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llpHMeHRR MeTOQ QpeA~ nHTHR B KpeMHHH, MO~HO HSrOTOBHTb QeTeK~ 

TOphi C 'IYBCTBHTenbHblM cnoeM B HeCKOnbKO MHnnHMeTpOB H TOHKHM BXOQ

Hb!M OK HOM 11 / •. TaKHe .OeTeKTOpbl QaiOT B03MO~HOCTb rrony'IHTb XOpowee 

paspeweHHe IIO 3HeprHH H QOCTaTO'IHO BblCOKYIO a4KJleKTHBHOCTb. perHCTpa-
/2/ 

UHH aneKTpOHOB BayTpeHHeA KOHBepCHH H peHTreHOBCKOrO HSny'leHHR 

TeopeTH'IeCKHA rrpeQen paspeweHHR, orrpeQenReMbiA cTaTHCTHKOA o6-

pasoaaHHR nap B KpeMHHH, paBeH 0,35 K3B QnR }'- HSny'leHHR C 3HeprH

eA 50 KSB H 1 KSB - QnR aneKTpOHOB c aaeprHeA 600 KSB. YpoaeHb co6cT

aeHHb!X lliYMOB ny'llliHX naMIIOBbiX npeQyCHnHTeneii: SHa'IHTenbHO 6onbllle 3THX 

BenH~HH H COCTaBnReT 1,5 - 2 K3B. 

HaMH Hcrr.onbsoaancg rrpeQycHnHTenb c oxna~QaeMbiM rroneBbiM Tpaa-

SHCTopoM aa axoQe. C oxna~QeHHeM rroneaoro TpaHSHCTopa ero wyMOBbie 

IIapaMeTpbl yny'llllaiOTCR ( TOK SaTBOpa yMeHblllaeTCR Ha HeCKOnbKO IIOp~

KOB, KPYTHSHa aospacTaeT a 2-3 pasa). PaspeweaHe, rrony'laeMoe c Ta

KHM rrpeQyCHnHTeneM, B HeCKOnbKO pas Bblllle, 'leM C ny'llliHMH naMIIOBbi

MH npeQyCHnHTenRMH /3-5/. 
nng CIIeKTpOMeTpHH aneKTpOHOB KOHBepCHH H peHTreHOBCKOrO HSny

'leHHR Mbi HcrronbsoaanH noaepxaocTHo-6apbepHbie Si (Li) - QeTeKTOpbi, y 

KOTOpbiX BXOQHbiM OKHOM cny~HT cnoA sonoTa ,..100 MKr/cM
2

• YMeHbWe-

HHe TOniiiHHbl BXOQHOrO OKHa He TOnbKO paCWHpgeT .Q6naC.T.!> _3!:1~P.I;lliL..,p~- ? 
rHCTp!fpyeMblX 'IBC!.HU, HO H :tpHBOQHT K yny'lllleHHIO 3HepreTH'IeCKOrO paS-

----~·--~~----.... --
pellleHHSI, IIOCKOnbKY yMeHblll810TCR cpn-yKTyaUHH, CBRSaHHbJe C IIOTepeA 3Hep-

rHH B BellleCTBe OKHa. 
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KpoMe xopornero paaperneHH51 H BbiCOKOH a¢¢eKTHBHOCTH perHCTpaUHH 

y nonyrrpOBOAHHKOBOI'O CTieKTpOMeTpa eCTb H elll~ p51A AOCTOHHCTB: "MHOI'O

K8H8JlbHOCTb', T.e. B03M0)!{HQCTb rronyqeHH51 HH<iJOpMaUHH 0 BCeH o6naCTH 

H3yqaeMb!X 8HeprHH cpaay B OAHOM OTibiTej MBJlbie ra6apHTbl H cpaBHHTeJib

H851 npOCTOT8 ycTpOHCTB8j XOpOlllHe apeMeHHble CBOHCTB8 H yao6CTBO pa-

60Tbl a cxeMaX coarraaeHHii. Enaroaap51 8TOMY crreKTpoMeTp c ~onyrrpoaoa

HHKOBbiM aeTeKTOpOM MO)!{eT cny)!{HTb B8)!{Hb!M AOTIOJIHeHHeM K MBI'HHTHbiM 

{:3 - cneKTpOMeTpaM H AH¢paKUHOHHb!M cneKTpOMeTpaM, OC06eHHO rrpH H3y-

'leHHH KOpOTKQ)!{HByll!HX H CJia6biX 8KTHBHOCTeH. 

