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OmnucaHa cxema 3apsiiouyBcTBUTEAbHOTO TNipenycunutens (3UIT) mast usmepeHuss sHEprum U Bpe-
MeHU nposieTta peructpupyembix yactuil. 3YIT umeer nBa Beixona. Ha E-BbIxode cUrHaAI ONpenesseTcs
MHTErpaaoM 3apsijaa, o0pazoBaHHOIO YacTULIEH B MOJYIPOBOAHUKOBOM AETEKTOpe. AMILIMTYAAQ CUT-
HaJjla Ha 3TOM BBIXOJle TPOTOpLIMOHaIbHA 9Heprun yactulbl. Ha 7-Bbixone curHaia moBTopsieT (hopmy
MMIYJIbCa TOKA IeTeKTOopa U UMEeT MaJloe BpeMsl HapacTaHUsl, UYTO yMEHbIIAeT OIIMOKY BpeMEHHOM Mpu-
Bs13kM. [IpuBeneHa npuHuunuaibHas cxema 3UI1, naHbl pacyeThl mapaMeTpoOB CUTHAJIOB Ha E- u T-BbI-
xonax. [TpuBeneHbl pe3yabTaThl MOAEJIUPOBAHUS U U3MEPEHHBIE MapaMeTphbl MPEIIOXEHHO! CXeMBbI.
TTonyyeH kputepuii uesecooOpa3HOCTU UCHOAb30BaHUS BpeMeHHoro kaHajna 3YIl B 3aBUucuMocTu
OT BpEMEHU BbICBEUMBAHUSI KPUCTAJLJIA paauaTopa Ui BpeMeHu cooupanus 3apsaa. 34I1 npenqHasHa-
YeH JIJISI UCTIOJIb30BaHUsl B (DOTOHHBIX CIIEKTPOMETpax Ha OCHOBE KPUCTAJIOB BoJib(ppamara CBUHIIA
¥ JJABUHHBIX ()OTOIMOIOB, HO MOXET OBITh TaAKXKE MCIIOJIB30BaH B CIIEKTPOMETPAX C IPYTUMM TUIIAMU

TTOJIYITPOBOAHHUKOBBIX I€TCKTOPOB.
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1. BBEAEHUE

B sapepHO-(U3NMUECKOM DKCHEPUMEHTE IS
U3MEpPEHUSI DHEPTUU PETUCTPUPYEMBIX YaCTHIL
IIMPOKO HCITOJb3YIOTCSI IOJYIIPOBOAHUKOBEIE
getekTopbl, PIN-guoabs u 1aBuHHBIE (DOTOAUOMBI
(JI®J1). KoHeyHBIM pe3yabTaTOM perucTpaunu
YacTUIIBI TAKMMU IETEKTOpaMM SBJsIeTCS oOpa-
30BaHMe 3apsaa B UX Matepuaje. OOBIYHO 3apsi
WMEET MaJTyl0 BeJIMUMHY, OCOOEHHO eClIh IeTeKTOP
He MMEET BHYTPEeHHero ycuiieHus. s majabHei-
et oopaboTku curHana (ycuiaeHus, (puiabTpa-
11U, OLIU(POBKM) 3apsi Mpeodpa3yeTcs B UMITYIbC
HAaIPSDKEHUsI ¢ TIOMOIIBIO 3apSA04yBCTBUTEIBHOTO
npenycrmmtens (3UIT).

Kpome m3MepeHUsI SHEPruy 4acTHUIILI HEO0O-
XOIMMO OIIpEeNeNnuTh ee Tun. Harmpumep, omHUM
U3 METOMOB pa3ieeHUS PSIMBIX (POTOHOB OT aHTH-
HEeWTpoHOB B hoToHHOM criekTpoMeTrpe POC 3Kc-
nepumenTta AJIMCA (LIEPH) aBnsiercst mamepeHue
UX BPEMEHM MpOJieTa OT TOYKU B3aUMOACUCTBUS

78

IYYKOB JI0 MIOBEPXHOCTH ACTEKTOPa, paBHOE 4.6 M.
Pa3Huiia Bo BpeMeHU IpoJjieTa 3TUX YaCTUIL COCTaB-
JISIST IpUMepHO 1 He.

Hnst hopMupoBaHUs BPEMEHHOI OTMETKM CUT-
Han ¢ Bbixona 3YII mocrynaeT Ha BXxoa KoMIlapa-
Topa. CTabUJIBHOCTb BPEMEHHOM OTMETKM O, OIIpe-
nensiercst hopmyioii [1]

c(U)

o T dA(r)/dt’
rae o(U) — mryMbl Ha Bxoae koMnaparopa, dA(t)/dt —
CKOPOCTb IepeceueHust curdajaoM nopora. M3 gop-
MyJbl (1) ciaemyet, 4TO AJIs yMEHbILIEHUS OLIMOKU
BpEeMEHHBIX U3MepeHui curHai Ha Boeixoge 3YII
JIOJKeH MMETh MaJICHbKME IIIYMbI M OOJIBIIYIO CKO-
POCTb HapacTaHMSI.

