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B B e Jl e H H e 

Pa3BHTHe B
0 

nocneJlHHe I'O)lbl TeXHonorHH npeii<jla JIRTHH B repMaHHH 

Il03BomieT H3I'0T0BnHTb nonynpoB0)lHHK0Bbie Ge(~i) neTeKTOpbi c 6onhIIIHM 

o6'heMoM. XopoIIIaH aHepreTH'l:eCKBH paapeIIIaIOII{lUI cnoco6HOCTb 3THX )leTeK

·TopoB no cpaBHeHHIO co CUHHTHnnHUH0HHhIMH N al (Tl) C'l:~T'l:HKBMH H Il0BbIIIIe

HHe a<jJ<jieKTHBHOCTH 38 C'i~T ynenH'l:eHHSl o6'heMa rapaHTHpy10T HX IIIHp0ICOe 

pacnpocTpaaeaHe. 

OJlH8KO HMeeTCH pHJl TpyJlH0CTeii npH HCnonb30B8HHH Ge(Li) )leTeKT0-

poB JlnH ueneii HJlepHoii cneKTpOM8TPHH • ITpH H3Mepemm COBnaaeHHii BB>KHYIO 

ponh HrpaeT CHCTeMa, Bb1pa6aTh!B8IOIU8H "'Bp8MeHHoii' HMnynhc OT repMBHHe

B0I'0 )leTeICT0p~ C 6onhIIIHM 06'heMoM, Xoporuee BpeMeHHOe paapeIIIeHHe TpyJl

H0 IlOJIY'l:HTb, 0)lH0BpeMeHH0 C0Xp8HH51 Jl0CTaT0'l:H0 Bh!C0KYIO a<jJ<jieKTHBHOCTb 

perncTpaUHH COBilaJleHHii y -KB8HT0B HH3KHX 3HeprHii. Heo6xOJlHMOCTb 

nenpephrnHoro xpaneHHH neTeKTopa npn i-eMnepaType »rn:nxoro aaoTa ycno>K-

- HHeT KOHCTpyKUHIO ycTaH0BKH JlnH H3MepeHHH yrnoBhIX KOppemruHff. Orn1cb1-

BaeMaH ycT8H0BK8 HBnHeTCH Il0ilhITKOii_npeoaoneHHH 3THX TpyJlHOCTeii. 
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6noK-CX8M8 ycTaBOBU 

Ha pHC. 1 npHBeneHa 6nox-cxeMa ycTaHOBKH nm1 H3MepeHHH y -·Y -COB

naneHHA H yrnOBblX Koppe.JiHUHA C DOMOIIlb!O Ge (LI)- Na I(Tl) HnH Ge (LI)- Ge(Ll) 

-neTeKTOpOB. 

11MnynbCbl C nepnoro C'l~T'IHKa y_cHnHBaIOTCH CD8KTpoMeTpH'l8CKHM 

TpaKTOM H aHanH3HpyIOTCH llHcj>cj>epeHUHanbHbIM llHCKpHMHHaTOpOM ( llll J) • On

HOBp8M8HHO C sTOro C'l~T'IHKa Ha BXOA Bp8MH-SMDnHTYllHOro npeo6pa30Ba

TenH DOCTynaeT 'Bp8M8BHOA' HMnynbc. Ha BTopoA BXOll nocTynaeT HMDynbC 

co BTOporo C'l~T'IHKa. 11MnynbCbl C npeo6pa30BaTenH, pa60Ta10II(ero C 6aaoA 

20,50 HnH 100 HC8K1 OT6llpaIOTC.5l llHcj>cj>epeauHanbHblM llHCKpHMHHaTOpOM ( llil2) • 

TaKHM o6pa30M onpenenHeTCH Bp8M8HHOA nuanaaoH, B KOTOpOM npoHCXOllHT 

perHCTpauHH neACTBHTenbHblX COBnaneHHA. 11MnynbCbl c nucj>qiepeauuanbHOro 

llHCKpHMHHaTOpa ( llil2) ITOCTynaIOT 11epe3 nHHHIO 381l"'.P:H<KH ( n3) Ha OllHH 

~3 BX0llOB CX8Mbl MenneHHbIX COBnaneHHA (MC) C paaperuaiomeii cnoco6Ho

CTb!O 1 MKCeK. Ha BTopoii BXOll STOA CX8Mbl nocTynaioT onHoBpeMeHHO KM-:

nynbCbl C llH<l>cl>epeHUHallbHOro llHCKpHMHHaTopa ( illl 1) • BbIXOllHOA HMDYllbC 

STOA CX8Mbl OTKpb!BaeT BOpoTa ( B) MHoroKaHanbH0rO aHanuaaTopa, Ha Bxon 

KOTOporo nocTynaIOT HMnynbCbl CD8KTp0M8TpH'I8CK0ro TpaKTa Ge(Ll) HnH 

NaJ(TI) neT8KTOpa. 

