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B KOMnneKce sanatt no samiiTe BbiCOKOaHepreTIItteCKIIX ycKopHTenett salK-

Hoe MecTo saHIIMaeT npo5neMa saiiiiiTbi oT pacceSiaaoro HSeyttea~~. I 
YcKopHTenb a uenoM MOlKHO npencTaBIITb pa~nonolKeHHbiM, a6nils11 r~amr-

. . ' I 
Ubi pasnena SeMnSI - BOSilYX noaepXHOCTHbiM IICTO"'HIIKOM IIOHHSIIpyiOIIIei'O IISny-

1 
tteHIISI onpeneneaHoro KOMnoHeHTHoro cocTaaa 11 cneKTpanbao-yrnoaoro pacnpe-

1 
3KCnepiiMeHTanbHbie IICCne.QOBaHIISI, SbinOnHeHHble Ha .QefiCTSYIOIIIIIX yc-

. KOpiiTenSIX, n~Kasanll,- 'liTO onpe.QenSIIOIIIIIM KOMnOH9HTOM ll~nytteHHSI no[ .QOSe 

sa sam11Tofi ycKopiiTenefi SisnSiroTCSI 5biCTpbre (0,1 Mas < E < 20 Mas) H 

caepx6biCTpbie aefiTpOHbl c aHepr!lefi npH6nHSIIT9nbHO llO 600 Mas/~-5/. 
·. . . • .. I 

CnenoaaTenbao, ecn11 HSBeCTHo cneKTpanbao-yrnoaoe pacnpenenea11e HefiT-· 
. . . i . 

pOHOS1 BbiXO;:tSIIIIIIX sa SaiiiiiTy YCKOpiiTenSI, TO, peiiiiiB Sa.Qatty 0 npOXOlK.Q9HHII 
• . . 1··.···· 
HefiTpOHHOI'O IISnytteHIISI B SOSilYIIIHOfi Cpe.Qe C TaKIIM CneKTpanbHo-yrnOSbiM 

. . . . • • . I 
pacnpeneneH!IeM1 MOlKHO nonyttiiTb IIH~OpMaUIIIO 0 none pacceSIHHOI'O IISnytteHIISI . I . 

AHan11s IIMeiOIIIIIXCSI aKcriepiiMeHTanbHbiX 11 pactt~THbiX .QaHHbiX o cneKT-
. . i 

, panbHbiX pacnpe.QeneHIISIX HefiTPOHOS sa SaiUIITOfi .QefiCTSYIOIIIIIX YCKOPIITe-. . I 
nefi/6-10/ noKaSan, 'ITO IIX ~OpMa npaKTIItteCKII He _SaSIICIIT OT KOHKpeTHQI'O 
. . . . . . I 

YCKOpiiTenSI, OllHaKO BOnpoc 05 YHIIBepcanbHOCTII cnenaHHOI'O o6o5IIIeHIISI OCTa-

eTCSI OTKpbiTbiMo 
l 

HH~OpMaUIISI OTHOCIITenbHO yrnoBOI'O pacnpeneneHHSI HefiTpOHHOI'O IISny-

1 
~- .I 

tteHIISI sa saiiiiiTofi ycKopiiTenefi a aacTOSIIIIee speMSI oTcyTcTayeT. 
•, 

r 
3 



I 
0TMe'leHHhie Bbiiiie OOCTOSITenbCTB8 AnSI 1IpU1'H03HpOB8HHSI IIOneil p8CCeSIH-

Hb!X HeilTpOHOB oT BhiCOKOaHepreTH'IeCKHX [ ycKOpHTeneil II03BonSIIOT Hcnonb3o

B8Tb H800p cPYHKUHft IIpOCTp8HCTBeHHo-CIIeK~p8nbHhiX p8CIIpelleneHHil p8CCeSIHHhiX 
I . 

HeilTpOHOB AnSI TO'Ie'IHb!X MOH09HepreTH'IeCKHX HCTO'IHHKOB, IIOCKOnbKY nro6oil 
I 

pe8nbHbiil HCTO'IHHK H3ny'leHHSI MO)I<HO p8~CM8TpHB8Tb K8K HX cynepii03HUHICI. 

