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3HepreTH'leCKOe pacnpe,!\eneHHe BTOPH'IHLIX 'laCTHU, 
o6pa3yIOUlHXCJI B ueynpyrHX npoueccax E- d 3a/ dp' 3 = 
= I•., ( P.~' Pf! ' s)' JIBnJieTCJI d,yHKUHeB HCCKOilLKHX ~epeMeH­

HhlX. B Ka'leCTBe TaKHX nepeMeHHLIX o6LI'IHO Bbl6HpaIOTCJI 
nonepe'IHLIH ( P_:_ )H npO,!\OnLHLiii( P! 1) HMnynLCb~ 118.CTHU B c.u.M. 
H KBa,IJ,paT DOJlHOH :me·prHH s, Cornacuo <l>eHHMaHy /I< npH 
s "" JTO pacnpe,IJ,eneHHe 3aBHCHT TOnLKO OT ABYX nepeMeH­
HLIX: 

P~, 
r ,IJ,e X •· - __ ..J.J.-- /1/ 

p * 
max 

,D;nJI 4>YHKUDH F ( p' ' X) ,IJ,enaIOTCJI ,IJ,ononHHTenLHLie 
npe,IJ,nono:lKeHHJI: a/ c11uraeTcJ1, 'ITO oHa 4>aKTopu3yeMa /2/, 
T.e. F(p- ,X) = g(p )-h(X),a g(p1)u h(X) paccMaTpHBaIOTCJI 
KaKcl>YHKUilH raycca: g(p.l.) ccexp(-A 2pf), h(X) ,...exp(-A:1X\ 
nu6o 6/ C'IHTaeTCJI, 'ITO F ( p 'X ) 3aBifCHT TOnLKO OT p /:i ,4/. 
B nepaoM cny11ae: ~ 

<l3a 
F, • 

dp 

a BO BTOpOM: 

3 
d a 

=- A • exp ( - A p 2 - A X 2 ) 
I 2 1 3 

E·---= 
dp3 

/2/ 

/3/ 

AnnpoKCHMaUHB JKCnepHMeHTanLHO nony11eHHOro HMnynLc­
HOro pacnpe,IJ,eneHHB KL -Me3OHOB 4>YHKU.HJIMH THna /2/ 
H /3/ e nony11euue y,IJ,oaneTaopeTenLHoro cornaceJI AaIOT 
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B03MO>KHOCTb npoaepHTb npaBHilbHOCTb C,IJ,enaHHblX npe,IJ,no­
no:>KeHHH u onpe,IJ,enHTb rpaHuqHhle :mepruu, npu KOTOpblx 
Iipe,IJ,enbHble COOTHOWeHHJI B paMKax ,IJ,OCTHrHyToii TOqHOCTH 
BblnOilHJIIOTCJI. 

B ,IJ,aHHOH pa6oTe npe,D,CTaBneHbl pe3yn&TaTbl H3MepeHHJI 
uMnyn&cHoro cneKTpa KL+ -Me30HOB no pacna,IJ,aM KL-> 
.• TT±µ. ± v H KL ➔ TT± TT -TT 0 •. Pa3nuqaeTCJI HeCKOnbKO 
BH,IJ,OB cneKTpOB: 

a/. HaqanbHblH na,IJ,alOil{HH cneKTP S (pi ) • 3TO cneKTP 
Kt -?4e30HOB Ha BblXO,IJ,e BHyTpeHHeii MHWeHH ycKOPHTenJI. 

