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OBilJ;Aff XAP AKTEPI:ICTI:IKA P ABOTbI 

AKTYa.JihHOCTb pa60TbI. HalIII'1IIe D;BeT0BhlX CTeIIeHen: CB060p;hl y 

KBapK0B IIpIIB0)J;IIT K npeµ;cKa3aHHIO orp0MH0ro '1lIClla pe30HaHCH.bIX co

CTO.lIHlIR, 60llblillIHCTBO 113 K0T0pbIX e~e He Ha6rrIO)];aJIIICI, 3KCIIepIIMeH

TalI.bH0. HanpIIMep, B pa6oTe <ppaHD;y3CKIIX TeopeTIIK0B [1], nocB.lI~eHHOH 

aHalIII3Y pe3oHaHcHhlX cocTO.lIHIIH N N 1r, B M0p;emI ;a;Byx n;BeTH.hIX MeIIIK0B ·· 

coep;IIHeHHhlX CTpyHoii:, npe;a;cKa3hlBaeTC.lI 0K0lI0 20 pe30HaHC0B B CIICTeMe 

pp1r+, IIny'!aeMoii: B Harneii: pa6oTe, B ;a;IIananoHe acpcpeKTIIBHhlX Mace (2 +3 
faB/c2). OKa3alIOCb, '1T0 Mbl Ha6rr10µ;aeM, C xop0IIIIIM C0BIIa;a;eHIIeM, 3Ha

'IIITellhHYIO '1aCTI, 113 HIIX. 

O;a;HaKo 3p;ec.h BCTaeT cepbe3Hhlrr Bonpoc o rnnpHHax pe3oHaHcoB, a 

crrep;oBaTerr.hHo, 06 nx rrpnpo;a;e. Mhl He Morrrn 6hl Ha6rr10p;aT.h cep1IIO pe-

30HaHcoB C 60JII,IIIOH IIlI0TH;0CT.bIO ypoBHeii:, ecrrn IIX III1Ip1IH.bl 61,rnn 6hl 

TaKIIMII )Ke, KaK y o6I>I'1HhlX pe3oHaHC0B. KaK 6yp;eT BII)J;H0 113 µ;arr.hHeii:

rnero, 3KCIIepnMeHTalII,Hhle IIIIIplIHhl Ha6rrIOp;aeMhlX HaMn pe30HaHC0B II0-

'ITII Ha rrop.llp;0K MeH.bIIIe, '!eM y 06hl'1HhlX a;a;poHHhlX pe30HaHC0B. Ecrrrr 

rrpIIH.lITI, BO BHIIMaHrre pe3ylII,TaTI,I µ;pyr~ HaIIIIIX pa6oT, cmmaHHhlX c 

rrccrrep;oBaHrreM ynKIIX pe30HaHC0B B CIICTeMax PP, 7f7f (cM. [2] - [12]), TO 

M0)KH0 rrpIIHTII K BhlBop;y, 'ITO MM IIMeeM µ;erro c HOBOH <pII3IIKOH - B3aHM0-

;a;eii:cTBIIeM KBapKoB (nrrn aµ;poHoB) Ha 6orr.hIIIIIX paccTO.lIHIDIX, rµ;e TeoplI.lI 

CIIJII,Hl,IX Bt3aIIMOp;en:cTBIIH µ;arreKa OT 3aK0H'IeHH0CTII. OTcIOp;a 0'1eBIIp;Ha II 

aKTyarrI>H0CTI, 3KcrreprrMeHTalII,Hl>IX rrccrreµ;onaHIIH TaKIIX acpcpeKTOB. 

OcuoBHaJI n;eJih ~u:ccepTan;u:ouuoi pa6oTbI. B p;aHHOH pa6oTe Mhl 

IIMeeM µ;erro C H0BI,IMII acpq>eKTaMII, rrorry'IeHHhlMII B YHIIKaJII,HhlX yclI0BII.lIX 

(rroµ;o6H.hIX HeHTpoHHhlX rry'1K0B HeT HII B op;Hon rra6opaTopIIrr MIIpa), rro-

3T0MY 0CH0BHaJI IJ;elII, ;a;nccepTaIJ;IIOHHOH pa60Thl 3aKlIIO'Iarracb He TOlI.bK0 B 

IICCllep;oBaHIIII H0BhlX pe30HaHC0B II orrpeµ;erreHIIII IIX xapaKTepIICTIIK, HO II 

B p;oKa3aTellbCTBe 3Ha'1IIM0CTII Ha6rrIOp;aeM.bIX 3<pcpeKTOB II B p;oKa3a'.rerr.h

CTBe '11ICTOThl n HeIIp0TIIB0pe'1IIB0CTII IICIIOlI.h3yeMOH MeT0)J;IIKII. 

3Ha'IIIMOCTb acpcpeKTOB p;eM0HCTpnpyeTC.lI He T0llbK0 µ;ocTaT0'1H0 6orr.h

IIIIIM 0TKlI0HeHneM OT cpoHa, HO n coBrrap;eHIIeM pe3yrr.hTaToB II3 p;Byx pa3-

HhlX peaKIJ;IIH IIpII Pn ~ 5, 2 raB/c KaK Me)Kµ;y co6on, TaK II c pe3yllbTa

TaMII IIccrrep;OBaHIIH Tex )Ke peaKD;IIH rrpn Pn ~ 3, 9 II 4,4 raB/c. 

MeTO)J;II'IeCKaJI 3Ha'1IIM0CTI, p;eM0HCTpnpyeTC.lI yp;0BlleTB0peHHeM p.llp;a 

TeCT0BhlX Tpe6oBaHIIH (xopornee coBrrap;eHne rrorry'IeHHhlX_ HaMII 3Ha'!e

HIIH Mace II IIIIIplIH II3BeCTHI,IX pe30HaHC0B C IIX Ta6lIII'IHhlMII 3Ha'IeHII.lIM, 
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BhIIIOlIHeHIIeM COOTHOIIIeHirn, BhITeKaIOlll;IIX I~3 II30TOIIII'leCKOH CIIMMeTpIIII 

II T.µ;.). Bee GTO .JIBJIJieTcJI penyrrhTaToM conµ;amrn aµ;eKBaTHOII MeToµ;uKn 

o6pa60TKII µ;aHHhIX II Tlll;aTellhHOI'O aHamma 3KCnepIIMeHTallhHOI'O MaTe

pIIarra. 

Hay'IHaH H0BH3Ha H rrpaKTH'leCKaH u;eHH0CTh pa6oTbI!Bnep

Bhie B CIICTeMe pp1r+ B peaKIJ;IIII np _. pp1r+7r-7r- npII Pn ~ 5,2 r3B/c 

o6Hapy)KeHa cepII.lI ynKIIX penoHaHCOB. Onpeµ;erreHhI IIX MaCChl, IIIIIpIIHhI, 

ce'!eHIIJI II CTaTIICTII'leCKIIe 3Ha'IIIMOCTII. Onpeµ;erreHhI MOp;hI pacnaµ;a pe-

30HaHca B cIIcTeMe pp1r+ c Macco:ii 2596 MGB/c2. IIpoIInBep;eHa ou;eHKa 

cmrnoB penoHaHCOB c MaccaMII 2596 n 2709 MGB/c2. 

IlpaKTII'leCKaJI u;eHHOCTh pa60ThI naKlIIO'laeTC.lI B B03MO.IKHOCTII cpaB

HeHII.lI norry'leHHhIX 3KC1IepIIMeHTallhHhIX µ;aHHhIX C TeopeTII'leCKIIMII MO

µ;errJIMII B 6orree CTpOI'OM CMhIClle (norry'leHhI He TOllhKO xapaKTepIICTIIKII 

op;HOI'O KaKOI'O.-TO penoHaHca, HO II nocrreµ;oBaTellhHOCTh penoHaHCOB, xa

paKTep KOTopo:ii orpaHII'IIIBaeT Krracc Moµ;erre:ii), B B03MO)KHOCTII IICITOllh-

30BaHII.lI HaIIIIIX µ;aHHhIX µ;JIJI nrraHIIJ)OBaHII.lI 3KcnepIIMeHTOB B HeHTpOHHhIX 

ITY'!Kax JIB8, B B03MO)KHOCTII IICITOllh30BaHII.lI 3TIIX µ;aHHhIX p;rr.lI aHarrIIna 

.lip;epHhIX B3aIIMop;eHCTBIIH, B. B03MO)KHOCTII IICIIOllh30BaHII.lI p.Hp;a MeTOp;II

'leCKIIX npIIeMOB npII o6pa60TKe µ;pyrIIX 3KcnepIIMeHTOB. 

Arrpo6au;m1 pa6oThI. OcHOBHhie norro)KeHIIJI pa6oThI o6cy)Kµ;airIIch 

Ha ceMIIHapax H8KO II JIB8 II µ;oKrrap;hrnarrIIch Ha XII II XIII Me:,Kp;yHa

pop;HhIX ceMIIHapax no npo6rreMaM q>II3IIKII BhICOKIIX 3HeprIIH II Ha Me)K

µ;yHapop;HOM coBern;aHIIII "OT MGB µ;o TGB" (Cononorrh 96, BorrrapII.lI}. 

