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§1. BeeoeHue 

B pa6oTax /I/ 6blnH nony1.1eHbl paenpe.neneHHJI no MHo
:>KeeToeuuocTB BTOpB"'HblX 3apJI>KeHHblX "'aeTHn B rr -p- B 
rr -n •&3aBMO,neiieTBBJIX 1110/lbKO no OOHHbiM 06YXKpa•HOZO 

npoc..wo111pa eTepeoclloTorpaclluii e 2-MeTpoooii nponauoooii 
DY3blpbKOBOi KaMepbl, o6nyqeHHOi rr-- Me30HaMH C p = 
= 40 r3B/c. B HaeToJlmee opeMJI HMeeTeJI OKono 8000 
rr-p -eo6blTHB H 3000rr-n-o3aHMO,neiieTBHB, KOTOpble 6wnu 
nonuoeTbiO o6pa6oTaHbl. H3MepeHbl Bee BTOpH"'Hble 3apJI
:>Keuuwe "'aeTHnbl H (e+e-) -napbl KOHBepeHH y ·KBaHTOB, 
noene 1.1ero 3TH eo6wTHJI 6wnu eme pa3 npoeMoTpeuw .nnJI 
KOHTpOnJI npaBHnbHOeTH H3MepeHHB H H,neHTH~HKanHH THlla 
B3aHMO,neiieTBHB H 3anueaHbl Ha MarHHTHYIO neHTY eyMMap
HblX pe 3ynbTaToB I JICP I. KpoMe Toro; 3KenepuMeHTanbHo 
H3y"'eHbl KorepeHTHble nponeeebl, ynpyroe paeeeJIHHe H Bee 
OeHOBHble nonpaBKH, KOTOpble He06XOAHMO BHeeTH B TODO
noruqeeKHe eeqeHHJI noene npocMoTpa. B eBJI3H e 3THM 
npe,neTaBnJleTeJI neneeoo6pa3Hb1M eHOBa nony"'HTb Tonono
ruqeeKue ee1.1eHHJ1 e yqeToM nonpaBoK. 

Bo H36e:>KaHHe Heonpe,neneHHOeTH B ee"'eHHJIX H3- 3a TaK 
Ha3biBaeMblX HeH3MepHMblX eo6blTHB 6blna B3JITa TOnbKO 
qaeTb eTaTHeTHKH, r,ne nponeHT TaKHX eo6blTHB eoeTaBnJleT 
=-1,6~. B pe3ynbTaTe ,nnJI auanu3a uenonb30Banoeb ""6000 

rr-p-B3aHMo,neiieTBHB H ""2100 rr-n -eo6blTHi. liblnH TaK:>Ke 
onpe,neneHbl 3cllclleKTHBHOeTH HaXO:>K,neHHJI 0• H 1-nyqeBbiX 
eo6biTHB, KOTOpble OKa3anHeb paBHblMH. f O = 199,4±0,41~ 
H f 1 = 197,7 ±0 ,510/o. )J.nJI ,nByxny"'eBblX eo6blTHii e 3ape
rHeTpHpoBaHHblM npoTOHOM - f

2 
(p) = 198,5±0,410/o, 6e3 

npoToua - ( 2 = 199,6±0,210/o. 
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§2. rr p - 83QUMOOeilc1!18UJI 

B ma6/l. 1 npHBe~eHhi pacnpe~eneHHH acex rr-p- co6hl

THH ITO MHO~eCTBeHHOCTH BTOpHqHhiX 3apH~eHHhiX Y:aCTHU 

n -'- , noJiy'IeHHhle C JICP /KOJIOHKa 2/, a TaK~e ~OJIH co6hl

THif C ~aHHhiMH n + OT IIOJIHOrO HX 'IHCJia /KOJIOHKa 3/. 

B CJie~yiOJ.UHX ~BYX KOJIOHKaX 1!1Q6/l. 1 IIPHBe~eHhi pacnpe

~eJieHHH C06hiTHH 110 0:!: C y'IeTOM nonpaBOK ~JIH HeynpyrHX 

rr-p- B3aHMo~eiicTBHii. PaccMoTpeHhi cne~YIOJ.UHe rrorrpaBKH. 

l. Bae~eHhi rronpaBKH Ha 3~eKTHBHOCTh perHcTpaUHH 

0-H 2-Jiy'IeBhJX 3Be3~ /CM. §1/. 

