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PacnpeAeneHHe HJnyqeHHH, HcnycKaeMwx paAHOaKTBB
HWMH HyKnHAaMH no 3HeprHB,Ha3WBaiOT HCTHHHWM cneKT· 
poM. PacnpeAeneHHe cHrHanoa oT AeTeKTopa no aMnnHTy
AaM HaJwaaroT annapaTypHWM cneKTpoM. CBJ13b Me:>KAy 
annapaTypHWM H HCTHHHWM cneKTpaMB onHCbiBaeTCJI HHTer
panbHWM ypaaHeHHeM <l»peAronbMa nepaoro poAa: 

N( V) = J<l>( E) G( E, V) dE, /1/ 

rAe E - 3HeprHJI perHcTpHpyeMoro BlnyqeHHJI: <l>(E) - lilYHK
UHJI HCTHHHOrO pacnpeAeneHHJI B3nyqeHHJI; G(E, V)- aepoaT
HOCTb Toro, qyo HJnyqeHHe c 3Heprseu E npB nonaAaHBB 
B AeTeKTOp C03AaCT CBrHan V /annapaTypHaJI lilYHKI{BJI; 
lilYHKI{BJI OTKnBKa/. 3aAaqa B3MepeHBJI COCTOBT B nonyqeHHB 
N(V) c noMOII{biO cneKTpoMeTpa, a JaTeM, JHaJI G(E, V) , 
B HaXO>KAeHBH BCTBHHOrO cneKTpa. 

HAeanbHbiM cnyqaeM o6pa6oTKB peJynbTaToB 3Kcneps
MeHTa JIBnJieTcJI peweHBe ypaaHeHBJI I 1/ B Haxo>KAeHBe 
<l>(E). TaKOH nyTb, OAHaKo, noKa HenpBMeHBM no cneAyro
ll{BM npsqBHaM: no A.H. TsxoHoay /1/ nocTaaneHHaJI TaKBM 
o6pa30M 3aAaqa JIBnJieTcJI HeKoppeKTHou; ToqHoe 3Kcneps
MeHTanbHOe BJMepeHBe G(E, V) cBnbHO 3aTPYAHeHo. IIo
cKonbKY B JIAepHOH cneKTpOCKOnBB qall{e BCero BccneAyiOTCJI 
ABCKpeTHble cneKTpw, rAe N(V) c AOCTaToqHOH ToqHoCTbiO 
MO>KHO npeACTaBBTb B BB,n:e nBHeHHOH KOM6BHal{BB 0 -~~~yHK· 
UBH, a o6pa6oTKe 3KcnepBMeHTanbHWX AaHHwx npsMeHJIIOT 
MOAenbHbiH nOAXOA, T .e. CTpOBTCJI MaTeMaTBqecKa.ll MOAenb 
sccneAyeMoro cneKTpa B .n:anee onpeAenJIIOT TaKBe 3Haqe
HBJI napaMeTpOB MOAenB, npB KOTOpWX OHa HaB6onee TOqHo 
annpoKCBMBpyeT N(V) .Pa3yMeeTCJI, npeAcTaaneHBe N(V) a 
BBAe nBHeHHOH KOM6BHal{BH 8 ·lilyHKI{BH cnpaBeAnBBO TOrAa, 
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KOr,IJ;a paCCTOJIHHe Me)I(,IJ;y OT,IJ;eJILHWMH JIHHHJIMH ,IJ;OCTaTO'IHO 

aeJIHKO no cpaBHeHHIO C HX C06CTBeHHOB WBpHHOB. K CO)I{a

JieHHIO, B npaKTHKe c)H31f'leCKOI'O 3KCnepHMeHTa 'laCTO Hapy

waeTCJI HMeHHO 3TO npe,IJ;DOJIO)KeHHe. 

KaqecTBO cneKTpoMeTpa .IJ;JIJI H3MepeHHJI H3Jiy'leHRii 

pa,~~;RoaKTHBHWX HYKJIR.IJ;OB xapaKTepR3YJOT: 

a/ 3HepreTH'IecKoe pa3peweHRe AE -wRpRHa pacnpe

,~~;eneHHJI aMnJIHTY,IJ; HMnyJILCOB, H3MepeHHaJI Ha ero nony

BWCOTe H COOTBeTCTBY«MnaJI nOJIHOMY norno~eHHIO B 'lyB

CTBHTeJILHOH 06JiaCTH UUJ~ ,IJ;aHHOI'O MOH03HepreTR'IeCKOI'O 

H3ny'leHHJI /'laLQe AE awpa)KaJOT B 3HepreTR'IeCKHX e,~~;R
HHU.ax, RHor,~~;a npHBO.IJ;JIT 3Ha'leHRe AE/E% /; 

6/ a6COJliOTHaJI 3c)c)eKTHBHOCTL & - OTHOWeHHJI. 'IHCJla 

HMnyJILCOB, 3aperHCTpHpOBaHHWX B nRKe nOJIHOrO norno

~eHHJI, K nOJIHOMY 'IHCJIY RcnycKaeMOro HCTO'IHHKOM MOHO· 

3HepreTH'IeCKOrO H3Jly'leHHJI 3a e,IJ;HHHU.Y BpeMeHH ; 

B/ H36RpaTeJILHOCTL cneKTpOMeTpa - OTHOWeHRe Bepo

JITHOCTeii perHCTpaU.HH HCCJie,IJ;yeMoro H conpOBO)I(,IJ;aJO~ero 

H3Jiy'leHHJI. 

CpaaueuRe WBPRH cneKTpanLHWX JIRHHii Ha Hx nonyaw

COTe H a6COJIIOTHWX 3c)c}leKTHBHOCTeii ,IJ;JIJI CaMhi X pacnpo

CTpaHeHHWX THnOB cneKTpoMeTpOB npRBe,IJ;eHW Ha pUC. 1 
H 2. K co>KaneHRJO, H3- 3a o,~~;HoKaRaJILHOCTH RJIH npHMeHe

HHJI HH3K03c)c)eKTHBHOH c)oT03MYJILCHOHHOH MeTO,IJ;HKH peaJIH

CTH'IHOe cpaBHeHHe a6COJIIOTHWX 3c)c)eKTHBHOCTeii MarHHTHWX 

6eTa-cneKTpOMeTpOB npoBeCTH HeJIL3JI. 1103TOMY Ha puc. 2 
yKa3aHa caeTocRna cneKTpoMeTpoa. KaK BH.IJ;HO, cneKTpo

MeTpw C nonynpOBO,IJ;HHKOBWMH .IJ;eTeKTopaMH /UUJW o6na

~aiOT cpaBHHTeJILHO BWCOKHM 3HepreTR'IeCKHM pa3pemeHR

eM H 60JILWOH a6COJIIOTHOH 3c)c)eKTHBHOCTLIO, 'ITO ,IJ;eJiaeT HX 

Ba)I{HeHWBMH npR6opaMH JI,IJ;epHOCneKTpOCKOnH'IeCKHX HCCJie

,IJ;OBaHHH. 

