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B.A. AnexvH

Y4eOHbIU KOMMJIEKC MO INEKTPOTEXHUKE
N 3NIEeKTPOHMKE C UCMOSIb30BaHUEM

MoZenMpoBaHUs B NporpaMMHON cpege
TINA

Co30aH yueOubili KOMNJLEKC HO 2NeKMPOMexXHUKe U 1eKMpPOHUKe, COOEPHCAUULL INeKMPOHHBI KOHCHEKM JleK-
Yutl no 1eKMpOmexHUKe, JNeKMPOHHbIL KYPC JTeKYUll NO 31eKmpomexHuKe, HO8blll KOMNbIOMePHbIL 1ab0pa-
MOPHBIL NPAKMUKYM NO 2TeKMPOMeEXHUKe U 3NeKMPOHUKe, PACYEeMHbIU NPAKMUKYM NO 3NeKMpOomexHuKe u
aekmpoHuKe. Bce anekmpoHnuvie yuebHvle nocobus UCNONL3YIOM MOOEIUPOBAHUE INEKMPUUECKUX yeneu U
NEeKMPOHHBIX cXxeM 8 HOB0U P Gpexmusnou npocpamme TINA. YVuebuwviii komniexc ycneutno ucnoib3yemcs 6
YuebHOM npoyecce Ha OYHOM U OUCMAHYUOHHOM 00)YeHUU.

Knrwouesvle cnosa: snekmpomexnuxa u 21eKmpoHUKa, Y4eOHblll KOMIIeKe, npocpamma modenuposanus TINA,
INIeKMPOHHbIE YYeOHble NOCOOUS, MUHUAMIOPHAS dleKmpomextuyeckas 1abopamopus MIJI-2.

EDUCATIONAL COMPLEX ON ELECTRICAL ENGINEERING AND ELECTRONICS
BASED ON MODELING IN PROGRAM TINA

The educational complex on the electrical engineering and electronics has been developed. It contains a
course of lectures and lecture notes in the electronic form, a new computer laboratory practical work and
practical training. All electronic manuals are based on modeling of electric and electronic circuits in the new
effective program TINA. The educational complex is being successfully used in educational process on internal
and distant learning.

Keywords: the electrical engineering and electronics, educational complex, electronic manuals, modeling

program TINA, miniature electrotechnical laboratory MEL-2.

BBeneHune

DONEeKTPOTEXHUKY U IIIEKTPOHH-
Ky C IOJHBIM OCHOBAaHHUEM OTHOCAT
K (yHZaMeHTaIbHBIM  OOIIETIpPO-
(beCCPIOHaJ'IBHI)IM JUCLHHUIIIIMHAM
BBICIICTO W cpenHero mpodeccuo-
HaJIBHOTO o0Opa3zoBaHus. I3yuenwue
OJICKTPOTEXHUKHN U OJJICKTPOHUKH B
COOTBETCTBHUH C (penepalbHbIMH TO-
CyAapCTBEHHBIMH 00pa30BaTEIbHBI-
MM CTaHIapTaMH IpEeayCMaTpUBacT
MPAaKTHYECKOE OCBOCHHME CTYyJACHTa-
MU OKCHIECPpUMECHTAJIbHBIX METOOOB
UCCIICJIOBAHUSA DJICKTPUYCCKUX Iie-
neil U ANEeKTPOHHBIX CcXeM, (OpMH-
pOBaHUE KOMIETCHUUN, YMEHUH H
HaBBIKOB pacyu€Ta OJICKTPUUCCKUX
LeNel U WIEKTPOHHBIX CXEM.

B ycioBusix 3Ha4MTEIBHOIO CO-
KpaleHus 4YHuclia y4eOHBIX YacoB,
BBIACJICHHBIX Ha HU3YUYCHUC DBJICKTPO-

TEeXHUYECKUX JUCHUIUINH, O0COObIe
TpeOOBaHUS NPEIBSBISIIOTCS K COBEP-
IIEHCTBOBAHHUIO y4eOHO-METOqHYEC-
KOTO oOecTieueHus: 00pa30BaTeIFHOTO
mporecca, HCIOJIB30BAHUIO HOBBIX
MH()OPMAMOHHBIX TEXHOIOTHH, TIPH-
MEHEHHIO HOBBIX METOJOB OOydCHHMS
1 KOHTPOJISI 3HAHUH CTY/ICHTOB.

Jns mpenonaBaHUSL ANMEKTPOTEX-
HU4yeckux aucuumuind B MI'TY MU-
PDA wucmonp3yroTcss MyIBTHMEINH-
Hble 00pa30BaTENbHBIC TEXHOIOTHH
C TIPIMEHEHNEM KOMIIBIOTEPHOTO MO-
JICTTMPOBAHMS HIEKTPUIECCKUX IEHeH
1 2JIEKTPOHHBIX CXEM B JIEKIIHOHHOM
mporecce U Ha 1a00paToOpHO-TIPAKTH-
YECKHX 3aHATHSAX.

TpaguimoHHO B J1A0OPATOPHBIX
MIPAaKTHKyMaXx By30B IPAMEHSIOT MPO-
rpammbl  Electronics Workbench u
COBPEMEHHBIE JINTICH3NOHHBIE BEPCUU
mporpammbl  Multisim.  HeoOxoxn-

MOCTb MPUOOPETEeHNS JHICH3HOHHO-
TO MPOTPaMMHOTO OOECHEUCHHUS VIS
00y4YeHHs CTYIEHTOB CO3IaeT OIpe-
JIeTICHHBIE TIPOOIEMBI:

— JIMIEH3MOHHOE IPOrpaMMHOE
o0ecrieueHne MOXKHO HCIOJIB30BATh
TOJNIBKO B KOMIIBIOTEPHBIX KJlaccax ¢
JMMHUTHPOBAHHBIM KOJMYECTBOM pa-
00YNX MECT;

— HET BO3MOXKHOCTH IepeaaBaTh
JIMLEH3UOHHBIC IPOTPaMMHBIC TPO-
JYKTHI HEOTPaHWYCHHOMY KPYTy CTy-
JICHTOB JIUII YCTAaHOBKH Ha JTOMAIIHUX
KOMITBIOTEpax M HOYTOyKax IpH Mpo-
BEJICHUH JWCTAHIMOHHOTO Jabopa-
TOPHOTO IPAaKTHKyMa U BBIIIOJHEHUH
JIOMAITHAX PacUYeTHBIX 3aJaHHiA;

— HOBOE 3aKOHOIATEIBbCTBO I10
OXpaHe aBTOPCKUX paB B HHTEPHETE
NpeyCMaTpUBaeT CTPOTUE CAHKIHU
32 TPUMCHCHHE HEJUIICH3HOHHBIX
MIPOTPAMMHBIX IIPOJTYKTOB;

4

Omkpvimoe oopasosanue ¢ 5/2014



Yueonwvie pecypcor

Bnaoumup Anexcanoposuu Anexun,
o.m.n., npogheccop MHUPIA

Ten.: (495) 434-97-52

On. nouma: alekhin@mirea.ru
Mocroeckuii eocyoapcmeenbiil
MeXHUYeCKull yHugepcumen
PAOUOMEXHUKYU, INEKMPOHUKU U
asmomamuxu (MI'TY MUPDA)
http://www.mirea.ru

Viadimir A. Alekhin,
Dr.Sci.Tech., Professor of MIREA
Tel.: (495) 434-97-52

E-mail: alekhin@mirea.ru

Moscow State Technical University of

Radio engineering, Electronics and
Automation (MIREA)
http://www.mirea.ru

— JIMIEH3UOHHBIE MPOIPAMMBI
TpeOyIOT OIIaThl U MEPHOIUUECKOTO
MIPOJUICHHS] CPOKOB JIMIIEH3UH.

Hdns pemeHuss 3THX  TpodieM
OblIa TIOCTaBJIeHA 33/1a4a TIoMcKa Oec-
IUIATHOM, OOIIEAOCTYTHON U A dek-
THUBHOM MPOTrpaMMbl MOJEITUPOBAHMS
NEKTPUUYECKUX IIeNed W DIEKTPOH-
HBIX CXEM B y4eOHOM Iporiecce.

