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l1ccneJlOB8HHe 51Jlep,, JlaneKHX OT IIOnO~l CT86HnbHOCTH, Jln51 KOTOpbiX 

TeOplf51 rrpeJlCK83biBaeT HOBbie lfHTepeCHbie CBOil:CTBa, Tpe6yeT BCe 6onbllle-

f'O COKpameHH51 BpeMeHH OT MOMeHTa o6pa30B8Hif51 51Jlpa JlO HS'Iana lf3MepeHif51. 

B aToM aanpaeneHHif eeCbMa nepcneKTHBHbiMH 51Bn51JOTC51 aKcnepuMeHTbi Ha 

IIY'IKe yCKOpeHHbiX 'ISCTHU. 

DnSI uccneJlOBaHH51 aneKTpoMaf'HHTHbiX nepeXOJlOB c eoa6yMJleHHbiX coc-

TOSIHHil: 51Jlep HCIIOnb3YIOTC51 npeMJle BCef'O nonyrrpOBOJlHHKOBbie Ge ( Li ) 

JleTeKTOpbi H MSf'HHTHbie f3 -cneKTpoMeTpbi. HeJlOCTSTKOM nocneJlHifX 

51Bn51eTC51 HX OJlHOKaHanbHOCTb, 'ITO 38TpyJlH51eT lf3MepeHif51 CIIeKTpOB KOpOT

KOMifBYIIlHX H30Tonoe. B nocneJlHee epeMSI 6onbllJOe paaBHTHe nony'llfnlf nony-

rrpoBOJlHHKOBbie Si ( Li ) JleTeKTOpbi Jln51 cneKTpoMeTplflf aneKTpOHOB. 

Jly'lllllfe o6pa3Ubl TSKifX JleTeKTOpOB JlSIOT pa3pellleHife 3 K9B, OHif 51Bn51-

IOTC51 MHOf'OKSHanbHbiMH IIpH60paMH, lfX a<lJ<iJeKTifBHOCTb rrpH6nlf)K8eTC51 K reo

MeTpH'IeCKOH Jln51 6onhlllOf'O JlHanaaoaa aHeprHll:, H aTo JlenaeT ux 

CllOC06HbiMH Bbi)lepMSTb KOHKypeHUHIO C KnSCCif'leCKifMif f3 -crreKTpOMeT-

paMH. 0JlHaKo npu ucnonbaoeaHHH Si ( Li ) nonyrrpoBOJlHHKOBbiX JleTe~ 

TOpOB Jln51 H3MepeHHH KOHBepCHOHHbiX aneKTpOHOB II051Bn51eTC51 npo6neMa HX 

aamHTbi OT peaTreHOBCKoro If raMMa-uany'leHif51 HCTO'IHHKa. Ecnu Me aeTeK

TOp npHMeH51eTC51 Jln51 H3MepeHHH Ha IIY'!Ke 38p51MeHHbiX 'ISCTHU, TO BOIIpOC 
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aalUHTbi OT QJOHOBbiX H3nyqeHHH CT8HOBHTCH eme 6onee cymeCTBeHHbiM. 2JTy 

npo6neMy MO:O'.HO pemHTb, Hcnonbaysr cneuHanbHOe MarHHTHoe none nnsr 

TpaHcnopTHpOBKH aneKTpoHoB K neTeKTopy. MarHHTHoe none nomKHO HMeTb 

BbiCOKY~ 3QJQJeKTHBHOCTb TpaHCnopTHpOBKH aneKTpOHOB Ha 3Ha"'HTenbHOe pac

CTOHHHe OT HCTO"'HHKa B lUHpOKOM JlHana30He 3HeprHR ]lnH o6ecne"'eHHH H8-

}le>KHOit 3alUHTbl ]leTeKTOpa. 

HaMH nocTpoea TpoxoHnanbHbiH f3 -cneKTpoMeTp c nonynpoBon-

HHKOBbiM Si ( Li ) neTeKTopoM aneKTpoHoB. MarHHTHoe Benywee ycTpoAcT-

0 
BO Tp8HCnOpTHpyeT HX no nyre 180 H8 paCCTOHHHe 40 CM OT HCTO"'HHKa, 

2JTa CHCTeMa HCTO"'HHK-]leTeKTOp OKa3biBaeTCSi BeCbMa yno6HOH 1 TaK KaK 

no3BOmleT C03JlaTb 3QJQJeKTHBHY~ 381UHTy ]leTeKTOpa OT BCeX QJOHOBbiX H3ny

"'eHHH HCTO'IHHKa, 8BHilY HH3K0f'O QJOHa, BbiCOKOit 3QJQJeKTHBHOCTH nnsr lUHpo-

KOrO 3HepreTH"'eCKOf'O JlHana30H8, MHOf'OKaHanbHOCTH H XOpOWero pa3pewe-

HHH 3TOT npH60p MO>KeT 6biTb O"'eHb Yll06HbiM H none3HbiM ]lnH HCCneJlOBa-

HHH pacnana KOpOTKO>KHBylUHX H30TOnOB H H30MepOB, a TaK>Ke Mf'HOBeHHOf'O 

H3ny"'eHHH HJlep, o6paay~IUHXCH B peaKUH HX H8 ny"'Ke 3apsr>KeHHblX "'aCTHU. 

