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B C'I8T&C npe,llC'l'aMeHIJI pe3YJIh'I8T111 3KcnePBMell'I8JIhHOro HCClIeA0B3.llIDl
 
~ pmrmeHKJI ){IIIIHOHOB II)"IKOM OTpHmlTClIIoHJ,IX IIHOHOB C HMJIYJIbCOM
 

1.78 f9B/c Ha nOJIJlPH30BaHHol: npOTOHHOA H JUJlKoBQllOpo):{HOl: MHlUeHJIX. Pa60Ta
 
npoBCJteHa B o6JIacm MaCe ,lUIIIHOHa B paA:oHe M8CChl P-.Me30Ha npH MaJILlX
 

nepeJl8HHYX mm:y.m.cax. BoccraHOBJIeH nwnn.rlt Ha60p 3JleMeH'IOB cmmoBOit
 
M8.'lp~ WIOTHOCTH H np~eBbl MQACJlbHO-HC:J8BHCIIMbIit H MOJl;e.JThHO-38BHcllMhlA
 
llMIJJIH'ly)J,He 8H8JIH31>l ~. 3KcnCpIDleHT n03BOJlJleT ycrp8.HHTh HMCIOIIJ;}'IOCSI
 
npB BI>lCOKIIX 3HepllUlX HeQAl103lGlYlHOC1l> pemeHWl 8MllJJ.IlTY,lJ;oro aH8JIH3ll.
 

llOJlY'lCHHWe ){aHmoIe CBII,Il;eTe1IIoCIB}'lOI B nOJIJ>3Y cyD:.lCCTBOB8HHJI 0(750) 00++ c
 
M,,=744±5 M3B H r ..-77±22 M3B. nonyqellllbIe JUU{Hble n03BOJD1JOT T8IOIre o~eHH'l"b
 

BHTepcem at-MC30Ha. 31CCIIeplDleHT BhIIIOJIHeH Ha yClCOpBTeJIe HT3(1).
 

The p8per presCnts resuhs of the experimental study of the reaction of dipion 
production by the beam of the negative pions with momentum 1.78 GeV/c on 
polarized proton and liquid hydrogen talgets. The experiment covers the region of 
dipion masses near the mass of p-meson and small momenta transferred. 1be whole set 
of spin density matrix elements was reconstlUcted and model-independent and model­
dependent amplitude analyses of the reaction were performed. The experiment allows 
to exclude the ambisuity of the amplitude analysis existing at high energies. The data 
evidences in favour of existing of 0(750) 00++ with M.,=744±5 MeV and 
f ..=77±12 MeV. The data also allows to estimate intersept of at-meson. The 
experiment was performed at the accelerator ITEP. 

Pzo. - II, CIT.HCOK ~.HT. - 48 H8ZM. 

(£) HHCTZTYT TeOpeTZqeCKO~ .H 8Kcnep~MeHTa~bHO! ~.H3ZKm, 1997 

+ IIHBCZ-, raT'IHHa 



1. Bae,nene 
3KCKJlI03HBHhle pea.KI..\H.K po~eHIDl llHOHOB llHOH3.MH HBJUlIOTCH BIDK.H.bIM 

HCTO'iHHKOM HHt!x>pMau.HH 0 npupo,n,e CWlbHOro B33HMo,neHCTBIDI .K3.K C TO'lKH 

3peHHH HCCJ1e.n.OBaHHH ,llHHaMltKH 3THX npOlJ,eCCOB, TaK H H3yt:1eHHH fiHOH-fiHOHHOro 

B3aHMo,neKCTBHH. 

H3BeCTHO, 'ITO neplfcPepU'IeCKHe pe3K.U.KH. npu npOMexyro'lli.blX If B.blCOKHX 

3HeprIDlX ycnelllHo OllHC.blBaJOTca Mo,neJUlMH 3ct>ct>eKT.H.BHhlX Me30HHhlX 06MeHOB. 

ITpOJJ.eCChl Me30HOo6pa30Ba.H.IDI B 3TOH KHHeM3TH.'IeCKOH 06Jl3CTH nOOB<l.IlSllOT 

HCCJle,nOBaTb 3cneKTbl AKHaMHKH, CYllleCTBeHHO OTJIH'IHhle OT .n.OMHH.HpylOlllHX B 

XopOWO u3yt:1eHHhlX peaKll.HRX ynpyroro pacceHHIDl, H .HX .n.onOJlIDllOlJ.lHe. B TO BpeMJI 

KaK ynpyroe IlHOH-HYKJIOHHOe pacceBHHe Oill:lChI..B3eTCa 06MeHOM 06DeKTaMH 

('IaCTHlJ,3MH. H.JIH peJl)KOOHaMK) HalYPaJIbHOH 'IeTHOCTH npH npe06JI3,ll,aJOweM BK1la,a,e 

nOMepOHHoro (MHOrorJIIOOHHOro) 06MeH3, B Me30Ho06pa30BaHH.H.H ,nOMHHHpylOlllYIO 

POJIh .Krp3eT 06MeH JlerKHMH KB3pKaMH B COCTOHHIDIX HeHaTypaJIhHOK qeTHOCTH. 

llpHBJIeKaTeJlbHOH oc06eHHOCTblO peaKI..J.Hii C pOXJleHHeM BeKTOpHhlX Me30HOB 

Sl.BJllleTCB rJly60KaJI CBB3b Me~ .u.x nOAApH3alJ,HOHHhlM COCTOBHKeM 

(BhlCTPoeHHOCTblO) H MexaHH3MOM o6Meua. Tax 06MeH o6'beKTOM C KBaHTOB.blMH 

'IHCJl8.M.K fiHOHa npHBO,nHT K pox,neHH.lO p-Me30Ha C HYJleBOH Cill:lPaJIbHOCTbIO (B 

CHCTeMe t-KaHaJla), 3 06MeH 06':beKTOM H3TYPaJIbHOH 'IeTHOCTIf - K COCTO.B.H..WlM p­

Me30H3 C e,nHHH'IHOH CnHpaJIbHOCTb.lO [1]. IIoCKOJIbKY npou.ecc pacna,n3 BeKTOpH.blX 

Me30HOB JlBJUleTCJI 3cPcPeKT.H.BHhlM 8.H3JlK33TOpoM HX nOJlJlpH3aJJ,HOHHOro COCTOJlHIDl, 

yrJlOBhle p3cnpe,neJleHIDl npO)J.yKTOB peaKlJ,HH npe,nCTaBJUIIOT c060ii BeCbMa 

'IYBCTBHTeJl.bH.blii H.H,lUlKaTOp npHpOtl.bl B3aHMo,neHCTBHJI• 

.no HaCTOBwero speMeHH B 06JIaCTH npOMeXYI'O'lHhlX 3HeprHH 6h1J1 

peaJIH30B3H pH,D. 3KCnepHMeHTOB no HCCJle,nOBaHHIO pOX)l.eHHJI fiHOHOB ID10HaMH H3 

HenOJUIpH30BaHHhIX npOTOHHhIX MHllleIDlX [2,3.4,5,6,7]. Hx pe3YJlbTaTbi yKa3hlBaJIH 

Ha ,nOMHHHpyJOWYJO POJlb OAHOllHOHHOro 06MeHa (OPE) H 33MeTHoe BJIHJIHHe 

34><PeKToB nOrJlOweHIDl. 06111aH KaPTHHa y.n.OBJIeTBOpHTeJIbHO OllllCblBan.aCb 

Mo,neJIaMH O,nHOfiHOHHOro 06Meua C nOrJIOweHHeM (OPEA) [8] H PeJl)Ke-MO.lJ.eJUlMH C 

yt:IeTOM .ll.BIDKylllHXCSl SeTBJIeHHit [9]. BMeCTe C reM OTCYTCTBH.e HHtPOPMalJ,HH 0 

CllHHOBOK 33.BHCHMOCTH. .D.HHaMHKH reHepaJJ,HH Me30HOB (UCKJIIO'Iaa 

npe,lJ.B8.pHTeJIbHhle ,naHHhle HaCTOB.mero 3KCnepHMeHTa 06 aCHMMeTpHH pOJK)leHIDl 

.lUlllHOHOB Ha nonepe'IHO-nOJlJlpH30B3HHOH npOToHHoH MHllieHH IlpH 1.78 f3B/c 

[lOD He n03BOJIHJlO ,naJIee npO,nBHHyrbCJI B nOHHMaHHH MexaH.H3MOB peaKlJ,HH U, B 

qaCTHOCTH, nOJIy'lHTb 0lleHKH B.KJla.a.a aKCHaJIbHO-BeKTopHoro 06MeHa. 

B 06J13CTH BhlCOKHX 3Hepnrn. 6.b1JlH B.bI.fiOJIHeHhl 3KcnepHMeHTbI C 

npHMeHeHHeM nonepe'lli0-nOJlJlpH30saHHoA npOTOHHOH MHllleHH npH 17.2 [3B/c 

[11] H nonepellHO-nOJlJlpH30BaHHOH .n.eHTepHeBoH MHllIeHH npH 5.98 H 11.85 f3B/c 

[12]. 6hlJlH Ha6J1IO,neHhl 60JlbWHe (,0,0 50 %) 3<PcPeKThi aCHMMeTpHH B pO)K,lleHHH p­

Me30HOB. OHH 6hlJIH o6'h9.cHeHbl K3K pe3YJIhTaT cymecTBeHHoro BKJIa.a.a 06MeHoB 
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axCHaJIhHO-BeKTOpHOrO THIIa (arMe30HOM), 1.JT0 BbI3Ba.1I0 COMHeHIDI B 

060CHOBWffHOCTR pearrH30B~ paHCC ~a30BYX aHarrH30B fiHOH-ITHOHHOrO 

paccemnm, 0IlHPaBIIIHXCJI Ha npe.LUIOJIOx:eHHe 0 HccymeCTBeHHoH pOJIH 3TOrO 

MeXaHH3Ma. HetpHBH8JILHhIe Pe3YJ1bTaThI 06cyxmaeMhIX SKCnepHMeHTOB CTaBHT 

TaIOKe BOnpOC 06 3UeprC'JH1leCKOH 3aBHCHMOCTH CIUlHOBbIX 3cPcPeKTOB, CBe,D;eHHJI 0 

KOTOPoA n03BOJIHJIH 6hI ou;eHH'l'b Ba:IOIbIA lVDI TeOpHH mrrepcern pe,IOKeBcKoH 

axcHaJIbHO-BeIcrOpHoH TPaeKTOpHH. 

BecbMa nOJIe3HOH OCo6eHHOCTbIO pesKI.{HH n-pt -+ x+x-n (1) Ha nonepe1JHo­

nOIDIpH30BaHHOH npOTOHHOH MHllIeHH IIBIDICTC.JI B03MOXCHOCTb Hccne,D;OBaHIDI llHOH­

ITHOHHOrO B3aHMO,lIeACTBIDI B S-COCTOHHHH DyreM nO'iTH nOJIHoro 6e3MO,D;eJIbHOrO 

aMIlJIHTY,ZIHoro ("HHTCPcPepeHUHoHHoro") aHaIDl3a. B MaCCOBoM mrrepBa7Ie ,D;O 

1 fsB/c2 pea:J(I.J;IDI (1) OfiHCLIBaeTCH BOCeMLIO KOMJlJleKCHLIMJ{ aMIIJIHTY,D;aMH, mecn 

H3 KOTOPhIX COOTBeTCTBYJOT po)K)leHHlO ,l(HIIHOHa B P-COCTOHHHH co CnHPa.JlbHOCTblO ­

1,0,+1 C cPJIHllOM HJlH 003 «Pmma CIIHPaJIbHOCTH IfYKJIOHa H ,llBe - pox.n;eHHIO 

,llHIIHOHa B S-COCTOXHHH. IIpH BbIDope nonepeq}J]ill( aMIIJIJITYJJ: .nIDI ormcaHIDI 

COCTOmIIDI HYKJIOHa MOryr 6blTh BOCCTaHOBJIeHhI MO,ZJyJIH BCex yq:aCTBymUUiX 

aMIJJIHTY.n H HX OTHOCHTCJIhHhle cPa3hI C TO"lJHOCTblO ,D;O 06~e:ii H o.llHoA 

OTHOCHTeJlbHOH 4>a3hI Mex,ny ,nByMSI IpynnaMH aMIJJIHTy,D; [13]. TaKoA aHaJIH3 

n03BOJISleT, B 'IacTHOCTlf, Pa3,lIeJIHTb HHTeHCHBHOCTH S- H P-,II,HllHOHOB 6e3 
.nonOJIHHTeJlbHhIX npe.z:UIOJIox:eHHH, "IfTO 06ecne~eT B03MO:lKHOCTb 6e3Mo.nCJIbHOrO 

Hccne,nOBa.HIUI MaccoBoit 3aBHCHMOCTH S-BOJIHhI, BWKHoit ,llJDI cneKTpOCKOfiHH 

CKaIDlPHhIX Me30HOB. 

<J)830BbIH aHaJIH3 ynpyroro DHOH-nHOHHOrO pacceHHIDl, OIIHPaIOnumcH Ha 

HHTePcl>epemUIOHHbIit aHWIH3 peaKQHH (1), HBJDIeTCR OCHOBHbIM HCTO'lHHKOM 

HHcPOpMamm: AIDI cneKTpOCKOnHH JIe:rKHX KBapKOB. npeXHHe <pa30BhIe aHaJIH3bI mt­

pacceJIHIDI HCn0JIh30BaJIH ,D;aHHbIe 0 peaKI.{HH (1) ua HenOJUlPH30BaHHIdX ITpOTOHax 

[14]. OHM OCHOBbIBaJIHCb Ha HeTPHBHaJ(J)HhIX ~H3H'IeCKHX npe.n.nOJIO.>KeHIDIX 0 

"cIIHHOBOit KOrepeHTHOCTH", TO eCTb OTCyrcTBHH Al-06MeHoB, HJIH 0 "cP330BOit 
KOrepeHTHOCTH", TO eCTb paseHCTBa cPa3 a.MIIJIHTY,ll P-BOJIHhI C HYJleBO~ H 

e.zunmqHoH CIDIPaJIhHOCTbIO. Pe3YJIbTaThI 3THX aHaJIH30B .n;eMOHCTpHpOBaJIH 

,llB}'3Ha1ffiOCTb B nOBe,llemm: S-BOJIHhI C HYJIeBbIM H30cmmOM So° npH Maccax 

,llHIIHOHOB BhIllie 100 M3B, nonyrnmmeit Ha3BaHHe UP-DOWN HeO)lH03Ha'IHOCTH. 

