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BBE,llEHHE 

B JIRP 011RH p33pa6oTaHbi npoeKTbi ABYX KPYIIHbiX MHoro,ll;eTeKTop
HhiX ycT8HOBOK- ct>0B0C 111 H II3rAC 121 , npe,rr.HaaHal.Je:HHhiX .ZJ;JUI perHCT
pawm p33RH'!Hb!X npOAYKTOB R,ll;epHhlX peaKnHH B 4n -reoMeTpHH B illH· 
poKoM 3HepreTmecKoM AHan33oHe (oT HecKonDKHX M3B/HYKnOH AO 
120 M3B/HyKnoH). ,[\nR perHCTpauHH nerKHX 3apRlKeHHbiX 'lacTifi1 (p, d, t, 
3 He, 4 He, 6 Li, 7 Li, ... ) aeihpoaos H ')'-Ksmrros s 3THX ycTaHOBKax npe,nno
naraercH HCITOJTh30Ba.HHe KOM6HHHpOB8HHhiX CI.J;HHTHJIJIHIJ,HOHlihlx ..1 E-E-TeJie

CKOITOB (TaK H3.3biBaeMLIX "¢Joc¢mq"-,nereKTOp<J:B), CllOC06HbiX yCTQi{qHBO 

pa6oTaTh npH 3arpy3Kax AO 105 c· 1 
" AaiOIIlHX 6onnwy10 nnoma,ll;b o63opa. 

B pa6oTe noApo6Ho onHCaHbl npHHQHn pa60Tbi KOM6HHHpOBaHHoro 
"<t>oc<f)Hq"-.u;ereKTopa H ao3MO)KHLie cxeMDI c6opa mu:J:){)pMa.QHH, npHBe,nem:.I 
3KCITepHMeHT.aJILHhle pe3yJILTaTbi 00 a-'}'-cenapar:J;HH C ITOMOI.IJ;biO TexHHKH 

"<Poc<f>ror"-,u;erEncropa, .l:(aHbi KpaTIGie CBe,ZJ;eHWI 0 CBOifCTBax HeKOTOpLIX Ba

pH3HTOB CI.J;HHTHJIJIR:UHOHHhiX TeJiecKOITOB. 

ITPHHI.(I111hl PABOTb! 

Eme B 1961 roAy 6nmo 3aMe'leHO, 'ITO A"" P"Aa HeopraamecKHX CQHH· 
THnnRTopoB Csi(Tl), Csi(Na), Nai(Tl), BaF2 <!>opMa HMnYnbCa CBe'leHHR 
BO BpeMeHH cymecTBeHHO 3aBHCHT OT BH,D;a HOHH3HpYIOIIlerO H3JIYlleHHH 13 1 • 

3aTeM aHaJIOrHtiHoe CBOiiCTBO 6LmO BbUIBJieHO H y opraHH'IecKHX CUHHTHJI

RRTOpOB H3 CTIDih6eHa, nnacTHKa NE102A HAP· 0AHaKo 3TO csoiicrso Aon
roe BpeMH OCTB.BaJIOCb Tpy,uHopeanH3yeMbiM H He Hax.O,UHJIO llpHMeHeHWI. 

C pa3BHTHeM .f.t,l{epHOH 3JieKTpOHHKH llO.RBHJiacb B03MO)KHOCTb JJ;HCKpHMH

Ha.QHH CHI'HaJIOB no cl>opMe HMrtyJThCa, qTo IT03BOJIHJIO llO.rrytiHTb ,UOCTaTOtffiO 

3<jl<jleKTHBHYIO n-1- H r·p-a-cenapaQHIO O,li;HHM CQHHTIDIRRTOpOM14 1
• 

0Kasanocn, qro BcHKHH JIIOMHHecn;eHTHbiH npou;ecc so speMeHH oiiH

CbiBaeTcR tPYHKQHeH CBe'leHHR L(t), COCTORIIleH KaK MHHHMYM H3 ABYX 
KOMITOHeHT, 6biCTpOH H Me.ztJieHHOH: 

