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HMe~HeCR B nHTepaType 3KcnepHMeHTanbHwe AaHHwe 0 BWXOAe 

sapR*eHHWX H HeHTpanbHWX "-MeSOHOB nonY4eHW B WHPOKOM AHanaso
He 3HeprHH nepBH4Horo nY4Ka npOTOHOB. nonepe4Horo HMnynbca H yr
nOB BwneTa BTOPH4HWX 4aCTH~. BMeCTe C TeM, npH 3HeprHH 70 r3B 
3THX AaHHWX ropa3AO MeHbwe, oc06eHHo AnR "o-MesoHoB. 4TO sa
TpYAHReT paC4eT cneKTpOB BTOPH4HWX 4aCTH~ npH 3HeprHH cepnYXOB
CKoro YCKopHTenR. B CBRSH C 3THM 6wn npoBeAeH aHanH3 pRAa ony6
nHKOBaHHWX SKcnepHMeHTanbHWX AaHHWX H cpaBHeHHe HX onHcaHHR 
aHanHTH4eCKHMH saBHCHMOCTRMH. nOCKonbKY BWXOA BTOPH4HWX 4aCTH~ 
3aBHCHT OT THna BsaHMoAeHcTBY~HX 4aCTH~, OT SHeprHH nY4Ka 
H AHana30Ha KHHeMaTH4eCKHX nepeMeHHwx,onpeAen~eMwx ycnosHRMH 
3KcnepHMeHTa, npH AanbHeHweM paCCMOTpeHHH MW 6YAeM opHeHTHpo
BaTbCR Ha KaHan penRTHBHCTCKHX nOSHTpOHHeB IPnl YCKopHTenR H.B3 
ICepnYXOBI ICM. TaK*e /11 I. 

nneH04HaR yrnepoAHaR MHweHb TO~HHOH 0.5 MKM 6wna YCTaHOBne
Ha Ha paBHoBecHoH op6HTe BHYTPeHHero nY4Ka npOTOHOB YCKOPHTBnR 
Y-70. KaHan pn, AnHHOH OKono 40 M, HMeeT ~HH saKYYM C YCKOPH
TeneM, 4TO nOSBQnReT perHCTpHpoBaTb BTopH4Hwe 4aCTH~W C ManWMH 
HMnynbcaMH. OCb KaHana COCTaanReT 8,4 0 C HanpasneHHeM nY4Ka 
nepBH4HWX npOTOHOB, TeneCHWH yron - 2,6.10-6 cpo Ha pHc.1 no
Ka3aHa CBR3b Me*AY KHHeMaTH4eCKHMH nepeMeHHWMH AnR "-Me30HOB, 
neTR~HX no OCH KaHana. HCXOAR H3 AHHaMH4ecKoro AHana30Ha YCTa
HOBKH "n03HTpOHHH" OCHOBHoe BHHMaHHe 6YAeT YAenRTbCR onpeAene
HHIO cneKTpa "-MeSOHOB C nonepe4HWMH HMnynbcaMH P.l. <2 rsB/c. 

KaK BHAHO HS pHC. 1, AnR "-MeSOHOB C P.l. < 0,2 raBIc, nO-SHAH
MOMY, He06xOAHMo Y4HTWBaTb 3aBHCHMOCTb ce4eHHR pO*AeHHR OT yrna 
BwneTa B C.~.M. 13Aecb H B AanbHeHweM HMeeTCR B BHAY CHCTeMa 
~eHTpa Macc pp-B3aHMoAeHcTsHRI. npH P.l. ~ O.~ r3B/c MO*HO C4H
TaTb yron BwneTa "-Me30Ha ::.90 0 

• . 

HMe~HecR B nHTepaType AaHHwe 06 HHTepecy~eM Hac AHanaSOHe 
KHHeMaTH4eCKHX nepeMeHHWX ycnoBHo MO~HO pa3ABnHTb Ha 4 rpynnw: 
AaHHwe 0 BwxOAe "-MeSOHOB nOA yrnoM 90 0 B PP -B3aHMoAe.::icTBHH, 
Y4eT yrnoBoH saBHCHMOCTH 06pa30BaHHR "-Me30HOB .aKTopH3yeMWM 
06pasoM B6nHSH yrna 90 0 B PP-B3aHMoAe.::icTBHH, onHcaHHe HHKnIO
3HBHWX cneKTpoB "-Me30HOB c yrnoM BwneTa 8*~ 90

0 
B C.~.M. 

H 3aBHCHMOCTb BwxoAa ~MeSOHOB OT aTOMHoro Beca RApa M~weHH. 
B TaKOM nopRAKe H 6YAeM paCCMaTpHBaTb 3KcnepHMeHTanbHwe AaHHwe 
H cnoc06w HX onHcaHHR. 

Ha pHc.2 npeACTaaneHW 3Ha4eHHR HHBapHaHTHoro ce4eHHR 06pa30
BaHHR "~Me30HoB B pp-BsaHMoAeHcTBHH npH 3HeprHH 70 rsB nOA 

90 0yrnoM B C.~.M. H AHana30He nonepe4HWX HMnynbcoB P.l. = 
- 0,5-2,2 rsB/c, nonY4eHHWe BjpKcn~~HMeHTe/~~ a TaK*e HeCKonbKO 
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, 	 I) 1 PHC. I. a/ 3aBHCHMOCTh 6b1CTPOTbi 
B C.~.M. BTOpHqHOrO "-Me30Ha 
OT nOnepeqHOrO HMnynhca B Ka
Hane PTI, 6/ SaBHCHMOCTb CKeHnHH
rOBoii nepeMeHHoii xR =. E *:lE ~ax 
OT nOnepeqHOrO HMnynhca. SAecb 
E"'- SHeprWl "-MeSOHa B C.~.M., 
E ~alt - erp MaKCHManhHO BOSMOlK
HaR sHeprHR, B/ yron BbIJleTa (J* 

BTOpHqHOrO "-MeSOHa B C.~.M. 
B 	SaBHCHMOCTH OT nOnepeqHOrO(IJ U 


Pol (r~'/t:) HMnYJlhca. 