ITokaszano [2], 4To 719 TTOTYYEHUST MaKCUMAaITh-
Horo oTHoueHust curHaji/mym 3YI1 nomxeH ObITh
BBITTOJTHEH M0 CXeMe aKTUBHOTO MHTerparopa. B takoii
CcXeMe CKOpPOCTh HapacTaHMsl peajlbHOro CHUTHaja
Ha Beixone 3YII Oymer 3aBHCETh OT MJIMTEIHLHOCTHU

ey
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TOKOBOI'O UMITYJIbCa Ha BhIXone JeTekTopa (puc. 1).
Ha BepxHeM rpacduke mokaszaHa anmpoKcHUMaLus
SKCIIEPUMEHTAIbHOM KPUBOI BBICBCUMBAHUS KPU-
crainna Boiabdpamarta cBuHua PbWO,, kotopas
ObL1a M3MepeHa ¢ nmoMolnpio MDY, Ha HUXKHEM
rpaguke nokaszaHa ¢opMa BbIXOZHOTIO MMITYJbCa
34UII ¢ JI®]/] Ha BXOome, KOTOPHIN perucTpupoBal
CBETOBOI1 MOTOK KpUCTajla. beIcTpas KOMITIOHEHTa
nMena BpeMs HapactaHus 30—50 He, mpu 3ToM co0-
cTBeHHOe BpeMs HapacTtanus 3UI1 pasHsutoCh 8 He.
IMocne mocTvxXeHUs UMIyabcoM IpumMepHo 80%
aMIUIMTYAbl BpeMsl HapacTaHUS CUTHajia 3aMelIsi-
eTCsl, U CBOEI aMIUIUTYAbI OH TOCTUraeT MpUMepPHO
3a 100 He. Ha puc. 1 BugHoO, 4TO BpeMs1 HapacTaHUS
curHana Ha Beixoge 3UII onpenenseTcs BpeMeHeM
BBICBEUMBAHMS KPUCTAJlJIa, KOTOPOE B HECKOJIHKO
pa3 Ooubllle, yeM BpeMsl HapacTaHUSI CBETOBOIO
notoka. Takum o6pa3om, UCMOJIb30BAHNE CUTHAJIOB
¢ Beixona 3YIT mis monydeHus BpeMEHHO OTMETKH
He SIBJISIETCS ONTUMAaJIbHBIM PELIeHUEM.

HM3BectHBl cxembl 3YIl ¢ aBymMs BbIXOZAMU,
KOTOpHhIE MOXHO YCJIOBHO Ha3BaTb MEIJICHHBIM
U OBICTPBIM BbixoaaMu uiau E- u T-Beixomamu. Men-
JieHHbIH Bbixon 3YTT cayXuT ajist usMepeHus dHep-
TUH U SBJISIETCS BBIXOIOM aKTMBHOI'O MHTETparTopa.
CurHal Ha OBICTPOM BBIXOAE MOBTOPSIET (popMy
MMITyJIbCa TOKa Ha BBIXOJE AETeKTOpa, MMEeT KOPOT-
KU1 GPOHT U CIYKUT JIJIST TIOTYyYeHUS] BpeMEHHOM
OTMETKHU.
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Puc. 1. ®opma curnana Ha Beixone 3YIT.
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Hanpumep, B padote [3] npenioxeHa cxema 3UIIT
C JIBYMS BBIXOJAMM, B KOTOPOI OBICTPBINA CUTHAI
(opmupyeTcs U3 UMITIYyJIbCa TOKA B 1IEMU BBIXOI-
HBIX 3MUTTEPHBIX IMOBTOpUTeNeil. OgHAKO pean-
3alusl CXeMbl OBICTPOIO BBIXOIA MMEET CYIIEeCTBEH-
HBIII HEMOCTATOK, TaK KaK KO3 (PULIMEHT YCUJICeHUS
3aBUCUT OT eMKOCTM Ha Bbixode 3YII, Hampumep
OT JUIMHBI MOAKIIOYEHHOTO KOAKCUAJIbHOTO KabeJsl.
Bonee Toro, nMmnynsc mpuodpeTaeT GopmMy TOKOBOTO,
TOJBKO €CJT eMKOCTh Ha BbIxoze TipeBbimaet 50 md.

M3BectHa cxema ObicTporo Beixoga (Fast Out),
Koraa curHaj opMUpYeTCs U3 UMITYIbCa TOKa BTO-
poro kackanga 3YII [4]. OgHako B paboTe He Mpu-
BOJISITCS pacueThl KO3 PuilMeHTa mpeoopa3oBaHus
3apsiga AeTeKTopa B aMIUIUTYIy Ha ObICTPOM BBIXOMIE,
HE HCClIef0BaHa 3aBUCUMOCTh BpeMEHM HapacTaHUs
OT ITapa3UTHOM eMKOCTHU IETEKTOPa, He OIIPeIeICHbI
IIIYMBI Ha 3TOM BBIXOZE, YTO HE MO3BOJISIET OLIEHUTh
BpPEMEHHOE pa3pelleHNe JaHHOMN CXEMBI.

B nacroseit paboTre mpencTtaBlieH aHalu3
cxeMbl 3YII nng n3MepeHus HEPTUM U BpeMeHU
npoiera. [IpuBoasaTcs pacdyeThl mapamMeTpoOB CUT-
HajoB Ha E£- n T-BbIXomaxX B 3aBUCMMOCTH OT BEJIM-
YMHEI 3apsiga, o0pa3oBaHHOTO B IETEKTOpPE, €ro
MapasnuTHON €MKOCTU M Iapa3suTHBIX €MKOCTEH
koMrioHeHTOB cxeMbl 3YII. ITo monyyeHHBIM 3HA-
YEeHUSIM IIPOBENeHa OlleHKa BPEMEHHOTO pa3pellle-
HUS. BEIMOTHEHO KOMITBIOTEPHOE MOIEIMPOBAHNE
CXeMBI U MOJIY4YeHBI 3KCIIepUMEHTaIbHbIC TaHHbIC
Ha Makete 3YI1.