Ora 3agadya mnorpeboBana pea-
JIM3aLUK CIIEYIOUIEro MOAX0Aa JUIs
MIPaBUIILHOTO BBIOOPA IIPOTPaMMBI.

Heob6xoanmo 6b110:

— IPOBEPUTH BO3MOXKHOCTH Oec-
IUTaTHOW IPOrpaMMbl B pean3aluu
THUITOBBIX KOMITBIOTEPHBIX JIabopaTop-
HBIX MMPAKTUKYMOB TI0 3JIEKTPOTEXHH-
K€ U DJIEKTPOHHKE;

— CpaBHUTH CKOPOCTbH BBITIOJIHE-
HUSI MOJEIMPOBAHUS, HAIISIHOCTh
MIPE/ICTABICHUS.  PE3yJIbTaToB, Ie-
pEeUYCHb DPEXHUMOB PabOThI, HAIUYUE
BUPTyaJIbHBIX NPUOOpPOB B Oecruiar-
HOW TIporpaMMe M JIMIEH3MOHHBIX
aHasorax;

— 1poBepuTh  IPPEKTUBHOCTD
MPOrpaMMbl IPU  HMCIOJIB30BAHUH B
MYJIBTUMEIUIHBIX JICKIUSIX M IIPaK-
THUYECKUX 3aHATHSAX;

— HCCJIEIOBAaTh BO3MOXHOCTU H
MIPEUMYILECTBA MPOGEeCCHOHAIBHBIX
JIMLIEH3WOHHBIX BEpCUil BBIOpaHHOM
MIPOrpaMMBbl, KOTOPbIE MOTYT OBITh
WCIIONIb30BaHbl  BBITYCKHUKAaMH B
MIPaKTHYECKON IS TEIBHOCTH.

B pesynbrare npoBeJEHHBIX HC-
CJICZIOBAaHUII ¥ MHOTOJISTHEIO Iieia-
TOTMYECKOTO OITbITA C/eJIaH BBIBOJ, O
1LIe7IeCO00pa3HOCTH NPUMEHEHHS JUTsl
NPETIOJIaBaHUsl  JJIEKTPOTEXHUKH U
JIEKTPOHUKH TIPOTrPaMMBbI KOMITBIOTEP-
noro monenuposanus TINA-TI xomra-
muit Texas Instruments u DesignSoft.
OddexTHBHOCT,  3TOH  MPOrpamMMmbl
TIONTBEPIK/IAET CO3JAaHHBI  aBTOPOM
y4YEOHBII KOMILIEKC IO JIEKTPOTEXHHU-
K€ U DJIEKTPOHUKE. DKOHOMHUYECKHIA
3(dEeKT OT 3aMEHBI IUIATHOTO JIHIICH-
3MOHHOTO POTPAMMHOTO 00ECTIeUeHHsT
SKBHBAJIICHTHOW W Jaxe Ooyee mepc-
MICKTUBHOW OECIUIATHOW IMPOrpaMMOit
MOXXET OBITh BEChbMa CYIIIECTBEHHBIM.

B nanHo#l cTarbe mokazaHa pea-
JM3anus moaxona K BeIOOpY 3ddex-
THUBHOM Y4YeOHOH NpOrpaMMbl KOM-
MIBIOTEPHOT0 MOZICIIMPOBAHUSI Ha TIPH-
Mepe CO3J[aHusl y4eOHOro KOMILIEKCa
T10 DJIEKTPOTEXHHUKE U IIEKTPOHHKE.

Y4eOHBIH KOMIUICKC —SIBIISICTCS
pa3BUTHEM U JIONIOJIHEHHEM paspa-

0OTaHHOTO paHee U BHEIPEHHOTO
B y4eOHBII Ipomecc KOMIUIEKCHO-
ro J1abopaTopHOro MpPaKTHKyMa IO
QJIEKTPOTEXHUKE U AJEKTpoHHKe [1],
3apErUCTPUPOBaH B BUJAE IJIEKTPOH-
HBIX HU3aHUll, pa3MelleH Ha caiTe
http://www.toe-mirea.ru ¥ COAEPIKHUT
clietytoliye y4eOHbIe pecypehl:

1. DnexTpoTexHUKa. OIEKTPOH-
HBI KOHCIEKT JeKuuil mo 14 remam
B BUje KomIuiekTa u3 450 ciaaijioB u
CXeM ISl MoJiesiupoBanus [2].

2. OnexrporexHuka. Kypc nexuii
C HCHOJb30BAaHUEM KOMIIBIOTEPHOTO
MOJIEIUPOBaHUs B IPOrpaMMHOM cpe-
ne TINA [3].

3. DNEeKTPOTEXHUKA U EKTPOHU-
ka. KommbrorepHslii J1abopaTtopHbIi
MIPAKTUKyM B IPOrpaMMHOHN cpeae
TINA-8 [4].

4. COOpHHK 33ja4 10 TEOpHHU
DJIEKTPUYECKHUX LerneH [5].

5. Omnekrponuka. Ilpaktuueckue
3aHATHUS C UCTIOJIB30BAaHUEM KOMIIBIO-
TEPHOTO MOJAEIMPOBAHUS B IIPOTpaM-
me TINA [6].

6. Pacuer anexrpudeckux Lemnei B
Mathcad [7].

VYenemHoe  UCMOJB30BaHUE B
yueOHBIX pecypcax MOJETUPOBAHMS
B cpene TINA moxarBepxaaeT mpa-
BIWJIBHOCTh TPHUHATOTO TIOIXOAa K
000CHOBaHHMIO BBIOOpA IMPOTrPAMMBbI
KOMITBIOTEPHOTO MOZIETTUPOBAHUS /ISt
yueOHBIX 1eJIeH.

1. CpaBHUTENbHbIW aHanNu3
nporpamMm KOMMNbIOTEPHOro
Mo enupoBaHus
ANEeKTPUYECKMX Lienewn

M 3NeKTPOHHbIX CXEM

M 060CHOBaHuMe Bbibopa
nporpammbl TINA

Haubonee MomHoi cucTeMoi
ABTOMATU3UPOBAHHOIO  MPOEKTUPO-
BaHHUA, TO3BOJSIOLIEH BHUPTYaJbHO

CMOJICITUPOBATh PadOTy Pa3IMYHBIX
AHAJIOTOBBIX U IN(POBBIX YCTPOUCTB,
BKJIIOYasi MUKPOKOHTPOJIIEPHI, CUHU-
TaeTcsl MporpaMMHBINA makeT Proteus
VSM. IIporpamma COCTOUT U3 JIBYX
MOJYNIEH: pelakTopa 3IEKTPOHHBIX
CXEM C MOCIEeAYyIoIeld UMHTAUEeH X
paboTHI M peAakTopa MeyaTHbIX IUIaT.
Kpome storo, Proteus VSM moxer
CO37aTh TPEXMEPHYIO MOJEIb IeYar-
HoM matel. [IporpaMma marHas u He
HMEET MOJHOTO pyCU]HKaTOpa.
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[Iporpamma Micro-Cap u3BecTHa
¢ 1982 r., HOCTOSHHO COBEPIIIEHCTBY-
eTcs W paszBuBaercs. Jrta npogeccu-
OHaJIbHAsE TpOrpamMMa aHaJIOrOBOTO,
IU(GPOBOrO ¥ CMEIIAHHOTO MOJIEIIH-
pOBaHMS W aHajiM3a O3JIEKTPOHHBIX
YCTPOMCTB CpEIHEH CTEeNeHH CIIOXK-
HOCTH TIOIYJISIpHA CpeAn pa3padoT-
YHMKOB, IPENO/aBareyiel M CTy/ieH-
TOB. AJNTOPUTM PabOThI BKJIIOYACT B
ce0sl co3aHue IEKTPUIECKOH Iernu
B rpaduyeckoM peaakTope, 3ajaHHe
rapamMeTpoB aHalM3a W U3y4eHHE
MOJTy4eHHBIX JaHHBIX. [Iporpamma
CaMOCTOSITEJIbHO COCTaBJISIE€T YpaB-
HEHHSI [IeTIN ¥ TIPOBOANUT MOMEHTAJIb-
HBII pacuér. Bce HoMMHaNbI U napa-
METpBl JJIEMEHTOB MOTYT OBITh Kak
HEM3MEHHBIMH, TaK W 3aBHUCSIIUMHU
OT TeMIIepaTypbl, BpEMEHH, YaCTOTHI,
COCTOSIHUSI CXEMBI, IIapaMeTPOB Py~
I'MX KOMIIOHEeHTOB. [IpoekrupoBaHue
MeYaTHbIX IUIaT HE IPEeIyCMOTPEHO.
OObeM OHMONMOTEK HENOCTATOYEH.
[Iporpamma miatHasi.