11aMepeHHH yrnoBoA E'0ppen:HllHH y-y nonH0CTblO aBTOMaTH3Hp0BaHbI, 

TattMep ynpannHeT sneKTponBHraieneM (Sll), KOTOpb1il cnnHraeT C'I~T'IHKHi, 

perlicTpHpyIOIIlHe y -KBaHTbl nnH Bb!6paHHblX yrnoB. CneKTp H3MepSI8TCH 

B T8'18HH8 He6onbruoro 0Tp83Ka Bp8M8HH ( nopSinKa H8CKOllbKHX MHHYT) • 11M

nynbC C Tail:Mepa cnBHraeT C'I~T'IHK, ycTaHaBnHBaSI ero nori· BTOphlM yrnoM. 

Bo BpeMH cnBHra C'l~T'IHKa H3MepeHH8 npeKpamaeTCH npH DOMOII(H KnIO'Ia 

( K) o l1 Mnynbc, ynpaBnSIIOIIlHli llBHraTeneM, BKnIO'la8T npyryio 'ISCTb naMSITH 

MHoroKaaanbHoro aHanHaaTopa H nepeKnIO'IaeT nepec'I~TKH (n). TaKHM 06-

paaoM.nocne onHoro UHKna uaMepeauA naMHTb aaanH3aTopa conep:H<HT .nna 
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cneKTpa nm1 Bb16paHHbIX yrnoB MelK!lY C'l~T'IHKSMH. TeM lKe cnoco6oM MOlK-

HO Ha6npaTb cneKTpbI nm1 mci6ofi napbI yrnoB. 

CnenyeT nonqepKHYTb, 'ITO llO'ITH onnoBpeMeHHOe H3MepeHHe cneKTPOB 

nnst llBYX non"OlKE!HHfi C'l~T'IHK0B rapaHTHpyeT, 'ITO pa3HHUa Me»my HHMH He 

SlBnsteTCSl annapaTypHbIM a<j>¢eKTOM. CaMbIM orraCHbIM aqiqieKTOM B STOM cny

qae SlBnSl8TCH H3M8H8HHe ycnneHHSl cneKTpoMeTpHqecKoro Tp8KTa BO Bp8MS1 

nnnTenbHbIX H3 MepeHHH (cyTKH H 6onee). MeTOll OllHOBpeMeHHoro K3Mepe-

W{Sl Cll8KTpoB·neo6xoA,HM npH paooTe C K0pOTKOlKKBynlHMll HCTO'IHKKaMll. 

TaKaSl )K8 ycTaHOBKa ncnonbayeTCSl npn H3MepeHHH MarHIITHbIX MOM8H

T0B B036YlKll8HHbIX COCT0SlHIIil srner MeT0llOM BpameHHSl yrnoaoii KoppenstUHH 

B MarHIITHOM none. B STOM cnyqae neTeKTOp OCTaeTCSl HeIIOllBHlKHbIM, rrpo

HCXOllHT rrepHOlllI'l8CKOe H3MeneHHe narrpaaneHIISl MarHIITHOro rronst. 

Oco6eHHOCTH rrpnMeHeIIHSl repMaaneBblX neTeKTOpOB 

Oco6eHHOCTbID 0IIP.CaHHOH arrrrapaTypbi SlBnsteTCSl B03MOlKHOCTb rrpnMe-

HeHHSI onaoro HnH l]a>Ke llBYX Ii:onynpoBOllHHKOBbIX Ce ( Li ) l]eTeKTOpOB llnSI 

perHCTpaUHll y -KBSHTOB. B CBSI3H C 8TRM6onbmoe BHHMSHHe yneneao 

paapa6oTKe crreKTpoMeTpHqecKoro n BpeMeHHoro TpaKTa anH repMaHneBbIX 

neTeKTOpOB. 