2. OITMCAHUE CXEMBbI 34I1

Paszpaborannas cxema 3YII mokazaHa Ha puc. 2.
3a OCHOBY B3sITa cxeMa IPEenyCUIMTENsI, KOTopasi
HMCIOJIb3YETCSl B HACTOsIIee BpeMs B (DOTOHHOM
crnektpomerpe @POC [5]. B aTy cxemy 1obaBieH Bpe-
MEHHO KaHaJl, BBITIOJTHEHHBII Ha TpaH3UCTOpaXx T’
u Ty. OnHo u3 tpe6oBanuii K 3YI1 — MuHuManbHas
paccerBaeMasi MOIITHOCTb, TaK KaK OH OyaeT pabo-
Tath B MoxyJie ¢ mpuMmepHo 6000 poTomeTekTopamu,
oxyaxneHHbIMU 10 —25 °C.

B nepBom Kackanme mpuMeHEH IT0JIeBOil TpaH3M-
ctop Tuna 2SK932 ¢upmbl Sanyo, KOTOPBI BKIIO-
YeH To cxeMe “OO0IIUuii UCTOK” U UMEET KPYTU3HY
okoJio 35MA/B 1ipu Toke cToka SMA. Jlanee cxema
OTJIMYAETCS OT KJIACCUYECKOW KacKaaHOW CXEMBI
3a CYeT BBEICHMS NOMOJTHUTEIHLHOTO YCUJIUTEIb-
HOTO Kackaza 1o TOKy Ha TpaH3ucTtope 7,, KOTOpbIi
paboTaeT Ha Kackaj “obuias 6a3za” Ha TpaH3UCTOPE
T;. IONOTHUTENbHBINA KacKaj yCUJIEHUS TO3BOJISIET
paclIMpUTh BEPXHIOK I'PAHUYHYIO YaCTOTY CXEMBbI
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Puc. 2. ITpuniunuansHas cxema 34IT.

IpU OXBaTe €€ OTPULIATEIbHOM 0OpaTHOI CBS3bIO.
KostekTop TpaHnsuctopa 75 coeIMHEH ¢ ITMHaMuye-
CKOM Harpy3Koi, BEITIOJIHEHHOW Ha TpaH3uctope 7.
OCHOBHOE yCUJIEHHE CXEMBI COCPEIOTOYEHO B 3TOit
TOYKE, MOITOMY JIJs W30JSLUM BBICOKOOMHOM
TOYKM COETMHEHNUS KOJUIEKTOPOB 75, T, OT BXOAHOTO
MMIIenaHca MOCENYIOIero CIIeKTPOMETPUYECKOTO
YCUJIATEIISI UCIIOJIBb3YETCSI COCTABHOM AMUTTEPHBIN
IIOBTOPUTEJIb Ha TpaH3ucropax 71y, 7.

Llenb oO6paTHOI1 cBA3M 3aMKHyTa yepe3 C; U Rg;

Ry n Cy ocylecTBAAIOT KOPPEKIUIO MEPEXOIHOMI
xapaktepuctuku 3YIT Ha BbicOKOIi yacTore.

HetexTop moakiwodaercs ko Bxony 3YII uepes
pasaenurenbHblii KoHaeHcatop C;, KOTOPBIA 10J-
KeH BhIepxkuBaTh HanpskeHne 500 B. Hampsike-
HUE CMEIIeHUs ImomaeTcsa Ha (OTOOETEKTOp dyepe3
pe3ucropsl R, R,.

Bri6op BeauuuH R,, R, u C;, KpoMe TOro, 4To
BEJIMYMHA PE3UCTOPOB CMEIIEHUS BIUSET Ha ypO-
BEHb IITYMOB, BIUSET HAa (DOPMY UMITyJIbca Ha E-BbI-
Xoz€e. YCIIOBUEM CIlafa BHIXOMHOTO MMITYJIbCa K 6a30-
BOIi TMHUM 0€3 OTPULIATEIBHOTO BEIOpOCA SIBIISIETCS
BoInoJHeHKe HepaBeHCTB C) > 10C,, u R, +R, > Rq.

Henouku R;Cy 1 R,yC; oCyLIECTBAAIOT (DUIBTPA-
11O TUTAIOIIMX HATIPSIKEHU I OT HABOAOK U IIIYMOB.

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

NuTrerpupyroias nenoyka R,C, ABisercs JOMOJHHU-
TeJIbHBIM (DUJIBTPOM MO MUTAHUIO B LIENU CTOKA 7).

2. 1. Koaghgpuyuenm npeoodpazosanus 3411

KoadpuimeHT ycuneHuns mo mocTOSHHOMY TOKY

0e3 oOpaTHOI1 cBs13M pa3padboranHoro 3YIT paccun-
ThIBaeTCs Mo popmyJie

— S R4RBX2

Raxz & (2)
b

R, +R,, R, +R,, 2r,

rae § — KpyTU3Ha MOJIEBOTO TPaH3UCTOpa; R, =
= B(r,, + r,3) — BXOIHOE CONPOTUBJIEHUE TPaH-
sucropa 715; r,,, r;3 — SMUTTEPHBIE CONPOTUBIIE-
HUS TpaH3ucTOopoB 1), T, COOTBETCTBEHHO; R, =
= R; |l Ryll R, — PKBUBAJIEHTHOE COTPOTHUBIIE-
HMe, 00pa3s0BaHHOE NapaJlIeJ]IbHBIM COEIUHEHUEM
KOJUIEKTOPHBIX conpoTuBieHuit 75, T, 1 BXOOHBIM
cornporusiaeHuem 7.

