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Dporao3apoaaane noneJ! aany'leHIISI BOKpyr yCJ(OpiiTen eJ! qacTHU BbiCOKol! :>Hep-

I'HII T9C!IO CBSI38HO C 113Y'l9HH9M nep9HOC8 H9HTpOHOB HB paCCTOS!IIHS!, npeBblWB!O-

Wile IWIIIIY CB060J:IIIOI'O rrpo6era H9HTpOHOB B B03J:IYX9, PaC'l9T HeJ!TpOHHblX noneft 

3HB'liiT91lbHO OCllQ)KHSJ9TCSJ H81IH'lii9M paCC9HBBT91IS! - 39Mllll II IICTO'IHHKB H3liY'l9HHH 

o'leHb c nolKHoJ! reoMeTpHH. Do:>TOMY none3Ho yc1·aaoBHTb ocHOBHble 3BKOHOMepaocTII 

paCIIpOCTp8H9HHS! HeliTpOIIOB, xapaKT 9pHbl9 XOT S! 6bl ):IllS! H9KOTOpb!X yCKOpHTeJJeli . 

Ill 
B pa6oTe coaeplKHTCSI He6onbwoJ! o63op orry6nnKOBBHHblX aaaHblX no :>ToMy ao-

rrpocy II rrp11B9119Hbl pe3yllbTBTbl ll3M9p9l1Hli nOJJS! 1131lY'l9liiiS! BOKpyr 3J:IBHHS! CIIHXpO­

tjla30TpOH8 OY!.HY! . OaHaKO HeCMOTpH 11a cpaBHI!Tenbuo xopowyro TO'IHOCTb 3Tnx lf3-

MepeHIIJ! , OCT89TCH H9 S!CHblM, HBCKOJlbKO o6w11J! XapaKTep IIM910T HBH1.1 9 HHbl9 pac­

npeneneHIIS! II OniiCbiB810WII9 IIX tjlyHKUIIK, 

C uenbiO BblSICHeHIISI :>Toro aorrpoca oceHhiO 19ti5 roaa 6biJJH npearrpHHSITbl H3-

MepeHHSJ nOJJS! H3JlY'l9HIISJ BOKpyr CIIHXpOUHKJJOTpOHB fiB t:i60 M:>B, B HBCTOS!Weft pa-

60Te npOBOJ:Il!TCS! Cp8BH9Hl!9 3Tl!X J:IBHHbiX, 

MeTOJ:Il!Ka H3MepeHHfl. Pe3ynbTBT b l 

3nafll!9 CIIHXpOUIIKllOTpOna 0J1.HVJ npeJ:ICTBBJJS!eT co6oll 6eTOHHY!O KOp06Ky B b l­

COTOH 32 ,3 M 11 TOllWl!HOii CTeH 2 M, 39MllS!!-IOH 38C blllKOH J:IO OTM9TK11 9,9 M C 

TOllWIIHOH rrepeKpblTIIS! 1 M . B OJ:IHOii 113 CTeH 3):18HIIS! l!Me!OTCH UlllpOKHe OKOHHb!e 

npoeMbi . TaKaH reoMeTpl!H aamiiTbl nonHOCTbiO onpeaenSJeT, KBI( noKa3aHo IiH*e, 

crreuatjlRKY pacnpeneneHaH nonH aany'leHHSI aoKpyr 3J:IAHHH. 

illlSI li3Y'l9Hl!H 83l!MyTB1lbHOI'O pacnpeneneHIIH HeJ!TpOHHOI'O f!OllH BHe 3):18HHS! 

