
~ 

y 

3 

H.AHre~oB, H.Axaqa6»H, 
B.r .rpHlliHH, M.KoBaAbCKH 

0 6b8AMH8 H Hbl M 
MHCTMTYT 
RA8PHblX 

MCCJ18AOB8HMM 

AY6H8 

t-o/v11-t?I 
Pl -81 -190 

t I. 

~" ;, 
t \f • 

UPQCTPAHCTBEHHO-BPEMEHHhlE •J: '.'t I"·: 
f.., .. 

X,APAKTEP11CT11K11 OBJIACT11 113JJY1IEH11H -~{ 

i BTOP111IHhlX OTP11UATEJihHhlX ID10HOB, 

J OBPA30BAHHhlX B .n-p -83A11MO,l1;EJ1CTBHH 
Ji ., ,. 

40 r3B / c 

~ .~, 
._..'~ .. If t ·i', 

-.~·11 t:-. ~-

~; 



i; 

,1·;. 

~:,·t: 

h ,, 

~~;> 

?',i-

llt\,. ,;,-., -I 
'f " ,.' _· -J _· ,: ,trl{~ ','t,_ . 

" •-

t<J 
,\i 
;11 

t :~ 1-- "l' -t ( 
~~i ► _ 
'·j 
'f 'i•~ )F,; 

~> 

'l ,., 
, . l 

r j 
, :/-r 

• I 
.' 

.rl ,: 
-l' \ \r 
~- ~ .. ,,, 

3602/2-eI np. 

/f-6VC AareJroa H.• JlP• 
fipoc'l'pa11c'l'ae11a~ 

-speMeR11Be xapax'l'epxc
'l'■xw ••• PI-81-190. 198! 

\ 
, 

I - f-•-

:r' 
2,' 

; 

. .,._..., 

. 

' 

§ 1 . BBEAEHl-1E 

l-iHTep¢epeH4MH TO*AeCTBeHH~X 4aCTM4, o6pa30BaHH~X BO MHO
*eCTBeHH~X npo4eccax, AaeT B03MO*HOCTb onpeAenMTb npocTpaHcT
BeHHO-BpeMeHH~e xapaKTepMCTMKM o6naCTM MX M3y4eHMH,Heo6xOAM
M~e AnH M3y4eHMH AMHaMMKM CMnbHWX B3aMMOAeHCTBMH. B HaCTOH~ee 
BpeMH MMe~TCH y~e HeCKOnbKO AeCHTKOB 3KcnepMMeHTOB, B KOTo
pwx no MHTep¢epeH4MM BTOPM4HWX nMOHOB onpeAenHeTCH paAMYC 06-
naCTM M3 M3ny4eHMH. AnH aApOH-aAPOHHblX B3aMMOAeHCTBMH B WMpo
KOM MHTepBane 3HeprMM nepBM4HO~ 4aCTM4bl / E = 10 71500 13B/ I' = 
= /1 ,8~0,2/ IM B c.4.M. ' 11. 0AHaKO ecTeCTBeHHO O*MAaTb, 4TO 
nony4eHHble 3Ha4eHMH r xapaKTepM3Y~T nMWb cpeAHMH MnM 3¢¢eKTMB
HWH paAMYC o6naCTM M3ny4eHMH nMOHOB, 4TO CBH3aHO C pa3nM4HWMM 
MexaHM3MaMM MX o6pa30BaHMH. HanpMMep, B HaCTOH~ee BpeMH 3KCne
PMMeHTanbH~e AaHH~e CBMAeTenbCTBY~T 06 o6MnbHOM PO*AeHMM Me-
30HHWX pe30HaHCOB B 3TMX npo4eccax. Pa3H~e BpeMeHa *M3HM paa
nM4HWX TMnOB pe3oHaHCOB MOryT npMBeCTM K noHBneHM~ 4enoro 
Ha6opa r i • 

B HaCTOH~eH pa6oTe M3y4a~TCH npocTpaHCTBeHHO-BpeMeHH~e xa
paKTepMCTMKM B c.4.M. o6naCTM M3ny4eHMH nMOHOB, o6pa30BaHHblX 
BO B3aMMOAeHCTBMHX 

TT- + p ➔ TT~+TT; + x++ /1/ 

npM P= 40 13B/c. AaHH~e no xapaKTepMCTMKaM 3TOH o6nacTM B na-
6opaTopHOH CMCTeMe KOOPAMHaT /n.c./ AnH TT-P- ,TT-fl- M TT-c -

B3aMMOAeHCTBMH npM TOH *e 3HeprMM npMBeAeH~ B~~ CTaTMCTM4eCKMH 
MaTepMan /oKono 18000 co6~TMH/ nony4eH npM o6pa6oTKe CHMMKOB 
B3aMMOAeHCTBMH, aaperMCTpMpOBaHHblX C noMO~b~ 2-MeTpOBOH npona
HOBOH nyawpbKO BOH KaMepw fla6opaTopMM BWCOKMX 3HeprMH OHRl-1, 
o6ny4eHHOH TT- -Me3oHaMM C p = 40 13B/c Ha cepnyxoBCKOM YCKOpM
Tene 1-1¢B3. MeTOAM4eCKMe Bonpoc~ o6pa60TKM co6~TMH M OCHOBH~e 
xapaKTepMCTMKM npo4eccoB TMna /1 / npeACTaBneH~ B t.3 / , 

