2- n A , MR KOTopux 6blJio 

.D;OCTaTO'IHO CTaTIICTl!Kll, 6blJIIl IIp08.H8JllI3llpOB8.HH l!HB8.pll8.HTHH9 CII9KTpbl 

no npo,D;OJII,HHM ll rreprre~yJIHpHblM lIMITYJII,08.M 3TllX rnrrepOHOB ll 8.HTlll'll

nepOHOB. Onpe.D;eJieHbl ITOKa3aTeJIII CTerreHH llHBapII8.HTHOH CTPYKTYPHOH 

lJJYHKIUm F ( X) ,v ( -1.- X) JI n napa.MeTpl:l Ha.KJIOHOB 

F ( P-,.2) _, e ><p (-B· P.,.2). 
Bee IIHKJII03IIBHble rrorrepei:i:HIIe cei:i:emm pmimemm rimepoHoB H B.HTll

rnrrepouoB HOpM8.JIIl30B8.Hbl Ha noJIHoe nonepei:i:Hos cei:i:e:ime B nC-BaanMo

.D;eiicTBIDIX, ITOJIY'l:9HH09 3JI9KTpOHHOH M9TO'AHKOii npll cpe'AlleM lIMilyJII,ce 

H9Y.TpOHOB IIy'!Ka 34 raB/c: G:c= (331,I ± 8,6) M6 Ha .RJU)O yrJispo,D;a. 

Bbl'IllcJieHIDI, BbllIOJIHeHHile M9TO.D;OM MOHTe-KapJIO, ITOKa.38.JIII, 'ITO HaIIIll 

.D;aHHIIe rroJiyi:i:eHbl rrplI IDITerpB.JII,Hoii cBeTHMOCTll L = (7, 9 ± I, 6) • 1034 

crr2 • OIUII6Ka CB.H.3a.Ha c Heonpe.D;eJieHHOCTI,IO 3iMieI{TlIBHOCTll peI'llCTpB.UHH, 

qT06bl cp8.BHHTI, IlOJiy'l:9HHble 3KCITSplIM9HTa.JIJ,Hbl9 .D;8.HHbl9 0 p0il\Il;9Hml 

rnrrepOHOB 11 8.HTIII'11Il9POHOB C .D;8.HHblMll 113 .JU)yrlIX 3KCIT9pl!M9HTOB, BbllIOJI

H9HHl:lX B pp - B3alIMOA9HCTBll.8.X npll pa3JIIl"'llillX auepI'll.R.X, H8.!lllI,3KCITepli

M9HTa.JIJ,Hbl9 AaHHIIe o nonepei:i:HUX cei:i:emmx poll!,I(emm 6blJill sKcTpanoJIIIpoBa

Hbl B noJIHyIO KHHeMaTIIi:i:ec1ty10 o6JiacTI> II K >t N - B8aIIMo.D;eilcTBI1JIM: 

~ -G: . -¼ o,,,.,., - IIA A . 
0KOH'I8.T9JII,Hbl9 .D;B.HHble O xapa.KTepIICTHKax poil\Il;9Hll.H. rnrrepoHOB H 

8.HTIII'lIIT8pOHOB rrpIIB9.D;9Hbl B Ta6~e 2. 

SAecr, Re, BO BTopoil '18.CTll AHCCepTa.rtHII, rrpoBOAHTC.H. Cp8.BH8Hil9 

xapa.KTepIICTHK poll!,I(eHll.H.: G; ti , N II 8 c cooTBeTcTByKlllHMll BeJIH

'Il!HaMH nsBeCTHblX B JIHTepaType .D;B.HHblX II3 PP- II 11.P - B3aHMOASiicTBIDi, 

IlOJiy'l:eHHblX IlpH pa3Jill1llWX 3HSprIDIX, 
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T a 6 JI H :q a 2 

J];amrue HaCTOmrteii pa60TH 

!,JHK7I103HBHos rrorrepetraos cs'leHHs ,MKC 
TorrepOH 

X2:-02 -l ~ X ~ l 
vrJienon VT'JISPOlI HVK7IOH 

A 4210 ± 660 12000 ±3000 2300 ± 570 

~-(1385) 398 ± 84 1490 ± 400 189 ± 43 

!_+(1385) 152 ± 31 700 ± 200 133 ± 38 

n- 32 ± 7 II6 ± 40 22 ± 8 ~--
!!0 (1530) - rn.o ± 4,2 36,4 ± 18,f 7,0 ± 3,4 

-
A 85 ± 19 570 ± 400 108 ± 76 

z:-(1385) 14,8 ± 5,9 IOO ± 80 19 ± 15 
'(""7+ 

3,5 ± 2,2 23,4 ± 21,4 4,4 ± ·4,0 LJ 

Q- 5,9 ± 2,5 40 ± 31 7,6 ± 6,0 

IIa~sTpu CTPYKTYP-
HO l'VHKII m 

ti B,(raB/c)-2 

0,9 ± 0,3 3,4 ± 0,4 

1,1 ± 0,4 2,6 ± 0,4 

2,9 ± 0,5 3,0 ± 0,4 

1,9 ± 0,4 2,7 ± 0,5 
-- -

5,4 ± 0,7 3,0 ± 0,5 

- -
- -
- -

B 38.KJIJOIISHHH 3TOH 'laGTB pa60TH IlpliBOMTCH 

BHBOAH, 

pe3yJII,T8.TH lt 

1. II01ta8aTSJII, CTSIISHH CTpYKTYPHOii mmapnaaTHofl: cp~ 
f{X.)~ (i-X) JI/ pacTST OT n~ J. ;IJ.JISl I\ }I 

z.- (1385), ,'/::::. 2 -t- 3 ;IJ.JISt .£~1385) H 2- H N-S P.JIJi K. 
CpB.BHemm c TeopeTB'!eCKHMH rrpe.D;c1tasmm.m.m-npamL7mMH RBapxoBoro ci:i:e-

Ta - YK8.3W3am' Ha corJIB.CHS Teopim lI 3KCIISp:eMSHTa. 

CpB.BHSHHS C pe3yJII,T8.T&m HS PP - B38HMO.D;SllCTBllfl: YKa3W38.8T Ha 

TO, 'ITO BeJililllIHB. N, IIO-:mi,ItHMOllllY, HS 38BHCl!T OT 8HSprmt lt COpTa II,y'I

Ka HYKJIOHOB, KpoMs N ( if ) , BSJiltlJltH8. KOToporo CYilleCTBSHHO sB.BH

CHT OT 3HSprmt 'IaCT:mJ; nytma. 0611!Wl KapTRHa Ka'l8CTBSBHO·corJiacysTCH 

C rnIIOT830H, 'ITO 'ISM 6WILIIIS 06IltWC BaJISHTBHX KBapKOB y nmspoHa C 

Ila,D;8.I(IllHM HYKJIOHOM, TSM CBJll,HSS IIpoHBJIJD)TC.H. Jil!I.D;HpyxI!lRe CBOfl:CTBa rn

rrspoHa, 
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2. I!apaMeTp HaEJIOHa B rv 3 (raB/c)-2 (]I.JIJl ncCJie,eyeMHX rnrrepo

HOB n A)no;a;.rcep,mBaeT naBeCTHYJO TeH.l(eHIJ;,iD, 'ITO cpe.rumn ~epneH,IUmy

JIJ1pm:rli :m.my.m,c 'IacT.m, poJQJ;eIIl!HX B mIBJID3IIBHIDC npon;eccax, pacTeT c 

y-BeJm'IeHlleM .liX MaCCH. 

3. ,ILainme o nonepeqHID( ce'IeIDI/lX _poJQJ;emm L ± (1385) B PP -

B3rul'.MO'AeilcTmtilx. nOJiytieHH B ~yx pa6oTax rrpn 300 raB n 400 raB. 

IIonepe'IHHe ce'Ie~ poJQJ;eHM npn 300 raB ]I.JIJl E± paBHH (450 ± 340) 

Mid n npn 400 raB ]I.JIJl 2: - - (250 ± 80) MK6. IIonepe'IHoe ce'Iemrn 

wm. E + , ITOJIY'IeHHoe B PP - B3anMO'Ae:itcTmmx: npn VS = 2I rsB, paB-· 

HO (120 ± 20) .MK6. 

CpaBHeHlle 3TlIX BeJilllllIH C HaJmlMll l!3MepeHWIMll: G:N( L-(1385) )= 

= (i9 ± IS) ~K6 n ~N( £+) = (4,4 ± 4,0) MK6 yxaaHBa.eT Ha cllJib

Hyro 8HepreTnqebKYD 3aBllCllMOCT.:i, noiiepeqHID( ce'IeHllil poJQJ;eHrul 

,l:-(1385) .. ll. 2+. 
4. 3KcnepnMeHTaru:,HHe 'AaHHHe o nonepe"<IHHX ce'!eIDI/lX poJQJ;emm 

_E 0 (I530) ll n_- B rryqKax 'IaCTllD; C eyJieBofi CTpaHHOCTI.D OTCYTCT

Bym. 

