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1. BBEAEH~E 

8 HaeTOR~ee BpeMA nony4eHO AOeTaT04HO MHOro 3KenepHMeH
TanbH~X pe3ynbTaTOB no HeynpyrHM B3aHMOAe~eTBHAM npOTOHOB 
e pa3nH4H~MH RApaMH ¢OT03MynbeHH BO Bee~ AOeTynHO~ o6naeTH 
yeKOPHTenbH~X 3HeprH~. 

B o6naeTH 3HeprH~ E0 >20 f3B ey~eeTByeT PAA pa6oT noaA
poH-RAePH~M B3aHMOAe~eTBHAM /eM. Hanp. 111 H ee~nKH B He~/, 
B KOTOp~X nOAP06HO npOaHanH3HpOBaH~ eeo~eTBa D8 -paenpeAene
HH~, paeeMOTpeH~ BOnpoe~, eBR3aHH~e e npORBneHHeM npH6nH~eH
HOrO KHO - eKe~nHHra, H nposeAeHo AeTanbHOe epasHeHHe e npeA
eKa3aHHAMH pa3H~x MOAene~. 

noeKOnbKy TaKOH eHeTeMaTH4eeKHH aHanH3 He npOBOAHneR B o6-
naeTH 6onee HH3KHX 3HeprHA, B AaHHOH pa6oTe eAenaHa non~TKa 
paeeMOTpeTb esoHeTsa n 8 -paenpeAeneHHH B o6naeTH 3HeprHH npo
TOHOB OT 2,2 AO 22,5 f36 IZ! 

2. KHO - CKE~n~Hr Ami n 8 -PACnPEAEnEH~I'I 

Ko6a, HMnbeeH M OneeeH B~ABMHynM rMnoTe3y nonyHHKn~3MBHoro 
eKe~nMHra /3/, KOTOpaR rnaeMT, 4TO 

<n> an lain = 'P(z, s) ---+ 'P(z), /2. 11 
s __, 0() 

rAe z .. n/ <n> M a in - non Hoe Heynpyroe ce4eHMe. 
AHanM3 3KcnepMMeHTanbH~x AaHH~X B aApoH-HyKnOHH~x coyAape

HMRx noKa3~saeT, 4TO TononorM4eCKMe ce4eHMA pO~AeHMR n 
4aeTMI..I an B pp- M 77p -s3aMMOAe~CTBMAX B WMpOKO~ 06naCTM MM"" 
nynbeOB Po 3aBMCAT TOnbKO OT OTHOWeHMR n/ <n> 141 

• <l>yHKUMA 
'P(~ RBnReTCR YHMBepcanbHOH M He 3aBMCMT OT 3HeprMM M npMpo

Abl 4acTMI..I. 
PRAOM aBTOpos 11,5-7/ 6bma eAenaHa nonbiTKa pe~ecMoTpeTb, 

s~nonHReTeR nM npM6nM~eHH~H KHO - eKeAnMHr so B3aMMOAeAcTBMRX 
Ha RApax. npM 3TOM AnA annpoKCMMaUMM n

5 
-pacnpeAeneHMA B ne

peMeHHOA Z MCnOnb3y~TeA Bblpa~eHMA: 

a/ TMna Cn3TTepM 

'P(z) = (Az + Bz 3 + Cz 5 + Dz 7 )exp(Ez) , /2.2/ 

. --- ··- ------------ - •. 
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61 nma Ae rpooTa 

'l'(z) = Az exp(-Bz) 
(f'(z + 1)) 2 12.31 

el nma 610paca 

'P(z') =(Az'+B)exp(Cz'+Dz'2 ), 12.41 
rAe 

z' =(n 8 -a)l<n
8 

-a>. 

B pe3YJibTaTe MOmHo cKa3aTb, 4TO AJIH coyAapeHH~ npOTOHOB 
C HApaMH npH 3HeprHHX 60JibWe 20 r3B B~nOJIHHeTCH B nepBOM npH-
6JIHmeHHH YHHBepCaJibHOCTb n 8 -pacnpeAeJieHH~. 

B AaHHO~ pa6oTe paccMOTpHM eonpoc o TOM, e~nonHHeTCH JIH 
npHGnHmeHHbl~ KHO - CKe~nHHr H npH 6onee HH3KHX 3HeprHHX ennOTb 
AO 2 r3B B CTOJIKHOBeHHHX npOTOHOB C HApaMH $OT03MyJibCHH. 

Ha PHC.1a noKa3aH~ pacnpeAeJieHHH no MHOmeCTBeHHOCTH S -

4aCTHI..I lof1H03apHAHble 4acTHI..Ibl c {3>0,71 AJIH pEm -coyAapeHH~ 
e AHana30He 3HeprH~ 12,2-22,51 r3B, nocTpOeHH~e e nepeMeHH~x 
z = n§ I <n 8 >, KPHBaH 1 - 3TO $HT Cn3TTepH AJIH pp -e3aHMOAei1-
CTBHH, KPHBaH 2 - $HT 3KCnepHMeHTaJibH~X T04eK B~pameH~eM 
12.21. CneAyeT OTMeT~Tb, 4TO annpOKC~Mal..l~~. ~cnonb30BaHH~e 
B pafiOTaX /1/ H /6/, KOTOp~e nOJiy4eH~ np~ B~COK~X 3Hepr~HX, 
nnoxo on~c~eaiOT 3Kcnep~MeHTaJibH~e AaHH~e p~c. 1a ~ AaiOT 
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Pe3yJibTaT~ annpoKCHMai..I~H 
3KCnepHMeHTaJibH~X T04eK B~pame
HHHMH THna 12.21, 12.31 H $yHK
I..IHeH 610paca le npeAnono~eHHH 
a =01 npHBeAeHbl e TaGn. 1 a. 