B npe,~~;cTasneHHOM U.HKJie cTaTeii no,~~;ao,IJ;JITCJI HTorR 

pa3pa60TOK cneKTPOMeTpOB a , {3 H y - pa,IJ;ROaKTHBHWX 

H3Jiy'leHHH C HCnOJIL30BaHHeM nonynpOBO,IJ;HHKOBWX ,IJ;eTeK

TOpOB. IlpOHJIJliOCTpHpOBaHW xapaKTepRCTHKH cneKTPOMeT

pOB, paCCMOTpeHW 3c)c)eKTW, KOTOpWe HCKA)I{aJOT c)opMy 

annapaTypHoro cneKTpa. OcHoauoe BHRMaHRe o6pa~aeTCJI 

Ha flOBWmeHHe TO'IHOCTH onpe,IJ;eJieHHJI. 3HeprRii H HHTeHCRB

HOCTeii .&,IJ;epHWX H3Jiy'leHHH. PemeHRe no,IJ;06HOH 3a,IJ;a'IH 

CB.R3aHO C WHpOKHM HCflOJIL30BaHHeM 38M. 
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HB)I{e·paccMaTpRaaroTCJI xapaKTepRCTRKH cneKTpoMeT

PR'IeCKoi annapaTypw. 

I. ,[fETEKTOPbl 

XapaKTepHCTHKH HCXO,IJ;HWX MaTepRaJIOB / 2,3/, KOTOpWe 

npRMeH.RIOTC.& ,IJ;JIJI H31'0TOBJieHHJI UUJ~, npRBe,IJ;eHW B •a6A.1 
H Ha puc. 3-5. XOTJI K HaCTOJI~eMy apeMeHH H HMeiOTC.R 

HeKOTOpWe ,IJ;OCTH)I{eHHJI B TeXHOJIOrHH H3rOTOBJieHHJI ,IJ;eTeK

TOpOB R3 GaAs R OITe, Tpe6oaaHRJIM JI,IJ;epHocneKTpo

CKOnR'IecKoro 3KCnepRMeHTa noKa y.IJ;OBJieTBOpJIJOT TOJILKO 

,~~;eTeKTopw H3 Si H Ge. 

1. Ge(Li) -Oe111eK1110Pbl/ 4- 6 / 

CneKTpoMeTpHJI 6eTa-qacTHU. R MJirKHX y -nyqeii npo

BO.IJ;RTCJI c noMo~LID Ge(Li)- ,~~;eTeKTopoa, 6a3oawii MaTepRaJI 

KOTopwx cowna;oaaH H nepexo,~~; nony'leH nyTeM BHe,~~;peHHJI 

HOHOB raJJJIHJI /<I;. TeXHOJIOrHJI n03BOJIJieT H3rOTOBJIJITL 1111~ 
C 60JILWOH noaepXHOCTLIO H TOHKHM "BXO,IJ;HWM OKHOM". 

3aMeTHM, 'ITO B 3THX 3a,IJ;a'laX u.enecoo6pa3Hee npRMeHJITL 

BWCOKO'IHCTWH repMaHHH, HO TaKOH MaTepRaJI noKa MaJIO 

,~~;ocTyneu. HMnnaHTRpoaaHHwe Ge(Li)- ,~~;eTeKTopw ynaKoaw

BaiOTC.R B cneu.RaJILHYJO onpaBKY, B KOTOpOH CMOHTHpOBaH 

oxna)I(,IJ;eHHWii KacKa,IJ; npe,~~;ycRJIHTeJIJI - puc. 6a . 
B 3a,IJ;a'lax no H3MepeRHIO cneKTpoa RH3KO- H cpe,IJ;He-

3HepreTH'IeCKHX y -KaaHTOB /,~~;o "' 1 M3B/ npRMeHJIIOTCJI 

Ge(Li )-,~~;eTeKTopw, o6nyqeuRe KOTO~t'x npoao,IJ;RTCJI co cTo: 

poRw OTKpWToro p-n -nepexo,~~;a 5 
- puc. 66 . ~JIJI 

cneKTpoMeTpRR )l{e y-nyqeii c 3HeprReii 6onLme 100 K3B 
npRMeH.RIOTC.R KoaKCRaJILHwe Ge(Li) -,~~;eTeKTopw/6 / , noaw- : 

meHH.R 3c)c)eKTHBHOCTH KOTOpWX ,IJ;OCTRraJOT BW60pOM pa3-

MepOB 'I}'BCTBHTeJILHOH 06JiaCTH: ,IJ;HaMeTp BW6paH B03MO)K· 

HO 60JILWBM; BWCOTa' KpHCTaJIJla npR6JIH3HTeJILHO pasHa 

,IJ;HaMeTpy; ,IJ;HaueTp p -o6JiaCTH paBeH 6 MM. ~eTeKTOp 
ynaKoBa.H a u.aHroayro onpaaKy I puc. 6e/ c KpWWKoii R3 

TOHKOrO aJIIOMHHHJI., 'ITO fl03BOJIJieT y.Jiy'IWBTL YCJIOBH.R 

OXJia)I(,IJ;eHB.R KpHCTaJJJla H yueHLWBTL TeMnepaTypHWe rpa

,IJ;HeHTW. 
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2/ Si(Li) -oemenwpba171 

IlosepxuocTHO- 6apLepuwe Si (Li) - .IJ;e'l"eKTopw ucnonL3y
IOTCJI B cneKTpOMeTpBB 3neKTpOHOB KOHBepCBB B HB3KO-
3HepreTsqeCKBX y ·KBaHTOB. ,lJ;nJI pa60Thl B ycnOBBJIX Bbi
COKOrO 3HepreTsqecKoro pa3pemeusJI IIII,D; ynaKOBhiBaiOTCJI 
a onpaaKy, noKa3aHHYIO ua puc. 6a. Ecna HeT ueo6xo,D;s
MOCTB a oxna~euuu nepaoro Kacxa,D;a npe,D;ycunsTenJI 
una Si(Li)- .IJ;eTeKTopa, TO ynaxoaKa npoao,D;BTCJI B onpaaxe, 
noKa3aaHoii ua puc. 6z. 

3/ Si( Au)- oemeKmopbz /B/ 

,lJ;nJI CDeKTpOMeTpBB a -qaCTHU, 3neKTpOHOB KOHBepCBB 
B peuTreuoacKoro B3nyqeuBJI npBMeHJIIOTCJI Si ( Au) - ,D;e
TeKTopw B3 KpeMHBJI n -Tsna/8/. Y.IJ;enLuoe conpoTBBneuue 
BCXO.D;HOrO MaTepBana Bbi6BpaeTCJI B 3aBBCBMOCTB OT KOHK
peTHOB 3a,D;aqs B npe,D;enax OT 500 OM.CM .IJ;O IOO KOM.CM. 
,lJ;eTeKTOphl ynaKOBhiBaiOTCJI B onpaBKB, DOKa3aHHble Ha 
puc. 6a,z. 