TpamuunoHHO B J1a0OpaTOPHBIX
MIPAaKTHKyMaXx By30B IPUMEHSIOT MIPO-
rpammel  Electronics Workbench n
Multisim. ITporpamma NI Multisim
xommanuu National Instruments nme-
€T TPOCTOM HaISAHBIA HHTEpPGEIiC,
MOIIHBIE  CpeACTBa  IpadUuecKoOro
aHaJM3a pe3yJbTaToB MOJIEINpPOBa-
HUSI, HAJIMYME BHUPTYAIbHBIX H3Me-
PUTENBHBIX TPUOOPOB, KOITUPYIOMINX
peanbHble  aHajord.  bubianoreka
2JIEMEHTOB conepxkut Oomee 2000
SPICE-mozeneii komnonenToB. Bep-
cuss Multisim Education mnpenHa-
3HaYeHa ISl Y4EOHBIX 3aBEICHUH U
BKJIFOYACT B ce0sl 00yJaromue Kypchl,
MIOATOTOBJICHHBIE alllaparHble pelie-
HUs U paboune yueOHuku. [Iporpam-
Ma IuiaTHas, pycuduKaropa He UIMEeT.

OrCAD — onHa u3 gy4imumx mpo-
rpaMM CKBO3HOTO HPOEKTHPOBAHMS
QJIEKTPOHHOM  armaparypbl, Mpeio-
CTaBJIAIONIAsl JM3aliHepaM IIHUPOKHE
BO3MOYKHOCTH Pa3pabOTKH U MOJIEIIH-
POBaHMsI DJIEKTPOHHBIX CXEM U CO3/1a-
HUsl redaTtHbIX 1uiat. [IporpammHbIA

naker OrCAD umeer Bce HE0OX0H-
MO€ Uil BBINIOJHEHHS Pa3IHYHBIX
9TAIoB Iporecca pa3padoTKU: BXOA-
HOE NPOEKTHPOBaHKE, PYHKIIMOHAIb-
HOE MOJICJIMPOBaHKe, CHHTE3, pa3Me-
LIeHUEe, TPAaCCHPOBKA, MOEIHPOBa-
HUE 3aJIepKeK, TeHepanus JIEMEHTa.
OcnoBHbIM HepocTatkoM OrCAD sB-
JISIETCS €70 BBICOKAsi CTOUMOCTb.

B mnocnenHue roxel mosiBUIIAach
HoBas 9 QEeKTUBHAS POrpaMMa KOM-
neloTepHoro Mmozenuposanust TINA.
TINA-8 u cnenyromas Bepcust TINA-
9 Industrial sIBISIFOTCSL MOIIHBIM HHC-
TPYMEHTOM JUUISI MOZICIMPOBAHUSI aHa-
JIOTOBBIX M IU(POBBIX CXEM, MO3BO-
JISIFOT IPOBOJUTH MCCIIE0BAHUE CXEM
IIPU W3MEHEHHWU apaMeTpoB, OINTH-
MU3ALMI0, BBIIOJHATh YaCTOTHBIA U
CIIEKTPaJIbHBIN aHallN3, WUCCIIE0BaTh
NIepEeXO/IHbIE XaPAKTEPUCTHKH M T.JI.
[penmecTBeHHUKOM IIPOrpaMMBbl
TINA sBisitoTCs W3BECTHBIE TPO-
rpammbl Micro-CAP u Design Lab.
TINA-8 Design Suite copepXur uH-
TErpUpOBAHHYIO YacTh JUIS HPOEKTH-
POBaHMS TIEYATHBIX TUIAT.

[Iporpamma  paspabarbiBaniach
COBMECTHBIMH  yCHJIMSIMH ~ COTpY/I-
HukoB kommanuil Texas Instruments
n DesignSoft. SBnsisice ogHO#M U3
KpYNHEHINX  KOMIaHUH-TIPOU3BO-
JIUTENICH  ANIEKTPOHHBIX YCTPOUCTB,
MHUKPOCXEM M HOJIYIPOBOJAHUKOBBIX
aneMeHToB, Texas Instruments BbIKy-
uJIa TIpaBa Ha JIAaHHBIA CO(T, 10110-
HUB OMOJIMOTEKN KOMIIOHEHTOB CBOEH
nponykuued. BeHrepckass kommaHus
DesignSoft 3anumaercst cozgaHueMm
BBICOKOTEXHOJIOTMYHBIX ~ 00pa3oBa-
TENBHBIX W WHKEHEPHBIX IpPOrpamMM
B oOnact (GU3UKH, SIEKTPOHHUKH, ap-
XUTEKTYpHOTO MPOEKTHUpoBaHus1, 3D-
rpaduku u mynerumenua. Ee npoxyk-
LSl [IepeBe/IeHa HA MHOTHE SI3BIKU 1
Hallula IPUMEHEeHHe OoJiee YeM B IIsi-
THJIECSITH CTpaHax MUpA.

PaccMoTpuM OCHOBHBIE 0COOEH-
HocTu mporpamMMmbsl TINA-8 mpume-
HUTEJIBHO K KOMITBIOTEPHOMY MOJIe-
JIMPOBAHMIO DJIEKTPUYECKUX LieTed u

9NIEKTPOHHBIX CXeM. [JlaBHOE MEHIo
mnporpammsl  (puc. 1) mocTarodHo
nHdopmaruBHo. Kaxaoe NOIMEHIO
COZIEPXKHUT OOJIBIION HAabOp 3JIeMeH-
TOB, TIOJYIPOBOJIHUKOBBIX TIPUOOPOB,
JIOTUYCCKUX U ITUPPOBBIX CXEM, OIITO-
AJICKTPOHHBIX KOMIIOHCHTOB U T.1I.

ITonmento «VHCTpYMEHTBD CO-
JNCPXKHUT, B YACTHOCTH, KOMAHJIbI
«BBIOOp ymNpaBiIsieMoro o0beKTa st
W3MCHCHHS TapaMETPOB MU OITHU-
MHU3AIUN» U «BBIOOP IIEITU ONTHMU-
3alliU WM U3MCHEHHUS YCTaHOBOKY.
BubmuoTeku MoJeBbIX TPAH3UCTOPOB
cogepxkar 10 200 HauMEHOBAHUMN 11O
KaXXJIOMY THUILY.

TINA-8 mpexacraBigeT LIIHMPOKHMA
HaOOp BHJIOB CHUTHAJIOB HWCTOYHHKOB
HATIPSKCHUS] K UCTOYHHKOB TOKA.

COopka mereil MpOUCXOIUT [0-
CTaTOYHO NMPOCTO. KOMIIOHEHTHI BbI-
OMpaloTCs U3 aHeJn KOMIIOHEHTOB U
UX CUMBOJIBI TICPEMEIIAOTCS MBIIIBIO
Ha Tpebyemble mnosuimu. Kowmro-
HEHTBI MOXKHO TOBOPaYMBATh U 3€p-
KaJbHO OTOOpaXkaTh. 3HA4YEHUs Ma-
paMeTpoB MOTYT JIeKaTh B IIpejeax
10-12-10*12. TIporpamma TINA-8 aB-
TOMATHYCCKU MPUCBAUBACT ITHUKCTKY
Ka)KJJOMy KOMIIOHEHTY U OTOOpakaer
YHCIIEHHOE 3HaYEHHE ero IapaMerpa.
[IpoBOJHHKH YCTaHABIMBAKOT KOPOT-
KO3aMKHYTO€ COEIMHEHUE MEXIY
JIBYMs KOHTaKTaMH KOMIIOHCHTOB.
Jnst co3maHusi MPOBOJHHKA MOXKHO
BOCIIOJIb30BaThCSI KypCOPOM, MPOTS-
HYB TPOBOJHUK OT OJHOTO KOMIIO-
HeHTa J1o apyroro. Kypcop neiictByer
Kak nuirymiee nepo. MoxxHO HOJIb30-
BaThCs MUIIYIIUM KapangamoM. OH
MO3BOJISICT HAYHMHATH IIPOBOJIHUK B
J1000M MecTe pabouero moJsl.

