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BBEJIEHHE

OCHOBOIl  CXEMOTEXHMYECKOro mocTpoeHuss OBM  SBIAIOTCS  TUIOBBIE
AIIEKTPOHHBIE CXEMBbI, KOTOPbIE HA3BIBAIOTCS snocuueckumu anemenmamu (JID). Dto
OCHOBHON  '"cTpoutenbHbld  MaTepuan OBM" u, coorBercTtBeHHO, JIO
XapaKTepU3yrTcs TpeOOBaHUAMH (PYHKIIMOHAIBHON U TEXHUYECKOU MOJHOTHI.

[Ton JID DBM B o06mem ciaydae IOHHMAIOT YCTPOMCTBA, BBHIMIOJIHSIONINE
ormeparuu OyJieBo anreOpsl B JIBOUYHOM cucteme. JIornueckuit »JIEeMEHT B
3aBUCHUMOCTH OT HA3HAYCHUs, TUIMA JIOTMKHA, TEXHOJOTUU HU3TOTOBJICHUSA
uHTerpanbHoii cxembl (MC) MOXeT cOCTOSTh M3 PAa3jIMYHOIO YHUCIA CXEMHBIX
ANeMEHTOB (kak mpaBuio oT 5 g0 15). Wmermmecs B coctaBe DOBM, kpome
BBIIIICHA3BaHHBIX JID, pa3nuuHble SJEMEHThl XpaHEHUS JIBOMYHOW HHGPOpMAIUH —
TPUITEPbI, TaKX€ CHUHTE3UPYIOTCSI HA  OCHOBE  JIOTUYECKUX  DJIEMEHTOB.
Boruncnurensueie mpouecckl B OBM, coxaepxkaiue apugMeTHYECKUE ONeparvu
CJIO’KE€HMSI, BRIUUTAHUS, YMHOKECHUS U JIETICHUSI, UITW JIOTUYECKUE MPOLETYpPbl, TAKUE
KaK TIOMCK, COPTHUPOBKA, CpPAaBHEHUE, CIBUT U JIPyTU€ pEATM3YIOTCA CXEMaMu,
cocrosmumu u3 JI0O.

Takum 00pa3om, joruyeckue siemMeHThl DBM o00pa3yloT yHHBEpCaIbHYIO
cpeny, 0OeCleurBaAOIIYI0 apU(PMETUUYECKYI0 U JIOTHYECKYI0 00pabOTKYy BXOJHOMU
nBoM4yHOW wuH@opManuu. [lpu OpOEKTHPOBaHMU MOJOOHBIX YCTPOMCTB Ba)KHO
BBIOMpaTh M TPUMEHSITh MHKPOCXEMBbI, COOTBETCTBYIOIIUE MPEIbIBISIEMbIM
TpeOOBAHUSIM.

Leab KypcoBOro TmNpOEKTHPOBAHHUA:  OCBOUTH  METOJbl  CXEMHOIO
MIPOEKTUPOBAHMS U AIEKTPUUECKOTO pacyeTa TUIOBBIX JID cpencTB BEIYUCIUTEIBHOM
texHuku (CBT), a Tak)ke TEXHOJIOTHIO UX MOJiefiupoBaHusi B cpeae MultiSim.

KypcoBoli MpOEKT COCTOUT U3 CIECAYIOMINX YACTEU:

- 9JICKTpUUecKui pacyet gorundeckux snementos TTJI, DCJI, KMOII, I/IZH;
- CpaBHUTEBHBIN aHAIN3 DJIEKTPUYECKUX MTapaMETPOB JIOTHUECKUX IJIEMEHTOB;

- MOJICJTMPOBAHUE JIOTHUECKUX AJIeMeHTOB B MultiSim.

1. COAEPXAHMUE ITPOEKTA

B cooTBeTCTBHM C BAPUAHTOM BBIIIOJHUTH IIEKTPUUECKUN pacyueT

npuHIUIUAIBHBIX cxeM JID ocHoBHbIX TUnoB: TTJI, 9CJI, KMOII, I/IZH.
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Pacuet nmpoBOAUTH COTJIACHO METOJUKAM, MPUBEACHHBIM JIJIsl Kaxa0ro tuna JI9
B pazzene 4. [Ipu 3ToM He0O0X0AUMO KPaTKO OMKUCaTh COCTaB CXEMbI M HA3HAYEHUE
AIIEMEHTOB CXEMBI.

HanpsbkeHuss WCTOYHUKOB — TUTaHWS, paboune TOKH, KOIPPUITUEHTHI
HACBIIEHUS, a TAKXKE APYTUe XapaKTEPUCTUKU JICKTPUUYECKOU CXEMBbI JJOTUYECKOTO
AJIEMEHTa, HE YyKa3aHHbIE B 3aJlaHUM, BBIOUPAIOTCS U3 CIPABOYHUKOB U
00OCHOBBIBAIOTCS CTYACHTOM.

HoMmuHanbHble  3HAUYE€HUsT  CONPOTUBIICHUM  PE3UCTOPOB U EMKOCTEU
KOHJICHCATOPOB JOJDKHBI COOTBETCTBOBATH CTAHAAPTHOW IIKAJle, a HaIMpPSKEHUS
MCTOYHUKOB MHUTAHUSA - PEKOMEHIYEMbIM 3HAUYEHUSM HOPMAJILHOTO psJia YuCel.
Br160p KOHKpeTHOM (OpMYIIBI TAKXKE JTIOJKEH OBITh 0OOCHOBAH.

Heo0xo1uMo MpoBECTH CPaBHUTENBHBIM aHAIU3 JJIEKTPUUYECKUX MapaMeTpoOB
JIOTUYECKUX d7eMeHTOB. Crenath BBIBOJIBI 00 0coOeHHOCTIX JID, X BO3MOXKHOCTH
UCIIOJb30BaHus B coBpeMeHHbIX CBT.

BrinonHUTh MOIETMpPOBaHUE KaXKI0M paccuruTaHHOU cxeMbl B MultiSim 10.0. B
MOSICHUTEJIbHOM 3alKiCKe OTPa3UTh MOJEIUPYEMYIO CXEMY, MPUBECTU TaOIUIIbI

HCTUHHOCTH U BPCMCHHBIC ArarpaMmMbl pa6OTBI.

2. O®OPMIJIEHHME KYPCOBOT' O ITPOEKTA

Marepuainsl, npecTaBisieMble Ha 3aIUTy KYpCOBOTO POEKTA, CAEAYIOIINE:

- IOACHUTCIIbHAA 3aIllMCKa, BKIIIOYaromasa 1 Ka>KA01o JID CXCMYy, OIMMCAHHNC CXCMBI,

HA3HAYEHUE DJIEMEHTOB CXEMBbI, PacueT CXEMbl M0 HUKEYKa3aHHBIM METOJHMKaM,
pe3yabTartel MojaenupoBanus JID B MultiSim 10.0 (MonmenbHast cxema, Tabsuia
WCTUHHOCTH, JIIOPHI HAIPSHKEHUN C TIOSICHEHUSMH), a TaKKe CPaBHUTECIBHBIN
aHaAJIN3 AJICKTPUUECKHUX MTapaMEeTPOB PACCUYMTAHHBIX JIOTHUYCCKUX DJICMEHTOB;

- 3JIeKTpOoHHBIE (haiinel MoaenupoBanus JID B MultiSim 10.0.

[TosicuuTenbHas 3amucka JO/OKHA ObITh BbImogHeHa B Word (97-2003),
pacnieyatana Ha jauctax ¢opmara A4 mo TpeboBanmsM, u3noxkeHHBIM B ['OCT
3.1105-2011 «ECTHA. ®opmel u mnpaBmwia oGOPMIICHHUS TOKYMEHTOB OOIIEro
Ha3HAYCHUS.

DneKTpoHHBIE MaTepuasibl mpenacTaBistoress win  Ha CD-gucke, wim

BBICBUIAIOTCS ANeKTpoHHOU noutoi B aapec CK® MTYCH no npeaBapuTeabHOMY

COTJIACOBAHUIO C MPENO/IaBaTEIIEM.
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3. IIOPAOOK 3AIIMUTDBI

KypcoBoit mpoekr 3ammuimaercs Ha Kadenpe mnepen komuccuedl. CTyaeHT
TOTOBUT JOKNAA Ha 3...5 MHH., a IOCJIE€ JOKJIa/1a OTBEYAET Ha BOIPOCHI.

4. METOJUKA PACYHETA JIOTUYECKHMX 3JIEMEHTOB

Pa3paboTtka kaxaoi cepun 1udpoBsix uHTerpaibubix cxeM (L{IUC) naunnaetcs
¢ 06azoBoro sorumyeckoro snemeHta (JID) — OCHOBBI BCEX SJIEMEHTOB, Y3JIOB M
yCTpOUCTB cepuu. PazHooOpasue TUIIOB JOTHYECKUX DIIEMEHTOB OOBICHSIECTCS TEM,
YTO KaXKJIbIi U3 HUX UMEET CBOU NMPEUMYIIIECTBA U 001aCTh MPUMEHEHHUS.

CoBpemennbie LITUC cTpoATCsS HA OCHOBE CXEM TPAaH3UCTOPHO-TPAH3UCTOPHOMN
noruku (TTJ), TTJ c aumomom Iotku (TTJI), sMUTTEepHO-CBA3AHHOU JIOTUKHU
(OCJI) , Ha MoONEBBIX TPAH3UCTOPAX WIIM UX KOMIUIMMEHTapHbIX napax (M1, MOII,
KMJII, KMOII), a taxxe uHTerpanbHoi uHkekiuonno jgoruku (MWJI wnm I/IZH).
Cepun IHUC Ha ocHOBe pesuctopHO-TpaH3uctopHou noruku (PTJI) u auomHo-
Tpan3uctopHoi joruku ([ TJI) B HacTosiIee BpeMst HE UCIIOJIb3YIOTCS.

