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§1. BBEAEHI1E 

B noCileAHHe roAbl 6bii10 o6HapylKeHo, 4TO npH ablcoKHX 3Hep rHRX 
a MHOlKeCTaeHHbiX npo(.\eccax 60I1bWyiO AOiliO cpeAH aTOpH4HbiX 48CTHL\ 
COCTaanRIOT pe30H8HCbl /1·3/ • no3TOMY AI1R H3y4eHHR AHH8MHKH CHilb
HbiX a3aHMOAeHCTaHH HeofiXOAHMO nony4HTb 3KCnepHMeHTanbHYIO HH
¢opM8(.\HIO a nepayiO 04epeAb 0 xapaKTepHCTHKax POlKAeHHR pe30HaH
coa. TaKHe AaHHble no POlKAeHHIO nerKHx pe3oHaHcoa / p , (L) , K*(892), 
r ' !'l. I a 8APOHHbiX a3aHMOAeHCTaHRX HMeiOTCR npH OTAeilbHbiX 3Hep-

rHRX, a TO apeMR KaK o6pa3oaaHHe pe30H8HCOa a aAPOH-RAePHbiX 
coyAapeHHRX npH abiCOKHX 3HeprHRX I E.na6.> 10 r3BI npaKTH4eCKH 
He H3y4ai10Cb, 

B HaCTORllleH pa6oTe npeACTaaneHbt AaHHble no POlKAeHHIO p0 
, 

(<)- H f-Me30HOI3 a IT- 12 C-a3aHMOAeHCTaHRX npH P=40 r3Bic. 
0HH cpaaHHaaiOTCR C aHanorH4HblM11 pe3yi1bTaTaMH AI1R IT- p '"'a3aHMO
AeHCTaHH, nony4eHHbiMH npH Toi1 !Ke 3HeprHH H a OAHHaKoablx 3Kcne
pHMeHTai1bHbiX ycnOaHRX /4·6/, 

§2. METOA11KA 3KCnEPI1MEHTA 

3KcnepHMeHTailbHblH MaTepHail nony4eH npH o6pa6oTKe CHHMKOa 
C AayxMeTpoaoi:i nponaHoaoi:i ny3blpbKoaoi:1 l<aMepbl Jl83 0111111, o6ny4eH
HOH IT- '"Me30HaMH C HMnyilbCOM 40 r3BI C Ha yCKOpHTene 11$83 • .QnR 

aHa11H3a 6b1I10 OT06paHo OKOI10 11 TbiC. ri- 120 -a3aHMOAeHCTaHi:1 
C 41-icilOM aTOPH4HbiX 3apR!KeHHbiX 4aCTHL\ n+ ;:: 4, a KOTOPbiX ace· 
aTOPH4Hble 3apRlKeHHble 4aCTHL\bi 6blnH H3MepeHbl. Ce~.~eHHe o6pa3oaa
HHR TaKHX C06biTHH COCTaBilReT 150+2 M6. MeTOA114eCKHe -aonpoCbl, 
caR3aHHble' C o6pa60TKOH ·cf>HilbMOaOH-HHcf>OpMai.(HH, OT60pOM H' HAeHTH
cf>HKal,\HeH THna' B3iiHMOJ:\eHCTaHR i'"I13110lKeHbl' B pa6oTaX.I?,8/, ·· • 0TMe
THM/ 4TO'•npOTOHbl HAeHTI1cf>HL\HPOaanHCb;·no HOHH~al\HH a· HHTepaane 
HMnynbcoa 0, 15 r3BI C S P m6 52,7 r3BI C. 0CT8IlbHble aTopH4Hble 
3apR!KeHHble 4aCTHL\bl C411Tai1HCb IT- -Me30HaMI1 *. no3TOMY npH aHa-
I1113e peaKL\HH'. THna "" · .· · · · ··~ . ~';;·, 

IT-+ ~2 c_;+,IT+ +IT.-.+x /11 
.. , 

. * np11MeCb K ± -Me3oHo·a He npeablwaeT 14-51% 17·81' 

