
·• I ... 
z: ,.,_ 

s 
! 
:a • 
I 

I 
~ 1,,s 

. 
·- --- ----

2252 

n.c. 3omrn 

ITPMMEHEH11E BOPHOro C1IETlJMKA 
C CH :i -3AMEnnMTEnEM 

B HEfiTPOHHOA. no311METPMH 



I 

2252 

n.C. 3onHH 

IlPMMEHEHHE B0PH0ro OIET'!MKA 
C CHa-3AMEllnMTEnEM 

B HEATPOHH0R no3MMETPHM 

Hayt1HO•T8XHll'leCKat1 
· 6at'iaaoTeaa 

,OIISIH 

;, 
Ir 

\ .... 



HaHOOllbllIYIO 5Honornqecxyro OllSCHOCTb cpean KOMllOH8HT paccenHHOro nanyqeann 

Ha npoTOHHhlX ycxopHTennx Bh!COKOI! aneprHH npeaCTaBnHIOT nel!TpOHbI C aneprHeil B HHTep

Bane o, 1 -:-- 20 Maa
111

• IToaTOMY BOllpoc KOHTponH BenHqHllbl H8ll:TpOHHbIX llOTOKOB yxaaan-

1101! aneprHH nanneTcn oanol! H3 ocnoBHhIX aaaaq cnyJKohI paanannoanoll: 5eaonacHocTH ye-

KopHTenn. 3aaaqa 3Ta, KSK npaBHIIO, OCIIOlKH8HS aannqneM llOTOKOB ,y -KBSHTOB If aapn-

>K8Hllb!X qacTHll IIIHpoKOI'O aaepreTnqecxoro cneKTpa. 3TO OOCTOHT8llbCTBO 3aTpyaaneT npn

M8H8HH8 IIIHpOKO H3B8CTHh!X aeTeKTOpoB ael!TpOHOB, OCHOBSHHbIX Ha perHcTpanun npOTOHOB 

oTaaqH, BbII'OHHO BhI!18llHIOTCl'I B 3TOM OTHOIII8HHH H8T8KTOpb1, ncnonoayromne 3K30T8pMH-

qecKne peaxnHH THna B 
10 

(n, tt)Li·
7 

, Li 
6 

(n, a) H 
8 

• Eon&IIISl'I aaeprnn n BhICoKal'I nnoT-

HoCTb nnaei!Hh!X llOT8pb npoayKTOB peaK!lHil o5ycnaBJrnBaroT xopomne HHCKPHMHHHpyromne 

CBOilCTBa llOHOOHblX aeTeKTOpOB, Ceqenne YJtS3SHHhlX peaxnnl! naaaeT no 38KOHY· 1/v 

cneacTBH8M 3TOI'O l'IBlll'l8TCl'I BbICOKSl'I· a<j,<j,eKTHBHOCTb perHCTpannn TennoBbIX nel!TpOHOB H 

Manag qyBCTBHT8llbHOCTb K npoMeJKyToqHbIM H ObICTpb!M aei!TpoaaM, ITonoJK8HH8 MO>K8T 

Ob!Tb H3MeHeHo, ecnH aeTeKTOp T8llll0Bh!X nell:TpOHOB llOM8CTHTb B cpeay, xopomo 3aMeana

IOlllYIO OblCTpbie nel!TpOHhl ( napa<j,un, nonH3THneH). 3,j,<j,eKTHBHOCTb pernoTpanHH OblCTpbIX 

aell:TpOHOB npn STOM 3HaqnTenbHO B03pacTaeT H CTaHOBHTCl'I cpSBHHMol! C a<p<peKTHBHOCTb!O 

2 
perncTpaunH TennoBbIX Hel!TpOHOB 'ronbIM' H8T8KTOpoM ( 1-10 HMn/a/cM ) • BbICOKSSI qya-

CTBHT8llbHOCTb TaKoro aeTeKTopa H oqegb HH3XHI! COOCTB8HHbill: <pOH ll03BOlll'IIOT perHCTpH

poBSTb llOTOKH nel!TpOHOB, cpaBHHMbI8 C ypoBH8M B8ll:TpOHHoro· <poHa OT KOCMHqecxnx 

nyqel!, ITocnenaee OOCTOl'IT8llbCTBO aenaeT neTeKTOp C 3SM8HIIHTeneM B8CbMS ll8HBbIM npH-

5opoM anst ael!TpoHaol! aoanMeTpnn npH onpeneneann ypoBHSI Hel!TpoHHoro nanyqeanst oxono 

3KCll8pHM8HTSllbHbIX yciraHQBOK, B noMemeHHl'IX, 38Hl'ITbllt oocny>KIIBSIOIIIHM nepcoHSIIOM yc

KOpnTe11n, Ha TeppHTOpHH, npn11eraromea K 3HSHHIO YCKOpHT8/IH H T,n. 