Jlornueckue M CXEMOTEXHUYECKHE BO3MOXKHOCTH 0a30BBIX (DYHKIIMOHATBHBIX
AJIEMEHTOB OMNPEACISIIOTCS COBOKYMHOCTBIO DJEKTPUUECKUX M (PYHKIIMOHATBHBIX
napameTpoB. OcHo8Hble napamempsl SIBISIIOTCA OOIIMMHU JJI BCEX CYUIECTBYIOUIUX U
BO3MOXHBIX Jornueckux HWMMC u TO3BOJAIOT CpaBHMBAaTh MEXAYy COOOM
MUKPOCXEMBI Pa3IMUHbIX TUMOB. K 3TUMU mapameTrpaM OTHOCSITCS:

o peanmsyemas Jorudeckas QyHKITHS;

« OBICTpOACICTBHE;

o KO3 puuMEeHT 00bEAMHEHUS IO BXOAY;

o KO PUIMEHT pa3BETBIICHHUS MO BBIXOY (HArpy304Hasi CIOCOOHOCTH);

e IIOMEXOYCTOWYHUBOCTD;

o moTpebsieMas MOIIHOCTH;

e YCTOMYMBOCTHh MPOTUB BHEIIHUX BO3JCUCTBUM, CTEIEHb HHTErPALUH,
HAJIEKHOCTh U T.J.

Peanusyemas nocuveckasn ¢pynxyus. Kax npasuio, 6azoBbie JID BBIMOTHSIIOT
60 onepamuio U-HE, nu6o oneparuio NJIN-HE.

bvicmpooeticmeue VIC omnpenensiercss cpedHum 8pemenem 3a0epicku  (tyy)

curaima. Ono OoNpCACIIICT BPCMA IIPOXOKACHUA CUT'HaJIa YCPC3 OJJHY MUKPOCXCMY B
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ycTpoiicTBe. Takke pa3nuyaroT BpeMs 3aJ€pKKH PACHpOCTPAHEHWSl CUTHaja IpU
1,0 0,1
BKIIFOYeHUH JID t7 31 1 M BpeMst 33/IEPIKKK CUTHAIIA TIPU €TO BBIKIIFOYECHHH t ' 5y .

Takum 00pazoM, CpeHUM BPEMEHEM 3aJEPKKU PACIIPOCTPAaHEHMs CUrHaia ts;
aBysieTcsl (PaKTUYECKU WHTEpPBaj BPEMEHHU, PABHBIN IMOJYyCyMME BpPEMEH 3aCp>KKH

pacipoCTpaHCHUA CUTHAJIA ITPU BKIIFOUCHHWHU W BBIKJIIFOYCHWH JIOTHYCCKOTI'O 3JICMCHTA!

1,0 0,1
— t 3[1.p.+t 37.p.

t., 5

Kosgppuyuenm obveounenus no 6xody Kyg ompemenser 4YuCIO JIOTHYECCKUX

BXOJIOB, KOTOPbIE UMEET JIOTHYECKHUM 351eMeHT. [IpocTeiiime JToruyeckue 3JI1eMEHTI
BBIITYCKAIOTCS C 2, 3, 4 1 8 BXOJaMH.

Koagppuyuenm paseemenenus no 6v1xo0y — Kpas (Hacpysounas cnocobrocme)
MTOKa3bIBACT, KAKOE YHCIIO JIOTHYECKUX BXOJIOB YCTPOMCTB ITOM YK€ CEPHH MOXKET
OBITH OTHOBPEMEHHO MTPUCOCIMHEHO K BBIXOTY TAHHOTO JIOTUYECKOTO deMeHTa. Yem
BbIlIE Kpy3, TEM HIMPE JIOTMYECKHE BO3MOKHOCTH MUKPOCXEMBI M TEM MEHBIIE TAKHX
MHKPOCXEM HEOOXOIUMO JIJIsi TTOCTPOSHUSI CJI0KHOTO BBIYHMCIUTEILHOTO YCTPONCTRA.

OpHako ¢ yBeJIMYeHUEM 3TOr0 KO3 (GUIIUEHTA YXYAIIAITCS HOMEXOYCMOUYUBOCb U
bvicmpooeticmaue.

llomexoycmouuueocmv Uy max — 3TO HauOoJiblliee 3HAYEHUE HANpPSHKEHHs Ha
BXOJI€ MHUKPOCXEMBI, MPU KOTOPOM €II€ HE MNPOUCXOJUT HU3MECHEHUE YpPOBHEH
BBIXOJHOTO HampspbkeHus. [loMexoycTounBOCTh ompenensier paboToCmoCOOHOCTh
JIOTUYECKOTO 3JIEMEHTA MPU HAJWYMU PA3IUYHBIX ITOMEX, JECUCTBYIOIIUX HA BXOJE
UMC Hapsgy ¢ moJsie3HbIM curHaiom. l[lomMexu MOryT kak BO3HHMKATh B CaMHUX

JJOTHYCCKHUX CXEMaAX, TAK U HABOAUTHCA OT IIOCTOPOHHUX YCTPOﬁCTB.

1 0 .
Hanpsacenue svicokoco U™ u nuskoco U~ yposHeli — HOMUHAJIbHbIE 3HAYCHMUSI
Hanpsbkenuit tornyeckux "1" u "0".

1 0 .
Hopoeoebze HANpASICEHUSl 6bICOKO2O U nop u Huszkoeo U op yposreu —

1 0 o
Hanmenbiiee (U nop) nimn Hanbosbiee (U pop) 3HAYEHHE COOTBETCTBYIOIIMX YPOBHEI,

MpH KOTOPBIX HAYMHAETCS TEePEeXO]] JOTUYECKOTO JIEMEHTa B JIPYroe COCTOSHHE. JTU
napaMeTphl OMPEEISIOTCS ¢ yI€TOM pa3dpoca mapaMeTpoB COOTBETCTBYIOIIEH CEpUU B
paboueM Juama3oHe TeMIeparyp. B cnpaBodyHMKax YacTo TMPUBOJUTCS  OJTHO

yepenuéunoe 3HaueHue Upgp. Bxoodmsie moku NPU BXOIHBIX HANPSIKEHUSIX HU3KOTO

BBICOKOT'O YPOBHEM 0003HAYaIOTCs, COOTBETCTBEHHO, IOBX 51 IlBX.

Cmamuueckas  nomexoycmoudyueocms  OIEHUBAETCS KaK MUHHUMAajbHas
PAa3HOCTh MEXIY 3HAYEHHUSMH BBIXOJHOTO M BXOJHOIO CHUTHAJIOB OTHOCHUTEJIBHO
IIOPOrOBOT'0 3HAYCHUS:



— 1 .
U o0 — Uswxmin —U y
mop

+ 0
U u! U — U BpIX min

nop

1 0 o o
rac U 6ex  min ) U™ 6w min — HaMOOJIBIIMHA W HAMMCEHBIIHI YPOBHH BbIXOIHBIX

HanpspDKEHUM, COOTBETCTBYIOIIMX JorudeckuM "'1" um "0" mnpw  momycTUMBIX
M3MEHEHUSX  HaNpsDKCHUS  MHWTaHUs, HArpy3kd, TeMmepaTypbl.  3aJaroTcs
TEXHUYECKUMHU YCIOBUAMM JJISI KAXKIO0N CEPUM JIOTUYECKHUX PJIEMEHTOB.

B cnpaBoYHBIX MaHHBIX OOBIYHO MPUBOJAMUTCS OJHO JOMYCTUMOE 3HAYCHUE
MIOMEXH, KOTOpOoe He MepekiiovacT JID mpu H0MyCTUMBIX YCIOBHUSAX JKCILUTyaTalluu.
ITo cratnueckoil MOMEXOYCTOMYMBOCTU JIOTUYECKHUE AJIIEMEHTHI YCIOBHO Pa3/ICsIOT
Ha AJIEMEHTHI:

e C HHU3KOW MOMEXOYCTOMYUBOCTBIO, Upoym. or = 0,2...0,4 B;
e CO CpeaHel MoMex0yCTOHYUBOCTHIO, Upoym. or = 0,4...0,8 B;
e C BBICOKOH MOMEX0yCcTOMUMBOCTHIO, Uy o1 > 0,8 B.

OCHOBHBIEXaPAKTEPUCTUKH nompeoIAeMOUMOUHOCIU —mMoK

o ™

nompeonenus lyor, dHep2us nepexniouenus U cpeoHss Cmamudeckas nompeoisiemast
MOWHOCMb

1, o 1
P;.cp. = 2(P n+Pn).
o ¥ PlH — MOIITHOCTH, TTOTpebsieMbie JID B COCTOSITHUN JJOTUUECKOTO HYJIS
Jorudeckor emuHMIBL.  [loTpebisemass MOIIMHOCTH 3aBUCUT OT HaNpsDKCHUS
ucroynuka nutanus Uyg. Ilpu cHwkennn Uyy yMeHbIIaeTcs moTpeOssemast

MOIIHOCTh, YXYJINAIOTCS TOMEXOYCTOMYMBOCTh, HArpy304Has CIIOCOOHOCTh, a
uHoraa u ovictpoaeicTBue. [1o cpeaneit norpedisiemoit momHocty MC nensarcs Ha:

« MotHbIe, Pep = 25...250 MBt (OCJI-cxembr);

e cpexHeit MomHOCTH, Pep = 3...25 MBT (TTJI-cxemsr);

e MasomouiHble, Pep = 0,3...3 MBT;

+ MUKpOMOIIHbIE, Pep = 1 MBT...300 MxkBt (KM/TI-cxembr);
 HAHOBATTHBIE, Pcp < 1 MKBT (I/IZH).



3nauenne Uypy TOJDKHO COOTBETCTBOBATH OJHOMY M3 3HAUCHHUM CTaHIAPTHOTO
psana HanpspkeHudt nurtanus: 1,25 1,6; 2,0; 2.4; 3,0; 4,0; 5,0; 6,3; 9,0 u 12,6 B. s
A(POBBIX MHUKPOCXEM Ha OWITOJSPHBIX TPAH3UCTOpAx THUIOBBIC 3HadeHUsS Uyy
cocTaBiAroT 2...5 B, s cxem Ha M/II1-Tpan3ucropax — 5...9 B.

