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A H H o T a u H R 

Vl3MepP.Hbl liOJlHOe H D.HcpcpepeHUH8JlbHbl8 Ce'-!eHHR p8CC8RHHR He~TpOHOB rrpo

TOH8MH IIpH 3cpcpeKTHBHO~ 3HeprHH H8HTp0HOB 200 MaB. nonHoe ce'-IeHHe 

-21 2 <e) 
at == /42,7:0 ,9/.10 CM • a /cH CTeMa U.IL/ 38M8THO H8CHMMeTpH•l-

O 
HO OTHOCHTellbHO yrna 8 == 90 • K OHCT8HT8 11 -Me30H-HyKJIOHHOf'O B38HMO-

.ue~cTBHR, Ha~.a.eHHaR rro H3MepeHHbiM yrnoBbiM pacrrpe.u eneHHRM pacceRHHbiX qac-
:l 

f = 0,08 -t O,IJ2. THU, 



n on b! TKH onpea e TIBH11H KOHCT8H'T bl 

HBfiOCpea cTBBHHO H~ aaHHhlX 

£2 

/ 1-5 / 
orrhi T OB n o pacc eHHH lO H y xnoHOB H YKIIOHaMH no-

K8 3 S J1H, ~TO BBJ1H~HH8 
' 2 

H8H L1BH H8H T8KH M CnOc060Ml rro- B HLlHMOMy , HB npo

THBOp B 4HT 3H 84BH I1l0 £ 0,08, non y '-IBHHOMY H3 Oflb!TOB no 
2 

CnenyeT 3aMeTHTb, rrpaBaa, ~To Bee cpe a HHe 3Ha~e HH H £ 

CI1CTBM8TH~BCKI1 HH X<e BBJ111411H b l 0,08. 

rr- P -pacceHHHJO. 

C UBJlb!O BhlHCHBHMH H8CKOJlbKO YLlO B IIB TBOp HTBJlbHO C T04KH 3pBHMH Orrpe.ae-

2 
neHHH £ nanHhiB n o (np) M ( rr -p) -pacceHHMJO cornacylOTCH npyr c a pyroM, 

8 T8 K )f{e C UBJlbiO fiOJly~ BHIH! .[18H Hb!X L!Jl51 rrpOBB .'leHHH cP830BOf'O 8H8JlH38, 6b!JlH 

Bb!fiOJlHeHbl H3M epeHHH L1 H cPcP epeHUM8JlbHb!X ce~eHMH ( n-p) -pacce HHHH rrpH 3Hep-

r!HI 200 M 9B. npH 9TOM K 0pl1 L!Op OU!l160K B OCHOBHOH 48CTH KpHBOH 6b!Jl yMeHb

WBH .llO 3-5% 

n OCT8HOBK8 Onh!T8 

VI crronb30 l38HHbi H H e ilTpOHH biH n y~OK rrony~ancH B pe3ynbTaTe cTparrrrMHr a 

neliTpOHOB, yc xopeHHbi X .ao 9 HeprHM Ed = 400 N\9B B omxpouHKJlOTpoHe 06bena

HeH H Oro MHCTMTyT a H.ae p HhlX HCCJlB.[lO B8HMHo 3HepreTM4eCKOe p acrrpe.aeneHMe Hei\

TpOHOB, H 8H.llBHHO e LlMcPcPepeH UfilpOB8HHBM KpHBOH fi O T'JlOW B HH51 ripOTOHOB OT.ll8~H OT 

y npyrHx (n - p) -cTOJIKHOBBHMH, MMeeT M8KCMMYM rrpfil En = 192 M9B i pHC.l 1 

11 BITOJlH e Y.llO Bll e TBOpHTeJlbHO COBli8.ll8BT C pacrrpe .ae n eHH eM , .ll8B8eMbiM cPOPMYJlOH 

161 
Cep6epa .a nH Henpo3 pa~Horo H npa 

N ( E ) n 
Ill 

rn e 

- gHeprHH cBH3M .aei\Tp oHa. Cpen HHH 9¢¢eKT11 BHa H 9Hep rHH B npe.arrono >K eHJilH 

noCTOHHCTB8 ce~e HJilH ( n - p ) - pacceHHMH B MHT epBane 170-400 M9B H rrpH rropore 