BapHaHTOB pac~eTa HHKO~3HBHoro ce~eHHR nOA yrnoM 90° Ha OCHOBe 
APyrHx pa60T. ABTopaMK /21 npeAflOmeHa cneAy~aR napaMeTpH3a~HR: 

E 	k =const· exp (-BJP,2 + 0'), /1/
dp . ~ 

rAeBa+= 5,55.:t0,05; 0"+= -0,093.:t0,014 H B"-= 5.11.±O,05;D"-= 
= -O,090.:t0,013. O~eBHAHo, ~TO npl1 pJ...$0.3 r3B/c C!>OpMyna /1/ He
npHMeHHMa, nOCKonbKY B nOKaaaTefle 3KcnOHeHTbI nOA KopHeM nony
~aeTCR oTPH~aTenbHaR BenH~I1Ha. 

B pa60Te 3~ BbinonHeHHoH Ha BOAOPOAHOH nYSblPbKOBO~ KaMepe 
HHpa6enb npH HMnynbce npOTOHHoro ny~Ka Po = 69 r3B/c, HHBa
pHaHTHoe ce~eHHe 06pa30BaHHR 17 - -Me30HOB C PI.. < 1 ,5 r3B/C, npo
HHTerpHpOBaHHoe no 6b1CTpOTe B HHTepBane Iyl < 0,4, 4lHTHPOBMOCb 
4lYHK~HRMH: 

(1 	 ";' A· eXP(_Bj0 2 + P~If). /2/ 
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/21
0,5 <.:: PJ.. < 1,2 r3B/c AaHHble
BopHTenbHO COBnaAa~T, ~TO n03BonReT no cOBoKynHocTH AaHHblx 121 

H/3/ cYAHTb 0 nOBeAeHHH HHKO~aHBHoro ce~eHHR npH PJ.. <2;2 raB/c 
H Eo :: 70 raB. . 

HHTepecHa pa6oTa/S/, B KOTOPOH H3MepeHbI ce~eHHR E ~C1 . nOA yr
° ~ 	 p

nOM 90 B C.~.M. npH VB .. 23-63 raB H ManbiX nonepe~HblX HMnynb
cax PJ.. .. 40-400 H3B/c. HaHny~WHM 06pa30M, KaK C~HTa~T aBTO
Pbl/S/, HX AaHHble onHCblBalOTCR 4lYHK~HRMH BIIIAa: 

E.!!.Q:.= A . sa . eXP(Bjp2 + m 2). /4/
dp J.. 17 

rAe s - KBaApaT nonHoH aHeprlllH, m" - Macca l7-MeaOHa, Bl7+ = 
;; -7,10+0,01; a + == 0,1547+0,0002 III B -;; -7,19+0,01; a

- " - " -. 17 .. 	O,1751.:t0,0002, H 

E..k=A.s(J..exp(Bp +Op2), 	 /5/
dp 	 J.. J.. 

rAeB"+= -3,81,:t0,01;Cl7+ ;; -4,45.:t0,03; a + = 0,1550.:t0,0001
l7 

11 Bl7-= -4, 07.:t0. 01; 0 17-= -4, 05.:t0, 0 1; (J.17 -= 0, 1752.:t0 ,001. - BbinonHeH

Hoe aBTopOM cpaBHeHHe c AaHHblMI1 APyrl1x aKcnepHMeHToB nOKaSblBa
eT, ~TO npH PJ.. < 0,4 r3B/c C!>OpMynbl /4/ H /5/ xopowo HX onlllcblBa

PHc.2. HHBapHaHTHoe CeqeHHe 06
±

paSOBaHHR 17 -MeSOHOB nOA yrnoM 
90° B C.~.M. npH SHeprHH 70 rsB • 
lllKana AJIR "+ -MeSOHOB CABHHYTa 
BnpaBO Ha 0,6 rsB/c, x - SKcne
pHMeHTanhHhle AaHHhle 72/. 6. 
paCqeT no ~opMYJle /5/. 0 - pac
qeT no ~opMYne /8/. WTPHXOBaR 
nHHHR - paCqeT no ~pMYne /2/. 
cnnowHaR nHHHR - no ~opMyne /6/. 
TIPH PJ.. < 1,2 rsB/c WIR l7--MesO
HOB paCqeTbi no /2/ H /6/ npaKTH
qeCKH COBn8A~T. 

rAe B:: 6,57+0,18, C =0,142+0,02; 
A ::: 163,:t20 'M6; Po - CKOPOCTb 
HaneTa~ero npoToHa B C.~.M.,H 

(2 = Aexp(_ Bp2) + Cexp(_Dp2).I3/
J.. J.. 

rAe A = 48,0+2,6; B = 13,4+0,9; 
. 0 = 8,3+1,4-H 0 = 3,4+0 ,2 

C nPH6nH3HTeflbHO oAHHaKoBblMI1 X 2 
KaK BHAHO 113 pHc.2, B 06naCTH 

H 	pac~eT no 4lopMyne /2/1 YAOBneT

2 3 

http:Cexp(_Dp2).I3


~T, npH 60nbWHX Pi 3TH ~opMyn~ Aa~T C~eCTBeHHO SaHHmeHHOe SHa-
LleHHe CeLleHH~. 

HSBeCTH~ TaKme 3KCnepHMeHT~, B~nOnHeHH~e npH 3HeprHR~ 12 
H 24 r38 /CM./9-121/. 8 pa60Te/l0/npeAnaraeTCR cneA)'OqaR'~p-
Myna AnR paCLleTa HHBapHa"!HWX ce~eHH~ npH to = 12-2100 r3B 
H nonepeLlH~X HMnynbcax "--MeSOHoB AO 9 r3B/c: 

d(7 J 2 2E - .. A . exp(-B P+ mol:! (1 + exp(O( x -xo») +dp i i 

/6/m 4 4 -n/4
+ C . (1 - Xi) . (Pi + M ) • 

2p f r- A A a A JI-1/2 -114 
r Ae Xi ".. i '" S, = O· S + l' IS • m 0" mOl + m . S " 
OCHOBaHHaR Ha AaHHWX npH EO = 12-24 r3D H Eo;:: 200 <f238. 