§2. PA3MEP~ 06flACTl-1 l-13flY4EHl-1R OTPl-1UATEflbH~X nHOHOB 

AnH TO*AeCTBeHHWX 6030HOB MHTep¢epeH4MH KOHCTpyKTMBHa, M MX 
nnoTHOCTb B ¢a30BOM npocTpaHCTBe MMeeT BMA~~ ~ 

W1(P1 , P2 )= [ 1 + L\(q,P)] WcjJ(P
1 

,P
2 

), 

"'#.7.r,:;;•·• ,•,, ) ' . ' 1/f , , . ~l,,-"l'.1''1-- ·1 QIU ..., ,~ J. ,. - . . .. . . .. i !' . , I . • I) J 

uer,tl..ll. i: .. , -~•=i:: :-,:~~ 
l::'t, ·•·,.., , . ·r - u.t, 

'ti ~ ·u .:, trr .l_) I C &l.r\ 

/2/ 
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rAe pl , P2 -4eTb1pe-1-1MnyJ1bCbl nHOHOB; q=P1-P2 ; P ~pl+ P2 H 
Wqi(P1,P2) - nnoTHOCTb nap nHOHOB npH OTCyTCTBHH HHTep$epeH-
4HH. <i>yHK4HR ~(q, P) ➔ 1 npH q ->0 H ~(q, P) .. 0 BHe 06J1aCTH 1-1H
Tep$epeH4HH, KoHKpeTHWH BHA $YHK4HH ~(q,P) 3aBHCHT OT npHHR
TOH MOAeJlH o6pa3oBaHHR BTOPH4HWX 4acT1-14. HanpHMep, eCJlH 1-1c
T04HHKH nHOHOB C epeMeHeM >KH3HH T 

11 BKJ1I04alOTCR 11 OAHOBpeMeHHO H 
pacnOJlO>KeHbl Ha noeepXHOCTH c1t)epbl paAHYCa r • TO . 

[2J1(q.Lr)/q.Lr]~ exp[.:..fq1r2]. 
~(q,P)= . -,::: ---- /3/ 

1+ (q T )2 1+(<Jor)2 
0 ➔ ➔ 

.. ➔ .. .. .. p 1 +P2 
rAe~=EcE2 ,q=q-(q,n)n; Il=~-- H J 1(qr)-

.L IP1+r2I .L 
$YHK4HR 6eccenR nepeoro nopRAKa • .Q.nR y4eTa BJ1HRHHR PRAa MeTo
AH4eCKHX $aKTOpOB H B03MO)l(HblX cne41-1$1-14eCK"1X AHHaMH4eCKHX Kop
peJ1R4HH nepeA HHTep$~eH4"1-10HHblM 4J1eHOM OUW4HO BBOAHTCR HeKo
TOpblH MHO>KHTeJlb ,\ ~' 1 I, 

3Kcnep1-1MeHTaJ1bHOe HCCJleAOBaHHe 3$$eKTa HHTep$epeH4HH ceo
AHTCR K nocTpoeHHIO AB.YMeptmro pacnpeAeJleHHR: 

D(q • q2 )= N~ dN(qo ,qi) /4/ 
o .L N dN~qo, q;) 

rAe N(qo,qf) - 4HCJ10 nap nHOHOB B peaK4HH /1/ C AaHHblMH qo 
1-1 qf , Ncp(~,q.Lf-,41,1c110 11$0HOBblX11 nap, N·qi 1-1 N - no11Hoe 41,1c-
110 COOTBeTCTBYIO~HX nap B paccMaTpHBaeMOM HHTepeane nepeMeHHWX 
qo , H qf • 3Ha4eHHR pa3MepoB 0611aCTH H3Jly4eHHR r H c r no11y4a10T
CR npH annpoKCHMa41,11,1 MeTOAOM HaHMeHbWHX KBaApaTOB 3Toro ABY
MepHoro pacnpeAeJleHHR $YHK41-1eH i1-1na /2/: 

[2J ( q r) / q r] 2 

D(%,q~)=A(1+ 
1 

1. 2 1. ), /5/ 
1+ (qcf) 

rAe A - HOPMHPOB04HblH MHO>KHTeJlb' OH paBeH D(qo .q~) BHe 06-
11aCTH HHTep$epeH4HH. 

B Ta611. 1 npHBeAeHbl no11y4ei-t_Hble TaKHM o6pa30M 3Ha4eHHR napa
MeTpOB AilR peaK4HH /1/. B Ka4eCTBe $OHOBoro pacnpeAeJleHHR 1-1c
noJ1b30BaJ1HCb CJly4aHHble KOM61-1Ha41,11,1 nap OTp1-14aTeJ1bHblX nHOHOB 1-13 
pa3HWX co6WTHH. noeeAeHHe pa3J1H4HWX $OHOBWX pacnpeAeJleHHH np1-1-
MepH~ OAHHaKOBO, 6011ee AeTaJlbHO OHO o6CY>KAaJlOCb e121 • 0TMe
THM, 4TO OWH6KH B onpeAeJleHHH qo 60JlbWe, 4eM npH onpeAeJleHHH 
qf . noaToMy no11y4aeMoe 3Ha4eHHe cr cneAyeT paccMaTp1-1eaTb 

Kak HH>KHIOIO rpaH1-14y. 
KaK BHAHO 1-13 Ta6111-14w, 3Ha4eHHe napaMeTpa A Be3Ae MeHbWe 

eAHHH4W, 4TO CBR3aHo C HOPMHPOBKOH 3KcnepHMeHTaJlbHWX pacnpeAe
IleHHH Ha nOJlHOe 4HCJ10 nap nHOHOB B paccMaTpHaaeMOH 0611acTH ne
peMeHHblX q O H qf. 3Ha4eHHe >.. B npeAenax CTaTHCTH4eCKHX ow1-160K 

2 

l 

l 
I 
I 
J. 