II • llBH>KeHHe aapsr>KeHHOH "'aCTHUhr B TpaHcnopTHpy~meM 

Maf'HHTHOM none 

TpoxoHnanbHOe llBH)I<eHHe aneKTpOHOB B CHnbHOM H HeonHopOJlHOM Mar

HHTHOM none c panHanbHOR aaBHCHMOCTb~ B "' I I r" BnepBbie paccMoTpen 

/1/ 
TH6o • Dnsr aToro llBH>KeHHH xapaKTepao: a) paaneneHHe no3HTpOHOB H 

aneKTpOHOB, 6) 6onblllaH CBeTOCHna H B) no'!TH nonHoe OTCYTCTBHe 3Hepre-

/2/ 
TH'IeCKoro paapeweHHH, ManbMQJOpc , onHaKo, aaMeTHn, "'TO, HCnonb3YH 

TeXHHKY H3MepeHHH no BpeMeHH nponeTa, MO>KHO H3MepHTb CKOpOCTb aneKT

pOHOB ( no3HTpOHOB) H TeM CaMbiM onpenenHTb HX 3HeprH~. llpH60p, KOTO

pbiH HM nocTpoeH, npH cBeTOCHne 0,2% naeT aaepreTH"'eCKoe paapeweHHe 

0 /3 4/ 
2 Yo. YoTcoH ' nnsr perHcTpaUHH aHeprHH aneKTpoHOB Hcnonb30Ban 

Si ( Li ) ]leTeKTOp, llpH pa3peweHHH 3 K3B OH nony"'Hn CBeTOCHny "' 5% 

JlnH JlHana30Ha 3HeprHH aneKTpOHOB OT 0 JlO 600 K3B, 

4 

.I 

/5/ 
AnnaH naeT onHcaHHe aHanorH'IHoro npH6opa c aHepreTH'IeCKHM 

paapeweHHeM 6% H CBeTOCHnOH "' 20% nnsr JlHana30Ha OT 100 JlO 

1000 K3B. 

161 " " 17 I 
ManbMQJopc , HCnonbaysr MeTon B03MyiUeHHH, pa3BHTbiH B , non-

po6ao p8CCM8TpHBaeT JlBH>KeHHe aneKTpOHa B CHnbHOM HeOJlHOpOJlHOM Maf'HHT 

HOM none C OCeBOH CHMMeTpHeH H panHanbHOH 38BHCHMOCTbiO I r n , 3To 

JlBH>KeHHe HBnHeTCH cynepn03HUHeH TpOXOHJl8nhHOf'O JlBH>KeHHH H OCUHnnHUHH 

OTHOCHTenbHO nnoCKOCTH CHMMeTpHH. 

TpoxoHnanbHoe JlBH>KeHHe o6ycnosneHo cnanoM Hanpsr>KeHHOCTH MarHHT-

aoro nonsr no panHycy (eM. pHC. 1~:~). EcnH B_x> B+x 

Horo o6opoTa aneKTpOH nepeMewaeTcH Ha paccT05IHHe d 

, TO nocne on-

no OCH y 

nepeJlBH>KeHHe n03HTpOHa no a6con~THOH BenH'IHHe 6yneT TO >KC C8MOC, HO 

B o6paTHOM HanpaBneHHH, 0TC~Jl8 BHJlHO, 'ITO ~TO MarHHTHOe none o6nanaeT 

CBOHCTBOM paaneneHHH HanpaBneHHH JlBH>KeHHH n03HTpOHOB H 3nCKTpOHOB, 

llpeHQJ aneKTpOHa OTHOCHTenb!IO nnOCKOCTH CHMMeTpHH npeJlCTaBnHeT co6oii 

JlBHiK8HHe no npOCTpaHCTB811HOI% CnHpanH BJlOnb M11f'HHTIII•IX CHnOlli>IX nHHHii 

(pHC. 1B). TaK KaK MarHHTHI>te CHnOBI>Ie nHHHH 11 paccMnTpHB1H)MOM none no 

Mepe npH6nH/1<811HH K fiOJIIOCilJ\1 CTDIIOIHITCH CHnbiiO CXOJlllllllfMHCII, TO B381!MD-

JleiiCToH8 p8JlHllnbHOil COCTDIIJHII<>lltCii MDf'IIHTIIOf'O nOIIH C VJ II[JHBOJlHT K 

yMeHbWCHHIO vII , B IICKOTOpoii TO'IKC Z 3Tll KOMIIOIICIITil CT8HOBHTC 

paBHOH Hymo H MCHHeT CllOii 3118K, ll(lOHCXOJlHT OTpaiKCHHe annKTpOHa, 3TO 

TBK H83b!B88Ml,IH "3QJQJ8KT 3epKana", 

YcnoBHe oTpa>KeHHH HMeeT BHJl: 

sin 8 c 
0 

> 
Bo 

B 
r 

)~ ( 1 ) 

rne ec 
0 

- yron M8>KilY HanpaBneHH€M BbineTa aneKTpOH8 H OCb~ z 

c KOToporo Ha'IHHaeTcsr oTpa>KeHHe, 8 0 -HanpH>KeHHOCTb nonsr B TO"'Ke 

BbineTa H B r -Hanpsr>KeHHOCTb nonH B TO'!Ke oTpa>KeHH H • Ha pH c. 16 

5 



TIOKa3aHa o6naCTb 38XBaTa aneKTpOHOB MarHHTHhlM BeAylUHM noneM AnSI 

TO~e~Horo HCTO~HHKa, pacrrono~eHHOrO B rrnoCKOCTH CHMMeTpHH, Bee aneKT-

pOHhi, IICITyiUeHHhle 9THM HCTO~HHKOM H ABH~YIUHeCH Me~AY ABYMH KOHyca

MII yTe~KII, TpaHCITOpTHpy!OTCH BOKpyr ITOnJOCHhiX HaKOHe~HHKOB, 

CneTOCHna ITpH6opa orrpeAenHeTCH OTHOWeHIIeM TIOBepXHOCTH C~epH~ec-

Koro rroHca 

T 

K TIOBepXHOCTH C~epbl 

rr/2 rr/2 
8 ( f sin v d v 

rr/2- <I> o 

4rr 

eAHHH~Horo paAnyca: 

d¢ 
sin <I> • 

H3 ( l) 11 (2) rrony~aeTcH: 

