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1. YCflOBHR 3KCnEPHMEHTA 

An~ H3y4eHH~ np-eaaHMOAeHCTBHH a HHTepeane HMnynbcoe 
175 r38/ C OAHOMeTpoea~ BOAOPOAHa~ ny3blpb KOBa~ KaMepa' 1 t,/ fiblna 
o6ny4eHa HeHTpOHaMH OT CTpHnnHHra YCKOpeHH~X AeHTpOHOB 12~ 
HMnynbC~ ~ WHPHH~ cneKTpOB HeHTpO~OB COCTaBn~nH Pn +a = 
= /1,25+0,03/ r3B/c, /1 ,73+0,05/ r3B/c, /2,23+0,07/ r3S/c, 
/3,83+0:12/ r3B/c, /5,10+0:17/ r3B/c. -

YcnoeH~ o6ny4eH~~ onHcaHbl a pa6oTe 121 • 

ny40K nepBH4HbiX HeHTPOHOB fibln CKonnHMHpOBaH H HanpasneH 
no oc~ KaMepbl. Pa6o4a~ o6nacTb ny4Ka paeHRnacb 4x4 CM 2. Ha 
paCCTO~HHH 0, 8 CM OT rpaHHI..Ibl ny4Ka WnH TOnb KO BTOpH4Hble HeHT
POHbl, 3!J>!J>eKT~BHOCTb npOCMOTpa COCTaBn~na fionee 0·, 99. 

HccneAoeanHcb peaKLIHH: 

np -+ pp11 -; 

np -+ pp 1r- 11° , 

np -+ p17 + 11-n, 

np -+ 3 ny4a +m HeHTpanbHbiX 4aCTHLI 
(m ?_ 2) , 

/1/ 

/2/ 

131 

/4/ 

An~ 4ero OT6Hpan~Cb Tpexny4eBble 3Be3Abl; paHee B COfibiTH~X 3TOH 
TononorHH 6blna ~ccneAoBaHa peaKLIH~ 131 : 

np -+ dn-+ 11 7 • /51 
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C06b1TI1Ci, Bbi3BaHHbiX BTOPI14HbiMI1 HeHTpOHaMI1, He 6o11ee 679% B aa

BI1CI1MOCTI1 OT 11MnY11bCa ny4Ka. MeTOA114eCK11 OHI1 Ae11RTCR B OTHOWe

HI111 1:2 MemAY peaK~I1RMI1 /273/ 11 /4/. 

Co6biH1R 113MepR1111Cb Ha cKaHI1PYIOilleM asTOMaTe HPD /-80%/ 11 

no11yaBTOMaTaX fiYQC /-20%/. 11x reoMeTpl14eCKaR .peKOHCTpyK~I1R 
11 14AeHTI1$11Ka~I4R Bbln011HR1111Cb no nporpaMMaM /S,6/, onTI44eCKI4e 

KOHcTaHTbl KaMepbl 6bl1111 B3RTbl 143 pa6oTbl 17/. 

... 

CpeAHRR T04HOCTb onpeAe11eHI1R P~ 6bl11a ny4we 2%, rAe 
3 ... 

P~ =1.~ P 1 1, 
... != 1 

Pi - 143MepeHHble 14MnY11bCbl 4aCT14q; 

COfibiTHR C 

1\P ~ > 0,09P n 111114 L\P
1 

/Pi > 0,30 

C411Tai111Cb Hei13Mepi4MbiMI1. 

/6/ 

8 pa6o4eM Ofil>eMe KaMepbl TaKI1X COfibiTI4H HaC411TbiBallOCb OK0110 

3% np11 p n = 5,10 f38/c, C yMeHbWeHI1eM p n OTHOCI1TellbHOe KOI1144ecT-

BO He143Mepi4Mb1X C06b1T14H fibiCTPO naAa110, np11 pacl.leTe Ce4eHI1H 

npi1HHMallOCb, 4~0 COOTHOWeHI1e npo~eCCOB /1+4/ AllR rpynnbl Hei43-

Mepi4MbiX COfibiTI4H TaKoe me, KaK 14 A11R OCTallbHbiX. 

11AeHTI4$14Ka~I4R KaHa110B peaK~I4H OCHOBbiBa11aCb Ha 11CnOI1b30BaHI411 

Be1114411H X 2 AllR KamAOrO KOHKpeTHoro C06biTI4R. 8 Ka4eCTBe AOBe-

PI1TellbHbiX rpaHI4~ npi4HI1Mai114Cb aHa4eHI4R C 4 = 25 A11R 4eTblpex cTe-

neHeel CBOfiOAbl 14 C t = 12,5 A11R OAHOH CTeneHI4 CBOfiOAbl. 

C11eAyeT oTMeTI4Tb, 4TO o npi4HaAnemHocTI1 co6biTI4R K npo~eccy 
/3/ MOmHO CAe11aTb ABa npeAn0110meH14R B 3aB14CI1MOCTI1 OT Taro, 

KaKOH 143 n0110m14TellbHbiX TpeKOB /fibiCTpbiH 141114 MeAileHHbiH/ RBilReTCR 

npOTOHOM. 3TI4 rl1nOTe3bl 0603Ha4aiOTCR COOTBeTCTBeHHO KaK "n" 14 "n' ", 

T14ni44Hble pacnpeAelleHI4R co6biTI1H no sei114411He x 2 noKaaaHbl Ha 

pl4c.1:/a- A11R peaK~I1H /1/, 6- A11R peaK~I111 /3//. 
--rii)eACTaBS1eH14e 0 B03MOmHOCTI4 pa3Ae11eHI4R co6biTI1H TOilbKO no x2 

AaeT Ta6n. 1 , a KOTopoel noKa3aHo pacnpeAeneHI4e co6biT~H no AOae

P14Te11bHbiM 0611aCTRM AllR pa311114HbiX r14nOTe3 14 14X KOM611Ha~14H. 
Ec1111 3Ha4eHI4R x2 AllR ABYX ~1111 6o11bwero 1.111c11a rl4nOTe3 no

naAal114 B AOBepi4Te11bHble 14HTepBa11bf, TO A11R 11AeHTI1$14Ka~1411 n0110m14-

TellbHbiX 4aCTI4~ 14Cn011b30BallaCb B143Ya11bHaR O~eHKa 140HH3a~l114, 3Ta 

npo~eAypa npi1MeHR11aCb A11R P,+, < 1100 M3B/c np11 yc110BI411, 4TO 

TpeK 4aCTI4~bl. 14MeeT yro11 norpymeHI1R Ia I < 45°. 