B 'AaHHOH pa6oTe BnepBHe Ha6.mqIJ;eHO po~eHlle 8Tli.X rnnepOHOB B 

Ilytllie 'IaCTllD; C eyJieBOH CTpaHHOCTI.D. 

5. Hamn sKcTpanoJillpo:aa.mme rronepe'IHHe ce'Iemm B noJIHyro KnHeMa

~eceyD o6JiaCTI. ll K H8HTp0H-HYKJIOHHRM B3rul'.MO'AeilcTBHRM ,Il;JI8. /\, 

z:_ ± (1385), E- n /\ xopomo BnncHBa.IOTCSl B sHepreTnqeceyD aa

BllCllMOCTI. nonepe'IHIDC Ce'IeHllil poJQJ;eHWl 8TllX '!aCTllD; B pp - B3allMO'AeH

CTBl'!JlX. MMny.m,cHHe cneKTpl:l Ta.KlK8 Hax:O,D;llTCJl B 06l!l8M corJiaCllll C 'AaHHH

Mll lI3 PP - 8KCITepllM8HTOB. 

CJie'AOBaTeJibHO, Ha o6l!lYIO KapTlIHY poJQJ;eHM rnnepoHoB n A B 

06JiaCTll ~parMeHTrunm 'IaCTim IIyqKa He CllJibHO BJIIDllOT roi;epHHe ajxi)eKTH. 

6. COBOKynHOCTI. peay.m,TaTOB Il03BOJIJl8T TaKJKe C'AeJiaTI, Bl:lBO'A O TOM, 

'ITO cneKTpoMeTp EHC-2 06JI~aeT BHCOKOH paapemB.KII1ett_cnoco6HOCTI.D ll 

ajxi)eKTllBHOCTI.D.Il0llCK8. Y3ImX pe30H8.HCOB l! KBa.3llCTa6llJibH!:lX 'IaCTim B 

cneKTpax mmapllaHTH!:lX Mace Ill)O'AyKTOB liX pacn~. KOr'Aa B KOH9'IHHX 
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COCTOJllillSlX CO'AepJKaTCSl A I .1f , xopomo BOCCTa.HaBJillBaer.m:e no pacna-

'AaM P'.Jf-/ P r,+ . 
7. B 06JiaCTll ~parMeHTrunm H8HT!)OHOB nytma CT_pa!IHHll "pe30HaHC 

I..- (I3b5) perncTpllpyeTCSl ajqleKTHBHee, 'IeM ero IlOJIO.llGITeJibH0-3apa

!teHHHH napTHep L. + (1385) • oTOT 8KCnepHM8HTaJil,HHH qiaKT B IlOCJie,ey

I<IQeM l!CllOJib3Y8TCJl KaK O,!UIH 113 apryr,l9HTOB 11,I{SHTl!cJ)nKarnm O'IaponaHHoro 

6apnoHa A 6 . 
TpeTI.fl 'IaCTI. AACC8PT8.l@I IlOCBm!leHa IIOllCKY ll l!CCJI8'AOB8.Hlll0 poJQJ;e

HWl A : - 6ap11onoB /I2--2l/, AO I A- - Me30HOB 122 • 23( B ne:it

TpoH-roi;epHIDC B3lliIMO'AeHCTB1'lJlX 11 /I; - 6apnOHOB 124 , 251 B H8HTpOH

npOTOilHHX B3allMO'A8HCTBIDIX. 

B nepBOM pa388JI8 8TOH 'IaCTll Olll!Cl:lBa!OTCfl YCJIOBllJl 8KCIIepllMeHTa, 

Ha6.mo.neHlle u 11cCJie'AOBaHlle xapaKTep11cT11H poJK,D:emm J1 6 B HeilTpoH

yrJiepo'AH!:lX B3allMO'AeHCTBl'!JlX. 

A ; - 6ap110HH 11cKaJ.ll:ICI. B cneKTpax 11HBap11aHTH!:lX Mace· 

;1;-.K~ P:TL ... rt-, K;-rt+SL- ( 3 } 

u II~ ... A :K+!li-4-1<-, 11-- pr,-. ( 4 ) 

.lI,Jm aHaJilI3a 'AaHHHX llCIIOJ.II,30Ba.JICfl TOT lite nepBl!'IHHli MaTepllaJI, KO

TOpmt 6wr np08.HaJilI3llpOBaH C D;8J.II,D l!CCJie'AOBa.Hrul xapaKTepllCTllK po~e

HM rllllepOHOB JI 8.HTHI'llnepoHOB ('IaCTI. 2), ll 'AOIIOJIHl!TeJibHHli. Bcero npo-

8.HaJill3llpOBWIO lI,4•106 nepBll'IH!:lX C06!:lTllli. I!OJIHaJI CBeTllMOCTl, B 8KCne

pllMeHTe COOTBeTCTBOBaJia I, 76 • 1035 
CM-

2 • MPO yrJiel)O'Aa. 

B peay.m,TaTe 6Will nocTpoeHH MaccoB!:le pacnpe'AeJiemm (3), (4) 11 

llX 8.HaJIOrn C IIpOTllBOilOJIOmruM (oTpl!D;aTeJII.HHM Cyr.!MapHHM) 3HaKOM aapMa. 

CneRTpl:l l!HBal)llaHTHHX Mace /I?/ (3) ll (4) npIIBe'AeHH Ha pac.2a 

H 26 COOTBeTCTBeHHO. 

Ha pnc.2 OT'IeTJillBO Bll,1{8H _CllI'HaJI B ~yx 6l!Hax no 20 MsB/c2 C 

n;eHTpOM npn Macce 2272 MsB/c2 • CllI'Ha.n CO'Aep.llGIT (130 ± 8) ROM6llH~ 

H~ ~HOM B 157 KOM6l!HBinl:it, 'ITO COOTBeTCTByeT.10 CTaH'A8l)THHM OTMO

H8HWlM OT qxma. 
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Pnc. 2. CneKTpll IDIBapllB.HTHllX Mace. 

CIIJiolllHlle r:acTOrpaMl\,lll: a) K1 P 9i-9L+, 
6)/\ 1j+§-!li: 

r~a.mme TO'Ie"!e'IHl:le xpnBl:le - HepesoHB.H
cHWi. qJOH. 

ilyHKTnpHHe r:acTorpaMMH: a) K; P!Ji-!IL-, 
6) A q;+fi-!li-: 
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AH8.7IOI'li'IHO Ha pnc. 26 mmeH Cm'H8Jl B O)UIOM 6mm 30 MsB/c2 IIPlI 

cpe.n;HeM aHa'IeHlili Mac;u 2265 MsB/c2• 

Clirn8JI co.n;~p.lltHT (57 ± 6) KOM6IDia,nHH Ha.It qx>HOM B I05 KOM6lIHa,nHil:, 

'ITO COOTB0TCTByeT 6Mee 5 CTa.H,D;apTHl:l!.! OTMOH0HWIM OT qx>Ha.. KoM6llHa

TOpHllli qx>H B o6~aCTll ClirH8JIOB Man - M8H88 I,05 KOM6llH~_Ha C06llTlI8. 

Cpe.n;Hee 3Ha"IeHHe Maccu A : no .n;BYM Ha6JrIQI(aeMW11 K8.H8JI8.M pacna.zta 

paBHO (2268'± 6) MsB/c2• B,cneKTpax :mmapllaHTHllX Mace c IIpoTlIBOnO~Ollt

HllM ( OTp:im;a.TeJII,HHM) aapn.n;m11, -KaK mmHO ll3 pnc. 2, CTaTRCTm!8CKlI 3Ha

'll!MWC cnrHaJIOB He Ha6JIIQD;a8TCll, EMR 6u Cm'H8Jlll 6wm M8;D;CTBlI8M pac

na.zta yaKoro r:anepoHHoro peaoHB.Hca, To B o6Jracrn qiparMeHTau;mI HettTpo

HOB n~ (no B.H8JIOI'Hll c Lt, (I385) peaoHB.HcaMR) c 6QJII,mett BepoaT

HOCThID ,Il;OJDKHll 6u peI'l'IcTpllpoBaThCJl ero COCTOflHWI C OTp:im;a.T8JII,HllM 3Ha

KOM aapa.n;a. COBOKymIOCTh Bcex Bllm8IIPlIB8,Il;8HHl:lX xapaKT8pllCTlIK YKa3llBa

eT Ha TO, 'ITO Ha6JIIQD;aewe cm'H8Jlll Bl:l3BaHll pacna,zcaMll paspemeHHoro 

IIpaBHJIOM Ka6n66o pOllt,n;eHlIJl 01IapoBaHHoro 6ap:aoHa A;. 

.IJ:arree ll3~amCJt BOnpOCI:l lICCJ19,Il;OBaHlIJl llHBaplIB.HTHl:lX m.myJibCHllX 

crreKTpoB no npo,n;OJibHOMY lI rronepe'IHOMY lIMIIYJibCaJf A; -6apnoHOB. 