PacLleT no ~opMyne /6/ C TOLlHOCTb~ AO HOPMHpoBOLlHoro MHomHTe
nR AaeT npaKTHLleCKH COBnaAa~He C HSMepeHHWMH SHaLleHHR HHBa
pHaHTHoro ceLleHHR npH Eo = 70 r3B H Pi < 1,5 r38/c /CM. pHc.2/. 
C POCTOM nonepeLlHoro HMnynbca cornaCHe YXYAwaeTCR, H npH Pi = 
~3 r38/c paCLleTH~e AaHH~e 60nee LleM Ha nopRAOK MeHbwe 3Kcne
pHMeHTanbHWX. 8 TO me BpeMR cpaBHeHHe C 3KcnepHMeHToM/4~ BW
nonHeHH~M npH Eo = 200, 300 H 400 r38 H Pi = 0,76-6,7 r38/c, 
AaHH~e KOToporo,TaK me,KaK H pa60T~/2/. He yLlHTwBanHCb npH onpe
AeneHHH napaMeTpOB (/:IOpMyn~ /6/, nOKaS~BaeT, LITO npH E~ 200 r3B 

d(7 .
3Ta ~opMyna AaeT npaBHnbH~e SHaLleHHR E---' . H npH 60nbwHx SHaLle. dP 
HHRX nonepeLlHoro HMnynbca. ·AHanHs BKnaAOB B HHBapHaHTHoe ceLle
HHe nepBoro H BToporo'cnaraeM~X B I/:IOpMyne /6/ nOKas~BaeT, LITO 
npH Pi ~ 1 r38/c BO BceM AHanaSOHe 3HeprH~ 1-e cnaraeMoe YAOB
neTBopHTenbHO onHCblBaeT 3KcnepHMeHT'anbH~e AaHHble. C YMeHbwe-

HHeM 3HeprHH nYLlKa BKnaA nepBoro cnaraeMoro B E~ YBenHLlH

BaeTCR H npH 60nbWHX Pi' TaK, npH Eo"" 24 r3B H Pi ~ 2,8 r3B/~ 
OH He MeHbwe 95%. Btopoe cnaraeMoe OTBeTCTBeHHO sa onHcaHHe 
HHBapHaHTHoro ceLleHHR npH 60nbWHX nonepeLlHWX HMnynbcax, HO 
nOCKonbKY npH EO ,,-24 r38 3HaLleHHR ceLleHH~ npH Pi ~ 2 r3B/c H3
BeCTH~ c nnoxo~ OTHocHTenbHoa:i TOLlHOCTb~, a npH Eo> 200 r3B 
HMeeTCR 60nbwaR cOBoKynHocTb AaHH~X B 3TO~ 06nacTH P . TO OLle

i 

BHAHO, LITO napaMeTp~ BToporo cnaraeMOro onpeAenR~TcR nOBeAe-

HHeM E~npH 60nbwHx 3HeprHRx. TaKHM 06pasoM, pacxomAeHHe Mem

AY AaHH~MH 121 H paCLleToM no I/:IOpMyne /6/ npH Pi> 1 ,5 r3B/C MomHO 
06DRCHHTb HeaAeKBaTH~M BKnaAOM BToporo cnaraeMoro B HHBapHaHT
Hoe ceLleHHe npH 3HeprHRX nYLlKa MeHbwe 200 r38. npeAnpHHRT~e 
aBTopOM non~TKH A06HTbcR ynYLlweHHR onHcaHHR I/:IOpMynoH /6/ AaHH~X 
npH 70 r3B BO BceM HSMepeHHOM AHanaSOHe nonepeLlH~X HMnyhbcoB 
sa CLleT H3MeHeHHR AByx-Tpex napaMeTpOB HnH BBeAeHHR saBHCHMO
CTH OT 3HeprHH B HeKOTopwe HS HHX, npH coxpaHeHHH xopowero onH
caHHR APyrHx 3KCnepHMeHTanbH~X AaHHWX, He npHBenH K ycnexy. 
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PHC. 3. YrnOB8JI SaBHCHMOCTb BblXOAa 11 -MeSOHOB B PP-BSaHMO-

AeAcTBHH. OTHomeHHe E ~dd(y*, p ):fEJia. CY*= O.P ) no AaHHbIM 1111
P :.L dp l. 

npH Po '" 24 rsBIC H paSJIHtIHbIX SHatIeHHRX nOnepetIHOrO HMnynb
ca: x - Pl. .. 0,2 raB/c; + - P.L == 0,4 raB/c; 0 - Pl. = 

1 d 2(7 
.. 0,6 rsB/c •• - sHa~eHHe..to..J-dp2 B ycnOBHbIX eAHHH

11 d d(IL2 i 

~ax HS:18/ npH Po .. 69 rsB/c. ~HHH - WHT AaHHbIX ~YHK~eA 
exp(-Dy ): cnnomaa.li JIHHHR Hs /IS/,rAe 0 += 0,28; 0 -.= 

• "11 

= 0,37. mTpmcoB8JI JIHHH.fi - 0 + = 0,1; 0IT- .. 0,18 HS 17/
11 

npH {S' == 23 rsB H Pl.< 1,2 raBIc. mTpHX-nYHKTHPH8JI JIH

HH.Ii - HS WHTa paGoTbl /7' An.li {S '" 23+63 rsB H P l. < 5 rsBIc , 
rAe 011~ = 0,20; 0 11-- 0,21. 