I 

Ta6mu-1a I 

3natJeHHH napaMeTpOB annpOKCHMaJ-IHH p;ByMepHb!X pacnpep;ene
HHli /4/ <PYHKJ-IHeH /5/ p;m1 pe3KJ-IHII /1/ 

fpaHHJ-lb! o6naCTH 
annpOKCHM3J-lllll A A r • ¢M CT, <l>M ,.,,2 
qo, f3B q2 f3B/c2 I 

.I.. CT.CB, . 
0,2 0,04 0,88±0,03 I,I±0,3 3,5±0,5 4,0±I,3 I,I 

0,3 0,06 0,90±0,02 I,0±0,2 3,4±0,5 3,4±0,9 0,9 

0,4 0,08 0,89±0,04 0,8±0,3 2,4±0,8 2,3±,0,9 I,O 

0,5 O,I 0,65±,0,II 0,9±0,3 I,I±0,2 0,6±0,I I,I 

0,5 0,2 0,72±0,04 0,7±0,I I,0±0,I 0,7±0,I I,I 

He OTJ1H4aeTCR OT eAHHH4bl, KPOMe nocneAHero HHTepeana annpoK
CHMa4HuHHOH o6naCTH. 0AHaKO npocTpaHCTBeHHo-epeMeHHble xapaK
TepHCTHKH 0611aCTH H3J1y4eHHR H3MeHRIOTCR npH yBeJ1H4eHHH 0611acTH 
annpoKCHMa41-11-1. 3Ha4eHHe r yMeHbwaeTCR OT 3,5 AO 1 ,o $M, a C, 

yMeHbWaercR OT 4,0 AO 0,7 $M*.3TOT pe3yJlbTaT MO>KHO HHTepnpe
THPOBaTb KaK yKa3aHHe Ha cy~eCTBOBaHHe HeCKOJlbKHX HCT04HHKOB 
H3IlY4eHHR "--Me30HOB C pa3J1H4HWMH npocTpaHCTBeHHo-speMeHHWMH 
xapaKTepHCTHKaMH. 

B CBR3H C 3THM 6w111-1 npoaHaJ1H3HPOBaHW OAHOMepHwe pacnpeAe-
neHHR 

. 2 
R 2 Ngi dN(q.L) 

(q.L )= N dNq{q~) ·• 

Nq1 dN(Qo) 
T(q ) = - -----

o N , dN4i( q0) 

/6/ 

17/ 

2 • 
npH pa3HWX orpaHH4eHHRX Ha qo H q.L COOTBeTCTBeHHO. B Ta611.2 
1-1 3 npeACTasneHbl 3Ha4eHHR napaMeTpos, nony4eHHble np1-1 annpoK
c1-1Ma41-11-1 3Kcnep1-1MeHTaJ1bHblX pacnpeAeJleHHH /6/ H /7/ $YHK4HRMH 
BHAa 2 

2 4J 1(q.Lr) 
R(q )= a [ 1 +>.. 1 --------·]. 

1. ( q r )2 
1. 

/8/ 

>..2 T(q
0

) = c [ 1 + ____ ...;.}. 
1+(~ r)2 /9/ 

* TaKHM o6pa30M, $OpMyna /5/ C annpOKCHMHPOBaHHblMH napa
MeTpaMH r Hr He OnHCblBaeT 3KCnepHMeHTaJlbHblX AaHHblX AilR 1-1ccne
AOBaHHR o6naCTH nepeMeHHblX qo 1-1 q ~ 

3 



4 

Ta6nm~a 2 

3HaqeimH napaMeTpoB annpoKcttMau;m-1 o,a;HoMepHbix pacnpe,a;e
neHHH no qf- /6/" <l>YHKll;HHMH /8/ nptt pa3HblX orpaHHqeHHHX 
no . <lo ,a;nH npou;ecca /I/ 

q~S0,2T3E 
0 paHH'leHHe 

~ r3B· 
a "-1 r' <I>M )(lT,CB, 

0,050 0,89±0,02 0,85±0,16 3,3±0,4 l,4 

O,IOO 0,92±0,02 0,69±0,12 3,4±0,4 l,5 

0,150 0,94±0,02 0,49±0,08 . 3,1±0,4 l,4 

0,200 0,89±0,02 0,32±0,04 l,6±0,3 l,7 

,0,250 0,90±0,02 0,32±0,05 l,7±0,3 l,8 
' 0,300 0,88±0,03 0,31±0,05 l,5±0,3 l,7 

0,350. 0,89±0,04 0,30±0,05 . l,4.±,0;3 l,8 

0~400 0,89.±,0,03 0,27±0,04 l,4±0,3 l,7 

0,450 0,92±0,02 0,25±<),03 l,7±0,3 l,7 

0,500 0,95±0,0l 0,30.±,0,04 1~9.±,0,3 l,8 

Ta6nuu;a 3 

3HaqeHmi napaMeTpOB annpOKCHMau;HH O,ll;HOMepHbIX pacnpe

,a;eneHHH no <Jo ./7 / <l>YHKI1HHMH /9/ npu pa3Hb!X orpaHttqe
HHHX ·no q 2 ,a;JIH npou;ecca /I/ 

.L 

q0~o,3oo 
x2 OrpaHHtJeltHR C "-2 Cr, 1PM I 

qi /f3B/c/ 2 :, CT,CB, 

O,OIO 0,86.±,0,04 , 0, 76±0,16 3,9±1,2 l,3 

,.' 
0,020 0,87.±,0,03 0,50.±,0,09 2,4±0,8 0,9 · 

0,030 0,94±0,02 0,44±<),08 8,3.!:.l,O · 0,9 
'' 

0,040 0,88±0,03 0,37±0,06 l,8±,0,7 l,l 

0,050 0,86±0,04 0,37.±,0,06 I,5±<),8 0,9. 

