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1. BBEAEHHE 

OcHoBHo~ 4enb~ npHMeHeHHR no3H4HOHH0-4yBCTBHTenbHMX A€TeK

Topoe 8 H€HTpOHOrpa¢HH RB!1R€TCR.yB€J1H4€HH€ T€J1€CHOro yrna, 

B I<OTOpOM pen'ICTpHpyiOTCfl pacceRHHbl€ Ha o6pa3[.1€ H€ii!TpOHbl, C OA

H08p€M€HHbtM coxpaH€HIII€M paapewaiOU.Iei:1 cnoco6HOCTH. AH¢paKTOMeTp, 

060PYAOBSHHbiC1 TaKHM A€T€KTOpOM, 06J1SAB€T, no Kpa)7,Hei1 Mepe, 

ABYMR AOCTO\IIHCTBBM\11. Bo-nepBbiX, OH no3BOJ1fl€1 CYUI€CTB€HHO YM€Hb

Wi11Tb Tpe6yei-1YIO npoAOJ1}f{HT€11bHOCTb 3KCnepVIM€HTa. Hanp111Mep, 

B AH$paKTOM€TPH\II KpHCTSJ1J108 6eJ1KOB \1111\11 np\11 \IICCI1€AOBaH\II\II Mano

yrnosoro paCC€RHHR CKOpOCTb Haf5opa \IIH¢0pMSLI,HIII MO>K€T 6bt"rb yse

J1~14€Ha s 100 H 6onee pas 111 . Bo-sTopbtX, c noMOll.lbiO onHCbteaeMo

ro AH¢pSKTOM€Tpa AOCTHraeTCR OAHOBp€M€HHOCTb Ha6n~,QeH~B pa3-

Il~llHbiX TOYeK o6paTHOfO npOCTpaHCTBa KPHCTaJlJ1a 6e3 KaK~X-n\.1160 

~3MeHeH\.11~ B reOMeTpH~ 3KCnepHM€HTa. 

B nocne,qHee epeMR e KaYecTee He~TPOHHbtX no3~l.I~OHHO-l.IYBCTB~

TenbHbtX A€T€KTOPOB /nLJ.Q/ WHpOKOe pacnpocTpaHeH~e nonyYHilltl ra3o-

8bl€ nponopu,ltloHanbHble 10 B F 
3 

Hil~ 3He C4€T4!-1Klt! c BbtCOKOOMHbtM 

aHO,QOM 1 2·4/. Hx AOCTO~HCTBaMitl ~en~~TCR: npocToTa ~sroToeneH~t~~, 
KOMnaKTHOCTb,XOPOW~C npOCTpaHCTB€HHOe paapeWeHHe \.11 J1\t!H€~HOCTb 

xapaKTep~Cn1K~ noa:.-tl(tt~OHHOH 4yBCTBI-1TenbHOCTVI. Op~t~MepoM He~TPOH

Horo A~¢paKTOM€Tpa, ~CnOilb3Y~~ero MOHOXpOMaTiti4€CKOe H3Ilyl.leH\t!€ 

~ .QBa BF 3 cl.leT4~Ka, Ka)I{.Qblill 1-13 KOTOpbtX nepeKpbtBaeT yron pac

ce~HI-1~ 23° ,r~enReTc.A ycT.aHOBKa, on~caHHa~ e pa6oTe 151 • Ha 3TOM 

.Qio1$paKTOMeTpe pen1CTPit!PY~TC~ OAHOMepHbl€ - C pa3BepTKOi1 no yrny 

pacceRHVIR - Altl$paKI..\I-10HHbte cneKTpbt, 4TO noseonReT 3<1>¢eKTit!BHo 

VICCil€AOB8Tb nOJ11-1KPHCTSJ1Illt!4€CKitle H aMOP$Hbl€ se~ecTBa. 

Mbt np~M€Hio1J11t1 ,QeTeKTOP C BbiCOKOOMHbiM aHOAOM B He~TpOHHOM 

A~¢paKToMeTpe no epeMeH~ nponeTa, 4TO .Qano B03MO*HOCTb per~t~cT

p~posaTb ,QByMepHbte ,q~ttctJpaKTorpaMMbl c paseepTt<o~ no yrny pacce.A

H~.A ~ no AilltiHe sonHbt. B ,QaHHOI1 pa6oTe onHcaHbt paspa6oTaHHble 

Ailfl 3Toi:1 t_tenlt! cnoco6 perlo1cTpat.tt.H1 ABYMePHbtX cneKTPOB 1t1 l\lt1$poeafl 

3JlCKTpOHHKa AilR onpeAefl€Hit!~ KOOp.QHHaTbl COfibtTIIIfl 8 AeTeKTope, 

a TSK}!(e np€ACTaBil€Hbt pe3yilbTaTbl ~CnbiT8Ht.1~ A€TeKTOpa It! H€KOTO

pbiX ¢H3H4€CKitiX t.13MepeHt.1i:1. 