PenyrrhTaThI, 'OITIICaHHhie B p;IICCepTaIJ;IIII, ony6mIKOBa:E~hI B 9 pa6oTax, 

CIIIICOK KOTOphIX npIIBOp;IITC.lI B KOHIJ;e aBTOpeq>epaTa. 

O6'beM H CTpyKTypa pa60Tbl . .IJ:IIccepTaIJ;IIJI COCTOIIT II3 BBep;eHII.lI, 

'leTbipex I'llaB II naKlIIO'leHII.JI,· II3lIO)KeHHhIX Ha 78 CTpaHIIu;ax, BKlIIO'laJI 30 
pncyHKOB II 6 Ta6rrIIu;. CnIICOK lIIITepaTyphl - 31 'HaIIMeHOBaHIIe; 

. '-

CO.IJ:EP)KAHIIE P ABOTbI 

Bo BBep;eunH µ;aHo o6ocHoBaHIIe TeMhl. KopoTKO onIIchrnaeTcJI Heii:

TpoHHhIH ( cTpnnmrnroBhIH) KaHarr JIB8 OIIHII [13] II xapaKTep11cTIIKII 

T0'IH0CTII II3MepeHIIII TpeK0B: pacnpeµ;erreHII.lI 0TH0CHTellhHhIX OIIIII60K Im

MepeHII.lI TpeK0B IIMeIOT MaKCIIMYM 11 IT0lIJIIIIIpIIHy Ha norryBhIC0Te 2, 0% ± 
0,8% µ;rrJI IIMnyrrhcoB norro2KIITerrhH0 napJI)KeHIIhIX TpeKoB n 1,9%±0, 7% -
p;JI.lI ()TpIIIJ;aT~llh~O napJI)KeHHhIX TpeKOB; 0, 0013± 0, 0009 II 0, 0023±0, 0014 

2 
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µ;mr oIIIn6oK nnMepemrn TaHreHcon yrrron norpy2Kemrn (.6.tgo.), cooT

nc'TCTBeHHo; 0, 0008 ± 0, 0005 paµ;. II 0, 0013 ± 0, 0008 paµ;. - )])Ill OIIIII60K 

nnMepemrn annMyTallhHhIX yrrroB ;J. 

B rrepaoii rnaae onnchrnaeTcJI cIIcTel\rn IIHTepaKTIIBHhIX. cnJinaHHhIX 

MC'2K;J;Y c:06011 crry2Ke6HhIMII qiarfoaMH, nporpaMM II0;J;I'0T0BKII pen_vrrhTa

T0B I'POMPTJ>II'IeCKOII pPK0HCTPYKU:1111 TpeK0B K nocrre;::i;y10rn;e11 o6pa60TKe. 

OcHOBHhIMII rm HUX .lIBllllIOTC.lI crreµ;y10rn;ue: 

• IlHTqmKTIIBHa.JI nporpaMMa ITPpenm:u µ;aHHhIX C Mal'HIITH0II rreHThI 

mt IBM-PC c oµ;Honpel\H'HHoii m'pPq>opMnpoBKoii, 11 nepeKO;:i;npoBKoii 

•mcc•rr rm BHYTIWHHPI'0 npe;a;cTanrremrn nx Ha EC-8B:M n rr1w11;c·TanrrP

Hne mt IBM-PC. Ilpn 3T0M nponcxoµ;nT oT6op co6hrT1111, oTBP'HlIO

rn;nx :ia;a;aHH0II T0II0lI0I'IIII. 

• lIHTepaKTIIBHa.JI nporpaMMa copTirpoBKII co6hrTuii no HoMepy rr:H'H

KII, H0Mepy Ka;a;pa II Koop;a;rrnaTaM . .IJ:rrJI ynellll'It'Hllll CK0p0l'TII copTII

poBKII u yMCHhIIIeHII.lI Tpe6onamrii K ;a;ncKonoii: II orrepaTIIBHoii mtl\rnTn 

copTirpycTc.JI He ncxop;Hhrii qiaiirr DST, a 1rnµ;eKCHhrii: qiaiirr rrpaMoro 

µ;ocTyna (3TOT qiaii:rr IICII0llh3YCTC.lI-II ;a;pyrHMII nporpauwnm o6pa-

60TKII),. coµ;ep2Karn;n11 IIHq>OpMaIJ;IIIO () HOM CJ){' IIJH'HKII, H01IC'JH' Ka;a;pa. 

Koop;a;uHaTax nnPn;a; n H0MPpe co6hITII.lI n ncxo;a;HoM q:iaiirre DST. 

• lIHTepaKTIIBHaJI nporpaMMa II0IICKa co6hITIIii II:1MC'I)C'HHhIX 6oITP(' 0;J;

H0I'0 pana II rrporpaMMa o6'bC')];IIHPHH.lI HPCK0llhKIIX 'IaCT('Ii CT.-tTII

CTIIKII B 0)];IIH q:iaii:rr. 

.IJ:rrJI IIJ>IIMcpa mt pucyHKC 1 rrpIIBP)];PHa K0IIII.lI 3Kpamt rrporpal\I1lhl II0-

IICKa co6hITU:LI nnMcpcHHhIX 6om'P o;a;Horo pana, rro:1norrJI10rn;aa npo

cMaTpnnaTh µ;o p;CC.lITII nne:i;a; o;a;Honp<'MPHH0 II BhIB0l);IITh Ha :)KJ)clH 

II0lIHYIO HHq:>op1rnu;n10 0 co6hITII.lIX. 

• IlporpaMMhl rrpoBepKH Ka'IPCTBa II3MC'JH'HHii TpPK0B pa:iml'IHhll\III 

orrepaTopaMH H Ka'ICCTBct II3M<'pPHIIIi 0Tl);PllhHhIX IllIC'H0K. Ilponq>Ka 

Ka'ICCTBa Ht3MCJ>CHIIii TJ)CK0B pat3llll'IHhIMII orrepaTopaMII 0('_\"llJ;('ITB

ll.lICTC.ll cpaBHCHIICM mr;a;a, q>Pl);HHX nmt'ICHIIii II ;a;m:rrq)('IIIi p,H'IIJH';J,1'

JICHUii ImMepeHHhIX l);lIIIH TJ)PK0B, 0TH0CIIT{'llhHhIX OIIIII0OK Ill\II1y:n,

con, X2 II W 2 0IIIICaHIIJI Tl)CK0B. OT6op IlJif'H0K 0<'Jlll;C'<'TBllllC'T<'ll <"paD

HCHIIeM cpep;HIIX 3Hit'ICHHii cyMMapHbIX Ill\Il1)'Jlh!'0B I\ 
(P., = Ej=I Pj/k, r;a;e k •mcrro oTo6paHHhIX c Il0l\IOlll;hIO IITl'}>itU:II

OHHoii rrpou;P;a;Yl>hI co6hITnii ;a;aHHoii IllIC'HKn; I'j = Li~ 1 I';. f;Il;P 11 
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PIIc. 1: Komm aKpaHa nporpaMMhl nmrcKa co6hITIIII U3MepeHHhIX 6orree op;Horo pa3a. 

'IIIC/IO napJDIWHHblX 'IaCTI:UJ; B co6bITIIH), a3IIMJTallbHbIX yrrroB (J na

rrpaBITCHHir CJMMapHbIX HMIIJ/IbCOB .Ps II TanreHCOB yrrroB rrorpy)KCHIIJI 

tgo: HMIIJIThCOB .Ps. TaKo:rr aHamm rronBomrn 06Hapy.1KHTh B MaTepH

arrax HCKOTOpbIX ceaHCOB o6rry'IeHHJI JBClIH'ICHHe MarHHTHoro IIO/IJI B 

KaMepe, He6orrbIIIOe H3MCHCHIIe MarHHTHoro IIO/IJI B ycKOpHTerre, rrpn 

KOTOpOM IIpOII3BO/];HlICJI BblBO/]; IIJ'IKa, lI rrrroxo:rr rrpII)KIIM q>OTOII/ICHKH • 

K CTCKITY B HCKOTOpbIX lICHTOIIpOTJI)KHbIX MCXaHII3Max. 

Bo BTOpo:ii rJiaBe OIIHCbIBaeTCJI lIHTepaKTIIBHaJI rrporpaMMa lI,MCTO

/];IIKa orrpeµ;erreHIIJI rrapaMeTpOB rrrnm rraµ;aIOIIJ;IIX HCHTpOHOB, BBeµ;eHIIC 

rrorrpaBOK Ha MarHIITHOe rrorre B KaMepe II Ha/III'IIIC /IO)KHOII KpHBII3Hb!, 

IIp:riBoµ;JITCJI penyrrhTaTbI orrpeµ;erreHHJI napaMeTpoB rry<JKa HeIITpoHOB · ~ 
pa3/III'IHbIX ceaHcax o6rry'IeHIIJI rrpn Pn ~ 5, 2 r0B/c µ;rrz IIJITIIlIJ"ICilbIX 

:-rnenµ;. 

