
91-SZv 

Ofib8AMH8HHbiM 
MHCTMTYT 
RAHPHbiX 

MCCJI8AOB3HMM 

AYfiHa 

Pl-91-522 

H.A.KanHHHHa*, P.fleAHH4KH~, ~.M.Xa3HHc 

0 B03MOmHOCT~ ~3YYEH~H PA3MEPOB 
06flACT~ rEHEPAU~~ 6~CTP~X nPOTOHOB 

Hanpasnerto B >KypHan 11 5IAepHaSI 4>VI3VIKa 11 

*$VInVIan H~~~$ MrY, ny6Ha 

1991 



,..J 

Ka.JU1Hli!Ha. H .A. 11 
,n;p. 

0 B03MO*HOCT11 113yqeHli!H 
:gas Mepo B ••• 
PI-9!-522. 

·~~--

H3Hepe'Hue . K~ppeJISiUHR qacTHU . c 6JIH3KHMH : .. H.""Y:'JbCaHH s 

HaCTOSIDree BpeMSI SIBJISieTCSI. npaKTH'feCKJI .. e,llHHCTBeHHbiM , CnOC060M 
' • .,_, ' i ' • ' 

H3y'leHHSi·npocTpaHCTBeHH07BpeMeHHNX pa3MepOB 06JiaCTH reHepaUHH 
. . . • /t-5/ . 

'18CTHU. fl~H HCCJie,llOBaHHH ;· K~ppeJISI~Hi:i np()TOHO~ Ha 

npblpbKOBNX KaMepaX 6WI 06Hapyze~ 34l4leKT YCHJie1H~R np~TOHHNX 
~::oppeJISiUHR c pocToM ~MnyJibCOB:BTOpH'IHNX np()TOHos. Pe3yJibTaTN 

. \. 

3THX pa60T yKa3biBaJOT Ha TO., :·<iTO cpe,llHeKBa,llpaTH'IHhiR pa,llHYC. 

06JiaCTH •· i HcnycKaHHSI 6,biCTPNX. npOTOHOB . HeHbme 

cpe,llHeKBa,llpa~H.'IHOro pa.llHYC~ .· Sl,llep HH~HH •. 0,llH8KO HeTO,llHKO!:i 

ny3blpbKOBNX KaHep TPY.llHO , ocy~cTBHTb Ha6op cTaTHCTH'IecJCoro, 
~ -·'. ·. i .., ' • ' • ,_, ' ·' . . ' . '. , . • - . 

MaTepHaJia, He06XO,llHHOrO ,llJISi noJiy'leHHSI Ha,lleZHNX KOJIH'IeCTBeHHNX. 

pe3yJibTaTOB.~ Bi>UlOJIHeHHe aHaJIOrH'IHNX · HCCJle,ltOBaHH!:i B 

3JieKTpOHHOM, ,3KCnepHMeHTe fl03BOJIHT CTaTHCTH'IeCKH .Ha,lleliHO 

onpe,lleJIHTb pa3Mepbl . 06JiaCTH reHepaUHH 6biCTpNX npOTOHOB. 
"· •,' . '"'·~'- ._,- •. .. ' .. . . . ' '. '·. . 

fiO,ll06HbJE! .HCCJie,llOBaHHSi MOryT 6biTb BbmOJIHeHbl Ha , ycTaHOBICe, 
./d/ ' ' .. . 

"fi03HTpOHH!:i" • npe,llHa3~~'1eHHO!:i ,llJISi perHCTpaUHH nap __ 
1,, :: > 

\faCTHU c HaJibiMH OTHOCHTeJibHbiMH HHOYJlb:9aHH. 3apSi:CeHHNX 

YcTaH~B~~ . no~BOJISieT perHCTpHpOBaTb BTOpH'IHI>Ie • npOTOHbl , C 

HHnyJibCaHH ,llO 2.5 f3B/c, o6pa3yJOuxHeCSi. npH B~aHHO.ztei:icT~HH 
npoTOHHciro ny'IICa c 3Hepruei:i 70 f3B/c c Sl,llpaHH nJieHO'IHOR 