H3roroBneHHe aereKropoB 

HaMH HCTI0Jlb30B8m!Cb OCHJBHb!e MeTOAbl, OrrHCaHHble B pa6oTaX /1 ,6/. 

TeXHOJ10I'H51 H3I'OTOBJieHH51 aeTeKTOpOB COCTOHT H3 cneayiOIIIHX onepaUHH: 

1 ) ITnacTHHbi KpeMHH51 p - THTia c yaenbHbiM conpOTHBJieHReM 200-

4000 oM·CM, TOJIIIIRHOH 1-3 MM runH¢yroTC51 nopornKoM AI 0 c paaMepoM 2 3 

3epHa 10 MK' 38TeM Tll!aTeJlbHO npOMbiB8lOTC51 CTIHpTOM H TpHXJIOp8THJleHOM. 

2) Ha oaHy R3 cTopoH HBHOCHTC51 JIHTReaa51 rracTa (cycneH3H51 nHTH51 

B MHHepaJibHOM Macne). 06pa3Ubl TIOMell!8IOTC51 B Tie'lb AJ151 AH¢¢y3HH. JlH¢-

4Jy3H51 rrpOBOARTC51 B 8TMOC¢epe aproHa npH TeMrrepaType 380-400°C B Te

qeHHe 10 MHHyT. (f1peaaapH:TeJlbHO o6pa3Ubl BbiA8p)!{HB8lOTC51 rrpH TeMnepa

Type 2000C,rroKa Bb!I'OpHT MHHepaJibHOe MBCJIO,a 38TeM BBOA51TC51 B rny6b ne'IH). 

3) f1ocne AH¢tPY3RH o6pa3Ubl rrpOMb!B810TC51 B CMeCR BO.Ubl H CTIRpTa 

'l.T06bl yAaJIHTb CB060AHblM JIHTHM C TIOBepXHOCTH KpHCTaJWa. 3aTeM BC51 nnac

THHa TpaBHTC51 1/2 MRHYTbl AJ151 yaaneHH51 CJieAOB JIHTH51, KOTOpb!H MOI' TIO

rraCTb Ha o6pa3eU TipH rrpOMb!BKe. Jln51 TpaaneHH51 HCTIOJlb3yeTC51 CMeCb KOH

UeHTpi!pOBaHHbiX H NO 
3 

H HF B oTHOllleHHH 3:1 ( TaK Ha3biBaeMbiM Tpa-

BH TeJib 3; 1 ) • 
4) UeJITpaJibHa51 qaCTb noKpbiTOM nHTHeM noaepxHoCTH 11 o6paTHa51 CTO-

poHa o6paaua 3811!Hll!810TC51 C ITOMOII!b!O CHJIHKOHOBOM pe3l!Hbl H o6pa3eU 

4 

TpaBHTC51 e TpaaHTene 3:1 a Te'leHHe 6-8 MHHyT. B peaynhTaTe o6paaeu 

rrpHHHMaeT BHA Me3a-cTpyKTypb! ( pHC.4). 

5) Ha o6paTHYIO noaepxHoCTb o6paaua BaKyyMHbiM HCrrapeHHeM H8HO

Cl!TC51 CJIOH 30JIOTa. EcnH o6paTHblH TOK nony'l:eHHOI'O AHOAB He npeabiWa

eT 10 MKB rrpH H8Tip51)1<eHHH 200-250 BOJlbT, 06paaeu CTSBHTCSI Ha apeA¢. 

ITpH 60JibllleM TOKe OI1epaUH51 TpaaneHH51 I10BTOp51eTC51. 

6)JlpeA¢ rrpOBOAHTC51 B o6b!'IHOH BTMOC<lJepe B rre'IH rrpH TeMrrepaType 

100-120°C H Harrp51)!{eHHH 400-500 BOJlbT. Jlpeii¢ ~a rny6HHY 3 MM AJIHTCSI 

OKOJIO 5-TH cyTPK 

7)f1ocne OKOH'I:8HH51 apeii¢a o6paTH8SI CTOpOHa o6paaua WJIH¢yeTCSI H 

oKparnHaaeTCSI a pacToaope CuSO 4 c He6onbruHM KOJIHqecTaoM HF • illnH-

¢oaKa npoaon)!{aeTCSI ao Tex rrop, rroKa nnowaab i- o6nacTH He cpaaHSieT- V 
C51 C I1JI011!8Ab10 Me3a-CTpyKTypbi. 