11Imapll8.HTHI:lff CII8KTP no npO,Il;QJII,HOMY lIMIIYJII,Cy rrapm.ieTplI30BaJICJl 

qi~ett 

/(X)- {1.-X) 1
\ ( 5 ) 

r.n;e X - qiettliMB.HOBCKaJI nepeMeHHaa, 11, - IICKOMlltt napm.ieTp, a no nep-

neH.n;1IKyJJJ1pHOMY HMIIYJII,CY ql~9H 

j.(PT)--exP{--#·Pr), ( 6) 

r.n;e PT - nepneJWlltYMpmlli 1IMnyJII,c A: , 8 - ncKoMlltt napm.ieTp. 

CneKTpoMeTp per:acTpl!pOBaJI A; B KlIHeMaTR'IeCKoit o6JracTR X ~ 0,5 

n PT ~ I raB/ c. :3qxpeKTmmocTh per:acTpau;mI A: cnexTpoMeTpoM 

OIIp8,Il;8JI8Ha MO,Il;8JII,HO-H83aJmClIMllM cnoco6oM, aa lIClt1W'I8lilI8M Toro, 'ITO 

pacrra.zt A~ paaurpHBaJica :aaoTpoITHo B c.~.M. A; - 6ap:e:o:im. 

TaKRM o6paaoM, 6wm Bll'llIM9H!l nonepe'IH!le ce'Iemm po~elilIJl /\; 
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n romeMaTKtiecKo:ll oCSJ.racTlI x~o, 5 n npe,JtIIOJIOlltemm:, 'ITO HrumeHHaa sam1-

cm.1ocn llO KBB,ItpaTY nonepetraoro m,myJII,Ca cnpane,u,mma l:l npn PT ' :>-1 

raB/c. 

tfT06H onpe.n;e.mITl> nonepe'llUle C8'18HIDl poltl{8ID!H ;1 ~ H8fiTpoH8Mll 

Ha MI>O yrJiepo.n;a 'AJIJI KHHeMaTKtieCKofl: o6JracTH X > O ,_.n;aHHHe aKcTpano

JlllPOBaJ!llCl> B paMK8X .n;BYX pa3JIRlllilDC MO,Il;8JI8ii:.B MO,D;ElJili "A" ~ ,(,(X) 

RM88T TaKoil llt8 Bll,Il; ('A,1IJI 0 ,5 > X > 0). KaK (l)yma:tR!l NIJI /\ - rllllepo-

HOB B pp - B38l'IMO,Il;8fiCTBlfflX IIpll 8H8pl'llllX,6JmsIWX K HanmM,llOJIY'l8HHM 

B pa6OT8 .AMMocona ' ll ,Iq), Ha cepnyJCOBCKOM YCKO!)llT8JI8 B 1976 r. 

B MO,Il;8JIH "E" llCllOJ!l,3Y8TCJl nn,n; <p,yH!mtm .,. (XJ (5) NIJI X < 0, 5 ns 

pa6oT MasaHrn, ony6.mmoBaHHofl: B 1982 r., llJill EopecKOBa. n I{ait.n;aJioBa., 

ony6JrnKo:srumoii B 1983 r. 
tfT061:i 8KCTpallOJlllPOB8.Tl> ,n;amme K H8fl:TpoH-:ayKJ!OHHHU B38lIMO,Il;8HCT-

BIWM, HCllOJ!l,SOBaJiac1, SaBllCllMOCTl> 

-.l 
6,.,., =6";.A·A 1 

( 7 ) 

r,n;e G;.,1 - mntJII()3llBHOe ce'leHHe pO1l\Il:8H11H. A; HeilTpoHaMn Ha EYKJIOHe, 

G; A - Ha R,Iq>e c aToMHHM BecoM,pa.BHl:lM A, J. - napaMeTp. Be.nn'llllW. 

napaM8Tpa <A.= 0, 73 ± 0, 20 IIOJIY'l8Ha B 8TOM JK8 8KCII8pl:IM8HT8 /2I/. 

OllllCaHHOM BO BTOpOM pas,n;eJie 8TOH JK8 TpeTMii 'laCTll ,n;nccepTaumr, 

Ilapinra.m,Hbte Illllpl:lHH pacna,n;on A i nom IIJioxo nsy'!eHEl aKcnepn

MeHTaJII,HO. tfTO6H OU8HllTl> HHKJII03llBHH8 nonepe'IHH8 C8'l8H11H.,MH l:lCIIOJil,30-

BaJIH napUHaJil>HYlO Illll!)llHY pacna,n;a (4), Ha.itneHHYIO B pa6OT8 IiYKOKa H ,Iq),, 

ony6JrnKOBaHHOii B 1985 r., corJiaCHO KOTOpoii 

Ba. (11;-A <Tt+s,+Ji:-}:::(2,a-1:0,"i±i,1)%. < e > 

Ta.K K8.K B muneii pa6oTe Ha6Jll(\[\8HH pacna;a;a /\; IIO .ItBYM KaHaJI8M, 

TO MH IIOJIY'lHJ!H RX OTHOID8HH8: 

B~ (A~ -..j{0 p:Ji+fl)/B
2

(A;.,.Ar,+s+Ji-J=i3±1.,2. (s~ 

PesyJII,TaTH l:lCCJI8,Il;OB8.HW1 poJ!gJ;eHIIJl. /\! B H8iiTpOH-SI.n;8pHl,IX B38l!MO;D;8~

CTBW!X CB8,Il;8Hll B Ta6JIHUY 3, 
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Ta6JIIIga 3 

lliiKJIIOSlIBHHe nonepe'IHEle X > 0 
C8'18HI!Jl X ~ 0,5 Mo,n:eJil, "A" Mo.n;eJil> "E" 

6.·8,(A+ ... jopr,+r,-J 
he c 

'IO± 4 31 ± 6 12 ± 4 MK6 Ha .a.n:po yrJiepo,n:a 

G;;B2 ( A:-;1r,+:a-+fi-J 
2,3 ± 1,I 7,2 ± 4,2 MK6 Ha .a.n:po yrnepo,n:a 2,8 ± 1,3 

6,;',..MK6 Ha .a.n:po yrJiepo.n:a 82 ± 44 257 ± IOI IU0 ± 53 

<5,;,v,MK6 Ha HYKJIOH 13 ± IO 42 ± 27 16 ± I2 

I-Irumeno, 'ITO IIOKasaTeJil, CT8II8Hll rumapnauTHOii, CTPYKTYPHOii qiyim

nnn /(X) (5) Ii napaMeTp HaMOHa \PY1lliUlIH /(PT) (G) COOTB8TCTB9HHO 

panHH: 
h., = I,5 ± 0,5 

u / = (2,5 ± 0,6) (I'::iB/c)-1. 

0Tcl0,Il;a CJie.n:yeT, 'ITO cpemrnit nonepe'IHEl:11 ID1Inym,c A: 
< PT> = t = (0,80 ± 0,I9) rsB/c. 

( 9 ) 

IO 

B KOHUS TpeTl>e:11 'laCTH IIpIIBOMTCJl B mme rpaqi:mm Hamn ,IJ;aHHI,18 

BMecTe c ,n;ocTynHliMl'I ,I(aHHl,!Ml:l o poJ!gJ;emm A 6 H3 ,IqJyrnx aKcnepl!MeHTOB, 

BTopon pa388J! Tp9Tl>efi 'laCTll @!CCepTaglIB IIOCBml\8H 3ItCII8pllMeHTBJil,

HOMY onpe,n;eJieHHIO A - 3amICUMOCTII l 2I/ mm.1nosumroro nonepe'IHoro ce'le

HI!Jl poJ'.\ll:eHHJl J1: . 3Ta xapaKTep11cTrum RBJI.R.eTca Ba.i""tHoit KUR )J)III 

paspa6oTKH TeopeTUtiecKHx Mo,n:eJiefi a,IqJO1moro po1l\Il:8HiiJl O'IapoBaHHoro 

KBapKa,TaK ll C TO'IKll speHHJl IICIIOJil,3OBaHHJl IIQJIY'l81IlillX ;D;a.HHHX B pas

JllI'IHHX axcnepHMeHTax c pa3r:lHMR l\llillle.HRMH. 

3KcnepllMeHT npoBe.n:eH Ha Tpex MHmeHRX: yrJiepo.n;Hofi , aJII<lv!l:lHH-

eBofi n Me.n;HoiL Boero 6HJio npoaHaimsnpoBaHo , OKOJIO 12·Io6 co-

6HTHfi. CTaTHCTIIBa Ha6npaJiac1, c IIOCJI9,Il;OBaT8JII,HO 'lepe.n:yKlltl:ll.mca Mlllll8HJl

MII, 'lepes It8.liQJ;lle ~ 50 TliCJl'l co6HTHii, 3amIC!illaeMHX Ha MarHHTHH8 JI8H
TH, 
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TOJllIUlllli Mll!IleHeii 6wm pa.BHID.m 

T = 3,4 • A I/3 r/m.i2, ( II ) 

I!OTOK Hei1TpOHOB Ha OT,!(8JII,Hlle MlI1119lill 6WI Ile : Ila.n : r;,, = 

= l: 1,04: 0,89. 