CooTHOllleHHe R = L 6 /LM, cyw;ecTaeHHo 3aBHCRw;ee OT copTa qacnru;, 

OTpa)lffieT HMeHHO TO CBOHCTBO, KOTOpoe ll03BOJI11eT llOJiytiHTb HH<fx>pMan;mo 
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o copTe H3nyqenHf1 rrpH rroMoi.I.Uf o,IJ.Horo cr.umTHJIJIHTopa, rrplflleM aau6onee 
tcy'BCTBHI'eJILHOi% K COpTY qaCTHU HJIH ')'-KBaHTaM MO)f(eT 6biTb Ka.K 6biCTpaR 
COCTaBnHIOlllaJI L 6 (Cs(Tl), BaF2 ".r~p.) npH LM"' Const, TaK H Me,I:IneHHaJI 
LM ( <"THnh6eH ) npH L6 "' Const., O.z:~HaKo <jJopMa HMnyn•ca cae•<eHHH y>Ke 
IIpH Z > 2 CTaHOBHTCH rrpaKTmecKH IIOCTOHHHOfl, TaK IGlK BeJIHtiHHa R .IJ.O
CTHraeT CBOei'O HaCbll.l.l;eHHR, H II03TOMY Y.IJ.OBJleTBOpHTeJlbHO H.lleHTH$HI.lH
poBaTh traCTHI1;hi, 6onee TJDKeJJ&Ie, treM a-traCTHU:a, TaKHM cnoco6oM HeB03-
MO)KHO. 

PaclllHpeHHe n;Hanaaoaa perHcrpHpyeMbiX tracTuu CTano soaMO)f(HbiM c 
HCIIOflb30BaHHeM KOM6IDUipOBaHHblX CIUffiTHJIJIHU:HOHHbiX .IJ.eTeKTOpOB, TaK 
H3.3biBaeMblX ''QJ<>CQJH'Iei%'', COCTOHI.l.I;HX H3 .IJ.BYX HJIH 6onee CU:HHTI:InflRTOpOB, 
p3.3nH1:1aJOI.l.I;HXCH BpeMeHaMH BbiCBetrHBaHHH B 10 -;- 1000 p3.3, OIITHtJecKH 
CO~HHeHHbiX Me)f(.zzy C060i% H npOCMaTpHBaeMhlX OAHHM $OT03fleKTpOHHbiM 
YMHO)f(HTeJJeM. llpHHUHII pa60Tbl TaKOrO KOM6HHHpOBaHHOrO ,n;ereKTopa 
aaanorHtreH .npHHU:HIIY pa6oTbi KJiaccHqecKoro rronynpoBO,lJ.HHKOBoro .6E-E
TeJiecKona. 11HQJopMau:HR o copTe qacrHn; nonyqaercH no HOHH3ai.lHOHHDIM no
TepHM (dE/dx) B TOHKOM nponeTHOM CI1HHTHnJUH(HOHHOM cnoe, a OCTaToq. 
HaJI 3HeprHH qacTHll (E-ll.E) perHCTpHpyeTCH TOnCThiM CQHHTHnnHTOpOM 15 1

• 

OrnHtiHe cpoc<Pma 3aKJIIOqaercH s TOM, 11TO sMecTo nayx CHrHanos ".6E" 
H ''E-llE'', KaK y IIOnynpOBO,IJ.HHKOBOrO TeJJecKona,ecTb TOflbKO O.IJ.HH CyM
MapHbii% CHrHaJI C ¢GY, Hecyl.l.I;Hif HH<i>OpMaiUDO H 0 COpTe llaCTHU:, H 06 HX 
OCTaTOliHOi% 3HeprHH. llo3TOMy K BpeMeHHbiM CBOi%CTB3.M COCTaBHhiX KOMIIO
HeHT <jJoc<jJma KpOMe pa3HHllhl BpeMeH Bh!CBeqHBaHHH B 1 7 3 ITOpH,ll;Ka 
IIpe.D;'hHBJIHeTCH eme O,IJ.HO Tpe60BBHHe - npeHMYUlecTBeHHOi% KOMIIOHetfTOi% 
.IJ.On)f(Ha 6hiTb HJIH 6&ICTpaR, HJIH Me,ll;neHHaR, TO ec:Tb .D;JIH O.D;HOrO CD;HHTHJIJIH
TOpa (L6 /LM) >> 1, a ,LinK .z:~pyroro (L6JLM) << 1. T0r11a ,LinK COCTaBHhiX 
KOMIIOHeHT <J>oc<I>H11a o6ecneliHBaeTCH MHHHMaJlbHOe nepeKpbiTHe HMIIyn&
COB csffileHHR no speMeHH H ynpomaercn aa:anH3 cyMMapaoro cHraana c 
<1>3Y. HanpHMep, <J>oc<l>m, coCTOHlllHH H3 rmacTHKa NE102 TonlllHHOH 
0,2 MM (r6 = 2,4 HC) H Csl('TI) TOnlllHHOH 50 MM (r6 = 0,4 + 0,7 MKC, 
T M = 7 MKC), IT03BOnHeT Y.LIOBneTBOpHTeiThHO H,ll;eHTH<jJHIIHPOBaTh npo,LiyK
Thl a.z:~epHOH peaKIIHH 4 0 Ar (30 M3B/HYKnOH) Ha yrneporo<o-.r~eil:TepHeaoi\ 
MHWeHH C 3apH,LIOM ,!:10 Z "' 19 1 

6/. 