8)f1oeepXHOCTb C JIHTHeM 38ll!HWBeTCSI rrOJIHCTHpOJIOM H o6pa3eU Tpa-
~~-

BHTCSI 3-4 MHHYTbl B TpBBHTene 3:1. 3aTeM IlOJIHCTHpOJI YABJI51eTCSI H rrpo

BOAHTCSI AOilOJIHRTeJibHOe TpaaneHHe B Te'leHHe 1/2 MHHYTbl. 

9 )CHOBa H8I1b!JISieTC51 30JIOTO HB KOHTBKT C JIHTHeM H Ha BCIO rrpOTH

BOilOJIO)!{HYIO· CTOpoHy • 

10)CHHMaeTCSI BOJlbT-aMrrepHaSI xapaKTepHCTHKa rrony'l:eHHOI'O aeTeK

Topa. 06paTHb!H TOK y JIY'llllHX o6pa3UOB paaeH 2-3 MKa rrpH HarrpSI)!{eHHH 

300 BOJlbT. 

llpeaycH nH renb 

3ap51AOBO-'lYBCTBHTeJibHb!H npeayCHJIHTenb, KOTOpblH Mbl HCI10Jlb30Ba-

JIH (pHC.1 ), COCTOHT H3 KBCKOLIHOH napbl ( T
1 

H T
2 

) C AHHBMH'IeCKOH 

Harpy3KOH B KOJIJieKTOpe Tp8H3HCTOpa T
2 

R LIOilOJlHHTeJibHOI'O KBCKBAB 

ycHneHHSI c HH3KOOMHbiM BbiXOLIOM ( T , T , T , T , T ) • AHanorH'I:Hbie exe-s 8 7 8 9 

Mbl TIPeAVCRJlHTeJieH HCTIOJlb30BBJlHCb B pa6oTaX /l, 7 /. 

f1oneBble TpaH3HCTOpbl OT6HpBJIHCb HBMH Ha MHHHMYM IlOCJleAOBBT8Jlb

HOI'O rnyMa, TaK KBK y 60JiblllHHCTBa H3 HHX 8KBHBaneHTHOe COrrpOTHBJieHHe 

5 

".;:2'r_ 



L__ 

~ rrocneAOBaTenbH_biX UIYMCm_ 3Ha'IHTenbHO IIpBBbiUiaeT BenH'!HHY 

R 
0,7 

s 
[1+-1-( 

3 

C 3aTBOp-HCTOK 

C BXOAa 

2 

l. 

KoTopaR TeopeTH'IeCKH orrpeaenReT BKnaa rrocneaoBaTenbHoro TerrnoBoro 

WyMa KaHana /
8

/. JlorronHHTenbHb!H wyM, BepORTHee BCero, BCTb liiYM TH

rra " 1/f " IIPOBOARliiBI'O KaHana /4/, 

B HaweM rrpeaycHnHTene HCIIOnb3oBancg rroneBoii TpaH3HCTop co cne-

AYIOWHM!t rrapaMeTpaMit IIP!t KOMHaTHOH TeMrrepaType: 

KPYT!t3Ha s 
TOK yTB'!Kit 3aTBOpa 

BXOAH8R BMKOCTb 

IIT 

3 

5,5 Ma/B, 

10-12a, 

C = 5 rr¢. 
BX 

Y IIBPBOH, 3aPRAOBO-'IVBCTBHTenbHOii CeKUHit IIPBAVCHnHTenR K08$$HUHBHT 

yc~tneHitR 6e3 .o6paTHoii CBR31t K = 1500, ecn1t TeMrrepaTypa rroneBoro TpaH-

31tCTopa 6nH3K8 K KOMH8THOii. E MKOCTb o6paTHOH CBR31t paBHa 0,3 rr¢. Oo

neBOH TpaH3HCTop ( T 1 ) H BCe aeTanlt, rrpHcoeanHReMbie K ero 3aTBopy 

H K rrpOBOAy, COeAHHRIOllleMy ABTeKTOp C rrepeXOAHOH eMKOCTb!O C
5

, IIOMe

lllaiOTCR B KaMepy anR oxna)I{AeHit.R AeTeKTopa. Koprryc TpaH31tCTopa aaxo

AitT'CR B TerrnOBOM KOHTaKTe C MeAHOH llli8CTHHOH, K KOTOpOii KpeiiHTCR Ae

TeKTOp. JleTeKTOp It IIOl!eBOH TpaH31tCTOp 0Xl!8)1{t:(8IOTCR AO TeMrrepaTypb! 

