
820 

COOfilllBHMR 
Odb8AMH8HHOrO 

MHCTMTYTa 
. RABPHbll 

MCC18ADB8HMI 

AYfiHa 

Pl-88-503 L -> 

HCcnE~OBAHHE ~BAPHOHHYX COCTOHHHR 
B dp-B3AHMO~ERCTBHRX 
OPH HMnYJibCE 3,33 r~B/c 

\ 

1988 

..... -----



R.Banra~~cypeH, H.A.By3.D.asHHa, B.B.rnaronea, A.r.3aHKHHa, B.r.HaaHoa, 
P.M.Jle6e.D.ea, B.B.llepaywoa, r.,D;.llecTOBa, T.3p.ll3H3.D.3nrep 
061>e.llHHeHHhlH HHCTHTyT R,D.epHbiX Hccne.D.OBaHHH, ,[ly6Ha 

M.CeMaH,Jl.WaH.D.op, B.llacrup~~aK 
11HCTHTyT 3Kc·nepuMeHTanbHOH <flH3HKH CAH, Kowuue 

R.Xnasaqoaa, r.MapTHHCKa,R.Yp6aH 

YHHBepcHTeT HM. H.R.Wa<flapHKa, Kowuue 

JI.B.KOCTHI.lhiHa, K.Y .XaiipeT.D.HHOB 

CZ,U3Hqfi!CKHH HHCTHTyT HM. n.H.Jle6e.neaa AH CCCP, MocKBa 

A.K.Kaqapasa, ,D;.r.MnpHaHawaunH, M.C.Huopan3e, 3.P.CanyKBa.ll3e 
11HcrHTyT <fln3HKH BbicoKux 3HeprHJl TrY, T6unucu 

C.C.WHMaHCKHH 

11HCTHTyT <flH3HKH BhiCOKHX 3HeprHii AH Ka3CCP, AnMa-ATa 

.. 

@ - Ofu.e.iiHHefiHblH HHCTHTyT ll.llepHblX ll'eCJI@JlOBaHHH .lly6Ha, 1988 

BBE,D;EHHE 

B nocne,nHee BpeMR B .D.BYXHYKnOHHbiX cucreMax, o6pa3yromuxcR 
B NN-coy,napeHHRX H Bo B3aHMO.D.eHCTBHRX qacTHI.l c R.D.paMH, o6Hapy)f(eHbi 
HOBble 3<fl<l>eKTbl, KOTOpbie MOryT 6bJTb HHTepnpeTHpoBaHbl KaK ,D.H6apHOH
Hbie pe30HaHCHbie COCTORHHR 16- 211.1. 

,[lu6apHOHHbie pe30HaHCbi npe.D.CKa3bffiaiOTCR TaK)f(e pR.D.oM TeopeTH
qecKHx Monenell, B TOM qucne 

- MO.D.enbiO KBapKOBbiX MeWKOB Ill. I, 
- MO.llenbiO COe,D.HHeHHbiX CTpyH, B KOTOpoH WeCTb KBapKOB CBR3aHbl 

Me)f(.lly COOOH crpyHaMH I 2l, 

- poTaQHOHHOH MO.D.en&IO, KOT<;>paR npe,D.CKa3bmaeT pe30HaHCbl K&K 
CeMeHCTBO B036y)f(.lleHHbiX COCTORHHH .D.BYXHYKnOHHOH CHCTeMbl l31, 

- noTeHQHaJibHOH HyKnoH-HYKnOHHOH Mo.D.enhiO, uccne.nyromell cna6o
CBR3aHHbie CHCTeMbl H pe30HaHCbl I 4l. 

I13BecTeH uenbiH pR.D. 3KcnepuMeHT8JlbHbiX pa6oT, nocBRmeHHbiX 
npo6neMe .nu6apHOHOB . 3 To pa6oTbi no uccne.noaaHHIO' NN-pacceRHHR 16 •61 , 
<l>oTopacmenneHHR ,D.eHTpoHa 17,8 • 91 , flHOH·,D.eHTpoHHbiX B3aHMO.D.eHCT
BHH 11 01u anpoH-R.D.epHbiX a3aHMoneiicTBHH I U- 211. 

llocne.D.HHH Knacc HCcne,D.OBaHHH BbinOnHeH B OCHOBHOM C nOMOmbiO 
TpeKOBbiX KaMep. HeCMOTpR Ha OTHOCHTenbHYIO CTaTHCTHqeCKYIO 6e.D.HOCTb 
3TH X pa6oT, HaMIO.lleHHe OC06eHHOCTeH B cneKTpax 3<1><t>eKTHBHbiX MaCC 
npe.D.CTaBnReT oco6y10 QeHHOCTb BBH.D.y B03MO)f(HOCTH HX npRMOH HHTep
npeTaQHH. 

