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JlaGopatopHnas padora Ne 1

I/ICCJIe}]OBaHI/Ie K/JII0Y€BbIX CXEM HA ITOJIEBbIX TPAH3UCTOPAX

[enb pabOTHI:

- U3YYUTh OCOOEHHOCTH pa0OTHI MOJIEBBIX TPAH3UCTOPOB B KITIOYEBBIX CXEMaX;

- U3YYUTh BIUSHUE HATPY3KU HA NIEPEXOJHYIO XaPAKTEPUCTUKY KIIFOUa;

- HCCIIEIOBATh MCIIOJIb30BAHUE IIOJIEBOTO TPAH3UCTOpPAa B KayeCTBE HArpy3Ku
KJIFOYa.

IToaroroBka Kk JiaboparopHoii padore

N3yunth KOHCHEKT JIEKUMM 10 JaHHONW Teme. OOpaTuTh BHUMAHHUE, 4YTO
TPAH3UCTOPHBIM KIIFOY — 3TO YCTPOMCTBO, IPEAHA3HAYECHHOE [UIA 3aMbIKaHUS U
pa3sMBbIKaHMs LENA HATPY3KU IOJ ACHUCTBHUEM YIPABISIOLIETO BXOJHOTO CHUTHAJIA.
OHM HaxOJAT MIMPOKOE NMPUMEHEHUE B UMIYJIbCHOM TEXHUKE, SIBJISISICH COCTaBHOM
qacThio 00Jiee CIIOKHBIX AMCKPETHBIX YCTpOMCTB. CaMOCTOSITENbHOE NMPUMEHEHHE
TPaH3UCTOPHBIE KIIFOUM HAXO/SAT B KaueCTBE OECKOHTAKTHBIX MPEphIBATEIEH.

B coorBercTBUM €O CBOMM Ha3HAaY€HHEM TPAH3UCTOPHBIA KIKOY JOJDKEH
o0JlajlaTh MHUHUMAJIBHBIM TOKOM B Pa30MKHYTOM COCTOSIHUM, MWHUMAJIbHBIM
MAJCHUEM HaNpsOKEHUsT B 3aMKHYTOM COCTOSHUH, a TaKXke MAaKCHUMaJIbHOU
CKOPOCTBIO MEPEX0a U3 OJHOTO COCTOSHUA B IPYTO€.

Haubonee  pacmpocTpaHEHHBIMM ~ BapMaHTaMU  MOJEBBIX  MPUOOPOB,
UCIIOJIB3YEMBIX B KIIFOYEBBIX cxeMax, sABisstorca MJIII-tpansucropsl. Ilpu stom B
kayectBe Harpy3ku MJIII-TpaH3ucTopa MOXKET HCIOIB30BAaTHCS KaK AaKTUBHOE
CONPOTHUBJICHUE  (PE3UCTOp), TaKk ©  KomriuiemeHTapHbii  MJIII-Tpan3uctop
(TpaH3uCTOp APYTrOi MPOBOJUMOCTH).

Ha pucynke 1.1 uzobOpaxén kackag KM/II, conepxamumii KoMIjieMEHTapHYIO
napy tpanzucropoB NMIAII Ty m pMAIlI T,. TpaH3ucrtopsl paBHOIPABHBI;, B
3aBUCHUMOCTH OT BXOJHOTO HamnpsbkeHus: Uy, KaKAbli U3 HUX MOXKET HAaXOAUTHCA B
aKTUBHOM pEeXUME U ObITh MEepeKIIoyaTesIeM, TOra KOMIUIEMEHTAPHBIN emy

TPAH3UCTOP OKAXKETCA B PCIKUME OTCCUKU U CTAHCT Harpy3K0171.
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Crpykrypa KMUII ucnosb3yercs Kak NEPeKIIOYaTelb, PEan3ysl ONEpaLrio
WHBEPCUHU.

Ha pucynke 1.2 noka3ana nepegatounas xapakrepuctuka KM/II - ctpykTypbl.

Kax BumgHo m3 pucynka 1.2, mpu Uy, < Vi, nMJII-TpaH3ucTop 3akphIT, B TO
BpeMsl KaK Ha 3aTBOp KomruiemMeHTapHoro emy PM/II-Tpan3uctopa nomaércs
OTKPBIBAIOIINI €r0 OTPUUATEIbHBIA MOTEHIMAT OTHOCUTEIBHO HUCTOKA. lIpu sTom
UBBIX ~E.

Korma Uy > Vy,, pMJII-TpaH3sucTop 3akpblT, B TO BpeMs KaK Ha 3aTBOP
KomruiemMeHtapHoro emy NMJIII-tpansucropa mnoma€rcs OTKPBIBAIOIIMN €TI0
MTOJIOKUTENBHBINA TTOTCHITMAT OTHOCHTENEHO McTOKa. [Ipn atom Uy, = 0.

Ecmn Vr, = V¢, KM/II - cTpykTypa npubamkaercs K uaeary U o0ecreunBaet
BECbMa MaJIYI0 NOTPEOISIEMYIO0 MOIITHOCTh M MAaKCUMAJIbHYIO TTIOMEX0YCTOMYMBOCTD B
MIUPOKOM JOMYCTHUMOM JIMarla30HE BapUallMM HANPSOKEHUS MHUTAHUS (Hampumep, B

npenenax ot 3 1o 18 B).
E=3-18 B & Uz
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Pucynoxk 1.1 - KMUIII — ctpykrypa  Pucynok 1.2 - Ilepenatounas
(uHBEpTOD) xapakrepuctuka KMJII - ctpykTypbl

OOparute BHMMaHWE, YTO IS ONPEICICHUS yPOBHEH JIOTHYECKHUX CHUTHAJIOB
UCTIOJIB3YyeTCs MepenaTodnas xapaktepuctuka kimoua U, = f(U,,) (pucynox 1.3).
0 o 1
YpoBau gormdyeckoro Hyias U~ u jormyeckod emuHunbl U OTIPEICIISIFOTCS
NIEPECCUCHUEM TePEJaTOYHON XapaKTEPUCTUKH M €€ 3EPKATBHOTO OTPaKCHHUS
. 1 0
(mynktup). Pasznocts ypoBHelt Uy = U™ — U™ Ha3piBaeTcs pa3zmMaxoM JIOTHYECKUX

CHUTHAJIOB.
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B paGote ucnonb3yrorcs Tpansuctopsl Mukpocxembl K176JII11 (pucynok 1.4)
KOTOpasi MPENCTaBISIET COo00M yHUBepcalbHbI Jiormueckuit snemeHT KM/II-
CTPYKTYpbl (IpU COOTBETCTBYIOUIEH KOMMYTAllUM MOXET OBITh MCIIOJNB30BaH B
kauectBe Tpex onemeHtoB HE, snmementa HE ¢ Oombmum  koadduiueHTOM

pasBetBiieHus, anementa 31-HE, snementa 3WJIN-HE u TpurrepHoii sueikn).

lUBbI}{
U1

Pucynok 1.3 — IlepenaTounas xapakTepuCcTHKa KIIIOUa
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Pucynok 1.4 — Muxpocxema K176JII11
OcHOBHBIE JIEKTPUYECKUE TTapaMeTpbl: HanpsikeHue nutanus Un = 9B + 5%,
YPOBHH JIOTUYECKUX CUTHAJIOB UOB,,lx < 0,3B; UlB,,Ix > 8,2B; moTpebiisiemMblil TOK -
He Oosiee 0,3 MA; cpeaHee BpeMs 3aJiepKKu pacripoctpanenus < 200 mc.
PaboTocrmocoOHOCTh COXpaHSETCsl MPU YMEHBIIICHUH HATPSHKCHUS! TUTAHUS 10

5B. Jlomyctumsiii iuana3oH BXoAHbIX curHaiios (0 - Um).
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CxeMbl  mWcciemoBaHus ~— coOuparoTcs  Ha  JabOpaTOPHOM  YCTaHOBKE

«ONEeKTPOHHbBIE TPUOOPHD».

JlabopaTopHoe 3a1aHue

1. HccnemoBaTh BIMSHME COIPOTHUBIICHHsS HAarpy3Kd Ha IEPEIaTOYHYIO
xapakrepuctuky U, = f(U,,) xiroua na I1T.

Cxema uccnenoBanus kiaoya Ha M/III-TpaH3ucTope co BCTPOECHHBIM KaHAJIOM
N-TUMa C PE3UCTOPHON Harpy3kol npuBeneHa Ha pucyHke 1.5. [lutanue cxembl
ocymiecTBisieTcsi OoT uctouHuka E2 u paBHo 9 B. Bxomnoe nampspkenue U,
MOJIa€TCSl OT PEryJIMPYeMOoro ucrouyHuka nuranusa El. s u3aMepenus BXOIHOTO U
BBIXO/IHOTO HANpPsDKEHUM HCIOJIB3YIOTCS BOJIBTMETPHl MyibTUMeTpoB V1 u V2. B

kauectBe VT1 Oepercs OAMH M3 TPaH3UCTOPOB C KaHAJOM N-THUIAa MHKPOCXEMBI

K176JII11.

§+

El

Pucynok 1.5 - Cxema ncciienoBanus Kiro4ya ¢ pe3ucTOPHON Harpy3Kkoi
PexomennyeTcs ciaenyromuii MopsI0K SKCIEPUMEHTA:
- IOAKJIIOYUTH B LIEMb cTOKa Tpan3uctopa VT1 nuneitnsiit peauctop R = 1 kOwm;
- YCTAaHOBUTH HaNpsLKEHHE HCTOYHUKA utanusa E2 =9 B;
- u3MeHsist BxoaHoe Hampsbkenne oT 0 g0 9 B (8 — 10 ToYek), cHATH

3apucuMoctd U, = f(U,,), pe3ynbrarel 3aHectu B Tabuuiry 1.1;
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- TIOBTOPUTHb H3MEPEHHs IpU JPYTrUX JBYX 3HAYEHUAX COINPOTUBIICHUSA

pesuctopa 5 kOm u 10 kOwm (tabmuma 1.1);

Tabmuma 1.1
Us, B
R=1xOm U B
U, B
R =5 kOm U B
U.x, B
R =10 xOm U B

- IO pe3yibTaTaM 3KCIEPUMEHTa MOCTPOUTH Ipaduku 3aBUCUMOCTEN U, =
f(Usx). ['padmku mOCTPOUTE B OJTHUX OCSIX.

2. HccnemoBaTh mnEpPENaTOYHYIO XapakTepucTuky kimroda Ha KMIAID -
TPaH3UCTOPAX.

Cxema uccnenoBanusa kintoua Ha KM/III-Tpan3ucropax npuBeneHa Ha PUCYHKE
1.6. B kauectBe Tpan3uctopoB VT1 u VT2 B3aTh 100yI0 mapy KOMIUIEMEHTAPHBIX

TpaH3ucTopoB Mukpocxembr K176JIT11.

» +

E2

VT2 11—
J:’j

VTl | =
f—e—
l—
@

Pucynok 1.6 - Cxema uccinenoBanus kiroya Ha KMJIII-tpan3ucropax

§+
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OKCHEPUMEHT MPOBECTHU B CIAEAYIOIIEM MOPSAKE:
- YCTaHOBUTH HAIIPSDKEHWE UCTOYHMKA nTuTanus E2 = 9 B;
- u3MeHsis1 BxoaHoe Hanpspkerue oT 0 1o 9 B, caate 3aBucumMoctt Uy = f(Uyy),
pe3ynbTaThl 3aHECTH B TaOIUITYy 1.2;

Tabmuma 1.2

UBX) B

UBBIX7 B

- IO pe3yJIbTaTaM SKCIIEPUMEHTA MMOCTPOUTh Tpaduk 3aBUCUMOCTH Uy, = f(Uyy).
3. HccnenoBanue KIFOUEBBIX CXEM Ha MOJIEBBIX TPAH3UCTOPAX C TIOMOIIBIO

KOMITBIOTEPHOT'O MOJICITUPOBAHMSI IPOU3BOAMTCS B TIporpaMMHoii cpeae Multisim.

3.1. HccnenoBaTh BIMSHHE COINPOTHBICHHUS HArpy3kd Ha TMepeJaTOUYHYIO
xapaktepuctuky U,,,, = f(U,,) xmoua na I1T.

[TocTpouTk Ha PKpaHE MOHUTOPA KOMIIbIOTEpPa cxemy (pUcyHOK 1.7). B kauectBe
aKTUBHOTO DJIEMEHTAa WCIOJb30BaTh wuueanbHblii  MJIII-Tpan3uctop N  Tuna,
Harpy3ouHoe compotuBieHne R1 3amaercs mpenogaBatenem B mpexaenax 50 — 200
kOm. M3menss BxoaHoe HampstkeHue oT 0 go 12 B, cHath 3aBucuMocth U,y =
f(U,y) ams 3a1aHHOTO 3HAUEHHS COMPOTHBIICHUS pe3ucTopa (cM. m. 1), pe3ysbTaTsl
3aHECTH B TaOJIHILy. [Io pe3ynpTaTamM OJKCHEPUMEHTa MOCTPOHUTH Tpaduk

sapucumoct U, = f(U,,).

<>12 B R1

— WV

Pucynok 1.7 - Cxema uccieioBaHus KJII04a ¢ PE3UCTOPHON HArpy3Kou
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3.2. HccnenoBarh mepeAaToOdyHyIO0 XapakTepucTuky kimoda Ha KMAIT -
TpaH3ucTopax. IlocTponTh Ha 3KpaHe MOHHTOpPA KOMIIbIOTEpa cxemy (pucyHok 1.8).
B kauecTtBe akTHBHOTO TpaH3WCTOpa ucnoiab3oBaTh M/III-Tpan3ucrop N-Tumna
Toshiba cepumr M2SK wmm Intrntl 1 cepum IRF. Mapka TpaH3ucTtopa 3amaercs
npenogaBaresieM. B kauecTBe Harpy3ku ucnosib3yercs uaeanbubii M/II1-Tpan3ucrop

p - TUNa. DKCIIEPUMEHT MPOBECTH aHAIOTMYHO 11.3.1.

Jb— VT2

h

o | V]

E]()ﬂ-llB

Pucynox 1.8 - Cxema uccrnenoBanus kimroua Ha KM/ITI-tpan3ucropax
Conep:xanue oTyera

OTueT IOIKEH COJIEPKATh:

- cxemy mukpocxembl K176JI111,

- CXEMBbI UCCIICIOBAHUM;

- Ta0NUIIBI U TpapUKK EPeIaTOYHBIX XapaKTEPUCTUK, MOTYYEHHbIX B 1.1 — 3,

- YPOBHU JIOTHYECKUX CUTHAJIOB U® u U' 1 pasmax U, [1s K&KIOTO KITIOYA.

KoHTpoJsibHBIE BONIPOCHI

1. OObsicHUTE 3aBUCUMOCTH NapaMeTpoOB KJI0Ya C PE3UCTHUBHOM HArpy3Koul OT
BEJIMYMHBI CONPOTUBIIEHUS HArPY3KHU.

2. Touemy xmrou Ha KMJ/II - TpaH3ucTtopax NpakTUYECKH HE MOTPEOIseT
MOIIIHOCTb OT HICTOYHUKA MUTAHUS B CTATHYECKUX COCTOSTHUSX?

3. CpaBHUTE XapaKTEPUCTUKHU KITF0YA C PE3UCTUBHOM HArpy3KOH U KJII04a Ha

KMII-Tpan3ucropax.



12
JlaGopatopHas padora Ne 2

HccaenoBanue aHAJIOrOBbIX KACKAJ0B HA MOJIEBbIX TPaH3UCTOpPAX

[enb paboOTHI:

- UCCJIEeIOBaTh pabOTy OCHOBHBIX aHAJIOTOBBIX KAaCKaJ0B Ha MOJEBBIX
TPaH3UCTOPAX.

