[lOKYMEHT NOANMUCaH NpOCTO# 3NeKTPOHHOM NOANMUCHIO
MHbopmauus o Bragenbue:

®WO: NoktnoHosa OkcaHa leHHafbeBHA

[lomxHOCTb: NpopeKTop no y4ebHoi pabote

[Jlata nognucanns: 21.12.2021 14:55:51

s HOBPHAY K POCCHI
——PeAcpanbHOC TOCYAaPCTBCHHOT OROIKETHOE 00pa30BaTeIbHOE yupe-
KIICHUE BBICILIETO 00pa3oBaHus
«kOro-3anaiHelii rocy1apCTBEHHBIH YHUBEPCUTET
(FO31)

Kademnpa kocmuueckoro an6opOCTpoemm " CHg;TeM 6BS[3H

r 0 GI LR

8 r‘ lu.,,p(‘.!JB* >

DJIEKTPOHUKA
MeTtonnueckue yka3aHus K 1a00paTOPHBIM 3aHATHAM

Kypck 2019



VIIK 681.325

Cocrasurens O. I'. bongaps, E. O. bpexxnena

PenenseHnt
JIOKTOp TeXHHMUEeCKHX Hayk, npodeccop Kadeapbl BBIYUCIUTEIBHOU
TexHuku /. E. Yepneykasn

DJIEKTPOHMKA ;| METOAMYECKUE yKa3aHUs K JTa0OpaTOPHBIM 3aHs-
tusim / FOro-3an. roc. yu-1; coct.: O.I'. bonmaps, E. O. bpexnesa. -

Kypck, 2019. - 91 c.: un. 23. Ta6u. 20: bubmuorp.: ¢.91.

W3naratorcs KpaTKue CBEAEHUS O METOAMKAax pacyéra y3JIOB aHaJOTOBBIX
AIEKTPOHHBIX YCTpoucTB. [IpuBeeHb! 3a1aHusl.

Meroanueckue yka3aHusi COOTBETCTBYIOT TPEOOBAHUSIM MPOTPAMMBI, YTBEPKJICH-
HOM y4eOHO-METOAMYECKUM OOBEAMHEHHEM M0 CHEHHMATBbHOCTAM aBTOMATHKU U
anekTpoHuku (YMO AD).

[Ipenna3zHayeHsl 11 OakanaBpoB HamnpasieHuss noaroroBku 11.03.03
«KoHCTpynpoBaHue M TEXHOJOTHS JJICKTPOHHBIX CPEACTBY» BceX (popm oOydeHUs
u 11.03.02 «MHPOKOMMYHHKAIIMOHHBIE TEXHOJIOTHHW M CHUCTEMBI CBS3U» BCEX
dopm oOyueHus1, 10.03.01 «MudopmannoHHas 0e30HaCHOCTEY JAUCHUILIAHA
«InexkTpoHuka u cxemorexHukay, 09.03.02 «MHpopmalmoHHbIE CUCTEMbI U TEX-
HOJIOTHIY TUCITUTIINHA DJICKTPOTEXHHUKA U DJIEKTPOHUKA BceX (popM oOydeHwUs.

MoryT OBITh MOJE3HBI 00yYarOMMCA APYTUX HaNpaBICHUN MOATOTOBKU
M3YyYarolUM 3JIEKTPOHHUKY.

TekcT nevaraercsi B aBTOPCKOU peaaKIINU

[Toanucano B meuats _ 8.02.19 . ®opmar 60x84 1/16.
Ve ned. 1. 5,29 . Yu.-u3n. n. 4,79 . Tupax _100 >x3. 3aka3z _92 .
becnnatHo.
FOro-3anaaHbiii TOCY1apCTBEHHBIA YHUBEPCUTET.
305040, r. Kypck, ya. 50 net Oxts6ps, 94




Conep:xanue
BBEJIIEHUE ...t 6
CPEIIA MULTISIM L..oiiiiiiiiii e s 6
CO03/1aHUE U OTKPBITUEC TMPOCKTOB ....vvveervvreaireessireesssreesssneesssneesseeesnseens 7
HTEPPEHC TIPOTPAMMDBI ..c..vevvieeiniieieeaiieeessiieeeessiseeessssseesssnneesssnseeeesans 7
O030P KOMITOHEHTOB .....uvveeutriessreeessreeessseeessseessssessssnessassessnsneessssessnseens 8
BUPTYATBHBIE TIPHOOPDBI «.ecevvveeeiiiiieesiiieeesiieeessiseeessisneessssseeessnsneees 10
IMYTIBTHIMET] -.veeeeutteeeeaiteeeeeiteee s sttt e st e et e e e s s e e e annne e e e ennre e e s nnnes 10
['€HEPATOP CUTHATIOB ...cceeiuiriiiiieeiiiireeeeessiineeeeessssnnnee e e s s snnneeeeeeannes 11
(@ 0117 8) 81 (0] iy o - 11 ) LU PP UPPPTUPPROTPY 11
[ToctpouTenp yacToTHBIX XapakTepuctuk (Bode Plotter) ............. 12
CHEKTPATBHBIN QHATTABATOP «eeevvvrereessannreeeaessansnnneeeesssssnseeeessansnnes 13
BATTMETP .ot 13
TOKOBBII TIPOOHUK. ....ccuveieiiieeiiiie et e sieee st e e snee e 14
NBMEPUTEITBHBIN TIPOOHMK ....eveeivreeeeinrieeessirreeesssreeeesnneeessnneeessnnees 14
Ok 3i 205 % (ST, (3.7 S 14
AHAIN3 3JIEKTPOHHBIX YCTPOMCTB ..vvveeurreeesnrneeesnneeessnnneeessnnneessnnneeens 16
Postprocessor U Grapher............oceveiiiiiiiiieiee e 18
OO01IKe TPABUIA MOJCTAPOBAHUS -..ecvvveenreeaireessnreessnreessneesneeeses 19
TOTOMOTHST CXEM ...iiiiiiiieiiiiiie ettt ettt e e enbee s 20
1 UICCJIEJOBAHUE BBITIPAMUTEIIEM.........cccvveveeciceeeseee, 21
LIEITD PAOOTBL....cceeiuiiiieeiiiieeeeitiee e et e e sttt et e s e e e s snne e e e anreee s 21
OCHOBHBIE TEOPETUUECKHUE TTOTOIKECHUS ...vvvveenreeeesnrenessnnnenessnnnneennns 21
OIHOTIOMYTIEPUOTHBINA BBITIPSIMHUTEIID ...vevvvveeireessireessireessnessnseeenns 21
JIBYXTIOTYTIEPUOIHBIN BBIIIPSMUTEID ....eeivrrreeeeeeeeeessssnnnnnnnnneeess 24
TTOATOTOBKA K PAOOTE ...uvvvveiiurrieeisiriieessirieesssstenesssssessssssnnesssssensssnssenes 31

[TpOrpaMMa UCCHETOBAHMM .....eeeeriiurrrereesaanrreeaessaannnneeaesaanssneesessansnnees 32



KOHTPOTBHBIEC BOTIPOCHL........vveeieeeaiiireeeesaanirreeaaessnsseeeeesaansnneeeessannnnees 35
(1001 (5] 00 %13 1 (S0 e (5 - W UU PR PRSI 35

2 IAPAMETPUYECKUI CTABMJIM3ATOP HAIIPSDKEHUAL....... 37
| o158 o 100 1 2 SO SRR PSP 37
OCHOBHBIE€ TEOPETUUECKHUE TTOTOMKEHHUS «...vvvvveaesrnrrrnneassanrrneesessannnees 37
TTOATOTOBKA K PAOOTE ...uvvvveeiuvieeeisiirieessireesessinenessnsnesessssnnesssssnesssnssenes 41
[TpOrpaMMa UCCHETOBAHMM .....eeeeriiurrrrreessanirreeeeesaasssneeeesaannseeeeessansnnees 42
KOHTPOTBHBIE BOTIPOCHL........uveeieeeiiiiieeeessanitreeeesssnsneeeaesaannneeesessanssnees 48
COMIEPIKAHUIE OTUCTA .vvvveressrsrrrrreesssssrrensessssssseessssssssseesssssmsseessessnnssnens 48

3 BOJIbTAMIIEPHBIE XAPAKTEPUCTUKMU W ITAPAMETPhBI
BUTTOJISIPHOTI'O TPAH3UCTOPA ... 49
LIEITD PAOOTBL....eeeeiutviieaiiiieeesittee e s sttt e e st e e st e e s st e et e e e s nnbe e e e snreee s 49
OCHOBHBIE€ TEOPETUUECCKHUE CBEHACHHUSM ... evvvveeeessnrrrneaessanrneeeeesannsnnns 49
DU3NYECKHE OCHOBBI PAOOTHI TPAHIUCTOPOB . ...vvveernrrreesireeeesnrness 50
TTOATOTOBKA K PADOTE .....vvveeivieeirieeieeeeieee st e e st sinee e e e S7
[TporpamMMa UCCHEMOBAHMM ......ccoruvvreeiiurereeiiieeessieeeessneeaessnneeeesneeeens 58
KOHTPOIIBHBIE BOTIPOCBL. ...c.vvveeeiaireeeesnreeeessnneeessnnneeessnnneeesnnneeessnneeens 66
COMIEPIKAHUE OTUCTA .vvvvreessrsrrrrrsesssssrrerssssssssseessssssssesessssnsseessssssnssnens 67

4 BOJIbTAMIIEPHBIE XAPAKTEPUCTUKU W TIAPAMETPHI
[TOJIEBOI'O TPAH3UCTOPA ... 68
LIEITD PAOOTBL.....ceeiuiiiieeiiiieeeeiiee e et e e ettt et e st e s e e s snne e e e anreee s 68
OCHOBHBIE TEOPETUUECKHUE TTOTOIKECHUS ...vvvvrernrreeesnrenessnnneeassnnneeennns 68
TTOZITOTOBKA K PAOOTE .vvvveeiivrireieesiiiireeeesssstsensssssssssnnsssssnsssnesssssnssnens 71
[IpOrpaMMa UCCHEMOBAHMM ....ceeerirurrrereesiisirreeiessainneeeessssnnnneeessssnsnnes 71
KOHTPOTBHBIE BOTIPOCHL........uvveieeeiiiiieeeesaairreeaeessnsneeeeessannnneeeesssnnnnes 75
COHCPIKAHTE OTUECTA ..oeevveeervrrrrerreeeaeesssssssssrsssreressessssssssssrssneseeseeessns 75

5 HUCCIEAOBAHUE VYCW/IMUTEJIBHOI'O KACKAJIA HA
BUIIOJIAPHOM TPAH3UCTOPE ..o 76



LIEITD PAOOTBL....eeeeiuivieeeiiiieeeeitiee e ettt e e sttt e e st e st e e s snbe e e e s snbe e e e snreee s 76
OCHOBHBIE TEOPETHUECCKUE TTOTOMKEHHUS «.vevvvveervrieeireesireesreeeseeeesnens 76
TTOZITOTOBKA K PAOOTE ..vvveeeivrrrereesiiiirereesssssrnneesssnsssneessssnssnnessesssnssnees 78
BOMPOCH JITI5T CAMOKOHTPOIS «vvvvvvveeesireressnseenessssnnsessssnnsesssssssssnssenss 79
[IpOrpaMMa UCCHETOBAHMM .....eeeeeiiurrrrreessanrreeaassaanrsneeaesaansnneeaesasnsnnees 79
KOHTPOIIBHBIC BOTIPOCBI. ..ceevvveeessireeesssreeessssensssssessssssnnesssssssssnsseess 82
COMCPIKAHME OTUCTA 1.eveiivevrrrrrrrrresessssssssssssssseeeessessssssssssssssseseesseeesns 83
6 MHCCIEIOBAHUE VYCUWIMUTEJIIBHOI'O KACKAJIA HA
[TOJIEBOM TPAH3UCTOPE .......coooiiiiiiieee e 84
LIEITD PAOOTBL....eeieiuiviieeiiiieeasitiee e sttt e e e st e e e st e e st e e e st e e e s nnbe e e e snreee s 84
OCHOBHBIE TEOPETUUECKHUE TTOTOMKEHHS «...vvvveraesiinrrnneessanrreeesessannnnes 84
TTOATOTOBKA K PADOTE ...uvvveeeiuriieeisiiieeesiieeeesiteeessssneeessnsneesssnseeessnsseeens 87
[TpOrpaMMa UCCHETOBAHMM .....eeeeriiurrrrreesaanirreeaeesaannseeeaesaassnnneeessnnsnnees 88
KOHTPOIIBHBIE BOTIPOCBL. ...c.uvveeessitreeesnreeassnsneeessnnsneesannneeessnseeessnsneeens 90
COMIEPIKAHIE OTUETA ..vvveeernerrrrreessannrrreeessaasssreeaessassseeeessasssseeseesssnssnees 90

CIIMCOK PEKOMEHYEMOM JIUTEPATYPBL........cccovverrrrnnnne.. 91



BBEJAEHUE

JlaGopaTopHbIii UK OPUEHTUPOBAH HA MPAKTHUUECKOE U3yUCHHE
XapaKTEPUCTUK M TMapaMeTPOB KOMIIOHEHTOB JJICKTPOHHBIX CXEM, a
TaK)K€ M3YyUYEeHHE OCOOCHHOCTEH WX MPUMEHEHHUS B MPOCTEHIIMX DJICK-
TPOHHBIX yCTpoicTBaxX. M3ydeHne B OCHOBHOM OCYIIECTBIISICTCSI CUMY-
JSAIUEH B cpejie MPOCKTUPOBAHUS 3JCKTPOHHBIX ycTpoiicte Multisim
(OrCAD). Oto TpeOyeT 3HaHHS OCHOB IPUMEHECHHMS CpeJl MPOCKTUPOBa-
HUSL.

CPEJA MULTISIM

Multisim ¢upmer National Instruments mo3BosisieT 00BEAVMHHUTH
IPOIIECChl Pa3pabOTKH JJICKTPOHHBIX YCTPOWCTB M TECTUPOBAHUS Ha
OCHOBE TEXHOJIOTHH BHPTYaJIbHBIX IMPUOOPOB Il YUCOHBIX U MPOM3-
BoAcTBeHHBIX 1eneit. Multisim u Ultiboard nBe coctaBubie uacTu cpenbl
npoekrupoBanus Circuit Design Suite. TlepBas — cpema MpoeKTUPOBA-
HUS DJIEKTPOHHBIX CXEM, a BTOpas cpefla MPOSKTHPOBAHMS IEYATHBIX
TuIar.

TexHonmorust BUPTyaIbHBIX MPUOOPOB SIBISETCS 3BEHOM CBSI3YIO-
mmm Circuit Design Suite ¢ cpemoii BU3yaabHOTO TMPOSKTUPOBAHUS U3-
MEpPUTETBHBIX TPUOOPOB U cuctem LabView.

VIMEHHO TEXHOJIOTHSI BUPTYATbHBIX TIPUOOPOB SBISICTCSI OCHOBHOM
OTJIMYUTENIbHON OCOOCHHOCTBIO JIaHHOTO TMpoaykTa. Multisim obecrie-
gUBaeT BO3MOKHOCTh MHTepakTuBHOTO SPICE-mMonmenupoBanust u aHa-
JM3a SJISKTPUUSCKUX IeTIeH, UCIIOIB3YEMBIX B CXEMOTEXHHKE aHAJIOTO-
BBIX, IU(PPOBBIX U CMEMIAHHBIX YCTPOUCTB. ITOT MHCTPYMEHT ITO3BOJIS-
€T, C OJHOM CTOPOHBI, ClIeJIaTh OUYEHb HATJISITHBIM U3Y4YeHUE TUCITUTLIH-
HBI, a C JPYroil CTOPOHBI, TOATOTOBUTHCS K pabOTE B pealibHOM J1abopa-
TOPHH, WU3yYHB METOJWKY TUTAHUPOBAHUS W IPOBEACHUS SKCIICPUMEH-
ToB. Hanimuue anmapaTtHoro cpenctsa B Bujae yctaHoBku ELVIS |1 mo3-
BOJISIET C JIETKOCTBIO MTPOBECTH IKCIIEPUMEHTAIIBHBIC UCCIICAOBAHUS TEX
e YCTPOWCTB, YTO U B CpeJiec MOJCIUPOBAHUS U COIOCTABUTH PE3YIlb-
TaThI.



3ajaya CyIeCTBeHHO 00J1erdyaercss TeM, 4TO BUPTYyaabHbIE ITPHUOO-
PBI, IPOTOTUIIAMH KOTOPBIX SIBJISIOTCS CEPHUMHO BBITYCKaeMbIe MPHUOO-

pBI pealTM3yIOTCS U B IIporpaMMHoO-anmnapatHoi cpeae LabView — ELV-
IS 11

Co3naHue 1 OTKPBITHE IPOEKTOB

Cosnanne HOBOro mpoekra B Multisim MakcuMaabHO yIpOIICHO.
JIst 3TOro JOCTaTOYHO 3alyCTUTh OJHUM U3 CIIOCOOOB IMPOrpammy

Multisim (depe3 MeHIO ImporpamMM HJIM UKOHKY HpPOrpaMMBbl ﬁ) [Tpu
9TOM aBTOMAaTHYCCKH co3macTcs myctoit daitn mpoekra Designl.msl2
(4rcito B pacIIMPEeHUM — HOMEP BEPCHHU Mporpammsbl, 31ech 12). Ilpu
COXpPaHCHUHM 3TO Ha3BaHHE MOXKET OBITh M3MEHEHO Ha IPOMU3BOJIBHOE.
JIOIyCTUMO TPHMEHEHHE KHPWUIALBL. IIpy IMOBTOPHOM COXpaHEHUHU
co3maércst CKPBITHIN pe3epBHbIN ¢aiin Designl.ms12 (Security copy).

OTKpBITh CYyHIECTBYIOIIMUN NPOEKT MOYKHO YEPE3 OCHOBHOE MEHIO
nporpammbel File/Open win IBOHHBIM IETYKOM HEMOCPEICTBEHHO Ha
uMeHH (aiina cymecTByromero mnpoekra. OOpaTHas COBMECTUMOCTH
nporpamMm Multisim He momgnepkuBaercs, T.e. HENB3s OTKPBITH (aidi,
co3naHHbIi B Bepcuu 13 B mporpammoit Multisim Bepcum12.

HNuTepdeiic nporpamMmsl

Multisim siBisieTcsi mporpaMMoil ¢ MHOTOOKOHHBIM TpauiecKum
UHTEP(PENCOM, MO3BOISIOMIUM CTPOUTh U PEJAKTUPOBATH CXEMBI, MOJE-
JU U U300pakKeHUsT KOMIIOHEHTOB, a TaKXe MPEJCTaBISITh PE3yJIbTaThl
pacueToB B ynoOHOM TpaduueckoM Buje. llonbp3oBaTenbckuii MHTEP-
(elic mporpaMmbl MOKa3aH Ha PUCYHKE | M COCTOMT U3 CIEAYHOUIUX
AJIIEMEHTOB:

1 — cmpoka menio (TIIaBHOE MEHIO) TIO3BOJISIET BRIOMPATh KOMAHABI JJIs
BceX (DYHKITUH;

2 — nanenv pazpabomxy MO3BOJSET YIPABIATh PA3INYHBIMU 3JIEMEHTA-
MU CXEMBI;

3 — nanenb uHCMpPYMeHmo8 COCTOUT U3 KHOIOK JUIsi OBICTPOrO JTOCTyMa
K KOMaHJaM H 3JIEeMEHTaM MEHIO;

4 — oxHo pedaxmuposanus (padboydast 001aCTh);



5 — npubopHas nanenb COCTOUT U3 HAOOpa KHOMOK JJISI JOCTyIa K MO-
JEISIM KOHTPOJIbHO-U3MEPUTEIBHBIX TTPHOOPOB.
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Pucynok 1 — UaTepdeiic Multisim

O030p KOMIIOHEHTOB

Kak u3BeCTHO BCE AJIEKTPOHHBIE YCTPOMCTBA COCTOST W3 KOMIIO-
HEHTOB (PE3UCTOPHI, KOHJACHCATOPHI, KaTyIIKH WHAYKTUBHOCTH, JHOIBI,
TPAH3UCTOPHI U T.II.).

Multisim umeet 6a3bI JaHHBIX TPEX YPOBHEI:

— W3 I'maBHoOM 0a3b1 nanHbiX (Master Database) MOXXHO TOJIBKO CUH-

THIBaTh MH(POPMAIINIO, B HEM HAXOIATCA BCE KOMITOHEHTHI;

— Ilonw3oBarenbckast 0a3a ganHbix (User Database) cooTBeTcTBYeT

TEKYIlEMY MO0JIb30BaTeNII0 KoMIbloTepa. OHa mpeHa3HayeHa s



XpaHCHHUS KOMIIOHEHTOB, KOTOPbIC HEKEIATeIbHO MPEAOCTABIATh
B OOIIUH JOCTYTI;

— Kopnopatusnas 6a3a gannbix (Corporate Database). IIpennaszna-
YeHa IS T€X KOMIIOHCHTOB, KOTOPBIC JOKHBI OBITH JOCTYITHBI
APYTHUM TI0JIb30BATEISIM 10 CETH.

CpenctBa ympaBieHus 06a3aMH JTaHHBIX IO3BOJIAIOT MEpEeMeENiaTh
KOMITOHEHTBI, OOBEIUHATH JBE 0a3bl B OJJHY M PEIaKTUPOBaTh UX. Bee
0a3bl JaHHBIX Pa3EIAIOTCSA Ha TPYMIbI, & OHH, B CBOIO OYepe/ib, Ha Ce-
mericTBa. Korma monas3oBaTenb BEIOMpAaeT KOMIIOHEHT M TTOMEIIAET €0 B
CXeMy, CO3JaeTCsl HOBas KOmus. Bce M3MeHeHus ¢ He HUKaK He 3aTpa-
TrUBAIOT HHGOPMAIIHIO, XPAHSAIILYIOCS B 0a3e JaHHBIX.

baza nannsix Master Database pa3jeneHa Ha TpyIIIbL.

— Sources. CoepKUT BCE UCTOYHUKH HAIPSKEHUS U TOKA, 3a3€M-
nenus. Hanpumep, power sources (MCTOYHUKH MOCTOSIHHOTO, II€-
PEMEHHOT0 HamNpsHKEHUs, 3a3eMJIeHHE, OeCIpOBOAHBIE COEIIUHE-
nHus - VCC, VDD, VSS, VEE), signal voltage sources (MCTOUYHUKH
MPSMOYTOJIBHBIX HMMITYJIbCOB, UCTOUHUK CHUTHAJIa 4Yepe3 Ompeie-
JIEHHbIC MPOMEXKYTKU BpeMeHH), signal current sourses (IMOCTOSH-
HbIE, IEPEMEHHBIE UCTOYHUKHU TOKA, UCTOUYHHUKH MPSIMOYTOJIBHBIX
UMITYJIbCOB).

— Basic. ComepXuT OCHOBHBIC dJIEMEHTHI CXEMOTEXHHUKHU: PE3UCTO-
pbl, MHIYKTHUBHBIC 3JIEMEHTBI, €MKOCTHBIC 3JIEMEHTHI, KIIIOYH,
TpaHC(OpPMaATOPBHI, peie, KOHHEKTOPHI U T.1.

— Diodes. ConepuT pa3nudabie BUABI JUOJO0B: (POTOAUOMIBI, THOIBI
[IIoTTKHM, CBETOAMOMBI U T.I.

— Transistors. CoaepXuT pa3nudHble BUABI TPAaH3UCTOPOB: pnp-,
NPN-TpaH3UCTOPHI, OUMOJIAPHBIE TPaH3UCTOPBI, MOII-
Tpan3uctopsl, KMOII-TpaH3ucTops # T.1.

— Analog. ComepxuT Bce BHIBI YCHIIUTENCH: ONIEpallMOHHBIE, M-
(depeHnmanbHble, MHBEPTUPYIOLIUE U T.1.
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TTL. CoaepXuT 31€MEHThI TPAH3UCTOPHO-TPAH3UCTOPHOM JIOTH-
KH.

— CMOS. Coaepxut anemernTsl KMOIT-noruku.

— MCU Module — ynpapistonuii MOy b MHOTOITYHKTOBOM CBSI3U
(ot anri. multipoint control unit).

— Advanced_Peripherals. CoxepxuT mnoakiaouaeMble BHEIIHUE
yCTPOMCTBA (IMCILICH, TEPMHUHAIIBI, KJIABUIITHBIC TIOJIs).

— Misc Digital. Coaepxut pa3nuunbie 1IUGPOBBIC YCTPONCTBA.

— Mixed. ConepkuT KOMOMHUPOBAHHBIC KOMITOHEHTBI

— Indicators. ConepxuT H3MepUTEIbHBIE MPUOOPHI (BOJIBTMETPHI,
aMIIEpMETPBI ), JaMIIbl U T.[I.

BupryajabHbie npudopbl

Bce HpI/I60pBI pacioJIOKCHBI HAa IMAHCIIN MHCTPYMCHTOB. Paccmor-
pHUM OCHOBHBIC.

MyabTHMeTp

MynbsTmMeTp (PUCYHOK 2) NMpEeIHa3HA4YeH Uil U3MEPEHUs mepe-
MEHHOTO WJIM IOCTOSHHOTO TOKA, WM HaIPsSKEHUS, CONPOTHBIICHUS
WM 3aTyXaHUS MEXKIY JBYMsI y3J1aMH CXEMBI.

CRMML e
A | |
TT Al [v]al|s

Set... -

Pucynok 2 - MynsTumeTp
Jluamna3zoH u3MepeHuid MyJIbTUMETpa Moi0upaeTcs: aBToMatnuecku. Ero
BHYTpPEHHEE CONPOTHUBJICHUE M TOK OJIM3KH K HACAIbHBIM 3HAYEHUSM,
HO UX MOYKHO U3MEHHUT.
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FeHepaTop CUIrga’jioB

['eneparop curnanos (function generator) — 3T0 UICTOYHUK HAMpsi-
KEHUS, KOTOPBIM MOXET TeHEPUPOBATh CHHYCOHUJATIbHBIE, MHUI000pa3-
HbIE U MPSIMOYTOJIbHBIE UMITYJIbChI (PUCYHKO 3). MOXHO HU3MEHHTH
¢bopMy curHana, ero 4acToTy, aMIuIuTy 1y, KOO)PUIIMEHT 3aN0JIHEHUS U
MOCTOSIHHBIA cABMT. Jlmama3oH IeHepaTopa JOCTaTOYeH, YTOOBI BOC-
POU3BECTH CUTHAJBI C YACTOTAMH OT HECKOJIBKUX TepIl 0 ayaHro U pa-
JMOYaCTOTHBIX.

%" Function Generator-X... [E4
........... —ifaveforms
S e g o

: |——— © | Signal Options

]

! " | Frequency Il |
| © | Duty Cycle [0 [
| |

|

Amplitude [ 10
Offset | ]

: . o€t Rreeftall e

W
'nui'
|

Pucynok 3 — I'enepatop curajion

Ocunstorpad

B Multisim ecTh HeCKOJIbKO MOJau(UKAIMK ocuuiuiorpados, Ko-
TOPHIMU MO>KHO YIPABIATH Kak HacTosmuMHU. OHU MO3BOJISIIOT YyCTa-
HABJIMBATh TMapaMeTphl BPEMEHHOW pa3BEPTKU M HAMNPSKEHUs, BHIOU-
paTh TUI W YPOBEHb 3amycka u3MepeHui. JlanHwle ociuuiorpados
MOXHO TIOCMOTPETh TMOCJ€ OMYJAIUU C T[OMOIIbI CaMOMNHUCIA
(Grapher) u3 mento Bun\ITnorrep (View/Grapher).