Ha pHc. 1 npHBe,LieHhi .z:~aa aapHaHTa HCIThiTaHHhix HaMH <l>oc<l>lfq· 
lleTe><Topoa Csl('TI) ¢ 50x0,05 MM2 + rmacTHK ¢50x50 MM2 , Y 3 AI, 0 12 (Ce) 
¢50x0,005 MM2 + Y 3 AI5 0 1 2 (Sc) ¢50x2,5 MM2 H BapHaHT ,LieTeKTopa Ha OC· 
Hose KpHCTanna Csi('TI) ¢40x30 MM2

, pa60TaiOlllHH a pe>KHMe <!>oc<jJma . 
Ha pHCYHKe TalOKe UOK3.3a.Hhl speMeHHbie CHI'HaJlbi C 3HOJJ;a <b3Y, B03HHKaiO
I.I.Ufe rrpH o6nyqeHHH Cu:HHTHJIJIHTOpoa HCTOliHHKaMH a-llaCTHil H3 2 2 7 

Ac 
c Ea = 5,71; 6,62; 6, 82; 7,38 M3B H r-KBaHTOB OT Pu(Be)-HCTQqH:lfKa 
c E1 = 4,44 M3B. 

CxeMa c6opa HH<jJopManHH, IDo6pa>KeHHaJI Ha pHc. 1, 6hma o6meil: MH 
Tpex cnyqaea -a, 6, a - H pa6oTana cne,L~YIOIIIHM o6pa3oM. 
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Puc. 1. CxeMa c6opa 

unifiopMal{UU c noMo

Lqb/0 TexHUKU ifjOCifjUIJ-

0ereKTOpa u epeM.eH

Hbte CUZHaJlbl C QH00a 

f/X)Y OT UCTOIJHUK06 

a-r·u31ZYileHWl 2 2 7 Ac, 

Ru( Be) O!IR rpex ru

noe OereKropoe. 

