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[I9BM KongaHyMeH BUPTyaJgbl 3€pTXaHa »dJIEKTP JKOHE OJJIEKTPOHIBIK CXeMmallapra
AKCIICPUMEHTTIK 3€pTTEYJIep JKYpPridy YVIIIH KapamalbiM J>KOHE KOJI JKeTIMAI Kypasl OOJIbII
TaObLIAIBI.

"DJIEKTPOTEXHUKA JKOHE OHEPKACINTIK AICKTPOHHUKA Heriznepi" moHi OOMBIHIIA 3epTXaHAIBIK
KyMbIcTapabl opbiHaay kesinge Electronics Workbench o6arnmapnamacel konpanbuianel. EWB
Oarmapiamacel Windows OarmapiMachiH/Ia )KYMBIC ICTEeyTe apHaJFaH. baraapiaMaHbIH epeKIIeNiri
OaKpLUIay-eJIIey aclanTapblHbIH CHIPTKbI TYpl MEH CHIIaTTaMajapblH eJIIIey/Al OHAWIaTy YIIiH
KOJIIaHbLIaIbl.

Electronics Workbench 6arnapnamachiHbIH HETi3r1 apTHIKIIBUTBIKTAPBI.

KapanaiibplM KOMIIOHEHTTEp apKbLIbl MOHJIEPIH TiKeIeH MepHeTaKTaJdaH e3repTyre 0oiaThiH
napamMeTpiep XKUBIHTBIFBIMEH CHITATTANIAbl, HAKTHI 3JIEMEHTTI HEMEce OHBIH Tamama KepiHiCiH
CUINATTAUTBIH MOJIeNb OOJIBIN TaObLIaabl. MoIenb apKblIbl KOMIIOHEHTTED, KiTanxaHanap Ti3iMiHEeH
TaHJaJdaabpl, MOJENb TapaMeTpiiepiH MaijanaHylmsl e3repre amansl. Mojaenbaey HOTHKENIEpiH
MPUHTEPACH LIBIFapy YIIIH HeMece OJap/bl opi Kapail eHJiey YIiH, MOTIHAIK Hemece TpaduKalbIK
peIaKTOpFa Kemripyre 001ab.

Electronics Workbench-te Gapibik d1eMeHTTEp KaTaH OelNriicHreH mapaMeTpiIepMEH FaHa
CHIATTaNIaIbl, COHJBIKTAH SKCIIEPUMEHT OapbICBIHIIA TE€K AJIEMEHTTEPIiH MapaMeTpiepiMeH >KoHE
ecenTey allrOPUTMIMEH aHBIKTANAThIH HOTIKE FaHa KalTalaHabl.

Electronics Workbench Oarmapiamacel cei30aarsel 2JIeMEHTTEPIIH OapiblK KOCBIIBICTAPHI
aHBIK KOPIHETIHAEH eTill OpHANACThIpyFa *oHe Oip Me3riige OapibIK CXeMa TOJIBIFBIMEH Kepyre
MYMKIHIIK Oepeni.

OTK3TIIITEPiH TYCIH ©3repTy, CXeMaHbl KaObLIJay YIUIH HEFYPJIBIM BIHFAWIbl eTyre
MYMKIHIIK Oepeni. bipHemie Toyenninikrepal Oip yakpITTa 3€pTTEreH Ke3/ie oTe bIHFailiibl, ce0ebi
TYPJIi TYCTEPMEH K9He rpauKTEpMEH KepceTyre 00Jabl.

EWB 6arnapnamacblHbIH KOMETIMEH 3JIEKTP Ti30€KTepiH AKCIIEPUMEHTTIK 3€pTTEY KYMBIC
yCTemiHie oyapJblH (PU3MKAIBIK MOJIENbIAEPIH 3epTTeyre ykcac. EcenTeyill 3KCIepUMEHT, HaKThI
CUSIKTBI, OTEpalusIap/IblH KapamabiM pPeTTUIINIMEH JKYPTi3iaedl: 3JeKTp Ti30€TiHiH ChI30achiH
KYpacTbIpy, OHBIH NAacCHUBTI >KOHEe OEJCEHIl 3JIEeMEHTTEpiHIH NapaMeTpliepiH OpHATy, eJlley
acmanTapblH KOCY JKOHE OJapiabl OHJeY, YJATrUIeyIl iCKe Kocy. Ouiiey HOTHXKeNepl acmamntap
naHenbAepiMEH ecenTeneli: aMInepMerp, BOJIbTMETP, Bartmerp, gaszomeTp HemMece OCLMILIOrpaMM
TYpIHJE.

3epTXaHalbIK JKYMBICTAP/IbI )KYPri3yIiH KAkl epekernepi

1. 3epTxaHaja THIHBIITHIK, TA3AIBIK MIEH TOPTINTI CaKTay KaKeT.

2.Anparel  3epTXaHANBIK >KYMBICKA CTYACHTTED IKYMBICTHIH CHUIIATTAMACHIMEH KOHE
YCHIHBUTFAH 9/IeOMETTEPMEH TAHBICHIN aJJbIH ana JalbiHaanaabl. JlaibHIBIK HOTIDKEIEpl XaTTaMa
JRNITEpiHe YKa3bUIaIbl, OHBIH 00Tyl 9pOip CTYIEHT YILUiH MiHAETTI.

3. Xarrama jmonTepiHe JMAWBIHIBIK KEe31HJE KYMBICTBIH MaKCAThIH, HETI3T1 apaKaThIHACHIH,
chI30achIH, KecTenep/l NalbIHay, OaKblIay CypaKTapblHa JKayanTap eHri3y Kaxer.

4. OpbIHJaNFaH KYMbIC HOTHKENepl OOMbIHINIA 9pOIp CTYAEHT €cen YKBINTHI paciMaenesi.
Ecente: >KyMBICTBIH MakcaThbl, 3JIEKTp CXeMachbl, HETi3rl apakaTblHAacTap, TOKIpuOe MEH ecentey
HOTHKeJIEpl MEH KeCTelep, €CenTey MbICalIaphl, TYCIHIKTEPMEH TOYeNAUIK rpaduKTepi, adblHFaH
HOTHOKEINEpIi TaNIay KoHE KOPBITHIHABLIAP KEATipiie .

5. OKBITYIIBI JJBIHFBI KYMBIC OOWBIHINA ecen KaOBUIMaiIbl JKOHE CTYIEHTTIH ajijaFbl
KYMBICKa TalBIHOBIFBIH TeKkcepedi. Ecem Hemece xaTTama JAoNTepl KOK  JadbIHIAIMaraH
CTYICHTTEp >KYMBICKA Ki0epiameiiai.

6. XKymbIcka pyKcaT ajfaHHaH KeHiH CTyAEHTTep Ti30ekTi >kuHaiabl. JKuHanraH Tiz0ex
OKBITYIIIBIFa TEKCEPYTE YCHIHBLIAIBI.
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7. OKpBITYIIBI Ti30€KTI TEKCEPTCHHEH KEHWIH CTYACHTTEp 3KCIEPUMEHTTEpre Kipiceml.
bakpuiay jxoHe ecenTey HOTHKEIEpl XaTTaMa KeCTeCiHe SHT131Ie/1.

8. XKyMpbIc assKTaIFaHHAH KSHiH XaTTaMa OKBITYIIBIFa YCHIHBIIA/IbL.

9. Xarrama Heri3iHjae CTyACHTTEp OaKblaay HOTHKEIEPIH OHICH] Il dKOHE ecenTep Il
pecimaeni.

3epTXxaHaJbIK KYMBICTap bl OPbIH/IAY KE31H/E KEJIeCl TOPTII KapacThIPbLIA/Ib:

1) TanceipMaHblH OCpUIreH HYCKachblHa COWKEC CTYACHT JKYMBICTa KapacThIPbUIFaH Yii
TaIChIPMAaChIH OPBIHIANIbI.

2) OKBITYIIBI YH TalChIPMAachlH TEKCEPreHHECH KEWiH JKOHE pPacTalThIH KOJJIbI allFaHHAH
KCHIH 3epTXaHajbIK )KYMBICKA apHaJIFaH CUIIaTTaMajapFa COMKeC TIKIpUOemiK 061iM OpbIHIaIabl.
Bys perrte 3neKTpOHABIK KYPBUIFBUIAPIBl MOJAEICY KOHE JIKCIEpHUMEHTTIK 3eprrey Electronics
Workbench optaceinga nepbec koMmbploTepliep/ie OKy 3epTXaHAaChIHAA XKYPri3ijel, ail HOTHKeIep
OKBITYIIIBIFa KOPCETIIEII.

3) yii TarmchlpMachlH KOHE IKCIIEPUMEHTTIK 3€pTTeyJepi OpbIHIaY HOTHXKEIepi OoibIHIIA
ecer pecimene/i, OHa:

- 3epTXaHalbIK >XKYMbICTap OOWBIHINA ecenTepiai pecimiey OoWbIHIIA KadeapaHbIH THICTI
CTCHJIIH/IC KapaCThIPHUIFaH HBICAH OOWBIHIIIA TUTYJI TIAPAFhL;

- )KYMBICTBIH MaKCaThl,

- YH TarchIpMachiH OPBIH/IAY HOTHIKENIEPi;

- 9KCTIEpUMEHTAIIIBI 3ePTTEYIEP/Il KYPrizy HOTHKENEepi:

- OKCIIEPUMEHT CXEMaJIaphl;

- DKCIEPUMEHTTEP HOTHXKECIMEH KOHE SKCIEPUMEHTTED JKYPri3y Ke3iHJIe MaiilalaHbuIaThIH
KYMBIC PSKUMJICPIMEH OPHATBUIFAH BUPTYAIbl aCTIATaPBIH AIlbIK TAaHEIbIACPIH OACHIT IIBIFAPY;

- DOKCIIEpUMEHT Ke3iHJe allblHFaH aKHUKaT KecTelepi >koHe (Hemece) KypbUIFbLIap
YKYMBICBIHBIH YaKbITINIA THATPAMMaJIaphl;

- OJKCIEPUMEHTTIK JIepeKTepll eHAey OeiiMiHle opOip HAKThl 3€pPTXAHAIBIK JKYMBICTA
KO3/1eJIr'€H MAJIIMETTEP MEH KOPBITHIH IbIIAP OOTYbI THIC.
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3eprxananbik ;kymbic Nel

Takeipbin 1: Electronics Workbench 6arnapiamacbinbIlH MYMKIHAIKTEPiH 3epTTEy

Kymbictein MakcaTbl: KT OoifbiHina Hyckamanan ety. Electronics Workbench maszipiniyg
Ma3MYHbBIH 3epTTECY

KYMBICTBI OPBIHAAY TIPTIOI

1. Electronics Workbench 6araapiiamachia KoiaHy MYMKIHIIKTEPIMEH TaHBICY.

2. EWB 6arnapiamacein icke Kocy (icke kocy — Electronics Workbench - Electronics
Workbench).

3. Herisri mazipai kepy.

EWB OarnmapinamacelHBIH Tepes3eci Ma3ipi, OakpLIay-eJiey KypaJdapbIHBIH CBI3BIFBIH,
KOMIIOHEHTTEP KiTalXaHaJIapPbIHBIH ChI3bIFBIH KAaMTUIBI. baFmaapiiaMaHblH JKYMBIC aJlaHbIHJA OFaH
0aKpUIay-eJIIIey AacCMaNTapblHBIH HWKOHKANAphl KOCBUIFAH MOJENBIIK CXeMa JKOHE CXEMaHbBIH
KBICKAIlla CUIAaTTamMachl opHayacaibl. KakeT OosiFaH jkarnaiiia acnantapiblH OpKaHChIChI OHBIH
KYMBIC PEKUMICPIH OpHATY XKOHE HOTHXKeNepiAl OakpUiay YIIiH epicTeTiTyi MyMKiH. CXeMaHbI
KYpacThIpFaHHAH KeiliH OHbI KOPEKTEHAIpY Ke31HE KOCY OIeTTeri KOCKBIITHI 0acy apKbUIbl
Kypriziient

«Electronics Workbench» 6armapjamacbiHbIH MI3ipi
«Electronics Workbench» GarnapiamMacsIHbIH HETi3T1 Ma3ipiH KapacThIPanbIK.
File mazipi Windows oprtaceiabiH OarmapiamanapbiHa Coiikec Kese/i:

New->xaHa chI30aHbI )kKacay

Hew Chrl+r
Opett Chl+0) Open-cp130aHbI amnry
Save-cpI30aHbI cakTay
2 Lol Save as... —Kauaii caxray...
ST 0N Revert to Saved-cakranran chi36ara 6apy
Fevertto S aveds, Import u Export-gaitnmapast uMmopTTay )oHe
Impart... Jkenoprray
£ Print-6acmara msrrapy
wpark.. . ¢ "
Print setup- nactpoiika npuHTepa
Etint... Chrl+F Exit-EWB GargapnaMachiHaH IIBIFy
Frint Setup...
Exit &l+F4

= KOMaHnanapnmz{ oip Oemiri Kypayiap
D La> g @ TaKTachblH/a KaiTanmaHajipl: (kacay, aily, cakray,
OachlIM LIBIFapY).
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Cut-kecy
Copy-keri
Chrl+: Py Py
ChleE Paste-koro
Chlsy Delete-emripy Select
Del All —BapibirbiH TaHgAY
Chileds Copy as Bitmap-6ydepre xemipy (Oyi1 komaHaa
CXEMaHBl CypeT TYpiHIE Ke3 KEITreH MOTIHJIIK
penakTopra xxibepy YIliH apHaJIFaH, MBICAJIbI

Copy az Bitmap

Word).

Komannmanapapry Oedtiri (KUbIl aiy, Keuripy, KipicTipy), COHIal-ak Kypajjaap TaKTachlHA

IObIFapbLIAbIL.
Circuit Ma3
Botate
Flip Horizontal
Flip " ertical

ipi
Crl+R

Component Properties. ..

Create Subcircuit....
Zoom |n
oo Ot

Chrl+E
Chrl++
Chrl+-

Circuit ma3ipi KOMaHanapad Typaibl:

Rotate- 90° carar Tinine xapcs Oypy
Flip Horizontal-xenieHeH aitHaib! cypet
Flip vertical-tirinen aitHanb! cyper.

bys1 komanganap Kypaijgap TaKTachlHIa KalTaaaHa bl

AVNEIE

Analysis Ma3ipi
Activate Chrl+5
Ealse £
Shop i kA
Analyziz Optionz...  Chrl+y

Component Properties —aieMeHT mapamerpiepin
TEeHIIEY

Create Subcircuit -imki xyiieni xacay

Zoom In — MacmTaOThl YIAKEHTY

Zoom Out — mactuTaOThI KillipeUTy

Analysis Ma3ipi (Tanaay) KaMTH]IbL:
Activate-kocy

Pause-y3imic

Stop-emipy

Analysis Options-tannay mapamerpiepi

EWB 6arnapiamMachiHbIH KOJIIaHBUIATHIH KiTaIXaHAIBIK KOMIIOHEHTTEpiHEe KbICKAIIIA IIIOITY.