KaK IIOK83b!B8IOT H3MepeHHSI MHornx aBTOpOB, paa6poc no BpeMenn 

cpa6aTbIB8HllSI llHCKpHMHHSTopa, aanycKaeMoro llMIIynbCOM OT Ce (Li) apeii

qJOBOro l]eTeKTopa, 38BIICHT He TOnbKO OT aMnnHTYllbI HMrrynbca. Ma-aa 
/1:2 3 4/ 

6onhmoro o6~eMa neTeKTopa na qiopMy ¢poHTa nMnynbca '' annsreT 

MecTo perncTpaunn y -KBaHTa. 3Ta aaBHCHM0CTb nnSI JIJIOCKJIX neTeK-

TopoB rrposrnnSieTCSl B 'IHCTO reoMeTpnqecKHX a<l>¢eKTax, CBSI3aHHblX C llnHHOA 

rryTn co6npaHHSI aapsrna. 3_KcrrepnMeHTanbHbill: aaanna qiopMbI uMrrynbca B 
Ill . 

sToM cnyqae 6bln rrpoaeaeH CTpoyccoM n np. • ilnsr mrmrnapnqecKnx n 
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KoaKCJllUihHLIX ll8TeKT0p0B 3aBJICHM0CTb qJOpMLI qipOHTa OT M8CTa perncTpa

UKH 3Ha'IHTenbHO ycno.111.HS18TCS1 H3-3a no6aBO'IHOA 38BHCHMOCTH OT Heonno-
' . 

POllHOCTK anexTpHqecKoro IIOltSl. Ilonpo6Hblfi TeopeTH'leCKHA pacq~T STOA 38-

( ') /2/ BHCHMOCTH llnSI UHlIHHnpnqecKHX Ce Li neTeKTOpOB rrpoBeneH B pa6oTe • 

Aaanna HM8IOIItHXCSI B nHTepaTYpe JlaHHbIX no qiopMe nMnynbca H npo

BeneHHbie HSMH H3MepeHHSI IIOKaaann, 'ITO MeTOll nepeceqeHHSI HynSI H8nb3SI 

Hcnonb30BaTb lllISl onpeneneHnSI BpeMeHH perHCTpaUHH 

HHeBOM neTeKT0pe. 

Y- KBaHTa B repMa-

0CHOBblB8SICb Ha STHX peaynhTaTax, MbI pemunH B Hamett CHCTeMe npn-

MeHHTb CBMbIH npoc1:0A n, xax oxaaanocb, noaBonstIOIIUIA lI0.ll)"lllTb :Xopomee 

BpeMeaaoe paapemeHJte, MeTon. Mcnonhayst 6onbmoe ycnneHne apeMeHHoro 

HMnynhca H noHHlK8SI nopor cpa6aTbIBaHHSl llHCKpHMHHaTopa IIIHpoxorronocHo

ro ycnnHTenSI no YP0BHSI myMOB, M0:1KHO ycTpaHHTb BnHSIHHe qiopMbl qipoHTa 

HMnynhca Ha paa6poc no apeMeHn. Ilpn aToM o6ecneqeHne mupoxononocHoc

TH BpeMeirnoro TpaKTa SIBmieTCSI Heo6xonHMbIM. OnncaHHbifi HH)Ke MeTon Bbl

B01l8 6bICTporo nMnynhca He yxynmae'1' aHepreTnqecKoro paapemeHHSI. 

IlpenycnnHTenb 

CxeMa rrpHMeHeHHoro aapsrnoaoqyBcTBHTenhHoro rrpenycnnnTenSI rrpnae

neHa Ha pnc.2. IlpenycnnHTenb COCTOHT H3 BXOllHOro KSCKana, OXBa'leHHoro 

OTpHUaTenbHOH o6paTHofi CBSI3bIO no aapstny, H llBYX ycnnnTenbHbIX TpaKTOB 
I 

C HH3KOOMHbIMH BbIXOllSMH. BxonaaSI CTYneHb BhlllOnHeHa . B BHll8 

KaCK8llHOil napbI H COCTaBHoro IIOBTOPHTenSI C nono:1KHTenbHOH o6paTHOil CBSI-

3h10 THna "bootstrap " • Taxoe pemeHne o6ecneqnBaeT 6onhmoe ycnneHue 

no MOIIIHOCTH npn coxpaaeHHH mnpoKofi no_noCbI rrponycxaHnsi. 

Bxo1mo:ii xacxan co6paH Ha HH3K0IIIYMSIIIIeM IIIHpOKOIIonocHOM noneBOM . 