B pe3yJII,TaTe a.HaJm3a nepBH'iHOll llllg/OpMaumt 6WIO mmeJieHO /I 6 
no KaHaJiaM pacna;a:oB (3) lI (4) COOTB8TCTB8HHO 

N~ (A!-,. i<.0 p:Ji+r,- ) = 5;_: ± 5 Ha.n: qx:>HOM B 51 co6HT11e n 

~ ( ,1; + A 9,+ r,+ .r,- } = 23 ± 3 mm qJOHOM B 14 co6HTntt . (12) 

l~eHTR'IHOCTb YCJIOB1Ii1 3KCnepm.ieHTa Il03BOJIJl8T Bll'lllCJilITb OTHOIIl8Iill8 nap

UIIaJII,HWC IlllipllH KaBaJIOB pacna.n:a " 6 ( 3) ll ( 4) : 

a_L(/t;--Rop1(+r,-) = 4,2 ± 1,5, (13) 
Ba, (II;-+ I\ g;+ fi+ er,- ) 

~TO H8X0,!(1ITCH B corJiaClill C paHee no~eHHott 3,!(80:& Be~llHOii B nep

BOM pa3,IJ;8JI8 TP9T:&ett ~acm ('8a ). 

Ilo Mlllll8HJll,I Ha6JI!qr(9HHll8 C06li'l'l!Ul pacnpe,IJ;eJieHll CJie.eyl(II\HM o6pasoM: 

IKa,Ha.n pacna.na YrJiepo,IJ; A.Jm.mmxtt Me.I(b 

j(o pCJ[+'E- I6 ± 3 19 ± 3 17 ± 3 

A '$'+fft+tJC- 8 ± l 8 ± 2 7 ± l 

BCE r 0: 24 ± 3 27 ± 4 24 ± 3 

AnnpoKcm.mpya nonepe~Hlle ce~emm cooTHomeHIIeM: 

G;A = 60· A : (14) 

HaillJIH, ~TO al= 0,73 ± 0,20 • (15) 

::JTo nepBoe sKcnepHMeHTam.Iioe RsMepeHIIe napaMeTpa d, , xapaK

TepnsyKIQero A - 33.Bllcm.iocT:& HHKW03IIBHWC nonepetnll,IX ce~eHllii /t: -
dapnona, no~eHHoe nyTeM nenocpe.n;cTBeHHoro ua6.7IIO,IJ;eHIIa ero po~eHIIa 

1,1a pa~m.uc MlillleH.llX. ~Ha~eHIIe rL B (14) no~euo .ItJJSl KIIHeMaTme

cKoii o6JiaCTlI X 7 0, 5 II PT :::_ l rsB/ c. 

B TpeT:&eM paa8eJie TpeT:&eii ~acTn ,IJ;HccepTan;irn coo6mruc,rca pesyJI:&

TaTH noncKa A/ A - Me30HOB 122 , 231 no KaHaJiaM pacna;a:oB K0/K° + 
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+ ffi!OHll. Ilp11 8TOM llCIIOJib30BaJica TOT Jlt9 llCXO,IJ;II!:rli MaTepnaJI, Ha OCHOBe 

KOTOporo dliJill no~eHll ,IJ;aHHlle O xapaKT8plICTl1Ka.x po~eHIIa /\t B 

HefiTpOH-yrJiepo,Il;HllX B3aiiMO,IJ;8HCTBilR.X (~aCTb 3, pa3,IJ;9JI 1). CnrHaJIH 

ua6.mo.n;a.mca TOJlbKO no KaHaJiaM pacn~oB 

/4°-K+(S92) y;:-

~ tr- K.,.(892)5r-Jr-. ( 16 ) 

CnrIIaJIOB B ,n;pyrnx KaHaJia.x pacna.na, B TOM ~CJie 

A0

-K-(8!JJ1.)Ji+ 1,1 A+...., K-(892Jqz-+§+, ( I7) 

He HadJI!qr(aeTca. 

Ha p.Hc.3 npHBe,IJ;eHll Cll8KTP!i mmapHaHTHllX Mace (15), Ha KOTOPHX 

Bll,IJ;Hll Clil'HaJI!i OT JJ.0 
JI JI.- - M830HOB: Nci.0 ) = 2I ± 3 :a #(Jr") = 

= 32 ± 3. Cpe,IJ;H1Ie 3Ha~eHM Mace M (n°) = (1868 ± 8) MsB/c2 JI 

10
4r 

~ 
103 

.. 
u 

' CQ 

~ 20 

' ~ 15 
:,: 
0 
N 

' 

N
0 

20 

' a, 
~ 15 

:,: 

1.7 \8 1.9 2.0 

£ ,o2 
MACCA.r, B/cz 

Q 
--r 

' 'Z 

101 
t I 

K+!89.2hr K+!B92l:rnr-

1a°L' .L-,'c---:-'=---:-'::--""=---:-'::--------::':-J~:-'=------:':::---::'::---:'::---::':---,:-' 
0.9 1,1 1,3 1,5 1,7 1,9 2,1 1,1 1,3 1,5 1,7 1,9 2,1 2.,3 

MACCA,(3B/c2 

Pnc. 3. CneKTp!i JIHBapJia.HTHllX Mace ~(892) If" n ~(892) If" If" 
KOM6miaUIIiJ:. BBepxy llOKa3aHa·o6JiaCTb Macc·n - M830HOB, 
KOr,IJ;a li3 cneKTpa JIHBaPliaHTHllX Mace llCKJIJO'ieHll C061iTID!, 
CO,IJ;ep,ital!IHe K-(892) 1IJ1H K-2(1430) KOM6lIHaUlIJI. 
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M (,If") :::: (1869 ± 8) MsB/c2 HaxOMTCH B xopomeM COrJiacmr c me Ta6-

Jm'IHIDv!R 3H8.'l8HlIR?vm, Ha6JIJQnaeMll'.e CllI'HaJJH OTHOCHTCH R RmieMaTR'!eCROii 

o6J:racTlI X ~ 0, 5 lI PT ~ l rsB/ c. llHBaplia.HTHRe CII8RTpll IIO rrpo

.n;OJll>HOMY lI rrorrepe'IHllM lIMIIYJil,CaM aIIIIpORCm.mpOBaJmCD 1231 rp~.m 
Fo<)-@.-x> N 

lI F (P.,1) rv e-xp (- B·P/'). c rn > 

~eHO, 'ITO N3< i6 ) = l,I ± 0,5 ± 0,4; 

ll N4< JJ.-) = 0,8 ± 0,4 ± 0,4; 

Ba< jib) =(1,2 ~ 5'§) (rsB/c)-2 

n B,< JJ.-) = (I,8 ~ 1:5) (rsB/c)-2 , ( 19 ) 

oTRy.n;a CJie.n;yeT, 'ITO cpe.n;Hee sHa'leHHe rrorrepe'l:Horo IllVlrrym,ca JJ. - Meso

HOB promo 

<Pr>=(0,7 ± 0,2) raB/c, ( 20 ) 

a rroxasaTem, cTerreHII }/c:t.f YRa3llBaeT Ha To, 'ITO B o6J:racTn rppa.rMeHTa

mm Hei!TpOHOB rryqRa xapaRTep p0.ll0];8ID'!Jl )L - Me30IIOB 6J:rn30K R xapaRTe

py p0.ll0l;8Hl!H /\~ - 6aplIOHOB i9), 

Ilonepe'IHR8 C8'leID'IJl po.llOl;8ID'IJl n - M830HOB, Bll'IllCJieHHRe )J,.7IH RmieMaTU

'leCROil: 06Jia.CTlI X ~ 0,5 C y-qeTOM He O'l8HD xopomo ll3BeCTHRX .n;aHHRX 

o napIJ;Ha.ru:,HllX mnpUHax pacna,noB no Ha6JIJQna$MllM RaHaJiaM ux pacrra,noB, 

rrpIIBe.n;eHHllX B "06sope CBOfiCTB i:iaCTim" sa 1988 ro.n;, OKa3aJIUCD pamrw.m: 

~c ( JJ.0 ) = (26 ± II) MR6 Ha MPO. yrJiepo.n;a 

n b1ic ( Jr ) == (26 ± 13) M~6 Ha R.IIPO yrJiepo.n;a. ( 21 ) 

CYMNJapHOe rrorrepe'IHOe ce'leHHe po.llOl;eID'IJl JJ. paBHO 

~C( JJ.O ) +~c( JJ.- ) = (52 ± 17) MR6 Ha JU\PO yrJiepo.n;a. (21a) 

B 8TOil: lK8 RmieMS.TH'IeCROfi 06JiaCTl'I: 6llJIO HrumeHO ( Ta6J:rima 3): 

G"nc< /\! ) = (82 ± 44) MR6 Ha JU\po yrJiepo.n;a. (22) 

MoJKHO BII,Il;eTD, 'ITO nonepetIHR8 C8'l8Hll.fl po.llOl;eHHH j\: ll :u - Me30HOB 

6Jnl:8Rl'I: no BeJIR'IllHe .n;pyr R .n;pyry. oTOT qiaKT, a Ta.roKe TO, 'ITO B 8Rcne

