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1. BBE,D,EHHE 

11HTepec K HCCJie,Jl;OBaHHHM npouecCOB MHO:lKeCTBeHHoro o6pa30BaHHH 
tJaCTHU; B TOM 1mcne pE!3oHaHcoa, npe'1C,D;e acero o6ycnoaneu TeM . 06cro.11-
TenLCTBOM, 'IJI'O llOHHMaHHe 3THX npoueccoa BeCLMa cyiueCTBeHHO AJI.11 Bbl.llB
neHHH 3aKOHOMepHOCTeH KBapKOBblX B3aHMOAeHCTBHH Ha 6onLIIIHX pacCTO
.IIHHHX. · Oco6LIH HHTepec K pp-B3aHMOAeHCTBHHM CBH3aH C YHHKanbHOH B03-
MO:lKHOCTblO H3YlleHHH npoueccoa aHHHrHnHUHH 6apHOHHoro 3ap.11Aa,. 

CornaCHO COBpeMeHHbIM npe.n;CTaaneHHHM MexaHH3M. MHO:lKeCTBeHHOro 
o6pa30BaHHH 'l!aCTHU TecHo CBH3aH C y,n;ep:lKaHHeM KBapKOB. XOT.11 peIIIeHHe 
npo6neMLI y,nep:lKaHHH eme .nane1<0 OT caoero 3aBepmeHHH, 6Lm c03AaH 
uenbIH pHA KBapK-napTOHHblX Mo,neneii, ycneIIIHO OllHCblBalOJUHX MHOrHe 
3aKoHoMepHoCTH CHnLHbIX B3aHMo,neiiCTBHH. Y:lKe npocTeiimHe 1<aap1<-nap
TOHHLie Mo,nenH, ocHoBaHHLie Ha SU(6)-cnHHoeoii KOM6HHaTopHKe, npe,o;
CKa3anH o6HnLHOe o6pa30BaHHe pe30HaHCOB, 00,D;TBep)l(,IJ;eHH0e 3KCnepH
MeHTanbHO (CM., HanpHMep, pa6ocy 111 ). IloCKOJILKY pE!30HaHCbl ,n;aroT 6onee 
Henocpe,o;CTBeHHYIO H 6oraTyro HHcpopMaQHIO O MeXaHH3Me B3aHMOAeHCTBHH, 
He:lKeJIH "cTa6HJibHLie" 'llaCTHULI, H3y'lleuHe o6pa30BaHH.II Pe30HaHCOB npe,n
CTaBJIHeT 6onLmoii HHTepec. 

B AaHHOH pa6oTe npe,o;cTaaneuLI pe3ynLTaTLI HHKnI03HBHoro aHanH3a 
o6pa30BaHHH Me30HHLIX pE!30HaHCOB p0 {770), w (780) ' f2 (1270) H ¢ (1020) 
B PP -B3aHMo.n;eiiCTBHHX npH 22,4 r3B/c. Ilpe.n;aapHTeJILHbie ,n;aHHbie no o6-
pa30BaHHIO pO.. H Ct) -ME!30HOB 6binH ony6JIHKOBaHbl paHee 12•31 . 

.AHanH3 npOBOAHJICH Ha CTaTHCTHKe 61191 co6LITHH (1,6 co6. MK6) 
H HeynpyrHx pp -B3aHMo,neiiCTBHH, nony'lleHHLIX c noMOIULIO 2-MeTpoaoii 
:lKH.n;Koao,n;opo.nuou ny3bipLKoaou: 1<aMepb1 OHHH "Rro.n;MHna", o6ny'lleH
HOH Bq-cenapHpOBaHHLIM ny'IIKOM aHTHnpOTOHOB Ha ycKopHTene Y-70 H<l>B3. 
,lJ,eTaJIH, ,KaCaIOJUHeCH 3KCnepHMeHTa, M0:lKHO HaHTH B / 4 

/. 

IlpHBe,D;eHHLie AaHHble cpaBHHBaIOTCH C pE!3yJILTaTaMH aHanH3a pp -B3aH
MOAeHCTBHH npH 6nH3KOH 3HeprHH 24 r3B/c (206617 HeynpyrHxpp-B3aHMo
,n;eu:cTBHH (6,8 co6LITHH/MK6), nony'lleHHblX npH o6ny'lleHHH ABYXMeTpOBOH 
)KH)];Koao.nopo.n;Hou: KaMepbI B QEPHe ny'IIKOM npoT0HOB 151 ) . 

B pa3,n;ene 2 .n;aeTC.11 OllHCaHHe npoue.nypbl no,nrOHKH, HCllOJIL3yeMOH 
AJI.11 onpe,n;eneHHH ce'l!eHHH o6pa3oaamrn pe3oHaHcoa. IlonHLie, TononorH'lle
CKHe H ,n;HcpcpepeHQHanLHLie xapaKTepHCTHKH o6pa30BaHHH H3y'llaeMLIX pe-
30HaHCOB npHBeAeHLI B pa3,n;ene 3. C npHBJie'lleHHeMpp-.n;aHHLIX npH 24 r3B/c 
onpe.neneHLI xapaKTepHCTHKH o6pa30BaHHH p030HaHCOB B aHHHrHJIHUHOH-

Otn,.:-.a;-. ., .. -.t • .,.,1 t:HCTt,yyi 1. 
M~S#SMX ~c c .,f-mmauni . 

6HSJlt!OTEttA •. 



HOM Kauane PP ·B3aHMo.u;eHCTBHH npH 22,4 r3B/c. B pa3,nene 4 HeK0T0pbie 
xapaKTepHCTHKH o6pa30BaHH.R . p0

-, c.> - H f2 -Me30H0B cpaBHHBaIOTC.R C ,u;py
rHMH ,D;aHHblMH H o6cy:iK,u;aIOTC.R B paMKax. KBapK-napT0HHblX MO,ll;eJleH. 

2. 3KCIIEPMMEHT AJibHAH IIPOUE,UYPA 

MmpopMan:H.R 06 o6pa30BaHHH p0
-' (i)• H f2-Me30HOB H3BneKanaCb H3 

cneKTpoB 3q>q>eKTHBHblX Mace 17+ 1T- -nap. IlpH 3TOM nHOHaMH cqHTanHCb 

BCe 3apH:iKeHHbie qaCTHn;bI, 3a HCKm()qeHHeM npOTOHOB C Pna6 < 1,2 r3B/c 
(H.neHTHq>Hn:HPOBaHHblX no HOHH3an;HH) H OTpHll;aTeJll>HblX qaCTHn: C cpeHHMa

HOBCKOH nepeMeHHOH XF >0,66, cpe.u;H KOTOpbIX no,naBn.RIOma.a qaCTb .RBn.R
erc.a aurnnpoToHaMH. 3apSDK€HHbie K ·Me30Hbl B HallleM 3KCnepHMeHTe He 
H.u;eHTHq>Hn;HpOBanHcb. Mx non.a, no pe3ynbTaTaM pa60TbI 161 , no o6pasoBa
HHIO uefupanbHbIX CTpaHHbIX qaCTHU B uaweM 3KcnepHMeuTe cocTaBn.aer 
- 5% ceqeHH.R o6pa30BaHH.R sap.R:iKeHHbIX IlHOHOB. He60nbWa.R WHpHHa CHI'· 
uana OT ¢·Me30Ha er - 6,2 M3B C yqeroM paspeweHHH no 3cpcpeKTHBHOH 
Macce) nosBon.11er nonyqHTh on:euKy ceqeuH.R ero p0)K,ll;eHH.R uecM0Tp.a Ha 
suaqHTenbHblH KOMfom:aTOpHblH q>OH OT TT+ ·Me30HOB, KOT0pbIM 6bma npH
CBOeHa Macca sap.a:iKeuuoro K-Me3oua. 