Heocna6eBaromee BHHMaHHe 3KcnepHMeHTaTopoB K noHCKY Y3KHX 
COCTORHHH (c WHpHHOH 10 + 50 M3B) CBR3aHO C TeM, 'ITO He RCeH O.D.HH H3 
OCHOBHbiX BOnpocoa: 'ITO TaKoe .D.H6apHOH- npoRaneHHe 3<fl<fleKTOB R,D.epHOH 
crpyKTypbi _ (pe30HaHc B NN rr-, N6- unH 66-cucTeMax) unu 3K3oTnqecKoe 
6q ·COCTORHHe? 

B HaCTORmee BpeMR cno)f(H]JaCb CHTYaQHR, KOr.D.a HOBbie .llOCTOBepHbie 
3Kcne'pi:J~eHTaJibHhie naHHbie MOrYT noMoq&, Bo-nepBbix, oTaeTHTb Ha aonpoc, 
cymecrayroT nu .nu6apuoHhi aoo6me, u, ao-aTopbix, ecnu oHH cymeCTByiOT, 

.nOHRTb HX npHpo.D.y H YCTaHOBHTb XOTR 6hl <fleHOMeHonoruqeCKYIO CHCTeMa
THKY 1221. 

B .D.aHHOH pa6oTe Mbl npe,D.CTaBnReM HOBble pe3yn&TaTbl no HCcne,D.OBa
HHIO .D.BYXHYKnOHHbiX OC06eHHOCTeH, HaMIO.D.aBWHXCR paHee BO B3aHMO,D.eH
CTBHRX R,D.ep ,D.eHTpoHa C npoToHaMH I U -14/, 
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3KCOEPHMEHT 

Pa6oTa BbinOJIHeua c noMOJnbiO 100-cM ao.u;opo.u;uoH: ny3LipbKOBOH 
KaMepbl, 3KCnOHHpDBaHHOH B nylJKe H.a;ep .a;eHTpoHa C HMnyJibCOM 
3,33 r3B/c. 

3KcnepHMeHTaJibHbiH MaTepHan co.u;epiKHT .u;aa ua6opa AaHHbiX: nep
BbiH H3 HHX - 3TO dp -B3aHMO)l;eHCTBHfl, noJiylJeHHbie C HenoJIHpH30BaHHbiM 
nylJKOM eme B HalJaJie 70-x rO)l;OB /23/ , H BTOpoH - HOBbie )l;aHHbie, HaKOn
JieHHbie B HaCToHmee BpeMH B nonHpH30BaHHOM nytJKe. Co6biTHH H3MepH
JIHCb Ha CKaHHpYIQmeM aaToMaTe HPD. MaTeMarflqecKaH o6pa6oTKa npo
ao.u;HJiacb Ha 3BM CDC-6500 c noMOJnbiO cneQHaJIH3HpoaauuoH: BbiCOKoaa
ToMaTHtJeCKOH CHCTeMbi nporpaMM 12•1, KOTOpaH n03BOJIHJia B )l;OCTaTOlJHO 
C)l(aTLie cpoKH HaKonHTb OOJJhiiiOH 3KcnepHMeHTaJihHbiH MaTepHan. 

MeTOAHtJeCKHH aHaJIH3 d' p-B3aHMo.u;eiicTBHH noKa3an HX H.a;eHTHlJHOCTh 
no OCHOBHblM xapaKTepHCTHKaM C dp-B3aHMO)l;eHCTBHflMH, lJTO n03BOJIHJIO 
o61>e.u;HHHTh o6a Ha6opa AaHHbiX. 

OonHoe lJHCJIO d( d' )p -B3aHMo.u;eiicTBHH Ha neHTe cyMMapHbiX pe3yJih
TaToB COCTaBHJIO 114696 C06biTHH. 

)J;JIH QlH3HtJecKoro aHaJIH3a Ha npe.u;MeT noHCKa .u;ayxuyKJioHHbiX pe3o
Haucoa 6biJIH oTo6paHbi KaHaJibi: 

dp-+ ppn - 47298 co6biTHH ( 1) 

dp ... p "+nn - 24124 co6LITHH (2) 

Jf3aeCTHO, lJTO peaKQHfl pa3BaJia .a;eHTpoHa (1) MO)I(eT HATH KaK C H3-
MeHeHHeM 3apfl)];OBOrO COCTOflHHfl npOTOHa MHIIIeHH (peaKQHfl nepe3apfl)];
KH), TaK H C ero COXpaHeHHeM (npHMOH pa3BaJI). Ha6op C06biTHH, B KOTO
pbiX caMOH 6biCTpoH (B CHCTeMe nOKOfl .u;eiiTpoHa) lJaCTHQeH flBJifleTCH: HeHT
pOH, 6y.a;eM Ha3bffiaTh nepe3apMKOH, a OCTaJibHbie - npHMbiM pa3BaJIOM. 
Oocne npHMeHeHHH TaKoro pa3.u;eneHHfl OKa3aJIOCb: 

39375 co6LITHH npHMoro pa3aana - dp ... (pn) p, 
7923 co6LITHH nepe3apHAKH - dp ... (pp) n. 
OpHMeHHeMaH MeTOAHKa Hccne.u;oaauHH:: nytJOK ycKopeHHbiX 11.u;ep 

H 4 tT-reoMeTpHH no3BOJIHJIH npaKTHtJecKH 6e3 noTeph nonytJHTb AaHHbie o6 
3THX peaKQHflX. 