CJ.t:rHaJihl c aH0-

,1:\a <I>3Y rrocne ycH-

a) Cs!(TLJ ~ 

fb4Qx30HM~ 

61 Csl(TL) 

+ 
¢5Qx50MM 

0) Y,Al,00(Cel~ 
~sox.oos HM 
+ Y5Als 012tSc 

r/J 5Qx2,5 HM 

, nyck" r====~'-;=:?;i 
Bx-l ~:::::::=h=----
Bx-1 

A 

~~~~4y0~~6~0~7~~;30~0~~~9~0~0~Tt,~H~C 
~ ~ 

JieHIDI H a.Hanoroao- 0,3 

ro pa3aeraneaiDI. Ha 

TpH COCTaBJIHIOI.I..J;He 

KOMllOHeHTbi (6nOK 

BY) IIOCTyrranH Ha 

.n.aa axo.II.a 3apH.II.o

BO-I1H<!>posoro rrpe

o6pa3 oaaTe_nfl 

(3llll) H rrpOH3BO

.II.HJIH 3anycK. CHr

aanhi, 3a,uep)I(ID!Hhie 

nm-Iefllio:H: 3a,uepJK

Koi1 (JI3) Ha 200 HC, 

3 

1,5 

U0.B 

"
csrtTIJ 

61 

OJ 

rrocTynanH aa BXO.II.-1, a aroa.n;epJKa.HHhie CHI'HaJibi - aa axo.n.-11. 3l(ll THIIa 

KA006 OTKphmancH Ha speMH, pasHoe 70 He, c<J>opMHpOBaHHoe nHHei1Hhi

M>I BOpOTaM>I (JIB), 3arrYCK KOTOphiX OCYII1eCTBnHilCH CTaPTOBbiM>I C>IT

HanaM>I oT <!>opM>IpoaaTenH co cneAHII1>IM rroporoM ( <!JCO) _ 

HH<J>opMaQlliO o6 3Hepr>IH a-qaCTHI1 " 1-KBaHTOB MOJKHO TaiOKe rrony

tiHTh, mnerpHpyH CID'HaJihi c npe.n;nocne,IJ;Hero .II.HHo,n.a <P8Y cneKTpocKorm

"ecK>IM YCHn>ITMeM (CY) 3a apeMH <J>opMHpOBK>I T = 1,5 MKC >I rrpeo6pa-

3YH >IX B I1H<!>poaoi1 KOA asanorOBOI1>I<!>poBhiM rrpeo6paaoaaTeneM ( AUO) 

THrra llA24K. AHanonNHblM o6p330M MOJKHO IIOJIYtiHTb H COpT tiaCTJ.ru;, HH

TerpHpyR a.HO.II.Hbie cHrHanhi c noMOJ.llbiO CY 3a apeMR r = 0,25 MKC. Katie

CTBO CeiiapauHH IIpH :noM He xyJKe, tieM IIpH HCIIOJ1b30B3HHH 3l(f1, a 3JieKT

pOHHKa 3HatiHTen&ao nporu;e. O.II.HaKo YKa3a.HHhie npeHMYI.I..J;ecTaa OIUYTHMhi 

JUIWb ,D;flfl O,IJ;HOfO ,D;eTeKTopa, ,IJ;JUI MHOrO,IJ;eTeKTOpHblX CHCTeM lleJieco06-

p33Hee HCrronb30BaTb 3Ull THrra KAOlO, II03Bomnoll1He o6cny>K>ITb 5 MOAY

neH O)l;HOBpeMeHHO. 

CxeMa c6opa >IH<!>OpMaQHH, o6II1Wl AITH <J>oc<!>"" --AeTeKTopa H oAHoro 

OT,D.eJlhHOrO CI.J;HHTHJIJIHTOpa llpH perHCTpai.J;I.IH a-tlaCTHI.J; H 'Y-KBaHTOB 0T 
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;::J;3HHbiX HCTOliHHKOB H3JiytleHHH (pHC. 1), He BCer.z:r;a npHeMJieMa ,r:viR Q:>oc
Q:>ma· - a cnyqae pa3.z:r;enmHR BhtcoKo3aeprerH11ecKHX 3ap.R::>KeHHhiX qacnn.J; 
CXeMa 3HalJHTe.JlhHO YCJIO)J(HReTCR ITO .UBYM OCHOBHhiM npmHHaM. 

1. .[{.mJ: pa3.ll;e.JieHID! 6hiCTpofi H Me,UJieHHOH COCTaBJIRIOillHX B CyMMap
HOM CHI'HaJie H006XO.ll;HM CITeQHaJibHhiH 6JIOK 3JieKTpOHHKH ~ 6biCTphn1 
(TOKOBbiH) KJIIOlJ IUIH JIHHefu:J:blH yCHJIHTe.Jlb C 6oJihi.IIHM ,UHHaMHlJeCKHM 