Cnenyer oTMeTHTb, ~o npHcBoeuHe qaCTHn;aM uenpaBHnbHOH Maccb1 
npHB0,D;HT K C.u;BffrY HX npo,u;onbH·oro HMnym,ca B c.n;.H, C.u;BHr 0Ka3bIBaerc.a 
nono:iKHTeJlbHbIM B cnyqae, ecnH T.R:iKenbIM qaCTHn;aM (KaOHaM, npoTOHaM H. 
aHTHnpOTOHaM) npHCBaHBaerc.a IlHOHllaH Macca, H OTpHll;aTeJlbHbIM B cnyqae, 
ecnH IlHOHaM (KOTOpbie naIOT OCHOBHOH BKna,J; B pacnpe,u;eneHH.R no 3cpcpeK
TllBHOH Macce K'" K--nap) npHCBaHBaerc.a Ka0HHaH Macca. Cne,u;oBaTennHo, 
q>OHOBble ycnoBH.R xy:iKe B TOH nonyccpepe B c.n;.H., B K0T0PYJO nona,:i;aer 
60Jll>WHHCTBO uenpaBHnbHO H,neHTHq>Hn;HpOBaHHbIX 11aCTHn;. OKa3bIBaerc.a, 
~o qHcno "1r+rr"-KoM6HHan:Hii B nepenueu nonyccpepe B 1,2 pasa 6on1,we, 
qeM B sanueu, a qHcno ''K+K-"-KoM6HHan:Hii B 2,4 pasa 6on1,we B sanaeii no

nyccpepe no cpaBneumo c nepenueii. Ilo3TOMY. ,u;n.a onpe,u;enenH.a ceqeuHii 
o6pa30BaHH.R p0

- '<,)-' f 2·Me30HOB HCnOnb30BanHCb TOJlbKO .1T+1T- -napbl H3 
sanueii nonyccpepb1, a nn.a onpeneneuHR a ( ¢) - T0nhKO K+K-:napbI H3 sa,:i;
aeii nonyccpepbI. Ilonyqeuuh1e TaKHM o6pasoM ceqeuH.R B cHny CP-cHMMerpHH 
Haweii peaKO:HH C0CTaBn.RIOT 50% OT CO0TBe'I'CTBYIOIUHX HHKnl03HBHblX ce
qeHHH H B ,D;aJll>HeHWeM y,u;BaHBanHCb. 

,[(n.a onpe,u;eneHH.R ceqeHHH o6pasoBaHH.R p 0 -, f 2 - H cp·MesonoB cneKT
p1,1 3q>cpeKTHBHbIX Mace no.u;rou.anHCb Bbipa:iKameM 

u 
d ui BO BG(M) . o f .l. _!!.. = - BW (M) • BG (M) + - ; 1 = P , 2, "' , 
dM Ii Iaa 

(1) 

2 

B KOTOpOM y~eH BKnan pe30HaHCOB H KOM6HHaTopuoro cpoua. 3,u;ecb u i 
H Ii - COOTBe'I'CTBYIOIUHe ceqeuH.R H HOpMHpOB0qffble HHTerpanbI, BW(M)
pen~THBHCTCKaH q>yHKn:H.R Bpeiira-BHraepa: 

BW(M) = ~ f (M) / [ (M 2 - M~ ) 2 + M ~ f 2 (M) ] , 
q(M) . 

(2) 

u Mo 2J+1 
c WHpHHoH r (M) = Mr O • [ q(M) / q(M 0) 1 , rne q - 0Mnyn1,c pacna,:i;a, 

a M0 , r O H J - Macca, WHpHHa H cnHH pesouauca. <l>oa napaMeTpH30Banc.a 
Bblpa:iKeHHeM 

BG(M) = qa • exp(-t3M), (3) 

KOTopoe yqHThmaer noporoBoe no.u;aBneHHe po:iK.u;euH.R napbI cpa30BbIM o6'b
eMoM (a "'1) H 3KCn0HeHUHMbH0e y6bIBaHHe npH 6onbWHX Maccax (CB.R-
3aHHOe C orp~MeHHblMH nonepequblMH HMnynLcaMH nH0HOB) • Ilpennona
ranocb, ~o BG(M) = BG(M), xoT.a 3TO paaeuCTB0 Mo:iKer BbinOnH.RTLc.a T0nL· 
KO npH6nH3HTeJlLHO. Ono Hapywaerc.a, uanpHMep, H3·3a Toro, ~o B q>OH 
BG(M) ,ll;aIOT BKnan napbl qaCTHU, onua H3 KOTOpbIX .RBn.aerc.a npo.u;yKTOM 
pacnana pesouauca. 3aMerHM, ~o MHO:iKHTen1, (M/q) B cpopMyne (2) 
HCKnIOqaer ,ll;BOHHOH yqer cpa30BOrO 06'beMa pacna.u;HbIX qaCTHU B pe30HaHC
HOM BKna,J;e 

171 
• .[(nH 0UeHKH ceqeuH.R o6pa30BaHH.R <u·Me30Ha cneKTp 3q>· 

cpeKTHBHbIX Mace 1r +"- -nap nonrou.anc.a B HHTepsane (0,32-0,1) r3B/c 2 Bbl· 
pa:iKeHHeM (1) c no6aaoqub1M qneuoM · 

~ = u"' R (M) ' R (M) = q 3 p 3' 
dM I°' <u °' (4) 

+ -
yqHTLIBaIOIIIHM 0Tpa:iKeuHe pacnana (r) ➔ 1r 1r 1r

0
• 3Ta cpopMyna sepua B npH~ 

6nIDKeHHH iiyneBOH WHpHHLI <u -Me3oua H npe.u;cTasn.11er co6oii npoHssene
uHe KBa,u;paTa aMnnHTY.U:LI pacnana ua q>a30BbIH o6'beM 1r + 1r - 1r0 , ycpe,u;ueu-

➔ ➔ 
uoe no yrny Me:iK,ny HMnynLCOM p1r0 -Mesoua H HMnynLC0M q 1T+(1r-) ·Me-

+ -30Ha B CHCTeMe nOKO.R 1T 1T -napbl. 

3KcnepHMeuTanLHbie pa3peweuH.R r R no 3cpcpeKTHBHOH Macce p0 - , 

f 2· H cp·Me30HOB 6binH onpe.u;eneubIIlO Me'I'O,D;HKe pa60TbI 181 H COCTaBnH
IOT 11, 20 H 2,4 M3B/c cooTBercTaeuuo. IlpH onpeneneuHH ceqeuH.R po:iK.u;e
HH.R cp·Me30Ha paspeweHHe f R yqHTLIBMOCL 3aMeHOH Ta6nHqff0H WHpHHbl 
f O Ha Ha6nro,naeMyIO WHpHHy f O + f R• CeqeHHH o6pa30BaHHH p0- H f

2
-Me-

30H0B 6bIJIH Oilpe,D;eneHbl 6e3 yqera f &- 3TO npHBO,D;HT K HX 3aHH:iKeHHIO 
Ha 7% H 11% C0OTBe'I'CTBeHHO, ~o YKJia,D;LIBaerc.a B paMKH COOTBe'I'CTBYIOLUHX 
CTaTHCTMecKHX OWH60K. 

3 



3. XAPAKTEPHCTHKH OBPA30BAHI1H PE30HAHCOB 

B pp- 11 pp-B3AHMO.[J;E0CTBI1HX 

IlPH BJII13KI1X 3HEPrHHX 

3.1. IlonHble HHKJII03HBHbie ceqeHHR o6pa30BaHH.fI 

p 0
- , <u - , f 2- H ¢ ·Me30HOB B PP·B3aHMOJJ;eHCTBHRX 

npH 22,4 rsB/c 

Ha pHc. 1 npeJJ;craaneHo pacnpeJJ;eneHHe no scpcpeKTHBHOH Macce 1/1i: 
-nap H3 3aJJ;HeH nonyccpepbI da/dM(1i11-)B. IIITpHXOBOH H cnnoIIIHOH nHHHR· 

MM nOKa3aHbl pe3yITbTaTbl noJJ;rOHKH 3TOro cneKTpa B o6naCTRX 0,32-0,9 H 

0,6-0,9 rsB/c 2 COOTBefCTBeHHO. 3aMerHM, 'ITO CHrHana OT f 2 (1270)
pe30HaHCa B nonHOM cneKTpe npaKT~eCKH He BH)];HO. B TO )Ke BpeMR 3aMer

HblH CHrHan OT 3Toro pe30HaHca Ha6n10JJ;aeTCR B co6bITH.fIX C MHO,KeCTBeHHO· 

CTblO 3apR)KeHHbIX tJaCTHU nCH ~6 (pHc; 1). 3TH co6bITH.fI B JJ;anbHeHIIIeM 

HCnonb30BanHCb )];ITR nonyqeHHR OUeHKH HHKJII03HBHOro ceqeHHR o6pa30· 

BaHH.fI f2 ·Me30Ha. OueHKa ceqeHHR o6pa30BaHHR f2 -Me30HOB B co6bITH.fIX 

c n0H~ 8 He BbIXoJJ;HT 3a paMKH TOqffOCTH onpeJJ;eneHHR OT a(f2 ). + . 

