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B Te'leHHe nocne.Z.HHX neT 6wna BWCKa3aHa/l/ H npose
peHa B HecKonLKHX 3KcnepHMeHTax /t-4/ rHnoTe3a o6 yHH

sepcanLHOCTH CTPYKTypHoii 4>YHKQHH 

2 
2 1 E d a 

f(p ,rosiJ) = -- ·- --
a tot p 2 dp dfl 

/1/ 

OllHCWB8.IOII(eii ClleKTpW npOTOHOB, HCllyll(eHHWX B 3a.Z.HIOIO 
nonyc4lepy, B na6opaTOpHOH CHCTeMe KOOP.Z.HHaT /n.C.K./, 
B peaKQH.RX THna 

a + .ll.Z.PO -> P ~ + /2/ 

B npHse.z.eHHWX Bhlp8.)1(eHH.RX pI, E) - HMnynLc /3HeprH.a/ 
HCllYII(eHHWX npOTOHOB, 0 -yron BWneTa npOTOHa, a tot -
nonHOe Ce'leHHe B3aHMO.Z.eBCTBHJI HaneTaiOII(eii 'laCTHQhl 
" a " C JI.Z.POM. 

CymecTBYJOII.Uie 3KcnepHMeHTanLHwe .z.aHHWe noKa3wsa
IOT, 'ITO CTPYKTypHaJI 4>YHK~HJI f .z.nJI npoTOHOB c HMnynLcoM 
p 2_: 300 M3B/c He 3aBHCHT OT 3HeprHH B HHTepBane 
E "" I ~ 40 r3B, copTa HaneTaiOII(eii 'laCTH~hl ( TT 'P) H THna 

a - ~ JI.Z.pa; .z.n.a CTPYKTYPHOH ..,yHK:QHH B 3TH X cny'laJix HcnonL30Ba-
nacL napaMeTpH3a~HJI 

2 f = A · e~ ( -Bp ) , /3/ 

He Y'IHTWBa.IOmaJI 3aBHCHMOCTH OT yrna BwneTa npOTOHOB. 
~10-uacToJimeii pa6oTw JIBnJieTcJI nposepKa rHnoTe3w 

YHHBepcanLHOCTH CTPYKTypHoii 4>YHK:QHH B peaK~HH 

17-+ c-> p~ + ... npH 5 r3B. /4/ 
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Pa6oTa 6wna BWUOnHeHa Ha OCHOBe ~OTOrpa~HB, nony
'leHHWX c MeTposoi nponaHoBoi ICauepw JIJITI OHJIH, 3Kcno
HHpOBaHHOB B nyqiCe OTpHUaTenLHWX UHO~OB C HMnynLCOM 
5 F3B/c. 

B pe3ynLTaTe o,~U~oiCpaTHoro npocuoTpa 12000 ~oTo
CHHMICOB 6wno HaimeHO ::: 3500 C06WTHB C npOTOHaMH, ne
TJIIQ.HMH B 3a.D;HIOIO nonyc~epy B n.c.IC. llocne H3MepeHHJI 
H o6c11eTa 3THX .D;aHHwx ,ZJ;nJI .D;anLHeiwero aHanH3a 6wno 
OCTaBneHO = 3000 C06WTHB, CO.D;ep>Ka.IQ.HX =4000 BTOpH'IHWX 
npoTOHOB. O,~U~a TpeTL ~oTorpa~HB /=4000 cTepeoiCa.D;pos/ 
6wna npocuoTpeHa .IJ;BWK.D;W H nposepeHa ~H3HICaMH. 

r 
Ha ocHoBe pe 3ynLTaTOB .D;BOBHoro npocMoTpa onpe.D;eneHo 

ce'leHHe reHepa~HH npoTOHOB c HMnynLCOM p ~ 200 M3B/c, 
swneTaiOIUHX B 3a.D;HIOIO nonyc~epy, B n.c.IC. 

I 

atot = /25,5±1,7/ M6H. 

3Ta BenH'IHHa COCTaBnJieT UpH6nH3HTenLHO 10~ OT non
HOrO Ce'leHHJI rr-c -s3aHMO,ZJ;eBCTBHJI / 5/ npH 3He-prHH 5 T3B 
a tot = /240 ± 16/ M6H. 

~nJI HCICniO'IeHHJI CHCTeMaTH'IeCICHX OWH60IC, CBJI3aHHWX 
C UOTepeB C06WTHB UpH UpOCMOTpe H CO 3Ha'IHTenLHWMH 

norpeWHOCT JIMH B H3MepeHHWX HMnynLCaX UpOTOHOB, HCUY
(UeHHWX UO,ZJ; ManWMH yrnaMH IC BepTHICanH, ,ZJ;nJI ,ZJ;anLHeBwe
ro aHanH3a HCUOnL30BanHCL npOTOHHWe TpeiCH C tg 2a:_:;tg 2a

0
= 

= 3 /a - rny6HHHWB yron, a 0 = 60 °/. B COOTBeTCTBHH c 3THM 
TpeiCaM C BenH'IHHaMH rose B HHTepBane -0,5::; cose 'S_ 0 
npHnHcwsancJI cne.D;YIOIQ.Hi "sec": 