.a e TeKTopa liO MaB cocTaBnH e T rrpH 9TOM 205 M 9B . JlaHHbie, npi1Be .:t eHHhie B pa-

6oTe171 .ll JIH 9HeprHi1 90-400 MaB, yKa3biBaio T Ha Me.aneHHOe rraneHHe L1HcP¢epea-

U1181lbHhl X ce~eHHH a ( 8) C pOCTOM 9HeprHH . 3HepreTH~eCKY IO 38 BI1CJil M OCTb 



(T ( 0) 

rL!e h 

CTBeHHO} 

b 

4 

B STOM HHTepBane SHeprHA: MO}f{HO npencTaBHTb B BHne 

a ( 0, E ) ~ a ( () . E
0

) [ 1 - b ( E - EO ) l , 

= 6 ; 17; 15 : 
-4 -I 

16.10 M sB nnH e 0 
= 180,140,90 H 36 , COOTBeT-

E = 300 MsB, C yqeTOM sTore MenneHHoro H3MeHeHHH ce'leHHH 
0 

-4 
15.10 MsB I cpen Hee 3Ha'1eHHe sHepr1111 B Hcnonb30B8HHOM yqac'l'Ke 

c neKTpa CHHlliaeTCH no 200 !V\ SB , 

[lriH H3MepeHHH nH cf,cp epeHUI'Ia!lbH b!X Ce'leH!1A 

0 0 
Jle y r!lOB OTn8'1H 0 s_ ¢ :::_ 55 Jl,C, / 67 30' S 0 'S_ 

(n-p) -pacceHHHH B HHTepBa-

0 
180 c.u.H,/ perncTpHpOBa-

.nHcb npo ToH bi oT na'IH. B brxon npoTOHOB oT na '1H onpenenHeTcH no pa3HOCTH 

3cpt~e KTOB OT pacceHB8TeneA :13 nO.rJI13THJ1 8Ha(CH
2

)n rpacp!1T8 (C) , nooqepenHo 

noMewaeMbiX B n y 'IOK HeA:TpOHO B, [leT eKTOpOM IIpH STOM cnymHn TenecKOII 113 

Tp ex CUHHTI1Jl!lHU110HHb!X C'1eT'111K OB 0 nopor neTeKTOp8 3anaB8.'1CH MenHbiM cpH!lbT-

pOM, noM e waeMbiM rrepen rrocrrenHHM cqeT'lHKOM TerrecKorra. B Kaqe c TBe pac-

ceuBaTeJieH HCnOJib3 OB8JIHCb 311.BHB8JieHTHbl8 ITO TOpM03HOA CIIOC06HOCTH ,a:HCKH H3 

2 2 
nonusTHneHa H rpacpHTa c rrnoTHOCTbJO /arrH rpacpr1Ta/ 3 r/cM ; 1,5 rlcM ; 

2 ..... 1"'1 ._ 00 00 • 00 00 • 0 0,5 r /e M npH H3M epeHHHX B HHTepBanax yr.nOB '¥ = v-;-2 ; 2 --:4 ; 4 7'55 2 

0 
COOTBeTCTBeHHO. YrnOBOe pa3peweHHe COCT8B.'1Sl.'10 2 I1pH H3MepeHHSIX cpenHeA 

qacTH KpHBOA 6"f30' :S 0 :S 160 H yMeHbW8.'10C b B o6naCTH 160 s_ 0 :S 180 

0 
no I • VfOHH38UHOHHbie IIOT epH 3HeprHH IIpOTOHOB OTA8'lli B pacceHB8Te.'lSIX rrpH 

yK838HHhlX nnOTHOCTSIX B cpenHeM He rrpeBOCXOnHnH 10% OT cpenHeA 3HeprHH 

npOTOHOB OTntl'lHo 

P e 3Ko e yMeHbWeHHe SHeprHH rrpoTOHOB oTna'lH Ha yrnax t:l> < 55° BbiHymna 

JlO LJ: riSI H3MepeHHSI nncpcpepeHUH8!IbHbiX ceqeHHA (n-p) -pacceSIHHSI E o6naCTH 