Duepeus nepeknroyeHus — pabota, 3aTpayrMBacMasi Ha BBIIIOJIHEHNUE €TMHUYHOTO
NEPEeKITIOYEHUSI. ITO UHTETpAIbHBIN MapaMeTp, UCTIOIb3yEeMbIi JIJIs1 CPAaBHEHUS
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MEXAY COOOM MHUKPOCXEM Pa3IMUYHbIX Cepud W TexHOJoruid. OH HAXOIUTCA Kak
MpOM3BEeCHNE TOTPEOIsIEMO MOIIHOCTM W CPEJHETO BPEMEHH 3aJIePiKKH
pacrpoCTpaHEHHUs CUTHAJIA.

PacnipocTpaHeHHe HECKOJBKMX TUIOB JOTHMKH, BBIMOJIHSIOIIMX OJHU M TE XKe
JOTUYECKUE (PYHKIUHU, OOBIACHICTCS pa3jIMuMeM UX XapaKTepUCTUK, 4YTO, B
3aBHCHUMOCTH OT TE€XHMUYECKHUX TPeOOBAaHUN M YCIOBHM HSKCIUTyaTaIldH, MO3BOJIAET
CTPOUTBH IEKTPOHHBIE YCTPOMCTBA C PA3IMYHBIMU IapaMETPaMU:

o TTJI-texnonorus — JID 061a1at0T BHICOKUM XOPOIIEH TOMEX0YCTONYUBOCTHIO,
HO XapaKTepHU3yIOTCs 00JIbIION MOTPedIIIeMON MOIIHOCTHIO;

o OCJI—JID uMeroT caMoe BBICOKOE OBICTPOJIEHCTBHE U BBICOKYIO HArPY30UHYIO
CHOCOOHOCTH (T.K. Ha BBIXOJIaX CTOAT 3MHUTTEPHBIE MOBTOPUTENN), a TAKKE
IMIMPOKUE JIOTUYECKHE BO3MOXKHOCTH (T.K. CXeMa HMMeeT JBa Bbixoaa). Ux
HEJOCTaTKu - Oonbliasg mnotpebisemas MOIIHOCTH (T.K. B CXeMe
MIEPEKIF0YAI0TCS OombIIME TOKH) 151 CPaBHUTEIBHO HU3Kas
MIOMEXOYCTOMYMBOCTS (T.K. MaJIbIF NIepena JOTMYECKUX YpOBHEN);

o KMOIT wmn KMUAII-texnonorus — JID xapakrepusyercsi BecbMa MallbIM
MOTPeOJISIEMbIM TOKOM (&, CJIEIOBATENIbHO, U MOTPEOsieMON MOIIHOCTHIO) U
UMEIOT  HHU3KO€  HampsHKeHWe  MUTaHus, HO  00JajalT  HU3KHUM
OBICTPOJCHCTBUEM;

. HZH-TCXHOHOFI/IH — JID uMMEIT NOHM)KEHHOE HANpsKEHUWE MUTaHUs (BCEro
nopsanka 1 B) u manyro notped6isemMyto MOITHOCTh, XOPOIIIO COTIIACYIOTCS C
anemeHTamMu TTJI m obGecriednBarOT BBHICOKYIO CTENEHb MHTETpAllUU, a MPU
W3TOTOBJIEHUU CXEM I/IZH UCIIONIB3YETCSl TE€ KE XOpOoUIo OTpabOTaHHbBIE
TEXHOJIOTMUYECKHE MPOLECCHI, UTO U NpH npou3BoacTee C Ha OUNOIspHBIX
TPAaH3UCTOPAX (HO MPU ITOM MEHbIIIE TEXHOJIOTMUECKUX onepauuii). Kpome

2
toro, JID, BemonHeHHble 1O TexHojorun WM JI, 1O3BOISIOT MeEHSA

noTpedIsieMy0 MOUTHOCTh U3MEHAThH ObicTponeicTBue. K HemocTaTkam Takux
JID OTHOCAT HU3KYIO TOMEXOYCTOMYHUBOCTD (T.K. MaJbIi Mepenaj JIOTHIeCKUX

YpOBHEHN) U CPABHUTEIHHO HU3KOE OBICTPOJCICTBHIE (HMXKE, YEM B CXEMax

3CJI).

Takum oOpa3oMm, caMbIMH pacHpOCTPAaHEHHBIMM Ha CETOJHSIIHUNA JCHb
apisitorest UC, peanusyromme TTJI u ee pasnHoBugnoctu (TTJIL). Dtor THO
MHTETPAJIbHBIX CXEM, Cy[As IO MPOrHO3aM CHELMATUCTOB, OCTaHETCs Haubosee
MaccoBbIM U B Ommkaiimiem Oyaymem. Hampumep, mapamerpst cranmaptHoud TTJI

CIIeAYIOIIHE:
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« ObicTpoaeiicTBue 3.10 HC;
o mnoTtpebasemas MoIIHOCTh 20 MBT;

o noMexoycTtonunuBocTs 0,1 B;
1

o MHMHHUMAJIbHOE HANPSKEHHUE JIOTUYECKON € TMHUIIBI HA BBIXOJAE U sux min =2,4B;
0

o MaKCUMAaJbHOE HAIPSHKEHUE JIOTMYECKOIO HYIA Ha BBIXOAC U  sux max =0,4B.
Manomonineie TTJI-cXxemMbl UMEIOT BXOJHOM TOK B YETBHIPE pa3a MEHBIIE, YEM

CTaHJAPTHBIE, YTO CHUXKAET MOILIHOCTbH paccesHus npumepHo B 10 pa3 n yxynmaer
osicTpoaeiicTBue B 3 paza. TTJII-cxembr umeroT 6bicTpoeiicTBHE B 3-4 pa3a BbIIIIE,
yeM y coorBerctByronmx TTJI-cxem. IloaToMy CKOpOCTH NEpEKIIIOUEHUS
MasmoMoHeIX TTJILI mpumepHO Takas xe Kak y ctangapTaeix TTJL

Wnterpanbubie  cxembl, peanusytomue OCJI,  sBnsiorcs — HamOoisee
OBICTPOACUCTBYIOIIUMH, HO MOUIHOCTh, MOTpeOisieMas OSTUMHU DJIEMEHTaMH,
npesbiaeT MouHocTh 37eMeHToB TTJI. OgHako TrHMOKOCTh CXEMOTEXHUYECKHX
pemiernii JCJI MO3BOIAET NOCTATOYHO MPOCTO PEATU30BATH CIOKHBIE JIOTHUECKHUE
GyHKIIUU.

bazoBeie snementet MWJI (M2JI) Obutn  pa3paboTaHbl  cHEUATBHO IS
ucnosibzoBanusa B BUMC. Mx ornuuaer Bbicokas, HemoctynHas aiua TTJI u OCJI
CTENEHb UHTETPALNU, IOHWUKEHHOE HANIPSHKEHUE IUTAHUS, IIPOCTOTA COTJIACOBAHUS C
aneMeHTamMu TTJI ¥ BO3MOXHOCTH pPEryJMpoBaTb B MIHPOKUX Ipeaeiax
OBICTpOACHCTBHE TyTEM U3MEHEHHUS MOTPEOIIIEMON MOLITHOCTH.

OCOOEHHOCTBPIO ~ MHTETPAIBHBIX  CXEM,  BBIMOJHEHHBIX  HA  TOJEBBIX
TPaH3UCTOpPAX, SBISIETCS Mayas noTpedisiemMas  MOIIHOCTh.  OIHaKo 1O
OBICTPOACUCTBUIO STH 3JEMEHTHl I[OKa YCTYNalT JIOTMKE Ha OWIOISPHBIX
TpaH3ucTOpax. MIHTerpanbHble CXeMbl Ha MOJEBBIX TPAH3UCTOPAX Takxke 00JafgaroT
BBICOKOM TIOMEXOYCTOMYMBOCTHIO. B cpaBHeHWHM C OUIOJSAPHBIMU TIOJICBBIC
TPAH3UCTOPHl UMEIOT MEHBIINE Pa3MEpbl U MPOUIE B U3TOTOBJIEHUHU, YTO MO3BOJISIET
pa3MecTUTh Ha €AMHULE IUIOM@AN Kpuctamia Oosbiie siaemMeHToB. OO0nacTb
MPUMEHEHHUS JIOTUKW Ha TIOJIEBBIX TPAH3UCTOPAX OTpPaHUYMBACTCS (DYHKIIMOHAIBHO
CIOXHBIMM  YCTPOMCTBAMH  HEBBICOKOTO  OBICTPOJEHCTBUST U MAaJoro
TokonoTpeOneHusa. [IporHo3sl MOKa3bIBAIOT, YTO IO MEpPE COBEPUICHCTBOBAHUS
TE€XHOJIOTUA WM3TOTOBJICHUS, HAINPABJICHHOW Ha MOBBIIIEHUWE OBICTPOACHCTBUS, ITOT
KJIACC MHTETPAJIbHBIX CXEM ITOCTEIIEHHO MOXKET CTaTh MAacCOBBIM. B mepByro ouepens
3TO Kacaetcs uHrerpayibHbix cxeM KMOII.

Jlanee mpenacTaBlIeHbl METOAMKH pacueTa JIOTMYECKHX DJIEMEHTOB OCHOBHBIX
cepuit UC.
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4.1. Meronuka pacueta JID tpansuctopHo-Tpan3uctopHoit soruku (TTJI)

Tunoas cxema TTJI co cnokHBIM HHBEPTOPOM IIPEICTABIICHA HA PUCYHKE 1.

