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BBE,QEHHE 

8 3KCnepHMeHTanbHOA HAepHoA .H3HKe H3BeCTH~ B OCHOBHOM 4e
T~pe THna AeTeKTOPOB, npeAHa3Ha4eHH~X AnH perHCTpa~HH KOOPAH
HaT HCCneAyeM~X 4aCTH~: $OT03MynbCHOHH~e AeTeKTOp~, ra30B~e 

C4eT4HKH /pa3nH4H~e npOBOn04H~e KaMep~/, MHKpOKaHanbH~e AaT-
4HKH H nonynpOBOAHHKOB~e AeTeKTOp~. l-1cnonb30BaHHe TOrO HnH 
HHOrO THna n03H~HOHH0-4YBCTBHTenbH~X AeTeKTOPOB /n4,Q/ AHKTyey
CH noTpefiHOCTHMH KOHKpeTHOrO .H3H4eCKOrO H3MepeHHH. nporpecc 
B npHMeHeHHH nonynpOBOAHHKOB~X n4,Q AnH peweHHH PHAa 3aAa4 
HAepHOA .H3HKH H CMe~H~X HayK CBH3aH C HanH4HeM onpeAeneHH~X 
npeHMy~ecTB 3Toro Knacca npH6opoe nepeA APYrHMH MeTOAaMH pe
rHcTpa~HH. npe~Ae BCero - 3TO B03MO~HOCTb nony4eHHH OAHOBpe
MeHHOA HH.OpMa~~H 0 KOOPAHHaTe H 3HeprH~ 3apH~eHH~X 4aCTH~ npH 
XOpoweA nHHeAHOCTH, 3HepreTH4eCKOM H n03H~HOHHOM paapeweHHH. 

Pa3BHTHe OAHOKOOPAHHaTH~X nonynpOBOAHHKOB~X n4,Q 6blnO CTHMy
nHpOBaHO ~enaHHeM nony4HTb nonHoCTb~ 3neKTPOHHoe peweHHe Ae
TeKTHpoeaHHH 4aCTH~ B MarHHTH~X cneKTporpaq>aX. 110 cpaBHeHH~ 
C o6peMeHHTenbHOA MeTOAHKOA .OTOnnaCTHHOK HCnOnb30BaHHe nony
npOBOAHHKOB~X c4eT4HKOB AaeT B03MO~HOCTb eecTH c6op AaHH~x 
e oH-naHH pe~HMe. oonee Taro, 3HepreTH4eCKHA cHrHan noaeonHeT 
nerKO HAeHTH·H~HpOBaTb 4aCTH~~. T.K. 4aCTH~~ C pa3nH4H~MH Mac
CaMH, HO OAHHaKOBOA MarHHTHOA ~eCTKOCTb~ HMe~T pa3nH4H~e 3Hep
rHH. nepeoe npHMeHeHHe nonynpOBOAHHKOBOrO n4,Q CAenaHO B Ha4a
ne 60-roAoe/1~ no4TH cpaay aa noHeneHHeM o6~4H~x nonynpoBoA
HHKOB~x C4eT4HKOB. 

npHH~Hn pa60T~ 3TOrO AeTeKTOpa 6~n OCHOBaH Ha pe3HCTHBHOM 
AeneHHH C03AaHHoro 4aCTH~eA aapHAa. Ha-aa Manoro pa3Mepa c4eT-
4HKa /-2 CM/ H HenHHeAHOCTH n03H~HOHHOrO CbeMa OH OKa3anCH 
ManonpHrOAH~M B Ka4eCTBe AeTeKTOpa MarHHTHOrO cneKTpOMeTpa. 
B nocneAY~~He roAbl 6blno noKaaaHo HcnonbaoeaHHe AnH MarHHTHoA 
cneKTPOMeTpHH 6onee COBepweHH~X nonynpOBOAHHKOB~X n4,Q, KaK 
OTAenbHbiX AeTeKTOpOB C pe3HCTHBH~M AeneHHeM /2,3/, TaK H CHCTeM 
H3 HeCKOnbKHX AeTeKTOpOB/4,S<a TaK~e AeTeKTOpOB AHCKpeTHOro TH-

/ A' . na,6,7,~H~e paCCMaTpHBa~TCH pa3nH4H~e THn~ nonynpOBOAHHKOB~X 
n4,Q, npHH~Hn HX pa60T~, a TaKY.<e Tpe6oBaHHH, npeAbHBnHeMble K 
3neKTPOHHKe AnH nony4eHHH onTHManbHOA nHHeAHOCTH H pa3pewa~
~eA cnoco6HOCTH npH6opoe. 
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1. KnACCI-1<1>1-iKALIHR 

Pa6ora n~6oro nonynpoBOAHHKOBoro c4eT4HKa ocHoBaHa Ha pe
rHcrpa4HH aapRAa, C03AaHHOro B o6eAHeHHO~ HOCHTenRMH o6naCTH 
AeTeKropa naAa~~HM H3ny4eHHeM. B aaBHCHMOCTH or cnoco6a HHAH
Ka4HH n03H4HH 4aCTH4~ n4A MOmHO pa3AenHTb Ha ABa Knacca: He
npep~BH~e H AHCKpeTH~e. 06a Knacca noasonR~T H3rorasnHBaTb 
OAHOKOOPAHHaTH~e H ABYXKOOPAHHaTH~e AeTeKTOp~. 

A. HaH6onbwee pacnpocrpaHeHHe nony4HnH Henpep~BH~e AeTeKro
p~. 8 KOTOp~X C06paHH~~ aapRA AenHTCR Ha pe3HCTHBHOM 3neKTpo
Ae lpHc.1a/. EcnH conpoTHBneHHe 3neKTPOAa /Korop~~ Momer 6~Tb 
KaK BepXHHM, TaK H HHmHHMI OAHOPOAHO H HCnOnb3Y~TCR npeAYCHnH
TenH C HH3KHM BXOAH~M HMneAaHCOM, TO 4aCTb 3aPRAa, AOCTHrWaR 
OAHOro H3 KOH40B, 6yAeT T04HO nponOP4HOHanbHa paCCTORHH~ Mem
AY T04KO~ npoxOmAeHHR 4aCTH4~ H APYrHM KOH40M pe3HCTHBHOrO 
cnoR /pHc. 1rl, T.e. 

Qx2 = Qo· xiC /1/ 

rAe Q 0 - nonH~~ aapRA, C03AaHHbl~ 4aCTH4e~. 
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PHc. I . CxeMhi noJiynpoBOAHHKOBhiX no3HUHOHHo-qyBcTBHTeJib
~eTeKTopoB: a - HenpepbiBHbiH OAHOKOOPAHHaTHhiH AeTeK
TOp C pe3HCTliBHhiM CJIOeM; 6 - paAHaJibHhiH HenpepbiBHhiH Ae
TeKTop; B - AHCKpeTHhlli AeTeKTop; r - cxeMa AeJieHHH 
aapHAa Ha pe3HCTHBHOM 3JieKTPOAe; A - 3KBHBaJieHTHaH 
cxeMa ll03HUHOHHoro AeTeKTopa B BHAe HenpepbiBHO pacnpe
AeJieHHOH RC-uenH. 

.. 