HJ.IIIIeHH, ycTaHOBJieHHO!:i B npSIMOJIHHeRHOH npoHe:cyTKe YCKOpHTeJISI 

Y-70. 
~ ··' 

B HaCTOSill{ei:i pa6oTe HCCJie,llOBaHa 'IYBCTBHTeJibHOCTb 

KOppeJISIUHOHHNX 4lYHKUH!:i 6biCTpNX npoTOHOB K pa3MepaM o6JiaCTH HX 
' .w ' • • ; •• ·~ • • • : ' 

reHepaUHH H noKa3aHa B03HOliHOCTb H3MepeHHSi . 3"';HX 4lyHKUHR Ha 
\. ',l 

ycTaHOBJCe "fi03HTpOHHA" B 
').' '>.·. . . 

,llHana30He HHny Jib COB 
• : l ~' • - • • ! . 

BTOpH'IHNX 
; • ~ ~ ' < • 

npOTOHOB • B,llBOe npeBbllllaiO~H 
~~ •, ': .. i " :: ( 

,llHana30H H~ny Jl~CO~ •,. )lO~TynHbn:i 

HeTO,llHKe ny3blpblCOBNX KaM~p. 
. ·..._· ' • t ~ ·, .-.~ " ... 

G:':":-- . 
t·, 0!';\t.::,;.t;•_ ;;,;i.;a ~:n:nrrfr \ . . 
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•,.,' 
'•'' 

nJISI BbNHCJJeHHSI l<OppeJJSIQHOHHbiX .PYHKQHti npoTOHOB B ~aHHOti 

paooTe HCnOJlb30B8JlCH·HeTO~ pac'ieTa KOppeJJSIUHH qaCTHU c yqeTOH 
' '.· .· .. . •' . ' . . /7/ 

HX B3aHMO~e~CTBHSI B KOHe'iHOM COCTOSIHHH; pa3BHTbit! B · 

no onpe~e.rietfHIO BeJlH'iHHa ~BYX'iaCTH'iHOti KOppeJJSIQHH eCTb: 

bCp ~p)=WCp ,p )-1', 
:1. 2 :1. 2 

·en 
r~e WCp .p) - eepOSITHOCTb reifepattHH 'iaCTHQ .• c. 4..:HMnyJJbC8MH 

i 2 

p ;p B 
i 2 

. .. .. ' . 
TO'iKax x C r • t. ) 1 x C r ·~ t. ) . 

iii ~,.,22 

B o6meM eu~e KoppeJJSIQHOHHaSI ~YHKUHSI ifa6JJio~aeMbiX qacTHU 

eCTb ycpe~HeHHe BeJJH'iHHbl ~BYX'i8CTH'iHOti 
,'i'/' 

KOppeJJSIQHH no 

npOCTpaHCTBeHHO-BpeMeHHOMy pacnpe~eJleHliiO TO'ieK ' 3MHCCHH 'iaCTHU ' 

wCx~x):' 
i 2 

BCp ,p )=<bCp •P) · wCx ;x )) . 
i 2 i 2 i 2 

/7/ 

(2) 

B noJJaraeTCSII 'iTO 'i8CTHUbi ucnycKaiOTCSI He3aBHCHMO H3 

c~epH'-feCKH CHMMeTpH'iHOH 06JJaCTH C rayccOBCKHM -pacnpe~eJJeHHeMI 

HMeiOI!tHM napaMeTpbi r 1T ;' Cpe~Hercea~paTH'iHbit! pa~uyc o6JJacTH 
0 0 

reHepaUHH 'iaCTHU npH 3TOM 6y~eT; (r2>1
/

2
=h r . 

. : 0 ,.· 

B C~yqae c~epH'ieCKH CHMMeTpH'iHOH 06JJaCTH reHepaUHH 
. •·· /7/ 

'i8CTHU KOppeJJSIQliOHHaSI ~YHKUHSI (2)1 KaK OOK838HO B 1 38BliCliT .. 
TOJibKO OT Tpex nepeMeHHbiX qt.~ q Ji V I 

0 
nepeMeHHbie q u v 

,o 
CBSI38Hbl COOTHOilleHHeM ql =q /V. 