/2/ 
Cl!HXpOUl!KllOTpOH8 C flOMOlllblO J:I03HM9Tpa, BH81lOI'II'lHOI'O tl03HMeTpy lle ilaHr epa , 

onpeJ:I91lS!llA.Cb ):1038 HeJ!TpOliOB (c 3HeprHeii S ~Q M:>B) B CeMI! KOHTpOllbHblX TO'IKBX 
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(A-)!(), noKaaaHHbiX Ha puc. I. Ha aTOM pHCYHKe npencTaBJieH ycnoaHhill: nnaa 

pall:oaa H3MepeHHll: H npuaeneHbi a3HMyTanbHbJe pacnpeneneHHSI noaoaoro aKaHaaneH­

Ta Hell:TpOHOa ( En ;5 20 Maa) a OTHOCHTenbHb!X e):IHHHUBX npH pa3Hb!X pelKHM8X 

pa60Tbl yCKOpHTenSI. 3TO none aCHMMeTpH'IH O a peaynbTaTe HanH'lHSl OKOHHbiX npoe­

MOa, npH'leM XapaKTep aCH M MeTpHH npHMepHO OAHHBKOa npH acex pelKHM8X pa60Tbl 

yCKOpHTenSI, H He aaaHCHT OT HanpaaneHHSl ny'!Ka yCKOpSieMb!X npOTOHOa. 3TO CaH­

neTenbCTayeT 0 TOM, 'ITO a nOnS! H3ny'leHHSl no 3TOMY HanpaBJieHHID OCHOaHOll: aKnan 

aHOCSIT Hell:TpOHbl, MH01'0Kp8THO OTpaJKeHHb!e OT CTeH H nOTOnKa aana yCKOpHTenSI 

H abiXOAS!lUHe qepe3 npoeM. npu 3TOM npoeM MOlKHO ycnoaHO C'IHT8Tb HCTO'IHHKOM 

H3ny'le HHSI. 

Hay qeHue panuanbHoro rrpo~HnSI nonSI Hany'leHHSI npoaOAHnocb no 'leTbipeM 

paAHanbHbiM HarrpaaneHHSIM r 
1 

, r 
2 

, r s , r 
4 

, YKB3aHHhiM Ha puc. I. HaMepeHHSI 

/6/ 
npoaoA HnHcb c rroMOinbiD rrporropuuoH a n b HOro cqeT'lHKa CHM0-5 c aaMeAnHTenSIMB 

(KOTOpb!H perHCTpHpyeT a OCHOaHOM Heil:TpOHbl C 3Hepruell: M9Hee - 20 Maa), no­

CKOnbKY HMeHHO 3TH Hell:TpOHbl aHOCSIT OCHOaHOil: aKnaA (6onee 80%) B rroneyiD 6Ho-

/I 3/ 
norH'lecKyiD A03y ' • llnSI aaanaaa cocTaaa uany'leHHSI Hcnonbaoaanu no cymecTay 

/I,3/ 
Ty )l(e MeTOAHKY, 'ITO H a pa6oTaX , 38 HCKniD'leHHeM TOrO, 'ITO AnSI OrrpeAene-

HHSI Cp9AHell: 3HeprHH H aKnaAa 6hiCTpb!X H9ll:TpOHOB a CyMM8pHb!ll: ITOTOK HCITOnb­

/4/ 
aoaanu MeTOAHKy, npeAnO)I(eHeyiD XaHKHHCOM • llnSI acKniD'leHBSI omH6KB, Bbi3biaa e-

Moll: H9CTa6HnbHOCTb!O pa60Tbl pa60Tbl yCKOpHTenSI, KOne6aHHSIMB HHTeHCHBHOCTH H 

T . A. , ace H3MepeHHS! npoaOAHnB npH TinaTenbHOM MOHHTOpRpoaaHHH, npH'i9 M AnSI 

HCKniD'ieHHSl noKanbHb!X B03MyineHRil:, a03MO)I(Jib!X a6nH3H 3A8HHSI, MOHHTOpbl ycTa­

HaanRaanRCb Ha paCCTOS!HHH He MeJiee 80 M OT CTeHbl 3A8HHS! yCKOpRTenSI. 

PeaynbT8Tbl H3MepeHHil: npHaeAeHbl H8 pRC. 2. no OCH OpAHHaT OTnOlK9H8 CyMMap-

H8Sl rrnoTHOCTb noToKa 6 biCTpbiX (0,1 Maar:: E < 20 Maa) H rrpoMe)l(yTO'iHbiX Heil:-
- n ,. 