T2 sin2 <I> cos 2 (} c 
0 

1 - sin 2 (} c = 1 
0 

Bo 

Br 

(2) 

{3) 

B n Z2 

C TO~HOCTb!O AO BTOporo ~neHa -=.a.= I- __ r_ + ... 1 c y'l:eTOM (3) rrony'l:aeT-
Br 2 R2 

CH B~pa~eHIIe AnH CBeTOCHnhl: 

T = ~~- .• 

v2R 
( 4) 

z, IIpaKTII~eCKII OIIpeAenHeTCH paCCTOHHHeM Me~AY IIOnJOCHbiMH HaKOHe'l:-

HIIK8MII( H - paAIIYC MarHHTHOti rrpOBOAHIUefi CHCTeMhi, l1HTepeCHO OTMe-

TilTh, ~TO CBeTOCIIna He 38BIICIIT OT 9HeprHH aneKTpOHOB, a TOnbKO OT rpa-

lliiBHTa MarHHTHoro nonH n H reoMeTpH'l:eCKHX pa3MepoB r•aMephr npu6opa, 

YrnoBoe nepeABH~eHHe aneKTpoHa nocne OAHoro o6opoTa AaeTCH Bhrpa-

11\eHHeM 

¢ 

r'ae I' 
0 

p2 3 2 
rrn _....JL 11+ (- n 

R2 4 

p2 
+n-1)....:.Jl..+ 

R2 
(5) 

-cpeAHIIH p8AIIYC Kpi!BH311W TpaeKTOpHII aneKTpOHa,OepeABH~eHHe 

:~nel\ TpoHa 110 MarHHTHoA npoBOA5IIHeii CIICTeMe AaeTCH Bhipa~eHHeM d = R ¢ , 

ilmllf<l 0/li!Oii op6UTbl aneKTpOHa Bbipa);(aeTCH B BI!Ae 

6 

'j 

~ 

~ 
II 

L 2rrp II+ 
0 

n2 + 2n 

2 

z2 
r + ... (6) 

R2 

Oco6hrii HHTepec npeACTaBnHeT Bhrpa~eHHe, AaJOmee BpeMH nponeTa aneK-

TpoHa Ha yron Tr BOKpyr IIOnJOCHbiX HaKOHe'l:HHKOB: 

rre Bo R2 z2 
_.r + I . (7) 

n ( n-2) ---T 
1 + E l 1 + 

Tr 
mc 2 n E (I+E/2) 4 R2 

OepeABH~eHHe aneKTpOHa 38 OAHY OCUHnnHUHIO OTHOCHTenbHO nnOCKOCTH 

CHMMeTpHH HMeeT BHA 

A 
2rr 

R 

Y.. 
'!I~ [E O+E/2)] 
eB0 

n2-8n+1 z2 
R; + ... I . (8) II-

I6 

B nocneAHHX ABYX Bhrpa~eHHSIX aHeprHR aneKTpoHa 6epeTCSI B eAHHHuax 

mo c2 

Ill . OnHcaHHe np116opa 

TpoXOHAanbHhiii f3 -cneKTpoMeTp, nocTpoeHHhiH HaMH, npeAH83Ha'l:eH 

AnH 9KCnepHMeHTOB 1:18 ny'l:Ke TSI~enhiX HOHOB UHKnOTpOHa Y-200 (nHP 

Ol1Hl1). 06muii BHA np116opa noKa3aH Ha puc.2. Oy'l:OK ycKopeHHhiX TSI~e

nhiX HOHOB ITOAXOAHT ITO KaCaTenbHOii K MarHHTHOMY BeJlyiUeMy ycTpOil:CTB 

II npoXOJlHT 'Iepe3 MHIUeHb, ToK H3MepSieTCSI UHnHHJlpOM cJ>apa)leH, KOTOpbl 

pacnono~eH )laneKo oT pa6o'lero o6'beMa npu6opa. 3neKTpOHhi OT MHWeHH 
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rpaHcnopTHPYJOTCSJ K Si ( Li ) JleTeKTOpy, KOTOpb!il: XOpOillO 38IllH!lleH 

OT BCeX <jJOHOBblX H3ny'leHH:II:. 

flnSJ 8KCnepHMeHTOB Ha ny'lKe H3POTOBneHO cneuuanbHOe YCTpOii:CTBO 

Kperrnei!H51 MHilleHH H JlBYX noBepXHOCTHo-6apbepHbiX )leTeKTOpOB )ln51 

H3MepeHH51 yrnoBbiX pacnpeJleneauil: npoJlyKTOB peaKUHil:. PacCTOSJHHe Jle

reKropoB OT MHilleHH MO)KHO MeHSJTb OT 2 JlO 8 CM 1 a nonO)KeHHe OTHOCH-

0 0 0 
renbHO uarrpasneHHSI ny'lKa -OT 20 JlO 360 • D OJl yrnoM 25 Ha paCCTOSIHHH 

12 CM OT MHilleHH H8XOJlHTCSI MOHHTOpHbiil: )leTeKTOp. 

lln51 pa60TLI B pe)KHMe " off line " 8Ta CHCTeMa 3aMeHSJeTCSI 

mnJ030M, KOTOphiH no3BOn51eT BCTaBn51Tb HCTO"'HHKH B pa6oTaJOillHH IIpH6op 

3Ll Ilp8M51 M8Hbille 2 MHH. 

