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Mertoandeckue yka3zaHus pa3paboTaHbl
B cooTBeTcTBUU € TpeboBanussMu ®I'OC BO 1no HanmpaBieHUIO TOATOTOBKU
13.03.02 «DnekTpodHEPTETUKA M DIIEKTPOTEXHUKA

ABTOp JlermaeB AHCKC&HI{D HukonaeBud, KaHAWAAT TEXHUYCCKUMX HAYK, HOLICHT
Kad)eﬂ‘pbl TPAaHCIHIOPTHO-DHCPICTHYCCKUX CUCTEM

(vkazamv QHUO, yuenyio cmenens, yuenoe 36anue U 00IHCHOCHb)

MeToqudeckre yka3zaHUs OJOOpPEHBI Ha 3acelaHud KadeApbl TPAHCIOPTHO-
sHepreruueckux cucteM (mpotokos Ne 06 ot 04.03.2023).

B Meroanuecknx yKa3aHHSIX H3JI0KEHBI METOJOJIOTHS W METOJHMKA TOATOTOBKH
KYPCOBBIX padoT, a Takke TpeOOBaHUS K MX OPOPMIICHUIO; JaHBI PEKOMEHIAINHA CTYICHTaM
10 WX 3aIlUTe.

MeTtonnueckne yka3aHUS TpeIHA3HAYCHBI I PYKOBOJIUTEICH KypCOBBIX PaboT, a
TaKXke JJIsl CTYJEHTOB BceX (popM oOydeHus, oOydaromuxcs M0 HaIMpaBJICHUIO MOJTOTOBKU
13.03.02 «3nexTposHepreTrka 1 3MeKTpoTexXHUuKa» B Yebokcapckom MHCTUTYTE ((duiuae)
MOCKOBCKOTO MOJIUTEXHUYECKOTO YHUBEPCUTETA.
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BBEJIEHUE

KypcoBas pabora mo aucuurmaam: «Creupazaenst TOD» — npeaHazHadeHa
JUIS CTYJEHTOB OYHOM M 3a04HON (QopMbl OOyuUeHHs WHKEHEPHO-TEXHHUECKUX
CHEIHMAIBHOCTEN U SBJSIETCS 3aBEPIIAIONINM 3TAllOM U3YUYeHHS Kypca.

[Ipennaraemass  KypcoBas paboTa  COAEPKUT  3aJaHUsl HAa  pacuer
YCTAaHOBUBIIETOCA peXHMa B IIENUM C rapMoHudeckuM wuctouHukom IJIC npu
HAJIMYUU JBYXIOJIIOCHUKOB U YETHIPEXIOIIOCHUKOB, HCCJIEIOBAHUE YaCTOTHBIX
XapaKTepUCTUK IeNed W pacyeT mnepexoaHoro pexuma. CTyIeHTy BbIIaeTCs
WHIUBUyallbHAsl pacrieyaTka ¢ TOIMOJOTMEH pacueTHOM cXeMmbl U IU(POBBIMU
JAHHBIMM, HAa OCHOBAaHUU KOTOPOM OIpEAeNAIOTCsS MapaMeTpbl MMACCUBHOTO H
aKTUBHOTO YETBHIPEXMOJIIOCHUKOB, UX KacCKaJHOTO COeauHEHus. PacueTr mpoBoauTcs
Ha 3amaHHOM yacrtoTte. Jlamee wWcciaegyercss YacTOTHas — XapaKTEPUCTHKA
kod(pdunreHTa nepesayl HanpspKeHUs JUisi 000CHOBaHUSA (UIBTPYIOIIUX CBOMCTB
uenu. Pacuer mepexomHOro mpouecca MO3BOJIAET aHAIU3UPOBATh MPOXOXKICHHUE
CUTHAJIA 110 UCCIEAYEMOM LENHU MPHU MOAKIIOYEHUH €€ K ICTOYHUKY FapMOHUYECKOTrO
HaIpPsHKEHUS.

B ornuuume oT mpeaplaynMx HM3AaHUNA HacTosas padboTa COJIEPKUT pasfel
UCCJIENOBAHNUS  YAaCTOTHBIX  XAapaKTEPUCTHK M IEPEXOJHOro  Iporecca B
IEKTPUYECKOW LENH C NMPUMEHEHHEM CTAHJAPTHOIO IAKETa CXEMOTEXHHUYECKOIO
mogenupoBanus Electronics Workbench 5.12 (EWB).



1. IEJIM M 3AJJAYM KYPCOBOW PABOTBI

[Ipensiaraemasi KypcoBasi paboTa SIBISETCS 3aBEPIIAIONIUM 3TallOM U3Y4YECHUS
Kypca U npecieayeT cieayoue neiu:

— MpUOOPETEHHE MPAKTUUYECKUX HABBIKOB TEOPETUUECKOIO aHan3a
AIEKTPUUYECKOM LIENU C YCUINTEIbHBIMU 3JIEMEHTAMU;

— 3aKpervieHue, yriyOJeHue U pacliupeHre 3HAHUN MO0 OCHOBHBIM
paszaenam Kypca;

— NPUMEHEHHUE KOMIIBIOTEPHBIX TEXHOJIOTHUM ISl pacueTa U aHaIu3a
DIEKTPUYECKUX LIETICH.

KypcoBasg pabGoTra oOXBaThIBa€T CIEAYIOIIUE pa3/ieibl KypcOB
«INEKTPOTEXHUKA», «OO01Iast AIEKTPOTEXHUKA», « DINEKTPOTEXHUKA U FIEKTPOHUKAY,
«CrenrnaBel  3nekTpudyecTBa» M «OCHOBBI TEOPUM LENEH»: METOABl pacyuera
CIIOXKHBIX IIETIeH, aHaJIW3 LIered BO BPEMEHHOM M 4YaCTOTHOM 00JacTsX, METOIbI
pacuera NepexoAHbIX IIPOLECCOB.

1.1. 3aganue Ha KypcoBYyI0 padoTy

3agaHue Ha KypCOBYIO pabOTy Kbl CTYACHT MOIy4YaeT UHANBUIYATbHO U B
XOJI€ €€ BBIIOJIHEHHSI JOJDKEH CAMOCTOSITENIbHO OCMBICIUTh IMOCTABIEHHYIO 3a7a4y U
HaWTH IyTU €€ PEUICHUs], IPUMEHSS 3HAHUS, IOJYyYECHHbBIE HA IPYTUX BUIAX 3aHATH.

1.2. Ilopsinok opopMieHHsT KYPCOBOii padoThI

KypcoBas paboTa BbINOJHSETCS Ha KOMIIBIOTEPE Ha CTaHAAPTHBIX JHCTax A4.
TekcT nmeyaTaercst Ha OJIHOW CTOpPOHE aucTa. Ha cTpanunie n1o/mKHO pacnojiarartbes 28-
30 cTpoK, Kaxkaass M3 KOTOPBIX coaep:KuUT 60-65 3HaKOB, BKJIIOYAasi MPOOebI.
Mexaycrpounbiii untepBaia — 1,5, mpudr tekcra — 14 (Times New Roman), B
Tabauunax - 12, B noactpounbix cHockax -10. TekcT nedaraeTcsi CTpOUHBIME OyKBaMuU
(KpoMe 3ariaBHBIX), BBIPABHUBAETCS MO IIMPUHE C MCIOJIB30BAHUEM IEPEHOCOB CJIOB.
Ha TtutynpHOM JMCTE HaANMCh: KypcoBas paborTa mnedararorcss 18 mpudTom.
[TonuepkuBaHue CJIOB U BBIAEICHHE WX KYypCUBOM BHYTPH caMoOil paboThl He
nomyckaetcs. OJHaKO 3aroJOBKH M MOA3ar0J0BKH MPH NEYATAHUHM TEKCTa MUCbMEHHOMN
paboOThl  BBIACTAIOTCS  TOJYKHUPHBIM — MIpUPTOM. AO3aIHBI  OTCTYHn  JOJKEH
COOTBETCTBOBATH 1,25 ¢M 1 OBITH OJIMHAKOBBIM T10 BCel paboTe.

OpueHTHUPOBOYHBIN 00BEM KypCOBOW pabOTHI cocTaBiseT 25-35 crpanum. B
JTaHHBIA 00bEeM HE BXOJSAT MPHIJIOKEHUS M CIUCOK HCIOJIb30BAaHHBIX MCTOYHUKOB. Ilo
COTJIACOBAHUIO € TperoaaBaresieM 00bEM paboThl MOKET OBITh YBEITHUEH.

CtpaHullbl, Ha KOTOPBIX M3Jaraercs TEKCT, NOHKHBI UMETh MOJs: JeBoe -30 Mm,
npasoe - 10 mm, BepxHee - 20 MM, HU:KHee - 20 MM.

B tekcre pabGotel «BBenenue», Ha3BaHue T1iaB, «3akitoueHue» M «CHUCOK
WCIIOJIb30BAaHHOM JIMTEPATYphD» NeyaTatoTcsl (HAUMHAIOTCS) C HOBOW CTPaHUIIBI.

PaccTostHue Mex 1y 3arooBKOM U MOJ3ar0J0BKOM, 3ar0JIOBKOM U MOCHEAYOIIUM
TEKCTOM, MOJ3arojJOBKOM W MPEABIIYLIIMM TEKCTOM OTIEISIOT JBYMS IMOJYTOPHBIMHU
MEXCTPOYHBIMM MHTEpBAjaMH, a MEXAY MOJ3aroJIOBKOM U MOCIEAYIOIIHM TEKCTOM -



OJIHUM TIOJIYTOPHBIM MCIKCTPOYHBIM MHTCPBAJIOM.

['maBpl MHUCHMEHHBIX PaOOT HyMepyrTcs apabckumMu mudpaMu ©u JTOHKHBI
HAYMHATHCS C HOBOM cTpaHullbl (Jiucta). HoMep riaBel coctout u3 uucna: 1, 2 u T.4.