2. nPHHUHn OnPEAEilEHH~ KOOPAHHATbl C05b1TH~ 

B CYETYHKE C BbiCOKOOMHbiM AHOAOM 

(y~eCTBY~T ABa OCHOBHbiX MeTOAS onpeAeileHHfl M€CTa nona,QaH~R 

He~TPOH8 8 C4€Tl.IHK C BbiCOKOOMHbiM aHO.QOM. 0AV1H OCHOBaH Ha aHa-
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PV1c. 1. CxeMa BKI1104€HVIR ,QeTeKTopa c BbrcoKooMHb!M 
aHOAOM npH aHanHae aMnm1TYA CHrHanoe A 1 V1 A 2 . 

Illt13€ Bp€M€HHbiX XSpSKT€PY1CTliiK CVlrHSilOB CO C4€T4lt1Ka !6/, B ,QpyrOM 
SHSTIV131-!py10TCR aMnm·1TY,Qbl CHrHa!lOB, nOJ1YLlS€MbiX C KOHI...IOB BbiCOKOOMHOrO 3Il€KTPO,Qa/7/. Ha PJ.1C. 1 npV1B€,Q€HS CX€Ma BKI1104€HVIR C4eT-
4VIKS npH aHSillll3€ aMn!lliiTY,Q-c;rHanos, V13 KOTOPO~ CI1€AY€T, 4TO 

A 1 ~A 0 R/(R+ ~R.), /1/ 
A 2 ~ A0 R I (R + (1 - {- )R a) , 

r,Qe A 0 - aMnni-1Ty,Qa Cl-lrHana a T04Ke pen1cTPSL1lt1V1, L - ,Qm1Ha H Ra - nonHoe conpOTV!B!l€HV1e aHoAHO~ HV1TV1, R - conpOTV!BileHllle Harpy3KV1, PeWaR 3Ty CHCTeMy ypasHeHVI~ OTHOCHT€IlbHO x/L, nony-
4aeM 

R x/L ~ (A 2 + R(A 2 -A
1 ))/(A 1 +A 2 ), 

a /2/ 

np).1 Bbln011H€HJ.1H Bbi41-1CJ1€HHi:1 no <f>opMyne /2/ .nH6o HCnOllb3YIOTCR SHa-
norOBble YCTpOi1CTBa 15• 71 , KOTOpb*e, O,QHaKO, HM€10T onpe,Q€Jl€HHble He,QocTaTKH 181, nH6o at-~nnHTYAbl CHrHanos A 1 H A

2 npeo6paayK>TC.R a ~Hct>posoH KOA c noMoutbiO aHanoro-t.tH¢posbiX npeo6paaosaTenet1 /AUn/, a AJ1R 8~4HCJ1eHHt1 HCnOJ1b3yeTCR ~H¢poBa.R TeXMHKa: 38M, 
MHKponpou,eccop H!lH cne~~tta!lbHble Bbi4HC!1HTeJlbHble cxeMbl 181 . 

8 noclleAHeM C!1y4ae TOLlHOCT b onpe,qe.neHHR X /L 3aBHCHT OT 
AHana30Ha H3MeHeHH.R CHrHa110B A1 H A 2 , T.e. OT Bb160pa COOTHo-
weHH.R MeH<AY R 1-1 Ra, H oT T04HOCTH npoaeAeHHR npeo6paaoaaHHt1 CHrHanos e AUn H Bb14HcneHHH no ¢opMyne /2/. 0Ka3b1BaeTCR, LlTO 
a cepeAHHe cLleT4HKa /npH x/L = 0,5 I a6comoTHaR owH6Ka onpeAe
neHHR KOOPAHHann C06b1TYIR MHHHMallbHa, ec11111 k =R/R a= 2. 8b160p 
k = 2 YAo6eH eute H TeM, 4TO ynpof4aiOTCR BbiLlHCJleHHR no ¢opMyne /2/ /eM, pasgen 4,2/, 4~cno rpaga~~H AUn, Heo6xog~MOe gnR o6ec
ne4eHHR 3aAaHHOH T04HOCTH npeo6pa3oBaHHR, Bb16HpaeTCR YICXOAR \.13 

2 



Heonpe,Qefl€HHOCT'-1 K00PA'-1HSTbl M€CTS p€fi.1CTPSL-''-11-1, BHOCHMO~ co6-

CTB€HHO C4eT4'-1KOM, CornacHo/2/ npocrpaHCTBeHHoe paspeweH~e 

3He C4€T4HKS COCTaBJlfi€T OKOflO 1 CM npt-1 HanOilH€HHH 3 He 

2 arM, Kr - 0,8 aTM. Heonpe.QeneHHOCTb L\x KOOp.Qio1HaTbt, BHOCI-1-

MaR KoHe4HoM WHP'-1HoM KaHana AUn, He npeabtwaeT 0,2 eM np~--1 non

HoM Afl~He aHOAHO~ HHTH 20 CM, €Cfllo1 I-1CnQJlb3Y~TCR 1024-KaHanb

HbJ€ AUn 1-1 .QHanaaoH aHaflH3HPY€MbiX c~-1 rHanoe cocraenReT 0, 25-:-5 B. 