6/. Pacna,IJ,HblH cneKTP S 1 ( p i) • 3To cneKTP pacnaa­
wuxcJ1 a pacna,IJ,HOM o6'beMe K1, -Me3oHoB. OH OTnuqaeTcJI 
OT Haqan&Horo na,IJ,aroutero cneKTpa TeM, qTo aepoJITHOCTb 
pacna;Ila Kr, -?4e3oHa 3aaucuT OT ero HMnyn&ca: S 1(pi)"" 

"' S( Pi) Ip i 
B/. 3aperBCTPHPOBaHHblH cneKTp SO ( p i ) • 3To cneKTp 

'TeX pacnaBWHXCJI B pacna,IJ,HOM 06'beMe Kt -Me30HOB, Ko­
TOpble 3aperHCTpHpOBaHbl ycTaHOBKOH. OH OTnuqaeTCJI OT 
pacna,IJ,Horo: cneKTpa, TaK KaK 34xlieKTHBHOCTb ycTaHOBKH 
3aBHCHT OT HMnyn&ca K0 -Me30HOB: So( pi) -=€ (pi) • S 1 (pi) • 

0 
Pacna)lbl KL -~e30HOB, ucnonb30BaHHble MJI onpe,D,ene-

HHJI cneKTpa, ·-6blnu 3aperucTpupoaaHbl B 3KcnepnMeHTe 
no H3yqeHHIO TpaHCMHCCHOHHOH pereHepaD;HH KL - KS B,Bo­
,IJ,OpO,D,e Ha YCKOPHTene C 3Heprueii 70 I'3B B CepnyxoBe /s/. 
Kt -?4e30Hbl pO:>K,IJ,anHCb BO B3aHMO)\CHCTBHJIX nyqKa nep­
BHqHblX npoTOHOB C BHyTpeHHeii anIDMHHHeaoii MHWeHblO 
,IJ,HaMeTpOM 2 MM H ,IJ,nHHOH 2 CM u BblBO)\HilHCb no,IJ, yrnoM 
1 °., )J,m1 pereHepanuu pacna,IJ,oB ucnon&3oaanc.11 MaSHHTHblii 
ncKpoaoii cneKTpoMeTp, pa6oTaBwuii Ha nHHHH c 3BM /6/. 
B 3KcnepuMeHTe / 5/ 3aperucTpupoBaHo _oKono 10 6 pacna-
,IJ,OB, OCHOBHYIO qacTb KOTOpblX COCTaBn.lIIOT TpexqaCTHqHble . 
pacnam.j K~3 , K~ 3 u K~3 • · 

)J,nn OToopa Kµ. 3 - c_o6&1Tuii ucnon&3oaanuc& cne,IJ,yroll{He 
KPHTepuu: 1/ reoMeTpuqecKue ycnoBHJI Ha ToqKy pacna,IJ,a 
u TpeKH pacna,IJ,HblX qacTun; 2/ cpa6aTb1BaHHe O,IJ,Horo H3 
cqeTqHKOB MIOOHHOro ,IJ,CTeKTOpa /7 /; 3/ HHBapuaHTHa.H 
Macca ABYX 3apJ1:>KeHHblX qacTun ( me) B npe,IJ,nono:>Keauu, qTo 
o6e JIBilJIIOTCJI nuoaaMH, BHe HHTepaana /0,48787 
.;-O,5O78/ I'3B, 4/ COBMCCTHMOCTb KHHeMaTHKH ,IJ,aHHOro 
co6blTHJI c KHHeMaTHKoii pacna,IJ,oB ,IJ,aHHoro THna; 5/ EK 1 ,2 -

4 

·a HHTepaane 12-5_2 I'3B, r,IJ,e EK 1, 2 - ,IJ,Ba B03MO>KHblX 
3HaqeHHJI 3Hepruu pacnaBwerocJI K0 , onpe,IJ,eneHHoii no 
ABYM japJI>ieeHHblM qacTunaM. 