3arosoBky (ITOA3arojOBKH) paCIONArarTcsl UEHTPUPOBAHHBIM (IIOCEpENIHUHE
TEKCTa) CIIOCOOOM.

CtpaHunbl NUCbMEHHBIX PadoOT MOJKHbBI HMeTh CKBO3HYI0 HYMepaluIo
apabckumu undpamu no Bcemy rekcry. Homep crpaHuubl NpoCTaBJIASIOT B BHU3Y
MOoJIsl CTPAHMIBI MO0 HEHTPY 0e3 TOYKU B KOHUe. [lepBoil cTpaHUIEd NMHCbMEHHOU
paboThl sABIsETCA TUTYJIBbHBIA JIUcT. OH HE HyMepyeTcs. B pabote BTOpol cTpaHuIeit
SBJISIETCS COJIEPIKAHUE.

TUTYIBHBIN JUCT AOMKEH COJAEPKaTh HAWMMEHOBAHHWE YYCOHOTO 3aBEACHMUS,
dbopmbl 00ydeHuUs, 0003HAUEHHE XapakTepa padoThl (KypcoBas), ee TeMy, (haMUIIHIO,
MMsI, OTYECTBO BBIIIOJTHUBILIETO €€ CTYJIEHTa, HOMEP Kypca U TPYNIIbl, YUYCHYIO CTEIECHb,
JOJDKHOCTh WJIM YYE€HOE 3BaHHE HAYYHOTO PYKOBOAMTENS, €ro (haMIIUI0 U UHUIHAIIBI,
rpadsl «Jlata cnaumy, «lomyctuth Kk 3ammrey, «Jlara 3amuTe», «O1eHKa», MECTO U
roJl HalucaHus paboTHI.

OrnaBneHue pabOThI, KOTOPOE CIENYyeT MOocie THUTYJIBHOTO JIUCTA, JOJKHO
coJiepKaTh Ha3BaHUA DJIEMEHTOB CTPYKTYpPbl pabOThI U HOMEpa JIMCTOB, C KOTOPBIX OHU
HAYMHAIOTCSL.

[Ipy wuCnoNBb30BaHUM JUTEPATypbl M UUTHUPOBAHUM OTACIBHBIX HAYYHBIX
MOJIOKEHUN CTYAEHT O0053aH OCYILIECTBISATh B CHOCKaX CCBUIKM Ha aBTOPOB H
MCTOYHUKH, OTKYJIa OH 3aUMCTBYET MaTepuai ((paMuivs U MTHUIIMAIIBI aBTOpa, Ha3BaHUE
paboThl, MECTO W TOJ U3JaHUs, KOHKPETHAsl CTpaHMIla, OTKyJa 3aMMCTBOBAHA LIMTATA).
[Tpu 3TOM UTHUPOBAHKE OMYCKAETCS TOJBKO B OIPAaHUYEHHOM OO0BEME, ONPABIAHHOM
1EIbI0 [UTHPOBAHUA (M7 OOOCHOBAHMS aKTYaJbHOCTH PaccMaTpUBAEMOTO BOIIPOCA;
JEMOHCTPALMKA PA3JIMYHBIX B3TJIAI0B, CYHIECTBYIONIMX B HayKe MO MpoOJeMaM TEMBI,
TOJTBEPIKICHHUS MK OMIPOBEPKCHHUS BBIIBUTAEMBIX CTYICHTOM TE3UCOB U T.I1.).

[IpsiMmoe 1MTHUpPOBaHHE B TEKCTE OO0A3aTENIBHO O(GOPMIISIETCS C TOMOIIBIO
KaBbIueK. B ciydae OyKBaJbHOTO BOCTIPOU3BEACHHS TOJIOKEHUN HAYYHBIX TPYJIOB 0€3
yKa3aHUs Ha UX Ha3BaHUS U aBTOPOB KypcoBasi paboTa K 3aIllluTe He JOMyCKaeTCsl.

B crmucke MCMOIB30BaHHBIX HMCTOYHUKOB JIOJDKHBI OBITH YKa3aHbl TOJBKO Te
MaTepualibl, Ha KOTOPbIe UMEETCs CChUIKa (CHOCKA) B paboTe.

Ecim B KypcoBoil paboTe HMMEIOTCS MNPUIIOKEHUA, HX HE0O0XO0IUMO
MPOHYMepoBaTh. Bce MUCThI KypCcOBOM pabOThI JOJKHBI OBITH IPOHYMEPOBAHBI.

Hywmeparmust ctpanuilr B KypcoBoil paboTe MopKHA OBITH CIUTOMIHOW. CTyaeHT
OTBEYAET 32 TPAMOTHOCTh U aKKyPaTHOCTh OPOPMIICHUST KYPCOBOM PabOTHI.

Hanuume rpammaTtudeckux, opdorpaguveckux M MyHKTYAIMOHHBIX OIIMOOK
6o  HeOpexkHoe — odopmiieHHe  pabOThI  MOXKET  TMOCIYXHUTh  NPUYMHOU
HEYIOBJIETBOPUTEILHOMN OIIEHKU PaOOTHI.

IHopsimok nmpeacTaBIeHUs1 KypcoOBOH padoThI HA 3alIIUTY
KypcoBas paboTa, moAroTOBIEHHAS CTYICHTOM B OKOHYATENbHOU (popme, T0KHA OBITh
IpeCTaBICHA JEIONPON3BOAUTENIO KaeIpsl B CIEAYIONIEM KOMIUIEKTE:
B MUCbMEHHOHN (pOopMe B MPOIIUTOM, COPOLIIOPOBAHHOM HITU
CKPEIJIEHHOM BHJIE — | 3K3eMIUISIp;



B JJIEKTPOHHOH ¢opMe IOCPeICTBOM HAINPABJICHUS Ha JJICKTPOHHBIN
NMOYTOBBII ajpec kadenpol TPAHCIOPTHO-IHEPreTHYECKUX cucTreM
ttm@chebpolytech.ru— 1 3xzemmuasp.

Jlenonpoun3Boautens Kadeapbl Mocie peructpauuu ¢akTta U JaThl CAadyd KypCOBOM
paboThI epeaeT ee sl MPOBEPKH HAYYHBIM PYKOBOJUTEIIEM.

[lepenada KypcoBoit pabOTHI B SJEKTPOHHOU (POpPME MOXKET OBITh OCYITIECTBIICHA ITyTEM
HaIpaBJeHUs €€ CTYJIEHTOM HEMOCPEACTBEHHO HAay4YHOMY pPYKOBOIMUTENIO IO
AIIEKTPOHHOM MOYTE.

[Tocne nmocTymiieHus KypcoBoil paboThl Ha Kadeapy HayYHbIH pyKOBOJAUTENb MMPOBEPSIET
ee B TeueHue 14 xajeHAapHbIX AHEH ¢ MOMEHTAa MOCTYIUICHUS Ha Kadenpy, mocie yero
BO3BpAILIAET €€ JEJIONPOU3BOJIUTEII0 CO CBOMM OT3BIBOM. B OT3bIBE YyKa3bIBAIOTCS
CJIEIYIOIIME TTOJOKEHUS:

— HaUMEHOBaHHUE yueOHOTo 3aBe/ieHus, Kadenapsl, GopMbl OOyUCHUS;

— 0003HaueHue Xapakrepa paboThl (KypcoBasi), ee TEMY;

— (haMIITHI0, UMSI, OTYECTBO BBITIOJHUBIIETO €€ CTYJCHTa, HOMEP Kypca U TPYIIITH;

— YYEHYIO CTENE€Hb, JOJDKHOCTh WJIM YYEHOE 3BAaHHE HAYYHOIO PYKOBOJUTENS, €ro
baMIWINIO U UHULUAJIBL;

— COOTBETCTBHE MPEACTABICHHONW KypCOBOM pabOThl OOIIUM TpEeOOBaHUSAM, YKa3aHHBIM
B HACTOAIINX METOANYECKUX PEKOMEHIAIINM;

- yKa3aHUE€ Ha UMEIOIUEeCS B KYpCOBOM paboTe HEJOCTaTKH (Kak mo ¢gopMme, Tak U 10
COJICP’KaHUIO Pa0dO0THI), HE MPEMATCTBYIONIUE JOMYCKY paOOThI K 3aIUTE;

— BBIBOJ] O BO3MOKHOCTH JIOITyCKa KypCOBOW pabOTHI K 3aILIUTE.

B cnywyae ecnu mocTaBiIEHHbIE HAay4YHBIM PYKOBOJHUTEIEM BOIPOCHI HE SICHBI
CTYJICHTY, OH BIPaBE YTOYHUTh MX Yy HAYYHOTO PYKOBOJMTENS JTUYHO BO BPEMS €TO
€KEHEJIETbHBIX KOHCYJIbTAlUM (IEKYpPCTB Ha Kadeape) WIM AUCTAaHIMOHHO 4Yepes
AIEKTPOHHYIO MOYTY.

B ciuydsae ¢opmynupoBaHus ~ HAyYHBIM ~ PYKOBOJIMTENIEM  BBIBOJA O
HEBO3MOKHOCTH JIOMyCKa KypcOBOM pabOThl K 3alIUTe KypcoBas padoTa MOAJIEKHUT
MOJITOTOBKE 3aHOBO C YYE€TOM 3aMEYaHWU, YKa3aHHBIX HAayYHBIM PYKOBOIHUTENEM, U
MOBTOPHOMY TPEJCTaBICHUIO Ha 3aIlUTy B MOPSAKE, IPEITYyCMOTPEHHOM pa3feiaMu 3-
5, TOMY e Hay4YHOMY PYKOBOJMTEIIO.