TpoHoa \ 0,5 a a < En < 0, I Maa), no ocu a6cuRcc - paccTOSIHHe OT reoMeTpR'lecKoro 

u e HTpa aana ycKOPHTensr. Bee ABHJibie 3AeCb" H nanee OTHOCSITCSI K pe)I(HMY Bbiae­

AeHHoro rrpOTOHHOrO nyqKa. nnOTHOCTH nOTOKa Heil:TpOHOa, npRaeAeHHbJe Ha pHC. 2, 

no paAHanbHaaM HanpaaneausrM r 
2. 

H r 
4 

AnSI HarnSIAHOCTH HOpMHpOaaHbl K 

nnOTHOCTH UOTOK8 no r I • llnSI orrpeAeneHHS! aenH'iHHbl nnOTHOCTH ITOTOKa a a6co-

niDTHbiX eAHHHU8X Ha TOM ,Rm• ApyroM paARanbHOM HanpaaneHHH H806XOAHMO 3TH ABH-

Hble YMHO)I(HTb H8 COOTaeTCTayiDmHe K03~~HUHeJITbl F
1 

( (}) , npHaeAeHHble JIB TOM 

>Ke rpa~HKe. 
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XapaKTepH3yeT 83HMyTa!IhHy!O BCHMMeTpH!O HB 60nhlllHX paCCTOSIHJHIX OT 

3aaHHH, rae rrpaKTH'leCKH OTCYTCT ByeT B!IHHHHe !IOKB!IbHblX HeOaHopoaHOCTeil B 38-

JllHTe. 8 cnyqae paaHBnhHOrO HarrpaorreHHH r
3 

, H8 KOTOpOM aarrbHeHJllHH xoa 

38BHCHMOCTH ~ ( r) He SlCeH, 3KC!ICpHMeHT8!IhHble pe3y!IhT8Tbl He HOpMHpOB8liH, 
n 

!I03TOMy Ha rpa<jJHKE> YK838HO F 3 ( ()) n 1 . 

nrrH O!IHC8HHH HeilTpOHHOrO !IO!ISI H3ITy'leHHSl BOKpyr CHHXpOUHK!IOTpOH8 BOC­

liO!Ih3yeMCSl 3M!IHpH'leCKOH <jlopMyrroil arrH CyMM8pHOH !I!IOTHOCTH !IOTOKOB 6btCTpblX 

/ 1/ 
H rrpOMe)l{yTO'IIIblX HeilTpOHOB, rrpea!IO)I{eHHOH anSI CHHXpO<jJB30TpoHa B pa6o·re 

- r/).. 
e 

4 rr r 2 ( 1) 

rae ~0 (r) - CyMM8pH8Sl !IiiOTHOCTb !IOTOKB 6blCTpb!X ll !IpOMe)l{yTO'IHblX HCHTpOHOB, 
u+n 2 

HIM ceK; 

Q- BLIXOa Heii TpOHOB B aepXHIOIO rrorryc<jlepy, H/CeK; 

K' 
reoM 

- paCCTOHHHe OT reOMCTpH'!CCKOrO UeHTpa yCKOpHTerrH ao paCCM8T-

3M!IHpH'leCKHI1 K03tPtPHUHeHT arrH y'leTa reOMeTpH'!eCKOH <jJOpMbl HC-

TO'IHHKB H 38lllHTbl Ha aaHHOM 83HMyTe; 

A 3¢<jJCKTHBH8Sl amma OCrra6nCHHH !IOTOK8 HeilTpOHOB aaHHOrO CIIeKTpa 

B B03ayxe, M, 

K' 
ream 

-r/50 
=(1-e )f((J) 

A = 300 .;. 310 M 

( (} - 83HMyT) 

H3 yCIIOBHH HBHIIY'IIHe!"'O COr!IBCHSl C 3KCTlepHMeHT8!IbllblMH 

aaHHbiMH, IIOily'!HM KpHi>YIO pac. .. peaerreHl1H !I!IOTHOCTH IIOTOKB HeilTpOHOB, H306pa~WH· 

ny10 cnrromHoil i!HHHeil Ha pH c. 2 ( KpHBaH 2). Ha <>TOM )I{C pHcynKc npHaeacab: :o>Kcrre• 

pHMel!TBilhHble aaHHble ll p8C'IeTH8Sl KpHB8Sl ( KpHBBH 1), IIO!Iy'leHHblC arrH CHHXp0-