2. BbiAEilEHHE COobiTHt'l np ... pprr-

B YC110BI4RX 3Kcnepi1MeHTa 11Me10TCR AOCTaT04HO 6o11bWI1e rpynnbl 

C06b1T.14H, YAOBI1eTBOpRIOI!ll1e OAHOBpeMeHHO yC110B14RM x 2
1 <C 4 11 x1<C 1 

(i = 2~3), · rAe x1 OTHOCI1TCR K rl1nOTe3e (i). 

2 

Pnc.I. Pacrrpe~eneHne co6hlTHH no sennqnHe 

X~ a/ fumyilbC rryqKa HeHTpOHOB pn =I '25 r3B/ c' 

rnnoTesa np ... pprr '"; ~osepHTeilbHaR rpamu~a 
x 2 =25, qncno CTerreHeH cso60AJ>J X 2 pasuo 4. 
Cp7AHee sHaqeHHe x 2=4,132. 6/liMrrynbc rryqKa 

HeHTpoHoB Pn=3,83 r3B/c, rnrroTesa 

np ... prr+rr +n, ~osepnTenbHaR rpaum~a 

, ~ = -' 2 X~. = 12,5, qncno CTerreHeH 
• 10 . , zo CB060AJ>I x2 paBHO I . Cpe~Hee 

2 -
10 x sHaqeHne x 2 = I , I 94. 

Ta6nm~a I 

KonnqecTBO co6bJTHH /a rrpo~eHTax/, ~R KOTOpbJX x~ rrorra~aeT 
B pasnnqHbJe ~osepnTenbHhle o6nacTH. B KOilOHKax cnesa 

e~HHHqKoH OTMeqeHO rrorr~aHHe B ~OBepHTeilbHYID o6naCTb 

~R COOTBeTCTBYIDI!leH rHITOTe3hl 

I'lmOTe::m liMITYilbC nyqKa ir3B/c/ 

r>p:n- ppr.ir• p;;t.lin :n+pjj-n I,25 2,23 3,83. 5,!0 

110
11 :JT"" • n 

. ,,. .. .n 

I - - - IOO 35,2 I3,9 5,3 

- I - - - 8,5 I3,2 I3,0 

I I - ' - - 3,0 6,9 10,9 

- - I - - 48,2 48,7 45,2 

I - I - - O,I 0,9 0,3 

- I I - - .. O,I I,8 5,3 

I I I - - - O,I 0,6 

- - - I - 2,9 II,2 I3,I 

I - - I - - - -
- I - I - - I,3 2,2 

I I - I - - - -
- - I I - - 0,9 I,6 
I - I I - - - -
- I I I - - I,I 2,5 
I I I I - - - -
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N N 

lDD 4Do-J I 

300~ I 

IDO 
a) 

100' • 6) 

1001 .... 
D' .. Hl 
-ql 0 0.1 oi;~• -~ :="=' M2 

Puc. 2. p acnpe~eneHHe C06b!THH c X r < 25 no He~oc TaiOiqeii 
Macce M 2 ~.H p n = 5' I 0 rsB/ c. a/ Pacnpe~eneHHe no M2 

C06bl'rHfl c x2} < 25 ' X ~ > 12,5 ' x~> 12,5. Cpe~Hee 3Ha'leHHe 
M2 = -3552 MsB/c2f2. 6/ Pacnpe~eneHue fqepHoe/ no M2 

C06b!THH c <xi<25, x~<12,5). M.2=-3186 /MsB/c2/ 2, ToHKOH 
nuHueii HaHeceHo pacnpe~eneHue co6biTHii no M 2 ~H npo
~ecca np .... pp 11- TT0 , KOTOPbiii BbiAeJieH no ycnoBHIO X p25 , 
xj<12,5. MaKCHMYM pacnpe~eJieHH.H COOTBeTCTByeT Macce 
TT -Me30Ha, 

AHanHa pacnpeAeneHH~ no HeAotTa~~e~ Macce M2 noKaawsaeT 
/pHc.2/, 4TO see 3TH C06WTHR CJieAyeT OTHeCTH ~ C06WTHRM /1/. 

Ae~cTSHTenbHO, ~opMa pacnpeAeneHHR /1/ no M2 Ha pHc.2a 
nonHOCTb~ cosnaAaeT c ~opMq~ pacnpeAeneHHR no M2 scex co6biTH~ 
c x 21 < C 4 /pHc. 26/. PacnpeAeneHHe ocTaswHXCR co6biTH~ Ha pHc. 26 
(xi> C4 , X~< C

1
) CHMMeTpH4HO, ero MaKCHMYM OTSe4aeT Macce TT

0
-

Me3oHa. TaKHM o6paaoM, K co6biTHRM np-+ ppTT- 6blnH OTHeceHbl see 
co6biTHR c x1_< c 

4
• · 

BbiSOA o TOM, 4TO co6biTHR c x 1_<C 
4 

Sbi3SaHbl npo~eccoM /1 I, 
cornacyel-cR c npHseAeHHbiMH s pa6oTe 181 coo6pa>KeHHRMH o npeH-
My~ecTseHHOM OTHeCeHHH C06biTH~, YAOSJieTSOpR~~HX OAHOSpeMeHHO 
4c- H lc -~HTY, K peaK~HRM, COOTSeTCTSY~~HM 4c -~HTY, H noA-
TSep>KAaeTCR TeM, 4TO npH npoSeAeHHH HAeHTH~HKa~HH C06biTH~ no 
HOHH3a~HH nOJIOlKHTeJibHbiX TpeKOS He Ha~AeHO npOTHSOpe4H~ YCJIOSH~ 
x21<c4. 