PemeHHe "UP" COOTBeTCTBOBaJIO 60JIee 6hIC1p0MY H3MeHeHHlO cPa3b1 Boo non ITHKOM 

P-Me30H3 H HHTepnpeTHpoBaJIOCb KaK PC30HaHCHOe B nponmonOJDKHOCTb pemeHHlO 

"DOWN"• IIp.JIMbIe H3MepelDlSl MaccoBoit 3aBHCHMOCTH HHTellCHBHOCTH llHOH­

1DI0HHOrO paCceRHHR B peaICQIDIX C)(BywI xO-Me30HaMH B KOHelffiOM COCTOHHHH [15] 
npHBeJIH K I1pOTHBopelfllBhIM 38KJIlO'iCHIDIM ocymeCTBOBaHHH OTHOCHTeJlbHO y:JKoro 

cKamJpHoro pe30HaHCa. .llaJThHeitnIHe HCClIe,uOB3HID1 pe3.Kl(HH (1) npH BblCOKIIX 

3HeprIDIX C npHMeHeHHeM nOIDIPH30BaHHhIX MHlIIeHeH [11,12] O,nHaKO nOKa3aJIH, TfiO 

rrpe,ZUIOJlox:eHIDl, nOJIOXeHHhIe B ocHOBy npe~ cPa30BhIX aH8JIH30B, 

npOTHBOpe'laT 3KCnepHMemy. Be3MO,neJIbHbUi: aMIIJIHTY,l[IIblit aHaJIH3 .naHHbIX npJ1 

11.2 rsB/c npHBeJI K pemeHHIO ,ZJ;mI HHTeHCHBHOCm S-BOJIHbI, XapaKTepH3YJOIlleMYcH 

'IeThlpexxpaTHOH HeO,llH03HalffiOCThlO [16]. O,llHaKO Bce BapHaHThI peweHIDI 

COOTBeTCTBOB8JIH pe30HaHCHOMY nOBe,D;eHHIO S-BOJlHLl B o6nacTH p-Me30Ha. BroKHhIM 

,lJ;onOJIHHTeJlbHbIM apryMeHTOM B nOJTh3Y cYIUecTBOB3HlU1 pe30HaHca CJ1.Y.>KlIT 
Ha6J1IO,lIeHHaR cna6aJ1 MaCCOBaJI 3aBHCHMOCTb omOCHTeJIbHOH cPa3b1 aMIIJIHTy,ll s­
BOJIHI>I H P-BOJIHbI C HYJIeBOH CrmpaJIbHOCTbIO. CoBMecTHbIH aMIIJDITY.lI.HI>IH aH8.JDI3 

[17] 3KCnepHMeHTaJIbHhIX ,D;aHHbIX no peaKUIDIM (1) H n+p ~ 1t+1n~++ npHBeJI K 
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BhlBO,ll,y 0 cywecTBOBaHHH )].Byx BeTBeR pemeHIDl ,ll,JISl S-BOJIHhl, COOTBeTCTBYIOll.lHX 

OTHOCHTCJlbHO y3KOMy (M=750 M3B, f=200 M9B) H lllHpOKOMy (M=600 M3B, 

f=450 M9B) PC30HaHCaM. IIocne.llHHii $3.30BhlH aHaJIH3 ynpyroro IlHOH-IlHOHHOro 
pacccSIHWl [18], BhlfiOJl.HCllH.bI.ii C }"leroM BKJla,na aKCHaJIhHO-BCKTOpHOro 06MCHa Ha 

OCHOBC ,lI,a.HHhlX [11), TaIaKC npHBCJI K 3aK.1llOIIeHHJO 0 CYWCCTBOBaHHH ABYX BeTBCH 

pcmcHWl ,L1.1UI. $a3bl &,0. TaKHM 06pa30M, COBOKYllHOCTb HMC.IOll.lHXCSI 

3KCnepHMeHT3.1lbHhlX ,lI,a.HHhlX no nepH$epHqeCKoMY pO)K)1eHmo llHOHOB He 

n03BOJISleT pa3pellIH.Th UP-DOWN HeO,llH03HaIlHOCTb $a30Boro aHaJIH3a, KOTopaa 

ocraeTCJI OTKPblroH np06JIeMOH Me30HHOH cnCKrpOCKOIIHH. BMeCTe C TeM, 3TH 

,ll,aHHble YKa3blBaIOT Ha cyweCTBOBaHKe CKaJUlpHO-H30CK3.JlllpHOrO pe30HaHCa B 

06JlaCTH Macc HIDlCe 1 f3B (lllHpoKoro CHrMa-Me30Ha fo(400-1200) H/.HJlH Y3Koro 

10(750». 
HCTOPHJI nOHCKOB 3TUX cocro.wnt.H ,LJ.1lHTeJlbHa H npOTHBOpelJ.HBa. BllJIOTh ,lI,O 

1974 rO,ll,a lllHpoKHii CKaJUlPHO-H30CKaJUlPH.bl.ii pe30HaHC «PHrYPU.POBaJI B Ta6JlHUax 

PDG C 0603HallCHWlMH a, £ HJlH &.+ . B 1996 ro)l.y OH CHOBa nOJlBHJICJI B 3THX 

Ta6.JIHuax C 0603Ha'iCHJf.eM fo(400-1200). CymeCTBOBaHHe u. CBoilCTBa CHrMa­

pe30HaHca TeCHO CBJl3aHhl C BOnpOCOM 0 cTPyKType OCHOBHoro COCTOJlHWl HOHera 

CKaJIJlPHhIX MC30HOB H npu.po,ll,e CKaJISlPHblX MC30HOB. B nOCJIe,AHHC roJJ.bl CTaHOBHTCJI 

.Bee 60JIee O'ieBH,lI,HhlM, 'iTO CTaH,IJ,apYHaa AMP-napaMerpH3auHJI CHHfJIeT­

H3OCHHrJIeTHOH aMllJIHTYJlhl llHOH-llHOHHOro pacceJIHHJI ("DOWN"-peweHKe) [19] 

cOOTBeTCTByeT cyweCTBOBaHH.IO WHpOKoro (f>500 M3B) CHrMa-Me30Ha C MacCOH B 

HHTCpBaJle (400+1200) M3B. C TeOpeTH'ieCKOH TO'iKH 3peHWI CHfMa-Me30H 

He06xo)l.HM JlJ1JI OllHcaHHJI HyKJIOH-HyKJIOHHblX B3aHMO,lleHCTBHH H B ~epHoH 

<pu.3UKe. JIerllaibJIHii CKaJIJlPHO-H30CKaJIJlPHblH Me30H, CHJIhHO CBJl3aHHhlH C IDt­

CHCTeMOH, BaxeH H B 60JlhllI.HHCTBe MOJleJleH CnOHTaHHoro HapyweHHJI KHPaJIhHOH 

CHMMerpHH, HanpHMep B JlHHeitHoH O'-MOJleJUI [20), KOTOpaJI Tpe6yer llIH.poKOro 

CKallJlpHOro Me30Ha C MaccoH, paBHoH )].ByM MacCaM KOHCTHTY3HTHOro KBapKa 

(=700 M3B). PaCqerbl B paMKaX 06hl'iHOH qq -MOJleJIH [21) apryMeHTHpy.lOT 0'-Me30H 

C MaCCOH (500+1000) M3B H WHPHHOH (200+500) M3B. He,llaBHO ony6JIHKOBaHHhlii 

aHaJIH3 JlaHHhlX no JIeI"I3AllleMy 0++ HOHeyY npoJleMOHCTPu.p0BaJI B03MO)KHOCTb 

ycnelllHoro OllHCaHHJI Bcex H3BeCTHblX CKaJUlPHhlX Me30HOB C MaCCOH HIDKC 

1500 M3B B paMKax qq -MO,ll,e.JlH C yqeroM CnOHTaHHoro aapYllleHWl KHP3.1lbHOH 

CHMMeTPKH, aHaJIHTHlJHOCTH, yHHTapHOCTH H ,lI,pyrux 06lUHX TeOperHlJeCKHX 

oIpaHHlJeHHii [22). B 3TOH MO,ll,eJIH 0'-Me30H npe)l.CTaBJUleT c0601i. JIeNaHlllee 

COCTOJlHHe 0++ HOHera co CTPYK.'IYP0H u'iI + dd H JIBJUleTCJI KHpaJIhHhlM napYHepOM 

llHOHa. B U.en.OM, O,llHaKO, HHTepnpeTaIUiJI CKaJIJlPHblX Me30HOB npo,ll,OJDKaer 

OCTaBaTbCJI OTKPblThlM BonpocoM cneKrpOCKOfiHH JlerKHX KBapKOB. 

TaKHM 06Pa30M, COBpeMeHHoe 3KCnepHMeHTaJIbHOe H TeOpeTHlJeCKOe 

COCTOJIHHe np06JIeMhl JIerKoro CKaJlJlpHO-H30CKamIpHOrO Me30Ha rpe6yeT 

JlOnon.HHTeJlbHOH 3KCnepHMeHT3JlhHOH HH$opMallHH. B HaCTOJllUeH pa60Te Mhl 

npe.nCTaBHM ,lJ,aHHble 0 peaKJ.J,HH X-Pi -+ x+x-n Ha nonepe\lH0-llOJUlPH30BaHHOH 

npoToHHoH MHllleHH, nOJlyqeHHble B 06JIacTH MaJIhlX nepeJlaHHhlX HMnyJIbCOB npll 

npOMeJKYTO"lHhIX 9HeprWlX, B CpaBHeHHH C COOTBeTCTBY.lOWHMH pe3YJIbTaTaMH npH 
BhlCOKHX 3HeprHJIX. ,!VuI HHTepnpeT3.lJ,KH pe3YJIhTaTOB 6y,lJ,eT HCnOJIh30BaHa 

pe)J)KCBCKaa $eHoMCHOJIOrIDl, 06eCnelJHBaIOlUaJI eCTeCTBeRHyro CBJl3b Me)f(J]y 

06JIaCTHMH B.blCOKHX H npoMexyrolJHblX 3HeprIDi. 
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2. Ha6J11O,MeMWe R aMIIJIIITY,llW peaKllBB 7t""P~D1t·1t+ 

TIPH «pHXCHpOBaHHOM HMnyJlbCe llyqKa peaKUIDI C TPeMSl 'iacTHuaMH B 
KOHe':lHOM COCTOBHHM. nOJIHOCTblO OnHC.blB3.eTCSl 5 KHHeMaTH'ieCKHMK nepeMeHHblMH 
[23]. B Ka'iecTBe TaKOBblX Mhl 6YAeM HCnOJlb3OBaTb,a,oe 3HepCeTH'IeCKHe nepeMeHHhle 

- KBa.npaT nepeAaHHoro '1eThlpeXHMllYJlbCa t H HHBapHaHTHylO Maccy AHfiHOHa Mff:lt H 

'filM. yrJlOBhle nepeMeHHble (pHC. 1) - yfOJI MeJK,U.y HOpM3JlblO K IlJIOCKOCTH pea.KlUfH H 

nonepe'IHOH nOJUlpK3aJJ,KeA (p) 1If H ABa yena pacfi8,Aa AKIIHOHa - yen.bl fo<ppH,lJ.a­

..z:uc.eKcoHa 8 H TpeHMaHa-..s:brra qJ. ITOCJle.llHKe ABa yr.na onpeAeMIOTCSl KaK 

nOJljJpH.htii H a3HMytaJIbHhlH yen.h1 BbUlera oTpKJJ.aTeJlbHoro IlIiOHa.B ,l(.>KeKcoHoBCKOH 
CHCTeMe KOGp,llHHaT [1] (cmq)8JIbH.3jJ. CHCTeMa {-KaRMa), B KOTOpOH JJ.HIllI.0H 

noKOHTCSl, OCb Z HWpaRJIeHa BD..OJIb nyqKa, a OCb y - no HopManH K ruIOCKOCTH 

peaKl.Uf.H. 

x z 

yz 

y 

a) 6) 
PHC. 1. Onpe,aeJIeHHe yCJIOB 'If (a) H 8 H qJ (6). 

BBe..a.eM TaJOKe nepeMeHHylO 1'=I-tlllbJl rAe ImJII - MHHHMaJIbHhlH no a6COJIJOTHOH. 

BeJIH'IHHe KBa.llpaT nepe.Q.aHHoro HMllyJIbCa, Heo6xollHMhlH ,lJ.JlH reHepaUHH ,LlHllHOHa C 

AaHHOif. HHsapH3.H.THOA MaCCOH Mm. 
IIpH $HKCHPOBaHHhIX M. H t 3aB.HCHMOCTb CeqeHWl OT ymoBblX nepeMeHHhlX 

MO)J{eT 6hlT.b npe,LlCTaRJIeHa B Bl1.lle [24]: 

I(8,qJ,lfI);;:; Io(8,qJ) +E:·OOSV'· IY{8,fP) + J:·sinlfl· I x(8,qJ). 
B 06JIaCTH Macc po-Me30Ha, f.lle MO)J(l{O OrpaHH'IHTbCB BKJI3,ll,OM TOJIbKO S H P 

BOJlH, HMeeM: 

Io(8,qJ) =1+(1\0 - PH)·(3co~ 9-1) - A-I .38in2 9cos2cp­
.. M r;; rr (2.1), 

- ReAo . :hi2 sin20cosq> + RePos ·2",3 cosO - ReAs ·2",6 sinOcosq> 

I y (8,q»;; (P:s+ ~ +2A~)+(~ - Pt~)· (3co~ 8-1) - P/-l .3sin2 8cos2cp­
f;\ . r;; r; (2.2) I 

- ReA~' 3.y2 sm29cosqJ+ Repts -2.y3 cos9 - Reffi .2"'/6 sin8 cos rp 

Ix(9, q» =Imp;'l . 38in2 8 sin2cp+ Impto .3J2sin28sinq> + ImPl~' 2../6sin9 sintp (2.3). 
C YCJlOBHeM HOpMHpOBKK Pss+ Pro +2PIl =1 (2.4). 
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B 3THX BblpaxeHIDIX pafJ - 3neMCHThl CmmOBOH MaTpKQhl nJIOTHOCTH 

(3CMll), BnepBhle BBe)leHHhle )l)IH CJIY'IWI HHTeplPepemnm _ S H P-BOJIH, B 

qaCTHOCm, B pa60Te [25]. 
C .ZJ:PyroA CTOPOHLI nOnHoe OIIHcaHHe peaKQHH )laeTCJI C nOMolllbIO Ha60pa 

CIIHpanbHhlX 3MIIJIHTYJl <j,m,.rlI1A>, rJ(e j H m - CIIHH H CIIHPanbHOCTb ,lUIMe30Ha, a Z 
H A. - CJIHPaJIbHOCTH npOTOHa H Hem-poHa~ COOTBeTCTBeHHO. 3axOH COxpaHeHIDI 

qeTHOCTH )'J.JDI aMIIJIHTY)l C nepeBOpOTOM H 6e3 nepeBOpOTa ClIHpaJlbHOCTH HYKJlOHa 

HMeeT BIf,lI: 

. 1 1 m+l 1 1 (
N~=<j,m,iI112>=(-1) <j,-m,-"2I11-"2> 2.5), 

. 1 1 1 1
F':' =< j,m,il1J-i>= (-1)"' <j,-m'-'2171'2> (2.6). 

BBe,neM TaIOKe aMIIJIHTy.zn,I COOTBeTCTBYJOII(He 06MeHY C onpe)leJIeHOH 

HaTYPaJIbHOCTbIO [26]: 

U i;;;;; N! u i = [[Ni + (-l)"'Ni ] N j = /I[Ni _(_1)'"Ni 1. (27)NO 0' N", '/2"' -"" N", '/"2 '" --J>' 

UF~ =F/, UF~ =ff[F~ + (-l)"'F!".], NF~ =ff[F~ -(-1)'" F!"'l (2.8) 
3,necb aMWIHTYJ(hI N COOTBeTCTBYKIT HaTYPaJIbHOMy o6MeHy, a U ­

HeHaTYPaJIbHOMY. H, HaKOHeu, BBe)leM BbIpIDKeHHJI )l)IH noneps'IHbIX HyxJIOHHhIX 

aMIlJIHTY,n: 

u,~ =-H[uN~ + iUF~]' N,~ =-HrNN~ - iNF~] (2.9), 

Ulr~ =-H[UN~ -iUF~]' N,,~ ;;;;;ff[NN~ +iNF~] (2.10). 

CHMBOJIbI g H h 0603HallaJOT aMIIJIHTY,llbI C H 6e3 nepeBOpoTa nOJUIpH3aWlH 

HYKJIoHa,coOTBeTCTBeHHo. B HaWeM c.nyqae, Kor.na MO:xrnO orpaHH'IHTbCJI TOJIbKO S H 

P BOJIHaMH, OCTaeTCJI BOCeMb aMIIJIHTY.n, )l)IH KOTOPLIX BBe.neM cox:pameHHhle 

0603HaQeHIDI: 

s= U.:, L= U,~, U= U.~, N= N,:,S= U,,~. L= UlI~,rJ = Ulr~' N= NlI~ (2.11). 

CBJl3b aMIIJDITY.n C 3JIeMeJITaMH cmmoBOil MaTPHUhI nJIOTHOCTH .n.aeTC.SI 

cneJ(}'IO~ BhlpaxeHIDIMH: 

(2.12),Pss+ A» +2Al =f5f+lSf+IIf+lIf+luf+luF+lNf+lNf= 1 
1 (2.13),

PDO - =ILI'+II"F-'2(INI2+INl2+IU I'+IUl2)PH 

(2.14),
A-I = ! (I N12~ NF-i U12-j tl"j2 ), Re Pio = ~ Re(UL* + tlL) 

(2.15),1 .-. 
Repos =Re(L~ + rs·), Rep1s = .fi Re(US + US ) 

(2.16), 

(2.17), 
A = pis +Pto +2Pl~ =tSl2-Ist2 +I.Q2 -I I12 +IU12-1U12 -1N\2 +INl2 

Pto - A~ =I Lf-llf-k(IUJ2-IUI2-1NJ2+1Nf ) 
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(2.18),
Pi-I =-t (IUf-IUf +1 Nf-INl2 

), RePro =.1Re(U£ - UL) 

(2.19),
ReA:s = Re(LS - IE), ReA~ ="*Re(!.J$ -US") 

(2.20).
Impt:-l =- Re(NU - NrJ·), ImA~ ="*Re(Nl- NL) , 

1 .~-. 
ImPl~ = .J2 Re(N0> - NS ) 

Mhl pa60TaeM C HOpMHpOBaHH.bl.MH aMIlJlH1YD.aMH, T.e. cyMMa KBa,n,paToB 

Mo,nyJleii aMIIJlHTy)l, paBHa 1. 
IJ;eJ1bIO 3KCnepHMeHTa SIBJUleTCH onpe.n.eJleHHe 5 ClIHHO-He3aBHCH.M.hlX 

MaTPHqffiHX 3J1eMeHTOB H 9 CIlHHO-3aBHCHMhlX B CHCTeMe t-KaH8Jla. Pe3YJlbTaThl 

H3MepeHHH npHBe)l,eHhl B p3.3,AeJle 5. KaK 6b1Jlo nOKa3aHO B [13,16J H3 3TOH 
HHtPOPMaUHH MO)J(HO MO)l,eJlbHO He3aBHCHMhlM 06pa30M BOCCTaHOBHTb Bce 8 
KOMWIeKCHhlX aMIlJIHTYD. C TO'lHOCTblO ,11,0 06meii tPa3hl H tPa3hl Me)K,J],y AByMH 

.rpynnaMH aMDJlHTYJJ. C Pa3HOH nonepe'lHOH nOJUlpu3a.1UleH HyKJIOHa OTJJ.a'iH• 

.lleHCTBHTeJIhHO, ypaBHeHIDl (2.12-19) Mo.~HO nepellHcaTb B BH,lJ.e: 

(2.21),
I(I+ A) =1512 +1112 +IUJ2+1N12, t«Poo - PIl)+ (p~ - Ph» =l~2-tauf+INl2) 

1 1'111221 1.1 (2.22),
2(A.-l+PI~I)=2a.lYI-IUl ), "2(RePlo+ Repio)= ..j2Re(!.JL) = .J2IUlI~cosrLU 

1 (2.23),"2 (RePos + Repls) = Re(LS') =1~I51cosrLS 

1 1 1 (2.i4) ,
2" (Repls + Rep!s) = .J2Re(U~) = .J2IUIISlcosrsu 

(2.25),
~(1- A) =ISJ2+1~~+ID"j2+1~f, t«Poo -Pn) -(p~ - Pit» =ll/2-tauI2+INJ2) 

1 JI 1 2-2 (2.26),
2(PI-I-PI-l)="2(INJ -lUI), 

II="=' 1-­"2 (RePlo -Repl~) = .J2Re(!.JL) = .J2IUIILlcosfw 

(2.27),
~ (Repos - Repts) =Re(LS·) =Il/ISJcosfLS 

1 1 _. 1 -_ (2.28)."2 (RePlS+ Repis)= J2 Re(US)= .J2IUIISjcosfsu 

CHCTeMhl. ypaBHeHHH (2.21-24) H (2.25-28) COBepllleHHO He3aBHCHMhl. 