BHAHO, 4TO 3T~ Kp~e~e nnoxo 
on~c~eaiOT 3KcnepHMeHTaJibH~e 

AaHH~e I x 2/DF 2: 51, OAHaKo 
$HT 3Ha4HTeJibHO yny4waeTcH, 
eCJIH HCKJ1104~Tb AaHH~e np~ 3Hep
r~~ 2,2 r3B lx 2/DF>31. 

B CBH3H C TeM, 4;0 B Hawei1 
npeAbiAYUiei1 pa6oTe 1 &I 6~no oT
Me4eHo, 4TO np~ 3HeprHHX nopHA
Ka HeCKOJibK~X r3B B pEm -
CTOJIKHOBeHHHX 60JibWOH BKJiaA 
AaiOT co6~T~H c n8 =0 ~ 4TO OH~ 
06pa3yiOTCH B OCHOBHOM 3a C4eT 
nepe3apHAK~ nepB~4HOrO npOTOHa, 

Ta6JIHQa I 

'X1/DF 
V(l) A B c D E. u-us[r3al!6-225 
a) 
(2.2) 2.31t0.09 '+.OOt016 0:11"!:0.13 0.01+1"!:0.008 -Z.31t0.10 ~.at 3.22 

(2.3) 1.16'+tD.Q36 0.649t 0.026 - - - 1.03 ~.89 

(2.4) 0.12t0.20 0.20t0.0'+ 0.1'2±0.25 -0.6U0.01 - '+.95 3.~ 

6) 
('2.2) 3.84t0.19 9.13!2.66 -t.16±0.'Z.1 0.091±0.018 -2.8810.19 214 2.~8 

(2.3) t881to.oss -1.000tO,Ot6 - - - 2.90 215 

(2.4\ 2.52'!: 0.1+1+ . 0.0'+'+10.101 -0.90t0.19 -0.46±0.06 - 21'+ 1.'+5 

e AaJibHei1weM ~3 3Kcnep~MeHTaJibH~x AaHH~x npH 3Hepr~Hx AO 
22,5 r3B 3T~ co6~T~H ~CKJII04aeM. 

Ha PHC.16 noKa3aHo n8 -pacnpeAeJieHHe e nepeMeHHOH z 
= n8 /<n 8 > AJIH OT06paHH~X TaKHM o6pa30M C06~THH IKpHBaH 
1 - 3TO CaM~H JIY4WHH $HT B~pameHHeM 12.211, B Ta6n. 16 npHee
AeH~ pe3yJibTaT~ annpOKCHMai..IHH 3THX T04eK B~pameHHHM~ T~na 
/2.21-12.41. 

··-"'''"""' ,...,..,.~.., ... . • ............... _ .................. OJ, ",...,., ..-nh1 ~~~~~~ ... ~ VnTnr"\LIV ,.... ..... _ .............. ~ ... , ··- ·~-. -,...-.. -
HCKJII04eH~ CJiy4a~ C D8=0,$HT BCeMH B~pameHHHMH 3Ha4~TeJibHO 
YJIY4WaeTCH, ~ nony4eHO x2/DF- 2,7. npH HCKJII04eHHH T04eK, 
COOTBeTCTBYIOUIHX 3HeprHH 2,2 r3B, $~T YJIY4WaeTCH, HO B 3TOM 
CJiy4ae He3Ha4HTeJibHO. 

CneAYeT 3aMeT~Tb, 4TO HaHXYAWee onHcaHHe AOCTHraeTcH e 
060HX CJiy4aHx $YHKI..I~ei1 Ae rpoOTa B npOTHBOnOJIOmHOCTb pe3yJib
TaTaM pa60T~ 111 npH B~COKHX 3Hepr~HX. 

3. MOMEHT~ n 8 -PACnPEAEnEHHn 

H3eecTHO, 4TO ecnH KH0-cKei1JIHHr Aei1cTeyeT npH cyl!leCTBYIOUIHX 
3HeprHHX, TO MOMeHT~ Da -pacnpeAeJieHHH Ck •<n:>/<n 8 >k, 
rAe k=2,3,4 H T.A., AOJimH~ 6~Tb He3aBHCHM~MH OT 3HeprHH nep
BH4HOrO aApOHa. 

Ha pHc.2 noKa3aHa 3HepreTH4eCKaH 3aBHCHM0CTb MOMeHTOB c2 
H Cs AJIH pEm-e3aHMOAei1cTBH~ e AHana3oHe 3HePrHi1 OT 2,2 AO 
200 r3B IAaHH~e npH 3HeprHHX 60JibWe 23 r3B B3HTbl ~3 pa60T~ 191 I. 
BHAHO, 4TO 3HepreTH4eCKaH He3aB~C~MOCTb c2 H Cs coxpaHHeTCH 
n04TH AO 3HeprHH 3,6 r3B IOTMe4eHO CTpeJIKOH Ha pHCYHKel H np~ 
HH3WHX 3HeprHHX CKe~JI~Hr HapywaeTCH. 
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t I • c, 

• c, 

B Ta6~.2 np~8eAeH~ 3Ha4e
H~fl MOMeHT08 <i• rAe k =2, 3 , 4, 
A~fl PEm -coyAapeH~~. OTAe~bHO -
~R rpynn~ ~erK~x (C, N, 0) 
~ TR>Ke~~x (Br, Ag) RAep 3MY~b
c~~ IAaHH~e np~ 3,6 r3B 83f1T~ 
~3 pa6oTbl /10/ I . 