/1/ 
<jla30TpoHa • KaK MO)I{HO B HaeTh, Bbl'IHCrreHHbie KpHBble xopolllO corrracy10~ cg c 

3J(C!IepHMCHT B!IbHblMH aaHIIhiMH , IIO!Iy'!eHHLIMH K8K !Ipll H3MepeHHH Hel!TpOHHOI"'O !IO!I5! 
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H3nyqeHHB BOKpyr CHHXpo¢a30TpOHa, TBK I! ~ llBHHbiMH no TpeM panaanhHWM HanpaB­

n eHHBM BOKpyr CHHXpOUHKnOTpOHa. 3TO CBHAeTenbCTByeT 06 06WHOCTH aail:neHHOH 38-

BHCHMOCTH nnB o6oHx yCKOpHTeneA. PaanHqHe aaKoHa ocna6neHHB no panHanhHOMY 

aanpaaneHBIO r 
s He H3MeHBeT aToro BbiBOna, nOCKOnbKY reOMeTpHB 38WHTbl Ha 

aToM yqacTKe aMeeT cneua¢HqecKHe oco6eaaocTH. K TOMY lKe H3 npHaeneHHbiX naa­

RbiX He oqeBHAHO, qTO Ha 6onbWHX paCCTOBHHBX panHanhHb!H npo¢Hnb He 6yneT npH-

6nH>I<BTbCSI K 38BHCHMOCTH ( 1). JlnB pBna npaKTHqeCKHX BOnpOCOB, TBKHX, HanpHMep, 

KBK OUeHKB CTeneHH panHBUHOHHOli onaCHOCTH B6nH3H yCKOpHTenB, 3HBHHB panHanbHO­

ro pacnpeneneHHB TOnbKO nnOTHOCTH UOTOKB HeliTpOHOB HeAOCTBTOqHO. JlnB aTHX ue­

neli aeo6xonHMO HMeTb pacnpeneneaae noa·oaoro sKBHBaneaTa aanyqeaHSI. K colKa-
/1 ,5/ 

neHHIO, TBKHe CBeneHHB B nHTepaType, 38 i!CKn!OqeHHeM , UOnHOCTb!O OTCyTCTBy-

IOT. B sToli CBSI3H nonyqeaHe Ha¢opMaUHH o pacnpeneneaaa noaoaoro sKBHBaneaTa 

BOKpyr CHHXpOUHKnOTpOHB npeACTaBnSieT onpeneneHHbiH HHTepec. 

Ha pac. 3 npHBeneHhi pe3ynhTaTbi B3MepeHHSI pacnpeneneHI!SI A03oaoro s KBHBa­

neHTa BOKpyr CHHXpOUHKnOTpOHa, nonyqeHHbJe C nOMOWb!O MeTOAHKH, npennolKeHHOli 
/4/ . 

XaHKHHCOM • Ha 3TOM lKe p11cyaKe npaaeAeao pacnpeneneHHe A030Boro aKBHBa-

neaTa (cnnowaaSI nHHHSI), BbiqHcneaaoe no ¢opMyne, npennolKeaaoli anSI cHaxpo<jla3o-

Tpoaa: 

DB+n(r)c 
Q k q k -~In 

2 
4" r 

-r/ A' 
e 

(4) 

rAe D ~ (.r) - no30Bhili 3KBHBaneaT, o6ycnoaneHHbiii cyMMapHbiM AeliCTBI!eM 6hiCT-
" +n 

pb!X II npOMelKyTOqHbiX HeliTpOHOB, MK6ap/ceK; 

Q , f - TO lKe, qTo II B ( 1) ; 

k - KOa¢¢HUHeHT ll030BOrO npeo6pa30B8HHB; 
q 

-2 MK63p 
2 k = 1,15 ·10 Hell:Tp./M q 

Ben11qHHbi K" 
reoM H A' a¢¢ Up!! OTCqeTe paCCTOSIHIIII OT UeHTpa 3ABHHII CHHXpo¢a3o-