Dopmyia (2) MoxXeT OBITH TpeoOpa3oBaHa K BULY

R, '2"3[32
Ky =SR, D

(R, +2rB)
B IIPEIATIOJIOKEHUN, UTO ¥y = F 3 = F,.
BeanunHy KOJNIEKTOPHOIO COINPOTUBIEHUS
MOXHO OLIEHUTb, MCIIOJIb3ysl BBIXOAHYIO BOJbT-

K

6c

3)
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aMIIEPHYIO XapaKTepUCTUKY TpaH3ucropa I, = f(U,,)
B paifoHe paboueii Touku 1o popmyne R, =AU, /Al
Tox uepes T,, T;, T, pasen 1.3 MA, Torna R,; =
~ 86 kOM, R, = 143 kOm.

BxonHoe conpotuBieHue TpaH3ucrtopa T
Boruucisiercs: o hopmyne R =B [R,, | (B R)p)] =
= 1080 kOM nipu B = 100. Torna R, BeruncisieTcs Kak
rnapajujiesibHoe coeauHeHue R.;, R 4, R, M paBHO
51 kOm.

DMUTTEPHOE CONIPOTUBNIEHUE F,= @ /1, =26/1.3=
=20 Owm, e @ — TeMIlepaTypHbIi IOTEHLIKAIL.

Brruncnenue Ky, no ¢opmyie (3) ¢ noacraHos-
KOl TIpUBEACHHBIX BhIIIE TTApaMETPOB aeT KO3 -
(ULMEHT ycuaeHUsT MpeaycuanTeas 6e3 oopaTHoi
cBs13u, paBHbIii 11 300.

3apsI0YyBCTBUTEIILHOCTh MOXET OBITh BBIYMC-
JieHa Kak [6]:

Z = Ko, , “4)
C,+C, (Kg +1)

rae C,, — cymMMapHas eMKOCTb IETEKTOpa U BXOJI-
Hoit emkoctu IIT, C; — eMKocTb 0OpaTHOil
cB43U. B Hallem ciydae BBINIOJIHAETCH YCJIOBUE
Ks.=11300> C,, / C,= 100, Torna Z = 1/C, u 3aps-
JOYYCTBUTEILHOCTD ONPENEISAETCS TONBKO MAaCCUB-
HBIM 3JIEMEHTOM — €MKOCTBIO 00paTHO# cBasu C,
T. €. aMIUIUTY/Ia CUTHAJIa Ha F-BBIXOJIE ONPENEIIsAeTCA
dopmynoii

UBbIX (E)ZQ/CO .

(&)

CurHanom Ajs BpeMEHHOTO KaHaja SBJSIETCS
UMITYJILC HalpsiKeHUs, CHUMaeMbIii ¢ KOJIJIeKTopa
T,. dna BbruucieHust koadduuueHra npeobpa-
30BaHUS 3apsma ASTEKTopa B UMIIYIbC HaIIpsKe-
HUS Ha T-BBIXOIE MCIIOJB30BajIach SKBMBaJICHTHASI
cxeMa Ha puc. 3. Hymepanust TpaH3UCTOPOB COOT-
BETCTBYET HyMepaluU Ha TIPUHLMINATLHONA cxeMe
(puc. 2).

Kak 0bL10 1MoKa3aHo Bbllle, aMIJIMTYda CUTHaJla
Ha F-BbIXoJe paBHa

UBbIX (E):Q/CO :E.t/CO’
rae t — BpeMs coOupaHus 3apsiaa.

IIpsimoe nipeobpazoBaHue Jlamiaaca 3Toro Beipa-
JKeHUS UMeeT BUI

L[V (B)] =10 /(27 C,)

C napyroil CTOpoHBI, aMIUIUTyda CHUTrHajaa
Ha E-BbIXxome BhI3BaHA UMIMYJIbCOM ToKa A/ B 1ienu
T,— T, napannenbHoro coennHenus R, u C,. Torna

I/
2£l =AJ RH ,
pC, pC. R +1
al(p)=1, Soqp L | ©)
e PGR,

DyHKIMS BEIIECTBEHHOM IMEepPEeMEHHOM 3TOro
BbIPAXKECHUST UMEET BU

A](t)z%(CH+LJ.

0

(7)
R

JletekTop

E-BBIX
Al

l||||

Puc. 3. ODxBuBaneHTHas cxema 34IT.
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N3-3a MasocTu BXOOHOIO COINPOTUBJIEHUS
Kackaja ¢ ooueii 6a3oil 75 npakTM4YeCKU BECh TOK
Al ©ynet nporekarb yepe3 pe3uctop R,, dopmupys
VMITyJIbC Ha T-BBIXOZE:

LR (o 1
H
G R,
®opma umnyinsca U, (T) COCTOUT U3 MTHO-
BEHHOT'O CKayka ¢ MOCTOSIHHON amruiutynoit U, =
IR, - C,/Cyn HapacTalolleii yacTu B TEYEHUE IJIH-
TEJIbHOCTU UMITYJIbCA £, ONACHIBAEMOM BBIPDAXKEHUEM
U=1."R.-C,/(CyR,). Bpemsa napacranusa U, Oyzner
OIpeneasIThCs YaCTOTHOM xapakTtepuctukoi 3UII.