PUM8HTe He Ha.6JIJQneHO po.llOl;eHlle JJ. - M830HOB, YRa.3llBa~T Ha TO, 'ITO IIplI 

X ~ O, 5 .n;oMllHl'l:pyeT accoIJ;HaTRBHoe poJi\ll;eHIIe /\~ ii Ha.rt JJ. ii . 
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B tieTBepTOM pas;n;eJie TpeTMii tiacTu ,:rmccepTamm usJiaramc.11 pe

sym,TaTu SRcrrepm,ieHTa no rrouc1ty II IIsy-qeHUro por.~emm ;1 ~ B Hefi

TpoH-rrpOTOHHRX 124 , 25/ B3aIIMO.n;eiicTBIIR.X. 

liepBI-P:!HRll MaTepnarr OROJIO II· ru6 C06llTIIii IIOJzytieH B TOM lK8 C8MOM 

IIYtIRe HefiTpOHOB 12- 41 c IIOMOUU,~ cneRTpoMeTpa EHC-2 (BTOpofi BapIIaHT 

arrrrapaTypll, pnc. I). B RatieCTBe MlIIIl8Hn ucnOJID30Ba.J.racD 1!tlI,Il;KOBO.n;opo.n;

HaJI Mlllliem, paspa6oTaJIHM B Jia6opaTOpllll BllCORllX 3HeprIIH B ceKTope 

Jl.E.roJIOBaHOBa. 

A~ llCKaJIU B crreKTpax HHBapnaHTIIlilX Mace (3) u ( 4) c ncnom,-

soBaHHeM llH\l)OpMaIJ;Hir co CtieTtillKOB Cl ll C2 C nem,10 noBll!IleHllJI. B81)0.liTHO

CTll ll,D;8HTHqlIIBanHII/I0/3ap~eHHIIX i:iaCTJm,BXOM!IUIX B KOM6UHaIJ;Hll (3) ll 

( 4) , no MaccaM. KlmeMaTIItiecKaH o6JiacTD wr.a pentcTparnm A! orpa-

HlltieHa: X ? 0,5 n PT ~ I raB/c. 

B pesyJIDTaTe 6llJio nafi.n;eno 25 ± 4 co6IITIIR. /\ ~ no mUia;zy pacna,na 

(3) n 13 ± 3 C06!ITIIR. no KaHa;zy pacna,na (4) COOTB8TCTB8Illi0 Ha.rt 

(l)OHOM B 45 ll 29 C06!ITllll. B 06JiacTn CllrHaJIOB KOM61maTopmdl \l)OH OTCYT

CTBOBaJI. 

0Tnomemrn napIJ;HaJIDHRX nmpIIH pacrra,noB paBHO 

~-R0 e gz+ri-2 
B2 ( A;-/\ rt+Jr+ !Ti:-) 

= 3,6 ± 2,4. ( 23) 

CYMMlIIJOBaB pesyJIDTaTII (8a), (13) II (22) , KOTOp!Ie HaxOMTCJI B cor

JiaCHll .n;pyr C .n;pyroM, H8.UIJm, 'ITO 

_&_{A;--i{opg[+.Jc'l = 4,2 ± 0,8. 

Bz ( A~-;1gz-+ 9if9r; ( 24 ) 

MR Ha.6J:r1QI1;aeMofi EnHeMaTRtiecKoH o6JiacTH X ~ 0,5 Hail;D;eHII rrpo

R3Be.n;eHIIR. RHKJII03IIBHIIX rrorrepe'lH!IX cetie1rn:fl po.lJOJ:eillIR. J\ ~ B HBflTpoH

rrpoToHHIIX B3am.!O.IJ;8HCTBll.liX rrpn Orp(l)eKTRBHOil: OH8pI'lIH H8HTpOHOB ~58 rsB 

Ha B8PO.liTHOCTll pacrra,noB no mill8JI8M (3) n (4): 

~p·B~r11:-R0 P!i-1£-J= (l,O ± o,_5 ± 0,2) MK6 

6,.; l3.i(ll;-A~+JL·1t:>= (0,28 ± 0,15 ± 0,04) MK6. (25) 
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COIIOCTa.BJieHIIe BeJilltJI!H G;p B1 n G;.p · 82 (25) c BeJilI'IllHaMn 

~N· 8i n: o,;"'. 8z (Ta6JI. 3) B BMe COOTHOmemm (14): 
. ,-, ~ A~rc 

\.:>nA=ol'lp
0 

• 

rrplIBO.ItllT R sna'Iemrn 4 = G,69 ± 0,19. 

;:!6 ) 

27) 

Hs (15) n ( 27) CJie,nyeT, 'ITO rro1msaTeJU, cTerreHH (14) ne JlllJIJleTC.fl no-

CTO.flHHOii B9.JJil'IliHOil BO BCeM llIITepBa.'Ie aTOMH11X B9COB, a I'IM99T TY ,Ke 

TeH.IJ;eHil;lil0 .K Il3M9H9IIBIO, 'ITO ll. COOTB9TCTByroIJU1il IIO.KU3aTeJU, CTerre1m, 

Halipll.Mep, OimCIIBa.Ial1Illi A - 88.BllCID/lOCTI, ITOJIHillC norrepe'IH!lX ce'Iem1il 

rrorJIOlll9HII.fl B P.Y.KJIOH-,mepllillC B3aIU,10,IteiiCTBl1RX. 

B 3a.KJIKl'IeIDIB TpeTr,eii 'IaCTH ;zw.ccepTagID1 C~pMYJillPOBa.Hll ee OCHOB

HHe pesyJU,TaTU, KaCa.KllllieC.fl HCCJI9,ItOBa.HIDl. pOllUl;9lil1.fl O'IapOB8.HHllX 'IaCTml; 

B H9ilTpOH-.fl.It9pHllX B3!ll!MO,It9liCTBIDIX. 

I. B IIy-qKe HeiiTpOHOB Ha pa3JIIf'IHllX .fl,I{pax: BO,Itopo,Ita, yrJiepo,Ita, 

a.mct.mlil1.fl H M9,Itll Haibl;eHO 
+ -

207 ± II pacrra,noB Ac-K0 f.J[+J[- H;~ .7[+:Ji-

93 · ± 8 pacrra.na Ii;➔ I\ fL"K-ifL-, A - p1['-
32 ± 3 pacrra.na A--K+(892)Jr-r K+(892)•K0Ji+ - , 

n 21 ± 3 pacna.n A0 -K+(892)!Ji:; Kt{892)_,,.XoJ[:( 28 ) 

3To rrepnoe rrpm.me na6JIIQIJ;emrn a.npoHHoro po,K,ll;emrn o'lapoBaHHUX 

'IacTmi; rrpn ::meprn.ax IIYtJ:Ka Menee IGO r:.iB n B O.ItHOM :.iRcnepIDlleHTe na 

pa3JIIf'llllL"'l: Mll.ill9IDIX. 

Pacrra.n ( 4 ) /1 ~ na6JIIQIJ;aJIC.fl pauee B .ztpyrnx mmrrepHMenTax. 

Pacrra.n ( 3) /\ ~ o6napyzen nrrepnue. 

Brrepnue IJOJIYtJ:eHH .rtaHHUe 06 A-3an11cH111ocTI1 norrepe'IHllX ce'IeHHii po,K,ll;e-

lll1.fl A~ . 
~- Orrpe.rteJieHH xapaKTep11cTnKH pozr.,n;emrn /1~ H ~ - Me3OHOB: 

rroJIYtJ:ellll .rtaHHUe 06 HH.KJIID3HBHUX rrorrepe"'Ilrax ce'Ielll1.flX rue po,K,ll;eHI1.fl B 

KHHeMaTn'IeCKOii O6.JiaCTH X ~ 0' 5' orrpe,IteJieHll ,ItHHaMlf'I9CK119 rrapaMeT

pu 11HBapnaHTlWX HMilYJU,CHllX CII9KTPOB. 
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• i 

3. 3KcrrepnMeHTaJII,HHe pesyJIE>TaTu J,Ka3llB8.IDTHa. TO, 'ITO: 

a) nmonoannHHe _nonepe'IHH.e ce'IeHHJI. rrpn cepnyxonclGlX.SHepI'IDIX 

cymecT~eHHO Burne, 'IeM npe,ItCKa3WlaJIOCI, B nepTyp6aTilBHOii.KX,U n MHOrnx 

.ztpyrnx MO.rteJI.flX po,K,ll;eHHSI 'IapMa. 0,ItHaKo OHR corJiacymca·c pac'IeTaMR 

EopecKoBa n ~aJioBa (1983 r.), Tponnma n TropnHa (1983 r~); 

6) B O6JiacTII qip8.™9HT~ HeiiTpOHOB JlY'll(8. X ~ 0, 5 · ;n;or.iium

pyeT rrpon;ecc accoD;IIaTRBHoro po,K,ll;elil1.fl /1 ~ ii Ha.n JJ. ii . 
B 'I9TB9pToil 'IaCTII npe,ItCTa.BJieHll pe3yJIE>TaTH HCCJI9,ItOBaHIIJl IIOJIJlpn-

3~ A- I'ID!eponon 126
' 27 I n acHMMeTPHH B pacrra.nax /\ ~ - 6a

pnonoB 128
,
291, po~elIHH?' B llHl(JIJ(l3IlBHHX rrpon;eccax HeiiTpOHaMH Ha .a,n;

. pax yrJiepo.zta, 

Ha pim.4, rrpIIBe.rteHH peayJIE>TaTH H3Mepelil1.fl IIOJIJlp:n:a~ /1 n A:. 
a. 