BerrII'IIIHa HMIIJllbCa II HanpaBrremre rraµ;aIOIIJ;IIX HCHTpOHOB B 1-MeT

poBOII Boµ;opoµ;no:rr KaMepe B Ka)Kµ;oM ceattce o6rry<JeHIIJI orrp~µ;errzrrIIcb no 

pacrrpeµ;erreHHJIM cyMMapHbIX IIMIIYllbCOB napJI)KCHHbIX '9:aCTHIJ; II Harrpa

IllICHIIJIM 0Toro IIMIIYllbCa ;ri;rrz C06bITIIII, B KOTOpbIX poµ;1rnIICb TO/IbKO na~ 

J)lI.iKCHHhle 'IaCTIIIJ;hI, II II KOTOpbIC 6brnII BbI/];ClICHbl IITepaIJ;IIOHHOH rrpo

IJ;eµ;yp011. Ha pIIcyHKe 2 rroKanaHbI pacrrpeµ;erremui cyMMapHbIX IIMrryrrhCOB 

P., ( P., = I:?= 1 A, rµ;e P,· - IIMrryrrhc i-o:rr '!aCTIIIJ;bI) napz)KeHHhIX '9:aCTIIIJ;, 

TaHrCHCOB yrrroB rrorpy)KCHIIJI tgo: cyMMapHbIX lIMIIYllbCOB, annMyTarrb

HbIX yrrroB (J HarrpaBrreHIIH cyMMapnux HMrryrrhcoB II 6arrancoB 0HeprHII F 
( F = J Pl- + m~ + mp - Es, rµ;e mn - Macca HCHTpoHa, mp - Mac ca rrpoTona 

MHIIICHII, E., = I:?= I Ej - cyMMa 0HeprIIH BTOpII'IHbIX oapJI)KCHHbIX '9:aCTIIIJ;) 
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µ;o II rrocrre (oaIIITpIIXOBaHHbie rHCTorpaMMhl) OT6opa co6blTHH HTepaIJ;H

OHHOH rrpoIJ;eµ;ypo:i-i. C IIOMOIIJ;hIO 0TOH )KC rrporpaMMhl ocyni;ecTBITJirrcz Bhl-

6op 0q>q>CKTHBHOro o6'beMa KaMephl. 
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Puc. 2: Pacnpegerremrn cyMMapHux UMIIYJihCOB P, 3ap.1DKeHHhIX '!acTu~ (a), TaHreHCOB 

yrrroB norpylKeml.lI tgcx cyMMapHhIX UMIIYJibCOB (6), aouMyTanbHhIX yrrroB /3 Hanpa.Bne

Hllll cyMMapHbIX HMIIYllbCOB ( e) n 6anaHCOB ()HeprniI F ( r) p;o II IIOCJie ( oanITpHXOBaHHh!e 

rncTorpaMMhl) oT6opa co6bITIIH 11Tep~1IOHHOH rrpo~egypon. 

IlpaBIIllbHOCTb BBC/];CHIIJI rrorrpaBOK Ha MarHHTHOe rrorre B KaMepe II Ha 

/IO)KHYIO KpIIBIIOHY TeCTIIpOBaJIIICb paolIII'9:HbIMII crroco 6aMII: rrpoBepKOH 

IIO/IO)KeHIIJI Mace 'T/ II w MCOOHOB, xopoIIIO :ija6mop;aIOIIJ;HXCJI B CIICKTpe 04>

q>CKTHBHhlX Mace KOM6IIHaIJ;IIII 7r+7r-7rO B peaKIJ;IIlI 

np ...... pp1r+-1r-1r-1r0 ' rrpoBepKOil BhlIIOlIHCHIIJI IIOOTOIIII'IeCKOH CIIMMe

TpHH B peaKIJ;IIII np ---> p1r+1r+1r-1r-n (B 0TOil peaKIJ;IIII /];lI.l:I IIOOTOIIII-
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'IeCKll CllMMeTpll'IHI,IX 'IaCTIIII; B 06IIIei'1 CllCTeMe IIeHTpa Mace IIMITJJih

CHhie CITeKTphl /];OJI.lKHhI COBITaµ;aTh, a pacITpeµ;erreHII.lI yrrroB BhIJICTa 'Ia

CTIIII 0* /];OJI.lKHhl 6hITh nepKaJII,HO CIIMMeTpII'IHhI) II µ;p. Ha pIICJHKC 3 

ITpeµ;cTaBrreno pacITpeµ;errenIIe acpcpeKTIIBHhIX Mace KoM6IrnaIIIIII 1r+1r-1r0 1m .,. 
peaKIIIIII np -+ pp7r+7r-7r-7rO ITPII Pn ~ 5, 2 raB/c ( CJMMa Bcex ceaHCOB 06-

rry'IeHII.lI). PacITpeµ;errenIIe aITITpoKCIIMIIpoBarroch HeKorepeHTHOII cyMMOII 

np ➔ ppn+n-n-n° Pn=5.2 raB/c 
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Puc. 3: PacrrpegerreHIIe 0cpcpeKTIIBHhIX Mace KOMforna~u'i: 7r+rr-rr0 II3 peaKL\lUI 

np -+ pprr+rr-rr-rr0 rrpII Pn ~ 5, 2 r0B/c. CrrrrowHaJI KpIIBaJI - arrrrpoKCIIMaL1II11 pac

rrpegerreHII.lI HeKorepeHTHOH cyMMoii: cpoHoBo~'i: KpIIBoii: (rryHKTIIpHait· KpIIBaJI) II /:IBYM.lI 

pe3oHaHCHhIMII KpIIBhIMII, B3.lIThIMII B Epeii:-r; -_B:n:rHepoBCKOII cpopMe. CTperrKII c~JO-i-

BeTCTBYIOT Ta6JIII'IHhIM 3Ha'IeHII.lIM Mace T/ II w Me3OHOB. 

<poHoBoii KpIIBoii, BIJ.lIToii B mrµ;e cyITepITom1IInII ITOJIIIHOMOB Jle:,Kattµ;pa µ;o 

IT.lITOii CTeITeHII BKJIIO'IIITeJihHO (K03qlqlllIIIIeHThl ITPll IIOJillHOMaX 6orree Bhl

COKIIX CTeITeHeii HenHa'IIIMhI)' II /];BJM.lI penoHaHCHhlMII KpIIBhIMII, BIJ.lIThIMII 

B Bpei'rT - BnrHepoBcKoii cpopMe . .IJ:orr.lI cpoHa cocTaBJI.lieT 91,0%. <Pon 

OITIICLIBaeT o6rr,aCTII BHe penonaHCOB c, x2 Ha oµ;ny CTeITeHh CB06op;hl, pa

BHhIM 1, 03±0, 11, II KBaµ;paTHhIM KOpHeM IIIJ /];IICITepcIIII x2 pacITpeµ;erreHII.lI 

JJ5 = l, 47 ± 0, 08, 'ITO 6JIIIIJKO K IJHa'IeHII.lIM /];JI.lI 'IIICTO CTaTIICTII'IeCKOI'O 

6 

pacrrp<'µ;<'m'HII.lI ( x2 = 1; ,/J5 = 1, 41). 

IIorry<I<'HHhI<' µ;aHHhie 06 17 n w ·· M<'30Hax ITp1meµ;eH1,r n Ta6:mu<' 1. B 

ITCJ>BOII KOJIOHKC Ta6mIIIhI npirneµ;eHhI TIIIThI ~racTIIU; BO BTOpofr - Ta6:rwr

HhIC nmVIC'HIH' Mace 'IaCTIIU; D TIH'ThCII - 3KCITepIIMC'HTalihHhie 3Ha'IeHII.lI 

Mace pP30HclHCOB; B 'l<'TBPpTOII ... IIX 3KCITPpIIMCHTaJihHhl(' wupnHhI: B ITH

Toii ::rn,VI<'HIIH ce'1cm1ii o6pa:Jonamrn pe:JonaHcon n p<'aKUIIII 

np -, p1nr+1r-1r-1r0 c own6KaMII, BKITIO'IaIOIUIIl\III own6Ky n OITp<';:xe:remm 

C(''l('HIIH :noii pPaKUIIII ( Cl\I. [14]); n WPCToii KOJIOHKC' ... 'IIIClIO CTaH;:t;apTHhIX 

OTKJIOH('HIIii OT cpomt. 'llncrro CTaHµ;apTHhIX OTKJIOHC'HIIIi pacC'IIIThIBaJIOCh 

ITO cpopMyrre S.D. = (Ne - Nb)/~. rµ;e Ne - 'IIICJIO co6hITIIii n 3KCITepn

M<'HTe, Nb - 'mcrro co 61,1Tnii n cpoH<' ( ITYHKTnpmtlI Kpnnaa na pnc. 3). Ifo 
Ta6JIIIUhl 1 DII/];HO, 'ITO MaCChI 3TIIX l\IP30HOB, OITpep;PlIPHHhI<' 113 Ramero 

3KCITPIHIM('HTa, COBITaµ;moT C Ta6JIIPIHhll\HI nHa'IPHHlll\III (" TO'IHOCThIO ):\0 

1,5 NfoB/c2 (~ 0,3%). 3mvr<'mrn 3<p<pcKTIIBHhIX Mace, rnnprrn n c<"H'Hnii ,, 

n w M<':JOH<>B, orrp<'p;<'lIPHHI>H' µ;mI panHhIX CC'aHcon o6rry'H'HIIll no;;::i:opo;ri:m>ii 

Kc1MCphI, C()BITap;aIOT B rr1wµ;errax 3KCITCJHIMCHTclllhHhIX own6oK. 