Oo.u;po6HOCTH Bbi.u;eJieHHH peaKQHH MO)I(HO HaHTH a pa6oTax Ill - 1 41. 

PE3YJihTAThl 

Ope)l()];e tJeM auanH3HpoBaTh cneKTpbi 3<fl<fleKTHBHbiX Mace .u;ayx HYKJIO
HOB B npoQeCCax (1) H (2), B KOTOpblX HaMIO)l;aJIHCb .u;Ba CHrHaJia, B OOJiee 
paHHHX pa6oTax /U -14/, Mbl XOTeJIH 6bi apryMeHTHpoBaTb npoQe.a;ypy Bbl
)l;eJieHHfl KHHeMaTHlJeCKOH o6JiacTH, r.u;e o6pa3oBauHe .u;ayxuyKJioHHbiX cH
CTeM O)I(H)];aeTCfl OOJiee o6HJibHblM. 
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B cnyqae peaKQHH ( 1) Mbi He 6epeM B pactJeT KoM6HHaQHH c yqacTHeM 
JIH.a;HpyiOmero HyKJioHa. To ecTh, .u;anee pellb noH.u;eT o nape Me.u;neHHbiX 
HyKJIOHOB B CHCTeMe nOKOfl Mpa. }J;nfl npHMOrO pa3BaJia 6epyTCfl np -KOM-
6HHaQHH, Tor.u;a KaK .u;Jifl C06biTHH nepe3apfl)];KH - KOM6HHaQHH ABYX npo
TOHOB. 

}J;aHHbie 0 peaKQHH d p -> ppn 1 28/ , CBH.u;eTeJibCTBYIOT 0 TOM, lJTO 3TOT 
npoQecc a ocHOBHOM H.u;eT c yqaCTHeM o.u;Horo HyKJioHa .u;eH:TpoHa, Tor.u;a 
KaK .u;pyroii HBJIHeTCH cneKTaTopoM . B CBH3H c 3THM Tpy.u;Ho O)I(H.u;aTh 
3aMeTHbiX OTKJIOHeHHH OT rJia.u;KOrO pacnpe.u;eneHHfl ~Jill 3QlQleKTHBHbiX 
Mace .u;ayx HyKJioHoB. )J;eiicTBHTeJihHO, KaK BHAHO H3 pHc. 1, pacnpe~eneuHH 
3QlQleKTHBHblX MaCC np- H pp-nap He noKa3bffiaiOT 3aMeTHbiX oco6eHHOCTeH. 

003TOMy, lJT06bi Bbi6paTb KJiaCC B3aHMO.a;eHCTBHH, r.u;e o6pa30BaHHe 
)l;H6apHOHHblX CHCTeM OOJiee BepoHTHO, CJie.a;yeT OT6HpaTb JIHIIIb Te C06biTHfl, 
B KOTOpbiX BO B3aHMO)l;eHCTBHe BOBJielJeHbl MHHHMYM )l;Ba HYKJIOHa fl)];pa. 
B cnyqae .u;eH:TpoHa 3To cooTaeTcmyeT oT6opy 6eccneKTaTopHbiX co6hrrHH:. 

MeTo.a;oM Bbi.a;eneHHfl HecneKTaTopHbiX cof>LITHH MO)I(eT cnyJKHTh o6pe-
3auHe CHH3Y no HMnynLcy caMoro Me.u;JieHHoro H3 Ha6JIIOJJ;aeMbiX B peaKQHH 
HyKJioHoB. O.u;HH H3 cnoco6oa BLI6opa Tai<:oro o6pe3aHHfl 6biJI npeAJIO)I(eH 
B pa6oTe IllS/, r~e BbiAe11flJICfl KJiacc HeynpyrHx co6LITHH c po)l()];eHHeM 
H nornomeuHeM BHpTyanLHoro "-Me3oHa. 11MnyJILCHbie pacnpe.u;eJieHHfl 
caMbiX Me~neHHbiX HYKJIOHOB H3 TaKOH rpynnhi Heynpyrux co6hiTHH npH-

~ooo~ n 1 

6 (t 1UUU1 -,, 
I' 

"' u 

N' " (I) 

" ... 
' '- <0 - dp • (pn)p ,., 
'-c; -d 39375 U"' 

I l dp-(pp)n " q 
7923 z 

0 

' 2000 z 500 

1.86 2.06 2.2{1 1.95 2.10 2.25 

Mpn [ fJB/c2) MpplfJB/c2J 

Puc. 1. CneKrp 'Jif)tfieKTUBHbiX Mace OByx MeOJieHHbiX HYKAOHOB 6e3 o6pe3aHUJI Ha UM

nyilbC cneKraropa: a) np!!MOU KaHtlll, 6) nepe3ap!!OKa. KpuBllJI - rfioHoBoe pacnpeoe
JieHue, nolly'leHHoe MeTOOOM "nepeMeWUBaHUJI"Ill1( 
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Puc. 2. H.MnyllbCHble pacnpeoe~~eHW! ca.Mozo 