Tp8H3HCTOpe THIIa 2N3823 • IlepeMeHHhIM conp0THBneHKeM 2K ycTaHaBmIBaeT-

CSl OIITHM8n:l;,HaSI pa6oqag TO'IKa IIoneBoro Tp8H3llCTOpa. KpnTepneM rroa6opa 
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OllTHManhl!0ll: pa6oqeft TO'IKH Tp81!3HCT0pa 2N3823 cny}KilT 0TII0Wel!He CHI'

nan-wyM CHCTeMbl .QeTeKT0p - BX0.llH0ll: K8CK8.ll, 
• 

Bb!XO/lbl 11peaycHnHTem1 Hcrronh3YIOTCR: 0/lilll - /lnR cneKTpoMeTpHqec-

K0I'0, BTOpoff - /lnSI Bp8M8HHOI'O 8R8llll'.38, CrreKTpOM8Tp1I'leC~Hit Tp8KT coc

T0HT Il3 ycHnHTeng narrpR}KeHHR H K0MrrneMeHT8pH0I'0 SMHTT8PR0I'0 ll0BTO

pHTenR, KOTOpbiil o6ecneq:irnaeT HH3Koe BbIX 0llH0e corrpoTHBnemie JtnR nono-
.. 

)KHTenhHbIX H 0TpilU8TenhHbIX IIMIIynhC0B. O6ntaR K0MnneKcHaR o6paTHaR 

CBll3b rro HarrpR}KeHHIO H CBll3b Tima ''ho6tstrap "coxpamnoT xopomyro mmea.

H0CTh BO BC8M .llR8l1830H8 BblX0ARblX RMIIym.coa. 6hICTpblJ!: *npeMeRROff."' Tp8KT. 

rrpeaycrinHTeng conep}KIIT nmpd·epeaunanbHhlll K8CK8/l II SMIITT8pHb1ff. II0BT0-

pliTenb. IlnnTenhROCTb. BbIX0!lll0I'0 lfMllynhCa BpeMeHH0I'O TpaKTa orrpenenll-

8TCR K0p0TK038MKIIYTbIM KaoeneM B KonneKTope Tp81131fCT0pa T 9• Ycune1me 

aapR/lOBO'IYBCTB!fTenhHOH C8KlllflI C OTKnroqe111101'l: o6paTl!Oii: CBll3hIO 6onhllle 

1000. BpeMR napacTaHHR cfipo11Ta IIMnynbca na BbIX0/le 0bICTporo TpaKTa 

( 110 ypoBHRM 011 - 019 ) : 
HCeK 

t = 10 nceK + 0,1 -- C 
ncfi 

Paapernemie cocTannReT 

KSB 
E (Ge) = 115 + O,OB __ 

ncfi 
C . 

llfnpOKOl10nOCHhlll YCIIIIIIT8nh 

y cunHTenh (pac.3) C0CT0IIT 113 Tpex 0JlllH8K0BbIX 110 cxeMe !lByXKaC-

/7 / 
KBAHbIX ceKunii: • B K8lliA0H C8KU1Ill BBe/leHa o6mall KOMilneKCH8R 06paT-

11ag CBll3h 110 Hallpll)KeJimo. llfy11TnpoBa11neM conpoTHBneHIIR o6paTHOll CBR311 

ne6onhIUOii: eMK0CTbIO cymecTBe11110 yMel!hlilel!o BpeMR 11apaCT81!1IR cfiponTa. 

Ha BX0/le yc:e:nHTenH - cfiaaonnnepTop. Bb1x Oil ycnmITenll no11Kn10qen K 

8M11nllTY!lll0MY llllCKpllMilH8T0py Ha TyHnenbH0M .llll0/le. 
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IlapaMOTpbl )'ClUIJIT8llSI: 

Kos¢,<pHUHeHT ycHneHHSI Ku =350; 

BpeMSI HapacTaHHSI q>pOHTa HMnynbca ( no ypoBHSIM o, l .-0,9) · 
1 

t rf, =5 HCeK ( 6ea Bb16poca). 

Ha pHc. 4 npHneneHbI nna cneKTpa. 

KpHBllSI A npencTaBmleT cneKTp uaGd. 1 KpHBllSI E H3MepeHa npH ynpanneHHII 

MHoroxaaanbHoro aHanHaaTopa HMnynbcaMH WHpoKononocHoro ycHnHTensi. 

KaK BHAHO H3 9Toro pncyHKa, BpeMeHHOtl: TpaKT pa6oTaeT C rronnoii sq>q>eK

THBIIOCTbJO OT yponm1, ne Mem.mero 40 !l'.8B. 