B 
. I 

ll8HHOil: p800Te nony'leHbl p8C'IeTHbie X8p8KTepHCTHKH IlpOCTp8HCTBeH-I . 
Ho-cneKTp8nbHhiX p8cnpeAeneHHil: p8cceSIHHhiX B B031lyxe HefiTpOHOB o:r TO'Ie'l-

1 • 

Hb!X HCTO'IHHKOB CBepXOb!CTpb!X HeilTpOHOB.: 

I 
MeTo.o p8e'leT8 

i 
B e8MOM OOIIIeM BHile IIOCT8BneHH8SI 38118'18 eBOilHTCSI K p8C'I9Ty IlpOX0~-

1 
.oeHH.SI 6hieTphiX H eBepx6bieTphiX Heil:TpOHOB B B03,oywHofi epe11e e y'leTOM 

BnHSIHH.SI 3eMnH. . I . . 
H8nH'IHe rp8HHUhi p831len8 .llBYX epell, eHnhHO p83nH'I8IOII!HXeSI no nnoT-

1 
HOCTH, H Bb!Op8HH8SI 4JopM8 HCTO'IHHK8 H3ny'leHHSI 38TPYilHSIIOT IlpHMeHeHHe Me

! 
TO/lOB peiiieHHSI KHHeTH'IeeKOI"O ypaBHeHHSI.I 

• . . I 
.ll8HH851 38.08'18 pew8n8eb MOilHcPHUHpOB8HHhiM MeTO.OOM MoaTe..;K8pno, 

H3Be~THbiM IIOil H83B8HHeM "Cnoeo6 noK~nbHOI"O Bbi~HeneHH.SI IIOTOK8"/1
1 

/ • 
. I . 

SaeprHSI nepBH'IHhiX HeATpOHOB Bhi6Hp8n8eb B HHTepB8ne 25-t600 MaB. 
I. 

HH~HSISI rp8HHU8 aaeprHil:, 110 KoTopofi p8CCM8TpHB8nocb npoxo~lleHHe aeil:Tpo-
• I 

HOB, IIpHHHM8n8Cb p8BHOil: 100 K9B. i 
TipH HeynpyrHX B38HMO,OefteTBHSIX 'Heil:TpOHOB B ,OH8II830H9 9HeprHil: . . . . I . . . 

25-t600 MaB y'IHThiB8noeb MHO~eeTBeHHOe o6p830B8HHe BTOpH'IHbiX HyKnOHOBj . . . . I . 
o6p830B8HHeM IIHOHOB B 9TOM .OH~II830Hel aHeprHil npeHe5peraeM. B K8~1l0M 
8KTe B38HMOAeil:CTBHSI 'laeTHU BbieOKHX 9HeprHil: IlpOH3BOAHneg p03b!I"pbiiii TH

na BTOpH'IHOI"O ayKnOHa (npOTOH HnH HeHT~OH), eT8THeTH'IeeKHil Bee KOTOpOI"O 
• . I 

38TeM yMH0~8neSI H8 IIOnHyiO MHO~eeTB~HHOeTb ,ong .08HHOI"O B38HMOileil:eT-

BHSI. 
I 

.llnSI Heil:TpOHOB e aaepi"HSIMH 0,1 < E < 25 MaB y'IHThiB8nHeb Bee H3-
l 

BeeTHbie IlpOUeCCbi B38HMOilefieTBHSI e Mp8MH BemeeTB8o 
I 

TipH po3hii"phiiiie SIAepaoro B38HMo,oeil:eTBHSI npoToHOB ( E > 25 MaB) 
. . I . -

1IpHHHM8nOeb BO BHHM8HHe H3MeHeHHe ee'leHHSI Heynpyi"OI"O B38HMOileileTBHSI . . . I . 
H8 t:~nHHe npo6er8, o6yenoBneaaoe noTepSIMH aaeprHH H8 HOHH38UHIO. Tipoxo~-' . . 

. t:~eHH9 IlpOTOHOB e 9Hepi"HSIMH HH~e. 25 M'aB He p8eeM8TpHB8nOebi T.K. HOHH-

4 

38UHOHHhie npo6erH AnSI 

MOAeil:eTBHSI, H81IPHMep, 

B Bo3nyxe ( p =1,29~10" 

HOI"O B38HMOAeil:CTBHSI 

ObinH B3SIThi H3 p86oT/1 

B . p8e'leT8X npet:~r 

C 10%: COAep~8HHeM BO,!: 

TaB B03AyXa IlpHHHM8nC: 

JlnSI pe8nH38UHH II 

'rpaMM8 ,H8. SI:3b!Ke IP0P1 

enet:~yroptHe. KonH'Iec_TBO 

TH'IeCKHe P8enoeneneHE 

. 'IHCnO 9HepreTH'IeCKHX r 

MepHO 20-30 MHH (38BHI 

Tip8BHnbHOCTb p80 

e IIOMOII!b!O TeeTOBb!X p 

p8C'IeTOM HeKOTOpb!X 38 

TOpb!X H3BeCTHbl 9Kenep 

l1a4JopMaUHSI o npo 

OT MOH09HepreTH'IeeKHJ 

nHTep8Type OTCYTCTBye1 

He aHeprHil: 6hm npoH3B 

iiOTOKOB HeilTpOHOB C 9H· 

HOI"O 6nOKa, H8.KOTopyl 

660 MaB/23/. T8K8SI r~c 

Mb!X H8MH 38!18'1' MOH09E 

nyeKaiOII!eMY eaepx5.hiC~ 

3eMni. 
- j ~ ~' 