0,060 0,84±0,05 0,36±0,07 l,I±0,4 0,9 

0,070 o.,84±0,05 0,35±<),07 I,0±0,3 0,9 

0,080 0,82±0,05 0,37±0,08 0,9±0,2 I,I 

0,090 0,8!±0,05 0,40±0,08 0,9±0,3 I,2 
O,IOO 0,83.!:.0,05 0,36±0,07 l,0.±,0,3 I,I 

., 

.. 

) 

KOTO,pble noJly4alOTCR 1-13 /5/ 1'1HTerp1-1poaaHHeM no qo H q~ COOTBeT

CTBeHHO. KoHe4HO,.Ha-sa 3Toro B OAHOMepH~X pacnpeAeJleHHHX 3$
$eKT HHTep¢epeH4HH npOHBJlHeTCH c11a6ee, 4eM B ABYMepH~X. KaK 
BHAHO 1-13 Ta6111-14, 11HHTep$epeH4HOHHb1e 11 K03$¢1-141-1eHTbl ,\ 1 H "-2 
yMeHbWalOTCH C yBeJlH4eHHeM qo H q1, 3Ha4eHHH napaMeTpoB r H Cr 
HaXOAHTCH B cor11ac1-11-1 C COOTBeTCTBYIOU\HMH 3Ha4eHHHMH, no11y4eHHb1-
MH H3 aHaJlH3a ABYMepHblX pacnpeAeJleHHH, 0AHaKO CTaTHCTHKa nap 
nHOHOB B HHTep¢epeH4HOHHOH 0611acTH B03pacTaeT, 4TO AaeT aoa
MOmHOCTb 6011ee T04HO onpeAeJ11'1Tb 3Ha4eHHH 3THX napaMeTpOB. ~JlH 

HJlJllOCTpa4HH Ha PHC. 1 noKaaaHO H3MeHeHHe pa~1-1yca r B 3aBHCHMO
CTH OT orpaHH4eHHH no qo 

MomHO 1'13Y4HTb 3aBHCHMOCTb no11y4eHHblX peayJlbTaTOB OT B~6paH
HOH MOAeJlH pacnpeAeJleHHH HCT04HHKOB H3JlY4eHHH nHOHOB. 8 Ka-
4eCTBe BTOporo Bap1-1aHTa MOAeJlH 1-1cno11bayeM npocTpaHCTBeHHOe pac

npeAeJ1eH1-1e ~CT04HHK08 C nJlOTHOCTblO 

➔ 1 · r 2 

p(r) = -----,- exp(- --2), 
(2 " R 2) 3 2 2 R 

~.s 

3,0 

' ::r 
~ 2,S 
r-' 

2,0 

1,S 

!H H 
f 

0,1 

IIfIU I 
0,2 O,!> q,. (f1B) 

Pttc. I • 3HaqeHHH pa,a;ttyca (r) o6nac·rH reHepau;HH 
BTOpHqHbJX n:-:...Me30HOB B c.u;.H. npH pa3Hb!X 
or'paHttqeHttHx Ha q0 • nonyqeHHbie npH annpoK
CHMall;HH . O,ll;HOMepHbIX pacnpe,a;eneHHH / 6 / qiyHKu;HeH 
/8/. 

/10/ 

5 



KOTOpoe npHBOAHT ~(q,P) H3 /2/ K BHAY 
➔ 2it2 

1'1(q,P) = exp(-q ) , /11/ 
1+(qor)2 

rAe q = p
1 
-ii £61 • np1-1 3TOM HaAO OTMeTHTb, 4TO cpeAHeKBaApa

TH4HblH paAHYC AflR npocTpaHCTBeHHOro pacnpeAeneHHR /10/ 

<r 2 >½ =v~R. /12/ 

a AflR pacnpeAeneHHH HCT04HHKOB no nosepXHOCTH 
no3TOMY ~PH conocTasneHHH pe3ynbTaT0B aHanH~a 
ABYM MOAeflRM ny4we cpaBHHBaTb 3Ha4eHHR <r 2>! 

c(!)epbr <r 2)/2 = r. 
AaHHblX no 3THM 

B Ta6n.4 npeACTaBneHbl 3Ha4eHHR napaMeTpoB, nony4eHHble npH 
annpOKCHMa4HH 3KCnepHMeHTaflbHblX pacnpeAeneHHH 

➔ Nqi dN(q) 
R(q) = -·-------

N dNqi(q) 

<l>YHK4HeH BHAa 
2. 

➔2<r >•) 
R(q) =a,[ 1+$exp(-q T) 

/13/ 

/14/ 

npH pa3flH4HblX orpaHH4eHHRX Ha Qo- B npeAenax CTaTHCTH4eCKHX 
OWH60K OHH He OTflH4aJOTCR OT 3Ha4eHHH, nony4eHHblX B MOAeflH C 
HCT04HHKaMH, pacnpeAeneHHblMH Ha nosepXHOCTH c(!)epbl. 