Si ( Li ) JleTeKTOp MO>KIIO ycTaiiOBHTb Ha yrnhi 11 I 2 H 11 

HH. B nepnoM sapHaiiTe <jloHOBbie ycnosHSJ yxyJlrnaJOTCSJ. 

Ill -1. MarHHTHaSJ CHCTeMa 

OT MHille-

MarurrrllaSJ crrcTrMa nwnonHella 11a 6aae ceprrii:Horo nonopoTIIoro 

MLlPIIHTa cn-46. ToK nn:TaiiHSI o6MOTOK MaPHHTa perynrrpyeTCSI nnaBHO OT 

-3 
2,5 a JlO 35 L1 0 H nOJlJlep)KHB88TCSI CTa6HnbiiOCTb MDPIIHTIIOPO nonS! "' 10 • 

Pa60"'HH TOK Bb16pa11 paBHbiM 30 a, KOP)la IIDCLIIlleiiHe M8PIIHTIIOPO CepJle'l

IIHKa y)Ke no"'TH non11oe. Dpo<jJHnb crreurranbHo rraroTonneHIIWX nonJOCIIWX 

118KOIIe'liiHKOB H p8JlH8nbllhlH npo<jJHnb MDPIIHTIIOPO nonS! B nnoCKOCTH CHM

MeTpHH )ln51 pa3llhlX 3Ha'leHHH TOKa B o6MOTK8X M8PHHT8 nOKa3aHW 11a 

PHC.3, fpaJlHeiiT MaPHHTIIOPO nonSJ onpeJlenell 8KCllepHMeHTanbHO npH HC-

nonh30BaHHH COOTHOilleiiHSI 

n 
lg 81 - lg 82 (9) 

lgR 1 - lg f\ 

8 

.l 

t 

j 

PJle R1 H R2 - JlBa pa311biX aHa'leHHSJ paJluyca, a 8 1 H 8
2 

COOTBeTCTBYJOillHe HM HallpSJ)KeHHOCTH nonSJ, p a)lHanbllaSJ 3aBHCHMOCTb n 

)lnSJ paanH'lllbiX 3Ha'leHHii: TOKa noKaaaHa Ha puc. 3. 

8 HailleM cnyqae pa6o'la51 TO'lKa Bb!6paHa lla paCCTOSIHHH 1 CM OT 

KpaSI nonJOCIIbiX HaKOHe'lHHKOB. DpH TOKe 30 a B 06MOTKaX MaPHHTa B pa-

6oqeil: TO'lKe R = 18,7cM nony'leHbl 80 = 5660rc H n = 5,75. nnSJ 

Bb!6paHIIOil: llaMH pa6oqeii: TO"'KH TeopeTH'leCKOe 3Ha'le11He s<jJ<jleKTHBHOCTH 

T = 0,33. Z r aMnnHTyJla OCUHnnSIUHH OTIIOCHTenbHO nnOCKOCTH CHMMe-

TpHH npaKTH'leCKH onpe)lenSJeTCSI BepTHKanbHbiM pa3MepOM KaMepb!
0 

KOTo

pb!il: B llailleM Cny'lae paBeH 3,2 CM, 

Ha pn:c. 4 noKaaaHbi pac'leTHhie senH'lHHhi, xapaKTepn:ayJO!llHe JlBH)Ke-

/8/ 
IIHe sneKTpOHa B HailleM nprr6ope. 3Ha'leiiHSI p

0 
B3S!Thl H3 , d pac-

C'lHTaHO no (5), speMSJ nponeTa - no (7) H o6maSJ JlnHIIa rpaeKTOpHH -

no <jlopMYne e= 17 RL • PJle R = 18,7cM. 
d 

HccnenosaHo pacnpeneneHHe rpaHcnoprrrpyeMbiX OT HCTO'liiHKa JlO 

JleTeKTOpa 8neKTpOIIOB no Ce'leHHJO llY'lKa llpH nOMOillH <jloronnaCTHHKHo 

Dony'leHIIOe H306pa)Ke11He nOK83hiBaeT, "'TO JlnSI nnOCKOPO HCTO'liiHKa IHCs 

C )lHaMeTpOM 0,2 CM 8neKTp0Hhl <jloKyCHpyJOTCSI B JlOBOnbiiO pe3KO orpa-

IIH'leiiiiYJO nonocKy IllHpHHO~ 0,5 CM H BLICOTOH "' 3 CM. 

