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· 1. BBE,IJ,EHHE 

PimHTHBHCTCKaH HnepHaH QJH3HKa B retieHHe nocnenHHX necHTH-nHrnan
uarH ·ner npornna 3Tan HHTeHCHBHoro pa3BHTHH. )J.nH 3HeprHH no coreH 
r3B/HyKnoH 'HccnenoBancH rnHpOKHH cneKTP Hnep __: or nertmH:timx no ca
MhiX THJKenhiX. )ln'H nOHHfvtaHHH cnOJKHO~ KapTHHhl, MPOH·HnepHbiX H. Hnpo
HnepHhiX 1l3aHMonei1:CTBHH 6onhlliYIO ueHHOCTh npencTaBnHIOT Hccnen~BaHHH 
B3aHMo.zieHCTBHH nerliaHiliHX Hnep' C npOTOHOM: B 3TOH CBH3H HMO nontiepK
HYTh, liTo· nnH BhiHCHeHHH ·MexaaH3MOB B3aHMo.neH:cTBHH BaJKHo nonyliHTh 
nonHyiO HHQJOpMauHIO 0 C06biTH~X: HMnyJrhChl, MaCChi' H 3apH'A~r BCeX BTO-. 
pHliHhix liacrH:u. 3THM Tpe6oBaHHHM B Hac.foHruee BpeM.H 6onee. Bcero y)J.oB
nel:BopHIOT TpeKOBbie npH60pbl IH, B · liaCTHOCTH, BOnoponHaH ny3hlph.KOBaH 

· r , \ 
. KaMepa, · HBnHIOIUaHCH onHOBpeMeHHO liHCTOH. MHilieHbiO H 47T-nereKTOpOM, 
n03BOnHIOJUHM npoBonHTh 3KCKni03HBHOe H3ylieHHe pHna peaKUHH. 

11cnonh3oBaHHe nyliKa ycKopeHHhrx Hnep, na;iaiOrumc Ha BonoponHYIO MH
rneHh; CflOCo6CTBOBano. TOMY, liTO BCe cpparMeHTbl 6hinH 6biCTpbiMH,. H, HX 
mvmynhChl xoporno 'H3MepHnHCh H HneHTHcpHUHpOiianHCh I~. ' 2 .!. CrocaHTHMeT-

\ · p~BaH BonopoiH~ ny3hiphKOBaH KaMepa JIB3 OJiHI116hma o6nylieHa nyli
KaMH ·H):(ep .2 H, ~He, 3 He, 1 6 0 H nonHpH30BaifHhiMH neH:rpoHaMH. CnHcoK 
pa6oT no HCCnenOBaHHHM neH:TpOH-npOTOHHhiX B3aHMOneHCTBHH MOJKHO HaH
TH; HanpHMep, B' 13 ' 4 1• ·HeKo~ophre pe3ynhiaThi no'H3Yli~HHIO 4 Hep-B3aHMO
neH:cTBHH ony6nHKOBaHbl B 12 

'
5

-
7 1

: flpe~BapHTenhHbie naHHbie no 'H3ylieHHIO' 
B3~HMonei1:~TBHH. nonHpHSOBaHHhiX neH:TpOHOB C_ npOTOHaMH ·npMB~neHbl 

,B pa6ore 18 1• · · 

··~,· 

/\ 

I 

.2. 3KCITEPHMEHT 

Ueixbro Hacr,o~rued pa6orhr HBnHeTcH onpeneneH~e· ce<ieHHH 3 He p-B3aHMo
neH:crBnH: npH HMnynhce naJJ:aiOruero Hnpa 3 He 13,5 r3B/c c nOMOJUhiO 100-
caHTHMeTpOBOH BOJJ:OpO.D:HOH ny3hlphKOBOri KaMe phi JIB3. 011HI1. 060CHOBa-, 
HHe Bhr6opa nytiKa Hnep 3 He npHBeneHo B 19 1