B aaBHCHMOCTH or MeToAa HarorosneHHR pe3HCTHBHoro cnoR 
8 Henpep~BH~X AeTeKTOpax MOmHO B~AenHTb 4eT~pe THna: 

- cnoH, o6paaosaHH~e Heo6eAHeHHO~ o6nacTb~ 6aaosoro Mare-
pHana AeTeKropa 11,8/; 

- cnoH, nony4eHH~e HanblneHHeM Mer anna /4,9-14/; 
- cnoH, nony4eHH~e HMnnaHTa4He~ <J>oc<J>opa HnH 6opa12•3•15- 18 1; 
- AH<I><I>Y3HOHHble cnoH 12,13,19,211. 
neps~e ABa THna peaHCTHBHbiX cnoes noKaaanH HenHHe~HOCTb, 

KOTOpaR CBR3aHa C HeOAHOPOAHOCTb~ KpeMHHR HnH TOHKOrO CnOR 
HanblneHHOrO MeTanna. no3TOMY HaH60nbWee pacnpocrpaHeHHe nony-
4HnH AeTeKTOpbl c HMnnaHTHPOBaHHbiMH cnoRMH. TaKHe C4eT4HKH 
HMe~T HenHHe~HOCTb ny4we 1% H Aa~T xopowee no3H4HOHHOe paa
peweHHe - 0, 5% /39 I. 

nepcneKTHBH~MH, Ha HaW B3rnRA, MOryT OKa3aTbCR KpeMHHeB~e 
AeTeKTOp~ C pe3HCTHBH~MH CnORMH, H3rOTOBneHH~MH MeTOAOM HH3KO
TeMnepaTypHO~ AH<J><J>Y3HH nHTHR ll3,ID,21/, y KOTOpbiX HenHHe~HOCTb 
3Ha4HTenbHO ny4We 1%. npH 3TOM HCKn~4aeTCR TaKoe AOPOrOCTOR
~ee 060PYAOBaHHe, KaK HMnnaHTaTOp. 

OnpeAeneHHbl~ HHTepec AnR PRAa aaAa4 npeACTaBnR~T npH6op~ 
c paAHanbHO~ no3H4HOHHO~ 4YBCTBHTenbHOCTb~ /2,22/ /pHc. 161. Ta
KHe AeTeKTOp~ He Aa~T CHrHana, nHHe~HO nponop4HOHanbHoro pa
AHYCY naAeHHR 4aCTH4bl, ecnH HCnOnb3yeTCR OAHOPOAHbl~ pe3HCTHB
H~~ cno~ MemAY BHYTPeHHHM H BHeWHHM KOHTaKTaMH. 0TKnHK AeTeK-

r q 
ropa Q(r) 6yAeT nponop4HOHaneH fn(--)/fn(-), rAe r 0 H rr- BHyT-

r o ro 
peHHH~ H BHeWHH~ paAHYCbl. MomHO nony4HTb nHHe~H~~ OTKnHK, ecnH 
non~TaTbCR CAenaTb pe3HCTHBHbl~ cno~ c rpaAHeHTOM npoBOAHMOCTH, 
nponOP4HOHanbH~M paAHYCY, HnH rpaAHeHTOM TOn~HH~ CnOR, o6paTHO 
nponOp4HOHanbHbiM paAHYCY. 

6. C pa3BHTHeM TeOpHH AeneHHR 3aPRAa Ha pe3HCTOpe H paapa-
6oTOK nonynpOBOAHHKOBbiX n4A CTano RCHO, 4TO Henpep~BH~e AeTeK
TOP~ He 6YAYT YA06Hbl AnR perHCTPa4HH HH3K0-3HepreTH4eCKHX H3-
ny4eHH~. 6onee nepcneKTHBHbiMH npH6opaMH AnR 3TO~ o6nacTH Rs
nR~TCR n4A AHCKpeTHOrO THna - npH60pbl, y KOTOp~x HeCKOnbKO OT
AenbHbiX AeTeKTOpHbiX 3neMeHTOB paaMe~eHbl Ha OAHOM 6a30BOM Ma
TepHane I pHc. 1 sl. KamA~~ 3neMeHT MomeT 6hiT b coeAHHeH c co6cr
BeHH~M npeAYCHnHTeneM H nocneAY~~e~ 3neKTPOHHKO~. AereKTOP~ 
AHCKpeTHOrO THna 4aCTO Ha3b1Ba~T CTpHn-AeTeKTOpaMH, a ABYXKOOp
AHHaTHble - 11WaXMaTHaR AOCKa 11 HnH MaTpH4H~e AeTeKTOpbl. 

nepBbl~ CTpHn-AeTeKTOp npOAeMOHCTPHPOBaH B 1966 rOAY / 23 ~ 
B AanbHe~weM sonpocbl HarorosneHHR H HcnonbaosaHHR AeTeKropos 
AHCKpeTHoro THna 6hlnH onHCaHbl PRAOM asropos 16,7,24-28 I. CneAy
eT OTMeTHTb e~e OAHH BamHbl~ <J)aKTOp, CTHMynHpOBaBWH~ paapa60TKH 
TaKHX AeTeKTopos. CKopocTb C4era HenpepbiBHbiX AeTeKTopos AOCTa
T04HO HH3Ka, T.K. TOnbKO OAHO C06biTHe 8 AaHHbl~ MOMeHT MOmeT 
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6~Tb o6pa6oTaHo. KpoMe Taro, apeMeHHOe paapeweHHe Henba~ 
cpaBHHBaTb C o6~4H~M nonynpOBOAHHKOB~M AeTeKTOPOM H3-3a KOOp
AHHaTHOH 3aBHCHMOCTH BpeMeH HapacTaHH~ CHrHanoB. no3TOMY An~ 
nony4eHH~ apeMeHHOH HH$OpMa~HH, OC06eHHO B 3KCnepHMeHTaX Ha 
COBnaAeHHe /7/,Hcnonb30BaHHe CTpHn-AeTeKTOpOB MO~eT 3Ha4HTenb
HO yny4WHTb apeMeHHoe paapeweHHe H aarpy3D4H~e xapaKTepHCTH
KH. K CO~aneHH~, He06XOAHMOCTb HMeTb yCHnHTenbH~H TpaKT Ha 
Ka~A~H 3neKTPOA C03AaeT 04eHb B~COKHe Tpe6oBaHH~ K BHeWHeA 
3neKTPOHHKe. An~ yMeHbWeHH~ 3neKTPOHHKH, ca~aaHHoA c 6onbWHM 
KOnH4eCTBOM 3neMeHTOB, 6~n noKa3aH cne~HanbH~H MaTpH4HO-aA
pecH~H MeTOA, HCnonb3Y~~HH TOnbKO 30 ycHnHTeneA An~ 224 3ne
MeHTOB AeTeKTopa /26 I. 

noTpe6HOCTb B ABYXKOOPAHHaTH~X AeTeKTOpax C 6onbWOH nno
~aAb~ An~ MeAH~HHCKHX ~eneA CTHMynHpoaana paapa60TKH AHCKpeT
H~X n4A H3 repMaHH~ An~ HH3KO- H cpeAHe3HepreTH4H~X y-KBaH
TOB /27-31/. 

2. PA60TA AETEKTOPA C PE3HCTHBHWM AEnEHHEM 3APRAA 

TeopeTH4eCKHH aHanH3 pa60T~ n4A c pe3HCTHBH~M AeneHHeM aa
P~Aa 6bln nOAP06HO CAenaH B pa6oTaX /32,11,2/ Ha OCHOBe npoc-

" TOH MOAenH, KOTOpa~ npeACTaBn~eT n4A KaK Henpep~BHY~ DAHOPOA-
HO pacnpeAeneHHY~ RC-nHHH~ /pHC. lA/. npH 3TOM npeAnonaraeTc~. 
4TO pa6o4a~ o6nacTb AeTeKTopa pacnpocTpaH~eTc~ OT aepxHero 
,4U t1Y111<t1t::l u .:1Jit::r<IIJU,4U~, IIIJU4t!l..\... fJd<IPRAd ;;sap~Ad loiQ Ha COOTBeT
CTBY~~eA noKanbHOH eMKOCTH C npeACTaBn~eTC~ B BHAe 8 -$yHK~HH, 
T.e. BpeM~ C06HpaHH~ HOCHTeneA Mana no cpaBHeHH~ C xapaKTepH
CTH4eCKOH apeMeHHOH KOHCTaHTOH npH6opa ( r coG<<r D"' R DC Ji, rAe 
R D - conpoTHBneHHe pe3HCTHBHoro cno~, CD - eMKOCTb AeTeKTopa. 

