NUHEUHbIA OOHOKACKAAHbIN
YCUNIUTE/Ib CUTHANA
3BYKOBOMW YACTOTbI

KypcoBas paboTa
NO KYPCY «INEeKTPOHMKa»



TexHUYecKoe 3agaHune

Paccuntartb 31ieMeHTbl CXeMbl O4HOKAaCKa4HOro ycunauTens,
YA0B/ETBOPAIOLENO YKa3aHHbIM TeXHUYECKUMm TpeboBaHuam (cm.
Tabnuy c BapnaHTamu 3agaHun):

1. PeKomeHAayembl TUN TPAH3UCTOPA ......;
2. AMNAUTYAAQ HEUCKAXKEHHOTO BbIXOAHOIO CUTHaNa He MeHee ....... B;

K — UBBIX

3. KoapPuUMEHT yeuneHuns HanpsxkeHusa “e =~ Mpu 3aaHHOM

r

CONPOTUBAEHUN Harpy3kn R =... KOM U BHYTPEHHEM CONPOTUBAECHUMN
MCTOYHMKaA CUTHaNa R = ... KOM He MeHee ........ ;

4. Yemnutenos Npu 3agaHHoin emkoctu Harpyskn C, = .....HO ponkeH
obecneunTb Nonocy nponyckaHuna ot f =..luao f =....kMy;

5. TemnepaTypHbIM AnanasoH ana Bcex BapnanTtos: —40°C...+60°C.

TpaH3ucrop Uoon, B Ke Ri, kom | Rrxom | Cu, HO | fi, Tu | fe Ky

(He meHee)

2N2906A 3,9 6 3 0,3 0,6 500 30




CnpaBoyHble AaHHble BT 2N2906A

LlokoneBka 2ZN2906A K
b
1. ImMuTTep
2. baza
3

3. Konnektop

XaPaKTepUCTUKK TpaHancTopa 2ZN2906A

CTpykTypa - p-n-p

HanpamxeHWe KONNeKToOp-3MUTTEp, He Gonee: -60 B

HanpaxeHue konnekTop-6asa, He Bonee: -60 B

HanpamxeHue smuTTep-6asa, He Gonee: -5V

Tok konnekTopa, He Gonee: -0.6 A

PaccenBaemana MOLWHOCTL KONNEKTOPa, He Bonee: 0.4 BT
KosbduumeHT ycuneHdma TpaHsucTopa no Toky (his): o7 40 go 120

lpaHW4HaA YacToTa KoagduumeHTa nepenadm Toka: 200 My
Kopnyc: TO-18

(. )
U =60 B

K3 max Jgo0I11

I =100 MA

K max J0II

K})Kmax 20,4 Bt j
B =40...120
frp =200 MI'




.....

XapaKTepUCTUKU TPaH3UCTOPA

1. [lnAa 3a4aHHOro TMNa TPAH3MCTOPA C NMOMOLLbO MPOrPamMmmbl
CXemoTexHu4eckoro npoektmposanma OrCad 9.2 (nnn nrobon
NPYron) CHATb BXOAHbIE N BbIXOAHbIE XapaKTEPUCTUKK ANA

cxembl BKAYeHua O3.

[l1aH noapobHbIN anroputm paboTbl NpPU CHATUK BAX TpaH3ucTopa.

ex00Has BAX OO 8bIXxoOHaaBAX

Uss

mA . . . . . . . . . . . . . . .
: : : - Is = 200 MKA
mA
' ' ' " Is = 100 MKA
Is = 50 mKA
zzzzz 300U 350uh nooun 16 oA J E——
o Ilg cean 2u 4 a6y BU UK3
] U u_u1
o f ( 03 ) _ ] = f(l / )
U,,=const K /|1 —const




XapaKTepUCTUKU TPaH3UCTOPA

AlLG

....................

...................

..........

1

[T ]

0 I

< i)

[ = f(U63)

U,,=const

----------------------------

.................................

..........................

.......................

........................