TINA-8 mo3BossieT MPOBOIUTH
pasznuyHble BUJBI aHanu3a uenel. [1o
cpaBHeHuto ¢ Electronics Workbench
n Multisim nporpamma TINA-8 nme-
eT CJIe/lyIOlIHe TPENMYIIECTBa:

1. Pe3ynprarhl Ha MOCTOSIHHOM U
NIePEMEHHOM TOKE TIPEJICTABIISIOTCS B
BH/IC TAOJHUI] HATIPSKCHUS B y3J1aX, HA
BCEX 2JIEMEHTaX, TOKOB BO BCEX dJie-
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MEHTax, ApYrux HampspkeHud. ITpu-
YeM Ha MEepeMEHHOM TOKE BBIUHMCIISI-
I0TCSI aMITIUTY/IbI ¥ (ha3bl.

2. Bo Bcex y3max MOXHO IOMe-
PUTB HANPSDKEHUH CTIEUAIbHBIM 11y~
TIOM.

3. TIlporpamma TINA-8 wumeer
PEKUM MHOTOBAPMAHTHOTO aHan3a
(Parameter stepping mode), B KoTo-
pPOM 3HaueHHE MapamMeTpoB BHIOpaH-
HBIX KOMIIOHEHTOB BapbUpPyeTCsl Ha
KaX/IOM IIare BbUUCIEHUH. B pe-
3yJIbTaTe BBIYMCISIETCS U CTPOUTCS
HaOop rpadMKoB, KOTOPBIA HILTIOC-
TPUPYET UYYBCTBHUTEIBHOCTh LENH K
WU3MEHEHHIO MapaMeTpPOB KOMITOHEH-
ToB. MI3MeHsieMoe 3HaYeHue apaMeT-
pa KOMIIOHEHTa MOXKET OBITh JIFOOBIM
YHCIIEHHBIM HapaMeTpoM.

4. Jlerxo momyd4aroTcs aMIUTUTY/-
HO-4acTOTHbIE ¥  (a30-4aCTOTHBIC
XapaKTepUCTUKU  1enel. AHamu3
MePEeIaTOYHBIX XapaKTePUCTHK I103-
Boisier B pexume AC Analysis|AC
Transfer Characteristic nony4uTh
AMIUIUTYJHO-4aCTOTHBIE XapaKTepHc-
THKH U ()a30-9aCTOTHBIE XapaKTepuc-
THKH, a TaKXe, UCHoib3ys Symbolic
Analysis, — aHaJIMTHYECKOE BBIpaXke-
HUE NepesaTouHoN QyHKIUH

5. VIoOHO mccie0BaTh Mepexo-
HBIE XapaKTEPUCTUKH LENeld U MoIy-
4yath MX B BuJe rpaduxoB. BriOpas
B miaBHOM MeHIO Analysis|Transient
Analysis, MOXXHO TPOBECTH aHaJIU3
MIEPEXOIHBIX XapaKTEPUCTHK, PErHCT-
pupoBarhk rpaMKy U MOJIYyYUTh B pe-
JIAKTOpPE ypaBHEHHMH aHAINTHYECKOE
BBIp@KEHUE OTKIIMKA

6. Ilepenarounsie GyHKIUM U TIE-
PEXOJHbIE XapaKTEPUCTHKU MOXKHO
TMIOJTY4UTh B BUJIC aHAJTMTUYECKUX BbI-
paKeHUI.

7. TlpeaycMOTpeH pEXHUM OMNTH-
MU3alMK, [O3BOJISIOIINKI  BHIOpATh
OIITHMAJIbHBIE MapaMeTpbl ey IS
JOCTHIKCHUSI TTOCTABICHHOW  IIEIIH.
LleneBble OTKIMKHM Lenu (Hamps-
JKEHWE, TOK, COINPOTUBIICHHE WIIN
MOIIIHOCTB) JIOJDKHBI  HAOJIOAATHCS
WU3MEPHUTEINSIMH, TIPEIBAPUTEIBHO YC-
TAQHOBJICHHBIMH Ha HY)XHBIX MO3MIH-
six. HewsBecTHble mapamerpbl LENH
OylyT oOmpenesieHbl aBTOMaTHYeCKH
TOr/a, KOIZia LieTb BBLIACT IIEJIEeBOU
BBIXOJIHOH pe3yJbTar.

8. B mporpamme umeeTcs psij BUp-
TYaJIbHBIX TPHOOPOB (MYJIBTUMETD,
ocumutorpad, GpyHKIMOHAIBHBIA Te-
Heparop, rpadorocTpourens U ap.),

HE YyCTyIArol{e 10 BO3MOXKHOCTIM
npudopam nporpammel Multisim. Hc-
M0JIb3ysl B IVIABHOM MEHIO TIOJIMEHIO
T&M, MOXHO MOMECTHTH PEaJIbHbIC
npubopsl Ha pabouee mone, aBTOMa-
THYECKH 3aMEHsIsl TeHepaTop U OKHa
aHajM3a. BEHIMOIHMB yCTaHOBKY Ta-
paMeTpoB MpHOOPOB, MOXKHO HEME/I-
JICHHO YBHWJIETh DE3yJIbTaThl, KaK B
peaibHOI J1abopaTopHH.

9. CxeMbl 2JIeKTPUUECKUX U dJIeK-
TPOHHBIX IIENeH MOXHO IIPEJCTABUTh
B ¢opmare 3D.

TINA-8 Bkitoyaer B ceOsi o4eHb
OBICTPBIN M MOLIHBIA CUMYJISTOP IS
LU(POBBIX CXeM, MHTEPUPOBAHHBIN
CUMYJIATOP IHM(POBBIX MHKPOCXEM,
OHOMMOTEKY ¢ OOJBIIUM YHCIIOM
MHUKPOKOHTPOJUIEPOB, KOTOPHIE MOX-
HO TECTUPOBATh, IPOrPaAMMHPOBATh U
3aIlyCKaTh B MHTEPAKTHBHOM PEXHME.
BerpoenHslit mporpaMMarop Mo3BO-
JISIeT MOIU(UIIPOBATH IIPOrPaMMBI 1
HaOJIIO/aTh PEe3YIIBTaThI.

Jns uccnenoBannoit nenu TINA-
8 MO3BOJISIET CIIPOEKTHPOBATH I1€YaTr-
HYIO IUIaTY M M3TOTOBHTH MAakKeT pe-
aJIbHOTO YyCTPOICTBA.

Takum o6pazom, nmpodeccroHab-
Hast iporpamma TINA-8 oObeaunsier
B ceOe (DYHKIMOHAJBHBIC BO3MOXK-
HocTH Tmporpamm Proteus VSM,
Micro-Cap u Multisim, mno3Bossier
MIPOBOJIUTH HCCIIEIOBAHUE U CKBO3-
HO€ TIPOEKTHPOBAHUE DIIEKTPOHHBIX
YCTPOMCTB C aHAJOTrOBBIMH, LU(PPO-
BBIM M MHKPOIPOLECCOPHBIMH 3JIe-
MeHTaMH. Ydactue komnaHuii Texas
Instruments u DesignSoft rapantupy-
eT JaJbHelIne pa3paboTKu U IHPO-
KO€ BHEAPEHHUE ITOrO IPOrPaMMHOTO
obecrieueHusl.

CrenoBarenbHO, BO3MOXKHOCTU U
MIPEUMYILECTBA MPOeCCHOHAIBHBIX
JIMIIEH3UOHHBIX BEPCHH HPOrpaMMBI
TINA MOryT OBITH yCIIEIITHO HUCIIONb-
30BaHbI BHIITYCKHUKAMH B ITPAKTHYEC-
KOH JIeSITeNIEHOCTH.