MaTeMaTH4eCKoe onHcaHHe npo~ecca nepeAa4H aap~Aa K B~BDAaM 
pe3HCTHBHoro 3neKTPOAa npeACTaan~eTc~ AH$$epeH~HanbHbiM ypaa
HeHHeM /32/: 

au e2 

at 
a2 ( __ .JL_) 
ax 2 • 

/2/ 
TD 

Era peweHHe H nocneAY~~He npeo6paaoaaHH~ Aa~T co6paHH~A 
Ha n03H~HOHHOM KOHTaKTe 3ap~A, KOTOp~A 3aBHCHT OT BpeMeHH H 
MeeT a nonaAaHH~ 4aCTH~bl /33 I: 

X 
00 

-1 . 2 2 
Qx2 =Q 0 [.,.-2I (11n) sm(n11x/e)(l-cosn")exp(-n" t/r 0). /3/ 

t n~I 

An~ 3HepreTH4ecKoro CHrHana 6yAeM HMeTb: 

oo -I 2 2 /4/ 
Qlt" -Q0 [ 1-2

0
:,

1
(11n) sin(n11x/f) (1-cosn11)exp(-n " t/r0). 
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PHc.2. 3aaHCHMOCTb aapHAa 
Ha BblXOAe TI03H~HOHHOrO CHrHa
na AeTeKTOpa OT BpeMeHH Cbe
Ma Anfl PflAa TI03H~HH naAaiD~X 
Ha AeTeKTop ~acTH~. 
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PHc.3. 3aBHCHMOCTb aapHAa 
Ha Hb!XUAI:! ::IHI:!P!'t!'l'H'it!<.:KU!'U <.:H!·

Hana noaH~HOHHoro AeTeKTOpa 
OT apeMeHH CbeMa Anfl PHAa no-
3H~HH naAaiD~X Ha AeTeKTOP 
~aCTH~. 

Ha Bblpa~eHHA /3/ H /4/ MO~Ho nony4HTb aap~A~. co6paHHble 
aa 6ecKoHe4HOe apeM~. B nepaoM cny4ae nony4HM paaeHCTBO /1/, 
so BTopoM Q E,._ Q 0 . BHAHO, 4TO no3HI.IHOHHbiA cHrHan ~an~eTc~ 
JlHHeHHOH $yHK1.1HeH n03HI.IHH, a 3HepreTH4eCKHH He aaBHCHT OT KO
OPAHHaT~ naAa~~eA 4aCTHI.Ibl. PaaeHcTBa /3/ H /4/ nony4eHbl Ha oc
Hoae OAHOKODPAHHaTHOH pacnpeAeneHHOH RC-nHHHH /pHC. lA/,T.e. 
6ea y4eTa WHPHHbl peaHCTHBHoro cno~. TeopeTH4eCKHe HccneAoaa
HH~ /34/noKaaanH, 4TO WHPHHa pe3HCTHBHOrO cno~ He BnH~eT Ha 
AeneHHe aapRAa, OnHCbiBaeMOe ypaBHeHH~MH /3/ H /4/, H npo6neMa 
CBOAHTC~ K OAHOKOOPAHHaTHOMY cny4a~. 

3aBHCHMOCTb OT BpeMeHH n03HI.IHOHHOrO H 3HepreTH4eCKOrO CHr
HaJlOB ~Bn~eTC~ onpeAen~~~HM $aKTOpOM B03HHKHOBeHH~ HenHHeHHO
CTH AeTeKTOpa. Ha pHc.2,3 noKaaaHbl peaynbTaT~ MaWHHHoA o6pa6oT
KH /32/ Q x 2 H Q E An~ P~Aa no3HI.IHH 4aCTH~, naAa~~HX Ha AeTeK-
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PHc.5. RrroK-cxeMa aMrrnHTy~- ~ 
Horo MeTo~a c~eMa CHrHana r 
C HerrpepbffiHOrO IT03H~HOHHO
qyBCTBHTenbHOrQ ~eTeKTopa: 

a - O~HOKOOp~HHaTHbiH ~eTeKTOp, 

6 - ~ByXKOOp~HHaTHbJH ~eTeKTOp. 

., 

PHc.4. 3aBHCHMOCTb speMeHH 
HapacTaHHH IT03H~HOHHOrO 
H 3HepreTHqecKoro CHrHanos 
~eTeKTOpa OT KOOp~HHaThl rra
~aiDmHX qaCTH~. 

6) 

~· BnoK-cxeMa speMeHHoro 
MeTo~a c~eMa cHrHana c Herrpe
PhiBHoro rro~H~HOHHo-qyBCTBH
TenbHoro ~eTeKTopa. 

TOp. BHAHO, 4TO aapRA Ha B~XOAe nHHeHHO COOTBeTCTByeT n03H~HH, 
KOrAa BpeMR CbeMa 6onbWe 0,5r 0 . PHc.4 Hnn~cTpHpyeT 3aBHCHMOCTb 
BpeMeHH HapacTaHHR n03H~HOHHoro H 3HepreTH4eCKOro CHrHanoB OT 
KOOPAHHaT~ C06~THR. 

3aBHCHMOCTb aMnJliHYAbl H BpeMeHH HapaCTaHHR CHrHana nony
npOBOAHHKOBoro n4,ll onpeAenHna ABa OCHOBHbiX cnoco6a o6pa60TKH 
CHrHana AnR onpeAeneHHR KOOPAHHaT~: 

- aMnnHTYAH~~ MeTOA, OCHOBaHH~H Ha pe3HCT~BHOM AeneH~~ aa
PRAa /2,19,10,11,33,35/; 

- BpeMeHHOA MeTOA, OCHOBaHH~H Ha ~3MepeH~~ ~OpM~ c~rHa
na /2,36-38/. 
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5noK-cxeM~ o6o~x MeTOAOB noKaaaH~ Ha p~c.5 ~ 6. B pa6o-
Te /38/paCCMOTpeHbl OTHOCJHenbHble AOCTO~HcTBal<alKAOrO MeTOAa 
~ CAenaH B~BOA 0 TOM, 4TO nepB~H MeTOA 6onbWe nOAXOA~T AnR 
nonynpoBOAH~KOB~x AeTeKTopos. BpeMeHHOH MeTOA AaeT 3Ha4~Tenb

Hoe OTKnOHeH~e OT n~HeHHOCT~ B6n~3~ KOH~OB pe3~CT~BHOrO CnOR. 
no3TOMY o6bJ4Ho np~ ~cnonbaosaH~~ 3Toro MeToAa onpeAenR~T cpeA
H~~ Hen~HeHHOCTb TOnbKO AnR ~eHTpanbHOH 4aCT~ AeTeKTopa /no
PRAKa 75-85% An~H~ AeTeKTopa/. Kp6Me Toro, wyM noa~~~OHHoro 
KaHana, nony4eHH~H c ~cnonb30BaH~eM speMeHHoro MeTOAa, aHa4~

TenbHO BbiWe, 4eM B aMnn~TYAHOM /39/. 

3. n~HE~HOCTb ~ PA3PEWEH~E. 
AMnn~TY,llHW~ METO,ll 

~a-aa pa3n~4~R BpeMeHH HapacTaH~R ~ KOHe4HOCT~ nOCTORHH~X 

~opM~posaH~R c~rHana B yc~n~Tene aMnn~TYAa nepeAaHHoro ~Mnynb
ca 3aB~C~T OT COOTHOWeH~R BpeMeH~ ~OpM~poBaH~R yc~n~TenR TA 
~ HapacTaH~R c~rHanbHoro ~Mnynbca. Ecn~ rA/ro Mano, B03H~Ka~

~~A 6ann~CT~4eCK~H Ae~~~~T* npHBOA~T K YXYAWeH~~ n~HeHHOCTH 
noa~~~OHHoro ~ 3HepreTH4ecKoro c~rHanos. np~ 3TOM sen~4HHa He
n~Hei1HOCTH 3aB~C~T He TOnbKO OT T A /ro , HO TaKlKe OT nepeAaT04-
HOH ~YHK~~~ yc~n~TenR, T.e. OT T~na ~OPM~PY~~~x ~eneA. 

np~HRTo C4HTaTb xapaKTep~cT~K~ AeTeKTopa nHHeAH~M~, ecnH 
6ann~CTH4eCK~A Ae~~~HT 3HepreT~4ecKoro c~rHana B ~eHTpe AeTeK
' U)Jd / XzU,;:>t / M~HbWe j 1,. Yl3 3TOrO ycnOB~R BbiTeKaeT BepXH~H 
npeAen AnR r 0 . B PRAe pa6oT 6~n~ npoAenaH~ 4HcneHH~e pac4eT~ 
AnR paan~4H~x T~nos ~opM~py~~~x ~eneA: CR-Rc/2, 11~-RC /II I, 
CR-RC 2 /19 I, a TaKlKe AnR Tpane~e~AanbHoro ~~JlbTpa ~ yc~n~TenR 

c aKT~BHbiM~ ~~nbTpaM~ /39/.TaK, Hanp~Mep, AnR D-RC ~~JlbTpos: 

R,j Co.$ 1,68 T A , 

R 0• Co< 1,87 r A, 

R riC o ~ 2,5 r A • 

/51 

AnR CR-RC: 

A11R CR-RC 2: 

!6! 