. 0 .. 
BC p • p ) =BC q I q I y) ' 

i 2 t 0 
HTaK: .. 

q=p -p ={qlq } 
:1.. 2 0 ... ' ' ' ' ' 

r~e pa3HOCTb 

" 
(3) 

4-UMnyJJbCOB npOTOHOB 

. ·... . 
V - CKOpOCTb napbll qt. H' ~l ~ ,KOM~OH~HTbi, q,.nepne~~li~rJJ~pHbl~ li . . . . ... . .. .. '. .. '· . •.· 

. napa.ilJieJJbHbie HanpaBJieHliiO CKOpOCTli V COOTBeTCTBeHHO. 

Be.JiU'iHHa ~syxqa~Tli~Hoii KO~peJJSIQliH c i:) .· ~JISI npoTb~·~~ c 

6JJH3KHMH HMOYJJbC8MH H yrJJaMu BbmeTa ·a6ycJJosJJeHa 3~~eKTOM 

TO~eCTBeliHOCTH npoTOHOB . H. 3¢~~eKTb~ Sl~epHoro H KYJJOHOBCJ(Oro 
. ,;-" 

B3aHMo~eilcTBHSI npoToHoB a KOHe'IHOM cocTOSIHHH. 

1 

> 

ll 

. .. 

~~~ . . 
KaK noKa3aHo a pa6oTax · · 1 onpe~eJJSIIOIIIHM ~JJSI: seJJH'iHHbi 

npOTOHHbiX KOppeJJSIUHfi SIBJlsteTCSI· . 3.P~eKT l338HMO~eHCTBHSI . '·B 

KOHe'iHOM COCTOSIHHH. 8 · pe3JJJbT8Te COBMeCTHOro .. ~eikTBHSI · 

Sl~epHoro H KYJJOHOBCKoro B3aHMo~eticTBH~ npoToHoB HX 

KOppeJJSIQHOHHaSI ~YHKUHSI 6y~eT HMeTb MaKCHMYM. npH HMnyJJbce· 

* . O~Horo H3 npOTOHOB B C.Q.M. napbl·k =20 J138/C. B HHTepecyiOII(e~ 

Hac 06JJaCTH M8Jib1X OTHOCHTeJlbHbiX HMOYJJbCOB Ck *.$ 100 .J13B/c). 

npeo6JJa~aeT S-eoJJHoeoe. 'B3aHMo~eticTBHel 003TOMY .. Sl~epHoe 

B3aHMO~eHCTBHe npOTOHOB B KOHe'iHOM COCTOSIHHH onpe~eJJSieTCSI 

qepe3 S-BOJIHOBJIO aMnJJHTY~Y .pp-B38HMO~eHCTBHSI, HCKa:t:eHHYIO 

KYJJOHOBCKHM noJieM. B npu6JJH:t:eHHH 3~~eKTHBHoro pa~yca 3Ta 

aMOJIHTy~a onpe~eJJSieTCSI qepe3 ~JIHHY pacceSIHHSI H 3~~eKTHBHbit! 

pa~HJC pp-:-B38HMO~eilCTBHSI: f =7 1 8 i!JM, 0 .. 

B3aHMO~eHCTBHSI B KOHe'iHOM COCTOSIHHH 1 

M8KCHMyMa KOppeJJSIQHOHHOil ~YHKUlili .. 

d =2 1 8 i!JM 
0 

a 3H8'iHT 

npOTOHOBI 

/7/ 
3~~en 

H seJJli'iliHa. 

p~CTYT. C 

yMeHbmeHHeM paCCTOSIHHSI r Me~y TO'iKaMH . reHepaQlili . npOTOHOB H 

pa3HOCTH t BO BpeMeHaX HX licnycKaHliSI. 

Heo6xo~liMbie ~JlSI pac'ieTa , KOppeJJSIU.liOHHbiX ~YHKQliH C3) .. 
3Ha'ieHliSI nepeMeHHbiX qt~q1 =q6'v H v 1 3a~aHHble a CHcTeMe noKOSI 

HCTO'iHHKOB npOTOHOB, ~JISI ~aHHO~ ycTaHOBKH onpe~eJlSIJlHCb C 