CHCTeMY (2.21-24) MO)J(HO CBeCTH K Ky6HlJ.eCKoMy ypaBHeHWO OTHOCHTeJJ.bHO ILl. 
IToClleD,Hee HMeeT .nsa nOnmKHTeJIhHbIX pemeHHJI. KOM6HHHPYSl ABa sapH3HTa 

pemeHHii ,lVU.I aMIlJlHry.lJ. C qeproii H 6e3 qepTbl, COOTBeTCTBeHHO, nOJIylJ.aeM 

qeTbIpeXJqlaTHylO He0D.H03Ha"lHOCTb aMllJlH.Iy,llHoro aHan.H3a. Pe3YJIbTaTbl TaKoro 

aHaJlH3a 6y.D.YT npeACTaBJIeHbl HIDKe. 
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MHK15-18 MHK19,20 

iT\. 
- - --I H-JI- -H-I-' --

Cl
I- -

C2 \ //C3 
MHKl-3 

C6 

1t+ 

cm 
C7 

C8 

C9 

105 

,\C;
n-l 

MHK4,5 MHK6-9 

MHKI0-13~1 

Puc. 2. 3KCnepHMelITaJ'ILHlUI yCTaHOBKa. 

3. IIOCTaBOBJDl 9&:cnepHMellT8. 
3KCnepHMelIT 6LIJI BLlIIOJllICH Ha YCTaHOBKe CllHH-Po, JIBIDIIOIlleAcJI 

.ll8JIhHCiimHM p83BHTHeM YCTaHOBKH CHHH, H nOJq)o6HO OIIHCaHHOH paHee 

[10,27,28]. ,[l.mJ: nOJlllOThl H3JIO:XCCHIDI HanOMHHM B 3TOif rJIase OCHOBHhIe napaMeTPhI 

YCTBHOBKH H IIpHBe.llCM oc06eHHOCTH nOCTaHOBKH 3KCnepHMeHTa H o6pa6OTKH 

.llaHHhIX, C:wI3aHHhIC C HCCJlC.nyCMOA B 3TOH pa60TC HeynpyroA peaKUHcif. 
YCTaHOSXa paCnOJIOJK.eHa DO BropOM epoxycc yHHBepCaJIbHOrO 

MarmtTOOJITHlICCKOrO KaHana yCKOpHTeIDI HT3<I>. lifHTeHCHBHOCTh IIY':IKa X--MC30HOB 

.ll0 106 qaC'l'HU/UHKJI yCKOpHTeIDI npH c6pocc 1012 npOToHoB Ha BH}'TPCHHIOIO 

MHIlICHb. YrJIoBaH: pacxo,lUlMOCTb IIy'IKa ±6.5 H ±3.5 MPa.ZI. B roPH30HT8JIhHOA H 
BCpTHKaJIbHofi lUIOCKOcnIXJ COOTBeTCTBeHHO. P83MCP IIy'IKa B 06JIacTH MHWelDl 8­
10 MM B 06CHX npOCKUW!X. UCHIpaJIbHblii HMllYJIbC KaHana .KaJIJl6poBaJICJI no 
OTIOIOHeHHlO lIaCTHU B XOpoWO H3BeCTHOM MarHHTHOM none MarHHTa 
IIOIDIPH30BaHHOH MHWCHH H no P83HOCTH BpeMeH npOJIeTa IIHOHOB H aHTIDIpOTOHOB 
[29]. Pe3YJIbTaTIaI CorJIacyKYrCJI B npc,nerrax 0.5%. 

06IllWI CXCMa YCTaHOBKH nOK83aHa Ha pHC. 2, 3m ,nByxrmC'ICBOH MaI'HHTHblH. 

cneK1poMeTP Ha OCHOBe MarHH1'OCTpHX1l.HOHHhIX HCxpOBhIX KaMCp. OCHOBHhIMH 

3neMCHTaMH .smIDIIOTCJI: MHlJIcm (M), pacnOJIo:xceHHWI B none IIIHPOKoarrrrePTYPHoro 

MarHHTa (105); CHCTeMa MaIHHTOCTpJfICUHOHHhIX HCXPOBbIX H rn6p:HrofiilX KaMCp 

(MHK H MIX); C~HHTH.1IJIJIUHOHHHeH'IepeHKOBCKHC C'ICT'IHKH (C H C). 
Orp~aTeJThHhlC nHOHhI JIY'IK8 jlerHCTpHpYJOTCSI C60PKOif H3 Tpex HCXPOBbIX 

(MHKl-3) H TpeX m6plf,llHhlX KaMCp (MrKl-3), a TaIOKe C60PKOH H3.D;BYX KaMep 
(MHK4,5), nOMeIllcHHoit B MaI'HHTHOC nOllC B6JIH3H OT MHWCHH. ,uBe 3apJDKeHHlde 

TI~ - npoJIYKT.bI peannm pernCTpHpYJOTCR TpeMR c60PKaMH KaMep MHK6-9, 
MHKIO-13 H MHK14-20J H3 lCOTOPhIX ,nBe B HIDKHeM lUIeqe cneKTPOMeTpa, a o,nHa 

(MHK14-20) - B BCpXHCM. PaCIIOJIo:xceHHaSI B MarHHTHOM none c60pKa (MHK6-9) 

o6ecne'lHBaeT cnCJCIPOMeTpJfl:lCCKHe cBOifCTBa yCTaHOBlCH. Cnoco6 ClJHThIBaHIDI 
HH(j)OpMaIUfH C HClq)OBhIX KaMCp B CH.1ThHOM HCO.D;H0PO,Z(HOM MarHHTHOM nOJIe 

H3JIo:xceH B [30]. P83MCP pa60TIcIi 06JIaCTH KaMCp MHKIO-13 H lS-20-600x420 MM2, 

- ~ -----------------~--------------
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MHKJ-3, 14 H MrKI-3 - 250x250 MM2• KaMephl MHK19,20 p33BePHYThI Ha yrOJI 

±26° OTHOCHTellbHO OCTaJThHhIX KaMep BepXHero IVIeqa. TOTiHOCTb onpe.n;eneHIDI 

Koop.zumaT B KaMepax .nyqme 0.5 MM. IloporoBhle l{epeHKOBCKHe ClIe'J'lIJfKH C.I H C:z 
HMelOT 3tj>cpeKTHBHOCTh BbIIlle 0.99 IlpH pemCTpalUUf Pe.m.rrHBHCTCKHX qacHU H 

npe.n;Ha3HalleHhI .ztIDI nO,llaB1IeHIDl 4JoHa MSII'KHX npOTOHOB [31]. 
qacTlflUd fiY'lKa BhTJleIDlJIHCb Cl.{HHTHJl.1I.fII{HOHHbIMH Cl{eT'DII(aMH Cl..4 H He 

cp868TLIBaHHeM aHTHCl{eT'IHlG\ C4', KOTOpblii HMeeT B ueHTpe OTBepCTHe ,lUIaMeTpOM 

15 MM H OTpaJDNHBaeT pa3Mep J1Y'IICa Ha MHWeHH. TpHITep Bblpa6aThIBaJICH no 

<poPMYJIe: 

C 1 -C2 -C3 -C4 -C4' -Cs -(C6 +C,)-(Cs +C9 )-C10 -CI-C2 (3.1). 
none MarHHTa lOS HMeeT HanpJDKeHHOCTh B :u;empe 2.55 Tn, HHTeTpaJI no 

Pa,zJ;HYCY 0.45 TJI'M H Heo.ztHopO,llHOCTb B 06JI8CTH MHUleHH He npeBhDIIaeT 2.10-4. 

Pa60qee BemeCTBO nOJUIpH30BaHHOH: npOTOHHoA MHllleHH (IIIIM) - npoIT8HJlHOJI, 

nOJDlPH38:QHH cB06o,ll,HldX npOTOHOB KOTOporo .n.oc;nrranacb MeTO,llOM .zumaMHIJ.eCKOH 

nOJIJlPH3~ JJ,ZJ;ep. Pa60qWl TeMlIepaTYPa MHIIIeHH (0.5 K) 06eCnelIHBaJIaCb 

KpHOCT8TOM Ha OCHOBe HcnapeHIDI He3• P83MephI pe30HaTOpa-21x28X60 MM2• 
nonyqeHHaH nOJDlPH3auID1 H3MepAAaCb MeTO,llOM JJ,ZJ;epHoro MarHHTHOrO pC30HaHCa 

(SIMP). Cpe,llHHH nOJIHPH3amm MHWeHH 70±5%. PeBepc nOIDIPH3aI.J;HH 
npOH3BO,ZJ;HJICR K8JI(JlD1e 6 qaCOB. 

KpoMe nOIDlpH30BaHHoA MHUIeHlf B pa60Te HCn0JIb30BanaCb 

~OBO.n;OPO.ztHaJI MHWem OKBM). 3a OCHOBy ,lJ)ISIC03,llaHHH )l(BM 6blJ1 

HCnOJlb3OBaH HMeIOIlf.HiiCH KpHOCTaT OT IITIM, lITO n03BOJDtJIO 3KCIUIyampOB8Tb 

yCTaHOBKY B B8pH8HTaX C nOJUJPH30BaHHoA H Hen01lB.pH30BaHHoit MHWeIDIMH 6e3 

.n;onOJIHHTeJ'IbHldX nepeCT8HOBO.K. H IOcmpoBOK. X<H.zuam BO,llOPO,n nonyqanc.SI 
OXJIWK,neHHeM ra3006p83Horo BO,llOPO.n;8 JIPH aTMocq.epHOM ,llaB1leIDIH C nOM0m&IO 

}KH)lKoro reJIHH. IIonyqeHIIhIH :xcH.llKHit BO,llOPO,ll C06Hpan:C.SI B cneI.J;HaJThHOH BaHHe, 
KOTOpWl pacnOJIaFanaCb Ha MeCTe pe30HaTOpa nOJISIPH30BaHHoit MHII.IeHH. CKOpOCTb 
npOTOKa reJIHJI Qepe3 TeDJI006MeHHHIC nO,llAep)lOfBaJlaCb aBTOMaTWiCCKH TaK, q0r06hI 

,ll8BJIeHHe BO,llopo.n;a B 3aMKHYJ'OM otYbeMe MHDIeHH 6bVIO nocTOSIHHhIM. TIPH 3TOM 

,llOCTHraJIaCb TO'lHOCTb no,u,nepJKaHIDI OtY.beM8 JKH,llKOH «P83.bl nyqm:e 2%. 06'beM 

}l{lf)];KOBO,AOpO,llHOH BO,llOPOJlHoit MHIIIeHH 50-100 MJI. Pacxo,D; remm 2.5 n/li. 

YCTaHoBKa CBH3aHa "8 JIHHHIO"·c MaJIoA 3BM EClOIO. HCR HH<pOPM8.I.lIDI, 

CT{HTaHHWI c YCTaHOBKH no TpHITepy, 3anHChIBaJI8Ch Ha MaFHJITHYlO neHTy. KpoMe 

TOTO Ha JIeHTY B xaJl(",AOM UHKJIe yCKOPHTeIDI 3allHCbIBWICJI ClieT nyqKa H 

OlUfcPPOB3.HlIbI:A CHrHaJI C ,D;eTeKTOpa .RMP MHIlIeHH. npoTpaMMHoe o6eCnelJ:eHHe 

n03BOJDlJIO 9cP<PeKTHBHO KOIITPOJIHP0BaTb BO BpeMJI H860pa CT8mCTHKH pa600y 
HCIq)OBldX KaMep, cxeMhI B.blpa60TICH TpHITepa H n0.1UlPH30BaHHOH MHIIIeHH. 

IOcrHpoBKa YCTaHOBKH npoBo,llHJIacb KaK C nOMO:lJ$1O 06bNHbIX 
reo.n;C3lf1lecKHX H3MepeHKit, TaK H B .llByx CnelUl8JlbH.bIX 3KCnepHMeHTax. B nepBOM 
3KCnepHMeHTe (3KcnepHMeHT C "TOliellHou:" MHIIIeHbIO) B Ka'IeCTBe MHIIleHH 

HCn0JI.b30BaJIaCb Me,lUlaH IlpoBOnOKa, KOTOpliSl paCnOJIaFanaCb noot:lepellHo B~OJIb 

K8.XQ(oit H3 oceA KOOp.n;HH8T, MaTHHTHoe. none 6hIJlo BbI.K.JIIOlJ:eHO. Bo BropOM 

9KCnepHMeHTe nyqoK, HM:JIYJIbc KOTOporo H3MepsmC.SI no P33HOCTH BpeMeHH npoJIera 

IDIOHOB H npOToHoB (aHTHItPOTOHoB) C TOlIHOCThIO nyqme 0.5%, HaIlp.HMYIO 

npoXO.llHJI lIepe3 M8rHHT 105 H pemCTPHpOBaJlC.SI HCKpOBbIMH KaMepaMH. 3m 
9KCnepHMeHTbl ,l(arrn B03MOXCHOCTb cymeCTBeHHO yseJIHlDITb TOllHOCTb COrrpJDKeHIDI 

6noKoB KaMep, npOBepHTb Mo,neJIb MarHHTHOrO nOJIH, HCnOJIb3yeMYJO npH 
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BOCCl3HOBJIeHHH TpCKOB c06blTKH, H yrO'iHHTb olllH6KH Bbl'iHCJIeHWl 

KHHCMaTH'ieCKHX napaMCTPOB TPCKOB, KOTOPhlC B j:l3JIbHCHlliCM HCnOJlb30Ba.llHCb )l.IUI 

Bhl'lKcnCHHJI X2• 

".., 
2000 

"'" 
"CO 

"'" 
1000 

700 

PHC. 3. PacnpCJI,eJIeHHe c06blTM no
 

HCJI,OCTaJOllIeA Macce.
 

4.
 
