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L[nSJ p e weHHSI pRna aanaq , C BSI38HHhiX C BOllpOCBMH cPOpMHpOBBHHSI p8CC8SIH

HOrO He l!TpOHHOrO H3ny'I8 HHSI B llOM8W8HHSIX yCKOpHTenel! H BOllpOC8MH llpOXO>KneHHSI 

H8l!Tp0HOB BhiCOKHX 8H8prHl! '18p83 KBHBnbl, wenH H llp08Mhl B 38LUHT8, H eo6 xonHM8 

HHcj:JOpMBUHSI 06 o6paTHOM 15hiXOn e K8CK8nHhlX H HCll8pHT8nbHbiX H8ltTpOH015 H3 

38LUH Thl n on nel!CTBH 8M HyKnOHOB Bh!COKHX 3HeprHlt (eM. H8llpHM8p/l/ ). 3TH 

CBeneHHSI n pHo 6 p e T810T 60nbW08 3 H8'{8HH 8 nnSI 15hlllOnHeHHSI nOCTOB8pHhlX p8C'I~T015 

aawHTH hi X c T e H H nepeKphiTHl! cHnbHOTO'IHhiX ycKopHTenelt. 

E HBCTOSIWee apeMSI B nH T epaType npaKTH'I8CKH OTCYTCTBYIOT 3 Kcn e pHMeHTBnb-

Hhi 8 naHHbi8 0 ~biXOne BTOpH'IHOrO H3ny'I8HHSI H3 381.UHTbl B H8llp8BJI8HHH H838.U. 

T aK, B p a 6oT e
121 

c noMOLUbiO RnepHbiX aMynbcHlt 6b1Jl H3MepeH o6paTHhilt BbiXO.ll 

H e l!TpOHOB npH raweHHH 15 >Keneae ny'!Ka HeltTpOHOB c aHeprHelt 350 Maa. 6hiJIO 

Hal!neHo, 'ITO B KOHyce , yron npH sepwHHe KOToporo paaeH 50u, a ocb coananaeT 

C H8llp8BJl8HH8M nana10w e ro llY'IK8 H8ltTpOH015, o6p8THhilt Bh!XO.ll HeltTpOHOB C 

a H e prHel! no 90 Maa c ocTaBnReT npH6JIH3HTeJibHO 0,5% . OnHaKo npoae.lleHHbie 

OU 8 H O'IHh1 8 p8C'I~Thl nnSI H e l!TpOH OB Bb!COKHX 3HeprHlt, HOpM8JlbHO ll8,ll810WHX H8 

/3; 
aawHTy , YKB3biBBIOT Ha cywecTBeHHOCTb o6paTHoro Bbixona 6hiCTpbiX Hel!Tpo-

HOB - no 50% Ha >Keneae ( Ta6n.2). 

B HBCTORwelt pa6oTe aKcnepHMeHTBJlbHO H3MepeH o6paTHhilt BbiXon Hel!TpoHOB 

Bb!COKHX 3 H e prHl! (E> 20 M3B) H 6biCTpbiX (HcnapHTenbHbiX) Hel!TpOHOB (E < 20Ma!'l) 

11 3 6eT OHHOlt 381.UH T bl ( p =2 ,35 r/ C M
3

) npH HOpMBnbHOM naneHHH H8 H ee llp0TOH015 

c 3 H e prH e lt 660 Maa. 3KcnepHMeH T npoaonHJICR Ha CHHxpouHKJIOTpoHe 0Vf5H1. 

C x e Ma aKcnepHMeHTa npencTaaneHa Ha pHc . 1. C IIOMOillbiO 6eTOHHbiX 6noKoa 
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KMMKTKpOB8llCSI 38lUKTHbllt 6apbep pa3nK'IHOlt TOfllUKHbl ( OT 20 .00 100 CM) • 

.ilnH yMeHblUeHH51 cpOHOBbiX ITOTOKOB HeltTpOHOB BbiCOKKX 3 HeprKlt H 6biCTpblX 

H e ltTpOHOB OH p83MelU8flCSI B 38lUKTHOM 60KCe, C06p8HHOM H8 MeTBflliK'!eCKOM 

KapKace K3 6eTOHHbiX 6noKOB. TonutKHa nepeaHelt cTeHKK 6oKca s;ocTaBnHna 82 eM, 

6oKOBbiX cTeHOK « nepeKpblTKH - 62 eM. PerKCTpauKH H e ATpoHoB, BbiXO.OHlUHX 

11: 3 38lUKTHOf'O 6apbepa, OCyllleC TBfl51fl8Cb C fiOMOlllb_l!) ITOpOI'OB biX .OeTeKTOpOB 