noMOIIIbiO Mo~eJJupoeaHHSI pacnpe~eJJeHliil perucTpHpyeMbiX npoTOHHbiX 

nap. npe~noJJaraJJOCb I 'iTO liCTO'iHHKli npOTOHOB '. nOKOSITCSI B . . 
JJa6opaTOpHO~ CHCTeMe KOOp~HHaT • Ha ycTaHOBKe .• "fio3liTPOHliti", 

npoTOHHbie napbi o6pa3yiOTCSI Ha nJJeHo'IHoti yr JJepo~Hoti MlimeHu I 

ycTaHOBJJeHHOH B npSIMOJiliHeHHOM npoMe:t:yTKe yCKOpHTeJJSI, K 

KOTOpOMY no~·. yrJJoM 8,4° K HanpaaJJeHuiO •npoToHHoro ny'IKa 

no~coe~HHeH BaKJYMHbit! KaHaJJ JCTaHOBKH~ He HMeiOI!IHJ:i'neperopO~OK 

C KaMe pot! JCKOpHTeJJSI. nJIHHa B8KYJMHOro KaHaJia . 1 k::40 ··. M , . 

~liaMeTp KaHaJia nepe~ BXO~OM B MarHHT dk =0,28 M. MarHliTHbit! 



cneiCTpOMeTp pacnOJIOJ:eH. 3a · ,Bai<yyMHbiM ·. I<aHaJIOM • ;ycTaHOBI<H. 

YcTBHOBKa no3BOJISleT penicTplipoaaTb nap1:>1 . npoToHos a. Y3KOM 
. -5 

TeJieCHOM yrJie-(0=3.6·10 cp)rc HMnyJihCaMH ~0 2,6 f3B/c,· 

Mo~eJIHposaHne pacnpe~eJieHni'i perHcTpupyeMbiX npoTOHHbiX.nap 

6biJIO · BblilOJIHeHO B CJie ~YIODniX npe ~nOJIOJ:eHHSlX. BepostTHOCTb 

reHepaUHH napu onpe~eJistJiacb B npe~noJioJ:eHHH He3aBHCHMoro 

poz.zteHHSl I<az.ztoro H3 npoToHos napbl, .T. e. He y'iHTbiBaJiacb 
.J 

I<OppeJISlUHSl,_ o6yCJIOBJieHHaSl ,liHHaMHI<OH poz.neHHSl. napbl. JlpH 3TOM. 

HCflOJlb30BaJICSl aHaJIHTH'ieCI<Hii BH~ HHBapHaHTHOro O,llHO'iaCTH'iHOro 
. /~/*) 
HHI<Jll03HBHOrO Ce'ieHHSl.pOz,zteHHSl npOTOHOB : 

E dO 
a 

---As expC -Bm ) , dp .L 

r.n.e m =1m +p ' • E • m , p - 3Heprust , Macca 
.L p.L p .L 

H nonepe'iHaSl 

COCTaBJISliOmaSl HMflYJibCa npOTOHa, S KBa.n.paT HHBap¥!3HTHOH 

rioJIHOH 3HeprHH. A. a, B - no.n.roHo'JHbie napaMeTpbi. 

To'ii<H BhiXO,lla npoToHOB H3 saKyyMHoro KaHaJia pa3hirphiBaJIHCh 

paBHOMepHO no Ce'ieHHIO BbiXO,liHOrO OI<Ha KaHaJia, 'iTO ,llonycTHMO 

BBH.liY .;. MBJIOCTH TeJiecHoro yrJia ·ycTaHOBKH. AnnapaTypHoe 

pa3pemeHHe.6~>mo sse.n.eHo a aJiropHTM Mo.n.eJIHposaHHSl I<aK pa36poc 

pa3birpaHHhlX 3Ha'ieHHi'i HMnyJihcos npoToHos no HOpMaJibHOMY 3aKoHy 

c-'.n.ucnepcuei'i et =1%. 
p 

Pacnpe.n.eJieHHe perucTpHpyeMhiX npoTOHHbiX 