B camocrositenbHON pabore cTy-
JICHTOB U B KOMIIBIOTEPHBIX Kilaccax
UCIIONB3YyeTCsl  yHnpolieHHas — Oec-
IUIaTHAs CTy/EHUYECKas BEpCUsi Mpo-
rpammbl TINA-TIVO. B a10it Bepcun
OTCYTCTBYIOT HEKOTOpbIE OIIMHU (OII-
TUMHU3AIMS CXEMbI, aHaIu3 LUPpO-
BBIX CXEM, BEKTOPHBIC JMarpaMMBl,
CUMBOJIMYCCKHUI aHanu3, popmar 3D
u 1p.). Tem He MeHee 3Ta mporpam-
Ma BIOJIHE JOCTAaTOYHA JUIs pelle-
HUSI BceX y4eOHBIX 3ajad, JEerko U ¢

WHTEPECOM OCBAaMBACTCS CTYJCHTaMHU
U TO3BOJSIET NPU  HEOOXOIUMOCTH
nepeiTH K 0oJiee COBEPILICHHOM MPo-
rpamme TINA-8.

Crynenyeckasi Bepcusi nepeBejie-
Ha Ha HECKOJIBKO $13bIKOB, B TOM YHCIIE
Ha pycckuit. [Iporpammy TINA-TIV9
MOYKHO CBOOOJIHO MOJIyYUTh Ha caiite
http://www.ti.com/tool/tina-ti.

2. Mpumep ncnonb3oBaHUs
moaenupoBaHus B cpeage TINA
B 3NIEKTPOHHOM KOHCMEKTe
FIeKUMN NOo 3NeKTPOTEXHUKE

MynbTUMEAUMHBIA 3JIEKTPOHHBII
xoHcnekT snekuui (OKJI) mo amekr-
POTEXHUKE COCTOMT W3 14 Jexiui,
BKJIIOYaeT B ceOst komruiekt u3 S50
CXeM ISl MOJICJIMPOBAaHUSI U COAEp-
*KHUT Oonee 450 ciaiiioB, B KOTOPBIX
TEKCTOBbIE M TpaUuecKue Marepu-
QJIbl COYETAIOTCSl C KOMITbIOTEPHBIM
MOJICJIMPOBAHUEM IEKTPUUECKHX 1[e-
neit B cpene TINA. Coneprxanne DKJI
COOTBETCTBYEeT  00pa3oBaTebHbIM
nporpaMMaM OOy4eHHsI OakaiaaBpoOB
IO HaIlpaBJICHUAM IMOATOTOBKU «Me-
XaTpOHUKA 1 pOOOTOTEXHUKAY, «[IpH-
060opocTpocHHEY, « YIIPABICHUE B TEX-
HHUYCCKUX CUCTEMAX)».

Paccmotpum coneprxanue DKJI.

Jlexmust 1. DIeMeHTHI AIEKTPH-
YeCcKHUX Iemel m mx cBoicTBa (22
craina).

Jlekrus 2. AnreOpandyeckue me-
TO/IbI pacyueTa AEKTPHUUECKHUX Leren
(45 cnaiinoB).

Jlekrus 3. [Ipeobpa3zoBanus 3j1eK-
Tpudeckux nenei (11 cnaiaos).

Jlextmusa 4. DnexTpuYecKue IenH
IIpyu TapMOHUYCCKUX TOKaxX W HaIpA-
KeHusx (44 cnaiina).

Jlexnus 5. Ilenu ¢ B3auMHON WH-
nykiueit (30 cnaiinoB).

Jlexma 6. YeThIpeXMOIIOCHUKH
(48 cnaiinoB).

Jlexuus 7. Ilepexopnsle mpouec-
Cbl B JIMHEWHBIX OJICKTPUYCCKUX IIC-
X (54 cnaiina).

Jlexmma 8. OmepaTopHBIN MeTOA
pacueTa MepexoaHbIX MpoLeccoB (25
CITalIOB).

Jlextmsa 9. Ilpumenenue uHTErpa-
JI0B J{roamers K pacuery nepexoqHbIX
nporieccoB (21 cnaiin).

Jlexmma 10. DnexTpuueckue 1nenu
Ipu NCpUOANYCCKUX HETrapMOHUYECC-
KHX TOKax M HampspkeHHsx (25 cmaii-
JIOB).

Omxpuimoe oopasosarnue ¢ 5/2014
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Puc. 3. Mooenuposanue nepexoonoeo npoyecca 6 RLC-yenu

Jlexmms 11. Tpexdasnsie memnm (12
CITAHJIOB).

Jlexuusa 12. Henunelnsle 1enn
MTOCTOSTHHOTO W TIEPEMEHHOTO TOKa
(20 cnmaiinoB).

Jlextus 13. MaruutHble tienu (13
CITAMJIOB).

Jlexuust 14. Dnexrpuueckue Ma-
riHEL (79 cnaios).

Urenue JeKUUM OPOBOIUTCS B
AyIUTOPUH C MYJIBTUMEIUIHBIM TIPO-
extopoM. CHaiipl C TEOPETUIECCKIM
MarepuaioM (puc. 2) HILTIOCTPHPY-
FOTCSL MOJICTTHPOBAaHUEM MPOIIECCOB B
mporpamme TINA (puc. 3). CTymeHTH
B pCabHOM BPEMCHH HAONIOAOT pa-
6oty B mporpamme. B memu (puc. 3)
MPOBEICH MHOTOBAPHAHTHBIA aHa-
3. Pesuctop R1 cpenan ynpasis-
eMBIM OOBEKTOM W MOJCITHPOBAHUE
MPOBE/ICHO U TPEX €ro 3Ha4eHUi
(500 Om, 2 kOm, 3,5 KOm).

BricokokauecTBeHHAsI U TOYHAsS
rpaduka, HamIsIAHAS SKCIEPHUMEH-
TaJIbHasl TIPOBEPKa TEOPETHUECKUX
MOJIOKEHNH W METOJ0B pacuera,
BO3MOXXHOCTH ~ OBICTPOH  CMEHBI
nmapamMeTpoB IENu M O0CYXKICHUs
OXKUJAEMBIX PE3YJIbTAaTOB MO3BO-
JISIeT 3aMHTEPECOBATh CTYIEHTOB H
MPOBOJUTh WHTEPAKTUBHBIC 3aHS-
THS.

Kommiekr cnaiijoB U cxem pas-
MEIIEH B KOJUICKTHBHOM ITOYTOBOM
SIIIUKE W HCIIOIB30BAJICS CTYJCHTaM
B HOYTOyKax M cMapT(doHaX, KaK I3TO
MIPOUCXOIUT B MOOWIIBHBIX 00ydaro-
IIUX CHCTEMaX.

VYenemrHast anpo0amnys 3IeKTPOH-
HOTO KOHCIEKTA JICKIMH B y4eOHOM
mponecce  MOATBEPAMIA  BO3MOXK-
HOCTb 3P (PEKTHBHOTO NCTIOIH30BAHNS
nporpammbl TINA B MynsTuUMenuii-
HBIX JICKIIUSX.