Cp8BHeHH~ aKenep 

PHe. 1. To'IKH,' .oTMe'leHJ 

.TOKOB Heil:TpOHOB, H3Mep 
'< ~ \. ' ., 

(perHCTpHpyiOTeSI, Hefi.Tpc 

H8 OCHOBe pe8KUHH U C.., 

B8HHhie o6n8CTH COOTBeT 



L;li03HposaHHR nonelit pacceSIH

~TeJielit ll03SOJIRIDT HCnOJib3D

>IX pacnpe.QeneHHiit pacceRHHbiX 

!CTO'IHHKOS1 nOCKOJlbKY JIID60iit 

HSaTb KaK HX cynepn03HUH~• 

1aKT9pHCTHKH npocTpaHCTS9H

~03.QyXe HefiTpOHOS or TO'I9'1-

CSOAHTCR K paC'I~Ty npOXO~

S03.QylliH~H cpe.Qe C yq~TOM 

bHO pa3JIH'Ia~lliHXCR no nJIOT

c aaTpyAHRIDT npaMeHeHHe Me-

fibiM MeTOAOM MoaTe-Kapno, 
· · ..,/11 I 

'0 Bbi'IHCJieHHR nOTOKa . • 

=b a aaTepBane 25-t600 M9a, 

asanocb npoxo~AeHHe aelitTpo-

OHOB B AH8n8soae 9HeprHA 

WBaHHe. BTOpH'IHb!X HYKJIOHOBj 

•aft. npeae6peraeM. B K8~AOM 

npOHSBOAHJICR p03b!I'pb!~ TH

CTaTHCTH'IeCKHH sec KOToporo ' 

b .QJIR .QaHHOI'O aSaHMO.QeHCT

\ 

25 Maa y'IHTbJaanHCb ace as-

.emecTaa. 

IHR_ npoTOHOB ( .E ~- 25 M9B) 

; neynpyroro aaaHMOAelitcTBHR 

eprHH Ha H_OHH:;)aUHID, I}poxo~
paccMaTpHBaJIOCbi T,K, HOHH-

·I 
I 

J 
i 
1' 
I 

i • 
I 

SaUHOHHbJe .npo6erH .QJIR HHX SHa'IHTeJibHO MeHbllie npo6eros AO R.QepHOI'O 133aH
I 

MOAelitcTBHRI aanPHMeo~ HOHHSaUHOHHbiiit noo6e~ nooToHoa c aaeorHelit 25 Mas 

a soa.Qyxe. ( p =1 ,29~to-3rtcJ3) pasea R aoa=5,65 M /12/, a npo6er AO.HAep~ 
! ' •. ' 

I 
Horo aaaHMOAeficTBHH R g=4~5 M/20/ 1 MHKpocKonH'IeCKHe ce'leHHR npoueccos 

6bJJIH S3RTb! H3 pa6oT/13-22/:, 
I . 

B paC'I~TaX npe.Qnonar8JIOCb 1 'ITO 39MJIR COCTOHT H3 ABYOKHCH KpeMHHR 
I 

C 10%: CO.Qep~aHH9M SOAbl (no secy) H HMeeT nnOTHOCTb p =1,7 r/cM3, Coc
i 

TaB B03AYX8 npHHHMaJICR CJI9AYIDII1HM: 80% aaoTa . H 20% KHCJIOpO.Qa, 
l 

nnR peaJIH38UHH npHHRTOI'O anropHTMa pemeHHR 6b1Jla COCT8BJI9H8 npo-. I 

rpaMMa .Ha R3b!K9 t:I>OPTPAH iAnR 3BM B3CM-6. XapaKTepHCTHKH iiporpaMMbl 
i 

CJie.QyiDII1H91 KoJIH'I9CTBO TO'IeK (.QeTeKTOpoB) 1 B KOTOpbiX Bbi'IHCJIHIDTCR 9Hepre-
• I 

TH'IeCKHe oacnoeAeneHHR oac!ceSIHHbiX aefiTPOHOB1 oaaHt> 56. MaKCHM8JlbHoe 

. 'IHCJIO 9HepreTH'I9CKHX rpynn ~ 20. BpeMR C'II'!!Ta 103 HCTOpHiit COCT8BJIReT npH
i 

Mepao 20-30 MHH (aasHCHT oT aaeprHH nepBH'IHOiit. '18CTHUbi) 1 
. . I 

npaBHJlbHOCTb pa60Tb! OT.QeJibHb!X 6JIOKOB nporpaMMbl KOHTpOJIHpOB8n8Cb 
. i 

c noMOIIlbiD· TecTOBbiX pac'I~Toa~ a pa6oTa nporpaMMbi a uenoM npoaepSinacb 
! . 

paC'I~TOM HeKOTOpb!X 38.1:18'1 npOXQ.lKAeHHR H3nyqeHHR qepe3 BelileCTB01 AnSI Ko-
1 

TOpb!X H3B9CTHbl 9KCnepHM9HT8JlbHbie HnH paC'I~THbie A8HHbie, 
I . 