3. Bbi,[IEilEHHE C06biTHt\ np-+ pp TT-TTo H np .... pTT+TT-n 

Ha Ta6n.1 cneAyeT, 4TO npH Pn==5,10 r3B/c AJIR 13 H 60% co6bi
TH~ X2 nonaAaeT TOJlbKO S AOSepHTeJibHY~ o6naCTb COOTSeTCTSeHHO 
npo~eCCOS /2/ HJIH /3/ H AJIR 1 0% C06biTHH OAHOSpeMeHHO SblnOJIHR

eTCR ycnosHe X ~<C 1 H x~<C 1' 
,[lnR pasAeneHHR co6biTH~ 'no peaK~HRM /2/ H /3/ 6blna Hcnonbao

saHa H30TOnH4eCKaR CHMMeTpHR npo~ecca /3/, SCJieACTSHe KOTOPOH 

4 

. 

N -· 
-~ 

a) I fJJ j 

II 
It/)() 

, 

cos q.• cose~ 

N 

100 

600~ 

o._, 

6) 

CDs8• ,.. 

I 

t'·i 

2) 

" cos8 • .,. 

Puc.3.Pacnpe,i:ieneHue s CQM qacTu~ no cosO* H3 co6biTHii, 
~HtPH~HpOBaHHbiX KaK llp-+ pTT+TT-0 npH pn ""3,83 fsB/c. 
a/ IlpoTOHbi, cosO* -=-0,308 ; 6/ HeiiTpOHbi, cos0*n"'0,289, p . 

s/ "+ -Me3oHbl, cosO*+ =-0,156 ; r/ TT--Me30Hbi, ~ =0,173. 
11 ~ 

N N 

1200 h 
400 

300 
300 

200 

400 

100 

"l 

cosB/ 
-l -4 

cos en 
L 
-J 0 1-J b ' cosa;;.t case:-

Puc.4. Pacnpe~eneHue no cosO* B CQM qacTu~ H3 co6bi-
THii, H~eHTH!lJuw:ipoBaHHbiX KaK np -+pTT+TT-0, npu p "' 
"' 5,10 fsB/c. a/ IlpOTOHbl, cosOt "'-0,415 ; 6/ HeHT~OHbi, 
cosO*= 0;391 ; s/ "+ -Me30Hbi, cos0*+=-0,215; r/ "--n ----- TT 
Me30Hbl, CosO;-== 0,202, 

HMnyJibCHble cneKTpbl TT+ -Me30HOS S Jla6opaTOPHO~ CHCTeMe H TT -

Me30HOS S aHTHna6opaTOpHO~ CHCTeMe AOJilKHW cosnaAaTb. CneKTp 
TT- -Me30HOS HMeeT AOSOJlbHO 4eTKY~ rpaHH~Y npH Pl -=2,3 r38/c 

im 
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N N 

100 zoo 

fDO 100 

0 zoo .00 uo P~tJl;c 600 p,~l;c 

PHC. 5. l!MnyJibCHh!e cneKTpbl 17+ -Me30HOB B Jia6opaTOPHOH 
~Me /a/ H 17- -Me30HOB B aHTHJ1a6opaTOpHOH CHCTeMe 
/6/. / Pn =2,23 fgB/c, npo~ecc np->prr+17-n /.a/ qep-
HhiM OTMeqeHhJ H3MeHeHHH B pacnpeAeJieHHH 3a cqeT BeCOB 

W > 1 AJIH co6bJTHli c P + < I 00 M3B/ c, T. e. nonpaBKH Ha 
17 

noTepH HH3K03HepreTHqHbJX 17+ -Me30HOB. 

N 

60 

50 

~0 

30 

20 

10 

PHc. 6. P acnpeAeneHHe no x2 Hepa3AeJieHHbiX co6bJ
THli H3 /2,3/ npH P n = 3,83 fgB/c. a/ PacnpeAe
neHHe co6bJTHli no x 2. 6/ PacnpeAeneHHe co6bJTHli 

2 2 
no Xs• 

a) 
I I z o , '=I =• =T= ,....., rX 
N l 4 6 8 fO f2 

'l 10~-~ 
o 2 4 6 B m ~ 

xl 

laHa4eHHe ,qnR Pn= 5,10 r3Bicl. B o6nacTH ewwe 3TOH rpaHH~w 
nona,qaeT He 6onee 1 , 1% 11- -Me30HOB 1-13 co6wTHH peaK~HH 131. 
no3TOMY BCe nOJlO>KHTeJlbHble 4aCTH~bl C HMnyJlbCOM P> P lim MO>KHO 
C4HTaTb npOTOHaMH. 3TOT npHeM pe3KO yMeHbWaeT KOJ1H4eCTBO He
paa,qeJleHHWX C06WTHH. 