.. !:..,-~---'-:-'-~--=..,.-~-~-::.,..-~.,E.L"'.r~~ B~AHO: a/ - 3HepreT~4ecKaR 
He3a8~C~MOCTb Ck np~fi~~3~Te~bHO 
coxpaHReTcR, XOTR ecTb c~afiaR PHc.2 
TeHAeH~~fl K n08~WeH~~ 3T~X 

3Ha4eH~~ C yMeHbWeH~eM 3Hepr~~, 6o~ee RpKO 8blpa>KeHHafl A~fl 
MOMeHT08 8b1CW~X nopf1AK08; 

6/ - 8 paMKax np~8eAeHH~X ow~6oK 3Ha4eH~fl ck A~fl ~erK~X 
~ TR>Ke~biX RAep co8naAaiOT. 

H38eCTHO, 4TO KHO-cKe~~~Hr AO~>KeH 8~no~Hf1TbCfl 8 ac~MnTOT~-
4ecKo~ o6~acT~, T. e. <n> >> 1 . 4T06bl ero Ae~CT8~e npOAO~M<~Tb 
8 o6~aCTio H~3W~X 3Hepr~~, Ei~pac C COTPYAH~KaM~ /11/ npe~O>K~~ 
H08Y~ cKe~~~Hr08y~ nepeMeHHY~ z'=(n-a)/<n-a>, rAe 
a- KOHCTaHTa, He3a8~C~Mafl OT 3Hepr~~. HO pa3Hafl A~fl pa3~~4-

H~X T~n08 83a~MOAe~CT8~~. 06o6~~8 $OpMy~y Bpy6~e8CKOrO, OH~ 
no~y4~~~ 8blpa~eH~e ~fl ~eHTpa~bHbiX MOMeHT08 n 5 -pacnpeAe
~eH~~ 8 8~Ae: 

11 l/N = ll' ( <'n '>- n \ /'2 1 I 
• .N --N ' ··a I""'" "I 

Ha p~c. 3 npeACTa8~eHa 3a8~C~MOCTb cTaHAaPT08 (0 = 1.1 ~) 
ns - pacnpeAe~eH~H OT <n

8
> 8 w~pOKOM A~anaaoHe 3Hepr~H A~fl 

pEm -coyAapeH~H. B peay~bTaTe noArOHK~ 3TOH aa8~C~MOCT~ 8blpa
>KeH~eM /3.1/ no~y4eHo: 

D =/0, 573~0, 009/ < n8 > + /0, 139~0, 024/, 
np~ 3TOM x2/DF =52,4 ~fl 10 T04eK ~ 3Ha4eH~ea =-0,243 
/Kp~8aR 1 Ha p~c.3/. 

Ta6nm~a 2 

N Ao.B,. 
T.r3B c2. Cs c4 Ct • Cs Cc. 

3.6* t'+8to.os 'Z.1t0.2 S.9t0.3 1.'+4:1:005 2.5 :t:O.I S.ftO.'Z. 
6.2 1.55t0.15 UtO~- ~.l.t 0.9 1.31 :t 0.08 2.0 :t 0.2 3,5tQ.5 

22.5 U1t0.11 UtO.S 4.3t 1.4 131:tO.H t.O:t 0.3 3.&t0.6 

61 1.35!:0.31 Ut0.8 4.~t21 1.3Q:t 0.16 l.O:t 0.4 3.St 0.9 

200 t.31±0.15 2.1!0.4 31!: 0.9 1.32t 0.10 l.f:!: O.t 3.9!:0.6 

300 uo:o.11 tQ!:O.~ 3.1± 1.0 1.31:!: 0.09 t.f:t O.t 3.1!:0.6 
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PHc.3 

• pp 
• pEm 
• pEm(W r\s•O) 

1l 16 <l'ls> 

Ha OCH08e 3TOrO 3Ha4eH~fl a 
Ha p~c.4a npeAcTa8~eHo ns -
pacnpeAe~eH~e 8 nepeMeHHO~ 
6~paca z'=(n 8+0,243) /<ns+ 
+0 ,243 >. noc~e $~n1p08aH~fl 3KC
nep~MeHTa~bHbiX T04eK KpH80~ 
/2.4/ no~y4eHbl 3Ha4eH~R napa
MeTpo8A =2,34+0, 15, B =-0,051+ 
+0,016, c =-0~78+0,10, ~ = -
~-0,48+0,04 H 8en~4~Ha X /DF = 
=1,99.-Ec~~ HCK~~4~Tb 3Hepr~~ 
2, 2 r3B, TO x2/DF He3Ha4~
Te~bHO y~y4WaeTCR ~ pa8HO 1 ,86. 