B Multisim ecTb cienyroiue ociuiiorpadsb:

— 2-X KaHaJIbHBINA (PUCYHOK 4)
— 4-X KaHaJbHBIN
— ocruorpad cMmemanHbeix curHanoB Agilent 54622D
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— 4-x xaHanbHBIN nHU@poBoN ocumwuiorpad ¢ 3amuckio Tektronix
TDS 2024.

# Dzcilloscope-XSC1

& | ‘ | i I ﬂ
i, ol L, o ] Tima Charmal_a& Channad_B
ST :; ﬂﬂ 0.000 5 8004 Y 10524 p! M
L 00000 ms  BOS Y 10,531 g .
o
TET1 || 100.000 ms 477305 0\ HTH1 il . Trigger
e

Time Chia .y Chan B Trigger

SEHW Geale [ DIy Seale |5 Wi Bie [F x| |
¥ pasition [0 'rpusii.un.||:| ¥ position |0 Lewel |u [-.,J
[7IT ad| Bia|am]| | Ac] o O & Ac|o JOU -| & Type Sing | Hor. | Adto|[Fane

PucyHok 4 — JIByXKkaHaJIbHBIN oCcHUILIOrpad

IMocTpounTesnb YacTOTHBIX XapakTepuctuk (Bode Plotter)

OtoOpaxkaeT OTHOCHUTENIbHBIA (Da30BBIM WM AMIUITUTYIHBIA OT-

KITHK
BXOJIHOTO M BBIXOJIHOTO CUTHANOB (PUCYHOK 5). ITO 0COOECHHO YJI00HO
: g © Bod I x|
| T XEPL _l . [ mogntude Phasa |

—+_\ . Harizontal ‘krtical
I I ?UT | - - | Log Lim I Lag ]
$3 33l Fl1 ESBIGE [ e
[l = 0= 7 o e
Controls
Fererse I Sawe | Gt I
il il - C - +H- 0wt - .

IPU aHAJIU3€ CBOMCTB MOJOCOBBIX (DUIBTPOB.
Pucynok 5 — IloctpouTesnb 4aCTOTHBIX XapaKTEPUCTUK
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CrnekrTpajbHbIH AHAJIN3ATOP

CrexkTpanbHbIM aHanmu3aTop (spectrum analyzer) CIyXuT IJis W3-
MEpEHHUS aMILUIMTYAbl TAPMOHMKHM C 3aJJaHHON 4acToTOi (PHUCYHOK 0).
Takke OH MOXKET U3MEPUTHh MOIIHOCTh CHUTHAJIA U YACTOTHBIX KOMIIO-
HEHT, ONPEJEIUTh HAINYUE TAPMOHUK B CUTHAJIE.

Pe3ynbTaThl pabOThl CIIEKTPAIBLHOIO aHAIU3aTOpa OTOOPAKAKOTCS
B
4acTOTHOM oOsacT, a He BpeMeHHOW. OOBIYHO CHUTHAN- 3TO (YHKIIUS
BpEeMEHHU, I €€ M3MEpeHus UCIoib3yeTcs ocumwuiorpad. Muorma
0XKMJACTCAd CUHYCOUJAIBHBIN CUTHAJ, HO OH MOXET COJIep>KaTh JIOMOJI-
HUTEJIbHBIC TAPMOHUKH, B PE3yIbTaTe, HEBO3MOXKHO U3MEPUTh YPOBEHD
curHana. Eciam ke curnan uaMepsieTcsl CHEKTPAIbHBIM aHAIU3aTOPOM,
MOJIy4aeTCsl YaCTOTHBIN COCTAB CUTHANA, TO €CTh ONPEACISIETCS aMILIH-

x|

Span Control

| Set Span Ziu-n&:unl Full Span

Fraquenoy Ampltude
| _dB | 4 [ Tin
tipaam [ 1000 [H: | Range|: B
Start [ 1 [k Rt

Center|| 51 keHz Resobhgion Freq.
E-d[llill ||,|.|= II cHz

||I.|||| |%1 I

I

start [Fiop | Rawersa | | sai. |
Y Y et e C
Tyaa OCHOBHOMU U AOIIOJIHUTCIIbHBIX I'APMOHUK.

PucyHnok 6 — CriekTpaibHBIA aHATIU3aTOP
Barrmetp

[Tpubop npenHasHayeH sl U3MEPEHUS MOIIHOCTH U KO3 uULIU-
€HTa MOIITHOCTH (PUCYHOK 7).
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Pucynok 7 - BartmeTp

TokoBblii NPOOHUK

Pucynok 8 — TokoBbIif MpOOHUK

N3mepuTeabHblil NPOOHUK

[Toka3pIBaeT MOCTOSIHHBIC M IIEPEMEHHBIC HANPSKCHUS U TOKU Ha
y4acTKe ILIEIH, a TAK)XEe YaCTOTY CUTHaja (PUCYHOK 9).

KLY il
M T ?mkn
L o |
Foclsg |
- | | ]
W 54T pY GHND

Ap-pl: 8.38 pb

‘imns ) 7.20 pv

“ide): 862 pW

I -BE1 wA

Iip=p: 212

w lims=l .83 ma .

Iehe: «1 .40 o

Freq.: 60.0 Hz

Pucynok 9 — M3ameputenbHbIi MPOOHUK

[ToMUMO mepeyurcIeHHbIX MPUOOPOB UMEIOTCSI MPUOOPHI UCTIOJb-
3yeMbl IPY MOJICIMPOBAHUH LIM(PPOBBIX U CMEIIAHHBIX YCTPOMCTB.

Co3aanue cxeM
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PaccMoTpuM mponecc co3aHus CXeMbl Ha MPUMEPE 3JIEKTPOHHO-
ro TPaH3UCTOPHOro kiroua. IIpomecc co3maHusi cXeMbl HAYMHAETCS C

R2 Bribop mecta
1 vz .
%12 v 1k0O PasMELCHHA
KOMIIOHEHTA
=L
a1 Ve
SI—
-mm
AVAY 222220
0.5msec 1msec
=+

=+ =+

BBIOOpa KOMITIOHEHTOB CXEMBI. BEIOpaHHBINT KOMIIOHEHT aBTOMAaTHYECKH
NPUKPEIUIAETCI K Kypcopy Mbiud. Ilocime 3TOro KOMITIOHEHT
pa3MemaeTcs B JIF000M MecTe padbodero okHa (pucyHok 10).

Pucynok 10 — Pa3mernienre KOMITOHEHTOB CXEMBI

Jlanee ycTaHaBIMBAETCS OPHUEHTALMSI KOMIIOHEHTOB (€CIM 3TO
HE0O0XO0IMMO) C MOMOIIBI0 KOMaH]l BCIUIBIBAIOIIETO MEHIO (Ha)KaTue
MpaBOW KHOIKW MBIIIA HAa BHIOPAHHOM KOMIIOHEHTE, PUCYHOK 11, a) u
U3MEHSIOTCS TapaMeTphl AJIEMEHTOB MTUTaHUs, pUCyHOK 11, 6.

3epkaibHOE 0TOOpaKEHHE

y 110 TOPH3IOHTAIH
Flip Horizontal Alt+% =

3epkansHOe oTOOpaKeHHE

ip Vertical It+Y -

: Flip Vertica Alt+Y 10 BEpPTHKAIIH

%\ 90 Clocknise Ctrl4R |

:: “ < | <— ITosepHyTs Ha 90°

& 90 CounterCW Ctrl4Shift+R .
|C= S L w\ 10 YacOBOMH CTpENKe

IMorepuyTs Ha 90° npo-
THB YACOBOH CTPENKH
a
1 w2
— 5V R2

BmgpaHm = Rzl

TpedyemMele n

napaMeTpsl o1

R1
e
1Dhﬂ -l-'1nF
D v 5V ZNZ222A
1usec 50usec
= +

-

7]
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Pucynok 11 — OpueHTanus 3J1eMEHTOB CXEMHI (a),
IpH UX 100aBIcHUH (0)

[Tocnie pa3menieHuss KOMIOHEHTOB CXEMBI MPOU3BOAUTCS COEJIH-
HEHHE UX BBIBOJIOB MpoBOAHUKaMU. [Ipu 3TOM HEOOXOAMMO YUUTHIBATS,
YTO K BBIBOJY ITOJKJIIOYAECTCA OAWH IPOBOJHUK. /{JI1 BBIIOJHEHUS TTOA-
KJIFOYECHUSI KypCOP MBIIIA MOABOJIUTCS K BBIBOJY KOMIIOHEHTA U IOCIIE
MPEBPAICHUSI KypCcOpa B XKUPHYIO TOUYKY C MEPEKPECTHEM yCTaHABIIH-
BACTCA COCIUHEHHE IIEIYKOM IO IJIABHOM KHOMKE MbIMH. Jlamee Kyp-
COp mepeMemaeTcss B K IPyroMy BBIBOAY U IIPU WU3MEHECHUU €r0 BUJA
TaKX€ BBITIOJHACTCS IIETYOK.

AHAaJIU3 YJIEKTPOHHBIX YCTPOUCTB

B Multisim npeaycMoTpeHO MHOXKECTBO PEKHMOB aHalnd3a JaH-

HBIX AMYJISIMU, OT IPOCTHIX O CAMBIX CJIOKHBIX, B TOM YHCJI€ U BJIO-

YKEHHBIX.

OcHoBHBIE BUIBI aHAIN3A:

1. DC — amanu3 1enu Ha MOCTOSHHOM TOKE. AHaIW3 IEMe Ha MOCTO-
SHHOM TOKE€ OCYIIECTBJISIETCS JIJIsI PE3UCTUBHBIX CXEM. DTO MPABUIIO
CIEAYeT HaMPSIMYI0 U3 TCOPUH FICKTPUUECKUX IIETMEH; IPU aHaIN3e
Ha TTOCTOSTHHOM TOKE KOHJIEHCATOPHI 3aMEHSIOT pa3pbIBOM, KaTyIIKU
WHJIYKTUBHOCTH — KOPOTKHUM 3aMbIKAHHEM, HEJIMHEHHbBIE KOMITOHEH-
ThI, TAKWE KaK JUOJbI U TPAH3UCTOPHI, 3aMEHSIOT UX CONPOTHUBIICHU-
€M MOCTOSTHHOMY TOKY B pa0oyei Touke. AHAJIM3 e Ha TOCTOSH-
HOM TOKE BBISIBIISIET y3JI0BbIE MTOTECHIIMAIBI HCCIEAYEMOM CXEMBI.

2. AC — aHanu3 1eny Ha TIEPEMEHHOM TOKe. AHaju3 Iere Ha mepe-
MEHHOM TOKE 3aKJIOYaeTCs B MOCTPOCHHMHM YAaCTOTHBIX XapaKTepH-
CTHK.

3. Transient — aHanaM3 MEPEXOJHBIX MPOIECCOB. AHAIM3 MEPEXOTHBIX
MPOIIECCOB B LEIMSIX MO3BOJIIET ONPEACIUTh (DOPMY BBIXOJHOT'O CHT-
Haja, TO €CTh MOCTPOUTH TpauK cUrHaja Kak (yHKIIUU BPEMEHH.
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UtoObl HaYaTh aHAJIM3, CIIEAyeT BhIOpaTh MYHKT MecHIO Simulate\
Analyses u nanee TpeOyembrii pexuM. Criucok Bcex ¢pyHkuuit Multisim

|§imulate Transfer Tools Reports  Oplions  wWindow  Help

[* Run F5
I} Fause F6
E Shom

Instruments k

Inkeractive Simulation Settings. ..

Digital Sirmulation Setkings. ..

[iZ Cperating Paink, ..

Postprocessor... s T o

Simulation Error Logfaudit Trail VBT EIEE el 2.

#apice Command Line Interface FouTtEr e 2,

Moise Analysis, ..

Load Simulation Settings. .. Noise Figure Analysis. .

Save Simulation Setkings. .. Distortion Analysis. .

Auto Faulk Opkion., . DC Sweep. .. i
) ) Sensitivity, .. |
U | 8 = e
Parameter Sweep. ..
Cwvnamic Probe Properties Temperature SWeep. .. r
Reverse Probe Birection Pole Zera, ..
Clear Instrurnent Data Transfer Function. ..
Waorsk Case, .,
Ilse Tolerances i
= Monte Carlo. ..
Trace Width Analysis. ..

Batched Analysis, ..

User Defined Analvsis. ..

St Analysis

NpUBEJIEH HA PUCYHKE 12!
Pucynok 12 — @ynkiuu ananuza Multisim

Kpome BCTpoeHHBIX (PYHKIIMI aHaIM3a €CTh BO3MOXHOCTH OIpe-
JEIUTh CBOIO (PyHKIMIO ¢ moMoiibio koman SPICE.

[Ipy moATrOTOBKE K aHANIM3y HEOOXOIMMO HACTPOUTH €ro Iapa-
METpBI, HallpUMep, AHUANa30H YacTOT JJIS aHajlu3aTopa MEPEMEHHOIO
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Toka (AC analysis). HeoOxoaumo Takke BbIOpaTh BBIXOJHBIC KaHAJbI
(traces).

[Tnorrep (Grapher) — OCHOBHOW MHCTPYMEHT MPOCMOTpPa Pe3yJib-
TaToB sMyssinuu. OH OTKphIBaeTcs U3 MeHro View/Grapher u aBToMa-
TUYECKH MPU PAdOTE IMYJISALIHH.

MHOKECTBO HACTPOEK IUIOTTEPA HAXOIATCS B OKHE CBOWCTB.
Hamnpumep, MOKHO M3MEHATh MacIITaObl, THaNa30Hbl, 3ar0JIOBKH, CTH-
JIM JIMHUK ocelt (pucyHok 13).

Jobapnexye xaHana K NocnegHesy pesyneTary IMynaLMM

OTODPAKEHUE KYPCONOE W ASHHbIX
CaoficTea 3KCNOPT A3HHLIK 8 Excel

/f \\ , BKCNOPT AakHb LabVIEYY
m@aw?@@@f- BaE

OTofipaxkeHue nereAas rpaduia

/
{ \
OTOBPANKEHHE NHHKE CETEN | Vamesenne upeta dona  YCTAHOBKa 33BMCHMOCTEN
Hacrpokku sacwrabupogaHua 3KcnopT AakHKb B Mathcad

Pucynok 13 — [lanens HacTpOWKY MIOTTEpa
Postprocessor u Grapher

Postprocessor u Grapher — 3to mporpammsr makeTa Multisim, ko-
TOpPbIE€ MO3BOJIAIOT OTOOPa3UTh Pe3yJbTaThl MOACIUPOBAHUS B rpadu-
yeckoM Buje. JlaHHass (QyHKUUS MO3BOJSET CTPOUTH HEOOXOAMMbIE
rpadUKy TOCJie MpOBEAEHHOro aHanuza. s paboTel ¢ (QyHKUUEH
Postprocessor (pucyHok 14, a) He00X0UMO 3HATH HA3BaHUS y3JI0B.

Tonbko Te mapameTpsl (BXOJHBIC U BBIXOJHBIC MEPEMEHHBIE), KO-
TOPBIE YKa3bIBAIOTCS MNPU BBINOJHEHUU JTr000ro Buja aHamuza (AC
Sweep, DC Sweep, Transient Analysis u T.71.) oToOpaxkaroTcsi Ha rpa-
dukax ¢yukiuu Postprocessor u Grapher. C nmomMoipio JaHHOW (PyHK-
MM MOKHO CO3/1aTh HECKOJIBKO I'pa(MKOB, U3MEHATh MapaMmeTpsl rpa-
duKa, yaansitb 0ObEKThI, MPOU3BOJUTh JOTUUECKUE U allreOpandecKue
omepainuu Haj TpadukaMu (CI0KEHHUE, YMHOXXEHHE, BO3BEICHHE B
KBajpaT u T.1.).

Cosnanue rpaduka:
-BHECEHHUE JAHHBIX, HEOOXOAMMBIX JIJIS MMOCTPOCHUS (pUCYHOK 14, 0):
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Select simulation results-mo6aBiacHue TaHHBIX MPOBEICHHOIO aHAJIM3a.
Variables-nepemennsle, HeoOXoAuMbIe I IOCTPOCHHUS Trpaduka.
Functions-anredpanyveckue qeicTBUS Hal rpadyuKaMHy.
B oxne Expressions available BeiOnpaem HeoOXoaumbie rpaduku aist
OCTPOEHHUHI.

Jlnst TUNOBBIX 3a1ad (OopMUpPOBAHUE 3aJaHUN MPOILIE OCYIIECTB-
JATh B BU3YalIbHOW (hOpMe, WCIOIb3ys BUPTyalbHBIE MPUOOPHI, pac-
CMOTPEHHBIC BBIIIIC.

) Fle £ View Flace MCU| Simudate Tigufer Jook Fepots Expression | Grap |
> ' P Aun 5
DeEFual " Select simulation results Vanables Functions
l: ]l ] - B X [ i IAI zl IAI EI
*r - LDBREH . .'|::'|, nalysis (trand ime . -
g S V[Probe1) %
TtRs AC Analysis (ac02) V({Probe2) "
[ Desgn Toobes e mudation Settngs . )
' - = Diotal Semdation Setings. 7
DeRd
=) Crcutt Bnalyses ./ ;hsll
B Cecunn £ o
57 5.1 :
o Simudation Ence Log/Audt Tial s u
USpece Command Line Intedace
Setdefaul | Delete | Refesh | ; ) furction o enpression |
s Defaut Analysis tian01
Save Smulshon Sethngs -
Expressions
Auso Eaut Oy
DuR T Order | Expressions | Add I
Dynamic Probe Propetties
Oear Instrument Dats
Use Tokeances
e [ —,ﬂelp
a 0

Pucynok 14 — Iloctnpoueccop

OO0uue npaBujIa MOACJIMPOBAHUS

[Ipyu MoaenupoBaHUM CXEM HEOOXOIMMO COOMIONATh CIIECAYIOIIUE
oO111Me MpaBua;

1. JIrobOast cxeMa JOJDKHA 00s3aTeNIbHO COAEpXKaTh XOTs Obl OJIMH
CHMBOJI 3a3¢MJICHHSL.

2. JIroOple 1Ba KOHIIA MPOBOJHHMKA JUOO KOHTAKTa yCTPOMCTBA,
BCTPEUAOIITUXCS B TOUKE, BCET/Ia CUNTAIOTCS COCTUHCHHBIMHU.

3. Ilpu coenunenuu Tpex KoHIOB (T-coemmHenune) HEOOXOIUMO
HCII0JIb30BaTh CHUMBOJ coeauHeHus (y3en). Te ke mnpaBuiia
IPUMEHSIOTCS TP COSIMHEHUN YeThIpeX M 00Jiee KOHTAKTOB.
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4.

w

B cxemax A0JDKHBI IPHUCYTCTBOBAaTh MCTOYHMKM CHUTHasa (TOKa
WM HApPsDKeHHs), 00E€CTICUYMBAIONINE BXOJHOW CHUTHANI, U HE
MEHEE OJHOM KOHTPOJIBLHOW TOUKHU (3a MCKIIOYEHHEM aHaIu3a
CXEM MOCTOSIHHOTO TOKA).

TomoJsorus cxem

B cxeMe He NOJKHBI NPUCYTCTBOBATh KOHTYPBHI U3 KaTYIIEK
VWHIYKTUBHOCTH U UICTOYHUKOB HAMPSIKCHUS.

M cTOYHMKYN TOKA HE TOJKHBI COEAUHATHCS MTOCIEI0BATEIBHO.
He nomkHO npucyTCTBOBaTh KOPOTKO3aMKHYTBIX KATYIIIEK.
MCTOYHUK HanpsiKEHUsT JIOJKEH COEIUHATHCS C KaTyIIKOU
WHJIYKTUBHOCTH U TpaHC(POpMATOpOM yepe3 MOCIe0BATEIHHO
BKJIFOUEHHBIN pe3ucTop. K KOHAEHCAaTOpy, MOIKIIOUYEHHOMY K
UCTOYHHUKY TOKa, O053aTENbHO IOJDKEH OBITh MapalijiebHO
MIPUCOCAUHEH PEZUCTOP.
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1 UCCJEJOBAHUE BBINIPSIMUTEJIEHA
Hean padoTbI

1. ®opMupoBaHWE  HABBIKOB MPOECKTHUPOBAHUSA  JJIEKTPOHHBIX
YCTPOMCTB B CpeAax aBTOMATU3UPOBAHHOI'O MPOCKTUPOBAHMUS.

2. VI3yueHue CTpyKTYphl, IPpUHILIMIA PA0OThI U pacuera mpocTeiie-
ro MCTOYHUKA NMUTAHUS, IPEAHAZHAYEHHOIO JIJIsi TUTAHUS JJIEK-
TPOHHBIX CXEM.

OcHoOBHBIE TCOPCTUYECCKUC ITOJIOKCHUA

OCHOBHBIMHU TTapaMeTPaMH BBIIPSIMHUTEICH OMPEACIISAIOTCS BBIPAKCHH-
amu 1-3.
CpenHee 3HaYCHUE BBIXOAHOTO HAPSIKCHUS

17
U, ==|u,,dt. 1
o =7 b ®
CpenHee 3HaU€HHUE BBIXOIHOTO TOKA
1.
Icp = ?‘([IBLIth' (2)

KoaddurmeHnt mynbcaryuy BBIXOIHOTO HAITPSKESHUS

AU@bZX
k, = ,
2xU,,

(3)

rae AUppx— pazMax MyJabCHPYIONIETO HANPSHKEHHUS Ha BBIXOJIE BBINPS-
MUTENS (IBOMHAS aMIUIUTYyAa MyJIbCallni).

OaHOnoJIynnepruoaHbIH BHIIPAMUTE/Ib

[IpocTeliuM BBITIPSMHUTEIEM SBISETCS cXema O0JAHO(pa3HOTO OJI-
HONIOJIYTIEPUOIHOTO BBIIPSMUTENS (PUCYHOK 1, a).

PaccmoTpuM ee paboTy B MPEANOJIOKEHUHU, UTO BXOJHOE HAMps-
eHue u3MeHseTcs 1o 3akoHy Ug=UmnSin(wt). Ha uatepsane 0 <t <T/2
(pucynok 1, 0) momynpoBoaHuKOBbIM auon VD cmemien B mpsimom
HAIpPaBJICHUU W HaMNpsHKEHUE, a, CIE0BATEIbHO, U TOK B HArPY304YHOM
pe3ucTope MOBTOPSIOT POpMyY BXOJAHOTO CUTHAJIA.
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Ha unrepBane 772 <t < T nuoxn VD cmellieH B 00paTHOM Hampas-
JIEHUH U HAIPSKEHUE (TOK) B HATPY3KE PABHO HYJIIO.

[Tpu 3amanHoM BXoaHOM HanpsokeHUH Uy =Umsin(wt) ams Hever-
HBIX €T0 MOJIYTIEPHUOO0B BBIIPSMIICHHBINH TOK B HArPYy30UHOM PE3UCTOPE
Ry OydeT co3aBaTh Ha HEM MaJeHHE HAIPSHKCHUS, CpeJaHee 3HAUCHUE
KOTOPOT'O paBHO

T T
Usep = 1_[qut = 1J‘Um sinwtdt = —U—mcosa)t
Ty Ty Tw

Tac Um — aMIUINTyAda BXOJAHOI'O HAIIPAKCHHU .

%
“=U,/7r=0318U,

.E?I r;;UF Jﬂ% ]

I | |

Ly | ! f

- |

VD ) I

b —— 5|Z N
T . wE ri L2

[ |

o ] 1"‘” ”‘ /-Y‘I ¥ i/“\i
a ! i >
o 72 Y

Pucynok 1 - Cxema 0JHOIOIYTIICPHOTHOTO BRIIPIMHUTEIS (&)
Y BPEMCHHBIC JUarpaMMbl, OSICHSIOMNE ero padoTy (0)

HCHOHBS}’H HN3BCCTHOC COOTHOLICHHUC, CBA3BIBANOIICC AMIIINUTY /-
HOEC H HeflCTBYIOIHCe SHAYCHU HAIIPSKCHUA CHHYCOHAAJIBHOI'O TOKa

U,, =U~/2, monyuaem:
U,., =U~2/7=0450, (4)

rae U — nelicTByrolliee 3HaU€HUE BXOJHOTO HAIIPSIKEHHS.
[To ananorum JJisi CpeIHETO TOKA B HATPY30UYHOM PEZUCTOPE MOXK-
HO 3aMucaTh;

1, .
IHsz_I—_J'ImSIna)tdt=O,318lm=O,45I, 5)
0
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rae Im — aMmIuTya BBIIPSAMIICHHOTO TOKA.
JIeUCTBYIOIIUM TOK B HATPY30YHOM PE3UCTOPE, PABHBIA TOKY JIHO-
114, OIIPENIEIISIETCS BBIPAKEHUEM

A

2 T
=1, = 'T_mjsinzwtdt:|m/2:o,5|m. ©)
0

MakcumajbpHOE O6paTHO€ HaIps>KECHUE HA JUOAC!
no6p — U m:* (7)
CHGKTpaHBHBII;'I COCTAaB BBIIPAMIICHHOI'O HAIIPS’KCHUA, ITOJYYCH-

HBII B pE3yJbTaTe Pa3IOKEHUS OJHOMOJIYIEPUOIHBIX UMITYJIbCOB BBI-
OpsIMJICHHOTO HanpsbkeHus (puc. 1, 6) B psag Oypbe, UMEET BUJ

Umcos4a)t+...)

U

u, =£Um +£Umsina)t—(iumc032wt+
T 2 3 3-57

1
rne Ug=—U, — HNOCTOAHHAs COCTABIIOIIAS BBIIPSMIICHHOIO Ha-
T
PSOKCHUS;
1 i
U, = EUm Sinmwt — mepBast (OCHOBHAsI) TapMOHWKa BBIXOJHOTO HAIPSI-
JKEHUS,

2
U, =—=U_,Cos2wt — BTOpas rapMOHUKA BBIXOAHOTO HAIPSLKCHUS U
3w

T.J.

Koadduiment nynbcanuu, paBHbIA OTHOIIEHUIO aMIUTUTYIbI TIEP-
BOM (OCHOBHOW) TAPMOHHUKM K CPEAHEMY 3HAYEHUIO BBIIPSAMIICHHOTO
HaIpPsHKEHUS, 11 pACCMaTPUBAEMOM CXEMBI:

km:AU&:Z:LW. (8)
2xU,., 2

Kak BHAHO, OZHONONYNIEPHOIHOE BBINPSIMIICHHE HMEET HU3KYIO
3¢ (PEeKTUBHOCTH U3-3a BBICOKOW MyJIbCAIMK BBIMPSIMIICHHOTO HaIpsiKe-
HUSL.
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JIByX110JIylIepHOAHBII BHINIPSIMHUTEJIb

AHanu3upysi BPEMEHHBIE AHArpaMMbl, NPUBEICHHBIE HA PUCYHKE
1 6, MOKHO clieJIaTh BBIBOJI, YTO MapaMeTpbl BHIXOJHOTO HANPSKEHUS
BBITIPSIMUTENISE MOYKHO CYIIIECTBEHHO YJIYUYlIUTh, €CJIM TOK Harpy3ku Oy-
JET MpOoTeKaTh B 00a MOJIyNepruoaa IEUCTBUS BXOJHOTO HAMPSKEHUS.
DTtoro Hanboyiee MPOCTO JOOUTHCS, MCIIOIB3YS JABE CXEMbI OJHOIOIY-
MEPUOHOTO BBIMPSIMIICHUSI, paOOTAIOIUE CUHXPOHHO U MPOTUBO(PA3HO
Ha €IMHYI0 Harpy3ky. Peanuzanusa 1aHHON uaeu MOTPEOYET UCIOIb30-
BaHUS JIBYX HMCTOYHUKOB MepBUUHOTO HampspkeHUS Ug=Umsin(ot) u
Upx=Usin(ot+m), umerommx o6y Touky. [lomydueHHas Takum 00-
pasoMm cxema (pPUCYHOK 2, a) Ha3bIBAETCA O8YXNOAYNEPUOOHOU CXEMOU
BbINPAMUMENSL CO CPeOHel MOYKOU.

