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Pacuer GecTpanchopMaTOpHOTO yCHIMTENS HHU3KOW YaCcTOTHI: METOIUYE-
CKH€ YKa3aHWs 10 KypCOBOMY TMPOCKTUPOBAHUIO I OOYYaroONIuXcCs I10
Harnpasiieauio 09.03.01 — ABTomaTu3upoBaHHbBIE CUCTEMbl 00pabOTKH HHGOP-
MallMH ¥ yrpasieHus Bcex ¢popMm obydenus / coct. CBaro B. @., PemetoB A.
A.; TIoOMEHCKUI MHIYyCTpUAJIbHBIN YHUBEPCUTET. — TroMeHb:— 32 C.

MeTtoauueckre yka3zaHUs MO BBIMOJHEHHUIO KYpCOBOTO MPOEKTa PaccMoT-
pEeHBI M PEKOMEHOBAHbI K M3aHUI0 METOJAMYECKUM CEMUHApOM Kadeapbl
KHUOEPHETUYECKUX CUCTEM

AHHOTAIUA

MeToauueckue yka3aHus M0 KypCOBOMY MPOEKTUPOBAHUIO MO JUCIUILINHE
«IudpoBas cxeMOTEXHHMKa» TMpPEeJAHA3HAYCHBI I OOYYAIOIIMXCS HaIMpaBiICHUS
09.03.01 - Uadopmarrka 1 BEIYACTUTEIbHAS TEXHUKA, HATIPABICHHOCTD (MTPOQHIIH) -
ABTOMAaTHU3UPOBAHHBIE CUCTEMBI 00paOOTKH MH(OPMAIIMU U YIPABICHUS, BceX Gopm
00yueHus.

[IpuBeneHo coepkaHue KypcoBOTO MPOEKTa U 00IIHMe TpeOOBaHUs K HEH, MpH-
BEJICHBI TEOPETUUECKHE U TPAKTUUECKHE BOMPOCHI IO MOPSAIKY MPOSKTUPOBAHUS YCH-
JUTENeH, a TakkKe U3J0KEeHa METOJAMKAa M  IOCIENOBaTeNbHOCTh Irpado-
aHAJTUTUYECKOTro pacueTa 6ecTpaHcHOPMATOPHOTO YCHIIUTEISI HU3KOM YacTOTHI.
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BBenenue

B cucremax aBTOMaTHYECKOIO YIpaBJICHUS JJIs M€peIayll pa3iIMyHbIX BU-
J0B MH(OpMAaLIUU NPUMEHSIOTCS SJIEKTPUUECKHE CUTHAJBL. TpedyemMyroBenyu-
HY MOIIHOCTH TaKUX CHUTHAJIOB OOECIIEUMBAIOT 3JIEKTPOHHBIE YCHJINTEIHN HU3-
kux yactoT (YHY), kak ocHOBHOM y3en cucteM aBromaTuku. [IpoextupoBanue
takux YHY HeBO3MOXkHO 0€3 mpuoOpeTeHus] MPaKTUYECKUX HABBIKOB IpUMeE-
HSTh TEOPETUUECKUE 3HAHUS Ul pacyeTa 3JIEKTPOHHBIX YCUIINTENEH.

KypcoBoit mpoekt no aucuurinnHe «lludpoBas cxemMoTeXHUKa» s
oOyuatomuxcs HanpasneHus 09.03.01 — Undopmaruka u BEIYMCIUTEIbHAS TEX-
HUKa, HaIpaBJIEHHOCTH (Mpoduiib) ABTOMATHU3MPOBAHHBIE CUCTEMbI 00pabOTKU
uHGOpMaIlMU U YIPABICHUS, BBIMOJHICTCS Ha 3-M Kypce O0ydeHUs U CIoco0-
CTBYET (POPMHUPOBAHUIO CIEAYIOUIUX OOIIENPO(PECCUOHANBHBIX U MPOPECCHO-
HAJIbHBIX KOMIIETEHIUSIMHU:

— CHOCOOEH yNpaBisiTh CBOUM BPEMEHEM, BBHICTPAUBATh U PEaIU30BBI-
BaTh TPAEKTOPHUIO CAMOPA3BUTHUSI HA OCHOBE IPUHIIUIIOB 00Opa30BaHUs B TEUCHUE
Bceit xxu3an (YK-6);

— cnoco0eH pelath CTaHAApTHbIE 3aJadu MpodecCHOHANBHOU aes-
TEJIbHOCTH Ha OCHOBE MH(OPMAIMOHHOW U OMOIMOrpamyecKkodl KyJIbTyphl C
IPUMEHEHUEM HH(POPMALIMOHHO-KOMMYHUKAIMOHHBIX TEXHOJOTUN U C YYETOM
OCHOBHBIX TpeOoBaHui nHpopMmarroHHo# O0e3omacHoctu; (OITK-3).

— CHOCOOEH MHCTAJUIMPOBATh MPOrPaMMHOE U ammapaTHOe obecreue-

HUe U1 “H)OPMAIIMOHHBIX U aBTOMaTH3MpoBaHHbIX cucteM; (OITK-5);

— CHocoOEH y4acTBOBaTb B HACTPOMKE M HalagKe MPOrpaMMHO-

anmapaTHbIx komruiekcoB; (OITK-7).

B MeTonnueckux ykazaHUSAX MPHUBEICHO COJIEpKaHUE KYpPCOBOTO MPOEKTa W OO0IIue
TpeOOBaHMsI, PACCMOTPEHBI TEOPETUUECKUE U TIPAKTUIECKUE BOTIPOCH IO TOPSJIKY MPO-
CKTUPOBAHUS YCUJIUTEINICH, a TaK)Ke M3JI0KEHAMETO/IMKA U MOCJIeI0BATeILHOCTh rpado-
aHAIMTUYECKOTo pacuera OecTpaHchopMaTOPHOTO YCUITUTENS HU3KOM YacToThl. B mpo-
[[ECCe PACCMOTPEHUSI HETOCPEACTBEHHBIX BOMPOCOB MPOEKTUPOBAHUS U PAOOTHI C pe-
KOMEH/JIOBAaHHOM JIUTEpaTyphl CTYACHTHI MOJY4YaT JOMOJHUTEIbHBIE TEOPETUUYECKUE

CBCACHUSA MW MPAKTHYCCKHEC HABBIKHM IIO0O CXEMOTCXHHUKC JJICKTPOHHLBIX YCI/IJ'H/ITCJ'IGI\/'I.

3agadeil U3y4eHusl TUCLUIUIMHBI SIBJISETCS OBJIAJICHUE!

— MPUHLOUNAMH PpabOThl COBPEMEHHOM 3JI€MEHTHOM 0a3bl U CXEMOTEXHU-
KOW TUITOBBIXDJIEKTPOHHBIX YCTPOMCTB HA UX OCHOBE;

— MOJEISAMHU JJICKTPOHHBIX 3JIEMEHTOB U UX IIPUMCHEHUEM;

— OCHOBHBIMM METOJAMHU IIPOCKTUPOBAHMS PA3JIUYHBIX JJIICKTPOHHBIX
YCTPOWCTB;

— HAaBBIKAMU  CaMOCTOATENIBHOM paboOThl C JUTEPATYypold  HAay4HO-
TEXHUYECKOTO HampaBiIeHHs] B 00JacTU pa3pabOTKH U MPOESKTHUPOBAHUS
CPEACTB U3MEPEHUS U aBTOMATUKU,

— 3HAHMUSIMH, HEOOXOJUMBIMHU JUISl U3YUYEHMSI MOCIEAYIOIINX TEXHUYECKUX
JUCLUILINH.



1. OcHOBHBIE NOJIOKEHUST
1.1 Ileab KypcoBOro mpoeKTa

[{emsaMu BBIMOJIHEHHS] KyPCOBOTO MPOEKTA SIBISFOTCS CUCTEMATU3AIMSA, 3a-
KpeIUJICHUE W YIiyOJIeHHE TEOPETUYECKUX 3HAHWM, (POPMUpPOBAHUE YMEHUN U
HABBIKOB MPUMEHEHHS TEOPETUYECKUX 3HAHUM MpH pa3pabOTKe U pacyeTe YCHu-
JUTENIeH IEPEMEHHOTO TOKa Ha mpumepebectpanchopmaropHoro YHUY.

B xypcoBoM mpoekrte pemaercs psij 3a1ad dTana 3CKA3HOTO MPOEKTUPO-
BaHusi YHY, CBSI3aHHBIX C COCTaBJIECHUEM CXEMbl, HAMITYUYIIUM 00pa3oM yIOBIIE-
TBOPSIOLIEN MMOCTaBJIEHHBIM TpeOoBaHUsAM TexHuuyeckoro 3ananus (T3), ¢ pac-
YETOM 3TOW CXEMbl Ha OCHOBAHUHU BBHIOPAHHBIX MapaMETPOB U PEKUMOB PaOOTHI
€€ DJIIEMEHTOB.

[TomydyeHHBIE B XOJE BBINOJIHEHUS KYypCOBOIO MPOEKTA IPAKTUYECKHE
HaBbIKU B cocTaBiieHMH T3 Ha pa3paboTKy 3JIEKTPOHHBIX YCTPOMCTB M CHCTEM,
palMOHaJIbHOM BBIOOPE CXEM 3JIEKTPOHHBIX YCTPOMCTB M HX 3JIEMEHTOB, Ipa-
MOTHOM MPUMEHEHUU HAyYHO-TEXHUYECKON M CIPABOYHOU JIMTEPATYPHI, TOIK-
HbI [IOMOYb B PEUICHUM MPAKTUYECKUX 3a4a4 10 CIIELUAIBHOCTH.

JUJ1s BBIMOJIHEHUS pacue€TOB HEOOXOIMMO 3HaTh OCHOBHBIE XapaKTEPUCTHU-
KU YCUJIUTEJI NIEPEMEHHOT0 TOKA, IPUHLHUIT UX MOCTPOCHUS U PabOThl, METO/AbI
pacuyera.

1.2. 3aganue HA KypPCOBOii MPOEKT

Ha ocHOBaHMM UCXOAHBIX TaHHBIX 1A pacuera Y HU:

1) Pgyux, BT — MOIITHOCTD Ha BBIXOJIE YCHITUTEIIS,

2) R,, OM — conporuBienne HArpy3Ku;

3) U,y, MB — HanpsKeHME HCTOYHMKA BXOIHOTO CHTHAJIA,

4) R,, OM — BHyTpEHHEE CONPOTUBIICHUE NCTOYHHMKA BXOJIHOTO CUTHAJIA;

5) (f, - f.), 'l — HUKHSAA ¥ BepXHAA MPaHMIIBI YACTOT ycUieHus. Ba-
PHAHTBI UCXOIHBIX NaHHbIX Ui pacyeta Y HU npuBenens! B Ta0m. 1.