TaKHM o6pa30M, nony4eHHble pe3yflbTaTbl noKa3blBaJOT, 4TO npocT
paHCTBeHHo-speMeHHble xapaKTepHCTHKH o6naCTH H3fly4eHHR 0TpH4a
TeflbHblX nHOHOB B npo4ecce /1/ B c.4.H. Heflb3R xapaKTepH30BaTb 

6 

Ta6mu.\a 4 

3Ha~eHHH napaMeTpOB annpOKCHMa~HH·OAHOMepHblX pacnpe
geneHHH /13/ ~YHK~tteh /14/ gnH npo~ecca /1/ 

OrpaHHtJeHJfl! ' 8 ½ )(2 
no q0 • r::,B 

a, <r2>, <lJM lcT.CB. 

o,roo 0,94±0,02 0,86±(),I7 2,7±,0,3 I,I 

0,200 0,93£0,02 0,57±0,09 I,8±0,2 I,4 

0,300 0,98±(),02 0,53±0,07 I,5±0,I I,8 

0,400 o., 93±0, 02 0,54±,0,08 I,5±0,I I,2 

0,500 ,0,98±(),02 0,54±.0,08 I,4±0,I I,2 

J; 

\l 
l 
l 
f 
I 

i 

,f 

\f 
) 
! 

OAHHM Ha6opoM r H Cr. 11MeJOTCR no KpaHHeH Mepe A Ba 11xapaKTepHblX 11 

pa3Mepa: 

r 1 :, c r 1 :, 3 <!>M, 1-1 .r2= Cr2 :, 1 <!>M, /15/ 

KOTOpble OT4eTflHBO npoRBflRIOTCR B pa3H~X o6nacTRX nepeMeHHblX 
no qo H qf. 60flbWOH 11 pa3Mep 11 .HCT04HHKOB H3fly4eHHR, B npHH4Hhe, 
MOmHO CBR3aTb C nHOHaMH, o6pa30BaHHblMH npH pacnaAe pe3oHaHCOB 
(p,. f), B TO speMR KaK r2 =· cr2 =· 1 -<l>M MOmeT xapaKTepH30BaTb 
o6naCTb HenocpeACTBeHHoro o6pa3oBaHHR 4aCTH4. KpoMe Toro~ BHA
H~, 4TO npH o6bl4~0 ynoTpefinReMblX orpaHH4eHHRX: q O ~ 0, 3 f3B H 
q.l s_0,1 /f3B/c/ s c.4.H., r=l,5±,0,3 <!>M H cr=l,0±,0,3 <!>M, 
4TO cornacyeTCR C AaHHblMH APYrHX 3KcnepHMeHTOB, nony4eHHblMH 
H3 aHanH3a OAHOMepHblX pacnpeAeneHHH /7-ll/; B pa6oTe 1121 nony-
4eHo YKa3aHHe Ha BKflaA npo4ecc0B C cy~eCTBeHHO pa3flH4aJO~HMHCR 
speMeHHblMH xapaKTepHCTHKaMH s l~ -s3aHMOAeHCTBHRX npH p = 
= 22,4 f3B/c. 

§3. onl1CAHl1E 3KCnEPl1MEHTAJlbHblX ,llAHHblX, 
nOJJY4EHHWX C noMomb~ 11CT04Hl1KOB 113JlY4EHl1~ n110HOB, 
11MEIOl1l11X ,llBA XAPAKTEPHblX PA3MEPA 

,llnR 6onee AeTaflbHoro aHan1,13a o6HapymeHHoro 3(!)(!)eKTa, csR-
3aHHoro C cy~eCTBOBaHHeM no KpaHHeH Mepe ABYX xapaKTepHblX 
pa3M~POB HCT04HHKOB H3fly4eHHR, He06XOAHMO nepeHTH K 6onee 
cnomHblM MOAeflRM 161• HaH6onee npOCTOH cny4aH CBOAHTCR K cy
~eCTBOBaHHIO HflH ABYX C(!)epH4eCKHX HCT04HHKOB CO CBOHMH xapaK
TepH_blMH_ pa3MepaMH ( r i • Cr i ), HflH OAHOro HCT04HH!(a, .HO C pa3-
flH4HblMH pa3MepaMH B 11nonepe4HOM11 

( r .l ) H 11nPOAOJlbHOM11 (r II ) Ha-
npasneHHRX OTHOCl-iTeflbHO OCH CTOflKHOBeHHR nepBH4H~IX . 4aCTHl.l 
B c.4.H. ' 

,llnR ciry4aR c OAHHM MCT04HHKOM 1,13 o6~eH KaPTHHbl HHTep(!)epeH-
4HH TOmAeCTBeHHblX 4aCTH4 RCHO, llTO eCJlH OT6HpaTb napbl rlHOHOB 

. C yrnoM 1-1x: BblfleTa 017 = 0 ° no OTHOWeHHIO K naAalO~~H 4aC!H4e, TO 
MOmHO nonY4HTb 11nonepe4Hble 11 