0 < 67° 30' HerrocpencTBeHHO perHCTpHpOB8Tb pacCeSIHHbie HeATpOHbl /yrnbi pac-

C8SIHHSI 8 < 32°30' n.c,l. HeATpOHHbiM neTeKTop B rrpHHu n rre He oTnnqancH oT 

/8/ 
HCII0.'1b30B8HHOrO paHee B pa6oTe H rrosToMy rronpo6Ho He orrncbiBaeTcH . Yrrro

o 
BOe pa3peweHI1e HeMTpOHH OrO 

0 0 
yrnax A > 20 H 2 -rrpH A 

neTeKTOpa COCT8BJISIJIO 3 IIpH H3M epeH HSIX H8 

( 20° . 3HepreTH'leCKHH IIOpor 3anaB8.'1CSI MenHbiM 

qoH.'1bTpOM 0 npH pacqeTe TO.rJWHH bl Cp H.l1bTp8 IIpHH!iM8JIOCh 2 'ITO cpenHHe nOTepH 

.3He prHH HeA:TpOH8 rrpH o6MeHHOM pac ce HH!iH B "KOHBepTOpe" (C!I
2

) COCT8B.'1SIIOT 15'fo • 



5 

B Ka'!eCTBe pacce11aaTeneti np11 H3MepeH11H X HetiTpOHH biM neTeKTopoM B onbr -
0 

Tax Ha yrn ax P > 10 6 bil111 Herr Ollb3 o sa H bl 

2 
cfJ11Ta C / rrn oTHOCTb 3,5 r / eM I; Ha yrnax 

2 
ap c >~< 11 1l KI1M aonoponoM I l ,0 r / cM ll2 

fll18CTHHKH ITO!li19 TI1 !1eHa Clf2 11 rpa -

P ,· 10° pacceHBaTeneM cny:w; 1111 abro-

1. H e tiTpOHHbiH rry'!OK HMen rrpH Moy -

f'OllbHOe ce'leHHe pa3MepoM 1,5 X 6 CM• 0T HOWeHr1e CKOpOCTeti C'!e T a C KOHBepTO

pOM 11 6e 3 Hero COCT8BI1l10 6: 1. 

LlaHH bre, rrony'!eHH bre pa3H biM I1 cnoco6aMH H3~1epeHJ1ti, r1cnpaa nHJIHC b Ha sci:J

¢eKTHBHOCTH peri1C T p8UI111 , "CWHB8l111Cb" Ha y rn e e = 65 ° 30 /c . U.I1.jl1 noc.rre 9T0-

-27 2 
f'O HOpMHpOB8l111Cb Ha nOllHO e Ce'!eHi1e ( np) - pacc e HH1151 / 42,7 + 0,9 / .JQ CM • 

V13MepeH!ie nOllHOf'O Ce 4eHI151 ( np) -a3ai1MoneticTBI1H 6brno n poaeneHo B 

On biTe no ITOf'llO We HI1 10 HetiTpOHHOf'O ITy'!K8, Bb!nO!lHeHHOM B "xopoweti " reO\i8T-

O 
p1111. Yr rroaoe pa3peweHHe n eTeKTopa cocTaBnHno 0,15 • nopor no sHeprrHl rrep -

BH'!H biX HefrTpoHoB-17 0 M 9 a. Per11cTp11poaanac b pa3HOCTb s¢c).l eKT OB rr o r rro r.ue HHH 

OT noMewaeMbiX B HeliTpOHH biH ny'!OK nor .rlOTHTeneti 113 non11sT11n e Ha CII2( 59 r l cM
2) 

11 rp8cfJHTa ( 54 r / cM
2
). nonpaBKH H8 9 Cj:JfJ) eKTI1BHOCTb peri1CTp8UI111 ITpOTOHOB OT-

1la'!I1 , KOTOp bre B03HI1KaiOT 113-38 ITOf'llOLUeHI1Sl 11 pa cc eHHHH ITpOTOHOB B cjJH.TibTpax , 

3anaroL!l i1X nopor ne T eKT opa, onpenenHm1Cb 9 Kcrrep11MeHT a !lbHO. LlnH sToro Ha ny'!