171 

rAe CR- A~~~epeH~~posaH~e, RC- ~HTerp~posaHHe, D - AH~~e

peH~HposaH~e Ha n~H~~ 3aAePlKK~, np~4eM ~ -r~H¢~ 'A· ~ccne
AOBaH~R paan~4H~X ~HnbTPOB noKaaan~, 4TO Ha~ny4wee ~OpM~posa
H~e ~Mnynbca nony4aeTCR c Tpane~e~AanbH~M ~~nbTpoM/33[Ha npaK
T~Ke 6annHCT~4eCK~~ Ae~~~~T o~eH~BaeTCR no pa3H~~e aMnJl~TYA 
3HepreTH4ecKoro cHrHana, nony4eHHoro ~3 cepeA~Hbl H KpaR AeTeK-

*5anJl~CT~4eCK~H Ae~~~HT - pa3H~~a, nony4eHHaR Ha B~XOAe 

yc~n~TenR MelKAY aMnnHTYAOH ~Mnynbca, ~Me~~ero ~poHT HapacTa
H~R, H aMnJl~TYAOA cTyneH4aToro c~rHana TOH lKe senH4HH~. 
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Tapa. oe3 6onbWOH OWHfiKH MOmHO C4HTaTb AeTeKTOp nHHeHH~M npaK
TH4eCKH Anfl BCeX THnOB $HnbTPOB, ecnH BblnOnHfleTCfl ycnOBHe 

r 0 ~2rA· 
Anfl cpaBHeHHfl pa3nH4H~X THnOB $OpMHPY~~HX 4eneH H nOCTORH-

H~X speMeHH $OpMHPOBaHHfl YA06HO BblpamaTb HenHHeHHOCTb B cpeAHe
KBaApaTH4H~X BenH4HHaX, HaXOAfl no MeTOAY HaHMeHbWHX KBaApaTOB 
KOppenfi4HOHH~H K03$$H4HeHT r.Anfl PfiAa H3MepeHHH 6onee samHOH 
senH4HHOH RBnfleTCfl AH4>$epeHl.IHanbHafl nHHeHHOCTb dp I dx , rAe dp -
H3MepeHHafl, dx- HCTHHHafl no3H4HH. AH4>$epeH4HanbHafl nHHeH
HOCTb OTpamaeT none3H~H B~XOA Ha6paHHOrO cneKTpa. 

Anfl aMnnHTYAHOro MeToAa c"beMa o6bi4HO npoH3BOAHTCfl AeneHHe 
no3H4HOHHoro CHrHana Ha 3HepreTH4eCKHH /pHc.5/. AeneHHe CHr
Hanos He TOnbKO YCTpaHfleT 3aBHCHMOCTb n03H4HOHHOH HH$0pMa4HH 
OT 3HeprHH perHCTpHpyeM~X 4aCTH4, HO TaKme yMeHbWaeT HenHHeH
HOCTb. KaK 6~no noKaaaHo B pa6oTe/34~AeneHHe noasonReT yMeHb
WHTb 6annHCTH4eCKHH Ae$H4HT C 4% AO 1% Anfl ycHnHTenfl C OAHO
KpaTHbiM AH4>$epeH4HPoBaHHeM H OAHOKpaTHbiM HHTerpHposaHHeM. Anfl 
HOpManH3a4HH CHrHana He06XOAHM 6~CTp~H AenHTenb 4H$posoro HnH 
aHanorosoro THna, HMe~~HH HenHHeHHOCTb /~%/ B 6onbWOM AHHaMH-
4eCKOM AHanaaoHe, a TaKme MepTsoe speMR, cpaBHHMoe c nocneAy~
~HM aHanH3HPY~~HM ycTpOHCTBOM. B~nycKaeM~e KOMMep4eCKHe AenH
TenH/35/HMe~T AQCTaT04HO 6onbWOe MepTBOe BpeMfl- 12~c. 

Pe3HCTHBH~H AenHTenb C03AaeT co6cTBeHH~H TennosoH wyM KaK 
s no3H4HOHHOM, TaK H B 3HepreTH4eCKOM KaHanax. BTop~M samH~M 

HCT04HHKOM WyMa fiBnfleTCfl 3KBHBaneHTHOe WYMOBOe COnDOTHBneHHe 
npeAYCHnHTenfl. illyMaMH TOKOB yTe4KH MOmHO npeHe6pe4b, T.K. ny
TeM oxnamAeHHfl AeTeKTOpa HX MOmHO CHH3HTb AO He3Ha4HTenbHOH 
BenH4HHbl. ,[lnfl Bbi4HCneHHfl wyMa Heo6XOAHMO 3HaTb HMneAaHC Ae
TeKTOpa ( Z D), COeAHHeHHOrO C npeAYCHnHTeneM /pHC. ]a/. 

HaHAeHo /11 ~4TO HMneAaHc AeTe KTopa AnA no3H4HOHHoro KaHana 

Zo = Z0 tgh(iu.>Ro C 0 ) I/2 , /8/ 
X 

a Anfl 3HepreTH4ecKoro 
1 1 1/2 

Zo ~- Zo ctgh-(iw R0 C0 ) • 
E 2 2 

191 

rAe Zo=( Ro/iw C 0 )1/2 , w .. 2"f. 

E
R,. 

y 

0 

C) 

8 

~
Co 

1 PHc.7. "3KBHBaneHT~aR cxeMa rrosH
~HOHHbm ~eTeKTOp - rrpe~yCHITHTenb, 

Heo6xo~HMaR ~R aHanHsa wYMa 

~
C /6e3 yqeTa TOKOB yTeqKH/: a -

1 

06ll.lafl CXeMa, 6 - IT03H~HOHHblli Ka-
"" I Co a) Han' B - 3HepreTHqecKHH KaHan. 

"' 
'I!' 

"" 

" 

KaK noKa3aHO B pa60Te/Z~ 6e3 cepbe3H~X OWHfiOK MOmHO HCnOnb-
30BaTb HH3K04aCTOTHY~ annpOKCHMa4H~ npH ycnOBHH r0 :2rA 

1 1 iw CD - --+---Zo- R0 3 
X 

Ro 1 
ZDE= 12 + iw Co. 