W(cose) 
7T 

sinao_[) . (I ---2arcsm • sine 

HH>Ke npe.D;cTaBneHw yrnoswe H HMnynLcHwe pacnpe.D;ene
HHJI npOTOHOB, HCUymeHHWX B pea~HH /4/ B 3a,ZJ;HIOIO nony

c~epy /n.c.IC./. 
Ha puc. 1 noiCa3aHw yrnoswe pacnpe,ZJ;eneHHJI npoTOHOB, 

HcnyciCaeuwx H3 JI.D;pa yrnepo.D;a, B 'leTwpex HHTepsanax 
HMnynLcos. H3 3Toro pHCYHICa JICHO BH.D;HO Bo3pacTaHHe 
yrnOBOH aCHMMeTpHH BWneTa npOTOHOB C yBenH'IeHHeM HX 
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HllmynLcoa. B •a6A. 1 ,D;aHLI HaKnOHLI A 1 yrnoB:L:fX pacnpe

,D;eneHHH*, napaMeTpH30BaHHLIX BLipaJKepHeM / 61: 

dN 
dcosO = Aoexp(-Alcose). 

Ta6Aufla 1 
HaKAoHw yzAoet.Jx pacnpeoeAeHuii. 

~l 0.03-0.06 0.06- 0.(2 0.12-0.36 0.16-0.36 
0-1 +-0.13-!:0.16 0.43!.0.11 0. 80-t 0.12 0.98-J:. a 16 
0.3-1 +-0.50-!:0.25 0.80 tQ20 Q82t0.20 f.O ± 0.3 '--------~-

B 6onee paHHHX ny6nHKaiJ.HJIX 13 • 41 ,D;aHHLie o6 acHMMe

TPHH yrnOBLIX pacnpe,D,eneHHii OTCYTCTBOBanH. 

Ha puc. 2 H 3 npe,D;cTaaneHw nony'leHHLie HaMH 3Kcne

pHMeHTanLHLie ,D;aHHwe ,D,n.ll cTpyKTypHoii l)yHKI(HH I 1/ a qe

TLipex HHTepaanax Ben&'IHH ICOCHHyca yrna BLineTa npOTOHOB. 

llpHBe,D;eHHLie Ha pHCYHKaX OWH61CH - CTaTHCTH'IeCKHe; B HHX 

He BICnJO'IeHa B03MO)I(JfaJI 06IJ.ta.ll /HOpMHpOBO'IHaJI/ CHCTeMa

TH'IeCKa.ll norpeWHOCTL j,D;O =10~/, CB.II3aHHa.ll C HeTO'IHLIM 

3HaHHeM Ben&'IHH a tot H a p ~ . 

AHan&3 3Kcnep&MeHTanLHLIX ,D;aHHLIX noKa3an, 'fTO napa

MeTpH3aii,HJI CTPYKTYPHOH l)yHJ(l(HH BLipalKeHHeM /3/ ,IJ;n.ll 

KaJK,D;oro H3 aw6pauHwx HHTepaanoa cosO JIBnJieTCJI y,D;oane

TBOPHTenLHoii, o,D;HaK01 KaK ycTaHoaneHo, aen&'IHHLI B 3aaa

CJIT oT yrna awneTa npoTOHOB: c pocTo:w: non.11puoro yrna 0 
noKa3aTenL B yaen&'IHBaeTcJI /cw. •a6A. 2/. 

*Ben&'IHHLI napaMeTpOB H HX OWH6KH, COOTBeTCTBYJOIJ.tHe 
68-npo~eHTHOMy ypoauro ,D;OCTOBepHocTH, onpe,D;eneHw we
TO,D;OM MaiCCHMyMa npaB,D;OfiO,D;06HJI. 
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fO·f 

4( Ql cu 

p' ( f•B!c) 

Puc. 3. CapyKaypHa.R ~YHK'IU.R OA.R uHaepeaAoe yzAoe et.IAema 
npOIIIOH06 0 ::; case ::; -0,5. 
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3To npaseno K wwcna nposepBTb .u.pyrae napaweTpB3a
IUIB B Cp8.BHBTb BepOJITHOCTB OUBCaHBJI BMB BCeii: COBOKyn
HOCTB UOHY'feHHhiX HaMB 3KCnepBMeHTaHbHWX .U,aHHWX. Jlyq
WBM B3 onpo6osaHHwx oxa3anoc:& BWpruKeuae 

2 2 -Al pf -( At+A2)PIT 
f= A0 exp [-{ A1 +A 2 cos e) p hA0e • e , /5/ 

r.u.e p1 {p 11 )- nonepequaJI /npo.u.on:&HaJI/ cocTaBnJIIOIQa.JI aw
nyn:&ca npoToua. 