Bbilll8CKS3SHH08 OO'bHCHHeT TOT 00/lbllIOil HHTepec, 1'0TOpbil! Obin npOSIBII8H K H8T8KTO

PY C 3SMeanHTeneM BO MHOI'HX na5opaTopnsrx, rae CTanKHBSIIHCb C sana'!e~ perHCTpanHH 

aeHanpaaneHHOI'O Hei!TpOHHOI'O llOTOKS B npHCYTCTBHH <poaa Y -nyqel! H 3SpH>K8HHbilt 

qacTHU, Eb!no npeanoJK8HO MHoro KOHCTPYJtllHil ft:J;8fTOPS H paccMoTp8Hhl B03MO:KHOCTH 

cosaaann HS ero OCHOBe H03HM8Tpa ael!TpOHOB , 
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YCTaHOBl18HO, 'ITO, BapbHpyH TOnm1rny 3SMO)lllHIOill8ro CllOH, MOJKRO B mnpoltHX npell

nax H3MOHHTL s¢¢e1tTHBHOCTh )l8T8KTopa Kalt ¢ymmn10 saeprnn. Oco6h!II HHT8pec npe11cTaB

llHIOT )lBa 'ISCTHblX Clly'laH: ( 1) 1tor11a s¢¢8KTHBHOCTL B mHpoltOM HSTepBalle saeprnl! H3M8-

HHOTCH H83HS'IHT8llbHO, B 9TOM cny'lae )l8T8KTOp MOJK8T 6h!Th HCllOm.30B&H )lllH H3M8peRHH 

B8llH'IHHhl noToxa H8ATpOHOB (ecnn 0}KH)la8TCH, 'ITO no)l&BnHlOillSH '18CTh H8ATpoHOB l18JKHT 

B yKa3aHHOM 9H8pr8TH'l8CKOM HHT8pBane), (2) xor11a 3SBHCHMOCTL s¢¢eKTHBHOCTH OT 9H8p

r1m C )l0CT8TO'IHOA llllH npaKTH'l8CKHX nenea TO'IHOCTLXJ MOlK8T 6hlTL c11en:aaa 6n:naxol! K 38• 

BHCHMOCTH TKSH8BOll.~03hl OT sHeprHH Hel!Tpoaoa. ConocT8BllHH llOK838HHH no1106Hh!X noT0-
/2/ . 

KOM8Jla H )l03HM8Tpa MOJKHO, noMHMO CB8)lOHHll O noTOlt8 H MOillHOCTH )l03hl, nonyqnn, 

TSK}K8 oneHKy Cp8/lH8A sneprHH aeilTpoHOB H B pe3ynLT8T8 - TOT aeo6XO/lHMhll! MHHHMYM 

)laHHhlx, KOTOphlll Tpe6yeTCH )lllH onp8)18l18HHH CT81l8HH 6nonorH'18CKOI! onacHOCTH B pac'leTa 

38IllHTbl OT IHOIITpOHHoro H3lly'18HBH. Bonee no11po6Hh18 CB8)18HlUI O cne1tTpe H811TpoHOB MOrY't 

6b!Tb nOllY'l:8Hhl npH HCllOnL30BaHHH Ha6opa 3aM8/1lllllOillHX 6noxoB pa3nB'IHOII TOnlllHHhl/
7t_ 

HHlK8 )lS8TCH onucaHH8 KOHCTPYKl1llH H npHBO)lHTCH xapmtT8pHCTHKH )l8T8KTOpa H8ffTpo

HOB, OCHOB&HHOro Ha H3l10}K8HHOM Bblme npunnune, KOTOpbIII 6blll HCllOm.30BaH cnyJK6ol! 110-

3HM8TpHH na6opaTopHH Bb!COKHX 9H8prul! npn HCCl18/10BSHHH none!! H81!TpOHHOro H3lly'IOHHH 

cnnXpo¢a3oTpoHa. 

KonCTpY'JtllHll H 1tann6poaxa AOTOKTopa 

.llnH AOTOKT~ppaaHHll neATpOHOB, 38M8)ll1HBMHXCH /10 Tennoaoll 9H8prHH, 6bll1H HcnonL-

( io 
soB&HbI 6opHbI8 cqeT'IHKH THna CHM--5 H CHM0--5 o6orameHHbIA B ) , pacnonOJK8HHbl8 

no OCH nOIIll9THl18HOBblX IlHllHH)lpOB BbICOTOA 32 CM (pnc. I) • .llnH 3SlllHTbl OT T8lll10BbIX 

neATpOHOB IlHllHHAPbl noKpb1B8nHCL CHapylKH CllOOM KSAMHll TOlllllHHOlt 0,6 MM. Bb16op 

IlHllHH)lpH'IOCJtOI! KOHCTpyKilHH )lST'I_HKa npoAHKTOBaH THilOM /18T81tTOpa T8lll10BbIX H8llTpOHOB, 

XOTH OHS H He o6ecn8'1HBa8T nollHYIO H30TponHOCTb xapaKTOpHCTHK )lOTOKTOpa. He11ocTaTOK 