/10/ 

/11/ 

0TC~Aa MOmHo AaTb 3KBHBaneHTHY~ 4enb AeTeKTop-npeAYCHnHTenb 
Anfl aHanHaa wyMa no3H4HOHHoro H 3HepreTH4ecKoro KaHanos 
/pHc.76,s/. 3Hafl Ro , Co~Hn $HnbTpa H senH4HHY nocTofiHH~x 
$OpMHPOBaHHfl, MOmHO Bbi4HCnHTb nonHbiH WYM, KOTOPbiH npHHfiTO paa
AenfiTb Ha ABe KOMnOHeHT~: nocneAOBaTenbH~H /nponop4HOHanbH~H 
BXOAHOH eMKOCTH/ H napannenbH~H /o6paTHO nponOP4HoHanbH~H 
KBaApaTHOMY KOpH~ H3 napannenbHOrO conpOTHBneHHfl/. TaKHe pac-
4eTbl 6binH BbmonHeHbl Anfl paanH4HbiX $opMHPY~~Hx 4eneH: CR-RC/2,11< 
D-RC /II, 34/, CR-RC2 /19/, Tpane4eHAanbHoro /33,38 I H aKTHBHo
ro/39/4>~1nbTpos. TaK, HanpHMep, 6b1no noKaaaHo, 4TO a cny4ae 
D-RC $OpMHpOBaHHfl c r A =0,71lc Anfl AeTeKTOPOB' HMe~~HX ROCo= 

1,2jLC, n03H4HOHHOe H 3HepreTH4eCKOe pa3peweHHe 6yAeT 

(L\Ex) 2 =4·10- 3 Cb+ 11,5·Co /K3B Anfl Si /, /12/ 

( L\E) 2 ,9,3·10-3 C 2
0

+ 3,4C 0 

rae Cn s niP. 

/K3B Anfl Si /. /13/ 

3KBHBaneHTHoe wyMosoe conpoTHBneHHe 
nocb pasH~M 250 OM, TeMnepaTypa 300 K. 

npeAYCHnHTenfl npHHHMa-

1\nR CR-RC 2 $Hnb Tpos /39 I: 

19 3kTr A 
L\ E X= 7,3 .10 [ ~

D 

c 2 
R R 1/2 I R 3K. D .. :JK -=-~)] /3B ' 

( 1 + --R + -192-;:"2 
D A 

/14/ 

AE=7,310 19c0 [ ERsK.(1+~)J 112 /3B/, /15/ 
TA 3K. 

rAe k - nocTOfiHHafl 5onb4MaHa' pasHafl 1 '38 •1 o- 23 Kn. B/K' T- TeM
nepaTypa /K/, R /OM/, C /niP/, r /c/. 

AnA Tpane4eHAanbHoro $MnbTpa/33/: 

L\x/x .. 2,54(kTCo )112 /Qo , /16/ 

rAe k = 1,38•10- 23 Kn.B/K, T/K/, Qa!Kn/, Cn/4>/. 
npMBeAeHH~e paBeHCTBa paCC4MT~BanMCb npM ycnOBHH, 4TO 6an

nMCTM4eCKMH Ae4>M4MT ~1%. Ha pMc. 8 Anfl npMMepa noKasaHbl aasMcM
MOCTM WyMa n03M4MOHHOrO M 3HepreTM4eCKOrO KaHanos OT COnpOTMB
neHMfl pe3MCTMBHoro cnoR. KpHs~e pacc4MTaH~ Anfl AeTeKTopa c cM
KOCTb~ C = 150 niP, 3KBMsaneHTHoro wyMosoro conpoTMBneHMfl npeAy
CHnMTenR R3K.= 250 OM H rA = 0,7 /lC(D-RC)III/.BHAHO, 4TO 
wyM no3M4MOHHoro KaHana naAaeT npM6nM3MTenbHO KaK R- 112 . 
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£ Co· 150n4> 
.,r-____ _ 
~ TA = 07HKC 1~0 \ D- RC oi>Hnbrp 

75 6Ex cr R -)? 
D 

50 

25 

5 10 15 20 R0 1KOH) 

PHc.8. 3aBHCHMOCTH myMa no3H
qHOHHoro H 3HepreTHqecKoro 
CHrHanos oT senHqHHhl conpo
THBneHHR pe3HCTHBHOrO CROR 0 

paccqHTaHHbJe AJ!H ~eTeKTOpa eM
KOCTbiD 150 n~ H ~OpMHPYID~X 
CHrHarr ~eneH THna D-RC~Mem
~x BpeMH HHTerpHpOBaHHH 
H ~H~~epeH~HpOBaHHH paBHhlMH 
0,7 MKC. 

3Ha~ WYM n03H4HOHHOrO KaHana, MOmHO 04eHHTb eenH4HHY n03H-
4HOHHOrO pa3peweHH~ /2/ 

/J.x ( MM) 
!J. EX (K3B) ffMM) 

E( K3B) 
/17/ 

rAe e- AnHHa AeTeKTOpa, E- 3HeprH~ perHCTpHpyeMoro H3ny4e
HH~. EcnH Y4HT~BaTb HOpManH3a4H~ no3H4HOHHoro CHrHana Ha 3Hep
reTH4eCKH~, TO pa3peweHHe H3-3a wyMa 3HepreTH4ecKoro KaHana 
YXYAWaeTc~ h9/: 

' • - ? ~- 1 /~ 
!J. X '"' -·L• _u_"'_x_+,...~ _n_l!.._·_x; r ) J · 

E 
/18/ 

npoBeAeHHhle HCcneAOBaHH~ C HenpephlBHhlMH n03H4HOHH0-4YBCTBH
TenbHhlMH AeTeKTopaMH Bhl~Bn~~T cneAY~~He TeHAeH4HH, KOTOphle He-
06XOAHMO Y4HThlBaTb npH C03AaHHH AeTeKTOpOB H npoBeAeHHH C HH
MH $H3H4eCKHX H3MepeHH~: 

- xopowa~ nHHe~HOCTb Tpe6yeT 6onbworo epeMeHH $OPMHpoeaHH~ 
( r A) HnH Manoro conpoTHeneHH~ pe3HCTHBHoro cno~ Ro /H3 ycno
BH~ R0 c0 s 2 r A /; 

- xopowee no3H4HOHHOe pa3peweHHe Tpe6yeT KopoTKoro epeMeHH 
$opMHpoeaHH~ H KaK MOmHo 6onbwero conpoTHeneHH~ R0 ,T.K. 
!J.Ex .. (T·rA/R0 ) 112 ; 

- n03H4HOHHOe pa3peWeHHe o6paTHO nponOP4HOHanbHO 3HeprHH 
perHcTpHpyeMoro H3ny4eHH~. 

PeweHHe B03HHKa~~ero npOTHBope4HR MemAY nHHe~HOCTb~ H pa3-
peweHHeM 3aBHCHT OT peanbHOrO 3KCnepHMeHTa, OC06eHHO An~ HH3K0-
3HepreTH4HhlX 4aCTH4, T.K. B 3TOM cny4ae 04eHb BamHO AOCTaT04HO 
T04HO OnpeAenHTb OnTHManbHOe BpeM~ $OpMHpOBaHH~ HMnynbca. 

YMeHbWeHHe ypOBH~ WyMa MOmHO nony4HTb nyTeM CHHmeHH~ TeMne
paTyphl AeTeKTOpa, 4TO npHBeAeT K naAeHH~ He TOnbKO TOKOB yTe4-
KH, HO H Tennoeoro wyMa pe3HCTHBHoro cno~. 
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HTaK, KaK 6wno noKa3aHo, ocHoeo~ xopoweH pa6oTw n4A ~en~
eTc~ YAOBneTBOpeHHe Tpe6oeaHH~, KOTOphle npeAb~Bn~~TC~ K CHr
Hany, T.e. nony4eHHe onTHManbHOH $HnbTpa4HH B COOTBeTCTBHH 
C nHHe~HOCTb~ H pa3peWeHHeM. 