4/ Si (AI) - oemeKJIOPbl 

B HeKoTopwx 3a,D;aqax cneKTpoMeTpBB 3apJI)I(eHHhlx qac
TBU DpHMeHJIIOT TaK:>Ke DOBepXHOCTHo-6apLepHble ,D;eTeKTO· 
pw, B3roTosneuuwe B3 KpeMHBJI p -Tuna /16( Y.IJ;enLHoe 
conpoTBBneuue ucxo,D;uoro MaTepuana - 30-I20 KOM. cM, 
BpeMJI )I(B3HB HOCBTeneii - 0.8-2,0 MC. flpBKOMHaTHOBTeM· 
nepaType o6paTHhle TOKB COCTaBnJIIOT 0,I0-0,I5 MKA. 

06paTHhiB KOHTaKT HeBH)I(eKTBPYIOUUIB, qTo D03BOnJieT ,IJ;e
TeKTOpaM Bbi,D;ep)I(BBaTL 3HaqsTenLHOe DepeHaDpJI)I(eHBe I.IJ;O 
I,5 KB/MMI. 

XapaKTepscTBKB npsMeHJieMbiX uaMB .IJ;eTeKTopoa npuse
.IJ;euw a •a6.11. 2. 3aMeTBM, qTo xapaKTepBCTBKB Si(Au) 
Si (AI) B Si (Li) - .IJ;eTeKTopoa, KOTopwe npBMeHJIIOTCJI .IJ;nJI 
CDeKTpOMeTpBB 3apJI)I(eHHhiX qacTBU, JIBnJIIOTCJI B HeKOTO· 
poM cMwcne ycpe.D;BeHHhiMB, uoo a npouecce pa6oTw ouu 
yxy.IJ;manacL, u IIII,D; 3aMeHJinHCL. 
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II. KOHCTPYKIQUI CHEKTPOMETPOB 

KoHCTPYKUBB cneKTpoMeTpoa pa3pa6aTwaanacL c yqe
TOM oco6euuocTeii perucTpauus a, f3, y B X -s3nyqeuuii -

puc. 7 . ,lJ;nJI 3aMeuw BCToqusxa 6e3 uapymeHBJI BaKyyMa 
B KaMe pax CDeKTpOMeTpOB 3apJI)I(eHHhiX qacTBU 'OCTpOeHa 
CDeUBanLHaJI ~aKyyMHaJI CBCTe:Ma • puc. 8/l~ ,lJ;aBneHBe 

I I ,3 .I 0-
4 
H/ M 

2
/ C03.IJ;aeTCJI c DOMOIULIO clK>psaKyyMuoro ua

coca /«<»H/ C a30THOB noBymKOB, B MarHBTHOrO 3neKTpopa3-
pJI.D;Horo uacoca H3M -IOO. Bee npBMeHJieMwe BaKYYMHLie 
ynnoTHeHBJI 6e3MacnJiuwe. BTopoii «<»H npe.D;Ha3uaqeu .IJ;nJI 
OTKaqKB llin1030B BBO,D;a-BbiBO,D;a BCTOqHBKOB B .IJ;nJI pa60Thl 
IIII,D; 6e 3 oxna»<JJ.eHBJI. 

1/ CneKmpoMempw peH•zeHoecKozo u zaMMa
uaAy'leHuu /4-6/ 

OnpaBKB c Si (Li) B Ge(Li) - .IJ;eTeKTopaMB I puc. 6a, 61 
ynaKOBaHbl B KpBOCTaT C Xna,D;ODpOBO,D;OM B COp6eHTOM, 
KOTOphiB DOrpy)l(aJICJI B CTaH,D;apTHhiB COCY.IJ; )J;LIOapa C )I(B,D;· 
KBM a30TOM • pUC. 7a . ,lJ;nJI ,D;OCTB)I(eHBJI 6onee BhiCOKOrO 
aaxyyMa /nyqme I ,3.I0-4H/M 2, qTo ueo6xo.IJ;BMO .IJ;nJI nony
qeusJI HB3KBX o6paTHhlx TOKOB B IIII,D;I npsMeHJIIOTCJI Kpso

cTaTw c Mo6unLuoii aaxyyMuoii oTceqKoii cop6euTa I 9 I. 
MeTO.IJ;BKa nonroToBKB KpuocTaTa B MOHTa)l(a IIII,D; onucaua 
B pa6oTe/6/. TOnUU~Ha BXO,D;HOrO OKHa l6epsnnsiil peaT· 
reHOBCKBX CDeKTpOMeTpOB paBHa I50·200 MKM, raMMa
CDeKTpOMeTpOB I.D;IOpanLI • 400 MKM. 

2/ CneK•poMeJipbJ KOHeepcuoHHbiX aAeK•poHoe 17 • 10 I 

,lJ;nJI CDeKTpOMeTpBH KOHBepCBOHHhiX 3neKTpOHOB B KOH· 
CTPYKUBB raMMa·cneKTpOMeTpOB BHeceHhl cne.D;YIOUUie B3-
MeHeHBJI: 3aMeHa BCTOqHBKa 6e3 HapymeHBJI BaKyyMa Dpo· 
BO,D;BTCJI C DOMOIULIO 1llni030BOB CHCTeMbl • puc. 76; B HeKo· 
TOpbiX 3a,D;aqax CDeKTpOMeTpBJI 3neKTpOHOB KOHBepCHB 
I Si (Li) una Ge(Li) I se.IJ;eTcJI c DOMOIULIO cscTeMw, BXO.IJ;
HOe OKHO KOTOpoii C.IJ;enaHO B3 Maiinapa /0,90 MZ/CM 21. 
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3aueTBM, qTo Aep*aTenL acToqaaxa nuuo3oaoro cnexTpo
MeTpa fl03BOll~eT H3MeH~TL paCCTO~H8e HCTOqH8K·AeTeK
TOp B npeAenax OT 0,5 AO 20 CM. 

3/ CneKifPOMelfpU.R a- 'IOCifUII 

B 3aB8CBMOCTB OT KOHKpeTHOH 3aAaq8 HaM8 npHMeH~
IOTC~ pa3n8qawe xoacTpyxuaa a - cnexTpoMeTpoa c Si (Au)
AeTeKTopaua: AHJI OAHOBpeueaaoro B3MepeH8~ X-, y- , 
(3- a a - B3nyqeaaii np8MeH.IIeTc~ WJII030Ba~ xauepa I puc. 76/; 
AJI~ B3MepeH8~ cneKTpOB a-qacT81J, npa KOMHaTHOH TeM
nepaType npauea~eTc.ll xauepa c aapyweaaeu aaxyyua npa 
3aMeHe BCTOqHBKa /BBHTOBOe YCTpOHCTBO fl03BOll~eT 83-
MCH~TL paCCTO~HBe BCTOqHBK·AeTeKTOp B npeAeJiaX OT 
0,5 AO 5 c..w 6e3 aapyweaa~ aaxyyua/ - puc. 7e. 