Ofipa~aR onRTb 8H~MaH~e Ha 
TOT $aKT, 4TO npH H~3WHX 3Hep-
rHRX 8 pEm -cTO~KH08eH~flX co-

6biT~R 6e3 pD>KAeHHbiX aapR>KeHHbiX 4aCTH~, T. e. C n 8 =0, o6paay~T 
oco6yD rpynny, 8 Aa~bHeHweM 8 A~anaaoHe 3HeprHH OT 2,2 AO 
22,5 r3B HCK~D4aeM 3TH C06b1T~R ~3 paCCMOTpeHHR H CTpOHM 3a8~
CHMOCTb no~y4eHHbiX TaK CTaHAapT08 OT <D 8> /TpeyrO~bH~K~ Ha 
pHC. 3/. npH 3TOM He KacaeMCR COfibiTHH C n 8=0 np~ 8b1Cl!JHX 3HeprHilX, 
TaK KaK HX pO~b C pOCTOM 3Hepr~H ~r.K~~4aeTCR,H np~ 22,5 r3B 
HX BK~aA COCTaB~ReT 0,7% OT nO~HOrO 4HC~a HeynpyrHX 83a~MO
AeHCTBHH. 

rf 

rL0~-~--7--~--~4~t·~n.n~~:~~~~ 

PHc.4 

101 

~·~--~-~--7---7.-~~ 
0 3 4 Z·<~:~ill> 
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;: ~ PHc.S 

8 
PHc.6 

4 ~ 
II ... . ,,,.. 
D 

,,,, 
It 1 ,, 

II 
I· )- I I 

l~ 

0 l 

4 8 12 16 <rts> r/ rJ '1!- Mr~&/d r1 

B peay~bTaTe noArOHKH ¢lYHK~HeH /3.1/ nony4eHo: 

D =/0,613!_0,009/ <n 1 > - /0,200.:!:_0,030/, 

rAe x 2/DF =14,6 npH 4HCne T04eK 10 H 3Ha4eHHHa =+0,326 /KpH
aaR 2 Ha pHc.3/. BHAHO, 4TO ¢lHTHpoeaHHe KPHBOH /3.1/ 3Ha4H
TenbHO yny4WHnOCb nocne HCKnt04eHHR C06~THH C D1 =0 H3 AaHH~X 
AO 22,5 r36 /3Ha4eHHe x2/DF yMeHbWHnOCb B 4 paaa/. 

u ... ...,,,,... 1.&:; ,.._,.. .. ,_ _ _,_..., ...... ,,... ft ____ ,.._ ....................... ,.. - -----··-····-·v. 
,,,.. ,....,_ • '""" ''t' .... ,.. .... ..... ..,.,, .... ,,~ - 8 ..,,..."""''t-"'-'M"""'•'"''''- .., ''"""..,"-"'~"".--•r•vr• 

610paca z' c HcnonbaoaaHHeM Hoaoro 3Ha4eHHRa =0,326. nocne 
noArOHKH 3KcnepHMeHTanbH~x T04eK KPHBOH /2.4/ nony4eH~ An~ 
ee napaMeTpoe 3Ha4eHHR A=1 ,86.:!:_0,332 8=0,246.:!:_0,068, C =-0,97,:!: 
.:!:_0, 17, D =-0, 32.:!:_0, 05 H 3Ha4eHHe x /DF =2, 16 /nocne 1-!CKnKNeHHR 
3HeprHI-1 2' 2 r3B x2/DF =2' 12/. KpHBall Ha PHC. 4a6 - caM~H ny4WHH 
¢lHT e~pa~eHHeM /2 ,lt/ c napaMeTpaMH, onpeAeneHH~MH a~we. 

Ha pHc.5 noKa3aHa aaeHCI-IMOCTb nepe~x Tpex MOMeHTOB J.l~lt 
OT <n

8
> AnR B3aHMOAeHCTBHH npOTOHOB C rpynnOH nerKHX H TR

~en~x RAeP 3MynbCI-IH. He BHAHO KaKOH nH6o A -aaeHCHMOCTH a no
BeAeHHH 3THX xapaKTepHCTHK, XOPOWO e~nonHileTCR nHHeHHaR aaaH-

1/k CHMOCTb J.1 k OT <D
1
>, KOTOpaR BbiTeKaeT H3 CKe~nHHrOB~X 

CBOHCTB D
8 

-pacnpeAeneHHH. 

3aBHCI-!MOCTb <n
8
>/D(n

8
) OT 3Heprl-11-1 nepB!-!4HOrO npOTOHa npH

BeAeHa Ha p!-!c.6. Ha 3TOM ~e pHCYHKe AnR cpaaHeHHR npHBeAeHbl 
AaHH~e AnR ncb pacnpeAeneHI-IH a HeynpyrHx pp-coyAapeHI-IRX. 
BHAHO, 4TO npH Po > 20 r3B/c 3Ta aaBI-!CI-!MOCTb npH6nH31-!TenbHO 
OAHHaKoea a p&n- H pp -e3ai-!MOAeHCTBI-IRX H cTpeMHTCR K 3Ha4e-
HHRM - 1 , 7 1-1 - 2 COOTBeTCTBeHHO, 

6 

4. KOPPEfl.RI..ll-11-1 ME)'(,QY BT0Pio14Hb1Mio1 4ACTio1l.lAMI-1 

6 HaCTOR~eH pa6oTe M~ paccMaTpHBaeM KOppenR~HH no MHO~ecT
BeHHOCTH Me~AY cHnbHOHOHH3HPYIO~HMH h -4aCTH~aMH I f3 < 0, 7 I H 
penRTHBHCTCKHMH s -4aCTH~aMI-1 I f3 > 0, 7 I H3 pF.m -coy"AapeHI-IH 
B l-!3y4aeMOH o6nacTH 3HeprHH • 