+Unun
O

Pucynok 1 — Cxema norudeckoro snemenTa TTJI co coXHbIM HHBEPTOPOM

Pacuer npuHIIMnuansHOM cxeMbl JID OCyIIECTBIATH COTVIACHO BapUaHTy

3aJlaHUA:
[Mocnenuss nuudpa Ne 0.1,2 34,5 6,7 8,9
CTYJI€HUYECKOro Ouiera
Bricokoro
Tun [IAC TTI CranpmaptHas | ObicTponerictB | MukpomoniHas | MukpomorHas
- 133, K155 ust 134 158
130, K131
[Mocnennss mudpa Ne 0,3 1,46 8 2579
CTYJI€HUYECKOro Ouiera
R2/R3 1 1,5 2
[Ipennocnenuss nudpa No 036 9 147 258
CTYJICHYECKOTO OmieTa P T T
R1/R2 2 3 4
C33M> CHM’CZ)’ CKa HCD 1:5 2 1
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[Tpu pacuere ucnonap3oBaTh AanHbie U3 Tadmuuel [12.1 (Ilpunoxenue 2), a
TaK)Ke CJIEAYIOIINE AOMOJHUTENBHBIE TAPAMETPBI:

— HanpsbKkeHue uctouHuka nuranus Uy = 5 B;

— aJCHUC HaIpsHDKCHUSA Ha OTKPBITOM pP-N IIepexoac TPaH3UCTOpa U AUOAA

U6sM = Ugsnac. VT = U* = 0,7 B;
— [aJICHUE  HANpsDKEHUS Ha TMEepexojie KOJUIEKTOP-3MUTTEP HACBIILICHHBIX
U =0,3B;
tpansucropoB VT1...VT4  wHac VT
— Hanpsbkenue 6a3a-komiektop MOT UggM = 0,4 B;

— HWHBEPCHBIA KOA(P(UUIHUEHT YCHJIEHHS MHOTOPMMHUTEpPHOro Ttpanzuctopa (MOT)
Bj = 0,05;

— Uoer.M = Uksnae.m = 0,25 ... 0,3 B (ipu pacuetax BeiOupath 3HaueHue 0,25 B);

— CONPOTHBIIEHHWE O0OJACTH KOJUIEKTOpa TpaH3uctopa VT3 mnpu Ttemmeparype

OKPYXKaroLIen Cpeibl 200 C RgyT13 =5...20 Om (Gpats paBHbIM 10 OM);
— CO0+C1 =6 nd;
— C2=51n9;
— €MKOCTh METAUIMYECKHX COEAWHEHUW W M30JsUMu TpaHzuctopa VI3 u nuona

VD Cp3 =1 nd;

— KO3 puuueHT ycuieHuss mo TokKy TpaH3zuctopoB VT1...VT4 B craruueckom
pexume Ber = 30;

— rpaHUYHas yacTota TpaH3zuctopoB ycwienus VT1...VT4 =500 MIn;

— emkoctu "6aza-amutrep"” Tpanzuctopos VT1...VT4 Cg,y = 1 nd;

. 0
— TeMriepatypa okpyxkaromieit cpeast T =20 C.

B coBpemennbix mukpocxemax TTJI onTumanbHble 3HAYE€HUS HOMUHAJIOB
PE3UCTOPOB OMPEIEIAIOTCS COOTHOIICHUSIMU (KOHKPETHBIC YHUCJCHHbIE 3HAYCHUS

3a7laHbl TI0 BapyaHTaM):

Rl R R R2=R5.

=2.4: =1..2; =10;
R2 R3 R4

Kpome toro, B UC TTJI manoit u cpeaHelt CTENEHN HHTErPALIUU CIEAYIOIINE
[apameTpsl:

— €MKOCTb 3aKpbITOro sMuTTepHOro nepexoga MOT CoyzM\;
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— Mapa3uTHasT €MKOCTh METaJUIMYECKUX COEJUHEHUH W u3ojsuuu pesucropa R,
HNOJKIIIOUEHHBIX K 0a3e Tpansuctopa MOT, CyM;
— €MKOCTH 3MHUTTepa M Kojulekropa TpaHzuctopoB VT1...VT4 C,,
Ck, IpUOIHU3UTENBHO PAaBHBI MEXY COOO:
CysM = CoM = C3 = C = 0,5..2 1P, (KOHKpETHOE

YHUCJIICHHOE 3HaYEHUE U3 YKa3aHHOTO MHTEpBaJa 3a/1aHO 110 BApUAHTAM ),
a TMapa3uTHasg €MKOCTh METAJUIMYECKUX COoeAMHeHuH u wu3ojsauuun  MOT,

nojkioueHHsbIX K 0aze VT, Cyp gprx paBHa

C 4C

II.BBIX ~ 33M

Ilpumep.

Mertonuky pacuera mnpuHiunuaneHo cxembl JID TTJI co clnoxHBIM
VHBEPTOPOM PACCMOTPUM Ha YUCIIEHHOM MPUMEPE IS CIEAYIOIINUX TUIIOTETUYECKUX
XapaKTEPUCTHK:

— CpeHsisi MOIIHOCTb MOTPEOJICHHUS B CTATHYECKOM PEXUME Py o = 20 MBT;
- UOBX=UOBHX=UO=O,3 B; UlBLIX=U13x=U1:3,6 B;

— ko3¢ unueHT o0beauHeHUs 110 Bxoay Kqg = 2;

— CysM> €M, Gy, Ck =4 1D, otkyna Cpy ggrx = 4 1D;

— RYR2=25, R2/ R3=15.

Pacuem cmamuueckux napamempoe.

CpenHsist MOIIIHOCTh, MOTpedIsieMast 2JIEMEHTOM, paBHa

0 1
1 o R Y

Pn.cp :E(P n+P n)= 2 Uym,
0
n - TOK Ha BeIxoze JID, motpebasiemsbiil B coctosinuu 0", paBHbIN
—3U* _ _
U HIT 3U U W1 U k3 Hac VT1 U 03 Hac VT3

n = + ,
R1 R2

rac I

IO

1 ~ mn mn Ad
I”» - Tok Ha BbIXOJE JID, moTpebisemblil B cocTostHUY 1", paBHBII

u -U — Up
[§

I 11'[ —  un KM

R1

CJIC,Z[OB&TCJ'IBHO, MOJKHO 3aIINCaTh.
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b (U -3U*, U -U ~U u -u o

+
| un un kaHac VT Ganac VT 3 un oxM | un

\  R1 R2 R1 ) 2
Tax kak cpemHsist MOIIHOCTD P ¢, U3BECTHA, U3 MOCICHETO

m.cp

BBIPAXEHUs M0JydaeM 3HaueHue R1:
R1=2,15 kOwm,

R1
a U3 COOTHOIIICHMA R—2: 2,5 pacCuuTacM HOMHHAII BTOPOT'O COIIPOTUBJICHHUA CXCMBI:

R2 =0,86 kOwm.
R2
Jlamee W3 COOTHOIICHUS Y = 15 HAax0JMM HOMHHAQJI TPEThEro
COTIPOTHUBJICHUS:
R3 =0,57 kOm,

a TaKKe HaXOJAMM HOMHHAJIBI YETBEPTOTO U MATOTO COMPOTUBIICHUN:
R4 =0,1 R2 =86 Om, RS =R2 = 0,86 kOm.
Toku cxembl paccuuTaeM CIeAyIOIMHUM 00pa3oMm:

- BXOJIHOM TOK JIOTUYECKOMN €IMHUIIBI YEPE3 KAXKbIM 3aKPBITHIA SMUTTECPHBIN
MEePEX0J] HAXOJIUTCS KaK

1 B (U un UGKM B U63Hac.VT3)
lox = R1 =91 MKA,

- BXOJAHOM TOK Jioruyeckoro "0", koraa oJAMH SMUTTEPHBIN MTepeX0]] OTKPHIT, a
JIPyTHUE 3aKPHITHI paBEeH
. “
0 M1 6xkM

lax = R1 (1461 (Kos -1) ) =2,1 mA.
HanmeeHI/Ie Imopora nepeKIrOYCHUA PAaBHO!
Unop =2U* —Uoerm = 1,15 B,

a 3amacel IOMEX0YCTOMYMBOCTH 110 YpoBHIO "1" 1 "0", COOTBETCTBEHHO, ITPU HTOM

PaBHBI:
- 1

U n=Usx —2U *—-Uocr M :UI/IH_4U*_UOCTM=1,95 B,
Uy =2U* Upemyr —U° &= 0,85 B.

Jlanee cTano BO3MOKHBIM PAaCCUUTATh TOKH CXEMBI 110 BHIICTIPUBEICHHBIM
dbopmymnam:

. 0
- TOK, OTpeOIsieMbIi 25ieMeHTOM B cocTosiHuu "0" Ha Beixone | » = 6,0 MA; -

o 1
TOK, TIOTPEOJIIEMBIN 3JIeMeHTOM B cocTostHuH "1" Ha Bbixoze |'» = 2,0 MA.
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Toraa momHOCTH, MOTpebIsieMble ieMeHToM B cocTostHrn "1" 1 "0" Ha

BBIXOJIC, COOTBETCTBCHHO, PABHBI:
1 1
Po=1l 1 Um=10wMBT;
0 0

P I :| I UI/IH:3OMBT.
J_—[J'IH IMPOBCPKHU IIOJYYUM, YTO paCCHUTAHHAA CPCAHAA MOIIHOCTD

Py.cp.pacy COBIIAIIA C 331aHHOIL:

Pncp.pacq :l 630 n +Pim )= 20 MBT = Pugp .
2

I[anee pacCUuTacM COIIPOTUBJICHUA CXCMBI:

- BBIXOJIHOE comnpoTuBieHue JID nms cocrosuus "1" (VT2 Haxonutces B pexume
HACBHIILICHUS):

1 R2 R4
R sbx.nac= R2 + R4 = 78,2 OM,

- BBIXOJIHOE conpoTtuBienue JID nma cocrosiaus "0"

0
R geix = Ryt = 10 Om.

Pacuem ounamuueckux napamempos.
HaiineM mocTostHHY10 BpeMEHU
u =R1(CO+C1)=12,9 nc.

Jlanee MOXeM paccuuTaTh BPEMEHHBIE XapaKTepucTuku JIO. Bpems 3anepxkn

t(2ux-u  _u,)
1

t 10 31 = oct M = 2,6 HC.

u,-uU*

B coBpemennbix UC TTJI manoit u cpeaHen CTENEHN UHTETPALIMT

BKIIFOYCHHA PABHO!