140°K. 

Op!t KOMHaTHOH TBMrrepaType pa3peweHite npeAyCHliHTel!R COCTaBnReT 

A E ( Si) = 1,0 (KaB) + 0,08 ( K:; ) C, 

a rrp!t TeMrrepaType 140° K 

A E (Si) K8B 
0,7 (K8B) + 0,06 (---rr;p) C. 

6 

Pa3peweHite orrpeaenRl!OCb IIpH OAHOKpaTHOM <lJopMHpOBaHitH HMIIYllbCa B OC-

HOBHOM ycHnltTene, IIp!t'IBM T = r ,l, = 2MKCBK, 
HHT Alt't' 

JlnR IIOliY'IBHHR Bb!COKOI'O pa3peweHHR 8neKTplt'IBCKite rrapaMeTpb! AB-

TeKTOpa ( TOK yTe'IKit It eMKOCTb) He AOli)I{Hbl BHOCitTb 3Ha'IHTel!bHOI'O YXYA

weHitR B pa3peweHite npeAyCitllltTenR. EMKOCTb AeTBKTOpa A0ll)KH8 6biTb Mlt

HitM8libHOH, E MKOCTb lt3I'OTOBl!eHHbiX HaMit ABTBKTOpOB C rrnomaAb!O 1 CM2 

It C TOnliiitHOH 'lyB~TBitTellbHOI'O Cl!OR 3 MM COCT8Bl!Rli8 OT 3 .do 5 rrc:jl. )Ke

na'J'el!bHO, 'IT06hi o6paTHhiii TOK aeTeKTopa He npeBhiiiian to- 10
a. Toraa 

BKnaa B IIIYMhi, onpeaenReMhiii Bbipa)l{eHiteM A E = 0,92/ i 
06

p ( Ha) r (MeeK), 

paBeH 0,4 K8B, 

Pe3ynbT8Tbi H3MepeHHH 

241 
Ha pHc.2 npHBeneH crreKTP L - ceplt!t peHTreHOBCKoro H3ny'leHHR Am, 

IIOliy'IeHHblii C AeTeKTOpOM IIl!Olll8Ab!O 0,8 CM2 It TOllliiHHOii 'lyBCTBHTellbHOI'O 

cnoR 2,6 MM. HanpmKeHHe CMellleHitR 800B. Pa3peweHite La nltHitlt ( 13,9&aB) 
I 

COCT8Bli5leT 0,92 K3B, 'ITO MOlKHO 06'b51CHitTb IliYMOBbiMit CBOHCTBaMll npe-

AYCitnHTeng H aneKTpH'IeCKitMH rrapaMeTpaMH AeTeKTOpa, ecnH y'leCTb, 'ITO 

3T8 lillHitR COCTOHT lt3 La H L a nHHitll 1 ltMeiOlllltX CpaBHHMble HH-
1 2 ' 

TeHcnBHOCTit 1t oTmi'IBIOW!tXCR no aneprHH na 0,18 K8B. YIII!t'peHHe L f3 
1 

nltHitH ( 17,76 K3B) CB5138HO C IIpltCyTCTBiteM L {3-. ( 16,95 K8B). 3aB!tCH

MOCTb pa3pellleHll51 OT H811p51)1{€Hit51 CMellleHitR ang 3TOI'O AeTeKTOp;3 IIOK838-

Ha Ha DltC.5. 

CneKTP 

Cit It 
l09Cd 

K - cep!tH peHTI'BHOBCKOI'O lt3liy'leHit51 It 9liBKTpOHOB KOHBep

nonv'IeHHWii C TeM lKe neTeKTODOM.IIOK838H H8 PltC.3, 

Ha p!tc.4 npltBeaen cneKTp gneKTpOHOB KOHBepC!tlt 
137 

Cs • CrreKTP 

IIOlly'IeH C ilBTeKTOpOM lll!OIII8Ab!O 1 CM2 It TOlllllltHOH 'lyBCTBitTellbHOI'O Cl!OR 

1,6 MM IIP!t Harrpg)l{eHitH CMellleHitR 600B. 06paTHbiii TOK AeTeKTOpa rrpH 

T = 140°K It narrpg)l{eHHH CMellleHHR 300B 6bin paBeH 2.1o-
10

a. B aTOM 

cny'Iae ltCIIOnb30Bancg rrpeAyCHnltTeJib, KOTOpbiii C OXn8)1{t:(eHHeM HMeli pa3-

pellleHHe 

7 
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t!E(Si) = 1 (xaa) + 0,06 ( K~: ) C. 

