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L[CJ'II)I-O pa6OTI)I ABJACTCA N3YUYCHUC NTUHAMHWYCCKUX XAPAKTCPHUCTHUK TPAH3UCTOPA U

ONpENEICHUE PEXUMA €r0 PaOOTHI B YCUIIUTEIBHON CXEME.

1.KPATKUE CBEJEHUA 113 TEOPUN

[Ipu pabote TpaH3ucTopa B cxeme ycuiuTens (puc.l) B ero BXOJHOM Lenu
JEMCTBYET MCTOYHUK HarpspkeHHUs Usx, MOJUIEKAIIETO0 YCUIIEHHIO, 4 B BBIXOAHYIO LIETIb
BKJIFOYAETCS] cONpoTUBIeHUE Harpy3ku Ru. Takoil pexxum Ha3bIBaeTcs IWHAMHYECKUM
win  pabounM. XapakTEpUCTUKU U TapaMeTpbl TpPaH3UCTOpa, padOTAIOIIEr0 B
JUHAMUYECKOM PEXHUME, OTJIMYAKOTCS OT COOTBETCTBYIOIIMX XapaKTEPUCTHK B
CTaTUYECKOM PEKUME.

Ecnn BXOgHOW cUTHan Majl, TO HCHOJNb3yeMble pabOyMe Y4acTKH CTaTHYECKHX
XapaKTEPUCTHK TPAH3UCTOPA HEBEIMKUM M HUX OOBIYHO CUMTAIOT JHUHEHHBIMH. B 3TOM
Cllydae pacueT OCHOBHBIX IIOKa3aTelIed YCWIMTEN BBIIOIHAIOT AaHAIUTUYECKUMU

MCTOJaMHU C MUCIIOJb30BAHUCM MAJIOCUTHAJIbHBIX IMMAPpaMCTPOB TPAH3HUCTOPA.
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Ecnu Tpansuctop paGoTaer mpu OONBIIMX BXOJHBIX CHUTHANAX (HampuMmep, B
OKOHEYHOM KacKaJle YCHJIMTENIS HHU3KOM 4YacTOThl), TO ISl y4eTa HEIMHEHHOCTH
XapaKTEPUCTHK TPAH3UCTOpPa MPUMEHSIOT rpapuuecKuii MeTol pacuera. DTOT CiIydai u
UCCIIEyETCs B HACTOSILEH padorTe.

OCHOBHBIE ITOKa3aTEId YCWINTENSA OINPEACISIOTCA MO BXOJHOM M BBIXOJHOU
JUHAMMYECKAM  XapaKTepUCTUKaM. Jlusd  IOodydeHHMss BBIXOJHOW W BXOJHOWU
JUHAMUYECKON XApPAaKTEPUCTUKHU CIIEAYyEeT HAa CEMEWCTBO CTAaTUYECKHX XapaKTEPHUCTHUK
(puc 2,0) HaHeCTH HArpy304HYK XapakTEPUCTHKY. YpaBHEHHE Harpy304HOU
XapaKTEePUCTUKHU onpeensiercs mo 3akoHy Kupxroda s 3aMKHYTOH Lienu KOJIJIEKTopa

C HAarpy304HbIM COIIPOTHUBJIICHUCM U HCTOYHHUKOM BHCKTpOI[BI/I)Kymeﬁ CHJIBI.

Uxs= Ex-1xRu

DTO ypaBHEHHUE MPAMOU, KOTOPYIO MOMXHO MOCTPOUTHh HA CEMENCTBE CTATHUYECKUX
XapaKTePUCTHUK MO JIBYM TOYKaM: TOYKE A, COOTBETCTBYIOIIECH PEKUMY XOJIOCTOTO XOJ1a
BeixogHOM 1ermu npu k=0, Ux»= Ex, m B Touke B, COOTBETCTByIOIIEH KOPOTKOMY
3aMbIKaHMIO 11enH KoyutekTopa Uxs=0, Ix= Ex/Ru.