Ha pHc. 2 · npeJJ;CTaBneHa 3aBHCHMOCTb da / dM (K+ K-\ JJ;nR K K-:nap H3 

nepeJJ;Heii: nonyccpepb1 •. YKa3aHHe Ha cHrHan oT ¢·Me30Ha Ha6n10JJ;aercR 

TOITbKO B co6bITH.fIX C MHO)Kec:meHHOCTblO nCH ~· 8. 3aBHCHMOCTb o6pa30Ba

HH.fI ¢-Me30Ha OT Pn 6 B aJJ;pOHHbIX B3aHMOJJ;eHCTBH.fIX noKa3aHa Ha pHC. 3. 
a + 7 + -'\ ProynbTaTbI noJJ;rOHKH da/dM(11 11 a H da /dM (K K 'F npHBeJJ;eHbI B Ta6n. 1. 

I1HKnI03HBHOe ceqeHHe o6pa30BaHH.fI p 0 ·Me30HOB B pp·B3aHMOJJ;eHCTBH· 

RX npH 22,4 rsB/c 6binO paHee onpeJJ;eneHO B pa60Te 121 , nOCB.fIIUeHHOH 

H3yqeHHIO BblCTpOeHHOCTH CnHHa p 0 • 
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Me30HOB B pp• H pp ·B3aHMO)J;eH

CTBHRX. YcnOBHR no)J;rOHKH 6binH 

OJJ;HHaKOBbie, HO aHaITH3HpOBanHCb 

BCe 77+77--napbl, BKJIJOqan napbl l:13 

3aJJ;Heii: nonyccpepbI. IlonyqeHHoe 3Ha-

Pnc. 1, Pacnpenenenne no 3q>q>eKTllBHOH 

Macce , 11 + 11--nap _ n3 3aJJ:Heii nonycq,ephI 

B c.n.n. JJ:1IR pp·B3allMOJJ:eHCTBllH npn 

22,4 r3B/c. Pe3y11hTaThI nonroHKn noKa· 

3aHhI CnJIOUIHOH mmneii B 0611acrn (0,6· 

·0,9) r3B/c2, a WTpllXOBOH - B 0611acrn 

(0,32-0,9) r3B/c2. Unq,paMn 1·4 o6o3Ha· 

. qeHhI, B COOTBeTCTBllll .c HyMepauneii q>Op· 

MYJI, BK1IaJJ:bI OTJJ:eJJhHhIX '11IeHOB nouro· 

HO'IHOH q>YffKnllll, 

4 

') 

f 
l 

Pnc. 2. Pacnpenene1me no 3q>q>eKTllBHOH 

Macce K+K- ·nap ll3 nepeJJ:Heii nonycq,ephI 

B c.n.n. JJ:JIR pp-B3allMOJJ:eHCTBllH npn 

22,4 r3B/c. KpnBhie noKa3hIBaio;' pe3y11bTa· 

ThI nonroHKn cneKTpa, nnq,paMn o6o3Ha· 

'leHbI BKJiaJJ:hI COOTBeTCTBy10mnx q>YHKnHH. 
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30BaHllR ¢ (1020)·Me30Ha B anpOHHhIX B3a· 

llMoneiiCTBllRX. 

Pnc. 4. 3aBllCllMOCTh ce'leHHR o6pa30BaHllR 

p0 •Me3oHa OT KBanpaTa nonepe'!Horo HM· 

nynhca 17+17 - ·napbI JJ:JIR pp ·B3allMOJJ:eH· 

CTBllH npn 22,4 r3B/c; • - TOJibKO napbI 

ll3 3aJJ:Heii nonycq,epb1 B c.n.n.; o - TOJih· 

Ko naphI ll3 nepeJJ:Heii nonycq,ephI B c.n.n. 
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0) 

Ta~mu~a 1. Pe3yJILTaThI no.n;roHKH HHKJII03HBHhIX pacnpe.n;eneHHH do/dM(rr + rr 7B u· du/dM(K+ K-) F 
B pp ·B3aHMO,!l;eHCTBHRX npH 22,4 r3B/c 

Pe- M r u HHTepean x2;ND OCTaJihHhie ceo6o.n;Hhle napaMeTphl no.n;roHKH 

30- pe3., pe3. pe3. q>HTa, r3B/c 2 
u(pO) M (pO) ·13 

HaHC r3B/c2 r3B M6 a 

• M6 r3B/c 2 c 2{r3B 

p 0,770 0,154 8,92± 0,82 0,6+0,9 19/12 4,18 ±0,07 

(r) 9,19±1,11 0,32+0,9 54/24 9,28± 0,8 0,749±0,004 3,79±0,4 

f 1,270 0,178 * 1,04 ±0,30 0,6+1,5 59/40 * 4,98 ±0,42. 2,41± 0,19 0,24±0,15 

<p 1,020 0,0062 0,36± 0,17 0,998+ 1,05 12/10 2,74±1,24 

* nCH :;:6. 



qeaue ceqeaHH o6pa30BaHHH p 0 -Me3oaoa (7 ,32 ± 0,61) M6 a npe,n;enax ABYX 
CTaH,napTHLIX OTKJIOHeHHH cornacyerca co 3HaqeHHeM, onpe.n;eneHHbIM B Ha
CTORLQeH pa6oTe (8,92 ± 0,8) M6. 

Ha6monaeMoe aaMu pa3nuque (1,46 ± 0,59) M6 Me)K)J;y ceqeauaMH o6-
pa30BaHHH p0 -Me3oaoa a 3a,naeii ~ nepenaeii nonyc<pepax, no-au,nHMOMY, 
CBR3aHO C ynpOI.QeHHOH annpOKCHMauueii <pOHa; yMeHbWeHHe 3HaqeHHH 
a (p0 ) nonyqaerca B Tex pacnpeneneHHHX da /dM(rr + 77 J F . , B KOTOpbIX 3aMer
HO yaenuquaaerca qucno <poHOBbIX KOM6HHaQHH (no cpaaaeamo c aHanoruq-

+ . 
HbIMH pacnpeneneaHHMH da / dM (TT TT 1 8) • 3ToT 3<p<peKT npoaanaeTca npem-
ne acero npu aaanu3e nu<t><t>epeauuan&HbIX xapaKTepHCTHK o6pa3oaaHHa ·p0

-

Me30HOB, B OCHOBHOM B pacnpe,n;eneHHHX da(p0 )/dy H da(p0 )/dp; (puc.4). 
M&I npoaepunu, ~o 3TO pa3nuque He o6ycrroaneao y_xynweHneM pa3peweaHH 
npu nepexone a nepenaroro nonyc<pepy (f R yeenuquaaeTca acero nuw& Ha 
10%). Tal()Ke OKa3MOCb, ~o Ha6nronaeMbJe noTepH TpeKOB c 6onbWHM yr
noM Bbtnera B KaMepe (3<p<peKT Ha ypOBHC 5% OT qucna acex H3MepaeMbIX 
TpeKOB 3apR)KeHHbIX qacTHU) He BRHHJOT Ha nonyqeHffbie 3HaqeHHR _ceqeHHH 
o6pa30BaHHH p0

-, tu - H f 2 -Me30HOB, 

3.2. Tononoruqec1<ue ceqeaHH u _nu<t><t>epeHUHMbH&Ie xapaK"tepHCTHKH 
p0

-, tu• H f 2-Me30HOB B PP -B3aHMoneHCTBIDIX 
npu 22,4 r3B 

TonOJJOruqeCKHe ceqeHHR o6pa30BaHHH pe30HaHCOB Oilpe,IJ;eJ'JRRHCb non
roHKOH pacnpeneneauii 3<p<peKTHBHbIX Mace da /dM(rr+ 11-) B oT,neJI&HO nna 
co6&ITHH c pa3HOH MHomeCTBeHHOCTbJO 3apm1<eHH&1x %CTHU nCH' Co6&ITHH 
C ncH= 10 H 12 6&mu 061,enHHeHbJ H3-3a HH3KOH CTaTHCTHKH. ,lvia acex MHO
)KOOTBeHHOCTeH aenuqHHa )( 2/ND OKa3anaCb MeHbWe TOH (CM. Ta6n. 1), 
KOTopaa 6&ma nonyqeHa npu rutanu3e acex co6&ITHH BMecTe, npuqeM oKa3a
noc&, ~o c yaenuqeaueM n

0
~ocToaepHOCTb nonroHKH ynyqwaeTca. 