3. PErHCTPAUH~ tlBYMEPHbiX COEKTPOB 

HeVITpoHHbiM Alll¢paKToMerp no speMeH\11 nponeTa, o6opy.QOBaHHbt~ 

OAHOKOOPA~H8THb1M nll,U, no3B0flfi€T nonY4STb \IIH¢>QpM8l-'HIO cpa3y 

0 H€KOTOPOM C€1.1€H~~ o6paTHoro npOCTPaHCTBa. nnOUIS.Qb 3Toro 

C€1.1€HV1fl 

S~fHdHd8 .:::(8 2 -8 ). H 2 /2 
1 max ' 

131 

r.Qe (82
-8 

1
)- ~HT€pBan yrnoB 6p3rra, OXBSTbiBS€Mbl~ .Q€T€KTOPOM, 

Hmax = 2/A min. sin 8 0 - MaKCitiMSilbHbiM Ha6ntoAS€Mbllll pS,QHyc-seKTOP 

B o6paTHOM npocrpaHCTB€ Kpt.1CTSJlJ1S, A min - M\IIHHMSJlbHSfl HC

nOilb3yeMaR Afi~Ha BOilHbl, 80 - Cp€.QHH~ yrOJl 5p3rra. AflR cpaB

H€Hitlfl nno~aAI-1 /3/ ~ 11 3fleMeHTa11 L\S ce4eHHR o6paTHoro npocrpaH

crsa, Ha6nto.QaeMoro Ha AH¢paKTOMeTpe c MOHoxpoMaT~I.IecKHM H3ny-

4€Hit1eM t.1 11 TOI.I€1.1HbiM11 .Q€T€KTOPOM, Heo6XO.Q~MO yi.IHTgiBSTb paspe

WSIOil.\YIO CnOC06HOCTb 060HX M€TO.QOB. np\11 'Amin =0,7A VI (02-8 1
)=6° 

OTHOW€H~e 8/~S .QOCTHraeT H€CKOflbKHX COTeH. 

Ha PHC. 2 npV18€.Q€Ha 6noK- CXeMa 311€KTpOHHOIIi annapaTYPbl, KOTo

PYIO Mb1--;cr;Qilb30BSJl'-1 Afi.R pentCTPSL-'~\11 ,QByMepHbiX cneKTpOB. c~r

HSJlbl c geTeKropa nocne yC'-1Il€HVIR nocrynator Ha cxeMy cyMMVIPOBa-

Hlllfl H Ha 1024-KaHa!lbHble AU.n. CyMMa aMnnHTYA A 1 + A 2 cna6o sa-

•~c~T OT KOOPA~HaTbl /np~ R.fR ~ 2 (A 1 +Aelm x /(A 1+A~min'~/3 I 
~ VICnOilb3Y€TC.R AilA .QJ.1CKp'-1M~Ha~~\ll OT WYMOB, t¢opMHpOBSHHbllrl .QHCK

pVIM'-1HSTOpOM c'-1rHan cny~HT Aflfl aanycKa AUn 111 AilR nony4eH~R KoAa 

80 BpeMeHHOM KO.QlllpOB(ltVIK€ 8K, KOTOpbl~ 3anyCKaeTCA CHrHailOM 

11 (TapT
11 , CV1HXpOHHO C HMnynbCOM MOil.\HOCHt VICT04HJ.1Ka Het:1TpOHOB. 

UH¢posbte KOAbl c AUn-1 VI AUn-2 nocrynaw:n Ha 6noK cnel-'nPou.eccopa 

Afi.R BbtnonHeHH.R Bbii.IHCneHH~ no ¢opMyne /2/. B 6noKe KOMMyra~,~ 

H3 l-'~¢POBbiX KOAOB BK VI cne~npol-'eCcopa ¢0PM'-1pyeTC1i C!lOBO, fiB

fifiiOil.\eeCR a.QpecoM R4e~KH MarHHTHoro sanoMHHa~~ero ycrpo~crea 

M3Y, 8 KOTOPO~ npOV13BOA~TCR peri1CTpaJ.J.~fl C06btT'-1fl, T. e, CO,Qep

~~MOe .RI.Iel-'1KH yeen~4HBaeTCfl Ha e.QHHH~y. Crapw'-1e paap.R.Qbl agpeca 

onpeAeilR~T HoMep no3HU.I-10HHO~ rpynnbJ, MllaAW'-1e - HOMep speMeH

Horo KaHana. 
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P~c.2. 6noK-cxeMa 3JleKTpOHHO~ 
annapaTypbr: Al 1-1 A2 - yCHllHTe
n", AUn-1 "AUn-2 - aMnn"TYA
HO-LtH$poBbre npeo5paaoBaTenH, 
CM- cxeMa cyMMHpoBaHHR, ~
AHCKpYIMHHaTop, BK - epeMeHHOI:1 
KO,qHpOB~HK, en - cne~..tnPOLteC
Cop, K - KOMMyTaTop, M3Y -
MarHHTHoe aanoMHHa~~ee 
YCTpoi1CTBO. 