. !
|
|
I
I

Y I

o ,

Y Lo

R U2 I e N

\ Ybx=UnSin(wts) ~N | ’ l
o 0 !

a) 5) t
Pucynok 2.2 - CxeMa JBYXIOJyNEPUOTHOTO BBIIPSIMUATEIIS
CO CpeJHEeUN TOUYKOM (a)
1 BpEMEHHBIE JMarpaMMbl, MOSCHSIOININE ero padoTy (6)

PaccmoTpum ee paboty. JIjis 3TOro BOCHOJIB3yeMCSl BPEMEHHBIMU
auarpamMmaMu, IpUBEJECHHBIMU Ha pucyHke 2, 6. Ha unTepBane 0 <t <
T/2 non peiictBueM Hampsikenus U’gy aumon VDI cmemieH B mpsiMoM
HAIPaBJIICHUU U MO3TOMY TOK HArpy3Kd OMPENENISIETCS 3TUM HalpsiKe-
aueM. Ha atom xe mnTepBasie nuoa VD2 cmelieH B 0OpaTHOM HaIpaB-
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JEHUHM ¥ K HEMY IPHUKJIAAbIBACTCS CyMMa HampspkeHui Uyg+U’'zy. B pe-
3yJbTAaTe 3TOTO MaKCHMMaJIbHOE O00paTHOE HamNpsHKEHUE 3alepToro JAuo-
na Umvaxc = 2Un.

Ha unrepBane T/2<t<T muonx VD1 cmemien B oOpaTHOM HarpaB-
JIEHWH, a TOK Harpy3Kd MOJ JACHCTBUEM HaINpsDKeHHUS U 'py MPOTEKACT
yepes npsMo cMelneHHbIn auona VDo.

HerpyaHo 3ameTuTh, 4TO B JAHHOM CIIydae cpeoHue 3HAYeHUs]
HaIPsDKCHUS Harpy3Kd OyIyT B JIBa pasza IMPEBBINIATH HANPSHKCHUE OJ1-
HO(a3HOU OHOTIOIYIIEPHUOTHON CXEMBI.

U, =2U,/n=2J2U/n=0,637U, =0,9U (9)
Ly ep =21y /m=2+21/n=0,6371, =009, (10)

rae U, u 1,—amnnuTyaHeie 3HaY€HUs] BXOAHOTO HANPSKEHUS M TOKa, a
U u | — ux gelictBytoiine 3Ha4€HUSI.

K ananormyHeIM pe3ynbTaraM MOXHO MPUNTH, OCHOBBIBASICh U HA
CIEAYIOIUX OOIIMX pacCykJIeHusx. B paccmarpuBaeMoil cxeme Kax-
IbIN TAOJ POBOAUT TOK B TEUEHHE MTOJOBHUHBI Ieproa. Torma cpegnee
HalpsHDKEHUE PABHO YABOCHHOMY 3HAUCHHUIO CPEIHETO 34 IEPHOJ
HaIpsHKEHUST OT MHTEPBAJIA TPOBOJIUMOCTH OJTHOTO JUO/IA.

[Ipu sTOM, KaK BUAHO U3 pucyHKa 2(0), yacToTa mepBoil (OCHOB-
HOI) TApMOHUKH, MYJIbCUPYIOIIETO BBIXOJHOI'O HANPSXKEHUS Uy OYyIET B
2 pa3a BBIIIE YAaCTOTHl BXOJHOTO HAMNPSIKEHUS Upx, @ KOIPPUIUEHT
MyJIbCAlMK BBIXOJHOTO HAMNPSHKEHUS ABYXIOJIYIEPUOTHON CXEMBI OY-
JET PaBEH:

Ko :$=§:O,67. (11)
HCD

Tak Kak B pacCMaTpuBacMOM CXEME TOK YEPe3 KAXKIbIA JUOJ TIPO-
TEKaeT B TECUYCHUE TOJIbKO IOJOBHHBI MEPUOAA, TO €ro JECHCTBYIOIIEE
3Ha4YeHUEe OyJeT TaKuM K€, YTO U B OJIHOMOJYNEPUOJHON CXEME BHI-
PSIMUTES.

[lonydeHHbIE BBIpaXXEHHUS TOKA3bIBalOT, YTO 3G(PEKTUBHOCTH
JBYXIIOIYNEPUOJAHOTO  BBIIPAMUTENS  3HAYUTEIBHO  BBIIIE  OJ-
HOITOJYIIEPUOIHON CXEMBI, YTO MPEIONPEACTUIO0 €€ IMUPOKOE UCIOIb-
30BaHUE.
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K OCHOBHBIM HeJOCTaTKaM PACCMOTPEHHOW CXEMbI CIEAYET OT-
HECTH:

—  HEO0OXOJMMOCTb JIBYX UCTOUHHKOB BXOJHOTO HAIPSKEHUS,;

—  BBICOKO€ 3HAYCHUE HAMPSHKEHUS, MPUKIAAbIBAEMOr0 K MOJIYIPO-
BOJAHUKOBBIM auojaM mpu ux obpatHoM cmenieHuu (Uyg yurc =
2Um);

—  Majoe 3HaueHue HampsbkeHus Ucgp, ONpenensieMoro amIuiuTy10u
Um, B TO BpeMsl Kak CyMMapHasi aMILIUTyJa BXOJHOTO HampsixKe-
HUA cXxeMbl paBHa 2Un.

JInst ysCHEHUsI IPUYUH TIOSBJICHUS TEPEUMCICHHBIX HEJOCTATKOB
IpoaHaIu3upyeM paboTy CXeMbl Ha pUCYHKE 2(a).

BriBoa «a» COMpOTUBIICHUS HArpy3KHU Ry MOCTOSIHHO MOJKJIIOYEH
K CpEIHEN TOYKE UCTOYHHUKOB MEPBUYHOTO HANPSKEHUA U gy U U "py. B
TO K€ BpeMsI BBIBOJ| «0» MEPUOIUUECKU MepektouaeTcs auogamu VD1
u VD, ot BbIBOJIa UCTOYHHUKA U px K BBIBOJY MCTOUYHHMKA U 'py. B 3TOM
Clydyae €CTECTBEHHO MPEAIOJIOKHUTh, YTO, €CIM BBIBOJ «a» HArpy3Ku
IpU TOMOIIY BTOPOM aHAJIOTMYHON AMOJHON CXEMBbI OyJIeT CHHXPOHHO
U OpoTUBO(A3HO MOAKIIOYATHCS K HEUCIIOJIb3yEeMbIM Ha COOTBETCTBY-
IOIIIEM MHTEpBaJIe BHIBOJIAM UCTOYHUKOB U gy U U 'py HEOOXOJIUMOCThH B
CPEIHEN TOUKE BXOAHOTO UCTOYHUKA OTHANET U Uy ¢p U |y ¢p yBEIHUATCS
B 2 pa3za. CxeMOTeXHUYECKas peaau3alius TaKOro PelieHus MpuBeieHa
Ha PUCYHKE 3, a.

Ha untepBane 0 <t < T/2 cymma HanpspkeHU# ul, +un =u,, CMe-
aeT B MPSMOM HANpaBJICHUHM BKIIOYEHHBIC TMOCJIEI0BATEIHLHO C Ha-
rpy3koit quojabel VD1 u VDa.

ITpu sToM auoasl VD2 u VD3 cMelieHbl B 00paTHOM HallpaBJICHUH
=U,).

Ha wmHTepBame T/2 < t < T cymmapHOe HampsOKEHHE
u,, +u: =u, cmemaer nuoasl VD, u VD3 B mpsimom, a muozast VD1 u

HAIPSDKCHHUEM, NIPHIIOKEHHBIM K Harpyske (U s,

VD4 B 0OpaTHOM HampaBJICHUH.

N3 ckazaHHOTO clienyeT, 4TO, Kak U B MPEAbIIYyIIEH CXeME JBYX-
MOJIYIIEPUOJAHOTO BBIMPAMUTENS (PUCYHOK 2, a), HANpsKEHUE MPUKIIa-
JILIBAETCSl K Harpy3Ke B TEUEHHUE BCEro MEpUojia U3MEHEHUs HarpshKe-
HUSA u,, .
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IIpu sTOM €ro 3Ha4yeHue Npu u,, =u,, +u,, B 2 pa3a IPEBBILIACT
BBIXOJIHOE HAIIPSDKEHHE CXEMbI Ha pUCYHKe 2.2(a).
[TosToMy TIpu OJTHOM M TOM >K€ HANPSIKEHUHM HATPY3KU B CXEME Ha pu-
cyHke 3(a) Kk 0OpaTHOCMEIIEHHOMY AHOJY MPUKIaJAbIBACTCS Hamps-

KCHHE B J[Ba pa3a MCHBIIIEE, YeM B CXeMe Ha pUCYHKe 2.2(a).
(=)+o o

r
Kvos . Yvor luﬁx L ZFVW
u, -3 —~914

FH - HH =
yfvw& Avoz 1“0 7 Yvoe Ko

sl

Y vor

Ly
(+)-o- * o
a) 4)

Pucynok 3 - MocToBas cxema ABYXITOIYTIEPUOTHOTO BBIIPSIMUTENSA C
oaHUM (a) u ¢ AByMsI (0) BXOJHBIMH HAIIPSKCHUSIMU

Cxema Ha puUCYHKE 3,a HOCUT Ha3BaHUE .MOCMOB020 Bbl-
npavumens. Ee ocHoBHble apameTpsbl (Uy ¢p, lu ¢p) Takue xe, 4To v AJis
JIBYXIIOJYIIEPUOAHOM CXEMBI CO CpEIHEH TOYKOH, MpPH YCJIOBUH
uBX - ul;X - ul:X

OCOOEHHOCThIO PACCMOTPEHHBIX ABYXIOIYNEPUOIHBIX CXEM SB-
JAE€TCA TO, YTO B CXEME CO CpPEIHEH TOYKOW IMOCIEAOBATEIBHO C
Harpy3Kou MOCTOSTHHO BKJIFOYEH TOJBKO OJWH WO, B TO BpEMs KakK B
MOCTOBOM CXEME TaKUX THUOJIOB JIBA.

[TosToMy TIpu HU3KHMX BBIXOJHBIX HaMpspDKeHUsX (10 4...5 B) nyu-
1€ MPUMEHATh CXEMY Ha PUCYHKE 2, a W3-3a MEHBIINX MOTEPh HaIps-
KCHUS HA TUOAAX.

[Ipy MOBBIIICHUH BBIXOAHOTO HAIMPSHKEHHS Pa3HUIA B TMOTEPSX
JUISL OTUX CXE€M yMeHbIaeTcs. Onpenensonum (HakTopoM CTAaHOBUTCS
MEHbIIIEE 00pAaTHOE HAMPSHKEHUE, MPUKIIAIBIBAEMOE K 3alepThiM JHO-
JlaM CXEMBI PUCYHOK 3, a.

[TosToMy Tipu GOJBIITUX YPOBHSX BBIXOJHOTO HAMPSIKEHUS OOBIU-
HO UCTOJIB3YIOT BBIIIPSIMUTEIIb, BBITIOJHEHHBIN 10 MOCTOBOM CXEME.

Crnenyetr OTMETHUTh, YTO €CIIM MOCTOBYIO CXEMY BBITIPSIMHUTENS UC-
MOJIb30BaTh COBMECTHO C UICTOUHUKOM, CHA0>KEHHBIM CPEIHE TOUKON U
CPEIHUU BBIXOJI KAXKJIOW Mapbl TUOJ0B COCIUHUTH CO CPEAHEU TOUYKOU
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BXOJHOTO MCTOYHHKA uYepe3 COOCTBEHHYIO HArpy3Ky, Ha BBIXOJIC BbI-
OPSIMUTENIS TIOJYYUM JIBA PaBHBIX, HO OOpaTHBIX MO 3HAKY HAIPSIKEHUS
(pucynok 3, 0). Takas cxema BBIIPSIMUTENS 4acCTO HMCIOJIB3YETCS IS
MUATAHUSI YCTPOMCTB, IMOCTPOCHHBIX C MPUMEHEHHUEM OIEPAIMOHHBIX
ycunurenen. s yMEHbIIEHHUS MYJIbCAllMM BBIXOJHOTO HAIPSIKEHUS
OPUMEHSAIOTCS (PUIBTPHI.

EMKkocTHOH criakuBawimuii GuiabTp sBISETCS HaunOosee mpo-
cteiM. OH coctouT U3 KoHAeHcatopa Cgp, BKIOYAEMOIO IapajuieIbHO
CONPOTUBIICHUIO HArpy3ku (pucyHok 4, a). BpemeHHble nuarpammel,
MOSICHSIIOIIKME €ro paboTy Ha BBIXOJE JBYXIIOIYNEPUOTHOTO BBITPSIMHU-
TEJIsl, IPUBEACHBI HA pUCYHKE 4, O.

Pucynok 4 - CxemMa qByXMHOJYIEPHOTHOTO BRIMPSIMHUTENS C EMKOCTHBIM
bunbTpoM (a) ¥ BpeMEHHBIC TUarpaMMbl, OSICHSIONINE €T0 PadoTy (0)
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AHanu3 paboThl JaHHOTO (PUIBTPA MPOBEACM B MPEIIOI0KCHHUH,
YTO KauyeCTBE JUOJOB CXEMBbI BBIIPSIMUTENS MPUMEHSIIOTCS UICaTbHbIC
mnonbl (Ug=0, r,=0), a BHyTpeHHEEe COMPOTUBICHUE UCTOYHUKA BXO/I-
HOTO HampsiKeHust paBHO Rgy=0.

JlomycTM, 9TO B MOMEHT BpeMEHH [=1; HampsokeHHEe Ha KOHICH-
cope Cp paBHO MIHOBEHHOMY 3HAYEHHUIO BXOJHOTO HANpSKEHUS, T.€.
BBINOJIHACTCS ycaoBue Uc(t1)=Usx(t1). JanbHelinee yBeaInueHne BXOIHO-
ro HaNpsDKCHHS TPHUBEIET K CMEIICHHUIO B MIPSMOM HAINPAaBJICHUH COOT-
BETCTBYIOIIEH maphl AUOAOB BhIMpAMHUTENs. [Ipu 3TOM dYepe3 AHOMbI
OyIeT MpoTeKaTh TOK, paBHBIM CyMMe TOKa Harpy3KH U 3apsHOTO TOKa
KOHJIEHCaTopa
Iy =Upsinat/R, +CyaU, cosat, (12)

rae Un — aMIuIuTyAHOE 3Ha4€HUE BXOIHOTO HAMPSHKEHUsS,  — 4acToTa
BXOJIHOTO HaNpsKEHUS.

Tak kak MbI TIPEANONIOXKUIU, YTO T +Rz=0, To 10 MOMeHTa 17
MTHOBEHHBIE 3HAUCHUSI HANPSHKEHUM Uc=Uy | Ugx OyayT paBHbl. [locie
MOMEHTA t; HampsKeHUE Ugx CTAHOBUTCS MEHbIIE U.. DTO BBI3OBET 3a-
NUPaHUE paHEe OTKPBITHIX AUOAOB (U > Ugx) U OTKIIOUCHHUE HATPY3KH
OT UCTOYHHUKA BXOJHOI'0O HampsbkeHus. [lanee 1o moMmeHra ts Hanpsxke-
HUE Ha Harpy3ke OyAeT MOJJIEPKUBATHCS MCKIIOUHUTENIBHO 3a CUET 3a-
pslla, HAaKOIUIEHHOTO KOHaeHcatopoMm Cy paHee Ha mHTepBane fi...to.
Cnenyer oOpaTuTh BHUMaHue, 4To Beerma to >7/4, T. e. BBIKIIOUCHUE
IUOJ0B MPOUCXOJUT B MOMEHT, Korjaa Usx < Um. TouHoe 3Hauenwue t;
MO>KHO HAWTH U3 PELICHUS YPABHEHUS JJI BXOJIHOTO TOKA IPU YCIOBUHU
I5x=0. B MoMeHT t=T/4 TOK Ixx=Irs=Um/R:.

N3 onucaHHOTO MPUHIMIA PaOOTHl BBITEKAET, YTO MOJIKIIOUYCHHE
Ha BBIXOJI BBIIPSIMUTENSI €eMKOCTHOTO (PUIbTpa KAUYECTBEHHO M3MEHSET
pexum ero pabotel. [Ipu 3TOM 3HEpPrusi OT BXOJHOIO MUCTOYHUKA OT-
OupaeTcs TOABKO Ha MHTEpBae t1...12 B TeUeHHE KOTOPOTO Ugx > U.. UeM
Oonbiie eMkocThb Cy, TEM MEHBIIE peaybHas MyJibcallusi BBIXOJHOTO
HaMpPSKEHUS, TEM KOpO4e UHTEPBAN Af =t, —f, U TeM OJIMKE 3HAUCHHE

HAIIPAKCHUSI HAT'PY3KH K aMIUVIMTYIHOMY 3HAQYUCHHUIO BXOJHOI'O HaIIps-
KCHUSL.
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JIns moyiydeHHs: pacyETHBIX COOTHOIICHUH MPEANOJIOXKUM, YTO
aMILTUTy/la TIEPEMEHHOT0 HaNpsDKEHUs Ha BbIxojae GuUiIbTpa Cylle-
CTBEHHO MEHBIIIE CPETHETO 3HAYEHHUS BHIXOJHOTO HAIPSIKEHUS.

Torma ¢ mocTaToyHON TOYHOCTHIO MOKHO T0JIaraTth, YTO Ha WH-
tepBajue tr...t4 Tok paspsnga konaeHcatopa guiabtpa Cp MOCTOSHEH U
paBeH |,=Uu/R, u to=T/4. B 3TOM Ccily4ae MOKHO CUUTATh, YTO YMEHbB-
IIIEHHE BBIXOJHOTO HAIPSKEHUSI HA UHTEpBaie Ar, =t, —t, TPOUCXOJUT
MO JIMHEHHOMY 3aKOHY W JIJTUTEIbHOCTh MHTEpBaIa At MOKHO ompeje-
JIUTh U3 PEIICHUsI CICAYIONIEeH CUCTEMbl YPaBHCHUM:

Uy, — (1, /CIT/4+ (t, —t5)]=U, sineft, —t5) (13)
At, =t, —t; =T/4+(t, —t3)

[Ipu 3amaHHOM 3HAYEHUM MYJIbCAIMI BBIXOJHOTO HAIPSKEHUSA
AUy max ¥ IO HAWJICHHOMY 3Ha4€HUIO Aty JIETKO HalTH HEOOXOIUMYIO
€MKOCTb KOH/IeHCaTopa (PriibTpa
Cp = 1L,AL / AU (14)

M3 noJiy4eHHOTO BBIPaXEHUSI CJIEAYET, YTO EMKOCTh KOHJIEHCATO-
pa Cp OpsiMO TIPONOPIUOHATBHA TOKY Harpy3ku U 00paTHO MPOMOPIIHO-
HaJlbHA BEJTMYMHE BBIXOIHBIX MYJIbCAIIHH.

JlJisi MHKEeHEePHBIX pacdeToB gomyctumo At, ~T/2 nns aByx-

HMakc *

HOJIYTIEPHUOIHOW CXEMBbI BBIIPSAMIICHHS. Torjma eMKOCTh KOHJEHCATOpa
(GuIBTpa MOKHO ONIPENCIIUTD TAK:

C(l)2 - (UH/RH )(T/Z)/AUHMaKC - (4 fRH kH,Z[OH )_1' (15)
JI71s1 OTHOIIOIYIIEPUOAHOTO BBIIPAMUTEINS Af, T U TOTAA!
Cyi = U, /R,)T/AU 2R k (16)

HMaKC =( H ' I o0 )_1'
IIpumep. PaccuntaTh eMKOCTHOW (UIbTp, paboTaronuii Ha BBI-
X0JIe JBYXIMOJYTEPUOJAHOTO BBIMPSAMUTENSI CO CpPEAHEH TOUKOW, MpHU
CIENYIONIMX mapameTpax: Usx = 6,5sinwt; o = 100x (f = 50 I'n); Ry = 50
Owm; U= 0,65 B, r;= 6 OM, AUy yiaxe = 200 MB.
1) OnpenenseM MaKCHMalbHOE HAMpPsHKCHHE Ha KOHIACHCATOPE
C(pi
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UCq)MaKC
BXMakKc U/:[o - R I
H

UC(bMaKC - U

Otkyna

RH (U BXMakc Uzlo) _ 50(6,5 — 0,65)

=5318B
R, +T, 50+5

UCq)MaKC -
2) I1o 3amaHHOM BEIWYMHE BBIXOAHBIX IyJIbCALIMM HaaeM IJIu-
TEJIbHOCTh MHTEPBAJIA 14.. .13.
U Cymaxe AU =U CyMmaxc sIn CO(1:4 o tB)

HMaKcC

Otkyna

1 ; U CyMake AUHMaKc 1 . 5318-0,2
t4 —t3 = —alcsin = arcsin——
w

=4118 mc

e 1007 5,318
¢

3) Bpewms paspsina KoHAeHCAaTOpa
L pasp =T/4+(ty —t;)=5+4, 18:9,118MC.

4) Haitnem TpeOyeMyro eMKOCTh KOHJIeHCcaTopa (pHriIbTpa
 Uivaelpasp  5,318-9,118
P AU, R 0,2-50

HMaKC " "H

= 4,849 MmO

ITpuanmaem Cy==5000 MKD.
Pacuer emkocTh KOHJEHCaTOpa (puiabTpa Mo MPUOIMKEHHON dopmyie
JaeT TAKOW pe3yJbTar:

c __ Yiwe _ 5318
2 — -
2f AU, R, 2-50-0,2-50
O‘I@BI/IHHO, 4TO B 3TOM CJIy4a€ CMKOCTDb Cq) paccduTaHa ¢ HCKOTOPbIM
3aIl1aCoM, 4TO BIIOJIHEC AOIIYCTUMO HaA ITPAKTHKCE.

=5318 MD

IloaroroBka k padore

1. I3y4uTh CTPYKTYpHBIE CXEMbl UICTOYHUKOB BTOPUYHOIO 3JICKTPOIU-
TaHUs, IAPAMETPBL.
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2. I3yunuTh yCTPOMCTBO U MPHUHIIUI ACHCTBUS BBIIPAMUTENCH, pa3HO-
BUIHOCTH, CPABHUTEIIbHBIE XapAKTEPUCTUKH.

3. U3yuuth eMKOCTHBIE (DUIIBTPBI, IPUHIIUI ACHUCTBUS, OLICHKA BEIUYH-
Hbl EMKOCTH.

4. JInsi OTHOMOTYNEPUOTHON CXEMBbI BBIMIPSIMUTEIISI ¢ YKa3aHHBIMU Ta-
pameTpamu (Tabmuiia 1) paccumTaTh €MKOCTh KOHJEHcaTopa (Puiib-
tpa Cy. HoMep BapuaHTa COOTBETCTBYET NOPSIAKOBOMY HOMEPY CTY-
JIeHTa B Y4eOHOM KypHaJe.

Tabnuma 1. 3aganus k 1a00paTOpHOMY 3aHATHIO

Ne |f Us |Ry | Kua Ne |f Us |Re [Kn
Bap. [I'm |B OMm |% Bap. (I |B OMm |%
1 50 |5 250 (10 13 300 ({15 |300 |10
2 50 (10 |300 |20 14 300 (24 |400 |20
3 50 (12 |200 |15 15 |300 (27 |500 |15
4 60 |15 [400 |10 16 (400 |5 300 |10
5 60 (24 |300 |20 17 400 {10 |200 |20
6 60 |27 |500 |15 18 400 (12 |400 |15
7 100 |5 250 (10 19 |500 (15 |300 |10
8 100 |10 |300 |20 20 [500 |24 |500 |20
9 100 |12 |200 |15 21 |500 |27 |600 |15
10 200 {15 |400 |20 22 1600 |5 300 |20
11 200 {24 |300 |15 23 [600 |10 |200 |15
12 (200 (27 |500 |10 24 1600 |12 |400 |10

IIporpamma ucciieq0BaHUM

CTpyKTypHasi cxeMa HCTOYHUKA TMUTAaHUS TpEJCTaBlieHA Ha pH-
cynke 9. [lonmwxaromuii Tpanchopmatop Tp (1) mpegnazHayeH s
CHIDKEHHUSI ceTeBOro HampsbkeHus 220 B 1o mpuemieMoro HH3KOTO
HanpspkeHus (10...30 B). BemmpsMutenbHbiit 6710k (2) CIyKUT IS TIpe-
00pa30BaHUsl CHUHYCOUJIAIBHOTO ABYXIOJISIPHOTO HAMPSHKEHUS B MYJib-
CHUPYIOIIUNA OJHOMOISPHBIM cUrHa1. PunbTp (3) criaxuBaeT Iyibca-
uu nocne BeimpamuTens. Kak npaBuio, B kauecTBe (UIbTpa CIY>KUT
KoHJieHcaTop Oombioil emkoctu. Ctabunuzatop (4) obecrnieunBaeT mo-
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CTOSIHCTBO HAMNPSKEHUSI HAa Harpy3ke TMpHU KoJeOaHUSIX CETEBOIO
HaMpPsKEHUS U TOKa MOTPEOICHUsI B Harpy3Ke.

o ] + 4 [

Pucynok 5 - CTpykTypHas cxema OJioka NuTa-
HUS

B pabote uccnenyrorcs mpocTeiias OHOMOMYIIepUoaHas cXeMa
MUCTOYHHUKA MUTAaHHS (PUCYHOK O, a).

HccnenoBanue cxem MPOBOJUTCS METOJIOM MOJICTUPOBAHHUSI C TI0-
motipbio nporpammbl OrCAD 9.2. C e€ momMoIipio B CXeMe pacCUUThIBa-
eTcs mepexoaHou mpoiecc. [1o ocrumiorpaMMaM onpeaenseTcs mocTo-
STHHOE HaIIPsHKEHHUE Ha BBIXOJI€ BBIIPAMUTENS Ugpx, MMyJIbCAIIUA BBIXO/I-
HOTO HamnpspKeHUus! AUgyx ¥ paccunuThiBaeTCsl KOADPUIIUEHT MyTbCaIHiA

w01 Y0102 WD1...%D4

| =]

Ao 1R é
—
]
i

N
It

~220B

S

Tp = Tp 6) -

Pucynok 6 - Cxema OgHOIOIYIEPHUOTHOTO BRIIPSIMUTENS (@), ABYXIIO-
JYyIEPUOJIHOTO CO CpeIHEN TOUKoi (6) u
MOCTOBAsI CXeMa BEITIPSIMUTEIS (6)
1. B cpene Multisim (OrCAD) cobpath cxemy BEIIpSIMHTEIS 0€3 KOH-
AeHcaTopa (pucyHoK 7).