4/ CneKifpo..wellp KOHeepcuoHHI>lX 3AeK11rpoHoe u 6e•a
t~ac•ull I 1o I 

0611U1ii BBA cnexTpo:w:eTpa noxa3aH aa puc. 7z. lie3-
A8CnepCBOHHOe MarHBTHOe YCTpOiCTBO /OAHOPOAHOe Mar
HBTHOe none/ npBMeH~eTCJI All~ ~BJibTpaU,8B ~OHOBLIX 83-
JiyqeH8H npu 8CClleAOBaH88 cneKTpOB 3lleKTpOHOB 8llH no-
38TpOHOB. ,l(eTeKTOp pa3MeiiJ,aeTCJI HB*e 8CTOqH8Ka, np8qey 
3auuna OT npJIMoro nonaAaH8JI B3Jiyqea8~ oc~eCTBn~eTc~ 
cnoeu 83 W/40 ..w..w/, Cd I 1 ..w..w/, Cu / 0,5 ..w..w/, AI 
/0,5 MM/. ,l(8CKp8MHHaiJ,8JI 6eTa-qacT81{ C 3Hepr8eii HB*e 
onpeAeneaaoro nopora /3aB8CJIIIJ,ero OT aanp~*eHHOCT8 
MarHHTHOrO non~/ OC~eCTBll~eTC~ alliOM8H8eBLIM 3Kpa
HOM /2 MM/, pacnOllO*eHHLIM flO A8aMeTpy Ha 100 MM OT 
cTeHK8 xauepw. 3TOT *e 3Kpaa 8rpaeT ponL 3allUITLI oT 
qacTBIJ, npOTBBOnOllO*HOrO 3HaKa, KOTOpLle AO~Ll ~OKy
C8pOBaTLC~ Ba noBepXHOCT8 AeTeKTOpa C8MMeTp8qHo OT
HOC8TeJILHO 8CTOqH8Ka. ,l(JIJI OXlla*AeH8~ llii,l( BCnOllL3yeT
C~ cnel{HallLHLli L -o6pa3Hhli KpBOCTAT, KOTOphli COeA8HeH 
c aaxyy:w:aoi xauepoi cnexTpo:w:eTpa. 

BaxyyM B KaMepe C03ABeTCJI C nOMOIIJ,LIO C8CTeMLI, no
Ka3aHHOi aa puc. 8. Ilp8:w:ea~eTc~ nuuo3oaa~ C8CTeua AllJI 
3aMeHw acToqa8xa 6e3 aapyweaa~ aaxyyua. 
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III. 3HEPTETHllECKOE PA3PEHIEHHE 
CDEKTPOMETPOB I 111 

linox-cxeua cnexTpoueTpa AHJI 8ccneAOBaH8~ 3Hepre
T8qecxoro pacnpeAeneH8~ 83Jiyqea8i paAHoaKT8B8LIX ayx
HHAOB npeACTaBneaa Ha puc. 9. C8rHanw OT nn.n nocTyna
IOT aa BXOA 3apJIAoqyacTB8TenLaoro npeAYC8nHTen~ /IIY I 
8 Aanee - aa HHHeiHwi cnexTpo:w:eTp8qecx8i yc8ll8TenL 
/JIY /. C JIY carHanw nocTynaroT Ha 6nox a.MnnHTYAHO
D,H~poaoro npeo6pa3oaaTen~ I AIUI/ 8 3anoMBHaiOIIJ,ero 
ycTpoicTBa /3Y/. XapaxTepacT8K8 3TBX 6noxoa jqacToTa 
reaepaTopHoi cep8B AUII a apeu~ o6pall{eH8JI x 3Y I 
OnpeAell~IOT MaKC8MallLHYJO CKOpOCTL cqeTa, a BHOrAa 8 
3HepreTaqecxoe pa3peweaae cnexTpOMeTpa /BXOA AIUI 
paccq8TaH Ha c8rHan onpeAeneaHoi All8TellLHOCT8 a qacTo 
OflT8MAllLHOe 3HaqeHBe flOCTO~HHOi ~OpM8pOBaH8~ T OllT He 
COBnaAaeT C 3TBM napaMeTpOM/. H3 3Y 8H~OpMa1{8~ nOCTy
naeT Ha 3BM All~ nocneAYIDillei o6pa6oTK8. reaepaTop 
3TAllOHHWX 8MnynLCOB /r3H/ npBMeH~eTC~ All~ CTa6Bll83a
IJ,88 cnexTpoMeTp8qecxoro TpaxTa. 

Yq8TWBa~ ace acToqaaxH wyua, All~ 
TenLHoro IIY a JIY c OAHoxpaTHLIM CR-RC 
:w:o~o 3an8caTL ltsl: 

3ap~AoqyBCTB8-

~0pM8pOBaH8eM 

2 -- 2 4,52c 2 ·0,6kT 2 
( t1E [ 3B]) = ( 4 354 v c EF ) + ( ) 1--( C +- c sx+ C 

0
) + 

q rS A 

2 1 1 q 2 2 // +0,15kTCH3 +kTr[(-+-)+--(I +I~]I+L1 +L1 , 2 
R R 2k T A M OCT 

C H 

-19 [ ] rAe F- ~KTop fl>aHo; q = 1,6.10 KA. ; r - nocTOJIHHaJI 
~PM8POBaH8~ B JIY. [c]; c - 3Hepra~ o6pa30BaHBJI napw 
3nexTpoH-ALIPKa B nn,n [3B]; S - xpyT83Ha noneaoro 
TPAH38CTopa /UTI [A/B ]; C A 8 C 0 - euxocTR llii,l( a o6-
paTHoi CBJI3B [ ~]; CH3- euxocTL acTox- 3aTaop UT [(I)]; 
C sx- euxocTL Ha BXOAe liT /Kpoue CA B Co I [ <P]; k = 
= 1 ,38.1 o-23)fx.K -l. nOCTOJIHHA.II liOllLIJ,MaHa; T - a6COHIOT
Hall TeunepaTypa (K); I A - o6paTHWi TOK llii,l( [A]; 
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I3 - TOK 3aTaopa ITT [.A j; 1'. M - pa3peweuue, o6ycnoaneu
uoe MHKpocllounwMH wyMaMH [ 3B I; 1'. oOT - pa3 peweuue, 
CBJI3aHHOe C wyMOM BCeX llOCJie.D,yiOUUIX 3JieKTpOHHLIX 6no
KOB. 3aMeTHM, qTo He yqTeH BKJia.D, 3cllclleKTa 3aXBaTa HOCH
TeJieii 3apJI.D,a, pOJIL KOToporo B Hei<OTOpLIX CJiyqaJIX MO>KeT 
6LITL C}'llleCTBeHHOH /3/. 