Ha~opM8UHR o npoxo~AeHHH a aoa.Qymaolit cpe.Qe HelitTpoaaoro HanyqeHHR 
I 

OT MOHOaHepreTH'IeCKHX TO'Ie'IHbiX HCTO'IHHKOB CBepX6biCTpb!X HelitTpOHOB B · I . . 
nHT9p8Type OTCYTCTByeT. nnH nposepKH pa60Tbl nporp8MMbl B 9TOM AHanaao-

1 

He aaeprHiit 6bm npoHaae.QeH p8C'I~T pa.QHanbHbiX pacnpe.QeneHHiit nnoTHOCTeii 
• I • 
noTOKOB HelitTpOHOB C 9HeprHelit AO .H 6onee 20-Maa BAOnb nosepXHOCTH 6eTOH-

.. I ·. 
aoro 6noKa, aa KOTopyro aopManbHO na.Qan ny'loK npoTOHOB c aaeprHelit 

I . 
660 Maa/23/. TaKaR reoMeTpHR aaanorH'IHa BXOARIIleMY a Kpyr paccMaTpHsae-. I . .. 
Mb!X Ha1m Sa.Qa'l MOH09HepreTH'IeCKOMY H MOHOHanpaaneHHOMY HCTO'IHHK)'o HC-

nycK8IDli1eMY caepx6biCTpb!e kelitTpOHbl B B03AY~ HOpM8nbHO K noaepXHOCTH 

ae~mi. . . . I . . 
! 

Cp8aHeHHe aKcnepHMeHT8nbHbiX H p8C'I~THbiX ABHHbiX npe.QCT8Bneao H8 
. . I 

PHC, 1, TO'IKH1' OTMe'leHHbJe TpeyronbHHK8MHI COOTBeTCTBYIDT nJIOTHOCTRM no-
. 1 : slp( ·J'ls· 

. TOKOB HelitTpOHOB1 H3MepeHHbiM ,QeTeKTOpOM H8 OCHOBe peaKUHH. n, P I 

(perHcTpHpyroTcR a~litTpoHbi cl aa~prHelit ;: 2 M~a), Kpy~K8MH - ,.Q,eTeKT~poM 
aa ocaoae pe8KUHH 

12C-+ 11C I ( HyKnOHbi c aaeprHelit E> 2~ Maa). 3amTpHxo

aaHHbie o6n8CTH COOTBeTCTBYIDT p8C'I~Ty p8AHaJibHbiX p8Cnpe.QeneHHiit nnoTHOC-

1 . 

i 
I 



i 
I 

i 
TeA noTOKOB aeATpOHOB c. aaeprHSIMH E > 2 Mas {o6nacTb 1) H E"> 20 Mas 

{ o6naCTb 2). lliHpHHa sawTpHXOB8HHbiX yqacTKOB I onpeAenSieT CT8THCTH'I9CKYIO 

f 
OWH6Ky Bbi'IHCneHHA, I 

, I . 
B K8'19CTB9 KOHTpOnbHbiX' 38A8'11 nposepSIIOWHX npasHnbHOCTb Bbi6paHHOJ:'O. 

anropHTM8 peweHHSI AnSI 6biCTpbiX HeiiTpOHOB1 6~InH HCIIOnb30B8Hbl pac'IE3THbie 
I 

II aKcnepHM9HT8nbHbl9 nHTepaTypHbl9 .A8HHbl9 0 pacnpOCTpaHeHHH B. B03AYWHOA 
I . . . 

CpeAe.HeATpOHHOJ:'O HSny'leHHSI OT. T0t{9'1HOJ:'O MOHOaHepreTH'I9CKOJ:'O H30TpOnHo-

J:'O HCTO'IHHKa·c aaqanbHOA aneprHeA ·E =14 Mas1
24

-
2
61, . . 