Ta6rrnIIa 1 

MT ±0.Afr AL,± 0.1'1" fn±-3.fa (T ± ~(T S.D. 
MaB/c2 1faB/c2 NfaB/c2 Jib 

17 547.45 ± 0.19 548,6±2,1 11 r:J,l 
·-+2,6 15.4±2.1 13.4 

w 781.94 ± 0.12 783,1±2,5 3·) 8-6,6 
-, +7,7 3-LG±5.0 10., 

B TpeTbe:U I'JiaBe KIHtTKO OITHChIB,U'TC.lI IIHTPpaKTIIBHctll nporpal\11\Ia 

KIIHeMaTIPICCKOI'O <pIITIIponamrn C06hITIIIi, MPTOµ;IIKa pa.nµ;C'JI('Hl!H co6hI

TIIII ITO KamtJiaM peaKunii, ITpllBO/];lITCH OIIC'HKII IIpIIM('("II co6hITIIIi o;:i:HOI'O 

KaHa.rra peaKIIIIH Il µ;pyroii 11 IIOTCIJh co6hITIIii. B KOHU(' I'llctBhl OIIIIChIB,H'TCll 

MCToµ; oITpeµ;crremrn panpcrnemrn no acp<peKTIIBHhIM l\Htccal\I n no cyl\n-mp

HOMY IlMITJJihCY HCCKOJihKIIX 'mCTIIII, rrpnnop;.lITC.lI P<':1,YIThTaThl Oil}H'/];(')l('

HII.ll pa3perneHII.lI ITO 3<p<pCKTIIBHOii: Ma.CCC pp1r+ .. KOM6IImtIIIIii rm P<'clKUIIII 

np -+ pp1r+1r-1r- rrpn P,1 ~ 5, 2 friB/c. 

IlaTIIJIJ'leBhie nBenµ;1,1 aITITpoKcnMnponamrch TI)('l\fll Kamrnal\m 1waKIInii: 

K,marr "O" · np -> pp1r+1r-1r- (4C-cpnT · 'H'ThIIH' ypanm•Hna cna:1n). 

KamtJI "1r0" .. np -> pp1r+1r-1r-1r0 (lC-<pnT oµ;Ho ypanH<'HIIa 1·nam1) n 

KaHarr "N" np -+ p1r+1r+1r-1r-n (lC-<pnT · oµ;Ho ypanm'HIIll 1·na:m). 

IIocKOJihKY n o6IIICM ClIJ'Ia<' H('lmB('CTHO, KaKIIP Im TIH'X ITOJIO.lKifrP:rhHO 

mtpll)K<'IIHhIX 'IclCTIIII lIBJI.lIIOTC.ll Il}>OTOHclMII, a KctKIH' 7r+ l\IPaoHal\III. TO 
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B Ka.lKp;0M KaHarrc annp0KCIIMIIponarrocb TJ)II rIIII0Te3hI II BbI6nparracb Ta, 
K0TopaJI mvreeT Ham,IeHhllIIIII x2 . OIIeHKa ;a;orrn co6nrTnrr c HenpamrnhH0 
nu6paHH011 rnrroTe:Jorr nHyTpH o;a;Horo KaHarra peaKIIHII rroKa:Jarra, ~1To n 
KaHarre "O" co;a;ep.lKHTCJI 1,1% TaKIIX co6nrTn11, n KaHarre "n°" - 2,9%, n 
KaHarre "N" - 2,2%. • 

Ilpu pa3;a;errem,m co6nrTIIII no KaHarraM peaKIIIIII ucnorr1,3onarrc:JI x2 -

KpIITepIIII ( OT6uparrIICh co6bITIIlI C x2 :S x;p.). Jl:rrJI KaHarra "O" x}p. 6nm 
B3JIT panHhIM 12,5, ;a;rrJI KaHarron peaKIIIIII c po.lK;a;emieM o;r:,;Hoir He11Tparr1,

Ho11 '1aCTIIIIhI - paBHhIM 6,5. Tanre rpaHIIIIhI no x2 COOTBeTCTBJIOT npu-
6mmIITe1IhHO o;r:,;Honp'oIICHTHOMy ;a;onepIITe1IhHOMY ypoBHIO. Ecrru C06hITIIC 

y;a;onrreTnopJirro KpuTepuro x2 :S x;p. n runoTe:Je KaHarra "O", To oHo OTH0-
curroc1, K 3TOMY KaHarry He3aBIICIIMO OT 3Ha'1eHIIII x2 Il ;a;pyrux KaHarrax 

(rrpaBIIITO rrpe;a;rro'1TeHIIJI [15]). Kor;a;a )];ITJI O)];HOI'O co6bITIIJI o;r:,;HonpeMCHHO 
npoxo;a;nrrn rIIrroTe3hI KaHarra "n°" II KaHarra "N", nu6IIparrac1, Ta rIIno

Te:Ja, y KOToporr x2 MeHhllle. OIIeHKa noKa3arra, 'ITO B KaHarre "O" npIIMeCh 
co6hITIIII KaHarra "n°" cocTaBJrneT He 6orree 3,2%, KaHarra "N" - 0,5%; n 

KaHarre "n°" rrpIIMech co6nITIIIT KaHarra "N" - 3,9%; n KaHarre "N" npIIMCCh 

co6uTnrr KaHarra "n°" - 2,1 %. B pa6oTe npIIBO)];JITCJI Ka'1CCTBCHHhie no;a;
Tnep.lK;a;emrn npaBII1IhHOCTII MeTO)];IIKII pa3;r:,;erreHIIJI co6bITIIII no KaHarraM 
peaKIIIIII. 

Jl:arree rrprmo;r:,;JITCJI n o6oc:HOBI,IBaIOTCJI ;a;onoITHIITellhHhie KJ)IITepmr OT-
6opa co6hITIIII n pa31Iff'IHhIX KaHarrax peaKIIIIrr: no ornII6Ke cy1v11v1apHoro 
IIMnyrr1,ca ncex ::mpJI:,KeHHhIX '1acTIIII II no He;r:,;ocTaIOIIIei'r Macce - ;r:,;rrJI ncex 

KaHarron peaKIIIIrr; no KOCIIHycy yrrra BhrneTa n° n o6IIIeII ClICTeMe IIeHTp.a 
Mace - ;r:,;rrJI KaHarra "n°" ; no nMnyrr1,cy n+ n rra6opaTopHorr CIICTeMe -
;r:,;rrJI KaHarra "N" . 

Jl:rrJI II1IITIOCTpaIIIIII Ha;r:,;e)KHoro pa3;r:,;erreHIIJI co6bITIIll ITO KaHarraM peaK
IIIIM Ha pIICJHKe 4 noKa3aHo BhIIT01IHCHHC II30TOnII'1CCKOII CIIMMCTJ)IIII )];lIJI 
co6nrTIIM peaKIIIIII np -+ pn+n+n-n-n : pIIc. 4a - pacrrpe;a;erreHIIJI IIMnyrrh

con rrpoToHa II HCMTpoHa ( crrrrornHaJI JIIIHIIJI) n o6IIIeii cIIcTeMe IICHTP<l; 
Mace; J)IIC. 46 - pacrrpe;a;erreHIIJI KBa;r:,;paTOB neprreH;r:,;IIKJ1IJipHhIX IIMIIJ1Ih

C0B p II n ( CII1IOllIHaJI JIIIHIIJI) n C.II.M.; pnc. 4n - pacrrpe;a;erremrn KOCIIHy
C0B yrrron BhIJICTa p II n ( CIIITOllIHaJI 1IHHIIJI) OTH0CIITeJihHO OCH peaKIIIIII B 
C.II.M.; pIIC. 4r - pacrrpe;a;erreHIIJI IIMIIJJihC0B 7r+ II 7f- { CIIJIOllIHaJI JIIIHIIJI) n 

c.ri.M.; pIIc. 4;a; - pacrrpe;a;erreHIIJI KBa;r:,;paTOB rreprreHp;IIKJJIJipHhIX IIMIIJJihCOB 

7r+ II 7f- ( CIIlIOllIHalI JIIIHIIJI) n C.II.M.; puc. 4e - pacrrpe;a;erreHIIJI KOCIIHycon 

yr;rnn BhIJICTa 7r+ II 7f- ( CIIlI0iiIHaJI JIIIHIIJI) OTHOCIITC/IhHO OCH peaKIIIIII B 
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peax~nn np -+ p1r+1r+1r-1r-n . 
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c.n;.M.; pHC. 42K - pacrrpeµ;erreHII.lI 0q>q>eKTlIBHbIX Mace KOM6HHaUIIII prr+ 
II nrr- ( CillIOI.IIHaJI lllIHIIJI); pIIC. 43 - pacrrpeµ;erreHIIK 0q>q>eKTIIBHbIX Mace 
KoMfornan;Hn: p1r+1r+ II n1r_1r_ ( crrrroIIIHM JIHHII.lI), pIIc. 4u - pacrrpeµ;erremrn 
0q>q>eKTIIBHhlX Mace KOM6IlHan;ri 7r+7r+ II 7r-7r- ( CIIlIOI.IIHaJI lIIIHHK). ·'· 

B Ta6rrIIn;e 2 rrpIIBO)J;.lITC.lI cpeµ;HIIe 3Ha"9:eHIIK Il CTaHµ;apTHbie OTKJIO
HeHil.lI )];lIK pacrrpeµ;erreHIIn:, IlOKat3aHHbIX Ha prrc. 4. lI3 pIICYHKa lI Ta-
6JIIII.l;bl BII)J;HO xopoI.IIee COBrraµ;eHlle pacrrpeµ;erreHllli )];lIK II30TOIIII"9:eCKH CIIM
MeTpII"'IHblX -qacTIII.l;. 