noMHMO CKa3aHHoro, npH pa6oTe C HenpepwBHhlMH n4A cneAyeT 
Y4HTbreaTb e~e ABa eamHwx $aKTopa, enH~~~Hx Ha no3H4HOHHOe pa3-
peweHHe H HCTHHHOCTb n03H4HOHHO~ HH$OpMa4HH - 3TO yron naAe
HH~ 4aCTH4 Ha AeTeKTOp H pa3MhlTHe ueHTpa T~meCTH 3ap~AOBOrO 
pacnpeAeneHH~. Ao CHX nop, paccMaTpHea~ pa6oTy AeTeKTopa, Mhl 
nonaranH, 4TO 3aP~AOBoe pacnpeAeneHHe e Ha4anbHhlH MOMeHT (~0) 
T04e4HOe. Ha caMoM Aene npH ocTaHOBKe 3ap~meHHhlX 4acTH4 e TBep
AOM Tene HX TpaeKTOPHH CHnbHO 3aBHC~T OT MHOroKpaTHhlX pacce~
HHH Ha ~Apax. 06pa3oBaHHe ceo60AHhlX 3ap~AOB npOHCXOAHT BAOnb 
TpeKa 4aCTH4bl, 4TO npHBOAHT K pa3MhlTH~ B 4eHTpe T~meCTH no3H-
4HH o6pa3oBaHHhlX 3neKTpOHHO-Ablp04HhlX nap. 3TOT 3$$eKT OC06eH
HO npo~Bn~eTC~ B cny4ae nerKHX BhlCOK03HepreTH4HhlX 4aCTH4 H MO
meT npeo6naAaTb HaA BwweonHCaHHhlMH HCT04HHKaMH YXYAWeHH~ pa3-
peweHH~.EcnH npHH~Tb,4TO o6pa3oeaHHhlH 3ap~A pacnpeAeneH c nnoT
HOCTb~ q (X) B HeKOTOpOM KOHe4HOM HHTepeane 0 < a$_ X$_ b < f , 
TO 3ap~A, co6paHHhlH Ha OAHOM H3 n03H4HOHHhlX KOHTaKTOB, eCTb 
n03H4HOHHO B3BeWeHHa~ CYMMa/34h 

x Go b 

Q X = ( ? q(x) dX=- X 
ft f ~ 

/19/ 

rAe X,, - KOOPAHHaTa ueHTPa T~meCTH 3ao~noeorn n~rnnP~PnP~~a 
EcnH ueHTP T~mecTH coenaAaeT c no3H4He~ naAeHH~ 4aCTH4w, Mhl 
HMeeM HCTHHHY~ no3H4HOHHY~ HH$opMa4H~. An~ 4aCTH4, naAa~~Hx 
nOA KOChlM yrnoM, ueHTP T~meCTH 3aP~AOBOrO pacnpeAeneHH~ 6yAeT 
OTnH4aTbC~ OT AeHCTBHTenbHOro MeCTa naAeHH~ 4aCTH4hl. KpoMe TO
ro, pa36poc npo6era 6yAeT AaBaTb BKnaA e YXYAWeHHe pa3peweHH~ 
oco6eHHO e cny4ae AnHHHonpo6emHwx 4aCTH4. 

An~ T~menwx 4aCTH4 no3H4HOHHoe pa3peweHHe npaKTH4eCKH He 
3aBHCHT OT 3TOrO 3$$eKTa, T.K. npo6er 4aCTH4 Man. 

4. H3rOTOBnEHHE HEnPEPMBHMX AETEKTOPOB. 
H3MEPEHHE XAPAKTEPHCTHK 

Bonpocw TeXHOnorHH H3rOTOBneHH~ HenpepbiBHhlX n4A o6cymAanHCb 
B pa60TaX 06 OAHOKOOPAHHaTHhlxf2•3•10 •13•16 •17-20/ H ABYXKOOPAHHaT
HhlX /2,15,21,40/ C4eT4HKaX. KOMMep4eCKHe nonynpOBOAHHKOBble n4A 
BblnycKa~TC~ TOnbKO ABYM~ H3rOTOBHTen~MH, $HpMaMH 11 Schlumber
ger" H ORTEC. 3To OAHOKOOPAHHaTHble n4A H3 KpeMHH~ C HMnnaHTH
poeaHHhlM pe3HCTHBHhlM cnoeM, HMe~~He HenHHeHHOCTb nOpBAKa 1% 
H no3H4HOHHOe pa3peweHHe - 1% AnHHhl AeTeKTopa An~ a -4aCTH4 c 
3HeprHeH 5,5 M3B. 

ll 



KaK npasHno, s~nycKaeM~A npoM~wneHHOCTb~ KpeMHHA HMeeT 
YAenbHoe conpoTHBneHHe p, He npes~wa~~ee 10 KOM·cM, H YAOB
neTBOPHTenbHY~ OAHOPOAHOCTb B ny4WeM cny4ae Ha AnHHe cnHTKa 
~100 MM. 0AHOPOAHOCTb no AnHHe CnHTKa H p onpeAen~~T MaKcH
ManbHble pa3Mepbl H eHKOCTb H3rOTaBnHBaeMOrO AeTeKTOpa. l-1cXOA~ 

H3 eMKOCTH H BpeMeHH $OpMHpOBaHH~, H3rOTOBHTenb MOmeT onpe
AenHTb Heo6XOAHMY~ senH4HHY conpoTHBneHH~ peaHCTHBHoro cno~ 

R0 -;:;. 2r A I c0 . ,llanee, s aaBHCHMOCTH oT TexHonorHH H3roTosneHH~ 
pe3HCTHBHOrO cno~, MOmHO O~eHHTb AD3y o6ny4eHH~ H TeMnepaTypy 
oTmHra l11lja cny4ae HMnnaHTa~HH/ HnH TeMnepaTypy H speMR AH$
$Y3HH 113•20 I /a cny4ae AH$$y3HOHHOA MeTOAHKHI. 3Ha~ Ro H c[) , 
a TaKme THn $OPMHpOBaHH~ CHrHana H 3HeprH~ perHCTpHpyeM~X 4ac
TH~, MOmHO O~eHHTb n03H~HOHHOe pa3peWeHHe /$OpMyn~ /12/, 114/, 
/16/-/18//. CornacHe TeopeTH4eCKHx o~eHOK c peanbH~MH xapaKTe
PHCTHKaMH 3aBHCHT OT COBepweHCTBa TeXHOnOrHH H3rOTOBneHHR Ae
TeKTOpa, T.e. OT BenH4HH~ o6paTH~X TOKOB AeTeKTOpa H WyMa KOH
TaKTOB K pe3HCTHBHOMY cno~l13( 

,lin~ npHMepa o~eHHM noaH~HOHHoe paapeweHHe AnR AeTeKTopa, 
HaroTosneHHoro H3 KpeMHH~, HMe~~ero cneAY~~He napaMeTp~: p 
= 10 KOM·CM, paaMep AeTeKTopa 25x5 MM. 

npH Hanp~meHHH Ha AeTeKTOP Uo = 120 B eMKOCTb 6yAeT Co 
30 n$. EcnH sa~Tb TA=0,5 11 c,To HMeeM Ro ~ 33,3 KOM. 
~a paBeHCTBa /14/ An~ $DPMHposaHH~ CR-RC 2 , T = 300 K H 

R 3K. = 250 OM, nony4HM WYM noaH~HOHHoro KaHana Ex = 31 , 5 K3B. 
,lin~ a -4aCTH~ 3HeprHeA 5,5 M3B H3 /17/ HMeeM Ax= 0,143 MM. 
B pa6oTe /13/onHcaH AeTeKTOP paaMepoM 25x5 MM, H3roTosneH

H~A H3 KpeMHH~ C p = 10 K0M·CM, KOTOp~A HMen pe3HCTHBH~A cnoA 
35 KOM H paapeweHHe 0,3 MM An~ a-4aCTH~ 3HeprHeA 5,5 M3B. ToK 
yTe4KH AeTeKTopa npH T = 300 K cocTasn~n 2,0 11 A. BKnaA B wyM 
noaH~HOHHoro KaHana aa C4eT TOKa yTe4KH An~ CR-RC2 $DPMHpo
BaHH~ 6yAeT /19 I: 

I1Ej = 34,4 (I· TA) l/2 /K3B/, /20/ 

rAe I - TOK yTe4KH B 11A, TA - BpeM~ $DPMHPOBaHH~ B llc• 
C y4eTOM /201 WYM noaH~HOHHoro KaHana 6yAeT E'x = (11E ;+i1E2f= 