9TOT He HrpaeT, O)lHSKO, pemi,.10mea ponH, IlOCKOnLKy B npa1tTHK8 H811TpOHHOA )l03HM8TpHH 

na ycxopHTOllHX, Kalt npaBHllO, HMOIOT )18110 C HE;IITpoHHblM H3l1Y'l8HHOM, 6nH3KHM K_ H30-

TpOnHOMY, H )l0CTSTO'lll8H )lOCTOBOpHOCTb pe3ynLT8TOB o6ecne'IHBaeTcH npHMOIIOHHOM ycpe11~ 

HOHllbIX no yrny 3HS'IOHHA s¢¢eKTHBHOCTH )l8T0KTOpa. TTpH HCCl18)10Bamra 3&BHCHM~CTH s¢

¢eKTllBHOCTH OT 9HeprHH H811TpOHOB H TOlllllHHbl 3SM8)lllHT8llH 6blll HCnOnL30BaH Ha6op nu

nHHllpOB C TOlllllHHOA 3aMO)lllHIOill0r0 CllOH (nonypa3HOCTh B1!8mH8~0 H ruryTpeHHero )lHa

MOT.poB) ~• 30, 40 1 60, 70, 120 MM0 

MHT0pBan 9HeprHII OT 0,025 )10 14 Msa 6blll H3Y'IOH C noMOIIIblO ¢oTOH81!TpoHHbIX HC-

TO'IHHKOS Sb-,y-Be, Rd Th-y-D
2

0 n H81!Tponos peaJtllHII D(d,n)He
3

, Rd Th-j,-Be 

T ( d, n)He f • Bb!llH HCll0llb30B8Hbl TSKJK0 TaKHO nau6pnee )lOCTYllHLl8 H0MOHOXpoMaTH'l8C-

KH8 HCTO'IHHKh aeATpoaos,xax Po- a - B n Pu -a- Be , ¢opMa cexTOpos KOTOpbtX 

/8 9 10/ 
xopomo H3B8CTHa I • • fpa11ynpoBKa HCTO'IHHKOB 6bllla SLIIlOIIH8Ha MOTO)lOM aJtTHBannn 

4 

Maprama (2%-HbIII SO)lHbJII pacTBop KMno, ). A6comoTHbIII SblXO)l H81!Tp0HOS onpe11e-

ll8H nyT8M cpaSHOHHll C ( Ra - a.. - Be ) -HCTO'IHHKOM H-28. Omn6xa s onpe110n0Him a6-

COlllOTHOro SblXO)lS Oll0H0Ha S !. 6%, nOMHMO CTaTneTH'l0CKOA omH6KH H OWH6KH Ka~H6poBKH 

HCTO'IHHKa H-26. ( !_3%) I 6bma Y'IT8Ha TaKJKO omn61ta, CBH3aHHall C SS8)10HH0M nonpaSKH Ha 

y-re'llty H011TpOIIOB H3 'MapramteBOI! S8HJILI, SBH/ly ee orpaHH'l0HHbIX pa3M8pos (200 n); B 
a 

C/1}"1'.ae D(d,n) He - peaKilHH MOHHTOpHpoBaHH0 npOH3BOAHl10Cb no npOTOHaM conycrcTsy10-
a .. . 

mel! pemtrmn D(d, P) H ' • 0THOM8HH8 11n¢¢epOmtH8llLHblX C8'10HHl! 9THX peaKllHll H3-

/l1/ 
B8CTHO C TO'IHOCThlO !. 10% I 9THM H onp8/18.JlllllaCL onrn61ta B Sbl'IHCl18HHH IlOTOKa Hell-

TpoHOB r: sneprHelt 2,3 Mes. TTOTOJt ael!TpOHOS c 9H8prnel! 13,5 Mss s peaKilHH T(d,n)He 4 

KOHTpOllHpoBallCll nyTeM perncTpannH a -'ISCTHil, norpemHOCTL B S8l1H'IHH8 noTOKa Hell-

TpOHOB B )laHHOM cnyqae TaJt}K8 onpenenHnacL TO'IHOCTLIO (~ 5%), C KO~opoll H3B8CTHO OT-

Homenne 11u¢¢0pemtH8nLHblX C8'18HH8 BblXO)la H88TpOHOS H a -'ISCTHilo 

S¢¢eKTHSHOCTb )l8TeKTOpa K T8nllOSLIM H011TpOH8M 6bma onpe11eneHa C llOMOillLIO HC-

/ 12/ 
TO'IHHKa, np8)ll10JK8HHOrO B pa6oTe • HeltTpoHLI HCTO'IHHKa s Tennoaolt o6naCTII HM8IOT 

M8KCB8llllOSCK08 pacnp0/l8l18HH8 no CKOPOCTllM C T8Mn8paTypol! 540°K, Sb!X0/1 T8IlllOSb[X 

Hel!TpoHOB onp81l8l18H C TO'IHOCTLIO_ 10%. 