Uy (T)=AIR, = (8)

BBIX

2.2. Yacmomuoie napamempot 3911

YactoTtHbeie napametrpbl 3UII xapaktepusy-
IOTCSl BEpXHEW IrpaHUYHOI 4acTOTOW MPOMyCKaHUs
CXEMbI, KOTOpasl OIpenensieT MUHUMAaJIbHOE BpeMsl
HapacTaHusl BbIXOQHOro umnynbca. s pacuera
BpPEMEHU HapacTaHUSI UCIIOJb30BaHA SKBUBAJIEHT-
Hag cxema 3YIT (puc. 4).

Puc. 4. DxBuBaneHntHasa cxema 3YII mo nepemMmeHHOMY
TOKY.

OHa cocTaBjieHa MO MPUHIMNUAIBHONW cXeMme
3YII Ha puc. 2 s curHajga MepeMEHHOTO TOKa.
Ha skBuBasieHTHOI1 cxeme:

CBX = C)ICT + Cm + CM ’ CSKB = CK62 + C362’

CH = CK63 + CK64 + Can’ RSKB = RBlel ” RBxZ’
e C

“er — EMKOCTB fieTekTopa, C,, — EMKOCTh 3aTBOP—
ucrok 7}, C,, — MOHTaxHas eMKOCTb, C, s, — EMKOCTb
koyutekrop—oasa 7, C 5, — eMKOCTb SMUTTEp—0a3a 7,
C.s3 — eMKocTb Kojulekrop—06a3za 73, C sy — EMKOCTD
kosekrop—06asa 7, C,,, — BXOIHas1 EMKOCTb KacKana
amuTTepHoro nosropurenst Iy, R, — BBIXOLHOE

BbIX |

IMPUBOPHI U TEXHUKA DKCITEPUMEHTA

COIPOTUBJIEHUE TIepBOro Kackana 7, R,,, — BXOIHOe
COIPOTUBJIEHUE BTOPOTro Kackana 7.

B tab6n. 1 mpuBeaeHbl 3HaYeHUSI €MKOCTE
ncnonb3yeMbix B 3UIT TpaH3MCTOPOB, B3SITHIE U3 UX
TEXHUYECKMX JAHHBIX, OMHAKO B TEXHUYECKUX JaH-
HBIX HE NPUBOAATCS 3HaYeHus Wi C 5, TaK KaK OHU
3aBUCST OT pabouero pexuma TpaHsucropa. Orie-
HUTB BeIMuMHY C 5 MOXHO 1o (hopmyre [7]:

1

C

C36 =5 s
20701
toraa, Hanpumep g 1,, T,, T,, nonyunm C,; =
=1-107/(2-3.14-2-10°-25-107%)= 3.1 n®.

Tadmna 1. BeicokouacToTHBIE TapaMeTphl TPAH3UCTOPOB

e I e A R
0, | OM | 2SK932 10 3 — | — —
0, | OK | BFR520 | 3.1 | 0.5 | 90 | 2000 | 0.8
0, | Ob | BC86OC | 3.5 2 |70 | 1800 | 0.8
O, Ob | BFR520 | 3.1 | 0.5 | 90 | 2000 0.8
Qs | OK [ BFR520 | 3.1 | 0.5 ] 90 |2000| 0.5
B tabn. 2 mpuBegeHbl pacueTHBbIE 3HAYEHUS

€MKOCTEN 1 COIPOTUBIICHUI, BXOMIIIMNX B 9KBUBA-
neHTHy0 cxemy 3YI1.

Tabmuna 2. PacyeTHble 3HaUeHUSI EMKOCTEH 1 COMPOTUB-
JIEHU

C

BX

C

3KB

C

H

R R

OKB H

C,+13nd | 3.6n® | 6.50P | 358 Om | 51 kOm

Ha sxBuBaneHTHOI cxeMme Ha puc. 4 BUIHO, UYTO
3UYI1 umeeT nBa moaroca, IepBhIii B TOUKE COSIMHE-
Hug ctoka 7' u 6a3bl T, ¢ TOCTOAHHON BPEMEHMU T,
BTOPOU — B TOUKE COEAUHEHMSI KOJIJIEKTOPOB TPaH-
3uctopos 15, T, ¢ MOCTOSAHHOI BpeMeHU T,. Oue-
HUM BEJIMYMHBI 3TUX ITOCTOSIHHBIX BDEMEHMU:

1,=C,, R, =3.6-358=1.2Hc,
1,=C,-R, =6.5-51-10° =331.5Hc.

Orcrona BUAHO, YTO MOJIIOC Ha YacToTe 1 /T, aBis-
€TCS1 IOMUHUPYIOIIUM.

OnpenenuMm BpeMsl HapacTaHMs BBIXOIHOTO
uMIynabca, npeamnonarasi, uro 34II ontumanbHo
CKOppeKTUpOoBaH. Torma cKopocTh Cliana YacTOTHOM
XapakTepUCTUKN KodpPpuuneHTa ycuiaeHus 0e3
obparHoii c¢Bsa3u paBHa 20 nb/c. ITockonbky 3411
OXBaueH OTPULATEIbHON 00paTHOI CBSI3bIO,
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Kooty = Koofoor foe = (1+YK6 )f
rae f, — 4actoTa, Ha KOTOpoil K;, yMeHbIIaeTcs
Ha 3 nb, f,, — 4acroTa, Ha KOTOpOil K , yMeHbIlIa-
ercs Ha 3 nb, v — K03 uLMeHT nepeaayu rno uenu
0o0paTHOI CBSI3U.