IoaroroBka k JadopaTropHoii padore

N3yuuTh KOHCHEKT JIEKIUK Mo AaHHOU Teme. OOpaTUTh BHUMaHUE HAa paboTy
IOJIEBBIX ~ TPAH3UCTOPOB B  YCHUJIMTENBHBIX Kackajaax, TIeHepaTopax TOKa,
VOpPABJISIEMBIX JCIUTENSAX HanpsbkeHua. OOpatute BHHMAaHHE, YTO HMHTEpPEC K
UCIIOJIb30BAaHUIO  IOJIEBBIX  TPAH3UCTOPOB CBSA3aH C  OOJIBIIMM  BXOJHBIM
CONIPOTUBJICHUEM, TEMIIEPATypPHOU CTAOMIIBHOCTHIO U PaIMAIIMIOHHON CTOMKOCTBIO TIO
CPaBHEHUIO CO CXEMaMH Ha OUIOJISIPHBIX TPAH3UCTOPAX.

Hacrosiass nmaboparopHast paboTa COAEPXKHUT TPU YaCTH, COOTBETCTBYIOLIUE
HanOoJiee pacpOCTpaHEHHBIM MPUMEHEHHSIM MOJIEBOIO TPAH3HCTOPA B aHAJOTOBBIX
YCTPOMCTBAX, KaXJash M3 KOTOPBIX BKJIIOYAET IPEABAPUTEIIBHBIE PACUETHI,
BBINIOJIHAEMbIE MPU MOATOTOBKE M padoTe, U3MepeHUss U 0O0pabOTKy MOITYYEHHBIX
pe3ybTaTOB.

B pabote ncnonb3yeTcsi MoJieBOM TPaH3UCTOP C YIPABISIOMIUM N-P-IIEPEX0I0M
KIII03, cratnyeckue XapakTEPUCTUKHM M IAPAMETPBI KOTOPOTO IIPUBEICHBI B
tabymmie 2.1 u Ha pucynke 2.1. DTu naHHBIE, KaK CIPABOYHBIC, TaK W MOTYYCHHBIC

OKCIICPUMCHTAJIbHO, UCITIOJIB3YIOTCA AJIA IIPCABAPUTCIIBHBIX PACUYCTOB.

Tabmuma 2.1
Tun lc nom, MA Ucu o, B | Pe jon, MBT Rk, OM Uorce, B
KITI03U 0,8-1,8 12 21 30 0,8-3
KIT103J1 2,7-9 10 66 50 2-6
KIT103M °5—1,5 10 120 60 3-5
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Pucynok 2.1 — IlokoneBka nosieBoro Tpanzuctopa KIT 103
JlaboparopHoe 3a1aHue
. HcciienoBanne yCHIMTEIbHOT0 KACKAAA

HaunOounbliee pacnpocTpaHeHHE MOMYYWIH YCHIMTENIM € OOLIMM HCTOKOM,
MpocTeias cxeMa KOTOporo MpuBeAeHa Ha pucyHke 2.2. B 3Toil cxeme moioxeHune
pabodeil TOYKM Ha YOPABISIOIIMX XapaKTEPUCTUKAX 3aJaeTcsl C IOMOILBIO
apromatnueckoro cMmemenus. Cmentenne Uy = IyRc = IcR¢ co3maercst 3a cuer
NajeHus HANpsHKEHWsT Ha CONpoTUBICHMM R3 B 1enu HCTOKa Moj JAEWCTBHEM
nporekatomiero toka ucroka ly(lc) ¥ okaspiBaeTCs NMPHIOKEHHBIM K MPOMEKYTKY
3aTBOP-UCTOK uepe3 pe3uctop R2, compoTHBIEHHWE KOTOPOrO MHOTO MEHBIIE

BXOOHOI'O COIIPOTUBJICHU ITIOJICBOI'O TPAH3UCTOPA.

Rlﬁ Eg j_

[ =
C1 I_ Upsr
. I I - KIT103 .
Uszx
—
R2 R3 C2—=

Pucynok 2.2 — Cxema ycunuTtens ¢ 0OIIMM HCTOKOM
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1.IIpenBaputenbHbIe pacueThl
1.1.Custh XapakTepucTHKy npsmoii nepenaun | = f(U,,) npu Hanpsokenun

U., =10 B. Iyt aToT0 coOpaTh cXemy, IpeICTaBICHHYIO HAa PUCYHKE 2.3.

-

E2

L& @

El

§ P+
=
(2]
=

Pucynok 2.3 — CxeMa 7151 CHATHS XapaKTEPUCTUKH TipsiMoit iepeaaun 11T
N3mensis HanpsbxkeHue Ha 3atBope OT 0 10 HampspKeHUs OTCEYKHM (TOK CTOKa
cTaHeT paBHbIM (), 3a10JHUTH TadIUILy 2.2

Tabmura 2.2

Usy, B

IC; MA

ITo nanHbIM TaOAUIKI 2.2 TOCTPOUTH rpaduK MPsIMOM niepeadu (pUCYHOK 2.4)

Ux B
-

Pucynok 2.4 — Ilpumep rpaduka npsmoit nepenauu 1T
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1.2 Jns 3nagennss R3 = 5 xOM onpenenuts BETUYMHY MOCTOSHHOTO

HanpsbkeHus Ha 3aTBope Ug 3y B cxeme 2.2. [t aToro rpaduyecku penimTh CUCTEMY

YpPaBHECHUI
. =f (U 3 )
I — U 31
“ R3

Bocnonbs3oBatbes rpagukoM  mpsSMO  MEepeadyd  MOJEBOTO  TPAaH3UCTOPA,
npuBeAeHHbIM Ha pucyHke 2.4. ['paduueckoe pelieHre CUCTEMbl YpaBHEHUUN

MIPUBEJCHO HA PUCYHKE 2.5.

A I.mA

|

Lo =tUsy)

USH

Le E3

&IE 1 ",
Us B
i i i =1 h_
k. A
i
&USH

Pucynok 2.5 - I'paduyeckoe pelieHrne CucTeMbl ypaBHEHUN

1.3. B mnaiinenHoit paboueill TOUYKE ONPEACTUTh 3HAYCHUE KPYTHU3HBI
Tpansuctopa S. KpyTuszHa mMoxet ObITh ompeseneHa rpaduvecku, A TOTO 4epes
pabouyr0 TOYKY MPOBOAMTCS KacaTelbHas O MEPEeCeUeHUs ¢ OCAMU KOOPAMHAT U

BBIYUCIISICTCS S 0 popmyie:
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Kosddumument ycuneHus ycunauTenss MO HAMNPSHKEHUIO BBIYUCISCTCS 10

dbopmye: Ky =S'Ry

2. 3agaHue Ha BBIIOJHEHUE JTA0OPATOPHOTO UCCIEAOBAHUS

2.1. CoOpaTh cxeMy yCHJIHTEIBHOTO KacKaja, NMPUBEJICHHYIO HA pHUCYHKe 2.6.
[ToaxTIOYUTh K BXOY U BBIXOY cXeMbl BXObl A u b ociimorpada. Ot reneparopa
HU3KOYACTOTHBIX CHUTHAJIOB TIOJAaTh HA BXOJl CHHYCOMJAIBHOE HAIpPSIKCHUE C
gacrotor f =1 k['m u ammaurygon Up, sx = 80 - 100 mB. Msmeputs Uy, gpix
HampspkeHus. V3Mepenne HampspKeHHA MPOW3BOAWTH C MOMOIIBIO Oociuiuiorpada.

VOenuThCs, 9TO BBIXOJHOW CUTHAJI HE HCKa)KaeTCsl.

Bl
10 KOMm
Qicydnnorpad
& | kaHan
1 & || kaHan
1 & T
I IJKHIDB
Tea * 1] * _"I EBI{
HY ¢ N .
R2 ] Use R3 L
1 KOM 4.7 kOm 50 MK®

Pucynok 2.6 — CxeMa 1151 uccnenoBanusi KodhPpuimeHTa ycuaeHusl
YCHJIUTENBHOTO KacKaaa
2.2. Paccuntarh KO3(pPUIUEHT yCUIIEHUS KacKaja Mo HAMPSKEHUTO

K = U m BBIX

YU

mBX

H CpaBHUTb C PC3yJIbTaTaMH TMIPCABAPUTCIIBHBIX PacCdYCTOB. PesyanaTm

MPEABAPUTEILHBIX PACYETOB U U3MEPECHHM 3aHECTH B Tabnwmiry 2.3.
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Tabmuma 2.3

S, mA/B Kupacy Ku msm

R3 =4,7 xOm

1. I/ICCJIeIlOBaHI/Ie YHpaBjasieMoro a1€jJmTe/iss HalpszKCeHN s

B pabGore or1oii cxeMbl (pUCYHOK 2.7) HCHOJB3YeTCS 3aBUCHUMOCTH
mud epeHnnaTbsHOTO BEIXOTHOTO COTIPOTUBIICHUS TPAH3UCTOPA B TMHEHHOM PEKUME
(HaganmpHass 00JACTh BBIXOAHBIX XaPAaKTEPHCTHK) OT HAMPSHKCHUS 3aTBOP-HCTOK.
CxeMa mpencTaBisieT cOoOOM JenuTeNlb HAmpsDKeHHs, B KOTOPOM COINPOTHBIICHHUE
TPaH3UCTOPA MOYKET U3MEHSTHCS IO ACHCTBHUEM YIIpaBiistomiero HanpspkeHus Uyrp.

B kauectBe BBIXOOAHOI'O  COIIPOTHBJICHHA  ACIUTCIIA  HUCIIOJIb3YCTCA MOJIEBOM

tpan3zuctop KIT103.
Usx R1
l []ll} KOM
P—
Unm
+ ,—‘_I: KII103
Uyrp

Pucynok 2.7 — CxemMa fenuTens HalpsKeHUS Ha ITOJIEBOM TPaH3UCTOPE

1. 3amaHre Ha BBINIOJIHEHHE TAOOPATOPHOTO UCCIIET0BAHUS

1.1. CoOpath cxemy (pucyHok 2.8) W mojaTh Ha BXOJ CHHYCOUJATHHOE
HarnpsbkeHne ¢ dacroro | kl'm m ammmurygon 0,1 B. M3mepeHue BXOIHOro M
BBIXO/IHOTO HANpsDKEHUH MTPOU3BOAUTH C IMOMOIIBI0 ociiorpada. M3mepenue

YHPABJAIOIICTO HAITPSPKCHHUA ITIPOU3BOJUTL C ITOMOIIBIO BOJIBTMETPA.
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Teny *® )I(
HY &
Uz RI1
\1{ 10 KO OcuMnnorpad
—_ Y & | KaHan
& || kaHan
; KIT103
El1 _
[ ]

UBI:-I.'{
WO

Pucynok 2.8 Cxema 1 u3MepeHus 3aBUCUMOCTH K03 puiinenTa nepenadu
JEUTENS OT YIPABJISIFOLIETO HATIPSIKEHUS
1.2. U3mensis 3HaueHue yrpapisitomero HampstkeHuss Uypp, MojgaBaeMoro ot
ucrounuka El, oT Hynsa [0 3anupaHusi TPaH3UCTOPA, HU3MEPUTH BBIXOJIHOE
HanpsbkeHue (6 — 8 Touek). Pe3ynbTaThl 3aHecT B Tabnuiy 2.4

Tabmnura 2.4

Uyrp , B

UBI)IX 9 MB

Ku

Boraucinuts k03QGUIMeHT nepeaaun AeNUTeNs B KaKI0i Touke 1o hopmyrie

_ Uppix
Ky = T
BX

pe3yNbTaThl 3aHECTU B TaOIuUIy 2.4.
[lo nanabpiM Tabmuubl 2.4 MOCTPOUTH TpaduK 3aBUCUMOCTH KO3 duimeHTa

nepesayu ASJUTENs OT YIPaBISIONIEr0 HAMPSHKEHUSI.
Ky=f (Uynp)-
I1l. UccaenoBanue HCTOYHUKA TOKA HA MOJIEBOM TPAH3UCTOPE

IIpy npoeKTUpOBaHWUM  BIEKTPOHHBIX  YCTPOWCTB  HEPEAKO  BO3HUKAET

HCO6XOI[I/IMOCTB B HCTOYHHMKEC TOKa, OJIM3KOTO 10 CBOMM napaMeTpam K nacajibHOMY.
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WNpeansHBIi WCTOYHMK TOKa oOmagaeT OeckoHeyHo OonbmmuM DJIC wu
0eCKOHEYHO OOJBIIMM BHYTPEHHHM COMPOTHBICHHUEM, YTO TO3BOJISIET IMOJYYHUTh
TpeOyeMblii TOK B ILIENM HE3aBUCALIUMN OT CONPOTUBJIECHUS HAarpys3ku. PeanbHble
VMCTOYHMKM TOKa MNOJAEPKUBAIOT TOK HAa TpeOyeMOM YpPOBHE B OTIPaHUUYEHHOM
IUana3oHe HANpsDKEHUS M HAa OIPAHWYEHHOM CONPOTUBICHUM HArpys3ku. /Jlns
CO3/1aHMS TaKUX MCTOYHHMKOB HCIIOJIb3YIOTCS KakK OWIIOJISIpHBIE, TaK U IIOJIEBBIC
TPAH3UCTOPBL.

CxeMa HCTOYHMKA TOKa Ha IIOJIEBOM TPAaH3UCTOPE IIPEACTABIICHA HA PUCYHKE
2.9. B aT0i1 cxeme Hcmonb3yercs ciadasi 3aBUCUMOCTh TOKA CTOKa OT HAMpsKEHUS
CTOK-UCTOK B pexuMe HacelmeHus. Ha pucynke 2.10 noxasan ydactok A-B
BBIXOJHOM XapaKTEPHUCTHKU IIOJEBOTO TPAH3UCTOpAa B PEXKUME HACBIIICHUSA, HA

KOTOPOM M3MEHEHHE TOKa MaJjlo MpY u3MeHeHUH HanpsikeHus oT Upin 10 Unay -
: Ry _
E2
4 l | KII103 +

El

{—

Pucynok 2.9 - Cxema HCTOYHHMKA TOKA Ha MOJIEBOM TPAH3UCTOPE

I, A B

Uey

U tmin Utnax

Pucynok 2.10 - Yuactok A-B BbIXOAHOUM XapaKTEPUCTUKH

IMOJICBOI'O TPAH3UCTOPA B PCIKUMCE HACBIIIICHUSA
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1. 3aganue Ha BBIMOJIHEHHE JA0OPATOPHOTO MCCIEIOBAHNUS.
1.1  Cobpates cxemy wucrounuka Toka (pucynok 2.10) mpu Ry = 0

(compotuBnenue Ry 3akopoTuTh). YcranoBuTh HampsikeHue E2 = 9B.

E1 '|
[

Pucynok 2.11 — Cxema a1 ucciieioBaHUsI MICTOYHHUKA TOKA
Ha MOJIEBOM TPaH3UCTOpE

1.2 Perynupys Hanpsbkenue E1, ycTaHOBUTH TOK cTOKa (B ILIEMU Harpy3Ku)
Iz = 1mA.

1.3 He usmenss nampspbkenue ucrounuka El, moaxmrounts Ry = 4,7 xOMm u
3a(UKCUPOBATh HOBOE 3HAUEHUE TOKA L.

1.4. Paccuutath u3MeHeHHUE TOKa Iy, COOTBETCTBYIONIEE U3MEHEHUIO HArpy3KH
oT Ry=0 10 Ry =4,7 xOm.

2. O0paboTKa pe3yabTaTOB IKCIEPUMEHTA.

2.1. Paccuutath mapameTpbl Rsxg M Esxp pEe3UCTMBHOTO TeHepaTopa TOKa,
AKBUBAJICHTHOTO TPAH3UCTOPHOMY. J[JIs 5TOT0 pelnuTh CUCTEMY YPaBHEHUMN

E

OKB _ |
- 'H
R3KB

E

OKB :| /
H
RBKB + RH
IV. UcciienoBanme cxeM Ha M0JIEBOM TPAH3MCTOPE € MOMOIIbIO
KOMIIbIOTEPHOT0 MO/IEJIUPOBAHUSA
HccnenoBanne cxeM Ha MOJIEBOM TPAH3UCTOPE C MOMOIIbI0 KOMIIBIOTEPHOIO

MOJICJIMPOBAHUS IPOU3BOAMTCS B TIporpaMMHoii cpeae Multisim.
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1. HccnenoBanwe yCWIMTEIBHOTO KacKaJa Ha TIOJIEBOM TPAH3UCTOPE C
MTOMOIIIBI0 KOMITBIOTEPHOTO MOJICITMPOBAHMUSI.