B Ta6n. 2 npuae,n;ea&I KaK nonH&Je, TaK u Tononoruqec1<ue ceqeaHR 
. o6pa30BaHHH p0

-' (u - H f2 -Me30HOB. B 3TOH :>Ke Ta6nuue npuae,n;eHbI 3Ha
qeHHR BeJJHqHH, npOH3B0,nHbIX OT ceqeHHH o6pa30BaHHH p0 sMe30Ha: 

- cpe,nHHe MHomec-raeHHOCTH P0 -Me30Ha <n (P,0
) > = an (p0

) / an , 
- CH CH - nonu TT -Me30HOB OT pacnana p 0 -Me3oHa 

Tononoruqec'Kue ceqeHua pp-B3aHMo,neiicTaHii an u ceqeHHR o6pa3oBaHHH 
77'""-Me30HOB B ,naHHOH TOnonorHH an (77-) B3Rib~ H3 pa60T 19 •101 COOT

CH 
BeTCTBeHHO, 

Ilpe.u;nonaraa, ~o a(p + ) = a(p -) = a(p 0
', (TaKoe me paaeHCTBO Bbl-

770 -Me30HOB) , nonyqaeM, ~o a + -nonaaeTca a Haweii peaKUHH .u;na TT - , 1r -, 
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Ta6n~a 2. XapaKTepHCTHKH o6pa30BllHHfl pe30HaHCOB B co6b1THR:X C onpe.n;eneHHOH MHO)Ke-
CTBeHHOCTblO ncH 

ncH a(p0
~ , M6 <n(pO)> rpo(7T-) a(©),M6 a(f), M6 

2 0,28± 0,08 0,029 ± 0,008 0,064 ± 0,018 0,33 ± 0,11 0,12 ±0,05 
4 1,84± 0,28 0,132 ± 0,020 0,096 ± 0,015 1,56 ± 0,36 0,45 ± 0,17 
6 3,02 ± 0,44 0,325 ± 0,047 0,130 ± 0,019 3,52 ± 0,58 0,52 ± 0,21 
8 2,20 ± 0,44 0,549 ± 0,110 0,146 ± 0,029 2,45 ± 0,58 0 ± 0,21 
10 1,40 ± 0,36 1,16 ± 0,30 0,210 ± 0,054 2,11 ± 0,51 0 ±0,14 
10+12 1,76 ± 0,46 1,19 ± 0,31 0,217 ± 0,057 2,02± 0,65 0 ±0,16 
Bee-

cyMMapHbie 9,10 ± 0,82 0,233 ± 0,021 0,130 ± 0,012 9,09 ± 1,11 1,09 ±0,38 
Bce-cpHT 8,92 ± 0,82 0,228 ± 0,021 0,127 ± 0,012 9,19 ± 1,11 1,04 ±'0,30 

00 

<n(pO)> - cpe,!UUUI MHOlKeCTBeHHOCTbp0 ·Me30HOB, 
r - (pO) 

1T 
- ,a;om11T-·Me30HOB OT pacna.nap0-Me3oHa. 



Ta6nuna 3. Oueaxu cpe.rtnux 1'-momecTBeHHOCTeH ·p0
-, ·p+-, ·p

eu-, f2 •Me30HOB n noneii "-·Me30HOB oT nx pacnanoa 

2 
4 
6 
8 
10 

• 10+12 
ace - cyMMapHbie 
ace-cpm 

0,133 ± 0,028 
0,540 ± 0,066 
1,41 ± 0,16 
2,26 ± 0,36 
5,22 ± 1,00 
4,95 ± 1,04 · 
0,980 ± 0,070 
0,948 ± 0,070 

0,218 ± 0,044 
0,285 ± 0,034 
0,414 ± 0,045 
0,437 ± 0,069 

0,70 ± 0,13 
0,66 ± 0,14 

0,400 ± 0,028 
0,386 ± 0,028 

Hawnx B3aHMoneiiCTBIDIX OK01IO 40% acex 1T - ·Me30HOB Il0.f1B1I.fleTC.fl OT pac
~a p- ~, p 0

-, <»•, f2•Me30HOB. IlpH 3TOM B co6bITIDIXC nCH~6Bcpe~eM 
pO)K~eTC.fl KaK MHHHMYM onHH ·p-, eu • H1IH f 2 -Me30H. BenWIHHbl 

<n(p+eu +f2 )> = [3cr(_p0
) + cr(eu) + cr(f2 )]/crncH, 

r"-(p- ,p 0 , eu, f 2 ) = [2cr(p0 ) + u(eu ➔ TT+TT-1r 0) +u(f 2 ➔ 1r+1rl]/un (1rl 
CH 

npHBe,l(eHbl B Ta611. 3. 
3aBHCHMOCTb du (p0

) / dp~ 6blna onp~eneHa nonroHKOH cneKTpOB 
3cpcpeKTHBHbIX Mace "+" --nap H3 3a~eii nonyccpepbI a oTnenbHbIX :mrrepaa
nax p~. YcnoBH.fl cpma TaKne )Ke, KaK npn onpeneneHnn HHKJII03HBHoro ce
tJeHIDI o6pa30BaHIDI p0 ·Me30HOB. IlonroHKa pacnpeneneHIDI 3KCilOHeHUHa1Ib· 
HOH 

0

3aBHCHMOCTbJO du(p 0 )/dp~ = a exp(-t3Pi) naeT t3 =2,5 ± 0,2 (r3B/c)-~ 
x 2/ND= 6,2/9. CooTBeTCTByromee cpenHee 3HatJeHne KaanpaTa nonepetJHoro 
HMnym,ca p0 -Me30HOB paBHO 

AHanorHtJHbIM o6pa3oM n1111 f 2 -Me3oHa nonytJeHo 

3aBHCHMOCTb du(p0 )/dp~ H3o6pa)KeHa Ha pnc. 4 qepHbIMH TOlJKaMH, B~o 
HeKOTopoe OTK1IOHeHHe OT 3KCilOHeHUHa1IbHOro noB.~eHIDI B 0611aCTH Ma1IbIX 
Pi• OHo Ha611ro~eTc11 TaK)Ke B pp-B3aHMoneiiCTBHRX npn 32 r3B/c /11/ n 
06'b.flCH.fleTC.fl np~n01IO)KeHH8M O cymeCTBOBaHHH HenpRMOpO~eHHbIX 
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Ta6mn~a 4 . .[(mpcpepeHQHaJILHLie ceqemm o6pa3oBaHIDI p 0 -Me30HOB 

HHTe:[JBaJI da(p0
) /dp ~ 11HTepBan: . 

da(p0
) /dy* 

HHTepBan: 
da(p0 )/dx * f(x) 

p~ (11+177 y*(rr + 117 x*(11+117 

(r3B/c) 2 M6/ (r3B/c) 2 M6 M6 

0,00 + 0,05 29,6 ±7,2 -2,0 +-1,6 0,38 ± 0,12 -1,0 + -0,8 0,10 ± 0,05 0,12 ± 0,04 

0,05-;- 0,10 26,4 ± 6,4 -1,6 +-1,2 1,18 ± 0,22 -0,8 + -0,6 0,45 ± 0,20 0,32± 0,13 

0,10 + 0,15 19,2 ±5,6 -1,2 +-0,8 2,8 ± 0,4 -0,6+ -0,4 2,45 ± 0,45 1,42 ± 0,24 

0,15 + 0,20 14,4 ±4,8 -0,8 +-0,4 3,4 ± 0,57 -0,4 + -0,2 6,7 ± 1,0 2,84 ± 0,39 

0,20 + 0,30 8,4 ±3,0 -0,4 .:;..o,o 3,83 ± 0,67 -0,2 + 0,0 13,2 ± 1,7 4,16 ± 0,49 
t--' 
0 0,30 -l: 0,40. 10,2 ±2,4 

0,40 + 0,60 5,8 ± 1,3 

0,60 + 0,80 4,3 ± 1,0 

0,80 + 1,0 2,0 ± 0,? 

1,0 + 1,3 1,2 ± 0,4 

1,3 + 1,6 0,86 ± 0,26 



PHc. 5. HHsapHaHmoe ceqeHHe t(x) = 

= .( di!.;.(2E*/J;°} d2 a/ dx dp i 
MJI p p·B3aHMOA8HCTBHH npH 22,4 £'3B/c 

H pp·B3aHMOAeiicmmi npH 24 £'3B/c. 