HHTepeCHO OTMeTHTb, LITO AnR 11 -MeSOHOB napaMeTp~ B =6,47+0,05 
Mmo =.0,135 npM 70 r38 B I/:IOpMyhe /6/, onpeAenR~He nOBeAeHHe 
HHBapHaHTHoro ceLleHMR npH Pi< 1,5 r38/c, npaKTHLleCKH COBnaAa~T 
co SHaLleHHRMH B' .. Btl 0 .. 6,39 M mt} '" C 2ftl ~ .. 0,146, nonYLleHHWMH 
MS ~opMyn~ /2/. 

nepeHAeM K paCCMOTpeHH~ saBHCHMOCTM HHBapHaHTH~X ceLleHHH OT 
yrna B~neTa IT -MeSOHOB. B pa60Te/ll/,B~nonHeHHo~ Ha BOAOPOAHO~ 
nYS~PbKOBOH KaMepe npM HMnynbce nepBHLlHoro npoTOHHoro nYLlKa 
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Po .. 24 [3B/c, nonYLleH~ SHa4eHHR 
BaHHR "--MeSOHoB B saBMCMMOCTM 
Pl. M 6~CTPOTW B C.~.M. Ha pMc.3 
AaHH~x 1111 OTHqweHMR 

d(7 d
R =E-(y, p )/E (y .. 0, P ) 

dp i dp l. 

HHBapMaHTHoro ce4eHHR 06paso

OT BenHLlHH~ nonepeLlHoro HMnynbca 

nOKasaH~ B~LlHcneHH~e Ha OCHOBe 


npH HeKOTOp~X SHaLleHMRX Pl.' ,IlnR YA06cTBa cpaBHeHHR npH Pl. = 
= 0,4 r3B/c AnR 11± -MeSOHOB M npH Pl. '", 0,6 r38/c AnR IT --Meso
HOB BBeAeH AononHMTenbH~H HOPMHPOBOLlHW~ MHomMTenb -0,9. AHa
norH4Hwe AaHHwe npM Po = 12 r3B/c H Po .. 24 r3B/c npHBOARTCR 

Ii 
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BI12~ KaK BH,tlHO I1S PI1C. 3. npl1 OAHHX H Tex lK8 SHa48HHAX 6wcTpon. paSI1114HA B B8I111411He R OT SKCnepl1MeHTa K SKenepKMeHTY COCTaBllA
Bel1H4HHa R TeM 611HIKe K 1, 4eM MeHbwe P.L· lOT -20%, C POCTOM Y paCXOlKAeHl1e YBeI1H4HBaeTCA. anA KaHal1a pn

B pa60Te/18/,TaKlKeBWn0I1HeHHO~ Ha nyswPbKOBO~ KaMepe, HO npH STO 03Ha4aeT ICM. pHc.l/, 4TO OWl16Ka B paC4eTe HHsapHaHTHbiX ce-
Po - 69 rsBIc, AIlA IT ± -MeSOHOB npoBe.qeHbI HSMepeHI1A CTPYKTYPHO~ 4eHH~ sa C4eT Y4eTa yrl10S0H SaBI1CI1MOCTIil B cpoPMe exp(_Dy2) yse
CPYHK~HI1 I1H411SaeTCA C YMeHbweHHeM nonepe4Horo I1MnYl1bCa, 11 npH P.L < 

f(y) 1.. f ~dP2. 
IT dydp2.L

.L 

OTHoweHHe f(y)Jf(y = 0) H CPYHK~HA exp (-Dy 2), cpHTHPYlOII.IaA STO oTHOWe
Hl1e, npHBeAeHW Ha pHc.3. CpaBHeHHe C AaHHblMI1 i111 nOKaSWBaeT,4TO 
SHa4eHHA HOpMHpOBaHHO~ cpYHK~HH f(y) 6nl1SKI1 K SHa4eHHAM R npH 
P.L = 0,2 rsB/c. 3TO HeYAHBHTel1bHO, nOCKOl1bKY OCHOBHO~ BKl1aA 

B CTPYKTypHYIO cpYHKl4HIO AalOT SHa4eHHA E~· npH He60l1bWHX none
. dp 

pe4HWX HMnYl1bCax. cI1a60 saBHCR~l1e OT SHeprHH. 
HSBeCTHOTaKlKe, 'ITO C YB8I1H4eHI1eM SHeprHH nepBH4HOrO ny'4Ka 

YMeHbWeHl1e OTHOWeHHR R Ha4HHaeTCA npH 60l1bWHX 6b1CTpoTaX ICM., 
HanpHMep, 17I I. B pa60Te 17l, BWnOI1HeHHO~ npH ..[8- 23-63 rsB, AIlA 
OnHCaHIilA HHBapHaHTHWX ce4eHHH npeAllOlKeHbI cpOPMYI1W: 

d 2,. 2
E --2:.= A . exp(-Bp + Cp } . exp(-Dy )

dp .L.L 171 

npl1 P.L < 1,2 rsB/c, napaMeTpw nOA611pal111Cb npl1 KalKAOM SHa4eHI1H 
YaI1 

2 (1 _P.L:/p*)m
Ek A . exp(-Bp.L) . exp(-Dy ) + A2 0 . 181dp 1 

(p;' + M~4 

AIlR Bc;:eA cOBoKynHOCTI1 SKcnepHMeHTal1bHblX AaHHblx npH P.L < 5 rsB/c. 

HHOlKHTel1b exp(_Dy 2) xapaKTepHsyeT saBHCHMOCTb E do. OT 6b1CTPOTbi 
dp 

B C.l4.M., oAHaKo, nOCKOl1bKY napaMeTpw KaK B 17/, TaK 11 B 18/, 
KOppel1HpOSaHW MelKAY c060H, TO Ha Bel1H411He napaMeTpa D MOlKeT 
CKasaTbCR 11 noseAeHl1e HHK/1IOSI1SHOrO cneKTpa S saSHCHMOCTH OT no
nepe4Horo I1MnYl1bCa, a He TOl1bKO OT 6b1CTPOTbi. BblnOI1HeHHWe no 
cpoPMYl1e 181 paC4eTbi nOKaSal1H, 4TO npH yr:s- 23 rsB H 6* '" 90° 
paCC4HTaHHwe Ce4eHI1A MeHbwe SKcnepHMeHTal1bHblX HS TOH lKe pa60Tbi 
npH611HSHTel1bHO B 2 pasa npH P.L '" 3 rsB/c. npl1 60l1bWI1X P.L 
onHcaHHe SKcnepHMeHTal1bHblX AaHHWX cpoPMYI10H 181 I1Y4we. AHal1Otl14
Hoe cpaSHeHl1e C AaHHblMI1 /21 H18-101 nOKaSbisaeT ICM.pl1c.21 He
YAOSI1eTBOpHT8I1bHOe OnHCaHlile cpoPMYI10H 181 I1HSapHaHTHWX ce4eHHH 
KaK npl1 Mal1WX, TaK 11 npH 60l1bWHX nonepe4HblX I1MnYl1bCaX 11 npH, 
VS< 23 rsB. BMeCTe C TeM, SaSHCI1MOCTb OT 6b1CTPOTbi B 171 11 18/, 
KaK SI1AHO HS pHc.3, AaeT Ka4eCTseHHO COSnaAalOll.lee C 'paccMOTpeH
HblMH paHee pa60TaMH noseAeHHe HHSapl1aHTHOro ce4eHHA. CpaBHI1BaA 
SHa4eHI1R R npH paSHbiX SHeprl1AX nepSH4Horo nY4Ka H nonepe4HblX 
HMnYl1bCaX IT -MesOHOS, MOIKHO CA8I1aTb BbiSOA 0 TOM, 4TO npH y S I, 