4. llETEKTOP 
M 311EKTPOHMKA 

4. 1. /leTeKTOp 

0AHOKOOpAlt!HSTHbJi:1 nLJ,Q 
BblnOnHeH Ha OCHOB€ CTBH
ASPTHOrO C~€T4HKS H€HTpo
HOB CHM-41 c aaMeHoH aHoAa 
HB HI-1XPOMOBYIO Hlt!Tb X20H80 
0 20 MKM. U1-1ilHHAPitl4€CKV1H 
Kopnyc C4€T4HKS V1MeeT A~t~a

M€TP 3 CM ltl AJ11-1HY 20 CM, 
AnHHS n03ltl~ltlOHH0-4yBCTBH

T€JlbHOrO Y4BCTKa OKanO 
15 CM, nonHoe conpoTltlBne
HHe aHOAHOH HHTltl -700 OM. 
HanonHeHHe c4eT4HKa KOM-
5HH~t~poBaHHoe: 7 BTM 3He , 
3 aTM Ar ~ 0,5 aTM C0 2. 
C4eT4HK noMe~eH a Macc~t~e
HYIO 3a~HTY H3 nOJlltl3CT€pa 
C Kap6HAOM 6opa, BXOAHO€ 
o'KHO KO!IJ11.1MSTOpa nepeA 
aa~HToH KoHycoo6paaHoe 
c H3M€HR€MOH anepTypoH. 
neTeKTOp pacnonaraeTCR HS 
noeopoTHoH nnaT¢opMe HeHT
pOHHoro Al-1¢paKTOMeTpa AilR 
lt!CCJ1€AOBSHltlR MOHOKplt!CTSJl
IlOB 191. 8pa14eHH€ nnanpopMbl 
n03BOJ1R€T V13M€HRTb Cp€AHV1H 
yron pacceHH~R a npe,qenax 
OT -30° AO 210° • 3neKTPOH-
HaR annapaTypa ,qeTeKTopa ,qaeT B03MO>KHOCTb BBOAYITb 64 n03~LtYIOHHble rpynnbl, T.e. yrnoBaR W~pYIH8 OAHOI:1 rpynnbl COCT8BJ1ReT OKOllO 10' npYI paCCTO.AHYIYI 1 M OT o6paa~..ta AO AeTeKTopa. 

4.2. Cne~npo~eccop 

Bbr4HClleHHe x/L no cpopMyne /2/ 1-1 onpe,qeneHHe a,qpecHoro Ko,qa M3Y ,Qil.A ,qaHHoro co6brTY1R npoHaeo,qHTCR e cne~..tnpo~..teccope /Cn/, cosMe~eHHoM c KOHTponnepoM KapKaca KAMAK. ~yHKLt~oHanbHa.A CXeMa en npe,qCTaBJleHa H8 pYIC.3. nocne QKOH48HYI.A npeo6pa30BaHHR cHrHanoe e o60J.1X AUn ~xo,qHT nepeaan!-1Cb nony4eHHbiX Ko,qoe 
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A 1 111 A2 eMecre c speMeHHbiM KOAOM B e coorsercrsy10w,111e pe

r~c:Tpbl /P2, P3 ~ Pl/ c noMOUlbiO KoMaHA NA(O)F(O), N,A(1)F(O). 

Ap~¢MeTH4ecK111e Ae~cTBII1A npOH3BOAATCR e apH¢MeTII14ecKo-norH4ec

KoM ycrpo)7jcree /AilY/ 3a 4eTblpe raKra, aa,QasaeMble c noM~biO 

ycrpo~CTBa ynpaeneHHfl /YY/. 8 nepBOM TSKTe Bbi4V1CJ1ReTCfl cyMM.a 

A 2 +A 1 ,111 peaynbrar 3SHOCII1TC.R e P4. Bo sropoM raKTe Bbl4~t~CnRercA 

paaHoCTb A 2 -A 1 c aaHeceHII1eM peaynbrara B P2. 8 rperbeM TaK-

re Bbi4V1CI1.AeTCR A2 + Y2(A 2-A1 ),T.K. Mbl ~t~cnonb3yeM Ra/R =2. 

Onepal\111.A ,QeneHII1R Ha ABa pa3HOCTII1 A 2 -A 1 npoi43BOA111TCR CASH-

roM 3TOfO 4111CJ1a Ha OA111H pa3p.A,Q B CTopOHY M.IlS,QWII1X pa3pRAOB. 