1.1. TlocTpouth Ha SKpaHe MOHUTOpPA KOMIIbIOTEpa cxeMy (pucyHok 2.12). B
KadyeCTBE AKTHBHOTO 3JIEMEHTA HCIIOIh30BaTh IOJIEBON P-KaHAIBHBIM TPAH3UCTOP
motorola J1R, J2N, nationall, national2 (3amaercs mpenoaaBarenem). Bonst™erp B
CXEeME YCTAaHOBHUTh B PEKUM HU3MEpeHHUs nepeMeHHoro Hampsbkenus (AC). 3anath
napameTpsl BxogHoro curHana Ugx = 10 MB, f = 1 xI'1i, moxbupas R3 B npenenax 1 —

20 kOwm, HaitTi Takoe R3, mpu KOTOPOM BBIXOJHOE HAMPSKEHNE MAKCUMAIIBHO.

12 B
T
A
R2 R I
. 10 0 L
L
L R
1 VT
. H
1 ned
() 10 mB L
E1 —
k=
1eln 1 x0m Cz
30 D

Pucynok 2.12 — Cxema ncciie1oBaHNs yCHUIINTEIBHOTO KacKaaa
Ha II0JIEBOM TPaH3UCTOPE

Boruucnuts  ko3pduuumeHt ycuneHus. YOeautbcs no ocuuiiorpady B
OTCYTCTBUU UCKAKEHHUS BBIXOJHOTO CUTHaNa. YBEIWYMBas HaNpsDKEHHE TeHepaTopa,
HalTU Takoe MakcuMmanbHoe Ugx MpH KOTOPOM €Il€ MCKAaXKEHUSI BBIXOAHOTO CUTHAJIA
OTCYTCTBYIOT. Bbluuciuth k03pQUUUEHT ycuiieHHs. 3apucoBaTh OCLMIIJIOTPAMMBI
BXOJHOIO W BBIXOJHOIO CHTHajoB. EIe yBeIMYWTh BXOJHOE HaNpsKEHHE,
3apUCOBaTh OCLHUJUIOTPAMMY MCKaKEHHOTO BBIXOJHOT'O CUTHAJIA.

1.2. HccnemoBarb YacTOTHYIO 3aBUCUMOCTh KO3 (UIMEHTAa YCUICHHS.

VYceranoButh Ugx = 10 MB. YBennuuBath yactotry BxoaHoro curxana ot 1 k't go tex
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mop, nmoka Ugpx = 10 MB (enuanunoe ycunenwue). Pe3ynbTaTsl 3aHeCTH B TAOIUILY

2.5. [Toctpouts rpaduk 3aBUCUMOCTU KOAPPUITMEHTA YCHUIICHHUS OT YaCTOTHI.

Tabmura 2.5

f, k'

Ugpix, MB

Ky

Ha rpaduke oTMETUTh BEPXHIOIO TPAHUYHYIO YacTOTY paOOTHl YCHJIMTENS, Ha
KOTOPOH KO3((HUIMEHT yCUIEHNs YMEHbIIAeTCs B +/2 pa3.

2. UccnenoBaTh yIpaBiIeMbIN JEIUTENDb HANIPSIKEHHS HA MOJIEBOM TPAH3UCTOPE
C MIOMOIIIbIO KOMITBIOTEPHOTO MOJAEIUPOBAHUS.

2.1. TlocTpouth Ha SKpaHEe MOHUTOpa KOMIbIOoTepa cxemy (pucyHok 2.13). B
KauyecTBE aKTHUBHOTO JJIEMEHTA HCIOJIh30BaTh TOJEBOW P-KaHAJIbHBIA TPAH3UCTOP
motorola JIR, J2N, nationall, national2 (3amaercst mpenoaaBarenem). Bonst™erp B

CXEME YCTAaHOBUTH B PEIKUM HU3MEPECHHS IepeMeHHoro HanpspkeHus (AC).

k1l
L 1 . 4

10 O

100 mE ’»‘JTI
<>"“’ 16T o
+
(Do

Pucynok 2.13 — Cxema 15t ucciae0BaHus YIIPaBIsieMOTO
JEIUTENST HAMPSAKEHUS

2.2. 3agarp mapamerpsl BxoaHoro curHana Ugx = 100 MB, f = 1 k[, u3mensis
HarpspbkeHre Ha 3atBope or 0 B 10 3amupaHusi TpaH3UCTOpa, U3MEPUTh BBIXOJHOE

HaIpsHKEHUE W BBIYUCIUTH KOAGOUIMEHT riepeaaun 1mo Gopmysie:
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Um
KU (Uynp):U—Ble

m BX

PesynbpraTel m3mepeHuit 3aHectu B Tabnuiy (cM. Tabn. 2.4). Ilo maHHBIM
Ta0IUIBl TOCTPOUTH IpapUK 3aBUCUMOCTH KO3 (HUIMEHTa Nepeaadn ACIUTENS OT

YIPABJISAIOIIETO HAIIPSHKEHUS.
Ky =f (Uynp)'

3. HCCHCI{OB&TL HCTOYHHK TOKada Ha IIOJCBOM TPAH3HUCTOPC C IIOMOIIBIO
KOMIIBIOTCPHOI'O MOACIUPOBAHUA.

3.1. [TocTpouTh HA KpaHE MOHUTOPE CXEMY MCTOYHHKA TOKA (PUCYHOK 2.14).

E1
— 1
S EOnM

| Al

[‘E?Tl ()Jlrz B

F 9

Qo

Pucynok 2.14 — Cxema 1151 McclieIOBaHUSI MICTOYHUKA TOKa
Ha II0JIEBOM TPaH3HUCTOPE

3.2. 3amate R1=Ry=0, T1.e. yaaiuth pe3UCTOP U3 CXE€Mbl U moAOUpas
HaIpsDKEHUE Ha 3aTBOpE TPAH3UCTOpa JOOUTHCS B LIETIH CTOKA (B LIEMM HArpy3ku) Iy =
1mA.

3.3. Toaxntounts pe3uctop Harpy3ku Ry = 5 xkOMm u, He HU3MEHI
HATIPSUKSHHS Ha 3aTBOPE, 3aUKCHPOBATh HOBOE 3HAUYCHHE | .

3.4. Paccuntarh u3MeHeHue Toka Iy, COOTBETCTBYIOIIEE W3MEHEHUIO HArpy3KH
oT Ry=0 mo Ry =5 kOm.

4. O0paboTKka pe3ysbTaTOB HKCIIEPUMEHTA.
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Paccuutate mnapamerpbl Rsyxg UM Esgg  PE3UCTMBHOrO HMCTOYHHMKA TOKA,

SKBUBAJICHTHOT'O TPAH3UCTOPHOMY. J[JI1 3TOr0 pemmTh CUCTEMY YPAaBHEHUN

E
KB | =1mA
) R31<B
E3KB —1 /
H
R9KB + RH

Conep:xanue oryera

OTuer IOMKEH COJIepKATh:

CIIPaBOYHBIC JAHHBIC UCCICAYCMOI'O TPAH3UCTOPA,

CXCMbI HCCHGHOB&HHﬁ;

pe3yJIbTaThl U3MEPEHUN U PACUETOB;

rpaduKy CHATHIX 3aBUCUMOCTEH.

KOHTpOJILHbIe BOIIPOCHI

1. Kak 1 nmouemy Ko3(ppuUUUEHT ycUiieHUs Kackaga ¢ OOIMM UCTOKOM 3aBHCHUT
OT BEJINYMHBI COITPOTHUBIICHHS ABTOCMEILIEHNA?

1. Kak u moueMy U3MEHUTCSl yCWICHUE Kackaja, eciiu yopaTh koHjeHncatop C2,
LIYHTUPYIOIIUI pE3UCTOP aBTOCMELICHUS ?

2. 3aBucUT M paboTa JENUTENs HaNpsHKEHUS Ha IOJEBOM TPAH3UCTOPE OT
yactotbl? Eciin na, To mouemy?

3. KakoBbl nmpeumyuiecTBa TpaH3UCTOPHOTO T'eHepaTopa TOKa 10 CPABHEHMIO C

MIPOCTENIIUM PE3UCTUBHBIM?
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JIaboparopHas padora Ne 3

I/IccneszaHne ABYXKACKA/IHOTO HHTEIPaJbHOI0 YCHJIUTEJIA

[enb paboOTHI:

- UCCJIEIOBAaTh BJMSHUE OTPHUILATEIbHOM OOpAaTHOM CBSI3M Ha MapaMeTpbl
YHUBEPCAIIBHOTO IBYXKACKAJHOTO YCHIIUTEIIS.

IoaroroBka k JadopaTropHoii padore

N3yunTh KOHCHEKT JeKUud 1o gaHHou Teme. [Ipu 3TOM ocoboe BHHMMaHHE
oOpaTuTh Ha 3aBUCHUMOCTb IApaMeTpPOB YyCUIUTEN (KOA(P(ULIUEHTOB YCUICHHUS,
BXOJIHOTO U BBIXOJHOTO COMNPOTHUBJIIEHUI) OT CHOCOOOB OpraHU3aldd U TIIyOUHBI
00paTHOM CBSI3H.

B nannoii pabote m3Mepsitorcss mapamerpsl anamoroBoit UMC K1Y C181F,
MpEACTABISIIONIEl  cOOOM  yHUBEpPCAJbHBIM  JABYXKACKAaAHBI  yCHIHUTENb C
HETIOCPEICTBEHHOM (raibBaHUYECKON) CBA3BI0 MEXAY Kackagamu. Cxema yCUIUTENs

¥ HyMepalys BIBOAOB N300pakeHa Ha pucyHke 3.1.

11 _ R4 _ 7
| a
4 KOM +U
R1} |5.7 kOm R6| 1.7 kOm
9
10
3
. VTl VT2 Bexona
oA R3 RS 12
— —r— 1 o
% 4 KOM 4 KOM
E2] 1100 Om E7| 1400 Om
14
5h O6upH

Pucynok 3.1 — Cxema yHHBEpPCAIBHOTO ABYXKACKAJHOTO YCHIIUTENSA

Pe3uctopsl B LEMAX KOJUIEKTOPOB SIBJISIOTCS HAarpy3KaMu IEPBOTO U BTOPOTO
KacKa/ioB, PE3UCTOpPhl B IEMSIX SMUTTEPOB TMpeJHA3HAUYECHbI [UIsI 00OecredeHHs
PEKUMOB TPAH3UCTOPOB IO TMOCTOSITHHOMY TOKY M CO3JaHUSl OOpaTHOW CBS3H B

KaXXJOM KacCKazac. I[J'ISI CT8.6I/IJII/138.HI/II/I peXKuMa II0 IIOCTOSAHHOMY TOKY (I/I cro
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3aJJaHUI0) YCUJIUTENb OXBAY€H OTPHUIATEIHbHON MapalljieIbHON 00OpaTHOM CBS3BIO MO
ToKy (Roc = R3 + R5).

JlomoJIHUTENbHBIE  BBIBOABI OT BHYTpeHHUX Touek HMMC mno3Bosistor
pa3paboTUMKy ammapatypbl HCIOJb30BaTh PA3IUYHBIE CXEMbI  BKIIOYCHHS.
Hanpumep, cyiectBoBaHue pa3pbiBa Mex1y ToukaMu 9 u 10 mo3BojsieT BKIOYATh
B KOJUIEKTOPHYIO L€Ib BTOPOrO TPAH3UCTOpA pa3IUYHbIE HArpy3ku (pe3ucTOpHI,
TpaHcpopmaTopsl, KojeOaTenbHbIe KOHTypa). llogkmioueHwe KOHIEHCATOPOB
00JbIION €MKOCTH K BbIBOAaM 12, 5, 2 MO3BOJSIET yCTpaHATh OOpaTHYIO CBS3b
(MOJTHOCTBIO MM YaCTUYHO) MO IEPEMEHHOMY TOKY.

OcHoBabie mapameTpbl Mukpocxembl K1Y C181b:

HanpsbkeHue nutanust U, = 6,3 + 10% B, koapduiuenT ycuneHus: o HarpsiKeHUIO
Ky = 25...40, Bxomnoe comportuBienne R,=1,5...2 kOwm, mMakcuMmayibHas YacToTa
ycrmmBaeMoro curaana fi, = SMI'1, MakcuMabHOE HaNpsDKEHNUE BXOIHOTO CHTHAJA
U,y max = SOMB.

B paborte uccnenyroTcst mapaMeTpbl MUKPOCXEMBI B IBYX CXe€Max BKIIOYeHHs. B
nepBoil oOpaTHasi CBsSI3b IO IMEPEMEHHOMY TOKY B pa0odeM [auama3oHe YacToT
OTCYTCTBYeT, TaK KaK IeMb OSMHUTTEpa BTOPOTO TPAH3UCTOpA IIYHTHPYETCA
KOH/IEHCATOPOM 00J1b11101 eMKOCTH. OTMETHM, YTO 0OpaTHasi CBA3b MO MOCTOSHHOMY
TOKY COXpaHSeTCS U 00eCneuMBaeT BBICOKYIO CTaOMJIBHOCTh. JTa CXEMa SBIAETCS

TUIIOBOM (PEKOMEHIyeTCsl 1JIs1 UCIIOJIb30BAHUA).

Bo BtOpoii cxeme ycunuTenb paboTaeT ¢ MapayuieNbHON OTPUIIATEILHON
oOpaTHOM CBSA3bI0O 1O TOKY, YMEHbIIAWOIMIEH KOAQOUIMEHT yCUJIEHUS, HO
OJHOBPEMEHHO CHIDKAIONIEH JIMHEMHBIE W HEJMHEWHbIE MCKaxeHus. Kpome Toro,
MMOCKOJIBKY CHUTHAJ OOpaTHOM CBSI3M MPOIOPIIMOHANIEH BBIXOJIHOMY TOKY, BBIXOJHOE
conpoTuBieHUe Rppxoc  YBEIWYUBAETCS 1O  CPAaBHEHUIO C  BBIXOJHBIM
COTIPOTUBJICHUEM Kackajia 0e3 oOpaTHOUW CBsi3M Rpprx, a BXOIHOE COMPOTHUBIICHUE
Rexoc yMeHbIIaeTcs 1Mo cpaBHeHHIO C Rpy, Tak Kak CUTHaATI OOpaTHOW CBS3U
MOCTYMaeT Ha BXOJ MapajUyiebHO BXOJHOMY cuTHany. JlaHHbBIH criocoO co3maHus
oOpaTHO# cBs3u d(PPEeKTUBEH TP OOJBIIIOM COTPOTUBICHUN UCTOYHUKA CUTHANA Ry

>> Rgx ¥ MaJIOM CONIPOTUBIIEHUM HArpy3ku Ry << Rppx.
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JlaGopatopHass paboTa  BBINOJNHSETCS HA  JJAOOPaTOPHOM  YCTaHOBKE
«ONEeKTPOHHbBIE TPUOOPHD».
JlaGopaTopHoe 3axanue

1. Cobpath cxemy /st H3MEPEHUS MapaMeTpOB yCHITHTENS (PHCYHOK 3.2).

.
El _
l C3 CcuWnnarpach
1.5 Mkd
10 ¥ ) & | KaHan
b & || kaHan
Ten 5 T
HY ¢
1 2 RH UBLD{
T 50 Mxd
0,015 Mxd® _l_

Pucynok 3.2 — Cxema 15151 U3BMEPEHHUs TapaMETPOB YCUITUTEIIS

[ToaxmounTh K BX0oAy cxembl uepes3 pe3uctop Ry = 10 kOM renepatop cUrHaaioB
['3-112, a x BbeIXOay comnpoTuBieHre Harpy3ku Ry = 1 kOMm. [l koHTposis GopMel
CUTHAJIOB K BXOJAY M BBIXOJly MOAKIIOUUTH ocluiuiorpad.

YcranoButhk yactoTy curtana rereparopa HYU 1 xl'n. Perymmpys amnmmryny
[0/IaBa€MOr0 Ha BXOJ CXEMbl CHHYCOMJAJIBHOTO HAIPSDKEHUS, MOJY4YUTh
HEHCKaXXEHHbIN curHai Ha Bbixoae MIMC.