Ke npoToHoB c sHe pr11 eti 500 Msa nByM H T enecKonaM I1, BK!lro'leHHbiMI1 Ha coarra

aeH11H , per11cTp11poaanacb cny'laH ynpyroro (p-p) -pacceHH11H. Yron pacceHHHH 

Bhl611p8!lC9 T8KI1M o6pa30M, 4T06hl 9HeprHH pacceHHHOf'O IIpOTOH8 C0Bfl81l a!l a CO 

cpenHeH 9Hep r Meti rrpOTOHOB OT1l8'1H, llllH KOTOp hlX 113MepH!l8Cb fiOIIp8BK8 H8 rror

!lO UleHI1e. nocnell H519 rrp11 3 TOM H8X0 1lHll8Cb K8K OTHOWeHI1e CKOpOCTeti C'!eTa rrpH 

H8lli1'!Hl1 cfJH!lbTpa B T e!leCKOITe 11 6e3 Hero. norrp 8 BKI1 6 b!lll1 H3MepeHbl C T04HOCTbiO 
() 

2% nnH yrnoB ci> = 0, 10, 15, 20, 25, 30, 45, 11 55 . 3Ha'!eH:HI rrorrp a BOK ll!l H 

rrpoMe :tKyTO'!Hbix yrno a Ha X01lH!li1Cb !lH HetiHoti HHTeprronHU11eti. BenH411Hhl no-

rrpaBOK MeHH!lHCb OT 1,19 : 0,02 I ci> = 0 1 ao 1,04 ~ 0,02 I 
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()'{ ,, 'l''l1 f l' 'If- 1 ' lrl 3rl·•: 8 KT !!BH OCTb H O (ITp OHH O r O !]. 8 T8KTOp8 38BI1Cl1T K8K OT no

r ,1().1[(-'llll>i i l pOTOHO B, B b lll 8 T8!0LU H X 113 " K OHB8pTOpa", B cfJ11l1bTpax , T8 K 11 OT Bepo

HT H O CTH "n e p e 3 8 p5I D KI1" Hei1Tp0l lll lJ,8 HHOH 3H e p rHTI B "KOHBepTOpe". nonp aBKH H8 

fl OJ:'llOW 8 HI1 8 B cfJI!ll b TpBX B 3TOM Cl1J'-!8e TBK /he onpeneJJHJJHCb 3KCrrepHMeHT8l1bHO 

nnll y r noe 8 = 0 • 15 , 35°. BeJJW111 H bi IiX M eHHJJHCb OT 1 t26 ,: 0,03 ( B = oo) 

no 1,1 '!:._ 0,041 A = 32°30' I . BepoHTHOCTb perRCTpauHH "rr e p e3a -

pHnKH " K (E) pacc"'RTbiBanacb B n pen rron o >KeHHR, "'T O y rnoeoe pacrrpeneneHRe rrpo-

T O f-IOB , BbiJT e T 8IO LlUIX 113 "KOHBepTOpa" f1P !1 OOM6apnupOBKe ero H e HTpOH8MI! ,ll8H-

HOM 3HeprHH , COBIT8.LlaeT C y rJJ OBhlM pacrrpen e neHHeM p acc eHHH hlX 'lJ8CTHU npH 

y rrp y rHX ( n - p) - c TOJJKHOBe H11HX, a c p en H H il 3Hepr !ill rrpOT O HOB rrpH aTOM MeHHeTCH 

nporropuHOH8J1b HO Cos 2 ¢> , rne ¢ - yroJJ B hl X 0-'18 rrp OTOH8 113 " KOHBepT Opa" . 