Ha pHc. 7 noKaaaHa aaei-ICI-!MOCTb cpeAHero 41-1cna h -4acT1-1~ oT 
41-1cna ~acTI-1~ a co6~TI-11-1. npoaeAeHa annpoKCI-!Ma~HR 3TOH aa
BHCI-!MOCTH /c HCKnt04eHHeM co6~TI-IH C D8 =0 npl-1 3Hepr!-!RX ~ 20 r3B/ 

¢lyHK~HeH Tl-!na 
<N h > .. tn 

11 
+ q, I 4. 11 

pe3ynbTaT~ annpOKCHMa~HI-1 npHBeAeH~ B Ta6n.3. AnR cpaBHeHHR 
a Ta6nH~e npeAcTaeneH~ TaK~e AaHH~e npH 6onee a~coKHX 3Hep
rHRX /1/, 

06paTHM BHHMaHHe Ha ABa ¢laKTa: 
a/ - C pOCTOM 3HeprHH nepBH4HOrO npOTOHa HaKnOH KpHB~X 

<Nh>. f(n
1

) cHa4ana 6~cTpO aoapacTaeT, a AHanaaoHe 
3HeprH~ OT 3,6 AO 8,7 r3B AOCTHraeT npeAenbHOro 3Ha4eHHR, 
3aTeM MeAneHHO naAaeT annOTb AO KOCMH4eCKHX 3HeprH~; 

6/ - npH 3HeprHRX MeHbWe 20 r3B co6~THR C D1 =0 o6pa3yiOT 
oco6y10 rpynny /oTMe4eHo HaMH a pa6oTe /81 I, H cpeAHRR MHO
~ecTaeHHOCTb h -4aCTH~ B TaKHX co6~THRX n04TH B ABa pa3a 
6onbwe, 4eM a ocTanbH~X cny4aRx. 

EcnH nocTpOHTb aaai-!CHMOCTb <Nh> oT HOPMI-!poaaHHoro 4HCna 
8 -4aCTH~ Z •D

1 
/<n

8 
> /pHc.8/, TO BHAHO, 4TO B OTnl-141-!e 

Ta(5nH~a 3 

<.flit,> 
6.21)8 JHIPU.I"te I< ~ 

.x}J)F 

15 
1.1 -QNtO.l'tl &'1't'+tO'W1 1.56/1 

/(oorJ8 
/ 3.6 00&910.11& l.DI't•Ol68 210/J 

/ 
/ 

/ 6.1 Ul't.t0.0149 5l51•0.14& ltUI/6 
10 / 

/ 
/ 3500r~ 

/ 
&.1 12~310111 21t14tOJ1t 9.01/6 

--/ - 22.5 0.991t0030 2l'l'lt0.158 5lS1ft! ----5 • 2.2rae 2'+ 099t006 095t010 -
o 3.6r38 
• &.2r38 50 01~0.12 t.!OtO.'oO -
• a.1r3B 

61 Cl11t008 t 0Qt0.15 -
0 

0 5 tO 15 20 ns 200 o~•oo2 0.86tO.t5 -
PHc.7 
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B~C~MOCTb <Nh> OT Z ~3MeH~eTC~ MOHOTOHHO ~ np~ 3Hepr~~X 6onb
We 20 r3B AOCT~raeT ceoero npeAenbHoro 3Ha4eH~~. 

H, HaKOHel.l, Ha p~c.9 npeACTaeneHbl OTHOWeH~~ <n 8>/D(n8 ) 
An~ n -pacnpeAeneH~.:1 e 3ae~c~MOCT~ oT n gIg - 4aCT~Libl - 3TO 

s w w 26 B OCHOBHOM npOTOHbl C K~HeT~4eCKO~ 3Hepr~e~ OT AO 

400 tbB/. 
B~AHO, 4TO: 
a/ - np~ ecex AOCTynHbiX 3Hepr~~x Ha6nKJAaeTc~ np~6n~3~Tenb-

HO n~HeHHa~ 3aB~C~MOCTb OTHOWeH~~ <n 8>/D~s ) OT ng; 
6/ - np~ 3Hepr~~ 3,6 r3B HaKnOH 3TOH Kp~B0.:1 OTP~LiaTeneH 

~ C pOCTOM 3Hepr~~ HaneTa~~ero npOTOHa B03pacTaeT, AOCT~ra~ 
npeAenbHOrO 3Ha4eH~~ np~ 3Hepr~~X ~ 20 r3B. 

5. d.>OPMA n8 -PAcnPEAEilEHHtl 

An~ on~caH~~ ¢opMbl pacnpeAeneH~.:1 no MHOmecTBeHHOCT~ 3ap~
meHHbiX 4acT~LI e hp -coyAapeH~~x np~MeH~nocb 6onbwoe 4~cno 
annpOKC~Mal.l~.:1. HCXOAR ~3 npeAnonomeH~n, BbiCKa3aHHOrO B /l/ 

hA -cTOnKHOBeH~.:1 cy~eCTBeHHbl.:1 0 TOM, 4TO np~ paCCMOTpeH~~ 
BKnaA MOryT AaBaTb BTOP~4Hble B3a~MOAeHCTB~R BHYTP~ RApa, ~c
nonb3yeM e AanbHeAweM ABe napaMeTp~3al.l~~. BbiTeKaKJ~~e ~3 MOAe
neA CO MHOr~M~ LleHTpaM~ pOmAeH~~ 4aCT~LI• 
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P(~~=~~--= o ... 
I 
I 
~ , '. 