[Moacrasnsasa B dopmyny (9) yactotsl f,, U
KOTOpPBIE BHIYUCISIOTCS Mo dopmyie f = 1/(2nt¥),

I10JIyqyacM

K. Ju
K 9

oc

T

T =
ocC
1+vK,,
¥ BpeMsI HapacTaHUS BBIXOIHOTO UMITY/IbCa

=2.2-CT—H.
1+C—0K6C

6X

1, =2.21,, (10)

Ha sxBuBanenTtHoii cxeme 3YI1 Ha puc. 4 BugHO,
YTO MO MEPEMEHHOMY TOKY IEPBBII KacKaj OXBauyeH
00paTHOIi cBA3bI0 Yepe3 eMKOCTh C,, YTO TPUBOIUT
K CHMXXEHUIO ero KoadduuueHrta ycuneHus. Cie-
noBaTesbHO, B hopmyse (10) He0oOXonMMO BMECTO
K. o dopmysie (3) ucnonszosathb Ky, (C,.), KOTO-

PBIii MOXXHO BBIYMCIUTD CASTYIOLINM 00pa3oM:

Ky (Co)=KK, =Rt 11
6c 3c 17*2 27'3A 1+p& 1+TH
e A
RSKB
K :S 1+p 3KBRp :SRakn . 1 (11)
: R, 1 A T,
1+S I+p—
1+C3KBR3KB A
A=1+SR, S & _1

KB K, = )

C,+C, 2r, 1+ pr,
3nech K, 1 K, — KoapPuLHUEeHTb! yCUIIEHUS IIEPBOTO
M BTOPOIO KacKagoB cooTBeTcTBeHHO. [Tapamerp A
B bopmyne (11) saBasieTca Ko PULIMEeHTOM Tepe-
Jayu B 1LIeMMU MECTHO 0OpaTHOI CBS3U IEPBOIO
kackaza uepes emkoctb C,.. Torna

SRR,
K _(C |)=—21
60( 30) 2]"3A
n popmyina (10) mpeodbpasyeTcst K BULY
£, =2.2 c L ~a4 2 GG gy
Ry (e SRy Gy

BX
ITockonbky Al opMupyeT BBIXOOHOI CUTHAaI
U(E) v o1HOBPEMEHHO BXOIHOI CUTHAJ AJisl Bpe-
MEHHOTI0O KaHaJjla, MUHUMaJIbHOE BpeMsI HapacTaHUs
U(T) MoxXHO BBEIYUCTUTH TT0 popmyiie (12). OueHka

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

BpeMeHU HapacTaHus curHaiga U(T) ¢ ucrosb3oBa-
HYEM 3HaueHMIi mapamMeTpoB 13 Tad. 1, 2 naeT 3Ha-
yeHue, paBHoe 7.7 HC.

O1eHUM BEeTWYWHBI aMIUTATYI curHaioB U(FE)
u U(T) nnda cnydyas ucnonabzoBanus 3YI1 ¢ naBuH-
HBIM (poTogronom tuna S8664-55 (HAMAMATSU)
n kpucramuiom PbWO,, oxytaxxIeHHBIX 10 TemIiepa-
Typbl —25 °C. B paboueii Touke JID/ nmeer ycuie-
Hue 50 u napasutHylo eMkocTh 80 id. [Ipu peru-
ctpauuu ¢otoHa ¢ 3Heprueid 1 I»B B merekTope
o6pasyetcs 3apsn 35.2- 107" Kui. Torna no dhopmyie
(5) nonyyaem U(E) = 29.3 mB.

Hns Beruuciaenuss U(T) onpeneanuM TOK NETEK-
TOpa, MCXOIsl U3 BPEMEHU BBICBEUMBAHUSI KPU-
cTajsla, CpelHee 3HaueHHe KOTOPOro COCTaBJIsIeT
npumepHo 50 He (puc. 1). Paznenus 3apsia Ha Bpems,
MOJy4UM TOK JIeTeKTopa, paBHbll 71077 A. Jlng
BPEMEHHOI MPUBI3KM BaXkKHa aMIUJIUTyAa cKavyka
HAaTIpsDKEHMST B MOMEHT PErMCTpalii YaCTUIIEI, 103~
TOMY BBIYMCJIMM 3HaY€HUE TOJBHKO MEPBOTo WjieHa
cymmbl B ypaBHeHuu (8). Torna npu R, = 4.5 kOM u
C,= 6.5 n® ammuryna U(T) = 17.4 mB.