/® D1
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Pucynok 7 - Cxema 151 MOJICTIMPOBAHMS OTHOIIOJIYIIEPUOTHOTO BhI-

IMPAMUTCIIA.

PazmectuTh Ha pabodeM MoJie Bce HEOOXOAUMbIEC DJIEMEHTHI. J1is
ATOTO Ha MAHEJIU KOMIIOHEHTOB BHIOpATh M MEPEHECTU Ha pabouee
10JIe 3JIEMEHThI, HEOOXOIUMBbIE ISl MmocTpoeHusi cxembl. B Or-
CAD Ttpanchopmatop (MCTOUYHUK HANPSIKEHHUS] HA BTOPUYHOM 00-
MOTKE) MOJEIUPYETCS C TTOMOIIBI0 UCTOYHUKA CHHYCOUIATHLHOTO
Hanpspkenus - V1 (VAC). B Multisim ucnonb3yercs reHepaTop
CUTHAJIOB B PEKHUME CHHYCOUJAIbHOTO HampsbkeHus. [Tockombky
TeHEepaToOp CUTHAJIOB SIBISIETCS TEHEPATOPOM CO CPEIHEH TOYKOM,
TO TPU TOAKIIOYEHUU HCTOJB3YIOTCA TOJBKO JIBa €r0 3a)KuMma
(0OIIMiA ¥ MOJIOKUTEIIbHBIN )
MeToioM «3axBaTH W TallW» CKOPPEKTUPOBATH IMOJIOKEHUE dJie-
MEHTOB. {711 moBopoTa 35iemenTa Ha 90° MoJIb30BaThCSI MEHIO, BBI-
3bIBAEMOM TIOCJIC BBIJICIICHUN JJIEMEHTA.
CoeanHUTh 31eMEHTHl MEXIy cO00W B COOTBETCTBUU C MPHUHIIU-
MAATBHOU CXEMOHM.
[Ipu uccnenoBanuu B OrCAD BbIOpaTh peXuUM UCCIEAOBAHUSA
BPEMEHHBIX 3aBUCHMOCTEH. 3aJaTh WHTEPBAJ HUCCIEIOBaHUS 3-5
TIEpUOJIOB BXOJHOrO HampspkeHus. B Multisim mocrarouno mon-
KITFOUUTH 2-X KaHAJBbHBIN ociiuiuiorpad.
Coxpanuth cxemy B paboueit manke D:\User\<Haszsanue epyn-
nvi>\<Haszeanue nuunot nanku>. B OrCAD wums myTH He TOJDKHO
BKJIFOYaTh CHUMBOJIOB KUPHJLIUIIHI.
3aaaTh mapaMeTpbl BXOJHOTO CUTHAJA (CM. 3aJJaHUE):

Amvmuntyny Hanpsikenus = Uy+1,

Yacroty = .
OcTasibHbBIE TAPAMETPHI PaBHBI HYIIIO.

. Ha unTepBane 3...4 nepuoaoB MoOJyYUTh OCHAJIOIPAMMBI BXOJHOIO
HaIpPsDKCHUS U HAPsKEHUs Ha Harpy3ke. CKOMUpOBaTh UX B OTYET.

IToakaounTh K Harpy3Kke KOHJIeHCATop (PuiabTpa, eMKOCTh KOTOPOTO
ompejiesieHa MpU MNOATOTOBKE. IlOdyduTh M COXPaHUTh OCHMILIIO-
rpaMMy HalpspKeHHs Ha Harpyske. OnpenenuTs cpelaHee 3HAaYCHHUE
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HanpspbkeHus: Ha Harpy3ke Uy, u nynbcanuio AU, Paccuntath K03(-
bunueHT nynbcaruid. CpaBHUTH ¢ pacueToM. JlaHHbIE CBECTH B TaOJl.

2.

s onpenenenns AUy HeoOXoauMo HaWTH MUHUMANBHOE Uy yun U
MakCUMaJIbHOE Uy yaxe HaNpsKEHWE HAa Harpy3ke B YCTaHOBHB-
IEMCST PEKUME.
Cpennee 3Hau€HHE HANIPSOKEHUS HA HAIPYy3Ke PaBHO

UH:(UH vin T UH MaKC)/2-
AMIIIMTY1a MyJIbCAIIMH BBIXOIHOTO HANPSP)KEHUS paBHA

AUm:(UH MakKc — UH MI/IH)/2

TaOmuna 2

U, B AUn, B K, %0

OLEeHUTh MOTPEUIHOCTh pacyéTa EMKOCTH (DUIIbTpA, CPAaBHUBAS 3a-

JAaHHOC U pCAJIbHOC 3HAYCHHUC BCIINYHNHBI HYHBC&HHﬁ.

KoHnTpoJbHBbIEC BONIPOCHI

Kakue ¢usnueckue sBJICHHUS ONPEACISIOT BBIIPSIMUTEIIbHBIC
cBoiicTBa nuona?

. Yto «IIOACKA3bIBACT» YCIIOBHOC rpa(pnquKoe 0003HaUYCHHE AN O-

na?

[ToueMy npu NOPUMEHEHUU EMKOCTHOTO (QUIBTPAa BBIXOJHOE
HaNPSDKEHUE MOXET MPEBBIIATH JICHMCTBYIOILIEE 3HAYCHUE BXOJ-
HOTO HANPSIKEHUS ?

Kak Bnusger BeqnuymHA HArpy3Kd Ha aMIUIUTYy MYyJIbCAllUM BbI-
OPSIMUTENS C EMKOCTHBIM (PUIIBbTpOM?

JIByXTIOAyIIEpUOAHBI ¥ OJHONOJYIIEPUOAHBIN  BBIIPAMUTEIN
UMEIOT OJIMHAKOBBIE IMapaMETPbl BBIXOJHOTO HAIPSIKEHUS IIPU
paBHBIX Harpy3kax. Kakumu pa3nnuusiMi B HOMUHAJIbHBIX 3HAYe-
HUSIX TApaMETPOB KOMIUICKTYIOIIUX U3JICIINN 3TO JOCTUTHYTO?

Copep:xkanue oruera

OTU€T NOJKEH COAEPKATh:
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©COo~NOOREODE

TUTYJIBHBIN JTUCT;

OraBieHue;

HammeHnoBanue paboThI, IIEIb UCCIICIOBAHUM;

Hccnenyembie CXeMbl;

Pacuyét HOMUHAIBPHOIO 3HAYCHUS EMKOCTH (DUIIBTPA;

Pe3ynbTarhl 3KCIIEpUMEHTOB;

Pacuét nmapameTpoB BBIIPSIMUTEA;

OTBeTHI Ha KOHTPOJIbHBIE BOMPOCHI;

Ilepeuens nuTepaTyphl, UCIOJIB30BAHHON MPU MOJATOTOBKE U BbI-
MOJIHEHUH PaOOTHI.
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2 IAPAMETPUUECKHI CTABUJIU3ATOP HAIIPSIKE-
HUSA

Hean padoTbl

1. ®opmupoBaHue  HABBIKOB  MPOCKTUPOBAHUS  AJICKTPOHHBIX
YCTPOMCTB B CpelaX aBTOMATH3WPOBAHHOT'O MPOEKTHPOBAHMS.

2. Vzyyenue mpuHIiuna paboThl U pacyeTa MPOCTEUIero mapamer-
PUYECKOTO CTaOUIN3aTOpa HAMPSIKEHUS.

OcHoOBHBIE TCOPCTHYECCKHUC ITOJIO0KCHUA

[TapameTtpuueckuii ctabunuzarop oOecrneynuBaeT MNOAep>KaHUE
BBIXOJITHOT'O HAIPSKEHUS 33 CYET COOCTBEHHON HENMHEHHOCTH UCIIOJIb-
3yeMOro MOJyIPOBOJHMKOBOIO 3JIEMEHTa. B 3aBUCHMMOCTH OT MecTa
BKJIFOYEHUSI TAKOTO 3JIEMEHTa BCE CTaOMIM3aTOPhl MOAPA3AEISIOTCS Ha
NOCJIEIOBATEIIbHBIE, napajuieJbHbIE U NIOCJIEI0BATENIbHO-
napajuieibHBbIE,

[lapamerpuyeckuii cTaOMIM3aTOpP BXOJUT B COCTaB Kak Hempe-
PBIBHBIX, TaK U KJIIOUYEBBIX CTAOMIM3UPOBAHHBIX UICTOUHUKOB MTUTAHMUS.

CTtalunu3aTophl AENSITCS Ha HEMPEPHIBHBIC U KITIOUEBBIC (MMITYJIb-
CHBIE WJIH peJIeiiHbIe) 10 ciocoOy yrnpapieHusa. CTaduiIn3aTopsl Henpe-
PBIBHOTO THUIA HUCIOJIB3YIOT AKTUBHBIA PEXHUM pabOThl OUIOISPHOTO
WIH TOJIEBOTO TPAH3UCTOPA, B TO BPEMs KaK CTAOMIIN3aTOPHI UMITYJIbC-
HOT'O WJIM PEJIEMHOTO0 THUIOB — KIIFOUEBOUM PEKUM paldOThI MOIYHPOBOI-
HUKOBBIX TPUOOPOB.

OCHOBHBIM MapamMeTpoM CTabuiIM3aTopa J000ro TUMA SIBISETCA
KO3 PUIUEHT CTAOMIU3AIIUM 110 HAPSKEHUIO

K . 5UBX . AUBX/UBXHOM
Hon AU, U ’

cm
&J BBIXHOM

rae ek, OUpux — KOIPGUIIMEHTH HECTAOMJIPHOCTH HAMPSHKEHUS Ha
BXOJI€ U BBIXOJI€ CTa0MIM3aTOpA.

TunoBas cxema MmapaMeTpUUeCKOro cTabuiiM3aTopa HaNpPsKEHUS,
BBIITOJIHEHHOI'O Ha CTAaOUJIUTPOHE, MPUBEJACHA HAa pUCYHKE 1, a. DTo ma-
pajuienbHas cxema crabmim3anu. B manHO#M cxeme IS IMOaepKaHms

1)

BbIX
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BBIXOJTHOT'O HAIPsDKEHUS Ha TPeOyeMOM YPOBHE UCIIOIB3YETCS y4acTOK
oOpaTHOro sJeKkTpuueckoro mpodos crabunutpona VDji. [loscaum
OPUHIUIT pabOThl CXeMbI Ha PUCYHKE 1, a ¢ ucnonszoBanueM BAX cra-
ounuTpoHa (pucyHoK 1, 0).

Pucynok 1 - Cxema nmapaMmeTpruyeckoro ctabmimnzaTropa Ha CTaOMINT-
poHe (@) u rpaduueckas HHTEpIpETaIUs e¢ paboThI (0)

[IpennosnoxuMm, 4To 3aaHbl BbIXOJHOE HampsbkeHue (Ugux), co-
MPOTUBJICHUE HArPY3KHU Ry M JIMAIla30H U3MEHEHUS BXOJHOI'O HaIpsiKe-
HUA Upx yax U Ugx yin. OTIOKUM Ha OCH HaNpsHKECHUN 3HAYCHUST MUHH-
MaJIbHOTO ¥ MaKCUMAJIbHOT'O HANPsSHKEHUH 1 4epe3 3TH TOYKH IIPOBEIEM
NpsSIMbIE, YTOJI HAKJIOHA KOTOPBIX OIpPEJIEISIETCS CONPOTUBICHUEM Oa-
JTACTHOTO pe3ucTopa Rs. TOUYKHM TepeceueHus: XapaKTEPUCTUKU CTaOu-
JUTPOHA C MPOBEICHHBIMU MPSMBIMHU J1aayT 3HAYEHHUSI COOTBETCTBYIO-
IIMX BBIXOJHBIX HamNpsbKeHUW yctporctBa. [Ipu sToM OyaeM monaratsk,
yT0 Ry>>Rs 1 AUy=AU;. OueBnano, BcaencTeue HeaumHeiiHOCTH BAX
crabmimutpona wusMmeHennio AU, =U, oo —U,um  OyIeT cOOT-

BETCTBOBATH M3MEHEHUE BBIXOIHOT'O HATPSKEHHS
AUBI:-IX = UBBIX MakcC - UBBIXNH/IH 5 HqueM AUBI)IX << AUBX b

Kosdduuuent crabunuzanuu crabuiauzaropa OpPUEHTUPOBOYHO
MOXKHO ONpEACIUTh B IPCSAINOJ0XKCHUH, 4YTO AU, >>AU,, . . ~0 Hu
Ru=const.

Torna

Al =AU /Rs - AU = AL T,

BBIX BX CT



39

rae ler — iuddepeHmanbHOe CONMPOTUBIICHUE CTAOMIUTPOHA.

Otkyna
AU BLIX/AU BX rCT/R6

Koadunment crabunuzamnuu Ky ¢; TaKOM CXeMbl paBeH

UBI;IX ) R6
KUCT = &J Bx/&JBLIx = (AUBX/UBX)/(AUBLIX/UBBIX) ~ U T . (2)
BX 'CT
Pacuer mapaMeTpuiICCKOro CTa6HHH3aTOpa MOXKCECT 6I>ITI> BBIIIOJI-

HeH u3 ycnoBus | .0 < 1. < JUId 1ByX HauXyJIIMX COYETa-

CTMakKcC*
HUW MapamMeTpoB ATU YCIOBHUS MOTYT OBITh 3alMCaHbl CIAETYIOIMINM 00-

paszom:
(UBXMI/]H _UBBIXMaKC)/R6 > ICTMI/IH + IHMaKC

(UBXMaKC _UBLIXMI/IH)/R6 < ICTMaI(C + IHMI/IH.

[IpuBegeHHass METOAMKA MPUOIMAKEHHOTO pacué€ra ONMpaBlIbIBAECT
ce0s1 111 MaJIOMOIIHBIX MApPaMETPUUECKUX CTaOUIIU3aTOPOB, T.K. Mapa-
METPUUYECKHE CTAaOUIN3aTOPhI CpeaHEN U OOJIBIITON MOIITHOCTH B HACTO-
AIIEE BpEMS IPAKTUYECKU HE UCTIOIb3YIOTCS.

IHpumep

JIs1 mapaMeTpruyecKoro cTabuian3aTopa HampsHKEHUSI PaCcCUUTATh
HOMHUHAJIbHOE BXOJIHOE HANPsKEHUE Ugy noy U COMPOTHUBIICHUE OaIacT-
HOT'0 pe3ucTopa Re Npu cleayromnuX yCIOBUSIX: BEIXOHOE HANIPSIKEHUE
Usx son=9,6 B; MakcuManbHBIM TOK Harpy3ku — 15 MA; HecTaOuib-
HOCTh BX0JHOTr0 HanpspkeHust OUgxx = 20%.

Pemenue
ITo 3apanHOMY HaNPsHKEHUIO Upyx now BBIOEpEM cTaOMmuTpoH KC456A,
uMmeromuit padoune napamerpbl: Ucr won=5,6 B (ler non=10 MA), re=7
OM; u npenenbHbie napameTpbl: .Ucr wun=5,04B  (lcr sov=10 MA); Ug;
MaKc:6,16 B (ICT non=10 MA), ler vun=3 MA; ler mae=167 MA;
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N3 nomyctumoro auamna3oHa ler wus ... ler maxe 3a7aIUMCS MUHUMAIbLHBIM
¥ MaKCUMaJIbHBIM pabOYUM TOKOM CTaOMIUTPOHA:
ler pab MuH =5 MA, ler pab waxe=20 MA\,

HaiiieM COOTBETCTBYIOIIME STHM TOKAaM BO3MOJKHBIC HAIPSOKEHHS Ha
BBIXOJIC CTAOMIN3aTOpA.

U =U

BBIX MUH CTHOM (ICTHOM CTpa6MI/IH) ) rCT = 51565 B
U =U + (1 | =588B

3HaueHNE HOMMHAJIBHOTO BXOJHOTO HampsiKeHUS Ugx noy M COIMPOTHUB-
JeHue pe3uctopa Re HaiiieM U3 ClIeIyIONuX COOTHOIICHUM:

(1_&JBX) .UBXHOM _UBBIXMI/IH > | | _ UBI)IXMI/IH |
R Z ymake T cTpabMuH ~— R + cTpaldMuH
o

HMUH

BBIX MaKC CTHOM cTpabmake CTHOM) Tor

1+, ) U, ., —U

BBIX MaKC |
R < cTpabMakc
0

BXHOM

Peuienue cucrembl NUHEWHBIX ypaBHeHUU naet: Rs =168 OM; Ugx wou
=11,9 B. Ilpunumaem crannapthbie 3HaUeHUS: R =160 OM 1 Ugy om
=12 B.

MuHuManbHOE M MAaKCUMaJIbHOE BXOJHBIE HANPSKEHUS, COOTBETCTBEH-
HO paHBbl:

U =0,8U

BX MHUH

=96B U =12U =14,4B

BXHOM BXMAakKcC BXHOM

CnenaeM mpoBEPKY, JIKAT JIM B pad0yeM Juana3oHe TOKU BHIOPAHHOTO
cTadmnuTpoHa. st 3Toro onpenenuM ToKU ler pas mun ¥ ler pag maxe-

U -U

I BXMHH

CTpabMHH R
0

BBIX MUH U BBIX MUH

— = 6,67 MA

HMHH

U -U

BX MaKC BBIX MAKC BBIX MAKC
I cTpab Makc R o =53,25 MA
0

HMakKcC

[TosmmyyeHHBIE 3HAUYEHUS JIEKAT B JOMYCTUMOM JUANa3oHe ler yun ... ler

MakKc-

Haitnem koadduiimeHT cradbunuzanuu no npuoamKeHHon popmyie:
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«  _YunRs_56-160
er U, or, 127 ’

Pacuet o onpenenstoniei popmysie gaeT CIeAyOIUi pe3yabTar:

U
K, = Mo _ o - 92 1
« aJ BBIX (U BbIX MAKC _UB])IXMI/IH) 5’88 - 5’565
2.U 2.56

BBIX HOM

BrixoaHoe conpoTuBiaeHue cTadbmimm3aTopa Reyx=rcr=7 OM.
IHoaroroBka k padore

HcciienoBanre mapaMeTpPHUYECKOTO CTa0MiInM3aropa (PUCYHOK 2)
MPOBOJIUTCSI METOJIOM MojelupoBaHus. B pabore ompenensrorcs oc-
HOBHBIC MMapaMeTphl cTabuIu3aTopa: KodpduiueHTt cradbunuzauuu K v
BBIXOJIHOE COMpPOTUBNICHUE Rpyx. C 3TOM 1enbto cHumaercs BAX cra-
OUIUTPOHA, TTPOBOAUTCS TpadUUECKUIl pacyeT CXEMbI, CHUMAIOTCS Tie-
PEXOAHBIE MPOLECCHI TPU U3MEHSIIOMIEMCS] BXOJTHOM HAMNPSIKEHUH U Tie-
penaToyHas XapaKTePUCTUKA CXEMBI.

UBX

Pucynok 2 - CxeMa napaMeTpuuecKkoro crabminzaropa

[Ipu momariHe moAroTOBKE K paboTe HEOOXOIUMO:
1. U3yunTth npuHIMN ACHCTBUS MapaMeTPUUECKOTO CTa0MIN3aTopa.
2. JImst cxeMbl TapaMeTpHUECKOro CcTadmim3aTopa Mo JaHHBIM, ITPUBE-
JIEHHBIM B Ta01. 1
- BBIOpATh TUN CTAOMJIUTPOHA,
- paccurTaTh OAMIaCTHOE CONMPOTHUBIICHHE Rg,
- ONIpEIeauTh HOMHUHAIBHOEC BXOJMHOE HampsokeHUue Upx wow M IIpE-
nenbl ero u3MeHEHHUS (Upx yun ¥ Usx vaxe),
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- pacCcurTaTh HECTAOMIIBHOCTh HANPSKEHHS Ha BBIXOAC CTaOMIIM3a-
Topa OUpux,

~ omnpeAcnuTh KOdOPHUIUCHT cTabuIn3anun Ker,

- pacCUMTaTh BBIXOJHOE COMPOTHUBICHUE Ry, TPH 3aJaHHBIX:

- HOMHMHAJILHOM HaNpPSKEHUH Ha BBIX0AE CXeMBbI Ugyy,

- HECTaOMJIbHOCTH BXOJHOI0 HampsiKeHUs OU gy,

- MHHHUMAJIBHOM COIPOTHUBJICHUH HATPY3KH Ry vy
Pacuer nosicauts rpadpuxom. HoMmep BapmaHnTa COOTBETCTBYET I10O-

PSAIKOBOMY HOMEPY CTyJACHTA B Y4eOHOM KypHaJe.

Tabnuma 1. BapuaHThl 3a1aHU.

Ne | Upux, B | Ry sumy | 8Upy, %, Ne | Upux, B | Ra vy | U,
kOMm kKOM %,
1 |45 0,3 10 13 |45 0,4 10
2 |50 0,4 20 14 5,0 0,5 20
3 |55 0,5 15 15 |55 0,6 15
4 16,0 0,6 20 16 6,0 0,4 20
5 165 0,7 15 17 16,5 0,8 15
6 |70 0,8 20 18 | 7,0 0,9 20
7 |75 1,5 10 19 |75 1,0 15
8 18,0 1,5 10 20 8,0 1,7 10
9 |85 2,0 15 21 |8,5 2,2 15
10 19,0 2,5 10 22 19,0 2,7 10
11 |95 3,0 15 23 19,5 3,3 15
12 10,0 3,5 10 24 10,0 4,0 10

IIporpamma uccie10BaHuM

MeTorka BBITIOJTHEHHS TPOTPaMMBbl UCCIEIOBAHUM B JaHHOW pado-
Te onucana s cpeasl OrCAD ¢ menbio AeMOHCTpAlMM OTJIMYHUM OT
Multisim.

1. 3amyctute nporpammy Capture CIS nporpammuoro makera Or-

CAD 9.2. Bemonauts komannay «File/New/Project». B oTkpbIB-
IIeMCsl TMaJIOrOBOM OKHE (PHCYHOK 3) yKa3bIBA€TCS THUII IIPOCKTA:
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PC Board Wizard, B crpoke Name — ums npoekra, B cTpoke LO-
cation — Mecto pa3merieHus (MMamnka moJb30BaTels).

2. Paspemnth HCIIOJI30BaHHE PEKUMA CHMYJISAIHUUA (PHCYHOK 4).
Hcnonb3oBaTh OMOIMOTEKH, YCTAHOBICHHBIE 110 yMoia4yaHuto. [lo
Haxxatnio «OK» OyJIeT OTKPBITO OCHOBHOE€ OKHO MPOTPaMMbl CO-
JIepIKaILlEe CKPBITBIM MEHEIKEP MPOEKTOB U JIUCT cXeMbL. llocie
AKTUBU3ALIUM JIUCTA PA3MEIICHUSI CXEMBbI (IIETYOK TJIaBHOM KHOII-
KOU MBIIIA HAa €r0 MOBEPXHOCTH) B MPaBOM YaCTU OKHA MOSBUTCS
MaHellb UHCTPYMEHTOB (PUCYHOK 5). KOMIOHEHTHI pa3MeniarTcs
no komanzae «Place/Part» (3Hauok «KoMmoHeHT» Ha MaHeId WH-

CTPYMEHTOB).
x
0K
. | o |
|LEE3 Cancel |
— Create a Mew Project Using———————— Help |
p
% ™ Analog or Mized &0
— Tip for Hew Users
E ' BC Board wizard Schematic Wizard iz the
faztest way to create blank
u zchematic project.
g% I Frogrammable Logie #izand
¢ |
+ )
™ Schematic
Location
|F:\USEF|\KI:-><><\F| Browse... |

Pucynok 3 - Co3nanue npoekra

B nmamoroBoM okHe (pucyHOK 6) cHavama B mone «Libraries»
BBIOUpAeTCS UMs OMOIMOTEKH, COJiepKaHuE KOTOPOl 0ToOpakaeTcsl Ha
nadnenun «Party. s nobGaBneHuss OMOIMOTEK HAa)KMMAeTCs KHOIIKA
«Add Library» u gobasnsercs Heodoxoaumas OubanoTeka. Jlanee BbI-
OupaeTcs MM KOHKPETHOTO KOMIIOHEHTa (€ro BHUJ OTOOpaxaercs B
okHe), HaxkumaeTcss «OK» u CHMBOJI KOMIIOHEHTa TEPEHOCUTCS Ha
cxemy. MecTo yCTaHOBKM KOMIIOHEHTA (PUKCUPYETCS MIETYKOM TJIaBHOM
KHOTIKHA MBIIIIKH.
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x

¥ {Enable project simulation;

¥ Add analog or mixed-signal simulation resources.

£ fedd WHD b azed digital simulatiorrezaurzes,

< Hazan, I Daree = I Otmena | Cnpaexa |

Pucynok 4 - Pa3peuienue cumyssanun

3. C momoImpi0 BCTPOEHHOTO TpaduiecKkoro peaakropa coOpaTh

CXEMY MapaMeTPUUYECKOro CTaOUIn3aTopa, BKIIOUUB B HEE UCTOU-
HUK HECTAOMJIBLHOCTH BXOJHOIO HampsbkeHus (pucyHok 7). Ilapa-
METpPBI DJIEMEHTOB CXEMBbI JOJDKHBI COOTBETCTBOBaTh HOMHUHAJIb-
HOMY pexkuMy. |BV=<nomuHanbHbIil pabouunii TOK yepe3 crabdbu-
auTpoH>, RS=<00bEéMHOE cCONPOTUBIEHNE CTAOUITUTPOHA™.

HapaMeTpLI CTa6I/IJ'II/ITp0Ha MOXHO B34Tb U3 CIIPABOYHHKA (CM. pHu-

noxenue). Ilocime BBojma mapameTrpoB HeoOxoaumo koppekTHO (OK)
BBIWTH U3 PEKUMA PEIAKTUPOBAHUS.

3anarh Tun uctouynrka curiana VSTIM u yctaHoBUTH ero napa-
meTpel Edit Pspice Stimulus. BeibpaTts cunyconganpHOe Hampsi-
KeHue. B kauecTBe mapaMeTpoB clelyeT BbIOpAaTh CMEILECHHE
paBHOE€ HOMHUHAJILHOMY 3HAQ4Y€HHUIO BXOJHOI0 HampspkeHus UBX.
HOM. U CUHYycOuJalibHOE HanpsikeHue yactoton 100 ['n u ammum-
tygor Um=8UBx/200% x UBx

JUist BBIBOJIA OCLMIJLIOTPAMM TOJKIIOYUTh MApKEP HANPSIKEHUS
B MCTOYHUKY BXOJHOTO HANPSIKEHUS U K BBIXOJY CXEMBI.
Bhauarne ciieyeT pacroyioKUTh 3JIEMEHThl Ha paboyeM Moje B
COOTBETCTBUHU C NPUHLMIHUAIBHOW CXEMOW PUCYHOK [/, HE COEIU-
HS UX. DJIEMEHTBI, C KOTOPBIM HAJI0 YTO-TO CJAEJIaTh, BBIACISIOT
MIEJTYKOM TJIaBHOW KHOMNKUA MbIIIU. OTMEUEHHBIN AJEMEHT MOX-
HO MOBEPHYTh, YIAIUTh WU MEPEMECTUTH (MEHIO NEUCTBUIl BbI-
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3bIBAETCS BCIIOMOTATEJIbHOW KHOMKOW MbIIIN). [ mepemeienus
KOMIIOHEHTOB Hcnosb3dyercss TexHonorus «3AXBATU U TA-
L.