[Ipumeyanue: ecinu yCUauTeNb BO30YKIAETCsl, MOAKIIOUUTh MEXY BXOJaMU 2
1 3 coeMHEHHbIE nocienoBarenbHo pe3uctop 100 Om u kounencarop 0,015mk®.

2. W3meputh mapamMeTpsl ycuwiurtenss 0e3 oOpaTHOil cBsizu (koHaeHcaTtop C2
MOJKJIIOUEH K BBIBOAY 5).

C nomoisio ocuusuiorpada U3MepUTh aMILTUTYbl HAIPSDKEHUN Ha BXOJIe
yeunutens Ungy 1 Ha Beixoae Unmpprx (Ha conmpoTuBiaeHun Harpy3ku). Ilo

pe3ynbTaTam U3MepeHui paccuuTath KOIOPUITMEHT YCUIICHUS TTO HATPSHKEHUTO

K _ Ume[X

YU

m BX
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3. 3meputh mapaMeTpsl YCUITUTENS ¢ 00paTHOM CBS3BIO.

OTKIr0UnTB OT cXeMbl KoHJeHcaTop C2, NyHTHPYIOIIMI elb OOpaTHOW CBS3H.
VYBEeNMMUUTh aMIUTMTYy HampsbkeHus Trenepatopa Upr mpumepHo B 5 pa3 s
KOMITCHCAIINM YMEHBIIICHHUST KOX(G(UIIMEHTa YCUJICHUS, Ha BBIXOJIC MTOJDKCH OBIThH
HEHCKaXKECHHBIN CUTHAJ.

[ToBTOPUTH U3MEPEHUS U PACUETHI 11O 11.2.

4. VccnengoBaTh pabOTy yCUIIUTENS C YaCTOTHO-3aBUCUMOM 0OpaTHOM CBSI3bIO.

[Tonkmounts KoHAeHcCaTOp C2=50 MK® K BBIBOAY 5. YCTAaHOBUTHb YacCTOTY
curHaia 1 xI'm. Perynupys aMmiuTygy NOJaBaeéMOTO Ha BXOJ  CXEMBbI
CHHYCOMJIAIIbHOTO HANPSKEHUS, MOJYYUTh HEMCKAXEHHBIN curHall Ha Beixoae UMC.

N3mensis yactoty uictounuka curnaia B npefenax 1 k[’ - 700 xI'u, uzmeputsb

U m
3aBHCHMOCTh KOd(duupenTa yemrenns Ky = U—M ycwiurenss 6e3 oOpaTHOM
m BX
CBSI3U OT 4acTOThl. Pe3ynbTaThl 3aHecT B Tabuiy 3.1.
Tabmuma 3.1
f, k' 1 5 10 50 100 300 500 700
UBI)IX! MB
Ky

[TocTtpouTts rpaduk YacTOTHOW 3aBUCUMOCTH KO3(h(HUIMEHTa YCHIIEHHS IO
nanpspkeanto Ky(f).

5. HccnenoBaTh NBYXKACKaJHBIM YCHIMTEIb C IOMOIIBK) KOMIIBIOTEPHOIO
MOJICJIMPOBaHUs B IporpammHoi cpeae Multisim.

5.1. Tloctpouth Ha 2KpaHe MOHUTOpPAa KOMIIbIOTEpa cxemy (pucyHok 3.3). B
KaueCTBE AaKTHBHBIX 3JIEMEHTOB HCIIOIb30BaTh TPAH3UCTOPHI N-P-N Tuma cepuu 2N,
motorollal, nationall, toshiba (3amaercs mpemogaBaresem), BOJIBTMETPHI B CXeMeE

YCTaHABJIMBAIOTCS B PEKUM U3MEpeHHs niepeMeHHoro Toka (AC).
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Pucynox 3.3 — Cxema i1 MccaeI0BaHNs YHUBEPCATBHOTO JBYXKACKATHOTO

YCHIIUTCIIA

5.2. 3amaTth mapametpsl BxogHoro curaaiga Ur= 10 mB, fr=1 k['u. Yoeautbcs
no ociuiorpady B TOM, YTO BBIXOJHOW CHTHAJ HE UCKaxkeH. M3meputh BXOJIHOE U
BBIXOJTHOE HAMPSHKEHNE U BEIYUCIUTD KOADPHUITUEHT YCUIICHHUS 110 HATPSKEHUIO.

5.3. YBenuuuBaTh HANpPSXKEHWE BXOJAHOTO CUTHANA 0 MOSBJICHUS UCKAXCHUI.
N3mepuTh BXOJIHOE M BBIXOIHOE HAIPSIKEHUE U BBIYUCIUTH KOADPUITUEHT yCUICHUS
10 HAIPSKEHUIO.

5.4. Wsmeputrh KOdGDOUIIMEHT YyCUJIEHWS TO HAMNpPSKEHUIO B CXEME C
OTpULIATETILHON OOpaTHOM CBA3BIO, JUISI ATOTO M3 CXEMbl HEOOXOAMMO YyOpath
koHaeHcarop 50 Mx®. YcraHOBUTH HCXOAHBIA BXOoaHOM curHan Ur= 100 mB, fr=1
k['n. YOeautsbest mo ocuwuiorpady B TOM, YTO BBIXOJHOW CHUTHAJI HE HCKa)KEH.
N3MepuTh BXOIHOE M BBIXOJHOE HAIPSKEHUE U BBIUUCIUTDh KOA(DPUIIMEHT YCUIICHUS
10 HAIPSIKEHUIO.

5.5. BoccranoButh B cxeme koHuaeHcarop 50 mx®, ycranoButrs Ur = 10 MB.
N3mensst yactoty BxojaHoro curHana ot 1 k[ mo 10 mI'm (8 — 10 3HaveHwit),

M3MEPUTDH BBIXOJTHOE HANIPSDKCHHE, PE3YIIbTaThl U3MEPEHHM 3aHECTH B Ta0imiry 3.2.
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Tabmuna 3.2

f, k'

UBLIX) B

Ky

5.6. Paccuntath K03 PUITMEHT yCUIEHUS IJIs1 KaXKA0M 4acTOThI O (hopMyJie

U
K, =—2%  Tloctpouts rpaduk 3aBUCUMOCTH KOX(PPUIMEHTa YCHIEHUS OT

BX
YaCTOTBI.

Conep:xanue oryera

OT4er IOMKEH COJIepKATh:

- IPUHIUIHAIBHYIO CXEMY MUKPOCXEMBI;

- CXEMBbI BKJIIOUCHUS YCUIIUTENS U CXEMbl U3BMEPEHUH;

- pe3yJIbTaThl U3MEPEHUN U PACUETOB, CBEICHHBIC B TAOJIUIIBI;
- rpaMKY YaCTOTHBIX 3aBUCHMOCTEH.

KoHTpoJsbHBIE BONIPOCHI

. OOpscHHUTE, KaK W C KAKOW IMeJbl0 MOryT OBITh HCIIOJIb30BaHBI
JOTIOJIHUTENIbHBIE BBIBOJABI MUKPOCXEMBI 5, 2, 11, pa3psiB Mmexay BeiBogamu 9 u 10.

2. Kakoe BXOJHO€ CONPOTUBIIEHUE IOKHBI UMETh YCHIIUTEIU C TOKOBBIM U
NOTEHIMAIBHBIM BBIXOaMU?

3. Kakoe BBIXOJHOE CONPOTUBIIEHUE JIOJKHBI UMETh YCHIIMTENIN C TOKOBBIM H
NOTEHIIMAIbHBIM BbIXOJaMU ?

4. Tlouemy oTpuuaTenbHas oOpaTHast CBS3b YMEHBIIACT JIMHEWHbIE U

HCJIMHCHHBIC UCKAKCHUS YCI/IJ'II/ITe.TIH?
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JlaboparopHas padora Ne 4

HUccaenoBanue napaMeTpoB ONEPANUOHHBIX YCHJIUTEICH
[enb paboOTHI:
- HU3y4YUTb MCTOAUKHW HU3MCPCHUS OCHOBHBLIX IIApaMCTPOB OIICPAINHMOHHBIX
YCUIIUTEIIEU

IToaroroBka Kk JiaboparopHoi padore

N3yuuTh KOHCIEKT JIEKIUH Mo JaHHOMY pasneny. [lpu usydeHuu ciemyet
UMETh B BUJLY, UTO ONEpanuoHHb ycunutenas (OY) B MHTErpaaIbHOM HUCIIOTHEHUH -
3TO  yYHUBEpCajbHas  aHAJoOroBas MHUKPOCXEMa, MPEJCTaBIAOMAs  CcOOOM
JIBYXBXOJIOBBIM JU(pdepeHIIUaTbHBI MIMPOKOMOJIOCHBIM yCUIUTEIh IMOCTOSIHHOTO
TOKa, Ha BBIXOJIE€ KOTOPOro (pOpMUPYETCS CUTHAN, PAaBHBIN MO BEIMYUHE YCUIIEHHOM
Pa3HOCTU BXOJHBIX cUrHajoB. K Hacrosmemy BpeMEHHU CIOKHUIIACh THIOBAas CXxeMma

(pucynox 4.1), orBeuaromiasi CJIEIYIOUIUM OCHOBHBIM TPHUHIIUIIAM CXEMOTEXHUKU

oV:
—————— ——
|
|
Ugx | VTl VT2
o -t} oo
ko
|
Sdly
|
| vmﬂKVI‘S
UBx+|
o~
| &
ﬂ?@&p;y;m::ﬁ& B Humezpamaop Buixodnat kackad
EeTob e ol

Pucynok 4.1 — IIpyHnunuanbHas cxema OnepauoOHHOTO YCUITUTENS

1. OcHOBHOE yCHJIEHHE MO HAMPSKEHUIO TOKHO OBITh COCPEIOTOUYEHO B OHOM
WHBEPTHUPYIOIIEM HHTErpUpPYIOIEeM Kackaae (Ha Tpansuctope VT17), oXBauyeHHOM

€MKOCTHOM OTpHIIATEIbHOW 0OpaTHOM CBA3BIO.
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2. Ilepsorit kackam OY MOKEH BBIOIHATHCS MO cxeMe AuddepeHInaibHOro
kackana (JK) ¢ omHodasHbIM BBIXOJOM [ TOTO, YTOOBI €ro BBIXOJHOW TOK
oOecrieunBal nepe3apsi HHTErpUPYIOIIEro KOHIeHcaTopa. Takoe cCXeMOTEeXHUYECKOe
pEIIeHNE MO3BOJIIET HanboJiee MPOCTO PEIINTh 33a/1ady COTJIACOBAHUS KACKaJIOB TIPH
COXpaHEHUU TMPAKTHUYECKH HJICaJTbHOM CHMMETpUU peXuMa paldoThl  IUied
nuddepeHIanTbHOro Kackaa.

3. Beixomnoit kackam OV mommkeH oOecredyuBaTh BBICOKYI) HArpy30YHYIO
CIIOCOOHOCTh, IIUPOKUI TUHAMUYECKHM JUana3oH BBIXOAHOTO CHUTHala, Majblid
ypoBeHb HCKaxkeHHU. [[09TOMy ero OOBIYHO BBINOJHSAIOT MO JIBYXTAaKTHOM CXeme
MOBTOPUTENSI HAa KOMIUIEMEHTAapHBIX TPAH3UCTOpPAax C MEMsIMU 3allUThl  OT
neperpy3ok. [loakiaroueHue moBTOPUTENS K BBIXOAY MHTErparopa oOJjierdaercs TeM,
YTO MCTOYHHMK TOKA HArpy3Kd HMHTErparopa OJHOBPEMEHHO BBIMIOIHSAET (PYHKIIUU
3JIEMEHTa, 3a/1al01ero ToK yepe3 auoabl cMemenns VD1 u VD2.

Onepayuonunviv  YCWIWATENb Ha3BaH I[OTOMY, YTO NpEeAHA3HAYEH s
BBINIOJTHEHUSI MAaTEMAaTHYECKUX Olepaluid HajJ BXOJHBIMU CHUTHAJIaMH TIPU
UCIIOJIb30BAHUU €TI0 B JJICKTPUUECKOW CXEME€ C IIEMbI0 BHEIIHEH OOpaTHOM CBS3H.
[Ipu cooTBeTCTBYIOIIEM BBIOOpE 3J1€MEHTOB 3TOM 1Henu OY MOXKET HCIOIb30BaATHCS
JUISL  CIIOKEHUWS, BBIYUTAHUS, IEPEMHOXKEHHUS, YCPEAHEHUS, HWHTErPUPOBAHUS,
muddepentpoBanus, JorapumMupoBanus U T.0. [Ipu 5TOM TOYHOCTH BBITIOTHEHUS
YKa3aHHBIX OIEpaluii TeM BbIIIe, YeM O0oJibiie KOI(D(PUIIMEHT YCUIIEHUSI U BXOJIHOE
conpotuBieHue CY U 4eM MEHbIIIE BBIXOJHOE CONPOTUBIICHHUE.

KonuuectBo mapamerpoB, xapakrepusywomux OV, n0oCcTUTaeT HECKOJIbKHX
necaTkoB. K OCHOBHBIM OTHOCSTCS:

- kodddunment ycwienus OY 6e3 obparHoit cBs3u Kyy, 00bI4HOE 3HAYCHHE
Ky} - HECKOJIBKO 1€CATKOB-COTEH ThICSY,

- xod(ddunment ocmabneHus CcUH(A3HBIX BXOIHBIX CcUTHaIOB Koc co -
xapaktepu3yetr cmocooHoctb OV  ocnmabmsate (T.€. HE YCWUIMBATh) CHUTHAIIBI,
MPUJIOKEHHBIE OJHOBPEMEHHO K 00ouM BxoaaM. Kak mpaBuiio, Koc ce BBIpaXarwT B

nenudenax:

Koc co=20 19 (Kyu/ Ky co)
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- BXOJIHOE HamnpsbkeHue casura (cMemienns) — Ucy. OTo BenrurHa HanpsiKEeHUs,
KOTOpoe HeoOxoammo mojaTh Ha Bxoa OV st Toro, 4ToObl HANpsHKEHUE HA €r0
BBIX0JI€ CTAJIO OBl paBHO HYJIIO. ITOT IapaMeTp XapakTepu3yeT HeuaeaabHocTh OY u
00YyCIIOBJIEH HEUJECHTUYHOCTHIO TPAH3UCTOPOB BXOJHOTO Kackajga. TumuuHoe
3HayeHue Ucy COCTABIIIET NOJH MUJIIMBOJIBT - IECITKHA MUJUIMBOJIBT,

- BXOAHBIE TOKU — lgx. DTO TOKM, IPOTEKAIOIINE Yepe3 BXOAHBIC BBIBOJLI OY
MIPU HYJIEBBIX BXOJIHBIX HANPsHKCHUSIX, 00YCIOBIEHHBIE 0a30BBIMH TOKAMH BXOJIHBIX
OUTIOJISIPHBIX ~ TPAH3UCTOPOB, JUOO TOKAMH YTEUKH 3aTBOPOB B  cllydae
WCMOJIb30BaHUs TOJIEBBIX TPAH3UCTOPOB BO BXOJHOM Kackaae OY. Tunuunbie
3HadyeHus lgx - J0JIM HaHOAMMED - JECATKH MUKpOAMIIEP;

- Pa3HOCTh BXOJHBIX TOKOB - Algx Moxer pocturarh 10..20% ot lgx. Ona
XapaKTepU3yeT CTENEHb HEUJICHTUYHOCTH TPAH3UCTOPOB BXOAHOTO Kackana OY;

- CKOPOCTh HapacTaHUs BbIXOAHOTO HampspkeHuss Uy pprx - OTHOIICHHE
u3menenust Ugyx B mipenenax 10% - 90% oT cBoero HOMHUHAJIBHOTO 3HAYEHHUS KO
BpEMEHH, 3a KOTOpPO€ TMPOM30LLI0 3TO u3MeHeHue. [lapameTp xapaktepusyet
CKOpoCTh OTKJIMKAa OV Ha CTyleH4YaToe M3MEHEHHE BXOIHOTO CUTHAJA;

- yacToTa eauHU4YHOro ycwieHus fl - 3HayeHME YacTOThI BXOJHOTO CHUTHAJIA,
Py KOTOpOM 3HaueHHe Koddhduimenta ycmwieHus OY 1Mo HanpsHKEHUIO IMajlaeT 10
eauHUIbl. JlaHHBIA MapamMeTp OmpeaenseT MaKCHMalbHO pPeaJru3yeMyl0 MO0JIOCY
ycuiienus OY.