CoysM~CM~Cr~Ck,
YTO IMO3BOJIIET PACCUNTATh BPEMEHHBIE XapaKTEPUCTHKH JID crieayrommm
00pa3oM: - BpeMsl CIiajja BBIXOIHOTO CHTHAIa

. _ lRrirac l¢ #Cw+C, U, —4U*

c kK B I —3U* :7’5 HC,
\ A
- BpeMs nepexoja u3 cocrossud "'1" B cocrosnue "0"
1,0
t" =2t; =15Hc;

- BpCMA HapaCTaHUs BbIXOOAHOI'O CUI'HAJIa
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2U * R2 C2
vy = ——————— — 1,7 HC;
U, -2U*

un

- BpeMs nepexoaa u3 coctosinus "0" B coctosinue 1"

0.1
t " =2tup=3,3Hc
- BpeMsl CpeIHel 3aJIep)KKH pacpOCTPaHCHUS CUTHAJIA

0,1 1,0
t 34.p.cp = 015(1: 371.p. +t 37.p. ) =6 HC.
TOI‘I[& pa60Ta HQ, 3aTpaduuBacMasd Ha BBIIIOJIHCHHUC CANHUYHOTO

IEPCKIIIOYCHUA, paBHA
Anep = Pn.cp t 3np.cp — 120 HH)K,

a IMHAMUYECKas MOIITHOCTH JID onpeaensercs kak

P = Uunfm U *(Cal +Cy3 +C53 )'/‘ 2U *(CO '/‘Cl )'/' (Uun -U *)(CK] +Cp3 +C2 )+
our —-U)c +C +

+(Wo 1 a3 Cu ) = 16 MBT.

I1.BBIX

[Tonnas MOIIHOCTBD, HOTpe6J_IHCMaH 3JICMCHTOM B CTaTNYCCKOM )51
JAUHAMHYCCKOM PCKUMAX COCTABJIACT
P = PH.Cp + PILI/IH: 20 + 16 = 36 MBT

Jlanee HeoOXOIMMO TPEACTAaBUTh BBIBOJABI IO MPUBEIECHHOMY pAacuery,
OTPAKAIOIINE CPABHUTEIBHBIA aHAJIW3 ITOJYYEHHBIX JTaHHBIX C XapaKTEPHUCTHKAMH

HUC apyrux TUMOB.
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4.2. Metonuka pacueta JID smuttepHo-cBszanHou oruku (DCJ)

OCJI uMerT BBICOKOE OBICTPOJIECHCTBHE, T.K. IMPUMEHEHUE Ha BBIXOJAX
SMUTTEPHBIX TOBTOPUTEIEH oOOecreunBaeT YCKOpEHHE Ipoliecca Iepe3apsaku
E€MKOCTEe, MOAKIIOUEHHBIX K BBIXOaM. TpaH3UCTOPhI BKIIOYEHBI IO CXeMe, OJIM3KOM
K CXEME BKJIIYEHHUS ¢ oOuieil 0a3oi, YyTO YJy4dlllaeT YaCTOTHbIE XapaKTEPUCTUKU
TPaH3UCTOPOB U YCKOpSIET TMpolecc UX MepekioueHus. [IpuHnunuanbHas

JIEKTPUYECKAs CXEMa DJIEMEHTA IPECTABIICHA HA PUCYHKE 2.

RI[‘] []]RZ |

VT6 VT1| VT2| VI3 VT4 VTS5
X1 - - U
Upnix1 X2 e _K‘ ’j— 2 Upix2

Cl1 Cl__—l__ | IICZ

R[] Rel] Re[] Re[J[I®* [J** []®°

< UPII'I

Pucynok 2 — Cxema norugeckoro snmemenTa ICJI

Pacuer npunmunuaneHoi cxembl OCJI OCyIIECTBIATH COINIACHO BapUaHTY

3aJlaHUA:
[Mocnennss mudpa Ne
0,123 4,5,6 7,8,9
CTYJICHYECKOTO OmiieTa
Tun IUC 3CJI K137 100, K500,700 1500
[Mocnenuss mudpa Ne
0,4,7 1,2,5,8 3,6,9
CTyJIeHYEeCKOro Oumiera
R4 /R1 2 3 4
[Tpenmnocnenusis mudpa No
0,3,6,9 1,4, 7 2,5,8
CTYJICHYECKOTO OmiieTa
Rk / Ry 0,2 0,3 0,4
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[Tpu pacuere ucnoabp3oBaTh naHHble U3 Tadbuuuel [12.2 (Ilpunoxenue 2), a
TaK)Ke CJIEAYIOIINE AOMOJHUTENBHBIE TAPAMETPBI:

— YypOBeHb onopHoro HanpsikeHus Ug = - 1,2 B;

— K03 PUITMEHT YCUIECHUS TPAH3UCTOPOB B CTATUYECKOM pekume Ber = 30;
— IpaHMYHas yacToTa ycuiaeHus tpansucropos fr = 800 MI'n;
— eMKocTb Harpy3ku Cy = 30 n®;

(0]
— TemImepaTtypa okpyxaromieit cpeasl T =20 C.

B coBpemennbix mukpocxemax OCJI onTuManbHble 3HAYEHUST HOMHUHAJIOB
PE3UCTOPOB OIIPCACIIAIOTCA COOTHOIICHUAMMU (KOHerTHLIG YHUCJIICHHBIC 3HAYCHUA
3aJ1aHEbI 110 BapI/IaHTaM)I

R
8~ 02.04;R4=(2..4)Rl; R1~R2=R5=Ry;R3=R6=R7=R8=R,,,

elis

rae Rk, Ryp — conmpoTuBieHUE KOJJIEKTOPHBIX MEPEXOA0B U IMUTTEPHBIX
IIOBTOPUTEIIEH.

Kpome Toro, npruHrMaeM najieHre HanpspKEHUS Ha OTKPBITOM P-N IEPEXOE
TPaH3UCTOPOB (B TOM YHCJIE TPAH3UCTOPOB HArpy3KM) U THOAOB OJJUHAKOBBIMHU, T.€.

UgsVT = UgsV T = Up =U*=0,7 B mpu Rg = 50 kOm,
a TaKK€ KOHKPETU3HPYEM CIIEIYIOUIUE CIIPABOYHBIE 3HAYECHUS:
Cx=2n®; Cp1=1n0d; Cyo2=2 nd,
rae Cx — EMKOCTh KOJUIEKTOPHBIX Mepexo1oB Tpan3uctopoB VT1...VT3, VT6;
Cm1 — mnapa3uTHas €EMKOCTh METAUIMYECKHX COCAUHEHUW W U3OJSLHH
Tpan3uctopoB VT1...VT3 u pe3ucropa R1;

Cm2 — mapas3uTHas €MKOCTh H30JsIIUMU pe3uctopa R6 u merammmueckux
COEIMHEHNH, ITOJAKIIFOUEHHBIX K BBIXOY CXEMBI.

Ilpumep.

Meronuky pacuera npuHUMNUAIbHOU cxeMbl DCJI paccMoTpyM Ha YHCIEHHOM
IIpUMEPE IS CIAEAYIOIINX TUIOTETUYECKUX XapaKTEPUCTHUK:

HanpsbkeHue ucrounuka nuranus Uy = -5 B;

— K03 PUIMEHT pa3BEeTBICHUS Kpa3 = 20;

CpeHss MOIIHOCTb OTPEOIECHUS Pyy.cp = 80 MBT;

0 0
ypoBeHb HanpsikeHust U gx = U gpx =U =-1,6 B;
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1 1
— ypoBenb HanpsbkeHus U gx = U gpix =U =-0,8 B;

— Rk/Ra =0,3 ,R4/R1=3;

— BpEeMsI 3aJICPXKKU PACIPOCTPAHEHUS PH BBIKITIOUCHUN JID t 35 = 3,9 HC;
01

— BpeMs 3a/IepKKHU PacIpOCTPaHeH s IpU BKIrodeHnn JID t  3q.p = 3,4 HC,
Pacuem cmamuueckux napamempos.

N3 UCXOTHBIX TAHHBIX MOJTYYUM, YTO
Ron =Rk /0,3; R1=R2 =R5 =Ry;
R3=R6 =R7=R8 =Rk /0,3;
R4 =3 Rk.
Tak kak cpenHsisi MOIITHOCTh, oTpedsiemas nementToM DCJI, onpenensercs o

bopmyiie

P =U QH_U@— j—_Q+QHH_2U*+QHH:QQ+
oM R4 R. R5+R8  R6
u -u
How Uu -u
R7 K™ R3(. +1).
_ —9U*
:U M U_l— 0 Uun Uun—UO
Rk Ry 7 R R |
RK+O,3 ,3
U~ U U —U
+ HHR =+ Kpas — |

R ¢ (B +1)

03 03
TO, YYMUTBHIBAsl HWCXOJHBIC JaHHBIC, 3HAYECHHUE COIPOTUBIICHUSA KOJJICKTOPHOIO
[epexoaa paBHO
Rk = 0,260 KOwm.
Toraa 3Ha4eHUsI CONPOTUBIICHUN PE3UCTOPOB PABHBbI:
R, = 0,868 KOMm; R1=R2=R5=0,260 KOwm;
R3 =R6 =R7=R8 =0,868 KOwm;
R4 =0,781 KOwm.
UYepes Kak bl OTKPBITHI YMUTTEPHBIN IIEPEXO IIPOXOJIUT BXOAHOM TOK

noruyeckoit "1"
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1
1 Usx — UsevTi — Ui

=T R3(B, +1)

Bxonanoit Tok norudeckoro "0", onpeaensieMsblil CONpOTUBICHUEM pe3uctopa Rg

=0,13 MA.

B IICIIN 0a3ml 3dKPbLITOI'O TPAaH3UCTOpPA, COCTABUT:

0
0 UBX

lex = R—6 =0,032 MA.

Tax kak HampspkeHue mopora mepekiaoueHust Upgp paBHO omopHoMy Ugy, TO

Unop= -1,2 B. YuuTsiBasi, 4To MMpUHA aKTUBHOW 30HBI NIPAKTUYECKH HE 3aBHCHUT OT
MMapaMETPOB CXEMBbI U COCTABJISIET

AUy =44 ¢, =0,13+02 B,

rac @ — TGMHGpaTypHLIﬁ IMOTCHI A IJII KOHKPCTHOI'O THUIIA TPAH3HUCTOPA, IIPUMCM

AUy, = 0,15 B.
Jlornueckui nepenaa onpecaciimMm U3 BbIPAKCHU:
|
UJZ :‘ erx - Ulsx = 0,8 B.

Hanpsbkenue cratmaeckor NoMeX0yCcTOMYMBOCTY o ypoBHsM "0" u "1" B aTOM
Clly4ae paBHO:

U,”*Us ~0,5(Us — AUn ) =0,325B.