• flonpo6Hoe mmcaHHe MeTona 
nonylieHHH ycKopeHHhiXHnep, KaHana 'rpaacnopTHpOBKH nyliKa Ha 3KcnepH
MeHT~LHYIO. yCTaHOBJ<y, n'apaMeTp~r nytiKa MOJKHO HaHTH 'B · pa6ore191• 

· <l>o-fonnemm c H3o6piDI<eHHHMH co6brTHH o6pa6aThiBanHcb B na6opaTopH
HX corpynHHlieCTBa no craHnaprnoH: cxeMe: nByKpaTHhiH npocworp, H3Mepe-

,·~ . ' \ . / ~ ~- ., 
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HHe KOOp,!1;HHaT· B_ IIJIOCKOCTH nneHoK;-npOCTpaHCTBeHHOe BOCCTaHOBJieHHe,. 
KlffieMaTH'leC~HH amimi3 H BI-13YaJibHaH o~eHKa llJIOT~OCTH cne.noB 3apmKeH-· 
HbiX qacTH~. McnOHb30BaJIHCb a.nariTHpOBaHHbie s_epCHH 6n6nHOTeKH npo~ -· 
rpaMM • npOCTpaHCTBeHH~H ¥peKOHCTpyK~HH H KHHel\;laTH'leCKOrO aHaJIH3a. ~0-. 
6hiTHii CERN HYDRA. MarHHTHaH neHTa cyMMapHbiX pe3yHbTaTOB co.nep)f(HT 
37286 co6hiTHH .. 

3. PE3YJibTAThl 
1 .... -

HeKOTOpbie·pe3yHbTaTbi H3yq(mHH 3 Hep-B3aHMO,!J;eHCTBHH npH 13,5 r3B/c, 
'• . ' • , ' .J •• . • • - /' . 

TaKHe, KaK, .HanpHMep, aHOMaJibHOe. n·oBe)J;eHHe ABYX3apHAHhiX BTOpHqHbiX 
i<PparMeHTOB110 

l• H pe3yHhTaThi H3Y'.IeHHH. 6~3Me30HHOrO pa3BaJia, 3 Hep'-> 
-:+ pppn . ·y)f(e ny6nHKOBaJIHCb11 ~J. llpenBapl1TenbHbie 3Ha'leHHH noiiepeqHhiX 
ce'leHHH Ha O~paaHqeHHOH CTaTHCTHKe npHBeneHhi B pa6~Te 1 ~ 1

, rne O~eHKa. 
cncTeMaTH'lec:Kifx noTepb npo:Bonn~acb Ha ocHoBe cp'a:imeHim .nn<P<PepeH-. ' ' . ' - - . .. -

~HaJibHOro ce'leHHH ynpyroro. K:mana c. pe3ynLTaTaMH · pac'leTa. no Monenn. 

r 6 
. . ' . ./ . ·' . ' ' :. ' ' 

nay epa. .. . . . , . . 
B HaCTOHI~eii p~6oTe: CH~TeMaTH'l~CKHe nb-TepH o~eHHBaiDTCH:no3KCnepii-. 

MeHnlnbHbiM naHHhiM 6e3 npHBneqemiH MOAeJieH. llO'ITH. Bee CHCTeMaTHliec
KHe noTepn · cocpenoTo'leHhi B KaHane ynpyroro pacceHHHH H cBH3aHhi c no- . 

.· . ·. ' . . . ' ' . \ .. 
poroBhiM 3Ha'leHHeM HMn~rnM!a npoToHa, .Ha6monaeMoro B KaMepe, H/HnH 
c 6onbiiiHMyrnoM norpy)f(eHHH qacTH~hi oTp;aqn. (c MaJihiMH nnnHaMii npoeK-. 
~HH cnenoB Ha nnocR:ocTb m1'eHKH) . B. HaiiieM cnyqae nopo'r nnH npoTOIIOB 
oTnaim · coci~imHeT . ,;, .80 ,M3B/c~ llpH Bhi6m!aann onH~ro. Jiy.KhoHa H3 fl:dpa 
3 He npoToHy OTA~'IH :coo6maeTCH HMnymc ;;;;, 130 M3B/c; :no .naeT oc~o:Ba
HHe ilpeHe6pe'lh·noTepHMH ~- Heynpyrux Kaaanaxpea~~Hn;· . . · .· · '··. 