IHopsigok 3a1MTHI KYpCOBOM PadoThI
3amuTa KypcoBOi pabOThl MOKET MPOBOIUTHCS TOIBKO HAYYHOMY PYKOBOIUTEITIO.
3amuTa KypcoBOM paboOThl MpOBOAUTCS B (QOpME, YCTAHOBICHHOW HayYHBIM
pykoBonuteneM. [Ipu ycTHOU (opme 3ammThl KypcOBOH pabOTHI CTYACHT JOJIKEH
MIOATOTOBUTH OTBETHI HA BOMNPOCHI, IOCTABJICHHBIE €My HAay4YHbIM PYKOBOIUTEIEM B
PELIEH3UN.
HayuHplil pyKOBOAMTENBL BIPAaBE MO CBOEMY YCMOTPEHHUIO 3aaBaTh CTYJCHTY
JOTIOJIHUTENBHBIE BOIPOCHI JUIsl IPOBEPKU YPOBHSA M KaueCcTBa OCBOCHHS UM 3HAHUU IO
T€Me KypCOBOM pabOThI, a TAKXKe ISl JIOMOJIHUTEIbHON MPOBEPKH CAMOCTOSITENbHOCTH
BBITIOJIHEHUSI KypCOBOM paOOTBHI.
[lo uroram 3amUThl HAYYHBIH PYKOBOIUTENb ONpPEAENAET, MOXKET JU OBbITh 3aluTa
3auTeHa, Wi TpedyeTcs MOBTOPHAS 3alUTa.
[lo uroram nepBoHAYaNLHOW WK (B CIy4dae €€ HeyJauu) NOBTOPHOM 3alUTHl KypCOBOM
paOoOThl HAy4YHBIM PYKOBOJUTENb CTAaBUT OTMETKY O 3allluTeé KypCOBOl paboOThl B



3a4E€THOM KHUYKKE CTYJICHTA, B BEJJOMOCTH U HA TUTYJILHOM JIUCTE paOOTHI.

IHocse 3amMTHI peneH3Uusi U KypcoBasi padoTa MOMJIEKUT CKAHUPOBAHUIO
caMMM  CTYJA€HTOM M 3aJUBKe B  JJIEKTPOHHYI0 HH(OPMALMOHHO-
oOpa3zoBareqbHyl0 cpeay (JuekTpoHHoe MopTdoano) YedokcapcKOro MHCTUTYTA
(puiiuana) MOCKOBCKOI0  NMOJMTEXHHMYECKOr0  YHHUBeEpCHTETa o ajapecy

http://students.polytech21.ru/login.php, nmocne dyero pabora B muchbMeHHOW (hopme
HepeAr0TCs CTYACHTOM JICJIONPOU3BOIUTEIIIO JIJIsl XpaHEeHUs B apxuBe dumana.


http://students.polytech21.ru/login.php

2. SAJAHUE HA KYPCOBYIO PABOTY

B pabore wuccnemyercss yCTaHOBUBIIMKCS M TEPEXOJHBIA PEXKUMBI B
AIIEKTPUYECKON LIETIH, N300pakeHHOM Ha puc. 2.1.
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2.1. B cooTBeTCTBMM C BapWaHTOM 3aJIaHUS TIOCTPOUTH CXEMY
naccuBHoro  (II) germlpexmomrocHuka (puc. 2.2), COAepIKaIlero
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Y aKTHBHOTI'O YeThIpeXxmoocHuKa (yeuautens) (A) (puc. 2.3).
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Puc. 2.3

2.2. 3ammucaTh BBIp@XEHUS A A-TIapaMeTpOB  TACCHUBHOTO
YETHIPEXMOJIIOCHUKA B (PYHKIIMU 4acTOThl. PaccuuTarh 3TH mapameTphl Ha
3aganHoi yactote f. [IpoBepUTh MPUHIINAIT B3AUMHOCTH.

2.3. Paccuutath A-mapameTpbl YCWJINTEINS, HWCIOIb3ys JIUHEHHYIO
CXEMY 3aMENIEHUsI C 3aBUCUMBIMU UCTOYHUKAMH (puc. 3.4).

Jns ycwiurened Ha puc. 2.3,a u 2.3,b TpaH3ucTOphl 3amaHbl h-
napaMeTpamu:

hll :103 OM, h12 :10_41

h21 =5- (n + 10), h22 =10 Cwm,
a conporusienns R, =n, Om, Ry =100 n, kOM , rge n — Homep
BapHUaHTa. Y CHIINTEIb Ha PUC. 2.3, COJECPKUT HSaTbHbBIN ONepallMOHHbIN
ycunutenb. ComnpoTtuBiieHus: BbIOpaTh 1o  (dopmynam: R, =n, kOm,
Ry = (n+10)-102, xOm.

2.4. PaccuuTaTh A-nnapaMeTpbl KACKaJHOTO COEIMHEHUS TACCUBHOTO

1 aKTHUBHOI'O YETHIPEXITOIOCHUKOB (pHuc. 2.1).



2.5. Ormpenenutb BXOJHOE COMNPOTUBIEHUE R, o  yCWIHTEN,

Harpy>KeHHOTO Ha pe3uctop Ry, . PacueT BeIMOMHHUTE IBYMS cIOCOOAMU:

a) IMyTeM BBIYKMCICHHUS OTHOIICHHS HAIPSDKEHUS K TOKY Ha BXOJE
YCHIIUTEIIA 110 cXeMe 3amertieHus (puc. 3.4);

0) uepe3 A -mapaMeTpbl YCHITUTEIS.

2.6. Halitu koddduimeHT mnepenayn HamnpspkeHus K TaCCUBHOTO

YETHIPEXIIOIIOCHHUKA, HATPYKEHHOTO Ha COnpoTuBieHne Ry, 4 .

2.7. Haiitu koddduiment nepenauum  HanpspkeHus Ky akTUBHOTO
YETBIPEXIIOIIOCHUKA (YCHIINTENS ), HATPY’KEHHOT'O Ha CONPOTUBIIEHUE Ry, .

2.8. Haiitu xoadduiiueHT nepenaun HampspkeHus K KackaaHOTo

COCANHCHUA YCTBIPCXIIOJIFOCHUKOB IBYM crioco0amu:

a) Mo A-napamerpaM KacKaJHOTO COEAUHEHUS YEThIPEXIOIIOCHUKOB
C aKTUBHOW HArpy3Kou;

0) no ko3 durrentam nepegaun Kpu Ka 4eThIpeXIont0CHUKOB.
2.9. PaccunutaTh KOMIUIEKCHYIO YaCTOTHYIO XapakTepucTuky (KUX)
koadduieHTa nepenadn HanpsHKEHUs

Ky (jo) = Ky (0)-e ()

I ITACCUBHOI'O YCTBIPCXITOJIIOCHHUKA, HAI'PYKCHHOI'O Ha COIIPOTHUBJICHHC

RBX.A y
2.10. Paccumtath KUX kosddummenta mnepemauu HampsHKCHHUS
KaCKaJHOTO COEAMHEHHUS MMACCUBHOT'O U aKTUBHOT'O YETHIPEXTIOIIOCHUKOB

K(jo) =K, (jo) Ky = K(w) e,

2.11. IlocTpouTh 4acTOTHBIC XapakTepucTuku AUX — K(oa) n OUYX

— d)(co) B OJIHOM cucteMe KoopauHaT. CrenaTh BBIBOJ O (PMIIBTPYIOIINX
CBOMCTBAX IIEMH, MPUHSB 3a MOJIOCY MPO3PAYHOCTH AMAINA30H YacTOT, B KOTOPOM

K (@) > Kmax 1

rie Kpax — MakCHMalbHOE 3HAYeHHE MOy Ko3(hHIlEeHTa mepenadu

HaIIPAKCHUA LCIIH.
2.12. CocraButh cxeMmy Uil pacueTra IMEePEeXOJHOTO IMpolecca,
BO3HUKAIOIIETO MPHU NOAKIIOYEHUN CUHYCOUJATbHOTO HcToYHNKa D /[C



e(t)=Eqsin(ot+yg )
K BXOJHBIM  32)XKMMaM  [aCCHBHOTO  YETBIPEXIIOIIOCHUKA (puc. 2.2.),

HarpyKE€HHOTO Ha  CONPOTHUBIICHUE Rex o- IlepexomHoit IPOLIECC
paccuuraTh Ha 4actore o =314 c. Haiitu HampsbkeHue Uy, (t) Ha

pesuctope R, B mepexogHoM pexume. [loctpouTs Ha ofgHOM Trpaduke
HAIIPsSZKCHUC BXOJHOTI'O U BBIXOJHOI'O CHUT'HAJIOB B 3aBHCHUMOCTHU oT
BPEMEHH.

2.13. TlpoBecT pacyeT 4aCTOTHBIX XAPAKTEPUCTUK U MEPEXOJAHOTO
poIECCa B UCCIEIYEMOW 3JIEKTPUUYECKON LENH C MPUMEHEHUEM MaKeTa
Electronics Workbench 5.12.(EWB)

2.14. C nomomnisto nporpammel EWB npoananu3upoBaTh, Kak HyKHO
u3MeHuTh R wim C qis ynydmeHus: GUIbTPYIONIUX CBOMCTB 3aIaHHOTO
bunbTpa. ITOT MYHKT BBIMOJHAETCS MO0 YKa3aHUIO TIPEIojaBaTes.

3. KPATKHUE TEOPETUYECKHUECBEJAEHUS

3.1. Onpenesnenne napaMeTpoB NACCHBHOT0 Y€THIPEXIOJIOCHUKA U
YCHIIUTEJIS

JI1s1 MaCCUBHOTO YETHIPEXIOIOCHUKA (pHC. 2.2) A-mapaMeTpbl MpeaiaraeTcs
paccuuTaTh JIMOO NPUBEACHUEM YPaBHEHH, COCTABIEHHBIX 10 3akoHaM Kupxroda, k
Buay (3.1), 1nO0 MO OmbITaM XOJIOCTOTO XOJa M KOPOTKOTO 3aMBIKaHUs, a TaKXKe
ucnois3ys  dopmynsl  A-mapamerpoB s T-o0pasHbix  u  [I-o0pa3Hbix
YETHIPEXTIOIFOCHUKOB.