IlpllMbie - pe3yJI&TaTbI n0JlI'0HKH 3aBH• 

cHMocnro (1- Ix I) n • 

po -Me30HOB, HanpRMep OT pacna,n;a 

TeH30pHoro A2-MrooHa ( A2 ➔ p
0

1r ) • 

OTMeTHM, 'lfl'O B HeKOT0?,1,IX pa6o

Tax (CM., HanpHMep, 112 ) OTpa)Ke

HHeM A2 B pacnpe,o;eJieHIDIX no 3cp

cpeKTHBHOH Macce 1r+1r--nap 061,ac

HHeTCH CYI.UecTBOBaHHe pe30HaHCHO· 

no,o;o6Horo COCTOJIHIDI B o6naC:TH 

M(1r +" l - 1 r3B/c • 3ToT 3cpcpe1<T 

MO)KeT 61,1Tb npn1mHOH "3aMa3bIBa-

6.0 ....... -...~-~--------, 

4.0 + 

-+
\ 
I 

-4-
'I 

I 
I 
I 
I 
\ 

+ ppi 5.52" (1- lxl)
2

"
12 

·f· pp; 3.03., (1- Ix 1)
2

"
13 

_j__ 

02 

0.1 

1.0 0.6 

II\ 
I 
I 
\ 
I 

\ 
II 
~ --~----

0.2 
(1-IXI) 

Hllil" CHrHana OT f 2 -Me30Ha B C061,ITIDIX C nCH ~ 8, r,o;e o6pa30BaHHe p 0 -Me-
30HOB BecLMa cyiueCTBeHHO. 

,Uucpcpepe1u~uam,HI,Ie ce'IeHIDI o6pa30BaHHJI p0 ·Me30HOB B 3aBHCHMOCTH 

OT 61,1CTpOTl,I y H cpeHHMaHOBCKOH X F 61,1nu nony'IeHI,I TaKHM )Ke o6pa30M, 

Kai< u du(p0
)/ dp~ . OHH npHBe.n;eHI,I B Ta6n. 4. llirnapHaHTHOe ,o;ucpcpepeH

UHaJibHOe cetJeHue 

2 - 2 f(x) = fdpT(2E*/ys) da/dxdpT 

npHBe,D;eHO Ha puc. 5. Ilpu annpOKCHM~HH f(x) B o6naCTH x .< -0,2 Bbipa)Ke

HHeM f(x) - ( 1 - Ix I) n 61,ma nony'IeHa cne,o;yroiuaa OUeHKa noKa3aTeJIH 

CTeneHu: n = 2,12 ± 0,25. 
Cpe,n;HJIJI ,IJ;OJIH 3Hepruu <2E*/v-;;, npuxo,o;aiuaaca Ha p 0 ·Me30H, 0Ka3a

nacb paBHOH 0,387 ± 0,030. 
B HaCToaiueii pa6oTe MI,I He npOBO,IJ;HJIH CTaTHCTH'IeCKOro H3y'IeHHJI BI,I· 

CTpOeHHOCTH cnHHa p6 ·Me30HOB, TaK ~aK HC'Iepn1,maroiuuil: aHaJIH3 3TOro 

3cpcpeKTa B HaIIIeii peaKUHH, a TaK)Ke B pp- H PP·B3aHMo,o;eHCTBIDIX npu ,o;py

rux 3Hepruax, 61,IJI C,IJ;eJiaH B pa6oTe 121 . 3aMeTHM TOJibKO, 'lfl'O aHaJIH3 yr

JIOBbIX pacnpe,D;eJieHHH 1T+•Me30HOB H3 pacna,o;a -p0 ➔ 17+17- C Y'IeTOM TOJibKO 

1r +:- -nap H3 3a.n;Heii nonyccpep1,1 B c.u.u. B nonepe'IHoii cucTeMe ( z 11 [ pBEA~ 
X p'Pl) npHBO,IJ;HT K cne,o;ymiueMy 3Ha'ICHHIO p oo·3JICMeHTa cnHHOBOH MaT

pHUl,I nJIOTHOCTH p0 ·Me30Ha: Poo = 0,50 ± 0,07 (Z 2 /ND = 6/6), 'lfl'O COBna,o;a

er C pe3yJILTaTaMH pa60Tl,I 121 • 
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3.3. CpasHeHHe C ,Il;aHHblMH no o6pa30BaHHlO p0
-, Ci.I•, f2 ·Me30HOB 

B ·pp-s3aHMO,IJ;eHCTBWIX npH 24 r3B/c 

Cet1eHW1 o6pa30BaHwi: pe3oHaHcos B pp -B3aHMo.u;eHCTBWIX 6bIJIH onpene

JieH@ Ha OCHOBe o.u;HHaKOBOH, OnHCaHHOH ,BbIIIIe MeTO,Il;HKH, tlTO .flBJI.fleTC.fl 

cymeCTBeHHblM ,Il;JI.fl CpaBHeHH.fl c~~eHHH o6pa30BaHWI aHaJIH3Hpy_eMbIX pe-

30HaHCOB H onpe,u;eJieHWI ,!llPaKTE!pHCTHK o6pa30BaHWI pe30HaHCOB B aHHH

rHJI.flQHOHHblX nponeccax pp·B3aHMO,IJ;eHCTBHH pa3HOCTHbIM MeTO,Il;OM. 

IloJIHoe HHKJII03HBHOe cet1eHHe o6pa30BaHH.fl p0 -Me30HOB B pp·B3aHMO

.u;eHCTBWIX npH 6JIH3KOH HaM 3HeprHH COCTaBJI.fleT 3,70 ± 0,24 M6, tlTO HaXO· 

,u;HTc.JI B xopomeM cornacHH c eenfftiHHoH, onpe.u;eneHHoH pauee e pa6oTe /1_31: 

(3,49 ± 0,42 M6). 

Pa3HOCTh noJIHbIX HHKJII03HBHbIX cet1eHHH o6pa30BaHWI p0 -Me30HOB 

app (p0
) - o p/p 0

) = (8,92± 0,82) - (3,70±0,24) "'(5,22±0,85) M6 

• 
npHHHMaeM ·Ka~ oneHKY cet1eHH.fl o6pa30BaHH.fl p0 •Me30HOB B nponeccax c 

aHHHrHJI.flUHeH 6apHOHHOro 3ap.JI,u;a HatlaJihHbIX anpoHOB, KOTOpoe COCTaBJI.fl

eT - 22% OT noJIHoro Heynpyroro cet1eHH.fl PP ·B3aHMo,u;eHCTBHH npu p 5' 
= 22,4 r3B/c1101 • 0TMeTHM, t1To TaKoH "pa3HOCTHbIH Meron" onpenen~~ 

:xapaKTepHCTHK pp. -aHHHrHJI.flUHH npe,u;nonaraer TO,K,IJ;eCTBeHHOCTh nponec

COB pp-B3aHMO,IJ;eHCTBHH H HeaHHHrHJI.JIUHOHHOH KOMOOHeHTbl pp-coy,u;apeHHH. 

Bonpoc o CTeneHH cnpasennHBocrn 3Toro nr,ennono'1<eHH.fl Heo,u;HOKpaTHO 

o6cy,K,IJ;aJIC.fl B JIHTepaType (CM., HanpnMep, / 41 H KOHKpeTHO ,Il;JI.fl paccMaT

pHBaeMbIX pp- n pp -B3aHMOAeHCTBHH - e pa6oTe 1151• 

Cet1eHW1 o6pa30BaHH.fl p0
-' (A)• H r 2·Me30HOB B PP·B3aHMo,u;eHCTBH.flX 

npn 24 r3B/c H HX OUeHKH B aHHHrHJI.flUHOHHbIX nponeccax, nonyqeHHbie 

"pa3HOCTHbIM Mero.u;oM" OT,Il;eJihHO ,Il;JI.fl co6bITHH C MHO:>I<:e~BeHHOCThlO ncH• 
nOKa3aHbl e Ta6n. 5 n 6 COOTBe'rCTBeHHO. B nocne.u;HHX ,u;syx CTpOKax npn

ee.u;eHbl OUeHKH DOJIHbIX HHKJII03HBHblX cetleHHH o6pa30BaHH.fl p0
- ' w-, 

f2 ·Me30HOB, nonyt1eHHbie B proyJihTaTe cyMMffPOBaHH.fl BKJia,Il;OB OT OT,IJ;eJih

HbIX TononorHH n 08 , a TaK:>I<:e no,u;roHKH noJIHbIX cneKTpoe do/dM(11+11-)9 • 

l'lcnoJih3Y.fl OUeHKy HHKJII03HBHOro. CetleHH.fl o6pa30BaHWI 11- ·Me30HOB 

B PV·aHHHrHJI.JIUHH uANN(11-) = 25,2 ± 0,6 M6 1161 n npe,u;nonara.JI uANiP~= 
= u ANN(p -), nonyt1aeM, tlTO B pp-coy,u;apeHH.JIX c aHHHrHJI.JIUHeH 6apnoHHoro 

3ap.J1.u;a OKOJIO (65-70) % 1T-·Me30HOB o6pa3yerc.JI OT pacnana p~' (u •' f2 -

Me30HOB. 