6 

.QnR nony4eHHR ny4wero cornaCHR Mem,qy cneKTpaMH 11+- 1-1 11 
Me30HOB B Jla6opaTOpHoH·H aHTHJ1a6opaTOpHOH CHCTeMaX COOTBeT
CTBeHHO 60J1bWY~ 4aCTb OCTaBWHXCR Hepa3,qeneHHWMH C06WTHH 1-13 
rpynn (17° n) 1-1 (lfl, n ') Heo6xo,qHMO 6bi110 OTHeCTH K co6biTHRM npo
~ecca 121 ,qnR yny4weHHR CHMMeTPHH e CUM Mem,qy pacnpe,qeneHHRMH 
H30TOnH4eCKH conpR>KeHHbiX 4aCTH~ lpHc. 3 1-1 ~· Cnpaee,qnHBOCTb 
TaKoro pa3,qeneHHR no,qTeepm,qa~T pe3Y1lbTaTbl, nony4eHHble npH Mo
,qenHpoeaHHH peaK~HH 121 H 131, KOTOpoe OnHCbiBaeTCR HH>Ke. np~-1 
3TOM pa3,qeneHHe co6WTHH , "n" 1-1 "n' " 6blno c,qenaHo no OTHo
CHTeJlbHOH BeJ1H4HHe X 2• 

CpaeHeHHe HMnynbCHblx cneKTpoe conpR>KeHHbiX 4aCTH~ I 11 + 1-1 11-, 
p 1-1 n I no3BOJ1ReT eeecTH KoppeK~H~ Ha noTep~ co6biTHH c Mano-
3HeprH4HbiMH 4aCTHqaMH /p~c.51. 

AHanH3 pacnpe,qeneHHH""""'ii'O'EienH4HHe x 2 ,t1J1R co6biTHH (17°, n) 1-1 
(17°,n') noKa3biBaeT, 4TO Heonpe,qeneHHOCTb npe,qnomeHHOH npo~e,qy
pw pa3,qeJ1eHHR COCTaBJlRel" -0,23 M6 npH pn =5,10 r3Bic. C yMeHb
WeHHeM p n 3Ta Heonpe,qeJleHHOCTb 6biCTpo y6biBaeT, 1-1 npH p n = 
= 3,83 r3Bic ee Y>Ke npaKTH4eCKH HeT /pHc.61, TaK KaK pacnpe
,qeneHHe no x2 B npe,qnOJlO>KeHHH 0 npHHa,tiJle>KHOCTH 3THX C06WTHH 
K peaK~HH 121 6J1H3KO B TeopeTH4eCKOMy, a B npe,qnOJlO>KeHHH 06 
Hx npHHa,tiJle>KHOCTH K peaK~HH 131 pe3Ko oT Hero OTJ1H4aeTcR. 
no3TOMY C06WTHR 3Toro KJlacca CJle,qyeT OTHeCTH K peaK~HH 121. 

4. OnPE.QEllEHHE nonPABKH HA COEibiTH~ 
C .QOnOJlHHTEllbHbiM 17° -ME30HOM HllH .QBYM~ HEftTPOHAMH 

npH Pn~5,10 1-1 3,83 r3Bic c ,tiOBOJlbHO 60J1bWHM Ce4eHHeM H,tiYT 
npo~eccbl 

np ... pp11-11°11°, 

np ... prr+11-n11°, 

+ + -np ... 11 11 11 nn •. 

(2F) 

G3F) 

(4F) 

'Ha pHc.7~ npe,qcTaeneHw pacnpe,qeneHHR no Kea,qpaTy He,qocTa~
~eH MaCCbl (M

2 )co6WTHH, OTHeCeHHWX K peaK~HRM 121 1-1 131. 
MaKCHMYMW pacnpe,qeneHHH xopowo cornacy~TCR c MaccaMH 11° -

Me30Ha 1-1 HeHTPOHa COOTBeTCTBeHHO. 0,qHaKO RCHO 3aMeTHa HeCHM
MeTpHR pacnpe,qeneHHH. npaBaR 4aCTb pacnpe,qeJleHHR /' 1XBOCT 11/ BW
we, 4eM neeaR. EcTeCTBeHHoe o6DRCHeHHe CBR3aHo c TeM, 4To co-
6biTHR (2F) , (3F) 1-1 G4F) HMe~T onpe,qeneHHY~ eepoRTHOCTb nony4HTb 
MaJlbiH x2 e npe,qnonomeHHH o npHHa,qne>KHOCTH HX K npo~eccaM 121 
1-1111-1 131. 

.QJlR onpe,qeJleHHR BeJ1H4HHW ~OHa 6b1Jla HCnOJ1b30BaHa cne~HaJlbHaR 
npo~e,qypa /9~ KOTOpaR ,6y,qeT H3JlO>KeHa Ha npHMepe peaK~HH 131 H 
~OHOBOH peaK~HH G3F). 

7 
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Puc. 7. PaciTpe.r~eneune co6b1Tnli:, ngenTn!l>n~nponaunbiX KaK 
np ... prr+rr-n, ITO nennqnue KBa,[lpaTa ne.z:~ocTaiOl!leH Maccbl 
,[IJIH p n = 5, 10 rsB/ C, a/ IlyHKTHPOM o6osuaqeno CMO,[Iennpo
DaHuoe paciTpegeneune, KOTopoe ua yqacTKe .0, 294 < M 2 <.- · 
<I ,05 /fsB/c2j 2 ITO,[II'OHHJIOCb ITO OCH Op,[IUHaT K 3KCITepn
MeHTaJibHOMY pacnpe.z:~enenHIO. Co6biTHH n o6nacTn M 2 > 
> 1,05 /rsB/c2f2 HMeiOT Bee W<1, TaK KaK TaM eCTb 

ITpnMecb OT ITpo~ca np ... prr+rr-nrr0• M'2"" 0,937 /rsB/c 2/ 2 

.z:~o KoppeKL\HH, M2 = 0,882 /rsB/c2/ 2 ITocne KoppeKL\HH 
aecon; n paciTpe.r~eneunn- 3178 co6wTnli. 6/ Bbr6opKa 
us sKciTepHMeHTaJibHblX co6biTHH ITO yCJioDHIO xi< 1. B pac-
ITpegeneunn - I964 co6biTHH. · 

H3 co6biTI1i1, nonaew11x B pacnpeAeneHI1e no M2 /p11c. 76/, Aena-
eTcR Bbl6opKa no x :