0 bE.O.t-lHEHHbJ!it 11~cn1TY • 1· 
;LEP~ibiX !llCCnf £:08.1..1-<~ j 
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Cile,QyeT Y4eCTb, 4TO 11MeeTCR 11npi1MeCb11 npOTOHOB C P ~>0, 7 f38/ C 
+ C Jiao. Cpe,Q11 77 -Me30HOB, pe,QHee 411CI10 TaK11X npOTOHOB MOmHO nony-

~11Tb Ha OCHOBaH1111 ,QaHHbiX no K03()J¢111..111eHTy nepeaapR,QK11' a(p -+ll) = 
= 0,37+0,05

191 
11 cpe,QHeMy 411CI1Y Heynpyri1X B3ai1MO,QeHCTBI1H nl1o

HOB c HYKilOHaMI1 R.Qpa yrnepo,t~a ( < v> = 1,5). 0TCIO.Qa nony4aeTCR, 
4TO <np(PJia6,> 0,7 f38/c )

17
_ 12c =0,5 *, np11 aHa11113e cneKTpa 

3CI>CI>eKT11BHbiX Mace M(rr+rr-) a peaKLI1111 /1/ 11CKI1104eHI1e npoTOHOB 
c P Jia6• > 0, 7 f3B/c npoeo,q11nocb ~BYMR cnoco6aMI1, B nepaoM 
npe,qnonaranocb, 4TO 11x 11MnynbCHbll1 cneKTp TaKoe me, KaK 11 .QI1R 

rr+ -Me30HOB. B 3TOM cny4ae .QilR Kam,qoro rr+ -Me3oHa c P Jia6 > 
> 0, 7 f38/c B C06blTI111 BBO,QI111CR 11 BeC11

, Y411Tb1Bai0Ul11H 11npi1Mecb' 1 

npoTOHOB. ,Bo BTopoM sapl1aHTe npe,qnonaranocb, 4To npoTOHbl pac
npe,qeneHbl a 11HTepaane 11Mnynbcoa 0, 7-5 T38/c 11 aeo,q1111CR "sec" 
TOilbKO ,QilR rr+ -Me30HOB B 3TOM 11HTepsane 11MnyilbCOB. 06a BapHaH
Ta y4eTa 

11
npi1MeCI1 11 npOTOHOB D C06biTI1RX Tl1na /1/ ,qa1111 npaKT11-

4eCKI1 O.QHHaKdDble peaynbTaTbl no ce4eHI1RM o6paaoaaHHR peaoHaH
coa. Paam1411e Mem,qy Hl1t-111 cocTaBnReT < 6%, np11 ow116Kax a onpe,qe-
neHI111 ce4eHI1H a(p0

, w) "' 10%. B To m~ apeMR cne,qyeT no,q4epK-
HyTb, 4TO B a,qpOH-R,qepHbiX 03ai1MO,qeHCTBI1RX HeOOXO.QI1MO Y411TbiBaTb 
11

npi1Mecb
11 

npoTOHOB c P Jia6• > 0, 7 f38/c a peaKL111Rx nma I 1/, 
4TO npi1BO.Q11T K yMeHbWeHI110 a(p0

, w) Ha /15-20/% no cpaaHeHI110 
c o6bi4Hb1M aHam130M 6ea 11x y4eTa. 