Pa c 'f e Tbi, Bb!II O.I1H8H H bl8 H8 OCHOB8HH11 .Ll8HH biX 0 a l0) IIp!i 3HeprHil:X 90, 156 H 

171 
300 IV\ 3B , rr o K a3ann, 'fTO K (E) e onHC b iBae\I b!X ycnoBJHIX cna6o 38BHCHT 

K .::IK OT 3H8 p rHI1 HeMTpOHOB 1 rranafO UJ I1X Ha K OHBepTop, T8K 11 OT y rJJa /'). ¢ 

OXB FI T b iB88\iOJ:'O TeJieCKOIIOM, peracTp11pJ!O l llHM rrpO TO Hblt Bbi .I18T 8!0U[I18 113 KOHBep

T o pa . T a K, npH yMeHbWeH.H.H a H eprH ii OT 200 .Ll O 130 Mae lyrii b l pacc e llHH51 o -:: 0 ~: 
0 < 63,5 I li3MeHeHMe He rrp e Bb!WaeT 25%. n pMMepHO T a KOe >Ke H3M e H e HH e rrpoMcxonMT 

11 n pH y M e Hbw eH.Hii 6¢ 
0 

oT 40 no 10 rrp H 3anaHHOM 3Ha'feH.HM E. DnH Hcrrpaene -

Hl1H aKcrr epHMe HT a.TibH biX na HH b iX ObiiiM B3HT hi 3Ha"!eHMil 

0 
B enM "'MHa rrorrpaBKH rrp11 aTOM B MHT ep e ane 32,5 :,: A~ 

no 1,2 + 0,05. 

P e 3 y n b T a T b i 

30 

K(E) IIpH ,\ cp = 30°. 

~eHSi 8TCH OT 1,:0,05 

P e 3yiibT8Tbi H3MepeHI1 H rrp encTa e ne H bi Ha pr1c. 2. B yKa3aHH bie owH6KH Kpo-

Me OWMOOK, OITp en e JIHeM b!X CT8TI1 CTM KOM C"! e Ta peri1CTpHpyeM b!X "18C TI1!1, B KJJ rO<!e

H b l OWM6KM onpe,lleJJeHHH OTHOC MT eJibHOH 3 cfJ cfJ8K T I1BHOC TH perM C Tp8UI!H 12% H 6% 

IIpH perMCTp8UiiH IIpOTOHOB OT.Ll8'lJH 11 pacceHHHhlX HeMTpOHOB, COOTBeTCTBeHHOI. 

V!3M epe HH 8 H 38BHCHMOCTb n H cpcpepeHUH8llbH OJ:'O Ce'fe HMil: OT yrna pacceHHHH 38 M eT-

HO H8Cii \ 1M eTp!i"'H8 OTHOC I1 T eJibHO yriia 
0 

0 = 90 • 0THOI TJe HH e Bb!XOnOB p8 CC81l H-

H bJX "18CTHU B rr epe.Ll H!OlO 11 38,llP. IO !O IIOIIyccj:Jep y paBH O 1 ,5. 

nony"' eHH b Je naHHbJe Ob!J111 o6pa60T8H bl C U8!Ibl0 IIOIIy"!eH H H KOHCT8HTbl 17 

" 6 141 D Me30 H-HyKIIOHHOJ:'O B3811M O,ll8HCT BH51 M8T O n OM, yKa38HH b !M B pa OTe • JI .Il aTOJ:'O 
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a \8) annpOKCHMHpOB8Il0Cb Bbl pa )!{ eHHeM : 

a (0) 

X =- Cos e 

a [ __ 1_ + 
' (x -x)2 

0 

"max n 

4 1 + -~+ --~.L.. - + 2 bn ~-- · 
(x + x)2 x -X x + X n=o 

0 0 0 

X o = 
fl2 

1 + 
2k2 

(1 - Macca TT 

12 1 

H:MIIYllbC B CHCTeMe ueHTpa HHepUHH, a 
b 

eHTbl. 
nmax B anrrpOKCRMHpyJOU1eM Bbip8 )!{ eHHH orrpeneiiSIIIOCb H8 OCHOB8HHH TO-

ro, 'ITO CHHrynS!pHbJe qneHbl 8MIIm!TYLlbl pacceSIHHSI He Ll810T BKll8Ll8 B IIOIIS!pH3a

b /5/ UH:JO a(O) P (O) H: 6biiiO B3SITO paBHbiM wecTH. Ko8clJclJHUHeHTbi 
a 

onpeneiiSI.THICb MeTOLlOM H8HMeHb W HX KB81lp8TOB. nony'Je HHOe npH 8TOM 3H8 q(?-