['eomeTpudeckoe MECTO TOYEK NEpPECceYEeHUs HArpy30UYHONM XapaKTEPUCTUKH CO
CTaTUYECKUMU XapaKTepucTukamu (Touku 1, 2, 3, 4, 5) naet BRIXOAHYIO JTUHAMUYECKYIO
XapaKTePUCTUKY TPAH3UCTOPA.

VYuactok 1-5 nuHamMu4eckoW XapaKTEpPUCTUKH, I KOTOPOrO W3MEHEHHUs TOKa
KOJIJIEKTOpa |x mpomopiiuoHanbHbl U3BMEHEHUAM TOoKa 0asbl 16 , siBiseTcss paboyum aiis
cxembl yeunuTens. CHu3y padodast 00j1acTh orpaHnyeHa 00J1acTeio oTcedku, korma 16=0.
Cepxy- 00J1aCThIO HACBIIICHUS TPAH3UCTOPA, KOTJa KOJJIEKTOPHBIN MEPEX0]l CMEIaeTCs
B IIPSIMOM HaIPaBJICHUH U TOK |k mepecTaeT n3MEHSThCA.

BxoaHast AuHaMuveckas XapaKTepUCTHKa TpezcTaBiser 3aBucumocth 16=f(U6»)
npu Ru=const. Ona ctpoutcss myrtem mnepeHeceHus Touek 1, 2, 3, 4 u 5 BbIXOAHOM
JTUHAMUYECKON XapaKTEPUCTUKU HA CEMEWCTBO BXOIHBIX CTATUYECKUX XapPaKTEPUCTUK
(puc 2,a). Jlns kaxaoi U3 NepedyrciIeHHbIX TOYEK OMPEACNIAIOT 3HaueHus Toka 0a3bl 16 u
HarnpspkeHus: Ha KoJuiekTope Uxs. OTMeEUaroT 3TH 3HAYEHHS Ha BXOJHBIX CTATHYECKUX
XapaKTepUCTUKAX M COCIUHSIOT TOYKHM TIaBHOW KpuBoil. Ha puc 2,a oHa m3zoOpaxeHa

WTPUXOBOU JINHUEH.






OOBIYHO BXOJHBIE CTATHYECKUE XapPAKTEPUCTHKH, CHATBIE NPH Pa3IUUYHBIX
KOJUIEKTOPHBIX HAIpPSDKEHUSAX, PACHOJIOKEHBl OYeHb OJM3KO APYr K JPYry, MO3TOMY
NpUOTMKEHHBIE pacyeThl MPOU3BOJAT 0O€3 TMOCTPOCHUS BXOIHOW JTMHAMHYECKOU
XapaKTEPUCTUKH MO OJHOM M3 CTATMYECKUX KpHUBbIX. Ha puc. 2, a BUIHO, 4TO BXOJHAs
OUHAMHUYECKasl XapaKTepUCTHKAa HE JIMHEWHA. OJTO ABJISETCA OJHOW W3 MPUYUH
VCKQ)KEHHS YCUIIMBAEMOI'O CUTHAA.

Jns moiaydeHHs OT YCWIMTENS MAaKCHMAJIbHOW BBIXOJHOM MOIIHOCTA B CXEME
HY>KHO 00€CIIeuYnBaTh MaKCUMaJIbHbIE aMILTUTY/Ibl TOKAa KOJJIEKTOpa IKM U Ha Harpys3ke
UHm npu ycJIOBUM OTCYTCTBHS MCKaXeHHM (opmbl curHana. C 3TOU I1eJIbI0 MCXOJIHOE
3HaYeHHE TOKa KOJUIEKTOpa MPH OTCYTCTBHM CHUTHaJla Ha BXOJe (pabodyio TOUKY)
BBIOMPAIOT HAa CEpeIMHE ydacTKa 1-5 AuHaMU4ecKoil XapakTepucTuku (puc 2, 6 Touka 3).
Pabouas Touka BO BXOAHOM LIETIM TPAH3UCTOpPA COOTBETCTBYET 3HAUEHUIO TOKA Oa3bl 16=
163. JIns sToro B memb 0Oaza-sMUTTEP HEOOXOJIMMO MOJATh MOCTOSHHOE HaIpsHKEHHUE
MCTOYHMKA MTUTaHUs E6o.