YcnoBHble Tpaduyeckre o0o3HaueHuss OY U Ha3HAYEHUS BBIBOJIOB IPUBECHBI
Ha pucyHke 4.2 a, 0.

1 - veunBepTupytomuii Bxox OV

2 - uaBepTupytomuii Bxoa OY;

3,4 - BBIBOJIBI JUISl TIOAKJIFOUCHHS BHEIITHUX 3JIEMEHTOB KOPPEKIIMU aMIUIUTY THO-
YaCTOTHOM XapaKTEPUCTHUKH;

5,6 - BBIBOJIBI JIJIsI TTOAKIIFOYCHUS BHEIITHUX 3JIEMCHTOB OQIAaHCUPOBKH,

7 - Be1X0g OV

8- BBIBOJI 17151 TIOAKJTFOYCHUS ICTOYHUKA MMUTAHUSI TIOJIOKUTEILHON MOJISPHOCTH;

0- BBIBOJ AJIA MOAKJIIFOUYCHUA NCTOYHHKA ITUTaHUA OTpPIH&TCJIBHOﬁ IMOJIAPHOCTH,
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10- BBIBOJ AJ1s COEAMHEHUS C OOl MMHOM (HYJI€BOM MOTEHIINAI) CXEMBI.

1 — [ om — 7

2—0

3_|FC +U — 8

s U 9

5 —NC

6 —NC U —10
a) 0)

Pucynox 4.2 — YcnoBHoe rpaduueckoe uzoopaxkenue OY

OOparure BHUMaHKE, 4TO A1 uTaHus OV ucnosb3yroTes 1Ba UCTOYHMKA -Up
u +Up. Kpome Toro, cnexyer umers B Buay, uro OY, He UMerolMe BHYTPEHHEN
KOPPEKLIMM YacCTOTHOM XapaKTepUCTHKH, O€3 5JIEMEHTOB BHEUIHEW KOppeKUuu
BO30YKIatOTCSl.

PaboTa BeImONHSETCS Ha JTA0OPATOPHON YCTAaHOBKE «DJIEKTPOHHBIE MTPUOOPHD».
Pacmonokenrne BBIBOJOB, cXeMbl Koppekmmum wucciaeayemoro OV  K553V]I2
npuBesieHbl Ha pucyHke 4.3. CienyeT MOMHHUTb, YTO HAa MPHUHLMIIHAIBHBIX CXeMax
yCTpOMCTB Ha ocHOBe OV noIyckaercs He yKa3blBaTh UMEIOIIMECS LIENH IMUTAHUS U
CTaHAApTHBIE CXEMbl KOPPEKIUH.

1

U
7+

SA N 0

~S—————0
5 + 4]
3

] m—

Uy
1+

Pucynok 4.3 — Cxema BeiBogoB OY K553V /12
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B nens koppekuuu, K BbIBOAAM 3 U 12 MOJKIIOYaeTcs KOHJAEHCATOP EMKOCTBIO
30 nd.

Ocnoubie napametpsl OY K553V ]12: Ky = 20*10°, Um=75MB, Igx=15
f]_ =1 MFH, UBbIX/t = 0,5 B/MKC, UH: 6—-15B.

MKA,

JlaGopaTopHoe 3axanue
1. Onpenenuth npeaenbHoe 3HaYeHne ko3 durnenta yeuinenus OV (Ky).
BcenencrBue 3naunTenpsHONM BennuuHbI Ky €ro HEMOCpPEACTBEHHOE W3MEpPECHUE
3aTpyaHUTENbHO. [loaTOMY 3T0 3HaueHue Ky nmoyyarot B pe3ynbTaTe pacyeTa.
1.1. CoOpatb cxeMy coryiacHo pucyHky 4.4. HanmoMHuM, 4TO cXeMa 4aCTOTHOU

KOPPEKLMU HE TOKa3aHa, XOTs M JOJDKHA ObITh coOpaHa. B manmpHelmeM OyayT
ONmyLIEHBI U1 3neMenTsl utanud E1 u E2.

p+

E

I

RS

Cl R1

Ten 7
HY ¢ |1 mxd 10 KOM|

10 kOm

Qcumnnorpat
i
L } & | kaHan
—& || kaHan
v
UM:-:D:
R3 R4

100 Om| |100 Om

i

E2

Pucynok 4.4 — Cxema qj1s1 onpeiesieHust koaddunuenta ycusnenus OY
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1.2. YcranoButh HampsikeHue UCTOYHUMKOB nuTanus El1 u E2 paBueim 10 B, Ha
BXOJI CXEMBI OT F€HEpAaTOpa M01aTh CHHYCOMIANIbHBIN CUTHAJ ¢ amIuuTyaoil Ur = 1B
u gacrotor  fr = 20 - 50 I'. K BeIXOay CXeMbI MOAKIIOYHUTH OCIUILIOrpad, mpu
ATOM Ha 3KpaHe ocuuuiorpada I0oKeH HaOMI0JaThCsl HEMCKaXEHHBIA CUTHAT (€Cin
HaOJI0JAFOTCSl HICKAXECHUS, TO HEOOXOJUMO YMEHbIIUTH Ur).

1.3. C nomompto ocumiiorpada u3MepuTh nepemMeHHble HanpsbkeHus Ul u
Ugix, 3aTeM paccuutath Ky mo ¢popmyie:

Uy R2

_ ZBbIY

" Ul R3
2. Ompenenuts Hanpspkenue cmemenuss (Ucy) u BxogHod Tok  (Ix)
OTIepalMOHHOTO ycrinTems. [1o mpudrHe MaIOCTH ATUX BEIMYWH HETIOCPEICTBEHHOE
mmepeane Ucy # Igx 3aTpyIHUTENBHO W TIO3TOMY HMX 3HAYCHHUS OIPEICIISIOT
PacUYEeTHBIM ITyTEM.
2.1. CoOpaTh cxemy corjiacHO puUCyHKy 4.5 (Ha cxemMe MCTOUYHHKU MUTAHUS U

LCIIN KOPPCKIUU HC l'IOI(a3aHI)I)

10l R1
10 kOMm

>

-

Pucynok 4.5 — CxeMa 17151 onpeieJICHUs] HaMPsKEHUsI CMEIEHUS
H BXOJHOTO ToKa OV

2.2. YcranoButh mnepembiuky II1 (Bmecto pesuctopa R1), coeaunstoniyro
HenHBepTUpyomuil Bxox OV (Ha cxeme €O 3HAKOM ‘“+*) ¢ OOIIKUM MPOBOIOM.

N3MepuTh ¢ MOMONIBI0 BOJIBTMETPA BEJIMYMHY TOCTOSTHHOTO HanpsikeHus Ugpry -
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2.3. Yaanuts nepeMbruky I11 u ycTaHOBUTH MEXAY HEMHBEPTUPYIOILHUM BXOJ0M
OV u o6uum npoBogom pesuctop R1. [Tpu 3TomM nokazaHust BOJIbTMETPA U3MEHSTCS.
3anucath ux, 0003HaunB Ugyx 2.
2.4. Paccuutath (c yuetom 3HaKOB Uppx | U Uppx 2) BEIMUMHBI HANPSKEHUS

CMEIIEHN U BX0oaHOoro toka OY

R1
Uy =Yy, - * =
M BBIX 2 Bb]Xl‘ R3

I — UCM

BX R2

3. U3meputh cKOpOCTh HapacTaHus BeixoHoro HanpspkeHus OY (Uppx).

3.1. Cobpath cxemMy B COOTBETCTBUHU C PUCYHKOM 4.6 (Ha cXeMe HCTOYHUKH
NUTAaHUST U IeNH KOPPEKIMU He IMoKazaHbl). K BBIXOAY CXEMbl MOJIKIIOYHUTH
ocimuuiorpad. Ha Bxoa cxembl moaath OT TeHEpaTOopa CHUHYCOWIAIBbHBIA CUTHAI
gactoroi 0,5 - 1 kl'u. Hanpsbxkenue reneparopa (Ur) yCTaHOBUTH TaKHM, YTOOBI
Ugpix Kackama Ha OY ObuIo OJIM3KO K MAaKCHMAaJIbHO BO3MOYXHOMY, T.€. BBIXOJIHOU
CUHYCOUJIAJTBHBIA CUTHAJ ObLT OJTM30K K OTPAaHWYCHHUIO, HO €ITIe HE OTPaHUIHBAJICH.

R1 B3

— — F—
1 KOM 10 KOMm

Ccymnnorpag
\ ® | kaHan
1 - ® || kaHan
Fert @ | /
HY o | 1 MKD

R4l 100 xOm

Pucynok 4.6 — Cxema 117151 UBMEpEeHUs CKOPOCTH HapacTaHUs
BBIXOJJHOTO HanpspkeHus OY

3.2. VBenuuuBas YacTOTy TeHepartopa, HaOMoJaiTe 3a OCHWIJIOTPaMMOM
BBIXOJJHOTO curHana. Hapsiny ¢ ymeHbIIeHMEM pa3Maxa, OH Bce OoJiee npuoimkaercs

K TPEyrojibHOMY (PHCYHOK 4.7).
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At

Pucynok 4.7 — OcuuiorpaMmMa BbIXOJJHOTO HANPSDKEHUS 111 U3MEPEHUS

CKOPOCTH HapacTaHHUs BBIXOAHOTO HanpspkeHus OY

3.3. YcTaHOBUB Takyl 4acTOTy TeHepaTopa, YTOObI BBIXOJIHON CHUTHAT UMEN
BHJI KaKk Ha pUCyHKe 4.7, a Takke OTKAIMOPOBAaB YCUJIEHHE B KaHAjl€ W CKOPOCTh
pasBepTku ocumworpada, uameputb AUgpx 1 At.
3.4. Tlonp3ysch pe3ynbTaTaMd HU3MEPEHUM, pacCUUTaTh MaKCHUMAIbHYIO
AU gy
At

4. HccnenoBarb ONEPAMOHHBIA YCUIIUTEIb C IOMOUIBIO KOMIIBIOTEPHOIO

CKOPOCTh HApaCTAHUS BBIXOJITHOTO CUTHAJIA S=

MOJICITUPOBAHUSI.

HccnemoBanue OMEPAlOHHOTO YCHJIMTEAS C IOMOIIBI KOMITBIOTEPHOTO
MO/JICITMPOBAHUS MPOU3BOAMTCS B IporpaMMHoii cpeae Multisim.

4.1. TlocTpouTh Ha SKpaHE MOHHUTOpa KOMIbIOTepa cxemy (pucyHok 4.8).
Hcnonp3oBate OY moaeneit defaut uimu Im (3amaercst mpemnoaaBareneM), BOJIbTMETPHI
MIEPEBECTH B PEKUM U3MEPEHHUS TIEPEMEHHOTO HATIPSKCHUSL.

Bxiiounth cxemy, yOeIuThCs, YTO HET MCKAKEHUSI BBIXOJAHOTO CHUTHaNA (eciu
€CTh MCKaXEHHUS, TO YMEHBIINUTH aMILTUTYAy BXOJIHOTO CHHYCOHMIATBHOTO CUTHAJIA) 1
3aMEpUTh TEPEMEHHbIC HANpPsDKEHHS Ha BXOJE U BBIXOJE CXEMbL. BBIYHCIUTH

kodppunuent ycunenus OY (o dopmyne m. 1.3).
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Pucynok 4.8 — Cxema aisa usmepenus kodpdumrenta ycunenust OY
4.2. TlocTpouTh Ha SKpaHE MOHUTOPA KOMITbIOTEpa cxeMy (pUCyHOK 4.9)
BonbTMeTp mepeBeCTM B PEKUM HM3MEPEHUS ITOCTOSHHOTO HAMNpPSKEHHUS.
Bxutounts cxeMy u 3adukcupoBath nokazanus BoiabTMeTpa (Uppxz). BbIKIIOUNTH
cxeMmy, yaanuth R1(HenuBepcuonHbIin Bxoq OV 3aKOopOTUTHh Ha 3eMJII0). BKIIOYUTH
cxemy, 3adukcupoBarh nokaszanusi BosbTMeTpa (Uppx;). Paccuntarh HampspkeHue

CMEILEHUS U BXOIHOM TOK 110 hopmyiiam (1. 2.4).
E=

|
|

1 MOm

DIEB

+

741

N A
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Pucynok 4.9 — Cxema a1 u3BMepEeHHs HANPSKEHHsI CMELEHHUS] ¥ BXOJITHOTO TOKa
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4.3. TlocTpouTh Ha 3KpaHe MOHHUTOpa KommbloTepa cxemy (pucyHok 4.10).
Yacrory reneparopa ycraHoBuTh 0,5 — 1 x['u. BoapT™MeTp yCTaHOBUTH B pPEKHUM
U3MEpPEHUS MEPEMEHHOT0 HampsikeHus. I3MeHsist HanpsikeHue reHepaTopa J100UThes,
gT00bI Uppx Kackama Ha OY ObUI0 OMM3KO K MaKCHUMaJIbHO BO3MOXXHOMY, T.€.
BBIXOJTHOM CHHYCOMJQJIbHBIA CUTHaJ ObUT OJIM30K K OrPAaHUYEHUIO, HO e€lIe He
OorpaHUYMBaJICS. YBEIUYUBAsl YaCTOTY T€HEepaTopa HAOII0AalTe 32 OCIHIIIOTPaMMOi
BBIXOJTHOTO CUTHaNIa. Hapsimy ¢ ymeHbIlieHueM pa3Maxa, OH Bce 0osiee mpruoImKaeTcs
K TpeyrojibHOMy. [lody4uB BHJ OCHMIIIOTPaMMBbI BBIXOJHOTO CHTHajla Kak Ha
pucyHke 4.7, ¢ moMoIIbI0 BU3UPOB ociuiuiorpada namepsbte 3HaueHust AUgpix 1 At.

[Tonp3ysAck pe3ynabTaTaMM W3MEPEHUM, PACCUMTATh MAKCHUMAJIbHYI) CKOPOCTb

S = AU BbIX
HapaCTaHI/I}I BBIXOOAHOI'O CUTHAaJIa - At .
R E3 R b
| I & | I
1 Om 10 xOm L AL
— () 12B
+
1 -
|| L L
1 || N }RE -
BEC 10 ¥
R4 - V]
C)"v 100 g Cm C)lEE
+

Pucynok 4.10 — CxeMa Jyist ©3MepEeHUsl CKOPOCTU HapacTaHUs! BEIXOIHOTO

CHUrHalia

Conep:xanue oruera
OT4eT OJKEH COepHKaTh:

- IaCIIOPTHBIE JaHHBIE U CXEMBI Koppekuuu ucciaegyemoro OV
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- CXeMbl U3MEPEeHM, TpaUKH U 3HAYCHHs U3MEPEHHBIX napaMmeTpoB OV

- (hopMyIIbl, 3HAUEHUS PaCCUMTaHHBIX mapameTpoB OV.

KonTpoabHbIE BONPOCHI

1. Kakue TpeOoBaHUA TIPEABABIAIOTCA K TIapaMerpaM “ujeaibHOro”
ONEPALMOHHOTO YCUIIUTEINS?

2. Tloyemy omepanMoOHHBIE YCHJIMTEIW HE MOTYT paboTaTh 0€3 KOppEeKIHH
YaCTOTHOM XapaKTEPUCTUKU?

3. IloscHuTe cCMBICH TapaMeTpa HaNpsbKeHHE  clBUTa  (CMEILECHHS)
ONEPAMOHHOTO YCUIIUTETIS.

4. Tloscuute QU3NYECKUN CMBICT MapaMeTpOB: CPEIHUN BXOJIHOM TOK U
Pa3HOCTh BXOJHBIX TOKOB OIEpPAallMOHHOTO ycwiauTens. [lpu Kakux BXOAHBIX
CUTHaJaX OHU U3MEPAIOTCA?