Ui=AU,+B; (3.0)
I;=CU,+Dl,
Hanpuwmep, qis [T-cxemsl (puc.3.1 a):
A'=1+725Y 3
B'=2y; (3.2)
=Y1+Y3+ZoY Y3,

Ql
D'=1+722Y;,



st T-cxemsl (puc.3.1):

A=1+241Y3;
B'=2Z1+2Z2+2125Y3; (3.3)
C'=Yg;
D'=1+722Ys.
st I'-cxemsl (puc.3.1 B):
A=1+71/Z>;
B'=12; (3.4)
C'=1/Z>;
D' =1.
Zy Z Z) Z;
1 2 10— o2 1 2
1o 0?2’ 1o 02’ 1’0—1—02'
a) 0) 6)
Puc.3.1

[Ipn aHanu3e ONEKTPUYECKUX MEMed C YCHUIUTEIbHBIMH SJEMEHTAMHU
(TpaH3uCTOpaMH, OMEPAIMOHHBIMH YCUIUTEISAMA M T.JA.) MUCHOJB3YIOT HX CXEMBI
3amenieHus. J{os  TpaH3UCTOPOB TMOJYYWIIM PACTIPOCTPAHEHHE (PU3UUECKHE W
dbopmanuzoBaHHbBIC MOACIH (CXeMBbI 3amMelieHus ). B pusnueckoit cxeme 3amerneHus
ee mapaMeTphl CBsA3aHbI ¢ PU3ndecKuMu (COOCTBEHHBIMH) ITapaMeTpaMu TPAH3UCTOPA
(COPOTHUBIIEHUS SMUTTEPHOTO, KOJUIEKTOPHOTO MEPEXOI0B U T.11.).

dopMaTu30BaHHBIE CXEMbI 3aMEICHUS TPAH3UCTOPOB OCHOBAaHbI Ha €ro
NPEACTaBICHUH B  BUJE  YCTHIPEXIOJIOCHUKA, KOTOPHIM  MOXKET  OBIThH
0XapaKTEepPU30BaAH OJTHOM M3 IIECTH CUCTEM YPaBHEHUH, CBS3BIBAIOLIUX MEXAY COOOM
BXOJIHBIC W BBIXOJIHBIC TOKM W HampspkeHus. HawmOolsiee MIMPOKO HMCTIOIB3YyeTCs
cucreMa h-mapameTpoB, Tak Kak 3TH HapamMeTphl JETKO U3MEPUTh M ONPEACIUTH IO
BAX Tpan3ucropa:

Uy =hyaly +hppUs

. (3.5)
1,'=hyql1 +hyoU5



[Ipumeuanue: B ypaBHEHHSX Tuma h TOK |'2 HaIpaBjICH BHYTPb
YCTBIPCXIIONIOCHUKA, B YPABHCHUAX THUIIA A TOK |2 HaIIPpaBJICH Ha BBIXOJ
YeTHIPEXIOTIoCHUKA (15=-15).

VYpaBHeHusAM (3.5) COOTBETCTBYET CXeMa 3aMELIEHUSI TPAH3UCTOPA B PEKUME
mayioro curHana (puc. 3.2). Ycumutenu (puc. 2.3,a, puc. 2.3,b)

cozlepKaT KpOMe TPaH3UCTOPa JOTOTHUTEIbHBIC CONPOTUBIcHUST Ry nmn

Rb , 1, COOTBECTCTBCHHO, CXEMa 3aMCHICHHA ITPUMCT BU/I HpCI[CTaBHeHHBIﬁ Ha pucC.

3.4,a, 3.4,b.

| h |2 |2
L° L — T — 2
U, hpU; hatly | | hy U,
1r° - 0?2’
Puc.3.2

A-HapaMeTpBI HOHy‘IeHHOfl CXCMbI MOJKHO OIIpCACINTb ABYMA crocobamu.

HepBBIﬁ crroco0 COCTOMT B IIOJIYUCHHUHU ypaBHeHHﬁ, 3aIIMCBIBACMBIX II0 3aKOHaM

Kupxroda, B Buze:
U1=A'U2+B'|2 (3.6)
|1=C’U2 + D’|2

Jlsist ynoGcTBa MOXKHO paccMaTpyBaTh OTAEIBHO PEKUMBI XOJIOCTOTO XO/a U

KOPOTKOI'O 3aMbIKAHM.

Btopoit croco® 3akirodaeTcs B ONpeAeieHUUu A-TapaMeTpoB CIIOKHOTO

COCAMHCHUSA IABYX YCTBIPCXITIOIIOCHHUKOB. I[J'IH CXCMbI Ha pHcC.

2.3 a cienyeT pacCMOTPETh MOCeI0BaTeIbHOE COeIMHEHHE TpaH3ucTopa (puc. 3.2) u
OJIHORJIEMEHTHOTO YETBHIPEXIOJIOCHUKA C comnpoTuBieHueM R, (puc. 3.3 a), B

pe3yJsibTaTe Yero u nojydaercs cxema (puc. 3.4 a).

1 2 Ro
1o—{ }—o2
Ra
1 2' l'o— 02
a) b)

Puc. 3.3



Jis cxembl Ha puc. 2.3,0 HEOOXOAMMO pPacCMOTPETh MapalIeIbHOES
COeIMHEHHE TpaH3ucTopa (puc. 3.2) U OJHOAIEMEHTHOIO YETBHIPEXMOJIIOCHHUKA C

conporuBieHueM Ry (puc. 3.3,b), B pe3yibTare 4ero W Imojiydaercs cxema (puc.
3.4,b).

hyals
h1oUs Qo
=1 hy u, 2
ﬁ —_—

1’0 0?2
a)

I 1,
= — 2
ho, 1,

l hll 21%'a
i ® [
Uo =Ug
hlZUé
10— = 42’
b)
Ry 2
ﬁ 2
i R,

C)
Puc. 34

B cxeme Ha puc. 2.3,C ucnonb3yercs ornepanuoHHbd ycwiutenb (OY) kak
uaeanbHbl npeoOpazoBarenb MomHOocTH THna MHYH (uctounuk HanpsbkeHwus,
yhnpaBisieMblid Hanpsbkenuem). s ynpomienus: pacueroB cxem ¢ OY npuberaror kK
UJeaau3aluy ero napaMmeTposB:

— OECKOHEUYHO BBICOKUH KOA((PUIIMEHT YCUIICHHUS L = 0



— 0ecKOoHEeYHO 00JIBIII0E BXOAHOE COMPOTUBICHUE R, gy = ;]

— MaJloe BBIXOAHOE conpotuBieHue R, gy =0.
Kak npaBuiio, OY umeer aBa BXojAa W OJUH BBIXOJ. HBEPTUPYIOIIUN BXO/I

_ 9,

0003HAYaIOT 3HAKOM ; CHTHAJI, TOJJaHHBIM HA 3TOT BXOJ, MMEET HA BBIXOJC
NPOTUBONONIOXKHYIO (a3zy. HewnBepTupyromuii BXoj o0003HaA4aeTcss 3HAKOM ““+7
(puc.2.3,c). Kpome yka3aHHBIX CHTHaJIbHBIX BXOJO0B OV wumeeT BBIBOABI IS
IOAKIIFOYECHUSI MCTOYHUKOB INUTAHUWA, JUIl YCTAHOBKM HYJIEBOTO HAIPSKEHUS Ha

BeixoJie mpu Uy, = 0, ams yactoTHO#M koppekuuu u T.1. Ha puc. 3.4,c npencrasnen
WHBEPTUPYIOIIUA  yCHIIMTENb, OXBAUCHHBIM IENBI0O  TapauICIbHOM
oOpaTHOM CBSI3U 11 (0) HaIPSHKCHUTO HA  PE3HUCTOpax R.,Rq.
HeunBeprupyromuii Bxoj 3a3emiieH. [Ipu ananuze ycunutenbHbIX cucteM Ha OY
IMPUHUMAIOT CICAYIOIIHC YIIPOIIAOIIHC IIPCIIOKCHHUA!

1) Bxoasl OY He mOTpeOIISIIOT TOKA,;

2) HanpspkeHue Mex 1y Bxogamu OY paBHO HYITIO.

[Tocnenuee MPEANOI0KEHUE clenyeT U3 TOro, 4YTO TMpH L =00
HanpspkeHue Ha Beixoge U, = p(Uy -U y) BCErJa KOHEYHO U TIO0
3HAa4YCHUIO MCHBIIIE HaITps>KCHUA IIUTaHuA, qTO MOKET HNMETH MECTO
Tonpko mpu Uy =U .

DKBHUBAJICHTHAS cxema 3aMENICHUS OY,  ynosuerBopstomas
BBIIICONMCAHHBIM TIPEANOJIOKEHUAM, TOKa3aHa Ha puc. 3.4,C. s Hee
CIIpaBEeIJIMBbI YPABHECHHUSI

Uz =—pUo;
U]_ = IlRC +U0;
Up=11(R;+Rg )+ U,

[MpuBons o>t ypaBHenus k Bumy (3.1), momydnm  3HaueHUs  A-
[1apaMeTpPOB

Ram
B’ =0;
1
C'= _+%l;
Ry

D' =0.