/ r H Cr 11 / xapaKTepHCTHKH . ,.l . ' 
HCT04HHKa B c.4.H., H Hao6opoT, paccMaTpHBaR napbl nHOHOB C 
017 ~- 90.0 , 'Mbl nony4HM 11npOAOflbHble11 xapaKT,epHCT.HKH: fn . H Cr .l • 
K comaneHHIO' orpaHH4eHHaR CTaTi-tCTIAKa COQblTHH He 1103BOnReT 
HccneAOBaTb HHTepc)>epeH4HJO npH. 017 = 0 ° H 'err =90 °. no3TOMY AflR 
04eHKl-1 npOCTpaHCTBeHHO-speMeHHblX xapaKTepH~THK' B 3THX ABYX 
HanpasneHHRX npHXOAHTCR aHaflH3Hp0BdTb pacnpeAeneHHR nap nHo
HOB s OTHOCHTenbHO 6onbWHX yrnoBblX HHTepsanax. B Ta6n.5-8 
npHBeAeHbl 3Ha4eHHR napaMeTpOB; nony4eHHbi'e npH annpoKCHMa4HH 
0AHOMepHblX pacnpeAeneHHH BHAa /6/ 1,1' /7 / AflR nHOHOB' BblfleTaJO-
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~HX B yrJlOBblX HHTepsa11ax 0 TT= 0 + 30 ° H 0 TT =60 + 120 °, c)JyHKL\HR

MH BHAa /8/ H /9/*. .[IIlR nap nHOHOB, 11eTR~HX 
11

BnepeA
11 (0TT~30°): 

r = Cru ~./2,5+3,0/ ctJM, 3Ha4eHHR 3THX napaMeTpOB cna6o MeHR~T

CR C 3aBHCHMOCTH OT HCnOJlb3OBaHHOro HHTepsana annpoKCHMal\HH 

no qo. 3Ha4eHl1R "npOAOJlbHblX11 paaMepoB rll -::.Cr.l = 11,5+2,01 ctJM. 

Ta6mu~a 5 

3na'leHHH napaMeTpOB annpOKCHMall;HH O,IJ;HOMepHblX pacnpe

p;eneHHll /6/ qiynKu;Hef1 /8/ ,IJ;JlH nap TIHOHOB, JieTHll(HX . 
11Bnepep;11 ( 0 TT :$ 30 °) OTHOCHTeJlbHO OCH CTOJlKHOBe!IHlI 

B C,ll;,H, 

q+_so,02 
OrpaHm1emui a >. 1 r l • /ctJM/ )<iT •CB, 

q0 , f9B 

0,I 0,87:±.0,04 I,2,±0,4 3,3±,0,7 I,3 

0,2 0,9!±0,03 0,6±0,2 2,8.:±,0,6 I,2 

0,3 0,92±0,03 0,5±0,2 2,6±0,6 I,I 

0,4 0,94±0,03 0,4±0,I 2,7±0,6 I,I 

0,5 0,94,±0,02 0,4±0,I 2,7±0,6 0,9 

Ta6nHu;a 6 

3Ha'leHHH napaMeTpOB annpOKCHMall;HH O,IJ;HOMepHblX pacnpe

p;eJieHHII /7/ ipyHKll;HeH /9/ ,IJ;JIH nap nHOHOB, JieTHll(HX 
11Bnepep;" ( 0 TT :a: 30 °) OTHOCHTeJlbHO OCH CTOJlKHOBeHHH 

%50,3 f9B 
Orpam1tieHH11 "2 er 11, <l>M 

x2 
ql.;f9B 2/ c2 C -t!T,CB, 

0,020 0,83±.0,08 0,8±0,3 2,3±,I,3 I,3 

0,040 . 0,88±0,06 0,6±,0,2 2,6±0,9 I,4 

0,060 0,88±0,06 0,5±0,2 2,0±I,I 0,9' 

0,080 .0,89±0,05 0,5±0,I I,9,±0,9 0,9 

O,IOO 0,89±0,04 0,5±0,I 2,2±I,I 0,7 

* . 
HeAOCTaT04HaR CTaTHCTHKa co6blTHl1 C napaMH nHOHOB. 11Me~~HX 

0 TT ~.160 °, He no3B0JlReT nony4HTb 3Ha4eHHR aHanorl14HblX. napaMeT-

POB AilR 3TOl1 o6naCTH yrnos. . 

8 

·,i 

Ta6nnu;a 7 

3Ha'leHHH napaMeTpOB annpOKCHMau;HH 0,IJ;HOMepHbJX pac

npep;eJieHHH /6/ ¢yHKll;HeH /8/ ,IJ;JIH nap nHOHOB, JieTHll(HX 

B yrJIOBOM HHTepBane 60 ° s 0 TT -:::. 120° OTHOCHTeJibHO OCH 

CTOJlKHOBeHHH 

qf ,S0,2 
x2 OrpaH!ItieHHll a >. l f\l' ilJM <Jo, f9B tT,CB, 

O,I 0,89±0,04 0,5±0,r 2,I±0,4 I,2 

0,2 0,86±0,05 0,4±0,I I,6±,0,3 I,I 

0,3 0,87±0,04 0,4±0,I I,6±0,3 I,2 

0,4 0,83±.0,06 0,4±0,I I,3±.0,4 I,O 

0,5 0,87±0,05 0,3±.0,I I,4±0,3 I,I 

Ta6nHu;a 8 

3Ha'leHHH napaMeTpa°B annpoKcnMau;nn op;HoMepHbIX pacnpep;ene

HHH /7/ ¢YttKu;nen /9/ p;na nap nnoHoB, neTHlllHX B yrnoBoM 

HHTepBaJie OTT =60°·+ 120° OTHOCHTeJibHO OCH CTOJlKHOBeHHH 

q0 < o,3 lx7 . OrpaH!ItieHHll C ,\2 
C '.J.• <l>M '. 'CT,CB, 

qf/r(JB/c/2 

0,020 0,88±0,05. 0,4,±0,I 2,3±,I,3 I,I 
0,040 0,90;!;0,04 0,3±,0,I 2,4±!,I I,3 
0,060 0,86±0,06 0,3±,0,I I,2,±0,6 0,9 
0,080 0,84±0,07 0,3±.0,I I,0±0,5 I,2 

· O,IOO 0,87,±0,06 0,3±.0,I I,I±0,5 I,0 
,• 

' ... 
•' . 