. CeqeHifH onpenenHHMCb Ha qacTH co6bi~HH, KOTOpaH npencTa~nHeT npH-· 
MepHO 50% BCeH CTaUfCTHim .. 3TO 26087 co6biTHH H3 npOCMOTf>a, KOTOpbie . 
cooTBeTcTByroT N~ = · 239:106 nyq:KoBi.nvi cnenaM. CpenHHH 3<P<PeKTHB
HocTb AByKpaTHOrO~ npOCMOTpa _6hlna· 99%, a B cnyqae ABYXHy'leBbiX C06bi~ 
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THH 6hma BHeceHa nonpaBKa Ha 3<P<PeKTHBHOCTb. npoc~oTpa H. Ha imTepn c~e- · 
noB c KopoTKHMH npo6eraMH ~ 6omiiinMn yrnaMH norpy)f(eHHH~ KaK_ OTMe~ .r I I 
'laJIOCb Bbiiiie, 3TH. CQ6hiTMH .. C MaJibiMH 3Ha'leHHHMU .KBanpaTa nepenaHiJ:,oro -1 

'leTbipexHMnynbca . ,OT npoToHa • MHIIIeHH · K' · npO'J'OHY OTAl.t~ (I tl · < 1 
< 0,02 (f'3B/c) 2 

) B OCHOBHOM cocpe.no!o'leHhi B ynpyroM KaHane. ; . ' .. · I 
Ecnn noTepn, cBH3aHHhie c ,MaJihiMH 3Ha'leHHHMH. 1 tl ,::pacnpeneneHhi pa:s~ ' 

HOMepHO no BCeMy HHTepBaJIY a3HMYTaJibHOrO yrna npOTOHa. OTAaqH, TO no
TepH,- Bbi3BaHHbie 60HbiiiHMH yrnaMH. norpy)f(eHHH, npOHBHHIOTCH B o6naCTH 
onpeneneHHhiX 3~a'<ieHHH a3nMyTaJibHoro yrna: 06nacTb a3HMyTru:ibHoro yr
_na, Kyna naroT BKHM o6a lic'foqHHKa rro~epi., 6hma HaiineHa <P~iTHpo~~HHeM 
cyMMhi ABYX ~ayccoBcKHX <PYHH:unii i< pacnpe.zieneHHIO no: a3HMYTaJih;IOMY · 
yrny npc>ToHa oTna'ln. 

'2 

'· r. 

'' 

I 

·r . 

·,--

llonpa:BKa K q~cny co6hiTHH, :rne 3Ha'leHHe1 KBanpaTa nepenaHHOrO 'le
TbipeXHMnyHbCa · 1 tl < 0,02 · {r3B/c) 2., 6hma HaiineHa ·3KCTpanonH~Heii <Pn-
1-npoB~Hoii 3KCnOHeH~HaJibHOft qJyHK~HH K pacnpeneneHHIO no dN/dt. <l>HTH
pOBaHHe ·B o6nacTI1·o,02 < ltl < 0,12 (r3B/c) 2 .naeT 3Ha'l~HHeHaKHOHa 
b = 33,2± 1,3 (r3B/c)- 2

• 3Ta npo~enypa 6hma npHMeHeHa TOHbKO nnH TOR-
' .. . I · . . I 

o6nacTH, rne noTepn no a3HMyTaJibHOMY yrny oTcyTCTBOBaJIH. B pe3ynbTaTe 
6hmo HaiineHo, 'ITO cncTeMaTH'leCKHe noTepH,B ynpyroM KaHane cocTWHHIOT. 
3125± 190 co6biTHH, T.e. 44% Bcex AByxny'leBbiX c06biTHH. . .. 