A6conJOrllaSJ s<jJ<jleKTHBIIOCTb cneKTpoMerpa JlnSJ nnocKHX HCTO"'IIHKOB 

onpeJleneHa 8Kcnepn:Me11Tanbllo. 11 cnonuayeM~>Ie rrcro"'IIHKH npoKanH6posaHbi 

a6COnJOTHO !10 Y -aKTHBHOCTH 118 (;,. ( Li ) cneKrpoMeTpe c TO'liiOCTbJO 2% 

207 (>• 0 JlnSJ 137Cs H 5% JlnSJ Jog Gd 

llSITHa JlHaMeTpOM 0,2 CM Ha 

H >I • IIH npeJlCTaBnSIJOT Kpyrnwe 

2 
MeTannHarrpooaHIIOM Mail:nape (0,8 Mr/cM ) c 

JlHaMeTpOM onpaBKH 2 CM. 3KcnepHMeiiTanbll851 KpHB8SI a6conJOTIIOH s<jl<jleK

THBIIOCTH a nOK83alla 118 pHC, 5, TaK K8K pa6o'laSI nonepXIIOCTb JleTeKTo-

2 
pa scero 0,78 CM , To <jlaKTil'leCKII 11a Hero na)laeT "' 20% TpaHcnopTrrpye-

MhiX sneKTpOHOB. feOMeTpH S1 HCnonbayeMbiX nnOCKHX HCTO"'HHKOB He li03BO

nSieT TpallcnoprrrpoBKy co scero c<jleprr'lecKoro noSJca. Henb3SJ npeae6pe'lb 
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H 3¢¢eKTOM o6paTHOrO paCCeRHHR rraaa~WHX 3neKTpOHOB OT ITOBepXHOCTH 

A8T8KTOpa, B pe3ynhT8Te KOTOpOrO OHH OTaa~T nHlllh 'i8CTh CB08H 3HeprHH. 

llo3TOMY HTOrOB8R 3$$eKTHBHOCTh B H8lli8M cny'iae COCT8BnReT ITpHMepHO 

1/16 OT TeopeTH'i8CKOH 3$$eKTHBHOCTH 38XB8T8 3neKTpOHOB M8rHHTHbiM 

TpaacrropTHpy~WHM ycTpOHCTBOM ang aHaiTa30Ha 3HeprHH OT 50 ao 

650 K3B, 

Ha pHc.6 noKaaaaa aaBHCHMOCTh s¢¢eKTHBHOCTH OT paaHanbHoro 

rronO)K8HHR HCTO'IHHK8, J1HTepeCHO OTM8THTh CHMMeTpH'iHOCTh 3THX KpHBbiX 

H yaenH'ieHHe nonyll!HpHHbi c saeprHeli sneKTpoHoB. BepTHKanhHaR aaBHCH

/4/ 
MOCTh 8$$eKTHBHOCTH (pHc.7) B3RT8 H3 , 3TO pacqeTHBR KpHB8R, rae 

z, 1 eM. Ha ocHoBaHHH xapaKTepa 3THX aayx 3aBHCHMOCTeli MO)KHO 
~ 

CYAHTh 06 OITTHManhHbiX pa3Mepax HCTO'IHHK8 (rry'l:Ka), B OCHOBHOM 3TH 

paaMepbi orrpeAenR~TCR paAHanhHoli 3aBHCHMOCTh~, rae cnaA 6onee Kpy

Toli. BHAHO, 'ITO OITTHMBnhHbiH aHaMeTp HCTO'iHHKa (ny"LJ:Ka) aon)KeH 6biTh 

ITOpRAKa 3-4 MM. 3aBHCHMOCTh s$$eKTHBHOCTH OT TOKB B 06MOTKaX MarHH

Ta AnR pa3HbiX 3HeprHH sneKTpOHOB H3MepeHa H npHBeaeHa H8 pHC,8, 

BHAHO, 'ITO a RBnReTCR nnaBHOH $yHKUH8H OT TOKa H CTa6HnhHOCTh Mar-

-3 
HHTHOrO nong "' 10 BITOnHe AOCTaTO'iHa ang CTa6HnhHOi!: pa60Tbl ITpH-

6opa, 

III -2 . neTeKTOp H 3neKTpOHHKa 

CneKTpoMeTpoM sneKTpoHOB RBnReTCR Si ( Li ) AeTeKTop, Haro-

191 n u 1 6 TOBneHHe KOTOporo OITHCaHO B . • H8M8Tp BKTHBHOH 30Hbl- CM, rny HHa 

Apeil$a nHTHR - 0,15 CM. neTeKTOp ITOM8W88TCR B CITeUHanhHY~ onpaBKy, 

KOTopag o6ecne'iHBaeT XOpOll!Hll TerrnOBOH KOHTBKT C xnaAOITpOBOaOM, KoH

TaKT C ITOBepXHOCTHbiM CnoeM 30nOTB OCYW8CTBneH ITpH ITOMOWH Cepe6pRH

HOll ITaCThl (pHc.9). 

PaapellleHHe aeTeKTOpa CHnhHO 38BHCHT OT T8MITepaTypb!, nng K8)1(

AOro aeTeKTopa cywecTayeT onTHManhHaR TeMnepaTypa H aanpR)KeHHe 

10 
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.. 
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o6paTHoro CMeweHHR, npH KOTOpbiX nonyqaeTCR HaHny'illlee paapell!eHHe. 

C ITOHH)K8HH8M TeMnepaTypbi, KBK npaBHno, yaenH'iHB88TCR OITTHManbHOe 

HarrpR)K8HHe o6paTHoro CM8W8HHR. 3TH 38BHCHMOCTH H3MepeHbl ang Hec

KOnhKHX aeTeKTOpOB. nng oaaoro H3 ny'ill!HX aeTeKTOpOB Ha pHc.1Q ITpH

neaeHa 38BHCHMOCTh 3HepreTH'i8CKOro pa3pelli8HHR OT TeMITepaTypbi ITpH 

OITTHManhHOM CM8W8HHH. 