TpOHB COOTBeTCTBeHHO paBHbi: 

K" 
reom 

-r/ eo 
~(1-e )f(l}), (5) 

A, a¢¢ 360M. 
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npeACTSBJisteT HHTepec Cp8BHHTb nonyq eHHble ABHHble C pe3yJibT8T8MH H3MepeHHli no­

JISI H3Jiy'ieHHSI npOTOHHOT'O CHHXpOTpOHa Ha 28 rsa H CHHXpOUHKJIOTp0!18 Ha 600 Msa B 

UEPHe
151

. 3 TH H3Mepena:st 6bJJIH BhmonneHbl c noMOWbiO TKaneSKBHBaneHTHoif KaMe­

phi, npH'!eM B KS'!eCTBe HCTO'!HHK8 H3Jiy'!eHHSI B cnyqae CHHXpOTpOHa Ha 28 r sa 

CJIY *HJIO BepXHee nepeKphlTHe KOJibUeBOT'O T yHHeJISI B 3KCnepHMeHT 8 JibHOM 3ane (no­

BHAHMOMy, pallOR MHWeaell). 3KcnepHMeHT8JibHble ASHHble AJISI 3 THX YCKOpHT ene a , 

!51 
38HMCTBOB 8HHb le H3 pa60Tbl , TBK*e npHaeaeHbl Ha p HC. 3. 

CpaaHHTenbHo xopowe e cornacue CBHAeTenbcTayeT o npuMe HH MOC TH Bblpame­

HHSI (4) He TOJibKO a nst ycKopuT ene» OHHH, no H AJist npoTOHHoro c unxpoTpoaa na 

28 rsa H CHHXpOUHKJIOTpOHa Ha 600 Msa B UEP H e . H eo6XOAHMO OTMeT:<Tb, 'iTO B bl­

pameHHSI ( 1) H ( 4) OUHCbiBBIOT p8AH8nbHblif npO<j>Hnb HelfTpOHHOT'O nOJISI B cnyqae 

COCpeAOTO'ieHHOT'O H CTO'iHHK8 H3Jiy'ieHBSI, 6JIH3KOT'O K " TO'ie'iHOMy' (IJ.ame B CJiyqae 

KOJibUeBOT'O yCKOpHTenst , K8KHM SIBJISieTCSI CHHXpO<j>a30TpOH Ha 10 rsa, eT'O MOmHO 

C'!HT8Tb 6e3 60JibWOII OWH6KH COCpeAOTO'ie HHblM HCTO'iHHKOM, UOCKOJibKy pa3MeWeHB e 

B KpyrnOM 3aJie UpHBOAHT K o6pa30B8HHIO 06JiaKa MHOT'OKp8THO pacCestHHbiX HeliTpO­

HOB, OCb CHMMeTpHH KOTOpOT'O C OBnaaaeT C OCbiO CHMMeTpHH 3A8HBS1). B cnyqae 

pacnpe):leJieHHOT'O HCTO'iHHK8, u anpHMep , B cnyqae, KOT'A8 yCKOpHTeJib pa3MeWeH B 

KOJibUeBOM Tyuuene, p8AH8JibHbiH npo<j>HJib, O'!eBHAHO, CJieAyeT onpeAeJISITb KBK: 

B 217 q ,( 9) f ( t , 9 ) 
D(L)~- J 

4rr 0 

--------- r! 9. 
r 

2 (e) 

rae q(9) - 83HMYJibHOe pacnpeaeneHHe nnOTHOCTH HCTO'!HHKOB , 

f ( r. 9) ~ ( 1 - e -1(8)/ eo) e -•1 9) / !80 

r 2 
• R 2 + L 2 - 2 R L Cos 9 , 

(6) 

l - paCCTOSIHHe OT UeHTpa KOnbUe B0£'0 TyHHeJI SI AO paCCM8TpKBaeMOl! TO'iKH, 

R paauyc Konbueaoro T yuuenst, 

B - uopMKPYJOWHA MuomKTenb, 

Pe3JOMKpyst Bbiweuanomeuuoe, Momao C'!HTaTb ycTauoaneHHhlM, 'iTO ua paccTost­

HKstX, npeBbiWSIOWHX 50-60 M OT CTeH 3A8HHSI, p8AH8JibHblli npo<j>HJ!b UOJISI H3Jiy'ieHHSit 

no KpaliueA Mepe, 'ieTblpex ycKopuTeneA onHCbiBaeTCst <j>yHKUHstMH ( 1) J. H (4). Ha p ac­