3. MNpumep ncnonb3oBaHUA
moaenupoBaHus B cpene TINA-
8 B Kypce nekuumn

Mo 3NEeKTPOTEXHUKE

Jnst  caMOCTOATENBHOTO — M3yde-
HUS  DJIEKTPOTEXHUKH  CTYJICHTAMH,
Ha OCHOBE CJAi{JIOB 3IEKTPOHHOTO
KOHCIIEKTa JIEKIMH W CXEM MOJIEIH-
POBaHUsI HAMMCAHO ydeOHOE TIocoOme
«OnekrporexHuka. Kypc nekumit ¢
HCTIONB30BAaHNEM KOMITBIOTEPHOTO MO-
JICTIPOBAHMST B TPOTPaMMHOM cpeze
TINA» [3]. CrpykTypa Kypca JeKIHi
nosHocTeio coorBercTByer OKJI. B
MIOCOONH JIOCTATOYHO TTOAPOOHO U3II0-
KEH TEOPETHYECKHH MaTepual, MpH-
BEJICHBI CXEMBI JUI MOJIEIMPOBAHMS
AIIEKTPUUESCKUX Tietielt. [ yriryonen-
HOTO YCBOGHHS MaTepHaa CTy/IeHTaM
PEKOMEH/TyeTCsl TTPOBOINTH AKCIEPH-
MEHTaJIbHBIC MCCIICIOBAHMS HA MOJIe-
ssix B mporpamme TINA. Kpome Toro,
mocobue comepkut oconee 100 3amad ¢
penieHusIMH. J{0CTOMHCTBOM 3THX 3a-
Jiad SIBISIETCSl TIPOCTOTA BBIYMCIICHUN
Orarozapsi yiaqHoMy TIOA00pY YHCIIO-
BBIX 3HAUCHMH. 3amauu OymyT TOIe3-
HBI 7151 CAMOTIOATOTOBKH CTYJICHTOB 1
TIPOBEICHUSI IPAKTHUECKNX 3aHATHI.

Coueranne W3yYCHHS TEOPETH-
YECKOr0 Marepuaja C KOMITBIOTEp-
HBIM HCCJIEZIOBAHNEM 3JIEKTPUIECKUX
meneit B cpene TINA cmocobeTByeT
JydIIeMy IMOHUMaHHUIO Kypca U ITOf-
TBEepXKIaeT IPPEKTUBHOCTh IIPUME-
HEHHS TIPOTPaMMBI.

4. NMpumep ncnonb3oBaHUsA
nporpammbl TINA-

8 B KOMMNbIOTEPHOM
naéopaTtopHOM NpakTUKyMe no
3MEeKTPOTEXHUKE U ITeKTPOHUKE

JIabopaTopHBIA MPAKTHUKYM SIB-
JISIeTCSl BaXXHOM COCTaBISIOIIECH 00-
pa30BaTeNBHBIX MPOTPaMM IO dJIeK-
TPOTEXHUUCCKUM JIICITUTIITHAM.
B MUPDA panee Obl1 co31aH KOMII-
JICKCHBIN JTa0OPaTOPHBINA MPAKTHKYM
10 DNIEKTPOTEXHUKE M DIIEKTPOHHKE
C HCIOJB30BAaHHEM MHMHHUATIOPHOMN
NEKTPOTEXHUYECKOH  J1aboparopun
MDJI, KOMIBIOTEPHOTO  MOJEIH-
poBanusi B mporpamme Electronics
Workbench , Mathcad u LabVIEW
[8]. Bce pabGoThl B KOMIUICKCHOM
MIPAaKTUKyME MOXKHO BBINOJHNUTH Ha
peanbHOM aHajoroBoM crenae MOJI
WJIN Ha KOMITBIOTEPE.

Omkpvimoe oopasosanue ¢ 5/2014
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HoBblii kOMIBIOTEpHBIH Jlabopa-
TOPHBIN TPAKTUKYM IO 3JCKTPOTEX-
HUKE U 2JIEKTpOoHUKe [4] ucronb3yer
nporpammy TINA u conmepxur 14
11a00paTOPHBIX PadOT, COBIAIAIOIINX
10 COJEPIKAaHMIO U cXeMaM ¢ paboTa-
MU Ha crengax MOJL.

Coneprxanue
MPAKTUKyMa:

1. UccnenoBanve TUHEWHON dJIeK-
TPUYECKOH LIENH OCTOSIHHOTO TOKA.

2. UccnenoBanue 1emnei nepeMeH-
HOT'O TOKa.

3. HccrnenoBanue 3MeKTPUYECKUX
LICMCH, COoIepKAIIUX MarHUTHO-CBSI-
3aHHBIC KATYIIKH.

4. UccnenoBaHue 4YeThIPEXIIOIIOC-
HUKOB.

5. HWccnenoBanue mnepexoaHbIX
MIPOLIECCOB B LEMAX C COCPETOTOUEH-
HbeIMU nlapametpamu R, L, C.

naboparopHoro

6. MHccnenoBanme TpexdasHbIX
ANEKTPUUYECKHX LETeH.
7. HccrnenoBaHue MNOIYHIpPOBOA-

HUKOBBIX JINOJIOB, CTA0OWIUTPOHOB U
TUPHUCTOPOB.

8. HccrnenoBaHue HENIMHEHHBIX
Herei MOCTOSTHHOTO TOKA.

9. UccnenoBanue BhIIpsIMUTENEH
HA TOJTyIPOBOTHUKOBBIX TUO/IAX.

10. HccnenoBanue xapakTepHc-
TUK OWIIOJIIPHOTO TpaH3UCTOpA U
YCHIIUTENS] HA OUIOJIIPHOM TPaH3HC-
TOpE.

11. HccnenoBanue xapakTepuc-
THK TIOJICBOTO TPAH3UCTOPA U YCHIIU-
TeJIS Ha MOJICBOM TPAH3HCTOPE.

12. DnexTpuyeckue LENu C oIe-
PAIMOHHBIMY YCHITUTEIISIMH.

13. HUccnenoBanue aBTOreHeparo-
pa rapMOHUYECKHX KOJICOaHUH.

14. MUccnenoBanue 1u(ppOBBIX
MHKPOCXEM.

Ha puc. 4 npuBeneH npumep MHO-
TOBapUAHTHOTO AaHAaJKM3a BBIXOIHBIX
XapaKTePUCTUK TIIOJICBOTO TPAH3UC-
Topa. OOmmpHas OHONMMOTEKA 3JIEK-
TPOHHBIX KOMIIOHCHTOB TIO3BOJISCT
MOJIy4arh JJIsi HUX Pa3JIMYHbIC BOJIb-
TaMIICPHBIC XapPAKTEPUCTUKH.

Ha puc. 5 nokaszaHo wuccrienosa-
HUE UCKAKCHHI BBIXOJHOTO CHTHAJa
B YCWJIHTENIC Ha OWIOJSIPHOM TpPaH-
3HCTOpE.

UuclieHHOEe 3HAUEHUE HEJIUHEH-
HBIX UCKQKCHHI MOXKHO IOJYYUTH B
pexume ananuza Oypee.

CrenaB yrpaBisieMbIM 00BEKTOM
Gi1oxupoBouHyt0 eMkocTh Cl, uccie-
JlyeM 3aBHCUMOCTH (hOPMBI aMILIU-
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Puc. 6. Bausnue dbnoxuposounoii emxocmu @ smummepe na gpopmy A4X

TYJHO-YaCTOTHBIX XapaKTEPUCTUK OT
3HAYEHUS ITOU eMKOCTH (puc. 6).
MHOTONIETHUI OMBIT UCIIOB30Ba-
Hus nporpamMMsl TINA noareepxkaaet
BBICOKYIO TOYHOCTh M CKOPOCTb MO-

JICIUPOBAHUS DJEKTPUUECKUX Liemneit
U JIEKTPOHHBIX cXeM. CTyAeHTHI yke
Ha IepBOM 3aHSTHU YCIIEIIHO pabo-
TalOT ¢ nporpammoil. JlaboparopHsblii
MIPAKTUKYM U3 YEThIPEX 3aHATHUH 103-

Omxpuimoe oopasosarnue ¢ 5/2014
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BOJIICT M3YYUTh OCHOBHBIC DPEXKHMBI
IIPOrPaMMBbl, BUPTYaJIbHbIE TPUOOPBI,
METOJbl OTOOpa)KEHHs PEe3yJIbTaToB
HCCJIEIOBAaHUH,  MHOTOBapUaHTHBIN
aHanu3, aHanus Oypwe U T.0.

D10 MoATBEpXKIACT Lesecoodpas-
HOCTb HCIIOJIb30BaHMs IPOrpaMMBbI
TINA B 1ab0paTopHOM IPaKTHKyMe
10 IEKTPOTEXHUKE U AIEKTPOHUKE.

5. CoopHuUK 3agay no Teopumn
ANEeKTPUYeCKUX ueneun

B cOopHuK BKIIOYEHBI 3a/1a4u C
«yAOOHBIMI» YHCIAMHU 110 Paszesam:

1. DnekTpudecKue 1menu moCTosH-
HOTO U TApMOHHYECKOI'0 TOKA.

2. Ilenu ¢ MarHUTHOM CBS3BIO.

3. llenn HErapMOHMYECKOTO TOKA.