4. TeimkaHHBIH KoMeriMeH Passive Ma3ipiH amry

Passive ToObI-acCUBTi KOMIIOHEHTTEP

- Topan etki3rimTepAi KOCy >koHe OakbUiay HYKTEJIEpiH Kypy YIIiH
KOJIZIaHBUIARl. OpOip TOpamka TOPT JKOJICEPIKTEH (TapMaKTapiaH)
KOCBUTYBI MYMKIH.
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- Xepre Tyi#BIKTay HOJJIIK KepHEy OOJaJbl »OHE OChUIaWIIa
MOTEHIMAN ecedi YIiH 6acTanKbl HYKTeHI KaMTaMachl3 eTel

.|k

- TypaxTel kepHey kesi. Typaktel kepuey kesiniH KK nHemece
BonsT™MeTpMeH eMmeHe i xKoHe TybIH/bI mamaiapMer (MkB-mgan xB-
) o\ ra neitin) Oepineai

T

- Typaktbl ToK K031. TypaKThl TOK KO31HIH TOTI AMIIEPMEH OJIIIICHE 1
KOHE TYBIHIBl MIaManapMeH Oepineni (MKM-JaH KA-Fa JeiiH).
Kepcerkirr Tok 6arbiTeia kepceremi ("+" -").

- AWiHBIMaJIBl CHHYCOUIAIIBI KEpHEY Ko31 (KepHEYAiH THIMII MoHi,
JKULITIT1, hazachl)

- Pe3ucrop (KapChuIbIK).

oo

- Karymika (MHAYKTUBTLIIK).

—| }— - Kongencarop (ChIABIMIBLIBIK).

JKyMbIC icTey VIINIH 3J€MEHTTI TaHJall, THIIIKAHHBIH COJI JKaK OaThIpMachlH OAchIll, OHBI
Electronics Workbench 6arnapiamacsiabia JKymblic epicine amapy Kaxer.

Opnary Ma3ipiHAE OJENKI 3JIEMEHTTIH 1Kl napamerpiepi 6ap. Ocbl 3JIEMEHTTIH MOHIH
e3repTy YIIiH, MEH3ep/i OFaH amapbll, 1K MapaMeTpiepAl OpHaTy MA3IpiH alry, cogaH KeiiH
aemeHT Tepesecinae Valie Ma3ipin Tapman, KaxerTi MOHII eHri3y kepek. Label imki ma3ipinae
DIIEMEHTTIH Oenrici »ka3bUIajbl.

Mpicast:

Pesuctopzpl TaHaM, THIIIKAHHBIH COJ JKaK OaThIpMachkiH Oackir, oHbI Electronics
Workbench 6arnapiamaceinbsiy ZKyMbIC aaHbIHA CYHPEHI3.

Orienki OOWbIHIIA PE3UCTOPIbIH Keaeprici Oip ko omra (1kQ). TeH. Ochl KeAepriHiH
MOHIH ©3repTy YILiH XKYTipriHi KeAeprire anapblil, ThIIIKaHHBIH COJI )KaK 0aThIpMachIH €Ki peT Oacy
apKBUTBI 111K TapaMeTpIIep/Ii OPHATY MI3ipiH alry Kepek, comaH keiin Resistor tepesecinme Valie
Mo3ipiH TaHJam, KeAepri MoHIH Koo kepek. Label imki ma3ipinme R amemeHTiHIH OenriciH xazy
KEpeK.

byn xkepHeyni es3repTy YIHIIH KypcopAbl OaTapesifa amapbll, THIIKAHHBIH COJ  KaK
OaThIPMAChIH €Ki peT 0acy apKbUIBI illIKi TapaMeTpliep/Ii OpHATY MA3ipiH airy, coaaH keiin Voltage
tepesecinae Valie Ma3ipiH TaHZay jkoHEe KepHEYAiH KaKeTTi MoHIH Kot Kaxker. Label imki
Mazipingae E anemenTinin Oenrici xka3bliaibl.

Indic To6bI - UHANKATOPJIBIK acnanTap

AO «HOxHo-KazaxcTaHCKass MEOMUVHCKAS aKaaeMus»
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Bonbrmerp (imki kemepri, DC-typaktsl TokTsl, AC - aiiHbBIMaJIbI
TOKTBI OJILICY PEKUMI).

Awmmepmetp (imki keaepri, DC-typakTsl TOKTBI, AC - allHBIMAITBI

M [~ TOKTBI ©JIILEY PEXKHIMI).

By acmantapsl KocyFa apHaIFaH Tepic KeH Kapa *KOJIAKIEeH OENTiJICHIeH XKoHEe KOMIIOHEHT
KECKIHIH alfHaNABIPFaH Ke3/1e MKOHKAHBIH Ke3 KeJIreH KbIpPhIHA OPHAIACThIPbUTYbl MYMKIH.

Bbakbuiay-esiey acnanrapbl

Bakpinay-enmmey acmantapblabiH naHemi EWB  GarnapiamachlHBIH KYMBIC
Tepe3eciHiH MI3ipiHiH aCThIH/A OPHATACKAH JKOHE OJIap CaHBIK MYJIbTUMETD,
(GYHKITMOHAIIBIK TEHEpaToOp, €Ki apHaIbl ocHuuiorpad, aMILTUTYIAIbIK-
KUUTIKTIK JKoHE (pa3anblK cumaTTamanap/ibl ©JIIeyilITeH Typaabl. AcHanTapMeH >KYMbIC 1CTEY/iH
KaImbl TOPTIOi: acmanThlH MEH3epi >KYMBIC aJaHbIHAa ayBICTBIPBUIAABI KOHE OTKI3TiIITepMEH
3epTTENIeTIH CXeMara KOChUIa/Ibl. ACIHAMNThl KYMBIC (TOJBIK) KYHiHE KEeNTipy YILIiH MEH3ep/Al OHbIH
Oenrimieci OOMBIHIIA €Ki peT 0acy Kaxer.

Op0Oip Kypanbl 0eiek KapacTbIpalbIK.

—1

o o

=

(=i=]

%|
oo oo

MyJabTHMeETp

MynbTUMETP/IIH O€T MaHENIHE OJIIIey HOTHXEIIEPIH KOPCEeTyre apHaJFaH
TUCIUICH, cXeMmara KOCyFa apHallFaH KieMmmalap jkoHe Oackapy Tyiimenepi

| | Oap:
' - TOKTbI, KEpHEY/li, KeAEPTiHi )KoHe JICipey/li eIIey PeXUMIH TaH1ay;
SN - alfHBIMAITBI HEMECEe TYPAKTHI TOKTHI OJIIIIEY PeXKIMIH TaH/Iay.
==l
8 Settings i
) O]

I'enepaTop
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OcnumnorpadgTeie exi apracel (CHANNEL) A sxone B 10 mxB/ictep (mV/Div) 6actan 5
kB/icrep (kV/Div) nelinri guanazoHjia CE3IMTAIBIKTEI 06JICK PETTEYMEH JKOHE TITIHEH BIFBICY/IbI
perreymen (Y POS) 6ap. Kipic pexumin Tanmay DC , AC tyiimenepin 0acy apKbUIbl Ky3ere
aChIPbUIAIBI

[V Bia ] A ] |

OpicTeTy peXuMi TyiiMelepMeH TaHIala /bl

Kemneci epicrery pexxumaepi icke achIpbUIaIbL:
- TIriHEeH - CUTHAJ KepHeYl, KOJIJIEHEH - YaKbIT;
- B/A pexuminne: TirineH — B apHachbIHBIH CHTHaJIbI, KOJIJICHEHIHEH — A apHACBIHBIH
CHUTHAJIBI;
- A/B pexuminze: TiriHeH — A apHacBHIHBIH CUTHAJIbBI, KOJJCHEHIHEH — B apHaChIHBIH
CHUTHAJIBI.
OcmwmiorpadTsel JKepre KOCy aclamnThlH KOFaprel OH Jkak OypeimbiHza GROUND
KJIEMMaChIHBIH KOMETiMEH JKY3€re aChIpbLIaIbl.
ZOOM TtyiiMeciH 6acKaH Ke3/ie-dKpaH eJIIeMi apTaabl, CYpeTTl KoJIACHEH aifHaJAbIPy JKoHE
OHBI TiK BU3UPIIIK CBI3BIKTAPIbIH (KOK KOHE KbI3bLI TYCTi) KOMETIMEH CKaHepiey MYMKIH/IT maiaa
6oazpl, O1apAbl KypCOpMEH SKpaHHbBIH Ke3 KeJITeH OpHbIHA OpHATyFa 00Ja/ibl

bakebl1ay cypakrapsbl:

1. Electronics Workbench 6arnapiamMachiHbIH MYMKIHIKTEPIH CHITATTay

2. Passive ToObIHBIH KiTalxaHaJ bIK KOMIIOHEHTTEPiHIH TaFaibIHIaTybIH CUITATTAY

3. Bakbliay-eJiiiey acnanTapbIHbIH TIAHETIH CUTIATTAY

4. OcumsorpadThiH MaKcaThIH TYCIHAIPY

5. OEM-men xymbic ictey ke3ingeri KT, epT kayinci3airinii Heri3ri Tajantapbl KaHaan?

EcenTin Mma3MyHBbI:

1. )KyMBICTBIH aTaybl MEH MaKCaThI
2. bakpliay cypakTapblHa KayanTap.
3. KopbIThIHIBLTAD

ojeouer:

Herisi:

1. Dnexrprexuuka / pen. B. C. [Nantiommua M.-Feutbiv sxkone Texauka 2001 x. - 410 c.

2. Eropos, H. M. E30 Dnekrponunka. 1.0 Hyckachl [ 1eKTpOHbI pecypc] : AapicTep KUHAFbI
/ H. M. Eropos. — DnextpoH. aaH. (3 M6). — Anmartsr : UTIK COY, 2008.

3. [Mandunos 1. W. skcriepuMeHTTEp MEH TeHJeYJepaeri DIeKTPOTEXHUKA KOHE
anekTpoHuka. Electronics Workbench npaktuxymsr. 1 Tom: DnexrporexHuka, 2 ToMm:
Dnekrponuka, - M.: JIOJAEKA, 2002 x. 1 Tom-303c. sxone 2 Tom-287c.

4. bopucos 0. M. DnekrporexHuka-M. FeutbiM xoHe TexHuka 1998 x.
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5. Dnekrprexnuka-M. XKoraper mexten 1999 k. - 450 c.
6. OOK "OKMA" AK Be6-caiitel UKMma.kz eckepry.

KocbimMima:
1. lopicTik MaTepuat
2. barmapnamanslk kamramace3 eTy: "Electronics Workbench" cxeMoTeXHUKAIBIK MOJEIBACY
Oarmapnamacel; "Excel" »xone "Mathcad"chI3BIKTBI TeHZICYNIEp JKYHECiH ecenTeyre apHajFaH
Oarapiiamanap.

3epTXaHAJIBIK KYMBIC 2
1. Takpipbin 2: TypaKThl TOKTAFBI CHI3BIKTHI JK9HE CHI3BIKTHI eMec YJIeMeHTTepi

ZKyMBICTBIH MaKcaTbl: TypaKThl TOKTBIH JICKTP Ti30€KTepil OOHBIHIIIA TECOPHSUIBIK HET13/1epl MEH
MPAaKTUKAJIBIK JaFAbpUIapbiH OeKiTy. TapMakTaaraH ChI3BIKTHI Ti30€KTi )KOHE TYPaKThl TOKTapAa
KaparnaiblM ChI3BIKTBI eMec Ti30ekTi ecentey yiniH OM sxoHe Kupxrod 3anmapsiH cakrayra Ke3
KETKi3y )KOHE KOJaHy apKbLIbl TAHBICY:
- TYpaKThl TOKTBIH TapMaKTaJraH 3J1ekTp Tiz0eringe OM sxone Kupxrod 3anaapbsiHbIH
CaKTaITybIH TEKCEPY;
- TiKeJel ecenTey oJIlIey acrantapbiMeH (aMIIepMeTpIIepMEH KOHE BOJIBTMETPIICPMEH )
TaHBICY;
- DIEKTp Ti30eKTepiHAeri TOKTapAbl, KepHEYIep/ii )KoHe KeAepTijepAl eley 9/IicTeMeCiH
MEHTEpY.
Kupxro¢ 3anaapbIHbIH OpBIHAATYBIH, CATy KoHE ©3apa KaTblHAC IPUHLUOTEPIH, ChI3BIKTHIK
KaThIHACTAp TYpaJbl TeOpeMaiap/Isl TEKCepYy.

3. KpIcKalia TeopusiibIK MAJIiMeTTEp

Kupxro¢prein Oipinmi 3anbl. TopanTarbl TOKTapAblH aiareOpasiblK coMachl Heire TeH. bip
OenriMeH TYHIHre araThlH TOKTAp, ajl eKIHIIICIMEH — OJIaH IIBIFaThIH TOKTAp €CKepuIei:

2I=0

Kupxro¢tbin ekinui 3anbl. KOHTYpIare! KepHEYAIH KYIABIPAYBIHBIH anreOpaliblKk COMachl
OKK KOHTYPBIHBIH areOpalibIK )KUBIHTBIFBIHA TE€H (coJ1 Oeirinae "+" 6enrici 6ap TOK KOHTYPIBbIH
alfHaIBIN OTYIHIH TaHAAJIFaH OaFbITBIMEH COMKEC KeJIETiH AJIEeMEHTTepIer1 KePHEYAiH TOMEeHIey1
ecenTene/l, OH JKarblH/a — OarbITTaMasapbl alfHABIN OTY/1H OaFbITHIMEH COWKEC KeNeTiH
ke3nepain DKK):

2IR=3}FE.

O3apa Toyesci3 TeHaeyJep Ti30eKTiH OapibIK TOpANTapbIHBIH TOKTaphl YIIIH TEHIEYIep
6oxbin TaObuTaAbl. Ke3-kenreH Ti30eKk YIIiH KEpHEyre apHajlfaH e3apa TOyelsci3 TEeHIeysep, erep
Ke3-KeJIreH KOHTYpFa apHallFaH TEHJEYAl »Xa3blll, OHAa Oip TapMakThl OWMEH Y3iIl, Keneci
TEHJICYJEp/i, COHIA-aK TapMaKTapbl Y3il, KaJFfaH TyTac KOHTypjlap YIIIH OJap TayChUIFaHFa

10



ONTUSTIK-QAZAQSTAN SOUTH KAZAKHSTAN
MEDISINA MEDICAL
AKADEMIASY ACADEMY
«OHTycTik KazakcTaH MeauuuHa akanemusicbl» AK AO «OxHo-KasaxcTaHcKas MeaUMUMHCKAs akaneMus|
«DapManeBTTiK OHIIPICTIH TEXHOJIOTHSICHI» Kadeapachl 044/48-19
«DIIEKTPOTEXHUKA KOHE OHIIPICTIK HIEKTPOHUKA HETI31epi» 12 Gerrin 116eri

JefiH a3l ajnca anbiHagbl. CBHIPTKBI KOHTYpJaH 0acka, *a3blK (IIaHapiibl) Ti30€KTiH OapiibIK
KOHTYpJIap — YSIIBIKTAPBIHBIH KEPHEYJICPIHE apHAIIFaH TEHCY 63apa ToyeCi3.

Cany npunuuni. bipaemne ke3i 6ap CBI3BIKTBI JIEKTP TI30€TiHIH Ke3 KEITeH TapMarbIHBIH
TOrBl 9pOip KO3MiH iC-KMMBUIBIHAH O6JIeK KYPaWThIH aireOpajblk COMMa TYPIHAE YCHIHBUTYBI
MYMKiH.