Tao.mu:r.a I 

~-,0- B38HMO~eACTBHR ITpH p:40 raB/c 
----~~H~C~~~O~~~~O~~~OT 

3Bpe- Bcex co-
~ac~o HeynpyrHx ~o~ oT ncex 
COO~THI C yqe- COObi'TBA B % 

TOM ITOITpaBOR ~. PHCT- Obi'TBA B 'f> 
't PlllPOB. 

co15. 

0 34 
2 1202 
4 167! 
6 1543 
8 955 
IO 383 
12 143 
14 38 
16 14 
18 2 
2: 5985 

0,57±0,10 63 
20,08±0,58 767 
27,92±0,68 1648 
25,78±0,66 1563 
15,96±0,52 899 
6,40±0,33 389 

2,39 ±0,20 135 
o,63 to,1o 35 
0,23 ±0,06 13 
0,03 ±0,02 2 

roo 5514 

I,I4:tO,I4 
I3,9It0,50 
29,89;t0,74 
28,35±0,72 
16,30±0,54 
7 ,05j:0,36 
2,45j:0,2I 
0,63;tO,II 
0,24j:0,07 
0,04j;0·,03 

100 

ce'ieHl!le 
QI\(M6H) 

0,24;t0,03 
2,97±0,II 
6,39j;0,16 
6,06±0,16 
3,49j;0,12 
1,51±0,08 
o,52z0,04 
0,!4;!:0,02 
0,05tO,OI 
O,Oiz0,01 
21,38±0,16 

2. AHaJIH3 pacnpe~eneHHH npoTOHOB c p :::: 300 M:JB/c 
no a3HMyTaJihHOMY yrny ¢ noKa3an, 'ITO pacnpe~eneHHe He 

OTJIH'IaeTCH OT H30TpOnHoro. B CBH3H C 3THM nonpaBKa 

Ha "noTepH" npOTOHOB no rp He BBO~HJiaCh. 

3. lihiJIH nocTpoeHhi pacnpe~eneHHH (e +e)- nap KOHBep

CHH raMMa • KBaHTOB B 3aBHCHMOCTH OT paCCTOHHHH naphl 

OT 3Be3~hl ~JIH BCeX C06hiTHH C ~HKCHpOBaHHOH MHO~eCT· 

BeHHOCThiO 3apH~eHHhiX 'IaCTHU 0 + · 0Ka3aJIOCh, 'ITO HMeiOT 
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MeCTO "noTepH" (e+e-) ·nap B6JIH3H 3Be3~hl /~0 3 CM/, 
KOTOphle C'IHTaJIHCh KaK BTOpH'IHhle 3apH~eHHhle Y:aCTHUhi 

3Be3~hl. IlonpaaKa B cpe~HeM cocTaBJIHeT /2,6±0,7/o/o 

OT nOJIHOrO 'IHCJia raMMa·KBaHTOB, 3aperHCTpHpOBaHHhiX 

B 34xlJeKTHBHOM 06'beMe KaMephi no (e+e-) ·napaM KOHBepcHH. 

YY:eT 3To8 nonpaBKH 6hiJI npoae~eH ~JIH Ka~~oro 3Ha'IeHHH 

n ± H OHa COCTaBHJia B cpe~HeM 2 ,8o/o OT nOJIHOrO 'IHCJia 

co6b1THH. 

4. lihlno TaK~e Y'ITeHo, 'ITO qacTH'IHO naphl ,ll;anHua 
+ -

( rr
0 

• e t e + y) He H~eHTH~H:UHPYIOTCH B nponaHoaoii ny3hlph-

KOBOH KaMepe H n03TOMY C'IHTalOTCH BTOpH'IHhiMH 3apH~eH· 

HhiMH nHOHaMH. Ha OCHOBaHHH ~aHHhiX npOCMOTpa 3Ta ~OJIH 

COCTaBJIHeT "" 0,30 OT HX nOJIHOrO 'IHCJia • .[I;JIH BBe~eHHH 

3TOH rronpaBKH 6biJIH HCnOJih30BaHhl ~aHHhle no cpe~HeMy 

Y:Hcny rr0
- Me3oHOB npH n + 121. B cpe~H~M nonpaaKa Ha naphi 

.[l;aJIHI.{a COCTaBJIHeT "" 0,6o/o OT nOJIHOrO 'IHCJia C06hiTBH. 