-nap · no· HHTepecyiOmHM Hac nepeMeHHbiM 
... 

Cqt .ql. v) 6biJIH 

npOMO,lleJIHpOBaHhl B Jia6opaTOpHO!i CHCTeMe KOOp,liHHaT ,liJISl Tpex 

*) . AHaJIHTH'ieCI<HH .. BH~ ce'ieHHSl noJiy'ieH B pe3yJihTaTe 

annpOK';!HMaUHH 3KCnepJ:fMeHTaJibHbiX ,llaHHbiX ~ HfiTepBaJie. 3HeprHH 

£=23+63 .f3B/c H p =0~1+0~6 f3B/c. 
.L 

> • ~. ' 

4 

~ 

f 

l. 

~ 

~Hana30HOB HMnyJihCOB BTOpH'iHbiX npOTOHOB: p
1
,p

2
=0,6+1',0 f3B/c, 

p ;p·'=1,0+1,5 f3B/c " p·.p =2.0+2~6 f3B/c.:-
1 2 1 2 

Ha puc.1 npHse~eHbJ pacnpe~eJieHHSl npoTOHHbiX nap . no 

BeJIH'iHHaM qt H q
1

· ~JISl ,liHana30Ha HMnyJihCOB BTOpH'iHbiX npOTOHOB 
. **) .. 

p .p =1,0+1,6 f3B/c • N 
1 2 

PHc.1 . 

perHCTpHpyeMbiX 

Pacnpe.n.eJieHHe 

ycTaHOBKOH 
-

"Jl03MTpOHHH" npoTOHHbiX nap no 

BeJIH'JHHaM qt H ql ,liJISl 

,liHana30Ha J.IMny Jib COB BTOpH'iHbiX 

npoTCJHOB p , p =1 , 0+1 , 6 f3B/c. 

~~ ~ 
1 2 

9t 
~' 

3TH pacnpe.n.eJieHHSl noKa3biBaiOT, 'iTO perucTpupyeMue Ha ycTaHOBKe 

"Jlo3HTpOHHH" npOTOHHble napbl · HMeiOT npeHe6peli:HMO MaJibJe 

KOMnOHeHTbl qt no cpaBHeHHIO C KOMnOHeHTaMH ql. KoppeJISlUHOHHble . . ... . ... . . . . . 
tPYHKUim BCqt.q

0
,v) no3TOMY pacctiHniBaJIHCb npH qt_=O u 

npe.n.cTaBJISlJIH~h 8 su~e BC k *) ·• T. K. seJIH'iHHhl qt. q~ " v csS13aHbJ 

COOTHOIDeHHeM 

qo 

* r.n.e -- =q r v 1 ... 
BeKTOpa ~ B C.U.M. 

2 *2 
2 qo 2 

-q =4k. =q +(- ) r v ' t 

... 
napaJIJieJihHaSl CKOpOCTH . napbl V 

napbl, r - JiopeHu-$aKTOp napbl. 

KOMnOHeHTa 

**) ·CoOTBeTCTBYIOI~tHe pacnpe,lleJieHHSl ,liJISl',llpyrHX ,l1Hana30HOB 

HMny Jib COB BTOpH'iHbiX npOTOHOB aHaJIOrH'iHbl, . npHBe.i:teHHbm Ha 

pJ.ic. L 

6 



floJiy'leHHbie B pe3yJibTaTe MO,lleJIHpOBaHI.fS1 B, Jia6opaTOpHOH 

CJ.fCTeHe cpeJlHJ.fe 3H8'1eHHSI CKOpOCTet\npOTOHHbiX nap JlJISI.3aJlaHHbiX· 

,l1Hana30HOB HMnyJibCOB BTOpH'IHbiX npOTOHOB paBHbl COOTBeTCTBeHHO: 

v=O, 65;. '. v=O, 8; v=Oo 9. 3aBHCJ.fHOCTb ICOppeJISHIHOHHbiX 4JYHKUHH. 

npOTOHOB OT CICOpOCTJ.f npOTOHHbiX nap npHBe,lleHa .Ha pHc.2 . ... 

.., 

Puc.2. KoppeJis:~uwoHHbie 4JYHKUHU 