[Ipu nmogade Ha BXOJA CUTHAJIA, U3MEHSIOIIETOCs 10 TaPMOHUYECKOMY 3aKOHY, IS
HEUCKaXEHHOI'0 YCUJICHUsS] HauOOoJIbIINEe U3MEHEHHUsI ToKa 0a3bl BO3MOXKHBI OT 163 10 165
u ot 163 no I61. Ilpu aTrom ammuTyel HanpsbkeHUil Ha 6a3ze Uemin U6m2, aMILTUTYIbI
TOKa KoJuiekTopa lkml u lkm2, a Takke aMILTUTYIbI HANpsDKeHU Ha KoJulekTope Uxkmlu
Uxkm2 He paBHbl Jpyr Jpyry. OTO OOBICHSAETCS HEIMHEHMHOCTBIO XapaKTEPUCTHK
TPaH3UCTOPA.

[To BXOJIHBIM M BBIXOAHBIM JTUHAMUYECKUM XapaKTEPUCTUKAM MOKHO OINpPEIETUTh
CIEAYIOIINE TTOKA3ATENN YCUIUTEIS:

-IOCTOSIHHbIE HAaNpsHKEHUE M TOK 0as3bl NMPU OTCYTCTBHM BXOJHOIO CHUTHAA,
OTIPENICIISIONIME HMCXOJHOE IMOJOKEHUE pabdodeil TOYKM Ha BXOJHOM W BBIXOIHOM
xapakrepuctukax Ue3 u 163;

-MIOCTOSTHHYIO COCTABJISIFOLLYIO TOKa KOJUIeKTopa Ix3;

-MIOCTOSTHHBIE HAMPSHKEHUS Ha KoJulekTope U Harpy3ke Ux3 u Un3 ;

-MOILHOCTh paccenBaHus Ha KoyekTope Px3= lx3 *Uxk3;

-aMIUIUTYAY IEPEMEHHOTO BXOJIHOTO HanpspkeHus: Usm;

-aMIUTUTYy 0a30BOT0 TOKa TPAH3UCTOpa, KOTOpas OIpenesieTcsl CpeaHUM
3HaUYECHUEeM MEXIy l6miun l6m2;

-CpellHee 3HaYeHHUE BXOHOTO conpoTuBieHust Rex= Uom/ l6m;

-BXOJIHYIO MOIIIHOCTh curHana Pex= 0.5U6ml6m;
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-aMIUTUTY 1y IEPEMEHHOM COCTABJISIONIEH TOKa KOJUIEKTOpa lxm;

-aMIUTUTYAy IEPEMEHHOTO HaNpsbKeHHs Ha KojuieKTope Ukm;

-BXOJIHYIO MOIITHOCTh cuTrHaia Peex= 0.5Uxmlxm;

[TockonbKy HM3-3a HEIMHEMHOCTH XAPAKTEPUCTUK TPAH3UCTOPA €r0 YCHIMTEIbHbBIC
CBOMCTBA ISl TIOJOKUTEJIBHOTO M OTPUIATEIIBHOTO TMOJIYIIEpUOJIa CHUTHAJIOB HE
OJIMHAKOBBI, TO OHU OIICHUBAIOTCS MPH TTOMOIIU CPEIHUX KOADOUIIMEHTOB YCUICHHS:

-TI0 TOKY

Ki=2lkm/2l6m
-TI0 HAINPSKEHUIO
Ku=2Ukm/2U6m
-TI0 MOIITHOCTH
Kp=0.51kmUkm/0.5Uxmlxm
3.IIOPAIOK BBITIOJIHEHUS PABOTHI

JlaGoparopHas pabota BeImosHseTcs Ha [IK mpu momomum makera mporpamm

Workbench EDA 5.0.