06pa6oTu 

06pa6oTxa HHcPoPMauHH 

npoB0.ll.HJlaCb B .IlBa 3TIUIa. Ha nepBOM 

3Tane BOCCTaHaBJIHBaJIaCb KHHCMaTHKa 

C06blTHit IIpH nOM MJl KWK,UOro 

co6bITIDI HaXO,lUlJlHCb a) no 

OTKnOHeHkUO TPCKa B MarHHTHOM nOJIe 

- HMnyJIbC H yrJlhl BbUleTa 'laCTHUbl, 

3aperHCTPHpoBaHHOH B HWKHCM MOKe 

KaMCp; 6) TO'lKa B3aHMOj:leHCTBIDI; B) 

HMnyJIbC H yrJlhl 'lacTW.I.bl B BepXHCM 

6JIOKC; r) Hej:lOCTalOwaJI Macca; j:l) 

olWl6KH BOCCTaHOBJICHHJI KHHCMaTH­

'leCKHX napaMeTpOB; c) X2 rHIl0Te3b1 0 

TOM, 'ITO He3aperHCTPHPOllllHlUUl 

'laCTHlla HMeeT Maccy HyooHa; (.lK) 
npoBO,D.HJlOCb yro'meHHe KHHeMaTH­

qCCKHX DapaMCrpOB B npe.a,nOJlOJICCHKH, 

,. 
39"1f9......"', 

.-~,-~-
Missing Moss squared 

'ITO KHHeMaTHKa COOTBeTCTByer HCCJIe.nyeMoA pe8KUHH. Ha' pHC. 3 nOKa3aHO 

pacnpe.neJICHHe C06b1.THH no KBa.D.pary He.nOCTalOweH MacChi. (TOHK8Jl JlHHHJI). B 
)laJlbHeiiweH 06pa6oTKe ,lI,J1JI. Bb1,IleJIeHIDI c06b1TM HCCJ1e.nyeMoA peaKUHH 6b1Jl 

HCnOJlb30BaH KpHTepHA X, onril1.eJIeHHhlit cnC.nYlOlUHM 06pa3oM: 

_ X 2 M;>M}, (4.1) 
x- -X 2 M;<MJ,' 

r.ne M" - HC.nOCTalOUlaR Macca, a MN - Macca HyooHa. TaKOH KPHTePKH 
n03BOnJleT HCKJl1O'lHTb C06blTHJI C PO.lKJ:lCHHCM TPCX H 60JIcc nHOHOB, TaK KaK TaKHC 

co6h1.THH .nOJl.lKHbl. HMCTh HC.nOCTa1OWYJO MaCcy 60JIbWC MaCChi HyooHa. IlpH 
06pa6OTKC 6b1Jlo npoBepCHO, 'ITO OKOH'IaTeJIbHblC pe3YJIbTaTbI cna60 3aaHCjJ,T OT 

HaKJl3,llbl.BaCMOro orpaHH'ieHIDI no X. IIpHBe.ncHHhle HH.lKC .naHHblC COOTBeTCTBYJOT 

ycnOBHIO X < 5 (31'0 COOTBeTCTBYCT Bb1,IlCJICHkUO no He.nOCTalOweA Maccc, 

nOKa3aHHOMY Ha puc. 3 lllrpHXOBKOA). TaK KaK 6blCrphlA npOTOH MO}j(CT .naTb 

cpa6aTblBaHHC B qepeHKOBCKOM C'lCT'iHKe Hap9..D.Y C IlHOHOM, TO 6b1Jlo TaK}l(C 

nOCTpocHo pacnpeAeJIeHHC no KBa.D.pary HC.nOCTalOweA MacChi J.VUI peaKUHH 1t"'p ~ x­
nOp. CJlCAOB fiHKa B palioHe KBll,llpaTa MaCChl -iJ He 06HapYJICCHO. 

Ha pHC. 4 nOKa3llHb1 pacnpe.neJICHHJI c06b1TKH B YCTaHOBKC no t H Ma 
COOTBeTCTBCHHO. )J;aJlbHCHlUaR CTaTHCTH'IecXaR o6pa60Txa .naHHblX c UeJJbJO 
onpe.nCJICHHJI 3JJCMCHTOB CnHHOBOH MarpKUbl llJlOTHOCTH (3CMIl) npoH3BO.llHJIaCb 

Mero.nOM MaKCHMaJIhHOro npas,nono.n06H9. [32,33) B OT.nCJlbHbI.X HHTePBaJJax no t H 

M_ llPH H3BeCTHOM ymoBoM pacnpe.nCJICHHH C06blTKH W(l/I, 8,qI), napaMeTPaMH 

Koroporo H HBJUlJOTCjJ, HCKOMblC MarpH'lHblC 3JleMCHTbI, cPYHKllHSI npaB,llono.n06HJ1 

MO}j(eT 6blTb 3aIlHcaua Kax npmt3Bc.neHHc no BCeM C06hlTHJlM, 3aperHcrpHpOBaHHblM 

yCTaHOBKOA: 
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PRe. 4. Paenpe,neJleHHe C06hITHH no nepe,nalllIoMY HMIIYJThcy -t' (a) H no Macce 
.AHJIHOHa Mn (6). 

L = II
N 

{W(V'h 9;, qJi) '1](1/1;,9;, qJ;) / C} (4.2), 
i 

r,ne 71(I/I,8,qJ) - 3~~eKTHBHOCTh pemcrpamm YCT8.HO:BKOH c06LITJIii c yrnaMH 
til, 9 u tp , a C - HOP:'fBOliHWI KOHCTaHTa, onpe.zr;e.rureMWI HHTerpanoM: 

C - W(V','6,qJ) '1](",;6,qJ)' dO. (4.3), 
KOTOPbrH: 6epeTcJI no BceMY ~a30:BOMY o6'beMY H MOXeT 61dTb HaibleH MeTO.llOM 

MOHTe-KaPJlO KaK: 

c = i t W(IfI,~;,tpl) (4.4), 
I 

r.n;e CYMMHpO:BaHHe npOH3BO,llHTC.JI no BceM c06hlTH..J1M p03IdI'PLIllJ.a, 
"nOnaBlIIHM" :B yCTaHOBKY. Ha npaKTHKe HCnOJIb3YeTC.JI JIOrapH~M ~YJfKUHH 

npaB.ZIono,n06ID1: 

In(L) = t In(W(t;, Mmrh VIi, '6;, qJ;» + 
lJ, ; (4.5). 

+Lln(1](t;,Mmr ;, V';;6;,qJ;) - N ·In(C) 
i 

TaK KaK aropoii "II1IeH B 3TOH cYMMe He 3aBHCHT OT MaTPWDJI,IX 3JIeMeHTOB, TO 
ero MO)f{HO He yqHT.bIBaTb npH nOHcKe MaKCHMYMa. C .npyrOH· CTOPOHbI yrnoBoe 
pacnpeneJleHHe W(I/I,8,fP) JlBIDIeTC.JI JlHHei'iHoH KOM6HHaUHeit 3neMeHTOB MaTpHI.J.bl 
TIJIOTHOCTH: 

W(l/f,t1,qJ) = 1+ L, Pi . !j(l/f,'6,qJ) (4.6) 
i 
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Tjle {.lj. - 3JIeMeHTbl CllilHOBOH MarpHllhl IDlOTHOCTH, a fj - H3BeCTHhle <PYHKlJ,HH 

yCJIOB. OKOH'iaTeJlbHOe BblpaxeHHe HMeeT BWl: 

~ In(L) = ~tln(l + L Pi . !j(lf/;,t};,fI';»­
1 t' J (4.7) 

..-In(l + K k ~ Pi . jj(l/Ib~bq>k» + cons!. 
3.nech llli,IleKC i BhlpaxaeT CyMMHpoBaHHe no N C06.h1TWlM, 

3apeCHCTPHpoBaHHhlM B 3KCnepHMeHTe, a k - no K C06hlTIDIM Mo.neJIHpOBaHWI. 

MOHTe-KaPJIO Mo.neJIHpOBatUle yCTaHOBKH 6h1Jlo BhIDOJIHeHO C nOMOWblO 

nporpaMMhl GEANT [34). ,L:{JuI 3KOHOMHH MaWHHHoro BpeMeHH np1l 

MO,l1eJIHpoBaHHH 6blJl HCnOJIb30BaH MeTO,l1 cyweCTBeHHOH Bhl60PKH [35), Le. 

C06hlTIDI MOHTe-KaPJIO Pa3hlrphlB8JlHCh TaK, 'iTo6bI HX pacnpe,uen.eHHe no Macce 

JlHllHOHa H nepejlaHHoMy HMnyJIbCy npHMepHO COOTBeTCTBOBaJIO pacnpejleJIeHHlO B 

pe3JlbHOH yCTaHOBKe. qHCJIO Mo.neJIbHblX C06hlTlui npeBOCXOjlHT B HeCJ(OJIbKO pa3 

'iHCJlO pea.JIbH.bIX c06.h1THH B KIDK,D.OM ,llHanaJOHe. 

IIpH o6pa6OTKe JJ,aHHhlX, 3anHCaHHblX Ha nOJISlpH30BaHHOH MHllleHH, CHa'iaJIa 

HaXO,!J.WlHCh CllHHO-He3aBHCHMble MaTpH'iHhle 3JIeMeHThl Ha CMeCH Mep MHllleHH, a 

nOTOM CllHHO-JaBHCHMble. llPH oJJ,HHaKoBoH CTaTHCTHKe B Bhl60pKaX C 060HMH 

3HaKaMH nOJUlpH3aIJ.HH MHllleHH 'llleH.bI, CBH3aHHhle C 3«P4>eKTHBHoCTblO H 

reOMeTPH'ieCKHM 3axBaToM yCTaHoBKH, WIWlIOT TOJIbKO Ha onpejleJIeHHe CllHHO­

He3aBHCHMhlX 3CMII [37). ,llJut ypaBHOBeWHBaHWI jlaHHblX C Pa3HOH nOJUlpH3al.l,HeH 

MHWeHH HCnOJlb30BaJIaCb BeCOBaSI «PYHKIJ,IDI [36]: 

W+ N;·Nt 
-w = N-· N- (4.8), 

- i· J. 
c.ne N;J, - 'lliCJla C06hlTHH npH llOJUIPH3aIJ.IDIX IIJlIOC H MHHyC, B KOTOphlX 

)J.KD.HOH nonereJI "BHH3" HJIH "BOOPX" COOTBeTCTBeHHO, a W - COOTBeTCTBYJO.lUHe Beca 

C06blTHH. 

TaK KaK npH cywecTByIOweH TO'lHOCTH H3MepeHHH KHHeMaTHKa HCCJIeJlyeMoH 

peaKUHH Ha CBo6o,lJ,HhlX npOTOHax He OTJIH'iHMa OT aHaJIOCH'iHOH peaK1UlK Ha 

CBJI3aHHhlX HyKJIOHax nOJIJIpH30BaHHOH MHllieHH, TO H3 3KCnepHMeHTa Ha nocJIe.llHeii 

6h1JlH nOJIY'ieHhl TOJIbKO CllHHO-3aBHCHMhle MarpH'iHble 3JleMeHThl, BKJIa,u B KOTophle 

HenOJUlpH30BaHH.ble ymepo.n 11 KHCJIOpO,LI. BeweCTBa MKllleHH ,LI.aBaTb He MOryr. 

CIlHHO-He3aBHCHMhle 3CMIT 6h1JlH onpejlen.eHbl B OT.neJIbHOM 3KCnepHMeHTe Ha 

.>KH,llKOBOjlOPOjlHOH MKWeHH. IIpH 3TOM CfiHHO-3aBHCHMhle 3CMIT OKa3hJBaIOTCSI 

Bbl'iHCJleHhl Ha BeeH CMeCH Mep nOJljJpH30BaHHOH MKllleHH, H ,ll)IJI HaxO)J(,lleHIDl 

MaTpH'lHhIX 3JIeMeHTOB Ha BOjlOpOjle Bbl'lHCJUIJICH K03<P<PHll.HeHT pa36aBJIeHIDl. 3TOT 

K03<p«pHlJ,HeHT onpe,l1eJUlJICJI 3KCnepHMeHTaJIbHO C Y'ieTOM C'ieTa fiY'iKOBOro 

MOHHTOpa, 'iHCJIa 3apeCHCTIUlP0BaHHblX C06hlTHH HCCJIe,lJ,yeMoH peaKQHH, 

3<p<peKTKBHOCTH KaMep .If CllKHO-He3aBHCHMhlX MarpH'iHhlX 3JleMeHTOB. LlaHHble 

6h1JlH o6pa6OTaHhl A/Ul Ka)J(,lloro ceaHca B OT.lleJlbHOCTH .If ycpe.nHeHbl. IloJIY'ieHHhle 

3HaqeHIDI K034><t»HJJ,HeHTa pa36aBJleHIDl npejlCTaBJIeHhl B Ta6JIH.Ue 1. 
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Ta6.JolQa I. K034J4)}1UHCHT pa36aBJIcHIDI KaK cPYHKUIDI MaCCblllHIIHoHa. 

2fsB e 0.65 - 0.75 0.75-0.80 0.80-0.90 

k 3.6±0.2 2.8±O.2 4.3±O.4 

s. Peaym.Ta..... 
B STaN p~en:c DpHBe,D;CHLI pe3YJ1bTaTLI BOCCTaHOBJICHIDI HOpMllpOBaHHhIX 

3CMll B CHCTeMC t-KaHaJIa, no.rryq:CHHhIC Ha OCROBe 06pa6oTKH 39 Tble. c06LITHit Ha 

BO,D;OpO,ZVIOH MHll1CHH, npoWe;ruIIHX CTaTHCTIflICCJCYIO 06pa6OTKY, H 270 TLtc. c0611ll'1dk 
Ha nOJIJlpH30BaHHOH MHIJICHH B ICHHCMaTH'lCCKOM BHl'CpBaJIC 0.005<-t'<0.2 (f3Bje)2 

H 0.6<Ma <1.0 fsBjc2• 

5.1. CIUlHO-IIalUlJlCJlMWe MII1IIpRllwe 3AeMeII1IJbI. 

5.1.1. OqeBKa BKAilAil ~33-R306ap.. B D-BOJUIY. 

OCHOBHOA U:CJlbIO groA pa60Th1 JIBJDIeTCJI H3yqCHHC pO}l(JlCHIDI ,llHIIHOHOB, 

n03TOMY npe,u;C'J.'8B.lUIeTCSI cymCCTBCHHhIM nonp06oBaTh HCKJIIOlIH'I'h B03MOXCHbIif 

BIOI8,lt peaKu:HH C pOx,nCHHCM A(1232)-pc30HaHca, KOTOpWl HMCCT T8.KOC xc 

KOHC"'IHOC COCTOJlHHC. )lmI 3TOro 6hl11a npoBC,D;CHa 06pa60TJ(a ,D;aHHhlX C 

HClClIIO''1CHHCM c06hlTHit, B KOTOPhIX HHBaPHaHTHWI Macca CHCTeMbI H3 o,nHoro 83 
IIHOHOB H HeihpoHa JleJICHT B )J;HanB30HC 1230±70 M3B. npH· 3TOM MaTplfTDlhIC 

3J1CMcHThI COBnaJIH B npe.lleJI8X CT8.THCTH'IeclCHX OIllH60K C MaTPH'IHhlMH 

SJlCMCHTaMH, nonyqCHHbIMH Ha nOJllIOH CI'aTHC'I'HKC. 3To roBOpHT 0 TOM, "'ITO BKJIa,lI 

pcanum C 06p330BaHHCM ~-pe30HaHcaB H3MCpgCMbIe Be.1IH':IHHhI Man. 

):(pyroA 60Jlcc BaJKHoA npOBepKo:A Ra B03MOXHyIO CHCTCMa:J"H'ICCKYJO 

norpCDDlOCTb 6h1JI8 OU:CHKa BKJIB,A8 D-BOJIHhI. JIHTCpaTYP.HlilC ,D;aHHhIC [4,16] 

CBH,lICTeJIbCTByJOT, lITO B HCCJIC.llYCMOA 06JIaCTH Macc ,zumHOHa BKJI&,n D-BOJIHbl 
HCBeJIHK. B IIpH6JnDKeHHH He60nwOH aMDJIHTY,llhI D-BOJIHhI MOJKHO npe}lllOJIO}lOl'l'b, 

lITO MaKCHMaJIIdILi:it BKJl8J( B CcqCHHC .llaeT 'lJ'ICH, OOHCLmaJOJD;HH HHTeIKPcpeHUHIO 

Mex,ny P-BOJIHOH co CIIHPaJlbHOCThIO 0 H D-BOJIHoit c T81(oA}lCc Cmrpam.HOCTIdO: 

-.JfSRe plfJ/Jo· cos(8)· (1- 3cos2(8» (5.1), 

TllK KaK 3TOT 'ilIeH JlHHCCH no 8MIIJDfl'Y.llc D-BOJIHbI, a aMJJJIHTY,ZJ;a P-BOJIHhI co 
CIJHP8.1IbROCTbIO 0 - M8ICCHM8JlbH8JI B 06JIacm: Macc p-MC3oHa cpC,D;H OCTaJIbHLIX 

BOIllI. 06pa6oTKa 3KCnCpHMCHTalIhHhIX A8HHLIX C ytieTOM 3TOro 'IJIcHa .nua 

IRe Pl\DaI= 0.03 - 0.05. lITO CBHlleTCJThCTByeT 0 TOM, lJTO HHfCHCHBHOCTL D-BOJlHLI 

nopjJ)J;I{a 0.01 H CIO MOJKHO npeHe6pe'lb B ,D;8JThHclmcM aHaJIH3C. 

5.1.1. ClIIIBo-Be3DBClDIWe MaTPJl'lllWe aJleMetrrW • tyHKnllll OT Mace... 

ABJDIOBa B BaWla.&llOl aBepOm. . 