O3apa karbiHac npuHIMIi. Erep maccuBTi CHI3BIKTHI Ti30eKkTe ab xoHEe cd eki TapMarbiH
Oexin ancak, onapasiH Oipeyine IIC Eab = E xocy, an exinmriciaae Icd = I Torsr enmmeneni, cogan
keiin con DJIC exinmi Tapmakka (Ecd = E) aysicTeipy, ai Tok OipiHII OOIBIN ©JIIICHE 1, OHaa OyII
eki Tok TeH Oomazpl (Iab = 1).

ChI3BIKTBHIK KATBIHACTAP TYPAJIbl TeopeMa. Erep ChI3BIKTHIK JIEKTp Ti30eTiHe KaHIai 1a
0ip mapametpai (kenepri, 9/1C HeMece Ke3/iH TOTBIH OEpETiH) e3repTce, OHIa Ke3 KeNTeH eKi
ramasap (TOK HeMece KepHey) TYPAiH ChI3bIKTHIK KaThIHACKIMEH OaiIaHbICThI 00aabl y = ax + b.

Komnencanus Teopemachl. Ke3 KenreH eki Kocy KbICKBIIITAPBIHIAFBl KEPHEYTE TEH JKOHE
con nossapasiFel 6ap J/]C ke3imMeH aybICThIpyFa 601a/1bl, XKoHe OyJI peTTe TI30eKTiH KajaFaH
OeIiriHiH TOKTapel MEH KEpHEYJIEeP1 e3repMeiii.

DJieKTp Ti30eriHiH cxemachl

Kymepicta 2.1. cyperre KepceTuIreHnel €Ki KOHTYPIBIK CXeMa KOJIIaHbUIAAbl. TypaxTsl
KepHey xkoHe kenepri ke3aepiniH KK monnepi O6actankel cxemana 2.1 kecte OoiibiHIa Oepinei.
(HyCKaHbIH HOMIpIH OKbITYLIbI Kepcereni). Kywmbic OGapbichiHaa E1 moniH Oarnapiamara colkec
e3repTyre Typa Kemnesi.

2.1 Kecte
Neo nycka 1 2 3 4 5 6 7 8 9 10
E1 B 4 6 6 10 12 5 7 9 11 3
E2 B 9 11 6 4 8 10 12 14 5 7
Ri1 OMm 120 100 140 80 160 180 | 200 220 240 80

R2 Om 50 60 80 30 40 50 60 80 100 20

R3 Om 80 40 60 100 | 120 80 120 | 150 30 50

K1, K2 kintrepinig opHanacybiH (Cbl30a1a KBapaT *KaKliaiapaa oJlapblH HHAEKCTepl
KepceTuireH) TuiciHmie 1 xoHe 2 epHenepiHiH KoMeTiMeH Oackapyra 0oJabl.
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R1 R2
1 A 120 O 50 Ohm "2 2
~E1 <R3 : E2
s — <
T4Vl v s orhm vz T 8V
ol |
Al A3
(3]
R S § . .
2.1 cyper

KymMbIcKa Tall bIHABIK

Teopusiblk MaTepHAaIIbI JKacall, CypaKTapra xayar oepy.

1. Kupxrod tenaeynepi oiap yIIiH e3apa Tayelnci3 00y YIIiH KOHTYp/bl Kallail TaH1ayFa
6omas1?

2. - Cyp. 2.2 keii0ip Ti30€KTiH KYPBUIBIMJIBIK CYJI0achl OepiireH(0yTaKTaphl CHI3bIKTaPMEH,
TYHiHIEp — HYKTeIepMeH OeiHenenren). KupxrodTeiH OipiHII *KoHE eKiHI 3aHIapbl OOMBIHIIIA
KYpacThIpyFa 0OJIaThIH ©3apa TOYEJICI3 TCHIIEYJIep CAHbIH aHBIKTAaHBI3.

3. - Cyp. 2.3 emmiey acnantapbl MEH KUITTEPI XKOK 3€pTTENCTiH Ti30ek OCHHEIICHTCH.
Kupxro¢ 3anp1 60iibIHIIA ©3apa TOYEJCI3 TEHACYIEPAIH KaXKeTTl CAaHbIH Ka3bIHbI3.

2.2 cyper 2.3 cyper

4. Kupxrod TeHzaeynepiH jka3y Ke3iHAer1 epexenep KaHaai?

5. Koro mpuHIIUIIIHIH MOH1 HeJle )KOHE OHBI Ti30€K MBICAJIBIH/IA KaJlail Tekcepy Kepek. 2.1
cyp.?

6. 2.3 cyp. Ti30eriHe KaThICTHI ©3apa KaThIHAC MPUHITUIIH TYCIHIIPiHI3 )KOHE OHBI
aHAJIMTUKAJIBIK TEKCepy YIIIH (popMynanap/ibl IbIFapbIHbI3 (€K1 TOK YILIH 6pHEKTEP/A1H
YKCACTBIFBIH KOPCETIHI3).

Kymbic 0arnapiaamacsl
1. OKK E1, E2 xone R1, R2, R3 kexeprinepin 2.1 kecTesieH TaHaam, CbI30aHbI )KHHAY KOHE

MOHJIEpIH OpHATY, OKBITYIIIBI KOPCETKEH HYCKA.
2. Kupxrod 3aa1apslH %oHE caTy IPUHIUIIH TEKCEPY.

12
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Taxipu6e 1. K1 xinTiH >KOFapFbl OpbIHFa OpHATY, K2 KINITI — CypeTTe KopceTuIreHaei
teMmenre opHaty. Cxemana Tek OKK E1 opeker ereni, E2 opHbIHa HeJre TeH KeaepriMeH OTKI3TiII
KocbutFaH ("'3akopotka').

Taxipube 2. K2 xinTi xKoraprbl opbiHFa, K1 KinTi TOMEHT1 opbIHFa opHaThLIaA6l. CXxemana
ek OKK E2 xymeic icreiini, E1 opHbIHA 3aKOPOTKA KOCHUIFaH.

Taxipube 3. K1 kinTiH )kxOFapFbl OpbIHFa aybICTHIPY. byt perte exi DJ[C-Te KOChUIFaH.

Acnanrtap/ibIH KOpCETKIITEPiH 2.2 KECTEHIH KOFapFbI YII XKOJbIHA eHri3y. OChl KecTeHiH
TOPTIHIII JKOJbIHA 1 jk0HE 2 TokipuOeeri acnanTap KOpceTKIITEepiHiH coMachiH ka3y. Hotmwkeni 3
TOXIpHOeaeri KypaigapAblH KOPCETKIITEPIMEH CaNbICTHIPY.

2.2 KecTe
O/C AcnanTap KepceTKimTepi Ecentey notuxkenepi
Toxipube | E1 E> I1 I2 I ZIR (1) 2IR (2) 2l
B B MA MA MA B B MA
1
2
3
Ecenrey Cany npHHIHUITIH TEKCEPY

Kupxrodtsix 6ipiHimi 3aHbIHA colikec 1+3 ToxipuOeaeri TOK MOHIEPiH eCKepy.
Hotmwxenepni 2.2 xecteHiH OH OaraHbIHA jKa3y.

2.1. 3aH opbIHAATFaHBIHA KO3 XKETKi3y. bapiblk yi ToxkipuOe yIIiH cxeMa KOHTYPBIHAAFbl
con (1) »xoHe oH (2) kepHeynepAiH KyIablpay coMachiH ecenrtey. HoTmkenepi MbiHanait e3repictep
SHTI31ICIH: 2.2 KecTeMeH oapabIH apOip Taxipude colikec IJC canbICThIpy.

3. 12, I3 TokTaps! yuria El=var, E2=const Kke3iH/eTi ChI3BIKTHIK KaTbIHACTAP TYPAJIbI
TeopeMaHbl xkoHe 11, 12 TokTaps! yiIiH e3apa KaTblHAC MPUHLIUIIIH TEKCEPY.

Taxipuoe 4. DJ[C E1 monin e3repty. O yIiH MEH3€p/Il OCbl KO3 TaHOAChIHA OPHATY KOHE
TBHIIIKAHHBIH COJI KaK MepHEeCiH eki peT OackanHaH keilin E1=E2 enmeMin opHaTy Kepek.
AcnanTap/JpIH KepceTkimrepiH 2.3. kecrecine eHrizy. Mynaa 2.2. kecte OoiibiHIIa 2 koHE 3
TOXIpUOENepAiH HOTHKeNIEePiH Ka3bll aly Kepek. .

2.3 xecte
Toxipube Uy U2 I2 I3 Eckeprme
HOMepI B B MA MA
4 Toyenainik ko3¢ dunuenTrepi
I3-a I>th
a=h=
3
2

Taxipu6e 5. K2 kinTiH TOMEHT1 OpbIHFa aybICTHIpY. Byl peTTe cxemana Tek »aHa MoH1 6ap
SJIC E1 ke3i FaHa opekeT eTe/ll. AcnanTtap/blH KOpCeTKITepiH 2.4 KecTere eHrizy. 2
ToXipuOeeri acnanTapAblH KOPCETKIIITEPIH OChIHA JKa3y. AMIIEpMETP KOPCETKIIITEPIH
canbICThIpy. JKyMbICKa TalbIHIBIK KE3iH 1€ IIbIFapblIFal popMynaiap OOMbIHIIA COT TOKTapAbI
ecentey (6-Tapmak) *oHe HOTHKEIEpi 2.4, KeCTere eHrisy.

2.4 kecte

Toxion6 AcnanTap KepceTkimrepi Ecenrey
akipude
P U ‘ U ‘ I ‘ I I ‘ I2
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B B MA MA MA MA
5 0 - 5
2 0 ¢ \

4. XKympbic OOMBIHIIIA KOPBITHIHIIBI JKacay.

Bbakbliay cypakrapsbl:

1.Kanpmaii pesuctopiap Ti30€KTi, mapajuiess KoHe apaiac JIeM aTtaxabl?

2. [TaccuBTI yyacke YIIIiH XKOHE YIII pe3UCTOPIaH TYPAThIH TYHUBIK Ti30eK yimin OM
3aHBIHBIH OPHET1H Ka3bIHbI3. Pe3ucTopiap/sl KOCy cXeMachl OHbI aJI/IbIH ajla ChI3BII, K3 KeJTeH
TaHIaHbI3.

3. bencenai Tapmax yuris xanmneuianFad OM 3aHbIHBIH ©pHETIH jKa3blIll, OHBI AJIJIBIH aJla
CBI3BIHBI3.

4. Erep R1 = R2 =R3 = 15 Om napamiens 6oiica, pe3ucCTOpAbIH SKBUBAICHTTI KeJeprici
Here TeH?

5. Pe3uctopabIH apaiac KOCBLIBIC ChI30aChIH ChI3BIHBI3. OChI CXeMaHBIH YKBUBAJICHTTI
KeJlepriciH ecentey GopMyIachiH Ka3bIHbI3.

6. Kupxro¢ 3anmapbIH TYKBIPBIMIAII, OJIAPABIH KaJIblJIaMa OPHET1H JKa3bIHbI3.

7. OkpITy1IBI OepreH cxemaapkbuibl Kupxrod 3anb OoiibIHIIA TEHACYIIEP KYHEeCiH
KYPBIHBI3.

9. TypakThl TOKTBIH JIEKTP Ti30€KTepiH/Ie KOIIaHBLUIATBIH AJIEKTP OJIIICY acTanTapblHbIH
KYHECiH aTaHbI3.

12. A3 %oHe YJIKEH KeIepriiep/iH aMIIepMeTp KoHe BOJILTMETP 9/1ICIMEH eJIlIey YIIiH
chI30aap/bl ChI3bIHBI3.

Ecentin Ma3MyHBI:

1. JKyMBICTBIH aTaybl MEH MaKCaThl

2. bakpinay cypakrapblHa KbICKallla )kayanTap.

3. DKcnepuMeHTaAI bl 3epTTEYNEPAl KYPrizy HOTUXKENEepl MbIHaJIap/bl KAMTYBI THIC!
9KCIIEPUMEHT CXEMaJlaphbl;

4. DKCIIEpUMEHTTEP HOTHKENEP1 XKOHE IKCIIEPUMEHTTED JKYPrizy Ke3iHe

naiiianaHbplIaThIH )KYMBIC PEKUMIEPIMEH OpHATBUIFaH BUPTYaJ bl aCANTap/AbIH KEHEUTUINeH
naHesbIepiH 0acklll HIbIFapy;

S. DKcIepUMEHTAIIbI IEPEKTEPIl OHICY KecTenepi.

6. KopbITBIHBL.

oneduer

Heri3ri:

1. XaBopoHkoB M. DIeKTpOTEXHUKAHBIH TEOPUSIIBIK HET13/1epi OOMBIHIIIA €CenTep
xuHarbl. JI. A. becconoBa penaknusaceiMeH. - M.:JKorapsl mekten, 2008

2. A. DnexTpoTexHHKa KoHe dieKkTpoHuka. M.: Axkagemust, 2005. Myp3sun 0. M.,
Bouikos 0. 1. Dnexrporexnuka. - CII6.: [Tutep, 2007. - 443c.

3. ATtabexos I'. Y. DnexkTpoTexHUKaHBIH TEOPHUUIBIK Herizaepl. - M.: XKorapsl MekTen,
2006,1,2, 3 6.
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4, [Tandunos /1. U. sxciepuMeHTTEp MEH TeHCYJIEPALETT DIEKTPOTEXHUKA JKOHE

anektponuka. Electronics Workbench mpaktukymsl. 1 Tom: DnekTpoTexHuka, 2 TOM:
Onektponuka, - M.: JIOJJEKA, 2002 x. 1 Tom-303c. xone 2 Tom-287c.
5. OOK "OKMA" AK Be6-caiitel UKMa.Kz eckepry.

Kocbimia:
1. JopicTik MaTepuan
2. barnmapnamaneik kamtamacski3 ety: "Electronics Workbench" cxemoTeXHHKaIBIK

Mozenbaey 6armapinamacer; "Excel" sxone "Mathcad" chI3bIKTBI TEHICYIIEP KYHECIH ecenTeyre
apHaJIFaH Oaraapiiamaiap.
3. Onekrprexuuka / pea. B. C. [lantiommua M.-Feuibim xone Texauka 2001 x. - 410 c.

3eprxaHajibIK KyMbIc Ne 3

1. TakbipbiObl 3: Bipda3anabl cHHYCOMIATABI TOKTAFBI TAPMAKTAJIMAFaH JJIE€KTP
Ti30eriH 3eprrey

2.7KymbIc MaKcaThI:

1. Op Typdi xkargaitnapaa 6ipdasanbl CHHYCOUIaNIbI TOKTHIH TapMaKTalIMaraH
Ti30€TiHIH 2JIEKTp JKaFalibIH 3epPTTEYy.

2. bipdazansl cunyconaanasl TOKTHIH TapMaKTalIMaFaH JIeKTp Tiz0ekTepi OoiibiHIIa
TEOPHUSITBIK OLTIMII TOXipHOe KY3i1H/IE pacTay.

) Ti36exTepaiH napaMeTpiepiH aHbIKTay, KEpHEY MEH TOK PE30HAHCTAPBIHbIH Maii1a
00Ty JKaFAaiiapeIH Oenriiey.