.MeOileHHOcO HYKIIOHa 8 CUCTe.Me nDKOJI 

OeUTpoHa: ( -)OIIJI npR.MOcO KaH(JIIQ U 

( ---)OIIR nepe3apROKu. Co6biTUR 83RTbl 

U3 "ofinacro nocllOU4eHUJI rr-.Me30H08 ". 

ae.n;eHhi Ha puc. 2 )J.JIH npHMoro KaHa
na (CnJIOillHaH JIHHUH) U nepe3ap.fl,ll;
KU (nyHKTup). B npHMOM KaHane 
3aMe1Hbi ,ll;Ba MaKCUMyMa, KOTOpbie 

xopolllo pa3.n;enruoTCH npu I pI "" 
.. 200 M3B/c. nepBbiH U3 HUX B 
CB.fi3U C yCJIOBHOCThiO Bbl,ll;eJieHU.fl He
ynpyrux B3aHMO,D;eHCTBUH COOTBeTCT
ayeT llacTu co6biTUH KBa3uynpyroro 
pacceHHHH, aTopou- co6hiTUHM c no
rnomeHueM rr-Me3oHa. B npe.n;Lmymux 
pa6oTax no u3ylleHuiO peaKUHU d p ... ppn. 
6bmO nOKa3aHO, liTO BhiCOKOUMnyJihC

HaH llaCTh B peaKD;UU nepe3ap.fl,ll;KU cymeCTBeHHO 60Jihllle, lleM B npHMOM 
KaHane /llll/. 3ToT 3qxpeKT o61>HCH.fiJICH BKna.n;oM Heynpyrux npon;eccoa 
c o6MeHoM ~-u3o6apou unu c nornomeHueM anpTyanhHoro 17-MrooHa /27/ 

npu ylleTe COOTBeTCTBYIOI.UUX U30CnUHOBhiX COCTO.fiHHH. D CBH::iH CO CKa-
3aHHhiM He YAUBUTeJihHO, liTO B UMnyJihCHOM cneKTpe CaMhiX Me)J,JleHHbiX 
npoTOHOB U3 KaHana nepe3apMKU (puc. 2) nepBhiH MaKCUMYM nO,ll;aBJieH. 
OTciO.n;a u cne.n;yiOT pa3Hhie rpaHHD;hi o6pe3aHHH .n;nH Bhi.n;eneHUH Heynpyrux 
B3aHMO,ll;eHCTBHH B npHMOM KaHane /1.2/ U B nepe3ap.fl,ll;Ke /113/. 

TaKOH MeTO,ll; Bhi,D;eJieHU.fl KHHeMaTUlleCKOH o6JiaCTU )J.Jl.fl OnTUManbHO
ro Ha6JIIO,ll;eHU.fl .n;u6apUOHHhiX COCTO.fiHHH no.n;KpennHeTC.fl MeXaHU3MOM 
peaKD;UU 4 Hep-+ dppn , KaK 6bmO nOKa3aHO B pa6oTe 1251, .n;enTpoH B 3TOH 
peaKD;UU no CBOUM xapaKTepUCTUKaM OlleHh 6JIU30K K .fl,ll;py-OCTaTKY, ManO 
BJIU.fiiOI.UeMy Ha XO,ll; peaKn;UU, lloae.n;eHUe ,ll;BYX OCTaBillUXC.fl HYKJIOHOB 
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Puc. 3. J(uacpaM.Mbl, COOT8eTCT8YIOU4Ue 06.MeHy OeuTpoH08 

(dd-acCOijUaijW! 8 ROpe "He) (a) u 83aU.MoOeUCT8UIO 08YX 

UHOU8UOY(JilbHbiX HYKIIOH08 Ropa "He c naoa10U4U.M npom

HO.M {6}. 

Mpa 4 He CBH.neTeJihCTBYeT 0 TOM, liTO BKJia,ll; KBa3U.n;empoHHOrO MeXaHH3-
Ma (pUC. 3a) Man U o6a HyKJIOHa .fiBJI.fllOTC.fl yllaCTHHKaMU 83aHMO,D;eHCTBH.fl 
B COOTBeTCTBUU C ,ll;UarpaMMOH puc. 36. J1MeHHO B TaKOM KJiacce B3aHMO,ll;eH
CTBUH, 6e3 KaKUX-JIUOO ,ll;OnOJIHUTeJihHhiX KpUTepuea OTOOpa, B cneKTpe 
3<P<t>eKTUBHhiX MaCC ,ll;BYX npoTOHOB 6hmU Ha6JIIO,D;eHbl HeperynHpHOCTU, 
paCCMOTpeHHhie B pa6oTe /18/ KaK KaH.n;n,naThl B .n;u6apUOHHbie COCTO.fiHU.fl. 

llpe~e lleM nepeHTU K U3ylleHUIO CneKTpoB 3<l><l>eKTHBHhiX Mace .n;BYX 
HYKJIOHOB B peaKD;U.fiX (1) U (2), pacCMOTpUM BOnpoC 0 TOliHOCTU U3Me
peHUH. 