Ta0Omuma 1
BapuaHThI 3a1aHUi HCXOAHBIX JTAHHBIX Ha KYPCOBYIO paboTy

Hudpsr HOMepa
3a4eTHON KHUKKHU 0 1 2 3 4 5 6 7 8 9
JECATKH | € TUHUIIBI
Pyx, BT 5 4 3 5 4 5 4 3 4 5
Ri,OM 6 5 4 8 6 4 8 8 4 4

UsMB | 20 | 25 | 30 | 35 | 40 | 45 | 50 | 55 | 60 | 65
R,OM | 100 | 200 | 300 | 400 | 500 | 100 | 200 | 300 | 400 | 500

M=M, | 12| 13| 14| 11| 12| 13| 14| 11| 12| 1,3
(. fo).In 50 - 20000

Heobxoaumo:
1) cipoekTupoBath Oectpanchopmaropubiii YHY u onpenenuts:
k03 durment yermnenus YHY o momuoctu Ky,
e THII CXEMBI BBIXOJIHOTO KacKaja;
THUIIBI TPAH3UCTOPOB KAaCKaJI0B YCUJICHUS;
e YHCJIO KaCKaJIOB yCUJIeHUs (CTPYKTYpHYI0 cxemy Y HY);
e TlapaMeTphl dBJEMEHTOB KaXJOTO Kackaja, peXKUMbl pPabOTHI
TPAH3UCTOPOB.
2) Ha4YePTUTH MOJHYIO JICKTPHYCCKYIO IPHHIUITHATIBHYIO CXEMY BCETO
YHY u npuBecTH nepeyeHb JIEMEHTOB.
[Tpumep BrIOOpA BapuaHTa 10 HOMEPY 3a4ETHOM KHIKKHU 77732:
¢ KoJIoHKH 3 umeeM - Py, ,=5BTt, R, = 8 OM;
c kononku 2 -U,, = 30MB, R, = 3000m, (f,-f,) = (50 -20000) I,
M.=M,=14.

1.3. Conep:kaHune KypcoBOIo NpoeKkTa 1 o01ue TpedoBaHUsI

KypcoBoii mnpoekr odopmisiercss B BHAE TNOSICHUTEIBHON 3alUCKU.
OdopmiieHre MOSCHUTETHHOM 3alMCKU TPECTABISICT BAKHBIN U TPYAOCMKUIH
JTaIl KypCOBOI'O IPOEKTA.

IlosicuuTenbHAs 3amUCKa — OTO TOKYMEHT, KOTOPBIM CONEPKUT ONUCAHUE
MPUHIUIA TOCTPOCHUS U PabOTHI AJIEKTPOHHOI'O YCTPOMCTBA, KOTOpPOE pa3pada-
THIBAETCS, & TAK)K€ 00OOCHOBAHUE MPUHATHIX MPHU €ro pa3padoTKe TEXHUYECKUX U
TEXHUKO-3KOHOMUYECKHUX PELICHUMN.

[TosicauTenpHAs 3amrcKa KypCcoBOM paOOThI COJEPIKUT:

1)  TUTYJBHBIN JTUCT;

2)  coaepaHue;

3)  BBelcHHE, B KOTOPOM MPHUBOIATCS KpaTKUE OOIIME CBEACHUS PO
MIPOEKTUPYEMOE YCTPOMCTBO;



4)  pa3pabOTKy TEXHUYECKOTO 3a/IaHus;

5)  aHaMM3 TEXHUYECKOTO 3aJlaHMsl U pa3pabOTKy CTPYKTYPHOU CXEMBI
VHUY;

6)  pa3paboOTKy JIEKTPUUYCCKOMN MPUHIMIHAILHOM cxembl Y HU,

7)  pacyeT OKOHEYHOTO Kackaga W KacKaJoB IPeJABAPUTEIHLHOIO
ycuwnnennss YHY, rne mpuBoastcs pacueTHble (GOpMyJbl C MOSCHEHHEM Tepe-
MEHHBIX, PE3yJIbTaThl BBIYUCICHHUH, MOJOXKEHUS MO BBHIOOPY MapameTpoOB 3iie-
MEHTOB CXEM U PEKUMOB pabOThl YCUIUTEIbHBIX MPUOOPOB, a TAKXKe JAp. HEOO-
XOJUMBIE 111 TOHUMaHUs MOJyYE€HHBIX Pe3yJIbTaTOB JaHHbIC;

8)  rpaduyeckyo 4acTh, B KOTOPYIO BXOJST JJIEKTpHUYECKAsl MMPHHIIN-
nuajgbHasi CXeMa BJIEKTPOHHOIO YCTPOWMCTBA, MPU HEOOXOJUMOCTH €ro Y3JIOB,
rpaduKy 3aBUCUMOCTEHN, KOTOPbIE€ UCTIOIb30BAIUCH MPY BBIYUCICHUSIX WU €CTh
pe3yibTaTaMu BEIYUCIICHUN;

9) 3aKJIFOUCHUE;

10) cmnHCOK HCTIOTL30BAaHHOM JTUTEPATYPHI,

11) mnepedeHb IEMEHTOB IPUHIUITHATBHON CXEMBI.

[Ipu muiaHMpOBaHKWM BPEMEHU Ha BHITIOJHEHHE OCHOBHBIX ATAllOB KypCO-
BOTO MPOEKTA CJIETYEeT OPUEHTUPOBATHCS Ha CIEAYIOINE TPUOIIKEHHBIE 00be-
MBI

e 3HAKOMCTBO C JIUTepaTypol, ananu3 T3 u pa3paboTka CTpyKTypHOH
cxemel YHY — 10%;
pa3paboTka dJeKTpuyecKor npuHnunuanbaoi cxemsl Y HY — 10%;
pacuer okoHeuHOTO Kackanaa — 30%;
pacyeT KackajoB npeaBaputTenbHoro ycuiaeHus: — 20%;
pacyeT pe3yinbTUPYIOMUX nmapaMeTpoB ycunutens — 10%;
oopMIICHUE paCYETHO-TIOSCHUTETLHOM 3anmucku — 20%.

1.4. TpeboBaHusi K 0(hOpMJIEHUIO MOSICHUTEIbHOM 3aNIUCKHU

TekcToBas yacTh KypCOBOIO MPOEKTa JOJKHA OBITh pa30UTa Ha pa3/eibl
Y HarmeyaTaHa Ha OJHOM cTopoHe Jucta popmara A4. JIUCT KypcOBOTO MPOEKTa
JIOJKEH UMETB TIOJISL: JIEBOE — 25 MM, BepxHee — 20 MM, npaBoe —10 MM, HUKHEE
— 20 mm. Kaxnas ctpanuna umeetr Homep. [lepBblii HOMEp UMEET TUTYJIbHBIM
JIUCT, OJIHAKO OH HE NuileTcs. Bce ocTanbHbIEe CTpaHUIBI HYMEPYIOTCSI B TaKOM
MOCJICIOBATEILHOCTH, B KakOoW OHU cOpormmtopoBaHbl. CojepikaHue 3amucKu
JIOJDKHO M3JIaraThCsl JTUTEPATYPHBIM SI3BIKOM, 0€3 COKpAIEHUSI CJIOB W HCIIONb-
30BaHHSl BMECTO CJIOB MAaTeéMaTHYE€CKHX CUMBOJIOB. TEKCT MOSICHUTEIBHOU 3a-
MHACKU JIOJKEH COJEPKAaTh BCE pacueThl M MOSCHEHUSI K HUM. Pacder Kaxoro
Kackaza JMOJDKEeH o(QOpMIISITBCS B BHJAE CAMOCTOSITENIBHOTO paszena. Pasmemns
JOJDKHBI UMETh TIOPSIAKOBBIE HOMEpa, 0003HaueHHbIe apaOCckuMu Iudpamu ¢
TOUKOM. Pasnen BKIKOYAET HECKOJIBKO TMojapas3nenoB. llompasgenbl AOKHBI
MMETh HyYMEpaLHUIO B Ipelesax Kaxaoro pasaena. Homep noapasaena coctour
W3 HOMEpa paszfena U noapasiena,



pa3lesIeHHbIX TOUKOM. B KOHIle HOMepa mojpaszesia Takke CTaBUTCS Touka. B
TEKCTE 3alIMCKA HEOOXOAUMBI CCHIIIKM Ha JIMTEPATypHbIE UCTOYHUKHU.

Pacuetnbie (opMyIibl, BOUCHIBAIOT pa300pUYMBO U HYMEPYIOT apabCKUMHU
udpamu. [TopsaKOBBIT HOMEp YKa3bIBAIOT B KPYTJIBIX CKOOKax ¢ MpaBoro OOKy
HAIpOTUB HIKHETO psaaa Gopmynsl. [Ipu ccbuike B TekcTe Ha GopMysIbl HEOO-
XOJMMO yKa3aTh €€ MOJHbIA HoMep B ckoOkax. [locie popmyssl, ¢ HOBOro psijaa
MUIIETCS CIOBO ,,[/1€” U pacUIM(ppPOBBIBAIOTCS 0003HAUYEHUS.

DJNEeKTpUUYECKHUE CXEMbl HEOOXOAMMO BBIIOJIHATH B COOTBETCTBUU C Tpe-
OOBaHUSIMU rOCY/AAPCTBEHHBIX CTaHAapTOB. [IpuHIMNMANBHAS cXeMa YCUIIUTENs
00513aTeIbHO JOJDKHA UMETh PAMKY M IITaMIl. BbIOOp KakJ0ro yCHJINTEIbHOIO
npubopa JoKeH ObITh 00s13aTesibHO 00ocHOBaH. [locime oOocHOBaHUS clieayeT
BBIMKICATh W3 CIPAaBOYHWKA U BBECTH B TEKCT 3alKUCKH OCHOBHBIC MapaMeTphl
BBIOPAHHOTO AJIEMEHTA. DJIEMEHThl CXEMbI BBIOMPAIOT C Yy4€TOM TpeOOBaHUM
cTa"napToB. Hampumep, pe3ucTopsl BHIOMPAIOT IO HOMHUHAJIBHBIM 3HAYCHUSM,
OJU3KUM K pacueTHBIM BEIMYMHAM COMPOTUBIICHHA, U BETMUYNHE MOIIHOCTH, KO-
TOpasi pacceMBaeTCsl Ha pe3ucTope B pabodyem pexxkume. KoHmeHcaTopsl BeIOU-
paroT 0 HOMHUHAJIBHBIM 3HAYCHHUSIM €MKOCTH, OIKANIIIAM K PACUETHBIM BEJIU-
YMHAM U BEJIMYUHOIO pab0overo HarpsHKeHHUs.