3. KpicKkaia TeopusiibIK MaJIiMeTTep

Cunycouainsl GyHKIMSTIAp MapaMmeTpiepi
CuHyconanpl TOKTBIH ChI3BIKTHI TI30€KTEPIHET1 JIEKTP I1aMajiapsl
OKK, kepHey ’koHe TOK CHHYCOMJIANbl YaKbIT (yHKIMSIAphl 00BN TaObLIA b

U = Umsin( ot + yu); e = Emsin( ot +ye); i = Imsin(ot + yi);),

MYH/Ia U, €, I-COMKeCiHIIe KepHEYIiH *Kblgam Mauaepi, DJ1C, TOk, SFHA KapacCThIPBUIBIIT
OTBIPFaH YaKbIT COTIHJIET1 OCHI IaMaIapblH MOHEpl; ot + yu, ot +ye, ot + yi - pa3a Hemece Paza
OYpBILIBI AET aTalaThlH CHHYCOUJANIbl QYHKIMSUIapAbIH apryMeHTTepi. @a3a CMHYCOUIabl
(GYHKIMSHBIH HyJIb apKbLJIbl OH MOHIE€ ©TY HYKTeCiHeH ecenrenesi. Cunycouaannsl kepHey U jxoHe
oK | 3.1 cyperre KepceTireH.

14,1

o |7 =\ \I%0" 3607 r
CA

Tl

3.1.cyper

Op0ip CHHYCOMAATBI YaKbIT (DYHKIHMSCHI YIII TapaMETPMEH aHBIKTANIAIbI:
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ammutyaacsbl Um, Em, Im (cunyconmanapl ¢ yHKIMSHBIH MAKCUMAJIABI MOHI);

OYPBHIIITBIK KUlTiriMmeH o (CHHyconaanbl (QYHKIUSHBIH apTyMEHTIHIH ©3repy
KBUTAM/IBIFBI), OHJIA (0 CEKYHIbIHA OOJIIHTCH paiiaHJapMEeH OJIIICHE/I];

O0actankbl gasa yu, We, yi (CHHYCOUIANABIK () YHKIMSHBIH apryMEHTIHIH MOHI YaKbIT
caHayJbIH OacTany caTinjae, srau t = 0 Ke3iH/e) pajauanaapia Hemece rpaaycrapa.

CoHBIMEH KaTap, CHHYCOUJAIbI YaKbIT ()YHKIMSICHIHBIH CUTIATTAMACHI YIIIIH KeJIeci Imamanap
KOJIJITaHBIJIA b

nepuoa T =2 m /® - NIEPUOATHIK IIIAMAHBIH JKbUIAM MOHJIEP1 KaliTalaHATBIH €H a3 YaKbIT
apaJIbIFbL;

skuitiri f = [/T, sFHU CEeKYHATAFBI KE3CHIEP CaHbL. () OYPBIIMITHIK KULTIT sKoHE xultiri f
Oenriii apakarbiHaciieH 6aitnanpicTel: @ = 2 1t f. sxminik 6ipoiri - repr ('), 1 I'm =1 ¢-1.;

KepHey MeH TOK apachIHAAFbI (pazajapabIH KbLIKYbI-KEPHEY MCH TOKTHIH 0aCTAITKbI
(hazaymapbIHBIH albIPMAChl PETIH/E aHBIKTAIATHIH ANreOpaIbIK 11ama;

¢ = Yu — Vi.. blrbicy (hazanapabiy apackiHIaFbl OJHOMMEHHBIMH CHHYCOUAIbHBIMU
mamanap (TokneH, HanpspkeHusimu, DKK-1) kaObuianran 6enrisey 0acka opilreH, MbICAJIbI o

KoJiianbicTarbl MaHi U, E, | - ke3eH imineri aitHpIMaiIbl IaMaHbIH OpTalla KBaIpaTThIK
MoHI. "OpekeT eTyurn" aTaybl Ke3eHIeTi CHHYCOUIAIAB TOKTBIH OpTallla KyaThl TYPaKThl TOKTHIH
KyaTblHa T€H, OHbIH MOH1 CHHYCOH/IaJ/Ibl TOKTBIH 9PEKET eTYII MoHiHE TeH. T Ke3eHIHaer1
CUHYCOMJIAJIBI TOK Ke3iHIe R keaepriciHie )KbplUTy SHEPTUsAChIHA COJI yaKbITTa | TYpaKThI TOK
KE31HJIET 2JIEKTP SHEPTUSACHI TYPJICHIIpiIE i

W, = [Ri*dt=RI'T.

AHBIKTaMara coifkec — "opeKeT eTyni", IFHU opTallia KBaIpaTThIK, CAHYCOUIAJAbl TOKTHIH
MOHI

I= L =0,7071
2

2-1111 %oHe 3-111 TapMakTapaarsl kepHeyaiH xkone DKK Monzaepin anpikray: U=
Um/\/2=0,707 Um;, E = Em/\/230,707 Em. Cunycoumanabl TOKTBIH 3JIEKTP TEXHUKAIIBIK
KYpPBUIFbUIAPBIHBIH MACOPTHIHAA KEPHEYIEp MEH TOKTapAbIH KOJIaHbICTaFbl MOHIEPI
KOPCETUITeHIH OHE CHHYCOUIAJ/IbI KepHEYJIep MEH TOKTAP/Ibl OJIIIeY YIIiH KOJIaHbUIATHIH
acranTap/blH KOIIIUIIr KOJIJaHbICTaFbl MOHJEPE I'PaJyHpIICHI€H eKeHiH 01Ty MaHbI3/IbI.

Cunyconansl QyHKIUSHBIH OPTALLIA MIHI EPUO/IbIHA HOJIbIE TEH

OH oHe Tepic Oipelt ayaaH bl )KapThUIARTOIKBIH cuHycouaana). ConnapikTad lop, Uop, Eop
CUHYCOUIATIBIK (DYHKIIMSHBIH OpTallia MoH1 JeT OH JKapThlJIail IEPHOT YIIIIH OHBIH OpTalia MoHIH

m*

TYCIHY KepeK). 3aH 0oiibIHIIa 63repeTiH ToK yiIiH | = Imsin(mt), opramia Tok MoHi
KO'E o0 2
p= 7 | idt==1,~0,637I,.
/2.5 T '

CuHycouansl MaMaHbIH OpTaIlla MOHI OHBIH 0acTanmKbl MOHIHE OailllaHBICTHI eMec
dazamap. OceiFan yKkcac KepHeyaiH opTaria MoHaepl xkoHe DKK aHbIKTamap:
9 2

U ==U_=0637U ; E_=—E _ =0637E |,
cp - m m cp T I m

Kepney pe3oHanchbl
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KapamnaiisiM skaraiiia KepHey pe30HaHChl MHAYKTHBTUIIK KaTyIIKAChIH JKOHE
KOHJICHCATOPJIapAbI TI30€KTEH KOCY K€31H/1€ allHBIMaJIbl TOKTBIH JICKTP Ti30€T1H/IEC aJbIHYI
MYMKiH. byl perTe, KaTylmKaHbIH TYPaKThI TapaMeTpiepi Ke3iHae KOHAeHCaToOpIapablH
CBIMBIM/IBUTBIFBIH ©3T€PTE OTHIPHIN, KEPHEY MEH MHIYKTUBTUTIKTIH, KUUTIKTIH )KOHE TI30€KTIH
OeJIceH Il KeepriCiHiH e3repMeiTiH MoHIepl Ke3iHe KepHEeY pe30HaHChIH anaasl. C
KOHJICHCATOPIIapAbIH CHIHBIMIBLUIBIFBI ©3T€PreH Ke3/1€ PEaKTUBTI ChIMBIMIBUIBIK KEJIEPTiHIH e3repyi
6omaznsl. by perre Ti30€KTiH TOJBIK KeJeprici e e3repei, 1eMeK TOK, KyaT Ko3dduuuenri,
WHIYKTHBTLUIIK KaTyIIKAChIHAAFbl KEPHEY, KOHIEHCATOPIIapAaFbl KEPHEY, COHIAi-aK JIEKTP
Ti30€T1HIH aKTHBTI, PEAKTUBTI )KOHE TOJIBIK KyaThl ©3repeii. | TOKThIH TOyeIiIIr, COS KyaT
Kod(hpuImeHT! xoHe Z TONBIK KeJEPTICIHIH Z alfHBIMAJIBI TOK Ti30€T1HIH KapacThIPBUIBII OTHIPFaH
Ti30€eK YIIiH CBIMBIMIBIIBIK Keaepri pyHKIUsACHIHIA (PE30HAHCTHIK KUCBIKTap) OepinreH. 3.2, a.
pe30HaHC Ke3iHe OChI TI30€KTIH TOKTapbl MEH KepHEYJEPiHiH BEKTOPIIBIK AUATPAMMACHI CYPETTe
kepceriired. 3.2, b.

Z 1, cosp =1
cosp

™~
=

a) i)

3.2 cyper

Ocsl quarpammajiad KepiHil TypraHaail, pe30HaHC Ke31He KaTtymkaaarsl U KepHeyiHIH
PeaKTHUBTI Kypaylbicel KoHAeHcaTopaarbl Uc kepHeyiHe TeH. by perte, pe3onanc kesinae Uk
MHIYKTUBTUIIK KaTYIIKAaChIHJAFbl KepHEY XL pEaKTUBTI KeJepriciHeH 0acKa, KOHJIEHCATOPIaFrbl
KepHeyre KaparaHja Oenceni R keneprici 6ap.

Y chIHBUTFAH coremaepai Tanaay (2), connai-ak cypet. 3.2, a )xoHe b kepHeyaiH
pPEe30HaHCHI OipHEIlIe epPeKIIe ePEeKIIeIKTEPre e EKeHIH KOPCeTe/Il.

Kepney pe3oHaHCHI Ke31H/e alfHbIMaIbl TOKTBIH JIEKTP Ti30€TiHIH TOJIBIK KeJleprici eH a3
MOH/II KaOBUITaiIbI )KOHE OHBIH O€JICeH/Il Kenepricine TeH 00aabl, SFHU.

Z=\|R*+(X -X.) =R

2.0cbliaH, KepHEY PE30HAHCHI Ke31He KOPEKTEHAIPYIIIi JKeIliHIH ©3repMeNTIH KepHeyiHae
(U = const) Tizoekreri Tok [ = U/Z = U/R eH yJIKEH MOHTE XKETeIi.

3. Pe3onanc ke3inze Kyat koapdunmenti cos¢ = R/Z =R/R = 1, srau O6ypsoimsl o= 0 caiikec
KEJIETIH €H YJIKeH MOH/II KaObuinanael. by perre, xeniHiH | TorsiHbIH BeKTOpHI s)koHE U KepHey
BEKTOPHI OAFBIT OOMBIHINA COMIKeC Kee/li, OUTKEeHI oap TeH OacTanksl (azamap yi = yu.

4. Pe3zonanc ke3inje oencenai Kyat P = RI1? oIk KyaThlHa TCH S €H YJIKCH MOHTE
1e,cOHBIMEH Oipre Ti3OexTiH peaktusTi Kyatel Q = XI>= (Xi- Xc)I? mbH MoHiciHme HOMbre
TeH: Q = QL- Qc = 0.

5. Kepueynix pe3oHaHChl ChIMbIMABLIBIKKA skoHE HHAYKTUBTLIIKKE Uc = UL = Xcl = XL Texr
00J1ajIbl )KOHE TOK TIeH PEaKTHUBTI KeJeprijiepre 0aiiaHbICThl KOPEKTeH TPyl XKeJiHIH KepHeYyiHeH
KOII €Cce acaThIH YJIKeH MOHIEPl KaObuiai anaapl. by perte O6enceHii Keneprijeri KepHey
KOPEKTEeHIIpYIII JKeTiHIH KepHeyine TeH, ssiau Ur = U.
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OHEPKICINTIK EKTP TEXHUKAIBIK KOHJIBIPFhIIAPAAFbl KEPHEYIIH PE30HAHCHI KaFbIMCBHI3
YKOHE KayiITi KYObUIBIC, OUTKEH1 OJI AJICKTP Ti30€TiHIH KEKEJIETeH dJIEMEHTTEPIHIH IIaMaaH ThIC
KBI3YBI CAJIapbIHAH HEMECE AJICKTP MalllMHAJIAphl MECH almaparTapbl OpaMJIapbIHBIH OKIIaylamMa
ChIHAMAChI, KaOelbIep MEH KOHICHCATOPIIapAbIH OKIIayJIaMachl Ti30€KTiH jKeKeJIereH
ydacKeJepiH/ie bIKTHMAaJ aCKbIH KepHEY Ke31HJIe aBapusiFa OKeM COKThIPpYbl MyMKiH. COHBIMEH
Karap, KEpHEY PE30HAHCHI AJICKTPOHUKA Kypalgapbl MCH KYPBUIFbUIAPBIH/IA KEHIHCH KOJITaHBLIAIbI.

3epTXaHaIbIK KOHIBIPFbI
KommbrorepaiH keMeriMeH MOJIEIbICIETIH 3ePTXaHaIbIK KOHIABIPFBI Rk -, L« - xkonHe C -
anemeHTTepl (Ri skoHe L — MHAYKTUBTIIIK KaTyIIKAChIH KYPAYIIIbl) )KOHE OaKblaay-eJIey
acrianTapblHa KOCBUIFaH aHBIMAJIBI KEPHEY KO31HEH TYpajibl. 3€pPTTENETIH JEKTP Ti30eTiHIH
MKYMBIC PEXKHUMJIEPIH MOJIENbJIEY KOMITBIOTEP MEPHETAKTAChl MEH TIHTYIp KOMETIMEH JKy3ere
aceIpbiIanbl. - Cyp. 3.3 CHHYCOMIANIBI TOKTHIH CHI3BIKTHI TAPMAaKTaJIMaFaH JICKTpP Ti30eriH 3epTTey
YIIiH 3epTXaHaIbIK KOHIBIPFBIHBIH AJMEKTPIIK CYJI0aChl KOPCETIIreH.
Kymbic 0arnapaamachl

1. Ti30eKTiH AJIEKTp KaFAAUBIHBIH ©3Tepy 3aHIBUIBIKTAPBIH IKCTICPUMEHTAN/IBI AHBIKTAY
XKoHe ToKipuOe ManiMeTTepl OOMbIHIIA rpaUKAIBIK TOYEIAUTIKTI KYPY:

Uk =f1( c); Uc = f(c); | =13 (C).

2. KepHey pe3oHaHCHI Ke31He 3JEKTp Ti30€TriHIH mapaMeTpiepiH TOKIpUOENiK KOJIMeH
aHBIKTAY.

3. XKyMbIc GoiibIHIIAa KOPBITHIH/BI skacay. CHHYCOUIaN bl TOKTBIH ChI3BIKTHI
TapMaKTaJIMaraH 3JeKTp T130eKTepi OOMBIHILIA TEOPUSIIBIK KypCTaH aJbIHFaH €CEeNnTep MEH
ToXIprOenepai 6enriii TOyeIAUTIKTEPMEH CaTIBICTBIPY.