— CoeauHUTb AJIEMEHTHI Ha paboyeM I0JI€ B COOTBETCTBUU C MPHUH-
UMUaabHOM cxemoi. Jlig aToro BeiOMpaeTcsa HHCTpyMeHT «IIpo-
BOJIHUK». [logBecT Kypcop K BBIBOJLY OJHOIO U3 3JIEMEHTOB H
IEJIKHYTh TJIAaBHOM KHONKOW MbIU. [loaBectu kypcop K apyrou
TOYKE CXEMbI M CHOBA IIEJIKHYTh.

— JIroOoli mapaMeTp KOMIIOHEHTa MOJKET OBbITh M3MEHEH IOCIe
1IEJTYKA HAa HEM TJIaBHOW KHOIIKOW MBIIIH.

— CoxpaHUTh CXEMY B paHee BEIOpaHHOM paboyeil marke.
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PucyHnok 7 - Pabouast cxema Jij1s1 uccieoBaHus padoThl
napaMeTpu4ecKoro crabunnzaropa

— Jlns ctabuiauTpoHa HEOOXOIUMO yKa3aTh MapamMeTphbl MOJICIIU.
J{1st 3TOro HEOOXOJAWMO HICJAKHYTh CTAaOMIMTPOH OJWH pa3 (OH
OKpacHTcsl).

Jlst u3MeHeHus mapaMeTpoB MOJACIH HEO0OXOIUMO BOWTH B WH-
tepdeiicubiii quaior Edit Pspice Model. B okne nmapameTpoB Mojaenn
YCTAaHOBUTH KypcOp Ha BBIJEICHHBIN Mapamerp: BV=<uanpsokeHue
CTa0WIM3alUK CTAOMIUTPOHA>.

4. 3amaTh YCTAaHOBKH CUMYJISAIIMN B COOTBETCTBUU ¢ pucyHkoMm 8. Ha
uHTepBasie 2..4 MEPUOJOB paccUUTATh IMEPEXOTHON MpoIlecC U
MOJYYUTh OCHUAJUIOTPAMMBI  BXOAHOTO HampspkeHus Ui(t) wu
HanpsbKeHHs Ha Harpyske Uz(t). OmpenenuTs mpeaeiibl H3MEHEHUS
BbIXOAHOTO HANPSIKEHUS (Uppx yun M Uppix maxc) ¥ PaCCUUTATh HE-
CTa0MIBHOCTh HA BbIXOJE OUBBIX M K03p(PUIMEHT cTadmin3a-
1uH Ker. Pe3ysbTaThl 3aHECTH B TaOIHITY 2.

x
General  Analysis | Include Files I Libraries | Stimulus I Options | Data Collection I Probe Window |
Analysis type:
[ — Bun to time: 004 seconds [TSTOP)
Options: Start zaving data after: ID SECONdS
I General Settings Tranzient options
[IMonte Caro/Worst Case M awirum step size: IEI. 0004 zeconds
[JParametric Sweep _ L . _ _ .
[ Temperature {Sweep) [~ Skip the initial transient bias point calculation [SKIPBF)
["15ave Bias Poirt
[Load Bias Point Output Filz Optiots. . |

oK I CrtmeHa | I'Ipwmew'rbl Crpaeka |

PucyHok 8 — YCcTaHOBKHU peKUMa CUMYJISIIMU BO BPEMEHHOW 001acTH




47

5. Cuarp nepenatounyio xapakTepucTuKy Ugx(Usx). C ee momo-
b0 ONPENEIIUTh U3MEHEHUE BBIXOAHOTO HANTPSKEHUS (Ugpix viun U
Usuix maxc) B 3a1@HHBIX TpaHuIax BXOJHOTO (Upxymm ..
s¢uiueHT nynbcanuii Ha BeIXoAe Km», koddpduumueHr craduiu-
3anuH Ker. Pe3ynbrarhl 3aHecTd B Ta0iminy 2.

.Usxmaxc), KO-

Tabmumna 2
IMapa- | Ugux Usuix Ker, %
METP | yun, B | maxe, B | SUBBI
X, %
Pacuer
1. 2
m. 3

Analysis type:
DC Swee

Options:

Primary Sweep
[|Secondary Sweep
[ Monte Cado/Worst Case
[ |Parametric Sweep
[ Temperature (Swes
[1Save Bias Point
[ |Load Bias Poirt

1. Ins moctpoenus mnepeaaroyHoli xapakTepUCTHKH  Uppix(Uex)
HEOOXOIMMO YCTaHOBUTH pexkuM Sweep DC B cOOTBETCTBUM C
pucynkom 4.7 (Bmecto End Value 10 ykazaTe MakcHMallbHOE
3HAYCHHE BXOJHOTO HAMpsOKEeHMs). Mapkep HampsbKEHUs OCTa-

BUTH TOJIBKO HA BBIXOJA€ CXCMBHBI.
x

General Analysis | Include Files I Liblariesl Stimulus I Options I Data Collection I Probe Window I

— Sweep vaniable

IW—
todel tupe; Iﬁ
I odel ranne; I—
Barameter nane; I—

% Yoltage source Mame:
" Curent source
" Global parameter
" Model parameter
' Temperature

ep) — Sweep type

& Linear Stait value: ID

End wvalue: |1D
e LDgaritbmicIDecade 'l -
Increment: ID.D1

 Walue ligt |

oK I CtmeHa | I'IpwmeHMTbl Crnpaexa |

Pucynok 4.7 - YcTaHOBKM [J1s1 TOCTPOEHUS MEPENATOYHON XApAKTEPH-

CTHUKHU

[IpoBecTn pacuer cxembl, HaxkaB Ha kjaBuiny F11 wim kHOMKY

«ITYCK» wmpimkoi, ¥ monyduTh XapakTepUCTHKY Upnx(Usx). C momo-
IIBI0 DJICKTPOHHBIX KypcOpoB onpeAeauTh Uswix mun ¥ Upnix make, COOT-



48

BEeTCTBYIOMMNE Upx mun U Ugx maxe. [10 TUM JaHHBIM OnpeaeauTh TPeOy-
eMbIC TTapaMEeTPHl.

KoHTpoJbHBIEC BONIPOCHI

1. Kakue ¢uznueckue 3(pPeKkThl UCHOIB3YIOTCS B UCCICIOBAHHOM Ia-
pamMeTpUUYECKOM CTa0MIM3aTOpE JJI CTA0MIN3AIMN HATIPSHKCHHUS ?

2. UeM oTiM4aroTCs Takue MapamMeTphbl KaKk HECTaOWMIBbHOCTh HampshKe-
HUS 1 KOO(PPHUIIUEHT IMyIbCalnii HapsHKEHUS ?

3. MoxHo 15 omnpenenuTs KOAQPUIMEHT MyJbCcallii BBIXOJIHOTO
HaTnpsOKEHUS 4epe3 KoAdQPUIMEHT MyJbcariii BXOJHOTO HaIpsiKe-
HUs 1 Kod(ppunueHt crabunuzanumn’?

4, KakoBa OCHOBHAsI IPUYMHA ITyJIbCAIIMA HANPSDKSHHUsI Ha BXOJE Iapa-
MeTpuueckoro crabunuzaropa? Kakosa, 1o BameMy MHEHHUIO, YaCTO-
Ta 3TUX MyJIbCALUN?

Copaep:kanue oTuera

OTU€T NOJKEH COAEPKATh:

TUTYJIbHBIN JIUCT;

COJZIEpIKAHNUE;

HAaMMEHOBAaHUE Pa0OTHI U 1I€JIb UCCIETOBAHUIA;

CXEMY UCCJIEIOBAHUS,

pPE3YJIbTATHI PACUYETOB;

pe3yNbTaThI 1O M.4-11.5 TPOTPpaMMBbI HCCIETOBAHUN;
CpPaBHUTEIIBLHBIN aHAIU3 PE3YJbTaTOB TAOIUIBI 2 U 00CYXJACHHUE
MOJIYYEHHBIX JAArpaMm;

OTBETHI HA KOHTPOJIbHBIE BOIIPOCHI;

nepeyeHb UCTOYHHUKOB, UCMOJIb30BAHHBIX MPHU BBIMOJHEHUU pabo-
THI.

No ok owhE

© o
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3 BOJBTAMIIEPHBIE XAPAKTEPUCTUKHN U IIAPA-
METPbI BUITOJIAPHOI'O TPAH3UCTOPA

Hean padoTbl

1. ®opMupoBaHUE  HABBLIKOB  IMPOEKTUPOBAHUSI  JICKTPOHHBIX
yctporctB B cpeae OrCAD.

2. VI3yyeHue BOJIbTAMIIEPHBIX XapaKTEPUCTHUK U MapaMeTpOB OUIIO-
JIIPHBIX TPAH3UCTOPOB.

OcHoOBHBIE TCOPECTHYECCKHUE CBCICHUA

B 1948 rony 1. bapaun u B. bpaiiten oOHapy»Xuid, 4TO MOJY-
IPOBOJIHUKOBBIE YCTPOMCTBA C ABYMS P-N TMEpexojiaMHu CIIOCOOHBI CO-
3l1aBaTh YCHUJIECHUE OJJICKTPUUECKUX KOjeOaHW 1o MoIHOCTH. OHH
Ha3BaJld d9TO YCTPONCTBO TPAH3UCTOPOM (OT AHTJUUCKUX CJIOB”
transfer” — npeoOpazoBatenpb U “resistor’” — conpoTuBICHUE).

B Hacrosiee BpeMsi IPOMBIIUIEHHOCTh BBITYCKAET MIOCKOCTHBIC
TPaH3UCTOPHI, MPEACTABIAIONINE COOOM MOHOKPUCTAIT MOTYTIPOBOHU-
Ka, B KOTOPOM JIB€ 00JIACTH C TPOBOJAMMOCTBIO OJJTHOTO THIIA PA3CICHBI
00JIaCThIO C MPOBOJUMOCTBIO MPOTUBOMOJIOKHOrO THNA. Takum o0Opa-
30M, MOTYT OBITh MOJIYYEHBI CTPYKTYpbI P-N-p U N-P-N Tuna (pUCyHOK
1). Mexay o0nacTsiMu ¢ pa3HbIMH TUIIAMU TTPOBOJUMOCTH 00pa3yrOTCs
p-n mepexoasl. P-n nepexos, o0pa3yromuiics MexXAy SMUTTEPOM U Oa-
301, Ha3bIBaeTcsi 3MUTTEepHbIM Tiepexonom (JII); mepexoxn, obOpasyro-
muicsa Mexay 0a30i M KOJJIEKTOPOM, Ha3bIBAIOT KOJUICKTOPHBIM Iepe-
xoaom (KITI).

Jbipku (B pP-N-P TpaH3UCTOPE), CO3AAIOIINE IMUTTEPHBINA TOK, U3
00JIacTH AMUTTEpPA MOMNAAA0T B 04eHb y3Kyt0 (10-50 mMxMm) nN-obnacthb
0a3pl, oTKyaa Oombias ux 4actb (95-99%) mpoxoauT B P-o0iacth K
KOJUIEKTOPY, 00pa3ysi KOJIEKTOPHBIN TOK |, OcTanbHble AbIpKH 00pa-
3YIOT TOK 0a3bl ls. JlJist CyMMBI BCEX TOKOB C YUYETOM HMX HApaBJICHUI
(puCYHOK 2, a) cpaBeynBO paBeHCTBO |,+15+1,=0. CneqyeT moMHUTS,
YTO TOK, HAIPABJICHHBIN K TPAH3UCTOPY, CUMTACTCS IMOJOKUTEIbHBIM,
OT TPAH3UCTOpPA — OTPHUIIATEIBHBIM, IIPUYEM HAMpPaBICHHUE TOKA OMpe-
JIESIeTCSl HaMpPaBJICHUEM JIBUKEHUSI MOJ0XKUTEIbHBIX 3apsioB. TpaH3u-
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CTOP, BBITIOIHSS T€ K€ (DYHKIIMM, YTO W DJICKTPOHHAS JiamIa — TPUOJ,
00Ja1aeT 1eNIbIM PSIIOM PEUMYIIECTB: OTCYTCTBHEM 1€ Hakaja, 6o-
nee BpicokuM KIIJI, manmbeiMu pazmepamu, BECOM U JIp.

—
[S]
(VS
—
[}
(V5]

n |, P n

@ [i ®i]i@ 3)

-
—

Pucynok 1 - Tpansucrtopsl p-n-p (a) u n-p-n (6) tuma. Kaxgas obmactob
UMEET CBOE Ha3BaHue: 00nacTh 1 —amutrep (I), o6nacts 2 — 6a3a (b),
obsacth 3 — koyuekTop (K)

du3nyecKkue 0OCHOBBI Pa00THI TPAH3UCTOPOB

PaccmoTpuM (usndeckre OoCHOBBI pabOThI Tak Ha3bIBA€MBIX OU-
MOJISIPHBIX TPAH3UCTOPOB, T. €. TAKUX, B KOTOPBIX TOK O0YCIIOBJIEH JBH-
KEHHEM KaK OCHOBHBIX, TAK U HEOCHOBHBIX HOCUTEINIEH 3apsiaa. bynem
paccMaTpuBaTh TPAH3UCTOP P-N-P Tuma, B paboTe KOTOPOTrO OCHOBHYIO
pOJIb UTPAIOT JbIpKU. DU3NUECKHE OCHOBBI N-P-N TpaH3UCTOpPA aHAJO-
TUYHBI OCHOBaM pabOThI P-N-P TpaH3UCTOPA, HO B HEM OCHOBHYIO POJIb
UTPAIOT JIEKTPOHBL.

Ha pucynke 2 u3o0paxkeH OUIONSPHBIM TPaH3UCTOP, BKIIOUECH-
HBIN T10 cxeMme ¢ oO1iei 0a3oil (pUCYHOK 2, a) U €ro yCJI0BHOE 0003Ha-
yeHue (pUCyHOK 2, 0). JIeBbIil P-N mepexo BKIIOYEH B MPSIMOM HallpaB-
nenuu. [Ipu 3ToM yepe3 Hero TedeT OOJbIIONW TOK OCHOBHBIX HOCUTEIICH
— npipok. JleBas p-o0iacTh HMHXKEKTHPYET ABIPKH B COCEIHIOK N-
o0Jsiacth. JTa P-00J1aCTh, UTpalOIlasi POk KaToAa B JaMIIOBOM TPHOJIE,
Ha3bIBaeTcs dMuTTepoM. IlomaBime B N-001acTh, Ha3biBaeMyr 0a3oi,
IOBIPKK C TIOMOIbIO JU(PY3MOHHOTO MEXaHHM3Ma IEPEeMEIIAITCA K
npaBoMy P-N mepexoay, BKIIYEHHOMY B OOpaTHOM HalpaBlICHHUH.
Yacte 1pIpoK B 0a3ze peKOMOMHHpPYET C 3JIeKTpoHamMu. OcTaBIascs
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4acTh JOCTUTAET MpaBoro P-n mepexoja. Tak Kak ABIPKU B N-00J1aCTH
ABJISIFOTCSI HEOCHOBHBIMH HOCUTENSIMM, & MPABbI P-N MEPEX0 BKIOUYECH
B 00paTHOM HaIpaBJIEHUH, TO O] IEUCTBUEM YCKOPSIOIIEro MOJIs Ipa-
BOT'0 P-N mepexoja AbIPKU BTSITUBAIOTCA B p-00J1aCTh.

= F N WK 2lA

@-+éO\O‘"

PucyHok 2 - BunonsipHblid TpaH3UCTOP: @ — CXEMA BKIIFOUEHUS C OOLIEeH
0a3oii; 0 — yclIoBHOE 0003HAUCHHUE TPaH3UCTOpa, P-N-P TUMa (cIeBa) u
N-p-n tuna (crpaBa)

Ota p-o6mnacTh, coOuparomas IbIPKUA, HA3bIBAETCS KOJUIEKTOPOM.
ba3a u KOJIEKTOp UTParOT COOTBETCTBEHHO POJIb CETKH U aHOJA B JIaM-
IOBOM TPHO/IE.

YcunurenbHble CBOMCTBA TPAH3UCTOpPAa BO3HHUKAIOT B pPE3yJIbTaTe
B3aMMOCBSI3M TOKOB AMUTTEPA U KoJlekTopa. Onpenenum ycloBus, pu
KOTOPBIX 3TU B3aUMOJICHCTBUS UMEIOT MecTo. [Ipeanonoxum, 4To To-
IIMHA MaTepuayia 0a3bl BEJIMKA MO CpaBHEHMIO C IU(PYy3nOHHON M-
HOW.

[Ipu 3TOM MOMHHMM, YTO HOCHUTEJb 3apsija B MOIYHPOBOJHUKE OT
MOMEHTa POXKJICHHUS O MOMEHTa PEKOMOMHAIIUM MPOXOIUT B CPEIHEM
OMpeJIeIEHHOE PAacCTOsIHUE, Ha3biBaeMoe NU(P(Y3MOHHOU HIMHOU. DTO
O3HAYaET, YTO JbIpKa, MHAKEKTUPOBAaHHAs B 0a3y, HE J0OEpeTCs 10 KO-
JIEKTOpa M3-3a TOro, 4YTO OHa PEKOMOMHHUPYET B IyTU. Takum oOpazom,
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TOK IMUTTEpPA HE JIOCTUTHET KOJUJIEKTOPHOrO P-N mepexoja U HU O Ka-
KOW B3aMMOCBSI3U TOKa SMUTTEPA U KOJUIEKTOpPA HE MOXKET OBITh U PEUH.
s Toro 4ToOBI TaKO€ B3aWMOJICCTBHE HMMEIO MECTO, HYKHO
CBECTM K MUHUMYMY PEKOMOWHAIIUIO HOCHUTEJeH B 0aze. DTO MOXKET
OBITh IOCTUTHYTO B OCHOBHOM JIBYMSI ITy TSIMU:
1) Tommuuna 6a3kl nenaerca oueHb Manoi (~10° v), menbine, yem aud-
dby3u0oHHAs JIMHA HOCUTEIICH;
2) cTeneHb JITUPOBaHUSA Marepuana 0as3bl JeiaaeTcss Mol (MEHbIIe
CTEIEHU JIETUPOBAHUS 00JIacTe IMUTTEpa U KOJUIEKTOpa). B pe3ynbTa-
T€ PeKOMOMHAIMA CBOJUTCA K MUHHUMYMY W TOK dMHUTTEpa MOYTH Oe3
NOTEPh JOCTUTAET KoJIeKTopa. Takum oOpaszom,

[IpubmmxkenHoe paBeHCTBO (1) mMO3BOJIIET OOBSACHUTH PabOTY
TPAH3UCTOPA KAK YCUIITUTEIIS.
Koadduruent ycunenus onpeaensiercs: hGopmynon

_ Aewix
Aex , (2)

Ky

rae OykBo A 00O3HAaY€H KakoW-TMOO W3 MapaMeTPOB BHIXOJHOTO U
BXoiHOTO curHaioB: Tok (1), Hanpspokenue (U), montHoCTh (P).

O4eBuHO, KOADPUIMEHT YCUIIEHUSI TIO TOKY B CXeMe C oOien
0azoit =K < 1 u3-3a HEM30EKHOM, XOTSA U MajJIOi peKOMOMHAIUU B Oa-
3e. O0bIYHO o nexuT B npeaenax 0,9...0,995. Jlpyras curyaiusi uMeeT
MECTO C HalpspKeHUEM. Tak Kak SMUTTEPHBIM NEPEXO BKIKOUYEH B Mps-
MOM HampaBjeHUH, ero aud@epeHuaibLHOe CONMPOTUBICHHUE 5 Mallo.
HuddepeHnmanbHoe CONPOTUBICHUE KOJUIEKTOPHOTO Tmiepexoaa Ik
OYEHb BEJIUKO (OH BKJIIOUEH B OOpaTHOM HampamieHuu). Tak kak |y ~
lx, To HEOOJIBbIIIOE BXOJHOE HANPSKEHHE MPeoOpa3yeTcsi B 3HAUYUTEIIb-
HO€ BBIXOJHOE. DHEPrus JIsl TAKOro MpeoOpa3oBaHusi OTOUPAETCS y UC-
TOYHHKOB MUTAHUA, & CaM TPAH3UCTOP BBHICTYIAET B KaU4e€CTBE aKTUBHO-
ro 3yieMeHTa (rmpeoOpa3oBaTeris).
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[Mockoabky Upsiy =lx-Ry (Ry — conporuBnenne Harpysku), a Ugy
=l5-r5, TO IpU CONMPOTUBICHUN HArPYy3KH CYIIECTBEHHO MEHBIIIEM [k

Ky Yy 1k Ry _ Ry
Upx 115 1 , (3)

B at1oii cxeme k03D PUIMEHT YCUIEHUS MOIIHOCTH Tak)K€ MHOTO 00JIb-
1€ €AUHUILIbI

2
KPzPBbLX 1" Ry _Ig Ry Ig —a-Ky.

Pgx  Iy%ry Inmmy Ij (4)

Cnenyer OTMETHTh, YTO KpPOME PACCMOTPEHHOM CXEMBI BKJIIOYE-
HUs ¢ 001Iel 0a30i, CyIIECTBYIOT M IPYTHE CXEMbl BKIIOUEHUS (PHUCY-
HOK 3).

Pucynok 3 - Bkiarodenus P-nN-p TpaH3UCTOpPaA IO CXeMe ¢ OO0IIUM IMHUT-
TepoM (a) U 00IIMM KOJIIIEKTOpOoM (0)

B cxeme ¢ oOmum sMUTTEpPOM (PUCYHOK 3, a) BXOIAHOM CHUTHAI
NOJAETCS MEXIY IMUTTEPOM M 0a30i, a CHUMAETCS C pe3UCTopa, Moi-
KJIFOYEHHOT'O K BBIXOJaM dMUTTEPA U KOJUIEKTOpa. BXOAHBIM TOKOM SIB-
nsercss Tok 0Oas3bl. IlocneaHee BBI3BIBACT WHXKEKIHMIO HOCHUTENCH U3
AMUTTEPaA U OOIBIION KOJJIEKTOPHBIN TOK |5 & lx. DTO 00CTOATENBCTBO
OOBACHSET MEXaHU3M YCWJICHHUS TOKa MO CXEME C OOILIUM IMUTTEPOM.
ITpu sToM
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LB=K A Ly 1 1 o :
fr I.,—1I I 1 1 ©)
5 21k 5 |1 (j—l -
7 o
K

YuuteiBasi, uTo o JeuT B npeaenax 0,9...0,995 nonyuum P10 —
200. B Tabnune 1 mpuBeaeHbl MapaMeTphbl TPAH3UCTOPOB JJISL PA3JIMU-
HBIX CXE€M BKJIIOUCHHUSI.
Tabnuna 1. IlapameTpbl MagOMOIIHBIX TPAH3UCTOPOB B Pa3IUYHBIX
CXEMax BKJIIOUCHUS

Cxema Kosddunuent ycunenus ConpoTuBiieHne
10 TOKY | IO 10 MOIII- | BXOJTHOE BBIXO/I-
HaIpsDKe- | HOCTH HOE
HUIO
C o6meii | 1 103 103 JlecaTkn Coran
0azoit Owm KOm
C ob6mmmMm | 10 102 | 102 103 EquHuIb! JlecaTkn
AMUTTE- kKOm kKOm
pom
C obmum |10 ..10% |1 10? JlecaTkn Coran
KOJIJIEK- kKOMm Om
TOPOM

Pabota TpaH3UCTOPOB IO JHOO0M CXEeMEe pacCUMUTHIBACTCS MCXOMS
U3 [1apaMETPOB, CBI3BIBAIONINX €TI0 BXOIHBIC Iy, Usy X BBIXOHBIC TOKH H
HAIPSDKCHHS lgprx, Ui

Jns ananuza paboOThl OUMOJISIPHBIX TPAH3UCTOPOB Hambosee
yIOOHBIMHU SIBJISFOTCSI TaK Ha3bIBaeMble N-mapamerpsl. [Ipu Takom cro-
cobe omucaHusl TPAH3UCTOpPA B KAauyeCTBE HE3aBUCUMBIX MEPEMEHHBIX
NPUHUMAIOTCA Ugy — HaNpsDKeHHUEe 0a3a-3MHUTTED U Ix — TOK KOJUIEKTOpa
(TOK KOJUIEKTOP-AMUTTEP). B IuHEHHOM pekuMe 3TH BETUYUHBI CBsI3a-
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HBI C TOKOM 0a3za-aMuTTep (i) M C HANPSHKEHUEM KOJUICKTOP-3IMHUTTEP
(Ukp) TUHEHHOM 3aBUCHMOCTBIO
Auy=hy;-Alj+hyy-Au, (6)
Aiy=hy,-Ai+hy,-Al,
B dhopmynax (6) maseiMu OykBaMu U ¥ | 0003HAYEHBI HATIPSDKEHUE
U TOK BBIXOJIHOTO M BXOJHOro curHaiga. Kpome HUX Ha 3JIEKTpOjbl
TpaH3UCTOpa MOAAIOT MOCTOSTHHOE HAIPSKEHHE, 3aJal0IIEe PEKUM €ro
paboThl. DTH MOCTOSIHHBIC HATIPSKEHUSI M COOTBETCTBYIOIINE UM TOKH B
cuctemy (6) B SBHOM BHUJIE HE BXOJAT, UMHU OMPEACISIOTCSA YUCICHHBIC
3Ha4YeHUs N-mmapaMeTpos.
W13 ypaBHenus (6) BuaeH GU3MUCCKHIA CMBICT h-TapamMeTpoB:

ou ou
h113 = [allJ ; h123 = [al] ;
1 Ju,=const "2 Ji=const (7)
h213 =p= [alz] ; oy = [aIZJ .
oy u,=const ou, i1=const

[Tapametp h;;5 umeet pasmepHocTh conporuBiieHus (OM) U SIBIIS-
ercst auddepeHImaIbHbIM BXOIHBIM conpoTuBiieHueM. [Tapamerp h; s
MOKA3bIBACT, KaK M3MEHEHUE HAIPSIKEHUS HA BBIXOJIE CKa3bIBACTCA Ha
BXOJTHOM HAINPsOHKEHUH TIPH 15 =CONSt. DTOT mapaMeTp Ha3BIBAETCS «KO-
s urment oOpaTHOM CBsI3U MO HanpsikeHuo». [lapameTp £ Ha3bIBaeT-
cs «k0d3(PUIMEHT TepeTadyu ToKa 0a3bl» U 10 CBOEMY CMBICITY SIBJISICT-
cs KO3((ULHEHTOM YCWICHHUS TOKA NMPU KOPOTKOM 3aMBIKAHMH BbI-
X072 110 IepeMeHHOoI cocTaBistomei. Ilapamerp h25 ¢ pazMepHOCTHIO
(Om?) umeer cmbicn nuddepeHIMaNTbLHON TPOBOIUMOCTH KOJIIEKTOP-
HOT'O BBIXO/IA.