OO0t 06beM KypcOBOI'O MPOEKTA, BKIIIOYasi CIUCOK JIUTEPATyphl U MpU-
JIOKEHUS], HE TOJDKEH npeBblaTh 30—35 cTpaHull, HalleyaTaHHBIX Yepe3 IBauH-
TepBaJa.

1.5. IMopsigok 321U THI KYPCOBOI'0 MPOEKTA U KPUTEPUUOLIEHOK

B pesynbrare BBINOIHEHHS KypCOBOTO IPOEKTA K 3allMTE JOJKHBI
OBITH TIPE/ICTABIICHBI:
- pacUeTHO-IIOSICHUTENIbHAS 3aIIUCKA;
- JICKTPUYECKAs NPUHLIMIMANIbHAsA cxema Y HY;
- PE3yJBTUPYIOIINE XaPAKTEPUCTUKH YCUIUTEINS (110 BO3MOXKHOCTHA MOTYT
OBITH yTOUHEHBI ¢ ToMoIIkio maketoB Electronics Workbench, Multisim u ap.).
3amura KypcoBOro npoekTa npoBoauTcsa B popme codbeceioBaHus, B XO-
JIe KOTOPOM CTYAEHT JIOJIKEH:
e MIOKa3aTh 3HAHHWE MpUHLMNA paboThl cxembl YHY u HazHaueHue ee
DIIEMEHTOB;
e 000CHOBaTh MPaBUJIBLHOCTH BHIOOpA TPAH3UCTOPOB U UX PEKUMOB
paloThI AJIs peLIeHHs TOCTaBICHHOM 3a/1a4u;
e 3HAaTh OCHOBHBIC XapaKTEPUCTUKHU U IIapaMEeTPhl YCUIIUTEIA U JOKa3aTh,
YTO OHM OTBEUarOT TpeboBaHusM T3;
e YMETh MOSICHUTH BJIMSHHUE 3JIEMEHTOB CXEMbl U OOpaTHOM CBSI3U Ha
OCHOBHBIE XapAaKTEPUCTUKH U MAPAMETPBI YCUITUTENS.
Onenka “ OTIUYHO” BBICTABIISIETCS CTYJEHTY, €CJIU OH TITyOOKO M TBEPAO
BJIaJICET MAaTEPUAJIOM, UCUEPIIBIBAIOILE U ITOCIIEN0BATENBHO €70 U3JIaraer.



Onenka “XopoIio” BBICTaBISAETCS CTYACHTY, €ClIM OH ITyOOKO U TBEPO
BJIAJICET MATEPUAJIOM, I'PAMOTHO M MOCJIEIOBATEIBHO €r0 M3JIaraeT, OJHAKO J10-
IIyCKAEeT HE CYLIECTBEHHbBIE HE TOYHOCTH.

OueHka “Y 10BJIETBOPUTENBHO  BBICTABIISIETCS CTYACHTY, KOTOPBIA UMEET
3HAHMS 10 OCHOBHOMY MaTepuay, OJHAKO HE OBJAJEI €ro AeTAIAMHU, JT0IyCKa-
€T HE TOYHOCTH, 3aTPYAHSIETCS B NPAKTUYECKOM NPHUMEHEHUH TEOPETUUYECKUX
3HAHUM.

Ouenka “HeynoBIeTBOPUTENBHO BBICTABISETCS CTYACHTY, KOTOPBIA HE
3HaeT 3HAYUTEIBHOW YacTh Y4eOHOro marepuana, JOMYCKAaeT CYyIIEeCTBEHHBIC
OIIMOKH B MPAKTUUYECKOM MPUMEHEHUHU TEOPETUUECKUX 3HAHHIA.

3. MeTozmquKne PEKOMECHIANUMA IO BBINMMOJHEHUIO KYPCOBOI'O IIPOCKTA

BrlnonHeHne KypcoBOro mpoekTa HeoOXOJAMMO HAYMHATHh C BBISICHEHUS
3aJlaHus, MOCIEA0BATEILHOCTH U 00beMa KOHKPETHBIX BOIIPOCOB, KOTOPHIE MO/-
nexar pazpadotke. Ilocie 3Toro cocrapnsercs NpUMEpPHBIN MJIaH pabOThI, KO-
TOPBIN YTBEPKAAETCS PYKOBOAMUTENIEM. 3aTeM HEOOXOIUMO O3HAKOMUTHCA C pe-
KOMEH/IOBaHHOIO JIMTEPATYPOH.

2.1. TeopeTuueckue cBeIeHHSs

YHY npenHazHayeHsl 111 YCUICHHS HEIIPEPBIBHBIX MEPUOJIUYECKUX CHUT-
HaJIOB, YaCTOTHBIA CIIEKTP KOTOPBIX HAXOAWUTCA B IpENesax OT JIECATKOB Iepll
1o necatkoB kwiorepil. Oynkius YHY cocTout B moayyeHUn Ha 3aJJaHHOM Be-
JMYMHE CONPOTUBIIEHUS HArpy3Kd, CUTHaja HeoO0Xoaumoi MomHocTH. Mcrou-
HUKOM CUTHAJIa MOXXET OBITh MUKPO(DOH (POTOIIEMEHT, UHIYKIIMOHHBIN JaTYHK
U JIp. B kaduecTBe Harpy3Ku MOXKET CIYXUTb TPOMKOTOBOPUTEINb, U3MEPHUTEIIb-
HbIN pubop (BOIBTMETP, ocuuiuiorpad), cleayromuil Kackal YCUJICHUs U Jp.
Jns momydyeHus: OONBIIMX 3HAYEHUH KOd(PUIMEHTa YCUIEHHUS HCIONb3YIOT
MHOrokackagaele YHY, moctpoeHHble IMyTeM MOCIENOBATENBHOTO COEIUHEHUS
HECKOJbKUX OJMHOYHBIX KacKaJoB. TUMOBas CTPYKTYpHasi CXeMa MHOTOKACKa/l-
Horo YHY npusenena na puc. 1.

Bxon Brixon
BxK KIIYy1 KIIYy 2 YM  e—

A4
h 4

00C

Puc. 1. Tunosas ctpykrypHas cxema YHY

Bxoanoii kackan (BxK) npennasnauen mnst cormacoBanuss YHY c
MCTOYHUKOM BXOJHOTO CUTHAJIa U MPEABAPUTEIHHOTO YCUIICHMS] CUTHANA.



OcHoBHOE TpeOOBaHKE K HEMY - 0OecrieueHre TpeOyeMoro BXOAHOT'O COIIPOTHBIIE-
HUS.

Kackanel npensaputensHoro ycwieHus (KIIY) ocyiiecTBissIFOT OCHOBHOE
ycuJieHue curHajia. Yuciao KackazoB ompeaensiercss TpeOyeMbiM ko3 uimeHTom
YCUJICHUS.

Brixognoit kackan (YM — ycuauTenb MOIIHOCTH) O0OecrieynBaeT HEOOX0/I1-
MYIO MOILIIHOCTbh U aMIUIUTYy BBIXOJHOTO CUTHAJa B HArpy3Ke.

B ycunutensx OOBIYHO HCHOJB3YETCsl OTpULIATENIbHAsh OOpaTHasl CBS3b
(OOC), oxBatbiBatOIIasi OTAEIbHBIE KACKAJIbl, TPYIIbl KACKAJOB WJIH YCUIUTEIb B
1EJI0M. DTO MO3BOJSIET CTAOMIM3UPOBATH MAPAMETPhl YCUIIUTENS], YMEHBIIIUTD Be-
JIVMYUHBI JIMHEWHBIX U HEIWHEWHBIX MCKAXEHUW, YMEHBIIUTh YPOBEHb LIYMOB U
HAaBOJIOK.

IIpu noctpoennn coBpeMeHHbIXx Y HY HCHonb3yroT OOJIBIIOE YHUCIO CXEM H
CXEMOTEXHUYECKUX IIPUEMOB.

Brixonnsie kackansl YHY cTposdTCsa MO OJHO- WK IBYXTAaKTHBIM CXEMaM, C
TpaHchOpMaTOPHOI UM OecTpaHCc(HOPMATOPHOI CBA3BIO C HATPY3KOM.

B 01HOTaKTHBIX ycHUIUTENsAX 00€ MOIYBOJIHBI BXOJHOTO CUTHAJla YCHJIMBA-
IOTCSL OJTHUM TPAH3UCTOPOM, KOTOPBIA pabOTaeT B JIMHEHHOM pEXUME - Kilacca A.
K oCcTOMHCTBaM Takoro yCHJIMTEINS OTHOCST: IPOCTOTA CXEMBbI U MAJIbIE MCKaXe-
HUS, a K HEJOCTaTKaM — HU3Kasi SJKOHOMUYHOCTb.

B IBYyXTakTHOM yCWJIMTEJIE MOLIHOCTH YCUJIEHHE CUTHAJa TPOUCXOMT 32 JIBA TaK-
Ta. B TedeHne OJHOTO MOIYIEpHOa BXOAHOTO CUTHAIA YCHUIICHHE OCYIIECTBISCT-
Csl OJTHUM TPAH3UCTOPOM, IPYroil TPAH3UCTOP B TEUEHHE ATOrOIOYIIEpHOA 3a-
KpbIT. [Ipu crenyromeM moiynepuojie BXOJAHOIO CUTHANA YCUJIEHUE OCYUIECTBIIS-
€TCsl BTOPBIM TPAaH3UCTOPOM, a NepBbIid 3akpbIT.  Takue YHY pabortaroT B KO-
HOMUYHOM pexuMe kinacca AB win B ipu Beicokom KII/[.Ha  ceronssiiunamii
J€Hb  IIUPOKO MPUMEHSIOTCS IByXTaKTHbIE OecTpaHc(opMaTOpHbIE  BbI-
XOJIHbIE KaCKaJlbl ~ YCHUJIEHUS. OTO, BO-NEPBbIX, MO3BOJWIO YNPOCTUTH CXEMBbI
YCUJIUTENEH U, BO-BTOPBIX, UCKIIIOUUTh U3 HUX KpyImHOrabapuTHbIE TpaHchopma-
TOPBI.