S¢q,eKT OT H811TpoHos, pacceSIHHblX OT CT8H H non!! IlOM811{8HHH, S KOTOpOM npOH3SO

)lHllHCL H3MepeHHII, onp8)18l1Hl1Cll no OTKll0110HHIO OT 3aKOHa 1/r2 
nyTeM conOCT8Bl18HHSI pe

synLTaTOB H3M0p0HH8 llpH pa3l1H'IHLIX pacCTOSIHHllX MOJKAy /18T8KTOpOM H HCTO'IHHKOM. 

PesynLT&Tbl ll3M0p8HHII s¢¢eKTHBHOCTH )l8T0KTOpa KSK ¢YHKllHH TOllll{HHbl 3SM8)ll1HIO

mero CllOH H 9HeprHH H81!TpoHOS )lllff CllY'laH, Kor11a nel!TpOHbl na)laJOT IlO)l yrnOM 90° K OCH 

C'18T'IHKa, llp81lCTSBl18Hbl Ha pHc. 2. KpHBbl8 HM0IOT xapaKT8pHbII! MaJtCHMYM, KOTOpLIA C/1SH

raeTCSI s CTopouy OOllLMHX TOlllllHH C ysenuqeHH0M 9H8prHH H811TpOHOS. nocKOllbJtY aq,¢eK

THBHOCTL )l8T8KTOpa IlHllllH)lpH'10CKOII ¢opMbI l!Bl1H8TCH ¢yHKilH8lt yrna na11eHHfI,(0) H81!Tp0HOS 

OTHOCHT8l1LHO OCH C'l8T'IHKa, 6bll1H npOH3B8)10Hbl H3M8p8HHH aq,¢0KTHBHOCTH Kalt ¢YHKilllH yr

na 11.Jlll KaJKAoro cnyqag TOlllllHHbl 3aM01lllHT0llH H sHeprHII HOl!Tpoaos. STa ~aSHCHMOCTb 

npH 11syx cymecTS0HHO pa3llH'!HblX sirnprHHX 0,025 H 4,5 MsB npe/lCT8Sl10H8 rpa¢H'IOCKH 

Ha pnc. 3 H 4. BH)lHO, 'ITO yrnosaa 3SBHCHMOCTL 3HaqHT8llbHS H S03pSCTaeT C YM0HLW0-

.1111eM yrna 8 0/lHSKO ycpe)lH0HHSH s¢¢eKTHSHOCTb )l0TOKTOpa 

rr/2 
'1 = f '1 ( {J ) <XIS {J d {J 

0 

s IIHT8psane a11eprnl! OT 0,02 )10 14 Mas OTllH'laeTCH OT 9¢¢9KTHSHOCTH npH 

6onee '18M Ha 30%. 

{J 90° H8 

Kax npasHno, s pa6oTax, noCBHll{0HHblX HCCl18)10BaHHIO A0TOKTOpos C 3aMO/lllHTeneM, 

ASHHbIO s o6naCTH npOM8JKYTO'IHblX 9HeprHII H88TpOHOB OTCyTCTSyJOT Hllll }K8 HOCHT oue

HO'IHbllt xapaxTep. STo o6~HCHH0TCH Tpy)lHOCTblO nocTaHOSKH 9KCn0p11M8HTa B )laHHOA 06-

naCTH. E11HHCTS8HHblM M8TO)lOM, KOTOpbllt MOlK0T 06ec:-neqnTL. 3)18Cb xopomee 9HepreTH'l8C-
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K08 pa3p8ID8HH,e, srnm,eTCII M8Ton cneKTpOMeTpHH no Bp8M8HH nponeTa, _Ho H npH HCnOIIb30-

BaHHH aToro M8Tona B03HHKalOT nononHHT8nbHbl8 TpynaoCTH, CBll3aHHbl8 C 6on&mHM BP8M8-

H8M JKH3HH TennOBblX H8i!Tp0HOB (HeCKOnbKO COT8H MHKpoceKyan) B TaKHX 3aMenn1110mHX cpe

nax, KaK napa<pHH, nonH3THn8H, 3TO orpaHH'IHBaeT nocTynHbli! nn11 HccnenoBaHHII HHT8pBan 

aaeprHII - H T8M cHn&aee, 'IeM M8H&me 6asa nponeTa, l13Mepea1111 B o6nacT!I npoMeJKyTO'IHblX 

aaeprHI! C neT8KTOpOM onHCbIBaeMoi! KOHCTPYKilHH, 6blnH BblllOnH8Hbl Ha 1000-MeTpOBoi! 6ase 

HMnyn&caoro peaKTopa OHHH, aTO nosaonHno oXBaTHTb HHTepaan aaeprHii OT 1 aB no 

2-10 K3B (nn11 pa3nH'IHblX TonmHH), B&i'me 3TOro npenene CKa3bIBa8TCSI HCKaJKaromee nei!CTBH8 