,UHaiTa30HOM yCWieHHR, ITOCKOJihKY aMIDIHTY;::J;a 6biCTpOi1: COCTaBJUIIOille.H: 
cyMMapaoro CHI'HaJia npeBOCXO,UHT aMIDIH1J7.UY Me;::J;JieHHoH COCTaBJIRIOilleH 
B 100 .,_ 1000 pas npH perHcTpai1HH qacTHI1 c 3HeprHeil go 100 M3B/HYKJIOH. 
Ha pHC. 16 p8.3HHIJ;a aMIDIHTY.U CHI'HaJIOB OT ,U3HHbiX HCTORHHKOB G·'}"·H3JIY· 
lJeHHR COCTaBJUieT $a.KTOp 10, H ll03TOMY MO)KHO o60ftrHCb YIIpOilleHHOif 
cxeMoif 3JieKTpOHHKH. 

2. Heo6XO,ll;HM yqeT BKJia.IJ;OB 6hiCTpOiJ H Me;::J;JieHHOiJ KOMITOHeHT Ka)K
,UQTO CIJ;HHTHJIJIHTOpa B OT.ll;eJibHOCTH B CYMMapHbliJ CHr'HaJI HJIH B JnJTerpHpye
Mhie speMeHHble HHTepsanhr. HaH6onee nonay10 HHQ:>opMau;mo o s3aHMHhrx 
BKJia,na.x 6hiCTpoif H Me,UJieHHOif KOMITOHeHT JIIOMHHeciJ;eHTHOTO npou;ecca 
MO)KHO ITOJiytiHTh, nepe.z:r;aBaR B llaMHTb 3BM BCIO Q:>opMy CyMMapaoro CHrHa
na c nocne.z:r;yJOw;eH "of line" copTHPOBKOH • .n;nR 3Toro aeo6xo.u;HM cneu;n-
3..JThHbn1: 3IJ:fl, Oll;H4Jp0BhiBaJOillHfi 3HaJIOrOBhiif CHrHaJI C TaKTOBOiJ qacTOTOif 
33Jlai0Illero reaepaTopa. YMeHhllleHHe BKJia,nos .UJUI cxeMbi aa pHc. 1 .n;oCTH· 
)KHMO npH yserrHlleHHH 3a,nep)KKH aaanoroaoro CHI'HaJia, O,lJ,HaKo JIHHHR 3a
.n;ep)KKH 6onee qeM Ha 200 HC .u;aer 3aMeraoe HCKa)KeHHe aHOAHOro CHraana, 
liTO HaKJia,uhmaer caoe orpaHHIIeHHe. 

3KCOEPHMEHTAJibHb!E PE3YJibT ATbl 

Ha pnc. 2, 3 npHBe.D:eHhi .usyMepHhre MaTpHIJ;bl, nonylJeHHhre o,nHHa
KOBhi~ CITOC060M ,l])l.fl BapH3HTOB Ha PHC. la H pHC. 16 IlpH a--y-o6.rryqeHHH OT 
HCTOlJHHKOB 2 2 7 Ac, Pu(Be ). B nepsoM c.rryqae HHQ:>opMau;HR o THne H3Jiyqe
HHH nonyqeaa no pa3HHu;e BpeMeH aapacTmnm CHI'HaJIOB OT a-11acnru; H 'Y· 
KBaHTOB, CBOHCTBeHHoil Cl1HHTHJIJIIITOpy CsJ(TJ). liJITerpHpOBaHHe 3a 70 HC 
3Mep)K8HHbiX 3HO,lJ,HhiX CHI'HaJIOB C ~y Ha 200 HC COOTBeTCTBYeT OCH Op.ll;H
HaT, a OCH a6cu;HCC - HHTerpHpOBaHHe He3a;:J;ep)KaHHhiX CHI'HaJioB, onpe,neJIH
IOIIJ;ee 3HeprHH a-qacTHI.J; H 'Y·KBaHToa. B KoM6HHHpOBaHHOM .z:r;ereKTope 
Csl(TI) + nrracTHK, Hao6opoT, 3a.n;ep>KaHHhie CHrHMhi HecYT HH<I>opMaQmo 
o6 3HeprHH a-'}"-H3JIY1JeHHR, norJIOI.lleHHoro nnaCTHKOM, H, cne.n:osaTenLHo, 
HM COOTBei'CTBYeT OCb a6cu;HCC. Heaa,nep)KaHHhiM CHI'HaJia.M C cl>3Y, aMITJIH
Ty,n;a KOTOpbiX. Onpe,nenHerCH B OCHOBHOM CI.UfHTHJIJIHlUIHMH B TOHKOM 
CJIOe CsJ(TJ), COOTBeTCTBYeT OCh OpAHHaT HJIH COpT HOHH3HpyiOII1ero H3JIY-
1JeHHR. fu pHC. 3 BHllHO, 1£1'0 KpOMe .U:BYX 06JiacTeiJ, COOTBeTCTBYIOillHX 
COBITa,JJ;eHHRM HMnyJILCOB CBetleHHR OT '}"·KBaHTOB B nnacTHKe H TOHKOM 