Ha pnc. 6 noKa3aHbI pacnpe,u;eneHWI nncpcpepeHUHaJihHbIX cet1eHHH o6pa-

30BaHH.fl p0 -Me30HOB no 6@CTpOTe B paccMaTpHBaeMbIX pp- H pp-B3RHMO

neHCTBH.flX, a TRK:>I<:e HX OTHOIIIeHHe R(y) • B npe,u;enax 3KCnepHMeHTaJihHhIX 

norpeIIIHOCTeH cpyHKUH.JI R(y) • 6JIH3Ka K nocTo.JIHHOH BeJIHtlHHe, paeHoii 

ornoIIIeHmo noJIHLIX HHKJII03HBHbIX cet1eHHH uPP (p 0
) I u PP (p0

) = 2,42± 0,27. 
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Ta6nuua 5. 11HK1JI03HBHhle H TOnonoruqecKHe xapaKTepHCTKKH 
o6pa30BaHHR pe3onanc0B B pp-B3aHMOAeiicmHRx npu 24 I'3B/c 

2 
4 
6 
8 

10 
10+12 
CyMMapHhie 
<l>HT 

1,20 ± 0,12 
1,56 ± 0,16 
0,98 ± 0,12 
0,06 ± 0,08 
0,06 ± 0,08 
3,82 ± 0,24 
3,70 ± 0,24 

PP·B3aHMOAeiiCTBH.R, 24,0 I'3B/c 

u(ru ), M6 

0,96 ± 0,16 
1,22 ± 0,20 
0,67 ± 0,18 
0,33 ± 0,09 
0,33 ± 0,09 
3,16 ± 0,33 
2,78 ± 0,33 

u(f), M6 

0,40 ± 0,07 
0,19 ± 0,07 
0,07 ± 0,05 

0,0 ± 0,023 
0,0 ± 0,023 

0,66 ± 0,12 
0,64 ± 0,11 

Ta6mma 6. OQeHKH KHKlll03HBHhlX H TOnonormeCKHX cetieHHH 
p0 -Mroona B pp -aHHHrKn.RI.lHH npu 22,4 I'3B/c 

pp ~annuran.aQHR, 22,4 I'3B/c 

DcH 
G(p0

), M6 u(ru ), M6 u(f), M6 

2 0,28 ± 0,08 0,33 ± 0,11 0,12 ± 0,05 
4 0,64 ± 0,30 0,60 ± 0,39 0,05 ± 0,18 
6 1,46 ±0,47 2,29 ±0,61 0,33 ± 0,23 
8 1,22 ± 0,46 1,78 ± 0,61 0,0 ± 0,21 

10 1,34 ± 0,37 1,78 ± 0,52 0,0 ± 0,14 
10+12 1,70 ± 0,47 1,69 ± 0,65 0,0 ± 0,16 
CyMMapHhie 5,28 ± 0,85 6,74 ±t,16 0,43 ± 0,39 
«l>HT 5,22 ±0,85 6,41 ± 1,16 0,45 ± 0,33 

CneAOBai'enhHO, MO)KHO CAenaTh BhIBOA O TOM, l!TO B UeHTpanhHOH o6naCTH 
He na6nJOAae'l'C.R pe3KHX pa3llHtIHH B cneKTpax, xapaKTepH3YJOIWfX o6paao
BaHHe -p0 -Me30HOB B npoQeccax c anHHran.auueii H 6e3 aHHHrHn.RQHH 6apuon
noro 3ap11Aa, TaKoii ,Ke pe3ynhTaT no o6pa30BaHHJO p0 -Me30HOB B pp-B3aH
MoAeiiCTBHRX npu 32 I'3B/c 6hm nonyqen B pa6oTe 1111 , rAe ananH3HpoBa
nocb omowemrn R(y) AHcpcpepeHQHMhHbIX ceqennii du(p0 ) /dy MSI npo-
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so +iiP 
4.0; 
30' + PP 

2.01 
-+--t-

PHC. 6. 3aBHCHMOCT& OT 6LICTpoTLI B c.u.H. 

AHq>q>epeHUHllIILHLIX ceqemm o6p830BaHHJI 

p
0
•Me30HOB B pp-B38HMOAeHCTBHJIX npH 

.,, 1.0 
'( 

:i 
~05 
~ 

~ ,: 
" 4.0 
~ 
~20 
-;:: 

" .;;- 0 
3 

--+ I 
--1---

I +--i--

-2.0 

-- -±-
-1.6 -t2 

y 

-08 

-

-0.4 0 

22,4 J:'3B/c H PP-B38HMOAeHCTBHJIX npH 

24 J:'3B/c. BHH3Y noK83aHa 38BHCHMOCT& 

Rtv) OTHOWeHHJI 3THX pacnpeAeneHHii. 

IIITpHXOBOH nHHHeii npeACTaBneHO OTHO

WeHHe nonHLIX . HHKnl03HBHLIX ce'leHHii 

Upp (pO)/upp (po). 

neccoa pp ➔ p0 +X H pp ➔ p0 + Ps+ X; 
BTOPOH npouecc COOTBefCTByer co6h1TH

.RM C H,IJ;eHTH(pHUHpOBaHHhIM, MeWieH· 

. HhIM a na6opaTopHOH CHCTeMe npo
TOHOM. 

Bo cpparMeHTanHOHHOH o6JiaCTH pp -

B3aHMo,n;eiicmHii Ha6nro,n;aerC.R 6onee 
:lKeCTKHH no cpaBHeHHIO C pp -B3aHMO-

Ta6JIHUa 7. CpaaHeHHe OCHOBHhIX HHKTII03HBHhIX H ,n;HcpcpepeHUH

aJihHhIX xapaKTepHCTHK o6pa30BaHH.R pe3OHaHCOB B pp- " pp -
B3aHMO,D;eHCTBH.RX H B pp -aHHHrHJI.flUHH •. IlOCJieAHHe nonyqeHhI 

pa3HOCTHhIM MefO,D;OM 

pp •B3aHMO,n;eii- pp-B3aHMo.n;eii- pp -aHHHrHJI.fl-

CTBH.R, 22,4 r3B/c CTBH.fl, 24 r3B/c UH.fl 

U(p0 ) , M6 8,92 ± 0,82 3,70 ±0,24 5,22 ± 0,85 
u(cu), M6 9,19 ± 1,11 2,78 ±0,33 6,41 ± 1,16 
u(f) , M6 1,04± 0,30 0,64,±0,11 0,45 ± 0,33 
u(ru) / a (p0

) 1,09 ± 0,12 0,75 ±0,09 1,23 ± 0,23 
u(f) / u(p0) 0,117 ± 0,035 0,17 ± 0,03 0,09 ± 0,06 
<n(pO)> 0,228 ± 0,021 0,122 ± 0,008 0,61 ± 0,10 
<Pi-(p0 )> , (r3B/c) 2 0,396 ± 0,032 0,32 ± 0,02 

<~E*o> 2 p . 0,39 ± 0,02 0,37 ± 0,03 

n H3 (1 - Ix I )n 2,12 ± 0,25 2,83 ± 0,33 
r17-(pO) 0,127 ± 0,012 0,109 ± 0,007 0,207 ± 0,034 
r 17-(p

0
, p-, cu, f) 0,39 ± 0,04. 0,31 ± 0,01 0,66 ± 0,11 
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.n;eHCTBH.flMH xapaKTep pacnpe,n;eneHH.R po -Me3OHOB. TaK, WI.fl noKa3aTeJI.R 

CTeneHH n B pacnpe.n;e.neHH.RX HHBapHaHTHhIX .n;HcpcpepeHUHaJihHhIX ceqeHHif 

f(x) - (1 - Ix I) n , a pp-a3aHMo,n;eiiCTBH.Rx npH 24 r3B/c HMeeM n = 2,83 ± 
± 0,33; a a PP ·B3aHMo.n;eiiCTBHRX n npH6JIH3HTeJihHO Ha e.n;HHffUY MeHhllle: 
n = 2,29 ± 0,28 1171 , 1,59 ± 0,23 (Halli (pHT no ,D;aHHhIM H3: pa60ThI II.SI), 

2,12 ± 0,25 H 1,5 ± 0,161111 npH Pna6 = 7 ,3; 12; 22,4 H 32 r3B/c coomer- · 
CTBeHHO, 

CpaBHeHHe _xapaKTepHCTHK o6pa30BaHH.fl pe3OHaHCOB B pp- H pp-B3aH· 
MO,D;eHCTBH.flX Ha pp-aHHHrHJI.flUHH npOBeAeHO a Ta6JI. 7. 