PC3yJ1bTaTbl HacTOmLlcA pa60Th1 no CJIHHO-HC33BHCHMhIM 3CMll B CHCTCMe 

ro'l$pH.lla-.nxccKcoHa nonyqeHbl C npHMCHeHHCM JKH,lI;KOBOAOPO,llHoA MHIllCHH. OHH 

npC,D;cr8BJIeHbI B Ta6mm;c 1 H HapHCymcax 5 BMCCTe C aHaJlOI'IDIHbIMH ,D;aHHLIMH 

3KCnCpHMCmOB Ha IIY3blPbKOBbIX KaMepax, ycpe,llHeHHbIX aBTOpaMH [2] no 

HHTepBaJIy HalfaJThHbIX HMJIY1lhCOB (1.7-3.2) f3Bjc, a TalOKe ,lI,aHHbIMH ITpH BblCOKHX 

3HeprIDIX [4,11,38]. ITPH Maccax ,ZJJffiHOHa M1tIt HIDKe 0.85 f3Bjc2 MaTplflDWC 
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3J1CMcH'I'LI Poo +3'1 
Pss H Repos' H3MCpeHHhlc BO Bcex 3KCnepHMeHTaX, ,IlCMOHCTPIfPYJOT 

6.nH3K)1JO MBCCOByx> 3aBHCHMOCTb. TIPH Ma; > 0.85 f3B/c2 npOHBJUleTCjJ 

CYJ.l{eCTBeHHoe p831IH1lHe C .llBHHHMH npH BHCOIOtX 3Hep:nmx. MaTpJlfIJlhlit 3JIeMCHT 

Pl-l Man, KaJC H npH BHCOIOtX 3HCpriDIx. MBTpH'IHhIe 3neMCHrhI ReplO H ReP1S 

YMCHbWaIOI'CJJ B MBCCOBOM HHTepB8JlC (0.8-0.9) f3B/c2 C POCTOMo M a cymeCTBeIDIo 

6&1crpee, q:CM IIPH B&lCOKHX 3Hep:rHJJX. Ha pHC. 5 (r) H ~) BH)l;HO TaJQKe, TITO HMeeT 

Mecro 3Ha'lHTeJI&HaJI 3HepI'e1W:lCCKaJI 38.BHCHMOCT& 3THX 3CMII. CTaH,1lapmoe 
OIIHCaHHe nponecca reHepauHH J,tHIlHOHOB B MO,IIeJIH 0AHOIlHOHHoro 06MeHB C 

nOrJlO~CHHCM OPEA [8] npHBO,D;HT K cne.QYJOm;e'it MaccoBo'it 3aBHCHMOCTH 

O'IHomcHIrit MaTPH'DIbIX 3nCMCHTOB: 

RePIO ReAs = _..£ (5.2) 
Poo - Pll RePos M". , 

rJIe C>O - KOHCTaHTa. 3KCnepHMeHTaJIbHhIC )J;aHHhIe U1iCCTBCHHO 

y,IIOBJIeTBOpJlIOT 3THM COOTHomeHIDlM. HO npoR:B1lJllOT 60nec CHJIbHYJO 3aBHCHMOCTb 

OT Macchi )lKJIHOHS B HHTepBaJIC (0.7 - 0.95) f3B/c2. SHepreTWlecKaSl 3BOIDOllIDI 

MacCOBoii 38BHCHMOCm 3CMII npH Mu >0.85 f3B/c2 nOBlf,ZlHM0MY C.BH.3aHa co 

BKJl8,lJ;OM aCHMlITOTH'IeCKH B&IMHPaIO~ aMIIJIHTY,ll, KOTOplde CO,llep~aT MHO}[{HTeJ)J,

F,
 6JIH3IOdt no nopH,llKy BeJIHtmHId: K e)lHHHl.J;c H 6hICTPO B03paCTaIOIllHii C 

POCTOM M= B pSCCMaTpHBaeMOM HHTepBa1le Macc. 

J.b-Ja OTCyrcTBHJI CTaTHC1W:IeclCH 06ecnc'IcHHhIX ,llllllHbIX B HHTCPBa1IC 

Ha"laJIbHIiIX HMJIy.1ILCOB (1.5-2.0) faB/c npH M_>0.85 faB/c2, B 31'OH 06JlaCTH Macc 

HeB03MOIHO ocymcCTBHTb npoBCPKY nOJI}"leHHOH HHcPOPMaJ.U{H CpaBHeHHCM C 

npe,llWecTByIO~ aKCnCpHMeHTaMH. II03TOMY BaXCcH KOJITPOJIb BHYTPclDIeH 

cOfnacoBaHHOCTH pe3YJIhTaTOB. ITpc,llIlOJlanuI MaJI}'lO OTHOCHTeJIbHYJO ~a3Y S H L­

BOJIH, HcnoJlb3yH 3KCnepHMe:HTaJI:bHhIe 3H8'1emm 3CMII Poo +'31 
Pss , Repos H PJ-l H 

COOTHOWCHIDI (2.12), (2.13), (2.15), MOJKHO nOK83aTb, 'ITO HHTeHCHBHOCTb U-BOJIHhI 

YMcmwaeTCJI BIPoe B mrrepBaJIe (0.8-0.92) f3B/c2, 'ITO COrlIacYeTCJI C CHJIbHoA 
MaccoBOH 38BHCHMOCTbIO 3CMII Rep10 H Rep,s' Kax. 6Y.D:eT noK.a38HO HIDKC, 

IlpHHB.TOC fipe,JnlOJlo:xceHHe cOOTBeTCTByeT CJUlHCTBeHHOMY tPH3Ht1ecKH IIpHeMJICMOMY 
peweHHlO aMJJJIHTY,llHoro aua;m3a. 

Ta6.JDlQa 2. CIIHHO-HC38BHCHMbIC Ma1'pJllfllbIe aJICMCHTbI Ha BO.ll0PO,llC KaK q,YJIl'UWI 
MaCChI JIHIIHOHa B .zumna30Hc no ncpCJ!8HHOMY HMIIYJIbCY 0.005 < -t' < 0.2 (feB/c)2. 

M1llt, 

f3B/c2 

1 
Poo + '3 PS,5 

Pl-l Re PIO Repos RepIS 

0.613 0.604±O:016 0.002±O.010 -0.011±O.017 0.413±O.024 -0.00I±O.018 

0.638 0.611±O.015 0.034±O.011 -0.065±O.017 0.372±O.028 -0.045±O.014 

0.663 0.628±O.010 0.009±O.006 -0.O69±O.010 O.383±O.O17 ~0.049±O.OO8 

0.688 0.593±O.017 0.018±O.008 -0.049±O.011 O.314±O.O25 -0.030±<).O08 
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0.713 0.59 l±O.O13 0.011±O.006 -0.064±O.008 0.301±O.018 -0.035±O.007 
0.738 0.634±O.008 0.007±O.004 -0.066±O.006 0.343±O.01l -0.042±O.004 

0.763 0.633±O.OO9 -0.002±O.004 -0.066±O.006 0.306±O.013 -0.035±O.004 

0.788 0.657±O.OO8 0.OO7±O.O04 -O.064±O.006 O.294±O.027 -O.033±O.004 

0.813 0.673±O.01l -0.004±O.004 -o.051±O.007 0.283±O.021 -0.026±O.006 

0.838 0.689±O.013 0.OOO±O.004 -0.046±O.008 0.290±0.O21 -0.022±O.O06 

0.863 0.707±O.013 0.007±O.004 -0.032±O.008 0.337±O.018 -0.012±O.006 
0.888 0.727±O.010 0.001±O.003 -0.024±O.008 0.399±O.0 13 -0.013±O.006 
0.913 0.754±O.008 -0.002±O.003 -0.027±O.007 0.425±O.008 -0.017±O.004 
0.938 0.785±O;009 0.005±O.003 -0.007±O.011 0.42I±O.01l -0.005±O.007 

0.963 0.797±O.007 -0.00I±O.002 -0.034±O.007 0.442±O.006 -0.023±O.004 

0.988 0.799±O.OO9 0.000±0.OO2 ·-0.014±O.01O 0.453±O.OO7 -O.009±O.OO6 

5.1.3. CDBBO-Be3UHCllMllle MaT)Jlrlllllle 3JleMellTlll KU: 4JYBKJnUI 
nepe.zuumoro 'Ie1"IIIIK'XllMllYm.ca. 
CIlHHO-He38BHCHM:hIe SCMII B CHCTeMe t-KaHWIa, no.rryqeHHbIe B HaCTOJIJlleH 

pa60Te Ha :xGf,lJ.KOBO,nOPO,l(HOH MHllIeHH, IIpHBe.n;eHhl KaK cPYHKI..UDI rrepe.n;aHHoro 
HMIIYJIbCa B Ta6mme 3 H Ha pHCymcax 6 COBMeCTHO C pe3YJlbTaTaMH 3KCnepHMeHTOB 

[4,11,38]. Kax: H IIp>> BbICOICHX 3Hepnmx Bee .geMn (38 HCK1IIO"IeHHeM PI-I) He 

06HapyxcHBalOT 3Ha"lJBTeJlbHOH t' -3aBHCHMOCTH BHe HmepBaJIa -1' <0.01, r,ne 
Ha6JllO,naeTCH O)lQf)(aeMoe KHHeMaTH':leCKOe no,naBJIeHHe Rep10 H ReP1S B6JlH3H t' =0. 

MaTpIl'Dfhl1{ 3JIeMeHT PI-I Me,lJ)lelUlO B03paCTaeT .n;o -t' =0.1, 'ITO COrJI8CYeTCjI C 

OXOf,l{aJDUIMH MO,neJIH Pe;vKe C ,nBIDIC}'mHMHCJI BeTBJIeHIDIMH [9]. B03MOXGIO, HMeeT 

1 
MeCTO CJIa68J1 3HepreTH'leCK8JI 3aBHCHMOCTb 3CMTI Poo + - Pss' 

I 

-r ~ 
o.a
 

8
 
Q. 

0
0.7 

•0.6 

0.5 

0.4 

- BECKER F'~17.2; 0.71-0.830.2 
• WICKLUND P-.5.0; 0.70-0.85 
Q JACOBS P~1.7-J.2; 0.75-0.800.1 
• This e'p 1'-1.78; 0.70-0.85 

0.48 
& 

Q: 
a.J5 

0.3 

0.25 

0.2 

- BECKER 1'217.2; 0.71-0.83 
• WICKLUND P-3.0; 0.70-0.85 

0.05 Q JACOBS 1'..1.7-3.2; 0.75-0.80 
• Th'" e.p. P-1.78; 0.70-0.85 

0 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 00 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.1 

H. (P..+-Tp..)(-t) -t' H. Re Pos( -t") -to 

a) 6) 
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jD.06 

Q: 

t j 
t jO.m! 

0.04 

0.03 

0.02 

0.01 

-0.0\
 

-0.02
 

-0.03 0 0.01 0.02 0.03 0.04 .O.OS 0.06 0.D7 O.ll8 0.0Il O. I 

H. P,-,(-I' _to 

~ BECl<ER P-17.2: 0.71-0.83 
• WICkLUND P-3.0: 0.70-0.85 
• Thia eop. P-1.78: 0.70-0.85 

D0 0.01 0.02 0.03 0.04 O.C!!> 0.06 0.07 o.oa 0.09 0.1 

H, -Re P,.(-t·) -t' 

0.2 

0.1 

O.\S 

0.175 

0.07S 

0.125 

It O.~ .------~-----___, 

~ 
ll::lJ.225 
I 

B) r 

l' 0.\ ,---------------, 

~ 
0:: 0.09 
I 

o.aa 

0.07 

0.06 

:: tt! t t t t +:: jl 
00\ ~ BECKERP=17.Z: 0.71-0.83 

• This .'p. P=I.78; 0.70-0.85 

o 0 0.01 002 0.03 0.04 0.05 0.06 0.07 0.08 O.Ot 0.1 

H. -Repl,(-l') _to 

.n)
 
PHc. 6. Cmm-HC3aBHCHMlile 3neMeHThl CDHHOBOA MaTPHIUd MOTHOCTH KaK cPymanm
 

nepe~aHHoro HMIIyJlhCa.
 

TafiJDm.a 3. CIIHHO-He38BHCHMLle MaTPlfClHhte 9JIeMeHThI Ha BO~opo.ne KBK cPyHKQIDI
 
nepe~aHHoro HMIIYJlLca B 06JIaCTH Mace p-MC30Ha ( 0.70 < Ma: < 0.85 reB/c2).
 

~'I, 
(fsB/c)2 

1 
Ax>+3 PSS­

PI-I Re PIO Repos RePIs 

0.002 0.600±0.025 0.016±O.008 -0.03S±O.016 0.220±0.O35 -0.022±O.018 
0.007 O.620±0.025 -0.004±O.007 -0.04S±O.010 0.250±0.025 -0.027±O.O14 

0.012 0.600±O.O25 -O.OO9±O.007 -0.075±O.010 0.260±O.O35 -O.044±O.008 

0.017 0.620±0.O25 -0.012iO.010 -0.085iO.016 0.190±0.040 -0.040±0.008 

0.025 0.610±0.025 0.000iO.007 -O.069iO.010 0.245iO.025 -0.O43±O.O07 
0.035 0.620±O.025 0.003±O.007 -0.069±O.01O 0.250±O.025 -0.035±O.004 
0.045 0.640±0.020 0.027±O.OO7 -O.070±0.010 O.265±O.025 -0.O37±O.004 



I
p, 
P2 .1171£-0' * .2031[-02 
"'3 .2JI~-o2::1:: .3""5(-02 

-o.OZ 

-0.01 

17
 

0.055 0.615±O.020 0.027±O.010 -0.071±O.012 0.230±O.O35 -0.03210.004 

0.070 0.630±0.O20 O.041±<l.007 -0.078±O.008 O.295±O.O25 -0.033±O.006 

0.090 0.625±O.020 0.047±O.01O -0.095±O.010 0.280±O.025 -0.03710.006 
J 

J 
5.2. C."lI1U1tUUI StullU:llJtIOCm" JleIllCl4UU. 

)lnR: npe.ZlBapHTeJThHOH oueHKH nOJUIPH3alJ;HOHHhIX 3<P<PCKTOB B HccnC.uyCMOH 

peaKUHH y,a06HO BBeCTH <PYHKUIOO E('1I) : 

N+(".y)- N-(lfI) 
E(lfI) = N+(lfI) + N-(lfI) (5.3), 

r.llc d(1Y) - HOpMHpOBaHHblC c"tIeTa c06Lmdt .ZJ;IDI nOJIO)KJfTCJlbHOH H 

OTPHUaTe.JIhHOH nOIDIpH3a1..Qlii MIDlICHH I COOTBeTCTBeHHO. fpa<PHK E(YI) no .llaHHbJM, 

IIOJIYlICHHhIM B HaCTOmneM 3KCIIepHMcHTe, IIpHBe.lleH Ha pHCYHKe 7. Ha TOM xe 
pHcymc.e nOKa3aH PC3YJlbTaT annpoKCHMamm 9KCnCpHMCJlT3.JThHldX ,D;aHHLIX 

<P}'HI(UHc:lI: 

E (¥') = ~ + ~ . cos¥' + ~ sin", (5.3). 
BH,llHo, IfI'O 9XCncpHMCBTWIbHasI 

po}f{JIeHIDI )J;HnHOHOB B paMKax OPE, OPEA H ,llPyrHX MoneneH, npennOJIaralODlHX 
"CIIHHOBy.IO KOrepeHTHOCTb" , TO eCTh HYJIeByIO OTHOCHTeJIhHYIO cPa3Y CllHH­
(}mJmOBoit H HecPJIHIIOBOH aMIIJIHTYA, HBIDIeTCH HenOJIHhIM. 

5.3. C."lIIIo-3IU1J1CIIMWe MII1IIJI"""we 3AeMeHmw. 

CmmO-3aBHCHMbIC 3CMn, H3McpeHHble B HacTOJIlUeH pa60Te rrpHBe.neHhI B 
Ta6JIHUe 4. Ha pUCYHKax 8 nOK83aHbI 3aBHCHMOCTH OT MaCCLI ,llHIlHOHa TOJIbKO )J)IJI 

TeX ClIHHO-3aBHCHMLlX Ma1p~ 3J1eMCHTOB, KOTOpble OKa3aJIHCh OTJIHTIHhI OT H)'IDI 

C yqeToM o1IDl60K, a HMeHHO A=pYss+pY00+2pY11, pYoo-pY11, Re pY10, 1m ,r1()' 

I )(/nd'..32+ / 17 
-.~-o5± .Z297(-02 

EC"')=(W - N"")!CW + W) 

PRC. 7. C1>yH:KuIDI E(YI). 