-a.1 

-Q2 

-03 
0:: 
s 
~-0.4 

"' ~ -a.s o:: I O"' . < 1.,: h 
0 
C -0,6 

-Q.7 

1J) 1.2 t4 

Pr , rae/c 

Pnc. 4. 3aB:n:cllMOCTh IIOJIJlp:n:a~ /\ OT nonepe'IHoro mmyJII,ca 

PT ( +> n cpe,ItHee no PT SHa'IeHne noJIJ1pna~ A 6 
( ;.q-. ) , ilyHKTllpHHe ltplIB119 - rrpe,ItCK8.3aHHJl CTruI,ItaPT
HOfi, CIIJIOlIIHll9 - 11,ItByMepHofi" JIYH.ztOBCKO:li MO,IteJIIl. IC -
OTHOCJITCJl K A ; . ,UenoJIJ1pmiyxI!lllil q>a.KTop ,lT,7IJl /\ , 

pB.BHH:li 2/3, J'IT9H. IlapaM9Tp fl B MO,It8JIH B3JlT p8.BH11M .1. 
Pac'IeT Kplll3llX c.rteJI8.H Ea.P8.HOBHM c.n. (1985 r.); f :a cb - ,Ital!HH9 B3JlTH H3 . pa60TH ( Spxrur, 1979) ,PP-Baan
MO.rtelcTBHJl rrp:n: '{s = 53 :n: 62 rsB. 

27 



IlOJI.flpH3runuI 

pe"llioro m.myJI1,ca 

'ITO IIOJIJipH3runuI 

A- rnnepoHOB nsMepeHa B 3aBHCHMOCTH OT rue rrorre

P T B llHTepBaJie O ~ PT ~ I, I 5 raB/ C. II01msrum, 

A- rmrepoHOB pacTeT c pocToM PT , ,n;ocTnrrui B 

o6~acTE: PT Q::: 0,6 B9Jm1Illllll ORO~O - 0,3. 

AHaJIOrll'IHUM o6pasoM HSMepeHa acm>1MeT,PIDI B pacrra.n:ax 
A+,.. K-Op!Ji+r.- -

/ le I ,;,L BHJieTa IIpOTOHa li K° - M830Ha Ii B pacrra,n:ax 

/I~ ... A §+!Ji+ sr- BHJI9Ta ,I\ OTHOCHT8Jll>HO MOCROCTH p0M8ID!Jl 

A! BO BCeM Ha6.mqn;aeMOM UHTepBaJie PT oT O .n:o Q:: I rsB/ c. 

.IJ:a.mme yRastmaIOT Ha 8Ha'IUTeJI1,IzyIO IIOJI.fJ.pnsar~mo poMeEHWc /\~ : 

/W>f,.,uu= o, 5 :: o, 2. < 29 ) 

Ms pnc. 4 BH.n;HO, 'ITO BHyTPH O < PT ~ I raB/ c IIOJIJipll3runm 

/\ ! B03pacTaeT RpY'!e, 'ISM II0.7I.f1PU3a.n,UI J\ , RaR H npe,n;CR8.3Ima

eTC.R. B H8ROTO:p1,!X T90p8Tll'l8CRHX MO,n;eJIIDC, paCCMOTpeHilliX B pa6oTax 

IllBe,n;a (I98I r.), ApecTOBa (I983 r.), Eapa.HOBa (I985 r.). 

B 3arnieim @1CCepTagmr IIpUBOMTC.R. OCHOBHble pe3y.7li,TUTbl H 

BbIBO,ll;bl, 

I. 0CyJl18CTBJI8Hbl IIOHCR H HCMe,ll;OBaHHe xapa.KTepHCTHR POM8HU.R. 

.O'IapoBaHHWC '!aCTHIJ;: /\: - • 6apHOHOB H i - M830HOB B HefiTpoH-R,ll;epHllX 

B3a.I-IMO,n;e:ll:cTBID!X np:lil ::meprHH He:ll:TpOHOB ,- 40 rsB C IIOMOUU,IO CII8RTpOMeT

pa EMC-2. MsMepeHa Macca /\ i. Orrpe.n:e~eHo oTHOllleHl'Ie nap~am,HHx lllH-

pHH pacna.n;oB A: - K° pgr+£- R A! -J\g[,+£+5r-_ 
B 3RCII9pHMeHT8 HM.mqIJ;8HO (28): 

+ - .tr.' 0 ~+1e-. 
(207 ± II) pacna,n;oB Ac-,,.J<0 PTL+Jc, Xs-+JL L ' 

(93 ± s) pacrra.n:a A!-A 1i+Jr+JL-, A-P9i:-; 
(32 ± 3) pacna,n:a A.;.-+ K+(892,)5Z-,c-, K+(S92)--.J<0 JL~ 1<;-.y;+ffL1 
(2I ± 3) pacrra.n: J0+K+(892) g;,-, x+(892) ... K0Jf~ K;~x+g[-;. 

&ro .R.BJI.fl9TC.R. nepBbIM cTaTHCTH'!ecRU o6ecne'leHHblM IIp.R.MbIM Ha6~!Qil;e

HHeM A: -6apnoHOB Hi - M830HOB llpH 3H8pI'H.R.X Hl'IJKe IOO raB, 

Il03BOJIHB!IJHM: 

I.I. Onpe.n:e~Tb Be~ Maccbl 

M (/rt.) c (2268 ± 6) M3B/c
2

• 
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O'!apoBaHHoro J\~-6apnoHa: 

I.2. 

I.3. 

nnepmrn ua6.niqIJ;an pacrra.n: ·· , A~ - K0 p:£-+JL-. 
BnepBble orrpe,n;em1Tb oTnomeHl'Ie rrapn11am,HHX nmpllli pacna,n:oB 

A+. 
c· B;. (11;-.x0 nr+£-)/B~{ll~ ... 1ii/+JL~JC-J=4,2±o,s. < 

24 
) 

I. 4. ~npe.n:e~Tb ,rurnaMmec.~.e .xaprutTepHCTllRIJ poMeHWI A! - 6a

pnonoB u .ii, - M030HOB - rrapaMeTpbI HHBapururTHllX c'l'pYRTYPHbIX ipyruam:ll: a 

npe.n;cT~eHRR.X: 2 
·E* ol.36/d.P.,.Z.dx,.., (J-X)"! exp{-B·~) 

1JJIH £* d'ti-/dPr"·dX,.,, {i -x) n. exp~#· Pr). 

Hru1.n;eHo' "ITO ~(A~> = I,5 ± 0,5 ; 

-8(/\~) = (2,5 ± 0,6) (raB/c)-I 

"'-3( n°) = I;I ± 0,5 ± 0,4; 

B/ n° ) = ( I,2 ~ 5;§ ) (rsB/c)-2; 

lly< ~-) = U,8 ± 0,4 ± 0,4; 

By( A-) =(I,8:: f;~) (fsB/c)-2• 

0Tc!Qil;a c.~e,n;yeT, 'ITO: 

- cpe,ll;Hl'I:ll: nepneIUUmyJIJipHH:ll: HMny~c o'!apoBamrux 11acTnn paBeH 

<PT) = (0,?5 ± O,I3) raB/c, (IO), (20). OTO IIO,!UepmmaeT rIIIIOTe-

3y O TOM, 'ITO <PT> pacTeT C pOCTOM Maccbl RBapRa, BXOMll!ero B n:c-

CJie,n;yeMyIO "IUCTHey (.Il,IDl o6bl'IHbIX 'IUCTHU <PT> ~ 0, 3 rsB/ c, .Il,7IJl 

CTpaHHbIX nnepoHOB <PT> ~ 0,5 rsB/c); 

- IIORa3aTe.7li, CT8II8HH lIHBapHaHTHOtt CTPYRTYPHOil iI>YIIBnHll, OIIHCbIBaro

lll9il crreRTp npo,n;OJI1,HllX IIMIIYJli,COB /\ ~ - 6ap110HoB u i - MesonoB, Jr., 

~,71. OTO YRa3bIBaeT na TO, "ITO "~ - 6aplIOHil n: i -., 
M930Hll n_pn: :mepI'JIJIX He:ll:TpOHOB 40 ~ ?O raB B 06.nacTH X ~ 0, 5 poJK-

'A8lOTCR B ,ll;HWI)8KUHOHHOIIO,n;06HOM riponecce. 