17
+

17
-n <1 /3aKpaweHo 4epHbiM/. PacnpeAelleHI1e 

OT06paHHbiX C06biTI1H CI1MMeTpi14HO noM 2, TaK KaK TaKaR Bb160pKa 
yMeHbwaeT A01110 ¢oHOBbiX co6biTI1i1. Ka)I{AOe 113 co6biTI1i1 Bbl6opKI1 
11cnollb3yeTCR KaK 11CXOAHOe np11 MOAel111poeaHI111 npo4ecca 113MepeHI1i1, 
KOTOpbli1 6yAeT MeHRTb nOA06paHHble nporpaMMOH I1AeHT11¢11Ka41111 na
paMeTpbl 4aCTI14. /PacnpeAeJieHI1e 113Mepi1TellbHbiX OWI160K C411TaeTCR 
HopMallbHbiM, Al1cnepc1111 napaMeTpoe AllR Ka)I{AOro TpeKa 6epyTcR 113 
nporpaMMbl reoMeTpl14eCKOH peKOHCTPYK41111/. 
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'I 

I 
;j 

I 
I >~J 

d 

If} 
I 

:i 
\: 

N 
100 

80 

60 

4o 

20 

Puc. 8. Pacnpe.r~eneune co6biTHH, n.r~enTn<Pnl\HPODamlbiX KaK 
np ... p11+ rr-n, no nenwmue Kna.r~paTa ue.z:~ocTaiOl!leii~ccbl 
MH Pn =2,23 n 3,83 rsB/c. a/·Pn = 2,23 rsB/c,M2 = 
= 0,878 /fsB/c2f2, 3723 co5biTHII, 5/P n = 3,83 fsB/c, 
M2 = 0,897. /rsB/&._ 2 .z:~o KoppeK~nn ua <Pon oT ITPOL\ecca 
np ... prr+rr- n11°, .M2 = 0,880 /rsB/c2f2 ITOCJie KoppeK-
1.\HH, D paciTpe,[leJieHHH - 5843 C06biTHH, . 

Pnc.9.PaciTpe.r~eneune co6wTnli, n.z:~enTn<Pn~nponau
'iihiX'KaK np ... pprr-rr0 , ITO nenuquue Kna.z:~paTa ue
AOCTaiOII\eii MaCCbl M 2 ITPH pn =5, 10 rsB/c.IIyuK
THPOM o6osnaqeuo CMo.z:~ennponamwe paciTpe.z:~ene-
une, KoTopoe ua yqacTKe -0,2<M:!.c.0,07 /rsB/c 2/ 2 

ITO,[II'OHHJIOCb ITO OCH Op,[IUHaT K 3KCITepnMeHTaJib
HOMy paciTpe.z:~enenniO. Co5biTHH c M 2 >0, 07 /rsB/ c 2f 2 
HMeiOT Dec W <1, TaK KaK D 3TOH o6naCTH eCTb 
ITpnMecb co6biTHH np-> pprr-17°rr0, M 2 = 0,0380/rsB/c2J 2 
go KoppeKL\HH, ij']" = 0, 0 I85 /rsB/ c 2f 2 ITocne 
KoppeKL\HH, ncero I 185 co6biTHH. )'VIH co6biTHH, 
oTo5pauubrx cornacuo ycnonn10 x ~< 1, M 2 = 

0,0202 /fsB/c2J2, D Dbl60pKe - 6I3 C05blTHH, 

a r·u I I I I I ...... , 2 

-0.2 ·O.J 0 O.l Q2. 0.5 M 
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Ha pl1c.7a noKa3aHo, KaK MOAen11py~~aR Kpi1BaR /oTMe4eHo To4-
KaMI1/ COBMe~aeTCR C pacnpeAeneHI1eM no HeAOCTa~~eH Macce. npe
B~WeHI1e cnpaea KOMneHcl1pyeTCR yMeHbWeHI1eM eecoe co6~TI1H, no
naBWI1X B 3TY o6naCTb, noAp06Hee 113nomeHI1e 11CnOnb30BaHHOrO Me
TOAa MOAenl1pOBaHI1R npi1BeAeHO B /9/, 

PacnpeAeneHI1e co6~TI1H no M2 AnR npo~ecca /3/ npl1~=2,23 f3B/c 
/a/ 11Pn=3,83 f3B/c /6/ noKa3aHo Ha p11c.8. 

5. OnPE~EflEHHE nonPABOK K CE4EHH~M METO~OM MO~EflHPOBAHH~ 
HA OCHOBE PEAflbHbiX COEiblTHtl 

KaK cKa3aHo Bblwe, Hanl1411e 11xeocToB 11 e pacnpeAeneHI1RX no 
KBaApaTy HeAOCTa~~eH MaCe~ B peaK~11RX /2/ 11 /3/ MOmeT 6b1Tb 
o6"bRCHeHO TeM, 4TO 4aCTb co6~TI1H 113 peaK~I1H (2F + 4F), a TaKme 
co6biTI1H, ofiycnoeneHH~X BTOpi14HbiMI1 HeHTPOHaMI1 (FB), MOmeT 6~Tb 
OWI1604HO 11AeHTI1¢11~11POBaHa KaK C06~TI1R peaK~I1H /2/ 11n11 /3/. 
0AHaKo, KaK 6yAeT noKa3aHO Hl1me, 6onbWaR 4aCTb co6~TI1H 113 
(2F+4F) 11 (FB) 6yAeT OTHeCeHa K peaK~11RM C HeCKOnbKI1MI1 HeHT-
panbHbiMI1 4acT11~aM11 /4/. ~nR onpeAeneHI1R BKnaAOB npo~eccoe 
(2F+4F) 11 (FB) B KaHan /4/ 11Cnonb30Banacb 11AeHTH¢11Ka~HR nono
mHTenbHbiX 4aCTI1~ KaHana /4/. B 3aBHCI1MOCTH oT 11AeHTH¢HKa~HH 
co6~THR KaHana /4/ MomHo pa36HTb Ha 5 rpynn /Ta6n.2/. AHano
rH4HO cneAyeT pa,6HTb Ha rpynn~ 11 co6~TI1R peaK~HH (2F+4F) 
H (FB), OTHeCeHHble K KaHany /4/. 