Tok moruueckou yactu 2JICMCHTA OIIPCACIIACTCSA U3 q)OpMyHBI:
- U )
1 0
In = R =- 3,1 MA.
k
TOKH SMUTTEPHBIX TOBTOPUTENEN PABHBI:
U -u

i =~ —— = - 3.9 mA;
u -u Rby 'y

1 1
HII 2001 1

S R7 +lu = R7 + Kpasl sx = - 2,2 MA.
TOKM HCTOYHMKOB OIIOPHOTO HlaJTpSIX(ﬁI/I}I OIpEENUM CIEAYIOIUM 00Pa3oM:
un o

=49 MA;

Ion] =

MA. R3 +R8
OO6muit Tok, moTpedsemsiil aiemenTomM DCJI, MpUOIU3UTEIHHO OJTUHAKOB IS

coctostHui "1" 1 "0" 1 paBeH cymmMe TOKOB

0 1
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Momnoctu notpednenus JID

PaBHBI: - JIOTHYECKOW YaCTH 3JICMCHTA
P,=Uyy |y =15 MBrT;
- TOTPEOJICHUS YMUTTEPHBIMU TTOBTOPUTEIISIMU
Pon = Usn bon = Unn(ln+sm) = 31 MBT;
- TOTPEOICHUS UCTOYHUKOM OMTOPHOTO HAIPSIKEHUS
Por = Uon(lon1*lom2) = 10 MBr.
PacueT HeoCTaIOMNX COMPOTHBIICHUH CXEMBI:

- BXOJHOC COIIPOTHUBJICHHUC J3JICMCHTA, KOI'lId HAd BXOJC ﬂeﬁCTByeT HaIIPpSAKCHUC

smoruyeckoro "0", paBHO

R®.. = Rs = 50 KOu:

- BXOJHOC COIIPOTUBJICHHUC 3JICMCHTA, KOI'la Ha BXOAC I[eﬁCTByCT HaIIpsAKCHUC

noruueckoit 1"

RY = (1 + Bey) R3 =27 KOM:

- BBIXOJITHOE COMPOTHUBIICHUE JIEMEHTA, KOT/1a Ha BBIXOJIE JEHCTBYET HANPSHKECHUE
noruyeckoro "0" wim noruyeckoit "1", onpenensem o popmysie

RIR5(1+B,,)

7R1 +R5
(1+B.,)

Reex = = 7,8 KOwm.

Pacuem ounamuueckux napamempos.
CoOcTBeHHOC BpEM IEPCKIIOUYCHUA TOKOB B TPAH3UCTOPEC PABHO
1
Tr = onf 0,2 HC.

T

OKBUBAJICHTHas EMKOCTh Ha KOJUIEKTOpax TpaH3uctopoB VT1...VT3 paBHa
C2=Cu +Cm2 =32 nd;

C2
Cl=(M ot
(M 11)Cx + Cm1 + (. +1) 12 nd,
rae M=4 — KoIM4eCcTBO TPAH3UCTOPOB B CXEME (TPAH3UCTOPbI VTI1...VT3,

VT6);
C1 — sxBHBajeHTHAs EMKOCTh Ha KOJUIEKTOpax TpaH3ucTopoB VT1...VT4;
C2 — émKxocTh Ha BbIX0J1e TpaH3uctopoB VTS, VTG.
Paccuntaem BpeMeHHbIE XapaKTepUCTUKH JID:

- IOCTOsIHHAaA BPEMCHHU CIlaJla paBHaA
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1. = R6-C2 = 27,7 Hc;

- BpeMsl crajzia

T U
te =W = 1,9 Hc;
- BpeMs HapaCTaHUs
rici(u —Uo)
twap — Jap ~ 0,7R1 Cl1= 2,2 HC;
- BpeMsi CpeIHeH 3aIepyKKH PaCpOCTPaHCHHUS
tp o =0,5(t 1'03H,p+t ot )= 3,05 HC;

- BpeMsl BKJItoueHus (nepexoaa u3 cocrosius "0" B cocTosiHUE
n mn 011
1") 77 = 2tyap = 4,4 Hc;
- BpeMsl 3aJIEp>KKH BKIIIOUeHUs (Tipu niepexoie u3 cocrosinus "0" B coctostnue "1")

t%% —0,5t % 122, =26 ue;

- BpeMsI BBIKJIIOUEHUS (IEpeXoaa u3 cocTosHus "1" B COCTOSTHHE

mn 1 110
0"t =2t; = 3,4 uc;
- BpeMsI 3aJICP)KKU BBIKIIOYCHHUS

1,0
t =05t "+ 20 = 3,9 He.

Pabota JID npu nepekiroueHur onpeaesieTcs mo hopmyiie
Jlanee HEoOXOOMMO TPEJACTAaBUTH BBIBOJABI 110 TPHUBEICHHOMY pacuery,
OTpaXKarollie CPAaBHHUTEIBHBIN aHAN3 TOJYYCHHBIX JAHHBIX C XapaKTEPUCTHKAMU

HUC npyrux TUmos.
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4.3. Metoauka pacueta 6a3zoBoro JID tuna KMJIIT

Cepuu JID na xomrmumenTapHbix nosieBbix (KMIIT wiin KMOIT) Tpan3suctopax
OTHOCATCS K MOTEHIUAIBHBIM AJIEMEHTAM U B HACTOSIIIEE BPEMsl SBIIAIOTCS Hauboliee
NepPCIEeKTUBHBIMA. OCHOBHBIMU JIOTUYECKHUMU AJIEMEHTAMH 3TUX CEPUU SIBIISIIOTCS
anementsl U-HE; WJIN-HE, snement HE (unBepTOp), a 6a30BOM cxeMoil —cxeMa Ha
KMII-Tpan3ucropax.

[TpunnunuansHas snekTpuyeckas cxema 6azoporo KM/ITI(KMOII) -unBepropa

INpEeACTaBI€HAa HAa PHUCYHKE 3. 371€Ch MHBEPTOpP BBHINOJHEH Ha TpaH3ucTopax VTI,
VT2. Dnementst VDI1...VD3, R1 00pa3yioT cxeMy 3alluThl U30JSIUU 3aTBOPOB

TpaH3ucTopoB OT nMpo0os npu 0 > Ugx > Uy 1 OT CTATUYECKOT 0 DJIEKTPUYECTBA.

+0Unn

VD1 VD2 ﬂ VT1(p)
ZN ZN
_L

) B T '
]
VD3 Jt
Z~
VT2(n) I

Pucynok 3 — Cxema JID na KMII(KMOII)-Tpan3uctopax (6a30BbIif HHBEPTOP)

Jlormueckas onepauust M-HE peanusyercss mocienoBaTelbHbIM BKIIOYEHHEM
BXOJIHBIX TpaH3UCTOpOB, a omnepauusa MJIM-HE — nx mapauiesbHbIM BKIFOUEHUEM.
[Ipu »ToM Ha Kaxmbli Bxom TpedyeTrcss JBa TPaH3UCTOPA, OOPa3yHOIINX
paccMOTpeHHbIN Bbile 0a3oBbii MHBepTOp. CoorBeTcTBeHHO, cxema WM-HE, rne
Harpy304HbIE TPAaH3UCTOPHI BKIIIOYAIOT IMApajuIeIbHO APYr APYry MpEACTaBiI€HA Ha
pucyHke 4(a), a cxema MJIN-HE ¢ nocnenoBaTenbHbIM COCTMHEHUE TPAH3UCTOPOB —
Ha pucyHke 4(0).

Oco6ennocth udpossix UC ma KM/III-TpaH3ucrtopax COCTOUT B TOM, YTO B
YCTAaHOBHUBULIEMCS pEKHME OJHA M3 TPYyHI TPaH3UCTOPOB BCErAa 3aKpbiTa M
MPAKTUYECKH He MOoTpedsieT Toka. [Ipy 3TOM HUYTOXXKHO MaibiM OKa3bIBACTCSI U TOK

OTKPBITBIX TPAH3UCTOPOB, TAK KaK CTOKOBBIC LICIIX 3TUX TPAH3UCTOPOB PA3OMKHYThI
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3aKpbITBIMU TpaH3ucTtopamu. [loaromy motrHocTh oTpednenus LIUC nomyyaercs
MUHUMAJIBHOM ¥ PAKTUYECKHU OIPEIEISIETCS TOKaMU YTEUYKHU TPAH3UCTOPOB.

:‘ :‘_ +<;)[-]- HII VT3 (p ’)—|_<’__}_OUHII
B VT4(p) —

V":Is 1oy X1 VT4(p)
. (p) H’JXTZ(H) 0o mll
o :| L VTTjn) j S
X2 i\m(n) X2, Jq “«VT2(a)

a)

Pucynok 4 — Cxemst JID na KMJIIT "U-HE" (a), "WJIU-HE" (6)

Pacuer npunnunuansaoi cxemsl KM/JIII-uaBepTopa (pucyHok 4)
OCYILIECTBJIATH COTVIACHO BapUAHTY 3aJaHHUS:

[Mocnennss mudpa Ne
0,7 1,4 2,58 3,6,9
CTYJ€HYECKOTro OmeTa
Tun MUC KM/ 164 176 561 564

[Ipu pacuere ucnonb3oBaTh AanHbie U3 Tabmuib! [12.3 ([Ipunoxenue 2), a
TaKXe CJIEAYIOIIHNE JOMOJHUTEIbHbBIE TapAMETPHI:

— HANpsDKEHUE NIOpora MEPEKIIF0UYEHU TpaH3ucTopa N-Tumna Unop.n =2 B;

HAIPsDKEHUE TTOpora IEPEeKIIF0YEHUS TPaH3uCcToOpa P-Trma UHOp.p =-1,5B;

3HaueHus HanpspkeHuit jorudeckux "0" u"1"U =0B; U = Uyy;
— ynaenbHas (OTHOCUTENbHAS) KPYTH3HA TPAH3UCTOPOB P- U N- TUIIOB,

2 2
cooTBeTCTBEHHO, K = 0,3 MA/B ; Kp =0,2 MA/B ;
— émkocTtb Harpy3ku Cy = 10 nd;

— YacToTa MepeKIoueHus (MOBTOPEHUS BXOIHBIX cUrHajioB) fi; = 5 MI';

. 0
— TemIepaTtypa okpyxaroriei cpeast T =20 C.
Takxke UCToJIb30BaTh CICIYIONIME CIIPABOYHBIC 3HAYCHHUS:




C3'K n = 0,5 HCD, CS'C n = 0,5 H(D, C3‘I/Ip = 0,5 H(D, CMI/I - 1,5 Hq),
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rae Cz-g - EMKOCTB Tiepexo/a "3aTBop - KaHai TpansucTopa” VT2;

C

3-cN - EMKOCTB Tiepexo/ia "3aTBOp - CTOK TpaHsucTopa” VI2; p -

3 " " .