§3. CPEAHHE MHOJKECTBHIHOCTI1 PE30HAHCOB 

.t:lnR nony4eHHR ,qaHHbiX o xapaKTep11cn1Kax o6paaosaHI1R peaoHaH-
cos B peaKLIHRX f.l/, aHa11113HPOBancR" cneKTp .. 3¢lel>eKTI1BHbiX .. Mace.. ,. 
M(rr+ rr-). KaK 6blno noKa3aHo B pa6oTax /4-6/, a,qecb cne,qyeT 
y4eCTb B03MOmHOCTb o6pa30BaHit1R w- H TJ -Me30HOB (w(TJ) -+11+77-77°), 
O,qHaKo no Ol.leHKaM ce4eHI1e pom,qeHHR TJ -MeaoHa a nHoH-yrnepo,q-
Hblx B3ai1MO,QeHCTBI1RX np11 P =40 f38/c MailO. KpoMe Toro, BepORT-
HOCTb pacna,qa TJ-+ 77+77-71° COCTaBilReT npi1MepHO 25%. no3TOMy 
,qanee Mbl 6y,QeM paccM~TPI1BaTb TOilbKO 11oTpameHHe11 pacna,qoa 
w .... rr+ 11-11° a cneKTpe 3¢<tleKTHBH~x Mace M( 17+"-). 

3KcnepHMeHTailbHoe pacnpe,qeneHHe no M(rr+u-.) aHa11113Hposanocb 
C nOMO~b~ ¢lYHKLIHH: 

dN ' 
----= cp(M) • [1 +a· B W o (M) + ,B • BW t (M) + y·F . (M)], /2/ 
dM(11+u-) P · · W · 

B KOTOPOH a , ,8 , y - OTHOC~1TeilbHble 'BKila,qbl pe30HaHCOB p0 , f , 
w • BW - penRTHBHCTCKI1e C!>YHKL111H 6peHTa-BHrHepa, F (M) -

w 

* npltl 3TOM Y411TbiBailOCb' 4TO <n p > c p Jia6. :5 0' 7 f3B/ c co-
CTaBilReT 0,2 B .rr- p .-o3ai1MO,QeHCTBI1RX = 0,1 B rr -n -coy,qapeHI1-
RX np11 p = 40 r'3B/c, ... · ., ' ·.: . : •. 

2 

pacnpe,qeneHI1e M(rr+rr-) oT pacna.c~oa w .... rr+rr-rr 0 11 ¢(M) -
C!>oHoaoe pacnpe,qeneHI1e. B Ka4ecTse C!>OHOBOH Kpi1BOH 11cnonbaoaanocb 
pacnpe,qeneHI1e 3()J¢eKTI1 BHbiX Mace O.QHOI1MeHHO 3apRmeHHblX ni10HOB: 

c;b(M) = dN + _dN __ _ 
dM(7T+7T+) dM(71_11_) 

/3/ 

<!lyHKLI1111 6peHTa-BI1rHepa 6pa1111Cb B Bl1,qe /10,111. 

M2 M0r =--· 
q (M 2-M~) 2+M~r 2 

BW(M) /4/ 

2 f+ 1 Mo 
r=r 0 (JL) <->. 

qo M /51 

r,qe Mo. =710 M3B, r 0 = 150 M3B, f = 1 .QI1R p 0 -Me3oHa ,M o = 1270 M3B, 
r 0 = 1 !:!0 M3B, f =2 AilR t -Me30Ha, q - 11MnyilbC pacna,qHoro n110Ha 
a cHcTeMe noKoR peaoHaHca I q 0 ecTb q np11 M =M 0 I. C!>yHKL111R 
11oTpameHHR11 F w (M) Bbi411CilRilaCb c y4eTOM MaTpi14Horo 3IleMeHTa 
pacna,qa w .. 11+11 ""'ITo 14,5/ • 

Mbl TaKme y411Tb1Ba1111 11CKameHHe $yHKL111H, onHCbiBaiOIIIHX peaoHaHCbl 
(p0

, w, f) 113-3a 3Kcnepi1MeHTailbHbiX OWH60K B 113MepeHI111 3()J¢eK
TI1BHbiX Mace. 0KaGailOCb, 4TO pacnpe,qeJleHHe OWI160K YAOBileTBOpi1-
TeilbHO annpoKCI1M11pyeTCR KPHBOH raycca. no3TOMY y4eT 3Kcnepi1-
MeHTailbHblX norpewHOCTeH a{m) B H3MepeHI1H M("+"-) 6b1Il c,qenaH 
B B11,qe: 