Ha pHc. 2 npHBeAeHo cpasHeHHe.pac'IE3TOB lnpocTpaHCTBeHHhlX pacnpeAe

nenHA nnoTHOCTeft IIOTO:KOB H MOWHOCTH -A03bl pac::ceSIHHbiX HeATpOHOB AnSI TaKo-
1 

1"'0 HCTOt{HHK8
1 

H8XOA.SUIX9J:'OCSI B B03AyXe Ha paCCTOSIHHH 90 M OT IIOBepXHOCTH 
I 

SeMnH, I 
. I 

CpasneHHe cneKTpanbHbiX pacnpeAeneaHA pacceSIHHbiX neiiTpoHOB oT Toqeq-

noro H30TpOIIHOJ:'O HCTO'IHHK8 c aneprHeA E =14\MaB, pacnono*eHHOJ:'O B. 6ec

KOH9'1HOA B03AYWHOA CpeAe, C aaanoJ:'H'IHbiMH p~C'IE3TaMH, BbiiiOnHeHHbiMH Me

TOAOM 'MOM9HTOB {pesynbT8Tbl IlpHB9A9Hbi s
12?/) 1 npeACTaBneHO Ha pHCo 3, 

, I 
AnanHs AaHHbiX, npHBeAeHHbiX aa pHc •• 1-3' noKaSbiBaeT, 'ITO Bbi6pannast 

I . 
M9TOAHK8 paC'IE3Ta npH HCIIOnb30B8HHH paspa60T8HHOJ:'O anropHTM8 pemeHHSI 

. I 

H ·He06XOAHMbiX KOHCT8HT1 A89T npaBHnbHOe ODHC8HH9 OCHOBHbiX 38KOHOMep
i 

HOC TeA. npOXO>K.119HHSI . 6biCTpbiX H · CBepX6biCTpbiX HeiiTpOHOB 'lepes B91Il9CTBO 
I 

{BOSAYX·, 6eTOH1 SeMnSI), 

Pesy JlbTaTbi pac'IE3Ta npocTpancTseaa
1
o.;..cneKTpanbHbiX 
I " 

pacnpeAeneaHA;·pacceSIHHbiX neATpoaoB 
. . . . I . 
Pac'IE3T npooTpaHcTseaal,xx H cneKTpanbHbiX pacnpeAenenHA neATponos 

. . I 
6bin BbiDOnHeH AnSI TO'I9'1HOJ:'O MDHOaHepreTH'I9CKOJ:'O H MOHOHanpasneHHOJ:'O 

. . . , .. I . 
HCTO'IHHK8 CBepX6biCTpbiX HeftTpOHOB1 DOMellieHHOJ:'O B Ha'lano KOOpAHH8T 

. I 

{pHc. 4), HanpasneaHe BbmeTa neATpoHoB HS TaKoro HCTO'IHHKa MO*HO .. onH-

caTb yrnaMH 8 H rp B c.PepHtiecKoA CHCTeMe K&opAHHaT, 
. . . . . .. . . I . . 

PHMCKRMH UH.PpaMH Ha pHC, 4 OTMe'leHa Cp9A81 B KOTOPOA MO*eT npo-. 
. ... I • . 

Hcxo.tiHTb nepeaoc HsnytieHHSI { I - sosAyx, II .:.:. seMnSI), Ha aToM *e-pH;.. 
. . I , 

cyiJ:Ke IIOK838H B03MO*Hblft nepeXOA HeiiTpOH8 H3. OAHOA CpeAbl B Apyryro, 
I 

6 

'" 

•.np·H BapHaHTHbiX pac~ 

-AnSI HCT0t{HHK81 a 83HMYT8 

Hynro, HO npH aTOM TO'IKH 

MYTanbHbiMH yrnaMH OTHO 

HCT0t{HHK8 OTHOCHTenbHO l 

CneKTpan~:.nixe p~cnp' 
yrne HCTO'IHHKa paCC'IHTbiB 

J:'90M9TpHSI'D03BOnSieT IlpH 

Ta {H3-38.BB9A9HHSI 6onbt 

sapHaHTbi AnSI na6opa . asHJ 
I ~ - ' ' 

B qac'i'nocTH, npH KC 
0 . ."'' \ 

yrna 0.;.180 6hm pas6HT f ,.· 
· .llnSI yrnos 180 < ¢ < 

HSITOA reoMeTpHH cymecTBY 

B KOTOpOft pacnono*eH HCTC 

CneKTpanbHbie pacnpE 

yrnos BbmeTa nepsH'IHbiX 

25-1500 M H s AHana3.one 

Ha pHc. 5-9 B Kaqec1 

'IHCneHHA, 
~ ,, ' 

3aBHCHMOCTb_cneKTp 

npH () =0° H E0 =150 Mas 

noro pacnpeneneHHSI npaK' 

TaKaSI 38BUCHMOCTb xapa 

HeftTpOHbl BbineTaiOT DOA 

aeATpOHOB Ha anepreTH'Ie 

PHC, 6-7 AnSI ABYX paccTC 

B9TCTB9HHO, 3Hepr'HSI nepl 

yron ¢ =0°. 