4. TpexdasHble HeIu.

5. UeThIpeXnOIOCHUKH.

6. Kimaccuueckuil Metof pacdera
MIEPEXOTHBIX TPOLECCOB.

7. OnepatopHbIi METON pacyera
MIEPEXOIHBIX TPOLECCOB.

8. [Ipumenenue nunterpanos Jroa-
MeJlsl K pacueTy MepexoHbIX MpoIec-
COB.

3amaun ObUIM COCTABJICHBI IS
NIPOBEACHUS ayIUTOPHBIX IIPAKTUYEC-
KHUX 3aHATUH cO cTyfeHTaMu. Bee Bbl-
YHCJICHU, KaK IPpaBUJIo, IPOBOAATCA
0€3 KaJIbKYJISITOPOB.

COopHHUK 3a7a4 MOJIe3€H I CTy-
JIEHTOB IIPU U3YYEHUU METONOB IIpe-
o0Opa3oBaHMs W pacueTa JIMHEHHBIX
nekTpuyeckux 1eneid. [logoOHbIe
3a/1a4U BKJIFOYCHBI B 3a4C€THBIC U DK3a-
MECHAILIlMOHHBIC 6I/IJ'ICTI)I.

CryneHTaM peKOMEHAyeTCs Tpo-
BEPATH IMPaBHUJIbHOCTH PEHICHHUA 3a-
Ja4q MyTeM MOJCIIUPOBAHUA uenei/'I
B mporpamme TINA. 310 0cobGeHHO
IMOJIE3HO IIPpU BBIMOJHCHUNU KYpPCO-
BOW pabOThl MO 3JIEKTPOTEXHUKE.
MoienupoBaHue MO3BOJISET OBICTPO
IMOJIYYUTh HCKOMBIC ITPABUJIBHBIC pE-
3YJbTaTbl U MOATBEPAUTH UX MaTEMa-
THUYECKUMH pacyeTaMH.

6. NMpumep ucnonb3oBaHUs
mopenupoBaHua B cpeae TINA
B MPaKTU4YECKNX 3aHATUAX

Nno 3NeKTPOHUKe

CocTaBineH KOMIDIEKT yYeOHBIX
MarepuayioB s nposeneHus 10
NPaKTUYECKHUX 3aHATHI IO BIEKTPO-
HHUKE C HCIIOJIB30BAaHUEM MOZIEIUPO-
Banus B nporpamme TINA [6]. Kax-

JI0€ MPAKTHYECKOE 3aHATHE COACPIKHUT
KOMIUIEKT CJIaloB, CXeM JUIs MOJie-
JIMPOBAHMSI U TIPOBOAUTCS C MYJIBTHU-
MEJIUHHBIM IIPOEKTOPOM.

CozeprkaHne NpaKTHYECKUX 3aHs-
THil:

1. Henuneiinble nerm (11 craiinos).

2. Ouonmel u cTabuimuTpoHsl (36
CJIafJIOB).

3. bunonsapHsle TpaH3UCTOPHI (28
CJIafJIOB).

4. DOmuTtrtepHsbIi noBroputens (14
CJIafJIOB).

5. TloneBsle Tpan3uctopel (35
CJIaf/IOB)

6. OnepanuoHHble ycuauTenu (23
craiia)

7. ABToreneparopsl (25 ciaiioB).

8. Monynamust U AeMOIYNALUS
(34 cnaiina).

9. Ucrounuku nuranus (27 cnaid-
JIOB)

10. Ludpossie mukpocxemsr (31
ciaiin).

Paccmorpum (parmeHT 3aHATHS
0 OWNOJSAPHBIM  TPAH3UCTOPAM.
Crynentsl B nporpamme TINA mng
3aJaHHOTO TUIA TPAH3UCTOpa CTPO-
ST TpadUKu IepelaTouHOi U BHI-
XOJIHOM XapaKTePUCTUKH, BBITIOIHS-
10T rpaduueckuil pacuer pabouei
TOYKH U KPYTHU3HBI B PEXKHME ITOKOsI
(puc. 7).

3areM NMPOBOIUM MOJICIIUPOBAHHE
yeunuteds (puc. 8) U mpoBepsieM COB-
TaJieHue pe3ybTaToB.

Pacuer-pabodeii-TOYKH BBIX OJTHOH TIelH
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Puc. 7. [paguueckuii pacuem ycunumens  pedxcume noKost
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Puc. 8. Mooenuposanue ycunumens 6 pesxcume noxos
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JIOCTOMHCTBOM  IPEJIOKEHHOM
METO/IMKH SIBJISETCS CIeyIollee:

— Oubnmnoreka nporpammel TINA
COZIEPXKHUT  OOJNBIIOE  KOJIMYECTBO
TPAH3UCTOPOB M MOCTPOEHUE UX Xa-
PaKTEepUCTUK OYEHb IIPOCTO;

— KypCOpbl IPOrpaMMBbI TO3BOJISI-
I0T HM3MEpSATh KOOPJAWHATHI JI0OOTO
rpaduka;

— Harpy3o4Hble IpsIMbIe MOYXKHO
CTPOUTH IpaMUECKUMHU MHCTPYMEH-
TaMH IIPOTPaMMBI;

— IporpamMmMa Io3BOJISIET ONTHMH-
3MpOBaTh MapaMeTpPbl CXEMBbI JUIsl 110-
JIy4EHUsI HY)KHOTO peKUMa paboThl;

— MOJAEIUPOBAHUE CXEMBl MOJ-
TBEPXKJAET NMPABUILHOCTH PACUETOB.

Taxum oOpasom, mokasaHa Leie-
C000Pa3HOCTh MPUMEHEHUSI TIPOTrpam-
Mbl TINA B IpakTHYECKHX 3aHATHAX
10 AIEKTPOHUKE.

7. PacuyeT aneKkTpru4eckux
uenen B Mathcad

B kypcoBoii pabore 1o 31eKkTpo-
TCXHUKE W OJICKTPOHUKE CTYIACHTBI
BBITIOJIHAKOT PaCyYC€Thl CJIOKHBIX IIC-
neil MOCTOSHHOTO M TAPMOHHYECKOTO
TOKa METOAAaMH KOHTYPHBIX TOKOB MU
Y3JIOBbIX HaIpsKeHUH, paccuuThiBa-
0T [TEPEXOIHBIC MPOIIECCHI. MBI peKo-
MCHAYEM HUCIIOJB30BaTh HJIsI BBIYUC-
nenuit Mathcad. B [7, 8] npezacrasie-
HO Gostee 20 mporpaMM Jijisi PacueToB
KYPCOBBIX pa0oT, MPaKTHUESCKUX U JTa-
6oparopHbIx 3aganuii. B [8] Mathcad
HCIIONIB30BAH ISl MATEMATHYECKOTO
MOJCTTMPOBAHHS MTPOLECCOB B JUTHH-
HBIX JIMHUAX, DJICKTPHUYCCKUX (bI/IJ'[B-
Tpax, HEJIMHEHHBIX LEMNAX, aBTOreHe-
partopax u T.IL.

M3yuenue crygeHTamu nporpam-
mMbel Mathcad B kypce amekrporex-
HUKW W JJICKTPOHUKHU IIOMOT'acT UM
BBIMNOJIHATE PACUCTHBIC 3aJaHusd 110
ApYyruM JUCHUTIIIMHAM.