Ta6rrIIn;a 2 
Cpeµ;Hee 3Ha'leHne (T 

Pp (M0B/c) 532,6 ± 2,3 194,3 ± 1, 7 

Pn (MaB/c) 527,1 ± 2,3 193,2±1,6 

Plp (r0B/c)2 0,491 ± 0,0017 0, 1419 ± 0,0012 

Pln (r0B/c)2 0,437 ± 0,0017 0, 1411 ± 0, 0012 
case* p -0, 0489 ± 0, 0082 0, 6827 ± 0, 0058 
case;;, +o, 0253 ± o, 0083 0, 6933 ± 0, 0059 

P1r+ (M0B/c) 268,6 ± 1,0 123, 1 ± o, 7 

P1r- (M0B/c) 270,3 ± 1, 1 123,5 ± o, 7 

Pl1r+ (r0B/c)2 0, 0534 ± 0, 0005 0, 0537 ± 0, 0003 

Pl1r- (raB/c)2 o, 0530 ± 0, 0005 0, 0530 ± 0, 0003 

case;+ -0,0431 ±0,005 0, 5881 ± 0, 0035 
case;_ +o, 0685 ± o, 005 o, 5896 ± 0, 0035 

Mp1r+ (M0B/c2) 1268,4±1,1 124,4 ± 0, 7 
Mn1r- (M0B / c2) 1270,3 ± 1, 1 125, 1 ± o, 8 

Mp1r+1r+ (M0B/c2) 1596,4 ± 1,8 149,1±1,3 

Mn1r-1r- (M0B / c2) 1597,4 ± 1,8 153,6±1,3 

M1r+1r+ (M0B/c2) 474,0±1;6· 130,6 ± 1, 1 
M1r-1r- (M0B/c2) 471,4 ± 1;5 , 130,5 ± 1,1 

Ilocrre pat3µ;erreHIIK KaHaJIOB peaKD;Illl II BbIIlOJIHeHH.lI )J;OilOJIHHTeJibHbIX 
TeCTOB B peaKD;IIH np -+ pp1r+1r-1r- OCTaeTCK 8394 co6bITHil, B peaKD;HH 
np -+ pp1r+1r-1r-1r0 - 3884 co6hlTHil, B peaKD;llll np -+ p1r+7r+7r-7r-n -
6680 co6bITHII. TaKoe pacrrpeµ;erre1rne co6bITllll Me2Kµ;y KaH_allaMll peaKD;HH 
corrracyeTC.lI C Ce'leHII.lIMH 0TIIX KaHaJIOB, orrpeµ;erreHHblMII B pa6oTe [14]. 

1:JeTBepTcUI rnaaa IlOCB.lIII.l,eHa IIOlICKY II nccrreµ;oBaHIIIO Y3KHX µ;n6apn
OHHhIX pet30HaHCOB C H30TOIIII'leCKHM CIIIIHOM I = 2 B peaKUHII 
np -+ pp1r+7r-7r- rrpHHMIIYllbCeHaJieTaIOII.l,HXHeIITpOHOB ~ 5,2 raB/c. Ilo-
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I 
·,1 

! 
I 
1 

K,WaHO TaK1Kf' mtJIIPillf' 3TIIX }H'!JOHaHCOB KaK B })f'clKUIIII 
np -> JJJ!7r+ 71"- 7r-7rO rrpII TOM 1Kf' IIMIIY:Ib('.f' HeiiTpOHa. TaK II B peaKUIIlIX 
Tlj) -> p1m+7r-7r- II Tl]) -> pp1r+7r-7r-7rO npu P,. = 4.43 ± 0.11 r0B/c 
u P,, = 3.88 ± 0, 10 r0B/c. Ilpnno;ri;nTcK aHamm Moµ; pacrraµ;a penoHaHca 
n CIICTf'M(' pJm+ C Maccoii 2596 l\foB / c2 II on;eHKa CIIIIHOB JW30HaHCOB C 
1rncntMII 259G l\,faB / r 2 n 2709 l\,faB / r 2• Ko Hen; rrran1,1 rrocBKlll<'H o 6:Jopy 
3KCIIepII1H'HTHJihHbIX µ;aHHbIX no IIOIICKY µ;n6apIIOHHblX pe:ioHaHCOB ('. rmo
TOIIII'lf'CKIIM CIIIIHOM J = 2. 

Ha pm:yHKf' 5 II}H';];CTctBllf'HO pacrrpf';J;l'ilf'HIIf' 3q>q>f'KTIIBHbIX Mace )JJJ7r+ 
KOM6nmtunii rm pcaKunn np ___, p1m+1r-1r- npn P,, ~ 5. 2 f::iB/c. Pac-
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Pm:. 5: Pacrrpeµ;eneHIIe 3q>q>eKTIIBHbIX !\HUT JJJJ7f+ - K()!l!6I1Ha11nii Im j><'HKI.\IIII 

np ---, 1ip1r+1r-1r- rrpu Pn ~ 5, 2 r3B/c. CrrmnIIHM KplIBilJI - arrrrJ><JK<"IIWtIIIIll q>0Hm1 n 

BOCCMbIO EpeIIT-BIIrHepoBCKilMII q>yHKI.\IlllMII, IIJHKTiljJHilJI Kpl!Ba!l BKJiaµ; <pom1 ( rro

JIIIHOM Jic)KaHµ;pa 'WTBCj)TOii <"Tl'Ill'HII). 

npcµ;crremre anrrpoKcIIMIIponarrocb H~KorPpPHTHoii <·yM110ii qiononoii KJ>II
BOII, mllIToii n mrµ;e cyn<'prronnn;mr norrnHoMon .Tfr.:iKaHµ;pa go TH'TD<'J>Toii 
CT('IICHII BKJIIOTIHT<'llhHO, II BOCCMblO p<'!JOHaHCHbIMII KJ>IIBhl1III. B:1lIThBIII 
n BpPIIT Bnrm~poncKo:ii qiopMP. ,UorrlI qiona coc-TaBillil'T 93.1 %. <Pon 
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0IIIICbIBaeT o6rracTU BHC pe3oHaHC0B C x2 Ha 0/J,HY CTeneHb cno60/J,bI, pa

BHbIM 0,89±0, 12, II KBa11,paTHbIM K0pHCM Im 11,ncnepcnH x2-pacnpe11,erreHII!I 

.JT5 = l, 34 ± 0, 08, 'ITO 0'ICHb 6JIII3KO K 3Ha'IeHIUIM /l,ll1l 'IIICT0 CTaTIICTII

'ICCK0r0 pacnpeµerreHIUI (x2 = 1; .JT5 = 1,41). <POHOBaJI KpIIBclJI, H0p

MHp0BaHHaJI Ha nomrne 'IIIcrro co 6bITIIH ( na 100%), om1cbrnaeT 8Kcrrepn

MeHTarrbHoe pacnpe11,errem1e C x 2 = 1, 14 ± 0, 10 II .JT5 = l, 65 ± 0, 07, 'ITO 

3a:MeTH0 0TlIII'IaeTC1l OT TeopeTil'H!CKIIX 3Ha'IeHIIH /l,ll1l 'UICT0 CTaTIICTII

'IeCKoro pacnpe11,crrcmrn. 

Ta6rrnua 3 

Me±6.Me I'e ± !::,,_fe f R ± !::,,_f R a±6.a S.D. p 

MaB/c2 IvfoB/c2 IvfoB/c2 µb 

2175± 6 17,6+i3~9 12,8+i3~9 1,7±0,7 2,8 7,4-10-2 

2221± 6 18 5-5 3 
' +12,8 

12 1-5,3 
, +12,8 2,5±0,8 3,5 9,2.10-3 

2321±24 35 1 -15,5 , +62,4 30 o-15,5 , +62,4 2,2±1,1 3,2 1,0.10-2 

2398± 8 19,7+~3~4 O,O+23,4 2,9±1,4 2,3 3,3-10-1 

2471± 5 21,9+t:l 0,0+9,6 4,1±1,3 3,4 1,1.10-2 

2525± 7 28 5-10 7 
, +31'.7 

lQ i-10 I 
, +31'.7 4,0±1,4 3,2 2,6-10-2 

2596± 6 31,5+is\ 10,3+is\ 9,2±1,9 5,6 1,9-10-7 

2709± 6 19 r 58 
' +15,4 O,O+15,4 4,9±1,6 3,5 7,1.10-3 

IIorry,reHHbIC 11,aHHbie npnne11,eHbI B Ta6rrnue 3. B nepBon: K0lI0HKe Ta-

6rrIIUbI np1rne11,eHbI n;eHTpallbHbIC 3Ha'IeHII1l Mace pe30HaHC0B; BO BTOpon:, 

- IIX :JKcnepIIMeHTallbHbie llIIIpIIHbI; B TpeTbeH - IICTIIHHbie llIIIpIIHbI pe-

30HaHCOB, norry<IeHHbie KBa11,paTII'IHbIM BbI'IIITaHIIeM II3 8KcnepnMeHTallb

HOH llIIIpIIHbI COOTBeTCTBYIOIIIero pa3perneHH1l no aq>q>eKTIIBHbIM MaccaM 

pp1r+ - KOMfornaunn: (pa3pernenne no Macce rrnHen:Ho pacTeT OT 2, 7 11,0 

17 M3B/c2 npn II3MeHeHIIII Maccbr OT cyMMbI Mace 11,0 ~ 2, 7 f3B/c2). B 

'IeTBCpTOH KOlI0HKe npnne11,eHbI 3Ha'IeHliUI Ce'ICHIIH o6pa3oBaHIIJI pe30HaH

COB B peaKUIIII np -+ pp1r+7r-7r- c OllIII6KaMII, BKlIIO'IaIOIJIIIMII ornn6Ky~ 

D onpe11,erreHIIII ce'ICHIIJI :JTOH peaKUIIII; D nJITOH K0H0HKe - 'IIIClIO CTaH

;a,apTHbIX OTKlIOHeHIIH OT q>oHa; B llICCTOH - np0II3BC/],em1e BepoJITH0CTII 

Toro, 'ITO 11,aHHbie oco6eHHOCTII JIBlIJIIOTCJI q>OHOBbIMII q>rryKTyan;IIJIMII, Ha 