BP8M8HH 3aMenneHHSI II n11<j,<j,y3HH TennOBblX aei!TpOHOB, Y'I8T KOTOpb!X 3aTpynHHTene11, Onpene-
-0,915 . · 

neHHe <j,opMbl cneKTpa ( E ) B yKasaHHOM HHTepsane aHeprHii H onpeneneHHe a6co-

nIOTHoil aenH'IHHbl noToKa (c TO'IHOCTbIO ~10%) 6&mo BblllOnH8HO C noMOIIlbIO ·BF 8 -C'I8T'IH

Ka B npennonoJKeHHH, 'ITO C8'18HH8 peaK!lHH BIO (n, a) B 3TOM HHT8pBal!e non'IHHSl8TCSI 3aBH

CHMOCTH 1/v , 

Pesyni.TaTbl H3MepeaHI! a<p<peKTHBHOCTH ~ BO aceM 11ccnenosaaHoM HaTepsane aaep-

rHI! OT 1 38 llO 14 MaB npe/lCT-'¾BneHbl B KOOp/lHl{aTax E; ~ Ha PHC, 5 H 8, B .o6nacTH 

npoMeJKyTO'IHblX 3HeprHII npH Tonmaaax 3aM8/lnSIIOIIl8ro cno11 /j > 3 0 MM a¢¢eKTHBHOCTb 

nnaBHO YM81{bIDa8TCSI C pOCTOM /j , 3TO 06ycn0Bne110 T8M, 'ITO npouecc aaMe1tneHHSI 3llBep-

IDaeTCSI B nosepxaoCTHOM cnoe H nnoTHOCTb noToKa TennOBblX H8ilTpOHOB B neaTpe 6noKa 3a

M8/lnHTenSI nonHOCTblO onpe1tenSieTCSI nponeccoM llH<p<py3HH TennoBb!X H8i!TpOHOB, TTpH HCnOnb-

30B8HHH Bnemnero Kll/lMHeBoro 3KpaHa 3<p<p8KTHBlIOCTb p83KO cna1taeT K nyn10 B o6nacTH Kan

MH8BOI! rpaHH!lbl (0,4 as). TToB8/l8HH8 ne3aKa/lMHpoaaanoro ll8T8KTOpa B o6nacTH HHJK8 1 3B 
0

ne HCCnenoaanocb, OllltllKO H3 conocTaBneHHSI 3lta'l81IHII 3<p<p8KTHBHOCTH npH 1 H 0,04 3B 

(540°K) cne1tyeT, 'ITO a<p<peKTHBlIOCTb ll8T8KTOpa B 3TOM HHTepBane npH TonmHHe 3aMellnH-

TenSI {j ~ 20-30 MM cymecTB8lIHO na)laeT, 3TO CBll3ano, 0'18BHllHO, co 3Ha'IHTenbHblM YBi'f! H-

'181IH8M C8'181IHSI pacceSiltHSI.H8iiTpOHOB, KOrlla HX aneprHSI CTanoBHTCSI M8Hbme 3HeprHH CBSI3H 

npoTOHOB B MoneKynax nonHaTHneaa (napa<j,Haa), 

Onpe1ten8HH8 noToKa H aaeprHH ael!TpOHOB 

Ilo H3B8CTlIOil 38BHCHMOCTH a<p<p8KTHBHOCTH ll8T8KTOpa OT 3HeprHH H TO.nIDHHbl 3aMBllnH

T8nSI MOJKHO nony'IIITb, KaK OTM8'1anoc&, CB8/l81IHSI O noTOK8 11 aaeprHH 6blCTpb!X H8l!TpoHOB, 

CpellHIOIO aHeprHIO nel!TpOHOB MO)Kl{O oneHHTb, B 'IaCTHOCTH, no nonoJK8lIHIO MaKCHMyMa CKO

poCTH C'I8Ta KaK <pyHK!lHH TOnlilHltbl 3aMe)lnHTenSI HnH no llnHlI8 penaKCaitHH, onpe1tenSieMoi! 

no cna1ta10mel! BeTBH aroii saBHCHMo<;TH/ 
131

, Eme 6onee npqcToi! cnoco·6 oneHKH cpe1taei! 