[lo 3TOl mpUYMHE OCTAHOBUMCS TOJIBKO Ha NMPUHIMIAX MOCTPOEHMs Oec-
tpanchopmaropubix cxem YHU. Takue YHY crpositcs mpenMyIiecTBeHHO Ha Ou-
MOJISIPHBIX U MOJIEBBIX TPAH3UCTOPAX B JIUCKPETHOM WM MHTETPAJIbHOM HMCIOJHE-
HuM. Beixonnabie kackaapl Y HY BBINOJIHSIOT HA KOMIUIEMEHTAPHBIX Napax TPaH3HU-
CTOPOB Pa3HOI0O THIIA MPOBOJUMOCTHU € OJM3KUMHU IO BEJIMYMHE MapaMeTpamMu Win
Ha COCTABHBIX TPAH3UCTOPAX.

CxeMa mpocTellero BHIXOIHOTO KacKaja YCUJIEHUS Ha KOMIUIEMEHTapHbIX
napax TPaH3MCTOPOB, C MUTAHUEM OT OJHOIO MCTOYHUKA MUTAHUs, IPUBEACHA Ha
puc.2,a.

Kaxx1plil U3 TpaH3UCTOPOB B CXEME, BMECTE C HArpy3KOM U UCTOUYHUKOM ITH-
TaHusg 00pa3yroT cxeMy ¢ oM KosuiekropoM (OK). DTu 1BYXMOMIOCHUKHU MPU-
HSTO Ha3bIBaTh IJICYAMH JBYXTAKTHOTO YCUIMUTENA. PexXum pabOThI MO MOCTOSH-
HOMY TOKY, COOTBETCTBYIOIIMI pekuMy paboThl kiacca AB,
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o0ecneunBaercs aenauteneM R1,VD, R,. Conporusienune nuona cosmgaer HeoOXo-
JIMMOE HANpsDKEHUE CMELICHUs MexTy 6azamu Tpan3uctopoB V11 o, a Takxke BbI-
noyHAeT (PYHKIMH dIEMEHTa CXEMbI TEPMOKOMIIEHcaMu. Harpyska mojxiodaer-
cst yepes paszenuTenbHbli konaencatop Cp, nocraTouno Gombuioit emkoctn. ITpu
MICHTUYHBIX IIapaMeTpax TPaH3MCTOPOB, HANPSLKEHUE HAKAIUIMBAEMOE HA €MKO-

CTH Cp COCTaBJIACT EK/2 " ABJEICTCA HCTOYHHUKOM ITUTAHHWA IS TPAH3UCTOPA VT2

. -I-nEK
Ry VT,

VD

e

~

Q
N

VT,
Cl H

as

Usx Ry

a)
Puc. 2. bectpancdopmaTopHbie BBIXOAHBIC KaCKaAbl yCUIICHUS:
a) Ha KOMIUIEMEHTapHBIX IMapax TPaH3UCTOPOB;

0) Ha COCTaBHBIX TPAH3UCTOPAX.

C yBennuyeHreM BBIXOJHOW MOLIHOCTH YCTPOMCTBA BO3PACTAIOT TPYAHOCTH
B BBIOOpE TUIA KOMILJIEMEHTAPHBIX TPAH3UCTOPOB, KOTOPHIE MPEOJO0JIEBAIOTCS Y-
TE€M BKJIFOUEHHSI HETTOCPEJICTBEHHO Ha €ro BBIXOJ€ COCTABHBIX TpaH3UCTOPOB. [Ipu
ATOM HaXOJAT MPUMEHEHHE KaK COCTaBHBIE KACKa/lbl HA TPAH3UCTOPAX OJHOIO, TaK
Y PA3JIMYHOTO TUIIOB MPOBOAUMOCTH.

TunoBasi cxeMa JBYXTaKTHOTO O€CTpaHCPOPMATOPHOIO BBIXOAHOTO KacKa-
Jla YCWJIEHMsS] Ha COCTaBHBIX TpaH3UCTOpax, MpuBeneHa Ha pwuc.2,0.TpaH3ucro-
pBI otHAKOBOM TpoBoauMOcTH VT34 00pa3yroT BBIXOJHOM KacKaj, a TPaH3UCTO-
pst V1, — dasounsepcusiii. Pesucropst Ry, Ry u mron VD ciyxarnns cosnanust
pexuma paboThl 10 MOCTOSHHOMY TOKY. Pesuctopsl R3, R4 sBisrores pesucropa-
MU Harpy3ku tpauzuctopoB V11, coorBercTBeHHO. BepxHee miedo cxemsl mpes-
CTaBJIsIeT COOOM COCTAaBHOM SMHTTEPHBIN MOBTOPUTENb, OXBAUYECHHBIH TITyOOKOH
OOC uyepe3s R,,. HuxHee miiedo cXeMbl COCTOMT M3 JBYX KaCKaJI0B ¢ OOLIUM OMHUT-
tepom (OD), oxBaueHHBIX 00miel nensto OOC Ttaxke vepes pesucrop Ru. He-
CMOTpS Ha HEUJECHTHYHOCTh
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CXEMHBIX MOCTPOEHUMN IJIeY YCHUIIUTENS, UX ACUMMETpPHUSi HE CKa3bIBaeTcs Ha
HEJIMHEHHBIX UCKKEHUAX CUTHAJA U3-3a Hainuuus riayookon OOC.

K mpeumymiectBaM pacCMOTPEHHBIX CXeM OecTpaHC(hOpMATOPHBIX
BBIXOJIHBIX KacKanoB ycuineHus Y HU cnenyer otHecTn:

- MaJblii BeC U rabapuThl;

- MaJblii KO3()PUITMEHT aCHMMETPUH, YTO CYIIECTBEHHO BJIMSET HAa CHU-
’)KCHHME HEJIMHEWHBIX UCKAaKCHMM;

- MaJIbIi TOK MOKOS;

- Beicokuii K.IL.JI.;

- MaJIO€ BBIXOJIHOE COMPOTHUBIICHUE U OTHOCUTEIHHO OOJIBIIIOE BXOHOE;

- BBICOKAsl TeMIlepaTypHas CTaOUIbHOCTb.

K HenocraTtkam — Maiiblii KOA(QPUIMEHT YCUIIEHUS 110 HAMIPSAKEHUIOCXEMBbI
¢ OK u TpyaHOCTb B IOAO0PE KOMIUIEMEHTApPHOMN TapBhl.

Bxoanble kackabl U KacKajbl MPEBAPUTEIHLHOTO YCHIICHUS, KaK MPaBUIIO,

BBITIOJIHAIOT Ha OUTIOISIPHOM TpaH3ucTope 1o cxeMe ¢ OO (puc. 3,a) WK MOJIECBOM
TpaH3uCcTOpe 1Mo cxeMe ¢ oomum uctokom (ON) (puc. 3,0).

7 UT]
0)

1
c, VT(l\) '_‘ b’
_/

a)
Puc. 3. Kackanpl nmpeBapuTeIbHOTO YCUIICHHUS:
a) Ha OUIOJISTPHOM TPaH3UCTOPE; 0) Ha MOJEBOM TPAH3UCTOPE.

CxeMa kackaia ycuJieHUsI Ha OMMOJIIpHOM TpaH3uctope ¢ OD sBusercs
HauOosiee pacrpocTpaHeHHOH. Takol Kackaa, IO CpaBHEHHIO C KacKaJgaMu C
obmieit 6a3oit (OB) u o0mwm koutekTopoM (OK), nmeeT HanOobIIHiA KO HH-
UEHT YCUJIEHUS TIO MOITHOCTH.

Kackan ycunenust ¢ OU Haiien mupokoe MPUMEHEHUE BO BXOIHBIX LIETIAX
VHTETPAIBHBIX YCUJIUTEICH.

Bo BX0JHOM M MPOMEXYTOYHBIX KacKaJaxX yCUJICHHS BO3MOXKHO MpUMeE-
HeHHe UHTerpaibHbIX MUkpocxem (MMC).

[TpoextupoBanne YHY Heobxoaumo mpoBOAUTH B JBa 3Tama. Ha nepBom
JTare NpOBOJUTCS MPEABAPUTENbHBIN (3CKU3HBIN) pacueT YHY. Ha agpyromara-
1€ — OKOHYATENbHbIN pacueT Y HY.
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2.2. llpenBaputebHblii pacuer YHY

ConeprxanneM npensapurensHoro pacuera Y HY sBisrores:

1) Paspabotka T3, TO ecTh ompejeicHne OCHOBHBIX IMTOKa3aTeyei, KoTo-
pblI€ JOJKEH UMETh ITpoeKTupyembin Y HY.

B T3 npuBoasaTcs: HanpsbKEHHE UCTOYHMKA BXOaHOro curnana U, ; nua-
nas3oH yactoT ycunusaemoro curnana (f,-f,); manpsxenue Uy, unm Mommocts
P..x Ha BeIXOJI€ ycunMTess; conpoTuBienure Harpysku Ry; kosddunuents va-
CTOTHBIX UCKaXKeHUi Ha HukHelr M, n Bepxueit M, yactore quanasoHa; cucTe-
Ma [MATAHUS yCUIIUTEIIA.

OTH OCHOBHBIE BBIXOJHBIE JTaHHBIE MOTYT OBITH JIONOJIHEHBI CIIELHAaJIb-
HbIMU TpeOOBaHUSIMH, OOYCIOBJIEHHBIMU Ha3HAYEHHEM U YCIOBHSIMHU POOOTHI
YHUY.

2) Pa3zpabotka ctpykTypHOi cxembl YHUY ¢ mpuBeneHHEM TEXHHUYECKUX
TpeOOBAHUI K OTAEIBbHBIM Y3JlaM: OPUEHTUPOBOYHO BBIOMPAIOT THIIBI TPAH3H-
CTOPOB OTAEJIbHBIX KAacKaJOB, paclpeielisioT Mo KackaaaMm oomui kosdduun-
€HT YCUJICHHUs], YACTOTHBIC U HEJIMHEHHBIEC UCKAKECHU, ONIPEIEIIIOT peryupye-
MBbI€ [TapaMETPbl — YCUJIEHUE, TEMOp U Jp.