, ~r 

npOTOHHbiX nap CO CICOpOCTSIMU: 

v=0~6!3; v=O,S; v=0,9, 

20 "' 60 8IJ IIJ 120 HO K~lfJt/c BbNJ.fCJieHHbie B npe,llnOJIO!!I:eHHJ.f 

·f 

r =1,!3 ~H, T =1,0 ~H. 
0 0 

~YBCTB~TeJibHOCTb .KoppeJISIUWOHHbiX 4JYHKUHJ:i npOTOHOB I< 

. npocTp~HCTBeHHo-speHeHHbiH pa3HepaH o6JiacTw ux reHepauww 6b1Jla 
' ;;, • .,, > • • ~ • : • ' ••• :· • 

uccJie.llOBaHa .llJISl CI<opocTu npoTOHHbiX nap v=O,S. Puc. 3a,6 

Xapa!CTepu3yeT 3Ty 'IYBCTBUTeJibHOCTb: a) i< · npocTpaHCTBeHHOMY 

pa3Hepy. o6JiacTu reHepauuu npoToHOB -r Cnpu apeMeHHOM pa3Mepe 
. 0 

o6nacTu reHepauuu - T =1,0 ~H), 6) K speMeHHOMY pa3Hepy 
; '"',·" '>J~·:';J·: ' .. 0 . . . . 

o6JiacTu reHepauuu. npoTOHOB T 
0 

Cnpu r 
0 

=1, !3 ~H). Pe3yJibTaTbi, 

npuae,lleHHbie Ha · pHc. 3 a, 6 , noi<a3biBa.IOT CHJibHYIO 3aaucuMoCTb 

I<Opp.eJISIUUOHHbiX $yHKUUH 6biCTpb!X ... npOTOHOB. OT npocTpaHCTBeHHOro 

pa3Mepa 1 .' o6JiacTu, . ux . reHepauuu •. __ . . " . 
···". .. -·-'~~- . • d,.. ~. ; .. ••.. . ---~ ~ .1 

. , KoppeJISIUHOHHas:~ 4JYHI<UUS1 c napaHeTpoH r =1. !3 ~H Ha puc. 3a 
'.. . '",) . . "•'"' -· ._.'. ~' ._ -- . \ . . . -· . . ; . 0 "!. t • ; • '. ,..J·~-~· . 

OnHcbiBaeT_ ICOppeJISIUHH npoTOHOB, cpe,llHei<Ba,llpaTU'IHbfit paJlHYC 
' . . ~ . \ 

o6nacTH reHepauuu KOTOpbiX npuHepHO paBeH cpe,llHei<Ba,llpaTU'IHOMY 

6 

., 

·~ \;: 

~ 'l 

l} 
l 

pa,~:~uycy. Sl.llpa, yr Jiepo,~:~a: 

<rz> t/2~rz> t/z_=;=2.·!3~±·o •. oo~ ~M(tP~ 
· · tz·~,- · ... ---·~'" 

c 

Puc.3.3asucuMocTb ·KappeJISIUHOHHbiX 

4JYHiatHH 6biCTpbiX npoTOHOB 

a) oT seJiu<iuHbi napaHeTpa r , npu · 
0 

T '=1~0 ~H, 
0 

6) o-r· 'seJiuqnHbi' napaf.Iel-pa 

r =1,!3 ~M. 
0 

T' 
0 

npu 

BbNHCJieHusi · BbmoJIHeHbi .LIJISI 3Ha'leHUSI 

CI<OpOCTJ.f nap npOTOHOB v=0,8. 

~ , ·r ":' 
Heo6XOJlUHO OTMeTUTb, 

npu6JiuzeHHbrli HeTOJl pacqeTa 

'ITO .LIJISI r > 1 , 0 
.. ,. ~ /7/ 

I<OppeJISIUHH 

~H UCnOJib3yeHbfit 

OCHOBaHHbfit Ha 
_.,. ... 

npeJlCTa8JieHHU noTeHQHaJia 8 
q ;·,_,; 
8H,lle SIHbl, I< a I< 

noKa3aHo 8 pa6ciTe/tt/ . . 3a8bllllaeT 