Jls UJeaJIbHOT'O oy ( W= oo) MaTtpuna A-napaMeTpoB

npeoOpasyercs K BUIY
_Re

A=Y
_ 1y

Rq

I[JIH YCHJII/ITeJIeﬁ, CXEMbI 3aMCHICHHA KOTOPBIX MPCACTABIIAOT AKTHBHBIC
YCTBIPCXIIONIOCHUKN C 3aBHUCHUMBIMHU HCTOYHHKAMH, IIPUHOUII B3dAWMMHOCTH HC

BBIIIOJIHACTCA U
A'D'-B'C’ #1.
IMpu kackagHOM coeMHEHUH (pHC. 2.1) BBIOIHSIOTCS YCIOBHSL:
lBX 211; 12 2111 12 :lex’ (3_7)
U :u].’ QZZQZIJ Qz =U ppix -
YpaBHEHHSI Y€ THIPEXIIOIIOCHUKOB B MATPUIHOU (hopMe UMEIOT BH/I:
I ITACCUBHOI'O YCTBIPCXIIOIIIOCHUKA!

e
Jao |2 =1 M2 _[af M) (3.8)
14 c D I I,

AJI1 YCUIIATCIIAL
e B I S e S @9)
I 1€ DI, P!

JJId KaCKaIHOT'O COCANMHCHUA .
UBX A E uBI)IX uBI:vIX

_ . _ 1Al 3.10

Lo |l D1 71 ‘Im 10

YuuteiBas (3.7), MOIydnM:

& =[AT-[A

3.2. Pacuer ko3¢ punueHTOB nepeaaun 4eThIPexXnoJaOCHUKOB U HX
KAaCKAaJHOI'0 COeIUHCHUS

[lepenauy curhana yepes YETBIPEXIIOIIOCHUK XapaKTEPU3YIOT KOMILJIEKCHO-

yacToTHOM  xapaktepuctuko (KYUX), paBHOM OTHOIIEHHIO KOMIUJIEKCHBIX

M300paKEHU OTKJIMKA U BO3ICHCTBUS:



K ( J Cl)) _ X BBIX
X bx
KoMIieKkCHYI0 TepeaToyHyr0 XapakTEPUCTHKY ULENU MO0 HAIpsHKEHHIO
(ko3 punMenHT nepenaun HaMpsHKEHU) TPEJCTaBUM B MOKa3aTeabHOM (hopme:

K(jo) =55 _ () e 1@,

—: BX
3aBUCUMOCTH MOJYJIA K(O)) U apryMeHTa (I)(O)) KYX nHazpiBarorcs
COOTBETCTBEHHO AMIUIUTYTHO-4aCTOTHOMN XapaKTEPUCTUKON (AUX) wu

¢dazo-yactoTHOM XapakTepucTukoi (OUX) memnw.
J1J1s TaCCUBHOTO HArPY>KEHHOTO YEThIPEXIOIIOCHIKA KO3PPUITUCHT MepeIadn

HaIIPAKCHUA

K = Ky -elen =22
U
BBIPAXKAETCS yepes ero A-mapameTpbl U BXOJHO€  COIIPOTUBJICHUE
YCUJIUTEIISA RBX' A
K= (311)
A'+B Ry
rae )
U AR +B
RBX A~ _:!- = .
' ;, CR,+D
(3.12)

aKTUBHOE COMPOTHUBIICHHUE, HE 3aBUCSIIEE OT YaCTOTHI.

BxonHoe compoTuBieHME YCWIMTENS MOXHO TaKKe paccuutarh IO
ypaBHeHusiM Kupxroda, 3amMcaHHbIM JUIsi JIKBHBAJICHTHOW cxeMbl (puc.3.4).
BxoHOE CONpOTUBIIEHUE YETHIPEXMOIIOCHUKA, HArPYKEHHOTO

Ha Ry, A, UMEET BUL:

Lpx = ARpn+B (3.13)
QRBX.A + QI
g yennmrenen
U, _ 1
Ky= —=% . (3.14)
Uy A +B'/R,

[Ipu kackagHOM COEIWHEHUU TACCHUBHOTO YETHIPEXIMOIIOCHUKA U YCUIIUTENS
K03 pUIIMeHT nepeaayn



1

K = =B = —————— (3.15)
ST U, A+B/Ra
501041 ! .
u -u
K = 2 2=Kp- KA' (3.16)
Uy

[Ipu pacyere KOMILIEKCHOM YaCTOTHOM XapaKTEPUCTUKH KO3(pPHIMeHTa
nepenaun HanpspkeHus u noctpoeHndn AYX n @YX B Beipaxkenue (3.11) cimenyer
NOJICTABUTh 3aBUCUMOCTH A-TIApaMETPOB MACCUBHOIO YETBIPEXMOJIIOCHUKA OT
YacTOTBHI.

3.3. AHAJIM3 eNH B MePeX0AHOM pPexXnuMe

Kak u3BecTHO, CymIECTBYIOT pa3JIMYHbIC AHATUTHYECKHE METOJbl pacyera
NEepPEeXOAHBIX TMPOIECCOB B  JIMHEHMHBIX OJEKTpUYECKUX Lemsx. Hauboree
pacrnpoCTpaHEHHbIE U3 HUX — KJIACCUYECKUN U orepaTopHblil. OANH UX 3TUX METOJIOB
U ClleyeT BbIOpaTh /Ui aHaIM3a ILEMH B MEPEeXOoJHOM pexume (m. 2.12 3amanus
KypCOBOM pabOThI).

[lepexonnblii mpoLECC, BO3HUKAIOMIMN TMPH MNOAKIIOYEHUH KACKAJIHOTO
COCJIMHEHUA MTACCUBHOTO YETHIPEXTOIOCHUKA U YCUIIUTEIIS K
CHHYCOUJAJIbHOMY HMCTOYHUKY 3.].C. e(t) ¢ dacroron  f=50 TIm,
pacCUMTHIBAETCS IO CXEME, NPEACTAaBICHHOW Ha puc. 3.5. B WHAMBHIyaIbHOM
3aJIaHUM JaeTCsI MaKCUMaJIbHOE 3HAYCHUE BXOOHOM 3.J.C. - .

e — 2
ey | U \LuA(t) A | R ‘ uum(z)
1! 2’

Puc. 3.5

[Tocne xkoMMyTamuM TOJydaeTcs JIBYXKOHTYpHAs IIeTlb BTOPOTO TIOPSIKA C
HYJICBBIMA HE3aBHUCHUMBIMH HAYaJIbHBIMU YCJIOBUSIMU JIJISl  HANpPsHKEHUN Ha
emMkocTsx. [lockompky KOI(pGUIMEHT Tepenadn
yeunutens K He 3aBUCUT OT 4acTOThI, HEOOXOIMMO 3aMEHUTDH YCHIIUTEINb

C Harpy3kod Ry BXOZHBIM  CONpPOTHUBICHHEM yemmurens Ry 4. Tlpu



OIIpCACIICHUA BXOAHOTI'O HaIIPsAKCHUA YCHIINTCIIA C Harpy31<oﬁ Up (t)
KJIIaCCUYCCKHUM MCTOI0OM

UA(t) = U pp (1) + Up s (1), (3.17)

e Uppp, (t)-mpunyxneHHas cocraBisiomas , Ua,(t) -cBoOoanas
COCTAaBJIAHKOIIIAA HaHpH)KeHI/IH.

[TpuHyXACHHYIO COCTaBJISIONTYIO HaIPSOKCHUS UA mp (t) MOSKHO

paccuMTaTh ¢ MOMOIIBIO KOd(puImenHTa nepeaadn Kn(jco) (em. . 1.2.9).

Pacuer u Anp'(t)HpOBeCTI/I B KOMILJIEKCHOM (hopme

an.m =KuEn = Knejq)H Eme e - Uame ¥y , (3.18)
IIOCJIE YETO MEPENUTH K MTHOBEHHOMY 3HAYEHUIO
uAHp. (t):UAm Sin(O)t +\.|lu). (319)

CBoOozmHas cocTaBiAOMAst Up CB.('[) OIIPEIENACTCS KIACCHYECKUM

HJIKM OIICPpATOPHBIM MCTOIOM (HO 3aJaHUIO HpeHOI[aBaTeJI}I). HpI/I KJIIACCUYCCKOM
MCTOJIC pacucTa CBO60I[Ha$I CoCTaBJArOmasa OonpeaAciIsACTCA B BUJC

Up s (1) = ArePt+ Aje P2 (3.20)

r1e P1, P2 — KOPHU XapaKTEPUCTUUYECKOTO YPABHEHHS;
A1, A2 — TIOCTOSTHHBIE UHTETPUPOBAHUS.
Benuuunbl A1, A2 HaXoOSTCA W3 3aBUCUMBIX HAyajbHbBIX YCJIOBHUMH

du
Ua c5.(0), ﬂ‘tzo. JUis ©X oOmpeneneHuss  HEOOXOMMMO  COCTABUTH

dt
cucteMy nud@epeHnnanbHbIX ypaBHEHUN 1o 3akoHam Kupxroda mis
MOCJICKOMMYTAIIMOHHOM TN C y9€TOM 3aKOHOB KOMMYTAITHH.

I[Ipu  pacuere u Acs(-t) OTIEPATOPHBIM METOJ0M COCTAaBJISIETCS
oTIepaToOpHasi cxeMa 3aMeIIeHUs MEeMH JUIsi CBOOOHBIX COCTABIISIFOIIUX B
IIOCIIEKOMMYTAllMOHHOM pexuMe. [Io osrom cxeme  ompexaensieTcs
HU300pakeHre CBOOOTHOM COCTAaBJIAIOIIEHN HaIpsKEHUS METOI0M
KOHTYPHBIX ~ TOKOB WJIM Y3JIOBBIX  TOTEHIMAiIoB.  [lpumensss  Teopemy
pasiIoKeHus, NoJIy4yaroT U ACB‘(t).