4. 3HEPrETl1lIECKAH 3ABHC11MOCTb 
OBPA30BAHMHPE30HAHCOB 

4.1. CpaaHeHHe ceqeaHii o6pa30BaHHR 

p0• , cu•, f 2 ·Me3OHOB 

3aBHCHMOCTb HHKJII03HBHhIX ceqeHHH o6pa30BaHH.fl :p0
-' (L) - ' f2 -Me3O

HOB a PP·B3aHMo,n;eiiCTBH.RX OT na6opaTopaoro HMnyJihCa nyqKa p086 no

Ka3aHa Ha PHC. 7. Ilp1me.n;eHhI TaK:lKe OUeHKJI o{p 0 ) H u (f 7 ) ' paccqHTaHHhie 

no MO,D;eJIH CJIH.RHH.fl KBapKOB 1191 • AHanorHqao pa6oTe 181 Mhl npeAnO

JiaraJIH O,D;HHaKOBhIH MeXaHH3M o6pa30BaHH.fl p0
- H f2 -Me3OHOB, HeCMOTp.R 

aa BO3MO:lKHoe .n;HHaMWiecKoe no,n;aaneHHe 6onee BhICOKoro cnHHoaoro 

COCTO.RHH.fl · f2 ·Me3OHa. IlpH BhiqHCJieHH.RX yqHThIBaJIHCh H3MepeHHhie 3Ha

qeaH.R <p,?WIR p0
- H r2 -Me3OHa, 

,UaHHhie no BhIXO,n;y p0 -Me3OHOB ,n;eMOHCTPHPYIOT qerKHH MHHHMYM 

B paiioae p na6 = 8-12 r3B/c, BhI,D;eJI.fllOmHH ,n;ae o6nactH, IlpH ManhIX Pna6 
p0 -Me3OH po:lK,D;aerC.R npeHMymecTaeHHo a nponeccax aHHHrHJIRUHH, ceqeeHe 

ero o6pa30BaHHR u A (p 0 ) na,n;aer c 

poCToM p 086 no Mepe y6hmaHHR 

noJIHoro aHHHrHJI.RUHOHHoro ceqeaH.R 

a A - p~·t • B o6JiaCTH BhICOKHX 3Hep
rHH aa6JI10,n;aerc.R norapHcpMHqecKHii 

poCT u(p0
) KaK B pp-' TaK H B 

20 

16 

rr + p-B3aHMO,D;eHCTBH.flX 1181 , ~o co- .., 12 

rnacyerc.R c npe,n;CKa3aHHeM Mo.n;enH ~ 
CJIH.RHH.fl KaapKOB /18/ . "' 8 l f 

PHc. 7. p na6 -38BHCHMOCTL ce'leHHH o6pa

~B8HHJI p0
- , Ci)• 1 f2 -Me30HOB B 

pp -B38HMOAeHCTBHJIX. 
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PHc. 8., Pna6 

u(r2 ) /a(p 0
) 

HOBeHWJX. 

-3aBHCHMOCTb omoweHWJ 

B pp• H pp-cronK· 

Ce11emm o6pa30B8HIDI p 
0

- H 

Ct>·Me30HOB OKa3aJIHCh 6nH3KHMH. 

B paMKax npOCThIX KBapKOBhlX MO,n;e

neH 1201 paBeHCTBO u(p0
) = a {Ct>) 

o6ycnOBneHO o.n;HHaKOBblM KBapKO· 

BbIM co.n;ep:>1crumeM H He6onhlllOH pa3-

HHUeH B Maccax ( -1,2%) p
0

• H 

s
-!:: 

as 

0/, 

? 03 
b 

02 

Q1 

r 
♦ :PP 
¢-pp 

j I I 
t 

10 P.,. 
1X) 

r,a/c 

·' 

I 
= 

Ct> -Me30HOB. Omo11IeHHe a(Ct>) / u(p0
) .n;m1 PP·B3aHMo.n;eHCTBHH npH 9,1; 

12; 22,4 r3B/c paBHO 0,85 ± 0,04, 1,11 ± 0,06, 1,09 ± 0,12 COOTBeTCTBeHHO. 

3HepreTHtiecKaR 3aBHCHMOCTh ceqem:m o6pll30B8HIDI f 2·Me30Ha IlOXO:>Ka 

Ha 3aBHCHMOCTh u(p
0

) OT Pna6, HO C MHHHMYMOM, HeMHOro C,D;BHHYTblM 

B cropoffY 6onhlllHX 3HeprHH. Mo:>ICHo npe.n;nono:>KHTh, llTO 3TOT C.n;BHr o6y

cnoBneH noporoBbIMH 3cpcpeKTaMH, Mo,n;enb . cnIDIHIDI KBapKOB 3aBbllllaeT 

cetleHHe u(f2) ' llTO MO:>KeT 6bITh CBR38HO C npeHe6pe:>KeHHeM no,n;aBneHIDI 

BblCIIIHX CilHHOBblX COCTORHHH OCHOBHOro Me30HHOro MynhTHnne-ra. 

Ha pHC. 8 Il0Ka38Ha 3aBHCHMOCTh OTHOilleHHR O' (f2) / O' (p0
) OT Pna6 • 

B o6nacTH HallleH 3HeprHH .n;n11 pp-B3aHMo.n;eHCTBHH_Ha6mo.n;aerc11 MHHHMYM 

3TOro OTHOilleHID1. lli1TepecHo, llTO 3HatleHHR u(f2) /u(p 0
) npH 12 H 32 r3B/c 

6nH3KH, B TO BpeMR KaK 3aBHCHMOCTh 3TOro OTHOilleHIDI pa3HaR. 

IlpH 12 r3B/c C pOCTOM nCH Ha6mo,n;aeTCR TeH,D;eHUIDI K ero yBenHtleHHIO, 

npH 32 T3B/c KapTHHa 06parna11 (KaK H npu 22,4 r3B/c), o 11eM CBH.n;eTenh

CTBye-r Ta6n. 8. 1-faMeHeHHe xapaKTepa 3aBHCHMOCTH OTHOilleHHR u(f2) / a(p0
) 

OT nCH C poCTOM 3HeprHH CBR38HO, CKOpee BCero, C YMeHhllleHHeM BKna.n;a 

aHHHrHIDIUHOHHoro KaHana. 

B paHOHe HMnynbCOB p na6 > 30 r3B/c 3HatleHHe 3TOro OTHOilleHIDI no

nytiaeTCR 6nH3KHM K 3HatleHHIO, npe,D;CKa38HHOMY B PaMKax a,D;,D;HTHBHOH 

KBapKOBOH Mo.n;enH 1211 , u(f2) /u(p0
) = 0,22. 

ncH 

2 

4 

6 

8 

Ta6nuua 8. 0THOilleHHe u(f2 ) /u(p 0
) .n;n11 PP·B3aHMo,n;eHCTBHH 

npH pa3HblX 3HeprHRX 

12 r3B/c 22,4 r3B/c 32 r3B/c 

0,27 ± 0,21 0,43 ± 0,22 0,48 ± 0,16 

0,08 ± 0,05 0,25 ± 0,10 0,48 ± 0,08 

0,19 ± 0,07 0,17 ± 0,07' 0,29 ± 0,07 

0,23 ± 0,08 0,00 ± 0,10 0,20 ± 0,08 
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4.2. AHHHrHnRUHOHHbie H HeaHHHrHnRUHOHHbie xapaKTepHCTHKH 

o6pa30B8HHR p0 •Me30Ha · 

Ha pHC. 9 noKa3alia p na6 ·3aBHCHMOCTh cet1eHHR o6pa30B8HIDI p0-Me-
30Ha ~ aHHHrHnRUHOHHbIX H HeaHHHrHnRUHOHHhIX pp- H PP·B3aHMo.n;eH