8 4ersepTOM. TSKTe Bbi4HCJ1ReTCA x/L. 3ra onepa~Hfl BblnO!lH.AeTCA 

e 6noKe ,QeneHII1fl /A/, Ha exo,Qbl Koroporo nocryna10r KOA 

A 2 + h(A 2 -A 1) ~3 P2 /gen~Moe/ ~ KOA A 2 +A 1 H3 P4 /genH-

renb/. Peaynbrar ,QeneHVI.R /KoA n03Hl\111H/ aanii1CbiBaeTcR eM.ecre 

c epeMeHHbiM KO,QOM 4epe3 KOMMyrarop K2 s BbiXOAHO~ per111crp P5. 

Cnel.lnPOl.leccop Mo*er pa6orarb c M3Y eMKOCTb!O 4K 111IlV1 32K. 

B nocneAHeM cny4ae Ha P5 BbiAaercfl 15-pa3PfiAHbli:1 a,QpeCHbl~ KO,Q. 

Pacnpe,QeneHII1e paapR,QOB B a,QpeCHOM KO,Q€ M€.*AY HOMepaMH noall1-

l\IIIOHHO~ rpynnbl 111 BpeMeHHOfO KaHana MO*€T 1113M€H.ATbCfl C nOMOLitb!O 

KOMMyraropa. ,ll,ereKTOP MO)I<eT 6b1Tb paa,QeneH Ha 2 n, n = 1,2, ..• , 6, 

no3\114\110HHble rpynnbl. 1-13 3S,QSHHOf0 4\11CJ1S rpynn C nOMO~b!O KOMMy

TaTopa MO}t(HO Bbl6paTb 2m, 01=1,2, •... ,6, rpynn, HS4V1HB.R C 111060~. 

np111 3TOM 4111C110 BpeMeHHbiX KSHSJ10B B Ka}t(,QO~ rpynne onpeAen.AeTC.A 

eMKOCTb!O M3Y. Hanp111Mep, npH M3Y eMKOCTb!O 32K MO}!(HO paa,Qe.n\11Tb 

,Q€T€KT0p HS 64 rpynnbl, Bbl6paTb 143 H111X 16 rpynn, npe,QCTSBJ1.AIQ

~111X 111HTepec, 111 111MeTb no 2048 epeM.eHHbiX KaHanos e KS*AO~ rpynne. 

np\<1 peanii13Sl\111H cnel\nPOU.eCCopa 6bl!lt.-1 pa3pa6oTSHbl 1-1 H3fOTOB

JleHbl ,QBa 6noKa ,QelleHH.R, OTI11114SIO~vteC.Fl CKOPOCTb!O BblnOnHeHII1fl one

pal.\11111. \.1x lt1CnOJ1b30BSHitl€ onpe,Qen.ReTC.Fl 6biCTPO,Qe~CTBII1eM npii1Me

H.ReMbiX e c111creMe AUn. 

4.2.1. CxeMa 6b1Crporo ,QeneHII1.R 

¢yHK4VIOHanbHa.R cxeMa ycrpo~crea 6blcrporo ,QeneH111.R noKa3aHa 

Ha PII1C.4. 0Ho coAeP*II1T 6noK yMHO}t(eH111R YM M8Tp~t~4Horo Tll1na 1101, 

cxeMy cpasHeHII1R CC /r~na 6onbwe-MeHbwe-paeHo/, ycrpo~crso 

ynpaeneHII1.R YY, 6noK ¢opMvtpoeaHHR nceBA04acroTHoro ¢4 111 perHcrp 

nceBA04aCTHoro P4, BXO,QHble WHHbl Aen~t~Moro A 1t1 AenHTe!lfl B. npo

u,ecc AeneH111fl ocHoBaH Ha np~t~Hu,~t~ne nopa3pfiAHOro "sasewweaHvt.R 11 

4SCTHOro 1-1 cpaBHeH111.R npOH3BeAeHHR nceB,Q04aCTHOrO C 1-1 ,Qen~t~Ten.RB 

c ,QeJ1\11MbiM A. Haxo»<AeH111e 4aCTHoro no wa raM i onii1CblsaeTCR cne

AY~~tttM COOTHOW€HII1eM: 

/4/ 
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PHc.3. 5noK-cxeMa cne4npo-
4eccopa. noRCHeHHR B TeKCTe, 

PHc.4. 5noK-cxeMa ycTpoHcTea 
6biCTporo AeneHHR. noRCHeHHR 
B TeKCTe. 