ZKymbicTBI OpBIHAAY TIPTIOI
1. DnexTp cxemacbIMeH, acliaTapMEH KOHE FTEMEHTTEPMEH TaHbICy (cyperT. 3.1). DnekTp
Ti30€T1HIH NPUHIMITIK CXEMAChIH OKbIN YHpEHY.
2. bakpinay cypakTapbiHa Jkayan 0epy jKoHe Kayilci3iK TEXHUKAChl OOMBIHIIIA )KypHAIFa
KOJI KOI0. 3epTXaHalbIK )KYMBICTBI OPbIH/IayFa OKbITYIIBIHBIH PYKcaThiH anty. KomnbroTepai Kocy.
Electronics Workbench 6armapiamachis icke Kocy.

)

==~ Y

Cypert 3.3-cuHyCcOMJaIbl TOKTHIH CBI3BIKTHI TApPMaKTaIMaFraH 3JIEKTP Ti30€T1HIH DIEKTPIIIK
(o741 (21 103 3 S T S
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3. DKCIIEpUMEHTTEPl TIKEICH KOMIBIOTEPIIIK YATUIEyre KeJIeCl TOPTIMNIEH Kipicy:

1) cxeMaHbIH KOMITBIOTEPIIIK MOJICIIIH KMHAY. ByJ1 YIIIiH, KOMIIOHEHTTEP MEH TiHTYIp
KiTalmxaHACBhIHBIH TOM TaKTaChIH maknananein, Electronics Workbench GarnapiiaMachiHBIH KYMBIC
epiCiHEe CXeMa AIIEMEHTTEePl MEH OJIIIey KypalAapblHbIH MOJENbIEpiH opHaIacThIpy. Ochbl
AJIEMEHTTEP/ICH 3JIEKTP CXEMACHIHBIH JKOHE OFaH KOCBUIFaH OJIIIey KypallapbIHbIH YITICIH CypeTKe
colikec kuHay. 3.3. DIIeMEHTTep/li KOCy TIHTYIpMEH KYprizineni,

2) cxema dJIeMEHTTEpl MEH KO3/IepiHiH OacTanKpl apaMeTpiIepiH OpHaTYy:

R« = 120 Owm;

L«=1TIH;

E=20B; f=50Tmu;

3) euniiey KypaigapblHbIH apaMeTpiiepid opHary. Ouiiey KypaiaapbiH (BOJIbTMETPIIED MCH
amnepmetp) AC xKyMbIC peKUMiIHE OpHATY (aliHbIMAIIbI KEPHEY/1 HeMece TOKTHI oniiey). Kanran
OJICTIK1 TTapaMeTpJiep;

4) OKBITYIIbIFA TEKCEPY YIIIH JafbIHIAIFaH CXeMa MOJICITIH KOPCETY.

OKBITYIIBIHBIH PYKCATBIMEH CYJIOAHBI KOCBITI, OJIIICY Il KeIeci TYPAE KYPri3y Kepek:
KOHJICHCATOPIbIH ChIMBIMIBLIBIFBIH S5-TeH 30 Mk®D-ke neiiin o3reprin, PV2 xone PV3
BOJIETMETPJIEPiHiH KomeriMeH uk, Uc kepHey mamanapsiH, coaiai-ak PA1l amnepmerpinin
KeMeriMeH | TOrbIH eniey;

5) ocruniorpad el Kocy (ocuusutorpad MUKTOrpaMMachkl OOMBIHIIA €Ki CIIT1) )KOHE
KOHJICHCATOP ChIMBIMIBLIBIFBI ©3T€PIeH Ke3/1€ 3epTTENIETIH TI30€KTer1 TOK MeH KEPHEY apachIHIarbl
(azamapabiH KbUDKY OypbIbiH, pe3oHaHc ke3inae Uk, Uc, | mamanapbeiH aHBIKTAY.

Eckeprne:

5 mc/ictep (Time base = = 5/00 ms / div);

A apHachbl YIIIIH COYJIeHIH BepTUKall OOMBIHIIA aybITKYbIHBIH ce3iMTanabirbiH 10 B / ictep
(Channel A =10 V / div);

B apHacsl yuIiH coyieHiH BepTUKaiIb OOMbIHIIA aybITKYbIHBIH ce3iMTanibiFbiH 100 MB/ictep
(Channel B = 100 mV/div) opHary.

bakpuiay gepexrepin kecrere eHrisy. 3.1.;

6) MoienbIey MPOIECiH TOKTATY.

3.1 kecrte
Toxipube C, Mmx® OuIeHeTiH n1aManap Ecenrenren mamanap

Ne I, A Uk, B Ue, B Z, Om COSQ
1 5

2 10

3 15

4 20

5 25

6 30

7 cpe3

3.1-kecte

4. OKBITYIIBIFA OCBI TOXKIpUOenep/Ii TeKcepy YLIIH KOPCETY XKIHE OHbIH PYKCAaThIMEH OpHATY
yaricid Oemnmiextey. Jlepekrepai cakTaychl3 skacanrad ¢aiiasl xkady. JKymMbic OpHBIH OacTankbl
KaJIBIIIKA KENITIpY JKoHe Ja0opaHTKa OTKi3Y.

5. DKCIepuMEHTAIBI JEPEKTEP HOTIKENIEPl OOMBIHIA eCenTey Il )KY3€ere achIpy.

Toxipubeni aepextep OoiibiHIIA Z, COSY CaH/bl CaHAY:
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Re

E
Z=—; cosQp=
I \

Cany: a) Toyenautik rpadukrepi:

U« =fi(c); Uc =12 c); I =13 (C).

Ocorepai (Uk, Uc, 1) Tirinen mapTTsl TypAe TapaTyMeH Oip rpadukTe KYpyIablH O0apIiibiK
CHUIaTTaMasapsl;

0) XL < Xc, XL = Xc¢, XL > Xc ke3iHe 3epTTeeTiH Ti30eKTiH YIII BEKTOPIIBIK
ararpaMMaapsl.

Ecentin Ma3mMyHbI

JKyMBICTBIH aTaybl MEH MaKCaThI

Bakpinay cypakrapbiHa KbICKAIlIa KayamnTap.

XKywmpbic OarnapiiamMachl.

DKCTepUMEHTAIIbI KOHABIPFBIHBIH JIEKTPIIIK CYJIOACH.
OmnieHreH mamanapsl 0ap Kecremnep.

ToxipuOenik cumarramanapsl.

Bekropabik quarpammaiap.

[Naiiganansuiran hopmynanap.

Kpickara KOpeITEIHABUIAP. DKCIEPUMEHTAIIBI CHITATTaMaIapAbl TEOPHSIaH Oerimi
cUnarTaMajiapMeH CalbICTBIPY.

©oND R WN -

bakbl1ay cypakrapsl

1. )KyMBICTBIH MaKcaThl MEH OarapiaMachl.

2. KepHey pe30HaHCHI JIereHiMi3 He?

3. KepHey pe3oHaHCHI Ke31HA€ TI30eKTer1 TOK ©31HiH eH YJIKEH MOHIHE Here KeTei?

4. T130eKTe KepHEeYy pe30HAHCHI KaH1al aFJaiiia naiina 6oxanpr?

5. Cunycouansl TOKTBIH TapMaKTaIMaraH Ti30€riH/ie 9peKeT €TEeTiH TOKThI Kalail ecentey
Kepek?

6. CunaTrramacs! OOMBIHIIIA OPTYPIIl JKYKTEMENIEPAIH Ti30eKT1 KOCBUIBICTApHhI Oap Tiz0ek
yiriH OM 3aHbI Kasai )Ka3blaabl?

3epTXaHalbIK )KYMBICTBI KOpFay Ke3iHJIe CTYJeHT 3epTXaHaJIbIK JKYMbICKA XKiOepy YLIIH
CypakTapra >kayartapibl, COHIai-aK KeJecl CypaKTapra skayantapisl 011yl THiC:

1. Tiz0ekreri Kyat Ko3pPHUIMEHTIH Kajlail aHpIKTayFa 00J1a/1bl, KEpPHEY PE30HAHCHI Ke31H e
OJI HEre TeH?

2. KepHey MeH TOK apacbIHAarbl (a3ayiap/IbIH KbUDKY OYpPBIIIBIHBIH MOHI KaH1ai
mamanapra 0aiIaHbICThI?

3. CuHycouanIbl TOKTHIH CHI3BIKTBI AJIEKTP Ti30€TiHIH aKTHUBTI, PEAKTHBTI KOHE TOJBIK
KyaTbIH KaHJai Gopmysa OOUBIHIIIA €CenTeiTi?

4. IHOyKTUBTITIK KaTYIIKACKIH KOHE CHIMBIMIBIIBIKTHI TI30€KTENreH Ti30eK YIiH
BEKTOPJIBIK AUarpammanap Kaixai Kypbuiaabi?

5. BexTopunbIk nuarpamMarnapAaH KeAepri xoHe KepHey YIIOYpHIIIbIH Kajai ainyra 00aab1?

6. KepHey pe3oHaHCHI Ke3iH/e Ti30CKTIH TOJBIK Keeprici Here TeH?

7. KepHey pe3oHaHCHI Ke31H1€ HHAYKTHBTUIIK KaTyIIKAaChIHBIH KOHE ChIMBIMIBUIBIKTHIH
Ti30€KTi KOCBUTYBIMEH Ti30€K KaHaai cunaTrra (kykreme OoifbIHIIa) 6omaasl?
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Herisri:
1. KaBopoHkoB M. DIeKTpOTEXHUKAHBIH TEOPHSUIBIK HEri3/1epi OOWbIHIIA ecenTep
»uHarbl. JI. A. becconoBa penakuusiceimen. - M.:XKorapsl mekten, 2008
2. A. DnexTpoTexHHKa KoHe 3eKkTpoHuka. M.: Akagemust, 2005. Myp3un 0. M.,
Bonxkos 10. 1. Dnekrporexuuka. - CII6.: [Turep, 2007. - 443c.
3. ATtabekoB I'. 1. DneKTpoTeXHUKaHbIH TEOPUSIIBIK Heriznepi. - M.: JKorapsl Mekrer,
2006,1,2, 3 6.
4. [Taundunos /1. U. sxciepuMeHTTEp MEH TEHACYJIePACTI DICKTPOTEXHUKA KIHE

anektponuka. Electronics Workbench mpaktukymsr. 1 ToM: DiiekTpoTexHuKa, 2 TOM:
Onektponuka, - M.: JIOJEKA, 2002 x. 1 Tom-303c¢. xone 2 Tom-287c.

KOCBIMIIIA!

1. barmapnamansik kamtamacsi3 ety: "Electronics Workbench" cxemoTexHuKkanbix
Mozenbaey 6armapiamackl; "Excel” sxone "Mathcad" chI3BIKTEI TEHIIEYIIEP KYHECIH ecenTeyre
apHaJIFaH Oaraapiiamalap.

2. Onekrprexuuka / pea. B. C. [lantrommua M.-Feutbim xone Texuuka 2001 x. - 410 c.

3epTxaHaabIK KyMbIc Ne 4

1. 4-takpippin: TapmakTaaran 3jeKTp Ti30eriH 3eprrey, Oipda3ajibl CHHYCOHIAIbI
TOK.

2.7KyMbIC MaKCaThI:

1.Cunycouanibl TOKTBIH CBI3BIKTBl TapMaKTaJlFaH TI30€TiHIH 3JEKTp KYHIH 9p Typui
KaFjaiinapaa 3eprrey.

2.R -, L - )xone C-anemMeHTTep/i mapauiesb Kauray Ke31HIer dJIeKTp Tiz0eriHaeri
PE30HAHCTHIK KYOBIIBICTAPABIH €PEKILENIKTEPIH OKbIN YHpEHy.

3.Cunyconjanipl TOKTHIH TapMakTaJFaH »3JEKTp Ti30eKkTepi OOWBIHIA TEOPHSUIIBIK
OUTIMAEPiH TOXKIpUOE XKY31HIE pacTay.

3.KpicKalla TeopUusJIbIK MdJliMeTTep

Cunycougansl TOK Ti30€riHJIer AIeMEeHTTep/I1 apauieib O1piKTipy.

AMNHBIMAJIBI TOKTBIH DJIEKTp TI30€KTEepiHAe HJIEKTP HSHEPrUsChIH TYTHIHYILIbLIAPBIH
napajuiesb KOChbUTFaH Ti30eKkTepl 6ap, on Kke3/ie OapibIK TYTHIHYIIBLIAP O1p KepHeyae O0omaasl. by
perTe opOip TYTHIHYIIBLIAPABIH Ti30€TIHAET! TOKKa OJapAblH CaHbl ocep erneiial. Omapibiy
OpKAWCBHICBIHAFbl TOKTBIH MOHI THMICTI KeJeprulepaiH MOHICPIMEH >KOHE KEeNTIPUIreH KepHEYIIH
MOHIMEH FaHa aHBIKTaNaJbl. OPTYpIl ydacKeleple aybichanbl TOK Ti30eKTepiHiH OesceHml ne,
PEaKTHUBTI 2JIEMEHTTEPAIH e OOJybl OChI yyacKeNepiH Keleprici KemleHai cumaTtka ue OoiryblHa
okenei. Meicanm peTiHae Kypimn Ti30eriH KapacTelpailbik. 4.1, a. Oy Ti30€K KeAepriHIH CHITaThI
OpTYpPJIL €Kl Mapajiesib KOCBUIFaH TapMaKTapAaH Typajabl. byn cxema HMHJIYKTHBTLTIKTIH KOHE
KOHJICHCATOP/IbIH, MJI€aJ/Ibl €éMeC KaTyIIKachl 0ap HakKThl Ti30€KTi aJIMacThIpy CXeMachl PETIHIE
KapacThIpbLTybl MyMKiH. R1 kezeprici KaTylIkaHbIH OpaMbIHIAFBI bICBIpANTapAbIH O0MTybIH, a1 R2 —
KOHJICHCATOP/IBIH JIUAJICKTPUKACHIHIAFbI SHEPTHSHBIH BICHIPANITAPBIH €CKEPEI.
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al) a) &)
4.1 cyper

Ocpl TI30€KTIH KYMBICHIH Tajjay, TOKTap MEH KEpHEYJIEepAiH BEKTOPJBIK IUarpaMMachiH
KYpY YUIIH XyprizeMi3. AJIbIMEeH Tpad0aHATUTHKAIBIK €CENTeY 9MICIH KapacThIpablK. OM 3aHbIH
naiiiaiana OThIPBII, TAPMAKTAP/IbIH TOKTAPIHBIH KOJIaHBICTAFbI MOHIH aHBIKTAWMBI3:

Ocbhl KaThIHAC KOMIUIEKCTI Ka3bIKTHIKTa TOK BEKTOPJIAPBIHBIH Y3bIHIBIFBIH aHBIKTAyFa
MYMKIHIIK Oepeni. KommmekcTi ka3bIKTBIKTa TOK BEKTOPBIH KYPY YIIIH BEKTOP Y3BIHJBIFBIHAH
0acka, OHBIH Ti30€KTiH THICTI OediriHaeri KepHey BEKTOpBIHA KATBICTHI OarJapblH OUTy KaKeT
(azamapapiH KBUDKY OYPBIIIbI). (1 )KOHE (2 KBICBIM MEH TapMaKTapiblH apachlHAarbl (a3aHbIH
KBIIDKY OYpBIIITaphl KeJeCl KaThIHACTAp apKbUIbI AHBIKTATYbl MYMKIH:

R R,

JR+xz o [Rex

Tok pe3oHaHChI

cosQ, =

ToK pe3oHaHCHl aWHBIMAJIbI TOKTBIH AJIEKTp TI30EKTEpiHAE op TYpJl CHUIMAaTTaMallbl
(MHIYKTUBTI JKOHE CBHIMBIMIBUIBIKTBI) PEAKTUBTI KeAEprilepMeH TapMakTapibl Mapajuieib
KanraraHjaa naiga Oonaapl. TOK pe3oHaHC pexuMiHAe TI30EKTIH pEeakTUBTI HHAYKTUBTI
OTKI3TIIITIT OHBIH PEaKTUBTI CHIMBIMBLUIBIK OTKI3TIIITITiHE TeH 6onanabl, sk BL = BC.