2.2.1. Pa3paboTka TeXHHYECKOTI0 3a1aHusl

Jns npenBaputensHOro pacuyera Y HY ncxonHbsIMU TaHHBIMU SIBISFOTCS:

1) tpebyemas momHOCTH Ha Beixoae YHU — Py

2) compoTuBIeHHE HArpy3KH — Ry;

3) HanpsoKeHHe HCTOYHHMKA BXOAHOTO curHana — Ugy;

4) BHyTpEHHEE CONMPOTHBIIEHUE UCTOYHUKA cUrHaia — R;

5) awmamnasos uactor f, — .

Cuuraem, uto YHY pabotaer B craiimoHapHBIX YCIOBUAX. Temreparypa
okpyxaromeit cpersl: | min=+15 °C ; Tax = +30 °C.

3agaBIIMCh UCXOIHBIMH JTaHHBIMHM HA IIpoekTupoBanue Y HY, nepexonsr
K pa3pabOTKe ero CTPYKTYPHON CXEMBI.

2.2.2. PazpaboTka cTpyKTypHOii cxembl YHY

J71s1 TOr0 HEOOXOAMMO OTIPECTUTH:

1) xoadpdunment ycunenus YHY no mornoctn K

2) YHUCIIO KacKaJIoB ycuieHUs (CTpYKTypHYIo cxemy YHY);

3) THIT CXEMBbI M THUIIbI TPAH3UCTOPOB BBIXOJHOIO KAacKaJia, HAMPSKCHHE
WUCTOYHHKA ITUTAHMS.

HHopsanok pacyera YHY:

1. Haxooum mownocms 6X00H020 CUCHAA.

OTmeTuM, 94TO MaKCHUMaJIbHass MOIIHOCTh OT/Ia€TCS UICTOYHUKOM BXOHOTO
CUTHaja Harpy3ke, Korjga BXOJHO€ COINPOTUBIEHHUE KacKaJa pPaBHO
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BHYTpeHHeMY conpoTubieHuio ucrounuka (Ry = R,).

U 2
_ 6X
Torna P ex )

4R

rae Ry, — BxomHoe conmpoTuBienne nepsoro kackaga YHY.
2. Onpeodensem mpebdyemvlii Koaghpuyuenm ycunenus YHY no mownocmu.
B ob0mem cayuae  kodddurnment ycunenus YHU mo wmomrHOCTH
oTpeeNsieTCs o Takoi hopmyie:

6X

K _ 6blX
p =P PR
6X pee
rae ap =(1,1 + 1,3) — ko> dunpenT 3amnaca 1o MOLUTHOCTH;
erz — KO3(PUIIMEHT TIepeayu PeryisaTopa YPOBHS CHUTHAja, 3a7aeTcs B
npenenax (0,3...0,5).
Bripazum ko3 GUIMeHT yCuaeHus 10 MOIITHOCTH B ACIUOeIax:

Kp[()E] =10|g Kp_

3. Haxooum opuenmupogouroe 4ucio Kackaoos YCUuieHus: u coCmasum
cmpykmypuyio cxemy YHUY.

YHY cocTouT M3 HECKOJBKHUX KACKaJ0B, KOTOPBIE OCYLIECTBISIOT MOCIHE-
JIOBATEJIbHOE YCUJICHUE CUTHAJIA.

CrpykrypHas cxema YHY npusenena Ha puc.4, rae mudppamu 1+3 0603Ha-
YeHbl KACKaJbl MPEABAPUTEILHOIO yCHIICHUs, a 1udpoit 4 — BBIXOAHOU (OKO-
HEYHBIN) KacKaj.

UBX

Puc. 4. YHY. Cxema cTpykTypHas

JIns KackaJgoB MPEABAPUTEIBHOIO YCUJICHHUSI, KaK MPABUIIO, TPUMEHSIOT
yeunarenu ¢ O3. Ilpu onpeneneHHbIX YCIOBUSX MOXHO CUHATATh, YTO KaXKIbIU
ycuauTenb o cxeme ¢ OD obecrnieunBaeT YCUJIGHHE MOITHOCTH MPUOIU3UTEIb-
Ho Ha 20 10.

Toraa yucimo KackagoB YCHJIEHUS COCTaBUT M = Kp[zl6] | 20. ITonyuen-

HbIE 3HAUEHHSI M OKPYTJIsieM A0 OJIMKHETO OOJIBIIETro LEIO0ro.

[Tockonpky 6ecTpancopMaTopHbIe OKOHEYHBIE KACKA I Yallle CTPOAT 10
cxeme ¢ OK, KoTopbie HE UMEIOT YCUJICHHS TI0 HAIIPSHKEHUIO, TO MOKHO CUHTATh
BEJIMYMHY UX YCUJIEHUS MO MOIIHOCTH paBHOM 10 10.

O6mee ycunenne B cxeme YHU cocraut: K61 = 20 m+10.

4. Ilpeosapumenwvuslii pacuem 6vixo0H020 Kackaoa YHUY.

N3BecTHO GoJbIIOe unciao pa3nuuHbiX cxemM YHY c6ectpancdopmarop-
HbIM BbIX0J1I0M. CXxeMbl BBIXOJHBIX KackanoB YHY
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OTJIMYAIOTCS MO TUITY MPOBOAUMOCTH TPAH3UCTOPOB, CIOCOOOM MX BKIIFOUEHHS,
pexxumoM padotel (AB mim B), a Takke BHJIOM CBSI3U C IPEIBAPUTEIHLHBIM
KaCKaJOM YCUJICHHS U HArpy3KOM.

[Tpu 3TOM BaKHBI CIIEIYIOIIUE PEKOMEHIALINHN:

- 151 MotHOCTel Bhie 50 MBT, HE0OOX0IMMO PUMEHSTH IBYXTaKTHYIO
cxemy, pexxuM (AB win B), ¢ MOITHOCTBIO TPAH3UCTOPOB (Masiasi, CPEIHSS WUIIH
OoubIIast), KICXOs U3 3HaueHus Py, . ;

- BBICOKME KaUECTBEHHBIE MOKA3aTENN UMEIOT BBIXOJHBIE KACKA/IbI, B KO-
TOPBIX IPUMEHSIIOT KOMIUIEMEHTAPHBIE NIAPHI;

- pexxum B nmeer Beicokuit KIIJ] (# = 0,6+0,7), oqHaKo B 3TOM peXuUMe
OOJBIINE HEIMHEWHBIE UCKAKEHMUS.

BeIxond W3 3TOro, MpPEeUMMYIIECTBO CIEAYET OTAATh IPUBEICHHBIM Ha
(puc.2,a,0) cxemaMm OecTpaHC(HOPMATOPHBIX BBIXOJHBIX KAaCKaJOB YCHUJICHUS Ha
TpaH3UCTOpax U pexnumy AB. Pexxum ycunenns AB umeer MeHbIIME MCKaXe-
HUsl CHTHAJIa, 4eM pexuM B. DnekrponuTaHue Takoro Kackaia BO3MOXHO OT
OJIHOTIOJIIPHOTO HMCTOYHHMKA. B 3TOM ciyyae Harpy3ka MOJKIIIOYAeTCs 4epe3
pa3zieanTENbHbIA KOHAEHCATOP OOJIBIION EMKOCTH.

TpaH3uCTOpBI BEIXOJJHOTO KackaJa BHIOMPAOT MO BEIUYMHE MaKCHUMAaJlb-
HO JIOMTYCTHMOU MOIIHOCTH, KOTOPasi paCCEMBACTCs Ha €ro KOJUIEKTOpe — Py max,
MaKCHMAaJIbHOMY TOKY KOJUIEKTOPa — | max , MakCHMaJbHOMY JOMYCTUMOMY
HAIPSHKEHHUIO MEKLY KOJUIEKTOPOM M AMHUTTEPOM — Uy max, @ TAKXKE 4aCTOTHBIM
ocobennoctsiM fho15 = fr, /Ny 15 — mpenensroit wactore ycunenns toka Tpan-

3MCTOPOM, Ha KOTopoil Nyjn

YMEHBITIAETCSI B 12@3 ['pannyHas yacToTa TpaH3UCTOPA (frp ) TPHUBOJIUTCS B
CIIPABOYHUKE U COOTBETCTBYET YacTOTE, HA KOTOPOU | hain | =]. Ilpu sTom
JTOJDKHBI BBITTOTHATBCS CIIEIYIONTNE YCITOBHS:
Py max = (0,25+0,3) Py
|k max > (2 Poux/ RH)UZ;
fio1n > (2+3) fy ;
Ui max > 2Ex.
Hanpsbkenre MCTOUYHUKA NUTaHus — E BEIOMpAIoT U3 ycnosus:
2Uxs max = Ex > 2(Ugaq + U i),

rie Uyaq = (10,5 + 2)B — KOJUIEKTOPHOE HANPSHKEHUE, TIPH KOTOPOM TPAH3HCTOP
BXOJIUT B PEKUM HACHIIMICHUS (OMPENETSETCS W3 CTATHUYECKHX XapaKTEPUCTHK
BbI6panHOro Tpan3uctopa); Um sux = Umn = (2 Paux RH)U2 — aMIUTUTY/1A BbI-
XOJTHOTO HAIPSKCHHSI.

Benmnuuna HampspkeHHWsI TTATAHUS BBIOMpPAETCS W3 psga HOMHHAJIBHBIX
3HAYCHHH 10 00JIbIIEMY 3HaUCHHUIO (CM.Ta0I. 2).
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Ta0Omuma 2

Psin HoMUHANBHBIX 3HAYEHUN HANIPSHKCHUS TUTaHUS
5 [ 6 | O | 12 | 15 | 24 | 30 | 36 |

ITo HaiineHHBIM 3HAUeHUAM Py max, |« maxs Uxs maxs Tho1o BeIOMpaeM u3
Tabn. 1, mpuitoxeHus 2, TpaH3UCTOPHI BRIXOAHOTO Kackaaa, COCTaBstomue P-N-
p u N-p-N mapy, ¢ OJIU3KUMU 110 3HAYCHHIO IMapaMeTpamMu ( OTIIHYHS HE JOJDKHBI
ObITH Oosiee 5...10%) M MAESHTUYHBIMA XapaKTEPUCTUKAMH. TPaH3UCTOPHI ClIe-
yeT BBIOUpATh ¢ MAKCUMAJIHLHO BO3MOXKHBIM KOA(P(UIIMEHTOM Tepeadn TOKa.
He pexomenayercs MpUMEHSATH TPAH3UCTOPHI C HM3JMIINHE OOJBITUM 3aIacoM
MoOIIHOCTU. He cienyeT Takke MPUMEHSTh BbICOKOYACTOTHBIC TPAH3UCTOPHI B
cxemax, IJie MOr'yT paboTaTh HU3KOYACTOTHBIE.