5. .[I;JIH HCKJIIO'IeHHH ynpyrHX C06hiTHH H3 2- Jiy'IeBhiX 

rr-p-B3aHMO~eHCTBHH HCnOJih30BaJIHCh pe3yJihTaThi pa6o

Thl / 3 / no Bhi~eJieHHIO 3KCKJII03HBHhiX peaKUHH 6e3 Hei{TpaJih • 

HhiX qaCTHU B KOHe'IHOM COCTOHHHH. B Heii 6h1Jl0 nonyqeHO, 

'ITO ~OJIH perHCTpHpyeMhiX ~BYXJiy'IeBhiX ynpyrHX C06hiTHH 

COCTaBJIHeT 0,56 ae~!J. JHa'IeHHH a:£-p = /3,32±0,06/ M6H 

Ta6mu:r.a II 
~-, - B3aHMO~elcTBHR ITPI p:40 raB/o 

11! 
~HCJIO aape

PI!CTpBpoB. 
COO!l'l'llll 

.l{O~ OT BCeX 
co6~TI!A B 

liBc~o Heynpyi'IIlx .Uo~ oT Bcex Ce'ieHEe 
C06!l'l'BI c yqe- C06HTBI B ~ ~ 

TOM ITOnp8BOR O~(M6H) 

I 283 13,I3;t0,78 !58 9,40±0, 75 1,86±0,15 
3 800 g? ,I2~I,31 495 29 ,45;t1 ,32 5,83;t0,28 
5 5II 23,7!±1,05 489 29,09;!:1,32 5,76±Q,28 
7 340 15,78±0,86 328 19,51±1,08 3,86±0,22 
9 132 6,I3j:0,53 125 7,44z0,67 1,47±0,13 
II 60 2, 78;t0,36 58 3,45j:0,45 0,68±0,09 
13 23 1,07±0,22 22 I,3I±0,28 0,2G:t<J,06 
IS 4 O,I9;t0,09 4 0,24.±<>,12 0,05;t0,03 
17 2 O,OS;t0,07 2 0,12±0,08 0,02±Q,OI 

t 2155 IOO I68I 100 19,8 :£0,3 
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H a~0~P = /24,7±0,15/ M6H / 4/. B CB.II3H C 3THM ace Haii
~eHHLie 77-p- co6LITH.II c nonpaaxaMH /1-4/ HOPMHpoaanacL 
Ha ain + 0,56 a ef = 23,24±0,15 M6H, a 3aTeM BW'IHTaJiaCL 
~on.11 ynpyrax co6LITHii a 2-nyqeaLix 3Be3~ax I l'l2 38,6~/. 

llony'leHHLie Tononoraqecxae ceqeHH.II M.ll 77 -p- B3aHMO
~eiicTBHii a npe~enax owa6ox He OTJIH'IaiOTC.II OT a(n +) , 
npaae~eHHwx a pa6oTax1 1/. B 11a6A. 3 npaae~eHw 3Ha'leHH.II 

cpe~Heii MHO)I(eCTBeHHOCTH < n + > H yO= J<_ n~ >- < n + >2 

~JI.II rr p H 77- n- B3aHMO~eiiCTBHH. B CB.II3H C TeM ~'ITO B (no-
6paHHLIX 77 -p- B3aaMo~eiicTBH.IIX a nponaHoaoii xaMepe HMe
eTC.II npaMeCL B3aHMO~eiiCTBHH nHOHOB C I<Ba3HCB060~HWMH 
npoToHaMa .11~ep yrnepo~a. 6wna npoae~eHa o~euxa yaenaqe
HH.II < n + > 3a C'leT 3THX B3aHMO~eHCTBHH * · C nOMOIQLIO 