B aa6A. 3 npase.u.euw 3Ha'leHBJI norapaciJwaqecxoii ciiYHKIUIB 
npaB.U,OUO.U,06BJI L /c TO'IHOCTbiO .U.O KOHCTaHTW/ B BenB'IBH 
uaii.u.euuwx napaweTpos .u,nJI ciJyuxuKii /3/ a /5/. H3 3Toii 
Ta6nBI{hl cne.u,yeT, 'ITO ciJYHKUBJI /5/ 3Ha'IBTenbHO HY'fWe 
OUBCWBaeT 3KCnepBMeHTanbHWe .U,aHHWe. 

Ta6Auf#a 2 
HaKAOHt.l cllpyKaypHou ~YHKf#UU 

~ p 0- 0.25 0.25-0.5 0.5-0.75 0.75 -1 

012-0.36 {1.5±1.2 Ill. lt-!.1. It 12.o~ 1.2 16.'1 -t f. 7 

O.I0-036 11.3 ± 1.0 14.3-!: 1.1 13.2 t 1.1 f6. I"! 1.!1 

0.08- Q36 (/.3 ± Q8 f'f.'-1± 1.0 f4.o t f.o !5.1t "! 1.1 

0.06-0.36 12.9 t O.B 15.5 ~ 0.9 15.11'0.9 16.5± 1.0 

0 0.3-008 25.5 t 2.5 2ZO-:. 2.3 31.0± 2." 32.5± 2. 7 

Ta6AU'Ia 3 
,[fee napa;weapu3a11uu capyKaypHoiJ ~YHK'IUU 

p1 ( raBfc ]2 f!.n F L 111 112 

-lit P2 0 f4.3! 0.5 
. O{Jg-0.33 

-{11, +1/zCOS~ f 22 13.20"!:0.75 3.9!. 0.8 

- f11 p2. 0 29.0± 1.6 
0.03-009 

-(ll,l/lz~Jl 5±2 7 27.7±2.0 
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nonyqeuuoe HaMB 3H~'IeHBe aenB'IBHLI A 0 = /2,4 ± 
± 0,3/ c•epai} :_

1 
/F3B/c/-

2 
/norpeiUHocn. - CTaTHCTB'Iec

KaJI, B Bee He BKJDO'IeHa B03MOlKHaJI • CBCTeMa TB'IeCKaJI 
OWB6K&-AO 100/o/ cornacyeTC' C ony6JIHKOB&HHLIMBAaHHLIMB 
/2,8±0,7//7/ B /2,0±0,7/· 4/. 

TaKBM o6pa3oM, accneAOBaHBe cneKTpa npoTouoa, BLI
neT&IOIQBX H3 JlApa yrnepoAa B l&AHIOIO nonyccllepy, B n.c.K., 
npa 5 F3B noKa3ano cneAYJOll(ee. 

B napaueTpB3&UBJO CTPYKTypuoi cilYHKUBB ueo6xoABMO 
BBeCTB yrnOB)'IO 3&BBCHMOCTL, o6ecne'IBB&10ll(YJO Ofl~Cll,HBe 
3KCne.paueu~iuil.uwx A&HHWX o.ziuoapeueuuo BO BCeM BHTep
aane yrnoa BLineTa npoTouoa. B To )l(e apeMJl uaiAeHHLie 
H&MB JuayHBJl H&KnOHOB He DpOTBBOpe'laT pe3ynLT&T&M 
pa6oT 

1
•
3
. I B cooTBeTCTBYJOIQBX yrnoaLix BHTepaanax/, 

nony'leHHLIM npa 3HeprBJIX 1+ 5,7 F3B. HcKmoqeuae JiOCTaa
nJleT yron 90 °, rAe npu 3HeprBJlX I; 3 B 30 r 3B 3 '8 I ua. 
KnOHLI B npauepuo a 2 pa3a ueu~owe uaiAeHHLIX HaMB. 

C Apyroi CTOpOHLI, B pa6oTe /l • 3/, BLIDOJIHeHHOB npB 
cyll(ecTaeuuo 6on~owei 3Heprau /40 F3B/, OTMe'laeTcJl 

B03MO)I(H&Jl yrnoBaJl 3&HHCBMOCTL napaueTpa B c npoTBBO
nonolKHoi uawau A&HHLIM TeHAeuuueii yueu~oweHBJl B c poe
TOM yrna (). 

,lJ;nJl peweHHJI aonpoca o6 yrnoaoii B 3HepreTB'IecKoii 
3&BHCBMOCTH CTPYKTYPHOB cilYHKUBB,Heo6xoABMW A&nLuei
lillle 3KC-iiepliM-el~TlDiltltLie. BCCnCAOBaHHJl ~ 6onee WBpOKOM 
HHTepaane 3HeprBB nepBB'IHLIX 'I&CTBU. 

ABTOPLI C'IBT&IOT CBOBM DpBJITHLIM AOnrOM BLip&3HTL 
6narOA&PHOCTL r .A.JieKCHHY 3& 06CY)I(AeHHe H UeHHLie 3&
Me'I&HBJI H H.Aurenoay - 3a npeAocTaaneuae nporpauu cTa
THCTB'IecKoro auana3a co6LITBii. 
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