KpHBWI BIIOJIHe· xopomo OIIHChIBaeTCJI 

'iHCTOit <pyma..J;Heif xocHHyca C 

Ko34MPHnHeHTOM 0.018±O.003. B HaHBHOA 

MOACJIH 9TO, C Y'leTOM IlOJUlpH3a:uHH 

MHlIIeHH H pa36aWICHIDI 3cP4>eKTa 
HenOJUJPH30BaHHhIMH JJ,Zij>a.MH yrJIepo,lla H 
KHCJIOpo,na MHIDeHH, COOTBeTCTByeT 
aCHMMe1PHH oxono 996, '-ITO CMeCTBeHHO 
MeHbme, ~eM npH BLIcoKoit 3HeprHH 
(11,12]. 3HaK 3<p<peKTa TaKOH xe, XaK H 
npH BbICOKoit 3Hepnm. llmI 
B03HHICHOBeHIDI aCHMMeTpHH 
He06xo,nHMo, 'fi06hI <p83hI 8MIl1IHTY.n 
reHCpaJ..(HH ,lUIIIHOHOB C onpo~aHHeM 

H 6e3 onpoKH,IJ;bIBaHIDI CIlHpaJIbHOCTH 

OT~8JIHCb. ll03TOMY nOJIy1leHHhIit 
pe3YJII>TaT 03Ha~aeT, liTO OlIHcaHHe 
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0.1 

0 

« 

-D.l 

-0.2 . 

-0.3 

-0.• 

-0.& 

~	 ? ? 9 9 
Q !lEC1(ER P.11.2; 0.005-0.2: f r ~ • Thi. expo P-t.1B; 0.00:;-0.2 

-0.80.6 0.&5 0.7 0.75 0.8 0.85 D.• 
M~ 

-+ 
?+¢¢ 

99 

A(M..) = (P'..+p'..+2p',,)(M..) 

a) 

•	 O.J 
~ ., 
It: 0.25 

0.2 

t ttt f Hf t0.15 

0.1 I!tI 
0.06 T I-+-T 

1 
0 

I) BECKER P-17-.2; 0.005-0.2 
• Thia expo P-1.78; 0.00S-0.2 

-0.090.6 0.65	 a.7 0.75 0.8 0.15 0... 

Rep',.(t.l...) M~ 

~ 

I: a.l 

?­
{ 0 

-0.1 

~.2 

-0.3 

-0.5
 

-0,8
 

-0.70.• 0.85 0:75 0.15
 

I-+-1 ~ y 
trY ~ ~ + ~ ~ 
t ~ ~ 

I) B[C1(ER p~ 17.2; 0.005-0.2 
• This .'p. P- t.78; 0.00S-0.2 

0.7	 0.8 

(p'DO-p'..)(M..) 1.4.. 

~ 0.15 ,..---------------., 
'0. 

f 
0.1 

-a.06 

-0.1 t 
I) BEC1(ER p:17.2; 0.005-0.2 
• Thi. expo p- j .78; O.OOS-O.2 

-0.150.8 0.85 0.7 0.75 0.8 0.85	 0.' 
M..Imp·,.(M.. 

6 

~ 
PIIc. 8. Cmmo-3aBHcHMLIe 3CMn xaK <}Jymanm MacChi JlHIIHOHa.
 

TaGmma 4. CIIHHO-38BHCHMhIe Ma1pJrIDILIe 3JIeMeHTbl KaK. cPyHKUIDI MaCCY ,lUmHOHa.
 

M-.. f3B/c2 0.65-0.75 0.75-0.80 0.80-0.90 
A== pis + olA +20/', -o.07±O.I6 -O.l1±O.l1 -0.26±O.I8 

P60 - 11ft -0.09±O.08 -0.03±O.07 -0.28±O.13 

Pl-l 0.OO8±O.025 -0.034±O.028 0.00±0.03 

Re Pl'o 0.007±O.OI6 0.031±O.O11 0.073±O.018 

·Re P6s 0.00±0.07 -O.O2±O.06 -0. 12±O.08 

Re~ -0.O22±O.016 O.OOO±O.O 11 O.034±O.013 

Imp;s 0.018±O.025 -0.0 17±O.028 0.04±O.03 

ImPl~ O.O25±O.O20 O.O59±O.O16 O.O34±O.O18 

ImPl~ 0.022±O.016 0.028±O.011 O.O17±O.O13 
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BHlIHO, 'ITO BeJlHtIHHbI Ha6mo,llaeMo:A aCHMMeTpHH II ,lU)yrHX CIIHHO­
3aBHCHMhIX 3CMll 3HallHTeJIbHO MeHbllIe, qeM HpH 5.98 H 11.85 r3B/c [12] H npH 

17.2 raB/c [11]. 

6. AMwnrryJlBWl all8Jlll3 

PemeHHe ypasHeHHil (2.21-28) ~aeT B03MOJICHOCTL MO~eJILHO-He3aBHCHMhIM 

06p83oM noJIY1lHTh MO.llYJIH Bcex 8 nonepelDlhlX aMIVDl'I'Y,llpeaKUKH, a TaIOKC yrJIbl 
Me)((J(y qaCThlO aMnJ1H1Y.n. Pe3ynLTaTbI aMIlJIHTY.nHoro 8'H8JIHJa ~aHHhIX HaCTo~ero 

9IC:CnepHMema npHBe~eHhl B m6JIHUe 5 H Ha pHCymcax 9 B cpaBHeHHH C 

pe3YJIhTaTaMH 113 [16]. AHaJlH3 6hIJI IIpOBe,neH no .l:(aHHhIM, npHBeJleHHbIM B 
npe.zlhtllYUleA rJlaBe, B 6HHax no Macce ,UHlIHOHa IlIHpHlIOH 25 MsB. TIPH 3TOM 
~aHHble no nOJlJlpH3aUHH 6hIJIH pacnpocTpaHCHbI Ha cooTBeTCT.BYJO.IIJ;He HHTCpBa.1IbI. 

..:!' G.~ ~-~---------, 

0.J5 

0.25 

t ~ SI/£C P-17.2 

• I5l'SVEC P:17.2 
CI lSi' SVEC p= 17.'" 
• ~ Th....p. P~I.78 
• ISl' This ••p. P-1.78 
i) IS~Th; ...p. P='.78 

a) 

OJ 

00'="'.6~-=-O-:-":"""';'~~~~~----:-!:0.8"""5 ---='0.9 

loA. 
I 

S(M_) Solution 2 

6 

B) r) 



0.2 

a.2 
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J 0.25 .----------------, 
... ~ SVEC P-17.2 
• fi' $VEC P..17.2 
I) N"svtCp.,,7.2 
.. ~ This ••p. P-I.78 
• IN' This e.p. P-1,78 
¢ I~ ;" .P 1,78 

t 

01& 

O.O~ 

0.12~ 

O.17~ 

0.07$ 

I ~ 0.3 r--------.~-------_, 
-+",S'lECP-17.2 
• IO"SVEC P=17.2 
I) lUI" SVEC P=17.2 
+'" ThiS ""p. P= 1.78 
• IU' Thl. expo P-I, 78 
¢ IU1' This "'p. P·1.18 

0.0 0.9 

U(M,..) Solution 1 1.4.. 
a.'$ 

0.25 

0.1$ 

0.1 

0.05 

,,0.25 r-------------------, 
... ~ SVEC P-17.2 
• rIl'SVEC P-l7.l 
Q lNt'SVEC P=I7.2
+I" Thioexp. P= 1.78 

0.2 

t ~ ~ ! ~: ~\':.:::;:~;: 
0.1 

-a'05o....~----;:a.~65,---'-.-!--;-~----;0~.7~$ ~-tO.:-O ---;;-~~-:!0.9 

N(M..) Solution 2 1,4.. 

r-eL- ~__~__ 

~ 0.2$ ,----------;-------------, 

0.2 

0.'5 

0.1 

°ot;:.•t::!::':o.:;;;.:.==a;;;.7=~o;::!;.75~~:;;a.~8~~a.i:85~::t.:lO.9 
U M..) Solution 2 1.4_ 

... I, SllEC P-I1.2 
• IU'Me P..17.2 
[) IUl'SVEC P.'7.2 
+ I. This exp. P= 1.78 
• IU' This np. P~1.78 
¢ lUI' This .,.p. P.l 78 

! IjI , 

f f + T• • I+ + 

t 1, 1t?~ ; ~ !!Itt I 

• COS(7..) SIIEC P.17.2 
(J COS(7,.) SIIEC P-I7.2 
• COS('!',.) This .xp. pal.78 
Q COS(7,.) Th" .'p. P~ 1.78 

°0'.- .•5..-----'-0;f..7.-~;;!O.7;.-5---;;O8----"--;;-O.-J..85,.--..-.....,}0.9.•~---;;0+. ...

COS(l.J(M..) Solution 1 M.. 

If) 

3 

0.0 

a.7 

0.•
 

0.$
 

O.~ 

0.1 

aa':-.~ ~---:Ca.~.5~-------;-!:c-~----;0;-!;.7~5 ~-:f::----::-0.e!::o5~~o.9 

COS(-:y•..)(M..) Solution 2 1.4.. 

K) 

• COS(y~ SVEc P b 17. 
Q COS(7,.) SVEC P-172 
• COS(,.,.) T",••xp. P-1.78 
¢ COS(")',j rhi. '!!J.p. P-1.78 
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~ 

• COS(i'w) S\'EC P~ 17.2 
Q COS(y",)S\'ECP-l1.2 

• COS(.....) This exp. P-1.78*COS(y,.) This ..p. ?-1.78 

0.6 

0.2 

-0.' 

-0.8 

-0.6 

-0.2 

-'oY.I L.......L..~~-'*"..........~--"'-~<.......I.......,,+.;.J...4..-;!0.9 

M" 

U 0.8 

JI 

f/l 1 ~--------..----r---.-----.-. 
o 
U 

o.7~ 

o.~ 

0.21'> 

-0.25 

M 

• COS(y,", SVEC Pzl7.2 
¢ COS(y",) SVEC P-I7.2 
• COS(.....) Thi...p. P~1.78*COS(y",) Thi••'1'. P-1.78 

hA" 

~ 
<..> 0.11 

• COS(;...) SVEC 1'=11.2 
0.1 ¢ COS(,...) SVEC P-I7.2 

0.9 
1,4" 

• COS(t..) Thi. e.p, p.1.78 
¢ COSh..) This .'1'. P-l.780.' 

-0.11 

0.2 

-0.' 

-0.6 

-0.2 

<f) 

o o 
0.75 

• Cos(y.,) SVEC P=I1.2
 
¢ COS(y..) SVEC 1'-17.2


0.5 
• COS(t.,) Thi••xp. p~ 1. 78
 
¢ COS(,...) This .xp, p~'.7e
 

I I 

~~ uJt ;,\ ~~t ~ I) ,til

0.& 0.&5 0,7 0.11 0.115 0.9 

cos(."...) (M_l Solution 2 M.. 

~ ~ 
PIIc. 9. PC3YJlbTaTbl MO,neJIbHO-HC3aBHCHMoro aMDJIHTy,llHoro aHa1IH.3a. 

T.~ 5. lloncpclfiIhIe t-KaHaJlLHYC aMIIJIHTY.nLI KaK <PYJIKQIDI MaCChi 

;nomOHa (MO,neJIbHO-He38BHCJfMhIH aMJIJIHTy,l(lILlit aHaJIH3). 

ILI2 IUl2 COS"(LuI.sF INP COSYsuMu C°srt.s 
rsB/c2 

PemeHHe 1 
0.663 0.03±.05 -O.56±.57 -0.71±.540.18±.O9 O.21±.O6 0.O5±.O5 0.98±'06 
0.688 0.12±.07 0.21±.05 0.08±.04 0.O5±.04 O.98±.05 -O.28±'18 -0.47±.21 
0.713 0.1l±.06 0.06±.04 -0.35±.18 -0.50±.200.22±.05 0.08±.04 0.99±04 
0.738 -0.60±.270.13±.07 0.23±.05 0.06±.04 0.O4±.04 0.98±.O5 -0.42±.26 
0.763 0.08±.04 0.26±.04 0.07±.03 0.99±.02 -0.18±'08 -0.33±.130.03±.03 
0.788 0.07±.04 O.28±.O3 O.O6±.O3 -O.18±O.O8 -O.35±.150.O4±.O3 O.98±O.O3 
0.813 0.19±.060.04±.04 0.07±.04 0.08±'04 1.000±.005 0.13±.12 0.11±.21 
0.838 0.07+.04 1.000±.0010.O4±.O4 0.20±.06 0.O7±'04 O. 16±.13 0.17±.22 
0.863 0.06±.05 0.20±.06 0.06±.04 O.05±.04 1.000±.002 0.28±.19 0.28±.22 
0.888 0.19±.07 0.04±.05 0.04±.05 0.98±.08 O.24±.210.10±.10 O.42±.40 
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PemeHHe 2 

0.663 0.23±.11 0.20±.04 0.03+.03 .011+.006 0.90±.24 -0.94±.36 -0.99±.14 
0.688 0.26±'10 0.17±.04 0.03f.03 .006±.004 0.75+.22 -0.94±.30 -0.94±.31 
0.713 0.26±.10 0.17±.04 0.03±'03 .010±.006 0.72±.21 -0.99±.07 -0.80±.34 
0.738 0.23±.10 O.20±O4 0.02±.03 .010±.O04 O.80±.22 -0.95±.22 -O.95±.25 
0.763 0.28±.08 0.19±.04 0.03±.03 .003±.002 0.61±.15 -0.96±.14 -0.SO±.31 
0.788 0.25±.08 0.22±.04 0.0±.03 .003±.002 0.59±.16 -0.92±.22 -O.S6±.29 
0.813 0.25±.12 0.12±.07 0.0±.03 .002±.004 0.48±.27 0.97±.16 0.24±.51 
0.838 0.23±.12 0.13±.07 0.00±.03 .OO3±'00S 0.49±.26 0.98±.11 0.33±.50 
0.863 0.20±.12 0.15+.06 0.01±.03 .006±.007 0.62±.28 0.98±.13 0.45±.44 
0.888 0.18±.13 0.17±.06 0.01±.03 .01+.02 0.80+.35 0.84±.44 0.34±.38 

Ma 1~12 ILl.;.' INI2 \u12 COSfLS COSYLU COSfsu 
r3B/~2 

PemeHHe 1 
0.663 O.12±.06 0.32±.OS 0.05±.04 0.05+.04 0.98+.06 -0.43+ 24 -0.25±.19 
0.688 0.08±.05 0.31±.OS 0.OS±04 0.O7±.04 0.98±.05 -0.28±.13 -0.08±.17 
0.713 0.08+.04 0.31±.04 0.08±'04 0.07±'04 0.9S±.OS -0.34±.13 -0.12±.17 
0.738 0.08+.05 0.33±.05 0.06±.04 0.O6±.04 0.98±'OS -0.38±.17 -0.19±.17 
0.763 0.09±.04 0.32+.04 0.09±.03 0.06±.03 0.99±.04 -0.50±.15 -0.34±.15 
0.788 0.08±.04 0.33±.O4 O.09±.03 0.05±.03 0.99±.04 -0.51±.17 -0.37±.17 
0.813 0.09±.04 0.44±.O6 O.O5±.04 0.05±'04 0.999±.013 -0.59±.27 -0.63±.30 
0.838 ·0.09±.04 0.45+.06 O.04±.04 0.04±.04 l.000±.008 -0.60£32 -O.62±.33 
0.863 0.12±.06 0.45+.06 0.03±.OS 0.03±.05 0.99±.06 -0.67±.60 -0.57±.46 

PemeHHe 2 
0.663 0.23±.11 0.28+.04 0.01±.03 .014±.011 0.76±.22 -0.87±.24 -0.34±.30 
0.688 0.26±.10 0.25±.04 0.02+.03 .009+.008 0.62±.18 -O.86±.20 -0.12±.30 
0.713 O.25±.10 0.2S±.04 0.02±.03 .013±.008 0.59±.18 -0.89±.15 -0. 16±.24 
0.73S O.23±.10 0.2S±.04 0.OI±.03 .012±.00S 0.67±.20 -0.89±.IS -0.27+.27 
0.763 0.21±.08 0.27±.04 ·0.05+.03 .019±'007 0.68±'17 -0.94±.1O -0.39±.17 
0.788 0.19±.08 0.30±.04 0.06±.03 .017±.O06 0.67±'19 -0.95±.10 -0.42±.20 
0.813 O.19±.12 0.41±.O6 0.Olt.03 .019±.006 0.73±.25 -l.00±.005 -0.72±.32 
0.838 O.17±.12 O.42±.O6 0.O2±.O3 .017±.OO6 0.76±.27 -t:OO±.OI -O.74±.35 
0.863 0.16±.12 0.44±.07 0.O2±'O3 .0I4±.009 0.87±.36 -0.96±.21 -O.70±.41 