5. Tlosichute @Qu3nMyeckuii CMBICI TIapamMeTpa - CKOPOCTh HapacTaHUS
BBIXO/IHOTO HANpsKeHUsI. MOXKHO JIU €r0 ONPEAC/INTh, 3Hasi aMIUIUTY/THO-4aCTOTHYIO

XapaKTEepUCTHUKY OnepalioHHoro ycunutens? Eciau Het, To mouemy?
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JlaGoparopHas padora Ne 5

UcciienoBanne HHTErpajbHbIX CXeM TPAH3UCTOPHO-

TPAH3UCTOPHOM JIOTUKHU
[enb paboOTHI:
- HU3YUUTHb OJJICKTPUUYCCKUC IMApaMCTPbl HHTCIPAJIbHBIX CXCM TPAH3UCTOPHO-
TPAH3UCTOPHOM JIOTUKH.

IToaroroBka Kk JiaboparopHou padore

[Ipu moxaroroBke K sabopatopHOil paboTe HEOOXOAMMO H3YYUTh KOHCIEKT
nexuuii. OCHOBHOE BHUMaHUE CIIEIyeT YACIUTh (PU3UYECKOMY CMBICITY M METOJaM
M3MEPEHUN OCHOBHBIX AJIEKTPUUYECKUX MapaMeTPOB JOTUUECKUX MUKPOCXEM, a TaKKe
CXeMOTeXHU4YeCKUM ocoOeHHOCTsIM TTJI—cxem.

Cratudeckue mapamMeTpbl MOTYT OBITh OINPEIENICHbl C TMOMOIIbIO Tpaduka
nepenatounoi xapakrepuctuku Usbix=f(UBx) (pucyHok 5.1.).

[Io rpaduxky mepenaToyHOM  XapaKTEPUCTUKU  OMPEACISIOT  YPOBEHBb
normaeckoro Hyms U° u ypoBems mormueckoil emmmmusl U' (touknm A u B

OTIPEICIISIOTCS TIEPECCUCHUEM XapAKTEPUCTHKH C €€ 36PKaTbHBIM OTPAKCHHEM).

Ussx
4 A

-
-

UBI

5
=

Pucynok 5.1 — I'paduk nepegaToyHoil XxapaKTepUCTUKU JJOTUYECKOTO AJIeMEeHTa
2U-HE
beicTponielicTBiE MHUKpPOCXEM OIPEAENSIET CpEIHEE BpeMsl 3aJEpKKU pa-
CIPOCTPaHEHUs CUTHaJIa

toep= 12 (%4, + 10,



43
rae to’lgﬂ 51 tl’oﬂ - BpEMEHa 3aJIePKKU TEPETHEr0 M 3aJHET0 (PPOHTOB HMMITYJIhCA,
n3MepsieMble Ha ypoBHE (.5 OT aMITUTYAbl UMITYJIbCA.
DOKOHOMUYHOCTh ~ MHUKPOCXEMBI ~ XapaKTepu3yeT CpedHssi mnoTpediseMas
MOITHOCTbH (B COCTOSIHUSIX HOJIb U €UHUILIA)
P.,= 1/2 (P°+ P).
NHTerpanpHOE Ka4eCTBO MUKPOCXEMBI ONIPEACIISIET CHHTETUYECKHI IMapaMeTp —
paboTa mepeKITIoUeHUs Angp =t Pop
B Hacrosiiee Bpemsi 351eMEHTHOM 0a30i JUIsi MUKPOCXEM CPEIHETO U BBICOKOTO
OBICTPOJCHUCTBUSL  SIBJISIIOTCSL  DJIEMEHTHl  TPAH3UCTOPHO—TPAH3UCTOPHOM  JIOTUKH
(TTJI).  TpaH3UCTOPHO-TPAH3UCTOpPHAsA  JIOTMKA  HMMEET  OOJBIIOE  YHUCIO
pasnoBunnocteit (MC, BUC, CBUC) u momuduxanuit (0T MUKPOMOIIHBIX [0
cBepxObIcTpoaeicTBYIOMMX JID) U BhIMycKaeTcs B BUIE CEMENUCTB, COBMECTHUMBIX
IpYyr ¢ IPYyroM IO JIOTUYECKUM CUTHajlaM, AUAna3oHaM YCIOBUHM ASKCIUIyaTallud U
KOHCTPYKTUBHOMY UCITOJIHEHUIO.
JlabopatopHas paboTa BBINOJIHAETCS HA YCTAHOBKE «DJIEKTPOHHBIE IPUOOPHI» U
B Hel wucronbdyercs mukpocxema KP1533JIA3 (KISSJIA3), B cocraB KoTOpoOW
Bxo14T 4 cxembl 21-HE. CoctaB, pacnonokeHre BbIBOJOB U NPUHIMIIUAIIbHAS CXeMa
onnoro snemenTa 2U-HE npuBenens Ha pucynke 5.2.

+U
+U . - o ;
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Bx.2

5 Brix.
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12 00—y

oo P e
I

15 0—vi

1 ) Al

PucyHok 5.2 - PacrionosxeHue BbIBOJOB U MIPUHIIUIIHAIbHAS CXeMa OJHOTO

anemenTa 2U-HE mukpocxemsr KP1533JIA3
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OcHOBHBIE MapaMeTpbl MUKPOCXEMBbI: HanpsbkeHue nutanus Up = 5 B + 5%j;
nomyctumoe BxonHoe HanpspkeHne Ugx = 0 — 5 B; ypoBHM JOTHUYECKUX CHTHAJIOB HA
Beixoge Ulgpx > 2.4 B, UWgx < 04 B; BpEMs 3aJICPKKH PacIpOCTPaHCHHS
t3a < 15 HC.

JlaGopaTopHoe 3axanue
1. CHATB MepeIaTOYHYIO XapaKTePUCTHKY Jiorndeckoro snementa 21-HE.
CoOpath cxemy (pucyHok 5.3), ucrnomnn3ys Jro0yio u3 detbipex cxem 2M-HE

mukpocxeMbl KP1533JIA3.

14

KP1533TIA3 ¢

? UBX | 7 thn

Pucynok 5.3 — Cxema 1j1s1 u3BMEpeHUs MepeJaTOYHON XapaKTePUCTUKH
Ycranoputh HanpspkeHue nutanus E2 = 5B. Ha ogun u3 BxogoB UMC noxath
BXOJIHOE€ HAaIPsSDKEHHE, a BTOPOM (HE HCMOJB3YeMbl) MOJIKIIOYUTh K «ILTIOCY»
ucTOouHMKa nuTanus. M3menss Bxonnoe Hanpsbkenue E1 B untepsane O...5 B, cHATH
nepenatounyto Uppx =f(Upx) Xapakrepuctuky. Pe3ynbTaThl M3MepeHUil BHECTH B
Tabnuily 5.1, nocTpouts rpaduk.

Tabmura 5.1

U, B| O 0,5 1 1,5 2 2,5 3 3,5 4 4,5 5

UBI:IXJ B

M3MepHTh TOK, MOTpebisieMblii oT rcTounnka mutanmst mpi Uy = U= 0,4 B u

npu Upy = U' = 2,4 B. Paccuntars CpeIHIO0 MOTPEOISIEMYIO MOIIHOCTD.
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2. U3mepuTh Harpy304HyIo ClIOCOOHOCTh MUKPOCXEMBI.

Hcnonp30BaTh cxeMy HCCIENOBAaHUS U3 MpEABIAyIero mynkra. [logaTs Ha BX0q
NUMC nacnoptHoe 3HauYeHHe HampsbkeHus Jjorumdeckoro Hyns Ugx = 0O,4B.
[Tonkmouas k Beixoxy UMC comportuBnenus Harpy3ku Ry = 10 kOwm, 1 kOwm, 470
Om, 100 OM, CHATHP Harpy304Hyr0 BBIXOJHYIO XapakTepucTuky Uppx = f(Rp).

Pe3ynbraThl u13MepeHuit BHECTU B TaOIUILYy 5.2, TOCTPOUTH Tpaduk.

Tabmauma 5.2

Ry, kOm 10 5 1 0,5 0,1

UBI)IX b B

3. HccnenoBarh OBICTPOJEWCTBHE JOTMYECKONM MHKpocxeMbl. CoOpaTh cxemy
(pucyHok 5.4).

OOpaTuTh BHUMaHUE, YTO YETHIPE MUKPOCXEMBI BKJIIOUEHBI MOCIEA0BATENBHO,
YTOOBI YBEJIMYUTh BpPEMs 3aJEpKKU JUIsl oOJerdyeHus usMepeHuil (He 3alyabTe

MOJIYYCHHBINA PE3YJIbTAT PA3/ICTUTh Ha YETHIPE).

E2
+T -9
* 2 —
T T T
Ocumnnorpap
R 2 3 IE 6 > 3 |P 11 B ® | KaHan
Co 1&, _M& 10& .—@& -—]’O—-'.Ilr:aHan
HY ¢ | 1000M A l

G 1

Pucynok 5.4 — Cxema st u3BMepeHust ObICTPOACHCTBUS TOTUYECKON

MUKPOCXEMBI

K Bxogy (Touka A) m Bbixogy (Touka B) moaxmiouuts ocimmuiorpad. Ot
reHeparopa MoJaTh Ha BXOJ MPSMOYTOJbHbIE HUMITYJIbChl aMIuUTyAou 3..4B wu
gactoroi cnepoBanus 100 k' - 1 MI'i. Ha skpane ocmmmmorpada u3MepuTh BpeMst
3aJIEPKKUA TIEPEIHETO tO’lgﬂ M 3aIHEro tl‘ogﬂ dbponToB. PaccuuraTh cpenHee Bpems

3a/IePKKH CUrHana 3 ., ¥ paboTy nepexoyeHus Apgp.
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4. UccnenoBate sornueckuii smement 21 - HE ¢ momomp0 KOMOBIOTEPHOTO
MOJICTTUPOBAHUSI.

HccnemoBanue JIOTUYECKOM MHKPOCXEMBI C TIOMOIIBIO KOMIBIOTEPHOTO
MOJISIIUPOBAHUS IPOU3BOIAUTCS B TIporpaMMHoii cpeae Multisim.

4.1. TlocTtpoutrh Ha »DKpaHe KOMIIbIOTEpa cXxemy (pUCYHOK 5.5) s
UCCIICJIOBAaHUS  TEPEIaTOYHON  XapaKTEpPUCTUKH  MHKPOCXEMBbI. MHKpocxema
BbIOMpaceTcs u3 moamento Logic Gates, Tun NAND, nomepa 7400, 7403, 7426, 7437,
7438, 7439, 74132.

HC

L s wioo B8
S 1R 4R -

» 21y 44 HE

+ 4 1 oea 4y L
()UBX : B 3E 1_:

_ ") i E:D g? & +5B

Eg|l 1 x0m
7400 -

Pucynok 5.5 - Cxema a1 u3MepeHust mepeaTouHoON XapaKTepUCTUKH

N3mensis BxogHoe Hanpsbkenne Ugy B untepBaie O...5 B, cHATh nepenatounyro
Uppix =f(Upx) xapaktepuctuky. Pe3yiabTaThl H3MEpeHHH BHECTH B TaOJHILY,
MOCTPOUTH TpaduK.

M3Meputh TOK, OTpe6IsieMblii 0T nerounuka mutanus mpu Ugx = U° = 0 B u
npu Uy = U' = 5 B. PaccunTars CpeIHIOK0 MOTPEOISIEMYE0 MOIIHOCTb.

4.2. I3aMepuTh Harpy304HyI0 CIOCOOHOCTh MUKPOCXEMBI.

Hcnonb3oBaTh cxemy UCCIEAOBaHUA U3 Npeabiaymiero mynkra. [logate Ha BXoj
NUMC nanpsbxkenue joruueckoro Hyns Ugx = O B. Iloaxmouas k Beixogy MMC
conpotuBneHust Harpy3ku Ry = 100 kOwm, 10 kOm, 1 kOm, 100 Om, 10 OM, CHSTH
HArpy304HYy0 BbIXOJIHYIO XapakTepucTuKy Upyix = f(Ry). [Toctpouts rpaduk.

4.3. Tloctpoutrb Ha 3KpaHE KOMIIbIOTEpa CcXeMmy (PUCYHOK 5.6) s

UCCIIeIOBaHMs ObICTPOICHCTBUS JTOTMUECKONH MUKPOCXEMBI.
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OOpatute BHHMaHue, 4YTO ueThlpe Mukpocxembl 21 — HE Bxirouenst
MOCIIEAOBATEIBHO, YTOOBI YBEIMYUTH BPEMS 3aJI€P>KKH NIl OOJerdeHus] N3MEpEeHU

(1e 3a0ypTe MOJIYYCHHBINH PE3YNbTAT PA3/ICTUTh Ha YETHIPE).

‘|_
HC-2 g™
' 1 wvee 1 Om (X
E1E  4p 1
21y 44 &
1 Om e 4y —
= 1 PE 3R U
+ Y 34 2
()53 T ND 3 S
A 7400
+ 1 Om
OF =

Pucynox 5.6 - Cxema a1 usmepenust ObICTPOJEHCTBUS JTJOTUYECKON
MUKPOCXEMBI

B renepatope npsSMOyTrOJbHBIX HMITYJIbCOB YCTAaHOBUTH aMIUIUTYQy 5 B u
gactoTy | MI'n. C nomoipio ocipuuiorpada u3MepuTh BpeMs 3aI€P>KKU MEPETHETO
to’lgﬂ Y 3a{HETO tl'ogﬂ (poHTOB. PaccunrtaTh cpeHee BpeMs 3a€p:KKU CUrHama tsy o, U
paboTy nepexirodeHus Apgp.

Copnep:xanue oruera

OTueT JoJKEH coaepKaTh:

- cTpyKTypHYI0 cxemy Mukpocxembl KP1533JIA3 ¢ Hymepalueil BEIBOJOB;

- MACTIOPTHBIC JJAHHBIE MUKPOCXEMBI;

- CXEMbI U3MEPEHHUI U UCCIIEIOBAHNM;

- Ta0IUIIBI C Pe3yJIbTaTaMH U3MEPEHUH U rpaduKH MOJTYyYEHHBIX 3aBUCUMOCTEN;

- U3MEPEHHbIC U BBIYUCIICHHbIC 3HaUeHus napameTpoB MMC.

KoHTpoJibHBIE BONIPOCHI

1. C xakou uenpto B cxemax TTJI ucnosib3yercs Cl0KHbIM HHBEPTOP?

2. KakoBsl npeumyiectBa cxem TTJI nmepen cxemamu JUOIHO-TPAH3UCTOPHON

(ATJI) moruku?
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JlaGopatopHas padora Ne 6
HcciienoBanne HHTErpajbHbIX MUKPOCXEM HA HHTETPAJIbHBIX
KM/II - tpan3ucropax
[enb paboOTHI:
- H3Y4YUTH (l)yHKL[I/IOHaJ'IBHble BO3MOKXHOCTH M OJJICKTPUYCCKHUC IIapaMCTPbI

uHTErpalibHBIX cxeM Ha KM/III-Tpan3ucropax.

IHoaroroBka k J1aboparopHoii padore

N3yunTh KOHCIEKT JIEKIMH IO JaHHOW TeMe. OCHOBHOE BHMMAaHHUE YJIEIUTh
OCOOEHHOCTSIM CXEMOTEXHUYECKHUX pelleHuid u mapamerpam cxem Ha KMJII-
TPaH3UCTOPAX.

B JID kpeMHHEBBIX MUKpPOCXEM HUCIOIb3YIOT M/III-TpaH3uCTOpHI ¢ KaHAIaMu
OIHOrO (00OBIYHO N) WM OOOUX THUIIOB MPOBOJAUMOCTH (KOMILJIEMEHTApPHbBIE
TpaH3ucTopsl). [lepBbie 00ecreunBalOT MUHUMAJIbHYIO ILJIOIIA/lb, 3aHMMaemMyro JI9O
Ha KpUCTaJlJIe, a BTOpble — MHMHHUMAJbHYIO NOTPEOJsAEMYyI0 MOIIHOCTb, Oolee
BBICOKHE OBICTPOJICHCTBUE U TMOMEXOYCTOMYMBOCTh. lIpakTuueckn OecKOHEHYHOE
BxoAHOe comnpotuBienne  M/II-TpaH3ucTopoB  mo3BoisieT  co3maBath  JIO
JTMHAMHAYECKOro THIIA, O0O0JIaJaromige MajbIMHA 3aHMMAaeMOM IUIOIIAABI0 U
MOTPeOJISIEMOl MOIIHOCTBHIO TPU CPABHUTEIBHO HEBBICOKOM OBICTPOJCHCTBUMU.
Jlornyeckne  3JE€MEHTBl  ApPCEHUA-TAUIUEBBIX ~ MHUKPOCXEM  CBEPXBBICOKOIO
osicTponericTBus co3naroT Ha MEII-Tpan3ucTopax ¢ kaHaiamu N-TUNA.