nocKOnbKY ¢OHOBble C06biTHR He pa3AeneHbl no OTAenbHbiM KaHa
naM, npi1XOA11TCR npH6erHyTb K MOAenHpOBaHH~. ~nR MOAenHpoeaHHR 
peaK~HH (2F+4F), Hcnonb3oeanHcb 5-ny4eeble 3Be3Abl H3 np -e3ai1Mo-
AeHCTBHH/10/ npH 3T11X me HMnynbcax HaneTa~~ero HeHTpoHa. 

2F) np11 MOAenHpOBaHHI1 peaK~HH np-+ pprr- + k11° (k ~ 2) HC-
nonb30BanHCb co6biTHR peaK~HH 

np ... pp17+17-17-+m17° (m=0,1) /11,12/ 171 

npeAnonaranocb, 4TO cy~eCTBeHHble B HaWeM cny4ae xapaKTepi1CTI1KI1 
peaK~I1H (2F) MOmHO nony4HTb Ha OCHOBe C06biTHH peaK~HH /7/ 
npH 3aMeHe KOM611Ha~HH (17+11'1 e peaK~I111 /7 I Ha KOM6HHa~l1~ (17°17°), 
T. e. HCKn~4HB e co6i:.ITHRX peaK~HI1 /7 I no OAHOMY TpeKy 11+- 11 11-

Me3oHa. 
3F) npH MOAenHpOBaHI111 peaK~HH 

np -+ prr+ 11- + n + 11° 

11cnonb3oeani1Cb co6biTHR peaK~11H 

np -+ pp11+11- 11-, 1111 /8/ 

npl14eM KOM611Ha~HR W11-) B peaK~HH /8/ 3aMeHRnacb KOM6HHa~l1eH 
(n17°), T. e. 11CKn~4anHCb TpeKH OAHOrO npOTOHa H OAHOrO 17--Me30Ha. 
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Ta6nm~a 2 

KnaccmpuKa~na 3KcnepHMeHTaJibHbJX co6bJTHH, OTHeceHHbJX 
K npo~eccy /4/, H MO!\eJIHPOBaHHbiX C06bJTHH peaK~HH (2F+ 4F) 
H (F8) B 3aBHCHMOCTH OT H~eHTH!lJHKa~HH llOJIOlKHTeJibHbiX TpeKOB 

I 2 3 4 5 

Nl:ot -- .5i1i :lip p~T PP <X 

EXP 2063 134 379 157 II87 20G -
3-Ay<~~mx' 

2F 5626 545 0 
(kJ7°). 

0 0 1607 0,07I 

3F 686-1 315 0 
{n+-Ji") 

4G3 4378 0 0,2II 

.t,F 
279G 81 2645 0 24 0 0,139 

(2n.) 

F8 IOOOO 428 283 645 1049 !340 0,065 
- -- ------ ·- ---

IlepBbiH CHMBOJI B KaJK,IJ,OH H3 5 rpynn COOTBeTCTByeT H~eHTH!lJH
Ka~uH B JI, C, llOJIOlKUTeJibHOrO TpeKa 6bJCTpOH tiaCTH~bl, BTOpOH -
H~eHTH!lJHKa~HH TpeKa Me~JieHHOH tiaCTH~J: "-" - HeT H~eHTH!lJHKa-
~HH, "rr"- TpeK ~eHTH!lJH~HpOBaH KaK T7 -Me30H, "p" - TpeK n~eu-
TH!lJH~HpOBaH KaK llpOTOH; a - BeJIH'lHHbl BKJia~a !lJOHOBblX npo~ec
COB, 

B CTpOKaX, OTHOCH~XCH K peaK~HHM (2F+4F) H (FB).. ;yKa3aHO 
'lHCJIO MO~eJIHpOBaHHbJX C06bJTHH, 

4F) npH MOAenHpoBaHHH peaK~HI1 

np-+ 11+ 11+ 11- + 2n + m11° (m = 0,1) 
11Cnonb30BanHCb C06biTHR peaK~HH /7/, npo~ecc MOAenHpOBaHHR 3a
Kn~4anCR B nepeXOAe B aHTHna6opaTOPHY~ CHCTeMy KOOPAHHaT C no
cneAY~~HM H30TOnH4eCKHM conpRmeHHeM: 

+ __ ALAB _ + + 
np -+ pp rr 11 11 

1 
=> np -+ nnrr 11 11 • 

. a-+-Ia 
FB) ~nR MOAenHpoeaHHR co6biTHH, o6ycnoeneHHbiX B3ai1MOAeHCTBH-

eM Heny4KOBbiX HeHTPOHOB, HCnOnb30Bani1Cb 3-ny4eBble C06biTI1R npH 
MeHbWHX 3Ha4eHHRX HMnynbCOB HaneTa~~ero HeHTpOHa p n • TaK, npH 
onpeAeneHI1H nonpaBOK AnR C06biT11H C P n = 5, 1 0 f3B/ C B Ka4eCTBe 
¢oHa 6blnH B3RTbl. 3-ny4eBble C06biTHR C pn =3,83 11 2,23 f3B/c; 
np1-1 onpeAeneHHH nonpaeoK AnR·co6biTHH c ~=3,83 f3B/c HCnonb3o
eani1Cb AaHHble AnR Pn=2,23 f3B/c.H T.A. 
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CneAyeT OTMeTHTb, 4TO BKnaA~ OT peaK~HH (2F74F) He06XOAH
MO Y4HTbiBaTb TOnbKO npH HMnynbcax Pn~5,10 H 3,83 r3B/c, B TO 
apeMR KaK BKnaA OT (FB) - npH BCeX 3Ha4eHHRX pn' 