3HeprHH COCTOHT B cpaBH8HHH noKa3aHHil /l8T8KTOpa npH llBYX pa3nH'IHblX TonmHaax 3aMe/lnH-

/2/ 
Tem, , EcnH orpaHH'IHTbCSI o6iiacTbIO aaeprHii oT 0,02 JJ.O 10 Mae, TO 3aJJ.a'la onpe1tene-

1tHH H8l!TpOHHOro noToKa C npHeMneMoi! JlnH nenei!JJ.03HM8TpHH TO'IHOCTbIO (!20%), MOJK8T 

6b!Th pemeaa TaKHM no1t6opOM TOnlllHHbl· 3aM8/lnHT8:ISI, npH KOTOpOM a<p<p8KTHBHOCTb cna6o 

H3M81ISI8TCH C 3H~prHel!, 113Mepn~enb noTOKa TaKoro' po/la 6btn npe!\nOJK8H PSillOM aBTopo£1,~ 

8 

j 

j 

'I 
t 

f 

OnaaKO B peanbHO BCTpe'laIOIIlHXCSI cneKTpax Ha o6naCTb llpOM8)KYTO'IHblX Hei!TpoHpB 

( E .< o, 1 Maa) npllXO/lHTCSI 3Ha'IHT8nbHaSI 'IaCTb o6mero H8i!TpOHHOro noToKa (no 50% H 

6onee) H npeHe6peJKenne e10 ae;onycTnMo, TTpH paccMoTpeann nose1tenHSI a<j,<j,eKTHBHOCTH 

(pnc. 6,8) ,B _HHT8pBane 3H8prHI! OT 1 38 llO 10 MaB CTIIHOBHTCSI 0'18BHJJ.1IOI! H8B03MOJKHOCTb 

OCYIIl8CTBn8HHSI 'BC8BOnHOBoro• H3M8pHT8nSI UOTOKa llOll60pOM TOnlilHHbl 38MennHT8nSI, TT03TO

My lln>I aaanaaa pesyn&TaTOB H3Mepeani! pacce>1aaoro Hel!TpoHaoro 11sny'IeHHSI ycKopnTenSI 

' . /8/ . 
HaMH 6bm HCnonb3oBaH M8Ton, ananorH'IHblii npe1tnO)K8lIHOMY B pa6oTe • MeTOll OCHOBBH 

Ha conocTaBneHHH CKOpo~T0i! C'IeTa, nony'IeHHblX C TP8M!I aaMellnSIIOIIlHMH 6noKSMH paannq

HOII TOnmHHbl, B KS'I8CTB8 TBKOBb!X HBMH 6bmH Bb!6paHbl nnnHH/lpb! C TonmHHo'i! 3aMe)lnSIIO

mero cnoSI 20: 40 n 120 MM, CneKTp pacceSIHHblX Hei!Tpoaoa B o6nacTH aHeprni! anJKe 

100 Kaa, KaK · npasnno, 6nnsoK no <j,opMe K BHJlY 1/ E • C1tenaa no1to6aoe npe1tnonoJKea1Ie o 

<papMe cneKTpa, MOJKHO no pesyn&TaTaM H3MepeHHl! C Tp8MSI llHnHH/lpllMH onpe1tenHTb noTOK 

npoMeJKyTO'IHblX HeiiTpo.e'oB H noTOK H CP81lHIOIO 3Heprn10 6&ICTpblX aei!TpOHOB C 3Heprnei! 

>100 K3B, 

nnSI 6b1CTpOTbl o6pa6oTKH pesyn&TaToB nsMepeani! Yll06ea rpa<j,nqecKai! cnoco6 onpe1te

neam, yKa3aHHblX B8nH'IHH, OH COCTOHT B cne1ty10meM, CKopoCTb C'I8Ta ll8T8KTopa C KlllKJlblM 

H3 Tpex UHnHHllPH'I8CKHX aaMe/lnHTenel! MOJK8T 6b!Tb Bb!palKeaa B nponeaTax OT CYMMbl CKO

pocTei! C'I8Ta llnSI Bcex Tpex, TllKHM o6pa30M onpe1tenlIIOTCSI TpH C'I8THblX K03cp<pH!lH8HTa, 

Hx OTHOID8HH8 lIBnll8TCII IPYHK!lH8i! COOTHOID8HHSI noTOKOB 6b!CTpb!X H npoMeJKyTO'IHb[X aei!Tpo

HOB H aaeprllH 6bICTpb!X H8i!Tp0HOB, 3aBHCHMOCTb BenH'IHHbl C'18THOro Koa<pcj,nuHeHTa OT llO

nH 6&ICTpb!X ael!TpOHOB B o6meM UOTOKe, npe1tCTaBm110meM KOM6HHann10 nellTpOHOB cmmTpa 

1/E H 6b!CTpb1X· H8i!TpOHOB, nao6paJKaeTClI Ha rpa<pnKe npHMOi! nHHH8ll (pnc, 7). CqeTHbl8 

KOacpq,HnHeHTbl /lml Tpex llHnHH/lpH'I8CKHX 3aMe)lnH'r8nei! Bb16pannoro llHllM8Tpa 6bmH Bbl'IHC

neHbl Hl:I OCHOBllHHH 3KCU8pHM8HTllnbHbIX KpHBb!X pHC, 8, KalKJloi! H3 Tp8X TOnlilHH 3aMe)lne

HHSI ( 20; 40 H .120 MM) Ha pnc, 7 OTBe'!aeT C8M8i!CTBO UpHMblX, KpaiiHHe npaBbie TO'IKH KO