CJioe Csi(Tl) - o6nacTL I, coanMeHHRM cHrnanos oT a-lJaCTHIJ; B nnacTHKe 
c CHrHarraMH OT a-qacTHI1 B Csl(TI) - o6rracTh II, npoRBJIJieTCJI e111e TpeThR 

4 



Puc. 2. JJ.eyMepH.(lfl Marpuqa co6blruii 

d/l.Jl udeHru¢uKal~uu a-ZJacruq u "(-KeaH

roe no cfiopMe uMny.1bCa ceeZJeH.Wl cquH.

TWlllllTOpa Csl(Tl). no ocu a6Cl{UCC -

uHrapupoeaHue He3adepxaHHblX aHodHblX 

cuzHa.rwe, cvoreercrey!Ow,ee JH.epzuu a-"(· 

U3JlYZJeHWl, no ocu opduHar - UH.Te?pupo

eal-we aHodHblX cuzHaJtOB, 3adepxaH.HblX 

Ha 200 H.C, onpede.tiRIOW,ee TUn U3JlYZJCH.Wl. 

30 

<20 
0 
:z: 
0 
-" 

UJ 
<J 

10 

0 

(E-Ml .. =SMaB 

l 
t>E ... =Z MaB ---

96 

80 

64 

32 

16 

0 

0 10 20 
(E-L\E), kaHOA 

16 

E.._=7.38M38 
0
t 

l o' 
E.fS.71 M3B 

I 

32 48 64 80 
A,(KQHQII} 

Er=4,4 MaB 

I 

30 40 

Puc. 3. l10eHru¢uKaqWl a-ZJacrul{ u "f-KBaHTOB KOM6unupoeaHH.blM cqUH.TWlJlfl

~uoHHb!M aereKropoM Csl(Tl) <{J50x0,050 MM
2 + MacruK ¢50x50 MM 2 no pa3-

Hul{e uoHu3aquoHilblX norepb Jnepzuu 8 npo!leTHOM clloe BeU{ecrea. flo ocu a6c

qucc - UH.TezpupoeaHUe 30iJepXaHH.blX CUZH.OJl08, Qa/OU{U:X UHf/iOpMOl{U/0 06 3Hep

ZUU 'Y·K8QHT08 U 06 OCTaTOZJH.Oi1 3Hepzuu a-ZJQCTUij. flo OCU opiJuHaT - UHTezpu

poeanue He3aDepxaHHblX cuzHOAoe, TO ecrb onpedrnrnue copra ZJacruq no uoHu-

3aquoHHblM norepRM 6 TOHKOM CllOe Cs/(17). 

96 
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o6nacTb cosrran;eHHH. B o6nacTH III TOHK'HH cnoH Csi(TI) .n;aeT CHI'HaJibi oT 
a-tJaCTHU 11 B "LlE"-rpaKTe, 11 B "E-LlE"-rpaKTe O.D;HOBpeMeHHO, KaK H B 
cnyqae OAHoro KpHcTanna Csl(Tl) (eM. pHC. la" pHc. 2). 

BapHa.HT ¢>oc¢>11tJa Ha ocHoae 3ITHTaKcl1aJibHhiX CTPYKTYP anroMo-
HTTpHeaoro rpa.HaTa Y 3 Als 0, 2 (p11C. la), npe.D;Ha3HalleHHbiJ:i B OCHOBHOM 
.D;JIH perHCTpaUHI-:1 6onee TJI:>KeJihiX llaCT11Q, OKa3aJIC11 MaJio3cf>¢>eKT11BHhiM 
.UJIJI p3.3.D;eneHIDI a--y-H3JiylleHIDI OT .Ua.HHbiX HCTOtiHHKOB H3-3a TOHKOrO CJIOH 
rpaHaTa (0,005 MM). 

TecTOBhte 3Kcnep11MeHThi no pa3.n;eJieHmo a-qacTHQ 11 'Y-KBaHTOB, B03HI1-
Ka!OI.I.J;HX B H.D;epHOJ:i peaKUHH, C HCITOJib30BaHHeM TexHHKI1 cf>occf>Hli-.UeTeKTO
pa npoBOAHITHCb B cpaaHeHHH c 3KcnepHMeHTaMH Ha Si-Si(Li) D.E-E-Tene
CKonoM. B peaKUHH 4 He (36 M3B) Ha TOHKOii MmlleHH 2 0 9 Bi (2,6 Mr/cM2 ) 
O.UH11M 113 aepOH1HhiX llpOUecCOB HBJIHEITCH 3MI1CC11H a-lfaCTI1Q H )'-KBaH
TOB 17 1

• Ylcl1hrTb!BanHcb <jloc<jluq-AeTeKTop Csi(Tl) ¢50x0,050 MM2 + nnaCTHK 
. ¢50x50 MM2 11 nonynpOBO_LUiHKOBbiH Te.JiecKon, COCTOHI.I.UiH 113 Si ¢18x 