Hanpsioxenue Ha conpoTuBIIeHUN Harpy3ku Ry ompenensiercs uepes
KO3 PUILIMEHT nepesayn yCUIUuTeNs



Ugpix (t): KA'uAnp. (t)+ KA 'UACB.(t) . (3-21)
4. METOANYECKHUE YKA3AHUASA
4.1. CocraBieHne pacieTHOH cXeMbl

Tomomorust  cxembl ¥ 1HU(POBBIE  JaHHBIE  BBIAAIOTCS  KKIOMY
CTYZIECHTY B BUJIE PACIICYaTKHU:

ZADDb-80b408-17
Y1,Y2,43,

f=50 I'y
Ro=b KOM

R1:oo KOMm
C1=0.0 MKD

R>,=10 kOm
Co=0.8 MKD
R3=13.590 kOMm

C3=0.1 Mmx®d
Ru=3.20 kOMm

E=350 MB ;ye =80 rpan
YCUJINUTEIJIb B

B mepBoit ctpoke 3aman mmdp paboThl. BTopas cTpoka ykaspBaeT THII
coenuHeHwust 351eMeHTOB R u C maccMBHOTO JIBYXMOJIOCHHUKA (Z — MOCIeA0BaTelIbHOE,
Y — mnapamnenbHoe). Eciu akTMBHOE compoTuBiieHHE R paBHO Hy/IO, TO BETBb
3akopauuBaerca; npu R= oo BerBp paspeiBaetcs; 1 C — HaobopoT. Cxema,
COOTBETCTBYIOIAs MPUBEICHHOM BBIIIIE pacrieyaTKe, oKa3aHa Ha puc. 4.1.

C
=

Ro R,

1o oo 2




Puc. 4.1
4.2. Tlpumep pacyeTa nmepexoHOr0 MPoIecca KIacCu4ecKumM
METOA0M

Jlnst cxemsl (puc. 4.2) onpenennm HanpspkeHHe U (t) KJIACCUYECKUM METOJIOM.
R1 C1
1o={_H| ' 2

o(t) R[]c, =g, luA(t)

1’ + 2'
Puc. 4.2

I[J'ISI I[aHHOﬁ CXEMbI HC3aBMCUMBIC HaYaJIbHBIC YCJIOBUA — HYJICBBIC!

Uc, (0+)=uc,(0-)=uc,(0)=0;

(4.1)
uc (0+)=uc (0-)=uc (0)=0.
2 2 2
Metoaom BXOJHOTO COIPOTHUBJICHUSA OITpEICIIUM KOpHH
XapaKTEPUCTUYECKOTO YPABHEHUS W3 YPaBHEHUS Z(p) =0 g cxemsel
(puc. 4.3).
1/ pC
1/ pC |
Rl /| . RZ
RBX.A
Puc. 4.3
Tornma
it + Age Pt (4.3)

(t)=Up sm(cot+\|; )+ A.eP
{% 2t7 4 cos(a)l'é+\|/ +pAeF’1t+p A er?t,

|ﬁn— Am u 11 2 2

JUis  onpejencHMs  3aBMCHMBIX  HAualbHBIX  YCNOBMI 1, (O) "



dUA
dt

KOTOpas rpeodpasyercs B cxemy (puc. 4.4).

P 2
e(0) @: Rﬁ] lﬁﬂ) Rexa l ua (0)
ik o

Puc. 4.4
OueBuIHO, YTO

us(0)=0, i(0)= e dup | _10)

‘t _o baccMorpum cxemy (pHc. 4.2) B momeHnT kommytaruu (t=0),

‘t 0 C,°
R]_ dt CZ
[ToctostHHbIE MHTETpUpPOBaHUS A1 U Az ONPENETAIOTCS U3 CUCTEMBI
YpaBHEHUI

Ua (0) =U amsin(yy )+ Ay + A, (4.4)
dua _€0)

?‘tzo “RC, = 0Uam CoS(yy )+ P1AL+ PoAs. (4.5)

4.3. TIpumep pacdeTra CBOOOIHOI COCTABJIAIONIEH HATIPSIKEHU S
OIePaTOPHBIM METOAOM

CoctaBUM  OIIEPAaTOPHYIO CXeMy  3aMelIeHHs  JUISI  CBOOOJHBIX
COCTABJISIONIUX B MOCIEKOMMYTAITMOHHOM pexkume (puc. 4.5).

Cl u ClCB (0)/ p

1/ pC, :
@ C (0)/ D RBxA Ua CB.( p)
2!

Puc. 45

HauanbHubie YCJIOBUA JIA CBO6OI[HBIX COCTaBJIAIOIIHNX:

Uc cs (0)= Ucl(o)— e np. (0)= U np. (0);



uCéEB (O) = UCZ(O)_ Uc oTp. (O) = _ucznp. (O) (4.6)
PacueTr mpuHYXIEHHOTO pexuMa HpOBOAUM Mo cxeme (puc. 4.2) B
KOMILUIEKCHOU dopme.  Hampsoxernue Ha BXOJE  yCUIIUTENA Uicg ( p)
ONPEIEIUM METOJIOM Y3JIOBBIX IIOTEHIINAJIOB
Uncs(p)=02(p)-¢2' (p) = ¢2(p)
Tak kak ¢2'(p)=0.

[Tosyuum:

ucch (O) Uc B (O)
i [Ry+ 1 1+ p e
PRI o G(p)

U ~ _ A Y = . @47
ACB.(p) ¢2(p) 1 i n +pC H(p) ( )
2
Rl + 1 RZ RBXA
PCy
rae G(p), H(p) — moauHOMBI YMCIIUTES ¥ 3HAMEHATEIISI COOTBETCTBEHHO.
[TpumeHsis TeopeMy pa3IoKEHUs, HAXOIUM

UA cB (t): G( pl) eplt + G(pZ) ep2t1 (4.8)
| H'(py) H'(p2)

re Pi, P2 — TOIIOCHI W300paxKeHus, onperensembie w3 ypaBHeHus H(p)=0 (xopuu
XapakTepucTrueckoro ypasuenus Z(P)=0, mojaydeHHbIC TIPH pacdyeTe KIACCHYCCKUM
METOJIOM).

Crnenyer OTMETHTh, UTO mMepexonHblii mporecc mus RC-meneit mepBoro u
BTOPOTO MOPSIAKA MOXKET OBITh TOJIBKO allEPHOTUICCKUM.

ITpu moctpoenuu rpaduka Ug(t) mocie koMMmyTaruud HEOOXOIUMO MOKa3aTh
MPUHYKICHHYIO ¥ CBOOOJHYIO COCTaBJIstONIME. ECM NpUHYXACHHYIO W CBOOOIHYIO
COCTABJISIONIME B OJHOM MacmTabe IMOCTPOUTH 3aTPYIHUTEIHLHO, TO WX CTPOST B
pa3HBIX MaciiTabax Ha OTACIBHBIX I'paduKax, I7e YKa3blBaIOT MEPHOJ CUTHAJIA Ha
BBIXOJIC 1IETIM W BpeMsl MEPEXOJHOTO Tpolecca. Bpems mepexoaHoro mpoiecca
TIPUHSTH

1
| Prnin|

II0Ka3aTh PACHOJIOKEHUE KOPHEW XapaKTepUCTUYECKOrO0 YpaBHEHUs Ha
KOMIUIEKCHOU TIOCKOCTH.

paBHbiM  (3-5)t, THe T= Kpome Ttoro, cmemyer B wMacmTabe



5. HCCIIEJOBAHUE YACTOTHBIX XAPAKTEPUCTHUK U
MNEPEXO/JHOI'O MPOILIECCA B 3JIEKTPUUECKOM LIEITHU C
HPUMEHEHHUEM CTAHIAPTHOI'O TAKETA
CXEMOTEXHUYECKOI'O MOAEJIMPOBAHUA

Hanbonee monHOl mpoBepKOM pacuera 3JIEKTPUUECKON UENu, cojaepiKaiieit
MACCHUBHBIA YETBIPEXIOIIOCHUK U YIPABISIEMbIH HCTOYHHUK, SBISCTCS IMOCTPOCHHUE
YaCTOTHBIX XapaKTEPUCTUK 10 MEePeaaTOYHOM
byakimn K(ow) u ¢(w) (aMImumuTyaHO-4acTOTHAS u  (ha3o-yacTOTHAS

XapaKTEPUCTHUKH).

Ha puc. 5.1 npencraBiieH NMAacCUBHBIA YETHIPEXIIOIIOCHUK CO CIIEIYIOIIUMU
napametpamu: R1=0,2 kOm; R=1 kOm; R3=3 kOwm; Rs=3 xOwm; C»=0,1 mx®d; C5=0,4
MK®. J[eicTByOIIEE 3HAUEHNE BXOHOTO HanpspkeHus 1 B.

JIJIsi MacCMBHOI'O HAarpy>K€HHOTO YETBIPEXITOIIOCHUKA MOAYJb KO3 puuueHTa
nepe1avr Mo HAMPSKEHUIO

U 1073
Ky = U 7229410

Uq 1
Ha puc. 5.2 mnpeacraBieHbl aMIUIMTYOHO-4acTOTHass U (ha30- 4YacTOTHAs
XapaKTEPUCTUKU JAHHOTO YETBIPEXITOJIIOCHUKA, TIOJYyYEHHbIE C NPUMEHEHHUEM
CTaHJIAPTHOTO Takera cxeMorexHuyeckoro wmonennpoBannss ELECTRONICS
WORKBENCH 5.12 (EWB 5.12).

Ha puc. 5.3 mpencraBiena cxema onepauumoHHoro ycwurens OV co
caeayronumu napamerpamu R~= 3 kOwm; Rg= 1300 xOm. Ha Bxox mnomaHo
HaMpsHKeHHe, JIelcTByomIee 3HaueHune koroporo U; =1 mMB.