CHrHan OT aeTeKTOpa noaaeTCR Ha HH3KOlliYMRWHi!: aapRaOBO'iyBCTBH

/9/ 
TenhHbiH npeaycHnHTenb ( 3llY) • llepBbiH aapRaOBO'iYBCTBHTenbHbii!: 

KBCKaa C noneBbiM TpaH3HCTOpOM HaXOaHTCR B BBKYYMHOH KaMepe Herro

cpeaCTBeHHO y Si ( Li ) aeTeKTopa. 11ccneaoaaaa aaBHCHMOCTh paapell!eHHR 

3llY OT OXna)KaeHHR noneaoro TpaH3HCTOpa. llpH ITOCTORHHOH OITTHMSnhHOi!: 

TeMnepaType H cMeweHHH Si ( Li ) aeTeKTopa H3Mepeaa aaBHCHMOCTh 

nonyll!HPHHbi ITHKa reaepaTopa TO'IHbiX aMrrnHTya oT TeMnepaTypbi noneaor 

0 0 ) 
Tp8H3HCTOpa B HHTepBane OT +10 C ao -160 C (pHc.10. Ha pHC.9 rro-

Ka3aHa 6noK-cxeMa sneKTpoHHKH. CHrHan oT 3nY noaaeTcR Ha ycHnHTenh 

YCT-3 H nocne ycHneHHR H ¢opMHpoBaHHR 

TyaHbiH aaanH38TOp "J1HTepTeXHHK". 

aa 4096..:.KaHanhHbiH aMnnH-

B Ka'ieCTBe npHMepa, noKa3biBa~wero B03MO)KHOCTH npH6opa, npH-

BeaeH CITeKTp 3neKTpOHOB BHyTpeHHeH KOHBepCHH, B03HHKB~WHX npH pac-

137 c 
naae s • 3aepreTH'iecKoe paapellleHHe ang K-nHHHH nepexoaa 661,6 

K3B cocTaBnReT 3,5 K3B, H L -H M-nHHHH 3Toro nepexoaa xopoll!o paaae-

ng~TCR, 

III -3 . CHcTeMa oxna)KaeHHR H perynHpOBKH TeMrrepaTypbi 

CHCTeMa oxna)KaeHHR THITa KpHOCTaT noKa3aHa Ha pHc. 9. B Ka'ieCTBe 

-6 
oxnaaHTeng HCITOnh3yeTCR )I(HaKHH 830T. llpH BaKyyMe "' 5.10 MM pT. CT. 

CpeaHRR CKOpOCTh OXna)Ka8HHR aeTeKTOpa "' 1,2 rpaayc/MHH H MHHHManh-

0 
HaR TeMnepaTypa - 160 C. r-o6pa3Hbii!: xnaaorrpoaoa npeacTaBnReT co6oi!: 
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MellHhiii CTepMeHb .nHaMeTpOM 2,2 CM, sepxaee nne'lo xoToporo pas.neneao 

HB 2 '18CTH'- .nnH ,ll9T9KTOpa H n,oneBOI"O TpaH3HCTOpa, 'ITO ll03BOnSI:eT npo

H3BOllHTb aesaBHCHMYJO perynHposxy HX TeMnepaTyphi. Xna.nonposo.n aaxo

llHTCSI B TOHKOCTeHHOii Tpy6Ke H3 HepMaBeJOmeii CTanH. 

TeMnepaTypa .neTeKTopa H nonesoro TpaHSHCTopa H3MepHeTCH TepMo

napoii M9llb-KOHCT8HT8H1 CHHM89M09 H8llpS!M9HH9 KOHTpOnHpyeTCSI ilpHOOpOM 

3nn-og. Henocpe.ncTBeHHo y .neTexTopa H nonesoro TpaHSHCTopa B 

xopoweM TennosoM KOHTaxTe c xna.nonpoBo.noM .nnH .nononHHTenbHOI"O no

.norpeBa HaXO,IlSITCSl H8I"peBaTenH { == 40 OM), npHHUHll paOOTbl CHCT9Mbl 

CT80HnH38UHH TeMnepaTypbl BHll9H H3 pHC, 9, 3Ta CHCTeMa ll03BOnHeT llOll-

0 0 
.nepMHB8Tb nJOOYIO TeMnepaTypy, OT + 10 C .llO -160 :C, C TO'IHOCTbiO ny'lille 