NuBepTOop Ha KOMILUIEMEHTApHBIX TpaH3ucTopax. (CxemMa wuHBeEpTOpa
(pucyHok 6.1) conepxut tpanzuctopsl VI, u VT, ¢ kaHalaMU COOTBETCTBEHHO N- U
p-TuIa.

Ipu Ugx = U' = U, tpamsucrop VT, OTKpHIT, a VT, 3akpeir. Ha BbIXOZE
nonydaeM Ugpx = W = 0. Ecm Upx = W = 0, To, HAaobopoT, Tpauzuctop VT,
3akpbIT, @ VT, OTKkpbIT B  Uppx = Ut = U,, B 000ux COCTOSSHHAX TOK,
MOTPeOIAEMBIN OT UCTOYHHKA MTUTAHUs, TPAKTUYECKH paBeH Hy0. [Ipeanonaraercs,
YTO BBIXOJl MHBEPTOpPA COEAMHEH C BXOJAMH aHAJOTHYHBIX MHBEPTOPOB-HArpPy30K.

Takum 06pa3omM, MOIIHOCTH, TOTpeOsieMass B CTATUYECKOM PEXKUME, MPAKTHUECKU
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paBHA HYJIIO, YTO ABJIACTCA Ba)KHEUIIIMM MMpEUMyHI€CTBOM 110 CPABHCHHIO C JTFOOBIMU

T'MMHU MHUKPOCXCMaMH.
Apy P Ty

=t

Brog

Bxon | T
O—t —

Pucynox 6.1 — Cxema uHBepTOpa Ha KOMIUIEMEHTApHBIX TPAH3UCTOPaX

Jlornyeckue 3jeMeHTbl Ha KomiuiemMeHTapHbix (KMII) Ttpan3ucropax.
Hns peanuzanuu Gynkuuu WM-HE npumensiercs mocienoBaTelbHOE BKIIOYEHHE N-
KaHAJIBHBIX W MapaJJICIbHOE BKIIOYEHUE [P-KaHAJIbHBIX TPAH3UCTOPOB (PUCYHOK
6.2a). Ilpu Tex ke TeOMeTpHUYECKUX pa3Mepax TPaH3HCTOPOB, YTO U B HMHBEPTOPE,
TOK, 3aJaBacMbli N-KaHAJbHBIMA TPAH3UCTOPAMH B OTKPBITOM COCTOSIHUH,
yMEHbIIIAaeTCsI B M pa3, a TOK, 33JaBa€Mblil P-KaHaJbHBIMU TPAH3UCTOPAMHU,
yBennuuBaeTcsa B M pas. [loatomy JID U-HE mMeer xapakTepuCcTUKH U mapameTpsl,

OJIU3KHE K UHBEPTOPY.

T, U
- o —
J ::Lprl J ::}"JTPE E:-KO,[[I : VTy1
'_| '_1 Brxon
l_] )
l—

BxonZ r— 10 Bzon2 ! V12
£ |_ £

lJ l'] B:I.:IXO,I[
—
Exzonl I'-'i-l VTt J :}Wnl J :.an

a) 0)
Pucynox 6.2 — Cxemsl jorudeckux 35meMenToB Ha KMJIIT — Tpan3ucTopax:

a) anement 21-HE, 6) snement 2UJIN-HE
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Hnsa peamuzanuu ynkuuun MJIM-HE npumensiercs mapasenbHoe BKIIOUEHHE
N-KaHaJIbHBIX W TIOCJIENOBATEIIBHOE BKJIIOUECHHE [P-KaHAJIbHBIX TPAH3UCTOPOB
(pucynok 6.2.6). Jlornueckuii snement WJIM-HE wumeer XapakTepucTuku U
napameTpbl, OJIM3KHE K XapaKTEPUCTHKAM U TTapaMeTpaM WHBEPTOPA.

B pabote ucnosn3yrorcs TpaH3uctopbl Mukpocxembl K176J1I11 (pucynok 6.3),
KOTOpasi TMpeJCTaBiIsIeT coOOW YHHBepcadbHbIM Joruueckuid smemeHT KMJII-
CTPYKTYpBI (TIpH COOTBETCTBYIOIIEH KOMMYTAIIMM MOKET OBITh WCIOJB30BaH B
kauectBe Tpex ojemeHtoB HE, snementra HE ¢ OGonbmum  ko3ddunmreHToM

pa3BeTBieHus, sneMenta 31-HE, snementa 3MJIN-HE u Tpurrepnoii sueiikn).

13 2] 1 1] 14

] ]
ST
30 1 O

gl a3l 4] 75| 10 1

Pucynok 6.3 — Cxema mukpocxembl K176JI111
OcHOBHBIE dJIEKTPUYECKUE TTapaMeTphl: HamnpsikeHue nutanus U, = 9B+5%,
YPOBHHU JIOTUYECKUX CUTHAJIOB Uom,IX < 0,3B; UlBHX > 8,2B; moTtpebiseMblii TOK -
He 6onee 0,3 MA; cpenHee BpeMs 3aiepKKu pactpoctpanenus t,,;, < 200 He.
PaboTocmnocoOHOCTh COXpaHSEeTCsl MPU YMEHbBIICHUH HAMPSHKEHUS! MUTAHUS 10
5B. JlomycTuMbIi auana3oH BXoAHbIX curHaios (0 - U,).
CxeMbl  WCCleOBaHUS  COOMpArOTCS  Ha  J1abOpaTOpHOM  YCTaHOBKE

«INEKTPOHHBIE TTPUOOPHI».

JlaGoparopHoe 3a1aHue
1. BHecTu B oT4eT NPUHUMIHAIBHYIO cxemy u napametpbsl UMC K176JII11.
CocTaBuTh ¥ BHECTH B OTUET NPUHLIUNHAIBbHBIE cxeMbl 35ieMeHToB 21JIN-HE n 2U-
HE, nomy4daemble myTeM COOTBETCTBYIOIMX KoMMyTaluii BeiBotoB UMC K176JII11.

2. CHATPh NEepeAATOYHYI0 XapaKTEPUCTUKY MUKPOCXEMBI.
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CobOparp cxemy (pucyHok 6.4) nmns  WCClenoOBaHHUS — TEePEAATOYHOM
XapakTEepUCTHKX  Kiatoya Ha  KommuieMeHTapHbix  (KMJII)  TpansucTopax
(comporunenue 150 kOm umuTHpyeT Harpysky). s vccinenoBaHus MOXKET OBITh

BbIOpaHa nmobas napa tpansucropos UMC.

14 +
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Prcynok 6.4 — Cxema 111 M3BMEpEHHUs NepeJaTOuHOM XapaKTEepUCTUKH KITr04a
Ha KM/III — tpan3ucropax
N3menss Hanpspkenue uctounnka El B npenenax 0...9 B, cHATE nepegaTounyro
xapaktepucTuky Uppx = f(Upx). PesymbraTel n3Mepenuii 3anectu B Tadmuiy 6.1.

[TocTpouth rpaduk.

Tabmnura 6.1

UBX’ B

UBI)IX’ B

3. I3meputh cpemHee BpeMs 3aIep kK1 pacipOCTPAHCHUS CUTHAJIA.

CobOparp cxemy (pucyHok 6.5). Jlyiss 3TOro K BXOAY M BBIXOJy HWHBEPTOpPA
MOAKIIOUUTH octuuiorpad. [IpsMoyroiibHbIe UMIYJIBCH OT TeHEpaTOpa CUTHAIOB 13
— 112 yacrotoit 1 k' u ammuTygo npuMepHo 9 B momath Ha BXOJ MHBEPTOpA.
[Tomyunts Ha »3KpaHe ocuuuiorpadga H300paKEHHS BXOAHOTO W BBIXOJHOTO
MMITYJIBCOB U H3MEPHTB 3aepXKKu mepearero t° u 3aguero t°! GpoHTOB BEIXOIHOTO

MMITyJIbca Ha ypoBHE 0,5 aMIUIUTYAHOTO 3HAUECHMUS.
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Pucynok 6.5 — Cxema a1 u3MepeHusi BpeMEHH 3aIePKKH
pacupoCTpaHEHUs! CUTHAJIA
4. N3yunth (pyHKIIMOHANBHBIE BO3MOXHOCTH UMC.
4.1. Uccnenosarts cxemy 2U-HE.
Hcnone3yss nBe mro0ble Mapbl KOMIUIEMEHTapHbIX TpaH3uctopo KMMC
CaMOCTOSITeNIbHO HadyepTuTh W coOpath cxemy 2U-HE. IlomaBas Ha BXOJbI
pasauuHble kKoMOuHammu joruueckux curaamos (U = 0, U = E,,,), cocraButh

Tabauiy coctosiHuit cxemol 211-HE.

X1l | X2 Y

| = O O
= Ol O

Ilpumeuanue: N TNOAAYM HA BXOJ JIOTUYECKOW EIUHULBI, €r0 HYKHO
IIOZICOEIMHUTD K BBIBOJY MCTOYHHKA IHATAHMA, Ul MOJA4YM HA BXOJ JIOTHYECKOIO
HyJis, €ro HeoOXOoAMMO 3a3eMJIuTh. /[ WHAMKAMK BBIXOJHOTO CHUTHaa
HCIIOJIb3YETCS BOJIBTMETP MYJIbTUMETPA.

4.2. Uccnenosarts cxemy 2NJIN-HE.

Ucnons3yss nBe moOble Mapbl KOMIUIEMEHTapHbIX TpaH3uctopoB HMMC,

CaMOCTOSITENIbHO HauepTuTh U cobpate cxemy 2UJIM-HE. TlomaBas Ha BXOIbI
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pasnuuHbie KoMOWHammu Jjorudeckux curHaioB (U = 0, U = E,,;), coctaButh
tabnuiy coctosinuii cxemol 2UJIN-HE.

5. UccnenoBath cxembl Ha KM/III-TpaH3ucTopax ¢ MOMOIIBI0 KOMIIBIOTEPHOTO
MOJEIIUPOBAHUS.

HccnenoBanne JOTMYECKOM MHMKPOCXEMBI C TOMOIIBIO KOMIBIOTEPHOTO
MOJICJIMPOBAHUS MPOU3BOAMTCS B IporpaMMHoii cpeae Multisim.

5.1. Cuarp mnepenarouHyro xapakrepuctuky cxembl HE na KMUII-
TPaH3UCTOpAX.

[TocTpouTh Ha 3KpaHe KOMIbIOTEpa cXeMy (pPUCYHOK 6.6) i ucciaeqoBaHUs

MEePEIATOYHON XAPAKTEPUCTUKHU CXEMBL.

|

5
E\l
N

Pucynox 6.6 — Cxema 115t u3MepeHus epeaTOuHON XapaKTepUCTUKH
HWHBEPTOpA

B kauecTBe aKTMBHOrO TpaH3ucTOpa Ucnoiab3oBare M/III-Tpan3ucrop nN-tuna
Default ideal, Toshiba cepun M2SK wm Intrntl 1 cepun IRF. Mapka tpansucropa
3a7aeTcs npenoaasaresieM. B kaduecTBe Harpy3ku ucnosibdyercs uaeansubidi M/III-
TpaH3ucTOop P-THma. M3Menss HanpsbkeHue umcrounumka Upy B mpemenax 0..12 B,
CHATh mepenarounyro xapakTepucTuky Ugpx = f(Upx). Pesynbratel usmepenwmii
3a"ecTH B Tabmuity. [loctpouts rpaduk.

5.2. UccnenoBats cxemy 21-HE.

Hcnonw3ys pucyHok 6.7, moCcTpouTh Ha 3KkpaHe komibiotepa cxemy 2M-HE u3

nneanbHbix KM/III-Tpan3uctopos.
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HOI[aBaﬂ Ha BXOAbl PA3JIMYHBIC KOM6I/IH3HI/II/I JIOTUYCCKUX CHUTHAJIOB, IIYTCM

nepexiIoueHus kiodeit A u S coctaButh Tabnuiy coctosiuuit cxemol 2U-HE.
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Pucynox 6.7 — Cxema st uccienoBanusi Jorudeckoro sinementa 2M-HE

5.3. Uccnenosats cxemy 2UJIN-HE.

CamocrosTenbHO HauUepTUTh U coopath cxemy 2UJIN-HE u noBTopuTh
HCCIIEIOBAHUS IO MPEJIBIAYIEMY MYHKTY JJI1 9TOM CXEMBbI, COCTaBUTh TaOJIUIlY
UCTUHHOCTH.

Copnep:xanue oruera

OTueT JoJKEeH coaepKaTh:

NeKTpuUeckyro cxemy u napametpsl UMC K176JI111;

CXEMBbI UCCIJICOJOBAHMUA,

TaONHIIBI U TPaUKU CHATHIX 3aBUCUMOCTEH;

TaOJIMIIBl UCTUHHOCTH UCCIIEAYEMbIX JIOTHUECKUX JIEMEHTOB.
KoHTpoJsibHBIE BONIPOCHI

1. Uem oObscHseTcs uckimtounTeabHo manas norpedmsemas KMJIIT cxemamu
MOIIIHOCTb B CTATUYECKUX COCTOSHUSX?

2. loscauth padoty naBepTopa Ha KM/III-Tpan3ucropax.

3. Tlouemy normueckue cxembl Ha KMJIII-Tpan3uctopax comepkat OoJblie
TPaH3UCTOPOB, YEM aHAJIOTMYHbBIE CXEMbI HAa TPAH3UCTOPAX OJHOIO TUIA?

4. B ueM pa3nmnuue KOMMYTalMM BBIBOJOB MHKpocxeMbl KI176JII11 nns

nornueckux ieMenToB 2U-HE u 2UJIN-HE?
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JlaGopatopHas padora Ne 7/

HccienoBanue MHTErPAJbHbIX ONITPOHOB
[enb paboOTHI:
- W3y4YUTh OCOOCHHOCTH PAOOTBI W METOAUKH W3MEPCHHS TapaMeTpOB
OTITPOHOB.

IToaroroBka Kk JiaboparopHoi padore

N3yunte koHCHEKT Jsekuui. IIpm u3ydeHum cieayer MMETb B BHAY, YTO
ONTPOHBI SABJIAIOTCS OCHOBHBIMU CTPYKTYPHBIMU 3JIEMEHTAMH OITODJIEKTPOHUKHU -
OJIHOTO U3 COBPEMEHHBIX HaIlpaBieHUN (YHKIUOHATBHON MUKPO3JIEKTPOHHUKH.

[TpocTelimuii TUOMHBIA ONTPOH COCTOMT M3 TPEX DJIEMEHTOB (PHCYHOK 7.1):
doromznyyarens 1, cBeroBoma 3 u ¢oTOmpHEMHHKA 2, 3aK/IIOUYEHHBIX B
CBETOHENPOHUIIAEMBIN T'epMETUYHBIN Kopryc. [Ipy momade Ha BXO NEKTPUYECKOTO

CHT'HAJIa B036y}KI[aCTC51 (bOTOI/ISJIyLIaTeJIB.

Pucynox 7.1 - CtpykTypHas cxema AHUOHOTO ONTPOHA
CBeToBOW MOTOK IO CBETOBOAY IMOMAagaeT B (POTONPUEMHHUK, B KOTOPOM
BbIpa0aThIBAETCSl BBIXOJHOM AnekTpruyeckuil curHan. CylecTBeHHOM 0COOEHHOCThIO
OIITPOHA SIBJISIETCA TO, YTO €r0 DJIEMEHTHI CBSI3aHbI ONITUYECKH, a ANEKTPUUECKU BXOJT
U BBIXOJl M30JMPOBaHbI JIpyr OT Apyra. biaromaps sTomy, Jierko obOecreunBaeTcs
COTJIACOBAaHUE BBICOKOBOJBTHBIX M HU3KOBOJIBTHBIX, @ TAK)K€ BBICOKOUACTOTHBIX U
HU3KOYACTOTHBIX Ienei. YclloBHOE 0003HauYeHUEe AUOJHOTO ONTPOHA MPUBEACHO Ha

pucyske 7.2.