Q3 I 
I 

02 

01 

B pa6oTe 1121 An~ on~caH~R ¢opMbl n oh- pacnpeAeneH~H e hP -
COYAapeH~RX np~MeHeHO pacnpeAeneH~e noAa-3reH6eprepa 

<n> )n 1 1 n-l 2 
P(n) = ( 

2 
- II (1 +a g ) , 

1+g2<n> (1+g2<n>)l/g nl a=O 
/5.1/ 

rAe g2=(D2-<n>)/<n>2 • np~ g 2 ... 0 t!JopMyna /5.1/ nepe-
XOA~T B pacnpeAeneH~e nyaCCOHa ~, ecn~ 3KCnep~MeHTanbHOe 

3Ha4eH~e g2 nonom~TenbHO, TO AaHHOe pacnpeAeneH~e w~pe pac
noe.aeneHl-1~ nyr:trC'"Oi--1.:\ _/ywt!' ~-~a g2< 'J/. T_::~~~:~ ::;5t:i,::,.;:,;.~, 69' Mum

HO paCCMaTp~BaTb KaK Mepy OTKnOHeH~~ AaHHbiX OT nyaCCOHOBCKOrO 
pacnpeAeneH~~. B 3TOH pa6oTe TaKme noKa3aHo, 4TO pacnpeAene
H~e /5. 1 I xopowo on~cbleaeT n

0
h -pacnpeAeneH~R AnR pa3HbiX T~noe 

hp -e3a~MOAe.:1CTB~H, np~ 3TOM napaMeTp g2 cna6o 3aB~C~T OT 
copTa nepB~4Horo aApOHa ~ ~MeeT c~nbHYKJ 3HepreT~4eCKyKJ 3ae~

c~MOCTb. 

Ha p~c. 1 0 npeACTaeneHbl n 8 -pacnpeAeneH~R AnR pEm -e3a-
~MOAeHCTB~H B A~ana30He 3Hepr~.:1 AO 22,5 r3B. 

npoBeAeHa annpOKC~Mal.l~~ ¢YHKI..I~e.:1 /5.1/ /cnnOWHaR Kp~ea~ 
Ha p~cyHKe/, pe3ynbTaTbl $~T~poeaH~R AaHbl e Ta6n.4a. TaM me 
noKa3aHbl AnR cpaeHeH~R 3~cnep~MeHTanbHble 3Ha4eH~R g~: B~A
HO, 4TO pacnpeAeneH~e no~a He coeceM YAOBneTeop~TenbHO onH
CbleaeT n 8 -pacnpeAeneHHe e AaHHOM AHana30He 3Hepr~A. Bocnpo~3-
BeAeHHe 3KCnepHMeHTanbHbiX r~CTOrpaMM YXYAWaeTCR B OCHOBHOM 
np~ nepeXOAe K 3Hepr~RM MeHbWe 6 r3B. HHTepeCHO, 4TO 3Ha4e
H~R napaMeTpa g 2 , nony4eHHoro np~ $~T~poeaH~~. e npeAenax 
ow~6oK coenaAaKJT c 3Kcnep~MeHTanbHbiM 3Ha4eHHeM g:Kcn. 

Ecn~ H3 pacCMOTpeHHOrO aHcaMfinR C06b1T~A HCKni04HTb C06b1T~~ 
6e3 pOmAeHHbiX 3apRmeHHbiX 4aCT~LI, TO ~3 p~C. 11 H Ta6n. 46 
B~AHM, 4TO npH $HT~poeaHH~ 3KCnepHMeHTanbHbiX pacnpeAeneH~~ 
¢YHK1..1He.:1 noAa ¢~T yxyAwaeTc~, oco6eHHO np~ H~3WHX 3Hepr~~x. 
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Ta6nHQa 4 

3HepzuW,al 22 I 3.6 I 6.2 I 8:7 I 22.5 I so I 200 
Q) 

7 -Q.283tD.O'+O -O.t11*0.012 -0.035tO.Ot1 0.136t O.OLJ 0.1'+9* 0.016 0.2&!0.02 Q.30~0.01 

~Ken. -a. us -0.111 -0.033 0.1'+9 O.t10 0.2'+ O.'l.i 

X/DF 13.33/'+ 82.51/S tz.21/8 29.26/!1 39.99/15 1.05 !.31 

6) 
~ 0.28"1*0.0U -OJ$9*0.012 -0.0Ut.O.OI3 0.192* 0.01+1 o.2nt o.ou 
i~Kcn. -0.'+90 -0.268 -0.01! 0.108 0.162 
;t:-y/DF 113.8/3 115.1 /'+ 22.1'+/1 23.09/10 14.90/1'+ 

Ha pHc.12 noKaaaHa 3HepreTH4ecKaR aaeHCHMOCTb napaMeTpa 
g~KOO. B pEm -eaaHMOAeHCTBHRX H AflR cpaBHeHHR npHBeAeH~ 
AaHH~e H3 pp -cTOnKHOBeHHH, 06pa~aeT Ha ce6R BHHMaHHe CHnbHaR 
3aBHCHMOCTb 3TOrO napaMeTpa OT 3HeprHH nepBH4HOrO npOTOHa B 
o6nacTH 3HeprHH AO 20 r3B H B~XOA Ha nnaTO npH B~CWHX 3HeprH
RX. 
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E,[ f3Bl 