0 
'19M ±_2 C B Te'leHHe .llnHT9nbHOI"O nepHO.Il8 Bp9M9HHo 

111-4. BaxyyMHaH CHCTeMa 

-6 
B KaMepe npuoopa cos.naeTCSI B8KYYM 5,10 MM pT. CT. nnSI HOpManb-

aoii paooTbi s i ( Li ) ll9T9KTOpa TpeOOB8HHSl K 'IHCTOT9 B8KyyMa 'lp93Bbl-

'laiiao BhiCOKHe. CTaH.IlapTHhie asoTHbie noBywKH Macna x .nHcJxt!ysHOHHbiM 

H8COC8M- 0K83biB810TCSl H9fipHI"O.IlHbiMH 1 T8K K8K HX acJxl!eKTHBHOCTb == 80% 

H OHH He HCKni0'1810T MHI"p8UHIO Macna, EllHHCTBeHHO npHI"O.IlHbiMH ,llnH 

9TOii uenH OK83b!B810TCSI H8C0Cbl ,llnS! 093MacneHHOii OTK8'1KH THlla TypoOMO

nexynHpHbiX HnH M8I"HHTHbiX aneKTpopa3pSlllHbiX HaCOCOB C XOnO,IlHbiM 

/10/ 
K8TOllOM 

BaxyyMHaH CHCTeMa npH6opa noxasaaa aa puc. 12. ct>opBaxyyMHaH 

'18CTb COCTOHT H3 pOTaUHOHHOI"O Hacoca H 830THOii nOBYillKH cneUHanbHOA 

KOHCTpyKUHH, KOTOpaH 009Cfi9'1HB89T nonHoe ynaBnHB8HR9 napoB Macna H 

HCKn10'189T MHI"P8UHIO Macna no CT9HK8M, Tiocne nony'I9HHSI BaKyyMa 

{8-6) 10-
3 

MM pT, CT, OTK8'1K8 npo.nonM89TCSl M8I"HHTHbiM anexTpopa3pSlllHbiM 

H8COCOM H3M-300-1. 
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Bee BaxyyMHhie ynnoTH9HHH KaMephi 6esMacneHHbie. Ha pHc, 12 noxa

saH npHHUHfi 093MaCnHHOI"O ynnoTH9HHS! llBHMymHXCS! ,lleTaneft B npHoope, 

IV • 3axnJO'IeHHe 

TiocTpoeHHhiA H8MH Tpoxou.nanbHhiii f3 -cnexTpoMeTp c nonynpoBo.n-

HHKOBbiM Si ('Li ) .neTeKTOpOM oona.naeT BbiCOKHM 9HepreTH'I9CKHM pas-

peweHHeM H OOnbillOA acJxl!eKTHBHOCTbiO, nnH oonaCTH 9H9pi"Hii aneKTPOHOB 

OOnbille 150 K9B paspeill9HH9 npaKTH'I9CKH llOCTOSIHHO H COCTaBnHeT 3,5 K9B, 

B HHTepBane OT 50 .no 650 xaB a6conJOTH8H a!jJ«PeKTHBHOCTb saMeTHO He 

38BHCHT OT 9H9pi"HR anexTpOHOB H COCTaBnHeT 2% OT 4 17 

EonbWHM .nocToHHCTBOM npaoopa HBnHeTCH ero MHoroxaHanbHOCTb, 

Pas.neneHHe anexTpOHOB H noaeTpOHOB .nenaeT ero y.no6HbiM .nnH H3Mepe

HHH cneKTpOB aneKTpOHOB BHyTpeHaeft KOHBepCHH ll03HTPOHHbiX HSny'laTe

neA. 

3TOT npHOOp C ycneXOM MOMHO npHM9HHTb .nnH 9KCnepHM9HTOB, OCHo

B8HHbiX Ha HCnOnb30B8HHH pa3nH'IHbiX BpeM9HHbiX COOTHOW9HHA M9M.IlY 

ucnycxaaHeM anexTpoaa H .llPYI"HMH SlllepHbiMH coohiTHHMH. K TaKHM axcne

PHM9HTaM OTHOCSITCH, HanpHMep, H3Y'I9HHe aneKTpOHOB BHyTp9HHeii KOH-
+ 

BepCHH, B03HHK810UIHX B Sl.ll9PHOA p98KUHH, e - - }' C0Bll8.1l9HHH, COBna-

.ll91lHSl M9M.Ily a -pacna.noM H aneKTpOH8MR BHyTpeHHeA KOHBepCHH nocne

JlYIOmHX Slll9pHbiX nepeXOJlOB, 

3ToT npH6op nosBonHeT npoH3BOJlHTb o.nHoBpeMeHHoe H3MepeHHe 

cneKTpa anexTpOHOB BHyTpeHHeA KOHBepCHH H }' -ny'leii Slllpa, 'ITO O'leHb 

YJlOOHo npH onpeJleneHRH MynbTHnOnbHOCTeA anexTpoMai"HHTHhlX nepexoJlOB 

Slllep. 

AsTophl BhlpaMaJOT rny6oxy10 6naroJlapaocTb axa.neMRKY r.H.ct>nepoBy 

3a nOCTOHHHbiA HHTepec e co.neACTBBe, C.A. KapaMHHy sa ueHHhie coseTbi, 
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ABTOpbl C'IHTaiOT CBOHM 11pHSiTHhiM JlOn!'OM BbipaSHTb 6nal'O/lapHOCTb 

B.A. 4yrpeeBy H B.r. Eapa6aaoBy sa rroMOIUb rrpH KOHCTpyHpoBaHHH KaMephi, 

B.H. noKpOBCKOMY sa BbiCOKOKa'leCTBeHHOe Bbli10nHeHHe MeXaHH'IeCKHX pa6oT, 

A.r.nHnbKOBY H n.H.YnbSIHOBY sa 110MOIUb B HSI'OTOBneHHH JleTanea 11pH-

6opa, E.B.lllHTOBy, c. HnHeBy H B.M. nnoTKO sa 110MOIUb B c6opKe H Ha

naJlKe rrpH6opa, A.H. t:I>HnHrrcoay, B.A. AnhrrepTy H H.M. YTKHHy sa KOHcynb

TaUHH no aanaJlKe BaKyyMHoil: CHCTeMhi, B.t:P. KyliiHHPYKY sa HSI'OToaneaHe 

Si ( Li JleTeKTopa, K.H. CeMHHy, E.A. MHHHHY H A.D. fle6eJleBy sa pas-

pa60TKY H H3I'OTOBneHHe CHCTeMbl CTa6HnHSaUHH TOKa Mal'HHTa. 
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PH c. 2. 06lllHH BH.U llpH6opa, 1- llOnJOCHbie HBKOHe'IHHKHj 2 - KaMepa; 
3 - HOHOllpOBO.Uj 4 - !flonbra, OT.UemiJOIU85! BaKyyMHbiH 06'heM npH60pa 