x0,090 MM2 H Si(Li) ¢18x1,2 MM2 . .[(eTeKTOpbl HaxO):IHJIHCb fiOA YrJiaMH +45° 
11 -45° ITO OTHOUHllUi!O K HaiipaaneHH!O nylfKa a-llaCTHQ 11 HMeJII1 O.D;HHaKOBbie 
TeJiecHbie yrnhi, paaHhie 0,018 cp. 3Hepnm a-lfaCT11Q nocne pacceHHHH Ha 
MHllleHH H3Mep.Rnacb MOHHTopoM no.u yrnoM 25 o, n11K ynpyroro pacceRHH.FI 
Ha6nro.n;anc.R TaK:>Ke H recrHpyeMhiMH TeJiecKonaMI1. KpoMe roro, a 3Kcne
pHMeHre H3Mep.RnHCb 3HeprerHtlecK11e cneKTphi r-KBaHTOB BGO-.n;ereKTopoM 
B 3aBHC11MOCTH OT cpa6oTaBrnero TpaKTa- TeJiecKona, cf>oCcf>Wia HJIH MOHIITO
pa. llpHMeHeHHe cf>occf>Hli-.D;eTeKTOpa ,UJIH Bhi,UeJieHHR: BhiXO.D;HOrO KaHana 
peaKQHI1 (r, p, a, ... ) B OTJIHlJ11e OT Si(Li)-TeJiecKona IT03BOJIHJJO 6hl, HaiTpH
Mep, perHCTp11pOBaTb 1·1-COBITa.D;eHHH 11 CpaBHHBaTb HX C r-p- HJIH r·a-COBITa
.UeHHHMH. KaK 6biJio noKa33HO paaee 18 1

, 3£f>Q>eKTHBHoe Bhi.UeneHI1e 
BhiXO.UHoro KaHana peaKu;HH 11 cpaaHeaHe c .Ua.HHbiMH r-r-coana,nm11H 
("r-crapT") npH 113ylleHHI1 3MHCCHH :>KecTKOrO 1-H3JiylleHH.R HMeeT aecbMa 

_aaJKHoe 3HalleH11e. 

Ha pHc. 4, 5 rrpHae.n;eHbi .uayMepHhie MaTpH:Qbi, nonyt~eHHbie .UJIH Tene
CKorra H Q>ocQ>HtJa a O.UHOM 3KCrrepHMeHTe. HeHa6nro,uea11e npoToHOB a 
HCITOJib30B3HHOft peaKQHH CBH33HO CO 3HaliHTeJibHO MeHblllHM HX BbiXO,UOM 
no cpaBHeHH!O c a-t~acTHIJ;aMH H He.nocTaTOtJHO 6oJibiiU:t:M apeMeHeM 3KCIT03H
UI1H. ,llae HaH6onee IDiTeHCI1BHhie 06JiaCTH Ha pHC. 4 COOTBEITCTBYJOT lll:Ucy 
reHeparopa H mncy yrrpyroro pacceHHHH a-tracTHU Ha MHllleHI1. Ha pHc. 5 
o6nacTb, o603Hat~eHHa.R: aaea.n;otrKoH, o6paaoaaaa aaanorWIHO o6nacrH III 
Ha pHC. 3. llo OCH a6cUHCC Ha pHC. 5 3HepreTWieCKaJI llli<a.Jia .D;a.Ha 11 ,ll;JIH 
a-qaCTHU, H .UJIH 1-KBaHTOB. llonytreHHbie peaynbTaTbl ,ll;aiDT rrpe,D;CTaBJieHHe 
0 B03MQ:>KHOCTH H)J.eHTH$HI<au;11H HOHH3HpYJOI.I.J;HX H3flytJeHH:fi C llOMOIIlb!O 
reXHHKH Q>oCQ>Hq-,n;ereKTOpa. flpH KatJecTBe, CpaBHHMOM C KatJeCTBOM, o6ec
netJHBaeMbiM nonyrrpOBO,ll;HHKOBhiM LlE-E-TenecKOllOM, llOHBJl.ReTCH .UOllOn
HHTeJibHa.Jl B03MO:>KHOCTb perHCTpaQ11H 1-KBaHTQB. 
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7,5 r-

5 

4He{36 M3Bl + 
209

Bi, 8:::45 ° 
£-Si(Li) ~18K1,2.11..o"'z 
t1E -Si ~18~0,0901'\1'12 

' 

OL_ ____ _L ______ L_< ____ _J, _______ IL_ ____ _L ______ J,~ 

0 5 10 15 ZO Z5 E-OE. M>B 

Puc. 4. J!syMepHaJl Marpuqa co6btruU pezucrpaquu a-11aCTU14 c 3Hepzuei1 Ea<:.36 M3B 

0./lJl noflynpoeoOnuKoeozo Si-Si(Li)-ret~ecKono.. 