TaKHM o6pa30M, npH npeAnOJlO>KeHl1H OAHOro HCTO4HHKa H3JlY4eHHR 

nHOHOB 803MO>KHO, 4TO 11nonepe4Hble11 pa3Mepbl 3Toro HCT04HHKa 

B C,1.\,11, HeCKOJlbKO 6onbwe, 4eM · 11npOAOJlbHble11 pa3Mepbl /p11c.2/. 

HMe~~HHCR 3KcnepHMeHTanbHblH MaTep11a11 6b1n npoaHa1111a11posaH 

H C TO4KH 3peHl1R cy~eCTBOBaHHR ABYX HCTO4H~KOB H311Y4eHHR n11b

HOB co CBOHMH xapaKTepHblMl1 pa3MepaMH. 8 3TOM CJl)i4ae, KaK 6bl110 

noKa3aHO . B 
161, ec1111 npocTpaHCTBeHHOe pacnpeAeneHHe 11CTO4HHKOB 

11MeeT BHA 

r. . µl . ·. ;2 . µ,2 ·r2_ 
Plr)= ----exp(-:--)+ ---exp(---), 

(2TT R2 'f/3 2R2 (2. R 2 JU3 2 R2 
1 1 TT 2) 2 

/16/ 
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,--... .. ~ 
~ 

oc 

0, 

0,020 Q040 0,060 

Puc. 2. Pacrrpep;eneHtt.!I no Ql, 
HHTepBanax ()" = 0° -;. 30 ° { o ) 
pe3yJlbTilT arrrrpOKCHMaI.1lilI 3TlIX 

0,080 

¢ o· < e. ~ &J
0 

, so·~ a.~ 120· 

0,100 0,120 9,: (138/c)' 

,ll;Jl.!I nap ITlIOHOB B yrJIOBblX 
n O" =60° 7120°(•). KpttBble -

p;aHHhlX qiyHKI.1Hei1 /8/. 

rAe µ l H /£2_ - 11 HHTeHCvlBHOCTvl 11 HCT04Hv1KOB, TO COOTBeTCTB)'IO~Ce 
ABYMepHOe pacnpeAeneHHe nap TO>KAeCTBeHHblX nHOHOB MO>KHO npeA-
CTaBvlTb B BHAe R2 ➔ 2 . R2 ➔ 2 

[ lq .,ql2 IL exp(---)+ µ2 exp(- __ ...._) 
1 2 2 

D(q0,q) = 1 -t -- . 
2 

------- /17/ 
1 + (~r) 

l,13-3a orpaHv14eHHOH CTaTvlCTvlKvl co6b1Tv1H HaMvl 6b1nv1 v1cnonb30BaHbl 
OAHOMepHble pacnpeAeneHvlR R(q) Aflff onpeAeneHvlR Rl vi R2 . 

B Ta6n.9 npeACTasneHbl 3Ha4eHv1R napaMeTpos, nony4eHHble npv1 
annpOKCHMa41-1v1 OAHOMepHblX pacnpeAeneHHH /6/ <l>YHK4v1eA BHAa 

2 
➔ ➔ 2 <r1> 

R(q) =a 1 11+[µ 1exp(- -q --) + 
6 

< 2 . 
➔ 2 r2 > 2 

+µ 2exp (- q ---)l. 1. 
6 

/18/ 

B 3TOM cny4ae OT4eTnvlBO npORBnReTCR ct1)epv14eCKv1-cHMMeTpv14HblH 
9 ½ 

HCT04HHK C <ri> 2 =· /1,2+0,2/ ll>M, vi npv1 He6onbWl1X 3Ha4eHvlRX qo 
- BTOpoAv1CT04HHKc<ri>½ -;, /5,5.:!:_2,0/ tl>M. 
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Ta6nn11a 9 

3HaqeHlI.!I rrapaMeTpOB annpoKClIMal.llilI O,ll;HOMepHblX pacnpe
p;eneHlIH /6/ q>yHKI.llieH /18/, COOTBeTCTBYJ(l~eH MO,ll;eJllI 
,ll;BYX lICTOqHlIKOB IllIOHOB 

0rpa1mtJeH. 
<r2>1/2 <r2J 

)(J 
no q0 /f3B/ al µ1 µ2 

CT.CB. 

O,IOO 0,89±0,03 0,57±0,09 0,8±0,3 I,I.t<J,5 5,5±,2,0 0,7 

0,200 0,90±0,03 0,58±,0,06 I,0±0,6 I,I.t<J,3 6,9±2,8 0,9 

0,300 0,91±0,02 0,61±0,05 I,3±0,8 I,2±0,2 8,0±3,6 0,9 

0,400 0,92±0,02 0,63±0,06 I,6±4,6 I,2.:t,0,2 8,7.:t,9,6 0,9 

0,500 0,92.:t,0,02 0,63,±0,05 I,6.t<J,9 I,2,i-0,2 8,7.:t,9,3 0,8 

TaKv1M o6pa3oM, a 06ov1x paccMaTpv1sae~wx sapv1aHTax Mbl nony-
4aeM ABa Ha6opa napaMeTpOB ri vi Cr1.0AHaKO HeAOCTaT04HaR 
CTaTv1CTv1Ka co6blTvlA He no3BOnReT CAenaTb onpeAeneHHblA Bbl6op 
Me>KAY HvlMvl. 