)J,nJI OT6opa K; -C06bITHH HCnonb30Banucb cne)\yIOil{He 
KPHTepuu: 1/ aaano;uqHo K~3 2/ ( p'n) 2 > O_, 

(m2.:..m2-m2)2-4m2m 2-4m"2p 2 
( p' ) = le o C · 0 C K t 

O 4(p2+ m2) 
t C 

r,IJ,e mK- _Macca_K0 ·-Me30Ha,m 0 -Macca TT
0 -Me3oHa, p

1 
-

nonepeqHaJI cocTaanJIIOutaJI cyMMapHoro HMnyn&ca ,IJ,Byx 
:iapJI:>KeHHbIX qacTun; 3( m C < 0,4 I'3B; 4/ Bb16pacblBaHHe 
K0 3 - C_06blTHH, H,IJ,CHTH(pHD;HPOBaHHbIX npu noMOil{H MIOOHHOro 
At!\eKTopa; 5/ u 6/ aaanoruqabl 4/·u 5/ oT6opa K~3. Pe-
3yn&TaTbl ucnonb3OBaHHJI yKa3aHHblX KpHTepHeB noKa3aHbl 

B 111a6A. 1. )J,onJI (pOHOBblX )>acna,IJ,OB cpe,IJ,H K 0 3 - co6blTHH . 
oneHHBaeTcJI Ha ypoBHe 3~, cooTBeTCTBeHHO /nJI K0 TT 3 -
co6bli'uii - _14~. OcTaawuiicJI cpoa BblqHTancH cTaTHCTuqec­
KH C nOMOlltblO MO,IJ,enupoBaHHJI. 

O6a pacna,IJ,a MO,IJ,enupoBanuc& c noMOIItbIO nporpaMMbI 
MOHTe- Kapno /8/, KOTOpaJI yqHTblBana 3dxl,eKTbl, CBJI3aHHble 

C MHoroKpaTHblM KYilOHOBCKHM pacceJIHHeM. 3apJI:>KeHHblX 

qacTHU B aew;eCTBe ycTaHOBKH. 

i Ta6nuna 1 
. qucno co6blTHii nocne npuMeHeHHJI KpHTepueB oT6opa 

KpHTepHH qHCJIO C06bITHi1 
OT6opa 0 0 

Kr~ R,r3 

I-3 I200I5 24960 

I-4 IOI058 22207 

I-5(6) 88710 20145 
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r 
CneKTP S ( p . ) 6Lm BOCCTaHOBJieH npH IlOMOUUI MeTo.u.a, 

npe.U.JIO>KeHHOro 
1
B pa6oTe /9 /. KaK H3BeCTHO, BLI'IHCJieHHe 

HMnynLca KL ·Me3oHa B TpexqacTH'IHLIX pacna.u.ax, xor.u.a 
perHCTPHPYIOTCH TOJILKO .U.Be BTOpH'IHLie 3ap,rnceHHLie qac­
THULI, neo.u.H03Ha'IHO, H cneKTP MO:lKeT . 6LITL onpe.u.eneH 
TOJILKO CTaTHCTH'leCKH. HcnoJIL30BaHHLIH MeTO.U. COCTOHT 
B cne.u.yromeM. O6naCTb HMilYJILCOB, B KOTOpOH MLI XOTHM 
HaHTB cneKTP, pa36HBaeM Ha n HHTepBaJIOB. ,l);JIJI co6LITHH, 
reHepnpoBaHHLIX MCTO.U.OM MoHTe-Kapno, HMeeM HX pac­
npe_.u.eneHHe 'G j , j = 1 , ... , n no O.U.HOMY H3 3HaqeHHH 
HMilyJILca, KOTopoe JlBJIJleTCJl HCTHHHLIM 3Ha'leHHeM. 3TO 
pacnpe.u.eneHHe npe.u.cTaBJIJieT 3aperacTpHpoBaHHLIB cneKTP 
MO.U.enHp0BaHHLIX co6LITHH. ,IJ;m1 co6LITHH B Ka)K,!J;OM HHTep­
Bane :lToro cnexTpa MO)KllO naiiTH pacnpe.u.eneHHe JI0)KHLIX 
311aqe11uii npH .u.aHHOM HCTHHHOM: g I. , i' j = 1, •.• 'n' B xo-

v J 
TOP0M nepBLIH BH,D;eKc COOTBeTCTByeT JI0)KIIOMY 3Ha'leHHIO 

HMnynLca, a BTopoii - HCTHHHOMY. OTHowenue pij = g ij I G i 
npe.u.cTaBJIJleT BepoJITHOCTL Toro, 'ITO JIO)KH0e 3Ha'leHHe 

Jie)KHT ,B i ·oM HHTepuane, xor.u.a HCTHHHoe ne)KBT B j ·oM 
HHTe-pBane. 