HaMepeHHSI paapemaJOmero npeMeHH 

C IIOMOWb!O rrpeo6pa3oBaTenSI 6bma H3MepeHa KpHBaSI BpeMeHHOro paa

peweHHSI IIpH perncTpauHH CUIIHTHnnSIUIIOHHblM H rronyrrpononHHKOBblM HnH 

nnyMSI rronyrrpOBOAHHKOBblMH Ge(Ll)neTeKTopaMH y -KBaHTOB aHHHrHnSIUHOH-

noro nanytJOHHSI. B H3MepeHHSIX HCIIOnb30BaliCSI repMaHHeBblH KOllKCH8JlbHblil: 
3 

ll8T8KTOP C 061>eMOM 13 CM • pa60TllJOIUHil: IIpH aanpmKORltH 1300 B, H 
3 

rrnocKo-rrapannenbHbltl:,o6'beMoM 1,5 CM· II pa6otJHM HanpmKf.iHHOM 300 B H 

CUHHTHnnSIUHOHHbltl: C'l~T'IHK C KpHCTannoM N al(Tl) paaMepoM 5 x 5 CM. 

EnoK-CXeMa H3MepHTenbHOil: yCTllHOBKH rrpencTaBneHa Hll pHc.5. 

Ha pHc. 6 rrpencTaBneHbl KpllBbie 6bICTpbIX connanenuil: 511 - 511 K9B 

nnsi K08KCHMbHOro (nepxmrn Kpimasi) B rrnocKoro (Hll:lKHSISI KpHBaSI) 

repMa1rnenoro neTeKTopa c Na I (TI) • Ha 9TOM pHCyHKe IIOK838Ha B na-

noceKyHnax WHpHHll KpHBblX HS rronoBHHe HX BblCOTbl. KpoMe Toro, OTMe

'leHbl mBpBHbl Ha OJ:(HOil: J:(eCSITOll IIOnHOH BbICOTbl KpHBb!X COBII8J:(8HHil:, KOTO

pb!e SIBnSIJOTCSI J:(8)Ke nyqwetl: xapaKTepHCTHKOil: npn ll3MepeHHSIX COBilllJleHHil:, 

TaK KBK B 9TH BpeMeHa IIpOHCXOABT CBbIW8 90% COBil8J:(8HHil:. KaK BllJlHO ll3 

pncynKa, B cnyqae KOaKcnanbnoro neTeKTopa 6onhwoit BKnan no cpannemuo 

C nnOCKIIM BHOCSIT HMnynbCbl C rrnoXHM q>pOHTOM. 3To CBSl38HO C neonno

PDJlHOCTbJO sneKTpnqecKoro nonsi B neTeKTOpax KOllKCHanbHOro TIIIIa. 
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CpaBHHBSSI pnc. 6 H 7, BJUtHM, 'iTO npn 38MeH8 CUHHTHnnsruno1rnoro 30H

Jll1 JmOCKO-napannenbHl,IM TOIDOIM A8T8KTQP~M mHpHBa .Ra nonyB:UCOT8 ae

MBOr0 yxyiuuaeTCSI, 8 Ba OlU!OA .necscroA M8JlSl8TCSI 3Ba'iRTem.Ho. 

Kpnaasr, KOTopasr npnae.neaa aa pnc. 8, arunoCTpJilPY8T OAHH H3 cny-

11aea HaMepeansr. Ha o.naoM ua .neTeKTopoa no.n6npaeTcsr onpeueneaaasr aaep~ 

rHSI Y -nepexoua, a .npyroA A8T8KT0p perHCTpHpyeT ll0'iTH Beeb Cll8KTp. 

Ha puc. · 8 xpnaasr apeMsr-aMnnHTyuaoro npeo6paaoeaTensr cooTaeTCTBy~T 

TaKoMy cny11a10, xorna iia NalCTl) .neTeKTope nouo6paaa aaeprusr 51 lJt:aB, 

a TO apeMSI,' xax xoaKcHnbHhifi aeTeKTop Ge(Li) perHcTpnpoaan no11TH non1-

Hhiti: unanaaoa aaeprnu ( . >. 50 xa»). 

On2caHHasr Bblme annapaTypa 6bma ucnonbaoaaaa 
/8 9/ 

noBhIX xoppensrunfi n cneKTpoa coanaueauil: • • 

IIpnMep cneKTpa coanaueanfi N al(Tl) - Ge (Li) 

npn H3MepeHHSIX yr-

.nnsr H30TOllS 
1
.
110

Tb 

noxaaaa aa pnc. 9, rue noaTaep)l(JlaeTCSI cymecTB0BaHne Y -nepexoua 
- . /10/ 

c aaeprue11 872 x:aa, KOT0pbii!: aaeuea npeunonomHTenbH0 BpaanoM n up 

ABTOpbl 6narouapSIT npo<peccopa I r.H.'¢1nepona 38 npoaan8HBbIA ·HM 

JUITepe<; lt sacTosm:teA pa6oTe. 
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