= 46,4 K3B, 4TO AaeT i1x= 0,21 MM. ~3MepeHHOe i1x 6blnO -0,3 MM. 
PacxomAeHHe pacc4HTaHHoA H H3MepeHHoA senH4HHbl noaH~HOHHo

ro pa3peweHH~, sepO~THO, CB~3aHO C HeAOCTaTKaMH MeTOAa H3Mepe
HH~ paapeweHH~ C nOMO~b~ ~eneBHAHOro KOnnHMaTopa H a -HCT04HH
Ka. ,l\n~ aAeKBaTHOrO H3MepeHH~ paapeweHH~ TaKHM cnoco60M WHPHHa 
~eneA ADnmHa 6b1Tb nH6o 3Ha4HTenbHO MeHbWe, nH6o 6onbwe npeAno
naraeMoro paapeweHH~. B nepsoM cny4ae nony4aeTc~ cneKTp, co
CTo~~HA H3 nHKOB rayCCHaHOBCKOA $OpM~, H n03H4HOHH~M paapewe
HHeM 6yAeT WHPHHa nHKa Ha nonyB~COTe, 80 BTOpOM cny4ae nHKH 
6YAYT HMeTb nnaTO, H paapeweHHe onpeAen~eTC~ H3 HaKnOHa CTOPOH 
nHKa /4HCno KaHanoB aHanH3HPY~~ero ycTpOACTBa MemAY 12% H 88% 
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PHc.9. H3MepeHHe nHHeHHOCTH H IT03H~HOHHoro pa3pemeHHfl 
,o;eTeKTOPOB C ITOMO~b!O a -qacTH~ 24 1Am: a - CXeMa H3Me
peHHfl; 6 - ll03H~HOHHbiH CITeKTp a -qacTH~, na,o;a!O~X Ha 
,o;eTeKTOp qepe3 HHTeBH,!J;HYIO MaCKY; ,!J;HaMeTpbl HHTeH: i -
0,46 MM, 2 - 0,4 MM, 3 - 0,3 MM, 4 - 0,2 MM, 5 
0, I MM; B - no3H~HOHHbiH cneKTP a -qacTH~, rra,o;a10~x Ha 
,o;eTeKTOP qepe3 ~eneBH,!J;HbiH KOnnHMaTop, 

500 

BbiCOTbl nHKa/. 3ToT MeTDA noason~eT TaKme onpeAenHTb cpeAHe
KBaApaTH4HY~ nHHeAHOCTb, T.K. pacCTO~HHe MemAY ~en~MH KOnnH
MaTopa T04HO H3BeCTHO, Ha PHC.9B noKa3aH THnH4H~A no3H~HOHH~A 
cneKTP a -4acTH~ 241 Am. WHpHHa ~eneA- 1 MM, paccTO~HHe Mem
AY ~eHTpaMH - 2 MM. Ha sepxHeM pHCYHKe /9a/ AaH OTKnHK AeTeK
Topa Ha a -4aCTH~~. naAa~~He 4epe3 MaCKY B BHAe HHTeA pa3nH4-
HOro AHaMeTpa. CornacHe H3MepeHHoro H pacc4HTaHHoro noaH~HoH
H~x paapeweHHA 3aBHCHT OT xopoweA reoMeTpHH H3MepeHH~. 

B APYroM MeTDAe H3MepeHH~ nHHeAHDCTH H paapeweHH~ Hcnonb
ay~Tc~ /17,21/ GaAs -cseTOAHOAbl C MHKPOMeTpH4eCKHM nepeMe~e-
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HHeM. CBeTOBO~ CHrHan HOpManH3yeTC~ K CHrHany OT 5,5 M3B a -
4aCTH~. 3Ta MeTOAHKa n03BOn~eT 6~CTp0 Ha6HpaTb cneKTp H HC
Kn~4aeT reoMeTpH4eCKHe OWH6KH a -MeTOAHKH 4epe3 ~enH. 

no3H~HOHHOe pa3peweHHe MOmHO TaKme onpeAenHTb, H3Mep~~ WYM 
n03H~HOHHOrO KaHana C nocneAY~~e~ HOPMHPOBKO~ ero B eAHHH~ax 

AnHHbl 

Ex[MB] ,e( MMl 
~X= 2,35------. 

E[ MB l 
/21/ 

HTaK, KaK 6~no noKa3aHo, cTpeMneHHe HMeTb xopowee no3H~HOH
Hoe pa3peweHHe npH HenHHe~HOCTH ~1% Tpe6yeT H3rOTOBneHH~ Ae
TeKTOPOB H3 MaTepHana C MaKCHManbHO B03MOmH~M YAenbH~M COnpo
THBneHHeM An~ TOro, 4T06~ HMeTb Many~ eMKOCTb. HeKOTOp~M pewe
HHeM 3TO~ npo6neM~ ~Bn~eTC~ C03AaHHe pe3HCTHBH~X cnoeB Ha 
Si (Li) -AeTeKTopax /9,19-21/. 

5. nPHMEHEHHE nOilYnPOBOAHHKOBbiX n4A 

Yme roeopHnocb o6 ycneWHOM Hcnonb30BaHHH nonynpoeoAHHKOBbiX 
n4A e ~oKanbHO~ nnocKoCTH MarHHTH~x cneKTpoMeTpoe. Ho 3TO He 
eAHHCTBeHHOe np~MeHeHHe, KOTOpOe HaWnH nonynpOBOAHHKOB~e no-
3H~HOHHo-4yBCTBHTenbH~e AeTeKTOp~. 

B 3KcnepHMeHTax no pacce~HH~, no H3y4eHH~ yrnoeoro H 3Hep
reTH4eCKoro pacnpeAeneHH~ npOAYKTOB ~AePH~X peaK~H~ HCnonb30-
<>aJivtl..l> KdK Ht::llpepbiBHble, TaK H AHCKpeTHble IIYt.l. I aK, H3MepeHH~ 

non~pH3a~HH npoTOHoB, pacce~HH~x Ha yrnepoAe/41~6~nH 6bl He
B03MomHbl 6e3 OAHOBpeMeHHO~ perHCTpa~HH n03H~HH H 3HeprHH, KO
TOpa~ ocy~eCTBn~nacb C noMO~b~ ABYX OAHOKOOPAHHaTHbiX AeTeKTO
poB. lliHpOKOe npHMeHeHHe HaWnH n4,Q B 3KCnepHMeHTaX no HCCneAO
BaHH~ yrnoe~x Koppen~~H~ MemAY ~parMeHTaMH AeneHH~, nony4aeM~
MH nerKHMH HOHaMH/42~6~no noKa3aHO HCnonb30BaHHe n4,Q npH onpe
AeneHHH KOpOTKHX epeMeH mH3HH KOMnayHA-~Aep/43/C nOMO~b~ ABYX
KOOPAHHaTHOrO TOHKoro I -20 11M/ AeTeKTopa 6blna peweHa npo6neMa 
B~AeneHH~ o6paTHO pacce~HH~X HOHOB a3oTa, KHCnOpOAa H $TOpa 
B 3KCnepHMeHTaX no H3y4eHH~ AeneHH~ nOA Ae~CTBHeM T~menbiX HO
HOB /44/. 

AeyxKOOPAHHaTH~e CTPHn-AeTeKTop~ Hcnonb3oeanHcb e H3y4eH~H 
epeMeHH peaK~H~ e Ge (p,p') -peaK~H~x / 45 /. 

5~no npOAeMOHCTpHpOBaHO npHMeHeHHe OAHOKOOPAHHaTHOrO AeTeK
TOpa e H3MepeHH~X Manoyrnoeoro MHoroKpaTHoro pacce~HH~/~lAn~ 
HCCneAOBaHH~ HHTeHCHBHOCTH H yrnoeoro pacnpeAeneHH~ 4aCTH~ B 
CTpaTOC$epe 6~na noKa3aHa B03MOmHOCTb HCnonb30BaHH~ OAHOKOop
AHHaTHOro AeTeKTopa An~ perHCTpa~HH npoTOHOB c 3HeprHe~ HHme 
1 M3B/47/, 

14-

YcnewHoe npHMeHeHHe Ha4HHa~T HaXOAHTb nonynpoBOAHHKOB~e 
n4,Q B 6HonorH4eCKHX H MeAH~HHCKHX HCCneAOBaHH~X /28,29,48/, 

HanpHMep, npH H3y4eHHH 6onbwHx npoTeHHoe~x MoneKyn c no
MO~b~ HH3K03HepreTH4HbiX y-ny4e~ HCnonb30Banc~ AHCKpeTHbl~ 
ABYXKOOPAHHaTHbl~ Ge (Li)-AeTeKTOP / 25/. 