6 

.. < 0,02 rsB/c (Pnat.i < 0,15 rsB/c) MOllleT npeBwwaTb 100%. 
Ha OCHOBe BblWel1SI10lKeHHOro AIlA paC4eTa cneKTpos aapRlKeHHblX 

IT -MeSOHOB B KaHal1e pn MOlKHO npeAllOlKHTb cpoPMYI1Y 161 C yrl10BoH 
nonpaBKoH B BIilAe MHOlKl1Tel1A e~(-Dy~,rAe SHa4eHI1R DIT+ = 0,28 
H DIT-= 0,37 B3ATbi I1S pa60Tbi 18~ B AlilanaSOHe 0,05 .$ P.L;$ 1,5 rsB/c 
TaKaA KOMOI1Hal4I1R AOl1lKHa C YAOBl1eTBOpl1TeI1bHOH T04HOCTblO onHCbI
saTb cneKTpbl IT 

+ 
- -MeSOHOB. npl1 P.L < 1,5 rsBIC H y< 2 MOlKHO, no

SI1AHMOMY, A06HTbcA OnlilCaHI1A I1HK/1103I1SHbiX Ce4eHI1~ 11 cpoPMynoH BIilAa 

E .!a. ... A exp(-Bn + Cp2 + Dy 2) 191dp ~.L 

npl1 COOTseTCTSYlOII.IeM Bbl60pe napaMeTpOB. 

'J 

AnR Onl1CaHI1A cneKTpOB HeHTpanbHblX IT-MeSOHos B pRAe pa60T 
npeAl1aral1OCb I1Cn0l1b30BaTb nOI1YCYMMY cneKTpOB IT+ 11 IT -Me30HOB 
npl1 p.L>l rsB/c. YKa3aHI1A Ha TO, 4TO TaKoe onHcaHHe npHMeHHMO 
11 npl1 p.L.<l rsB/c, MOlKHO HaHTI1 B/8.14.181 11 AP. B pa60Te /15/ oTMe
4aeTCR, 'ITO npl1 "';"8= 23-63 rsB 11 P.L G 0,5 rsB/c I1HBapHaHTHwe 
Ce4eHI1A 06pa30BaHHA 1T0-Me30HoB nOA yrl1aMIil 53° 11 90° B C.l4.M. 
B npeAel1ax T04HOCTI1 113MepeHI1H OAIilHaKOBbI, 4TO corl1acyeTcA C no
BeAeHHeM cneKTpOB 1T±-MesoHoB npl1 Tex lKe YCI10BI1AX. TaKIilM 06pa+ _. 
SOM, I1Cn0l1b30SaHI1e COOTHOWeHI1A fr°= (IT + IT )J2 n03B0l1AeT B He-
KOTOPOM npl161111lKeHHI1 n0l1Y411Tb cneKTp 1T0-Me30HOS B KaHal1e pn Ha 
OCHOBe cpOPMYI1b1 16/. 

PaCCMOTplilM Tenepb pa50TbI, B KOTOPblX npeAllOlKeHW OnlilCaHI1A I1H
K/1103I1BHblX Ce4eHI1H C r4eToM yrl10BOH 3aBI1CI1MOCTH He cpaKTOpl13yeMbiM 
05pa30M. B pa50Te /16 ,Bbln0I1HeHHOH npl1 sHeprHAX nY4Ka 100, 200 
11 400 rsB, AIlA Onl1CaHHA 
0,25 .$P.L ,:<;1,5 rsB/c 11 
MeTpH3a~I1A: , do A
E - = (1-<l )d a 

p (1 + p ~/riff
.L 

cneKTpOB BTOPl14HblX 4aCTI1~ C HMnYl1bCaMH 
0,05~xa.$ 1,0 Ha.:iAeHa Cl1eAYlOII.IaA napa

E*n 1T 

. rAe xa = maxE* 
1T 

B 0511acTH MeHbWI1X P.L 11 X a AaHHaA cjlopMYl1a He pa50TaeT. 
B/17.18/npeAllOlKeHbI cpoPMYI1b1 AIlA paC4eTa HHK/1IOSI1BHblX Ce4eHI1H 

B WHPOKOM Al1ana30He.KI1HeMaTI14eCKI1X nepeMeHHblX. CpaBHeHHe C AaH
HblMI1 pa60Tbl /21 npl1 Eo =: 70 rsB nOKa3b1BaeT, 4TO npl1 P.L G 1,2 rsB/c 
napaMeTpl13a~I1A H3~71 AaeT cy~ecTBeHHO 3aHI1lKeHHble 3Ha4eHHA ce4e
HHH. Pac4eT Ha oCHoBei18! BblRSI1AeT Hal111411e HeCKOl1bKHX neperl160B 
B cpYHKl4I1H, Onl1CblBalOll.leH I1HK/1IOSHBHOe ce4eHHe. 4TO HenOATBeplKAaeT
CA SKCnepl1MeHTOM npH 70 rsB, a npl1 P.L> 1,5 rsB/c paC4eTHbie AaH
Hble SHa4HTel1bHO MeHbwe SKCnepl1MeHTal1bHblX ICM. pl1c.4/. 