83 BLipa>KeHHJI /2/ BLITeKaiOT BCe Tpe6oBaHHJI, KOTOpLie 
npe.D,'LJIBJIJIIOTCJI K 3JieMeHTaM ClleKTpOMeTpa: He06XO.D,H· 
MOCTL oxna)I(.D,eHHJI IIII,ll; - I L\ yMenLwaeTcJI; ueo6xo.D,u
MOCTL yBeJIHqeHHJI /JIH60 HCKJIIOqeHHJI/ 3HaqeHHH Rc H R H; 
He06XO.D,HMOCTL yMeHLWeHHJI C !.l /JIH60 3a cqeT llJIOil\a.D,H, 
nu6o 3a cqeT rny6uuw qyacTBHTeJILHoro cnoJI/; ueo6xo
.D.HMOCTL npHMeueuHJI ITT c 6onLwoii KPYTH3Hoii S . 

MHHHMaJILHOe 3uaqeuue wyMOB ua6JIIO.D,aeTCJI npu r onT = 

= T llliT = T Al1¢¢ , r.D,e T I1HT - llOCTOJIHHaJI HHTerpHpOBa
HHJI JIY; rAM¢¢ - nocTOJIHHaJI .D.HcllcllepeuuupoaauHJI JIY. 
Tor.D,a: 

7
0fl'l' 

2 c 2 0,6(Cg+C8x+Co) +0,15 113 
cl=I----~~---------------- /3/ IY. 

5/Rn+ S/Rc+(IA+I
3

)Sq/2kT 

Ecnu r > rom , npeo6na.D,aiOT napaJIJienLuwe wyMLl I 1,1 , 

I 3 , R c , R H /, ecnu r < rom - nocne.D,oBaTenLHLle 
WYMLI I C ~~, CBX , C 0 , C 113 , S I. ITonH>Keuue napannenL
HLIX wyMoB yaenuquaaeT r 0m H ynyqwaeT pa3peweuae. 

B TO )l(e apeMJI, O.D.HaKo, yxy.D,WaiOTCII 3arpy3oquLie xapaK
TepucTBKH ClleKTpOMeTpa 3a cqeT HaJIO>KeHHH. 3aMeTHM, 
qTo MHKpOcllOHHLle WYMLI JIBJIJIIOTCJI napaJIJieJILHLIM HCToq
HHKOM WyMa. ,lJ;JIJI yMeHLWeHHJI HX BKJia.D,a B KOHCTPYKUHH 
KpHOCTaTOB /9/ BHeCeHO H3MeHeHHe: XJia.D,OllpOBO.D. HH>Ke 
CHJILclloua yKpeiTJIJieTCJI TpeMJI ynopHLIMH BHHTaMH. 

H3Meueuue aenuquuw curuan/wyM 3a cqeT H3Meueuuii 
KpaTHOCTH HHTerpHpOBaHHJI H .D.HcllcllepeHUHPOBaHHJI MO>KHO 
HaRTH B cpaBHHTeJILHLIX Ta6JIHUaX, HanpHMep, B / 3( 

B 3aBHCHMOCTH oT KOHI<peTuoii clln3uqeci<oii 3a.D,aqu /BH.D. 
perHCTpHpyeMLIX qacTHU; Tpe6oBaHHJI K 3cllcllei<THBHOCTH, 
3HepreTuqecKoMy pa3peweHHIO H 3arpy3oquLIM xapaKTepu
CTHKaM/ llpHMeHJIIOTCJI pa3JIHqHLle cneKTpOMeTpLI, xapaKTe
pHCTHKH KoTopwx npHBe.D.eHLl B •a6A. 2. BonpocLl OQTH-

10 

MH3aUHH . cucTeMw IIII,ll;- ITY paccMoTpeuw B pa6oTe/ll/ 
/B ClleKTpOMeTpax npHMeHJieTCJI pe3HCTOpHaJI o6paTHaJI 
CBJI3L/. 0TMeTHM npOTHBopeqHBOCTL Tpe6oBaHHH K 3Haqe
HHJIM Rc H K cxeMe no.D,KJIIOqeuHJI Illl,ll;- ITY c TO'IKH 3penHJI 
BeJIHqHHLI CHrHan/wyM H 3arpy30'IHLIX xapai<TepHCTHK. ,lJ;eii
CTBHTeJILHO, .D,JIJI raJILBaHHqecKoro llO.D,KJIIOqeuHJI IIfl,lJ;-ITY 
Mruoaeuuoe 3Haqeuue na.D,eHHJI uanpJI>KeHHJI ua Rc paauo/5/ : 

Uc = (Qn +I ) Rc+ 3~-; 07C 
max g C v 2 

0 
/4/ 

. E 
t.D.e Q = T q ; r = Rc Co; ; n - cKopocTL perucTpauux 
qaCTHU B 1 C. OqeBH.D,HO /4/, qTo 3arpy3I<Y cneKTpOMeTpa 
MO>KHO yBeJIHqHTL llpH llO.D,I<JIIOqeHHH IIfl,lJ; C llOMOil\LIO pa3-
.D,eJIHTenLuoro KOH.D,eucaTopa /nepawii qneu = 0/. 

B KOHCTPYKUHH ronoauoro KacKa.D,a ITY oco6oe BHHMa
HHe y.D,eJIJIJIOCL BLI60py MexauuqecKOH KOHCTPYKUHH yna
KOBKH IIIl,lJ; /TeMnepaTypuLie pe>KHMLI/, HOMHHaJIOB H THITOB 
npHMeHJieMLIX .D.eTaneii I RH , R c, c0 , ITT/ H onTHMaJIL
uoro TeMnepaTypuoro pe>KHMa ITT - puc. 6. HoMHHanw 
3JieMenTOB ronoauoro I<acKa.D,a, xapaKTepHCTHKH ITY H cneKT
poMe-rpoB npuBe.D.eHLl B •a6A. 2. XapaKTepuwe annapaTyp
uwe cneKTPLI noi<a3auw ua puc. 10-19. 

B 3aKJIIOqeuue npHBe.D,eM cllaKTopw, BJIHJIIOIWIJ ua 3Hep-
reTuqecKoe pa3peweHHe ClleKTpOMeTpa C IIfl,lJ;/l - •a6A.3. 

IV ·BBE,[(EHHE THIIOBIJX P E)J(HMOB H3MEP EHHR 

B 3aBHCHMOCTH OT ycnoauii cllH3HqecKoii 3a.D,aqu MLI 
npHMeHJieM pa3JIHquwe KOM6HHaUHH ClleKTpOMeTpHqecKHX 
KauanoB H anaJIH3BPYIOil\eii annapaTypw I puc. 20/. Bw6op 
3JieKTpOHHLIX 6JIOKOB OC}'IIleCTBJIJieTCJI Ha OCHOBaHHH CJie· 
.D.YIOUUIX Tpe6oBaHHH: llOJiyqeuHe OllTHMaJILHOrO OTHOWeHHJI 
curuan/wyM; xopoWBe 3arpy3oquwe xapaKTepHCTHKH cneKT
poMeTpuqe cKoii cncTeMw I .D.O 5.10 4 uMn/ c/; TeMnepa Typ
uaJI CTa6BJILHOCTL, JIHReiiBOCTL, B03MO>KHO 60JILWaJI CXeMHaJI 
npocToTa /6e3 yxy.D,weHHJI cneKTpoMeTpnqecKHX xapai<Te
PHCTHK/. 