I. 5. BnepBble' IIYT8M IIP.R.Moro HU6.mqIJ;9Hl'ISl POM8Hltll /\ ~ - 6apHOHOB 

rro pacrra.n:aM /l!+X0 pq[+!![- 11 11;-/\ gr+!J'['+JL- Ha R,ll;paX yr~epo-

'Aa, a.Jil<Nn:HIUI H Me,I\11, IIOJJY'Ill'l'b HHq>OpMa.tnIIO OT A - 3aBHCHMOCTH none-
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pe'lHOro ce'leHIDJ. poJn,JJ;eHIDl. At - 6apnoHoB B o6JiacTu X ~ 0, 5 B 

rrapar.ieTpn.8,aumr: 

E»iA = G;, A~ 

lia.JmeHO, '!TO J..-::: 0, 73 ± 0,20. 

0,IUiru<O Ha6JIIO,IJ;e1me po~eHllil A ! c Bo.nopo.nHoii MRI11em10 rroKasH-

BaeT, '1To eCJm G;, = S,..p, TO olpc= 0,89 ± 0,19. (30) 

l. 6. ~.neJmTb BeJllI'WHli rrorrepe"!HliX ce'lelllfii poll\neHrul A ~ -
6apnoHOB n ~ - MesoHOB B IillliJII03ill3HHX IIJ?oueccax B o6JiacTn X ~ 0,5 

Ha Mpax yrJiepo.na. 

c ncrrOJII:,sonrumeM cs> c A!~A'K+1f+Ji- > = c2,s±o,7±1n1
; 

Haii.I(eHo, '1TO rrorrepe'llille ce'lemm poll\neIDIJl A 6 - 6apnouon 11 Ji - Me

soHoB B H9HTPOH-yrJiepo.mrax B3UHMO,I(9HCTBIDIX pallHH (22), (2la): 

. C,,:c< I\~) -::: (82 ± 44) MK6 11 G;.c ( JL ) -::: (52 ± 17) MK6. (31) 

E.ml30CTI:, B9Jill'll!H 3TIDC uorrepe'1HHX ce'lemr:i1 y1m3h!B8CJT Ha TO, '!TO 

IIJ?lI X ~ O, 5 .noMIDilipye.:. accounaTRBHOe poll\neIDIO ( ;1 ~ ii ) aa,u; acco

unaTHBllliM po.ll;n;emrnM (.I( ,10. 
HeHa6.JIIO,I(eIDie B 3KCII9p1IM9HT9 ~o ll Jt - M930HOB rro.n;.nepmma.eT STY 

I'iillOT93Y, 

3KcTparro.JIJmIDI rrorrepe'!HHX ce'!eIDiii poE;D;eIDl!l A ~ B HeiiTPOH-yrJie-

po.mrax :ssa.nMo.neiicTBID!.X B mmeMa.Tll'!ecKyro o6JraCTb X ~ O l'l 1, ue:llTpoH

HYKJIOIIIIliM rrorrepe'!IIIDII cet.IeHlifIM po1.\Il;eIDlll c. l'lcrrom,soB8.HlleM ~apaMeTpa 

l'l3 (30) IIplIBO,I(l'lT K 

6;,H ( X ~ 0 ) -::: (28 ± 17) UK6 B MO,I(eJm "A" 

lI On N ( X ~ 0 ) -::: (II ± 7) MK6 B MO,I(eJilI "E" (32) 

C Cl'lCTeMaTl'l'18CKOH rrorpeIIIHOCTI:,IO H9 6oJiee·40 % . 
IlOJIY'!eIIHHe B8Jlll'lIIHli rronepe'1IIIDC C8'18Hllil poll\n9Hrul MO,I(9JII:,H0-3aBIICl'l

MH, HO TeM He M9H88 OHII Bl,llll8, '19M o,rcrmaeTCR. l'l3 MHOrllX TeopeT11'!9CKIDi. 

MO,I(eJiefi, HO BllOJIHe corJiaCyIOTCH C paC'19TaMll EopeCKOBa ll Ka.fi,n;aJIOBa 

(1963), Tpo1mnia n Tropl'lHa (1983). 
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CpaBHeIDie H8lllHX ,I(aHHIIX (32) c ,I(pyr'llMll, IIOJIY'19HHliMll IIJ?ll 6oJiee Bll

COKllX 3H9PriiJIX, IIOita3HBaeT, '1TO B illllPOKOM l'lHT8pBaJie 3Hepl'lrli OT 

fl"~ IO raB .no ff ~ 60 rsB IIBKJI!OSllBHoe rronepe'1Hoe ce'leIDie pox

.nemm B HYHJIOH-eyKJIOHllliX B3a.HMO,I(eilcTB:ruIX yneJm'lllBaeTca IIJ?IlM9pHO B 

IO pas. 

2. IlOJIY'19HH HOBHe ,I(aHHHe 06 llHKJIJ03llBHHX rronepe'lHHX C9'18HllaX 

p01l0!:8IDIH B HeiiTpoH-yrJiepo,IUIHX B3anMO,I(9HCTBllilX rmiepOHOB: 

l::t (1385), g-, ,2° (1530), n- n aHTllrJ'lII8pOHOB
0

: A 
L +, B 06JI8CTll X ~ 0,2. 

A, -, L-(1385), 

2.L AJm /\, Z ± (1385), 2- II ,i\" l'lCCJI8,I(OBa.Hli 

cneKTpH npo,I(OJII:,HHX H nonepe'lHHX HMTIYJII:,COB 3TllX '18.CT:im; B CT8II8HHOH II 

3KCllOH9HIUiaJll,HOH aIIIIJ?OKCl'lMau,Ill COOTB9T CTB8HHO. Haii.I(eHH ,I(IDiaMll'18CKlI8 

xapru<TepIICTI'lKH IIX poll\neIDiJl: rro1tasaTe.im cTerreHH ·· N II rrapaMeTpH HaK

JioHa 8, KOTOpHe HaxOMTCa B xopOill8M corJiaClill C IIpaBIIJIOM pa3M8pHoro 

C'18Ta ll ll3B9CTHOH rrpocToil I'lill0T930il: '18M 60JII:,I118 06JJUtX BaJI9HTHliX KBap

KOB rnnepoH l'lM88T C II~aIW!llM HYKJIOHOM, T8M CllJll,H88 Il]?OHBJIIDOTCa ero 

JIIWipyIWm:8 CBOilCTBa. 

2.2. }illKJI103lIBHH8 norrepe'lHHe C8'18HlIJl p0ll\n8ID!Jl rnrrepOHOB ll aHTIIrll

rrepOHOB, 3KCTparroJmpOBaHHli8 B IIOJIHyIO Kl!H8MaTI!'18CKYJO o6JiacTI:, II R HYR
JIOH-HyRJIOHHHM B3anMO,I(8HCTBllfilJ, HaXOMTGa B xopomeM corJiaclill C lIX 

SHepreTII'18CROii 38.BllCllMOCTI:,IO, IIa6JIIOJI;aeMoit B pp - B3allMO,I(eitcTBIIaX. 

3TOT qia.RT CBlm8T8Jil,CTBY8T O TOM, '1TO B o6JiaCTll WparM9HTruJ,IllI '!acTmi; 

IIY'!Ka .R,ll;epHHe ~KTli He C:WU.HO BJII11l!OT Ha 06lll1Iil xapaKTep PO.ll\I\8HM 

rIIIIepOHOB Il aHTilrIInepOHOB. 

2.3. Brrepwe C IlOMOIIII>lO BJISRTpOHHOil MSTO,!Umli H86.iro.I(8HO pOJK

,I(8H.l:l6 ~- H°Z0
(l530) B Iry'IRS 'JaCTmi; C HyJISBO:ll CTpaHHOCTI:,ID,a TaKllte Ha-

- -+ 
6JIIO,lJ;6Hli ::E - ( 1385) HZ:: '0 ROTOpliX: SCTI:, JilllllI:, ,I(aHHli8 II3 pp - 3RCnepH-

M8HTOB IlpII 300 II 400 raB. 

3. IloJIY'!eHH HOBlie .II;amrue o rroJIHp11saumr A - rnnepoHoB n A:-
6apl'lOHOB B HeilTpoH-yrJiepO,IUiliX B38.llMO,I(eilcTBrulX npn cpe,IUieH 3Heprnn 

40 raB. 
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3.I. IloMpns~ A - rmrepoHOB nsMepeHa B 38.BHCllMOCTn OT rrorre-

petJHoro m.myJII,ca PT B IDITepBaJie (0 ~ PT ~ 1,2) raD/c. 

~e rroRa.3HBaIDr, 'ITO noMpns~ A -rnrrepoHoB pacTeT c YBB.II.li

'l9HR9M, PT , .IIOCTliI'Wl B8.lm'Illllli / q> I:::: 0, 3 rrpn PT Z O, 6 raB/ c. 

WopMa cneKTpa nOJllipnsaqim A - rnnepoHoB n ee Be.7IH'llIHII Ha.XOMTCJI D 

xopomeM corJiacHH c .!18.HHHMll ns PP - a:imrrepnMeHTOD npn VS = 53 n 

62 raB, 
0

'lTO yRa.3HBa8T Ha H838.BlICllMOCT!, llOJlliplI3aq!Ill 

SHeprnn JI copTa HYKJIOHOB lly'!Ka Il 'ITO Ha IlOJlliplI3aIJ;llIO 

He CILTll,HO BJIWUOT JmepHUe a@ieKTH. 