I[Io monyyeHHBIM OAaHHBIM MOXHO BBIYNC-
JIUTh CKOPOCTh HapacTaHud curHaioB U(FE)
u U(T). Ang curHaia Ha T-BbIXOJE OHA COCTaBUT
17.4MmB /7.7 1uc=2.3MB/Hc, a nnst curnana Ha E-Bbl-
xone — 29.3 MmB / 50 Hc = 0.6 MB/Hc, tne 3a Bpems
HapacTtaHus curdajia 50 HC IIPpUHSITO BpeMs BhICBE-
yuBaHus KpucTaia (puc. 1). BumHo, 4To cKOpoCTh
Hapactanus curHana U(T) B 4 pa3a BbIlIEe, YEM CKO-
pocTb HapacTaHus curHajga U(F), 4To mo3BoJsieT
MOJIY4YUTh 0OJiee TOYHYIO BPEMEHHYIO MPUBSI3KY.
DTO NPEUMYIIEeCTBO OYyIeT COXPaHSIThCS A0 TeX II0p,
MoKa BpeMsl BICBEUMBAHUS KPHUCTaJIa, OTIMIHOTO
or PbWO,, okaxercd meHblie 13 He, Torna CKopocThb
HapacTaHUSI CUTHAJOB Ha O0OOUX BBIXOHAX OymeT
ONMHAKOBa. DTOT MapaMeTp SIBISIETCS KpUTepUeM
11€J16CO00Pa3HOCTU UCITOJIb30BAHUS TOTOJIHUTEb-
HOTO KaHaJia JJIsI TTOJIYyYeHMSI BpeMEHHOM OTMETKM.

2.3. Bpemennoe paspeuienue

Iymer #Ha BeIXOmax 3YIl MOXHO OIEHUTH,
WCIIONIb3Ysl SKBUBAJCHTHBIN IIYMOBOM 3apsnd
ENC, meTtoanka BbIYMCIEHMSI KOTOPOroO OIMcaHa
B paborte [8]. [Ins1 onuckiBaemoii cxembl 3UIT Benu-
yuHa ENC, npuBeneHHasi KO BXOAY B IIUPOKOM
oJ0ce 4acToT, coctaBUT ripuMepHo 2000 amekTpo-
HOB. Torma mymoBoe HampsikeHHe Ha E-BbIxome
MOXHO OoLIeHUTb Kak 270 MKB, a Ha T-BbIxoae — Kak
190 MmxB, npuHuMasi Bo BHUMaHUE pa3HUILy KO3(dh-
(uuKMeHTOB MpeoOpa3oBaHUS 3apsiia B HaIIPsKe-
HUE Ha 9TUX BbIXOIaX.
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Mcxonst n3 mojrydeHHBIX JaHHBIX, OLIMOKA U3Me-
peHUsI BpeMEHHO OTMETKM IIJISl YaCTHLBI ¢ DHEP-
rueit 1 I5B o popmyne (1) o E-BbIxoma COCTaBUT
o(F) =470 ic, s T- Beixoga — o(7) = 118 mic.

3. KOMITBIOTEPHOE MOIEJIMPOBAHHME

CUBUPAK

[IpoBeneHo MoaeaupoBaHUE pa3pabOTaHHOM
cxeMbl ¢ moMmoiubio mporpaMmbl OrCAD Capture
(Cadence) [9]. Cxema, KoTopasg MoJeIUpOBaiach,
rokasaHa Ha puc. 5. [loxyueHHbIe pe3yabTaThl IIpeI-
cTaBJIeHBI Ha Tpadukax (puc. 6).

Ris 22 +12
L I I
T, 2SK932
T5.4.5.¢ BFR520
T3 ¢ BC860C
T; BC850C
= ucT)
Ry
200 MOm G,
I lH
I/
1 C
= 80
[TapameTpsl reHepaTopa
VIMII. TOKa:
I,=0 R¢
L, =0.7 MKA 100 MOm
Tyn =5 HC ||||||
Typp=1He
TCIIaﬂ = 1 HC
Jlaum = 50 HC

J0nU

2

10ns
u(c1e:2) [2)

20ns 30ns
u(co:2) [3)

hons

v I(I1)

‘ Evaluate | Measurement ‘ Value

Measurement R

» | /) | Falitime_NoOvershoot(V(R18:2)) | 5.66963n |

Puc. 6. Pesynsrarel monenuposanus cxembl 3UII: 7 — umnynbe Toka Ha Bxoae 3UII, U(E) — curnan Ha E-Bbixone,
U(T) — curHan Ha T-BbIXofe.
TMPUBOPHI U TEXHUKA DKCITEPUMEHTA
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CurHas neTekTopa oT YacTUlibl ¢ 3Heprueii 1 [5B
MOJETUPOBAJICA UMIIYJbCOM TOKa /. OT TeHepa-
topa Il ¢ mapameTrpamMu, IMoKa3aHHbBIMU Ha puc. S.
PesynbpraThl MogenupoBaHUs U pacueTHBIC 3HaUe-
HUS TIpUBeNeHBI B Ta0. 3. I3 TaONUILIbI CIIEaYeT, YTO
pacyeTHbIe 3HAaYEeHUS OJU3KMU K 3HAYEHUSIM, MOJTY-

YCHHBLIM C ITOMOIIbIO MOACIUPOBaAHUA.

Ta6muma 3. [Tapamerpsr 3UI1 — pacder n MoneIMpOBaHKe

ITapametp Pacuer MonenvpoBaHue
U(E), MB 29.3 27

u(T), mB 17.4 16

U(T), nc 7.7 5.7

4. UBSMEPEHUE XAPAKTEPUCTUK
[MPOTOTHUIIA 34I1

PazpaboTtaH meyaTHBII MOHTaX W M3TOTOBJIEH
onbITHEIN obOpaszen 3YIT o nusmepeHus xapakre-
PUCTUK TIPEoYCUINTEIIS.