npSIHoyroJibHOH 

8epOSITHOCTb reHepauuu 

npOTOHOB, HO . He 6oJiee 'leH Ha .10%-:-1!3% OTHOCUTeJibHO 
" .. ')" 

aHaJIUTU'IeCKOro pemeHUSl ypa8HeHUSI illpe,liHHrepa U CJia6o 3a8UCHT 
i. l ·.- ) -~, ... ---:.' .-'" ~ - ... . ~-

OT 8bi60pa 4JopMbl HYKJIOH-HYI<JIOHHOro noTeHUUaJia. C yHeHbnleHHeM 
,-·~ : • ~ . t .: : ; 1 :. • :· • : ' •• : /"" . ' . '• 

pa3Hepo8 06JiaCTU reHepaUHH npOTOHHbie ICOppeJISIUHH CTaH08SITCS1 
" ~ ·"' '~ : i _( .. . :;,: : 

qy;~CT8UTeJlbHblHJ.f ~- ~Op~e Sl~eJ>HO;o noTeHQJ.faJia. 

Ha puc. 4 npu8e,lleHbl o:m,~:~aeHble Ha ycTaH08Ke'"flo3HTpOHHH" 
. . . - .·'.: '. ·, . --~ .• . ~- .,; . . :_ 

pacnpe,lleJieHHSI nap 8TOpU'IHbiX npOTOH08 C y'leTOM ICOppeJISIUHJ:i, 

noJiy'leHHble B npe,lln~JIOZeHUH, . 'ITO npocTpa~CT8eHHbiH . pa3Hep 

o6JiacTH reHepauuu npoToHo8 xapaKTepu3yeTCSI pa3JIH'IHblHH, . HO 

7 



6.nH3IOfMH no se.nwmae 3Ha'feHHSIMH napaaeTpa r : pacnpe.ne.neaHe ' 
0 ' . 

1 - r =1, O~M, pacnpe.z~e.neaHe 2 - r =l. S~M; T =1, O~M. 0 0 .. 0 

Mo.z~e.nHpOBaHHe pacnpe.z~e.neHHH BbiD?.nHeHO ,ll.nSI ,liHana30Ha HMny.nbCOB 

BTOpH'fHbiX npOTOHOB p , p =1 ~ 0+1, 5 f3B/c .. 
1 2 

·H3 pHC. 4 BH,liHO, 'fTO- Ha He6o.nbWOH ,ll.nSI 3.neKTpOHHOrO 

3KCnepHMSHTa CTaTJ.ICTHKe MOJCHO C . Bb!COKOH CTaTHCTH'fSCKOH 

TO'fHOCTbiO onpe.ne.nHTb npOCTpaHCTBSHHblH 
..J 

pa3Hep ,o6.nacTu 

reHepaUHH npOTOHOB, TaK KaK npH H3HSHSHHH. se.nH'fHHbl napaMeTpa 

r Ha 0, 6 ~H H3MSHSHHe HHTerpa.na B o6.naCTH KOppe.nSIUHOHHOrO. 
0 . . 

* -nHKa ( K =1 0+60 M39/c) COCTaB.nSieT ~OY. •. TO'fHOCTb_ 3KCnepHH.eHTa 

B OCHOBHOM 6y.z~eT 3aBHCSTb OT CHCTeMaTH'fSCKHX OmH60K B 

onpe.ne.neHHH 4Joaoeoro C6e3 y.<teTa- Koppe.J!SIUHH) pacnpe.z~e.neHHSI 

npOTO~HbiX nap H OT 34JIJ!eKTHBHOCTU ycTaHOBKH. 

""'"' 
N 

- ... --

tJO 1\.m¥ 

Puc. 4. Mo.z~e.nH_POBaHHe p~cnj)e.z~e.neHHH 

'fHc.na ' npoTOHHbiX nap c y'feToH 

KOppe.nSIUHH ,ll.nSI . .z1Hana3oaa 

·nany.nbcos BTOpH'fHbiX npOTOHOB 

p
1
,p

2
=1,0+1,6 f3B/c . 

Pacnpe.z~e.neHHSI 1 , 2 no.ny'feHbi s 