CTBHRX. KpHBbie H3o6pa:>KaroT pe3ynLTaTbl no.n;roHKH aHHHrHnRUHOHHbIX 

u iP 0 ) H HeaHHHrHnRUHO~HbIX uN A (p0
) (BKnro~aR uPP (p 0 ) ) cet1eHHH o6pa-

30BaHHR ·p0 : . ';., 

(TA (p 0 ) -.(16,60 ± O 46) p-(0,48± 0,15) 
' na6 )<

2/ND =17'6 

aN (pdr'°~ (0,485± 0,310) ln2 [(0,314± 0,030)-s]; -v 2/ND=l3/ll. 
A,pp " A 

3HepreTHtlecKaR 3aBHCHMOCTh OTHOilleHHR 

(' 0) / -0,48/ --0,61 0,13 
U'A P uA - Pna6 Pna6 - Pna6 

CBH,D;eTenbCTByer O TOM, tlTO cpe.n;HRR MHO:>KeCTBeHHOCTh p 0-Me30HOB B 

aHHHrHnRUHOHHblX co6bITIDIX Me.n;neHHo (B03MO:>ICHO, KaK ln2s ) yBenHtrn· 

BaercR c poCTOM Pna6 • 
3aMernoe Ha pHC. 9 OTKnOHeHHe OT CTeneHHOH 3aBHCHMOCTH MO:>KeT 

6bITh o6ycnoBneHo npoRBneHHeM BKna.n;a MHOrocrpyHHblX KBapKOBblX ,D;Ha

rpaMM B aHHHrHnRUHOHHhIX npoueccax, KOTOpbxe y:>Ke B HallleH o6naCTH 3Hep

rHH HY:>KHO YIIHT~IBaTh ,D;nR OilHCaHHR 6onhlllHX MHO:>KeCTBeilHOCTeH 3apR:>KeH~ 

HblX tlaCTHU B pp ·B3aHMO,D;eHCTBHRX, 0 qeM CBH.n;eTenhCTBYeT pe3ynLTaT aHa

nH3a pp ·B3aHMo,D;eHCTBHH B paMKax MO,D;enH KBapK-rnrooHHbIX CTpyH 1221 • 

PHc. 9; Pna6 -3aBHCHMOCTb ce11eHWJ o6pa· 

30B8HWJ p0 
·Me30HOB B aHHHrHmtUHOHHbIX 

H HeaHHHI'HllltitHOHHblX pp·B38HMOAeHCT· 

BHHX, a TaK'.IKe B pp·B38HMOAeHCTBWJX. 1 
KpHBbie - pe3yn&T8Tbl IlOAJ'OHOK 3THX 

pacnpeAeneHHH, OnHCRHHbie B TeKCTe. 

5. 3AKJUOqEHl1E 

~ 

♦ eiPA 
♦ P'l,. 
♦ pp 

10 

~ 

Clt9•> .. 4• ln2s 

10 100 1000 
Ji,.,, r,s,c 

1. B pe3ynhTaTe npoBe.n;eHHOro Hccne.n;OB8Hlffi HHKnl03HBHOro o6pa30· 

BaHHR 'P 0 (770)-, c.) (780)-, f 2 (1270)-M_e30HOB B pp- H pp-B3aHMO,D;eH

CTBIDIX npH 6nH3KHX 3HeprHRX 6bmH onpe,neneHbl nonHbie, a .n;nR p0 -Me30· 

Ha - TaKme TOnonorut1eCKHe H ,D;HcpcpepeHUHaJihHbie cet1eHHR HX o6pa30B8HHR. 
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lfa npe.n;noJIO)KeHWI O TO)K)];ecTBeHHOCTH npoQecCOB pO)K)];eHJUI Heirrpa.i1bHbIX 

Me30HHblX pe30HaHC0B B pp-coy.n;apemmx H HeaHHHI'HJUIQHOHHOM KaHaJie 

pp ·B3aHMo.n;eHCTBHH 6blJIH onpe,n:eJieHbl aHHHrHJI.RQHOHHble cetJeHH.R o6pa3o

BaHH.fl 3THX pe30HaHCOB. OCHOBHble Pe3YJibTaTbl cyMMHpOBaHbl B Ta6JI. 7. 
2. Cp~HeHHe .n;mp<pepeHQHaJibHblX xapaKTepHCTHK o6pa30BaHH.fl p0 -Me-

30HOB B pp- H pp -CTOJIKHOeeHWIX He Bbl.RBHJIO pe3KHX pa3JIHtJHH B QeHT

PaJibHOH o6JiaCTH. XapaKTep pacnpe.n;eJieHH.R aHHHI'HJUIQHOHHblX p0 -Me30-

HOB BO <pparMeHTaQHOHHOH o6JiaCTH OKa3blBaeTC.fl 6oJiee )KeCTKHM no cpae

Hemno C PP·B3aHMO.n;eii:CTBH.flMH. 

3. B 3HepreTHtJeCKOH 3aBHCHMOCTH u(p0
) H e1(f2) Ha6mo.n;aeTC.fl MH· 

HHMYM, npHtieM )];JI.fl f 2 -Me30Ha OH C)];BHHYT B CTOpoHy 6oJibWeH 3HeprHH. 

Mo.n;enb cJIH.RHH.R KeapKoB 6e3 ytJeTa B03MO)KHOro .n;HHaMHtJecKoro no.n;aene

HH.R 6onee BblCOKoro CITHHOBoro COCTO.RHH.fl f 2 ·Me30Ha He IT03BOJI.fleT O.n;HO

BpeMeHHO onHcaTb o6pa30BaHHe p0
- H f2 ·Me30HOB • 

4. OQeHeHo HHKJII03HBHOe CetJeHHe o6pa30BaHWI c,{i-Me30Ha B pp -

B3aHMo.n;eii:CTBH.RX. OKa3aJIOCb, tJTO OCHOBHOH BKJia.D; e a(c,{i)= 0,36 ± 0,17 M6 

.n;a!OT 60JibWHe TO)K,D;ecraeHHOCTH, 1\rn> 6. 
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·· BanoaH B.B. H .n;p. 
O6paaoBaHHe p Q., ru-, !2- H cp-Me30HOB 
B PJ) ·B3~0,D;eHCTBIDIX IIPH 22,4 r3B/c 

Pl-90-303 

Ilpe.n;CTaBJieH&I p·e3yJILTaTI>I HHKJII03HBHOI'O aHaJIH3a 06pa30-
. BaHHH Me30HH&IX pe30HaHCOB p 0 (770), CJ (780), f 2 (1270) H 

: cp (1020) B. pp•B3aHMoAeiiCTBHHX npH 22,4 r3B/c. Onpe.n;eneaLI 
. IIOJIH&Ie, a .n;JIH ' p O TaK:>Ke TOIIOJI0rHqecKHe H .D;Hq>q>epeHUHaJILHLie 

. ceqeaH.R HX p0)1(,D;eHHH~ Ha CpaBHeHHH IIOJIYlleHH&IX ,D;aHHLIX C .n;aHHLI• 

· MH pp -B3aHMo.n;eiiCTBHii npu 6nH3xoii 3HeprHH onpe.n;enea1,1 xapaK
TepuCTHKH o6p8.30BaHHH pe30HaHCOB B npouecce pp ~aHHHrHJIHUHff. 

-.":" -:3KCIIepHMeHTaJILHLie pe3yJihTaTLI CpaBHHBaIOTCH TaK:>Ke C npe.n;CKa3a

HHeM KBapKOB&IX MO)];eJieH. 

Pa6oTa B&IIIOJIHeHa B Jia6opaTop1m B&ICOKmt 3Hepruii OH.RH. 
. . 

Coo61JleHHe 061,e.tUffleHHoro HHcmTYTa .RAepel>Ilt accneAOBIIHHA. ,l.'(y6ei. 1990 

IlepeBo.n; aBT<>poB · 

Batyunya B.V. et.al., 
p ~, ru , t 2 and c/J Meson Production 
in pp -Interactions at 22;4 GeV/c • 

Pl-90-303 

· The results of inclusive analysis of• p0 , "', t 2 , and c/J mesons. 
produced in pp-interactions at :22.4 GeV/c are presented. The total 

· and also topological cross sections for p0 meson have been deter
mined. The characteristics. of resonance p:r6duction in pp -annihila~ · 
tion have been obtained by comparison with. pp data at close energy; 
The experimental results are compared with' the predictions of quark. 
models. 

. I 

The · investigation has been performed at. the Laboratory of 
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