7 

http:ICM.pl1c.21


'I
tI 

• 

.-'1 

.. 
II 

..\~.~ I 0\ 
, ° \ \ 

.\, 
- \,

a \ 

\ 
~,,, 

• fit 

... ,
\ .\\.. . .~ 
.' \ 

~ \ x
\ ,.," )

'" 
1,11 U 

~ffJlUd 

PRc .4. IillKmoSHBHYe ceqeHHJI 06
+

paSOBaHHB fT - -MeSOHOll B PP-
BSaHMOAeACTBHH C yqeToM yrnoBoA 
SaBHCHMOCTH, npH E - 70 rsB. 
lIIKana no P.L AWl fT~-MeSOHoB CABH
HYTa BnpaBO Ha 0,6 r3B/c. x -
SKCnePHMeHTanb~e AaHHYe /2/ - • 
o - paCqeT HS 171 , • - paCqeT 
Hs/18~ A - paCqeT no 1101 C na
paMeTpaMH HS 1221, , - paCqeT no 
1II1 C napaMeTpaMH Hs/22~Cnnom
HM nHHH.II - paCqeT no 1101 
C BBeAeHHOA HenpepYBHOA 3aBHCH
MOCTblO OT x mTpmcOB8.R nHHH.II -
paCqeT no IJ) 5es yrnoBoA SaBH
CHMOCTH. 

B114.19-21/ HccneAOBanCft BblXOA 
fTo -MeSOHOB H npeAnaranHCb paa
nH~Hble cnoc06bl OnHCaHHft HHBa
pHaHTHbix ce4eHHH / CM. TaKlKe 15.61 / 
npH P.L ~ 0,5 r3D/c. B/19-211tneKTp 

fTO -MeaOHOB BOCCTaHaenHBanCft no cneKTPY y-KBaHTOB B npeAnonOlKe
HHH, ~TO Bce y-KBaHTbI npOHCX0AftT OT pacnaAOB rro-MeaoHoB. Pe
aynbTaTbi 3THX H APyrHx 3KCnepHMeHTOB aHanHaHPYDTCft B paGoTe /221 

rAe oGCYlKAaeTCft rHnOTE~aapaAHanbHOro CKeHnHHra H npeAnaraerCft 
onHcaHHe HHKnDaHBHbIX cneKTpOB ABYMft $YHKqHftMH: 

E k, 1 
dp lI:a-q,MKC. 

H 

A 

p2 
(1 + -=--)q 

m2 

E du-Idp Pl. -q,MKC .... ,8(1 _x~n. 

/10/ 

/11/ 

SHa~eHHft napaMeTpoB B /10/ aaBHCftT OT x&. a B /11/ - OT Pl.' 
YTBep*AaeTCft, '~TO npH JS ~ 10 r3B, Pl.~' 0.25 r3B/c H x&:2: 0.05 
B npeAenax CHCTeMaTH~eCKHX owH60K -15% OT 3KcnepHMeHTa K 3Kcne
pHMeHTY HHBapHaHTHbie Ce~eHHft onHCblBaDTCft 3THMH $OpMynaMH. CpaB
HeHHe AaHHblx 121 C pac~eTOM no /10/ H /11/ nOKaablBaeT YAOBneTBO
pHTenbHoe cornaCHe BO BceM AHanaaOHe Pl.' 3Ha~eHHft napaMeTpOB 
B 3THX $OpMynax npHBeAeHbI B /22/ c KPynHbIM waroM no x& H Pl.' ~TO 
saTpYAHfteT HcnonbaOBaHHe /10/ H /11/ Anft pac~eTOB. 

ABTOPOM GbinO HcUtAeHo. 4TO napaMeTpbl A. m2 H q, B /10/cHnbHo 
KoppenHpOBaHbI, n03TOMY BBeAeHHe aHanHTH~eCKHX aaBHcHMocTeH 3THX 

8 

.. 

napaMeTpoB OT x& npHBOAHT K HeaHa~HTenbHoMY HaMeHeHHIO paCC4HTaH
HbiX no /10/ HHBapHaHTHbiX ce~eHHH, HeCMOTpft Ha TO, ~TO $YHKqHH 
~~ &) , m2(x&) H q (x&) onHCblBaDT SHa~eHHft napaMeTpOB C 60nbwHMH 
X . 

Anft fTo-MeSOHa aBTopOM GbinH nony~eHbI CneAY~He BbipalKeHHft Anft 
3THX $YHKqHH npH x R< 0,55: 

A = 39.67 exp (-15.23 x & + 13.54 x ~ 

2 2 8 m = 0.054 + 6,188 x& -1.798 x & -10.052x & 

q,= 2.440 + 17.660x& -,36,813 xi + 25.926 x:; 

Anft fT -MeaOHa B TOM lKe HHTepBane no x &: 

A = 81,7gexp(-12,585x& + 8.952 x~ 

m2 =0.20gexp(9.214X& - 12,798X~ 

2 q. == 2.883 exp(3 .151 x &  3,733 x &). 

/12/ 

/13/ 

llnft rr +-MeaOHa aHa~eHHft napaMeTpoB m 2 H q '. HaxOAHnHCb COBMeCTHO 
C y~eToM HX nHHeHHOH aaBHCHMOCTH. npH 1&5 0,85 Anft rr+-MesoHoB 
nony~eHbI cneAY~He BbipalKeHHft: 

A 74,496 exp(-7.262 xR) 

m2 = 0.212 exp(7,145 x& - 6.4761 i) /141 

q. = 2.631 m 2 + 2.620. 