& Bl
&5 0ml
=7 hml)
75
il
85 Dl

100

I,=fU,)

15U 280

Is=const



Cxembl ycunutenbHbIX KaCKagaos

03 n-p-n

Cot
o




Bbi6bop cxembl YCUNUTENBHOIO KacKkapaa

2. 1o 3a4aHHbIM TEXHUYECKMM TpeboBaHMAM 060CHOBATb BbIOOP
CXEMbl YCUNNTENBbHOMO KacKaaa.

K,>1 K, <1
K, He meHee 3 03 p-n-p K, He veree 0,75 OK n-p-n
1 K
En
Ry K Cp I+ R,
Cpt K |F—— — Cp E, —
_O_H 5 |\1VI _O_” 5 T C%Q l
: Y SiES I Tj) N . S
RE. R&l - Rl [] ) E
Er R3'
w T B e | [
Ral| | == ° °
¥

dBas |

D.aHO: RH CH Rr UBBIX Ke (.f;{f];)

BelibpaTb: napamMmeTpbl anemeHToB YK
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3. laTb rpadunyeckoe ob6ocHOBaHME BblOOpPa paboyen TOYKM U

HanpaxeHnAa MCTOHYHUKa NMNMTaHNA.

f maKc gon

AN S S S N S S S S N O SOl L
AN % s
: aéumgné ?
Ezhu_:gma
[ - Ié m;:luwh.
i iisomia

Y 100MKA

— >
< Usbix
b

Uks make aon

Kackan Q)6 OK
R_ R.+R, |R,
R_ R .|R, [|R,[|R,

Mo makcumanbHO amnNAUTyAe BbIXO4HOMO CUrHaNa U CONPOTUBAECHUIO Harpy3Ku
onpeaenntb pabounii pexxum TpaH3UCTOpPa U HOMUHA/IbHOE HanpsaXKeHUue UCTOUHUKA

nuTaHua Enur.




Bbi6bop pabouen TouKHu
U_>AU, +AU.+U

BBIX
/ AMNAWTYAA BBIXOAHOTO
3anac HanpAXeHuA, CBA3AHHbIN C HanpaXeHua
HE/IMHENHOCTbIO BOJ1IbT-aMMNEePHbIX ~
BbIXOAHbIX XapaKTEPUCTUK 3anac HanpAaxXeHuA, CBA3aHHbIN C yXo4aom
pa60‘-|et/’| TOYKUN N3-3a TeMNepaTypbl n
AU _ 1 2 B pa36poca napameTpoB TPAH3UCTOPA Y
15050 S )
AUT - 4 0002 B

+AU.,
R

~

=(2..5

U =35B U_, >1+1+3,5=5,5B

U =43B U_, >2+2+43=83B

AMNANTyAa BbIXOAHOIO
HanpAXeHuA

BBIX



Bbi6bop HanpsaXXeHUAa UCTOYHUKA NMUTAHUSA

Jk Makc aon

T I50RKA

U doomeh

:wom'm____

| 100MKA

.fan ‘\I |

AUT |e—d Uka make gon

Usbix

/\/ﬁ

E =>AU, _+2AU +2U,  +kU,_ <U

BbIX BbIX K9 O0II
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Bbibop HanpsaXXeHnA NCTOYHUKA NUTAHUSA

M2. HomuHanbHbLIN pAJ HanpAXKeHuk (B)
5; 9; 12; 15;24 30; 36; 48.

E >AU _+2AU +kU, <U

BBIX KD O

E =1+2-1+4-3,5=17B<U

KD JIOII

E =2+2-2+5-4,3=206,9 B<U

KO 4011

NposBepka:

U_, ~(0,4..0,6)E._=(7,2...10,8) B U_, >55B U_, =8 B

T

U._, ~(0,4...0,6)E._=(10,8...16,2) B U_, >83BU_, =12 B

IIUT

11



100 MAflcmancg, | 50?””“’&5

p \ ianmmé

| <l

K MaKc gon

I, =10 MA

N panh §\60 5

Sl TR

A:SB]

B

_(2 5) BBIX IKA :IK~+IKO [ =2 MA

H 12



Mocne onpepenenuna E_ v pabouero pexxkuma (U, ,, /,,) H3A0 NOCTPOUTD TOUKM
(E.,» 0) n (U, I.,) Ha BbIXOAHbIX XapaKTePUCTUKaxX TpaH3McTopa (0603HaunTbL
pabouas Touka A, rae 3 — Homep nyHKTa pasgena «Coaep>kaHne paboTbi»),
NMPOBECTU Yepe3 3TU TOYKM NPeABapPUTENbHYIO JIMHUIO HArpyskn no
NOCTOAHHOMY TOKY.