B A YM cc 
c 

rAe a=l npH A 2: ci+l. B H a ,..o np"' A< ct+l·B, n- 4HC!10 paapRAOB nceBAOt.lacTHoro. Ha Ka)f(AOM ware i onpeAenReTcR ot.~epeAHaR 3Ha4a~aR 41o1~pa t.laCTHOrO nyTeM YMHO)f(eHHR nceBA04aCTHOro Ha Ae!lHTenb H cpaBHeHHR peaynbTaTa c Ae!lHMYM. npo4eCc 8~4HC!leHio1R aaHHMaeT He 6onee 4eM n waroa. 
nocne ycTaHOBK"' KOAOB AenHMoro H Ae!lHTe!lR Ha WHHax A H B B CTapWHa:1 pa3pRA perHCTpa nceBA04aCTHOrO 3aHOCHTCR 11 111

• C BbiXOAa 6noKa yMHO>KeHHR npoHaBeAeHHe C t+ 1 • B n6AaeTcR Ha cxeMy cpaBHeHHR. npH A>Ci+l'B B 2n-f+l pa3PRAe perHCTpa P4 ocTaeTCR 11 1' 1 H aaHOCHTCR 11 111 B <;:!leAYIOutHH pa3PRA. npH A< Ci+l~B npm-tcXOAJ.1T c6poc a "O" e 2n-t+l paapRAe 1o1 aanHcb "1" a cne-AYIOutHi1 paapRA. Op1o1 A==Ci+l · B npo1o1cxoAHT ocTaHOBKa npo4ecca Ae!leHJ.1R, np1o1 3TOM Ha perHcTpe P4 HaXoAHTCR T04Hoe 3Ha4eHHe t.laCTHOro. npH n::: 6 MaKCY1ManbHOe BpeMR Bb14J.1C!leHHR 4aCTHOrO paBHO 1,2 MKC. 

4.2.2. CxeMa MeAileHHoro Ae!leHHR 
~YHK4HOHa!lbHaR cxeMa ycTpoHcTsa MeAJ1eHHoro AeneHHR npeACTaBneHa Ha PHC.5. 8 perHCTp p aanHCbiBaeTCR Ae!lHMOe B o6paTHOM 
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B 

P~c.S. 6noK-cxeMa ycTpo~cTea MeAfleHHOro AeneHHA. 

TIORCHeHHR a TeKCTe. 

KoAe, aaTeM npoHcXOAHT nocneAoBaTenbHOe cyMMHpoaaHHe coAepmH

Moro perHCTpa p c AenHTeneM H aanHCb peaynbTaTa B P. npH ne

penonHeHHH cyMMaTopa CM ycTpoHcTeo ocTaHaanHaaeTCA, a 4Hcno 

cyMMHpoeaHH~ /4aCTHoe/ ~KCHpyeTCA a c4eT4HKe C. BpeMA e~non

HeHHA AeneHHA C 6-pa3PAAH~M 48CTH~M paBHO 12,8 MKC, HO KOI1H-

4eCTBO MHKpOCXeM AnA H3rOTOSOeHHA 3TOfO YCTpoHCTB8 yMeHbWa

'eTCA e 2,5 paaa no cpaBHeHHIO c ycTpo~kTBOM 6wcTporo AeneHHR. 

BpeMA npeo6paaoeaHHR cHrHana a Hcnonbaye~x AUn cocTasnA

eT OKano 50 MKC, 3TO noaaonAeT npHMeHHTb a cne~npo~eccope 

cxeMy MeAneHHoro AeneHHA. 

5. nPOBEPKA 3nEKTPOHHO~ AnnAPATYP~ H AETEKTOPA 

npeACT8BI1AIOT HHTepec IlHHeHHOCTb xapaKTepHCTHKH no3H~HOHHOH 

4yBCTBHT€IlbHOCH1 3J1€KTPOHHO~ annapaTYPbl, a TSKH<e BKJ18A, KOTO

p~H BHOCHT 3J1€KTpOHH8~ annapaTypa 8 KOH€4HY~ n03H~HOHHY~ paa

pewa~~y~ cnoco6HoCTb AeTeKTopa. 

Ha PHC.6 npeAcTaaneHa nony4eHHaR c noM~b~ HMHTaTopa Ae

TeKTopa B BHAe Ae11HTeJlR Ha COOpOTHBJleHHRX xapaKTepHCTHKa 

k = f(n) , rAe k - HCTHHHbiH, a n - onpeAenReMbi:H HoMepa noaYI-

UHOHHO~ rpynnbl I k a npoHaBonbHbiX eAHHH~ax/. BHAHO, 4TO 

npH H811H4YIH 64 rpynn AH~~epeH~HSJlbHble OTKnOHeHHR Xap8KT€PH

CTHKH OT JlHH€HHoH He npeBb\WS~T 1 rpynnbl 38 YICKJ1to4eHH€M Kpae

BbiX y4acTKoe AJ1HHO~ oKono 5 rpynn. BKnaA 3J1€KTPOHHoH annapa

Typbl 8 pa3peWaiOII\YIO cnoco6HOCTb, CBR38HHb1H B OCHOBHOM C He

IlYIH€HHOCTb~ H HeTOH<AeCTBeHHOCTb~ xapaKTepHCTHK AUn,onpeAenRn-

CR npH noAa4e Ha BXOA o6oHx AUn OAHOro Yl Taro ~e CYirHana. B cny-
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PV~c.6. XapaKTepV~CTVIKa no3V~~VIOHHO~ 4YBCTBV~TenbHOCTVI 3neKTpOHHO~ annapcnypbl. 