- 12 
MeTo~a MoHTe- Kapno MO~enapoaanacL "- C -a3aHMo~ei-
CTBH.II C y'leTOM ~aHHWX no TT -.p -B3aHMO~eiiCTBH.IIM /S/ . 
,LJ.anee OT6apaJIHCL HCI<yCCTBeHHLie 3Be3~bl, Y~OBJieTBOpJIIO
lllHe KpHTepH.IIM OT6opa TT -p- B3aHMO~eiiCTBHH B nponaHOBOH 
ny3LipLKOBOH KaMepe: CyMMa 3ap.II~OB BTOPH'IHWX 'laCTH~ 
paBH.IIJiaCL Hymo; 'IHCJIO npOTOHOB 6LIJIO 0 HJIH 1 H He 6WJIO 

Tadmu:~ ill 

~n B381MO~eiCTBB.II < n~'> fi) <tt.r> 
w-

x-~e s~eriC'l'-
iPHpo e co H'l'l.ll 5,40;t0,04 2 ,7I±Q,02 I,99;tQ,02 
-'~7~(BelDJl,-ne codY... 6,6I;t0,04 Cl't 

TitS C yqeTOM nonpaBOK) 5,51±0,04 2,66±0,02 2,II;t0,02 

A-11 (Bee saper1cTp1-
~OB8BHH8 COdll'l'l.ll) 4,56;tQ,06 2,68.±<>,03 I, ?O;t0,03 

%""1'1 (Heynpyrxe co6w-
5,0?±Q,06 TH.II C yqeTOM 2,68:t0,03 1,89!;0,03 

nonpaaox/ 

¥) 3Ha"'eHBe < rl.t> C Yll8TOJ.I noapaBOK, CBR38HBHX CO B38HMO~eiCTBIJDIH 
UBOHOB C KBaSICBOdO~ npoTOHSMH .ll~ep yrnepo~. 

* ,lJ.OJI.II B3aHMO~eiiCTBHH nHOHOB C KBa3HCB060~HWMH 
npoToHaMa .11~ep yrnepo~a cocTaBJI.IIeT 44% OT acex 3ape
rHCTpapoBaHHLIX B KaMepe 77 l>-a3aHMO~eiiCTBHH. 
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npoToHa, JieTJIIQero a 3a~HIOIO nonyc~epy B na6opaTopHoii 
CHCTeMe I<OOp~HaT, HMnyJILC npoTOHa p 2_ 180 M3B/c. 
,lJ.JIJI 3THX C06WTHH onpe~eJieHO 3Ha'leHHe < 0 + > = 5,70. 
OTCIO~a 6wno nonyqeao, 'ITO cMeiQeHae l'l <n ±:; = +0,1. 

§3. "-n - e3aUMooeucmeuJI 

B •a6A. 2 npaae~eHLI pacnpe~eneHH.II acex 11-n co6w
"THH no MHO)I(eCTBeHHOCTH BTOpH'IHLIX 3apJI)I(eHHLIX qacTH~ 
h+ , nonyqeHHWe c JICP /xonoHxa 21, H ~OJI.II co6LITHii c 
~aHHWM "± oT nonHoro ax qacna /xonoHxa 3/. B cne~yro
max xoJioHxax •a6A. 2 npaae~eHw pacnpe~eJieHH.II co6wTaii 
no n + c yqeToM nonpaaox. liwna yqTeHw nonpaBKH, aHa
norH'I-HWe nyHKTaM 1-4 ~JI.II "- p - co6LITHii /§2/. B cpe~HeM 
nonpaaxa Ha raMMa-xaaHTLI cocTaBJI.IIeT "'2,3%, Ha napLI 
,LJ.ana~a "'0,6% OT nonHoro 'IHCJia co6wTaii. 