6. 3AKJlK>4EHHE 

803MOmHOCTH npHMeHeHH~ nonynpOBOAHHKOBbiX n03H~HOHH0-4YBCT
BHTenbHbiX AeTeKTOpOB B pa3nH4H~X o6nacT~X $H3HKH paCTYT C Kam
A~M rOAOM. 0AHaKO OTCYTCTBHe WHpOKOro npoM~wneHHoro npOH3BOA
CTBa 3Toro Knacca npH6opoe orpaHH4HBaeT HX Hcnonb3oBaHHe e 
3KcnepHMeHTe. KaK 6blno noKa3aHo e~we, e na6opaTOPH~x ycnoeH~x 
H3roTaBnHBa~TC~ n03H~HOHH0-4YBCTBHTenbH~e AeTeKTOp~, OTBe4a~

~He noTpe6HOCT~M ~enoro P~Aa HCcneAOBaHH~, rAe He06XOAHMa HH
~OpMa~H~ o KOOPAHHaTe 3ap~meHHbiX 4aCTH~ HnH y-KeaHTOB. 

Henpep~BH~e AeTeKTOP~ HMe~T npeHMy~ecTBa nepeA AHCKpeTH~MH 
n4,Q B pa3peWeHHH H npOCTOTe 3neKTPOHHKH /3a HCKn~4eHHeM pe
rHCTpa~HH HH3K03HepreTH4H~X nerKHX 4aCTH~/, HO npOHrpbiBa~T 
no BpeMeHH~M H 3arpy304H~M xapaKTepHCTHKaM. no3TOMY npH HC
nOnb30BaHHH nonynpOBOAHHKOB~X n4,Q He06XOAHMO HCXOAMTb H3 no
Tpe6HOCTe~ KOHKpeTHOrO 3KCnepHMeHTa. TaK, B P~Ae 3aAa4 onpe
AeneHH~ TOHKHX npocTpaHcTBeHH~x AeTane~ ~enecoo6pa3He~ Hcnonb-
30BaTb HenpepbiBHble AeTeKTOpbl Manoro pa3Mepa /o~eHKa pa3peweHH~ 
,::;::::-:-::::::-:-::::;:;.:: ,.::;.-;~ .. ;.::,;, ~ ,..,,.., ~o~oc' <>o:;Jovt'llo1HY L. MKM An~ a -yacTH~ 3Hep
rHe~ 5 M38/. OrpaHH4eHH~ 8 H3roToeneHHH Henpepbi8H~x AeTeKTO
poe 6onbWHX pa3MepoB C8~3aHbl C TPYAHOCT~MM B nony4eHHH HCXOA
HOro nonynpoBOAHHKa c B~COKHM YAenbH~M conpoTHeneHHeM H AOCTa
T04HO~ cTeneHb~ OAHOPOAHOCTM Ha 6onbwo~ AnHHe cnHTKa. An~ OAHO
KOOPAHHaTHoro Henpep~8Horo AeTeKTOpa pa3MepoM 200x5 MM2,H3ro
TOBneHHOro H3 KpeMHH~ c YAenbHbiM conpoTHBneHHeM 10000 OM·CM, 
B03MOmHO nony4MTb npH KOMHaTHO~ TeMnepaType pa3peweHHe He xy
me 3 MM An~ a-4aCTM~ 3HeprHeH 5 M38. no3H~HOHHOe pa3peweHHe 
ny4we 1% !An~ a-4aCTH~/ B03MOmHo An~ AeTeKTopa TaKoro pa3Me
pa, ecnM HCXOAH~~ KpeMHH~ 6yAeT HMeTb YAenbHOe conpOTMBneHHe 
6onee 30000 OM·cM. 

npH pa6oTe C HenpepbiBH~MM n4,Q cneAyeT nOMHHTb 06 orpaHH4e
HH~X, HaKnaA~8aeM~X Ha nMHe~HOCTb M pa3peweHMe, CB~3aHH~X C 
npHPOAO~ npo~eccoe o6pa3oBaHM~ 3ap~Aa 8 o6beMe AeTeKTopa, ne
peAa4e~ C03AaHHoro 3ap~Aa no pacnpeAeneHHo~ RC-nHHHH M TH
noM ¢0PMMPY~~HX ~eneH 3neKTPOHHKH. 
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CaHAYKoecKH~ s.r. 
nonynpOBOAHHKOB~e n03H~HOHH0-4yBCTBHTenbH~e AeTeKTOp~ 

RAepH~X H3ny4eHH~ 

13-82-90 

PaccMaTpHBa~TcR nonynpoBOAHHKOB~e no3H~HOHHo-4yBCTBHTenbH~e AeTeKTOP~ 

H3 Si H Qe,nPeAHa3Ha4eHH~e AnR nony4eHHR OAHOBpeMeHHO~ HH~OpMa~HH 0 KOop
AHHaTe H 3HeprHH 4aCTH~ RAePHbiX H3ny4eHH~. 05cymAa~TCR BOnpOC~ nony4eHHR 
KOOPAHHaTHO~ HH~OpMa~HH MeTOAaMH aMnnHTyAHOrO H BpeMeHHOrO CoeMa CHrHana, 
a TaKme npo5neM~ nony4eHHR onTHManbHoro no3H~HOHHoro pa3peweHHR a cny4ae 
aMnnHTyAHOrO MeTOAa CoeMa HH~OpMa~HH npH B~nonHeHHH yCnOBHR HenHHe~HOCTH 
OTKnHKa AeTeKTopa Ha KOOPAHHaTy 4aCTH~ ~1 % . npeAnOmeH~ MeTOA~ H3MepeHHR 
n03H~HOHHOro pa3peweHHR H nHHe~HOCTH H3rOTaBnHBaeM~X npH50pOB C nOMO~b~ 
a-4aCTH~, reHepa~HH CBeTOB~X CHrHanOB H no WyMOB~M xapaKTepHCTHKaM n03H-

4HOHHOrO l<aHana AeTeKTopa . OnHcaH~ pa3nH4H~e cnoco5~ npHMeHeHHR nonynpo
BOAHHKOB~x n03H~HOHH0-4yBCTBHTenbH~X AeTeKTOPOB B RAePHO~ ~H3HKe H CMemH~X 
o5nacTRx HayKH. noKa3aH~ orpaHH4eHHR, HaKnaA~BaeM~e Ha pa3pewa~~Y~ cnoco5-
HOCTb H pa3Mep~ AeTeKTOPOB. 

Pa6oTa e~nonHeHa B fla6opaTopHH RAePH~x npo5neM OH~H • 

... 
C~eHHe 05oeAHHeHHOro HHCTHTyTa RAePHWX HccneAoeaHHH. AY6Ha 1982 

Sandukovsky V. G. 
Position-Sensitive Semiconductor Detectors 
of Nuclear Radiations 

13-82-90 

The position-sensitive detectors made of Si and Ge are considered, 
which are used to gain a simultaneous information on the coordinate and 
particle energy of nuclear radiations. The methods of amplitude and time 
extraction of the coordinate information are discussed. The problems of 
the optimal position resolution are considered for the case of amplitude 
method provided that the nonlinearity of detector response is ~1 ~ . The 
methods of measurement of the position resolution and linearity of the 
above mentioned detectors by the a -particles, 1 ight signal generation 
and by the noise of the position channel of the detector are presented. 
The· use of the semiconductor position-sensitive detectors in nuclear phy
sics and related sciences is described. The limitations imposed on the 
resolution and detector size are shown. 

The investigation has been performed at the Laboratory of Nuclear 
Problems, JINR. 
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