· Ha pHc. g;..g ABHbi c1 

MOCTH OT 83HMYT8nbHOJ:'O 

B9HHO, 



,6ll~CTb 1 ) H E > 20 Mas 

npasHnbHOCTb Bbi6paHHOI'O. 

HCDOnb30B8Hbl paC'i~THbie 

)OCTpaHeHHH s soaaywaoa 

ipi'eTH'ieCKOI'O H30TponHo

W/ 

:TpaHcTseHHbiX pacnpeae

IHbiX HeiiTpOHOB )lnsl TaKo

llHH 90 M OT DOBepXHOCTH 

HHbiX HeiiTpOHOB OT TO'ie'i-

11 pacnono:>Keaaoro s 6ec

raMH, . BbinOnHeHHbiMH Me

npeacTaBneHO · aa. pHc. 3. 

K83biBaeT 1 'iTO Bbi6paRRaSI 

llOI'O·anropHTMa peweRHSI 

:He OCHOBHbiX 3aKOHOMep

ATpOHOS qepea BewecTso 

teKTpanbHbiX 

S 

'aCitpeaeneRHA aeATpOHOB 

I'O H. MOHOHanpasneRHOI'O 

>r~· ~ ·aaqano Koop~:umaT 
'0 HCTO'iHHKa MO:lKHO. ODH

ii:HaT. 

.a, S KOTOPOA MO:lKeT npo-. 

3~~nSI). H~ aTOM :>Ke,pH;_; 

· oaaoit · cpeJlhi s apyryro. 

~ 

'! 
I 

I 

I 
I 
I 

npH BapHaHTHbiX paC'i~TaX H3MeHSinH TOnbKO nonSJPHbiA yron (0~0 ~rr/2) 
. i 

.anSI HCTO'iRHKa, a a3HMYTan&HbiA yron (0~¢ ~2rr) Bceraa · nonaran11 pasRbiM 
. I 

Rynro1 HO npH aTOM'TO'iKH ae~eKTHpOB8HHSI pacnonaranH noa paanH'iHbiMH 83H-

' MYTanbHblMH yrnaMH OTHOCHTenbHO HCTO'iHHKa1 'iTO SKSHBaneHTHO DOSOpory 

HCTO'iHHKa OTHOCHTenbHO aeieKTOpa. 
. . I 

CneKTpanbRbU~ pacnpeaeneHHSI aeATpoaos npH ljJHKCHpoBaHHOM nonSJPHOM 
. I . . 

yrne HCTO'iHHKa pacc'iHTbiBan~cb cpaay anSI Bcero·aa6opa aeTeKTopoB. TaKaSI 
I . 

I'eOMeTpHSI D03BOnSieT DpH Cp8BHHTenbHO He60nbWOM yBenH'ieHHH speMeHH C'i~-
1 . 

Ta ( H3-3a BBeaeHHSI 6onblll0l0 'IHCna aeTeKTOpOB) paCC'iHTbiSaTb cpa3y' BCe 

BapHaHTbl anSI Ra6opa 83HMYT8nbHbiX yrnOB HCTO'iHHKa. · . I . 
B qacTROCTH, npH KORKpeTHbiX Bbi'iHCneRHSIX aHanaaoa a3HMYTanbRoro 

0 I , 
yrna 0-180 6bm pa36HTHa 6 paBHbiX' HHTepBanoB 'l:epea 30°. . I 

JlnSI yrnOB 180 < cp < 360° pac'i~T He npOH3BOaHnCSI1 DOCKOnbKY B npH-

HSITOii reoMeTpHii cymecrByeT l·cHMMeTpHSI oraocnrenbHO nnocKoCTH YOZ ( pHc. 4), 

B KOTopoA pacnono)KeH HCTO'iHHK H3ny'ieHHSie 
i . 

CneKTpanbHbie pacnpeaeneHHSI pacceSIHHbiX HeATponoB pacc'iHTbiBanH anSI 
. I o 

yrnOB BbineTa nepBH'illbiX HeitTpOHOB 0°1 45 1 90° B HHTepBane paCCTOSIHHit 
·. I 

25-1500 M H B ananaaoae aaeprHA 25-600 Mas. 

Ha puc. 5-9 B Ka'ieCTBe! npHMepa npHBeaeHbi HeKoTopbie peaynbTaTbi Bbi-

'iHCneanii. I 
I . 

3asHCHMOCTb cneKTpanbHhlX pacnpeaeneRHii ReiiTpOHOB OT paCCTOSIHHSI 
. I 

npH 0·=0° H E 0 =150 MaB' n6Kaaa~a aa· puc. 5. Bnano, 'iTO. BHa .cneKTpan&-
1 • . . . . 

HOI'O pacnpeneneHHSI npaKTH'ieCKH He MeRSieTCSI C yBenH'iellHeM paCCTOSIHHSie 
I . 