,lJ.JIJI HCI<JIIO'IeHH.II I<OrepeHTHWX C06LITHH H3 1 ,3 H 5-
Jiy'leBbiX TT - n - B3aHMO~eHCTBHH HCnOJIL30BaJIHCL pe3yJIL-
TaTW pa60TLI / 4-6/: . 

o 11 
n = (23,1 ± 0,3) M6H, 

tot 

11""'"n 11-p 
a ef =0 ef =(3,32 ± 0,~)M6H H 

11-C * 11-C 
o (1J1)=(1,80±0,03)M6H , o (3J1}=(3,5±0,5) M6H. 

KOI' KOI' 

o"-c (5Jl )=(0,37±0,00)M6H. 
KOI' 

Bee Haii~eHHLie 77-n co6LITH.II c nonpaaxaMH /1-4/ 

HOPMHpOBaJIHCL Ha Ce'leHHe oi: n +oKOI' (1 )+oK0~3) +o KOI'(5)= 
25,5±0,6 M6H. 3aTeM BLI'IHTaJIHCL ~OJIH I<orepeHTHWX 

1 ,3,5-ny'leBLIX C06WTHH, I<OTOpWe COCTaBHJIH f'l1 = 49,2~, 
f'l 3= 37,5~ H f'l5 = 6~ OT 1,3,5-ny'leBWX C06WTHH COOT-

* ITpe~nonaranocL, 'ITO 

( -c 12 - 0 oci2\ 1 ( - 12 - + 12.. 
0 TT ->TT TT TT J=-0 TT C ->71 TT TT""'C ) 

1,5 
(1). 
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BeTCTBeHHO. fioJiy'leHHLie TODOJIOrH'IeCKHe Ce'leHHR ,!J,JIJI 

77-fl-B3aHMO,IJ,eHCTBHH B npe,IJ,eJiaX OlliH60K He OTJIH'IaiOTCJI 
OT 3Ha'leHHH Ce'leHHH, ony6JIHKOBaHHLIX B pa6oTaX /I/. 

HaM npusTuo no6naro,IJ,apHTh COTPY.IJ.HHKOB rpynnLI 2-
MeTpoaoii nponauoaoii KaMepLI 3a none3HLie o6cy)K,IJ,euus H 
DOMOII.{b B pa6oTe. 
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Y CJIOBHJI 06MeHa 

llpenpaHThl a coo61QeHBJI OHJIH pacChlJUUOTcJI6eciiJJaTHo, ua ocuose 
B3aHMHOrO 06MeHa, YJIHBepcBTeTaM, BHCTHTyTaM, na6opaTOPBJIM, 6u6-
HBOTeKaM a uay'IHhlM rpynnaw 6onee 50 CTpau. 

llowawo perynJipHoii pacchi)IICB B nopJI.zuce o6weaa, H3,!UI.Tem.cKBii 
~T~en e)Kero~o BhlnonuJieT oKono 4000 oT~enJ.HhlX 3anpocos aa Bhl
ChlnKy npenpHHTOB a coo6~Qeuaii OHJIH. B TaJCHx 3anpocax cne~yeT 
o6JI3aTen:~.uo yKa3hlBaTJ. HH~eKc 3anpaWHsaeworo B3,!UI.HBJI. 

A.llpeca 

llHCJ.Ma no seeM sonpocaw o6weua ny6n&KaJliiJIMH, a TaK)Ke 3anpo-
Chl ua OT.D;enJ.Hhle B3~aHBJI cne,D;yeT aanpasnJITJ. no a~ecy: 

101000 MOCKBa, 
F .IIQBHWfi nO'IIIQMII, n/ Jl 79, 
H30alle.III>CKufi o•oe.11 
061>eOUHeHH020 UHCIIUIIYIIa 
JIOepHWX UCC.IIeOOBaHufi. 

~pee .D;nJI noChlnKH scex ny6naKanaii B nopJI.zuce o6weaa, a TaK)Ke 
,D;HJI 6ecnnaTHOB DO,D;DHCKB Ha Hay'IJihle )KypHaiJ:hl: 

101000 MocKsa, 
F.llaBHWfi no'lllaMII, n/.11 79. 
llay<~Ho-•exHu<~ecKaJI 6u6.11uo11eKa 
061>eOUHeHH020 UHCIIU•yaa 
JIOepHI>IX UCC.IIeOOBQHUfi. 