P
3 1 

11: c 
12 

, xapaKTe pKCTKKK K OTOpblx npKBeaeHbl B pa6oTe/4/. DonS! 38pSJ)I{ e HHoro 

KOMfiOHeHT8 B 06lUeM fiOTOKe BTOpK'IHOf'O H3lly'! e HHH B 38lUKTe COI'll8CHO/ 5,6/, 

COC T 8 BflSieT npeHe6 p e)I{ KMO M8flyl0 BeflK'IKHY flO Cp8BHeHKIO C H e l!TpOHHblM KOMfiOH e H

T OM, Cneaoa aTenbHO, MO)I{HO C'IKTBTb, 'ITO H8BeaeHH851 BKTKBHOCTb C 11 n onHOCTbiO 

o6ycnoBneHa Hel!TpOHBMK • 

.ileTeKTOpbl 11:3 cpoccpopa rpaay«pOB8llHCb C ITOMOlllbiO Po-B e KCTO 'IHKK8, 8 

yrnepo.OHbt e .oeTeKTOpbl Kan~~:6poBanKCb B ny'!Ke npoTOHOB c aHepr~~: e lt 660 MaB 

C ITOMOlllbiO U 11l!KH.Op8 ctlapa.oeH. 0Trpa.oy«pOB8HHble .O e T e KTOpbl p83MelU8flHCb 

H 8 fiOB epxH OC TH 38UlKTHOf'O 6apbepa B fll!OCKOCTK , nepneH.OKKYllHpHOlt OCK fi8J:I810-

Ulero ny'!K B npoTOHOB. MKHHMBnbHoe paccTOSIHK e O T ocK nyqKa HeltTpOHOB 

COC T 8 Bll51ll0 19 C M ( pKC,2). ¢OH H3M e p51l!C51 B TO'!K8X p8Cfl0ll0)1{eHKSI aeTeKTOpOB ITpK 

nponyCK8HKK ny'!K 8 npOTOHOB qepe3 p83J:IBKHYTblli 38UlKTHblll 6apbep. n OTOK ITpOTOHOB 

onpe.OellHflCH C fiOMOlllbiO yrn e pO.OHbiX .oeTeKTOpOI'! H KOH1138UIIOHH O lt KBMepbl, 

perKcTpKpyiOutel! K one6aHHSI KHT e HcKBHOCTH ny'!KB B O BpeMH 3 KC IT03KUI111. Ha p~~:c. 3 

npeacTaaneHbl pe3ynbT8Tbl aKcnep~~:MeHTa - pao~~:anbHble pacnpe.oeneHI1SI noTOKOI'! 

HeltTpOHOB Bb!COKHX 3 HeprHft H 6biCTpblX Hel!TpOHOB, BbiUleJ:IUli1X H838.0 11: 3 6eTOHHbiX 

6apbepoB p a3nH'!HOlt TOllllli1Hbl, HopM11poaaHHble Ha O.OHH na.oaiOlll«lt npoToH. B 

Ta6n.1 np~~:a eaeHbl KHTerpanbHbl e o6paTHble BbiXOllbl, nonyq e HHbte 11HTerpKpOB8HKeM 

pacnpeAeneHI1H pKC .3 npK 8 ITpOKCKM8UKK 3KCnepKMeHT8flpHbiX J:!8HHbiX 3 KCITOHeHUK8flb-

HbiM 38KOHOM MeTOllOM H8KMeHbWKX KB 8J:I p 8 TOB: 

fn¢=a+hr. 

Ow116KK B Koac!Jqm uK eH Tax a K b onpeael!HIOT OWI1 6 Ky B 11HTerpanbHOM o6p8THOM 

BbiXOJ:Ie Hel!TpOHOB : 

( /':,.8 __ ) 
- 0- I 

y ( /':,. a ) 2 + ( --~~__!> __ ) 2 
b 

CyMMBpHaH a Kcn ep11M e HT8llbH851 ow«6Ka B «HTerpanbHOM o6paTHOM l'!blXO.Oe Hell-

TpOHOB, H O pM11pOB8HHOM H8 O.OKH fi8.0810lUKlt npOTOH, onpe.oenReTCSI K8K 

( -~§ ___ ) 
8 ~ 

= ..; ( _4_.§ __ )2 

8 I 
+a2 +f32 
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l"'.lle a -norp eWHOCTb I"'p8.llyHpO!!KH ,lleTeKTOpOB no Hel!TpOH8M; 

8 -norpeWHOCTb rpa.nyHpOBKH ,lleTeKTOpOB no npOTOH8M. 

norpeWHOCTb rpa.nyHpOBKH ,lleT e KTOpOB COCT8BnS!eT 20% • .0.nSI 38WHTHOI"'O 6apbepa 

~8 
TOnll..lHHOl! 100 CM OWH6KH ( - 0 -- )1 p8BHbl 24 H 20 % .llnSI Hel!TpOHOB BbiCOKHX 

3HeprH l! H 6biCTpb!X Hel!TpOHOB, COOTB6TCTB6HHO . 