' •. 3Ha'leHHe. nonHoro ~eqeH~H- at. BbiqncnfieTCH no cTaHnaprnoMy Bbipa -
)f(eHmb 

. N =:= N 0 [1- exp(-a t.uN A le)l, r~e 
. ., 

i. 

.N __.: rionHoe qncno co6hiTHH H3 ripocMOTp~ n·~cn~Bcex nonpaBo~,.N0 -liMe

no rry'IK<mhiX 1-peKoB, ~N A :- tincno ABoranpo, p - nnornocTb ~onop?na 
npn pa60'IHX ycnoBHHX KaMephi, I - 3<P<PeKTHBHaH nnHHa · pa6oqeif 'o6nacTH - \ _ . , . - . . e _.. · ~ . , · 
KaMepbi. 3Hl;lqeHHe nHOTHOCTH BOAOpona H Bbipa)f(eHHe AHH }e B3HTbi H3 pa-
60Tbi 11 2 1 • llnnmi . 3<l><l>eKTHBHOH o6nacTH. :KaMe phi OKa3aJiaCb pa:BHOH 1 '= , . . . - . . . e 
.= ( 32,97 ± 0,05) eM:. llonHoe 'IHc~oeo6biTHH N := 27 497 ± 176 co~TBeTCTBY-

, . . I 

eT 3Ha'leHHIO !lonHoro ceqeaHH at =(118,0± 1,2)M6. ~nH BHAHMoro H nonHoro 
ynpyrC>ro ceqeHHH nonyqeah!'cnenyromne 3HaqeHHH:.a-viS ::;:· (106,0± 1,6) M6 
H a el·. _,;, (24,2± 1,0) M6. O~eHKa nonHoro 'ceqeHHH nonyqelia HS OllTH'leCKOH 
TCl<iKH ·a opt.;,"-. (124,9±.7,7). M6. llonyqeHHbie 3HaqemiH Ce'leHH~He npOTHBO
peqaT naHHbiM,. ony6HHKOBaHHbiM Ha :<IaCTH CTaTHCTHKH 19 1

• qHCHO C06biTHH 
H3 npOCMOTpa M TOnonorqnec~me c~'<ieHHH npHBeneHblB Ta6nn~e. llnH.ABYX·· 
~yqeBbiX C06hiTHH B nepBoif C~p~Ke Ta6nH~bi naiDTCH no OTAeHbHOCTH 3Ha'le-, 

· HHH :B~nHMbiX H Hen:nnli~hiX qacTeii. llpnBeneHHh;e c;min61m cTaTHCTH'lecKne. 

Ta6nnu;a; T~nonomqecKne' ceqeHHH 

BHAHMaH H * * - HeBHAHMaH 'laCTH 

Tononormi qHCHO co6biTHH 

2· 
2 
3 
4 
5 
6 

I 7 
;;;;.8 
-

' 

-:-

3911±74* 3125±190** 

7036±204 
16217± 134 

213±16 
6q50±82 

17±4 
483±22 

6±2 

3 

3 Hep-B3aHMoneiicTBnii: * 
' ~-l. 

Tono~oritqecime 
ceqeHHH (M6) 

15, 1± 0,3* 12;0± 0** 

27,1±0,9 
62,5±_1,0 

-0,82±0,06 
25,6±0,5 

'0,07±0,02 
1,86±0,09 

0,0023± 0,008 

/ 
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PHc.l. .IlmpcpepeHI . .\HaJii.aoe· . cet~eaHe ~ dt/dt 

. JJ;JIH 3 Hep ynpyr~ro pacceaa~a. KpHBble •· · . ' 
. pe3yJihT8Tbl'. ·pact~eTa ·no MOJJ;enH. MHoro- .• 

\• '·· I . . 
I 

pa R = 1,51 ¢~ 115 1 11 bpN '= 6,7 (r3B/c) ~ ~ -:- HaK.JioH .n;HcpcpepeHD;I1a.n:b'Horo 
ceqeHHH 3JieMeHTapHoro npoTOH·HyKJIOHHoro pacceRHHH nrrR cnrromHow KPH
aow;: R = 1,88 cpM