7,5 

t..He(36 M3B)+ 
209

Bi , 8 :::45 ° 
E- n"o.cmuk ¢50x50MM2 
Ll£ -Csi!Tll ¢50~0.0SO,o~.M2 

Puc. 5. ,lleyMep1ulJl .MarpuWJ co6bZTUi1 pezucrpa1,4uu a-wicruq u 'Y-KBaJiTOB c 3HepZURMU 

E a<;, 36 M38, £
1

;;. 0,5 M3B CijUHTWl.!VlijUOHHbiM ifiocifiu• •iJe:reKTopoM. 
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3AKJIIOqEHYIE 

Cne.n;yer OTMeTHTL, liTO ,IJ;JUI pacniHpeHIDI .r::U·iana3oHa perHCTpHpyeMLIX 
liRCTHI.J; H YJIYllllieJUf.R: KRllecTBa cenapai..J;HH nepcrreKTHBHblM R.:BJHieTCR: Q:>oc
cj)Hti-•,IJ;eTeKTOp Ha OCHoBe MOHOKpHCTaJlJIHtlecKHX CTpyKTyp HTTpHHaiTIOMH
HHeaoro rpaHaTa, COCTOHlllero H3 Ofi'beMHOrO CllHHTllJlJJRTOpa H Ha.HeceHHbiX 
HR ero ITOBepXHOCTh MeTO.IlOM )f(H.,I:I;KOcf>a3HOii 3ITHTRKCHH nneHOliHhiX CIJ;llH
THJIJIHTOpOB c pa3HhiMH apeMeHRMH BhiCBetrHBaHHR (eM. ra6n.). Tonl.IlMHhi 
06'Lel\fl!oi1 H IUieHOtrnbiX COCT8BJUIJOIUHX, TexHOJiormecKH B03MQ)I(}{bJe 
,!(JUI ITOJIYlleHHH Ha cerO,I:UIHWHHH ,IJ;eHb rrpH MRKCHMaJibHOM ,IJ;iiaMeTpe 65 MM, 
paBHbl COOTBeTCTBeHHO (0,5 7 5) MM H (1 7 100) MKM. 

Ta6nu1.4a. HeKoropbte xapaKrepucruKu cocraBHblX KOMnmu?ltr ifjocrftu•· 
OereKTopa Jia ocH.oee tl!liOMOurrpueeozo zpaHara 19 1 

N' AKTHBa- CaeroaLI- BpeMH caeqe- MaKcH- z3<jJ p, 
TOp XO,IJ; OTH. HHH,HC MYM cae- r/CM

3 

Nal(Tl) HCT. qeHHH, HM 

••sr+'"Y 

1. Sc 0,5 800+900 303 
2. Pr 0,2 29 315 29 4,55 
3. Ce 0,18 70 540 
4. Nd 0,15 3500 390 

CoCT8BHhiMH KOMIIOHeHTa.MH "Tpuccf>Htl" -nereKTopa Moryr 6hiTh p83-
JIH'!Hble KOM6HHa!IHH, aarrpaMep 1-2-3 HJIH 1-4-3. Eme 6oJibiUe KOM6HHauail 
)l)UI .D;BYXKOMIIOHeHTHOrO <f>OCQ;lWI- JJ;eTeKTopa, Ha pHC. lB IlpHBe)leHbl 
BpeMeHHhle CHrHaJlbl C a.HO)la Cl>3Y .D;JIH KOM6HHaQHH 1-3. llpH OIUHMH3aU:HH 
TOJII.I..UfH BCeX CJIOeB MO)KHO C03)lRTh yHHKaJihHbiif J10rapH¢>MiftlecKHif ,n;e
TeKTop, perHCTpHpyroiiJ;HH nerKHe H cpe.D;HHe aapH:>KeHHbie qacTHQbi no Z < 
< 25 B WHpOKOM 3HepreTHllecKofl .D;Haiia30He • 

.[J;pyrHM B03MO)KHbiM HanpaaJieHHeM B COBepllleHCTBOBaHHH TexHHKH 
cpocQ;lHtJ.-.UeTeKTopa RBJIReTCR 3RMeHa cl>OT03JieKTpOHHbiX YMHO:>KHTeneH Ha 
cl>OTO.UHO.D;bl, liTO II03BOIDieT rrpH.D;RTh .Il,eTeKTOpy KOMIIaKTHOCTh H IIOBbiCHTh 
Kaqecrao cenapau;HH

11 0 1
• 

AaTophi Bhlpa>KaroT 6rraroAapaocTh l0.3.lleHaoH>KKeBlf'IY a X.3oAaHY 
3R rron.nep:>KKY H IIOCTO.FIHHbiif HHTepec K pa6ore, r.r.qyfiapRHy 3a IIOJ1e3Hbie 
COBeTbl H 3aMeqa.HJUI. 
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