Ha puc. 4 noKa3aHO noae.n;eHue 3KcnepuMeHTanhHOH OlllU6KH a 3aBU
cuMocTu OT 3<P<I>eKTUBHOH MaCChi ,ll;BYX npOTOHOB B peaKn;HH neproap.fl,ll;KH. 
Bn.nHo, liTO B HHTepecyiOmeu Hac o6nacTu cneKTpa pa3pellleHue no3<t><PeKTHB
HOH rv~acce M_pp cocTaanHeT 10 ..,. 15 M3B. KaK 6hmo OTMelleHo a pa6oTe 112~ 

3Ta )Ke OlllUfiKa .n;nH Mpn -cneKTpa nopH.n;Ka 5 + 10 M3B. ,UnH peaxn;uu 
dp .. prr+(nn)on;eHKa TOliHOCTU B onpe.n;eJieHUU He,ll;OCTaiOI.UeH MaCChi .n;ana 
20 M3B. B .n;anhHeHilleM Illar nocTpoeHuH rucTorpaMM no 3<1><t>eKTHBHhiM 
MaccaM Bhi6upancH c YlleTOM pa3pellleHUH. 

Pacnpe.n;eneHuH 3<1><t>eKTUBHhiX Mace .n;ayx Me)J.JleHHhiX HYKJIOHOB c 
o6pe3aHUHMU IP-s I > 200 M3B/c u IP-s I > 350 M3B/c )J.Jl.fl nepe3apM
KU U npHMOrO KaHana COOTBeTCTBeHHO noKaiaHhl Ha pUC. 5 U 6. Ha6JIIO
,ll;aiOTC.fl ,ll;Ba nuKa B TOH )Ke o6JiaCTU Mace, liTO U B npe,D;bl,ll;YI.UUX pa6o
Tax 1112,13/ . 

J13 puc. 5 BH.D:HO, liTO KpOMe y)Ke Ha6;uo.n;eHHhiX COCTO.fiHHH B cneKTpe 
.n;ayx npoToHoa npoHanruoTCH eme .n;ae Y3Kue oco6eHHocTu. CTaTUCTHlle-
,..T,."~ ...,&:::.n.n...,.nTTI"'t.TTTT,...rorT"T llllr#'I'T.I'nT.W,._Jr,.-TliiWn~ TTr.T.w 1lA'.-;!Inn~V" -1 ftA T.l' - 9 nQ T'"3R /ro2 ..................... ---'-' ............................. .~.-'"' ... ~ ....... _ .................... J ....... _....., ...... y...... .................................. ...,.., ........ -, ... ._. _ ... _,_ 

HaxO,ll;HTC.fl Ha ypoBHe .n;ayx CTaH,ll;apTHhiX OTKJIOHeHHH. llepaoe COCTO.fiHUe 
Ha6JIIO.n;aeTC.fl U B .n;pyrux 3KCnepUMeHTaX /t 7- 20/, a BTOpaH OC06eHHOCTh 
npuMepHO B 3TOH o6nacTU Mace npoHBJI.fleTC.fl B Mpn -cneKTpe B pa6oTe /15/ 

u B M pp·cneKTpelll7/. noxo)Ka.fl CTpyKTypa Ha6niO.n;aeTC.fl u )J.Jl.fl Mpn·CneKTpa 
(puc. 6). B oTJIUllue OT peaKn;uu · 
nepe3apH,ll;KU B npHMOM KaHane 
a6nu3u cyMMhi Mace .n;ayx HyKJio
HOB npucyTCTBYeT nuK, 061>HCH.fiB· 
IllHHC.fl paHee KaK B3aHMO,D;eHCTBUe 
npoTOHa H HeHTpoHa B KOHeliHOM 
COCTO.fiHUU /3ll, 32/ . 

AHanu3 peaxn;uu d p ... p rr + nn ~ 
CllO)f(Hee, lleM d p -+ ppn , nOCKOJih- ~ 

.020 

KY H3:3a HanUliU.fl nayx Heihpanh- ; .010 
HhiX .llaCTHD; HeB03MO)KHO BOCCTa-

Puc. 4. 3a8UCU.MOCTb 3KCnepu.MeHT(JilbHOU 

OUlU6KU OT 3{fiifjeKTU8HOU .MaCCbl oeyx 

npoTOHOB 8 peaKijUU nepe3apROKU 

dp ... n(pp). 

--I-

1.89 

dp-ppn (ch-ex) 

t++ 
++ 

+ ....... 

2.01 2.13 2.25 
Mpp rrJBic2J 
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Puc. 6. PacnpecJe.!leHue no JrjirjieKrueHou 
Macce npoTOH-HeUT[JOHHOU napbl U3 npRMOZO 

KaHtllla d11R co6bzruu, 2de uMnyllbc oooux 

HYKIIOH08 00/lbUle 350 M3Bjc. rucmzpaM

MQ- 3KCnepuMeHTQflbHblU pe3yllbTQT,CMOUl

HQR KpueaR - pe3yllbTaT rjiurupoeaHUR 
rjiyHKijUeu (3). 