3ameuvaHue: paboyas ToUKa A, JO/IKHA 1IeXKaTb Ha MNOJIOFOM Y4aCTKe BbIXOAHbIX
XapaKTeEPUCTUK nopg, runepbonoi IK=PAOH/UKa N BAANEKE OT MNOCTPOEHHbIX
nepepn Hayasnom pacyeta npambix (U, = U nl =l ) n oT oceM.

K3 MaKcC aon K MaKC gon



4. T[lo BONbTAMMNEPHbLIM  XapPaKTEPUCTMKAM  TPaH3MUCTOpPaA
onpeaenntb B paboyenm TOYKe MaNoOCUrHanbHble h-
napameTpbl TPaH3UCTOpAa.

14



5. [1o 3agaHHOMY TUNY TPAH3UCTOPA U ero npeaebHbIM
napameTpam, onpegeseHHbIM NO CNPABOYHbIM AAHHbIM,
060CHOBAaTb BO3MOXHOCTb MPUMEHEHUSA TPAH3UCTOPa B
3aaHHON CXeme YCUAUTENbHOIO Kackaaa. B npoTMBHOM cnyyae
TUN TPAH3MUCTOPA COrNacoBaThb C NpenogasaTenem.

EHI/IT < UK3 MakcC J0I1 []K MakKcC < IK MakxcC I[OHJ ?

Do

fic make gon

K Makc ]

AR
YOOBNETBOPAKOLLLEE : R
3aflaHuto pellieHe |7 cTT

T ! 1 — 15




6. PaccunTtaTb CONPOTUBAEHNA PE3NUCTOPOB CXEMbI C YHETOM
pa3bpoca KoapPpuumeHTa ycuneHmsa TpaH3ncTtopa (cmotpum B
CMPaBOYHUKE) N KonebaHMIN BHELWHEN TEMNEPATYPHI.

PacueT conpoTUBEHUIH Pe3nCTopoB BbIXOAHOM! Lienu

E T UKaA
= ]KA

E =18B U_ =8B I,=10uMA

R =..
OK OF
R =R =.. R =(0,5...0,8)R.
R =0 R =R +R R =R —R

R =..

)

16



Ik Makc aon

K MAaKcC K MAKC J10I1 -
A + 500MkA: . e
— T R B
S SRR S E P doCmkA ¢
R R somcAt L |
e S T S [T R SRIDS ST PRRE R ~--300mMKA L
! . PK Makc gon : ' ; ; : !
527 = R —Z50fRA
: ' ' R= ' ' 200mKh

yAoBAETBOPAOLLEE

3a4aHNIO peweHne )

AUHIAUT

—_

W

Uebix

£ nar \

Uka make aon

Heyaa4yHo BbibpaHa paboyana TouKa
nnn RK (3apaHne He byaeT BbINO/HEHO)




Pacuer conpoTnsneHum pe3smcTtopos BXOAHOM Lenun

Mepexoaum K ynpolyeHHoi cxeme Ry =7

4 )
Al R —|EAT
R <Pl ROIEAT
L 0A B K 1011 y
AU
Al o= P - I, :%‘A E~1...2 MB/rpan

B — hzm onpeaennan no BbIXOAHbIM XapaKTEPUCTUKAM
(npOBepKa Bmin < B < Bmax )

AB=B —B
AB:B_Bmin _

AT =T —-20°C
AT =|T.,,.—20°C|

~— HaunbonbLLee . HaubonbLuee

n

18



PacueTt conpoTtusneHuu pesmcTtopos BXOAHON Lenun

Al -R—|EAT
p PO T REIEATD
[ AB—AT

JOII

R — 3ameyaHue: ecnm pacyetHoe R6<0 nam mano, Heobxoanmo
0 CMEeCTUTb Paboyyto TOYKY Bbille U NpaBee