,IJ;n11 3KCnepHMeHTaJILHLIX co6LITHH MO)KHO nony'IHTL pac­

npe.u.enenue JHa'lenuii HMnynLca a ij • 3.u.ecL nepBLIH HH.ll.eKc 

COOTDeTCTByeT MeHLWeMy, a BTOpoii - 6onLWeMy JHa'leHHIO 

HMnynLca K·· ·MeJoHa. IlyCTb B 3KCnepHMeHTe HCTHHHLie 

JHa'leHHJI HMnYJILCOB JaperHCTPHPOBaHHLIX pacna.u.ou onpe-. 

,lJ.eJIJllOTCJI 'IHCnaMH SO ( p j ) • HJ onpe,ll.eneHHJI p i. , a i. . H 
S

O 
( Pj ) cne,lJ.yeT, 'IT0 J l 

a .. =S
0
(p_}•p .. +S

0
tp.)-p .. -o .. S

0
(p.) p .. 

lj I ] I ] IJ I J J I] /4/ 

r,ll.e i:::: j, a o=l, ecnu i=j, unuO, ecnu i,lj. IlepBLiii: 
qneu B npaBOH qacTB ypaBHeHBJl /4/ ,lJ.aeT 'IHCJIO CJiy'laeB, 
KOr,ll.a BCTBHHOe JHa'leHBe HMilYJILCa HaXO,II.HTCJI B i ·OM 
HHTepuane, a JIO)KH0e B j - OM; BTOPOH 'IJieH - uao6opoT, 
a TpeTHH Y'IBTblBaeT cny'laH C i = j. ,IJ;nx BeJIH'IBH a ij no -
Jiy'laeTCJI n ( n + 1) /2 ypaBHeHBH, r.u.e 'IHCJI0 HeHJBeCTHblX 
napaMeTpoB S 0 ( pi ) paano n. 3Ta cecTeMa ypaunenuii 
pewaeTCJI MeTO,II.0M HaHMeHLWHX KBa.u.paTOB. Ilony'leHHbie 
JHa'leHHJI napaMeTp0B SO ( p. ) .n.a10T 3KCnepHMeHTaJihHbIH 
JaperHCTpHpoBaHHbJH cneKTp! Y'IHTbIBaJI JaTeM 3cli4>eKTHB· 

6 

-'.~ 
r 

l 

I 

HOCTL ycTaHOBKH H BepoJITHOCTH pacna.u.a KaK q>yHKUHH 
. HMnynLca KL -~eJona, MLI MO)KeM onpe.u.enHTL pacna.U.HLIH 
cneKTP, a TaK)Ke naqanLHLIB na.u.aromnii cneKTp. 

Ha puc. 1 npe.u.cTaBJieHLI cneKTPLI, IlOJiy'leHHLie HJ 
.u.aHHLix no Kµ3 H K~ 3 -pacna.u.aM. TaK KaKHaM11e1_1JBecT-
110 nonnoe 'IHCJI0 npoTOHOB, na.u.aromnx Ha MHWeHL, MLI He 

e 
e@ ~<2 

0... • -0 i 
O=I • 
~ • 

~ 
~z i 

-o, i' .,,, 

~i 
't 

! 
I I 

20 30 40 
P, ra&/c 

Puc. 1. Cne.Kmp · naoa10111ux K'r, -Me3oHoe, noAytleHHblii n~ 
pacnaOaM K p3 ( •) U K0173 ( o) U KOM6UHUpoeaHHblU 
cneK111p ( D ) • JlUHUU 1 u 2 - annpOKCUMaijUJI KOM6uHupoeaH-. 
Hozo naoa10111ezo cneKmpa no (JopMyAaM /3/ u /2/ coo111ee111-
cmeeHHo. 
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r--· 
Ta6nHii;a 2 · 