1 1 (M-m) 2 
BW(M) = fBW(m) -- exp[- ]dm 

y'"2;" a(m) 2a 2(m) ' 
!61 

r,qe 

a{m) = 0,071· m- 0,019 f3B, 171 

Pacnpe,qeneHHe no M("+"-) B HHTepsane 0,3-2,3 f3B annpoK-
CHMHposanocb ¢lyHKLIHeH /2/ C noMO~biO MeTo,qa HaHMeHbWHX KBa,qpa
TOB /eM. PHC,1/. 8 pe3yilbTBTe HHK~3HBHble Ce4eHHR o6pa30BaHHR 
pe30HaHC0~11- 12(: -s3aHMOABHCTBHRX OKa3ailHCb paBHbl: a(p0

) = 
= 70,5+7,5 M6, a(w)=75,0+9,0 Mfi H a(f) =7,5+7,5'M6*, 8 Ta6n,1 
npi1Be,qeHbl cpe,qHHe MHOmeCTBeHHOCTH p0

- H w-pe30HaHCOB B 3aBH
CHMOCTH OT ll+ , TaM me ,QaHbl TOnOJ10rl14eCKHe ce4eHHR o6paao"sa
HI1R aapRmeHHblx 4acTHLI s "- 12 C -saaHMo,qeHCTBHRX npH P= 40 f3B/ c. 

*Bea,qe Ce4eHHR 11 cpe,qH11e MHOmeCTBeHHOCTI1 w-11 f -Me30HOB 
,qaHbl c y4eToM Hx pacna,qos no seeM B03MomHbiM KaHanaM. 
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fL" 12c ( ltOr>B/c) 

.PHC. 1.PacnpeAeneHHe no 3$$eKTHBHOH 
MaC'C'e M(rr+rr-), cnnowHoH KPHBOH no
Ka3aH pe3ynbTaT annpoKCHMa4HH. 
nyHKTHpHaR KpHBaR - $OHOBOe pacnpe
AeneHHe. 

4,0 l,S 
M, fiB 

Ta6n1-14a 1 

CpeAHI1e MHomecTBeHHOCTH p0
- H w -pe3oHaHcoe 

/rr- 12C - 40 r3B/c/ 

< n..(.f_o).> <n.(w)> 6" Cn.±) Y6 

0,12 .:!: 0,03 0,07.:!: 0,03 !8,44.:!: !,07 
0,18.:!: 0,06 0,15.:!: 0,07 ' 20,59 .:!: !,07 
0,.23.:!: 0,05 0,29 .:!: 0,05 20,59 .:!: !,07 
0,35 .:!: 0,09 0,35 j:O,II !8,97.:!: !,07 
o,52 ± o,ro 0,5! ± O,II !6,47.:!: 0,90 
0,43.:!: 0,!5 0,56.:!: 0,!7 !2,7!.:!: 0,90 
0,96 .± 0,!7 0,79 .± 0,2! II,46 .± 0,72 
0,88 .± 0,!9 !,07 .± 0,24 30,77 .± !,29 

0,47 .± 0,05 0,50 .:!: 0,06 !50.± 2 

Ta6n114a 2 

,llonR 11- -Me30HOB OT pacnaAOB pe30HaHCOB B rr- 12 0-11 rrp 
B3aHMOAeHCTBHRX npH P= 40 r3B/ c 