TaKaSI 38BHCHMOCTb xapaKTepRa. H JlnSI apyi'HX SHeprHit HCTO'iHHKa, KOI'Jla 
I o · . · 

aeATpORbi BbineTaiOT noll yrnoM 0 =0 • BnHSIRHe yrna BbineTa nepSH'l:HbiX 
.. I . . 

ReitTpOHOB Ra aaepreTH'l:eCKHA CDeKTp BTOpH'l:HbiX ReiiTpOHOB OTpa)KeHO H8 
I 

puc. 6-7 anSI aByX paCCTOSIHHit HCTO'IHHK - aeTeKTOp 25 M H 500 M 1 . COOT-
. I . 

BeTCTBeaao. 3aeprHSI nepBH'iHbiX ReitTpOHOB pasaa 250 MaB,. · a3HMyTan&Hbiit 
I . 

yron ¢ =0°. ! 

Ha pHc. 8-9 aaRbi· cne~TpanbRbie pacnpeaeneRHSI aeitTpOHOB B aaBHCH-
1 

MOCTH OT 83HMyTanbHOI'O yrna cp anSI paCCTOSIIlHit 25 M If 500 M 1 COOTBeTCT-

1 

Beaao. 1 

I 
I 



nepBII'IHbie aefiTpOHbl c 9Heprnefi Eo =400 MaB BbineTaiOT not:t yrnoM 

() =90° Ha BbiCOTe 5 M OT ITOB9pXHOCTH 39MnH ,(CIInOIIIHbi9 I'HCTOI'paMMb!), 

3t:tecb :>Ke J:IBHeceHbi pacqeTHbie t:taHHbie npn Tex :>Ke ycnoBH.IIX, HO t:tnSI 

6eCKOH9'1HOH B03llYIIIHOH cpet:tbl. (nyHKT1ipllb!9 I'liCTOI'paMMb!), 

KaK. Blit:tno us. pac. 8-9, aannque seMnli CKaSbi:BaeTC.II cymecTBeHno nHIIIb 

Ha liH3KO.Sll9pi'9TH'l9CKOH 'IBC(TH cneKTpa, T,e, ·t:tn.II · H9HTpOHOB C 9ll9pi'H.IIMH 

npn6n~SHTenbHO t:to 10 MaB. 

Ha ManbiX paccTO.IIHii.IIX OT HCTO'IHiiKa aanH'IHe seMnli yBenli'IHBaeT 'llicno 

paCC9.1IHHbiX HefiTpOHOB no Cp8BH9HHIO C 6eCKOH9'1HOH B03llYIIIHOH Cpeaofi (seMnH 

HBnHeTC.II K8K 6b! OTpa:>KaTeneM HefiTpOHOB) 1 a H8 6onbiiiHX paCCTO.IIHH.IIX 1 H80-

60pOT,- YM9Hblll89T HX (nornOT!iTeneM HefiTpOHOB), 

nony'l9HHbl9 t:{8HHbl9 MOI'YT 6biTb HCnOnb30B8Hbl t:tn.II npOI'H03HpOB8HH.II 

nonefi pacce.IIHHblX· H3ny'leHHi1 OT. Bb!COK09H9pi'eTIPI9CKHX yCKOp!iTeneii:, 

· ABT~pbi npasaaTenbHbi JI.H. 3afiueBy .sa 6onbiiiYIO noMOII!b npH Bhmonae.:.. 
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Paccmo~Hue om ocu fiiJ'IKa r; c11. 

PHC, 1o CpaBHeHHe paC'I~THOI"O H SKCnepRMeHTanbHOI"O o6paTHOI"O BblXOAa Hell~ 
poaoa H3 6eTOHHOll 3al!lHTbi noA AeliCTBHeM npoTOHOB c saepraell 660 Msa, 
(0603Ha'!eHHll CM, B TeKCTe), . . . 
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P11c. 2. CpaaaeHI!e I!HTerpanbHbiX · nnoTaocTeli noTOKOB aeliTpOHOB c aaept11ali 
E > 0,2 Maa oT 1!30Tponaoro IICTO'IHI!Ka c aaepr11eli 14 Maa. l1cTO'IHIIK pac
nonoJKeH B B03AyXe Ha BbiCOTe 90 M OT noaepXHOCTII 3eMnll. 1,2,5 - peaym>
T8Tbl HaCTOSIIUeli pa6oTbl, ( 1 ·- npocTpaHCTBeHHOe pacnpeAeneHI!e nnOTHOCTeil 
ITOTOKOB HeliTpOHOB C .y'I~TOM, 39MZIH; 2 ;_·To JKe.,' i:lnR 6eCKOHe'IHOli B03Ayw..: 
~oli cpeAbi; :5 ·- npocTpaHCTBeHHOe pacnpeAeneHI!e ~OWHOCTH A03bl HeliTpDHOB 
C y'llbTOM 3eMnll; 3,4 - npocTpSHCTBeHHbie pacnpeAelieHHR nnOTHOCTeli ITQT0/(0111 
aeliTpoaoa, _nonyqeJ!Hbie,B pa6oTe/24/( 3;,. c ·Y'I~T_()~ H 4 6ea'yqeTa aeM-
nH). f -· MOWHOCTb A03b/25/• . _ 
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PHc. 3. CpasHeHHe cneKTpan&HbiX pacnpeneneHHll: pacceSIHHb!X aeli:TpOHOB oT 
TO'Ie'IHOI'O H30TpOnHOI'O HCTO'IHHKS c aaeprHell: 14 Mas B 6eCKOHe'IHOll: B031zyW
HOll:-cpene~ ··1,4 - · cneKTpanbHbie pacnpeneneHHSI aeli:Tpoaos aa paccTOSIHHSIX -
R =66 M H 1100 M oT licl-o~iiHKa, ~OOTBeTc~]HHO -· peayln.TaTbl HaCTOliWell: 