3aBHCHMOCTL cneKTpa na,zi;a10IIU1x K 'L 
MeTpOB MaTpHqHLIX 3IleMeHTOB K~3 

-Me3OHOB OT napa­
H K0

173 
-pacna,zi;oB 

PKO >,..._.o,046, A,._ -0,0'.35, 0(0 = -0,269 ot0 •-0, 'JI I, 

(1'3B/C) >-.0 -0,024, x. i.0,0'.3!, 
'io• I,ofI5/ 

~o • I,04 

!8-20 !08, '.3,!5, '.3 !08,6,!5,4 20'.3, 5,:t2I,9 20I,2,:t2I, 7 
20-22 95,I,:t4,5 95,4,!4,5 I5I,0,!II,4 !50, I,:tII,'.3 
22-24 79,6,:t'.3, 7 79,9,:t'.3,8 I4I, 7,:t8, 7 l4I,6.! 8,7 
24-26 66, O,:t'.3, I 66 1 2,:t'.3,I II'.3,4,:t6,4 II4r2.:t6, 4 
26-28 551 I,:t2,6 55, '.3,:t2,6 I00,8,:t5,4 ~or, 5,!5,4 
28-'.30 4J1 6,:t2 1 I 4'.3, 7,!2,I 74, 6,!4, I 75, 0,!4, I 
'.30-'.32 '.34, I,:tl, 7 '.34, I,:tI, 7 , 6I ,5,!'.3, 5 6! 1 7,:t'.3,5 

'.32-'.34 27,I.!I,4 271 2,:tI,4 46,9,!2,9 46,9,!2,9 

'.34-'.36 20,8,:tI,I 201 8,:tI,I '.35,0,!2,5 '.35,I,!2,5 

'.36-'.38 !6,2,:t0,9 !6,2,:t0,9 28,'.3,:t2,'.3 28,4,!2,'.3 

'.38-40 II,2,:t0,7 II,2.:t0,7 I7,8,:t2,I I8,I,:t2,I 

40-42 7,7,:t0,5 7,7,:t0i5 I5,9,:t2,I 161 '.3,:t2 1 I 

42-44 61 I.:t0, 5 6, I.,t0, 5 9,7.tI,9 IO,0.:tI,9 

MO:>KeM BLJqHCilHTL Ce'leHHe po)K,IJ;eHHH KaOHOB. Ilo3TOMY 

cneKTp IlpHBe,IJ;eH B npOH3BOilLHOM MaCWTa6e. KaK BH,IJ;HO,. 

· o6a cneKTpa xopowo coBna,zi;aroT ,zi;pyr c ,zi;pyroM. KoM6HHH­

poBaHHLIH cneKTp npe.zi;cTaBneu Ha TOM :>Ke PHCYHKe H ,IJ;IlH 
y,zi;o6cTBa C,IJ;BHHYT. 

IlpH BLJqucneHHH 3il>4>eKTHBHOCTH perucTpaIJ;HH YCTaHoB­

KOH TpexqacTHqHLIX MO,IJ; pacna,zi;a Ko -Me3OHOB HCDOilL3o­

BanacL onpe,zi;eneHHaH <l>opMa BX Ma TpHqHLIX 3)IeMeHTOB. 

lIOCKOilLKy napaMeTpLI, ODHCLIBa10IIU1e 3HepreTHqecKoe pac­

npe,zi;eneHn~ BTopuquLix qacTnu B K,'i 3 -pacna,zi;e / A+ , Ao , 
t; 0 CM. no,zi;po6Hee /IO ,ll I; H K~