Tok pe3oHaHChl OaliKanaTblH KapamailblM 3J€KTp Ti30€ri MHAYKTHUBTUIIK KaTYIIKAChIH
KOHE KOHJEHCATOp/bl Mapajienb >KalFalThH Ti30eKk Ooybim TaOblIaAbl. bynm cxema Kypil
YCBIHBUIFAH Ti30ekke colikec kenemi. (4.1) mynmarb, A, R2 = 0, a RI=Rk (mynma RK -
WHIYKTUBTUTIK KaTYIIKaChIHBIH OeceH 1 keaeprici). MyHmai Ti30€KTiH TOJBIK OTKI3TIIITIT1

Y= G+ (B, -Bc) .

Tok pesonanceiabiH maptel (BL = BC) snextp Ti30eriHiH THICTI mapameTpiepi apKblUIbl
Kasyra Oonazubl. Rk Oencenl kezaeprici 6ap KaTylIKaHbIH PEAKTHBTI OTKI3TIIITII 6pPHETIMEH
AHBIKTANAbI BL=X/Z, =0l +wl) , @l KOHJEHCATOPMABbIH OTKI3TILITIri OHBIH OeceHmi
kenepricin eckepmeit (RC = 0) BC = XC/Z2 C = 1/XC = oC, oHaa pe3oHaHC HIapThl TYPIHIE
Ka3bLTYbl MYMKIH

wl/( R + m:L:} =wm(.
byn epHekTeH MyHnail TI30€KTeri TOK PE30HAHCHIH OacKalapiAblH TYPAaKTBUIBIFBI KE31H/E
Rk, L, C xoHe ® mapameTpiiepiHiH OipiH ©3repTKeHae anyra 0osaibl.
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3epTXxaHaNbIK KOHABIPFbI

TapmakTanFan »dJeKTp Ti30eriH 3epTTey OOWBIHIIA 3epTXaHAIBIK KOHIBIPFBIHBIH
KOMITHIOTEPIIIK MO oFaH napaiuiensb Kocburrad RK -, Lk - xone C - sanementrepre (RK >xone Lk
— MHIYKTUBTUIIK KaTYIIKACBIHBIH Kypamzaac OeiikTepi) >koHe Oakpliay-ejmiey acranTapblHa
KOCBUTFaH aliHBIMaJIbl KePHEY KO31H KaMTHUIbI. 3€PTTENETIH JICKTP Ti30CTIHIH KYMBIC PEKUMICPIH
MOJIENIbJICY KOMITBIOTEP MEH TIHTYIp NEPHETAKTACHIHBIH KOMETIMEH jKy3ere achbIpblIa/Ibl.

4.2 cyperTe CHHYCOMIAbl TOKTBIH CHI3BIKTHI TApMAaKTaJIFaH 3JICKTP Ti30€riH 3epTTey YIIiH
3epTXaHAJIBIK KOHABIPFBIHBIH AJIEKTPIIIK CYI10achl KOPCETIITEH.

Kymbic darnapaamachl

1. Ti30ekTiH 3JIeKTp >KaFAalbIHBIH ©3repy 3aHABUIBIKTAPBIH JKCIICPUMECHTAIIB aHBIKTAY
XKoHE TIKIpuOe ManiMeTTepi OOMBIHIIA rpaUKAIBIK TOYEIAUTIKTI KYPY:

I =f1(c); = f2(c); Ic = f3(c).

2. Tok pe3oHaHCHI Ke3iHIE OJIEKTP TI30€TiHIH TapaMeTpiepiH TXKIPUOENIK KOJIMEH
aHBIKTAY.

3. Kympic OoHbIHIIIA KOPHITHIHIBI kacay. CHHYCOMIAIABI TOKTBIH CBI3BIKTHI TaApMaKTaIFaH
aNeKTp Tiz0ekTepi OOMBIHIIA TEOPHSUIBIK KypCTaH alblHFaH ecenTep MeH ToxipuOenepai Oenriii
TOYENAUTIKTEPMEH CaJIBICTBIPY.

[t

e

Cypert 4.1-cunyconan/ibl TOKTBIH TapMaKTaJlFaH 3JIeKTpP Ti30€TiHIH 3JEKTp cys10achl
ZKymbIcTBI OpBIHAAY TIPTIOI:

1. DnekTp cxemacbIMeH, acmanTapMeH >KoHe dJIEMEHTTEepMEH TaHbICy (cypeT. 4.1). Dnektp
Ti30€T1HIH MPUHIMNTIK CXEMACBhIH OKBITl YHPEHY.

2. bakputay cypakrapblHa jkayarn Oepy *oHe KayilCi3[IiK TeXHHKachl OOWBIHIIA JKypHAJIFa
KOJI KOI0. 3epTXaHaJIBIK JKYMBICTBI OpPBIHAAayFa OKBITYHIBIHBIH pYKcaThiH any. KommnbroTepai Kocy.
Electronics Workbench 6armapiamacsis icke Kocy.

3. DKCIepUMEHTTEP1 TiKeNeH KOMITBIOTEPIIIK YATieyre KeJleci TOpTiMIeH Kipicy:
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1) cxeMaHBIH KOMITBIOTEPJIIK MOJEIIH >KHHAy. bys yIIiH, KOMIIOHCHTTED MEH TIHTYIp
KiTalmXxaHaChIHBIH TON TaKTacklH naimamansll, Electronics Workbench GarmapiamachIHBIH JKYMBIC
epiciHEe cXeMa »JJIEMEHTTepI MEH OJey KYpaldapblHBIH MOJCNbIEPIH opHamacTeipy. Ocbl
AJIIEMEHTTEP/ICH AJIEKTP CXEMACBIHBIH JKOHE OFaH KOCBUIFAH OJIIIEY KYpallapblHbIH YJTICIH CypeTKe
coiikec )xuHay. 4.1. DaeMeHTTepAl KOCy TIHTYIpMEH >Kypri3iieni;

2) cxema dJIEMEHTTEP] MeH Ko3/1epiHiH 0acTanKbl apaMeTpiIepiH OpHaTY:

Rk =200 Owm;

Lxk=1Tn;

E=100B;f=50TIn

3) emiey KypajmapblHbIH IapaMeTpiiepiH opHary. AmmepMmerpiiep MeH BoiabTMeTpai AC
KYMBIC peKUMiHE (aHBIMAJIBI KEPHEYl HEMECE TOKTHI OJIIICY) OJIIIey aclmantapsiH opHaty. PA3
ammepMeTpiHiH imki keaepricin 1 Om Tey erin opHaty. Kanran ofenki napamerpiep;

4) OKBITYIIBIFAa TCKCEPY YIIIH JalbIHIAIFaH CXeMa MOJICIIIH KOPCETY.

OKBITYIIBIHBIH PYKCAaTBIMEH CXEMaHBbI KOCY;

5) acmanTap/ibIH KOpPCETKIIITEPiH MICIIII, JISKTP Ti30erinae enmey i xKyprizy. by perre 2-
neH 25 Mx® feiiHri 1uana3oHAaFbl ¢ CHIMBIMIBLUIBIFBIHBIH IIaMachiH ©3repTy koHe [, Ik xomne Ic
TOKTapbhIH OJIICY KaXKET;

6) ocummiorpadgTel Kocy (ocumniorpad MHKTOrpaMmachl OOWBIHINA €Ki CIITI) JKOHE
KOHJICHCATOP CHIMBIMJIBUIBIFBI ©3T€PIeH KE3/Ie 3ePTTEJICTIH Ti30CKTET1 TOK IMICH KePHEY apachIHIaFbI
(dazanapasiH KbUDKY OypbIibiH, pesoHanc ke3inae Uk, Uc, | mamanapsin aHbIKTAY.

Eckeprne:

coyneHiH epicrety y3akThirbia opHaty 0,01 c/ictep (Time base = 0,01 s/ div);

a apHAChI YIIiH COyJIEHIH BepTHKaI OOMBIHINA aybITKY ce3iMTanasireid 50 B / ictep
(Channel A =50V /div);

B apnach! yuriH coyneHiH BepTHKaIb OONBIHINA ayBITKYBIHBIH ce3iMTanasirsiH 100 MB/ictep
(Channel B = 100 mV/div) opHary.

bakpinay nepexrepin Tadnra eHrisy. 4.2;

7) MoJieJb/Iey MPOIIECiH TOKTATY.

OINIIeHeHTIH aManap Ecenrenren

TsxcﬁznGe C. MK amasap

I, A Ik, A le, A y,1/Om COSQ

10

15

20

25

~N| oo o1 B W N

Cpes

4.2 xecre

4. OKpITylIbIFa TEKCEPY YILUIH OCHI TXKIpUOEH! KOpCeTy KOHE OHBIH PYKCAaThIMEH OpHATy

MojieniH Oenmiekrey. Jlepekrepal cakTaychl3 skacanraH Gaitnabl xkaly. XKyMbic opHBIHA KedTipy,
OacTanKpl )Kai-KYyil )KOHE KOIOFa JTJAOOpaHTYy.
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5. DKcIepUMEHTAIIBI IEPEKTEP HOTIKENIEpi OOMBIHIIIA €CEeNTEeY Il KY3ere achIpy.
Toxipubeni nepexrep OoMbIHINIA Kejecl popMynanapabl ecentey yirH Y oHe COS CaHIbI
ecernrey:

f B
¥=—} Ccosip= =%,
E ¥
WMHAYKTHBTUIIK KaTyIIKaChIHBIH O€ICeHAl OTKI3TIIITIT1:
= Rx
g“ N ]
z K I,

WMHAYKTUBTUTIK KaTyIKaCHIHBIH TOJIBIK KeJIeprici:

Z, =R} +X}.

X, =2mfL.

NHayKTHBTI Kemepri:

Cany:

a) TOYeJIUTIK rpaduKTepi:

I =f1(c); = f2(c); Ic = f3(c).

Ocprepain mapttel Typae Taparybiven (Ir, Ic, 1) Bip rpadukre Gapibik cumaTTamanapbl
TIT1HEH caly;

0) 3epTTeNeTiH mapauiesb Ti30eKTiH YIII BEKTOPJIBIK AUarpaMmmarapbl

bL < bc, bL = bc, bL > bc ke3inzne.

Ecentin Ma3MyHbI

1. JKyMBICTBIH aTaybl MEH MaKCaThl

2. bakpinay cypakrapbiHa KbICKallla kayanTap.

3. DKclepUMEeHTaIAbl KOHABIPFBIHBIH 3JEKTPIIK CYJI0achl.

4, Kymbic Oarmapiamacsl.

S. EcenrenreH xoHe JILIEHIeH 1IamMasapel 6ap kecresep

6. Toxipubenik cunarramanapsl.

7. Bektopasik quarpammainap.

8. [Maiinanansuiran popmynaiap

9. Kpickama KOpbIThIHIBLIAP. DKCIEPpUMEHTANBI CUIIATTaMalap bl TEOPUsIIaH Oenrii
cUnaTTaMajgapMeH CaJIbICTBIPY.

baxelnay cypakrapsl

1. Kangait snexTp Ti3O€TiHIE KoHE KaHJal »armailyiapaa TOK PE30HAHCHI TMaijga OoJysI
MYMKIiH?

2. Ti30exTe TOK pe30HaHChIHA Kajlai xeTyre 0omaap?

3. Cunycomnaanbl TOKTHIH JJIEKTP TI30€TiHIH TOJBIK OTKI3TIIITITIH Kalail aHBIKTayFa
oomaner?

4. Kanaii 6encen/i )koHe peakKTUBHYIO OTKI3TIIITIr] Ti30eKTiH?

5. Kanpgait epHek TOK pe30HAHCHIHBIH MIAPTHI OOJIBIN Ta0bLTA b ?

6. IHIyKTUBTLIIK KaTyIIKachl MEH KOHJIEHCATOP/IbIH Mapaliesb KOChUIFaH Ti30eriHe coiikec
OM 3aHpl yIIIiH 6pHEK.

3epTXaHalbIK )KYMBICTHI KOpFay Ke31H/J€ CTY/IEeHT 3epTXaHaJIbIK KYMbICKA JKi0epy YIIIiH
CypakKTapra >kayarnrtap/bl, COH/Iai-aK KeJleci CypaKTapFa kayanrapabl 0Tyl THiIC::

1. Kyat ko3¢ (uiiuenTin KaHai MoHre AeiiH KoTepy OpbIH/bI?

2. CuHyCOMIQIJTBI TOKTBIH JICKTP Ti30eriHIH TapMaKTaaIMaraH OeJIiTiHIer1 TOKTHIH dpEKeT
eTYII MOHIH Kallail ecentey Kepek?
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3. Ti30exTiH KyaT K03 PHUITMEHTIH Kajail aHbIKTayFa 00J1aJbl, TOK PE30HAHCHI KE31H]Ie HeTe
TeH?

4. NHAyKTUBTIIIK KaTYIIKACBIH JKOHE CHIMBIMABUIBIKTHI Tapajuieb OIpIKTipyre apHalFaH
BEKTOPJIBIK JIHarpaMMmasiap.

5. Tok *oHe OTKI3TIITIK YIIOYPHIIITAp.

6. Tok *oHE KepHEY pe30HAHCTAphl OTETIH MPOIECTEP OOMBIHIIA KOHE OJIAP/IbIH BEKTOPJIBIK
OeliHeciHIe KaJlall ayKbIpaTbUIaabI?

Oneduer

Herisri:

1. XaBopoHkoB M. DEKTPOTEXHHWKAHBIH TEOPUSIIBIK Heri3/iepi OOMBIHIIA ecenTep
xxuHarbl. JI. A. becconoBa penakiusceiMen. - M.:XKorapsl mekten, 2008

2. A. DnexTpoTexHHKa XoHE 3JekTpoHuka. M.: Axagemus, 2005. Mypsun 1O. M.,
Bonkos 0. . Dnexrporexnuka. - CIIO.: [Turep, 2007. - 443c.

3. ATtabekoB I'. V. DneKTpoTeXHUKAHBIH TEOPUSUIBIK Herizaepi. - M.: Xoraper Mekrer,
2006,1,2, 3 6.

4. [Manguno JI. WM. skcnepuMEHTTEp MEH TEHACYJICpPACTi IICKTPOTECXHHKA IKOHE

anektponunka. Electronics Workbench mpaktukymer. 1 Tom: DiekTpoTexHUKa, 2  TOM:
Dnekrponuka, - M.: IOJAEKA, 2002 x. 1 Tom-303c. sxoHe 2 Tom-287c.