Sblna BbinonHeHa npoBepKa npHMeHHMocTH $OpMynbl /10/ c aaAaHHeM 
napaMeTpoB B BHAe /14/ Anft onHCaHHft HHKnlOaHBHblX ce4eHHH rr+-Me
aOHOB npH fo = 23 raB H P.L < 0,25 raB/c.nocne BBeAeHHft HOPMH
POBO~Horo MHOlKHTenft -1,2 paC4eTHbie H 3KcnepHMeHTanbHble /81 SHa
~eHHft ce4eHHH COBnaAaDT C T04HOCTblO +10%. BMecTe C TeM npeACKa
abiBaeMblH /10/ HaKnoH cneKTpa HecKonbKo MeHbwe, 4eM y 3KcnepHMeH
TanbHO HaMepeHHoro. TaKHM o6pasoM, nO-BHAHMOMY. MO)KHO Hcnonb
:JOBaTb /10/ Anft onpeAeneHHft ce~eHHH B o6nacTlit xR < 0.05 H P.1. < 
< 0,25 raB/c C BHeceHHeM HeKoTopoH oWH6KH 5 eenH4HHY HHKnI03HB
Horo Ce~eHHft npH ManbiX nonepe4HblX HMnynbcax. llnft onHCaHHft cneKT
pa rro-MeaoHoB /10/ H /11/-eAHHcTBeHHble H3BeCTHbie aBTOpy napa
MeTpHaa4HH. OCHOBaHHble Ha aKcnepHMeHTanbHblx AaHHblX. nonY4eHHblX 
B WHPOKOM AHanaaOHe 3HeprHH nepBH4Horo nY4Ka npOTOHOB Eo~50 raB, 
yrnoB BbineTa 7To-MeaoHoB H P.1. ;.:: 0,3 raB/c. 
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PHc.5. 3aaHCHMOCTb nOKaSaTenH 
CTeneHH a OT nOnepetlHOro HMUI~r+

•• + 

nynbca. CBeTnwe TOtlKR - AaH
Hble 123~ TeMHbIe - no AaHHblM/4I 

CI' 
o 

ClI

npR Eo = 300 rsB, nHHHH - IlmT 
/23'AaHHblX npR 1,68 rsB/c.

UI 

4' 
Ha 	 PHc.4 npHBeAeHW SKcnepH~ ... MeHTanbHwe AaHHwe Hs/21 101 pac

C4HTaHHwe no HeKoTopWM HS yno, i.tJ MHHaBWHXCR ¢oPMyn HHKn~SHBHwe0' ., III 	~{""cJ 
ce4eHHR npH Eo == 70 f3B 
H 8n86 = 160 MpaA.

KaK BHAHO HS PHC. 4, npH 0,2 < D< 1,8 f3B/c AnR 1T";."'esoHoB
+ ~ 	 ,

101 0,2 < Pl. < O. 8 f3B/c AnR " -MeSOHOB paC4eTW no ¢opMynaM /6/ 

M /10/ C BBeAeHHeM HenpepwBHo~ saBHCHMOCTH napaMeTpoB OT x


RnpaKTH4eCKH cOBnaAalOT. B 06nacTM Pl.< 0.2 f3B/c pacxollCAeHHe 
MellCAY 3THMH ¢oPMynaMH 06ycnoBneHo yrnOBO~ saBHCMMOCTb~ ce4e
H~. Ka4ecTpeHHo cOBnaAa~ee C /10/ nOBeAeHHe cneKTpoB 4acTH~ 
npH Manwxp.1. Aa~T 101 paC4eTW no AaHHWM 117.18< 410pMynw /10/ H /12/
/14/ Aa~T xopowee cornaCHe C 3KcnepHMeHTanbHwMH 3Ha4eHHRMH Ce
4eHM~ KaK npH Manwx. TaK 101 npH 60nbWHX nonepe4HWX HMnynbcax
HVi'~ 10 r3B, 4TO AaeT OCHOBaHHe HcnonbSOBaTb HX AnR pac"leTa 
cneKTpOB 4aCTH~-B KaHane pn. 

nepe~AeM K paCCMOTpeHH~' BmfRHHR aTOMHoro Beca A RApa MHweHH 
Ha cneKTpw BTOPH4HWX 1T -MeSOHOB B KaHane pn. 

B pRAe pa60T AnR Y4eTa A-saBHCHMOCTH HHBapHaHTHWX ce4eHH~ 
nPeAnaraeTCR HcnonbSOBaTb cne~~ ¢oPMyny: 

du a(pl.) do 
(E -) =A . 00-) /15/dp A dp A= 1 

Ha pHC. 5 npHB~eHw SHa4eHHR a (p.1.) npH 3HeprHH 300 r3B, nonY4eH
Hwe no AaHHWM 4/, H npH 70 r3B - HS pa60Tw/2S/.BHAHO YAOBneTBopH
TenbHoe cOBnaAeHHe 3THX SHa4eHH~ npH paSHWX SHeprHRX. AnR oqeH
KM BnHRHHR aTOMHoro Beca RApa MHweHH no AaHHwM'2SI MeTOAOM HaH
MeHbWMX KeaApaTOB aBTopoM 6wno nonY4eHO: 

a 	 + =·0,024p'2 + 0.029p + 0.803. 
1T .1. .1. /16/ 

a _ =O.082Pl.+ 0.792 
/17/" 

do donpH Pl. ..s;.l,68 r3B/c. BW4McneHMe OTHoweHMR R .. E- (p );IE-(P ",0) 
, dPl. dPl. 

AnR yrnepOAa npH pasHWX SHa4eHHRX nonepe4Horo HMnynbca nOKasw-
BaeT, "ITO npH ~ '" I f3B/c, R = 1.14/1.23/. npH Pl. '" 2 f3B/c 
R ,= 1,47/1,50/ AM"+ 101 ("-)-MesoHoB. TaKHM 06pasoM, Y4eT A
saBHCHMOCTH B BHAe /15/ Ao~eH npMBOAHTb K YMeHbweHH~ HaKnOHa 
10 

cneKTpoB "-MeSOHOB no cpaBHeHHIO co cneKTpaMH B PP-esaHMOAe~cT
/241BHH. OTKnOHeHHe /CM. / OT CTeneHHoro SaKOHa A-saeHcHMocTH 

npH nepeXOAe OT RApa K RAPY ena60 CKasweaeTCR Ha cneKTpe "-Me
SOHOB npM AaHHo~ RAepHo~ MHWeHH. npaKTH4eCKH 3TO npHeOAHT nMWb 
K BBeAeHHIO AononHHTenbHoro HOPMHpOB04HOro MHO*HTenR. npH yrnax, 

• 	6nHsKHx K 180°, 101 Manwx nonepe4HWX HMnynbcax 3Ha4e~HR HHBa
pMaHTHWX ce4eHH~ Ha 1 HYKnOH npo~ecca pC .. ,,±X npH Eo = 400 rsB. 
npMB~MMWe B/25,26~cornaCYIOTCR C paCC4HTaHHWMH no 410pMyne /10/. 