npe.z~no.nozeHHH,'fTO npocTpaacTseHHblli 

pa3Mep o6.nacTH reaepaUHH npoToHOB 

xapaKTepH3yeTCSI napaaeTpaMH : 

1 - r =1,0 ~M ,2-
0 

T =1,0 ~H. 
0 

8 

r '=1, 6 ~J.i;' npH 
0 

Bo3MOZHOCTb H3y'feHHSI pa3Mepos · o6.nacTHc;reHepaUHH 6biCTpbiX 

npOTOHOB. C pOCTOH.1 ·lfX HMny.nbCOB - ;nOKa3b!BaiOT: _pe3y.nbTaTbi, 

npHBe.lleHHbie aa pHc. _ 6 a, _6,, ·e. 3.z~ecb noKa3aH&I o~.z~aeM&Ie aa, 

* ycTaHOBKe pacnpe,lleJieHHSI npOTOHHbiX· nap no BSJIH'fHHe K_ 6e3:· 

y'feTa H C y'feTOM KOppeJISIUHH- ,liJISI 'TpeX ,l1Hana30HOB- HMnyJibCOB-· · 

BTOpH'fHbiX npOTOHOB. 

PHc.6.Mo.z~e.nnposaane pacnpe.z~e.neHHH 

'fHC.na 

nap 

perucTpnpyeHbiX 

B ,l1Hana3oaax 

npOTOHHbiX 

HMny.nbCOB 

BTOPH'fHbiX npoToHos: 

a) p ,p =0,6+1,0 f3B/c, 
1 2 

6) p ,p =1,0+1,6 f38/c, 
1 2 

B) p ,p =1,6+2,6 f3B/c. 
1 2 

1 - pacnpe.z~e.neHHSI c y'feTOM 

KOppeJISIUHJi npoMo.z~e.nnposaHbJ .. B 

npe.z~no.nozeHHH, 'fTO pa3Mep o~.nacTH 

reHepaUHH npOTOHOB_XapaKTepH3Y~TCSI 

napaMeTpaMH 

COOTBSTCTByeT 

T =1,0 ~M. 
0 

r :::;:1,5. ~M 0 . 

<r~ 1/2~r~ 1-':2 
. 12 

c 

2 - pacnpe.ne.neHHSI 6e3-

r.:oppe.nSIUHH. -

('fTO 

) ,H 

y'feTa 

N 

Pe3y.nbTaTbi, npHse.z~eHHbie aa pnc. 5; noKa3biBaJOT, ':·'iTO · .liJISI 
. ' . ' ' , .. 

scex ,l1Hana30HOB-l-!Mny.nbcoe BTOpH<tHbiX npoToHos pacnpe.z~e.neHl-!SI c 

y'feTOM H 6e3 y'feTa KOppeJJSIUHH CHJJbHO OT.nH'faiOTCSI'.llpyr OT ,npyra 

no IJ!opMe H HMeeTCSI 3Ha'fHTe.nbHbiH r.:oppe.nSIUHOHHblH 34JIJ!er.:T. 

;,,. 

'' 

. . g 
~; ~ 



/i-5/ nacKO.nbKY pe3y.nbTaT.bl pa60T- . yKa3biBaiOT· Ha TO, <ITO pa3Mep 

06.naCTU reHepaUUU 6.b~Tp.b~ npOTOHOB MeHbme cpe~HeKBa~paTH<fHOIO 

pa~Hyca Sl,llpa MHIDeHH, TO B 3KCnepHHeHTe '. Ha ycTaHOBKe 

"no3HTpoHuR" c yr.nepo~MoR HHmeHbiO c.ne~yeT o:m~aTb eme 6o.nbmen 

Be.nH<fHHbl KOppe.nSIUHOHHI>IX 34lllleKTOB, . <ITO ll03BO.nHT Ha~e:t:HO 

onpe~e.nHTb Ha ~aHHoR ycTaHOBKe pa3Hepbl o6.nacTu reMepauuu 

6.biCTp.biX npOTOHOB 8 IDHpOKOM ,liHana30He HX V.Mny.nbCOB. 
,..; 
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