KoadduuenT ycuneHus JaHHOTO ONEPalliOHHOTO YCUITUTENS

=0.7229.

43321072
— —433.2,
Ka 1.10°3
qTo COOTBGTCTByeT
1300

Ha puc. 5.4 npencraBieHO  KacKaJHOE  COCIMHEHHUE  IMaCCHBHOTO
YETBIPEXTIONIOCHUKA C OTIEPAIMOHHBIM YCUIUTENEM ¢ KOA(DPUITMEHTOM YCHUIICHHUS

K =Ky - K, =0,7229-433,2=313.1,



4YTO COOTBCTCTBYCT

kK -Yn 38131107
-3
u, 110

=313.1,

HIOJIYYCHHOMY I10 TTOKa3aHHUSIM BOJBTMETPOB Ha cxeme (puc. 3.4).
Ha puc. 5.5 mpejacraBieHbl YaCTOTHBIE XapaKTEPUCTHKU JAHHOUW CXEMBI.

CpaBHUM MOJIy4E€HHbIE YaCTOTHBIE XapaKTEPUCTHKHU (pHC. 5.2 U puc.

5.5) nanpumep Ha gactore 1000 I'm.

Hampspkenne  Ha  BeIXOAEe  yBenmuuiaoch B 433,2 paza, a ¢daza
u3MeHunach Ha 180 °.

[Ipu pacuere mepexogHOro Mpolecca ¢ MPUMEHEHUEM MPOrPaMMBI

EWB 5.12 cocraisiercs cxema (puc. 5.6).
CHuMaeM TUHAMHYCCKYIO XapaKTePUCTUKY (3aBUCUMOCTD Uy (T)= Uzo(t)).

Ha Bxoze Hanpsokerne Ug(1)=50 /2 Sin(o)t +20° ) MB.

Moment kommytanmu B3aT t=1 wMc (a He t=0) wucxoms wu3

ocobernocTH mporpammel EWB 5.12.
Ha puc. 3.7,a npencraBiieHa 3aBUCUMOCTb [JI1 BBIXOJHOTO HANPSKEHUS MPU
t<2 mc, a Ha pucynke 3.7,b Ta e 3aBucuMocTh s t>20 mc.

R2
1k Ohm
| I
c7 ]
* ¢+ 0.1 uF ¢ ¢ ¢
[
1
|00 1 - Hak?ﬁahm
R4
Dot oo o ]
1 /50 Hz/0 Deg -
T 04uF

— . .

Puc. 5.1 I1 — 0b6pasmwiii naccuenbvlil yemulpexnoaoCHUK



52 5m

750m —

Woltage (V)

675m

2.5000KE

G00m T
1.5000K Z.0000K

100.0000m 500.0800 1.0001K
Frecuency (Hz)

15.0 o

-1
n
L

Phase (deg)

[=]
I

2.5000K

-7.5 T T T T
100.0000m 500.0800 1.0001K 1.5000K 2.0000K
Frequency (Hz)
Puc. 5.2 Amnaumyono-vacmomnas u pazo-uacmomuas xapakxmepucmuku

(A4X u @YUYX) naccusrnoeo uemvipexnoaocHuxa

C mnomompo npubopoB, uMmermuxcs B makete EWB 5.12, wuccaenpyiite
YAaCTOTHBIE M BPEMEHHBIE XAPAKTCPUCTUKM 3amaHHOM 1nenu. [lomydyeHHbIe
3aBUCUMOCTH CPaBHUTE C pacueTHbIMU. CenanTe BHIBOBI.

Fd
1300 k Ohm
| I
Fc A
3 k Qhm
- - E ]
L
+
1.000m W | M1 433.2mY || M2 FH
2.3k COhm

()w V1
1 el Hz/O Den

—— ..

Puc. 5.3 Akmusnwiit wemvipexnontocuux (ycunumens C)




Fd

D~ 1 v
1 my/a0Hz/0 De
T.000m ||

L

Puc. 5.4 Kackaomnoe coedunenue naccusHo2o 4emulpexnoioCHUKA
C ONePayuUoOHHbIM YCUlumesnem

400 ~

o9 1300 k Ohm
0.1 uF I
[l
11 Rc A
3k Ohm
)] - . — | (=)
1k Chm ﬁ+
1
LT [=Fi}
3 k Ohm
R1
0.2 k Ohm
M1 M2 H RH
2.3k Ohm
c3
04 uF

2.5000K

2.5000K

300 —\—//_/
e
5 200
£
o
=
100 1
D T T T T 1
0 500.0001 1.0000K 1.5000K 2. 0000K
Frequency (Hz)
200
150 4
=
Eil
L
=
R
5 100 -
U
[}
=
Iy
50
D T T T T 1
0 500.0001 1.0000K 1.5000K 2.0000K
Frequency (Hz)

Puc. 5.5 Amnaumyono-uwacmomnas u pazo-vacmomuas xapakmepucmuxu
(A9X u ®YX) xackaonoeo coedunenus
AKMUBHO20 U NACCUBHO20 YEeMbIPEXNONIOCHUKA



Voltage (V)

C2

0.1 uF
S [
0001 s I
i -
L * *»—o = ® *
. 1k Ohm
FHa
[ - 3 k Ohm BB
G ] x.d
( W1 HD.E k Chimn & 36 T4m V]| 1 HS k Ohm
L
50 mvfa0 Hzy20 Deg 3
T 04 uF
* * I *
Puc. 5.6 Ananuz nepexoonoeo npoyecca
g 30m —
}
2
o 400 . 0u S00.0u . (S) 1.Z2m 1. 6m Z . Om
a) I'pagux ceoboonoii cocmasnsioweil nanpsiscernust Ua(t)
£om
50m
2 5m
o 4
—Z5m
—50m
—-75m T T T T |
u] sm 1Zm 1s8m Z4m 30m

Time ()
b) I'paghux nanpsiscenus Up(t)
Puc. 5.7

30



6. HCIEJOBAHME YCTAHOBUBIINXCA U IMMEPEXO/HBIX PEXXUMOB B
SJEKTPUUYECKOM ENA B TH)KEHEPHOM MATUMATHUYECKOM
OBECIIEYEHUU MATHCAD

Hano 3
n=8 w=314 e=80 e:=350000 Ru=32010 f =30

4

hll=100 hi2=10"1 K21= S5(n+ 10) h22:= 107"

2
Ra=n.10" Rb=100n Rc=n.10" Rd:=|:(n+10}-10'}-103

AAAAAAAAAA

RO:= !5-103 Rl=m R2= 10-]03 RE3:= 13.5-]03 Em =8

Yi=8  Y2:=8 Cl=0 C2:=0810 ° C3:=0110 "
K > Kp(jw) = Kp(w) e FI¥
.
K(jw) = Kp(jw)-Ka  K(jw) =K(J) < “p(w)
- i-pn i-he 1ap-U
Unpm = Kn-Em = Ko -e -Em-e = Uam-e
e(t) = Em sin(w-t + 1)
10 T T
5_ —
e(t) oOF
_ 5— ]
_10 | | | |
—-20 0 20 40 60

OnpeneneHre mpameTpoB NacCHBHIOM YeThD EXNOMKCHHKE W YCUIMTENA

OnAall cxemel

31



An=1722Y3=64 Bn=21=8 Co=Yl+Y3+Z2Y1.Y3=518 Dn=1+2

Uln:= An-U2 + BoI2 = 576 [In=Cn-U2 + Dn-I2 = 4744 = 103

Ina T cemsl

Cr=Y3=8 Dr=1+Z2-Y3=65
Ar =1+ Z1-Y3 =065 Br=721+ 22+ 71.Z22.Y3 = 528

Ulr=Ar U2 + BrI2=474 = 103 [IT=Cr-U2 + Dr Il = 584

Onal cemesl
Z1 Cr= 1 =0.125
Ar=1+— =2 Br=Z71=8§ T Dr=1
L2
Ulr:= Ar-U2 + Br12 [lIr=CrU2+ Dr12
Ulr = 80 [Ir=9
Ul=h11-11+ h12-U2 12 ="h21.11 + h22.U2
. 3
Ul=8x 10 12 =720.001

Ueem = p-(Uy— Uyll) =0
U2=—-U0=—-40
Ul =I1Rec + U0 = 6401 x 104 Ul =I1{Rc+ Rd) + U2

Facuetr AnapameTpa

Ba=10 Da=10

1
Rc-(1 + p) + Rd 1+ -
Aa = c-(1+ ) o "
Rd-p " Rd
-Re
N _3
Rd 444410 0
A= =
b -1 -7
— 0 —~5556% 10 0
Rd

Pacuet koathhureH TOB Nepenayw YETLIPEXTIONMICHUKOB W VX KACKA JHO M0 COeaMHE HUA
32

2-Y1 =65



XBBIX
K(juw) =
E(jw) -

(BX

2

Ko =
1
II

Ernm K_H-EI-LF

K(juw) m K(w) e F (%)

1
Ul-AaFu+B U2 _
Rexa = . . Ka=— Kam Ba
[1-CaRu+ Da Ul Aa + —
En
W) -6
Eexa = 1.808 = 10 Ka=-2.765=x 10
Tox — (Aa Rpxa + Ba) K - Uerix
CaRexa + Da Mk Usx

Zex = 2.08 x 10°

AHaNK3 LEMW B NEPEXDIHOM PEXIME

Uanp(t) == Uam -sin{wt + 1*-u)

1

i
2
Uace(t) = Al e®® + A2-e(t)"

10 T T

Uanp(t) 0

=20 0 20

33




20 T

Uace(t) 20

|
(]
=

Us(t) = Ka-Uanp(t) + Ka-Uace(t)

4x107 % .