2.2.3. Pa3paboTka 3jieKTpHYecKoii NpUHUMNIHAIBHOIH cxembl YHY

Ha ocHOBaHMM CTPYKTYypHOU CXEMBI COCTABUM OPHUEHTHUPOBOYHYIO ITPUH-
uunuanbHyro cxemy YHUY. IIpumep npunnunuansHon cxemsl Y HY nipuBeneH B
npwioxkeHuu 1 . B aToi cxeme, Kackajpl MPEABAPUTEILHOIO YCUJICHUS BBIMOJ-
HeHbI Ha Tpausucropax V11-V13, a okoneunsiii 6ectpanchopMaToOpHbIi KacKasl
YCUJIEHHUS Ha TPAH3MCTOPAxX pasHoro tuma nposogumoctu — V1, V1s. Tpansu-

crop VT5 nomken uMeTh Takue xe napameTpsl, Kak u V14, 0HaKo mpoTUBOIIo-
JIOKHYIO TI0 THITy MPOBOJUMOCTh. KaXKIblii U3 TPaH3MCTOPOB BMECTE C HArpys-
Kol oOpasyroT cxemy ¢ OK. XapakTtepHoii 0COOCHHOCTBIO TaKOW CXEMBI — JIJIs
HEe He HYyXeH (pa3oMHBEPCHBIM KacKa.

[ToakmroueHUEe OKOHEYHOTO KackKaja K MPEAbIIyIIeMy U K Harpy3ke ocy-
mecTBisgeTca yepes pasaenurensusie konaencaropsl Cg, Cqg . Pesuctop Ry sB-

JISETCS PETrYJISATOPOM YPOBHS BeIxoaHOTO curHaia. Kongencarop Cyq; — Guiabtp
HaIpsHDKEHUs] MUTAHUS KacKaJloB MPEIBAPUTENBHOTO ycuieHus. Beanunna co-
IPOTUBIIEHHS pe3ucTopa R14 00BIYHO COCTABIAET HECKOIBKO AeCATKOB OM. J[yist
MPEeABAPUTENILHOTO YCUJIEHUS NOpUMEHS0T ycuwiurenu c¢ 0D, obnanparomme
HaMOOJIbIIUM YCWJIEHHEM [0 MOIIHOCTH. B KadecTBe aKTHBHOIO 3JIEMEHTA
MO’KHO HCIIOJIb30BaTh MAJIOMOIIHBIA TpaH3ucTop N-p-n tumna. Harpyskou mpo-
MEXYTOYHBIX KACKaJIOB YCUJICHUS SIBISETCS BXOAHOE COMPOTHUBJIIEHUE CIEHYIO-
niero kackaga. Cpsi3b MEXAYy KacKaJaMH IIPEABAPUTEIBHOIO YCUIICHUS TaKKe
OCYLIECTBIISIETCS UePE3 pa3AeauTEIbHbIE KOHIEHCATOPBI.

OxoHeuHBI Kackaj paboTaeT B pexxume kiacca AB, koTopsiil 3amaercs
nenureneM Ris, Rig. IIpsMoe compoTHBieHHe IUOAA CO3MAET HEOOXOIUMOE

Hanpsoxkenue cmenenus (oxoso 1,5B) mexny 6azamu tpansuctopos V14, Vs,
a TaK)KC BBIMOJHACT (DYHKIIMHM DJIEMCHTA CXEMBI TEPMOKOMIICHCAIIUU PEXUMa
paboTel. B aTOM citydae, mpu M3MEHEHUH TEMIIEpaTypbl TPAH3UCTOPOB (3TO BHI-
3bIBACT U3MEHEHNUE KOHTAKTHOM pa3HOCTH MOTEHIIMAJIOB 0a3a-dMUTTEP)
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OyZET MPONOPILHMOHATLHO U3MEHATLCSA U HAIIPSKEHUE CMEIEHUS TPAH3UCTOPOB.
Hebonbmroe 3nauenue Hanpsokenus cmemnienus (0,6 — 0,7)B, onpenenseT He3Ha-
YUTENBHBINA (IECATKH MUIIIMAMIIED) CKBO3HOM TOK TpaH3uctopoB V14 u Vs,
Tok 4epe3 Harpys3Ky IIPU 3TOM OTCYTICTBYET. II0CKOJIBKY BEIMYMHA COIPOTUB-
nenust VD, He3HaumTenbHa, MOXKHO CUMTATh, YTO IO MEPEMEHHOMY TOKY 0a3bl

tpansucTopoB V141 Vs 00benunens:.
[Tomy4yeHHBIE B PE3YyJbTATE MPEABAPUTEIBLHOTO PACUETa JTAHHBIE IBJISIOT-
Cs OCHOBOM JIJIsl OKOHYATEJIbHOTrO pacuera Y HY.

2.3. OxkonuaTeabHbIi pacuer YHY

B nporecce 0kOHYATENBHOTO pacyeTa yCUIUTENS] HEOOXOAUMO MTPOBECTH:

- pacyeT OKOHEUHOro kackaaa Y HY;

- pacyer Kackaja NpeBApUTEIHLHOTO YCUIICHHUS.

Pacuer 0OBIYHO BBIMOMHSIOT B MOCIEAOBATEILHOCTH, OOpPATHON MOCTE0-
BATEJIBHOCTH NIPOXOXKJAeHUs curHaina B YHY. BHauane paccuuTheIBarOT 3JI€MEH-
Thl OKOHEYHOTO KacKa/la, a 3aTeM — KaCKaJI0B IIPEABAPUTEILHOIO YCUIICHUS.

2.3.1. OxoHuaTe/ILHBIN pacyeT OKOHEYHOro Kackaaa Y HY

B MOImHBIX BBIXOJHBIX KacKaaax TpPAaH3UCTOPHI PabOTAlOT B PEKUME
oonpioro curdana. [lostomy ux pacuer Benercs rpadoaHaTUTHIECKUM METO-
JIOM TI0 CTaTUYECKUM XapaKTEPUCTUKAM BBHIOPAHHBIX TPAH3UCTOPOB OJIHOTO ILJIe-
Yya CXEMbI Ha CPEJTHUX YacTOTaxX.

CxeMa OKOHEUYHOTO KacKaja YCWJICHHS Ha KOMIUIEMEHTApHBIX Mapax
TPaH3UCTOPOB, MpUBEJCHA Ha puc.2,a. Buayane Bce mapaMmeTpbl BbIOPAHHOTO
TpPaH3UCTOPA HEOOXOAMMO BBINTUCATh B BUJE TAOJUIIBI, a 3aT€M IPHUBECTH €T0
BXOJIHYIO U BBIXOJIHYIO XapaKTEPUCTHKH B MACIITA0E, TOCTATOYHOM JJISI TOYHBIX
rpaduyeCcKuX MOCTPOCHUH.

IHopsxok pacyera:

1. Pacder HauMHAIOT C MOCTPOEHUS Ha rpaduKe CEMEHCTBAa BBIXOJHBIX

CTaTUYECKHUX XapaKTEPUCTUK TPaH3UCTOpa (CM. PHC. 5) OJHOTO IuieYa JMHAMU-

YECKOM HAarpy304HOM NPAMOM, KOoTOpas MpoxoauT depes ase Touku: Uxs=F, /2

1 | max =E/ (2R,). JIns HanesxHoit paboThl ycuiuTens ero paboyas TOYKa He
JIOJDKHA BBIXOIUTH U3 00JIACTH MAKCUMAJBHO JOMYCTHMBIX PEXUMOB. JTa 00-
JIACTh 3a/1A€TCS B CIPABOUHBIX JAHHBIX HA TPAH3HUCTOP.

2. CtposT tpeyronbHuk MomHoctd ¢o ctopoHamu Uy, Iy = Uy /Ry 1
OLIEHMBAIOT BO3MOXKHOCTB IIOJYYEHHMs 3afaHHON MoiqHoctd — Py, =0,5U, x
I

3. OmnpenensitoT MOIIHOCTh, OTOMPaeMy0 00OMMH IJIeYaMU OKOHEYHOTO
xackaga YHY ot ucrounuka murtanus Po=FE lx, / © u ero xo>dpduument
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TIOJIE3HOTO AeUCTBUS ] = Py / Po.

4. Touky ,,a” MPUHUMAIOT 34 HAYaJIbHYI0 pabovyro TOUKY TPAH3MUCTOpA, B
xotopoit Uioo= Ey 12; lxo = (0,05+0,15) Ik, - misa pexuma AB u lxo =0 mis
pexuMa B. TTocTosHHEINM TOK 6a3sl B paboueil Touke OyaeT ONpeaeIsThesi COOT-
nomenueM Igo=Ixo/f, tne f§ = hy;5 . MakcumanbHas BenMuuHa

0a30BOr0 TOKA TPAH3MCTOPA, COOTBETCTBEHHO — Iy =liy /P

Ik
| I
£ o - ;
2|$< m IBm
" . >1,
|5 > |E 9
}\|
T "
i I 5> |5
' UEDm
b > lso | e .
- I50 50 Uss0 Uss
0 EiK Uks IUmBQ
UHaq UmH 2
a) 6)

Puc. 5. XapaktepucTuku pexuMa TpaH3UCTOPa OKOHEUHOTO KacKaja:
a) BbIXO/IHAsl; O) BXOJHAs.
5. U3 cemeiicTBa BBIXOJHBIX M BXOAHBIX XapaKTEPUCTUK TPAH3UCTOpA

HAaXOIAT AMIUTUTYHbIE 3HAUEHUs ToKa 0as3bl I,p u Hampsokenus 0asel U pn
COTJIACHO BBIPAKCHUN: los =g = lso; Unss =Ups, —Upy . Ecnn

BXOJIHAS XapaKTEPHCTHKA OTCYTCTBYET, TO mpubmmkeHHo g, = lk, Ih,,.

6. Ilo BXomHON XapaKTEPHUCTHUKE OMPEACIISIOT OPUEHTHUPOBOYHOEC 3HAYE-
HUE BXOJHOTO COMPOTHUBIICHUS TPAH3UCTOpPA BBIXOJHOTO Kackana Ipx= o=
UmBQ/]mE .

7. HaxomsaT BenM4MHBI CONPOTHBIEHNH pe3uctopoB Ry u Ro.

Conporusnenus pe3uctopos Ry u Ry mpuanMaror ogunakossivu:

R1= Ro= (Ex — 2Ugp»0)/2Lx,

rae L7 — ToK JenuTens, KOTOPhIi Jo/KeH ObITh He MeHbIIe (2+5) [pp.