2 
, n aeT { = 0,08 : 0,02. CnenyeT 3aMe THTb, onna-

KO, qTQ TO'JHOCTH nonyqeHHhlX 8 KCnepHMeHT8llbHhlX Ll8HHhlX Llll SI IIOCllellOB8Tenb-

2 Belli1'-! 11 Hbl 
HOIO npoBeneHHSI { -aH8llH38 H H8XO)!{LleHKSI T8KKM o6pa30M 

n 
T1'8 X 

B annpOKCKMHpy!OWeM Bb!p8 1KeHHH 6e3 IlpHBlleHUH Ll8HHb!X 0 IIOllS!pH38UKH He ::toc-

T8TO'-!HO. 

nnaHHpOB8HHe 8KCIIepaMeHT8, BbJnOIIHeHHOe cnOC 060M, rrpelliiO EKeHH b!M B pa-

/8/ 2 6oTe , IIOK83 bJB8eT, '-ITO Ll llSI 6onee TO'JHOIO onpenene HJ1SI f ?I{ e TJaT P JlbH O yBe.rm-
0 

= 180 /pHC. 3/ • u 
'-!HTb T O'-!HOCTb B o6naCTH yriiOB 0 < 50 0 .. 

n HB yrne 

0 
Ha yron 0 rrpH HaltneHH biX K08 d.JcPH-

-27 2 

uneHTax a b OK83bJB8eTCSI paBHb!M 
/9,1 :_!: 1,1 / 10 CM / cTepan. no 

o nTH'!eCKOH Te o peMe 8Kil81l OT MHI1MOH '-!8CTH aMniiHTY.llbl pacCeSIHHS! B a (n) 

npH 

11111 

8TOM paBeH /2,7 : 
/4/ 

-27 2 0,1/ 10 CM /cTepa.ll, T.e. COCT8BIIS!eT IlpHMepHO 30%. 

pa6oTbi cnenyeT, '-!TO 

·go 171 M 8B naJOT n nSI a (8) 

HMe!OlliHeCSI Ll8HHb!e 0 (n·p) -pacceSIHUH npH 8Hep-

-'27 2 
aenH'iHHY 11,7.10 CM /cTepa.ll Jll BK118.ll OT 

-27 2 
MHHMOfl '-!8CTH aMn1111TY.llbl pacceSIHJIIS! B 

a (n ) paBeH / 3,9 ! 0,4/.10 CM /cTe-

;JB.ll, T.e. TaK i Ke npHMCpHO 30%. TaKHM o6pa30M, npH 8HeprHH 90 H 200 M8B 

Be wecTEeHH8SI Y:8CTb aMn1!11TY Llbl pacceSIHI-!SI na e T BeCbM8 60llbWOH BK1181l B ceqe-

HH9 pacceSIHHSI H8 0°. 

ABTOpbl 
6na ronapHbi Hay'!HOMY coTp yn HH:i< v Vl.H.CRJHIHY 11 Mn.Ha-

y Y:HOMY coTpyn HHK Y B.C. KHcene By 38 noM OWb B pa6oTe. 
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0,5 

X 

140 ISO 160 

p 11 c . ! . 

8 

X 

MeV 
190 200 210 220 230 £n 

3HeprBTKYOCKOB pacnpe aeneHK B HBATpOHOB OT CTpHDDHHra aeA

TpOHOB c 3 HeprHeii 400 M3B. CnnowHaH KpMBaS1 p accYa TaHa no 

rjJOpM yn e C e p 6e11a , x - pe3 yribT aT !1 1Hjx pepeHua poBaHT1S1 KpliBotl 
DOrllOUl BHI1S1 npOTOHOB OT aa•1H . 
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-27 
10 

iO 30 

p li c. 2. 

9 

so 70 90 110 130 /50 170 .J- 0 

3aBiiCiiMOCTb LJ. Ii c] ,cj:Jepe Huli aJJb Hbi X c e'-!eHni1 o T yrn a p accestHii 5l , 
~ -pa6oTa / 9 / , ! - LJ.a HH a 5l p a 6 oTa , 
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p If c. 3. 3aB!fCifMOCTb _g p0!13BOilHOH '~ Y H KUHH HH<fJOpM8UHH 

K OHCT8HT8 f OT y~na paCC8HHifH. 
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