OTH0llICHIIe 'IIIClla 6IIHOB BO BCeM pacnpe11,erreHIIII K 'IIIClIY 6IIHOB B o6rraCTII 

C0OTBCTCTBYK)IJICro pc30HaHca. "9:ncrro CTaH11,apTHbIX OTKlIOHeHIIH paCC'IlI

TbIBalIOCb no q>opMyrre S.D. = (Ne - Nb)/jFi;,, r11,e Ne - 'IIIClI0 co6bITIIH 

n 3KcnepnMeHTe, N,, - 'IIIcrro co 6bITilII B q>oHe ( nyHKTIIpHaJI KpIIBaJI Ha 
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) 

~\1 
I 1( 

pnc. 5). 
Ha pncyHKe 6 npe11,cTaBrreHo pacnpe11,erreHIIe acpcpeKTIIBHbIX Mace pp1r+ 

- KoMfornauni'r II3 peaKn;ni'1 np -+ pp1r+1r-1r- II np -+ pp1r+1r-1r-1r0 • 8To 

pacnpe11,erreuue, o6pa6aTbIBarrocb TaK 2Ke, KaK II pacnpep;erreHne Ha pnc. 5. 
,Il;orrJI q>oHa C0CTaBJIJieT 93,9%. <PoH onHCbIBaeT o6rracTII BHe pe30HaHC0B 

c x2 = 0,89 ± 0,12; .JI5 = 1,41 ± 0,09. Ha :JT0M )KC pucyHKe npnBe-

11,eH0 pacnpe11,erreHne (HmKHJIJI rucTorpaMMa) 8q>q>eKTIIBHbIX Mace pp1r+ -
KOM6Irnaunn: T0llbK0 II3 peaKUIIII np -+, pp7r+7r-7r-7rO . BepTIIKallbHbIMII 

lIIIHIIJIMII II3 T0'ICK noKa3aH0 nolI02KCHIIC Mace pe30HaHC0B. Pe3yllbTaTbI 

annpoKCIIMaUIIII npe11,cTaBJieHbI B Ta6rrnue 4. O6o3Ha'IeHH1l K0lI0H0K TaKIIe 

.1Ke, KaK II B Ta6rrnue 3. 

250 

"'o 200 
....___ 
fII 
Cl) 

::a 
~ 150 
O'l 

....___ 

,:s:: 
:s:: 
E-t 100 :a 
,0 
0 

0 

50 

np ➔ ppn+n-11-(11°) Pn=5.2 r0B/c 

· 2402 

2491 

2530 
2602 

2.2 2.3 2.4 2.5 2.6 2.7 2.8 2.9 3 
Mppn+, foB/c2 

Puc. 6: PacnpegerreHIIe ::i<J>q>eKTIIBHbIX Mace pp1r+ - KOM6IIH8.D;Iili II3 peaim;u:ii: 

np -+ pp1r+1r-1r- u np -+ pp1r+1r-1r-1r0 npII Pn ~ 5,2 r::iB/c. CnrrOillHllJl KpII

BllJI - annpoKCIIMan;mr q>OHOM II BOCeMbIO Bpe:ii:T-BIIrHepoBCKIIMII q>YHKD;II11MII, IIYH

KTIIpHair KpIIBllJI - BKrrag q>oHa. HmKHlll! rIICTorpaMMa - pacnpegerreHIIe II3 peaKn;II:ii: 

np -+ pp1r+1r-1r-1r0 • BepTIIKaITbHble ITIIHIIII II3 TO'leK COOTBeTCTBYIOT nogo6paHHbIM 

MaccaM pe30HaHCOB. 

Ifa conocTaBlICHIIJI Ta6rrnu 3 II 4 BII/J,H0, 'ITO 11,06aBlICHIIe K co6bITH1lM pe

aKUIIII np -+ pp1r+7r-7r- co6bITIIH peaKUIIII np -+ pp7r+7r-7r-7rO npIIB0/J,IIT 
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Ta6mn:i;a 4 

Me±21..Me re± 21..re rR±21..rR S.D. p 

M0B/c2 M0B/c2 M0B/c2 

2184± 7 17,2+~i~7 11,6+~i~7 2,5 2,3.10-1 

2218± 5 21,0+f2~4 15,8+f2~4 4,1 1,1.10-3 

2300± 8 37 4-14 8 , +45:2 32 T14s , +45:2 3,7 2,5-10-3 

2402± 5 21,3+I2~6 0,0+12,6 3,6 8,3-10-3 

2491± 5 23,8+g 0,0+6,7 4,8 3,0.10-5 

2530± 8 29,5+is~7 10,6+is~1 3,2 1,8-10-2 

2602± 7 26,7+~0~6 0,0+20,6 4,1 5,9-10-4 

2716± 6 20,6+~:~ 0,0+6,9 2,0 7,4-10-1 

K pocTy CTaTIICTH'IeCKIIX t3Ha'lIIMOCTeH oco6eHHOCTeii, pacrrorro2KeHHhIX B 
TOH o6rracTII Mace pp1r+, r;a;e BKrra;a; co6I>ITIIH peaKIIIIII np -+ pp1r+1r-1r-1r0 

cyIIIeCTBeH ( rrpII6JIII3IITelihHO B COOTBeTCTBIIII C yBeJIII'leHIIeM CTa TIICTII
KII). Ila;a;eHIIe t3Ha'IIIMOCTII penoHaHCOB c MaccaMII OKOlIO 2184, 2602 II 
2716 M0B/ c2 o6'hJicIDieTcJI naBhlllleHIIeM <poHa B paiioHe 3TIIX Mace IIn-na 
CJIO)KHOro IIOBe;a;eHIIJI crreKTpa Mace pp1r+ II3 peaKIIIIII np -+ pp1r+7r-7r-7rO 
B 0TIIX o6rracTJIX. 

Ha pIIcyHKe 7 rrpe;a;cTaBrreHo pacrrpe;a;erreHIIe 0qi<peKTIIBHhIX Mace pp1r+ 
- KOM6IIHaIIIIH II3 peaKIIIIH np -+ pp1r+1r-1r- II np -+ pp1r+1r-1r-1r0 rrpII 
Pn = 4,43 ± 0,11 r0B/c II Pn = 3,88 ± 0,10 r0B/c, rrorry'leHHhlX HaMII 
B ;a;pyrIIX ceaHCaX. 3arnTpIIXOBaHHhie 06JiaCTII Ha 3TOM pncyHKe COOTBeT
CTBYIOT IIOJIO)KeHIIJIM II 0KcrrepIIMeHTaJihHhIM llIIIpIIHaM penoHaHCOB, 06Ha
py2KeHHhIX B 3TIIX )Ke peaKIIIIJIX rrpn Pn ~ 5,2 r0B/c. Ha6rr10;a;aeTCJI xo
pornee COBIIa;a;eHIIe 3TIIX penoHaHCOB C Bhl6pocaMII B 3KCIIepnMeHTaJihHOM 
pacrrpe;a;erreHIIII Ha pnc. 7. 

8TII <paKThI rro;a;TBep2K;a;a10T cyIIIeCTBOBaHIIe oco6eHHOCTeii, 06Hapy-
2KeHHhIX B peaKIIIIII np -+ pp1r+7r-7r- . 
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10 

np ➔ ppn-+n---rr-(n°) Pn=3.9, 4.4 f3B/c 

0
2.1 2.3 2.4 2.5 2.6 

Mppn-+, faB/c 2 

2.8 

Puc. 7: Pacrrpeµ;erremre acpcpeKTIIBHbIX Mace pprr+ KoM61rna11nii II3 pPaK11nii 

np -+ pp1r+7r-7r- u np -+ pprr+rr-rr-rr0 rrpn P,. ~ 4,43 r;,,B/c n 3.SS raB/c. 

3mllTIJllXOBaHHble o6rraCTII COOTBt'TCTBJK)T IlOIIOlKt'HlnIM II 3KCIIC'}>IIiH'HTililbHbl11 IllII

p1rnaM pcaoHancoB, o6Hapy)K<'HHhIX B Tex )Ke peaKI.IIIlIX rrpn P,, ~ G. 2 raB/r. 