3uauenus Ry 1 R, okpyrisior 10 HOMUHANBHBIX 3HAYeHHH (cM.Ta01.2,3,
NPUJIOKEHUS 2 ) W PaCCUMTHIBACTCS MOIIHOCTh, paccerBacMas Ha HHX
P R — I)IZR]_.

Juon (muoapl, €Ciu OJJHOTO HEJOCTATOYHO) BHIOMPAIOT TaKUM, YTOOBITA-
nenue Hanpsbkenus Ha HeM cocrasisuio 2Ugyg mpu Toke .

8. BxoHOE CONMPOTHBIICHNE OKOHEYHOTO KacKaja COCTABUT:
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Rsx =B Ry R./(BR, + R,),
rae Ry = Ry / 2 — conpoTuBiIeHNE AETUTEIIA.
9. AMImIMTY1a BXOJAHOTO HampspkeHus kackana: Up, o, = U, TTOCKOIBKY
KacKaJ He YCHUJIMBAECT HANPSHKCHUE BXOAHOTO CHTHAJIA.
10. HaxomsaT eMKOCTh pa3ieluTeIbHOT0 KOHJIEHCATOpa B IIEMU HATrpy3KH

IpH yCaoBUH obecrieueHnsT Ko (UIMeHTa 4JaCTOTHRIX UCKaxkenuit My, Ha

vacrore f, 1 Cp > 1/(2af,R, yM?Z —1) . 3uauenus nonyuaror B Mukpodapaax.

2.3.2. Pac4yer kackaja npeaBapurtejbHoro ycuienus Y HU

B pesynbrare npenBaputenpbHOTO pacuera Oblia coctaBieHa cxema YHUY, B
KOTOPYIO BXOJST HECKOJIBKO OJHOTUITHBIX KACKaJIOB MPEABAPUTEIHLHOTO yCHIIE-
Hus ¢ O0.

Pacuer kackanma mpeaBaputenbHOro ycuieHus ¢ OD sBIseTCS OCHOBHOM
yacThio paboThl mipu npoektupoBanun YHY. [Ipu ee BBINOTHEHUH PACCUUTHI-
BAIOT MapaMeTPhl PJIEMEHTOB KaXJ0r0 Kackaja, Ierneil MeXKKacKaJIHbIX CBS3EH,
peXUMBI pabOThl TpaH3UCTOPOB. Mcxonst U3 yClIOBUSI OAHOTUITHOCTH, KacKaJbl
MPEABAPUTEILHOTO YCWICHHUSI BBIMOJHSIIOT OJMHAKOBBIMU. [loaTomMy pacuer
OOBIYHO CBOJIMTCS K pacyeTy OJHOTO KacKasa.

PaccmoTpum MeTouKy pacuera Kackajaa MpeBapUTEIbHOTO YCUIICHUS C
00D, anekTpudeckas MPUHIMIIHAIBHAS CXeMa KOTOPOro MPUBEAEHA HA pUC. 3,a.
HcxoaHpIiMU TaHHBIMU (YacTh JJAHHBIX TMOJYY€HA B pe3yJibTaTe MpeaBapUTEIb-
HOTO pacyeTa) JiJIsl pacuera sSBIISIOTCS:

1) ammumTyna HanpsokeHus Ha Bhixoge kackaza — Upm g = Ui

2) conporusienue Harpy3ku R, = Rsx;

3) HampsHKeHHE HCTOYHMKA NUTaHus — B ;

4) HuKHAA rpaHuna yactot — Iy ;

5) nomyctrMoe 3HaueHue KO3 UIIMEHTa UCKAXKCHUH B 00J1aCTH HU3KHUX
yacror— M,

Kak u npu npensaputenbHoM pacuere cuutaem, uro YHY paboraer B
CTAllMOHAPHBIX YCIOBUSIX.

Heo6xomumo onpenenuTh:

1) Tum TpaH3UCTOPA;

2) peKUMBI pOOOTHI TPAH3UCTOPA;

3) comporuBnenus pesuctopos aenutens Rq,Ry;

4) CONPOTUBIICHUE PE3UCTOPA KOJUIEKTOPHOM HAarpy3ku R ;

5) CONpOTHMBIEHUE PE3UCTOPA B 1IENH SMUTTEPa R7;

6) emkocTh pasgenuTenapHoro konaencaropa Cy;

7) eMmKocTh KoHeHcaTopa B enu smurrepa Cr;

8) rapaHTHpOBaHHOE 3Ha4YCHHE KOA(HUIMEHTa YCHUIICHHS Kackaaa I10
toky K, mo nanpsokennro Ky u nmo momaoctu Kp .

[Ipu mocTpoeHUH CXeMbl Kackaga OyaeM HCIOJIb30BaTh 3JEMEHTHI C
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JOMYCTUMBIMU OTKJIOHEHUSIMU OT HOMHHAJIbHOW BeNUYUHBI £ 5 % (BBIXOJS U3
ATOTO, B pe3yJibTaTax pacdyeTa MOXKHO OCTaBUTh HE OOJbIE TpeX 3HAYAIIUX
udp).
IMopsinok pacuera:

1. Beibop TMIIA mpaH3uCmopa Kackaoa npeosapumenbHo20 YCUleHUs.

J171s1 HOpMaJIbHOTO peXrMa poOOThI TPAH3UCTOPA:

1) mormycTHMOE HANPSDKEHUE MEXKIY KOJUIEKTOPOM M 3MHUTTEPOM JIOJIKHO
IPEBLINIATH HANpsDKeHue ucTounnka muranus Uks max >Ek;

2) BeNMMYMHA JOMYCTHUMOTO TOKa KOJUICKTOpPAa [OJDKHA IPEBBINIATH
MaKCUMaJIbHOE 3HAUYE€HHUE TOKA B KOJUIEKTOPHOM LIETH TpaH3UCTOpa

IKmax>|K0 + IKm;

r1€e lkm= Unm sux / Ry =~ — aMIiummTyia mepeMeHHOM COCTaBIISAIONIEH TOKA B LENH

xomnekropa; R, ~ = Rk Rsx / (Rx+Rsx) — skBuBanentHoe comportusnenue
Harpy3Kd KacKaza I10 IIEPEMEHHOMY TOKY; |o — TOK IOKOS B 1I€NM KOJIJIEKTOPA.

BBIXOJs U3 TOTO, Y4TO JAHHBIA KacKaj SBISETCS YCHIMTEIEM MOLIHOCTH,
1715 00€eCIIeYeH sl MAKCUMAJIBHOM Mepeaauy MOIHOCTH 3aa0T

Rk = Rsx.

Jlng  oOecrieueHHsl SKOHOMUYHOCTH KAacKaja TIIpd  MHMHMMAJIbHBIX

HEJMHENHBIX UCKAKEHUAX BHIOUPAIOT
lko=(1,05...1,1)" lien.

Ha 0CHOBaHMHU 3THX OTPAaHUYEHUN HEOOXOIUMO BBIOPATH MO JAHHBIM
Tab1. 1, mpunoxxeHus 2 TpPaH3UCTOP.

2. Haxooum mnanpsocenue Mmexncoy KOIIGKMOPOM U IMUMMEPOM
MPAH3UCMOPA 8 PENCUME NOKOSL

UK30 = Um BBIX + UOCT y

rae Uy, — HanpsokeHue MexXIy KOJUIEKTOPOM M OMHMTTEPOM, HMXKE KOTOPOIO
pu paboTe Kackaja BO3HUKAIOT 3HAYNTEIIbHBIC HETMHCHHBIC NCKaKCHHUS.

JI71sl MAJIOMOIIHBIX TPAH3UCTOPOB 006140 3anarT Uy, = 1 B.

3. Onpeoensiem MOWHOCMb, YMO BbIOENAEMCA HA  KONIEKMope
mMpan3ucmopa:

PK =|KO 'UK3O .

[Ipu 5TOM HEOOXOAMMO OOECTIEUNTH BLIOIHEHUE YCI0BHs Pk < Pk max .
Takum 06pa3oM, IPOBEPSIEM, YTO BEIOPAHHBIM THI TPAH3UCTOPA OTBEYAET
¥ TPeOGOBAHUAM 110 MOIHOCTH.

4. Haxooum conpomuenenue nazpysxku Rk 6 yenu xonnexmopa.

Jlis cornacoBaHus BBIXOJA Kackazaa co BXxogoM nocuenyromero Rk = Rex.
PaccemBaemast MOIITHOCTB Ha PE3UCTOPE COCTABUT:
Pr« = |K02 Rk.
N3 Ta6n1.2,3 npusnoxxeHus 2 BbIOMpaeM PE3UCTOP MO MOITHOCTH HCOIPO-
THBJICHUIO.
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5. Haxooum conpomusnenue  pe3ucmopa Ry 6 yenu
MepMOoCmadunIU3ayuU:

R, = (0103 Ec

IKO + I B0

ITpu 5TOM HEOOX0AUMO BBINONIHEHUE cooTHomenns Ry / Rg = (0,1...0,4),
TUTsI 00ECTICUCHHSI TEMITIEPATYPHON CTAOMIIM3AITNHN PEeKUMa TTOKOS KacKasa.

MoHocTs, pacceuBaemas Ha R cocrasur:

Pr = lko® Ro.

N3 Tabn. 2, 3 mpuioxeHus 2 BEIOUpaeM Pe3UCTOP MO MOIIHOCTH U COIPO-
TUBJIEHUIO.

6. Haxooum emxocmo kondencamopa Cr 6 yenu mepmocmabunuzayuu.

Emkocts C5 BBIOMpAIOT IIPU YCIIOBHMH, YTO €r0 COINPOTHBICHHE HA 4a-
crote f, nomxHO 6bITH B 10 pa3 MeHbILE 110 CPABHEHHIO C CONIPOTHBICHUEM pe-

sucropa Ry .
10

Chr>

2nf, .0,1-Ry
e muoxkuTens 10° mossonser IOJIYYHTh 3HAaYCHHE EMKOCTH B MUKpO(dapaax.
Pabouee nanpsokenne Ha Cr
Uc = lkoR5.
N3 tabn. 1 npunoxxenus 3 BbIOMpaeM KOHACHCATOP.
7. Haxooum eéenuuuny moka noxos 6azor.  lgo=Ixo! Nyj3min ,

rae Nyin min — MHUHUManbHOE 3HaueHHe Kod(QHIMeHTa Mepeaayd ToKa
TpaH3uctopa B cxeme OO 115t BLIOPAaHHOTO TPAH3UCTOPA.
8. Haxooum eenuuurny nanpsgcenuss nokosi mexcoy 6a3ot u smummepom
mMpau3ucmopa.
[TockobKYy B OTKPBITOM COCTOSIHUM TPaH3UCTOpA HANPSDKEHHE MEXKITY €ro
0a30i1 1 SMUTTEpOM cocTasisieT okoiio 0,6 B, To HanpspkeHre 6a3bl TOKOsS
UBO =O,6 B
U MOXHO HAWTH OPHEHTHPOBOYHOE 3HAYCHUE BXOIHOTO COIMOPOTUBIICHUS
TpaH3UCTOpPA B paboUei ToUKe
Fex= Uso/ 5o .