ITpuuuunuanLuwe cxeMw ITY H JIY npBBe.D,euw B /ll/ • 
B JIHueiiuwx ycBJIBTeJIJIX npHMeHJieTcJI .IJ.BCI<peTuaJI CRCTeMa 
nepeKJIIOqeHRJI K034xtiRUHeHTOB YCHJieHRJI, qTo CBJI3aHO C 
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npOCTOTOH o6pall{eH8JI BO BpeMJI 3KCnep8MeHTa, a TaK)I(e 

C Tpe6oaaH8JIM8, B03HHKaiOII{HM8 np8 83MepeH8JIX xapax

Tep8CT8K 83Jly1.feH8H /HeJJ8HeBHOCTh C8CTeMbl, Y.L{06CTBO 

np8 83Mepeu8JIX T~ 8 T . .!{./. KoHTponL 3a 3arpy3xoii 

cneKTpOMeTpa Be.L{eTCJI C nOMOII{biO CTpeJJO"'HOro 8HTeHC8-

MeTpa /U/, nO.L{KJIIO"'eHHOrO B MOMeHT 83MepeH8JI K COOT
BeTCTBYJOII{eMy KaHaJJy. 

Cne.L{yeT 3aMeT8Th, "'TO .L{JJJI nony1.feH8JI awcox8x xa

paxTep8CT8K cnexTpoMeTpoa cyll{ecTBeHHYIO ponL 8rpaeT 

TaK>Ke Ka"'eCTBO BCnOMOraTeJJbHblX 3JleKTpOHHhlX 6JJOKOB: 

8CTO"'H8KOB n8TaH8JI ±12 B; ±24 B; awcoxoaonLTHhlx 

8CTO"'H8KOB n8TaH8JI llll,l\ ± 3KB; reHepaTopa 3TaJJOHHhlX 

8MnyJJhCOB, np8MeHJieMoro .L{JIJI KOHTpOJJJI 8 CTa68JJ83aU88 
cneKTpOMeTp8"1eCK8X KaHaJJOB. 

B 83Mepeu8JIX np8MeHJIIOTCJI aMnn8TY.L{Ho- U8!llpoawe npe

o6pa3oBaTen8 .L{Byx c8cTeM: AUUl-4096 c qacToToii reHe

paTopHoii cep88 f = 18 Mrt.1 8 AQll-6144 c f = 12 Mn./121 
AU.ll-8192 c f = 100 Mrt./1 ~1fcnonb3yeMwe AUUJ .L{aiOT 

B03MO)I(HOCTb pa6oTaTI. C 8MnyJJLCaM8, 8MeiOII{HM8 !IIPOHT 

:-.:_ 8 MKC, "'TO B cnyqae O.L{HOKpaTHOrO .L{84MlJepeHU8POBaH8.11 

8 1.feTwpexxpaTHoro 8HTerp8poBaH8.11 Haxna.L{waaeT npe.L{en 
~ ~ 2 MKC. 

B Ka"'eCTBe JY 8CnOJlh3yeTCJI; "'eTwpeXBXO.L{OBa.ll pe

r8CTP8PYIOII{a.ll C8CTeMa AH-8192 c apeMeHeM per8cTpaU88 

L p = 25 MKC 8 06'beMOM naM.IIT8 8192 18- pa3p.ll.L{HhlX CJIOB/14/; 

aHaJJ83aTop AH-4096 - 2-AB-100 c L p = 26 MKC 8 o6'be

MOM naM.IIT8 409618-pa3p.ll.L{HhlX cnoa; c8cTeMa TRIDACr-C c 

tp = 5 MKC 8 06'beMOM naM.IIT8 4096 20-pa3p.ll.L{HhlX CJIOB/13/. 

1.(84lpoaa.11 8H!llopMaU8.11 83 AH-4096 8 AH-8192nocTyna

eT no xaHanaM CBJI38 B 3BM "M8Hcx-2" OJIC 8 PX JIJill 

OUJIU 1 19~ ,l\JJ.Il nepe.L{a1.f8 U8!llpoaoii 8H!IIOpMaU88 83 C8CTeMbl 

TRIDAC- C nocTpoeHa cneuaan;H~.Il O.L{HOCTopoHH.Il.ll CB.Il3h 

c noMOII{hiO MarHHTo!lloua RG- 231 ~5~ llpe.L{Bap8TeJJLHa.ll o6pa-

60TKa 3KCnep8MeHTanbHhlX ,L{aHHblX np083BO.L{8TCJI C nOMOII{biO 

3BM ''MULTI-8"8 "MHHcK-2", OKOH"'aTeJJLHa.ll - c noMOII{hiO 
3BM "MHHcx-22" JIJill. 

,l\n.11 xa)I(,L{oro cnexTpoMeTpa aw6paHw CTaH.L{apTHhle pe

>KHMhl pa60Thl, H nepeXO.L{ K .L{aHHOMY pe>KHMY OCyll{eCTBJJJieT

CJI no BHCTpyKUHH, B KOTOpOH yKa3aHhl: ,L{eTeKTOp; HCTO"'

HHK nHTaHHJI llll,l\ - nonJipHOCTb H lJ ; H!! JIY - nonJipHOCTh, 
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K034MiJHi(B:eHT YCBneHHJI /H!! ·xnaBHIIIH/, THD !llopMHpOBa TeJJJI 

/o.L{Ho- .H .L{ByxnonJipHoro/; AUUl H B03Mo>KHwe nepexnJOqe

BHJI Ha ero naHeJJH; H!! r3H H 3Ba1.feHHJI noKa3aHHB npeua-

3HOBBhlX renHnOTOB, OCyll{eCTBJIJIIOII{HX CTa6HJJB3aUHIO Bbl-

6paBBOrO pe>KHMa /eCJJB 3TO seo6XO.L{HMO/; COOTBeTCTByiO

II{aJI 3TOMY pe>KBMY UeHa KaHana H H3MepJieMbiH 3HepreTH

qecxuii .L{Hana3oH; 3arpy30"'HWe xapaxTepHCTHKH cnexTpo

MeTpa. 

,l\eTaJlhHOe HCCJJe.L{OBaHHe xapaKTepHCTHK cneKTpOMeTpOB 

B BX npHMeHeHHe paCCMaTpHBaiOTCJI B nocne.L{YIOII{HX pa6o

TaX. 