A - rnnepoHoB OT 

/\ - rnnepoHoB 

+ 
3.2. 06mpyJKeHa acHMMeTprui: B pacna.nax A , ROToprui: ,!\aeT orpaHn-

.4 + C 
'leHlle Ha ll0Jllipll3a.IJ;lll0 /IC Cffi13Y npn .( p T > = 0, 43 raB/ C D HHTepBa-

Jie (0 ~ PT ~ 1) raB/c: 

J'ffl,...HH = (0,5 ± 0,2) • 

8To yKa3HBaeT Ha TO, 'ITO A; poJlf,Il;aJOTcJI B HenoJIJipnaoBaHHoM ny'llte 

H9fiTpOHOB c a6cOJIJOTHOll BeJilI'lllliofi 6oJII,me, 'leM /\- rnnepOHl:l, 'ITO no-
A+ . 

JIJip:irn~ /I - 6apnoHoB pac.TeT Kpy,re c pocTOM PT, 'leM /1 - m-
e + 

rrepoHoB. TaKoe rroDe,!\eHne noJIJipnaa.rnm /\c rrpe,!\cKaaHBaeTCJI D pa6omx 

lilBe.I1a (1981), ApecToBa (1983), EapaHoBa (1985). 

3. 3. CoBoKyIIHoCT!> ncCJie,!\oBaHnH rroJlfl.puaaIJ;lln A n A; rroKaar:maeT ,' 

'ITO SIBJI9Hne IIOJIJipll3a.IJ;llll - xapaKT9pHrui: oco6eHHOCT!, D3anMO,!\efi

CTBllll KBapKOB, H9 liC'l93araQaJI C pOCTOM 8Heprnn CTa.J.!KlU38.lilllllXCJl HYKJIOHOD. 

4. COBORYilHOCTl> IlO.,'Iy'!8HHl:lX pe3yJII,TaTOB IlORa3HBaeT B03MOlKHOCTI, 

H nepcrreKTnBHOCTI, ,!\aJII,H8HWHX aRcnepllMeHTaJII,Hl:lX liCCJI8,!\0Darmfi O'lapoDaH• 

Hl:lX 'laCTlW: II IlOHCK 8lt30Tll'l8CKHX Y3Knx COCTOJlffilH rrpn SHeprnJIX cepny

XOBCRoro ycRopnTeJIJI. 

---000--

K HaCTO~eMy BpeMeHll Ha IlOJiy'!eHHOM c IlOMOlltE,IO EMC-2 HCXO.I\HOM Ma

Tep:ira.Jie ocymeCTBJieH IlOllCK Y3Knx 6apHOHOB no I{aH!l.JIY pacria.na Ha rurre

pOH n KaOH, a Ta.KlllEl CTpamrux: n co CKpHTOfi CTpa!lliOCT!,IO 6apnOHll9B no 

Kruta.JiaM pacrra,noB A+ P + rmorru, A +P + nnoHH, P/P-+J<o/1<0 +1<7'<~ 
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A/A+ P/P + J< :t + IIIIOHl:l. B peayJII,TaTe o6napy.i:;eu 6apHOHHl:lll ItaH,I(JI-

.IlaT D IlJlTliKBapROBOe COCTomme co CRPHTOll CTpaHHOCTI,IO #(1960) n 

l!CCJI8,!\0B8.Iill ero CBOil:CTBa; Il0.'Iy'!8HO Cl!JThHOe yKa3aime Ha cymecTBODa

Hlie B npnpo,r,;e 3K30Tl!'l8CRllX COCTOJlIIl1ll 6apuoHneB co CRpHTOfi 1,1(3255) 
•) ') 

i,i::iB/cN n OTRph!Toii cTpanHocT1>10 l,!(3050) MaB/c'·. 

Il0JIY'l8Hl:l HOBHe ,!\aJIHhle O .Illi(l)parm;noHIIOll ,!\UCCOll;IIa.rnm H8llTpOHOB D 

I\ K0
) Ha DO.I\Opo,D;e H yrJiepo,!\e. Brrepooe Ha6JI~eHo KorepeHTIIOe po.JK

,r,;emrn (. AK°> Ha Jmpax yrJiepo,D;a. IloJIY'leHl:l HOBIW ,D;amnie o poJlf,Il;emm 

<Pc1020) -+K+I<-. OTO IlOKa3HBaeT .I\llaIIa30H 3KCil9p:liM9HTaJII,Hl:lX nc

CJIB,ll;OBa!Ilill, BHIIOJIH9HH!:lX C IIOMOlltE,IO Cll9KTpOM8Tpa EMC-2. 

0CHOBHl:l9 peayJII,TaThl ,IUICCBPTamrn orrydJIIIBOBaJru B pa6oTax: 

I. AiixHep r., AJieeD A.II., ••• Jinxa'leD !,I.Iii. 11 ,D;p • 

EecqiuJIJ;MOBhlll CII8RTpOM8Tp EHC-2 ll ero (llll3U'l9Cime xapaI{TepJICTHIDI. 
Coo6IIt9HlI9 OHffiI, 1-80-644, )Jydna (1980) 1-17. 

2. AJieeD A.H., Apeqi1>eB B.A., ••• lllL"m'leB M.!l.i. u ,D;p. 

Kana.JI H8llTp8.JI!,Hl:lX 'laCTlll.1 cepnyXOBCRoro YCROplIT8JIJl. Coo6meHne 
Ol!ID1, 1-63-910, Jly6Ha (1983) 1-8. 

3. AJieeB A.H., ApeqiMB B.A., ••• YiliXa'leB M.ili. 11 ,D;p., 

3HepreTU'l8CRll8 cneKTpH raMMa-KBaHTOD lI H8HTpOHOB B IlY'lK8 

HefiTpa.Jil>Hl:lX 'laCTfil1 ceprryXOBCROro YCIWplITBJlli (Kana.JI 4II). 
Coo6meHne OlmM, 1-81-67, )Jy6na (1981) 1-7. 

4. 18.JiaH.I\llH B.II., 13eJioropJioD E.A., ••• Jlnxa'!irn M.!l.i. n ,D;p. 

BoCCTaHOBJiemrn ::JHepreTn'leCitIDC crreRTpOB HeiiTpOHOB no Ra.JIOplIMBTpn~ 
'l8CRllM lI3MepemIJIM Ha KaH!l.Jie 4H cepnyxoBcKoro YCKOplIT8Jlli. 
Coo6meHn9 OHml Pl-66-403, )Jy6Ha (1986) 1-7. 

5. AJieeB A.H., Ape~eB B.A., ••• Jinxa.'leB M.~. n ,D;p. 

CncTeMa c6opa ,D;8HiillX crreI{TpOMeTpa EHC-2. 

Coo6memre OWil1, Pl0-87-272, .Ily6Ha (1987) 1-13. 

6. EBCUROD 11.11., I1BaH'leHKo 11.M., KapneHKO R.H., KuplIJIJIOB ,ll,.A., 

.linxa'leB M.~ •• MopoaoB A.H. OpraHHaaIJ;llJI nepe,D;a'ln UHqiopMarnm 

B pacrrpe,D;eJIEHHOll ClICTeMe 3BM Ha JI.liHllli C 8KCil9pllM8HT8.JII,HOH YCTa
HODROH EHC-2. Coo6memre OIDIB, 10-83-773, )!y6Ha (1983) 1-7. 

7. EypHJIRoD ,ll,.T., Jllixa'leB M.~ •• MapKOB Il.K. n ,D;p. 
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IlporpaMMa "IlepyH" ,lJ,JI!l reoMeTpINeCKOil: peKOHCTPYRitlill co6HTllH B 
3KCll8p.HM8HTax no llOllCKY HOBl:lX qacTRU Ha YCT8.HOBK8 EHC-2. 
Coo6~eH1:Ie Olliil:l., I0-80-656, ,lly6Ha (1980) 1-12. 

B. EypRJIBOB ,ll. T •• re~eB B.M •• JIRxaqeB M.w. ll ,np.: 
:3qxpeKTllBHOCTL H TOqHOCTL BOCCTaHOBJ!8HRli COOHTHil:, pel'llcTplzyeM!:lX 
EHC-2 c noMOllll>IO nporpaMMH reoMeTpmecKoil: peKOHCTPYRitlill "IlepYH"· 
Coo6~eHl:Ie Olliil:l., I0-81-772, ,lly6Ha (1981) I-8. 

9 • .AmlxOBCID!il: B.E., roBOPYH H.H., ••• JrnxaqeB M.w. H ,np.: 
ABTOCOllpOBOl!Ql;9Hli9 MaCCOBOil: o6pa60TKH 3KcnepllM8HTa.Jll,Hl,lX ,ll;aHHWC 
Ha EC· 3BM. IlpenpHHT Olliil:l., PI0-87-193, ,lly6Ha (1987) I-IO. 
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