{\ 

)\ 
PV~c.?. Pacnpe~eneHHe VIHTeHcHe
HOCTVI no rpynnaM npH perV~cTpa
~VI~ ny4Ka HeHTpOHOB WHPVIHO~ 
0,5 eM. Y3KH~ nHK nony4eH npH 
no~a4e Ha exo~ o6oHx AUn CHr
Hanoe c o~Horo BbiXO~a ,QeTeK
Topa, WVIPOKH~ nHK - npVI 
HOpMSnbHQM p€}f(VIM€ pa60Tbl. 

8 

4ae cHrHana OT reHepaTopa 
C nepe,QHHM ¢POHTOM He MeHee 
0,3 MKC VI C aMnnHTy,QO~ 
e npe,Qenax 0,575 B pacnpe
~eneHHe 4Hcna co6bJTVI~ no 
n03VI~VIOHHbiM rpynnaM RBilR€T
Cr! 0 -o6pa3HbiM. AHanorV~4Hoe 
pacnpe,QeneHHe, nony4eHHoe 
npVI no,Qa4e Ha exo,Qbl o6oV~x AUn o,QHoro VI Toro }f(e peanb
Horo cHrHana c ,QeTeKTopa 
npH A 1 + A 2 > 1 B VI P?36J.1eHHVI 
nocne,QHero Ha 64 rpynn~ 
npe~cTaBneHo Ha pV~c.? /y3-
KV1H nHK/. illHpHHS-;TQrO pac
npe~eneHI-1R He npeBbiWaeT 
2 rpynn , 3Mni-1PH4ecKaB ~l-1c
nepc!-1R :;2- fi 2 ~ 0,6. 

AHanorH4Hble npoaepKH npo
Be.QeHbJ ~JlR acea:::f CHCTeMbl -
~eTeKTOP + 3Jl€KTpOHHaR anna
paTypa - c nOMO~b~ Y3Koro 
/wHpHHOH 0,5 CM/ ny4Ka MOHo
XpOMaTH4€CKHX H€~Tp0HOB. 0T
KnOH€HHR xapaKT€pHCTHKH no-



s~~~OHHO~ 4YBCTB~TenbHOCT~ oT n~HeHHo~ An~ ~eHTpanbHO~ 4a
cT~ 

AeTeKTopa AflV1 HOIII 15 CM He npeBbiWan~ BeJ1~4V1H, CBfl38HHbiX C OW~6-

K8M~ B yCTSHOBKe AeTeKTOpa OTHOCV1TenbHO ny4K8. HsMepeHHOe np~ 

HeKOTOpOM nonomeHV1~ AeTeKTopa OTHOC~TenbHO ny4K8 HeHTpOHOB 

pacnpeAeneHHe HHTeHcHBHOCTH no rpynnaM npeAcTaeneHo Ha pHc.7 

/w~poK14H n~K/. nonHafl wHpHHa pacnpeAeneH~fl Ha nonoB~He BbiCOTbl 

pasHa 1,2 CM, H, CneAOBSTenbHO, BKnaA AeTeKTOpa COCTaBnfleT 

OKano 1 CM. 

3aB~CV1MOCTb 3¢¢eKTHBHOCTYI perV1CTP8~V1YI He~TPOHOB OT KOOPAH

HSTbl ny4Ka Ha AeTeKTOpe ABnAeTCfl 06bi4HOH AilA TSKOrO TV1na 

c4eT4HKoe /eM., Hanp. ,
1111 I. Ha6n10AaeMble oTKnOHeH~A 3¢¢eKT~s

HOCTH OT KOHCTSHTbl He npeBbiWaiOT 5% AJ1A ~eHTpaJlbHO~ 4SCT~ Ae

TeKTOpa AJlV1HO~ 10 CM. 