TID :BSUIIOJteicmlu 

u-I2c - a+ x 

Irp - B.+ I 

<n.(R)> 
< 1"\..(:Jt-)> 

<1'\.(W)> 
<n.(SL-)> = 0,16.:!: 0,02 

<rd-f)> = 0,02.:!: 0,02 
<n..t:Jt-)> 

< rdf"'):::. = 0,14 .:!: 0,01 
<n.(5t-)> 

<n.(w)). = 0,13 ± 0,01 
<n..(:n::-)> 

<.1"-C.f).> 
< n..tJl.-)> = 0,02 .:!: 0,01 

BHAHO, I.ITO cpeAHee 411Cno pe30HaHCOB paCTeT C pOCTOM n + • 
B cpeAHeM me, e KamAOM B3ai1MOAeHCTBHI1 pomAaeTcR OA11H pe3oHaHc 
p0 11nH W. ,llanee, Mbl HCCneAOBanl1 OTHOWeHHe 41-lCna 11- -Me30HOB, 
ofipa30BaHHbiX OT pacnaAOB 3TI1X pe30HaHCOB, K 11X nonHOMY I.IHCny. 
B Tafin. 2 npeACTaBneHbl eeni14HHbl 3THX OTHOWeHHH AnR 11- 12C H 11- p
B3aHMOAeHCTBHH. BHAHO, '-ITO npi1MepHo 30% rr--Me3oHoB o6pa3yiDTCR 
OT pacnaAOB p0

- , w- H f -Me30HOB. 

§4 . .ll~$~EPEHU~AnbH~E CE4EH~~ 06PA30BAH~~ p0 -ME30HOB 
B rr- 12G-B3A~MO,llE~CTB~~X 

.llnR nonyl.leHHR AH$$epeH4HanbHbiX cel.leHHH o6pa3oBaHHR p0 -Me-
30HOB e npo4eccax /1/ cneKTP M(rr+rr-) fibrn pa3AeneH Ha HecKonb-
Ko 11HTepeanoe no nepeMeHHbiM Pf (rr+rr-) 'H Y(rr+rr-). /.lanee aHanH3 
npOBOAHnCR C nOMO~biD np04eAYPb1, onHCaHHOH B §3. npH 3TOM Y411-
TbiBanoCb H3MeHeHHe pacnpeAeneHHH M(rr+rr-) OT pacnaAOB w ... rr+rr -"o 
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P1-1c.2. Pacnpe,qeneHHe p 0 -Me
soHoB, o6pasoBaHHoe e "- 12 C-
1-1 TT- p -B3aHMO,qei1CTBHRX, 
no P2 

J... 

e saeHcHMOCTH oT P 1 1-1 Y*. 
Ha p1-1c.2 np1-1ee,qeH~ pacnpe
,qen~ p0-Me30~0B no P} 
,qnR "- p 1-1 "- 12c-esaHMo
,qei1cTeHi1, npRM~e JlHHI-11-1 -
pesynbTaT~ annpoKCHMa~HH 

,qaHH~x (j)opMynoi1: 

1 da(p0
) 

- 2 ==A·exp(-BP.f) , /8/ 
uin dPJ. 

r,qe B - napaMeTp HaKnoHa, 
3Ha4eHHe KOTOpOrO paBHO: 
B== 2, 7+0, 3 /r3B/ c/-2 1-1 
B==2,i+o,4 /r3B/c/-2 ,qnR 
"-p- H" "- 12c -esaHMo,qei1-

CTBHi1 COOTBeTCTBeHHO, TO 
ecTb pacnpe,qeneHHe p 0 -Me-
30HOB no Pl He 3aBI-1CHT OT 
THna MHWeHH. 

Ha pHc.3 npe,qcTaeneH~ 
pacnpeAeii'eHHR p0 -Me30HOB 
no 6biCTPOTe .CIJlR 11-p- 1-1 11- 12C
B3aHMO,qei1CTBHH. B 3TOM cny-
4ae HMeeTCR pB3HH~a B HX 
noee,qeHHI-1 B saBHCHMOCTH OT 
THna B3aHMO,qei1CTBHR BO (j)par
MeHTa~HOHH~X 06J1aCTRX 
(Y JJlti < 1,2 H Y JJa6 > 3,2) • 
Yeem14eHHe <n(p0 )> · 8 o6na-
CTI-1 (j)parMeHTB~I-11-1 MHWeHH 
(YJJlti. < 1,2) .CIJlR 17-12 C-
B3SHMO,qei1CTBHH ecTeCTBeHHO 

CBR3BTb C TeM, 4TO B coy,qapeHHRX y4aCTByeT B cpe,qHeM 60J1bWe 
o,qHoro npoToHa. YMeHbWeHHe <n(p~> e o6nacTH (j)parMeHTa~HH nHo
Ha (Y JJOO. > 3,2) B R,qepH~X coy,qapeHHRX y,qOBJleTBOpHTeJlbHO 06"bRC