......... -- 1i 
+ 

Puc. 5. Pacnpede.!leHue no JrjirjieKTUBHou 

Macce deyx nporoHoe U3 KaHtllla c nepe3a

pRdKou d11R co6bzruu, zc)e uMnyllbC oooux 

npoToHoe OOilbUJe 200 M3Bjc. rucrozpaM

Ma- 3KCnepUMeHTQflbHblU pe3yllbTQT,cnllOUl

HaR KpueaR - pe3yllbTaT rjiurupoeaHuR 

rjiyHKijUeU ( 3). 

..-
1 

N 
u 

80 

~ 60 
"' L 

0 
d 
'- 40 z 

20~ dp ~:~:·} • ~~ 

1.87 2.07 2.27 

Mpn [f:JB/c2J 

p 

d n 
Puc. 7. J/.uazpaMMQ OdHOZO U3 803MOJKHblX 

npo14eccoe d11R peaKI4UU d p .. p, +nn. 

HOBHTb HMnyJibCbl HeHTp<>HOB. )lJIR llOHCKa ,nByXHeHTp<>HHbiX OC06eHHO

CTen B 3TOM KaHaJie Mbl ,IJ;OJDKHbl o6oraTHTb Ha6op ,IJ;aHHbiX C06biTHRMH, 

COOTBeTCTBYIO~HMH npoQeccy, npe,n;CTaBJieHHOMY Ha ,IJ;HarpaMMe pHC. 7. 
TaK KaK B peaKQHH .n;oMHHHpyeT KBa3HHYKJIOHHbiH MeXaHH3M, TaKHe npo-

6 

) 

1 
J 

QeCCbl MaJIOBep<>RTHbl. qT06bi OTCe'lb O,IJ;HOKpaTHbie B3aHMO,IJ;eHCTBHR, Mhl 

npHMeHHJIH KpHTepHH, KOTOpbie 6bmH npe,IJ;JIO)I(eHbl B pa6oTe /11.4/ : 

1. B3aHMo.n;encTBHR c HMnYJibCOM npoToHa MeHbwe 300 M3B/c HCKJIIO

'IaiOTCR, 'IT06bi yMeHbWHTb cpOH OT KBa3eynpyrHX C06biTHH. 

2. Y'IHTbiBaR, 'ITO B03HHKHOBeHHe .n;H6apHoHa 6onee aepoRTHO B CJIY

qae KBa3H.n;BYX'IaCTH'IHOH peaKQHH, ,IJ;JIJI aHaJIH3a 6epyTCJI C06biTHR, B KOTO

pbiX He,IJ;OCTaiO~aR MaCCa JieTHT Ha3a,IJ; B CHCTeMe Q.M. llJ>OTOHa H ,IJ;eHTpoHa. 

3. )lJIR o6or~eHHR na6opa co6biTHRMH c OOJibWHMH HMnyJibCaMH 

Me.n;nenuoro uyKJioHa Macca "aKTHBHoro" HYKJIOHa ( M ~), Bhi'IHCJieHHaR 

B npe,n;nOJIO)I(eHHH, 'ITO O,IJ;HH H3 HeHTp<>HOB cneKTaTop: lM~=M ~188 -

-2·Em1ss · Mn + M~ , P8 =(Mn ,0)), 6epeTCR BHe o6nacTH 0,87< 
<M x < 1,0 (eM. pHC. 8). 

JJ:na TaKoro KJiacca co6hiTHH 6bmo nocTpoeuo pacnpe,n;eneuHe no ne

,n;ocTaiO~en Macce ,n;ayx ne8Tpouoa (pHc. 9). Ha6mo,n;aeTcR naa nHKa npH

Mepno npH Tex )ICe 3Ha'leHHRX Mace, 'ITO H a pa6oTe /ll4/. 

B Ta6n.l npHae.n;eHbi napaMeTpbi cocTORHHH, noJiy'leHHbie npH annpo-

KCHMaQHH 3KCnepHMeHTaJibHbiX pacnpe,n;eneHHH, llOKa3aHHbiX Ha pHC. 5 H 6, 
cpyHKQHen BH.n;a: 

dN/dM -a~(M) +I. {3 1 BW1(M) 
1 

(3) 

r,n;e ci>(M)- cpOHOBOe pacnpe,n;eneHHe, B Ka'leCTBe KOTOporo HCllOJib30BaJICJI 

nonHHoM BTopon cTeneHH. )lna MPP -cneKTpa 6panH cyMMY 4 cpyHKQHH 
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Puc.-.~- _Pacnpec)e.~~eHue 11() Macce · (M~) "aK

TUBHozo "HYKIIOHQ 8 peaKijUU d p-> p 1T +nn. 