3.1 CHATH ceMeiCTBO BXOJAHBIX CTATHYECKUX XaPAKTEePUCTHK.
JI71s1 BBITIOJTHEHUST JAHHOTO MyHKTAa HEOOXOIUMO OTKPHITEH (aiin Jj.yerp.S.1.ewb,
Haxozsmmicsa mo anpecy Lab/Omyctp./5/9myctp.5.1 ewb. Cxema, coxepxainascs B

JaHHOM (paiine, moka3aHa Ha puc 3.
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Puc. 3
JIist cHATUSI BXOJHOW XapaKTePUCTUKH HEOOXOJAMMO M3MEHSTHh HarpsbkeHue U6d
(uctounuk E1) B COOTBETCTBUM CO 3HAYEHUSIMU, YKa3aHHBIMU B Ta0mule 1.
3anuchiBaTh 3HaYEHUsI TOKA 0a3bl MO MOKa3aHUSAM aMIiepMeTpa. XapaKTepUCTUKU
CHUMAIOTCS TP JIBYX 3HAUCHHUAX HampspkeHus Ha koswektope: Uw=0 m Ux=10 B
(ucrounuk E2).

Pe3ynbpTaThl u3MepeHus 3aHeCT B Ta0IUILy 1.

Tabmuma 1

Ues, mV 40 60 100 |120 |[140 |150 |[160 |170 |180 |190

Uks=0 6, mA

Ux>=10B | I, mA

3.2 CHATH ceMelicTBO CTATHYECKHX BBIXOJHBIX XapPaKTEPUCTUK TPAH3UCTOPA

Ix=f(Ux»), l6=const.




J1y1s1 BBITIOTHEHMS TAHHOTO MMYHKTa HEOOXOIUMO OTKPHITH (paitm Ja.ycTp.5.2.ewb,
Haxozsmmiics 1o axapecy Lab/Omycrp./5/3mn.ycrp.5.2ewb. Cxema, coxepxkaiascs B

naHHOM (paitne, mokaszaHa Ha puc 4.

11
/. OmA

Puc.4
B maHHOM myHKTEe paOOTBhI TOK 0a3bl YCTAHABIMBACTCS C ITOMOINBI0 HMCTOYHHKA

TOKa, BKIIFOYCHHOTO B I1eMb 0a3bl. CHATH BBIXOIHBIC XapaKTEPUCTUKH I 3HAUCHUHN TOKa
0a3pl, kazaHHBIX B TaOnuie 2. Hampsokenue nHa komtektope Uxs (ucrounumk E2)
YCTaHABJISUBATh B COOTBETCTBHHM CO 3HAYCHWSMH, YKa3aHHBIMA B TOW ke TabuIle.

OTMeuaTh TOKM KOJJIEKTOPA 0 OKa3aHUsSIM amiiepMeTpa. [JJaHHble n3MepeHus 3aHECTH B

Tadnuiy 2.
Tabnaumna 2
Uxks, B Ik, MA
I6 l6 l6 l6 I6 l6 I6 I6 l6
0,01 | 0.02 | 0.05 0.1 0.3 0.6 0.8 1.0 1.7
mA mA mA mA mA mA mA mA mA
50 mV
100 mV




200 mV

500 mV

1V

3\

10V

15V

3.2 UccaenoBath (pOpMY YCHIEHHOT0 CUTHAJIA MPH PA3JTUYHBIX PeRKUMAX
padoThl yCHIIHTEIS.
J1J1s1 BBITIOJTHEHMS JTAHHOTO MYHKTa HEOOXOAMMO OTKPBITH (aitn irycrp.5.3.ewb,

Haxomsmwmiics mo azapecy Lab/Dm.yctp./5/9m.yctp.5.3ewb. Cxema, coaepxariascs B

naHHOM (paiiie moka3aHa Ha puc 5.




Puc. 5

B nanHOM myHKTe paboThl HEOOXOAMMO C MOMOUIbl0 pe3uctopa R1 u3MeHsATH
peXUM pabOThl YCUIIMTENIBHOIO KacKaa, U3MEHsISl TEM CaMbIM MOCTOSIHHOE CMEIIECHUE Ha
0aze (BbIOOp paboueil TOUKHM). YBEIMYCHUE COMPOTHUBJICHUS IPOU3ZBOJUTCS IIyTEM
Ha)kKaTHs KJIABHUIIN TPH HakaTou kinaBuiie Shift. YMmenbienue- HaxxaTrem Kirapumu R.