§4. 3AKJll04EHHE 

AHanv13 pe3ynbTaTOB, nony4eHHblX npv1 v1ccneAOBaHvlvl ·v1HTept1)epeH-
4v11,1 BTOPv14HblX OTpv14aTenbHblX nHOHOB, o6pa30BaHHblX B ir-p -s3a1-1Mo
AeAcTBvlRX npv1 40 r3B/c, noKa3blBaeT, 4TO AflR npocTpaHCTBeHHO
BpeMeHHoro onv1caHv1R vlCT04HvlKOB vl3ny4eHvlR B c.4.v1. He06XOAvlMO 
no KpaAHeA Mepe ABa xapaKTepHblX pa3Mepa: r· 1 -::., c r 1 :::. 3 <l>M 
vi r2 ::, Cr 2 -::., 1 <!>M. 3TOT BblBOA nOATBeP>KAaeTCR KaK np1-1 aHanv13e 
ABYMepHblX' TaK vi OAHOMepHblX pacnpeAeJleHvlH nap nv10HOB C v1cnonb-
30BaHv1eM pa3Jlvl4HblX MOAeneA pacnpeAeJ1eHv1A vlCT04HvlKOB v13Jly4eHv1R. 

Cy~eCTBOBaHv1e ABYX xapaKTepHblX pa3Mepos MO>KHO CBR3aTb C Avl
HaMvlKOH npo4eccos MHO>KeCTBeHHoro o6pa3oBaHvlR nv10HOB. OOJlbWOH 
pa3Mep fl=• Crl ~, 3 <!>M, sepORTHO, o6yCJlOBJleH vlHTept1)epeH4v1-
eA nv10HOB OT pacnaAa pe30HaHCOB / p -·, f -Me30HOB/, B TO speMR 
KaK r2 ,::.,C T2 =· 1 <l>M MO>KHO CBR3aTb C HenocpeACTEleHHOA reHepa-
4v1ei:i nv10HOB. 06HapymeHHblH 3t1)t1)eKT' ecTeCTBeHHO' He MO>KeT npo
RBJlRTbCR npv1 vl3y4eHvlvl vlHTept1)epeH4v1v1 B n.c. v13-3a peJlRTvlBvlCTCKo
ro ysenv14eHvlff speMeHvl >KH3Hvl pe30HaHCOB vi orpaHv14eHHOH pa3pe
walO~eA cnoco6HocTv1 3Kcnepv1MeHTaJ1bHoi:i'ycTaHoBKv1hl. 
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PyKOnHCb nocTynHna B H3AaTenbCKHA OTAen 
18 MapTa 1981 roAa, 

AHre.rioB H. H AP. IIpocTpaHCTBeHHo-BpeMeHflble Pl-81-190 
xapaKTepHCTHKH o6naCTH mmy'leHHJI BTOPH'IHb!X OTplll.laTeJibHbIX 
IlHOHOB, o6pa30BaHHb!X B 11·7'-B3aHMOJ:1eliCTBHJIX IlPH 40 r3B/c 

MeTO/:IOM HHT~p<iiepeH~HH TOJKAeCTBemn,ix · tiacTH~ nccn~.r:10BaHh1 
pa3Mepbl oonaCTH reHepa~HH BTOPH'IHblX OTPH~aTeJibHb!X IlliOHOB, o6-
pa30BaHHblX B 77-P-~3aHMO,J:leHCTBHJIX npn.40 r3B/c. IIony'leHHble 
pe3ynbTaThl noKa3hlBaJOT, '!TO AJill npocTpaHCTBeHHO-BpeMeHHOro onn-
caHHJI HCTO'IHHKOB H3ny'!eHHH B c.~.H. neo6X~/:IHMO BBeCTH no·· . 
KpaiIHeii Mepe J:IBa -xapaKTepHblx .pa3Mepa: r 1 "' c r 1 : :: . 3 <I>M H 
r2 .::,Cr 2· . -,. , I QM. 3TOT BhlBOJ:1 IlOJ:ITBepJKAaeTCJI AJIJI pa3Hb!X MO,J:1e-

·neii .pacnpe,J:1e.rieHHH HCTO'IHHKOB; 

PaooTa BblIIOnHeHa B fla6opaTopnn BbICOKHX 3Hepruii· OIDIH; 

. . . 

Openp11HT 061,e,riHHeHHoro · HHCTHTyTa .RAePHWX 11ccneAOBaH11ii. A),6Ha 1981-

Angelov N. et al. · Space-Time Characteristics.··· Pl-81-190 
of Radiation Region of Secondary Negative Pious', 
Produced_ in 11-p- Interactions at 40 GeV/c 

The dimension~ 0£° radiation region of secondary pious , 
·produced in11-p interactions at.40 GeV/c.are investigated 
by the method of interferency -of identical· particles'. _The 

'obtained results indicate,·that for the space-time description 
cif particle source in the c.m.s. it is necessary_ to introduce 
two dimensions: ar1 =cr 1 :: 3 fm and ,'r 2:::,cr 2 ::, I fm. This 
conclusion is confirmed for different.models of the.source· 

• distribution. · · · ' · · · 

The investigation has been"perform~d atthe.Laboratory 
of High Energies, JINR. · · · · · 

Preprlnt_,of the J;;lnt lnstl.tute for Nucle~r Research. Dubna -1981 