Anarrnn MOil; pacrrap;a pmonanca c Maccoii 2596 1\faB / c2 I.I I><'aKIIIIII 
np -> pp1r+7r-7r- rrpn Pn ~ 5, 2 rriB/c IIOKatlarr, TITO OH pacrmp;af'TCJI 
no TpeM KanamtM: 

(BB)t50ci-> 2i..;i3J! (83 ± 23)% 

(BB)t50ci-+ (BB)to151r+ (10 ± 3)% 

-+ pp 

(BB)t50ci-+ pp1r+ (7 ± 15)% 

3;a;ec1, (BB)2095++ -- penomtHc I.I cncTCMf' pp c Maccoii 2095 1'faB/c2. 
Cnrnarrhl OT. pp-pcnomrncoB OTMwmmrch KaK I.I narnnx pa6oTax. TaK n I.I 
PJIIJ;C p;pyrnx 3KcrrepHMf'HTOI.I ( CM. o6nop [16]). 

Ha pncyHKe 8 rrp1rnep;eHo pacrrpep;crremrc riqiqwKTIII.IHhIX !\HUT pp Im 1my

TraeMoro np;Pch K,rnarra peaKIIIIII - np -> pJm+1r-1r- rrpn P1, ~ 5, 2 f':.B/L 
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Pacrrpe;::i;e;:remre o6pa6oTaHo anarrorwrno rncTorpaMMc 5. IIorrmKCHII(' oco-

6ennocTcfI Ha pIIcynKe xopowo corrracyeTc.H c Maccal\m pe3onancon o6na

py:tKeHHbIX Ha!\m n ;a;pyroir pa6oTe [11]. CTperrKo:ii: mt pIIcynKe 8 OTI\H"ICHO 

rrorro:tKeHIIe MaccbI lvlpp = 2095 l\faB / c2. 

200 

175 
N 

() 

~150 
[') 

~ 

~ 125 
0 

"-100 ,:s: 
:s: 
t 75 >'I 

IQ 
0 
u 

50 

25 

01.9 

np ➔ ppn+n-n- Pn=5.2 foB/c 
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2240 2299 

8365 co6.&ITH:tt 

2.1 2.2 2.3 2.4 2.5 2.6 2.7 

Mpp, raB/c2 

Puc. 8: Pacnpe):ICJICHUe Gq>q>eKTUBHhIX Mace pp - KOM6UHa~n H3 peaKIIHH np -+ 

pp1r+1r-1r- npn Pn = 5, 20 ± 0, 13 f0B/c. CnrrournaJI KpnBaJI - am1poKcnMarrm1 <f>o

HOM II BOCCMhIO BpeiIT-BHrHepoBCKHMH KpHBhIMH, IIYHKTIIpHaJI KpIIBaJI - BKJiaA q>oHa 

(IIOJIHHOM Jle,KaH):lpa 'ICTBepTOll CTCIICHH). 

lI::rnecTHO, TITO B ClillbHhlX Tpex'!aCTII'IHbIX pacrra;a;ax pe3oHaHCOB yrrro-

BblC pacrrpe;a;erreHIIH ITO cos0:-c- yrrra MCM)J;Y HOpMallblO K IIlIOCKOCTII pac-
n,PRe& 

rra;a;a pe3oHaHca ( ii) n narrpanrreHIIeM ero rrorreTa (PRes.) n o6rn;eii CIICTe~e 

D;CHTpa Mace OIIUCbIBaIOTCJI cyMMOII 'ICTHhlX IIOlIIIHOMOB Jle)KaHp;pa, MaK

CUMallbHa!I CTCIICHb KOTOJ)blX paBHa 2J, r;a;e J - IIOlIHhlH CIIUH [17]. Ha 

pucyHKC 9 rrp1rnep;eHbl pe3yllbTaTbl anamma CIIIIHOB pe30HaHCOB C Mac

caMII 2596 M8B/c2 II 2709 MaB/c2 II3 peaKD;IIII np -+ pp1r+1r-1r- rrpII 

Pn ~ 5,2 raB/c: 
pm:. 9a - pacrrpe;a;errenue no cos0:-c- co6bITIIH II3 o6rracTII pe3oHaHca c 

n,PRea. 
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Puc. 9: a - pacnpep;enem1e no cos0 ::p co6b!THH H:J o6nacTH pe:JoHaHca c Maccoii 2596 M:JB/c
2 

n, Re&. 
nocne BhPIHTaHlrn cpoHa. fopH30HTaIThHaJI nyHKTHpHaH JIHHH>I - IIOJIIIHOM Jle>KaHp;pa nyrreBOH CTerreHH, 
IIITpHX-IIYHKTHpHall JIIIHHll - cyMMa nOJIIIHOMOB 0-oii 11 4-oii CTerreHH, cnnomHaH JIHHHll - cyMMa rrommo
MOB 0-oii, 4-oii 11 8-oii cTenean; 6 - pacnpep;eneane no cos0 ::p co6b!THH H:J o6rracTH pe:JoHaHca c 

n, Res. 

Maccoii 2709 M:JB/ c2 nocrre Bhl'IHTaHHll cpoHa. fopH30HTaIThHaH nyHKTHpHaH JIHHHll - nOJIHHOM Jle>KaHp;pa 
aynenoii CTeneHH, mTpHx-nyHKTHpHaH JIHHHll - cyMMa IIOJIHHOMOB 0-oii 11 4-oii CTeneHH, CIIJIOfilHaH JIHHH>I 
- cyMMa noJIHHOMOB 0-oii, 4-oii H 18-oii CTeneHHj B,r - <pOHOBble pacnpep;eneHH>I B o6naCT>IX pe30HaHCOB C 

MaccaMn 2596 n 2709 M:JB/c2, cooTBeTCTBeHHO, onpep;eneHHble rrnaeiiaoii HHTeprronanneii cooTBeTCTBy
IOII.\HX pacnpep;enem1ii n:J o6rracTeH cnpaBa H cneBa oT pe:JoHaacon. IlyaKTHpHble ropH30HTMhHble· JIHHIIH 
- onncaHHll pacrrpep;eneHHH nonHHOMOM Jle>KaHp;pa aynenoii cTeneHH, nenpepbIBHble JIHIIIIH - on11caHI1>1 

IIOJUIHOMOM 2-oH CTeneHH. 
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Mac corr 2596 M0B / c2 rrocrre BI,I'IIITaHIIJI <po Ha. fopII30HTaITbHaJI IIJHKTIIp
HaJI ITIIHIIJI - norrIIHOM Jle2KaH;a;pa HJITeBOH CTeneHII, IIITpIIx-nyHKTHpHaJI 
ITIIHII.ll - CJMMa nOITIIHOMOB 0-0H II 4-0H CTeneHH, CnITOIIIHaJI ITIIHIIJI - CJMMa 

norrHHOMOB 0-oII, 4-0II II 8-on CTenemr; 
pnc. 96 - pacnpe;a;erreHHe no cos0-:-,:. co6bITIIH II3 o6rracTn pe3oHaHca c 

n,PRe,. 
Mac con 2709 M0B / c2 nocrre BbI'IIITaHII.lI q>oHa. fopII30HTarrhHaJI nyHKTIIp-
HaJI ITIIHIIJI - norrIIHOM Jle:arnH;a;pa HyrreBOll CTeneHII, IIITpIIx-nyHKTH!)HaJI 
lIIIHII.lI - cyMMa norrIIHOMOB 0-on: II 4-on: CTeneHII, CIIITOIIIHaJI ITIIHIIJI - cyMMa 

IIOITIIHOMOB 0-on:, 4-on: II 18-on: CTeneHH; 
pIIC. 9B,r - q>OHOBbIC pacrrpe;a;erreHIIJI B o6rraCT.lIX pe30HaHCOB C MaccaMII 
2596 II 2709 M0B / c2, cooTBeTCTBeHHO, orrpe;a;erreHHhie rrIIHen:HoII IIHTep
norrJI:a;IIerr cooTBeTCTByrorn.nx pacrrpe;a;erreHHII II3 o6rracTeII cnpaBa II crrena 
OT pe30HaHCOB. IlyHKTHpHbie ropII30HTaITI,Hbie ITIIHIIII - onIICaHII.lI pacrrpe

;a;erreHIIIl norrIIHOMOM Jle2KaH;a;pa HJITCBOH CTeIIeHH, HenpepbIBHbIC lIIIHlIII -
orrncaHII.lI norrIIHOMOM 2-oii CTeneHII. 

Ha pncyHKaX rrpIIBep;eHbI cpe;a;Hne ;a;onepIITCllbHbie ypoBHII OIIIICctHHJI 

GTHX pacnpe;a;erreHHrr. BII;a;Ho, 'ITO XOTJI II HeITb3.lI oTpn:u;aTb nnoTponHoro 
xapaKTepa GTIIX pacnpe;a;erreHIIn:, HO HaII6orree nepo.lITHoe nHaTieHIIC cmrna 

penoHaHca c Maccon: 2596 M0B/c2 - J :C:: 4, a ;a;rrJI penoHaHca c Maccoii 
2709 M0B/c2 - J :C:: 9. 