MomHo TaKme OTMeTHTb, 4TO 
noeeAeHHe 3TOH 3aBHCHMOCTH B 
pEm -coyAapeHHRX 6nH3KO K 
CIHya~HH B pp -HeynpyrHX B3aH
MOAeHCTBHRX /6enble KpymKH Ha 
pHC, 12/, 

AeTopbl pa6oTbl 1131 npeAflOmHnH 
AflR onHcaHHR Dch-pacnpeAeneHHH 
B hp -eaaHMOAeHCTBHRX T.H. 
pacnpeAeneHHe 3A~eaopTa. B ne-
peMeHHOH X • (D- <n>)/D nnoT-
HOCTb eepORTHOCTH HMeeT BHA 

1 -~ x2 Yt Y2-3 yf 
f(x)--=-e I1+-H3 (x)+--H4 (x)+-He(x)+ ..• l, /5.2/ 

y'a-rD 8 24 72 
rAe Ht (x) - nonHHOM 3pMHTa eToporo poAa; D =1-1¥~ y 1 =1-1s/D

3 

H y 2 - ~-& 4 /D4 I"' 1 - ~eHTpanbH~e MOMeHTbl n ch -pacnpeAeneHHR/. 
npH npeHe6pemeHHH TpeTbHMH H nocneAYO~HMH 4neHaMH H3 /5.2/ 

nony4aeTcR AHCKpeTHOe pacnpeAeneHHe 1131 

- ~ 2 
P(n)- v' ~ .!.a- x (1 + 2::!. Ha (x)), /5.3/ 

" D 31 

KOTopoe no 1131 xopowo onHc~eaeT 3KcnepHMeHTanbH~e AaHH~e AnR 
acex THnoe hp -coyAapeHHH. 

HaMH 6~na CAenaHa non~TKa annpoKCHMHpoeaTb n8-pacnpeAene
HHR B pEm-coyAapeHHRX npH 3HeprHRX AO 22,5 r3B AflR BCeX 
co6~THH H AflR co6~THH C 011 ~ 1 • 

B peaynbTaTe nony4eHo, 4TO pacnpeAeneHHe /5.3/ nnoxo onH
c~aaeT 3KCnepHMeHTanbH~e AaHHble B H3y4aeMOH HaMH o6naCTH 
3HeprHH /pHc.10 H 11/, 3KcnepHMeHTanbHO nony4eHH~e 3Ha4eHHR 
aCHMMeTpHH D 1 -pacnpeAeneHH~ Yt,~cn.04eHb OTnH4aOTCR OT TeX 
me 3Ha4eHHH, npHBOAR~HX K CaMOMy ny4WeMy $HTY n8 -pacnpeAene
HHH, 

~ HaKOHe~, Ha pHc,13 npeACTaaneHa 3HepreTH4eCKaR 3aBHCH
MOCTb napaMeTpa Yl,9K:n. AflR pEm -aaaHMOAeHCTBHH H AnR cpaeHe
HHR npHaeAeH~ AaHHble no pp-cOyAapeHHRM. BHAHO, 4TO B OTnH-
4He OT AaHHbiX no pp-a3aHMOAeHCTBHRM, KOTOpWe AflR B~COKHX 
3HeprHH /Po 2: 10 r3B/c/ 3HepreTH4eCKH He3aBHCHM~, B pEm -
CTOnKHOBeHHRX 3Ha4eHHR · Yl,3KCil~Ha4ana C pOCTOM 3HeprHH naAaOT 
/B PP -TO me caMoe/, HO Ha4HHaR C 3HeprHH nopRAKa ~ 6 r3B, 
Yt MeAneHHO pacTyT c pocTOM 3HeprHH nepBH4HbiX npoTOHOB. 

HaMH 6blna CAenaHa TaKme nonbiTKa annpoKCHMHpoeaTb n 8 -
pacnpeAeneHHR B o6naCTH AO - 20 r3B pacnpeAeneHHeM nyaCCOHa, 
HO eo ecex cny4aRx nony4eHo HeYAOBneTBOpHTenbHOe cornacHe 
C 3KcnepHMeHTOM, 

ll 



PHc.l3 
~ • pEm 

• pp 
u 

t 
\0 . ,, 

~ f 
TaKHM o6pa30M MomHo cKa3aTb, 

Ql 

t I I 
4TO caMo~ ny4we~ annpOKCHMa~He~ 

• f11f1 t I ~ 
Anft n 8 -pacnpeAeneHH~ a p»n-
B3aHMOAe~CTBHRX B o6naCTH 

Ql · I t t 3HeprH~ AO 20 r3B RBnReTCR pac-

10 50 100 lOOP. npeAeneHHe no~a-3reH6eprepa. 

3AKJ104EHI1E 

npOCYMMHPOBaB pe3ynbTaT~ HaWe~ pa6oT~, MOmHO CAenaTb cne
AYIOIIIHe B~BQA~: 

1. npH6nHmeHH~~. KHO-cKe~nHHr Ha6niOAaeTCR AnR pEm -coyAa
peHH~ B oonaCTH 2-20 r3B. 