3
-pacna,zi;e /a

0
, CM. /12// 

e11J;e npo,zi;on:>KalOT yToqJiHTLCH, MLI Hccne,zi;oBanH YCTOH-

8 

qnBOCTL pe3ynLTaTOB BOCCTaHOBneHBH cneKTpa no OTHO­

WeHHIO K HX BO3MO)KHOMY H3MeHeHHIO. IlapaMeTpLI pacna,zi;oB 

BapLHpoBanHCL B WHPOKHX npe,zi;enax, nepeKpLIBaIOIIUIX Bee 

113BeCTHLie 3KCnepHMeHTanLHLie 3HaqeHHa. 0Ka3ailOCL, 'ITO 

q>opMa cneKTpa YCTOHqHBa H H3MeHeHH.II ero 3Ha11eHHii ,IJ;a)}Ce 

,IJ;IlH KpaHHHX Benuquu napaMeTpOB 3HaquTenLHO MeHLWe 

CTaTHCTHqecKHX· OWH60K. ,Il;nH BilillOCTpamrn B ma611 •. 2 
npHBe,IJ;eHLI 4>opMLI cneKTPOB ,IJ;IlH .IJ;BYX mi6opoB napaMeTpOB, 

xapaKTepH3YIOIIUIX pacna,zi;LI K113 H K0
173 • IIepBLIH cTon6en 

ma6A. 2 COOTBeTCTByeT pe3ynLTaTaM pa6oTLI /ls/. 

&c::, 
c::, 

i 
~ 

~ 
~ 
~ 
~ 
~ 
~ 

~ 
l&J 

100 

10 

10 

az a4 aB 

\\' \\ 
\ay v:- . 

6 
jt 

\ 
a2 0,4 

Pf.Jr36/cJ2 1,111u x2 

Puc. 2. Annpo1<cuMaijUJl 1<0M6UHupoaa111wzo cneKmpa KL : 
a - ¢~HKijUU pacnpeoeAeHUJl /2/ UAU /3/ 6 3a6UCUMocmu 
om pt j 6 - (PYHKijUJl pacnpeoeAeHUJl /2/ 6 3a6UCUM0CliZU 
om X2

; - 6 - fPYHKijUJl pacnpeoe11eHUJl /3/ 6 3a6UCUM0C1/IU 
om pl /wKaAa no ocu a6cijucc caepxy/. 
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IlonyqeHHblH KOM6HHHpoaaHHhlH cneKTp 6bln annpoxca­
MHpoaaH <l>opMynaMH /2/ H /3/. Pe3yJILTaTbl annpoKCHMa­
UHH np11Be'AeHbl B ma6A. 3 H Ha Puc. 1 u 2. B ma6A. 3 'Ami . - ' . . - ,· . ' . . -· .. ' . 
cpaBHeHH.11 llOKa3aHbl TaIOKe pe3yJILTaTLI . am1poKCHMaUHH 
no <l>opMyne 13/' 'AaHHblX ·., /13,14/ llPH 19,2 H 24 I'3B. ----- --- ' 

Ilpo'AenaHHLIH aHanH3 iioica.3b1Baer, qTo 3KcnepHMeHTanL-
Hble 'AaHHble no dJopMe cneKTpa Kt-Me30HOB c~rnacyroTc.H: 

-c o6eHMH TeopeTHqecKHMH <l>YHKUH.H:MH. B npe~enax 'AOCTHr­
HyToii TOqHOCTH 'An.H: npaKTHqecKHX npHMeHeHHH MO)KHO 
IlOJIL30Ba_TLC.H: nro6ou H3 <l>aKTOPH3aUHH /2/ HnH /3/. 

·cpa:eue1111e· napaMeTpOB, OilHCbIBalOllUIX. CileKTpbl IlpH 
pa.3HbIX 3HeprH.H:X, IlOKa3blBaeT, qTo <l>opMa cneKTpa K1, -
Me30HOB npaKTHqecKH He 3aBHCHT OT 3HeprHH nepauqHblX 

· npO-roHoB, KOr'Aa 6Ha Meli.H:eic.H: B npe'Aenax /19,2.:,-70/ I'3B. 
\ 
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