——
—=

Pucynok 7.2 - YcnoBHOe 0003HaU€HNE AUOAHOTO ONITPOHA
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B xauwectBe (oromsmydareneii ONTPOHOB TMOJIYYWUIM PACHPOCTPAHCHHE
WHKEKIMOHHBIE CBETOJIMOJIb, B KOTOPHIX MCIYCKAaHHE CBETA OIPEIeseTCs
MEXaHU3MOM PEKOMOMHAIIMH 3JIEKTPOHOB U JIBIPOK.

N3BecTHO, 4TO pu3nueckoe sIBJICHHUE, JISKAIIee B OCHOBE MPUHIIATIA JTCHCTBUS
CBETO/IMO/Ia, HA3bIBAETCS DJIEKTPOIIOMUHHUCIICHIIMEH. Ero CymHoCTh 3akitoyaeTcs: B
TOM, YTO B HEKOTOPBIX IMOJIYNPOBOJHUKOBBIX MaTepHasiax MPOIECC pPeKOMOWHAIIUU
AJEKTPOHOB U JABIPOK COMPOBOXKIAETCS U3JICUEHUEM KBaHTa cBeTta. HanmoMHuM, 4TO B
KPEMHUU M TEPMaHUM DHEPIrUs PEKOMOMHUPYIOIIMX YAaCTUIl PACCEMBAETCS Ha
KOJIEOAHUSIX PEHIETKH (aKyCTUYECKUX (POHOHAX).

Jlns mpeoOpa3oBaHUsI CBETOBBIX CUTHAJIOB B JJICKTPUYECKHE B OCHOBHOM
UCIIOJIB3YIOTCS  (pOoTOaMOABI (2 Takxke (QOTOPEe3UCTOphl, (POTOTPAH3UCTOPHI U
(OTOTUPHUCTOPHI).

doToano 1 mpeICTaBIsseT cO00M 0OBIYHBIN N-P-TIEPEXO0/1, Yallle BCETO Ha OCHOBE
KPEMHHUS WM TepMaHus, OOpaTHBI TOK KOTOPOTO OIPEACNSIeTCS CKOPOCTHIO
TEHEpALIMU HOCUTENIEN 3aps/ia, MOPOKIAEMBIX AEHCTBUEM NAJaronero ceerta. Jlanuoe
SIBJICHUE HA3BIBACTCS 6HYMPEHHUM homoIrhghexmom.

OG6patuTe BHUMaHHME, 4YTO CYHIECTBYIOT JIBa PpPEXHMa HCIOJIb30BAHUS
doToamona: 6e3 BHEIIHETO MUTAHUS - BEHTWIbHBIA WM (DOTOBOJIBTANYECKUN PEKUM
U C BHEIIHUM TUTaHUEM - (HOTONUOAHBIA pexuM. DOTOAMOBI, MpEeTHAZHAUYCHHBIC
JUIsl TIpe0Opa30BaHUsl CBETOBOM PHEPTUU B AJIIEKTPUUECKYIO 0€3 BHEIIHETO MUTAHMUS,

Ha3bIBAIOT BEHTWJIBHBIMHU _(poTodnemMeHTtamu. Bo3nukHoBeHHme (oto-2/1C Uos

CBSI3aHO C PA3JEJIECHUEM TEHEPUPOBAHHBIX CBETOM JJIEKTPOHHO-IBIPOYHBIX IMap
nosieM N-p-mepexona. IIpy 3TOM NMPOUCXOIUT HAKOIUIEHHWE ABIPOK B P-00JIACTH U
AJIEKTPOHOB B N-00JIaCTH, 3a CUET 4YEro Ha N-p-mepexoie co3gaeTcs 100aBOYHas
pa3zHocTh noTeHnuanoB. Bennuuna ¢poto-2/1C Ug 3aBUCUT OT YPOBHSI ONTHYECKOTO
curHana Pg 1 BeIMYMHBI CONPOTHUBIIEHUS HAIPY3KH.

HeoOxonumo uMmeTs B BUIY, YTO B (POTOAMOIHOM PEXHME 32 CUET MCTOUYHUKA
BHEIIIHEr0 HaIpsiKeHUus: (POTOTOK ip MPUMEPHO PaBEH TOKY KOPOTKOTO 3aMbIKAHUS
BEHTWJIBHOTO 3JIEMEHTA, a MaJieHue HanpspKeHus: oT poToToka Ha Harpyske Ug mpu

JIFOO0OM COIIPOTUBJICHUKU HAarpy3Ku OoJbIIIE IO BCJIIMYNHE, Y€M B BCHTHJIBHOM
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pexume. Creayer OTMETHTb, YTO TOTOJHUTEIbHBIM MPEUMYIIECTBOM (HOTOAMOIOB
SIBIISICTCSI  BBICOKAsi JIMHEHHOCTh CBETOBBIX XapaKTEPUCTHK 1y, Uep = f(Po),
MO3BOJISAIONIAsl IPUMEHATh UX B ONTUYECKUX JIMHUAX CBSI3U. BEHTUIIbHBIE JIEMEHTHI B
OCHOBHOM HCIIOJIB3YIOTCSI B KayecTBe MpeoOpa3zoBaTesield SHEPruu (COTHEUYHBIC
OaTapem).

OOpaTuTe BHUMaHUE, YTO YNPABICHUE TOKOM C IOMOIIbIO CBETA MOXET OBITh
MOJIy4ueHO U B OHWIOJAPHOM TPAH3UCTOpPE, MPHUYEM C CYIIECTBEHHO OOJbIIeH
YyBCTBUTEIBHOCTBIO, YeM B (POTOAMOAAX, 32 CUET ycuJieHUs Toka Oa3pl. Ciemyer
OTMETUTb, 4YTO ONTHYECKas TeHepalus HocuTener B 0aze (QoToTpaH3UCTOpa
SKBUBAJICHTHA BBEJCHUIO B 0a3y HOCUTENEH 3apsga OT BHEIIHEr0 HCTOYHUKA. B
pe3ynpTaTe (OTOTOK TpaH3UCTOpa YCUIMBaeTcss B [3 pa3 IO CpPaBHEHUIO C
dotommonomM, rae [ - crarudeckuil Ko’(Q(UIMEHT YyCHUJIeHUs ToKa 0a3bl
dboToTpaH3uCTOpA.

MoxHO BBIACIUTD CICAYIOIMNC OCHOBHBIC IIAPaMCTPhl AUOAHBIX OIITPOHOB!

MaKCHUMAaJILHBIA BXOTHON TOK Igx max;

MaKCHMaJIbHOE BXOIHOE HampspDKeHne Upy max;

MaKCUMaJIbHOE BBIXOJIHOE 00paTHOEe HanpsikeHue Ugpix opp max:

BXoAgHOe HampsbkeHne Upgyx - TIOCTOSHHOE BXOJHOE  HaIpsKEHHUE,
COOTBETCTBYIOIIICE 3aJTAHHOMY BXOJHOMY TOKY;

- BBIXOJHOUM 0OpaTHBIN TEMHOBOM TOK lgpix opp 1

- BpeMeHa HapacTaHus lyp M cmaga tcpy BBIXOJHOTO CHTHAlIa - WHTEPBAJIBI
BPEMEHHU, B TCYCHHE KOTOPBIX BBIXOJHOW CHTHAJ JUOJHOTO ONTPOHA M3MCHSETCS B
untepBasax 0,1-0,9 u 0,9-0,1 ot cBoero MakCMMaJIbHOTO 3HAYCHUS,

- koahdunmeHT nepenayu mo Toky Kj - OTHOIIEHUE MPHUPAIIEHUS BBIXOIHOTO
Toka K BXogHOMY K = (Igpix — Ispix osp r)/1 Bx-

Jlabopatopnass pabora  BBHITIONHSAETCS Ha  JaOOpPaTOPHOM  YCTaHOBKE
«OnexTpoHHbie Tpubope». B pabore uccnenayercsa nuoansii onTpoH AO101A u

TpaH3ucTOpHbId onTpoH AOT110A. CxeMbl ONTPOHOB NPEACTABICHBI HA PUCYHKE

7.3 2)u 6).
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Pucynok 7.3 — Homepa BBIBOJOB M CXEMBI OIITPOHOB:
a) TMOJIHOTO, 0) TPAH3UCTOPHOTO

Juonubeii ontpon AO/[101A wmmeer crenyromme mapamerpel: U3Iy4daTeilb —
TTMOJT apCEHUIOTAIUTUEBBIN, TPUEMHUK —KpeMHUEBBINH (poTtoanon, lgx max = 20 MA,
Upx < 1,5B mpu Igx = 10 MA, Upx orpr < 3,5 B, Uppx max = 15B, koaddurmeHt
nepenayu mo Toky > 1%, BpeMsi HapacTaHHsI U cliafa BhIXoAHOTo nMiynbca < 100
HC.

Tpanzuctopubii  ontpon AOT 110A wumMeer clenyromue MnapameTpsl:
W3JIy4daTesb — IMOJI HA OCHOBE COCTaBa raJUIMKA — aJJFOMUHUI — MBIIIbSIK, TPUEMHUK —
KPEMHUEBBIA COCTAaBHOM (DOTOTPAH3UCTOP, PEXKUM PadOThI — KITHOUEBOH, Igx max = 30
MA, Ugx < 2 B mpu lgx = 25 MA, lgyx = 200 MA, Upyx = 30 B, Bpems
nepekimoyeHuss — 10 — 50 Mkc, Mexay BbIBOJAMU 3 M 5 TOJDKEH OBITh MOIKIIOYCH

pesuctop 0,1 — 1 Mom.

JlaGopaTopHoe 3aganne

1. 3apucoBaTh NPUHUUIIUAIBHBIE CXEMbI UCCIEAYEMbIX ONTPOHOB M BBINKUCATH
UX MpeeNbHbIE TapaMeTPHhI.

2. UccnenoBaTh XapaKTEPUCTUKHU THOJHOTO ONTPOHA.

2.1. Cobpatb cxembl UCCIEAOBAHUS PUCYHOK /.4. YCTaHOBUTH HAIPSKEHUE B
ucrounuke nutanus E2 = 10 B.

2.2. M3mensiss E1 ot 0 B no 3Hauenus, koraa Ugx = 1,5 B, cHATH BXOIHYIO
xapaktepucTuky ontpoHa: lgx = f(Upx). [Ipunsarte lgx = E1/R1, tak kak BXOmHOE
COTIPOTUBIIEHUE CBETOAMOAa MHOTO Oonbiie R1. PesynbTaTel uM3MepeHuit 3aHECTH B

tabauity /.1. Iloctpouts rpaduxk.
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PI/ICYHOK 7.4 — Cxema I UCCIICAOBAHUA XapPAKTCPUCTHUK JUOJAHOTI'O OIITPOHA

Tabmuua 7.1.

El,B

UBXa B

IBX; MA

2.3. Ycranouth E2 = 0. M3mensas El, cHATh nepenaToyHyr0 XapaKTEPUCTUKY
ONTPOHA TIPH HCIOJIb30BaHMK (oToBOIbTamueckoro pexuma Ippx = f(lpx).
Pesynbrarel u3mepenuii 3anectu B Tabmuiry 7.2. [loctpouts rpaduk.

Ta0muna 7.2.

El, B

Ispx, MA

Isx, MA

2.4. Ycranosuts E2 = 5B. [loBTOopuTh M3MepeHus no m.2.3 A ONTPOHA IPH
MCIOJIb30BaHUHU (HOTOAMOTHOTO pexuma. Pe3ynpTaTsl H3MepeHuil 3aHeCTH B TaOIUILY
7.3, ananoruunyto 7.2. [loctpouts rpaduxk.

2.5. 3mepuTh BpeMeHa HapacTaHus typ U craja tey BBIXOIHOTO TOKA ONTPOHA.

CobOparh cxemy HCCIEIOBaHUS, N300pKEHHYI0 Ha PUCYHKE /.5, BKIIOYHMB B
LeNb CBETOAMOJIa TEeHEpaTop HMMIYJbCOB. YCTAaHOBUTh Ha BBIXOJE TI'€HEpaTopa
amMIuuTyny umnyiascoB 5 B ¢ wactoroit cnegoBanusa 10 kI'u. K m3meputensHomy
pesuctopy R2 mnoaxmounts ocruuiorpad. (Hpyroit kaHam ociusuiorpadga

HCIIOJB3YCTCA A1 HU3MCPCHHA aMIUIMTYAbl HMITYJIBCOB Ha BBIXOJC reHepaTopa).
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YcranoBute E2 = 5B u mo ocuwiiorpaMMe BBIXOJHOTO — HampsbkeHuss Ha R2
M3MEPUTh BpEMEHA HapacTaHUsl | craja (pOHTOB UMITYJIbCA.

VYcranoButh E2 = 0 1 moBTOpUTH M3MEpPEHUS BpEMEH JJisi POTOBOIHTAMYECKOTO

pexumMa.
K1 N
e e
10 E2
HY L ] KM ﬁoﬂ —
GD Ocuymnnorpadg
L —== & | kaHan
& || kaHan
E2| |500
Om

PI/IC}/HOK 7.5 - Cxema ML USMCPCHUA BPCMCHHU HapaCTaHUA U CIIaa
BBIXOOHOI'O TOKa OIITpOHA
Paccunrath cpeaHee BpPEMA 3aACPKKH PACIIPOCTPAHCHHA CHUTHAJIa B AWMOJHOM

onTpoHe aJisi GOTOAUOAHOTO U (HOTOBOJBTAMYECKOTO PEKUMOB 10 hopMyIie

1(t, t

3. HccnenoBath XapaKTepUCTUKH TPAH3UCTOPHOTO ONTPOHA, pabOTAaOIIEro B
pexxume kimoya. Cobpath cxemy (pucyHok 7.7), ycranoButh E2 = 5B, R1 = 1kOwm,
R2 = 1Mowm, R3 = 10xOm.

N3mensss E1 or 0O po 2B, CHATP MEPENATOYHYI XapaKTEPUCTHUKY
tpau3uctopHoro onrtpoHa Igyx = f(lgx); mpuuste lgx = E1/R1. Pesynbratsl

U3MEpEeHUi 3aHecT B Ta0nuny 7.4, ananoruunyto 7.2. [loctpouts rpaduxk.
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Pucynok 7.6 — Cxema a1 u3MepeHus nepeaaToqHoN XapaKTePUCTUKH
TPAH3UCTOPHOTO ONTPOHA
Conep:xanue oryera

OTuer IOKEH COJIePKATh:

MMpCACIbHBIC ITAPpaMCTPhI U ITPUHIHIINAJIBHYIO CXCMY HCCICAYCMOI'O OIITPOHA,

CXCMbI HSMGPGHHﬁ;

TaOIUIBI U TpaQUKU CHATHIX 3aBUCUMOCTEH;

PaCCYUTAHHBIC 3HAYCHMS I1apaMCTPOB,

OCIIUJJIOTPaMMBbI TOKOB U HaIPSKCHU.

KoHTpoJibHBIE BONIPOCHI

1. Uto Takoe BHyTpeHHUH (poTOIPhEeKT?

2. llosicuute mporecc oOpazoBanus (oroToka nuona. Kakoit mnapamerp
onuchiBaeT YPPEKTUBHOCTH JAHHOTO Mporecca’?

3. [louemy 4yBCTBUTEIBHOCTh (POTOTPAH3UCTOPA BhIIIE, yeM (hoTonuoaa?

4. B yeMm npuyrMHa HHEPLIMOHHOCTH (GOTOIUOI0B?

5. B ueM nmpu4MHBI HUHEPITMOHHOCTH (HOTOTPAH3UCTOPORB?

6. [TosicHuTe MpUHLIMI JEWCTBUS CBETOIMOIA.

7. IloueMy ONTPOHBI HCIIOIB3YIOTCS ISl Pa3BA3KH JIEKTPUUECKUX LIETeH?
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