Bo3Bpalwaemca K UCXOAHOWN Cxeme

I/
Lg, =—= Loy =dgp + 1 s
B
E =E —2_ R = “m
o =B 2R Uson + 15 ((14B)- R, + R;)
R =R |R R R, i R — Rs R
— — 2
° 1?7 R 4R, R —R;




M. HoMMHaNLHLIE pAOLI

Bbibop conpoTtusneHnu us

HOMWHA/IbHOIO pAAda

Pag E6 - 20%. IIpEMerAeTcA 00BRIMHO IIA 3IEETPOTHTHIECKHE KOHISHCATOPOB.
PagE12 - 10%. IIpEMeHAeTCA 404 PE3HCTOPOE H KOHISHCATOPOB.

Pan E24 - 5%.

[TpHMeHASTCH I1A PEIHCTOPOE H KOHIEHCATOPOE.

Pax HoMHHATE Pesuctop Pacuer, |Oxkpymienune 10
Om psna E24, Om
E6 10 15 22
R, 525|510
20% 33 47 68 — 3
R,=R,+R,, | 225
E12 10 12 15 18 22 27 R1 7100 6800
10% 33 39 47 56 68 82 R2 1238 1200
E24 |10 |11 | 12|13 |15 |16 |18 |20 | 22| 24 | 27 | 30
5% | 33| 36| 30| 43 |47 |51 |s6|62 |68 75|82 01

*R, ana cxembl ¢ O3 OKPYrNATb 4O HOMUHAMOB PAAA He HAJo, T.K. Aanee ero
npuaetca pa3busaTtb Ha ABa conpoTusneHua: R,; R,

Ana cxembl ¢ OK Haflo OKPYMNATL 0 HOMUHaAbHOrO pada R, =220 Om

20




3ameyaHuA K BbiIbopy napameTtpos

* [1na cxembl ¢ OK pekomeHayeTcAa caeniaTb NPOBEPKY Ha
nonyyeHue Tpebyemoro KoadduumeHTa ycuneHuma:

R R, =K; ||(h113+(1+h213)R~)

R +R, K, (140,05 ~ & _

Cox =

* [lna cxembl ¢ OK 3HaUYeHnA ConPOTUBAEHMMN NyYLLE OKPYINATb
B 60/1bLYI0 CTOPOHY (MHAYe MOryT BO3HMKHYTb Npobaembl C
obecneyeHmnem KoaddunumeHTa yCUaeHNA Kackaaa).

* [na Kackapga 09 B HEKOTOPbIX CNyYanax conpoTnsneHue R,
noay4yaeTca A0BobHO bonbwmm (5-10 KOm). B aTom cnyyae
Ans obecneyeHma nyywenm TepmocTabmnibHOCTM KacKaaa
}KenatenbHO B3ATb R; MeHbLUe PacCYMTAaHHOTO 3HAYEeHMUSA.

21



7. lnA BbIOpaHHbIX CONPOTUBAEHWUI PE3UCTOPOB CXEMDbI
aHANUTUYECKM paccuynTaTb paboumnin pexkmMm Kackaga u
NPOBEPUTb, COBMNAAAET /1M OH C BblIOPaHHbIM B 1. 3.

- HapucoBaTtb cxemy 3amelleHma Kackaaa (O3 namn OK) ans
NOCTOAHHOrO TOKa.

- [pnHATL ANAa pacyeta Ug, =0,7/B.

Pe3ynbrat pacyeta — paboumne ToukU (I, Ug,a) ¥ (1,4, U,,5), KOTOPBIE
Heobxo4MMO HaHeCTU Ha COOTBETCTBEHHO BXOAHbIE U BbIXOAHbIE
XapaKTEPUCTUKM TPAH3UCTOPA.

TouYKa Ha BbIXOAHbIX XapaKTepncTukax (06o3HaumMm ee A,) AOMKHA
nexkatb 6/IN3KO OT NOCTPOEHHOM Ha 3Tane npeaBapuUTeIbHOro
pacyeTa TOUYKM A;.

22



8. PaccumtaTtb BO3MOXKHbIN yxo4 paboyero Toka n3-3a KosiebaHum
TemnepaTtypbl U U3-3a pa3bpoca KoaddUuMeHTa yCUNeHus.
[TpoBEPUTL, NEKUT NN 3TO USMEHEHME B 3alaHHOM JManNa3oHe,
onpeaeneHHoOm B n. 3.