6. HEKOTOPbiE nPHMEHEHHH 

Ha A~~paKTOMeTpe c n4~ npoBOA~nHCb HCCJleAOBSH~A 
AOMeHHO~ 

CTpyKTYPbl, B03HHK810tllei:1 np!A nepeXOAe HeKOTOpbiX cerHeT03neKTpH

KOB B HH3KOCHMMeTpiA4HYIO ¢asy. 0co6eHHOCTb10 3T~X HCcneAOBSHIAI71/12/ 

RBJl~eTCfl He06XOA~MOCTb H3MepeHHfl ABYMepHbiX Ce4eHV1H Y3110B o6-

p8THOi1 peweTKV1 KPIACT8!1n8, KOTOpble 8 o6tlleM cny'-4ae 38 Ht.1MSIOT 3Ha-

4V1TeJlbHYIO ·nno~aAb. Ha p~r~c.S npV1BeAeH annapaTYPHbli1 cneKTp, ~3-

MepeHHbl~ npH A~¢paK~~~~~ HeHTpOHOB Ha MOHOKpHCT8!1Jle KD
2

PO 
4 

(DKDP) 

np1-1 pas6~eH~V1 M3Y Ha 64 nos1-1~HOHHb1e rpynnbl no 64 speMeHHbiX 

KaHana 8 KamAoi1. BV1AHO, 4TO oTpameHV1e 440 DKDP cocT0!-1T 1-13 

ABYX p83Ae!1eHHbiX no yrny pacceAHV1fl KoMnOHeHT, KSmASfl 1-13 KOTO

pbiX pasAeneHa etl\e H no apeMeHI-1 nponeTa. nepeBOA nony4eHHbiX 

ASHHbiX 8 o6paTHOe npOCTPSHCTBO n0380!1ReT H8fJ1fiAHO B~AeTb pac

U\enneHV1e 3Toro ysna o6paTHO~ peweTKI-1 Ha 4 KoMnoHeHTbl /p!-1c.9/. 

B ASHHOM C!ly4ae np~MeHeHHe n4A n03BOJl~IlO HSM npo8eCTH 3Kene

pHMeHT B 20 pas 6biCTpee, 4eM C o6bJ4HbiM AeTeKTOpOM, ~ np\11MepHO 

B 1000 pa3 6biCTpee, '-leM npH 803MOH<HO~ nOCTaH08K€. SHailOfH4-

HbiX HCC!leAOBSHHi1 Ha A~¢paKTOMeTpe C MOHOXpOMSTH4eCKHM ny4KOM 

Hej;:jTpOHOB \11 06b14HbiM AeTeKTOPOM. 

7. 3AKJ1104EHHE 

.[lV1¢paKTOMeTp no speMeHV1 npoJ1eTa, o60PYAOBSHHbll71 no3H~HOHH0-

4YBCTBHTeJlbHb1M AeTeKTopoM cpasH\11Te!lbHo He6onbWHX pasMepo8, 

n03BO!lfleT CYU\eCTBeHHO COKpSTHTb speMA H YI1Y4WHTb KS4eCTBO AH¢

paK~HOHHblX 3KCnep~MeHTOB. 0co6eHHO 3TO OTHOCI-1TCR K HCCileAO

BSHHAM, B KOTOpbiX H3MepAeTCA ~HTeH01BHOCTb paccef!HHbiX Hei1Tp0H08 

a npoTRmeHHbiX o6nacTAX o6paTHoro npocTpaHcTaa. K TSKHM 3KCne

pV1MeHTaM OTHOCRTCA H3y4eHV1e AH¢paK~HV1 Ha nonHKp~cTannax H aMop¢-
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P1-1c. 8. AnnapaTYPHbl~ cneKTP np11 A11¢pa KU.I-11-1 He~TpoHoe 
Ha Kp~t~cTanne KD 2 P0 4, T = 80 K. YrnoBaR WJ.1PI-1Ha noa~t~
U.1-10HHoill rpynnbl - 10 MHH. Ka)f{,QaR rpynna co,Qep)f{HT 64 
epeMeHHbiX KaHana. 
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P"c. 9. Ce4eH"e yana 440 o5-· ----paTHOH peweTK~t~ KD2 Po4 , 
nony4eHHOe Ha ocHose ,QaH
HbiX, np~t~B€,Q€HHbiX Ha PJ.1C, 8. 
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H~x ee~ecTeax, Ha Kp~cTannax 
C ,QOMeHHO~ CTPYKTypo~, 8 TOM 
4HCile TeKCTypax, H3Y4€HJ.1e 
npo¢~t~nR AH¢paKU.I-10HHoro n~t~Ka, 
CTPYKTYPHbl€ HCCile,QOBSHJ.1R 

0 Kpi-1CTannoe c 6onbWI-1MI-1 ( :_ 20 A) 
paaMepaMI-1 3IleMeHTapHo~ R4e~KI-1 

1-1 T. A. npe,QilO)f{eHHbiH cnoco6 
peri-1CTPa41-11-1 ABYM€PHbiX cneKT
poB 11 paapa60TSHHaR 3Il€KTpo
HHKa noKaaan~t~ ceo~ pa6oTocno
c.o6HoC'rb H np11 Y!CCile,QOBaHI-11-1 
,QoMeHHo~ cTpyKTypbr KD 2 PO 4 no3BOI1HI111 YB€Ili1411Tb CKOpOCTb 
3KCnepY!M€HTa B 20 pa3. 
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