OT BBKYYMHOI'O 06'beMa yCKOpHTen5! Y -200; 5 - UHnHH.Up <tJapa.UeHj 

6 - HBCOC H3M-300-1; 8 - 830TH85! noBylllK8j 9 - MOHHTOpHbiH llOBepX
HOCTHo-6apbepHbiH .UeTeKTOpj 10 - MHIIleHbj 11 - llOBepXHOCTHo-6apbep
HhiH .ueTeKTop; 12 - aamHra; 13 - nonynpoBO.UHHKOBhiH Si ( Li) .ueTeKTOP 

sneKTponoB; 14 - xna.uonpoBo.u; 15 - py6alllKa xna.uonpoBo.ua; 16 - cocy .u 

nb10apa; 17 - !flopBBKYYMHhiA HBCOC. 
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M8f'HHTHOI'O nonR H rpanHeHT M8f'HHTHOI'O nonH, 
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PHc. 4 _ PacqeTHhie 38BHCHMOCTH Po • d • e. TTT OT 3Hepf'HH sneKTpOHOB, 

8
0 

= 5600 rc, n = 5,75, fl = 19,7 CM, 
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100 200 300 tm 500 600 100 soo ~goo 1000 noo E ~v 

3KcrrepHMeHTanbH8B KpHBBB a6coniDTHOH s$$eKTHBHOCTH. 

0 

210 

1,0 

R 19,7cm. 

X K 8717 Cd109 
o K 569168i207 
+ K661,6Cs137 
• K 1063,48i207 

-8 -6 -4 -2 0 •2 •4 ·6 ·8 mm. 

p 11JlH8nhH8B 38BHCHMOCTb a$$eKTHBHOCTH JlnB pa3HbiX 3H8'1eHHil: 

3HeprHH aneKTpOHOB. 
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/4/ 
Pac'leTHaB sepTHKanbHaR aasHCHMOCTh a$$eKTHBHOCTH 

---·----
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.L S69,6Bi'207 
.KUi3681207 
.1. Ui36Bi207 
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PHc,8 • 3aBHCHMOCTb a$$eKTHBHOCTH OT TOKa B 06MOTK8X MarHHT8 0 
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PHc,9. 

~m~ nnos 6n 

CxeMa CHCTeMw oxna*AeHHR 11 cTa6HnH38UHH TeMneparypw 

AeTeKTOpa H noneBOrO TpaH311CTOpa H 6nOK-CXeMa aneKTpOHHKH: 

1 - noniDCHbie H8KOHeqHHKH; 2 - KaMepa; 3 - xnaaonpOBOA 

(3a - xnaAOITpOBOA AeTeKTOpa, 36 - xnaAOITpOBOA noneBoro 

TpaH311CTopa); 4- B8KYYMH8R py6arnKa xnaAOITpOBOAa; 5-

aereKrop c onpaBKOH (5a - nonynpoBOAHHKOBbiH Si ( Li ) AS-

TSKTOp, 56 - TeqmOH, 5B - M8AH8R onpaBK8); 6 - repMOnapa; 

7 - HarpeBaTenb; 8 - BaKyyMHblH pa3'beM; 9 - nepBblH K8CK8A 

3llY; 10 - BaKyyMHOe ynnoTHeHHe; 11 - AbiDap C *HAKHM 

aaoroM, Bll-6noK nHTaHHR aarpeBareneH, CA13 H BM96 -

4096-KaHallbHbiH aMnnHTYAHbiH aaanH38TOp "VI HTepTeXHHK". 

20 

-

• 

.. 500 600 700 100 900 100l 

• 
keV l \ ~ trtJJ 
7,00 I 5 

4 
6,00 D) 

3 

5,00 95 

' 2 

4,00[90 

3~[~ I 0 
.,., 0 ·20 -40 -60 -80 -100 -120 -140 -160 -180 -200"c 

P11c. 10. 1 - KanH6pOBKa repMonapbi; 2 - aaBHCHMOCTb paaperneHHSI 

noneBoro rpaH3HCTopa oT TeMneparypbi (2 N 3823 TEXAS INSTRU

MENTS ) I oTHocurenbHhie eJlHHHUhii; 3 - aaBHCHMOCTb paape

rneHHSI Si (Li ) JleTeKTopa or TeMneparyphi npu onTHManbHOM 

CMeiUeHHH; 4 - aaBHCHMOCTb paaperneHHst Si ( Li) JleTeKTopa 
0 

OT H8ITPSI*eHHSI o6paTHOrO CMeiUeHHSI, 

= -95°C. 
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Pac. 11 . CneKTp aneKTpOHOB BHyTpeHHeA KOHBepCHH 
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1. &akl..IUMHQ~ 

Pac. 12 . CxeMa saKyyMHOA cacTeMbi. 

k c:Dop6akyyMHOMy 
Hacocy 

Cnesa BHH3Y - npHHUHn 6esMacneHHDro ynnoTHeHHH 

JlBH*YillHXCB JleTaneA, cnpasa - npoqJHnb asoTHOii: nosywKH. 
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