Pa3peweHHe K - aneKTpOHOB KoHaepCHH - 2,6 xaa; pa3peweHHe, H3MepeH

Hoe no nHHHH reHepaTopa npH no.uxnlO'IeHHOM .QeTeKTope, paaHo 1, 7 Kaa. 

IlpH TeX :lKe ycnoBHSIX H3MepeHHSI, 'ITO H llnSI peHTI'9HOBCKOI'O H3ny'leHHS1 C 

.oeTeKTOpOM 8 "" 2,6 MM, pa3perueHHe K - aneKTPOHOB BHyTpeHHe:ll: KOH-
131 

SApr.nn OT RCTO'IHHKa Cs COCTaBnsreT 4.8 Kas. nnsr nonv'leHHSI cneKTPOB 

aneKTpOHOB KOHBepCHH C ll9T9KTOpOM TOnlliHHO:il: 1,6 H 2,6 MM HCIIOnb30Ban-

C~ ODHH H TOT :lKe HCTO'IHHK. 

Pe3ynbTaTb,I .unsr .osyx .oeTeKTopoa cae.oeHbi a cne.llylOIUYlO Ta6nHuy: 

J1CTO'IHHK 
PaapeweHHe (Kaa) 

B - 1,6 MM B - 2,6 MM 

109Ccf 

E {3 • 62.2 Kaa 
2,7 

UTes 2,6 4,8 
E8 - 624 Kas 

109Cd 
1,0 

E y"' 22,1 Kaa 

241 Am 
1,6 0,92 

E y = 14 Kaa 

Ilony'leHHble pe3ynbT8Tbl IIOK83b!B810T 3Ha'IHTenbHOe yxy.umeHHe pa3-

KOHBepCHH. 3TO MO:lKeT Ob!Tb CBSI38HO 

paCC9SIHH9M OT IIO.llnO:lKKH HCTO'IHH~a, C BXOllHb!M 

perueHHSI .onsr aneKTpOHOB BHyTpeHHe:ll: 

C TOnlliHHO:il: HCTO'IHHKa1 

131 
OKHOM aeTeKTooa. O.oHaKo coasHeHHe pe3ynbTaTOB .unsr Cs , nony'leH-

HhlX .onsr .UeTeKTOpOB C TOniUHHO:il: 'lyBCTBHTanbHOI'O CnOSI 1 ,6 MM H 2,6 MM, 

8 

C OllHHM H TeM :lKe HCTO'IHHKOM yKa3bJBaeT Ha 3Ha'IHTenbHOe yxyllllieHHe 

pa3peweHHSI H3-3a npoueccos, ca"SS:JaHHhlX c <jlnyxTyauHHMH co6HpaeMoro 3a-

pHAa B aeTeKTOpe, 
HaMH 6hinH HCIIhJTaHhi 6 aeTeKTopoa. Bee oHH HMenH pa3perueHHe JlnSI 

peHTI'eHOBCKOI'O H3ny'IeHHSI He Xy:lKe 2 K3B, a )lnSI aneKTpOHOB KOHBepCHH 

109
Cd He xy:lKe 3 K9B. Heo6XOJlHM0 OTMeTHTb, 'ITO JlnH HeKOTOpblX JleTeKTO

poB Ha6moaanocb He3Ha'IHTenbHOe yxyarueHHe pa3perueHHSI nocne 3-4 Mecsr-

uea xpaHeHHH. 

B 3aKmo'IeHHe asTOPhi Bhipa:lKalOT rny6oKylO 6naroaapHOCTb npo<jlecco

PY [ .H .<t>nepOBY 38 OKa3aHHYlO IIOJlJlep:lKKY H IIOCTOSIHHhlH HHTepec K pa6oTe, 

a TaK:lKe B.11.Ky3Heuoay, E.B.<t>e<jlHnOBY H x.~HI'KnaycceHy 38 o6cy:lKJleHHe 

pe3ynbTaTOB H pSIJl none3Hb1X 3aMe'IaHHi1. 
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PHc.2. CneKTP peaTreHOBCKoro H3ny'leHHSI 
241 

Am • Si(Li) - aeTeKTOp, 

S. = 80 MM2, 8 = 2,6 MM, U CM = 800 BOnbT, T = }40° K, 
r = r = r = 2 MKCeK. 

liH~ I HHT 2 HHT 
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