3AKJIJOqEHHE 

,l\aHHOe C00611{eHBe no.L{BO.L{HT BTOr HCCJJe.L{OBaHHJIM, npo

BO.L{HMhlM C 1970 ro.L{a no pa3pa60TKe TeXHOJJOrHH H3rOTOB

JJeHHJI llll,l\ H nOCTpoeHHJI cneKTPOMeTpOB H3Jly1.feHHB pa.L{HO

aKTBBHhlX HYKJJB.L{OB. llpH 3TOM rnaBHOe BHHMaHHe y.L{eJJJIJIOCb 

.L{OCTH)I(eHHIO awcoxoro 3HepreTH1.fecxoro pa3peweHHJI np8 

pa6o"'HX 3arpy3xax I"' 104 u.wn/c/, a TaK)I(e npocToTe H 
Ha.L{e>KBOCTH BaxyyMHhlX KaMep H CHCTeM 3aMeHbl HCTO"'HH

KOB B cnexTpoMeTpax 3ap.ll>KeHHhlX qacT8U. Bee 3TO apeM.Il 

OnHCaHHhle cneKTpOMeTphl /a TaK>Ke 8X aHaJJOrH/ HHTeH

CHBHO ?zHMeHJIJIHCh B 3KCnep8MeHTaX no nporpaMMe 

JICHAllll 20/llo3TOMY npe.L{CTaBJJ.IleT HHTepec cpaBHHTh na

paMeTphl 3T8X cneKTpOMeTpOB C Jly"'WBMH pe3yJJLTaTaMH, 

H3BeCTHhlM8 83 JJBTepaTypHhlX HCTO"'HHKOB - puc. 21. 

3aweTHM cne.L{YJOII{ee: npuae.L{eHHoe 3HepreTH"'ecxoe pa3-
peweHHe 8,9 K3B/3/ .L{JIJI a -qaCT8U JIBJJ.IleTCJI noxa e,L{HH

CTBeHHhlM pe3yJJLTaTOM, nonyqeHHblM B OC060 H,L{eaJJH3HpO

B8.HHhlX ycnoBHJix; 3HepreTH1.fecxoe pa3peweHHe nonynpo

BO.L{HHKOBhlX (Si,Ge) 6eTa-cneKTpOMeTpOB 6JJH3KO K npe

.L{eJJbHO B03MO>KHOMY, H, Y"'HTbiBaJI CJIO>KBOCTb !IIH3H1.feCKBX 

3KCnepHMeHTOB /Ka"'leCTBO HCTO"'HHKOB, CHCTeMbl 3aMeHbl 

HCTO"'HHKOB 6e 3 HapyweH8JI Baxyywa/, Tpy .L{HO O>KB.L{a Tb 

ero cyll{eCTBeHHoro ynyqweHH.Il; B cuny cneua!IIH"'HOCTH 

Jl.L{epuocnexTpocxonuqecxux 3a.L{a1.f pa6oTw no nony"'eHBIO 

CBepXBhlCOKOrO pa3peWeHHJI B o6naCTH HH3K03BepreTH1.feC

KHX y-KBaHTOB /< 20 K3B/ y Hac He npoBO.L{HJIBCh; Hexo-
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TO poe OTCTa:&a.HBe B nonyqeHBB Bbi~OKBX 3Ha'leHBB a6coruoT • 

HbiX 3clwlleKTBBHOCTei B OTHOWeHBJI UBK/KOMUTOH /fi/K/ 
AJIJI Ge (Li) -~eTeKTopoB c 6onLWBM o6'LewoM: CBJI3auo c or

paHB'IeHHbiMB B03MO>KHOCTJIMB Bbi60pa pa3MepOB KpBCTanna 

/B ro~ 06bi'IHO B3rOTaBnBBanOCL 4-6 llfi)J; C 06'LeMOM 

>30 CM 3 /. 

Ta6nsu;a 1 
0CHOBHble xapaKTepBCTBKB nonynpOBO~HBKOBbiX MaTepsanoB, 

npBMeHJIIOIIJ;BXCJI ~nJI H3rOTOBneHBJI rrn.u I 2 '3 I 

I "' :r:: E-<r ' I :r:: I 
Ill \l) p:) "' :zs 0. I :t: :t: "' 0. (T) o.c.:zs 

\l) "' I<( c. 1::: c___, 
\0 "' I<( ::>" 0 0 ,.q,--, >.. "' o t:= I :s: E-< 

P'l z E-<r<" E-< (T) :zs :I::,- 1 0. 0 
0 01 cor-----, :t: tJ:: IX: 0 p:) E-< 0 c. 0 :II c.o 

"' 0 :s: :s: 0. "' :r:: 1::: 
t:= :X: 0 <l>!r! :X: (T) ~ :r: f-t L_) \l) 
>.. E-< . t:=~ s 0. "' :.:: >=: "' >=: 0 E-< :II O>S \l) Ill \l) 

(T) "' "' 0 2~ \l) s 0 :X: 0 >=: :s: :.: "' 1::::: E-< a :x:: (T) "' (T) ~ 0 :X: 

Si 14 s •z"1o22 ,_u -~k 30CJ I,I2 3,6I 12 
Si 14 s,02x1o 22 77 I ,16 3 '76 12 

SiC 14-6 I 9xio23 300 ?,4-5,3 II ,3 - i ' 
Ge 32 4 44x1o22 77 0,74 2,98 16 ' 

GaAe 31-33 2 21xro22 300 1,43 4,2 -' 
CdTe 48-52 3 04x1o22 300 1,47 4,43 -' 
Hgi2 80-53 2,50x1o22 300 2,!3 6,5 -
GaSb 31-51 - 0,77 - 0,77 -
InSb 49-51 - 0 - 0,265 -
I !\As 49-33 - 77 - Cl ,43 -
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Ta6nsu;a 2 
XapaKTepBCTBKH npBMeHJieMbiX nn.n;, JIY B cneKTpOMeTpOB 

Q £ T E K T 0 .P nPEO!::ICMni<!TEnb 

N I ;; F 11 f~"".rc- ~ ·::..-'.1[g :~~::gtA: X +;, Am 
L-..,.-s_- 5"f.d rL<JJ-"; .- r .... ] 
~~- ~ 

25-J 

5. A~,' I 

3:' .::'511 

_;_,4,_' 

3" 2 
5. A~ I 

77 
s. /--, 

7' 
:;,· __ , 

7? 5 
Vt'w, 1 

7? 
6 

Ge'-·' 
77 
c~·-·· 

77 6 

!i Ct • .-
71 

1-

J ;: 

2 5 

- ' 
" ; 

''5 

~ 6 '10 

2 '0 
IC.'12 

~ 5 2 ,.,....,I c1- )3 

'.;JIJ !(}(1.(5~.-"0 

2-c--~~ 
J3tt1 -2000 

I !;'·7.?~)} X 

15."t 
~~ 8 ,,: -/j" 