Ee3MO~eJILHhrlt aHaJJH3 npHBO.llHT K JlB}'M CHJIbHO pll3JIH1lalOllI,HMCSl pemeHHSIM 
I H 2. 3TH pemeHIDI XapaKTepH3YJOTCJI JlpKO BbJpaXCeHHOH CIU'H8rypOH:. A HMeHHO 
peweHHe 1 HMCeT 61IH3KJtH K Hymo yroJI MCx,ny S H L BOJIHaMH, a peweHHe 2 
6JIH3XHit K 1800 yrOJl MeXGlY L H U BOJIHaMH. KpoMe TOro, peweHHe 1 
XapaKTepH3yeTCJI 3HalDfre1ThHO MeHblIle:H: aMIIJIHTY,lloit S-BOJIHhI. TaKHe xe npH3HaKH 
~yx pemeHHil OTMe'l3lOTCJI H npH OCT8JIbHMX 3HepI'HJIX [16], TfI'O ,naeT B03MO)[(HOCTb 
BblAemITb onpe~eneHHbIe BeTBH peweHIDI DO DceM ,llHan830He 3Hepnrn HaQ3.1IbHoro 
IlHOHa. C j(pyrO:H CTOpOHhl, B OTJUflme OT 601Iee BhICOKHX 3Hepnm, B HameM CJIy'lae 
Ha6JIJO,naeTCJI CJIa6bdi nOJUlpH3aU;HOHHhIii 3cP4JeKT H COOTBeTCTBeHHO cJIa60e OTJIHlDIe 
8MIJIDI'IY,ll C P83Hoii: npoeKUHeit nonepe'IHOH: nOIDIPH3aUHH HYKJIOHa OTj(a1JH. B 
npellelIe HYJIeBOro nOIDIpH38UHoHHoro 3<P4>eKTa 3TH llBa Ha60pa aMIl1IIfIY,ll JIOJDKHhI 

...
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COBnaCTb. TaKHM 06pa30M, XOTJI, CTporo roBopH, pemeHIDI ,lJ.JUl Ha60pOB aMJIlITy)J; C 

Pa3HOH nOJUlpH3aUHeH H}'KJIOHa or.n;aTfil Me~ C060H HlIJ(aK He CBSl3aHbl, Mbl MoxeM 

OCTaBHTb TOJThKO )];Be KOM6HH~H H3 'leThIpex B03MO)l(HbIX, a HMeHHO 1.1 H 2.2 (B 

TepMHHaJIOrHH [16]). 
HHTeHCHBHOCTb S H S -BOJIH BO BTOpOM pemeHIDi 6.JlH3Ka K HHTeHCHBHOCnt: L 

H [-BOJIH, 'lTO BbI3LIBaeT COMHeHIDI B ero cPH3W1ecKoi{ 06OCHOBaHHOCTH. B 060HX 

pemeHIDlX Ha6JIIO,naeMWI aCHMMeTpIDI npOHBJUleTCH B HHTeHCHBHOCTH L-BOJIHbI. B 
pemeHHH 1 napUHaJlbHasI acHMMeTPIDI B 3TOH BOJIHe, onpe,lJ,eJUIeMaH KaK ILP-ltF, 
COCTaBJIHeT -O.lO±o.02 B nOJIHOM MaCCOBOM HHTepBane. CmrnoBble 3<l1<l1eKTbI 

npOSlBJlSllOTCH TalOKe M B OTHOCHTeJIbHbIX cPa33X. TaK B peweHHH 1 OTHOCHTeJIbHaH 

Q>aJa U H L-BOJIH (coSlLu) 3aMeTHO OTJIHlJaeTCH OT OTHOCHTeJIhHOH Q>a3bI TI H L­
BOJIH (cos fLU) npH M1nt>O.75 fsB/c2• 

TaK KaK nOIDIpM3al(HOHHbm 3Q>4>eKT npM HameH 3Hepnm HeBeJIHK, TO 

npe.n.CTaB1IJleTCH llOJIe3HbIM npOBeCTH MO,IleJIbHO-3aBHCHMbIH aMIlJIHTY):lHbIH aHaJlH3, 

nOJIO)1Q{8 Bce cmrnO-3aBHCHMble 3CMn paBHbIMH HYmo. npH aTOM Y.llaeTCJI 

pacnpoCTPaHHTb aHaJJH3 Ha c~eCTBeHHO 60JIee umponm mrrepBaJI Macc In[IIHOHa. 

Pe3YJIbT8TbI Mo.n;eJThHO-3aBHCHMOrO SMOJ1HTY)J;HOro 8H8JlH3a npHBe.lleHbI B Ta6JIl1Qe 6 
H us HC ax 10. _ 
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PHC. 10. Pe3YJlhTaThl Mo.aeJIhHO-3aBHCHMOro aMIIJ1Hty,llHoro aHaJlH3a.
 

Tabana 6. IIonepe'lHhle t-KaHa.1I.bHh(e aMnJlHtyAbl KaK <PYHKUWl MaCChl 

,llHIlHOHa (MOJleJIhHO-38BHcH.M.hlii aMll1lKTY,nH..hI.H aHaJIH3). 

Ma . 
r3B/c2 

Is h IN Iu 

PeweHHe 1 

COS'YLs COS'YLu COSYsu 

0.613 O.35±.O6 0.48±.O2 O.O8±.O2 0.O8±.O2 l.OO±'Ol -O.O8±.13 -O.Ol±.15 
0.638 O.26±.O5 0.52±.02 0.14+.02 0.01+.02 l.OOO±.OO3 -O.41±.l4 -0.46±.l5 
0.663 
0.688 
0.713 
0.738 

0.21±.O3 
0.18±.03 
0.17+.02 
0.20±.O2 

0.54±.Ol 
O.53±.02 
0.53+.01 
O.S6±.Ol. 

O.lO±.OI 
O.I6±.Ot 
O.I6±.Ol 
O.l2±.OI 

0.08±.Ol 
0.12±.01 

O.13±O.Ol 
O.IOt.OI 

I.OOO±.OOI 
1.000±.OOl 
l.OOO±.OOl 
I.OOO±.001 

-OA5±.01 
-0.27±.O6 
-0.33±.04 
-0.38+.04 

-0,45±.08 
-0.28+.08 
-0.32±.O7 
-0.4O±.O4 

, 

0.763 
0.788 

0.16±.02 
O.14±.O2 

0.S8±.Ol 
0.61:t.Ol 

0.12±.01 
O.l3±.OI 

O.I3±.Ol 
OJ2±.01 

1.000±.OOI 
t.000±.D02 

-0.34±.03 
-0.34±.04 

-0.34±.O4 
-0.36±.05 

0.813 
0.838 

O.12±.O2 
0.13±.02 

0.63+.01 
0.65+.01 

0.12+.01 
0.11+.01 

0.12±.01 
0.11+.01 

0.999±.003 
1.000±.OOI 

-0.26+.04 
-0.24+.04 

-0.29±.07 
-0.26±.07 
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0.863 0.I8±'02 0.65±.01 O.lO±.OI 0.08±'OI 0.998±.00S -0.20±.OS -0.I4±.07 
0.888 0.2S±.02 0.6S±.01 O.OS±.OI 0.05±.OI I.000±.002 -0.18±.06 -0.16±.07 
0.913 0.27±.01 0.66±.01 0.03±.01 0.03±.01 1.000±.001 -0.25+ 07 -0.25±.06 
0.938 0.25±.02 0.70±.OI 0.03t.Ol 0.02+.01 l.000±.003 -0.09±.14 -O.lI±.IS 
0.963 0.28±.OI 0.70±.01 .008±'O04 0.010±.004 l.OO±.OI -0.S8±.14 -0.62±.20 
0.988 0.29±.01 0.70±.01 .003±.004 0.003±.004 l.000±.002 -0.42±.44 -0.42±.40 

PemeHHe 2 
0.613 0.58±.04 0.41±.02 0.01±.02 0.002±.007 0.8St.05 -0.57±.70 -0.04±.83 
0.638 0.42±.05 0.47±.02 0.09±.02 0.019±.012 0.83±.07 -0.98±.10 -0.71±.33 
0.663 0.47+.03 0.47±.01 0.04±.01 0.021±.007 0.8I±.04 -0.98±.05 -0.70±.17 
0.688 0.52±.03 0.42±.O2 0.05+.02 0.012±.006 0.67±.06 -0.99±.04 -0.S4±.20 
0.713 0.S2±.03 0.42+.02 0.04±.01 0.020±.006 0.65±.04 -0.98±.03 -0.48±.12 
0.738 0.47±.02 0.48±.01 0.03±.01 0.019±.004 0.72±.02 -0.99±.01 -0.63±.09 
0.763 0.50±.02 0.47±.01 0.02±.OI 0.019±.004 0.63±.03 -0.99±.02 -0.51±.08 
0.788 0.44±.02 0.51±'01 0.03±.01 0.016±.003 0.62+.06 -l.00±.01 -0.55±.09 
0.813 0.47±.02 .0.52±.01 0.00±.01 0.010±.003 0.57±.04 -l.00±.01 -0.53±.15 
0.838 0.44±.02 0.54±.OI 0.01±.01 0.008±.003 0.59±.04 -l.00±.02 -0.53±.18 
0.863 0.41±.02 0.57±.01 O.02±.01 0.004±.003 0.70+.04 -0.94+.11 -0.42±.28 
0.888 0.40±.02 0.59±.01 .004±.006 0.002t.002 0.82+.03 -0.96±.17 -0.64±.47 
0.913 0.37±.01 0.63±.01 0.Of.007 0.002±.001 0.88+.02 -0.99±.07 -0.82±.34 
0.938 0.31±.02 0.68±'01 0.01±.01 0.00±.01 0.92±.02 -0.9±1.8 -l.00±.33 
0.963 0.30±.01 0.70±.01 .002±.004 0.004±.001 0.97±.02 -0.96±.29 -1.00±.03 
0.988 0.30±.01 0.70±.01 .000±.004 O.OOO±.OOI 0.99±.02 -l.00±.S7 -l.0±l.4 

CyMMhI HHTeHCHBHOCTeH COOTBeTCTBy:K>Ill.HX aMIlJIHTY.A H3 Mo;z:{eJThHO­

He3aBHCHMOrO aHaJIH3a B npe;z:{eJIax oWH60K COBn8,l{aIOT C HHTeHCHBHOCTJlMH, 

nOJIY'leHHhIMH B Mo;z:{eJThHO-3aBHCHMOM aHaJIH3e. To xe cnpaBe.zcnmo )lIDl cpe,llH}lX 

KOCHHYCOB OTHOCHTeJlbHhIX 4la3. PemeHHe 2 xapaKTepH3yeTCSI BeCbMa BhlCOKOii 

HHTeHCHBHOCTbIO S-BOJIHhI, auOMaJIbHO HH3KOH KHTeHCHBHOCTbIO U H N-BOJIH, 

3HallHTeJlbHOH 3HepreTH'leCKou: aaBHCHMOCTbIO OTHOCHTeJIbHOH cPa3hl H 

HHTeHCHBHOCTH S H L-BOJIH. C~eCTBeHHaSI 3HepremqeCKaSI 3aBHCHMOCTb 

lfIITeHCHBHOCTH S-BOJIHbl .wm peweHIDI THIIa 2 pauee OTMeliarraCb 8BTOpaMH 

aMlIJIHTY.AHoro aHaJIH3a [39], BbIJIOJDleHOrO Ha OCHOBe H3MepeHHif npH 4.0 H 

4.5 r3B/c [6,39) MeTOJmKOH JIY3hlpbKOBhIX KaMep. CoBOKYJIHOCTb npHBc.a;eHHl)!X 

oco6elDIoCTeH peIlleHHSl 2 'lJ'Y.IlH0 o6'bJ1cHHTh B paMKax CJIOXQfBIIIHXC$I 

npc.ll:CTaBJIeHHH: 0 MexaHH3Me nepH<pepWlecKoro poXQJ;eHIDI JIHOHOB. 

B pemeHHH 1 HHTeHCHBHOCTb S-BOJIHhl no.ll: IDIKOM p-Me30Ha MaJIO 

OTJIHl{aeTCH OT nOJIyqelDIoA npH 17.2 f3B/c B aHanH3e [16] )lJIH peme:mtii (1.1) H 

(2.2), 6J1H3KHX .npyr .ll:pyry. OmOCHTeJThHWI cPa3a U H L-aMIIJIHTY.ll: npO.Sl.BIDleT 

3aMeTHyIO 3HepI'eTlAecKYIO 3aBHCHMOCTh. 3ToT 3KCnepHMeHT8JThHbIH cPaKT 

HyX<,llaeTCH B TeOpeTHlieCKOM o6'MIcHeHHH. 

7. Oo;elOOl napaMeTJI0B 0(750) 
llmI oueHKH MaCCbI H nrnpHHbI Ha6mo;z:{aeMoro CKa.TlllpHO-H30CKaJISlpHOrO 

pe30HaHca MbI HCn0JIb30BaJIH HOpMHpOBaHHyIO HHTeHCHBHOCTh S-BOJ1Hl>I, 

H3MepeHHYlO B HacTomueM 3KcnepHMeHTe, H MaCCOBYJO aaBHCHMOCTb 

. 
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AH<PcPCpC~8JIhHOrO ce'lelDUl POxc.nCHHJl JUffiHOHOB, DOJIY'IelfHYlO B 3KcnepHMCHTe 

[7] IIPH 2.26 fsB/c B YC1l0BIDIX 4x reOMCTpHH. nOJI}"iCHHasI HeHOpMHpoBaHHasI 

HHTeHCHBHOC'I'It S H L-BOJIH OIlHCIdB8JI8C& peJUlTHBHCTCKHM BpeiiT-BHI'HcpOBCIGIM 

pacnpe.lle.n:cHHeM c nOCTOJIHHbIM HeKorepCHTHhIM 4JoHOM: 

I(m) =qF(m)N{\B W(m)\2 +B} (7.1), 
to 
I 

rllc m - vacca .u;mmOHa, N - HOpMHpOSOqaaH KOHCTaHTa, B - nOCTOJIHH&IH 

tPoH, q = ~ Jni -~ - HMD:}'JThC Pa3JleT8.IOlUHXCJI nHOHOB B CHCTeMe nOKOJl 

,nHIlHOHa, BU{m) 

JUDI aMJIJIHTYi1Ll, 

mIl"'
mi -rrr -imRT' - pemmmUCTCKWI ctK>PMYJIa BpciIT-BHrHepa 

F(m) =(2J+1{;J-cI>oPM-cl>llJcrOP Pi!lU~-Roos. MaccoBlUl 

3aBHCHMOCTb nmpHHW 3a,llaeTCR BbIPUCeHHeM: ( 
q )2J+1 DJ (qRr) 

r :::: rR qR D 
J 
(qr)' 3.llCCb 

{ 
10 

DJ(qr) = 1.0+ (qr)2 
,J=O 
,J= 1 - ueHTpo6eJKHldlt 6apbcp Blatt H Weishopf. Pe3YJlbTaTlll 

npe,nCTall1lCIm Ha pHCymcax 11 AJUI S H L-BOJIH, COO'I'BeTCTBeHHO (pewclDle 1). 

20 
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a) 6)
 
PRc. 11. OnucaHHe HeHopMHpOBaHHbIX HHTeHCHBHOCTeH pacnpe,neneHHeM lipelha­

BmHepa ,lWI. S-BomIbI (a) H L-BOJIHbI (6).
 

HaHJIyqWee ODHCaHHe L-BOJlHhl: Mp=764±3 MsB H f p=139±14 MaB 
)lOCTaro"iHO Xopowo corJlacYeTCJI C MlIpOBhIMH LlaHHhIMH JI)lH napaMeI'poB p-Me30Ha 
(Mp=768.5±O.6 MsB H r p=150.7±1.2 MaB) [40]. Pe3yJIbTHpYIOIl\He napaMeTPhI JlIDI 
0(750) COCTaB1l.RIOT: M.,~744±5 MsB H f.,=77±22 M3B. 3Ha"leHIDI COOTBeTCTBYIOIIJ;HX 
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napaMeTPOB 0(750) H3 aHaJIH3a [16] JJ:aHH:ldX no HHTeHCHBHOCTH S-BOJlHLI (pemeHHe 
1.1) npH 17.2 n~B/c COCTaBJDIIOT M f1=767±5 M3B H ff1=210±43 M3B, a H3 aHaJIH3a 

pe30HHPYJOlIleif aMI1JIHTY,llbI S: M<r=753±19 M3B H f a=108±53 M3B. 