VIHTerpanbHbil! o6paTHbil! BbiXO.ll K8CK8.llHbiX HeltTpOHOB H3 38ll.lHTbi, 8k 

OTH6C6HHbll! K O.llHOMy na.naJOweMy HOpM8flbHO H8 38ll.{HTy npOTOHy C 3H6pl"'Helt 

E', MO>KHo oueHHTh cne.nyJOll.lHM o6pa3oM: 

" 2 

npH ycnoBHH 

f jf(lil'I(EldfldE=l, 
41T E 

r.ne 

- pacnpe.neneHHe nnOTHOCTH nOTOK8 K8CK8,llHblX HyKnOHOB no TOflli.lHHe 

38lllHTbl ( pHC .4) • .0.nSI ynpoweHHSI p8C'Ii\TOB nepBH'IHbi6 npoTOHbl 38M6HS!nHCb 

H6l!TpOH8MH; 

, E) ~ e 

~r (E) x 

ooeO 

(! + 
cosO 

-cjJyHKUHSI OCna6neHHSI nnOTHOCTH nOTOK8 K8CK8.llHb!X H e l!Tj')OH08
1 

BbiXO.llSilllHX 

8 HanpaeneHHH, npOTHBOnonO>KHOM .llBH>K6HHIO nepBH'IHbiX npOTOHOa · 

a (E) 
E 

=------
E a b ( E, ) 

- I 

E ( E I -3HeprHH, YHOCHMBSI BTOpH'IHbiMH 38pH>KeHHbiMH '18CTHU8MH, BbineTaJOwHMH . 
H3 Sl.llp8, 6oM68p.llHpyeMOI"'O npoTOH8MH C 3H6pl"'Hel! F:' 

E*(E ') -3H ep!"'HSI B036y>K,ll6HHSI OCT8TO'IHOI"'O S!.llpa; 

F:0 ( E I -3Hep!"'HSI OTpbiBa BTOpH'IHbiX HYKflOHOB; 

HOJ')(El - cneK TpanhHo-yrnosoe pacnpe.neneHHe K8CK8.llHbiX Hel!TpOHOB, BbineTBIOll.lHX 

H3 H.npa e HanpaeneHHH H83a.n, nony'!eHHoe e npe.nnono>KeHHH o He38BHCHMoc

TH 3H6p!"'6TH'IeCKOI"'O pacnpe.neneHHSI OT Yl"'fl8 Bblfl6T8 B HHTepeane OTIT/2 
171 

.no " 
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I 1 n(E')-ce~eHHe Heynpyroro B3BHMoneAcTBHH HyKnOHoB; 

I,,( !<: ) - TpaHcnopTHoe ce~eHHe Hei!TpOHOB BbiCOKHX aH e prHA, BbixonSJlllHX H3 aa-

lllHTbi B HanpaBneHHH Haaan: 

-;;:k ( E ') -cpenHee ~HCnO KBCKBnHb!X H8l!Tp0HOB, o6paayiOlllHXCH HB onHO H e ynpyroe 

B38HM o nei!CTBH8 nepBH~HOrO npOTOHB C HnpoM M8T8pHana 38lllHTbi; 

E ', £ -aHeprHH nepBH~HbiX npOTOHOB H BTOpH~Hb!X H8l!Tp0HOB, COOTB8TCTB8HHO, 

¢yHKUHH f(/J) 'IS/ ITpH6nH)K8HHO MO)K8T 6b!Tb npenCTBBneHa B BHne ; 

f(/J) = - 1
- (b 

4rr 

rne b , c -KOHCTBHTbl. 