5. "KMA" ak BeO-caiiThl 6iiMm Oepy nopranbsiagarsl OOK ukma.kz eckepty.
Kocbimma:

6. JlopicTik MaTtepuai

7. barmapnamansik kamramaceis ety: "Electronics Workbench” cxemotexHHMKabIK

Mojenbaey Oarmapiamachr; "Excel” sxome "Mathcad"ChI3BIKTEI TEHAEYIEp JKYHECIH ecenTeyre
apHaJIFaH OaraapiiaManap.
8. Onektprexuuka / pen. B. C. [NanTtrommua M.-Feuteim xkoHe Texanka 2001 x. - 410 c.

3epTxaHaIbIK KYMBbIC Ne 5

1.5-TakpIpbin: TyTBIHYIIBIIAPABI )KYJIABI3MEH JKaJlFaFaH Ke3/1eri yugasaibsl Ti30ek
2.7/ KymbicThIH MakcaThl: beiitapan ceiM 6ap >koHe KOK OoniFaH karmaiina "xyinasi30eH"
JKaJIlFaHFaH Ke3/1e ylidasaibl TI30€KTe 3JIEKTP SHEPTUsChIH CUMMETPHSLIIBI )KOHE CUMMETPHUSLITBI eMec
TYTBIHYIIBUIAPBIH KYMBIC PEKUMIH Tanaay. Yidasaiasl TI30EKTiH KepHeyepi MEH TOKTapbIHBIH
BEKTOPJIBIK AHarpaMMaliapblH KYpybl YHPEHY.
3.KpIcKala TeopusiiIbIK MIJTiMeTTep:
Yudasansl TI30€KTI KYIIbI30€H JKalraraHla CBI3BIKTBIK TOK (pa3ara TEH, all CBHI3BIKTHIK
KepHey (hazanblK KEpHEYIepAlH alblpMAalIbLIbIFbIHA TEH, MbICAJIBI: UV =Us =Ty ¢
CHMMeTpHSITBI pesimie; =1 =3,
Henaik chIMCBI3  Ti30€KTEerl CHMMETPHsUIBI €MeC JKYKTeMe KaOBbUIAAFblll  IeH
reHepaTopAblH OelTapan HYKTelepi apachblHAarbl KEpHEYAIH Maiaa OoJybIH TyIbIpajsl, Oyl
KaObUTIAFBIITHIH (pa3asblK KepHEYJIepiIHIH CUMMETpUsIIaHYbIHA QKeJle/Il.
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R R
Ao—o ‘Q—D— Aov—o '—‘|
Ry
2 Bo—o II n
B O—0 ‘0—:’—1; R
R
Co—o ||
Rs
Co—o “o— No
Na
Cyper 5.1 Cyper 5.2

Erep ym ¢azanbl TOk keiciHe MHIYKTUBTUIIK KaTYIIKAChIHAaH HeMece KOHJAECHCATOpAaH
XKoHe eki Oipmeit OenceHal KemepriiepieH TYpaThiH KaOBUIIAFBIITHI KOCca, OHAa OedTapamn
HYKTEHIH BIFBICYBI OOMBIHIIA (a3anapAblH Ke3eKTecy TOPTIOiH aHbIKTayFa 00Iabl.
Hemnaix cbiMbl Gap yuidasansl Tiz0ekTepae (cypeT. 5.2) KyKTeMe CHMMETPHUSACHI HOJJIIK
ChIMJIa TOK TYJBIPAJIbI, )T KAOBUIIAFbIII ()a3achIHBIH KEPHEYlI CHMMETPHUSIIBI OOJIBIN KaJla/ibl.
y1eKTP Ti30eriHiH cxemachbl

KymbicTta cb30achl KOPCETIITeH Ti30€KTi 3epTTey Kypriziiei.

5.3 cyp. Tiz0ekrin Kopekrenyi 50 I'm kuijikTe CHHYCOMJANbl KEPHEYIIH YII KO3iHEH
xysere acwippuiaabl. KK ke3nepi Gipaeit amrummtynacel 6ap, an onapasiH (dazanapsr 120° - re
KBUDKUIBI, OYJ1 Typa Ti30€KTiH CHMMETPHSUIBIK JKYHeciH Kypaiiibl. OKbITYIIBI KOPCETETIH Ti30E€KTiH
HycKacbkiHa coiikec keneTiH DKK >xoHe »kykreme mapamerpiiepiHiH MoHzaepi Kecrene kentipiiares.
5.1

K1 + K4 kinTTepiHiH keMmeriMeH Oackapy INepHeIepiHiH HeMipiiepi oJapAblH HHAEKCIHE

colikec kenei( cxemajia KBaapaT JKakKilajapaa KepceTiareH), )KykTeMe cunaThii a (hazacblHaa
e3reptyre 0osaspl, an K5 KiNTiHIH KeMeriMeH HOJIIK ChIMIap bl KOCYFa KoHE aKbIpaTyFa 00Iabl.
A ¢azachIHbIH OeNceH Il KeAePTiCiH e3repTy YIIIiH, MEH3ep CXeMaJaFbl OChI KeIEePTiHiH
CHUMBOJIbIH/Ia TYPFaH Ke3/e, €Kl PeT TIHTYIP/iH COJl JKaK OaTblpMachblH OacKaHHAH KeillH, KecTeMeH
CaJIBICTBIPFaH/1a KeJEPTiHIH MOHIH €Ki ece a3aiiTy Hemece YJIFalTy KaxKeT.

Boastmerp V' cBIBBIKTBIK  KepHeyai emmenal, VN BoibTMeTpi —  KYKTeMe
HeHTpalJapbIHbIH BIFBICY KEPHEY1, KaJIFaHIapbl — )KYKTEMEHIH (pa3aliblK KepHeyJepiH enmenai. An
aMIIepMETPi HOJIIK CHIMIaFbl TOKTHI KOPCETE/Il, KanFaHz[apm CBI3BIKTHI TOKTap

’ (3]

POVEDe0Deg | As " W m. -
P> — : .:r 00 Obm

0 [E [ (]

- — V” 100 Ohm ’

ZOVEOH240 e Ab {I

o——{+— A FT—(} \‘/B 4
H 20 Deg Ac @ —@ 100 Ohm ’
{ ) 'ﬁ} * % SYAVATES
2 L Al c
L viI——
B An
. . Y T
n
3 :

5.3 cyper.

Kymbicka 1aii bIHABIK
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Marepwuain xacarl, CypakTrapra xxayan 0epy:

1. Kanpmaii sxykTeme CHMMETpHsUIbl Oonbin caHamansl? Kanpmaih ym  Qaszansl  ke3
CUMMETPHUSUIIBI JeTl aTanajbl?

2. dazanblK XoHE CBIBBIKTHIK KepHey nereHimi3z He? Tenneynepai xa3. CUMMETpPHUSIIBI
KOHE CHMMETPUSUIBI eMeC KYJIIbI3AApAbIH )KYKTeMEHI KOCY Ke31HJET1 ChI3BIKTHIK KoHE (ha3zajblK
KepHEYJEep/IiH apachIHIarbl OailyiaHbIC.

3. Hennik ceimchi3 cxemana (cyper. 5.4, a) a (a3achIHBIH aKTHUBTI )KYKTEMECIHIH a3atobl
(wrraropl) KepHEy JAMarpaMMachlHa >KYKTEMEHIH HOJIIK HYKTECiHIH BIFBICYbIHA OKEJIeIl.
CHUMMeTPUSUIBIK KYJIIBI30CH CaIbICThIPFaH/Ia KaHai KarbiHa?

4. A (da3achiHBIH KbICKA TYHBIKTAIYbI OOJIFaH KaFJalga AuarpaMMajiarbl HOJIIK HYKTCHI
Kail JKepre MbUDKBITY KepeK xkoHe A (a3achlHbIH KYKTEMECi aXbIpaThUIFaH Ke3[e Kahaa
KBUDKBITHLIAIBI?

5. Erep oHbIH Kkeneprici Henre TeH Ooica, HOJMIK ChIM KOCBUIFaH Ke3le KepHey
JrarpaMMachiH/Ia )KYKTEeMEHIH OelTapan HYKTECiHIH BIFBICYBl MYMKiH 0e?

6. Henmik cbIM KochuUTFaH Ke3lie (ha3aHbIH KbICKA TYHBIKTATy TOXipUOECiH Here skacayra
OommMaiapI?

7. A ¢dazaceina R, L (Henaik ceiMchI3 Ti30ek) mapamerpiepi Oap KaTylikaigapisl KOCy
KaFJaipl YIIiH quarpamMmana 0acka eki (ha3aHblH OapiiblK KepHEyJepi MEH TOKTaphl CalbIHFaH
(cyper. 5.5). B xone C ¢aszanapbiHmarsl TOKTapAbl Oine OThIphIN, JluarpamMma OoibiHIIA A
(ha3achIHBIH TOK BEKTOPBIHBIH OAFBITHIH KOHE KaTYNIKaHBIH (Pa3achIHBIH JKBUDKY OYPBIIIBIH Kadan
aHbIKTay Kepek? JKoHe eJllleHreH TOK MeH KaTylIKaJarbl KepHEY[l MaiijiamaHa OTBIPbIN, OHBIH
napaMmeTpJIepiH Kanai ecentey Kepek?

A

Cyper 5.4
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5"4 Xy R

Cypert 5.5
8. Cyper mnarpammacsinaa O1 Geitapan HyKTeci Kaiiia opHanacasisl. 5.5 0,
Erep A daszaceinaa cysba 6omca. 5.5 a, KaTylIkaHbIH OpHBbIHA KOHAEHCATOP Kajaii

KOCBLIAJIBI?

Kymbic 6argapJjamacsl

1. Cyperre xepceTiireH ChI30aHbl )UHAY. 5.3 KecTe OOWBIHINA OHBIH
napameTpIiiepiH opHaTy. 5.1 cXeMaHbIH HYCKachlHa COMKecC.

5.1-kecte
N
1 2 3 5 6 0
BapUaHTa
E 3 2 1 2 1
(B) 80 20 27 80 20 27 80 20 27 80
R 2 1 1 2 1
(Om) 00 50 00 50 00 50 00 50 00 50
L 0 0 0 0 0
(MI'H) ,64 48 32 .8 ,64 ,48 ,95 ,8 ,64 ,48
C 1 2 3 1 2
(MKD) 6 1,2 1,8 2,7 6 1,2 0,6 2,7 6 1,2

2. AcnanTap/plH KOpCeTKIITepiH CUMMETPHUSIIBIK pexxume ansin tactay (K1 =
K3 kinrrepi TyibikTanraH, 4-ke axpipaTbuiral) xkoHe UJI /U® kaTblHACBIH €cenTey.
Hyckay: K5 kinTi apKbUibl HOIIIK CBIMJABI KOCY QHE aXbIpaTy acHanTap.IblH

KOPCETKIIIIHE dcep eTIen/Ii.

Ouiey HOTHXKENEpiH TaOJITBIH JKOFapFbl KOJbIHA EHTri3y. 5.2.

5.2 kecrte

AcnanTapJpIH KepCeTKilli

JnarpamMmmanarsl Epexuie Eckeptne
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In Un (azagarsl
A B C A B C N N KYKTEME
A B CuMM.pexxum
0 a)
6) .
Honnix
B) CBIMCBI3
cxXema
r)
x)
0 a)
0 0) .
Hennmix
0 B) CBIMBI Oap
cxXema
0 T)
0 1)
K.3. Honuik
CBIMCBI3
cxXema

3. Ym cemMuel (HOIIK CBHIMBI KOK — K5 CBIHFaH) oHE TOPT CBHIMABI (HOJIIK CHIMBI
6ap — K5 tyiipikTanran) Ti30€KTi Keleci pexumaepae 3epTTey:

a) a (QaszacelHOarbl OelceHnIl KYKTEMEHl a3zaiiTy, on ymiH A ¢a3acbiHaarbl
KapCBUIBIKTBI KECTEIIK MOHMEH CaJbICTBIPFaHJIa €Ki ece YIFalTy Kepek;

06) a azacbiHIarbl AaKTUBTI KYKTEMEHI apTThlpy, o YyuIiH A (¢a3acbiHaarbl
KapChUIBIKTBI OHBIH KECTEJIIK MOHIMEH CaJbICTBIPFaHJIa €Kl ece a3alTy Kepek;

B) a (asaceiHga xykTemeHi axbipaty (K1 kxinTiH axbipary);

r) a azaceiHa MHIYKTUBTUIIKTI Kocy (K1, K2, K4 Tyiipikranran kintrep kesinge K3
KUITIH aXbIPaTy);

J1) CBIMBIMIBLIBIKTHI a (hazaceiHa Kocy (K1, K3, K4 tyiipikranran kintrep kesinae K2
KUITIH aXBIPaTy).

4. K1-K4 xintrepin kyisinray skoHe K5 KuITiH amry Kaxer.

Bapnsik emmeynepain HoTwkenepi (mm. 3, 4) MbIHagail e3repicTep CHTI3LICIH: TaOII.
5.2.

5. bapnplK pexxumjep YIIIH TOKTapAbIH COyJENiK AuarpaMMaiapbIMeH OipiKTipiireH
KEepHEYJIepIiH TONorpagusIblK JuarpaMMaiapbiH Kypy.

Hyckay. bBapnerbr 12 nmarpamma, ONapiblH — OPKAWCHICBIH  KYpPY CBI3BIKTHIK
KEepHEyJepIiH TEH >aKThl YLIOYPBIIIBIHBIH OapiblK AMarpaMMaiapbl YIIiH e3repicci3 Oacray
kepek. Hemmik cbiM  OonmaraH — JkaFjaiiia  CHUMMETpPUSUIBI  €MeC  PEeXUMAEPAIH
auarpamMmaiiapblHIarbl  KYKTEeMEHIH OelTapam  HYKTECIHIH JKaFJalbl LHMPKYIb  apKbLIb
anbIKTananbpl. Henmixk cbiM  OomFaH  ke3ne Oyil HYKTe YIIOYPHIITHIH ayBIPJIBIFBIHBIH
OpTAChIHJA XKATHIP.
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6. TepT chIMabl Ti30€K YIIIH BEKTOPJBIK auarpammanapaad IN Hemmik  eTki3rimreri
TOKTBl JKOHE YII CBhIMABI Ti30ek yimiH auarpamvaiapaad  UN  HeWTpangapblHBIH — BIFBICY
KepHEyiH aHbIKTay. HoTwkenepi, coHpmaii-ak MbIHagail e3repicrep eHri3uiciH: Tabm. 5.2 jxoHe
A dazaceiabiH TorbiHAH ua xoHe UN ToyenminmiriHiH rpadwuriH, OHBIH O€JICEeH[l >XYKTeMECIHIH
00C JKYpICTeH KbICKa TYHBIKTAJIFAaHFa JCHIH 03repyl Ke3iHle Kypy.

7. Jlmarpammaiapipl Tanjay KOHE KYMBIC OOWBIHIIA KOPBITBIHIBI Kacay.

Ecentin mMa3mMyHbI

1. JXXyMBICTBIH aTaybl MEH MaKCaThl.

2. Dnektp Ti30eriHiH CyJI0achl.

3. XymbIcka HalbIHABIK CYypaKTapblHA >KayamnTap.

4. Heri3ri KaTbHacTap.

5. Tabn. 5.2. Kecre nepexrepi OoWbIHIIIA BEKTOPJBIK AMarpammaiap. 5.2.

6. UA xone UN Toyenainik rpadukrepi.

7. TyxbIpbiMaap.

OJneduer

Herizri:

1. JXaBoponkoB M. DieKTpOTeXHUKAHBIH TEOPMSUIBIK HEri3zepi OoWbIHIIA ecemnTep
xuHarbl. JI. A. becconoBa pemaknusceiMer. - M.:JKoraper mekten, 2008

2. A. DneKTpoTexHuKa koHe aleKTpoHuka. M.: Axaxemus, 2005. Myps3un 10. M.,
Bonkos 0. U. Dnekrporexnuka. - CII6.: [Tutep, 2007. - 443c.