4 ©MKOCTB TI€pEX01a "3aTBOP - UCTOK Tpanzucropa” VTI;
C - Mapa3uTHas EMKOCTh METALNINYECKUX COCTMHEHUHN U U30JMPYIOLIEro P-N
MHn o
nepexoaa o0beAMHEHHOW 00J1acTh cTOKa TpaH3ucrtopa VT2 u ucroka

tpan3ucrtopa VT1.

Ilpumep.
Mertoauky pacuera npuHuunuaibHoi cxembl KM /III-uaBepTOpa paccMoTpum

Ha YKMCIICHHOM IIpPUMEPE U1 HAIPsKeHUs UcTOYHUKA nutanud Uy = 5 B.

Pacuem cmamuueckux napamvempaoes.

Bocnosib3yemcst COOTHOILIEHUEM
| U fU <U

mnop.p | mop.n HII
JUTSI IPOBEPKU YCIOBUS pabOTOCIIOCOOHOCTH CXEMBbI, OTKY/Ia TTOJTYYHM:
3,5B <5B.
Tak kak 3HaYCHUE HaANpPsHKEHUs JIorndeckor "1" B paccMaTpuBaeMoM cityyae
PaBHO

1
U =Uuy=5B,
TO HAMPSKEHUE JIOTHYECKOTO MEPEnaia MOKHO ONPEACIINTh KaKk
1 0
U;=U -U =5B.
HanpspkeHue mopora nepexiIroueHns pacCUuThIBaeTCs Mo hopMyie

Uweo — Unop.n Kn+(UHH _‘Unop.p)\/Kip —57B

Jlanmee BO3MOYKHO HAWTH 3aI1achl IOMEX0YCTONYUBOCTH:

- o yposHto "0"

U'n = Unop = Unop.nn » OTKy 12 u’, =2,1B>2B;

- 110 ypoBHIO "1"

U = Uun ~Unop )< (Uan — Unap. ), omiyma |y _y3p< 35B.
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Tak kaK TOKH, MOTpeOIsIEMbIE SJIEMEHTOM B cTaTU4YecKuX coctostHusax "0" u "1"
PaBHBI HYJIIO, UCXO/IS U3 MPUHIIUAIIA PAOOTHI CXEMBI, TO U MOIIHOCTh, TIOTpeOIsIeMast
JID B CTaTUYECKOM pEKUME TAK)KE PABHA HYJIIO:

P =0 Br.

Pacuém ounamuueckux napamempos.

C uenplo onpenesieHus BPEMEHHBIX XapaKTEPUCTUK PabOThl CXEMbI BHAYAJIE
paccurTaeM OOUIYIO Mapa3suTHYI0 EMKOCTh Ha BBIXOJI€ 3TOW CXEMBI:

Cn=C3-kn*tCs-cntCappt Cypt+ Cy =13 1.
Jlanee HAXOJUM BpPEMEHHBIE XaPAKTEPUCTHKU CXEMBI

- BpeMs nepexona JID u3 cocrosnus "1" B cocrosanue "0" paBHO
t 10— O’SC HUI/IH

<, (U, -u

, =77 Hc;
nop.n _|Un0p.p| )
- IOCTOSTHHAS BpPEMEHH TPaH3UCTOpa N-TUma

2C,

B —U
K n (Ljun I’lOpJ’l)
- BpeMsi 3a/IEpKKU PacipoCTpaHeHUs curHania npu nepexojae JID u3 coctostHus "1" B

T = 28,9 Hc;

coctosaue "0"
T (UHH -U )

1,0 n mop” _ 22 He:
2

t " sup =
1.p U —U

7l nop.n

- BpeMs nepexoaa JID u3 cocrosanus "0" B coctosiaue "1"

¢ 0.8C U )
0,1 W 7 = 115 HC;
2
Kp (U un U nop.n _|U HOp.p‘
- IOCTOAHHAA BPEMCHU TPAH3HUCTOPA p-TUIIA )
= 2C
t TR = 37Hc;
Kp( un P nop.p‘
T U

t%,, gy~ =284
un nop. p

Cpennsist MOIIIHOCTH TTOTpeOIeHus JID B ATMHAMUYECKOM PEKUME paBHA:
2

[IpeacTaBuTh CpaBHUTENBHBINA aHATIN3 TTOJIYYCHHBIX JAHHBIX C
xapakrepuctrukamu [IUC npyrux Tumnos.
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4.4. Metoauka pacdera JID uaTerpaibHON MHXeKIIMOoHHOM Jtoruku ( UMJT )

Jlornueckue MHUKPOCXEMBI C MHKCKIMOHHBIM ITUTAHUEM OTHOCATCA K KIacCy
HACBILICHHBIX JIOTMYECKUX cXeM. OHM MNpeACTaBISAIOT COO0OW MHMKPOCXEMBI Ha
OUIOJSPHBIX TPAH3UCTOPAX, B KOTOPBIX DJEKTPUUECKAst SHEPTHUs, HEOOXOoaumast st
npeoOpa3oBaHUsl CHUTHAJIOB, BBOJUTCS HMH)KEKIIMEH HEOCHOBHBIX HEPABHOBECHBIX

HocutTened 3apsga. Jlormueckue snementel UWJT (wnm I/IZH) 00JIalaloT PSAIOM
BOKHBIX OTJIWYUTEIBHBIX OCOOCHHOCTEH, dYTO OOYyC/IaBIMBAeT WX IIUPOKOE
npumenenue B BUUC u CBUC:

- OTCYTCTBHE PE3UCTOPOB, 3aHUMAIOIINX HA KPUCTAIIE OOJIBIIYIO TUIOIA/Ib;

- BMECTO TPAJULUOHHOW LMW MUTAHUS TPAH3UCTOPOB MPUMEHEH MPUHUUN IPSMOI
MHXEKIMM HOCHUTENIeW 3apsJa B HEKOTOPYIO NPOCTPAHCTBEHHYIO 00JacTh
KpHUCTaJlIa, MUTAIOIILYI0 OKPY>KAIOIIHE 3Ty 00J1aCTh TPAH3UCTOPHBIE CTPYKTYPHI;

- MPOCTPAHCTBEHHOE COBMEIIIEHHUE O0JacTel, mpUHaAex AKX B (PYHKIIMOHAIBHOM
OTHOUIECHUHU Pa3M4YHBIM TpaH3ucTopaMm. OJHM U Te XK€ 00JIACTH UTPaIOT POJb
KOJUIEKTOpa TpaH3UCTOpa TUMHa P-N-P u 6a3bl TpaH3UCTOpa N-P-N; 6a3bl TpaH3UCTOpa
p-N-p u 3MuUTTEPA TpaH3UCTOpa N-P-N —THUIIA;

- MaJIO€ YMCJIO CXEMHBIX AJIEMEHTOB U MEKCOEIUHECHUMH.

OTmedyeHHbIe 0COOCHHOCTH JIOTHYECKOTO DJIEMEHTA I/IZH U CJIO’KHBIX CXEM Ha MX
OCHOBE MPHUAAIOT UM TEXHOJOTHMYHOCTh, KOMIAKTHOCTh M HEBBICOKYIO CTOUMOCTH
IpPU COXpPaHEHUH JOCTATOYHO XOPOIIETr0 OBICTPOJEHUCTBHUS W TOJYYCHHUH psiia
BBICOKHX IMOKa3aTeliel 1Mo JPYTrUM MapaMmeTpam.

DJIeKTpUYeCKasl MpUHIUMIUANIbHAs cxema ©Oa3zoBoro JID  uwHTErpajibHOM

WHXECKIIMOHHOMW JIOTUKHU — I/IZH-I/IHBepTopa, MOKa3aHa Ha PUCYHKE 3. I/IZH-I/IHB€pT0p
MPECTaBIIACT CO00M (u3nUeckre 00beAUHEHHbBIEC (COBMEILICHHBIC) TOPU30HTATBHBIM
p-N-p W BEPTUKAIBHBIA N-P-N  -TPAH3UCTOPHL. ODMUTTEpPHAs 00JacTh p-N-p-
Tpan3ucTtopa VT2, Ha3piBaeMas HWHKEKTOPOM, MOAKIIOYAETCS K MOJIOKUTEIBHOMY
UCTOYHUKY TuTanus. OOmas oOjacTh N-Tuma sBisIeTCs 0a3oi P-N-p-TpaH3ucTOpa
VT2 u smutrepom N-p-n-tpanzucropa VI1 u noakmroyaercs kK NOTEHUMATY "'3eMJIA .
Komnektop p-n-p-tpansucropa VT2 wu 06aza n-p-n-tpamsuctopa VTI1 Ttaxxke
MPEACTABIAIOT CO0OW eAMHYI0 00JIacTh MOJyOpOBOJHUKA p-THna. OT OJHOTrO
WHXXEKTOpAa MOXET MHUTAThCSI HECKOJIBKO CXEM, TO €CTh TOPHU3OHTAIBHBIM P-N-p-
TpaH3uctop VT2 MoxkeT ObITh MHOTOKOJIJIEKTOPHBIM (YTO HCIOIB3YETCS TIPH
MOCTPOEHUU JIOTHYECKUX 3JIEMEHTOB), @ BEpTUKAIBbHBINA N-P-N-Tpan3uctop VT1



OOBIYHO UMEET HECKOIBKO KOJIJICKTOPOB, KOTOPBIC ABJIAIOTCA JIOTUICCKUMU

2
BbIxogamu U JI-unBepropa.
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UBX
o——{ VT1' | VT1
T
_iCn
IPT K
VT2 _'

h

Pucynok 5 — Cxema 6a30Boro I/IZ.H-I/IHBepTOpa

Pacuer IIPOU3BOIUTD I1I0 BapHaHTaM:

BTOpas 1udpa Ne cTyJeHTa B
0,8 1,59 2,6 3,4,7
XKypnane rpynmsl
Kpas 2 4 5 6

[Ipu pacueTe UCIOIB30BAThH JaHHBIC:

— HamnpspkeHue uctoynuka nuranusd Uy = 1,5 B;

— TOK UCTOYHMKA MUTAHUA Iy = 75 MKA;

o 2
— BXOAHOM TOK I px = 0 (Tosbko 1t cxem U JI);

— BXOIHOM TOK I gx =48 MKA;

— KO3 QUIMEHT yCUIIEHUS TPAH3UCTOPOB B CTATHUECKOM pexume Ber = 1,8;

— MaJIeHUe HaIpPsHKEHUs! Ha OTKPBITOM P-N nepexone Tpansucropa U* = 0,7 B;

— TeMIIepaTypHBIN MOTEHLIMAJ TPAaH3UCTOpa (P KOMHATHOHN TEMIIEpaType) Moy ~

0,3 B;

— cymMapHas napasurtHas EMkocTs Cpp = 0,8 nd;

— BpeMsl paccachbiBaHUs W30BITOUHBIX HOCUTENEH tp= 25 HC;

— TemIepaTypa okpyxkaromiei cpeasl T = 200 C.
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Ilpumep.
o 2
Mertoauky pacuyera NpuHIANHAIBHON cxembl 1 JI-uHBEpTOpa paccCMOTPUM Ha

YHCIIEHHOM IIpUMepe s KO3 GUIIMEHTa pa3BEeTBICHUS O BBIXOIY Kpas = 3.

Pacuem cmamuueckux napamempaoe.

BX0/1HO# TOK JTOrMYECKOro HyJIsl ONPEAEIUM U3 YPAaBHEHUS, XapaKTEPU3YIOILEro
HACBIIIEHHOE cocTosiHUE TpaH3ucropa VT1

=B,

BX m Iym = 48 MKA.

VYpoBeHb HamnpsbkeHust Jorudeckod "1" Ha BbIXozie cxembl ( Ha KOJJIEKTOpPE
3aKpbITOro N-p-n-tpansucropa VT1) Oyaer paBeH HaNpsHKEHUIO Ha OTKPBITOM
AMUTTEPHOM Mepexoze N-p-N-tpanzuctopa VT1" (B cneayromieM 3jeMeHTe 1enn),

T.C.
ul=u*=07B.

Hamnpsoxenune mopora nepekiarouenus Upop, — ompenenseTcss B MOMEHT, KOTIja
3anupaercsa Tpanzucrop VT1' mpenpiaymer cxeMbl. OMHUTTEPHBIM IEPEXOJ

TpansucTopa VT1 orkpoercs torna, korna Ugx  nocTUrHET nopora nepekItoueHHs,
T.C.

Unop =U* —MQEr In (Sl ) = 0,58 B,
rac KOB(l)(bI/H_IHeHT HaCbIIICHUA Sl pPaCcCUUTBIBACTCA M3 YCJIOBHUA HACBIIICHUSA

Tpan3ucTopa VT1 nis nmomydeHus: Ha BbIXOJI€ HU3KOTO 3HaUeHUS nmoTeHunana Ugyy =

0
U™ kak

B

S1 ~—-~— =0,6.
K
pa3

3amnac moMexoyCcTONYMBOCTH 10 ypoBHIO "0" onpenensitor 1o dhopmysie

+ 0
Un=U*-U =0,58B,
rae
S N
Ty
u” ~me In/ , =0,12B.
m / S 1’
("1 y
o 2
Ecnu narpyskoii ciysxat anemenTsl M JI (korjga coeuHSI0T X B

CJIO’KHBIE JIOTHUECKUE CXEMBI), TO TOK Harpy3ku no ypoBHio "0" paBeH

12 =K pas 1 e = 144 mxA.
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3anac moMexoyCcTOMYHMBOCTH MO ypoBHIO "1" onpenenstoT no ¢gopmyrie

Un=me:In(S1)=-0,15B.
CpenHsst MOIIHOCTB, oTpedasieMast JID B cTaTUUECKOM PEXKUME
Pn.cp =U *lun =53 MxBT.

Pacuém ounamuueckux napamempos.

Brauane pacCyuTacM BPCMCHHLBIC XaPAKTCPUCTUKHU CXCMBbI:

- BpEMs OTIMPAHUA lgrr, B TEUYCHHUEC  KOTOPOro IMOTEHIMA JOCTHUTaeT MOopora

U*=Upop, onpenensier nepekaroueHus JID u3 cocrosanus "0" B cocrosnue "1", T.€.
C (U-Ug) CU*(1+B )

0.1
t T =tom =— ~— “— =12 Hc;

BCT | BCTI un
1+PB ™

- Bpems nepexiouenus JIO u3 cocrosnua "'1" B cocrosnaue "0"

£ =1p =25 Hc;

- cpeliHee BpeMs nepekintoueHus JID
tog+ 110

tan :T = 18 HC.

Pabota JID npu nepekirodeHnu 3aaaeTcs GopMynon
Ap =Pueplsy =1lullx.

Takum 00pa3oM, OCHOBHBIM MPEUMYIIECTBOM MHKPOCXEM Ha 3JIEMEHTax
UHXEKIMOHHON JIOTMKH, KpPOME OYEHb BBICOKOW CTEIIEHU HHTETPALUM, TaKKE
ABIIIETCS W MaJylasg MoTpedsisieMass MOIIHOCTb. DTO OOYCJIOBJIMBAET CPABHUTEIHHO
HU3KYI0 CTOMMOCTb HW3TOTOBJICHHS, BO3MOKHOCTb KOHCTPYHPOBAHMS MHUKPOCXEM
NpaKTUYECKU AJi JHOOBIX MpUMEHEHHH (MuKpompoleccopos, jorudeckux BUC u
CBUC 3amoMuHaOMUX YCTPOWUCTB, aHAIOTO-IU(POBBIX H IU(PO-aHATIOTOBBIX
npeoOpazoBaTeneil, U3MEpPUTENILHON annaparypsl U 1p.).

[IpencraBuTh CPaBHUTEJIbHBIN aHalIu3  MOJIyYEHHBIX  JIAHHBIX c

xapakrepuctukamu [IUC npyrux Tumos.
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[MTPMJIOKEHHE 1

3ATAHUE

Ha KypCOBOW IMPOEKT o aucuuiuinHe “KoHcTpyKTOpCcKO-
TEXHOJIOTHYECKOe obecrnedyeHne npon3poacTtsa OBM” cTyneHTa rpynmnsl
JAB-41 cnenuansaoctu 230101

I'onuapoBa A.A.
Bapuant

Tema: "IIPOEKTUPOBAHUE KOHCTPYKTUBHBIX MOJYJIEX SBM"

1. 3apaHne Ha KypCOBOM IPOEKT :
1.1. Dnextpudeckuii pacu€t normdeckux snementoB TTJI, DCJI, KMOII,

2
M JI cornnacHO UCXOOHBIM JIAHHBIM

1.2. MonenupoBaHue JIorndeckux 31emMenToB B MultiSim 10.0.

2. CpoK mpOEKTUPOBAHMUS:

3agaHue K BBINIOJHEHUIO TPUHSI CTYAEHT [ OHuapoB A.

JlaTa BeIIa4M 3a0aHUS
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I[MTPMJIOKEHUE 2

Tabnuya I1 2.1

[TapameTpsl nHTErpaNBHBIX MUKpOCcXeM Tuna TTJI

Cepus UMC
[apamerp CrannapTHas Beicokoro MuxkpomounHas
HUC TTI OBICTPOJCHCTBUS
133, K155 130, K131 134 158
| gx, MA 1,6 23 0,18 0.15
| gx, MA 0,04 0,07 0,012 0,01
0
U gx, B 0,4 0,35 03 03
1
U px, B 2.4 2.4 2.3 2.4
K
pas 10 10 10 10
K
00 8 8 2 2
1,0
371.p> HC 15 10 100 70
" 35Lps HC 22 10 100 70
Cyp, 1D 15 30 40 40
Pri.cp, MBT 22 44 2 5
fi, MI'n 10 30 3 14

(0)
IIpumeuanue. Temneparypa okpysxkaroieii cpespl t = 25 C. B tabuuiie npuBeneHs! CpeIHUE
3HA4YEHMS IapAMETPOB.
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Tabnuya I1 2.2
[TapameTpsl uHTErpaIbHbIX MUKpocxeM Thna JCJI
[TapameTp Cepus UC
HUC 3CJI K137 100, K500,700 1500
1 2 3 4
0
| px, MKA 0,5 0,5 0,5
|1 px,MKA 200 265 200
y D
Jo Bx -1,6 -1,6 -1,65
1,6
U sx -0,8 -0,9 -0,96
K
pas 15 15 15
N
06 9 9 9
0,1 , HC 6 2,9 0,7
34.D
t1,0 , HC 6 2,9 0,7
3.0
Pn.cp -MBT 70 35 50
I, MA 15 26
Uy, B -5,2 -5,2 -4,5

0
Ilpumeuanue. Temneparypa okpyxatomueii cpezsl t = 25 C. B Tabnuie npuBeIeHb CPEIHUE
3HAYCHHS TAPaMETPOB.
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Tabnuya I1 2.3

[TapameTpsl unTerpanbHbix Mukpocxem tuna KM/IT (KMOIT)

Mapamerp Cepus UC
H1C KMJII 164 176 561 564
( , HC
37.p.cp 200 250 50 50
P¢p , MBT 01 0,1 01 0,1
Upn . B 9 9 5 9
0 ,b
U Beix 0,5 0,3 0 0
1 DO
U Beix 1,7 8,2 5 9
K
pas 50 50 50 50

Ilpumeuanue. TlpumeHAIOTCS IS TNPOEKTHPOBAHMS YCTPOHCTB LHU(PPOBON TEXHUKH CO

CBCpXMaAJIBIM HOTpe6JICHI/ICM MOIIIHOCTHU U BBICOKOH HOMGXOYCTOﬁqHBOCTblO.