191 HbpN ~ 7,2 (r3B/c) "7 2 ,l1;JIH IIITpHXOBOW ~HHHH.B o6o-
11X cny'laHXMOJKHo roaopHTb JIHlllh o KaqecTBeHHOM,corrrac1111; npHlJeM KPH
BaH c R = 1;5LcpM a o6rrac.f11 1 tl < 0,12 (r3B/c) 2 npeBhiiiiaeT 3KcnepH'MeH,-

101 

KpaTHoro pacce.fiHHH Tm;y6epa c rayccoBc· 

Koii: oliaotlacTH'IHOH m1oTHOCThiD. BxoJJ;Hbie. 

napaM~Tpbi MonenH a =. -0,33, a = 42 M6; 

cnJIOIIIHaH·ll·HHHH ~R = 1,51 cpM, bp· ri .;,.,, 
-2 . ' = 6,7 (r::JB/c). ; wTpHxoBaa JIHHH.fl ~- R = . 

;:· .~·88 ¢M, bpn ~ 7,2 (I:'~B/c)- 2 . TiepBaa 
ToitKa yt~HThiBaeT . nonpaBKH Ha ·· noTepH; 

.• 1 TaJibHbie pe3yJihTaThi, a .n;pyraH KpHBaH Jie:lKlf'f CHCTeMaTHlJeCKH HHJKe 3KCne
p~MeHTa.JlbHhiX. T<llJeK. CpaaHeHHe 3KCnepHM~HTa.JlbHblX nirnHhiX 3 Hep ynpy
roro pacceRHHH np11.TP .= .. 600 M3B H.pacqeToB .no ~rray6epy c o.n;HoqacTHlJ-: 
How rayccoacKow nrroTHOCThiO 11 5 1 B, HHTepaa.n:e 1 tl . < 0,13 (r3B/c) 2 ToJKe 
HOKa3hiBaeT npeBbillleHHe Ha.IJ:. 3KCnepHMeHTa.JlhHhi\,111 3HalJeHHHMI1. llpH'II1Hhl 

· ... il 
,j 

10° I 

· .llaHHhie. no norrHoMy 11 ynpyroMy 
ceqeHHHM .. · 3 Hep-B3aHMonewcTa~w 

. ,.:_, ' '·. 
. a pawoHe H3yqaeMhiX . :mepr11ii no

.·. aorrhHo cKy.n;Hhie~ i-IauiH pe3ynh;aTbl · 
MOJKHO cpaBHHTb CO .3HalJeHHHMHat~ (125,2±),5) M6.H Uel =:' (24,5±1,3) M6: 
npH HMnyJibCe 5 r3B/c Hnpir_3 .He~'. 3 ,1 • • • ( ' . • • 

0.1· •. 

Ha p11c.1 cpaBHHBaRlTCH pe3yrrhTaThi p~cq~.fa ~o MonerrH MHoroKpamoro 
pacceHHII~ rrray6epa~14• 1 11 pacnpe.n;e.lleHHe .nmpcpepeHD;Ha.JlhHOrO ~eqeHI:rH 

\ . . • ' - ' • I 

~ ;;;
~ 
'i-
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·no KaanpaTy· n~penaHHoro qeThipex-. 
· H:Mhynhca · nnR . yripyro.ro · KaHa.n:a. 

.. B .pac~eTax . Hcn<)Jib30Barioch · .. norrHoe 

\. ceqeH~e UpOTOH·HYKJIOHHOrO . pac~ . 
ceHHHHa ~. "'?. (2ap~. "':: apn)_/3 ·,.;, 
= .. 42, MG' 11 OTH~IIIeHHe. .n;eWCTBHTeJih~ 
How 11 MHHMOW qacTew aMnJIHTY.IJ:hi . 

. - . 
HYKJIOH-HYKJIOHHoro pacceRHHH ~ · = 
;: - o,33; · · · KpHBbie · cooTaeicTByroT 

·' .IJ:BYM ~a6opaM 'napaME:iTpOB: napa
MeTp O,l1;HOlJaCTI1lJHOW nJIOTHOCTH'. H.IJ:-

.··. 