[lepeunciiennbie N-mmapamMeTpsl SBISIOTCS «BHENTHUMH IapaMeT-
pamu Tpanzucropay. OHU 3aBUCAT OT pekuMa pabOThl TPAH3UCTOpPA U
OT CXEMBI €r0 BKIIFOUEHHMSI. 3HAsl 3TH BHELIHUE [TapaMeTPhl TPAH3UCTOPA,
MO>HO BBIYHCIIUTHh «BHYTPEHHHE NapaMeTpbl TPaH3UCTOpa»: 5 — Co-
NPOTUBJICHUE P-N mepexoaa 3MUTTep-0aza (mepexo]; BKIOYEH B Mpsi-
MOM HAaIpaBJIECHUHN); s — COMPOTHUBJICHHUE 0a30BOM 00JIACTH TPAH3UCTO-
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pa; '« — COMpPOTHUBIIEHHE P-N Iepexo/ia KOJJIEKTOp-0a3a (mepexo 1 BKIIO-
YeH B 00OpaTHOM HAIPABJICHUHN).

['padpuuecku npomsurOCTpUpoBaTh paboTy Kackaga ¢ OD MOXHO,
UCIIOJIb3Ysl BXOJHBIE U BBIXOJIHBIC CTATUYECKUE XapaKTEPUCTUKU OUIIO-
JsipHOTO TpaH3ucropa. CTaTUUECKUE XapaKTEPUCTUKU TPAH3UCTOPA MO-
I'yT 33/1aBaThCsl COOTBETCTBYIOIIMMHU AHATUTUYECKUM BBIPAKEHUSIMU, A
MOTYT OBITh MpejcTaBieHbl Tpaduuecku. [lockonbky (QyHKIMH ABYX
NEePEMEHHBIX TpadUUueCKH NPEACTABISIOTCS IMOBEPXHOCTHIO, TO MpHU
M300paKEHUM HA IUIOCKOCTH WX MPEJCTABISIOT B NapaMETPUUYECKOU
dbopme (M30JIUHMAMU, TOJYYECHHBIMU TPH (PUKCAIIMU OJHOTO U3 apry-
MEHTOB - TlapaMmeTpa). HeckosibkO XapaKTEepUCTUK OJHOTO THUIA, MOIY-
YEHHBIC TIPU PA3TUYHBIX 3HAYEHUSIX MapaMeTpa U 00pa3yrT CEMEUCTRO
xapakTepucTuk. CeMeicTBa BXOJHBIX M BBIXOJIHBIX XapaKTEPUCTHUK
TPAH3UCTOPA CUUTAIOTCS OCHOBHBIMU U MNPHUBOISATCS B CIIPABOYHUKAX
(pucyHok 4). C UX HOMOIIIBIO JIETKO MOTYT OBITh MOJIYYEHBI JIBA IPYTHUX
CEeMEICTBAa XapaKTepUCTUK. B pa3iIUuHbIX cXeMaxX BKJIIOUCHUS TPaH3U-
CTOpa B KAaYE€CTBE BXOJHBIX U BBIXOJAHBIX TOKOB W HANPSIKEHUU BBICTY-
NalT TOKH, MPOTEKAIOIINE B IEMAX PA3IUYHBIX AJEKTPOJIOB, U HaIps-
KEHUsI, TPUJIOKEHHBIE MEXKIY pPa3IUYHbBIMU 3JeKkTpoaamu. [loatomy
KOHKPETHBIA BHJ CTaTUYECKUX XapaKTEPUCTUK 3aBUCUT OT CXEMBbI
BKJIIOUEHUS] TPAH3UCTOPA.

B cxeme ¢ OO BXOJHBIM TOKOM SIBJISIETCS TOK 0a3bl ls, a BBIXO/I-
HBIM — TOK KOJIJIEKTOpPa, COOTBETCTBEHHO, BXOJIHBIM HAIPSXKCHUEM SIB-
nsietcst HanpsbkeHue Ug,, a BBIXOJIHBIM — HanpsikeHue Uy,.

JItst CHSITHSI CTaTHYeCKUX xapakTepuctuk bT B PSpice ucmonp3y-
ercst DC Sweep anann3 — MHOTOBapUAHTHBIA aHAJU3 M0 OCTOSIHHOMY
Ttoky. DC — direct current — mocTOSSHHBIH TOK.

DC Sweep aHanu3 no3BoJjsieT MOIy4aTh XapaKTEPUCTUKU CXEMBI (TOKH,
HaAMpPsKEHUs, MOUIHOCTH) MPU HU3MEHEHHH MMapaMeTpOB HMCTOYHUKOB
HAIpPSKEHUs, UCTOYHUKOB TOKa, TJI00ANBbHBIX NapaMeTpPOB CXEMBbI, Ma-
paMeTpoB MOJENIM U TeMIlepaTypsl anneMmeHTa. [lpu ananuse 3amaroTcs
MHTEPBAJIbl U3MEHEHHUS NEPEUUCIIEHHBIX NapaMeTPOB, XapakTep W miar
X U3MepeHusa. Bo3MOXHO Takke TaOJIMYHOE 3a/laHhe W3MEHEHUS Iie-
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peUMCIeHHBIX napamMeTpoB. CylecTByeT BO3MOKHOCTh OJJHOBPEMEHHO-
IO U3MEHEHUS ABYX MapaMeETPOB.

ls, MA [ / [, MA
Uy, =0B
8 JE 40 e ’
/ V2%,
~
6 / ) 7';/ -
/ // >
/' =
4 01 | T
1 // I
]
2 / / 10 /T:Alﬁ e
. -
0 -
04 08 12 16 UgB 0 4 8 12 6 y,B
a 6

PucyHok 4 - BonbTamnepHble XapaKTepUCTUKU OUTIOJISIPHOTO TPaH3U-
ctopa KT215B, BKIIOUEHHOT0 1O CXeMe ¢ OOIIUM 3MUTTEPOM: a) BXOJI-
HbIE XapaKTEPUCTHUKHU; 0) BBIXOJIHBIE XapaKTEPUCTUKU

IHoaroroBka k padore

1. 3yuuTh npuHUUN padOThl OUMOJSAPHOTO TPAH3UCTOPA, €r0 CXEMBI
BKJIFOYEHUS U PEKUMBI paOOTHI.

2. V3yunTh BXOJHBIC U BBIXOJIHBIE XapAKTEPUCTUKUA U MapaMeTpbl Ou-
HOJIAPHOTO TPAH3UCTOPA.

3. B Tabnuiie 2 B COOTBETCTBUM C MOPSIAKOBBIM HOMEPOM CTYyJCHTA B

y4eOHOM >KypHaje BbIOpaTh OUIOJSPHBIM TPAH3UCTOP ISl UCCIEI0Ba-
HUSI €r0 XapaKTePUCTUK W OIMpEAeTCHHs MmapaMeTpoB. Pexkum m3mepe-
HUS BEIOMpaeTCs MCXOAs M3 HOMepa IPYIIbI (3HAYEHUE TOKA KOJUIEKTO-
pa (ixp)) ¥ HOMepa MOATPYNIbl (3HAUCHHUE HAMPSIKECHUS Ha KOJIJICKTOP-

HOM 1epexoie (Uxo)).

Tabnuna 2. BapuaHTsl 3a1aHui

No

Monennb

Pexunm nzmepenus
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Bap. Tpan3ucTopa | 1 2 1 2
iK(), MA iK(), MA Ux>0, B Ux>0, B

1 MM3906 20 40 10 15
2 MM4001 20 40 10 15
3 PN2906 20 40 10 15
4 PN2907 20 40 10 15
5 Q2N1132 20 40 10 15
6 Q2N1420 20 40 10 15
7 Q2N4248 20 40 10 15
8 DH3467CD |20 40 10 15
9 DH3467CN |20 40 10 15
10 DH3468CN |20 40 10 15
11 MPS2907 20 40 10 15
12 MM4258 20 40 10 15

IIporpamma uccie10BaHum

1. CobOpath cxeMy ucclieioBaHus OumnoJisipHOro Tpansucropa ¢ OD B
OrCAD (pucynok 5) miau Multisim (pucyHok 6). B mocieqneM ciydae
ucnonszyercs LabView Instrument — BJT Analizer.

Q1 i
K MMBT589LT1—— V¢€
=T 0Vdc
Ib
v
0Adc

__L
=0
PucyHok 5 - CxeMa i CHATUS BBIXOJIHBIX Xapaktepuctuk bT ¢ OO B

OrCAD
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Pucynok 6 — Cxema 1u1s CHATHS BBIXOJHBIX xapakTepuctuk bT ¢ OO B
Multisim

2. [TomyuuTs ceMelcTBO BBIXOAHBIX BAX OUIIONSPHOTO TpaH3UCTOpA B
cxeme ¢ O3. B OrCAD crnenyer:

- BriOpats Tun ananuza DC Sweep.

- B Options BeiOpare Primary Sweep u 3a1ath napamMeTpbl OCHOBHOM
IIEPEMEHHOMN.

B kauectBe ocHOBHOM nepemenHoi (Primary Sweep) BeiOMpaem
HanpsDKeHHe UcTouHuKka VCe, HadyainbHoe 3HaueHue (Start Value) mox-
HO 3amath paBHBIM Hy0. Koneunoe 3nauenue (End Value) 3zamats
paBHbIM UKkamax — MakCUMaJbHO JOIMYCTUMOMY HAIpPSKEHUIO KOJUICK-
TOP-3MUTTEP IS JTAHHOTO TpaH3MCTOpa (CIPaBOYHBIA MapaMmeTp, yKa-
3aH B TEXHUYECKOM JOKYMEHTAIIUM Ha TPAH3UCTOP B paznenie Maximum
Ratings, mapamerp —Collector-Emitter Voltage), mar (Increment) — 10
MB. [Ipumep nokaszan Ha pucyHke 4.2.
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Pucynoxk 4.2 - Hactpoiika mapamerpoB Primary Sweep. BeixoaHbie xa-

B Options BeiOpaTs Parametric Sweep u 3aaath mapameTpbl BTO-

POCTENIEHHOW NIEPEMEHHOM.

B kauecTBe BTOPOCTENIEHHOW WJIM MTAPAMETPUUYECKON MEPEMEHHOMN
pacM TOK uctouHuka b, HauambHOE 3HaYe-

paBHbIM Hym0. Koneunoe 3nauenue (End
Value) 3agare paBubiM 1 MA, mar (Increment) — 100 mxA. ITpumep

(Parametric Sweep) BbIOK
nue (Start Value) zamathb

MOKa3aH Ha PUCYHOK 7.

PAKTEPUCTUKHU

Andyss bps ~ Sweap vanaole
IDC Swesp ;] " Vakage scuice Name: |wb U
e %7 Cument source | l—'zl
il O Glcbd parametel :
FPiimary Sweep 7S kel e b Mede namz |
S econden Swes=p - . : : l—
_|Morve Carl/ Vol Cooe Temperature sl
YPa=reinc Swes 5
| Temper gus [Swesp) - 3wesp lyps
"5 ave Bias Poirt & Lnzal Start value: IU \_/
_ILoad Biaz Pary 7
End valua: ITm v
FLugsnlhmb:I scade 'I
Irciement: '1 [0u 7
 Vaueis |

Pucynok 7 - Hactpoiika napametrpoB Parametric Sweep. Beixonbie xa-

— IlocTpouth rpauku BBIXOJHBIX XapaKTEPUCTHUK TpaH3ucropa. OT-
B ctpoky Trace Expression BBeCTH BbIpa-
xenue 1C(QLl) — Tok koyuiekTopa TpaH3ucTopa. Ecnm monydeHHbIH
yno0cTBa JajabHEWIeH paboThl, U3MEHHUTh

KpbITh OKHO Add Traces.

TOK OTPUIATENIbHBIN, JJIs
3HaK Nepe]l BRIPAKEHHUEM.

PAKTEPUCTUKU
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3.

OtMacmTabupoBaTh OCH, TaKk 4YTOOBbI TPaHUYHBIE OTOOpa)KacMblie
3HaYeHus coorBeTcTBOoBaiM Ukamax u [k max (crnpaBouHble mapa-
METpPBbI, YKa3aHHbIC B TEXHUYECKOUN TOKYMEHTAIIUX HAa TPAH3UCTOP).
[TomecTuTh rpadvik BHIXOJIHBIX XapaKTEPUCTUK B OTYETE.

3adukcupoBaTh C MOMOIIBIO PEKUMa TPACCUPOBKU TMapaMeTphl pa-

o0oueirt Touku |, Uwso, 60.
PabGouas Touka BEIOMpaAeTCs B COOTBETCTBHH C Ja0OPATOPHBIM 3aJIaHM-
eM.

Brirounts pexkuMm TpaccupoBku. Komanma Trace>Cursor>Display
WIH IIETYOK COOTBETCTBYIOIIETO 3HAYKA MaHENN UHCTPYMEHTOB. [lo-
clie BBI30Ba Kypcopa mossisercs HoBoe okHo (Probe Cursor) ¢ te-
KyUIUMU KOOPAMHATAMHU MOJOKEHUS JBYX KypCOpOB 0003HAYEHHBIX
Al u A2.

BriOpaTh TpaccupyeMbiii rpaduk ¥ MOMECTUTh Ha HEro Kypcop. s
BbIOOpa WJIM CMEHBI TPACCUPYEMOTo Tpaduka HYKHO IIEIKHYTh
MBIIIKOM 10 COOTBETCTBYIOLIEMY CUMBOIY I'paduKa B CTPOKE JIETEH-
IIbI, TIPU 3TOM ILIEJTUOK JIEBOM KHOIKOM MBIIIN 3aKpeIuIsieT 3a rpadu-
KoM Kypcop Al, a mendok npaBoi — kypcop A2. Ilepemectuts Kyp-
cop ¢ rpaduka Ha rpa@uK MOKHO, UCIOJB3YsS COUYETAHMS KIIABUII
Ctrl+«— wm Ctrl+— (xypcop Al) wu Ctrl+Shiftt«— wnmu
Ctrl+Shift+«— (kypcop A2).

HaecTtu kypcop Ha pabouyio TOYKY, M OCTaBUTh METKY C KOOP/H-
HaTamu (mapametpsl pabouedt Toukun — Ux30 u Ik0 ), xomanma
Plot>Label>Mark wumu memdok COOTBETCTBYIOMICH MHUKTOTPAMMEI
NaHeJIu UHCTPYMEHTOB. 3aUMKCUPOBATh B 3arOTOBKE OTYETa 3Haye-
HUSA Ugso 1 Lo . J1a onpenenenus Toka 6a3sl () menKHyTh paBoit
KHOIIKOUM MBIIIA Ha BBIXOJIHYIO XapaKTEPUCTHUKY COOTBETCTBYIOIIYIO
BBIOpaHHOW pabouel TOUKH, METKHYTh MyHKT Information (pucyHok

4.4).

. Onpenenuts napameTpsl Ny, 1 Ny,

C momo1ipl0 KypcopoB U noka3zaHuil okHa Probe Cursor onpenennThb
U 3auKCUpPOBaTh B 3arOTOBKE OTYETAa HEOOXOJUMBbIC JaHHBIC IS
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HaxoxaeHus h-mapamerpoB Tpansucropa (h2s, u h22,) B okpecTHOCTH
pabodeii TOUKH.

— Ilpumep paboThl MO OMPEAEICHUIO MPHUPAIICHUN I HAXOXKJICHUS
BBIXOJIHBIX h-TlTapaMeTpoB TpaH3UCTOpa MTOKa3aH Ha PUCYHOK 8.

Sechon Informabtion | %} =
o Bifa) K]
[ i
— Thistraze came from ans simalatianrun .
o : Io0=0.250A [—— [~ ___1
Simlation 2t 14:00:25 on 031013 ] —agE=11
The simubator oreated 3001 data parks. sty Infarmakicn
This trace is being dsplayed using 3301 data ponts. |
s brace is beng displeyed using ata ponts, | o= Praperties...
:\:F“ Curg
e ursor 2
g ‘t l—w \_‘A _
0 A
ou 16V 150 200 250 30v
os w4 +ew. =I(Q1:C) « 710m/ U_Uce
U Uce

Pucynok 8 - Onpezenenne 3HaueHUs MapaMeTPUIECKON IEpeMEHHON

B HmwxkHelr crpoke okHa Probe Cursor coumepikuTcs pa3HUIA MEXTY
KOOpJAWHATAMHU KyPCOPOB 110 0CsiM X U Y.

68.1mAR

7(15.000,40.000 m)
7/

60.0mA

Al ) i j /
40.0mAR Z,

20.0mA g
7.8mA B - = - . - - m=
11.4v 12.0v 13 ov 14.0V 15.0v 16.0V 17.0vV 18.0vV
O o Vv A o + A Y ¥« o = TECQ2A)

V_Vce

a
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124mAR
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B 9 B e +{“}AY' ... -1C(Q2A)

Pucynok 9 - Onpenenenue npupanieHui I HaXOKISHUS BBIXOTHBIX
h-mapametpos (a — hais, 6 — h22,)

5. Ilonyunth cemeiicTBO BxOoAHBIX BAX BbIOpaHHOTO OHUMIOJISIPHOTO
TpaH3ucTopa s cxemsl ¢ 0.
- CoOpath cxeMy JIJIsi CHSITHSI BXOJIHBIX XapakTepucThk (pucyHok 10).

Q1 )
MMBT589LT1 —— VC€
- =T 0vdc
- Vbe
= 0Vdc
i)
Pucynok 10 — Cxema JuIst CHSATHS BXOJHBIX XapaKTEPHUCTUK TPAH3HUCTO-
pa (OrCAD)

- BriOpats Tun ananuza DC Sweep.
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- B Options BbiOpaTh Primary Sweep u 3amath mapameTrpbl OCHOBHOM
IIEPEMEHHOM.

B kadectBe ocHOoBHOU mepemeHHON (Primary Sweep) BeiOnpaem
HanpsHKeHUe MCTOYHMKa Vbe, HadyanbHOe 3HaueHue (Start Value) Mox-
HO 3aaaTh paBHbIM 0,5 B. Koneunoe 3nauenue (End Value) 3anats pas-
HbiM 0,8 B, mar (Increment) — 1 mB. IIpumep noka3an Ha pucyHok 11.

Anabsis Ype Speep variable
[[l L Sweep ﬂ * Yoltage sowce Neme: I"ch v
™ Cunent zoumce
063! HIGES) e X
ok ™ Globalparameer ' [
J - D 'C} ) f= oM b=
! Frmary 5 e (~ Madsipaiameler.  adel e |
DECorday Hunen ~ E
| Monie CadowWoarsl Care Temoerzhiie 2 ST ‘
Faran=inc S weep
| Tempesshie |Su=en| Sweep type
Save Bizs Fon! £ Er Stajt velue

I~ Load Bizs Paoit

l '] El’ﬂ \'nl.u_-_ 18
(- Lm“@mc Derares ¥ -

Inzemer. 0.001

444

C Velm bzl |

Pucynok 11 — Hactpoiika napamerpoB Primary Sweep. Bxonnble xa-
PaKTEPUCTUKHU

B Options BbIOpaTh Parametric Sweep u 3a1ath napameTpsl BTO-
POCTEINEHHOW NMEPEMEHHOM. B KauecTBe BTOPOCTENIEHHON WU TTapaMeT-
puyeckoil mepeMeHHoi (Parametric Sweep) BbIOMpaeM HampsiKEHHE
Vce, nauanpHoe 3HaueHue (Start Value) 3amats Ha 10 % Menbine U,.
Koneunoe 3nauenue (End Value) 3agate Ha 10 % OGosbine Uy, mar —
10 % oT Uyyo. IIpumep nmokazan Ha pucyHok 12.

Anabos bpe ~ Swep vaiizble
|DC Swesp v " Vakage souice ams: m
S T Cumar sowce s |
dptioas " Glcbal paiamete) e
Efrmw 5 e © Model paametar o ere I
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v Parzreine Susen
empes shuie [Sweep) Sweep lyp=
| Save Biaz Part & Lnear Stagt vaius: 1062
Load Biz Fonl - —
Endvalie I'! 298 :7
 Lagaitbric | [ soads ¥ X
Incrsment. |1 18 7
7 Walelist I
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Pucynok 12 - Hactpoiika napametrpoB Parametric Sweep. Bxoansie xa-
pakrepuctuku (Ugo=11,8 B)

- [TocTpouTs rpaduku BXOIHBIX XapaKTEPUCTHUK TpaH3UCTOpa. OTKPHITH
okHOo Add Traces. B ctpoky Trace Expression BBECTH BBIpaKEHUE
IB(Q1) — tok 6a3bl Tpan3ucropa. s ymodcTBa manbpHEHIEH paboThI,
IpY HEOOXOAMMOCTH U3MEHUTH 3HAK TIePe] BEIPAKCHHUEM.
- OnpenenuTsb U 3aUKCUPOBATh B 3arOTOBKE oT4YeTa HarnpspkeHue Usgso.
W3MeHsisi mapaMeTpbl BTOPOCTENIEHHOM MEPEMEHHON (MCTOYHUK
Vbe) u macmtabupys rpaduky MPUBECTH MOCTPOCHUE K TAaKOMY BHUY,
9TOOBI 00J1aCTh MOCTPOCHMS BKJIIOYAla OKPECTHOCTh paboyedl TOYKH
(TOYKH COOTBETCTBYIOIIEH TOKY lg0) mpuMepHbIA BUj rpadUKoB MOKa-
3aH Ha pUCYHOK 13.
6. Onpenenuth napameTpsl hii, u hiz,. C moMoIIbI0 KypcopoB U MOKa-
3aHmii okHa Probe Cursor ompenenuts U 3aUKCHPOBATH B 3arOTOBKE
oTyeTa He0OXOUMBIC JTAHHBIC U HAaXO0XKJIeHHs h-TlapaMeTpoB TpaH3U-
ctopa (hi1, u hi2,). Ilpumep Ha pucyHok 14. OnpenencHue mapamerpa
h;2, TpeOyer OONBIIOr0 MPUONMKEHUS 00JacTH pabodeid TOYKH, IIO-
CKOJIbKY KPHUBBIC MPAKTUICCKH CIIUBAIOTCAL.

V_Vbe

Pucynok 13 — BxoiHbIe XapaKTEpUCTUKHU TPAH3UCTOPA
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Pucynok 14 - Onpenenenre npupaiieHui s HaX0XJICHHS BXOIHBIX h-
napameTpoB (a — N1, 6 — Ni2y)

KoHTpoJbHBIEC BONIPOCHI

1. Yro Takoe MHKEKIIUA HOCUTENIEH TOKa?

2. B kakoii 007acTH OUIIONSIPHOTO TPAH3UCTOPA MPOUCKXOIUT MHIKEKIIHS
HOCHUTEJIEHN TOKaA?

3. Yto 03HaUaeT TepMHUH «OUTOISAPHBIN TpaH3ucTop»? Kakue enie TUIbI
TPaH3UCTOPOB BbI 3HAETE?

4. Kakyto pojb UrparoT 3JIEKTPOHBI B paboTe p-N-p TpaHucropa?

5. Kakyto poJib UTpatoT JbIPKU B paboTe p-N-p TpaH3uctopa?

6. UTo Takoe OCHOBHBIE U HEOCHOBHBIE HOCUTEIN TOKA B IOIYHPOBOJ-
HUKax?
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7. Kakue HOCUTENIN TOKa UHXKEKTUPYIOTCS B 0a3y B p-N-p TPAH3UCTOPE U
N-p-n Tpan3ucrope?

8. Kakue usnueckue mporeccsl MpoucxoasiT B 0a30Boit 00JacTH TpaH-
3UCTOpA MOCJIC MHKEKIUU TyJla HEOCHOBHBIX HOCUTEJIEH TOKa?

9. Kakue mapaMeTpsl TpaH3UCTOPA U3MEHSTCS, €CIIM MPU MPOUYUX OJU-
HAKOBBIX YCIOBUAX YBEIMYHUTH MIUPUHY O0a30BoiMl oOmacTu (00JacTh
MEXK]Ty SMUTTEPOM U KOJJIEKTOPOM)?

10. TTouemy ko3(pduIMEHT nepenadyr Toka 3MUTTEpa (o) MEHBIIE €IU-
HUILBI?

11. TTouemy ko3¢ dunreHT nepeaaun Toka 6a3sl () O0IbIIE CAMHUIIBI?
12. Kak u3MeHsieTcsl HIMPUHA 3alUPaIoIIero CJIos, €CIU K P-n Mepexoy
NPWIOKUTh BHEITHEE HAIPsDKEHHWE B IPSAMOM WM OOpaTHOM Hampaiie-
HUM?

13. KakoB ¢uznueckuii cmpica h-napametpoB B cxeme ¢ 09?

Coaep:kanue oTuera

OTUET NOIKEH COAEPHKATh:

TUTYJIBHBIN JIUCT;

Ornasnenue;

HaumMeHoBaHue paboThI, 11€J1b UCCIICAOBAHUM;

Hccnenyembie CXembl;

I'paduku BeixoaHBIX BAX OUNONISIpHOrO TpaH3UCTOPA;

I'paduku Bxogubix BAX OUIONSIPHOTO TPaH3UCTOPA;

Pe3ynbTaThl 3KCIEPUMEHTOB;

Pacuér h-mapameTpoB OUITOIAPHOTO TPAH3UCTOPA;

. OTBETHI Ha KOHTPOJIBHBIE BOITPOCHI;

10. ITepeuens nutepaTypsbl, UCIOJIH30BAHHON MPHU MOJTOTOBKE U BbI-
MOJTHEHUHN PaOOTHI.

©COoNoOORLDE
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4 BOJIBTAMIIEPHBIE XAPAKTEPUCTHUKHU U IIAPA-
METPBI IOJEBOI'O TPAH3UCTOPA

ean padoThbI

1. ®opMupoBaHUE  HABBLIKOB  IMPOEKTUPOBAHUSI  JICKTPOHHBIX
YCTPOWCTB.

2. VzydyeHue mpuHIMIIa padoThl MOJIEBOTO TPAH3UCTOPA, CHATUE €ro
OCHOBHBIX XapaKTEPUCTUK B CXEME€ BKJIIOUCHHS C OOIIMM HCTO-
KOM.

OcHoBHBIE TCOPETUYCCKUE ITOJOKCHUA

[ToneBbie TPaH3UCTOPHI — ATO MOJYIPOBOJAHUKOBBIE MPUOOPHI, Y KOTO-
pBIX JUIsl YIPABJICHUS TOKOM MCIOJIB3YETCS 3aBUCHMOCTH DJICKTpUYE-
CKOT'O COMPOTUBJIEHUS] TOKOMIPOBOAIIETO CJIOsI (KaHalia) OT HaIpsKEH-
HOCTH TIOIIEPEYHOTO JICKTPHUSCKOTO T0JIsl (PUCYHOK 1).

SiOz c (D) c (D)

3(G) 3(G)

p--NOANOXKa

u(s) u(s)
n-kaHansHeil MOSFET p-kanansHbil MOSFET
mpax3ucmop mpaH3ucmop

a 0 B
Pucynok 1 - CtpykTypa mojaeBoro TpaHsucropa N — Tumna npoBOAUMO-
CTH C MHIYLIUPOBAHHBIM KaHAJIOM (a) U yCJIOBHO-Tpaduueckoe 0003Ha-
YEHHUE MOJIEBBIX TPAH3UCTOPOB C KaHAJIOM N — Turma (0) U KaHajIoM P —
Tuma (B)

Paznuuaror nonesbie Tpanzuctopsl (IIT) ¢ usoruposannviv 3a-
MeopoM W 3aTBOPOM Ha OCHOBE 3JIEKTPUUYECKOro mepexona (ynpasis-
IOWUM NEPEexo0oM).