TOpb!X COOTB8TCTBYIOT MOHOaHepreTH'I8CKHM H8i!TpOH8M yKa3aHHbIX 3HeprHll, cneaa nplIMbl8 

CXO/lSITClI a OllHY TO'IKY (cnyqai! 'IHCToro cneKTpa 1/E 
I 06pbIBa10merocS1 UpH 100 K3B), 

KoM6HH81lHH H8llTpOHOB cneKTpa 1/ E H MOH03HepreTH'l8CKHX H8i!TpOHOB COOTB8TCTByIOT 

TO'IKH Ha nHmrn X C8M8i!CTB,neJKamne Ha OllHOi! B8pTHKanbHOi! UpSIMOll, B cnyqae H3M8p8HHII 

B nonHX pacceHHHblX Hel!TpoHOB Mb! HM88M nano He C MOH03HepreTH'I8CKHMH Hei!TpOHaMn, a 

C aellTpoHaMH cnnomaoro CU8KTpa, O.[lHaKO onncaHHblll cnoco6 MOJKeT 6b!Tb UpHMeHeH nmr 

aaanasa peaynbTaTOB H3MepeHHll, ecnn 6blCTpoi! IPPllKilHH ael!TpOHOB UpHUHCb!BaTb Cp8/lHIOIO 

3HeprHIO, npn KOTopoi! 3KCn8pHM8HTanbHbl8 TO'IKH noJKaTCSI Ha 0.tlHY BepTHKanbJIYIO nHHHIO, 

To'IKa nepec8'18HHSI nocnenHel! C ropH30HTa_nbHOl! IDKanol! YK83b!Bll8T non10 6bICTpb!X H8i!TpOHOB 

B o6meM UOTOKe, ( B Ka'I8CTB8 UpHMepa Ha PHC, 7 HaHeCeHbl 3Hll'18HHlI C'I8THb!X K03cp<pHUH8H-

TOB K13 , nony'I8HHb18 UpH OllHOM H3 H3MepeHHI! B 3/lSHHH ClIHXpO<pa3oTpOHa - CM, Ta6-

nnny I), TTonHbli! llOTOK Hel!TpOHOB MOJK8T 6b!Tb paCC'IHTaH ITO q>OpMyne: 
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'1> = 
Na 

'1 a (l/E)n (1/E) + 'la ( E5,H.) n5,H, 

r.[le n - .llOmI 5bICTpbIX aeilTpOHOB n o5meM IIOTOKe; n(l/E) - .llOilH aeilTpOHOB npo-
5a 4 -

M0lKYTO'IHOil 3Heprnn CII0KTp8 11:E (0,5 3B <E .< 10 an): 'la (1/E ), 'la (E )-

•acj,cj,eKTHBHOCTh C'l0T'IHK8 npn TOillllHHe 38M0.llilHIOIIl0rO cnog a COOTB0T•~Tta0HHO B o5nac-

TH npoMelKyTO'IHhIX aaeprnil n npn E .,"E.,,_, An>! a= 40 MM 'la (1/E)=3,8nMn/a/cM2 ~ 
'-'"· 2 

(npn acj,cj,eKTHBHOCTH K T0IIIIOBblM aeilTpOH8M 'l T a 4,4 HMnla/cM ) I Na - 'IHcno HMnynh-

COB, aaperncTpnpoBaHHbIX C'l0T'IHKOM, 

B Ta5mme npHB0J:10Hbl peaynbTSTbl H3Mepeaail C OIIHCBHHblM J:10T8KTO.flOM HeilTpOHOB 

ll '18Tblpex xapaKTepl!blX TO'IKBX BHyTpH H 38 Baewaeil CT8Holi 3.[l8HHH CHHXpocj,aaoTpoaa 

(pHC, 8). Ha npHB0.ll0HHbIX uacj,p MOlKHO C.itenBTb BbIBOJ:I O TOM, 'ITO B none paccesrnaoro aeli

TpOHHOro H31IY'l0HH!I YCKOpHT0IlH npoMelKyTO'IHbie aeilTpOHhl COCTBBilHIOT npeo5na.ita10my10 

'ISCTh o5mero aeilTpOHHOro IlOTOKa (XOT!I
0

HX OTHOCHT8IlhHblil BKilBJ:I B .ll03Y aenennK), Il03TO

MY npeae5pelKeane o5nacTbIO npoMelKyTO'IHbIX aaeprali nna oTcy-rcTn!Ie J:ISHHblX o5 acj,cj,eK

THBHOCTH .ll8T0KTOpa B 3TO~ o5nacTn· MOlK0T npHB0CTll K 3HB'IHT0IlbHblM OWH5KaM IIpH H3Me

peHHH IlOTOKB H oueaKe 3HeprHH aeilTpOHOB, 

AnTop 5naro.llapnT M,H. Ca11auxy10 aa rroMOIIlb, 0Kaaaaay10 npn rpa.itynpoBKencTO'IHHKOB 

aellTpoaoa, a TBKlKe B.M, Haaapona n B,H. CanauKoro, npn co.llelicTBHH KOTOpbIX 5bIIIH BbI-