9. Haxooum eéenuuuny conpomuenenuii pesucmopos oenumens Ry \R; .
BennurHa TOKa B AENUTENE BEIOMPAETCS B IIPEAENaxX
[H =(2+5)‘[BO,

4TO 00ECIEUNBAET HE3aBUCHMOCTD 3a[JaHHs PEKUMA IOKOS TPAH3HCTOpA HpH
M3MEHEHHMHU €T0 IIAPaMETPOB OT BJIMSHUS TEMIIEPATYpPhI, IIPU 3aMEHE TPaH3UCTO-
POB U JIp.

[Tagenue Hanpsokenus Ha pesuctope Ry cocraBuser Ugs =(lko + Igo): Ry,
Toraa
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R = EK _UR3 _UEO.

1 1

lso+ 15
U R, +Ugo
Ry=""T
A
HaXOI[I/IM MOIODHOCTDB, YTO BBIACIACTCA B pE3UCTOPAX Rl )51 Rz:
2
PR1= (|50+ |I[)2'R1; PR2= II[ 'Rz.

U3 1abi. 2, 3 npuiokenus 2 BeioupaeM pesuctopsl Ry u Ry o momuoctu
Y COMPOTHUBJICHHIO.

10. Haxooum emxocmwb pazdenumenvrozo konoencamopa C .

Emkocts Cy BBIOMPAIOT U3 YCIOBHS 0OECIICUCHUSI TOMTYCTUMOTO 3HAYCHHS
K03 GUITHECHTA YACTOTHBIX UCKaXeHH M, Ha HU3KOI YacToTe:

10°
Cyr> » 3HAYCHUS TIOJYIHM B MUKpOdapamax.
2nf (R, +R )M

PaGouee HanpsLKEHUE C2 npumeM pasabiM Uc2=1,5Ek .

W3 Ta6i. 1 npunoxenus 3 Beioupaem koraencarop Co.
11. Haxooum amnaumyomnsie 3Ha4eHuss moxka U HanpsajiCeHus. Ha 6xooe
Kackaoa:

I Km .
oy b
max = Ny min
UmBX — ImBX " Ipx..
Im.sx 'Um.sx
Heo6xoauMast MOIIIHOCTE BXOAHOIO CUrHaia - Py, = 5

12. Haxooum pacuemmuvle kodphpuyuenmol ycuienus xackaoa no moky,
HANPSACEHUIO U Mouﬁocmu:

K Hz’ HY

1=N215 min - R, Ku=ha15min - r " K=K Ky [Kpl5=10-1g K5 .

6X
Kackayn paccunTan npaBWIbHO, €ClIM 3HaYeHUSI KOAP(UIIMEHTA YCUIICHUS
10 MOLTHOCTH paBHbI npuban3uTeabHo 20 nb, kKak 1 ObLI0, MPUHATO PaHBIIIE.
Tak kak, quana3oH BO3MOXKHBIX 3HAYEHHU KOA(D@UIMEeHTa YCUIIEHUS IO
TOKY y TpaH3ucTtopa oueHb mupokuii: miuss KT315Ton cocraBmser hy, =
50...350, To kackaa UMeeT 3arnac Mo YCUJICHHUIO.
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HNPUJIOKEHUE b

Tabmuna b.1
OcHOBHbIE NApaMeTPhI HEKOTOPbIX TPAH3UCTOPOB
I I'pannunbI
Tun Crpyi- P vaxe, h2i v pee Kiacc o
i Typa UK Makd IK MaKc
TPaH3HCTOP? MBT )] MI'n MOII[HOCTH
B MA
KT3102A n-p-n 250 100-200 | 250 50 100 Maunoii
MOIITHOCTH
KT315T n-p-n 150 50-350 250 35 100
KT502B p-n-p 500 40-120 25 40 300 Cpenneii
MOIIHOCTH
KT503B n-p-n 500 40-120 25 40 300
KT814b p-n-p 1000 >40 3 40 1500
(10000)
KT816b p-n-p 1000 >25 3 45 3000
(25000) Bounbioi
KT815b n-p-n 1000 >40 3 40 1500 MOIIHOCTH
(10000)
KT817b n-p-n 1000 >20 3 40 3000
(25000)
*) B ckoOKax MpuBeeHA MOITHOCTD C JOTMOJIHUTEIbHBIM TEILIOOTBOIOM
Tabnuna b.2

Psiapl HOMMHAJILHBIX 3HAYEHH

I[OHYCTI/IMI)IG OTKJIOHCHUA OT
Wunexc psoa [To3uuuu psga HOMMHAJIbHOH BEIUIUHBI, %0
E6 1,0:1,5:2,2;3,3:4,7;: 6,8 20
1,0:1,2;15:1,8;2,2;2,7;: 3,3; 3,9;
E12 475668 82 10
1,0:1,1;:1,2;1,3:1,5;:1,6; 1,8; 2,0;
E24 2,2:24:27:3,0;3,3:3,6;3,9:4,3; 5
47:51:56:;6,2:6,8:7,5;8,2:9,1

IlocTosiHHBIE Pe3UCTOPBI

Taomuma B.3

Tun pesucropa JlnamnasoH CONpOTUBICHUI HomuHanpHas MOIHOCTS, BT

10Mm-3,01 MOM 0,125

MJIT 10m-5,1 MOm 0,25;0,5
10m—10 MOwMm 1,2
10M-3 MOMm 0,125
10Mm-5,1 MOM 0,25

C2-32 0,1 Om - 5,1IMOm 0,5
10Om— 10 MOMm 1
1 0OMm—22MOm 2
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ITPUJIOKEHUE B

Tab6nuna B.1
KoHgeHcaTopbl IOCTOSAHHON eMKOCTH
HommuuansHOE HomMuuanpHass €eMKOCTh, MKD
Hanpsoxenne, B g 5.7 K 50-35 K 50-18 K 10-17 K 73-17
20;30;50;
63 100;200:500 | 229000
10;20;30;50;
10 100;200;500; 100000
1000;2000;5000
5;10;20,30;50; 22000
16 100;200;300; 68000
1000;2000;5000 100000
2;5;10;20;30;50; 15000
25 100;200;500; 33000
1000;2000;5000 100000
2;5;10;20;30; 4700 0,001
50 50;100;200; 1000 0,01
500;1000;2000 15000 0,022
22000 0,056
0,22;0,33;
0,47;0,68;
63 1:1,5;2,2;
3,3;.4,7
0.5;1;2.5;10; 2200
100 20;30;50 4700
10000
2;50;
160 100; 1.2;5;10;20 1,5:2,2
200;500
0,047;
10;20; 1000 0,068;0,1;
250 50; 4700 0,15;0,22;
100;200 0,33;0,47;
0,68;1
5;10;
300 20;50;
100;200
10;20;
350 50:100

[Ipumep MoOJIHOTO HAaMMEHOBAHUS OKCHUIHOIO KoHaeHcatopa K50-35-25B-

2000MkD + 30%.

[Tpumep moaHOTO HAUMEHOBAHUSA YTIIepoaucTOro pesucropa: C2-32-0,125-

27xkOm =+ 5%.
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INPUJIOXKEHUE I

TunoBble XapaKTePUCTHUKH HEKOTOPBIX OUMOJISIPHBIX TPAH3HCTOPOB
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IMPUJIOKEHUE |

Tabnuna 1
HpnMep O(I)OpMJIeHl/IH NEPEYHs 3JICMECHTOB
IMosunmonHoe Kou | [Ipumeua
HanmenoBanue
00o03HayeHue HHC
Konaencaropnl
C1 K 50-35- 25B-30mk® + 10% 1
C2 K10-17-H90-1,5mk® + 10% 1
C3,C4 K10-17-H90-0,15mk® + 10% 2
C5 K10-17-H90-1mx® * 10% 1
W TaK janee
Pe3ucropnl
R1 MJIT-0.5-43kOm £ 5% 1
R2 C2-32-0.125-75kOm £ 5% 1
R3,R4, C2-32-0.125-1300m £ 5% 2
W TaK janee
JInoambl 2
VD1 JI9B 1
W TaK janee
Tpan3ucropsl
VT1VT2 KT315A 2
W TaK janee
N3 | Jluct | Ne nokym. IToanuce. | Jata
Pazpab. HBanos oxmuc becrpancdopmaTopHbli Jlurep | Jluer | JInct
IIposep. | CaroB [Hoanuc YCUJIUTENb HUZKOM | |
YacTOTHI TNV ,kah.KC
H.xontp. IIepedeHb 35eMeHTOB I'p.ATII
VY1Bep.
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IMPUJIOKEHUE E
Oo0pa3zen ogopMieHNsI TUTYJIBHOIO JJUCTA MOSACHUTEIbHOM 3aIMCKH

MHHHUCTEPCTBO HAYKH ¥ BBICIHEI'OI' OBPA30BAHUS POCCUVICKOM ®EJEPAIIMA
denepanbHOE rOCYAAPCTBEHHOE OFOJKETHOE 00Pa30BaTEIbHOC YUPESIKICHUE
BhICIIIET0 00pa30BaHUs

«TIOMEHCKHUI I/IHI[YCTPI/IAJIBHHﬁ YHUBEPCUTET»
HNHcTUTYT reosioruu v Heprerazoa00bI4u
Kadenpa kubepHeTUUECKUX CUCTEM

BapuanTt Ne

IHosicHUTe/IbHAS 3aNMUCKA K KyPCOBOMY MPOEKTY
no qucruruinHe «[{udposast cxeMoTexHUKa»
Ha Temy: PacueT OectpanchopMaTOpHOTO YCUIUTENS HU3KOM 4aCTOTHI

BrInosnHAI: CTYAEHT IpymIIbl ®.1.0.06yuaromerocs
[Tpunsi: ®.1.0 npenogaBarens
TromeHb
Ty
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