8. Anpob6auus y4yeb6Horo
KOMMJieKca Ha OYHOM
M ANCTaHLUMOHHOM OGyYeHUM

B mabopaTopHOM MpaKTHKyMe IO
SNIEKTPOTEXHUKE U IEKTPOHUKE MIPO-
rpamma TINA ucmons3yetcs ¢ 2009 .
CTyIeHTBI OYHOTO U AUCTAHIMOHHOTO
oOydeHus Oe3 3aTpyAHEHHUI OCBanBa-
0T MOJICITUPOBAHKE JUIS BBITOJHEHUS
mab0paTOpHBIX PAadOT W TPOBEPKU
pacueTHbIX 3amaHui. OTYeTH 1O Jia-

00paTopHBIM paboTaM OPOPMIICHEI HA
KOMIIBIOTEpAX, COJEPIKAT CKPUHIIIOTHI
CXEM U Pe3yJbTaToOB dKCIEPUMEHTOB.
Ha nepBoM 3aHATHH CTYAEHTHI H3Y-
4aloT cOOPKY CXeM M OCHOBHBIE KO-
MaH/bl TporpaMmsel. Ha crnemyrommx
3aHATUSAX PEKOMEHAYETCS HCIONb30-
BaTb KOMIUIEKT TOTOBBIX CXeM. OTO
3HAUUTENIBHO YCKOPSIET BBIIOJIHEHUE
11a00paTopHBIX paboT U yBEITHMYMBACT
00beM u3ydeHHOro marepuaia. [1po-
rpammy TINA cTyneHTB! ycTaHaBIIU-
BAalOT Ha JIOMAIIHUX KOMIIbIOTEpaXx,
ucnonb3yst cat kxommaHuu Texas
Instruments win nosyyuB mporpamMmy
y NpernojaBareis.

JoctymHoCcTh W OCSCIUIAaTHOCTH
CTY[JCHUECKOH  BepcUU  SBISETCA
OOJIBIIIM IPEUMYIIIECTBOM TIPOTrpaMm-
mbl TINA.

B 2012-2013 rr. naboparopHsbIii
MPAaKTHKyM OBbUT MCHOJIB30BaH JUIsl
TIOBBINICHUS KBaJH(UKALMU COTPYA-
HUKOB npennpustuil. 3a 12 yueOHbIX
yacoB ObUIO BhITOIHEHO 10 ;madopa-
TOPHBIX PabOT IO AEKTPOTEXHUKE U
anekTpoHuke. Ciymarenu OCBOMWIN
nporpammy TINA u BeIpaszuiu yaoB-
JIETBOPEHUE 3aHITUAMHU.

C 2012 r. TeKIIMOHHBIE 3aHATUS HA
OYHOM OTJICJICHUH MPOXOJST B MYJIb-
TUMEIUITHOM KJlacce C MCIOJb30Ba-
HUEM CJIaiJ0B 3JIEKTPOHHOIO KOHC-
MeKTa JIeKIU 1 MonenupoBanus. [1o
JJIEKTPOHHOHN IOUTe uepe3 KOJIeK-
TUBHBIH TMOYTOBBIM SIIUK CTYICHTHI
MOJIy4aroT Marepuajbl KOHCIEKTa U
MOTYT OTIPABJIATh HA IPOBEPKY 3a/a-
Hus. Ha aynuTOpHBIX 3aHATHUAX CTY-
JICHTBI 4acTO MOJIb3YIOTCA JTUYHBIMU
HOYTOYKamMH ¥ cMapT(OHAMH.

B nacTosiiee BpeMs AeKTPOHHbIE
y4ueOHbIe MaTepuajbl pa3MelieHbl Ha
caiite http://www.toe-mirea.ru/.

B 2014 r. npoBeneHs! npakTUiec-
KHE 3aHATHUSA MO JJIEKTPOHHKE C HC-
MOJIb30BaHUEM IEKTPOHHOIO pecypca
[6] I CTYIEHTOB OYHOIO OOYYCHUS.
MOXXHO OTMETUTh 3aUHTEPECOBAH-
HOCTb CTY[ICHTOB B OCBOEHUH ITPOrpaM-
MBI, aKTUBHOCTb B OOCYXIEHHH BO3-
HUKAIOIIUX BOIPOCOB, KAau€CTBEHHOE
BBINIOJIHEHUE U odopmiieHue sabopa-
TOPHBIX pa0OT M PaCYETHBIX 3a/IaHHH.

VYenemHo cnpaBUINCh € H3yye-
HUEM JICUMIUIMHBI CTYJCHTBI JIUC-
TaHIMOHHOTO 00yuenus. [Iporpamma
TINA wucnonb3yeTcst B JUCTAHIIUOH-
HOM J1a0OpaTOPHOM IpPAKTHKyME W
KypCOBBIX padoTax.

Takum 00pa3oMm, MOATBEPKIC-
Ha 11e1eco00pasHOCTh M IEepPCIeK-
THUBHOCTH HPUMEHEHHUS IPOrpaMMbl
TINA B yuebHOM mporiecce.

3aknroveHune

ITokazan moaxon K BeIOOpY Oec-
MIJIaTHOM OOIIeTOCTYTHOM mporpam-
MBI KOMIIBIOTEPHOTO MOJACINPOBaHUA
ANIEKTPUYECKUX LEeNeld U AIEKTPOH-
HbIX CXEM [JI1 HCIIOJIb30BaHUSA B
MYJIBTUMEAUHHOM y4eOHOM KOMII-
JIEKCE IO DJIEKTPOTEXHUKE M DIIEKT-
ponuke. Ha ocHOBE cpaBHUTENBHO-
ro aHajin3a M3BECTHBIX MPOTPaMM
C/IeJIaH BBIBOJ O IEJIeCO00pa3HOCTH
IIPUMEHEHUs1 IPOrPaMMHON Cpenbl
TINA xommanuii Texas Insruments
u DesignSoft, mpodeccronanbpHas
BEpCHUSl KOTOPOil 0ObeauHseT B cebe
(GYHKIIMOHAIbHBIC BO3MOKHOCTHU
JIy4lIUX IPOTpaMM APYTHX KOMIIa-
HUI{, TO3BOJIIET MPOBOJIUTH HCCIIE-
JIOBaHHE OJIIEKTPOHHBIX YCTPOWCTB
C aHaJIOTOBBIMH, IIM(DPOBBIM U MHUK-
POIIPOLIECCOPHBIMU  DJIEMEHTAMHU U
MPOEKTUPOBATh MevaTHble IJaTbl. B
CaMOCTOSITENILHON paboTe CTYIEHTOB
U B KOMITBIOTEPHBIX KJIACCAX UCIIOJIb-
3yeTcsi ympolleHHas OecruiaTHas
CTyJCHYEeCKasi BEpCUsl IMPOrpaMMbl
TINA-TIVO.

CoznaH y4eOHBI KOMIUIEKC TIO
ANEKTPOTEXHUKE M DIIEKTPOHUKE C
HCIIONIb30BAaHUEM TPOrPaMMHOIl cpe-
nel TINA, BKITIOYAIOIIHNA CIETyIOIIHNe
JNIEKTPOHHBIE 00pa3oBaTeNbHbIE pe-
cypcel: 450 cnaiiioB SIEKTPOHHOTO
KOHCIIEKTa JIEKLUH, 3JEKTPOHHBIN
KypC JIEKUMHA IO 3JIEKTPOTEXHUKE,
KOMITBIOTEPHBII J1a00paTOPHBbI Mpak-
THKYM u3 14 mabopaTopHbIX pPadoOT
[0 DJIEKTPOTEXHUKE M IIIEKTPOHUKE,
COOpHHUK 3a/1a4, KOMIUICKT CJIai0B
JUIA TIPAKTHICCKUX 3aHATHH T10 DJIEK-
TPOHHUKE, KOMIUIEKTBI CXEM ISl MOJIe-
JIMPOBAHMS DJICKTPUYECKUX LEerned u
OJICKTPOHHBIX CXEM.

VY4eOHBIH  KOMIUIEKC —YCIEIIHO
HCIIOJIb30BAH B OYHOM MW JUCTAaH-
LUOHHOM OOYYEHHH M TOATBEPIUII
3G GEKTUBHOCTP W IKOHOMHUYCCKYHO
11e1ec000pa3HOCTh MPUMEHEHUS MTPO-
rpammHO# cpensl TINA.

OcCHOBHBIE MaTepHaibl yueOHO-
ro KOMIUIEKCA pa3MelleHbl Ha caii-
Te http://Www.toe-mirea.ru 1 MOryT
6I)ITI) HCIIOJIb30BAaHbI CTYACHTaAMU M
Hperno/aBaTessiMu.
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