8. CPeHoMeHOJIOrtrlecKHi: aUa.JIB3 
ll,eJThIO nora pa3,l{eJIa JIBJUIeTCB Ol~eHKa 3HepreTlflIeCKOrO nOBeJJ:eHIDI 

aMIIJIH'IY~ B paMKax M0JJ:ellH Pe,lOKe AIDI COJIOCT8BJ1eHIDI H3IIIHX pe3YJThTaTOB C 
JJ:aHHbIMH npH BbICOKHX 3HepfIDlX. H3BeCmO, lfI'O pe.lOKeBCKaB €pCHOMCHOJlOTIDI 
xopowo OIDICbmaeT 3HCPTeTH'lCCKYJO 3aBHCHMOCTb aMJIJIHTYJJ:, a MO.lleJIH 
pe)I)ICe30BaHHOrO O,lUIormOHHoro 06MeHa ycneIllHo npHMeHHlOTCH JJ.IDI 
HHTepnpeTaumt ,llaHHblX no nepH€pep}[1{eCKoMY pO)l(,lleHHIO IIHOHOB [41]. MhI 
BOCnOJlb3yeMcH MOJJ:e.m.IO KHMeIDI-OyeHca [24), Y'lHThIBalOmeH aCHMIITO'I'WIeCKH 
BhIMHPalOIIJ;He aMIIJIHTY,llbI, cymeCTBeHHlde B 06J1aCTH HaCTOJD.IJ;ero 3KCnepHMeHTa, a 
TaIOKe BKJI8,ll aMIIJIHTYJJ: al-06MeHa, onpe.lleIDllOI.I{HX cmmoBYJO 3aBHCHMOCTb 
,lUIHaMHKH reHepa~H nHOHOB. MOJJ:eJIb 6bU1a napaMeTpH30BaHa Ha 6a3e JJ:aHHbIX 
[11,38) IIpH 17.2 r3B/c. ABroPDI MO.lleJIH onepupOBa1IH co CIIHPaJIbHbIMH 
aMIIJIHTYJJ:aMH B CHCTeMe S-KaHana. .mm: nepexoJJ:a B HCnOJIb3yeM)'lO HaMB 
.1lJKeKcoHOBCKYJO CHCTeMY 6y.lJYf npHMeHeHbI KpOcCHHl'OBbIe COOTHOmeHIUI: 

8+± =8:±, N+± =N:±, L+± =cosX'~±+sinX'U::', U+± =-sinX·L~:I:+cosX·U:± (8.1), 
r,lle X - yrOJl KPOCCHHfa BCKTOpHoro Me30Ha, a ClIHpam.Hhle aMrunrry.llhl B s­

KaHWle nOMe'leHhI HJmeKCOM S. llomocHble 'IJIeHDI M0.lleJIH napaMe1pH30BaHLI 
CJIe,llylOIUHM 06pa30M: 

mI! = q. R. 2..e C:(I--;)J: LS =-rLs USP =(-t'). R. ec;(t""";)J: US =-rU sP (82)
'10- 'lr/ - 1 IJ. 2 .". ''10+ '+- '+- IJ1t .". '++ +- , • 

s~ =L~± . r· elA (8.3), 

rJle ~ =rc-a.)(l+e'-'{:.r' a. =O.7(t-~), r =~, 1=0.4, .1=0.4, 

so=l.O f3B2. BhNeThI B nHOHHOM nomoce COOTBCTCTBYJOT npHIUITbIM B MO,lleJIH 
3JIeMemapHoro nHOlUIoro o6MeHa. Bce 3aIIHCaHHhIe BhlDIe aMIlJIHTY)lbI HMelOT 
pe,ZOKeBCKYlO <Pa3Y, He 3aBHCJIll.{)'lO OT 3HeprnH. BKJIa,D. pe,ZOKeBCKOro pa3pe3a OIlHCaH 
.KaK: 

u;: = N~ = f3c 'e C
,ts"'e-1

tar,,/2 (8.4) 

C ac=O.O+O.4t, 'ITO npH MaJIhIX ~I o6eCne'IHBaeT OTHOCHTeJIhHYlO cPa3Y BKJI8,lJ.OB 
B US-aMIlJIHTYDY OT pa3peJa H nOJIlOCHOrO 'lJIeHa 6JIH3KYJO K 1800 • KOHCTaHTbI ~, ~c, 
COn, Clx H Cc - napaMeTphI MOJJ:eJIH. 

li3 cPOPMYJI (8.2, 8.3) BH,llHO, 'ITO B S-KaHane He O)KHJlaeTCH 3HepreTH'leCKojt 
JaBHCHMOcm HH OTHOIHeHIDI HHTCHcHBHocre.ii nonepe'IHhIX S H L-aMIUIHTYJJ:, HJf HX 
OTHOCHTeJIbHOH cPa3bI, XOTII C yMeHbmeHHeM 3Hepnm (j;>a3b1 3THX a.MIIJIH.TYJJ: 
MeHHIOTCH H3-sa B03paCTalOm;ero BKJIa,na aMIIJIHTY.ll 6e3 onpOKH)lhIBaHHB 

CIIHPaJIhHOCTH S;. H Jt+, COJJ:epxaIUHX MHOJKHTeJIh r. AMnmrry.lla U:'- cOJJ:epXGIT 

KOMIIeHCHPYJOm:ueCH BKJIa,lU>I nOJllOca H pa3pesa H npH 17.2 f3B/c H3MeHHeT 3HaK 
npH f=-0.02 (f3B/c)2. IlomocHaB aMI1JIHTYJJ:a U;: npH €pHKCHpOBaHHOM t' 

yMeHbwaeTCH C YMeHLlIIeHHeM 3HeprHH H3-3a YBeJlHt:leHHB MHHHMaJIbHOrO 
nepe.llaBaeMoro HMIIYJlbca. 3TO npHBO,llHT K C~HrY HyIDl aMIJJIHTy)lhI U:'- npH 

1.78 f3B/c H Mlt'lt=0.77 f3B/c2 K C...-0.06 (f3B/c)2. 11:3 cooTHoweJIHH (8.1) BH.LI.HO, 
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1JTO B1OI8,Z{hI aMIlJImyA L~ H U:", ep83Ll KoropbIX npHIDIThI 3a Ha1WIO OTClIeTa ~83, B 

)J;eHcrBHTeJThHyIO 1IacT.L r·(-sin.l·L~+cos.l·U:") nOnepelffiOH t-KaHanLHOH U­
aMIDIHTYllbI KOMlIeHCliPYJOTC.JI, B TO BpeMJI KaK KOMIleHCanIDI OTCyrcTByeT B MHHMOH 

lIaCTH H3-Ja HyJJJl aMlIJIHTY,Zlhl U:". IT03TOMY B TOtIKe C U:" =0 U-aMIlJIHTY.lla 
OK83hlBaeTCjf CYJ.!{CCTBCHHO MHHMo:it, a ~a38 L-aMJIJIHTy,lJ;ld onpe)J;eIDleTC.SI 

napaMC1pOM f, 3aBHCmI(HM OT Ha'l8JlLHOH 3HeprHH. npH r=1 H t'=-O.06 (r3B/c)2 
oucmca OTHOCHTeJlhHoit ~a3hJ L H U-aMIlJIHTYlI Ha 6a3e napaMeTpOB MO):{eJIH [24] 
IIpHBO,IUIT K 1300 

, "lITO cornacyeTC.SI C pewcHHeM 1 H npOTHBOpe'lHT pemcHHIO 2. 
CmmOBa.JI 38BHCHMOCTb npon;ecca reHCPaInIH B MO)J;eJIH (24] onpe)J;eIDleTC.SI 

06MeHoM aKCU8JIbHO seKTOpHLlM al-Me30HOM, napaMeTpH3yeMLIM B BlI.lIe BKna,llOB 

pe,WKeBCKHX nOJIlOca H pa3Pe3a B CJIe){yIOmeM BH,Ile: 

aal aal 
,..,(J ,..,alt( S C inLP = a Oel-Q1t J:. LC =_i~aleLc - e - -2­

T+ Pal '='at, 'H C So (8.5),J
C 

j:. = r(l- a )(1- e-inGljll )(!.-)G!d
1
 

rAe '::b1 al S. Pe,lOKeBCKHe
 
o 

3a,lJ;aHhI B BH,lIe aal = -OJ +O.9t , a~l =-0.4 +0.451 . npH Ma1IhIX 

nepe,naHHltIX HMIIyJIbCax aMIJJIH.TY)J.hI L:" H Lc;. HaxO,WITC.JI B npOTHBO~83e, 

<PRTHP0BaHHble 3Haqemm fJ,,~ H fJ~1 COOTHOCm'CSl K8K fJ,,~ =- fJ~l. Hcn0JIb3yg (7.5) H 

0CT8BJUUI B BhIpWKeHHH ,lI)IJI nOJIJlPH3aI.OfH: 

p= 2Im[I! . LS • + SS • sS· + US .Us· + N S • N S 
·] I a (86)

't-+ '+- -++ +- ++ +- ++ +- . 

2Im~ Lt· 
TOJIbKO 'lJIeH C L-BOJIHoii: PL = , rAe (J - cYMMa KBa,lIpaTOB

a 
M0.llYJleA BCCX ytIacTB}'JOnntX aMI11IIfI'Y,lJ;, 3Hep.feTH1lccJCYIO 38BHCHMOCTb nomJPH3a.IUIH 

IIpH MaJIhIX t MOXHO 38.IIHCaTL B BH,Ae:(:.r' (:. r~l
 
PL = 1 + ,2 (8.7), 

TaX. xax lJacTh aMI1JJHTY.llhI It..t, onpe.neIDIeMasI BKJIa,QOM IlHOHHOro nOJDOC8 

(8.2) cHH~aJHa L~ H He BHOCHT BKJI8,lla B nOIDIPH38lOOO. Ha6JIIO,llaCMOe 

PL (172)
nOIDIpH3aUHH 3.0±O.7 COOTBeTCTByeT

PL (1.78) 

HHTepcemy pe,ZOKCBCKOH TpaeICI'OpHH al-Me30Ha -O.I±O.2 H HC npOTHBOpe'lllT 
3HaQCHHlO -O.3±O.1, oucHeHoMY KHMen:CM H OyCHCOM. 

K coxancHHIO, OUCHKa HHTePcema at-TPaeKTOpHH MO,lleJIbHO-3aBHCHMa. TalC, 
B npe,nnOJlOXeHHH 0 paBeHCTBe mrrepcemoB nomocHoro 'UlCHa H pe.n;xceBcKoro 

paJpe3a al-TpaeKTOpHH, 3KCnepHMeHTaJThHaJI 3HepreTHlJeCXaJI 38BHCHMOCTh 
acHMMeTpHH npHBOmrr K On;eHKe HHTepcema +O.2±O.2. 
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9. 38KJ11O..eHHe 
AM.rumTy.llHblli H cPeHoMeHOJIOfH'lecKHA aHaJIH3bI pe3ym.TaTOB HacTomuero 

3KCnepHMeHTa, npOBeneHHoro B HeaCHMJITOTH1lecKoit: o6JIacm, npHBO;urr K BbIBO.ny, 

'ITO eJUlHCTBeHHhIM ct>u3WIecKH npHeMJIeMbIM pellIeHHeM aMDJIHTy,ZlHoro aHaJIH3a 

JlBIDIeTCJI pemeHHe 1, COOTBeTCTBYJOmee "UP"- pemeHKIO xx q,a30BOrO aHaJIH3a. 

HpKaSI CHrHaTYPa pemeHHii n03BOJlJleT ymep)lCll,aTb, 'ITO H IIpK BbiCOKHX 3HepnUIx 
HCTHHHhIM JIBIDIeTCJI TOJThKO pemeIDIe C MHHHMa.TIbHOH HHTeHCHBHOCTbIO S-BOJIHLI 

no,n: IIHKOM p-Me30Ha (perneHHe (1.1) aHaJIH3a M. CBeKa npH 17.2 f3B/c). 

nonyqeHHaH MaCCOBasJ 3aBHCKMOCTb HHTeHCIlBHOCTH S-BOJIHbl 6J1H3Ka K 

Ha6mo,n:aeMoH npH BbICOKHX 3Hepl'IDlX H COOTBeTCTByeT cymeCTBOBaHHlO y.3Koro (c 

llIHpHHOH OKOJIO 100 M3B/c2) S-BOJIHOBOrO CKamlPHO-H30cKaIDlPHoro pe30HaHCa 

non IIHKOM p-Me30Ha, npe1llIOJKeHHOrO M. CBeKoM H COaBTopaMH [42]. 
KOHCTHT)'3HTHlUI cTpYKTYPa 0(750) pe30HaHCa OCTaeTClI OTKphITbIM BOnpOCOM:. 

M. CBeK, OnHpaHCb Da Pe3YJIbTaTbl pa60T [44], CBSl3h1BaIOIIlIfX llIHPIIHY H Maccy 

rJIIOOHIDI B PaMKax HH3X03HeprenNeCKHX TeOpeM HapyIlIeHHOH KHpaJIbHol1: 

CHMMetpHH, apryMeHTHpyeT, 'ITO 9TO COCTomme MOXCeT 6MTh HH3KOJIeX(a~HM 

fJII060JIOM. ,U;eHCTBHTeJlbHO, B 3TOM npeJ010JIo:xceHHH TeOpeTINeCKasI olleHKa 

napllHaJIbHOH IDHpHHbI pacna,na 0 C MacCOH 750 M3B Ha ~a IDtOHa COCTaBIDleT 

100 M3B HJIH Memllie, lfI'O cOrJIacyeTCSI: C 3KCnepHMeHTOM. C .z:qJyroH CTOpOHLI, 
nOCJIe,llHHe KBaHTOBO-XpOMo,n:HHaMJNeClCHe paCC1JeTbI Ha pewencax [45,46) 
npenCIC83hIBaIOT HH3llIHe MaCChI cKamrpHoro fJIlOOHHH 1550±50 M3B H 

1740±70 M3B, cOOTBeTCTBeHHo, X<mI 60JIee pamnte pa60Thl npHBOX(H1IH K Macce 

OCHOBHoro COCTOmDUI rmooHIDI 740±40 M3B [47]. HHTepeCHasi HHTepnpeTalJ;JUI 

HH3Ko](e)K~ CKamIpHbIX pe30HaHCOB KaK "HOBbIX a,a;pOHOB" HJIH "Ba.KYYMHMX 

CKaIDIpOB" C MaJIOH WHpHlIOH pacna,na Ha .lJ:Ba nHOHa, BblXO.wnu;aH 3a paMKH 

o6bI1JHb1X npe,n:CTaBJIeHM::H KBaHTOBOH xpOMO,llHHaMHKH, npe.n.rroxeHa aBTOpaMH [48]. 
3KCnepHMeHTaJlbHhle ,AaHHble Ha ypOBHe 6 CTaH,ZJ:aJ>THhIX ollDf6oK nOX83.bIBaIOT 

3aMeTHylO CIIHHOByIO 3aBHCHMOCTh )lHHaMHKH reHepaI.(KH tJ,IffiHOHOB npH 

npOMexyro'IHhIX 3HeprIDlX. 3HaK aCHMMeTPHH COBna,naeT co 3HaKOM upH BhICOKHK 

3HeprIDlX, HO ee BeJIHlIHHa B (3-4) p83a Memwe. Hl1H60JIbUDIe nOJUIpH3aIJ;HOHHbIe 

3<p<peKThl Ha6mo,n:aIOTCH rrpH TeHepauHH p-Me30HOB. AHaIDl3 3HepreTH1JeCKOH 
3aBHCHMOCTH ITOlBIPH3aIJ;HH B paMKax Pe,llJKe-MotJ,eJIH KHMeIDI-OyeHca npHBO,llHT K 

0lleHKe HHTepcema pe,WKeBcKoH tpaeKTOpHH al-Me30Ha -O.l±O.2. 
B ~eJUIX yro'IHeHIDI MeXaHH3Ma reHepalUiH, H3MepeHIDI HHTepceIITa 

TpaeKTOpHH al-Me30Ha H Pa3BHTIDI Me30HHoH cneKTPOCKOIIHH Ha. ypOBHe aMruIHTY,n: 
npeJJ;cTawuIIOCJI none3HblMH tJ,aJIbHeHwHe XOpOWO o6ecne-qeHHbIe CTaTHCnrqeCKH 

HCCJIe.n;OBaHIDI peaKUHH X-Pt~x-x+n H x-PMx°xOn, oco6eHHo npH 3 H 40 f3B. 

liJiaro.zuapuOCTH 
ABTopLl 6J1aro.n;apHLI B.B. BJIa,zutMHPCKOMY H A.B. KaimaJIOBY 3a HHTepeC K 

pa60Te H CTHMYJIHPYIOIIlHe o6c}')K.lleHIDl, IO.C. KanaUIHHKoBoH 3a HH<popMaumo 0 

TeOpeTH1JeCKOM COCTOHHIDf np06JleMhi CKamIpHbIX Me30HOB, M. CBeKY 3a nOJIe3HhIe 

o6cy)I{,l{eHHH H o6MeH KoppecnoH,l(eHl(Heit, P. KaMlfHCKH 3a npe,n:OCTaBJIeHHe 

pe3yJIbTaTOB HOBoro cPa30BOrO aJIaJIH3a 1tX pacce.snnm ,n:o orry6mncoBamm. MbI 

npH3HaTeJIbHb[ eJIy)K6e yCKOpHTeIDI Y-10 3a 06eCneQeHHe pa60ThI nHOHHblM rrytIKOM 

BbICOKoro Ka-qeCTBa H cTa6HJThHoCTIl. 
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Pa60Ta BhlIIMHeHa npH QaCTIf1lHOH nOJl,AepJKKe PocclDtCIGfM <1>Oll.nOM 
<1>yJmaMeHTaJIbHhIX HCCJ1eAosamm H POCCHiicKOit rocy,llapcTBeHHOH Hayq:HO­
t'eXHlf1{eCKOH nporpaMMoit "~aMeHl'BJlbHasIH,llepHWI cPH3HKa". 
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