11011aeab1 Il3MepeHHSI Ha YCTSHOBKHX na5opaTOpHH aellTpOHHOil cj,nanKH OH.HH. 
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p H C, 1, 

~ 

◄ 

PyKOIIHCb IIOCTynnna B H3J:IST8IlbCKHil OT.iten 
l n10n11 1885 r, 

2 

/3 

4 

I(oacTpyKUHH .[l0T8KTOpa ael!TpOHOB, 1 - pa5oqall o5~eM C'10T'IHK8, 
2 - KB.llMH0B00 IIOKpbITH8 (0,6 MM) ,3 - 3BMe.llnnTenb (napacj,na, 
IIOIIH3THII8H) I 4 - npe.llYCHilHT01Ib, 
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l:I ltl\l I I I 

20 40 60 80 100 120 

5,MM 

pH c. 2, 3aBHCHMOCTb s¢<peKTHBHOCTH AeTeKTopa OT TonmHHhl 3aMeAnHromero cnoH H 
3HeprBH ael!TpoHOB ( yron IlBAOHHH aeiiTpOHOB 0 = 90°). 
1 - Sb -y- Be ( E = 0,025 MsB), 2 - RdTb -r-D20 _( E = 0,20MsB), 
3 - RdTb-y-Be (_ E ,. 0,80 MsB), 4 - D(d,n) ( ~ = 2,3 MsB), 
5 - Po-a-B ( E = 2,8 MsB), 6 - Pu -a - Be ( E = 4,5 MsB), 
7 - T(d,n). ( E = 13,5 MsB), 8 - TennoBbie _HeHTpoHhI ( T = 540°K). 

p H C, 3, 

IO 

' 

6 

-~ \ \ I I I s&- i-Be 
>< 
'? 5 :s; 

e •s ... 
'$... 
§ .4 
c:. 

90" ?S· &o· 45' 30- 1s• o• 
8 

YrnoBaH 3aBHCHMOCTb s¢¢eKTHBHOCTH A8T8KTOpa AnH aellTpOHOB OT ( Sb - ,y - Be) 
HCTO'IHHKB ( .E = . 0,025 MsB). 
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p H C, 4: 

5,----,----,----,----.-----, 

~ 

e 
)( 

~2: sr-\-t-+--+~:_:-
-~ I 
~ 

Po-ct-Be 

C 

! 4 
c::l 

3 J :::::t,.c 

2 I----.;;;±--

45• 30- 1s· 
B 

o· 

Yrnonasr 38BHCHMO£Tb sq,q,eKTHBHOCTH AeTeKTOpa AnR ael!Tpoaon OT (Pu-a-Be) 
IICTO'IHHKa ( E · = 4,5 Man). 
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11 I I I rr I "~ ·r--..... I I ' I 

' 'l' 

-i r 
"' 4 

I D,I -1- 5 .-- I t 10 I I rf I s to' 1 5 m" I I rf a I to' a 

· I Cdqs- E, se 

p II C, 5, 3q,q,eKTHBHOCTb ueTeKTopa KaK q>yHKUHR aneprn11 HettTpoHOB npn paann'IHh!X 
TOnlllHHSlt 3aMeAn>llOillero CnOR (yron IISAeHl!R HeHTpOHOB 90°), 
1 - cl = 20 MM (nonnaT11nen), 4 - 8 = 60 MM (napaq>nn), 
2 - 8 = 30 MM (nonnaTnnea), 5 - 8 = 70 MM (nonnaTnnen), 
3 - 8 = 40 MM (nonnaTnnea). 6 - 8 = 120 MM (napaq,na). 
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151 t?W I I I I I l 
:i: 
s 

.~ :1 fvi 1s[~ I I 

E,11 

P n c, 8, YcpeAHeHHan no yrny a¢¢eKTHBHOCTh AeTeKTopa KBK ¢yHKnnn aaeprnn aefiTpo
HOB npn pa3ITH'IHhlX TOillllHHBX 38MeAITHIOillero cnon (cM.- pnc, 5). 
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J 

I 

pH C, 7, 

K5.~ 

50 
Uo 

_ Ito 

40 

30 

20 

·10 

11211 

0 0.1 

' 

50 

40 

30 

20 

10 

U ~ M ~ ~ U ~ ~ ~o 
na~ 

3aancnMOCTb cqeTHblX Koa¢¢mtneHTOB Ann Tpex TOillllHH 3aMeAnHTen!I OT 
atteprnn 6b!CTpb!X nefiTpOHOB n nx A01IH B CMemaHHOM l10TOK8 6b!CTpb!X uefi
TpOHOB n npoMeJKyTo'IHhIX aefiTponoa cneKTpa 1/E (0,5 an .<.E .< 0,1Maa), 
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