Ha Bxon 3411 uepes pesucrop 91 kOM nomaBancs
WMITYJIbC HampsKeHUs: aMIautyaoi 1.2 B u giau-
TeJbHOCThIO 70 He. TakuM 06pa3oM UMUTUPOBAICS
TOKOBBII curHai netekropa. Ha puc. 7 mokasaHbl
OCLMJIJIOTPaMMBbl, U3MEPEHHbIe OCHULIOrpachoM
TEKTRONIX-2024. PacueTHble W M3MepEHHEIE
napamMeTphbl CUTHAJIOB MpUBeIeHBl B Ta0OI. 4. Jlus
pacdeTa BpeMEHU HapacTaHUs Mapa3suTHas EMKOCTh
C,, npuHuMaiack paBHoit 10 n®.

Ta6mna 4. CpaBHeHNE N3MEPEHHBIX M pACUCTHBIX Tapa-
METPOB CUTHAJIOB

ITapametp Wsmepenus | Pacuer
UE), B 0.76 0.76
umn,B 0.45 0.49
Bpewms Hapactanus U(T), HC 11.7 12.8

HM3mepennnie mymbl (RMS) Ha E-Bbixoge
coctaBisin 360 MxB, nHa 7-Beixome — 450 MkB,
HO TIPY 3TOM OTCYTCTBOBAJIM MMITYJIbCHBIE TTOMEXHU,
KOTOpbIe ObUIM BUIHBI Ha E-BBIXOIE.

711 5KBUBAJICHTHOTO MMITYJIbCca TOKA, COOTBET-
CTBYIOILETO peructpauuu potoHa ¢ saHeprueii 1 [5B,
M3MEpPEeHHas aMIUIUTyJa CUrHaja Ha 7T-BBIXOIe
coctaBusa 20 MB co BpemeHnem Hapactanus 11 Hc,
BpeMeHHOe paspelueHune coctaBuiao 264 mc. s
cpaBHeHUS — B padore [10] ommcaHbBI pe3yIbTaThl
N3MEpeHUsS BPEMEHHOTO pa3pelIcHUS Ha ITydKe
aJeKTpoHOB. POTOAETEKTOP MPEACTaBIIAI COOO
KOHCTPYKIIMIO U3 KpUcCTajia BoJdbghpaMaTa CBUHIIA,

IMPUBOPHI U TEXHUKA SKCITEPUMEHTA Ne 2

()

M Pos: 18.50ns

SAVESREC

Tek Al Eig’d

From File

F
i L CH2
| :
s | Ty
\ Rt
|I Select
CH1 & File
; # i
N Fecall
Ma File
CH2 100mY M 25.0ns CH2 ™ —300mY
CH3 200mY 1.00007kHz
(©)
Tek S Trig"d M Pos: 18.80ns MEASURE
+

CH2
Fall Time
11.68ns

3 P
f
CH1 /

kY f
\ CH2 | /
\ \v/_mw
CHB\/—’\\‘,W\V-’"H
CH2 100m¥ M 10.0ns CH2 "\ -300mYy
CH3 200mY 1.000071kHz

Puc. 7. Ocuumnorpammel curHanoB 34UI1: a — BpemeH-

Ho#t MaciuTab 25 He, 6 — BpemeHHOI MaciuTad 10 Hc;

CH, — curnan Ha E-Bbixone, CH, — curnan Ha 7-BbIXo-
ne, CH; — BXoQHOI UMITYJIbC HAMPSKEHUS.

naBuHHOTO (hotoamona u 3UII ¢ omHuM E-BBIXOIOM.
doronerekTop oxnaxnaicd n1o —25 °C. BpemenHoe
paspelieHue a1 aHepruu 1 I'5B cocraBuio okoso
660 1c.

5. BAKJIIOYEHUE

ITposenen aHanus cxembl 3YII ¢ 1ByMS BBIXO-
JaMU, TIO3BOJISIIONINI U3MEPSITh SHEPTUIO U BpeMs
nposieta; Ha E-BbIxonae (hopMUpPYeTCs CUTHAN IS
M3MEPEHUSI PHEPIMU PErucTpUpyeMbIX YacTHII,
Ha 7T-BbIXOIe — CUTHAJ C KOPOTKHUM BpEeMEHEM
HapacTaHUs IJIs OJIyIeHUSI BDeMEHHOM OTMETKH.

[Tomyyensr popMynbl A pacueTa BpeMeHU
HapacTaHUs WM aMIUIMTYIbl CUTHAJOB Ha BBIXOAAX
3YII. ITpoBeneHO KOMMOBIOTEPHOE MOAEIMPOBAHNUE
cxeMbl 1 u3rotonjieH MakeT 3UII gis mpoBeneHus
usMepeHuil. JlaHHbIe, MOJyYeHHbIE M3 pacyera,
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86 CUBUPAK

MOJEIMPOBAHMUS U U3MEPEHUIN XOPOIIO coTiacy-
IOTCSI MEXKAY COOOIA.

Omnpenenen kpurepuit nmpuMeHumoctn 3UIT
¢ OBICTPBIM BBIXOIOM B 3aBUCHUMOCTH OT BPEeMEHU
BBICBEUMBaHUS (POTOIETEKTOPA.

BBeneHue NOMOJHUTENBLHOTO KaHajla B CXeMY
3UII n1st BpeMEeHHBIX U3MEPEHUIA TTO3BOJISIET YIyd-
IIMTh BpeMEHHOE pa3pelleHue 6ojee yeM B 2.5 pas3a
JJIs1 yacTull ¢ 3Heprueit 1 3B npu ncnonb3oBaHUU
B KayecTBe (DOTOAETEKTOpa KPUCTAJIOB BOJb(ppa-
MaTa CBUHIIA.
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