2. CornacHe co cKe~nHHroM yny4waeTcR, ecnH HCKni04HTb co6~
THR C 08 =0, Ce4eHHe pOmAeHHR KOTOp~X HMeeT RpKO B~pameHHYIO 
3HepreTH4eCKYIO 3aBHCHMOCTb. 

3. HaHny4wee onHcaHHe n. -pacnpeAeneHH~ AOCTHraeTcR KHO
~YHK~He~ 610paca co 3Ha4eHHeM napaMeTpa a =-0,243. 

4. HoMeHT~ n8 -pacnpeAeneHH~ a pQn-coyAapeHHRx yAoaneTaopR
IOT H3BeCTH~M COOTHOWeHHRM, B~TeKaiOIIIHM H3 HanH4HR npH6nHmeH
HOrO KHO-cKe~nHHra. 

5. 11cnonb30BaHHe CKe~nHHrOB~X nepeMeHH~X npHBOAHT K MOHO-
TOHHOMY H3MeHeHHIO KOppenR~HOHH~X 3aBHCHMOCTe~ MemAY 
MHOmeCTBeHHOCTRMH pa3nH4H~X THnOB 4aCTH~ B pA-coyAapeHHRX B 
HHTepeane 2-400 r3B. 

6. npH BCeX AOCTynH~X yCKOPHTenbH~X 3HeprHRX B~nonHReTCR 
npH6nH3HTenbHO nHHe~HaR 3aBHCHMOCTb OTHOWeHHR <n 8 >/D(n 8 ) OT 
Dg, npH 3TOM HaKnOH 3TO~ 3aBHCHMOCTH C pOCTOM 3HeprHH paCTeT, 
AOCTHraR MaKCHManbHOrO 3Ha4eHHR npH 3HeprHRX >20 r3B. 

7. 6onee HnH MeHee YAOBneTaopHTenbHOe onHcaHHe pacnpeAene
HHR nO MHOmeCTBeHHOCTH S-4aCTH~ 8 o6naCTH 2-20 r3B AOCTHraeT
CR pacnpeAeneHHeM no~a-EreH6eprepa. 

8. napaMeTp g2 pacnpeAeneHHR no~a HMeeT CHnbHYIO 3aBHCHMOCTb 
OT 3HeprHH B AHana30He 3HeprH~ AO - 20 r3B C B~XOAOM Ha nnaTO 
npH B~CWHX 3HeprHRX. 

AeTop~ e~pamaiOT 6naroAapHOCTb K.A.ToncToey H K.r.rynaMoey 
3a nOAAepmKy, nOCTORHH~~ HHTepec K pa6oTe H 3a PRA KpHTH4eC
KHX 3aMe4aHH~, CAenaHH~X npH ee o6cy~eHHH. 
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1-82-388 
no MHO~eCTBeHHOCTH nHBHeB~X 4aCTH~ BO B3aHMOAeHCTBHRX npOTOHOB C RApaMH 
npH 3HeprHRX 5 20 r3B 

npeACTaBnCH~ pe3ynbTaT~ aHanH3a xapaKTepHCTHK S-4aCTH~ BO B3aHMOAeHCT
BHRX npOTOHOB C RApaMH ¢oT03MynbCHH B AHana30He 3HeprHH /2-22/ r3B. noKa-
3aHO, 4TO B 3TOH o6nacTH 3HeprHH HafiniOAaeTCR npH6nH~eHHbiH KHO-cKeHnHHr, 
HaHny4wee onHcaHHe n • -pacnpeAeneHHH AOCTHraeTcR KH0-4JyHK~HeH 610paca co 
3Ha4eHHeM napaMeTpa a =-0,243 . 

H3y4eH~ HeKOTOp~e KOppenR~HOHH~e 3aBHCHMOCTH 5- H h-4aCTH~ H nony4eHO 
4TO npH 3HeprHRX > 20 r38 OHH AOCTHraiOT npeAenbHOrO 3Ha4eHHR. 

noKa3aH0 0 4TO 6onee HnH MCHee YAOBneTBOpHTenbHOe OnHCaHHe 4JOpM~ n5 -pac
npeAeneHHR AOCTHraeTCR 4JyHK~HeH noHa-3reH6eprepa, npH 3TOM napaMeTp g2 
3Toro pacnpeAeneHHR B~XOAHT Ha nnaro npH 3HeprHRX ::;: 20 r3B. 

Pa6oTa B~nonHeHa B na6opaTOPHH B~COKHX 3HeprHH OH~H. 

Vok~ l humbe ra M. ompa ra ti ve na l ysis o f Multi pl ici y 
Distributions of Shower Particles Emitted in Proton-Nucleus 
Interactions at520 GeV Energies 

1- G2 - 388 

The results of analysis of character i stics of s -particles emitted in 
interactions of protons with emulsion nuclei in the (2-22) GeV energy range 
are presented. It is shown that in this energy range approximate KNO-scal ing 
is observed,better description is given by Buras funct ion with a =-0 . 243 
parameter value. Some multiplicity correlations of s- and h-particles are 
studied. It is obtained that at energies > 20 GeV they have asymptotic re
gime. It is shown that rather good description of the form of o

5
-distributi

on is obta i ned by Poya-Egenberger's function.lt is seen that the parameter 
g2 of this distribution comes on the plateau at ?;20 GeV energies. 

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

Communication of the Joint Institute for Nuclear Research. Oubna 1982 
nepeBOA O.C.BHHOrpaAOBOH. 

1-