CTOstHHstX MeHee 50-60 M pacnpeAeJieHHe UOJISI H3JiyqeHHSI B CHJibHOlf CTeneHH 38BHCHT 
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OT ITOKBIThHOH KOHqJHrypaUHH 38ll!HTbl , H3MeH!l!Oll!eH 9TO none, KBK npaaano, B CTO-

pOHY yMeHbWeHH!l. 

AaTopbt 6naroAap!lT M.M. KoMo'!KOBa aa CLienaHHbte aaMe"!aHH!l. 

flaTepaTypa 

1. B.H. fle6e):leB. n penpHHT OV!HY! P-2446, lly6Ha(1965)r. 

2. De Pangher. Nucl. lnstr. and Methods, v. 5 N 2 p. 61-74 (1959) 

3. B.H. fle6eLieB, n.c. 3onHH, M.l1. CanauKa!l. npenpHHT OY!HVI P-2177, lly6Ha (1965). 

4. D. Hank ins. Neutron Dosimetry, JAEAm, Vienna ( 1963). 

5. J . Baarli. lnt.Report CERN Dl/HP/ 59 (1964). 

6. n.c . . 3onHH. npenpHHT OVIHH 2252, lly6Ha 1 965. 

PyKODHCh rrocTynana n H3LiaTenbCKHH OTLien 

15 HIOH!l 1967 I'. 
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Puc. 1. AauMyTanbHhie pacnpeueneHuH aeliTpoaaoro nonH uanyqeHHH cuaxpo­
uuKnoTpoaa npu pa3HhiX pe)KHMax pa60Thi. 

- 'BHyTpeHHHli nyqOK, np06HHK N9 3'; 

BhiBeJJ,eHHhlll 

BhiB9.09HHhllt npOTOHHhllt nyqoK; 

- anauue cuaxponuKnOTpoaa; \ • . • r 
4 

- panuanbHhie aanpasneHuH, 
A, ••• , )K - KOHTponbHhie ToqKu. 
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PHC. 2. 3 aDHCHMOCTbtf> li +nOT paCCTOHHIHl no l'eOMe'l'PH'!eCKOI' O ueHTpa 

3ana yCKOpHTenSI. 8 - CHHXpO~J830TpOH, 3KCrrepHMeHT; 

OAVO - CHHXpOUHKnoTpoH, aKcrrepHMeHT; I - CHHxpo¢a3oTpoH, 
p8C'!eT; 2 - CH HXpOUHKnOTpOH, p8C'l e T. 
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0 ~1)1) ~/Jd iQIJ Ill# 

PaccmoRJI~, Nem,p. 

PH c . 3. 3 aBifCHMOCTb 0 li + n oT pacCTOSIHRSI no reoMeTpH'!eCKoro ueHTpa 

3ana ycKOPHTenSI. 0 - CHHXpounKnoTgou, sKcrrepHMeuT; A -rrpo­

TOHBbill CHHXpOTpOH H8 28 r s s U3PH 1 I (panHyC paBHOBeCHOH op-

6HTbl - 100 M ); /'; - IlpOTOHHbiH CHHXpOUHKnOTpOB Ha 600 M3B 

UEPH (H3 pa6oTh/51, rrepeHopMHposaHo nnSI yno6cTsa cpaBHeHHSI); 

1 - pac'!eTHB SI KpHBa H nnH CHHxpounKilOTpoHa OV! Hl1; 2 - pacqe-r-

HaH KpHBBSI nnSI ycKOpHTenell UEPHa. 
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