KananoM ciy’kuT OZHOPOIHBIN CJIOM IMOJYIPOBOJHHUKA N-TUIIA WA P-
Thna. BHeNIHUE BBIBOJBI OT Hayaja KaHajla M €ro KOHIA Ha3bIBAKOTCS
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HMCTOKOM U CTOKOM. TOHKUI clIoM KaHaia (701 MKM) pacrojaraercs Ha
MOJJIOKKE — Oo0Jiee TOJCTOM IUIACTUHE MOJYNPOBOJHUKA, UMEIOIIETO
IIPOTHUBONOIOKHBIM TUIT IPOBOAUMOCTH. [[J1 3NEKTPUUECKON U30JIALUN
KaHaja OT MOJJIOKKHU HCIOJIB3YETCS P-N MEPEXOJl MEXIYy HUMHU, KOTO-
PBIi 1J1s1 3TOTO JOJDKEH HAXOAUTHCS MOJ1 OOpAaTHBIM HANPSIAKEHUEM.

Y paBiasArOMAN 3MEKTPO — 3aTBOP — PACIIOIAraeTcs BAOJIb KaHala
Y 3JICKTPUYECKU U30JMPOBaH OT Hero. M3aMeHeHue noTeHiumana 3aTeopa
OPUBOJUT K W3MEHEHUIO TOJIIMUHBI KaHalla, T.€. €ro MPOBOJUMOCTH.
JIJ1st u307s1MK 3aTBOpA OT KaHaljla UCIOJIb3YIOT JIMOO 0OpaTHO CMEICH-
HBII p-n nepexo]i (MOoJIEBbIE TPAH3UCTOPHI C YIPABISIIOIIUM p-n Mepe-
X0JIOM), JIMOO CJOM JaudJeKTpuka — nByokucu kpemuus Si02 (MII
TPaH3UCTOPBHI).

MJIII-Tpan3ucTopsl TOAPA3AEIISIIOTCS HA TPAH3UCTOPBI CO 6CMPO-
EHHbLIM KAHANOM W C UHOYYUPOBAHHBIM KaHaloMm. B mepBoM mpoBojs-
IUH KaHall CO3JaH TEXHOJOTMYECKH («BCTPOEH») MyTEM BBEACHHUS CO-
OTBETCTBYIOIIEH NpUMeCH (JIOHOPHOW [JIsi MOJy4YeHHUs N-KaHalla WU
aKIENTOPHOM ISl MOMy4YeHUs p-KaHayia). Bo BTOpoM KaHall BO3HHUKAET
(MHAYLUPYETCsA) TOJABKO MpU ToAa4Ye Ha H3O0JIUPOBAHHBIA 3aTBOP
HaIpPsDKEHUS ONPEISICHHON MOJIIPHOCTH U BEJIUYUHBI.

K OCHOBHBIM mMapameTpaM NOJIEBBIX TPAH3UCTOPOB MPUUYUCISIOT
BXOJHOE COMNPOTHUBJIEHWE, BHYTPEHHEE CONPOTUBICHUE TPAH3UCTOPA,
TaK)XK€ Ha3bIBAEMOE BBIXOJIHBIM, KPYTHU3HY CTOKO-3aTBOPHOM XapakTe-
PUCTHUKHU, HANPSKEHHE OTCEYKH U JIpyroe. BxomgHoe COMpOTHUBIICHHE
TPAaH3UCTOpPAa — 3TO OTHOIICHUE NPUPAIICHUS HaNPSHKEHUsS 3aTBOP-
UCTOK W TPUPANICHUIO TOKa 3aTBOpa. BHYTpeHHEE CONpPOTUBIICHUE
TPaH3UCTOPa — ITO OTHOIICHHUE MIPUPAIICHUS HAMPSHKEHUSI CTOK-UCTOK K
IpUpPAIIEHUI0 TOKAa CTOKa MPHU 3aJaHHOM HAMPsHKEHWHU 3aTBOP-UCTOK.
KpyTusHa cTOKO-3aTBOPHOW XapaKTEPUCTUKH — 3TO OTHOIICHUE TPH-
palleHHs] TOKAa CTOKa K MPUPAIICHUIO HAMPSHKEHUsSI 3aTBOP-UCTOK TPU
(UKCHPOBAHHOM HAMPSHKEHUU CTOK-HUCTOK:

S = Al/4U,,.

BoixogHble XapakTepucTHKH. laeanu3upoBaHHbIE BBIXOJHBIE
XapakTepucTuku mojiesoro tpansucropa (II1T) ¢ uaagynmpoBaHHbBIM Ka-
HanoMm |, = f(Ucy) mpu U,, = const n3oOpakeHsl Ha pucyHke 2, a. Ha
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rpaduke MOXHO YETKO BBIJICTUTHh TpU 30HBI. IlepBas U3 HUX — 30Ha
PE3KOro BO3pACTaHUS TOKA CTOKA. DTO TaK Ha3bIBacMask «OMHUYECKASI»
o0sacTb. KaHanm «MCTOK-CTOK» BEJET ceOsl KaK pe3ucTop, Ybe COMpO-
THUBJICHUE YIIPABIISIETCS HAMPSHKEHUEM HA 3aTBOPE TPAH3UCTOPA.

Ic, mA
Ic, MA T
Usm=7B 20 /
20 e
Ucu=10B /

13 i/ 15

- / /" /

10 / 10

// 4 /
~ 5
3 U/
0 5 10 15 20 Ucn, B
0 2 4 6 UspB
Usu nop
a 0

Pucynok 2 — CeMelCTBO BBIXOJHBIX (CTOKOBBIX) (a) U BXOJHAas (CTOKO-
3aTBOpHas) (0) xapakrepuctuku [1T

Bropas 30oHa — o0J1acTh HachleHus. OHa OYTH TOPU3OHTAIb-
Ha. 3/1€Chb IPOUCXOUT MEPEKPHITUE KaHala B O0JIACTH CTOKA, KOTOPOE
YBEIUYUBACTCS NPU JaJbHEHIIIEM POCTE HANpsKEeHHUs UCTOK-CTOK. Co-
OTBETCTBEHHO, PACTET U CONPOTUBIICHUE KaHala, & CTOKOBBIM TOK Me-
HSETCA OYEHb €1a00. IMEHHO 3TOT y4aCTOK XapaKTEPUCTHUKUA HCIOJIb-
3YIOT B YCWJINTEIbHOW TEXHHKE, IMOCKOJIbKY 3/1€Ch HAaUMEHBIINE HEIU-
HEWHbIE MCKAKEHUS CUTHAJIOB M ONTHUMAaJbHbIE 3HAYEHUS MAaJOCUT-
HaJbHBIX MapaMeTpPOB, CYIIECTBEHHBIX MJIsi ycwieHus. K Takum mnapa-
METpaM OTHOCSTCA KPYyTH3HA XapaKTEPHUCTUKH, BHYTPEHHEE CONPOTUB-
JeHrue U Ko3OPULIMEHT YCUIICHUS.

Tpetbs 30Ha rpaduka — ob6gacTb mpodosi. [IpuunHoit mpodos
ABJISIIOTCS. OOJIBIIIME 3HAYEHUSI HAIPSKEHHOCTHU 3JEKTPUUYECKOrO MOJ,
NOSIBJIIIOIINAECS B IEPEXOAE CTOK-3aTBOpP. B 3TOM mecTe mpOMCXOIUT
yAapHasi FeHepanus Iap HOCUTEIIEH SJIEKTPOH-AbIPKa.

Crtoko-3aTBOpHBIE (MepeaaTOYHbIe) XapaKTePUCTUKH. JTO 3a-
BUCHMOCTh TOKa CTOKa OT HampsbkeHus: U,, mpu PUKCHpOBAHHBIX 3HA-
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yeHusix Hanpsikenus U, Ita 3aBucumocts 11 Ue, >Uey 4ee TIOKa3aHa
Ha pucyHke 2, 6. I umeHHO ee KpyTU3Ha ABJISIETCS OJHUM U3 OCHOBHBIX
napameTpoB MOJIEBOTO TPAH3UCTOPA.

IloaroroBka k padore

1. I3y4uTh peKOMEHAYEMYIO JIUTEPATypy U ONKUCAHUE TaHHOH J1a0o-
paTopHOU pabOTHI.

2. HapucoBaTh cXeMbl 1151 CHATHS CEMEMCTBA CTOKO-3aTBOPHBIX Xa-
PAKTEPUCTUK M CEMEHMCTBAa CTOKOBBIX Xapaktepuctuk MJIII-
TPaH3UCTOPA, IJI€ B KAUECTBE U3MEPUTEIBHBIX MTPUOOPOB UCIIOJIb-
30BaTh MUJUJIMAMIIEPMETP Y BOJIBTMETP.

3. Iloka3ath, Kak MO CTOKO-3aTBOPHBIM XapaKTEPHUCTUKaM OMpeje-
JUTh KPYTU3HY TPaH3UCTOpA S, a MO CTOKOBBIM XapaKTEPUCTUKAM
— BBIXOJJHO€ COIIPOTUBIICHUE.

Taomuna 1. Ucxonuble faHHBIE

Ne 112 |3 (4|56 |7 (8 9 (1 1|1 |1 |1 |1
01 2 |3 |4 |5

[T 2 |2 |2 |2 |2 (2 |2 2|2 |2 |2 (2 2|2 |2
M2SK |2 |2 (2 |2 |2 |3 |3 |3 |3 |3 |3 |3 |3 |3 |3
3 (3|6 (6 |7 |11 (1 2|5 |7 |8 (8|9 |9

3 |5|6 71|41 (4 /9 01016 |1 |51 |8

Ew,B |1 (12 1 11 |1 1 1 1 |1 |1 |1 |1 |1 |1
o2 5012 |5 (0|2 5|0 |2 |5 |0 |2 |5

IIporpamma ucciieq0BaHUM

HccnenoBanue XapakTepUCTUK TPaH3UCTOpPaA MPOBOJUTCS C TIO-
MOIIIbI0 MOJICIMPOBAHMS €ro padoThl Ha MepcoHanbHOM DBM. B nan-
HOM pabote ucrnoaszyercs nporpamma OrCAD 9.2, Bkirouaroriasi Mo-
JIJTU TIOJIEBBIX TPAH3UCTOPOB PA3HBIX YPOBHEM.

B pabore ¢ momomipio mporpamMmbl Schematics “cobupaercs”
CXeMa JJIsl CHITUS CTOKO-3aTBOPHOM U CTOKOBOM XapaKTEPUCTUK TpaH-
3uctopa (pucyHok 4.1), a ¢ nomoipio nporpammel PSpice npoBoautcs
UX pacyer.
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V1 vl

— VT 15v

PucyHnok 3 - Pabouas cxema nns cuatust BAX nosieBoro

1. B onepannonnoii cucreme «Windowsy» moj yrnpaBieHUEM MPOTrpam-
mbl «Capture CIS» coOpaTh cxeMy JjIsi CHATHS BOJBT - aMIIEPHBIX Xa-
PaKTEPUCTHUK MOJIEBOTO TpaH3ucTopa (pucyHok 3). [{is aToro:

1.1 OTKkpbITh OUOIUOTEKY DJIEMEHTOB (IMUKTOTpamMMma - El) U u3
HEe BBITSIHYThH Ha paloyee Moje Bce Tpebyembie 3jieMeHTHhl. MckaThb

HYKHBIC JJIEMEHTHl yJIOOHO TO MX HMMEHaM: MCTOYHUK TOCTOSHHOTO
nanpspkenus V1 - VDC, M/TT-tpauzuctop ~JPWRMOS win HARRIS,

GHO

3emist — GND ( mukTorpamma - =),
2.2 PacnosioxKuTh JIEMEHTHI Ha pab0odyeM MoJie€ B COOTBETCTBUU C MPHH-
[IUTMIMATFHON CXeMOUM pUCyHKa 3, He coenuHss ux. g sToro Ha 3Je-
MEHT, ¢ KOTOPBIM HAaJ0 4YTO-TO CIEJAaTh, TIOMECTUTh KYypCOp MBIIIU H
HIEJIKHYTh €ro JeBol kHomkou. IIpu 3ToMm snemeHT okpacutcs. OTMme-
YEHHBIN 3JIeMeHT MOkHO TToBepHYTh (Ctrl/R), ynanuts (Delete) unu ne-
peMmecTtuTth. B mociienHeM ciaydae OTMEYEHHBIM 3JIEMEHT 3aXBATUTh
MBI W, HAXKAaB Ha JIEBYIO KHOIIKY, IIEPEMECTUTh B HYXHOE MECTO,
MOCJIC YETO KHOIKY OTIYCTUTh

2.3 CoeauHHUTh dJIEMEHTHI Ha paboyeM T0Jie B COOTBETCTBUH C TIPUHIIM-
MMAAIBHON CXEMOW. {71 3TOro KypCcop MBIIIY [IEPEBECTU B PEKUM PUCO-
L

BaHUS COCAUHUTEIbHBIX JTUHUN (MKOHKA - ). ITogBecTr kapanaaml K
BBIBOJIY OJHOI'O U3 RJIEMEHTOB M IICIKHYTh JieBoi kHomkou (JIK). IToa-
BECTU KypPCOp K APYTroM TOYKE CXeMbl U cHOBA 1enkHyTh JIK. 1 Tak na-

nee. s OTMEHBI pEKUMA PUCOBAHHUS LIECJIKHYTh IPABON KHOIIKOW.
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2.4 Bectu 0003HAYEHUS TPAH3UCTOPA U UICTOUHUKOB B COOTBETCTBUU C
pucyHkoM 3. It 3TOro JBaXKIbl IIETKHYTh Ha 3JIEMEHT, a Jydlle Ha
€ro uMs. B BBITUIBIBIIEM OKHE OTKOPPEKTUPOBATH HMSI.

2.5 CoxpaHuthb CXEMY oJ OpUTUHAIIbHBIM UMEHEM
D:\user\<group>\<fio>\<name>, rne <group> — rpymmna ,<fio> — ®H1O
CTYyJIeHTa, <name>— JIt000€ UMsl. BHumanue — He 0OnycKkaemcs ucnoJib-
3068aHue KUpUIIUYb.

2. CHATH CTOKO-3aTBOPHYIO XAapaKTEPUCTUKY ITOJIEBOTO TpPaH3U-
ctopa lc(U3n) mpu duxcupoBanHoM 3HaueHuu HamnpsbkeHuss Ucu=En.
JLi1st aTOTO:

2.1 VYcraHOBUTH HampsiKEHHE HUCTOUYHMKA V2. JlJIsi 3TOro JBa)Ibl
MICJIKHYTh Ha TapaMeTp d3JeMeHTa. B BBIIUIBIBIIEM OKHE YCTAaHOBUTH
3Ha4YEHUE MMapaMmeTpa paBHbIM En.

2.2 YCTaHOBUTH MAapKep TOK Ha CTOK Tpansuctopa VT1 nmma 3amanud
BBIBOJIa TOKAa CTOKa /c;

2.3 YCTaHOBUTH PEXKHUM pacueTa CTOKO-3aTBOPHOM XapaKTEPUCTHKH.
JI71s1 5TOr0 HEOOXOIUMO CO3AaTh TPOPUIb CUMYJIALUU (TUKTOrpaMma -

El). B mosiBUBIIIEMCsI THAJIOTOBOM OKHE 3a7aTh MM MPOQUIIs, HATPH-
mep Labl. 3aTtem BbI3BaTh OKHO TMapaMeTpoB cumyssamuu Simulation

Settings (mukTorpamma - EI) . Ha Bxaake Analysis BeiopaTts Analysis
type — DC Sweep u ycTaHOBUTH MapamMeTphbl aHAJIM3a: TUI UCTOYHHUKA —
Voltage Source, Name - V1; Sweep Type — Linear; Start Value = 0; End
Value +5; Increment = 0.1.

2.4 ITpousBectu pacueT (MUKTOTpamma - ﬂ wi Fl11) u nonyuuts
CTOKO-3aTBOpHYIO XapakTepuctuky lc(Usm).

2.5 IIpu Ic=1A u npu mMakcuMaabHOM 3HaYeHHWM IC omnpenenuTs Kpy-
TU3HY TPAH3UCTOPA, CPABHUTH MOJTYUYCHHBIC PE3yJIbTATHI.

3. CHATH ceMeiCcTBO BBIXOMHBIX XapakTepucThK |.(U.,). st atoro:

3.1 YcranaBnuBaem peXuWM pacdeTa BBIXOAHOM xapaktepuctuku DC
Sweep u mapaMmeTpsl aHanu3a: THN ucrounuka — Voltage Source, Name
= V2; Sweep Type — Linear; StartValue = 0; EndValue = 10; Increment
= 0.005.
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3.2 B mmamoroBom okne Simulation Settings paspemaem  Secondary
Sweep (0TMETUTh YeKOOKC) M 3a/1aeM PEXUM M3MEHEHUS HanpsiKEHUS
s uctounuk V1: tum mcrounmka — Voltage Source, Name = V1,
Sweep Type — Linear; StartValue = 2V; EndValue = 5V; Increment =
0.5.

3.3 IIpousBoauM pacuet (MKOHKA - ﬂ umu F11) .

4. Tlo CHATBIM BBIXOJHBIM XapaKTEPUCTHUKAM OMPEICIUTHh BBIXOIHOEC
COTPOTHUBIICHHE TPAH3UCTOPA B OKPECTHOCTU paboyel TOUKH A ¢ KOOp-
nuHatamu (Em\2, 1A).

4.1 Jlns onpenesieHus] BBIXOAHOTO COMPOTHUBIICHUS MaKCHMAaJIbHO YyBe-
JUYUTh KPUBYIO, COOTBETCTBYIOIIYI0 TOoKy B 1A. Ilpu yBenmueHuun
y4acTKa XapaKTEPUCTUKH B3ATh nomyck mo 0,5B B 06e cTopoHbI OT pa-
Ooueil TOUKH.
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KoHTpoJibHBIEC BONIPOCHI

1. Ha xakoM npuHIMIIE OCHOBAHO YIIPABJIEHHUE TOKOM B IOJIEBOM TPaH-
3ucrope?
2. YUto npencraBiisieT co00M KaHall IojeBoro Tpaunsucropa? Ot yero 3a-
BHCUT TOJIIIIMHA KaHaJa?

3. Kakum o0pa3oM H30JMpYyeTCs KaHal OT MojuIoKku? M3 kakux
COOOpaKEHUHN yCTAHABIUBACTCS MOJSIPHOCTh HANIPSYKEHUS HA CTOKE?
4. Kakum oOpazom oOecriedumBaeTCs H3O0JIAIMS 3aTBOpa OT KaHajla B
pPa3JIMYHBIX THUIA MOJIEBBIX TPaH3UCTOpPOB? M3 Kakux cooOpakeHuit
YCTaHABJIMBAETCS MOJSIPHOCTh HANIPSIKEHUS HA 3aTBOpE?
5. UTo Ha3bIBa€TCS HANPSHKEHUEM OTCEYKH M HAMPSIKEHUEM HaChIIIE-
HUs?
6. UeM oTiauyaeTcs MOJIEBOM TPAH3UCTOP OT OUIOISPHOTO KakK yIpaB-
JIIEMBIM UICTOYHUK TOKA?
7. Kakue nuddepeHmanbibpie MmapamMeTpbl XapaKTEPU3YIOT IMOJIEBOU
TPAH3UCTOP B PEXKHUME Majoro curHaina? Hanumure ypaBHEHUE IS
IpUpalIEHUs] TOKA CTOKA.
8. Kakue COOTHOIICHUSI MEXAY ANEKTPUUYECKUMHU BEJIMYMHAMM (CUTHA-
JJaMH) OTpakaeT MaJIOCUTHaJIbHAS SKBUBAJICHTHAsI CXeMa TpaH3ucTopa?
9. Kak 3aBUCHUT OT HaNpsKEHUS 3aTBOP-UCTOK KPYTH3HA MEPEIATOUYHON
XapaKkTepPUCTUKHU B 00JIACTH HACHIILICHUS] BBIXOJAHBIX XapaKTEPUCTUK?

Coaep:kanue oTuera

TUTYIBHBIN JUCT;

Ornasnenue;

HauMeHoBaHue paboOThI, 11€JIb UCCIICAOBAHUM;

Hccnenyembie cXeMbl;

Pe3ynbTaThl pacy4€TOB M SKCIIEPUMEHTOB;

AHanu3 NOTy4YEHHBIX PE3YJIbTATOB;

OTBETHI HA KOHTPOJIBHBIE BONPOCHI;

[lepeuensb JIMTEpaATYypHl, HUCIIOJIB30BAHHOW IPU IIOJTOTOBKE W
BBITIOJTHEHUU paOOTHI.

O Nk WNE
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5 HCCUIIEJOBAHHUE YCUJINTEJIBHOI'O KACKAJIA HA
BUITOJAPHOM TPAH3UCTOPE

Hean padoTbl

1. ®opMupoBaHUEe HABBIKOB MPOCKTUPOBAHUS SJIEKTPOHHBIX YCTPOUCTB.
2. N3ydenue pabOThl YCUIMTEILHOTO KacKaja Ha OUIOJISIPHOM TpPaH3H-
cTtope ¢ obOmuM sMutrTepoM OD U OmpesesieHHe ero OCHOBHBIX Tapa-
METPOB.

OcHoOBHBIE TCOPCTHYECCKHUC ITOJIO0KCHUA

YeunurenbHbl Kackaa ¢ o0mumM smutrepoM (O3) oTHOCUTCS K
CaMbIM PacIpOCTPAHEHHBIM. DTO OMPENEIAECTCS TEM, UTO OH O0ECIeUHn-
BaeT HauOOJbIINK KOG PUITMEHT ycuieHus o MomfHoctu. Cxema ycu-
JIUTEIBHOTO KacKaJla MpeCTaBlIeHa Ha pUCYHKeE 1.

. +EmmT

Pucynok 1 — Cxema ycuimrensHOro Kackaga 09

B cxeme nMcnosb3yroTCsl pe3UCTUBHO-EMKOCTHBIE CBsI3U. KoHaeH-
catopsl Cp; u Cpy SBISIFOTCS pa3AeNUTEIbHBIMA U 00ECIIEYNBAIOT HEU3-
MEHHOCTb PEKHUMa IO MOCTOSSHHOMY TOKY MPH MOAKIIOYEHUH UCTOUYHH-
Ka curHaiia u Harpy3ku. Konnencarop Ca, IIyHTUPYIOUIHMI YaCTh SMHT-
TEPHOTO COMPOTHUBJIEHUS, YMEHBIIAET TJIyOMHY OTPULIATENIBHON 00paTt-
HO# cBsi3u (OOC) Ha MEPEeMEHHOM TOKE M yBEIWYUBAET KOIPDUIIMEHT
conpotusnenus. Hermybokas OOC, co3naBaemas pesuctopoM Rpy,
CTAOWIM3UPYET YCUJICHUE U YMEHbIIIACT HEIMHEHHBIE NCKaXKEHMUSI.

Pabounii pexum Kackaga OO MOXKHO OINpPENEIUTh U3 CIASAYIOIIeH
CHUCTEMbI YPaBHECHUN:
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Uy,
Ul'[PITZIRlR1+U63+I3R3’
IR2R2:U63+I3R3’

o= LR AU, + 1R

2 9!

I6 - IRl _IRZ’

I, =1,+1g,

. =/fls.
3neck R, 1 R, — conpoTuBieHus B e KOJUIEKTOPA U SMUTTEPA.

B aktuBHOM pexxume HanpsbkeHue Ug, CyIIeCTBEHHO HE MEHSCTCS
M3-32 BBICOKOW KPYTH3HBI BXOJHOH BOJIBTAMIICPHON XapaKTCPHCTHKHU.
CnenmoBaTenbHO, MOXKHO cunTaTh, uTo Ug, = CcONSt = 0,7 B.

K OCHOBHBIM IapaMeTpaM YCHIUTCIBHBIX KACKaJIOB OTHOCSTCS:

Ku = (AUgpx/AUgx) - K03DPHUIIHESHT YCUICHUS HANTPSKCHHMS;

Rex = (AUgy/Alsx) - BXOJTHOE CONIPOTUBIICHHUE KacKaa;

Resx =(AUpux/Algyx) - BBIXOIHOE CONPOTHBIICHUE KaCKaa.

OcCHOBHBIC TIapaMETPhl KacKajga MOXXHO pPacCUMTaTh, HMCHOIL3YysS h-
napaMeTphbl MAIOCUTHAIBHON CXEMBI 3aMEIICHUS TPAaH3UCTOPA:

K =— h213 [RK ” RH ” (]/h223 )]
- hyq, + (h213 +1)R31

Rox =[Py, + (U +1)R31] | Rs
RBBIX - RK ” (]/h223)

B stux Belpaxkenusx Rg; =R; || R,; Rr — comporuBienne mcrodyHuka

cur"ana, Ry — COnpoTHBIICHHE HATPY3KH.

h-mapamMeTpsl MOXKHO MHPHOJMKEHHO OINPEICIUTh depe3 padouuii
TOK TpaH3ucTopa lx U Ko3pPuIMeHT ycuineHus TpaH3ucropa 3 ciaemy-
IOIIUM 00pa3oM:

©
hllazIBI_T' hy, =B, hy,, = 0.

K
31eCh Or - TEIUIOBOW MOTEHUIHAN, KOTOPBIN IS KOMHATHOW TEMITEpATy-
pb1 +20°C mpumepHO paBeH 25 MB.
PaboTta cxembl ucciienyeTcs METOI0M MOICIIUPOBAHMS.
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IloaroroBka k padore

1. U3yunuTth cxeMy YCWIHMTEIBHOTO KacKajia, €ro OCHOBHBIE XapaKTe-
PUCTUKHU U TIapaMeTpbl, METOJbI UX pacuéTa U IKCIECPUMEHTAIIb-
HOI'O ONPESICHHMS 110 ONMCAHHUIO J1a0OPaTOPHOM PabOTHI.

2. Jlns cxembl ycuiurtenbHOro Kackaga OO (pucyHok 2.1) Bbi-
OpaThb UCXOJHbBIC TAaHHBIE B COOTBETCTBUHM C HOMEPOM IOTPYIIIbI
1 HOMEPOM pabodero Mecta (Tabdjuia 2) ¥ pacCUUTaTh:

— KoyueKTOpHBIN TOK (l¢) ¥ HanpsbkeHue KomuteKTop-3MUTTED (Uxs),

— K03 HUIMEHT yCUICHUS Kackajaa B pexkume xonoctoro xoxa (Ky

).
Pe3ynbraTel 3aHecT B Ta0IMILy 1.

Tabnnma 1.