Heobxoaumo nepecuntatb Al =Al +Al; <A

K 011

|CAT |

_ . AB -1 R
' R6 + (B + 1)R3

" T B+ P TR +R,

B

[Mocne onpepenenna Al, Hapo paccuntatb AU; = Al R_ n cpaBHUTb C
BennunHou AU;, BbibpaHHOM B n. 3 npu pacyeTe paboyen TOUKMW.

Ecnan nonyyeHHoe B 3TOM NyHKTe 3HaYeHue AU; meHblue BbiIbpaHHON B N. 3
BE/IMYUHDI, TO MOXHO NPOAONXKNUTb PACUET, €CN CYLLECTBEHHO bonblue — HAAOo
MCKATb OLWKNOKY MM HAYMHATb PAacYET 3aHOBO C M. 3.
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9. 1nA BbIOpaHHbIX CONPOTUBNEHUN PE3UCTOPOB CXEMbI ONPEAE/TUTb
pabouni pexxnm rpadpuyecku, ncnonblya BAX TpaH3mncTopa [cm.
MeToANYeCcKue yKasaHua K J1P4]. Ana atoro:

 cnomouwpbio nporpammbl OrCAD Ha BxoaHown BAX TpaH3mcTOpa
NOCTPOUTb JIMHNIO HArPY3KKU Mo NOCTOAHHOMY TOKY U onpeaennTb
pabouni 6a3oBbIN TOK;

* Ha cemeuncTBe BbIXOAHbIX XapPaKTEPUCTUK C MOMOLLbIO NPOrpPammbl
OrCAD nocTtpouTb IMHUU HArpPy3KM rno nOoCTOAHHOMY U
nepemeHHOMY TOKY.

e OnpenennTb MakCUMasbHYO aMNAUTYAY HEUCKAXKEHHOTO
BbIXOoA4HOro curHana. CpaBHUTb C 3a4aHUEM.

24
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10. Paccuuntatb BXOAHOE 1 BbIXOAHOE CONnpoTuBieHne yCUNnTenNA

Ana cxembl OK: Ana cxemobl O3:

CM. maTtepuansbl J19 _

( P ) RBX _R6 |||:h113 +R31 (1+h219):|
RBBIX ~ RK

11. Paccymtatb KO3DDULMEHT YCUNEHUA C Y4ETOM BHYTPEHHETO
CONPOTUBAEHUNA UCTOYHMKA CUTHANA

KeO = Ku XX gBX aBLIX

Ana cxembl OK: Ana cxemobl O3:
(cm. matepuansb! J19) K R,

——h .
. 213 h113+(1+h219)R31

MposepuTb BbiNnoAHeHUe ycnosua K, 2K, 5 (caenatb Tabanuy).
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12. Mo 3a4aHHOWN HUMKHEN rPaHMLLEe NOAOCHI MPOMNYCKaHMA paccynUTaTb
eMKOCTU KOHAEHCATOPOB.

(cm. maTepumanbl NpakTUKU 33)

MpumeuaHue. EMKoCTU KOHAEHCATOPOB BbIOMpPATb M3 HOMUHA/IbHbIX
pagoB E12 nnun E6 (B 3aBUCMMOCTU OT BEIMYUHBI EMKOCTH).

13. OnpeaennTb BEPXHIOK rPaHuLy NoaoCbl NPONyCcKaHUA, UCMOIb3YA
CnpaBoYHble AaHHble Ha TPAH3UCTOP N AaHHble Ha EMKOCTb
HarpyskKu.

(cm. pann «OueHKa BepxHen rpaHuLbl AYX» Ha canTte Kadegpbl BMCC)

14. [poBepnUTb C NOMOLLbIO MPOrPammbl CXeMOTEXHUYECKOro
moaenmpoBaHua OrCad 9.2 paboTocnocobHOCTb CXEMBI.

(cm. apxmB «3apaHue Ha Ky, dann «3 AHann3 Kackaga c NOMOLbIO
MOJeNnpoBaHMA» Ha canTe Kadeapbl BMCC)
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