2x10°

Ust)

—2x10” "

—ax10”

—6x10" "
~10 5

34
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/. HCCJIEIOBAHUE YACTOTHBIX XAPAKTE?HCTHK n
HEPEXOJHOI'O ITPOLUECCA B JIEKTPUYECKOMU LEIINA C
HNPUMEHEHHUEM CTAHAAPTHOI'O HIAKETA CXEMOTEXHHUYECKOI'O
MOAEJIUPOBAHUSA

HanbGonee monHOW MpPOBEPKOM pacyera BIEKTPUYECKOW  IIEMH,
COIEPKAILEU IMACCUBHBIA YETBIPEXIIOIOCHUK M YIPABIAEMbIA HCTOYHHK,
SBJISIETCS] TIOCTPOCHUE YACTOTHBIX XapaKTEPUCTHUK MO MEPEAATOUYHON (PYHKIIUN
K(w) n ¢(w) (amMmmmuTyaHO- 4acToTHas U (a30-4aCTOTHASI XapaKTEPUCTUKH)
[3].

Cxema II — 00pa3HOro MACCHBHOIO YETHIPEXIOIIOCHUKA MPUBEICHA HA

pucyHnke 5.1. Ha pucynke 5.2 npuBeeHbl €€ aMIUIUTYIHO-4aCTOTHAs U (Pa3o-

JaCTOTHAA XapaKTCPUCTHUKHU.

¥BP1

N ouTt

C1
I

1 800nF

8kQ

V1 R2

+~ 8Vrms 16kQ
G) 50 Hz
u— OCI 2
U1 R1 u2 R4
AC 10M2 c2 AC 10M2
1.6kQ _” 8kQ

Puc. 5.1 Il — obpa3znvlil naccusuulil 4uemvipexnonioCHUK
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10,007

Aosiurygia (dB)
2 )

-104
300.00p 10.00m 1.00 100.00 10.00k 1.00M 20.00M

43.004

Daza (rpap)
=
7
7
e
[
3

-80.00-
500.00p 10.00m 100 100.00 10.00% 1.00M 20.00M

Puc. 5.2 Amnaumyono-vacmommuas u ¢hazo-uacmommuasn xapaxmepucmuxu
(A4X u ®YX) naccusnoco yemvipexnontoCHuKa

Cxema akTHUBHOro 4YeThIpexmnoiitocHuka (ycunutenb C) mnpuBejeHa Ha
pucyHnke 5.3. Ha pucynke 5.4 npuBeieHbl €€ aMIUIUTY/IHO-4aCTOTHAs U (a3o-

JaCTOTHAA XapaKTCPUCTHUKHU.

R1

1.8MQ

U3
R4 3
+
8kQ 2

Vi 0 OPAMP_3T_VIRTUAL 0
u2

AC -
1~ BmVrms AC 10M0Q
@50 Hz -AC 1o R2

2.8kQ

||}74

Pucynok 5.3 - CxeMa aKTUBHOTO YETBIPEXTIOIFOCHUKA
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200.001

100.00-

Annnurya (dB)
(=]
[
i
i
:
L
i

-100.00+

-200.00:

"\_\m

1.00p 100.00p 10.00m 1.00 100.00 10.00k 1.00M

233.00

132001 X

100.00M 10.00G

L00T

101000.00T

20004

Daza (rpag)

-177.00:

1.00p 100.00p 10.00m 1.00 100.00 10.00k 1.00M
Hacrota (Hz)

100.00M 10.00G

1.00T

101000.00T

Pucynok 5.4 - XapakTepuCTUKN aKTUBHOTO YETHIPEXTIOIOCHUKA

CxeMa KacKaJHOro CO€IMHEHHUS TaCCUBHOTO YETHIPEXIOIIOCHUKA C ONEPALIMOHHBIM
yCUIIUTENIEM NIpUBEcHA Ha pUCYHKE 5.5. Ha pucyHke 5.6 mpuBeIeHbI €€ aMIUIMTYIHO-

qaCTOTHas1 U (1)2130-‘13,CTOTH3.$[ XapaKTCPUCTUKMU.

R5

1.8MQ

U4

Ir:‘ z\ﬁkﬁmi

=

C:\)SO Hz R1 1 U2
1.6kQ __I

L R3 J 8kQ o.DAMP_aT_WRTUAL.

U3

R6
3kQ

AC 10M2

Pucynok 5.5 - CxeMa KackajHOTO COEAUHEHUS NaCCUBHOTO

YCTBIPECXIIOJIHOCHHUKA C OIICPALIMOHHBIM YCHIIMTCIIEM
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Amrmurypa (dB)

Dasa (rpag)

200,007

100.00+

L)

-100.00- \

-200.00 T T T T T T T T —
100.00p 10.00m 1.00 100.00 10.00k 1.00M 100.000M 10.00G 1.00T 200.00T

234007

11550 B S

23.001

-161.501 g

-300.00 . . . . . . . . —
100.00u 10.00m 1.00 100.00 10.00k 1.00M 100.00M 10.00G 1.00T 200.00T

Pucynok 5.6 - XapakTepuCTUKHN KaCKaJHOTO COCIUHEHUS TACCUBHOTO

YCTBIPCXITIOJIIFOCHUKA C OIICPAllMOHHBIM YCHIIUTCIICM
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[Tpunoxenue 1

3aBeayromeMy Kageapoi TpaHCIIOPTHO-
AHEpPreTHIeCKuX cucteM YebokcapcKoro
uHctuTyTa (hrnmrana) MoCcKOBCKOTO
MOJIUTEXHUYECKOTO YHUBEPCUTETA

CTYJIEHTa

rpyImma

TCJI.

3as1BJICHHUC.

[Iporry 3akpenuTh 3a MHOM TeMy KypcOBOM pabOThI

«

110 JUCHUIIIINHC
«

H HAS3HAYNUTHh PYKOBOANUTCIICM

CryneHt / /
(Tonuck) (®UO crynenra) (mata)

PykoBomutens / /
(Touck) (®UO crynenra) (nata)

3aBeyromiuii kadeapoit N /
(monuck) (®UO 3aB. kapenpoit) (nata)

40
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[Ipunoxenue 2

MHUHUCTEPCTBO HAYKH U BBICHIEI'O OBPA3OBAHUSI POCCUMCKOMN ®EJEPALIMU ®EJEPAIBHOE
T'OCYJIAPCTBEHHOE ABTOHOMHOE OBPA3OBATEJIBHOE YYPEKJIEHUE BBICLHIETO
OBPA30OBAHUS «MOCKOBCKUMN NOJUTEXHUYECKUI YHUBEPCUTET» YEBOKCAPCKUIN

MHCTUTYT (PUJINAJH MOCKOBCKOI'O ITOJIUTEXHUYECKOI'O YHUBEPCUTETA

Kadeapa TpaHCIOpTHO-2HEPreTHYECKHE CHCTEMbI

KYPCOBAS PABOTA

no aucuumianae «Cneupasaeast TOI»

HaumMenoBaHue TeMbI

Per.mHomep Beimonnun :

CTYICHT Kypca, TPYIIb
dbopMbI 00yUEHUS
0 HanpapjaeHuto moarotosku 13.03.02
«DJIEKTPOIHEPIeTUKA U DIICKTPOTEXHUKA

®.1.0.

Hayunsb1it pykoBoauTens:
JlomymeHna k 3amure

« » 202_r. TIOJDKHOCTB, 3BaHHE
F— ®.1.0.
3amura KypcoBoii pabOThI:
Ouenka
Jata « » 202 T

[Toanuce Hay4YHOTO PYKOBOJIUTENS

Yebokcapsl 202 T.
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[Tpunoxenue 3
OT3bIB PYKOBOJIUTEJIA
Ha KypPCOBYIO padoTy

CryneHt
Kadenpa TpaHciOpTHO-?HEPTE€TUYECKUE CUCTEMBI
HampaBnenue noaAroToBku (CeUAIBHOCTD) ¥ POGUITH (CTICTIHATH3AITHS )

HaumenoBaHue TeMBI:

PykoBoaurens:

IOJDKHOCTB, 3BaHue, ©.1.0.

1. AKTyanbHOCTbh TEMbI KypCOBOM pabOThI

2. CooTBeTCTBHE IMOJIYYCHHBIX PC3YJIbTATOB 3asBJICHHBIM LCJIAAM U 3a1a4aM

3. XapakTepHCTHKa HCIOJIb30BaHUs B pabOTE HCCIIENOBATENBCKOIO HHCTPYMEHTAapHUs
(ananu3a, cUHTE3a, CTATHCTHKO-MATEMAaTHYECKON METOJOJIOTUH, MAKETOB MPHUKIAIHBIX
porpamm H T.I1.)

4. CreneHb  CaMOCTOSITENBHOCTH  TpU  paboTe  HAA  KypcoBOoll  paboroit
(CaMOCTOSITEILHOCTh ~ M3JIOKEHUS W OOOOIICHWS MaTepuajga, CaMOCTOSTEIbHas
HMHTEpIIpETalNs TOJIYYECHHBIX pe3yJbTaToOB, 000CHOBAHHOCTH BHIBOIOB)

5. Ouenka opopMIIeHHUsI MPOCKTA B COOTBETCTBUU C TPEOOBAHUSIMU, COACPKAIIUMUCS B
MeTroanuecknx yKa3aHHUSX [0 BBIMOJTHEHUIO KypcOBOW palOThl, pa3paOOTaHHBIX H
YTBEPKJICHHBIX Kadeapon

6.3aMeyaHus O MOJATOTOBKE U BBIITOJIHEHHIO KypPCOBOM PabOThI

7. KypcoBasi paboTa COOTBETCTBYET MPEABSIBIIEMBIM TPeOOBAHUSIM M MOXKET OBIThH
PEKOMEHI0OBaHa K 3alllUTe

8. Oenka

« » 202 . /

(moxmuch pyKOBOAMTEIS) pacumppoBKa MOIUCH
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