[Tapametp Pacuer ODKCEPUMEHT

I, MA

U, B

Ku xx

Tabnuna 2. BapuaHTbl 3a1aHUl

Ne | B Emrr | RLK |R2,K [Re, [Rs1, | R,
B |Om |Om |Om |[Om |Om

1.1 |35 |10 (84 [1.6 |[820 |82 |100

1.2 |50 |12 |75 (24 |510 |51 |130

1.3 |70 |15 |12 (2.2 (390 (39 |62

1.4 |75 |10 |84 |16 (200 (20 |30

15 (80 |12 |15 |51 [470 |47 |150

1.6 (120 |15 |24 |43 [430 |43 |39

1.7 {100 |10 |18 |3.3 {820 |100 |100

1.8 |45 |12 |20 |[6.2 |510 |82 |100

Ne | Emr | R1,K | R2,k [Rg, | Rs1, | R,
B |Om |Om |OMm |[Om |Om

1.9 120 |15 |36 |[6.2 (390 (39 |51

110|135 |10 (84 |16 |[820 |82 |100
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1.11|50 |12 |75 |24 |510 [100 |82
112170 |15 |12 |22 [390 |51 |51

21 |75 |10 |84 |16 |200 (30 |20

22 lan [12 [15 [51 [470 |22 [12n
23 120 |15 |24 |43 |430 |39 |39

24 1100 {10 |18 |3.3 |820 150 |51
25 |45 |12 |20 |6.2 |510 |82 |100
26 |120 |15 |36 |[6.2 |390 |62 |30
2.7 |35 |12 |84 |16 |820 |82 |100
28 |50 |15 |75 |24 |510 |51 |130
29 |70 |18 |12 |22 |390 |39 |62
210|175 |15 |84 |16 |200 (20 |30
211180 |15 |15 |51 |4/0 |47 |150
2121120 |18 |24 |43 |430 (43 |39

JIns1 caMOKOHTPOJISL OTBETUTH Ha MPUBEIECHHBIE AJIEE BOIIPOCHL.
Bonpocs! 111 CaMOKOHTPOJIs

1. Kak »KkcrnepUMeEHTalbHO OMNPEAEIUTh BXOJHOE COINPOTUBIIEHUE
YCHJINTEIBHOIO Kackania?

2. [louemy Heb3s ONPENEIUTh BXOJHOE COMPOTUBIECHUE UEPE3 OT-
HOILIEHUE TIOCTOSHHOTO HAIPSKEHUs Ha 0a3€ K MOCTOSHHOMY TOKY
0a3b1?

3. Eciin majeHue HanpsokeHWs Ha TPAH3UCTOPE B PEKUME MOKOS
OJIM3KO K HYJIIO, K KAKUM IMOCIEACTBUIM BO BPEMEHHOU Uarpam-
M€ BBIXOJIHOT'O HANPSHKEHUS 3TO MPUBEAET?

4. Kak cBsizaHbl MeXAy cCOOOM MOCTOSIHHBbIC HANpsDKEHUs Ha 0aze u
AMUTTEPE TPAH3UCTOPA B OTCYTCTBUU CUTHAJA?

IIporpamma uccie10BaHuM

1. CobpaTh cxeMy COTJIaCHO PUCYHKY 2.
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YcTaHOBUTh HOMHMHAJbHBIE 3Haye-

DTQL [jj o R HUSI CONPOTUBIICHUH W HAMPSHKEHUE
L I IATaHUsS B COOTBETCTBMU C BapHaH-
I QQ | ToM 3amanus (tabmumna 1). EMkocTu
e D:: koHaeHcatopoB: Cl=bu, C2=5u,
gl ’ C3=50u, C4=10n.

e el — Jns  cuHyCOMJAIBHOTO
D3k N UCTOUHMKA BXOonaHOro curnaiga VSIN
- YCTAHOBUTb: VOFF=0;

Pucynok 2 - Cxema ycuinutens- VAMPL=100mV; FREQ=1k.
HOT'O KackKajia — YCTaHOBUTh HaYaJIbHBIC
C OOIIIUM SMHUTTEPOM 3HaUYEHUS  JUIS  CONPOTHUBIICHUS
Harpy3ku R6=1M (1Meg) m aMIUIMTyabl BXOJHOTO CHUI'HAJIa

100mV.

— BbIIenuTh menTykoM TJIaBHOM KHOTKH MBIIIU TpaH3ucTop (To-
SBUTCS IIBETHas1 paMka). Il{emykoM 1Mo BCcriomMorareibHOW KHOTI-
KA MBIIIA OTKPBITh MEHIO M BBIOpATH PEKUM PEIaKTUPOBAHUS
napametrpoB moxaenu (Edit Pspice Model). B okne mapametrpon
MOJICIIH TPAH3UCTOPOB HaWth BF=(kosppuyuenm ycunenus B).
Brinenuts 3HadueHNE U, HAOpaB HOBOE, COXPAHUTH TapaMeTPHI.

— CoxpaHHTB CXEMY.

2. OmnpenenuTh PeXKUM CXEMBI M0 MOCTOSHHOMY TOKY W CPaBHHUTH C
pacuetroM. C 3TOM 1EbIO:
— YCTaHOBUTH PEXHUM pacuera CXEMbI IO MOCTOSHHOMY TOKY
(PSpice —Bias Point - Enable).
— 3amyctuth iporpammy pacuera PSpice (F11).
— Onpenenuts HaNpsHKEHUE HA KOJUIEKTOpE, 0a3e U AIMUTTEPE
TpaH3UCTOpa, HA)KaB Ha MUKTOTPaAMMY b}
— Jlns ompeenieHrs TOKOB HaKaTh HA MMUKTOTPaAMMYy aj
3. IlogaB Ha BXOJ CHMHYCOHMJAJIBbHBIN CUTHAN ¢ YacToToi f=1kI'l 1 aM-
mwutyao Un=100MB, mpoBeputh paboTOCIIOCOOHOCTh yCHUIUTEII.
Onpenenuth kodbduuueHt ycuieHus Ky xx. CpaBHUTH C pacuyeToM.
Jlitst aTOTO:!
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— YCTaHOBUTH PEKUM pacyeTa CXeMbl BO BpeMEHHOM 00J1acTh

B COOTBETCTBUM C PUCYHKOM 3.

— Y CcTaHOBUTH Ha BXOJC U BBIXOJC CXCMbI MAPKCPLI IJIsI BBIBO-

Ja OCIIWJIJIOTPAMM HaIPsDKCHUS (ﬂ);

— 3anyctuth nporpammy pacuera PSpice B e¢€ okHe ¢ momo-

IIbIO AJIEKTPOHHBIX KYpPCOPOB OMNPEAETUTh aMIUTUTY1y BXOJ-
HOTO ¥ BBIXOJHOTO CHHYycOuAanbHOro curtana. Kypcopst no-
CTYMHBI TIOCJI€ HAXKATHUsI HA MUKTOTPaMMY ﬁl, U X MOXHO
nepemMeniaTh JICBOW MU MpaBoM KHOMKAaMU MBIIIH. B okorike
Probe Cursor mepsas xononka 1udp - mis ocu adcuuce (X),
BTOpas KojoHKa mis ocu opauHat (Y). Jlius Gonee TOYHBIX
U3MEPEHHUI JTI000# 3JIEeMEHT Tpaduka MOXKHO YBEIUYUTH C
nomotnbio Jynbl. Koadduiuent ycuneHus kackaaa ompese-
JSeTCS KaK OTHOIICHHE aMIUTMTY]T HEMCKaKEHHOTO BBIXOJIHO-
ro CUTHaJia K BXOJHOMY

(Ku :AUBLIX/AUBX )'

— YBenuuuBasi aMmIuIMTyAy BXOJIHOTO curHaia ao 1B, naOiro-

JaTh 32 U3MEHEHUEM AMIUIMTYIbI U (POPMBI BBIXOJIHOI'O CHT-
Hana. Pe3ynpTaThl cBeCTH B TaONUIYy 3 U MOCTPOUTH 3aBUCHU-
MOCTb aMIUIUTY/Ibl BBIXOJHOT'O CHUTHajla OT aMILIUTYAbl BXOJ-
Horo curHajla Ugyx(Usx) — aMITIUTYIHYIO XapaKTEPHCTHKY.
Onpenenuth MakCUMalbHOE 3HAYEHHE BXOJHOTO CUTHANA, HE
NPUBOASAIIEE K UCKAXXEHUSM BBIXOJHOTO CUTHaJa (JIMHAMUYE-

v
CKHUI hamna3oH).
x
General Analysis | Include Files I Libraries I Stimulus I QOptions I Data Collection I Probe Window I

Analysis type:
Time Domain (Transient) jid
B Start saving data after: ID— seconds

Tranzient option:

Bun to time: Bz seconds [TSTOP)

B General Settings
[ IMonte Caro/Warst Case Maximum step size: ID. 05mz seconds
[ 1Parametric Sweep

[ Temperature {Sweep)
[15ave Bias Point

[ILoad Bias Peint Output File Options... |

[ Skip the initial lranzient bias point calculation [SKIPEP)

0K I Otmena [ pHMEHHTE Crpaeka
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Pucynok 3 - HacTpoliku pexkuMa BpEMEHHBIX JUuarpaMm

Tabmnwnia 3

Usx, MB

100

200 |300 |400 |500 600 (700 (800 [900 {1000

UBI)IX“‘,B

UBI)IX" B

. YCTaHOBUTh aMIUIUTYAY BXOAHOro curHaia paBHou 100mB. M3-

MeHsist conpoTuBiieHue Harpy3ku oT 0,5Rk 1o 3Rk ¢ marom 0.5 Rk
OTPENICTTUTh aMIUTUTYIy BBIXOJHOTO CHUTHajga W KOI(POUIMEHT
ycuieHus. Pesynbratel 3anectu B Tabnuiy 4. [loctpouts 3aBucH-
MOCTb KO3()(PUITMEeHTA YCUIICHUS OT COITPOTHURIICHUS HAIPY3KH.

Tabmuna 4
Rk, K
Ugpix+,B
Ku

KoHnTpoJbHBIEC BONIPOCHI

1.

B kakoll creneHu 3aBUCUT KOADPUIHEHT yCUIICHUS
yCUJIUTENbHOr0 Kackaga ¢ OO or koddduuuenra
nepenaun Tpanzuctopa [3? Kak BiusieT Ha 3Ty 3aBU-
CUMOCTh OTCYTCTBUE€ IIYHTHUPYIOIIETO SMHUTTEPHBIN
PE3UCTOP KOHJEeHCcaTopa?

C kxako#ll LEIbI0 B YCHJIMTEJIBHBIM KAacKajJ BBOJIST
SMUTTEPHBIA PE3UCTOP?

Bnusier 1 Ha KOA(pPULMEHT yCUIIEHHMs] KacKala ¢
O3 BeanMuMHA TOKA MOKOs?

Kakue cpencTtBa MOXXKHO HMCHOJIB30BAaTh JJIsl YBEJU-
yeHus koddduirenTa ycuieHus kackajaa ¢ OD npu
(UKCHPOBAHHOUN BEJIMYUHE COMPOTUBJICHUS HATPy3-
Ku?
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Copaep:kanue oTuera

OTYET NOJKEH COAEPKATh:

©ONOo Ok WNE

TUTYyIbHBIN JTUCT;

Ornasnenue;

HanmeHnoBaHue paboThI, 11€J1b UCCIETOBAHUI;

Hccnenyembie CXEMBL;

Pe3ynbTaThl pacC4€TOB M SKCIIEPUMEHTOB;

AHanu3 NOJTYy4YEHHBIX PE3YJIbTATOB;

OTBETHI HA KOHTPOJIBHBIE BOMPOCHI;

[Iepeuens sMTEepaTyphl, HUCIOJIB30BAHHOM IIPU ITOATOTOBKE
BBITIOJTHEHUH PaOOTHI.
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6 HCCJIEJOBAHUE YCUWINTEJIIBHOI'O KACKAJIA HA
HOJIEBOM TPAH3UCTOPE

Hean padoTbl

B pabore m3yyaercs yCHUIMUTENbHBIM KacKaJ ¢ OOIIMM HCTOKOM

(ON), ’xcepUMEHTAIBLHO OMNPEACISIOTCS €r0 OCHOBHBIE MapaMeTphl U
CHHUMAIOTCS XapaKTePUCTUKH.

OcHoOBHBIE TCOPCTHYECCKHUC ITOJI0KCHUA

Cxema yCHUJIUTENIBHOTO Kackajaa ¢ o0muM ucTtokoMm Ha N-MJIII-

TpaH3UCTOpe mpeacraBieH Ha pucyHke 1. [na p-MII-tpan3zuctopa
CJIEIYET CMEHUTH MOJSAPHOCTh UCTOUYHUKA ITUTAHUS.

R1 R3
1000k 100 ¢»

11
2.2uF
c1 ,ﬁ
I 1 ||-< VT1
11
L | ] 15Vde
- V2
4 —
VOFF =0 @ -
VAMPL = 0.010 g R2 g R4
0 —-— C3
FREQ = 1k 300k 1 R5
2u
22k

Pucynok 1 — Cxema ycunurensHOro kackaga ¢ Ol Ha N-kaHaabHOM
MII-Ttpan3ucrope

Ha3znaueHue 371€MEHTOB CXEMbI MPAKTUYECKU AHAJOTUYHO Ha3HAa-
YEHMIO DJIEMEHTOB cXeMbl ¢ OO Ha OMIOISIPHOM TPaH3UCTOPE.
Pexxum kackajza onpeaessieTcs mpu NOoAroTOBKe K padboTe, 1o rpa-

(UUEeCKUM XapaKTEepPUCTHUKaM, CHATBHIM B JlabopaTopHOil padore Ned, a
3aTEM MPOBEPSIETCS IKCIEPUMEHTAIIBHO.
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IHoJi0:xeHue padoyed TOYKHU

Moaynsuust JJIMHBI KaHalla B MOJIEBOM TPAH3UCTOPE MPUBOAUT K
TOMY, 4YTO  CTOKO-3aTBOpPHBIE  XapaKTEPUCTUKU  BEEPOOOpPa3HO
pacxojsaTcs, a MOJIOTUM YYacTOK Ha BBIXOJAHBIX XapaKTEPUCTUKAX UMEET
HakJIOH (pucyHok 2). [loaTtomy rpaduueckoe ompeneneHne padbodero
peXrMa  KackagoB Ha TMOJEBBIX TPAH3UCTOpPAX  YCIOMKHSIETCA.
HeobOxonum uTepaliMOHHBIM MPOIIECC, KOTOPBIM 3aKJIHOYaeTcs B
CJIETyIOLIEM:

1. Paccuutath MOTCHITHAIT 3aTBOpa @3=UmrR2/(R1+R>),
rae Unur — HanpsokeHue UCTOYHMKA MTUTAHUS.

2. Ha cTOKO-3aTBOpHBIC XapaKTEPUCTUKU (PUCYHOK 2) HAHECTH
JUHUIO Harpysku, ompeaensemyto ypaBHenuem Usp=¢3+IcRu.
[Ipsimass mpoBoauTcst 4Yepe3 ToukKy (¢s, 0) TOa HAKIOHOM,
COOTBETCTBYIOIIUM 3HAYEHUIO conpoTuieHus Ry. s cxembr OU
— 370 R4. MckoMoe paboyasi TOUKa JEKUT MEXKIY TOUKamMu Ap U
D1, TO ecTh MEXIy TOYKaMH TMEpPECEUCHHs] JTUHUU HArpy3KH CO
CTOKO-3aTBOPHBIMHU XapaKTEePUCTUKaMU, CHATHIMU TIpU Ug=-5B u

UCI/I:_ 1 SB .
VCH =158
)\ B1
U B Yp—————— — — — 1

PucyHnok 2 — I'paduueckoe ornpeaeneHue paboyero pexxuma

3. Ha CTOKO-3aTBOPHBIX XapaKTepPUCTUKAX HaXO0JIUM
BcriomorareabHbie TOUKU B1 1 C1 (Usus1=Usua1r 1 Usuc1=Usup1).

4. CootBerctBytoiue Touku Az, Bi, C1 u D1 HaHOCsATCS Ha Tpaduk
CTOKOBBIX  XAPAaKTEPUCTUK U  CTPOATCS  BCIIOMOTaTEIbHbIC
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XapaKkTePUCTUKHU, CHATHIE NPU TOCTOSHHBIX HAMPSHKCHUSX Ha
3atBOpe Usuar M Ugpr (Ha pucyHKE 2 NpPOBEAEHBI IITPUXOBOM
JUHHUCH).

. Ha BeixognbIx xapakrepuctukax depe3 Touky (Uyn,0) mpoBoauTcs

npsiMasi Harpy3kud IO IIOCTOSHHOMY TOKY B COOTBETCTBUHU C
ypaBHeHneM Umur = Uck - (R3+R4). Touku mepeceueHus JTUHUU
Harpy3ku C MOCTPOCHHBIMM YaCTAMHU CTOKOBBIX XapaKTEPUCTHK
(touku Az u D) onpenenstoT rpaHulibl MOJ0KEHUSI TOUKU TOKOS
YCUJIMTENHHOTO KacKaja Ha BHIXOIHBIX XapaKTEPUCTUKAX.

. Ha BCIIOMOTaTEJIbHBIX XapaKTEPUCTUKAX ONpENEISIEM

nonoiaHutenbHble Touku By m Co, miua kotopeix Ueus2=Ucup2 1
Ucnc2=Ucnaz1.

. [lepenectu (ecnu Bo3MOXkKHO) Touku A, B, C2 u D2 Ha cToko-

3aTBOPHBIC XAPAKTCPUCTHUKA W TOCTPOUTH BCIIOMOTATEIbHBIC
XapaKTePUCTUKHU, CHATBIC IIPH IIOCTOSHHBIX HAIPSIKCHUSX Ha
ctoke Ucuaz 1 Ueup2 (Ha pUCYyHKE 2 HE TIOKA3aHO).

. ATepaninoHHBIN Mpo1ecc NOBTOPSIETCS € IT. 4 10 TEX MOp, OKa HE

OyJlleT IOCTUTHYTa KejnaeMasi TOUHOCTh. B mabopatopHoi padote
MOYHO OTPAHUYMUTHLCA OJHOMN UTEepaluei.

['paduueckoe ONpPENECICHUE  MAJIOCUTHAIBHBIX  IAPaMETPOB
TpaH3UCTOpa

1. Kpytuzna TpaH3ucTopa S ompeaessieTcsi MO0 CTOKO-3aTBOPHBIM

XapaKTepUCTUKAM TI0 HakJIOHY KacartedbHOW K KpuBOH lc(Usy) B
paboueii TOUKe B COOTBETCTBHU C ompeneneHueM: S = Alc/AUsy
npu Uc,=const,

. Auddepenumanbaoe BHIXOIHOE COMPOTUBIICHUE TPAH3UCTOPA IO

onpeneneHnto  paBHo  rcy=  AUcw/Alc  npm  Us,=const.
Onpenensiercst rfcy MO  CHATBIM  BBIXOJAHBIM  (CTOKOBBIM)
XapaKTepUCTUKAM TI0 HAKJIOHY KacaTtedbHOW K KpuBOH l¢(Ucy) B
paboueii Touke.
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IloaroroBka k padore

1. I3yunth CXeMbl yCUIMTENbHBIX KAaCKaJOB U O3HAKOMHTHCS C
METOJIMKOW pacyéra.
2. JIONOIHUTh CXEMbl HEOOXOJMMBIMHM CPEACTBAMM HMCCIIE/IOBA-
HUSL.
3. Jlms cxembl ycunutenbHoro kackaga ¢ OU (pucynok 1) pac-
CUMTATh TapaMETPhI PEKUMA ITOKOS
— TOK B IIenH cToka l;
— HaIpsHKEHUE MEXKIY CTOKOM U UCTOKOM Ugy;
— HaIpsSHKEHUE MEXKITY 3aTBOPOM M UCTOKOM Usy;
— KPYTH3HY TpaH3UCTOpa B paboueil Touke S.
[TonyueHHble pe3ysbTaThl 3anucarh B Tabauiy (cMm. m. 4 pabouero 3a-
TTAHUs).
4. N300pa3uTh MaJOCUTHAIBHYIO CXEMY 3aMEICHUS YCHIIUTEIb-
HOro Kackana OU ¢ BKIIFOUEHHBIM M OTKJIFOYEHHBIM KOHCHCA-
TopoM Cz. PaccuuraTh ocHOBHBIE MapaMeTphl Kackazaa (Ky, Rex,
Reuix).
Pacuer 0CHOBHBIX MapaMeTpoOB Kackaaa
K OCHOBHBIM MMapaMeTpaM YCHIIUTEIbHBIX KaCKaJ0B OTHOCSTCS:
Ku = (AUgux/AUgy) — KO3 DUIIHEHT yCHIICHHS HATPSHKCHHUS,
Rex = (AUpx/Alsx) — BXOAHOE CONPOTUBIICHUE KAacKaa;
Resix =(AUgpx/Algyx) — BBIXOJIHOE CONPOTHBIICHHE KacKaa.
st yeunutenpHOro kackaga OU 3Tu mapameTpsl MOKHO PacCUUTATh,
UCIIOJIB3Ysl TapaMeTphl MaJOCHTHAJIBHOW CXEMBl 3aMEIICHUS TpaH3H-
cTopa S U Fey:

Ku = _S(Rc ” Teu )geblx;

RBX = Rl ” RZ ;

RBBIX - RC )

re Cpx = = — KO3(hOHUIMEHT JIeNeHNs BBIXOIHOTO HaIIpsIKe-
RH + RBBIX

HH:L.
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IIporpamma uccie10BaHuM

1. CHATh ¥ MOCTPOUTH AMIUIMTYAHYIO XapaKTEPUCTUKY YCHIUTENb-

Horo kackajna OU nnsa Ry = oo, Cy = 0 npu BKIIFOYEHHON U OTKJIIO-
YeHHOM 11enu oOpaTHoM cBs3u. [l aToro:

— H3meHnss BXOIHOC CHHYCOMOAJIIBHOC HAIIPSIKCHHUC IIOJIYUYUTDH
HECKOJIBKO OTCYETOB BbBIXOJHOT'O HAIIPSKCHHA. I/ISMCpeHI/IH 3a-
KaHYUBAKOTCA IIPU ABHOM OI'PAHHYCHHUHN BBIXOIAHOI'O HAIIPAKC-

HU:L.

— Ilo HaKJIOHY JIMHEMHOW YaCTU aMIUIUTYJIHOW XapaKTEPUCTUKU
onpenenuTe KodPPUIMEHT YCUICHUS Kackajla MpU OTKIIOYECH-

HOM M BKJIFOYCHHOM KOHACHCATOPC C3.

— 3apI/ICOBaTB CEMEHCTBO AMINIUTYIHBIX XdPAKTCPUCTHK.

- OHpCI[eJ'H/ITC ,Z[HHaMI/IIIeCKHﬁ Aualla3oH BXOJHOI'O CUI'HaJIA.

- P@SyHBTaTBI 3aHCCTU B Ta6J'II/IHy

Cxema 0e3 O0C ¢c OOC

HapaMeTp Ku XX UBX MAaKCs B I<u XX UBX MAaKCs B
OKCIEPUMEHT

Pa cyeT *kk *kk

2. CHATH M TIOCTPOUTH HAarpy3ounyto xapakrepuctuky Ky(R.) xacka-
na ¢ O 6e3 OOC. Ilpu U3MEHEHHH COMPOTUBIICHUS HArpy3KH
CleauTh 3a (POPMOI BBIXOJIHOTO CHUTHAJIa — CUTHAJ JIOJIKEH OBbITh

CUHYCOUIAJIbHBIM.

Ry, (OMm) | 10 20 50 100 200 |500 |1000 |
Usx, (B)

Uy, (B)

Ky

3. Ilo rpaduky Ky(Ry) min mo JaHHBIM IPEABIAYIIEro IMyHKTa OIpe-
JIETUTh BBIXOJIHOE compoTuBiieHue kackaaa O 6e3 OOC.

Ry, (Om) Us, (B) Reux, (OM)
Q0 RBLIX -
1000

4, CHATb W TIOCTPOUTH AMIUTUTYJAHO-YaCTOTHYIO XapaKTEPUCTUKY
ycunurenbHoro kackaga ¢ OU 6e3 OOC (Ry = oo, Cy =10 HD).
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(x['m)

f, 0.046|0.1 |0.2

10 | 22

46|10 |22

U,
(B)

Us,
(B)

Ky

K,
(1b)

5. PesynbTaThl uccienoBanusa mis kackamga ¢ OM 6e3 OOC u pe-

3YyJbTaThl PACYCThI 3aHCCTU B Ta6n1/111y.

[TapameTp

KUXX

RGblx, OM

fH) FH

fe, KI'IT

Pacuer

DKCHEPUMEHT

UccnenoBanue ycunutenbHOro kackaaa OC#
6. CHATh aMIUIMTYAHYIO XapakKTEpUCTUKY Kackanaa. [lo xapakrtepu-
CTHKE OMNpeAeTuTh KOADPUIMEHT yCUJIeHHUs Kackaja U TUHaAMUYe-
CKUH JMAaNa3oH.

[Mapamerp | Kuxx Usx maxe, B
Dkcnepu-

MEHT

Pacuer il

7. HccnenoBarh pabOTy Kackaja aHAJOTMYHO 1. 2. 3apucoBaTh OC-
[IAJJIOTPAMMBI M OTIpeIeNIUTh KO duiineHT ycunenus Ky xx.

[TapameTp U, B

KU XX

OKCIEPUMEHT

8. CHATh M TOCTPOWTH HArpy3ouHyro xapaktepuctuky Kyu(R,) kac-
kaga OC (C,=0). ITo rpaduky Ky(R.) onpenenuts BBIXOIHOE CO-
MPOTHUBJICHHE KacKaa.

R, (Om)

10 20

50

100

200

500

1000 |

Uszyx, (B)

Un, (B)

* BBITTOJIHSETCS 110 YKa3aHHUIO IIPCIIoaBaTClIsd
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Ky

Ry, (OM) Uy, (B) Reux, (OM)

o0

RBI)IX =

100

9.

DKCcnepuMeHTalIbHbIE PE3YIbTaThl U PACUEThl 32aHECTH B TAOJIHILY.

[TapameTp Kuxx Rex, KOM Reux, OM

Pacuer

DKCHEPUMEHT

**k*k

©ONOOORWDNE

KoHTpoJbHBbIEC BONIPOCHI

. C xakoit IICJbO B IICIIb UCTOKA KaCKalda C OU Bximoyaercs pe3n-

crop?

. Kakue ¢daxkTopbl orpaHMYMBaIOT 3HAYCHUSI COMIPOTUBIICHUHN JETH-

TEJIsl B LIENH 3aTBOpa’?

Y cunTenbHbIN Kackaa Ha MOJIEBOM TPaH3UCTOpPE C P-N mepexo-
JIOM MOXKET paboTarh ¢ aBTocMmelnieHueM. [loueMy 3ToT crocod He
peanusyercs B kackanax ¢ M/II-Ttpan3ucropamu

Kaxko#t dakrop onpenenser BXOJAHOE CONPOTUBICHUE YCUIIUTEIb-
Horo kackaga ¢ OM na MJII-Tpan3uctope B 001acCTH BBICOKHX
4acTOT.

Conepxanue oTyera

OTU€T NOJKEH COAEPKaTh:

TUTYJIBHBIN JUCT;

OrmnaBnenue;

HauMenoBanue paboThI, 11€JIb UCCIICOBAHUM;

Uccnenyembie CXeMBblI;

Pe3ynbTaThl pacy€TOB M SKCIIEPUMEHTOB;

AHaIu3 NOJy4YeHHBIX PE3yJIbTATOB;

OTBeTHI Ha KOHTPOJILHBIE BOMPOCHI;

IlepedyeHb auTEpaTyphl, UCMOJH30BAHHON MPH MOJATOTOBKE U BbI-
MOJIHEHUU PaOOTHI.
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