3aTeM AnR MOAenHpoaaHH~x TaKHM o6paaoM co6~THA peaK~HA 
(2F+4F) H (FB)Bbi4HCnRnCR B npeAnOJlO>KeHHH 0 npHHaAne>KHOCTH 3THX 
co6biTHA K. peaK4HRM /2/ H /3/ o~ei-I04HbiH x~ no <)lopMyne 

(MM 2- Mio)2 
x2= , 

q (t.MM2) 2 
rAe MM2 - KBaApaT HeAOCTa~~eA Mace~ AnR MOAenHpoaaHHoro co6~
THR,Bbi4HcneHH~A B npeAnOnO>KeHHH 0 ero npHHaAne>KHOCTH peaK4HH 
/2/HnH /3/; Mia- KBaApaT MaCCbl TT

0 -Me30Ha HnH HeHTPOHa COOTBeT
CTBeHHO,AHanH3 noKa3an,4TO AnR peanbHbiX co6~THH peaK4HH /2/ H 
/3/ 04eH04HbiA x~6nH30K no aenH4HHe kx2,Bbi4HcneHHOMY no nporpaM
Me HAeHTH<)lHKa~HH KaHanoa peaK4HA 16~B COOTBeTCTBHH C 3THM 6~no 
Bbl6paHO rpaHH4HOe 3Ha4eHHe X~ rp .. = 12 /B nporpaMMe HAeHTH<)lH
Ka~HH KaHanoa peaK~HA Hcnonbaoaanocb x ~P = C 1 = 12,5 I. 

HcnonbaoaaHHe x: H'y4eT ao3MO>KHOCl~ HAeHTH<)lHKa4HH nono
>KHTenbH~x TpeKoa 4aCTH4 a MoAenHpoaaHHbiX co6biTHRX noaaonHnH 
BbiAenHTb H3 peaK4HH (2F+4F) H (FB) C06biTHR, HMHTHpy~~He npo-
4ecc~ /2/ H /3/, H C06~THR, HAeHTH<)lH~HpOBaHH~e KaK np04ecc 
/4/. JlnR MoAeilHpoaaHH~x co6~THH npo4ecca /4/ 6blno TaK>Ke npo
BeAeHo pa36HeHHe Ha rpynn~ B 3aBHCHMOCTH OT HAe~TH<)lHKa~HH no
no>KHTenbH~X 4aCTH~ /Ta6n.2/. 

,llnR onpeAeneHHR aenH4HHbl BKnaAOB a j peaK~HA (2F+4F) H fFB) 
B 3KCnepHMeHTanbH~e co6~THR, HAeHTH<)lH~HPOBaHH~e Ka~ npo~ecc 
!4!, HcnonbaoaanHCb AaHH~e no ce4eHHRM peaK~HH 5-ny4eBbiX aae3A 
H3. np -a3aHMOAeHCTBHR 1101 H AaHHble 0 aenH4HHe npHMeCH. BTOpH4-
H~X HeHTPOHOB B ny4Ke, nony4eHHble npH H3y4eHHH TOnonorH4eCKHX 
Ce4eHHA 141 . C Y4eTOM 3Toro npOBOAHnacb MHHHMH3a~HR no BCeM aj 
cneAY~~ero ¢YHK~HOHana: 

(N exp_l: a N j )2 
.F = l: 1 J J 1 ==> min, i = 1 + 5, 

1 (f.N ~xp )2 

rAe N rxp - KOnH4eCTBO 3KCnepHMeHTanbH~X co6~THH, OTHeceHHbiX 
K npo4eccy /4/, B i -HAeHTH<)lHKa~HOHHOH rpynne; N{- KOnH4eCT
BO MOAenHPOBaHHbiX co6~THH peaK4HH (j) B i -HAeHTH<)lHKa~HOHHOH 
rpynne; a j- BKnaA peaK~HH (j) .B npo~ecc /4/, j=2F,i3F;4F .• FB. 
nony4eHH~e 3Ha4eHHR a j npHBeAeHbl B Ta6n. 3. 

TorAa HCTHHHOe 4HCno co6~THH peaK~HH /2/ H /3/ onpeAenReT
CR· no <)lopMyne: ' 

Nk=N~xp -~ajNkj' k-=2,3, ·j=2F,:3F,4F,FB, 

rAe N e;p - KdnH4eCTBo co6~THA KaHana (k), BKn~4aR H <)loH; Njk -
KOnH4eCTBO MOAenHpOBaHH~X co6~THH <)lOHOBOH peaK~HH (j), HMHTH-
py~~HX peaK~H~ (k). . 
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Taonu~a 3 

Ce<ICIIIIH HAeHTl!lPH~HpouaHHblX npo~eccou B TpexJiy<!eBblX 

3Bt!3j\aX H3 np -B3aiiMOAeHCTBHH • .QaHHble no np ·• drr+ IT-

B3HTbl H3 ·' 3/, TOHOJIOf'H'4eCKHe Ce'4eHH.fl - H3 paoOTbl 
141 

Pn /r3B/c/ 

Ntot (co6mnit) 

6 5 <pp:in C1.16 > 

(ppr.?Jt) (M6 ) 6 

G' (pJi$n> (M6 > 

6' (d;;j;") (M6 ) 

::J (3-.n.+mX?(M6) 

btop.3 (M6) 