Puc. 9. Pacnpede.~~eHue no JrjirjieKTUBHou 

Macce c)eyx HeUT[JOHOB U3 KaHtlllQ dp .. 
.... p,+nn. TUCTOZpaMMQ - 3KCnepuMeH

TtlllbHblU pe3yllbTQT, cn/IOUlHQR KpU8QR - L 
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200 

100 

dp~pR,nn) 

2530 
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I ,· 
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Mnn [flB/c2] 
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BpeiiTa-BHrHepa ( BW ), a AJifl Mpn -cneKTpa npHHHMaJIH 3-pe30HaHCHYIO rHno
Te3y. CneAyeT noA'lepKHyTL, 'ITO npH <I>HTHpoSaHHH see napaMeTpbi pe3oHaH
cos 6bmH cso6oAHbiMH. )l,na KIDKAoro MaKcHMyMa yKa3aHO 'IHcno cTaHAapT
HbiX OTKJIOHeHHH OT <J>oHa (S.D.) . 

Ta6/1Uija 1 

Mpp ·[ S.D. x2 M ·[ S.D. )(2 
pp CT,CB pn pn CT.CB. 

1939 ± 15 27 ± 13 2,2 2,8/10 6,2/16 

2007 ± 15 39 ± 17 4,1 2006 ± 10 25 ± 11 5,1 

2090 ± 15 10 ± 12 2,0 2080 ± 10 9 ± 12 1,7 

2154 ± 15 31 ± 11 5,8 2118 ± 10 15 ± 13 4,3 

)l,na 6onee To'IHoro onpeAeneHHfl napaMeTpos CTaTHCTH'leCKH o6ecne

.'leHHbiX cocTofiHHH see cneKTpbi 3<J><I>eKTHSHbiX Mace MPP, Mpn H Mnn 6bmH 
npo<I>HTHpoSaHbi ASYMfl <I>YH~HRMH Bpei~Ta - BHrHepa sMecTe c <J>oHoM 
S SHAe nOJIHHOMa STOporo nopRAKa, rAe HCKaJKelfHe QJYH~HH BW (M), CSfi
~AHHOP C 3KCnepHMeHTaJibHbiM pa3pellleHHeM S H3MepeHHH 3QJQJeKTHSHbiX 
Mace, 6bmO y'ITeHo cneAyiOIUHM o6pa30M: 

1 1 (M-m)2 

BW (M) = -- f BW ( m) • - • exp 1--- I dm • v2rr. qi (m) 2ar (m) 

a 1 (m) ecTb 3KCnepHMeHTaJibHafl OlllH6Ka npH AaHHOH 3QJQJeKTHSHOH Macce. 
Pe3ynLTaTbi 3TOH annpoKCHManHH cseAeHbi s Ta6n. 2. TaM *e npHBOAHT
ca sepoRTHOCTb ( p ) CJIY'laHHOro Sbi6poca COOTSeTCTSyiOIUHX nHKOS S rHCTO
rpaMMe, S COOTSeTCTSHH C MeTOAHKOH, pa3paOOTaHHOH S /301. 

KaK SHAHO H3 Ta6JI. 2, S pa3JIH'IHblX pea~HfiX H S pa3HblX H30TOnH
'leCKHX COCTOfiHHfiX S cneKTpe 3<J><J>eKTHSHbiX MaCC Ha6JIIOAaiOTCfl ASa CTa
THCTH'leCKH XOpOlllO o6ecne'leHHblX nHKa. 3TH )l(e CTpyKTypbi npoRSJifi
JIHCb H S 4Hep-S3aHMOAeHCTSHH /161. 

llpHHHMafl SO SHHMaHHe TOT <J>aKT, 'ITO nepSbiH H3 Ha6JIIOAaeMbiX nHKOS 

HMeeT Macey, 6JIH3KYIO K cyMMe Mace ASYX HYKJIOHOS H IT-Me30Ha, a STO· 
poH - K cyMMe Mace HYKJIOHa H ~-H306apbl, aBTOpbi/ 281 nposenH pac'leT 
no 3QJQJeKTHsHbiM MaccaM Asyx HyKJioHos c y11eTOM noseAeHHR nonepe'l
Horo ce'leHHR pea~HH ITd-+NN • llony'leHHbie s pac'leTax noJIO)I(eHHR MaKcH
MyMos S Mpp -cneKTpe COSnaJIH C 3KcnepHMeHTaJibHblMH, TOrAa KaK Ha6Jiro
AaeMbie rnHpHHbi onHcaTb He YAaJIOCb. K TOMY *e AJIR nonyt~eHHfl nepsoro 
COCTOfiHHfl npHlllJIOCb sseCTH AOnOJIHHTeJibHOe npeAnOJIO)I(eHHe 0 HaJIH'IHH 

8 

Ta6Jluija 2 

PeaKUHR z M, rk S.D. PJ M• r S.D. p. )( 2/CT.CJ!. 2 

dp.(pp)o ++ 2009 ± 6 16 ± 19 4,1 6,1 . 104 2153 ± 4 7 ± 11 5,8 5,0 . 10-7 9,6/21 

dp .(pn)p + 2007 ± 4 8± 12 5,1 9,5. 10 ... 2118 ± 3 6± 9 4,3 1,2. 10-4 6,2/33 

dp •(RR)•+P 0 2027 ± 5 16 ± 18 6,3 1,5. 10-e 2137 ± 4 17 ± 9 8,2 9,7. 10 .... 4 
21,2/14 

OC06eHHOCTH S noseAeHHH SHe3HepreTH'leCKOH aMnJIHTYAbl pea~ ITd-+NN 
s6JIH3H nopora. 