HReTCR B paMKaX a,q,qHTHBHOH KBapKOBOH MO,qenH /AKM/ nornQUieHHeM 
KeapKoB npH npoxom,qeHHH R,qpa /121 • B Ta6n.3 npHBe,qeH~ 3Ha4eHHR 
<n(p0 )> .CIJlR pa3H~X OOJ1aCTei1 B 17- p- 1-1 11- fl! C -B3BHMO,qei1CTBHRX 
npH p == 40 r3B/ c. 3,qecb me ,qaHbl HX OTHOWeHHR H npe,qcKasaHHR AKM. 

* ,ll.nR ,qH(j)(j)epeH~HaJlbH~X ce4eHHH u(p0
) 3TH H3MeHeHHR OKa3aJ1HCb 

HeCyl!leCTBeHH~MI-1. 
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§5. 3AKJ1104EHHE 

TaKHM o6pa3oM ooHapymeHo, 
4TO B TT- 120 -B3aHMO,qei1CTBH.RX 
npH P = 40 r3B/ C HHTeHCHBHO 
o6pa3yiOTC.R p0

- H cu -Me30Hbl 
C npHMepHO O,qHHaKOBbiMH Ce4e
HH.RMH (u(p0 )=70,5+7,5 Mfi 
H u(cu)= 75,0+9,0 M5). 0KOI10 
30% TT-~Me30HOB o6pa3y~TC.R 
e pe3yllbTaTe pacna,qoe 3THX 
pe30HaHCOB. 3TH pe3yJ1bTaTbl 
noKa3biBa~T, 4TO nHOHbl B oc
HOBHOM .RBil.R~TC.R BTOPH4HbiMH 
npo,qyKTaMH peaK~HH H CI1a6o 
OTpama~T ,qHHaMHKY MHOmecT
BeHHbiX npo~eccoe. B CB.R3H 
C 3THM 3KCnepHMeHTallbHOe 
H3y4eHHe o6pa3oBaHH.R ,qpyrHx 
pe30HaHCOB B HHKI1~3HBHbiX 
npo~eccax npH BbiCOKHX 3Hep
rH.RX HeOfiXO,qHMO ,qll.R nOHHMa·4 ·!> ·2 ·1 0 1 2 3 - -.-'t. 

·W ~! ~ U U ~ U ~ U ~.r. HH.R CTPYKTYPbl CHilbHbiX B3aHMO-

PHc. 3. Pacnpe,qeneHHe p0 -Me-
30HOB, o6pa30BaHHOe B TT- 12 C
H TT-p -e3aHMO,qei1CTBH.RX, no 
npo,qOilbHOH 6biCTPOTe. 

,qei1CTBHH. 
npH cpaBHeHHH ,qH~~epeH

~HallbHbiX Ce4eHHH o6pa30BaHH.R 
P0 -Me3oHoB e rr-p- H rr - 12c -

B3aHMO,qei1CTBH.RX fiblllO 06Hapy-
meHO, 4TO HX pacnpe,qeneHHe 
no Pz He 3aBHCHT OT THna 

MHWeHH. C ,qpyroi1 CTOPOHbl, pacnpe,qeneHHe p 0 -M~30HOB no fibiCT
poTe noKa3b1BaeT pa3J1H4He HX o6pa30BaHH.R B 3THX B3aHMO,qei1CTBH.RX, 
KOTopoe y,qoeneTBOPHTeJlbHO onHcbleaeTc.R B paMKax AKM. 

ABTOPbl npH3HaTellbHbl I B.M.IIIexTepyl 3a MHoro4HcneHHble H nno,qo
TBOPHble o6cym,qeHH.R 3THX eonpocoe H y4aCTHHKaM CoTpy,qHH4eCTBa 
3a noMo~b e o6pa6oTKe 3KcnepHMeHTallbHoro MaTepHana. 
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