G'tot (M6) 
--

I,25 I,73 

I624 6026 

I,45;!0,06 3,I5;!0,I4 

O,ID±.O,OI 

0,58;t0,04 

0,27,:t0,02 

I,45j:0,06 4,IO;±.O,I5 

37,5:!;0,4 40,0±.0,2 

2,23 3,83 5,IO 

7686 I2249 7253 

3,46;!:0,15 2,84,:tO,I2 2 36+0 II . - . 
0,56;!:0,05 2,2I±O,I3 2,27,:tO,I2 

4,35;!0,I8 7 ,80,:t0,32 6,89,±0,28 

0,33;!;0,02 0,05,:t0,02 0,03j:0,02 

2,3I.;t0,24 5,95:!;0,30 

8,7±0,3 I5,2,:t0,5 !7,5:!;0,5 

42,D±.O,I 42,5,:tO,I 42,0,:tO;I 

KaK OTMe4anocb a n. 3, 4aCTb 3KcnepHMeHTanbHbiX co6~THA 1-1 0% 
npH Pn= 5,10 r3B/c/ YAOBneTBOpReT KaK rHnoTeae peaK~HH /2/,TaK 
H rHnOTe3e peaK4HH /3/. 4T06~ onpeAenHT~, KaKy~ AOn~ B 3THX 
co6~THRX COCTaBnR~T C06~THR peaK~HH /2/, a KaKy~ - peaK~HH 
/3/, 6blnO npoaeAeHO MOAenHpoaaHHe peaK~HH /2/ H /3/ no npo
rpaMMe FOWL c HcnonbaoaaHHeM MaTpH4Horo 3neMeHTa, aHanorH4-
Horo npHMeHeHHOMY a pa6oTe1 11/ H o6ecne4HBa~~ero nepH<)lepH4HOCTb 
xapaKTepHCTHK 3-ny4eBbiX co6biTHH/li3~ B Ka4eCTBe OWH60K H3Mepe
HHH TpeKOB 6panHCb 3Ha4eHHR COOTBeTCTBY~~HX CpeAHHX OWH60K 
AnR AaHHOrO HMnynbCa 4aCTH~. ,llnR Ka>KAOrO MOAenHpOBaHHOrO C06bi
THR B~4HCnRnCR X~ H C y4eTOM B03MO>KHOCTH HAeHTH<)lHKa4HH BTO
pH4HbiX 4aCTH~ onpeAenRnocb, rHnOTe3e KaKOH peaK~i-1H, /2/ HnH 
/3/, YAOBneTaopReT MOAenHpoaaHHoe co6~THe. AHanHa noKaaan, 4TO 
npH HMnynbCe HaneTa~~ero HeHTpOHa Pn= 5,10 r3B/c H3 4Hcna co-
6biTHH, YAOBneTBOPR~~HX OAHOBpeMeHHO rHnOTe3aM /2/ H /3/, K 
peaK~HH /2/ cneAyeT OTHeCTH a~ = 77,24% C06biTHH, a OCTanb-

IT n o 
Hble - K peaK~HH /3/, JlnR HMnymCa P = 3,83 r3B/c a"11o =83 ,67%. n ,n 

OnHcaHH~A a n.4 cnoco6 onpeAeneHHR nonpaaoK K ce4eHHRM oc-
HoaaH Ha npeAnono>KeHHH, 4TO AnR C06biTHH peaK~HH /2/ H /3/ C 
X2<1 MO>KHO npeHe6pe4b BKnaAOM B HHX <)lOHa npH MOAenHpOBaHHH 
pacnpeAeneHHH KBaApaTOB HeAOCTa~~HX MaCe. BenH4HHa <)loHa B 3TOM 
Knacce co6~THH, B~4HCneHHaR npH nOMO~H H3no>KeHHOrO 3AeCb /n.5/ 
MeTOAa MOAenHpoaaHHR peaK~HH G3F+4F) H (FB),AeHCTBHTenbHO,oKa-
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3anacb pasHoA< 7%. KonH4ecTso co6~THA peaK~HA /2/ H /3/, onpe
AeneHHOe s n.4, s npeAenax owH60K cosnaAaeT c KonH4eCTSOM co-
6~THA, HaAAeHH~M MeTOAHKOA MOAenH~OSaHMH ~OHa. 

6. OnPEAEnEHHE CE4EHH~ 

OnpeAeneHHe ce4eHMA npoHCXOAMT n~~opMyne 

NNi_atop.3' 
tot 

171 ai 

rAe: N i - KOnH4eCTSO co6biTHA /c y4eToM secas M nonpasoK/, 
MAeHTH~H~MposaHH~X KaK npo~ecc U) ;Nwt - KonH4ecTso Tpexny4e
s~x cofi~TMA, 3aperMCTpHposaHH~X B pa6o4eA ofinacTM KaMep~ /6e3 
HeH3~1epMMbiX/; at 3 - TononorH4ecKoe ce4eHHe Tpexny4eBbiX 

I ' op. 3Se3A 4,. 
0WMfiKa S Ce4eHHH onpeAenHeTCH C y4eTOM OWHfiOK SCeX 4neHOB 

s ~opMyne 17 I. , 
Ce4eHMH KaHanoa peaK~HA hpeAcTasneH~ B Ta6n.3. 
nony4eHH~e AaHHble no Ce4eHHHM KaHanos peaK~HA 3-ny4eSbiX 

np -a3aHMOAeACTSHA HeOfiXOAHM~ npH M3y4eHHH HyKnOH-HAePH~X 
H HAPO-HAepH~X S3aHMOAeACTSHA npH B~COKHX 3HeprHHX, a TaKme 
AnH npoaepKH npHMeHHMOCTH HeKOTOPbiX MOAeneA S3aMMOAeACTSHA 
3neMeHTapH~x 4aCTH~, s 4aCTHOCTH OPE-MoAenH. 

ABTOPbl SblpamaiOT CBOIO 6narOAapHOCTb na6opaHTaM HeATpOHHOA 
rpynnbl nB3' KonneKTHBaM ceKTOpos HPD H nYOC nBTA 3a npoae
AeHMe M3MepeHHA H n.C.AKHMOSOA 3a noArOTOSKy MaTepHana K ne-
4aTH. 
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