Ha6nroAaeMbie Macchi cornacyroTca c TeopeTH'leCKHMH npeACKa3aHHRMH 
poTanHoHHOH MOAeJIH MaK-rperopa 120/ . 

3AKJU01JEHHE 

Bo S3aHMOAeHCTSHfiX fiAep AeHTpoHa C SOAOpoAOM S pa3HblX KaHaJiax 
S cneKTpe • 3QJ<J>eKTHSHbiX Mace ASYX HYKJIOHOS Ha6JIIOAaiOTCfl ABa COCTOfi
HH.R: c sbiCOKOH cTaTHCTH'leCKOH 3Ha'IHMOCTbiO. YAanocb Ha6JIIOAaTb see 
3apRAOSbie KOMnoHeHTbi 3THX cocToRHHii. YsenH'leHHe MaTepHana H o6ocHO
SaHHbiH SbiOOp KpHTepHeS no3SOJIHJIH nOSblCHTb AOCTOSepHOCTb cyrueCTSO

S~~fl y~~~X. A~~~pHOHHbiX COCTOfiHHH npH Maccax Mll. = 2,01 + 2,02 
H LVl 2 = ~,.l~ -=- 4,J..u, i:1 1i:1.tVt\t .tttt.GJtlV.U.a.iD \:VC"i'Viiiiiiii up;£ ~pyr::~ ~-~:!~~~, 
YKa3aHHe Ha cyruecrsosaHHe KOTOpbiX HMenocb s pfiAe pa6oT. Y11eT 3Kcne
pHMeHTaJibHoro pa3pellleHHfl no3SOJIHJI nOHH3HTb OQeHKY sepXHeH rpaHHQbl 
rnHpHHbi pe30HaHcos AO - 20 M3B. .H.n;epHbie 3<PQJeKTbi Ha6JIIOAaeMyro rnH
pHHy He o6'bfiCHfiiOT. 
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PyKOllHCb noc1ymma B H3AaTeJibCKHH OT,D;eJI 
7 moJIH 1988 ro.na. 

HET JIH IlPOBEJIOB B BADIEA BHBJIHOTEKE? 
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EwmmcypeH .R H .n;p . Pl-88-503 
HccneAOBaHHe .n;H6apHOHHbiX cocro.RHIIH 
B dp -B3aHMO,IJ;eHCTBHHX npH HMnym,ce 3,33 r3B/c 

3KcnepHMeHT BbinOJIHeH Ha 100-cM BO,IJ;Op<>.n;HOH ny3bipbKOBOH 
KaMepe JIB3 OH.RH. HccneAOBaJIHCb d( d') p-B3aHMo.n;eiicTBHH npH 
HMnyJI&Ce 3,33 r3B/c. Ilpe.n;Jio:>KeHbl H OOOCHOBaHbl KpHTepHH Bbl
.n;eneHHR KHHeMaTHI:IeCKOH OMaCTH .n;JIR OmHMaJibHOfO Ha6mo.n;eJUJR 
,IJ;H6apHOHHbiX COCTO.RHHH. IJpe.n;CTaBJieHbl pacnpe.n;eneHHR no 3$t>eK
THBHbiM MaccaM ABYX HYKJIOHOB. )J;sa Ha6mo.n;aeMbiX MaKCHMYMa 
COrJiaCyiOTCR C TeopeTHI:IecKHMH npe,IJ;CKa3aHHHMH ,IJ;H6apHOHHbiX 
pe30HaHCOB . 

Pa6oTa BbinOJIHeHa B Jia6opaTopHH BbiCOKHx 3HepriiH OH.RH. 

Coo6&QaHe 061.eJUIIIeiDIOro IIIICI'IITJTa uepaws •c:cnQOUIIIIA. ,lly6aa 1988 

Ilepeso.n; O.C.BHHorpa.n;osoii 

Balgansuren Y a. et al. 
The Study of Dibaryon States in dp-lnteractions 
at 3.33 Ge V /c Momentum 

Pl-88-503 

----
The experiment was performed using the H.E.L., JINR hydro

gen bubble chamber. d(d' )p interactions with 3.33 GeV/c mo~entum 
were studied. Criteria for determination of the kinematical region 
for the optimal observation of dibaryon states are proposed. Effective 
mass distributions of two nucleons are presented. The observed 
maxima are in agreement with theoretical predictions of dibaryon 
resonances. 

The investigation has been performed at the Laboratory of 
High Energies, JINR. 
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