+ c cosO ) , rr/2 < 0 < rr , 

t:cnH npHHSJTb, ~TO 3HeprHSJ KBCKBnHbiX Hei!TpOHOB, Bbin8T810lllHX H3 Rn pa n on yrnBMH 

! T,7! 
rr /2 < IJ < TT B OCHOBHOM 3BKniO~eHB B HHT8plloan e OT 20 no 100 MaB , a 

3Hepr e TH'I 8 CKOe pacnpeneneHHA HM88T BHn 1 I E n • TO ypBBH8HHe ( 1 ) npHBOnHTCSJ 

K cneny iOllleMy eHny: 

100 

B k =_l_k I,n(F:')nk(E'l J 
2 ~ En 

J t/J ( L 1 n ( E ') x ) I b E 1 ( L tr ( E' ) x) 
0 

+ a ( E ) b I,, ( E lx F: 0 (I,, (l<:)x)- cF:
2 

(I,,(!<;) xl -

-a(IO)c I,,(F:lx E 1 (I,, (Elxl !dxdE 

100 

rne k = J 
20 

dE 

En 

+ 

(2 ) 

F.0 (L ,,(E) x ),E 1(L,,(F:)x), E 2 (L,,(E)x) -HHTerpo-3KCITOH8HUHBnbHbie <j:>yHKUHH, 

no naH HbiM p a60Tb/9/ b =0,25, C =0,15, 

Vf H TerpBn bHbii! o6pBTHbii! BbiXOn 6biCTpbiX ( HCIT8pHT8nbHbiX) H8l!TpOHOB H3 38lllH

T bl, HO p MH pOB8HHbii! HB 1 nepBH~Hbil! npOTOH, B npennonO)K8HHH 06 HX H30Tpon

HOM pac npe n e n e HHH MO)KHO nony~HTb H3 ypaBH8HHH ( 1); 

8 
LIn (E') 

2 
ii -Hcn. (E')j"';p(L

1
n (E'lxlE

1 
(L~crr.x)dx 

0 

rne ~err ( E ') - c penHee 'IHcno Herr a pH T e nbHbiX Hei!TpoHoB, o6paayiOlllHxcH Ha 

o n HH 8KT Heynpyroro B38HMonei!CTBHSJ C HnpOM M8T8pHana 38lllHTbi; 
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~ r Hen -eeqeHHe 8bl8eaeHHSI HenapHTenbHb!X Hel!TpOHOB, 

C ornaeHo ypasH eHHIO (2) H ypasHeHHIO ( 3) npw l-!enonb3oB8HI-!1-! aaHHbiX an11 
_ "' _ , ,.. ,.. ,.. nen. 131 ;sg; 
nk( 1\ '· nHen<E ), "'In (I\ I , .:.,,(F.), .:., , np!-!seaeHHblX 8 pa6oTax ' ' • 

6bln BbinOnHeH p8e'i~T o6p8THOrO Bb!XOaa Hel!TpOHOB H3 6eTOHHOl! H :>KeneaHO.It 

aaw.H Tbi noa ael!eTs 1-1eM npo ToHOB e aHeprHel! 660 M aa. C'ii-! Tanoe b, 'iTO aHepr e-

TH'ieeKOe paenpeaeneHHe KBeKBa HblX He l!TpOHOB, Bbine TBIOW.HX H3 Slapa noa yrnBMH 

HMeeT BHa 1/ F." , rae n o KB3BTenb e TeneHH MeH!le Te !l OT 1 ao 

2. P eaynbTaTbi pae'leTa npHaeaeHbi B Ta6n .2. MeHbwee a Haqe HH e o6paTHor o Bbi -

XOaa Kae KaaHb!X Hel!TpOHOB eOO TB e TeTBy e T n =2, a 6on bw ee - n =1. 

Kpo M e Toro, B TB6n1-1~e npHaeaeHbi aaHHhi e no o6paTHOMy Bbixoay He l!TpOHOB 

fl 3 6 e T OHa H :>Keneaa/ 3 / npH naaeHH!i Ha aaU(HTy e n eKTpa Hel!TpOHOB BbiC OKOl! 

aHe prRH , BbineTaiOmero Ha 6epHnnHeaol! M HweHH noa 0° , rrpH 6oM6apaHpoaKe 

110! 
ee · npoTOHaMH c 3HeprHel! 660 Maa • npoaeaeHHe KOppeK THOro cpaBHeHHSI 

peaynbTaTOB p8C'ii'!T8 H 3KCnepHM e HTa He rrpeaCTBBnSi e TCSl B03MO:>KHblM, BBH ay 

OTey Te TBHSI HHcpOpMaUHH OTHOCHTen bHO MHHHMBn bH Ol! 3HeprHH Bbine T aiOU(HX KBC-

KBaHblX Hel!TpOHOB, a TaK:>Ke ycnOBHOCTH paaaeneHHSl flO 3HeprHH HCrrapHTen b

Hb!X H KBeKBaHblX He l!TpOHOB , 3BBbiW eHHe 3KenepHM eHTBnbHb!X aBHHb!X no o6p8THOMy 

Bb!XOay 6bi eTpb!X He l!TpOHOB , fiO-BHaHMOMy , 06bsteHsteTeSI TeM , 'iTO B paeq~Tax 

He 6b!fl Y'!TeH cj:JaKTOp ne pB OHaqan bHoro HaKonn e HHSl 6b!CTpb!X Hel!TpOHOB, no 

aaHHb!M pa60Tbl jgj 3 T OT cpaKT Op, HarrpHMep , anSI aniOMH HHSl, eOCTaBnsteT 2, 5 , 

AaTOpbi Bbipa }!(aiOT npRaHaTerr bHOeTb IO . M.KaaapHHoay a a u eHHbie coaeTbi 

H eaerraHHwe aaMo'!BHflst, 
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Ta6nHua I. 