. PHc.2. CpaBH~HHe 3KcnepHMeHTaJibHhiX pac~ 
·' . - .. ' 3 

npeJJ;eneHHH 'dq'dt JJ;JIH nponecca Hep ->- · 

.->- 3 H~p npH pa3Hh~X: ~aat~eHHHX HMnyn~ca 

\ 

' 

npoToaa: 06o.3~aqea~.: + - p p 
. = o,97 5 r3B/c;. o- p = 1,361 r3B/c; 
··-p = .1696 r3BP/c 1171•. 6-p .. = ; 

p . ' ' . ·. p 
::;= .~.219 r~B/.c 115 1; X -'-.Pp= 3,375 r3B/c, 

pe3yJihT8Tbi HaCTOHIUeH pa60Tbi. 
~-- ", 

4 

, 3;~ro pacxoJK.n;enlm MoryT 6hiTh pa3JIH'IHhiMH, HanpHMep, npeHe6peJKeHHe · 
. enHHOBOW qacTbiO BOJIHOBOW cpyHKD;HH ·II HenpHMeHHMOCTh' 11CllOJih30BaHHOW 

.. O.IJ:HOlJaCTHlJHOW · rayccOBCKOW .nJIOTHOCTH1 ~ i; .I .llo noBOAY CnHHOBbiX 3cpcpei<-
:, . TOB XOTeJIOCb 6bi, O,l1;HaKO;. OTMe~HTh, lJTO B crryqae j Hp-ynpyroro pacceHHHH ' 

norryqaeTCH xopouiee OIJHcrume .n;aHHhiX 11 5 1
• . . 

.. · CpaaHeHHe ,pacnpenerreHHil: no ~a /dtnnH pea:KQRH .3 He, p -+ 3 He p' np11 He
cKOJihKHx 3HalJeHmlx HMnyrrhca npoToHa npHBe.n;eHo Ha p11c.2. "UerrhiO cpaBHe-. 

', ' , ' , ' ' / , .. r ' 

HHH · 6hmo conoCTaBHTh norryqeHHhie pe3yJihTaThi. c H~KOTOphiMH MHpOBhiMH 
naHHhiMH. · 113 pHcyHKa BH.n;Ho, lJTO flalliH· pe3yrrBTaThi He· npoTHBopeqaT ripen
cT~mrreHHIO 66 y6hmruiim ceqemrn ynpyroro KaHa.n:a , c pocroM 3HeprHH. ., . 

/ 

·4~, 3AKJIIOqEHI1E 
'/ 

. B pa6oTe 'onpenerreHhi norrHoe, ynpyro~ 11. Tonorro~H~ecKHe cetieHnH ~ Hep-
B3am~ionewciBHw np11 HMnyrrhce R.n;pa 3 He 13,5'T3B/c. PacnpenerreHHe ·nH¢· · 

'4>epeHiiHarrhHoro ceqeimH no KBa.n;paTy · nepe.n;aHHoro 9eThipexHMriyrrhca 
- ' • • • ' y :,... ' 

OT npOTOHa·MHllleHH K npOTOHy OT,l1;alJH B ynpyrOM KaHa.n:e peaKD;HH Hey.n;OB· 
' JleTBOpiiTeJibHO OOHChiBaeTCH B MonerrH MHOrOKpaTHoro pacceHHHH rrray6epa 

c rayccOBCKOW O,l1;HOlJaCTHlJHOW nJIOTHOCTbiO., llorryqeHHhie .IJ:aHHhie,, He npo- ' 
• .' ' 1 ' ' " J 

"l-. !' if 

THBOpeqaT, O,l1;HaKO, pe3yJihTaTaM .n;pyrHX ~KCllH(>HMeHTOB. 

·1! . ' .. , .. 
·· · ABTophi t5rraronapHT M.CTerrrHKOBY 3a ocpopM.neHHe pHcyHKOB . 
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