C nmomompio ocuuiuiorpaga HadmonaTh GopMy BXOJHOTO HampspKeHHs] Ha 0ase
TpPaH3UCTOPa, MOJAHHOTO OT T'€HEPaTopa, U BBIXOJHOIO HAIpPSKEHUS Ha KOJIEKTOPE
Tpansuctopa. [locnenoBarensHo M3MeHss 3HaueHue comportusieHus R1, dukcupoBatsh
dbopmy curHana Ha sKkpaHe ocuusuiorpada. OTMETUTh 3HAUYEHUE COMPOTUBIICHHUS, MPU
KOTOPOM BO3HHMKAIOT MCKaXEHUS CUTHaja, a TakKe MpH OTKIIOYeHHOM renepatope G1,
3adukcupoBaTh 3HaUeHHe Toka 0a3bl (PAl) 1 HampshkeHuss MeXIy 0a30i U SIMUTTEPOM
(PV1). ITomyueHnHble U300paXKCHHs 3apHUCOBATh BMECTE C JICJICHHSIMH OcCIHUIorpada u
yKa3aHUeM MaciiTtada pa3BepTKH [0 BEPTUKAIA M TOPU3OHTAIM. Y Ka3aHHbIE
MCCIICIOBAHUS TPOBOJSATCS ISl IBYX 3HAUYEHUH KOJUIEKTOpHOTO comnpoTusiieHus (R4 u
R5).

4.ObPABOTKA PE3VJIBTATOB.

4.1 Tlo pawHbIM Tabmunbl 1 W 2 MOCTPOUTH CEMEHCTBAa CTATUYECKHUX
XapaKTEpUCTHK, KOTOpPBIE PEKOMEHAYETCS pa3MECTUTh Ha OJIHOM JINCTE TakK, Kak
MOKa3aHo Ha puc 2.

4.2 Ha craruuecku BBIXOJHBIC XAPAKTEPUCTHKHA HAHECTH  BBIXOJHYIO
JUHAMUYECKYIO XapakTepucTUky, npuHsaB Ex=10B,Re=2200mM.

BxonHOW ~ IMHAMMYECKOM  XAPAKTEPUCTUKOM  CUUTATh  XAPAKTEPUCTHUKY,
noctpoennyto npu Uxs=10B. Ha a31oi1 xapakrepuctuke BbIOpaTh pabO4yr0 TOUKY IS
HaIpsHKEHUST MEXIy 0a3oi U 3MUTTepoM paBHbIM 160mV(touka 3 Ha puc 2,a). [ns
MEPEMEHHOTO HAMNpsDKeHUsI, MOJAaHHOTO Ha 0aszy ¢ ammumutynoit 20 mV, ompenenuThb
MHUHUMaJbHOE UM MaKCUMaJbHOE 3HAu€HHE TOKOB 0a3bl (Touku 1 m 5 Ha puc. 2, a).
[lepenecTu 3TU TOYKM Ha JMHAMUYECKYIO BBIXOJHYIO XapaKTEPUCTUKY M BBITIOJTHUTH
rpaduyecKuil pacueT OCHOBHBIX Moka3zarened ycuurens: lom, Usm, Pex,, Ikm, Ukm, Pseix,
Ki, Ku Kp.

4.3 Tlo naHHBIM TaOMUIBI 2 TTOCTPOUTH XAPAKTEPUCTUKY MPSAMON mepenadn Toka
Ix=f(l6) mpu Us=10B.
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5.COAEP)XAHUE OTYETA
OT4eT T0JKEH CoepKaTh:
-CXEMY YCUJIUTENS
-Ta0auuel 1 1 2 ¢ pe3ysbraraMy MOCTPOCHUN U PaCUE€TOB
-BBIBO/IbI
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