B 11 cpaBHHBanHCb cneKTpw eTopH4HWX 1To-MesoHoB. nonY4eHHwe 
Ha 7 MKM-yrnepOAHo~ H CTPY~HO~ BOAOPOAHO~ MHweHRX npM E 0 == 
'" 50-400 r3B. 8n86 == 30-275 MpaA H 0,3<pl. < 3.3 r3B/c. B npe-
Aenax T04HOCTH HSMepeHH~ HaKnOHW cneKTpOB 1T~MeSOHOB COBnaAanH, 
4TO OTnH4aeTCR OT nOBeAeHHR cneKTpoe "±-MeSOHoB /CM. /4•2 S.241 /. 

TaKHM 06pasoM. AnR onHcaHHR cneKTpa "O-MeSOHOB B KaHane pn ~R 
pC -BsaHMOAe~CTBH~ He Tpe6yeTcR npHBne4eHHR A -saBHCHMOCTH 

+
HHBapHaHTHoro ce4eHHR. AnA "--MesoHoB A-3aBHcHMoCTb~ MO*HO 
npeHe6pe4b c T04HOCTb~ -15% npH Pl. ;S 1 r3B/c. npH 60nbwHx 3Ha
4eHHRxPl. npHMeHeHMe /15/-/17/ nOSBonReT YT04HHTb nOBeAeHHe 
HHBapMaHTHWX ce4eHH~. 

nOABeAeM HTor. Hs npOBeAeHHoro aHanH3a HMe~HXCR B nHTepaType 
AaHHWX CneAyeT, 4TO HaH60nee HaAe*Hw~ paC4eT HHBapHaHTHWX ce4e
HH~ 06pasoBaHHR 1T-"MesoHoB Ha TOHKO~ yrnepoAHoi:1 MHweHH npH 
70 r3B B KaHane pn 06ecne4HBaet npHMeHeHHe rHnOTe3W paAManbHoro 
CKe~nHHra H cneAY~e~ HS Hee ¢oPMYnw /10/ C BBeAeHHeM 3aBHCHMO
CTe~ /12/-/14/ H A-saBHcHMoCTH AnR sapR*eHHWX rr-MeSOHOB, oc
HOBaHHOH Ha 410pMynax /15/-/17/. 

B SaKn~4eHHe aBTOp Bwpa*aeT npH3HaTenbkocTb fl.fl.HeMeHoBY 3a 
noneSHwe 06cY*AeHHR. A.B.KynHKoBY sa PRA ~eHHWX 3aMe4aHH~, 
A.B.Kyn~oBY, A.H.XasHHcy sa noneSHwe 06cYllCAeHHR. 
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TpYCOB C.B. P2-85-179 
~HoMeHonorHqecKHA paCqeT'HHBapHaHTHWX ceqeHHA 
o6paSOBaHHH IT-MeSOHOB B PP-H pC -B9aHMOAeficTBHH UPH 70 rsB 

~ paCqeTa HHBapHaHTHHX ceqeHHA 06pasoBaHHH IT-MeSOHOB 
npH SHeprHH 70 rsB 6un npOBe,I\eH aHanHS SKCnepHMeHTanbHWX AaH
HWX H cnoc060B ~ ODHCaHHH aHanHTHqeCKHMH SaBHCHMOCTHMH B mH

POKOM AHanaSOHe sHeprHfl: nepBHqHOrO ~a npOTOHOB. AHanH9HPO
BanKCb BblXOA . IT-MeSOHOB nOA yrnoM 90 B PP -BSaHMOAeficTBHH, 
BnHHHHe yrnoBofi SaBHCHHOCTH H aTOMHOrO Beca ~pa MHmeHH Ha 
BenHqHHY HHBapHaHTHoro CeqeHHH. PacCMaTpHBanHCb pasnuqHMe cno
co6y ~eHoMeHonorHqeCKOrO ODHCaHHH CneKTPOB BTOPHqHbIX qaCTH~. 
nOKasaHo, qTO HaH60nee H8A~ paCqeT HHBapHaHTHbIX ceqeHHfi 
o6pasoBaHHH IT-MeSOHOB B ~eHTPanbHOfi olSnacTH (x F =0) npH 3Hep
rHH 70 rsB 06eCneqHBaeT npHMeHeHHe rHDOTeSY PaAHanbHOrO 
cKefinHHra C BBe,I\eHHeM p~a nOnpaBOK. 

Pa60Ta BMnOnHeHa B na60paTopHH ~epHWX npo6neM OHHH. 

Cool5l1lelDle OrhoeAHHeHBOrO HHCTllTyra JIJIeplBolX HCcneao....... JlyGaa 1985 


nepeBOA O.C.BHHorp8AoBofl: 

Trusov S.V. 	 P2-85-179 
Phenomenological Calculation of Invariant Cross Sections 
of 	 IT-Meson Production in pp_. and pC:-Interactions 
at 70 GeV/c 	 . 

In order to calculate invariant cross sections of IT-me
son 	production_at 70 GeV experimental data and ways of their 
descrition by analytical dependencies in a wide range of pro
ton 	primary beam energies have been analysed. The yield of 
IT -meson at 90° angle are analysed in pp -interaction, as well 
as the effect of angular dependence and atomic weight of 
a nucleus-target on the invariant cross section value. Various 
ways of phenomenological description of secondary particle 
spectra are considered. It is shown that the most reliable 
calculation of IT-meson production cross sections in the 
central region (xF =0) at 70 GeV provides the application of 
thehypithesis of radial scaling with inroducing of a few 
corrections. 

The investigation has been performed at the Laboratory 
of Nw:leer Pr9blems • JINR. • 
Co_1~.t1Cm of die Jchnt Instu:ute for lIIuelear Research. Dubna 198.5 
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