B o6nope 0KcnepIIMeHTaITbHbIX ;a;aHHbIX no IIOIICKY ;a;n6apIIOHHbIX peno
HaHCOB C II30TOIIII'ICCKIIM CIIIIHOM I= 2 ( 06cy2K;a;aroTC.lI pa6oTbI [18]-[22]) 
IIOKa3aHo, 'ITO IIMCIOIII.HCCJI B lIIITepaType Kpan:He HeMHOrO'IIICITCHHbie ;a;aH
Hble KaCaIOTCJI, B OCHOBHOM, noHCKa penoHaHCOB B o6rraCT.lIX Mace, 3Ha'III
TCITI,HO 6orree HII3KIIX, 'ICM II3JTiaCMbie B HarneM 0KCIIepIIMCHTe. IlpII 0TOM 
'IaCTb II3. HIIX (JI;a;epHbie B3aIIMO)];CllCTBII.lI) ;a;orrycKaIOT ;a;pyrne, He peno
HaHCHbie, IIHTeprrpeTaIJ;IIH. B pa6oTe q>paHD;y3CKIIX q>II3IIKOB [19], BI,IIIOll
HCHHOll 0rreKTpoHHOH MeTO)];IIKOII ( nny'Iarrac1, peaK:a;IIJI ji + p . -+ 1r- + X npn 
Tp = 2, 1 r0B II 2, 7 r0B, 7r- perIIcTpIIpOBaITC.lI rro;a; yrrroM 13, s0) II IIMCIO

rn.eii Hemioxyro CTaTIICTIIKY, Ha6rrro;a;aroTC.lI )];BC oco6CHHOCTII rrpII Macca,x B 

panoHe 2160 M0B/c2 II 2460 M0B/c2 (2,6a II 2a, cooTBeTcTBeHHo). B pa-
6oTe [22] Ha6rrro;a;aeTC.lI oco6eHHOCTI, n CIICKTpe :Jq>q>CKTIIBHbIX Mace pp1r

- KOMforna:u;nn IIpII Macce 2,063 r0B/c2 Ha ypOBHe 4a. Borrpoc O ee II30-
TOnif'ICCKOM cnIIHC OCTaeTC.lI OTKpbITbIM. 

B naKJnoqeHHH KpaTKO c<J>opMyrrIIpOBaHbI OCHOBHI,IC pe3JITbTaTbI pa-
60TI,I. 
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OCHOBHbIE PE3Y.ITbTATbI ,llI1CCEPTAUI1I1 

l. HamrcaH mtK('T IIHTepaKTIIBHbIX, CB.lI3aHHbIX Me;.iq:i;y co6on. rrpo
rpaMl\f rro;a;roTOBKII K qJII3IPif'CKOII o6pa60TKC penyrrhTaTOB reol\IeTpirieC
KOII peKoHcTpyK:u;rnr TpeKOB. IlaKeT BKITIOTrneT n ce6JI rrporpaMl\IbI rrepe
mrcn, rrepeqiopMaTnponaHirn, copTnpoBKII, rroncKa co61,1Tnii: rro1\IepeHHhIX 
6orre<' o;a;Horo pa:ia. BhI)J;aTIII lIIICTIIHra )];IT.ll nponepKII rrpaBIL1bHOCTII 113-

1\IC'J)f'HIIII II n;a;eHTIIqJIIKa:u;rnr no IIomr;-iari;nII, rrponepKII KaTrecTna 1m:-1ep<'

m1ii: panmPIHhIMII orrepaTopaMII II rrpoBepKII O)];HOpO;J;HOCTII Ka'If'CTBa l\Ia
T<'pIIarra ;a;rra pa;-im1Trn1,1x IIJI<'HOK o;:i;Horo o6rrrreHirn II ;:i;p. HamrcaHhI rrpo~ 

rpal\IMhI ,mIIJHlKCIIMaIJ;IIII ( mt OCHOB<' rrporpaMl\IhI MINUIT) pacrrpl';:i;e:IP
Hnii: pa3ITII'IHhll\III ql,YHKIJ;IIHMII II ;a;pyrne crry;,i{e6Hbl(' rrporpal\Il\Ihl. Bcero 
OKOITO 70 IIporpaMM. TaDK<' ('.();-J):i;aHbl H<'CKOIThKO 6II6iIIIOT<'K. CO)J/'})n{al.l.\IIX 
oKorro IGO rro;a;rrporpal\Il\I, Hi1mrcanHbIX Ha <DopTpaue II Accc'l\16rrep<'. 06-
iwr'raIOrri;ux O 6pa60TKY rlKC'II<'JHIM<'HTallbHblX ;a;aHHhIX. 

2. P,mpa6oTana MrTOJ:i;IIKa u Hamrcam1 IIHT<'paKTIIBnaa rrporp,nnra 
OlIJ)<')];('lICHIIH rrapaM<'TpOB lI}"IKa ndi:TpOHOB II BBC;J;PHII.ll rrorrpanoK mt l\Hl
rHHTHO<' rrorrc B KaMPJW II mt ll02KHyro KpnmmHy. ,Urra rrponepKII l\IaTPpII
amt IIpoaHammnponauo pacIIpr;a;erremre riqi<peKTIIBHhIX l\rncc Km16nuari;11n 
7r+7r-7rO II3 peaKIJ;IUI np -+ pp1r+7r-7r-7rO ' B KOTOpOM xopowo ua6;uo

;a;aIOTCH 1/ II w MC30Hbl. I\1accbl rlTIIX l\If'30HOB, OIIJl<')];('ITPHHhH' rm Hi1IU<'r0 
:JKcrrepHMCHTa, conna;a;aroT C Ta6mPIHhIMII 3Ha"It:'HIIHJ\III ('. TO'IHOCTbIO p;o 
1,G l\foB/c2 (:S: 0,3%). 

3. Panpa6oTaHhI MCTO)];hI pan;a;em'HIIJI co61,1Tnii no panrrnTIHhll\I Kanamtl\I 
pc;uri;nii:. IloMIIMO conrrap;emrn ;-imvIPHIIii: 3q>qJCKTIIBHhlX Man· 06bPIHhIX JH'-
30HaHCOB C Ta6mrIHhIMII nHa'ICHH.lIMH, rrpo;a;eMOHCTpnponauo BhIIlOJIH<'HII(' 
cooTHOIIIeHnii, crre;a;yroIIIIIX un II30TonwrccKoii: CHMMCTpnn. Ori;C'H<'HhI p;omr 
rrpIIMCCII co6bITIIII Im ;a;pyrux KaIIalIOB pcaKri;nii: n noT('JlII 'co6bITIIii. 

4. Harnrcam1 ymrncpcarrbmta rro;a;rrporpaMMa OIIJH')];<'m'nna 3KCm'pIIl\H'H
nm1,Horo pa3perneHIIH no MaccaM, cyMMapHblM Hl\III,YllhCctl\I II T.p;. 

5. BncpBblC n CIICTCM(' pp1r+ n peaKIJ;IIH Tl]) -+ JJJ17f+ 7r-7r- npn p,, ~ 
5, 2 friB/c 06uapy)J,;cm1 cep1rn J3KIIX pcnomiucon. IloKa:-iaHo, 'ITo n Kana:ll' 
np -+ p1m+1r-1r-1r0 Ha6rrro;a;aIOTC.lI TaKIIP n{e oco6('HHO('TII. OTII p;aHHbH' 

xoporno corrracyIOTCH C BbI6pocaMn B CIIPKTJ)C' rlqlqll'KTUBHhIX 1\1,H'(' jljl'ir+ 

rm pcaKri;nii: np -+ p1m+1r-1r- n np -+ p1m+1r-1r-1r0 rrpn Pn ~ -!.4 f!1B/(' 
n npn Pn ~ 3,9 f3B/c, 1mrreuu1,1x HaMn 2Ke. 

6. Orrpe;a;erreuu nepoaTHOCTII pacnap;a JH'nouauca n 1·ncTC'l\H' pp,r+ 1· 
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:-.rnccofr 2596 1faB/c2 no pamIWIHbIM KaHarraM: c nepo.lITHOCTblO (83±23)% 
pe3oHaHc pacnaµ;aeTc.lI no KaHarry-, 6J,+p, c nepo.lITHOCTI>IO (10±3)% - no 
KaHarry -> ( BB)tots"+ II C nepoHTHOCTbIO (7 ± 15 )% - no KaHarry -> pp11+. 
3µ;ecb (BB)t0t5 - µ;n6apnoH n cncTeMe 2-x npoTOHOB c Macco11 n paiiom• 
2095 :NfoB/c2• Ilpnnoµ;IITCH cneKTp 3<pcpeKTHBHbIX Mace pp II3 TOIY:a-.:e pe
aKIIIIII, n KOTOpOM Ha6rrroµ;aIOTC.lI IIIIKII n o6rracTHX Mace, conna;a;aIOlll,IIX c 
pp-pe30HaHCaMII, o6Hapy:a-.:eHHbIMII Ha:r,.,m paHee. 

7. OueHKa cnIIHOB pe3oHaHcon c :r,.,mccaMII 2596 II 2709 M3B/c2 n cu
cTeMe pp,.+ µ;arra HaII6orree nepo.lITHI>Ie 0Ha•1emrn J 2'. 4 II J 2'. 9, cooTBCT
CTBCHHO. 

8. Ilpnneµ;eH 06::30p :JKcnepIIMeHTallbHbIX ;a;aHHbIX no noIIcKy µ;u6apIIOH
HbIX pe::30HaHCOB C II30TOTIII'IeCKIIM CTIIIHOM I = 2. 
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