3KcnepHMeHT8fibHbie .OBHHble no HHTerpBfibHOMy 06p8THOMy BblXO.Oy Hel!TpOHOB 

8 (%) H3 6eTOHHOf'O 6Bpbepa pB3fiH'ItiOll TOfiUlHHbl ( HOpMHpOBBHO HB O.OHH 

na.oaiQwHll npoToH) 

TonWHHB 

38Ul HTHOf'O 

6apbepa, CM 

20 

40 

100 

H el!Tpolibi BbiCOKHX 

a HeprHll 

( E > 20 Mas) 

4,3:1,6 

9 

EI>ICTpbie Hel!TpOHbi 

(E < 20 MaB) 

30+10 

32+11 



0 

VfHTerp811bHbiA o 6 p8THI:ilR 8 blX0.0. H e RTpOHOB K 3 38WHTbl 8 { %) no,n .aeA:CTBKeM 

HYKIIOHOB BbiCOKHX 3HeprH R (HopMHpOB 8 HO H8 O.LI HH fl8D.8JOWHR HYKilOH) 

H eATpDHhl BhlCDKHx aHeprHA ( E > 20 MaB) 6 hiCTphie HeATpDHhl ( E <20M ae) 

MaTepHan 
Pacq~/' Pac'I~T 

xx/3/ 
; 3KcnepKM9H T:It Pac1..f~Tx Pac'I~Txx; 3/ 

38LUHTbi 

E eToH 

( p =2,35 r/cM
3

) 6,0-8,0 9,6 4,3:1,6 18 

>Keneao 

( p •1,8 r /cM
3

) 10-15 12,5 73 

x npoTOHbi c 9 H e prHet 660 M3B. 

XX cneKTp HeATpOHOB BbiC OKOA 3H9pf'HH , Bbin 9T810WHX H3 6epH11nH9BO A MHW9HH flO.Ll Q0
, 

npH 6oM6ap.oHpOBKe ee npoTOH8MH c 3HeprHeA 660 Mafi 1101. 

16 

53 

PHc.l. CxeMa BbiBOtl8 ny'IK8 Ha aKcnepHMeHT8llbHYIO ycTsHOBKY. 

1 - K8Mepa ycKOpHTenH; 

2,5 - M8rHHTHbie nHH3bl; 

3 - llOBOpOTHbiA M8rHHT; 

4 , - 38fl CHHXpOUHKflOTpOHa; 

6 n y'IOK npOTOHOB; 

7 H3MepHTellbHbiA ll8BHflbOH; 

8 3KCnepHMeHT8fl bHblA tlOMHK; 

9 3KCllepHMeHT8fl bHBH yCT8H OBK8; 

3xcnepHM9H T X 

33;!:11 
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PRCCTO>li<ii£ OT OCII niNKP, r. CM 

PHe,3. PqnHanbHoe paenpeneneHHe noTOKOI'l Hel!TpOHOI'l, l'lbiwenwHx H838Jl H3 

(lc fOHHOl! 38WHTbl p83ilH'lHOl! TOilWHHbl ( HOpMHpOB8HO H8 OJlHH ll8Jl810WHll 

>lpOTOH). 

A - noToK Hel!TpOHOI'l l'lbieOKHX 3HeprHll, BbiwenwHll H838Jl H3 6eToHHoro 

6apbepa TOnLWIHOl! 100 eM; 

.t. - TO >Ke JlilSI 6apbepa TOillUHHOl! 40 eM; 

{J> - TO >Ke JlilSI 6apbepa TOillUHHOl! 20 eM; 

0 - llOTOK 6bieTpblX H8l!TpOHOI'l, l'lbilll8JllllHl! H838Jl H3 6eTOHHOrO 6apbepa, 

TOilWHHOll 100 eM; 

0 - TO >Ke JlllSI 6 apbepa T OflWHHOl! 40 eM; 

(;) - TO >Ke JlflSI 68pbepa TOflWHHOl! 20 eM; 
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