pa60Tbl, 2,5 - TO :me, noey'leHHOO B pa6oTe/ M6TOllOM MOMeHTOB1 Renu-
pak • 3,6 - To lKe (MeTOll MOMeHTos126 1) Hoiland and Richards. 
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PHc. 4. reoMeTpHSI pac'lliTa npocTpaHCTBeHHo-CneKTpanbHb!X pacnpen 
OT' TO'I6'1Hb!X MOHOSHepreTH'IElCKHX H MOHO~anpasneHHb!X HCTO'IHHKOBo 

13 



P11e. 5 •. CneKTpbt paeeeSIHHbtX aeli:Tpoaos B aasHeHMoeTII: or paeeTOSIHII:SI 
HeToqHJIK-AGTGKTOPo (8HeprHSI HeToqHHK8 150 ~aB, yron BhlneTa 8 ~0; 
1-5 - o6oaaaqaiDT paecTOSIHHSI OT HeroqHHKa AO AeTeKTopa eoorsererseaao 
25M; 100M; 250M; 500 H 1000M). . 
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PHe. 6. 3asHeHMOeTb em 
or nonSipHoro yrna· Bbtne 
HOB 250 ~aB, 83HM-yT8nb 
1,2,3 - eneKTpanbHbte pa 
BGHHOo 
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Puc. a. 3aBHCHMOCTb cneKTp81lbHOro pacnpeaeneHHR pacceaHHbiX Heli.TpOitOB . 

OT nonapuoro yrna· Bbl1leTa nepBH'IHbiX ueli.TpOHOB . ( aueprua nepBH'IHbiX lteli.Tpo

HOB 250 MaB, 83HMYT81lbHbill. yron cp =0°, paCCTORHHe OT HCTO'IHHKa R a2SM). 

1,2,3 - cneKTp81lbHbie pacnpettell~HHR_ ltllR yrllOB 0-::=aQ, .45 H QO, COOTB~TCT
BeHHO. 
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PHC, 7.· To" >Ke, 'ITO H Ha PHC, 6, npH R =sao· M, 

16 

• 

.-a 
10 

CQ -10 
( 10 ± 
-~ : f Gl ' 
""' -til -
~. 10 : 
'-: :::z: . -

Q 10,-18·-Q. . 
E L: 

':S 
C1l ::z: . . . . -II 
-~ 10 ·-·w . -LL. ... 

10
11 

·· nt 

-ut 
J( 

P11c, 8, 3aBHCHMOCTb 

OT 83HMYT81IbHOI'O YI'l 

E 
0
c400 MaB, 8 =90°, 

y cnnoWHbiX I'HCTOI'pa 

cfo ~=0, so, ao H 180°, 
T8Tbl .Qnl'l 6eCKOHe'IHO: 
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PRe, 8, 3asHCHMOCTb cneKTpanbHoro pacnpeneneHHB pacceBHHWX aeATpoaos 
OT 83HMYT8nbHOrO yrna Bi>IneTa nepBH'IHbiX HeATpOHOB ( SHeprHB HCTO'IHHKS 
E 

0
=400 Mas, 0 =90°, paccTOBHHe AO HCTO'IHHKa R --25 M), UHclJpaMH l,:j!,3,4, 

y cnnowHbiX rHcTorpaMM o6osaa'leHbi cneKTpanbHbie pacnpeneneHHB nnB yrrio~ 
"' =0, 30, 60 H 180° I COOTB9TCTB9HHO, nyaKTHpOM HaHeCeHhl Te JKe pe~yllb

T8Thl AnH 6eCKOH9'1HOA B03AYWHOA cpeAhl, 
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