!SC~-

2 ltc·t· 

12:: 
2 fC.o 

I~CC 

fltC-WO~ --·-2 - 30C 
;3 

5,_"' -S.._'[',._"' 

x r 
15-600 

~~~-N I ::J - ~~"'0 I 35v<-

15 •0,0¥ I 

03 •OOS M 

aJ~:;,os 

Olf~ll05 

01 ~acs 

Ov<JJ5 

c .. -~.]5 

t6·D.--?5 
110 

I"' Se ___ J {IB•00JIK.7J{r' II 
'-' 7? ' /10 

0.1 asl 20 

2.2 

2.2 

47 

2.21 I• 

2.2 

22 

t.O 1,0 

I.D I 1.0 

ISt.,'l ,-., l'"'c_., j c I o 1'"10'' Ill 
/.' ~4"fFJ9 25~·.:: t,":J-5~'"100 1 '-'~.;,ct, 300 f,OJI,O 

~ilfj t 
p,., 2 ,, 13 

"tj ~t=r;""" 

CnEKTPOMETP 
5! S/J J(!l 

,,_.,J~~B L.,.f~e u£~ t"ff4 " Co -lSc"' -.-rn. 

90 

09 I o_s I - I 2.1 

II I 0.5 I - I 1,9 

028 

12 07 22 

0.6 

06 1.7 C,51C. 5 
5' 

22 ~" ·ID-
5 10 I 

21 o:r to·-; 201 

22 a1 10-'t VS! 

::: P-!JON(I "rtf _.. ..., L 

• 
~ 

w 
:< 
0 

flnoCKO-nAP.A.nnEnbHbllil I nnoCKO·Oo\P"nnEObHbli1 

w 

I<OAKCM"ObHbU1 c Ofl!:fMA I KOAKCHAObHbl .. c OOHMM I ~ 
OTKPbiTbiMM KOHUAMiot OTKPblTbiM kOMUOM 
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Ta6nuua 3 
cl>aKTOpbl, BnHJIIOIUHe ua 3HepreTaqecKoe pa3peweuue 

cneKTpoMeTpos c IIII,LJ, 

PAJ[ItOAK'm:Bffbl~ ltCTOiiHi'IK 
t'11JKTJBIJ.'II noTepi. 3Hepr'll 
B ICTO'IHIJCe. 

n.n • .ll.. 
I. 8~nt;~i::ll 0~~:e~~n~H~pnnt 

,', ~1l)'HTJ8I.U'II! q1cna OCIIOOOJ:
JI.eHHta nar HOCIITeJiell: B TI.f! • .Z::. 

~. tllyKTY8!UIII 3if416KTIIBIIOCTI 
C01111p8HIIII HOCIIT6.116I, 

4, m1 ... '1.TT.J!. 

nPE.ilYCIIIJIKTE.nh (TIY) 

I. m:r•Y n:r. 
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3. CT&t:'htJJ:hHOC'U K03ifl¢li'IU,MCHT8 
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Al CT8ftC'I'IIJt8 pekOifCIIB811JI I np1nnu:u. 
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E) K011fti['IBII8 'IYifY. 

A l Ten.IOBOI IJM peS.C'f'Opoll 88 IIIO..II6 'l'f. 
6 .ll.po60BOI IJI TOU aanop.l. 
B Teuo•ol •111 xaaau nr. 
r Y:npoifiOH•n•e ..,.. ... 
Jl. l:fll 8.1eM6UOII C.li6J.JIIUI 38 riT. 

~~ f~:~!~!~~:!~~CCnounocn a.aea~eKYo:e 1Y. 
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6 Tim 4>op•poli8Tel1Jl. 
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Puc. 1. CpaeHeHue wupuH cneKlllpaAbHbiX AUHUU Ha ux noAy
BbJco•e OAJI pa3HbiX cneKlllpoMempoe e 3aeucuMoclllu 0111 3Hep
zuu pezuc•pupyeMozo U3Ay~eHUJI /e cKo6Kax oaHbl 3Ha~e
HUJI llleAeCHOZO yzAa/7/ /; 1 - Naj ( T!) ; 2 - 6e3JKeAe3HbiU 
•opouoaAbHblu cnentpoMemp '\p/p = 0,4;, /7;,/; 3 - Kpu
c•aAA - OU~paKijUOHHbiU 111Una j(10MOHOa; 4 - MOZHUifiHbiU 
6e3JKeAe3HbiU 2xrr\i 2 : \p/p = 0,2;, /0,015;,/; 5 - Maz
HUliiHbiU xeAe3Hblu muna J(aHblwa: \p/p ...::. 0,04;, /0,01;,/; 
6 - MaZHU,Hblu aAb(Ja- cneKmpozpa~ rrv' 2 · /'1,.p/ p = '0,04;, 
/0,04;,/; 7 - npeoeAbHOe 3Ha~eHue OAJI Ge npu F = 0,13; 
8 - Si(Li) OAJI U3MepeHuJI X ·Ay~eu - 300 MM2x 4 MM 
/1;,/; 9- Ge(Li) OAJI U3MepeHUJI y-Ay~eu-1 cM3j1,5/;,; 
10,13 - Si(Li) OAJI U3MepeHUJI cneK•poe 3AeK111poHoe KOH· 
aepcuu - 800 MM 2x 4 MM; 12 - Si( Au) OAJI U3MepeHUJI 
cneKlllpOB a -~aCliiUll • 80 MM2x 0,5 MM /1~/; 13- Si(Li) 
6e111a· cneKlllpOMelllp C OOHOpOOHbiM MQZHUifiHbiM noAeM 
80 CM2 X4 MM. 
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Puc. 9. IiAoK- cxe..wa cneKIIIpo..wempoe c .liiiA OA.R uccAeoo
eaHU.R U3Ay~eHUU paOUOUKIIIU6HbiX HYKAU006 /JIY- npec)ycu
AUIII€Ab; JIY - AUH€UHbiU yCUAUIII€Ab; F3H - 2€H€palllop 
3111UAOHHbiX u..wnyAbcoe; H - UHIIfeHcu..wemp; ~II- aHaAozo
l4u¢poeoii npeo6pa3oeallleAb; 3Y - 3ano..wuHa10U~ee yc•poil
c•eo/. 
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3Hepzuu a - zpynn u ux o•Hocu•eAbHbiX uH•eHcuenoc•eu 
/e cKo6Kax/. 
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ze•U'I€CKUX y - K8QH.08 147Eu, U3MepeHHbiU C nOMOiqbiO 
Si(Li) -oe•eK•opa /30 ..w..w 2x 4 ..w..w/. Bc•aeKa npueeoeHa 
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ABTOPLI C'IHTaJOT CBOH.M npHJITHLI.M .IlOJiro.M no6naro,l.la
pHTL npo4l. K . .H.rpo.MoBa, B.r. lJy.MHHa, X.XeneBa H B.r .Ka
JIHHHHKoBa 3a DOCTOJIHHLIH HHTepec K ,l.laHHOH pa6oTe, C.Op
.MaH,ZVKHeBa, 3.3aii.IlJlepa, B.H.<I>o.MHHLIX, ~.CpHKY, B.r .CaH
.IlYKOBCKoro, H.Kpa~KoBy, E.6epera, ll.llep.M.IIKOBY - 3a 
COBeTLI, DO.MOIQL H y'laCTHe Ha pa3JIH'IHLIX 3TaDaX pa60TLI, 
H.KaJIHHHHy, ll.MapoHoBy H B.XyKosy - 3a 6onLwyro no
.MOIQL B HlrOTOBJieHHH nn,n;, a TaK)Ke C.MHHLKOBa, B.ITe
JieBHHOBa H r.HJIHeBa 3a BLIDOJIHeHHe BCeX .MeXaHH'IeCKHX 
pa6oT. 
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