3. AtabekoB I'. V. DnexTpoTexHMKaHBIH TEOpUsUIBIK Herizaepi. - M.: JKorapsl
Mexkrtemn, 2006,1,2, 3 6.

4. [Mandunos JI. M. skcmepuMeHTTEp MeEH TEHACYNeperi DINeKTPOTEXHUKA IKOHE

anektponuka. Electronics Workbench mnpaktukymer. 1 Tom: DnekTpoTexHHKa, 2  TOM:
Onekrponuka, - M.: JIOJAEKA, 2002 x. 1 Tom-303c. xoHe 2 TomM-287¢.
5. OOK "OKMA" AK BeG-caiitel UKma.kz eckepTy.

Kocbimima:
6. HopicTik MaTepuan
7. Barnapnamaneik kamramaceis ery: “Electronics Workbench” cxemoTexHHKaIbIK

Mozenbaey Oarmapinamachel; "Excel" sxone "Mathcad"ChI3BIKTEI TEHACYJIEp >KYHECIH ecenTeyre
apHajFaH OafmapiaManap.

8. Onexrprexuuka / pea. B. C. INantiommua M.-Feuieiv xkone texauka 2001 x. -
410

3epTXxaHaibIK KyMbIC Ne 6

1. 6-TakpIpsbin: ChI3BIKTHI AJIEKTpP Ti30€KTEPIHIET] OTIeNi MpolecTep.

2. KymbicThiH MaKcaThl: bipinm perti auddepeHunanapik TeHASYIePMEH CHITaTTaIaThIH
KOHJICHCATOPHI Oap Ti30eKTeperi oTHelNi IpoecTepal 3epTTey.

3.KpIcKala TeopusiJIbIK MaJTiMeTTep

DJeKTp SHEPrUsCHIHBIH €H 0oiMaraH/a Oip )KMHAKTaybIIIbl (MHAYKTUBTLIIK L Hemece

chIBIMABUTBIK C) Oap Ti30€KTiH JKYMBIC PSKUMIHIH Ke3 KSJITeH 03repyi Ke3iH/Ie OTIeNi MPouecTep
— Oip OenriieHreH peXKMMHEH EKIHIIICIHE aybicy mporecTepi maijga 6omanasl. Ti30eKTeri HaKThI
KO3/JIepiH KyaTbl COHFbI, COHJBIKTAH IIaMaHbIH SHEPIHsCHIMEH OalIaHbICThI-UHIYKTUBTUIIK TOTHI
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YKOHE CBHIMBIMIIBUIBIKTAFbl KEPHEY-TEK OIpKaJbINTHI, CEKipyci3 e3repyl MyMKiH. byn xommyTtarus
3aHJapbIHBIH MOHI.

Ti30ekTiH Kai-KyHiH CUNATTaWTHIH MU epeHIHANABIK TEHACYIep KYHECIHIH IIenimi
epiKci3 )KOHE epKiH KypamJIacTapbIH COMAChl TYPIHIE TaObLTybl MyMKiH. MBICaibl, TOK YIIH: 1 =
inp + icB.

TypakTbl KoHE Mep3iMIi Ke3Jaeplie KOJIAHBUIFAaH KypaMIaybllll KOMMYTAIHSUTBIK
Ti30€KTeH KeiiiH OenriyieHreH pexxuM (t — KYPBUIFbI) ece0iHEH aHbIKTaNa/Ibl )KOHE OHBIH TYP1 IepeK
KO3/ICpiHIH CHITaThIHA COMKEC KEJeIi.

EpkiH KypamIaybllll SKCIIOHEHT COMAchl TYpiHAE JKa3pliagpl — ‘©8 — Z ";.-'.-Erhr pk
CHUITaTTaMaJIbIK TEHICYIHIH OpTYpJIl HAKThI TYOipiepi yIiH.

AK TYpaKThl HHTETrpalijiay 0acTarnkpl MapTTapAaH — TOYENli )KOHE TOYeJICi3.

Toyenciz  maprrap  (MHIYKTUBTUTIKTETI  TOKTBIH ~ OacTamKpl ~ MOHJEPl  JKOHE
CHIUBIMIIBUIBIKTAFbl  KEPHEYJep) KOMMYyTAIlMsl — 3aHiapbl  OOWBIHINIA  aHBIKTAJaIbl  JKOHE
JOKTOMYTALMSUIBIK Ti30€KTiH OENriIeHreH PEeXXUMIH aliblH ajna ecenTeydi Tajan ereai. Kamran
HIamagapabliH OacTankel MOHAEpI (TOyesi miapTrap) KOMMYyTalMsIaH Keiinri Oipinmmn corre (t =
+0) KoMMyTaIUsIIaH KeHiHT Ti30SKTiH JKaFJaiblH CUIIATTANThIH TEHICYIePICH aHBIKTAIA/IbI.

bip xwunakraypim Oap Ti30eKkTe epKiH Kypamaayslll Tek Oip TyOip koHe Oip 9KCIIOHEHT

. Pyt
| iw=Ae .
6ap. Mbicaibl, kecte yiuiH 6.1 cypet k I = | ¢B, ceOebi KOHIEHCATOP apKBLIBI TYPAKTHI
TOK arajpl xoHe inp = 0. Kommyramnusra qeiiin KOHASHCATOp 3apsSATaliFaH kKoK, COHABIKTaH nC(+0)
= uC (-0) = 0 koMMyTaIUSICHIHBIH eKiHIIi 3aHbl 0ofbiHma. ConapikTan A = ics (0) = [U-uC (+0)]/R.

COHI[a KOHACHCATOPAbI 3apsaaTray Kesin[er 1 TOK JKOHEC
U ~%¢

iif)j=—

I

ue(t)=U-i(f)R=U(l1-e BC)

KepHey
MyHma p —(RC) -1 cunarramanelk  TEHACYMiH  TYyOipi, am  yakbIT
1= i =RC.
TYPaKTHICHI F'|
Ou i(t) ToxipuOemiK abIHFAH TOYESIAUTIK OOMBIHIIIA TA0BLTYBI MYMKiH (cyper 6.1, B).

Wi ,MicA

Y

III
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Cypert 6.1
OcsiraH yKkcac Typaie R kenepricine KOHIEHCATOPIBIH pa3psiibl Ke31HIE TOK IIEH KepHEY
f f
. L e \—
i(fi=——g AC; uc(t)=Ue fC,
OPHEKTEP1 aJIbIHYbl MYMKIH: R

DuieKTPp Ti30eriHiH cxemMachl:

100 s
100 k Ohm
B B3
et * | =
— 12V LE 100 s -

Cyper 6.2

KoneHncaTopasiH 3apsyIThl )KoHE pa3psATH MPOLECTEPIH 3ePTTEY YILiH AIIEKTP Tiz0eri
KOJIJaHbLIAJIbl, OHBIH CXEMAaChl CypeTTe KopceTuireH. 6.2.

Ti130eKTiH KOPEKTeHYI TYPaKThl KEPHEY KO31HEH JKY3€Te achIpblIabl, OHBIH mamMachl U,
conmaii-ak R sxone C monzaepi kecrenepjeri Hyckara covikec Tanmamanel. 11.1. Kintrepaig

- : . (5t=5-RC).
)K¥MLIC lCTey yaKLITBI OTIICII1 Hpouecc ¥33KTBIFBIH&H apTBIK 60J'IYBI THI1C )

Bapuanr | 1 2 3 4 5 6 0
u(B) 10 11 12 13 14 3

R(kOm) 00 122 133 147 200 22 2 3 3 7
C(mx®) | 100 100 100 100 100 470 70 70 |70 |70
Bapuanr | 11 12 13 14 15 16 7 8 9 0
U(B) 10 11 12 13 1

R(kOm) | 200 222 23 247 300 32 2 3 3 7
C(mx®) | 100 100 100 100 10 470 70 70 |70 |70

Kecte 6.1
BaxbL1ay cypakrapsl
1. Onektp Ti30eriHAeri TYpaKThl PEXKUM KOHE OTIEIN MPoIece Ael HeHl aTai 11?7
2. KommyTarus 3aHIapbIH KypacThIpbIHB3. Onap pe3rucTUBTI Ti30eKTep YIiH OphIHIaIa
ma?
3. PeakTuBTI 3N1eMeHTTEpI Oap AIIEKTp Ti30EKTepiH CHMTATTaUTHIH AU((HEpEeHITNATIBIK
TEHJCYJEP TOPTIOIH HE aHBIKTANIBI?
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4. ©Ortneni nporecTep/IiH KaHaai Kypamaac 06JIiri anepuoauKaibiK Typre ue?

5. TambIpabIH cunaThl KaHaai 00JIybl MYMKiH, OYJI 3JIeKTp Ti30eKTepi He yiIiH Oinaipemi?

6. DnekTp Tiz30eriHeri OTHeNi MPOoLecc Kail yaKbIT apajbIFbIHIA asKTaaaabl?

7. OTtmeni npolece Ke3iH/1e TOK MeH KePHEY/A1H SKCIEPUMEHTAIIBIK TOYEJILIIrT OOMBIHIIIA
ANIEKTP Ti30€TiHIH TYPaKThl YaKbIThIH aHBIKTAHBI3.

OTIeni TOKTHIH KOHE KEPHEY/IH YaKbITIIA TOYEIIEPiHIeT] OHBIH IIaMachkl HETe TeH?

8. Otreni mponecTepaiH OCHIIOrpaMMalIapbl OONBIHIIA JIEKTP Ti30€riHiH napamMeTpliepin
aHbIKTayFa 0osa mMa?

9. Kommyranus ke3inge RLC-Tiz0ekrepae KaHaail pexxumaep xKy3ere achlpbLiaabl?

10. TepOemicTep IEKPEMEHTIH HE CUTIATTANTbI?

11. DnexTp Ti30eKTEpiHIeTI OTIENI MpoIecTep Ke3iHe maiaa 00IaThiH KYObUIBICTap
KOJIJTAaHBUTATBIH KYPBUIFBUIAP/IbI aTAHBI3.

Jj1eoner

Herizri:

1. ’KaBopoHkoB M. DneKTpOTeXHIUKAHBIH TEOPHUSIIBIK HET13epi OOWbIHINA eCenTep
xuHarbl. JI. A. beccoHoBa penakuusceiMet. - M.:XKorapsl mekrer, 2008

2. A. DIeKTpOoTEeXHHUKA KOHE 3IeKTpoHuKa. M.: Akagemus, 2005. Myp3un 1O. M.,
Bounkos FO. 1. Onekrporexnuka. - CII6.: [Tutep, 2007. - 443c.

3. ATtabexoB I'. M. DnexkTpoTeXHUKaHBIH TEOPHUUIIBIK Herizaepl. - M.: XKorapsl MekTen,
2006,1,2, 3 6.

4. IMandwumnos /. U. sxciepuMeHTTEp MEH TEeHACYJIEepAET] DICKTPOTEXHHUKA KOHE
anekTponuka. Electronics Workbench npaktuxymsl. 1 Tom: DnexkrporexHuka, 2 Tom:
Onektponuka, - M.: JIOJEKA, 2002 x. 1 Tom-303c. xoHe 2 Tom-287c.

5. OOK "OKMA" AK Be0-caiiTel UKma.kz eckepry.

Kocbimma:
6. JapicTik MaTepuan
7. barnapnamaneik kamtamacsei3 ety: "Electronics Workbench" cxemoTexHUKaIBIK

Mozenbaey 6armapinamacser; "Excel" sxone "Mathcad' chI3bIKTBI TEHACYIED KYHECIH ecenTeyre
apHaJiFaH Oargapiiamanap.
8. Onektprexnuka / pen. B. C. [NanTtronmua M.-Fputeim xoHe Texauka 2001 x. - 410 c.

3epTrXxaHajibIK :KyMbIc Ne 7

1. TakpIpbin 7: OUNOJSAPJIBIK TPAH3UCTOPABIH CTATUKAJIBIK CHIIATTAMAJIAPBIH 3epTTey

2.7KymbIc MaKeaThl: JKalIbl 6a3aMeH KOHE JKalIbl SMUTEHTTEPMEH cXxeMa OOMBIHIIA
KOCBUIFaH TPaH3UCTOPAbIH KIPIC JKSHE IIBIFBIC CUMTaTTaMaJIapblH SKCIIEPUMEHTTIK ajy;
TPaH3UCTOP/AbIH MTapaMeTpiIepiH ecenTey.

3. TeopusiabIK 06J1iM

Bunoasipasik Tpansucrop. Herisri yreimaap

bunosnsipasl TpaH3UCTOP €Ki ©3apa SPEKETTECETIH P-N OTIIEIEPl KOHE YIII KOHE OJ1aH J1a Kol
HIBIKIIAIApHI 0ap KapThUIaid ©TKI3TII acHanThl aTtaiiibl. Bunonspisl TpaH3uCTOpIapAbl NalbIHAAY
TEXHOJIOTHUSCHI SPTYPIIl O0IYbl MyMKIH-0AJIKY, TU(PPY3Hsl, STUTAKCHUS.
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W

=
|

I

|
b
Cyper 7.1-Ka3bIKTBIKTBI OMIOJISAPJIBI TPAH3UCTOPABIH KYPBUIBIMABIK CYJI0AChI
CypetTe KepceTiareHaeil, TpaH3ucTopAa *KapThulaid OTKI3TIIITIH YII aiiMarkl 0ap, KoHe
JIe eKki ImeTKi aiMakra eTKisrimriH Oipmeit Tumi Oap, am opra alMak - KapaMa-Kapchl.
TpaH3uCTOPIbIH MIETKI alMaFrbIHBIH Oipi 3MuTTEp (D) e araiajbl, TPAH3UCTOPABIH OacKa IIETKi
arimarbl kosutekTop (K) menm artamanbl. KosuiekTopablH TpaH3UCTOp aymarbl apachlHAa €H YIIKEH
enmmemepl Oap. TpaHsuctopablH opTama aiimarel 0aza (b) men atamansl. TpaH3uCTOp 3MEKTP
CXeMachlHa KOCBUIATHIH CHIPTKBI KOPBITHIHIBIIAP AJIEKTPOATAD JCTl aTala/bl.
p-KoHE N-TPAaH3UCTOP/BIH aliMaKTaphl apacbliHAa p-N-eTynep maiina 6oxaabl. DMUTTEP
MeH 0Oasanap/ el 06JICTIH KOlly - SMHTTEPIIIK oTy (DO), aim 6a3a MEH KOJUIEKTOP.IbI OOJIETIH aybICy-
KoJuiekTopisK oty (KO) nen aranansl.

Tpan3ucTopIbiH ©TyNnepi KaHmail >karnmaiinapia OoyyblHAa OalIaHBICTBI OHBIH KYMBIC
peXUMIEpl axpIpaThliaabl. TpaH3UCTOpAA €Ki oTy Oap OONFAHIIBIKTaH, OJIAPIbIH OPKAMCHICHI €Ki
Karjgaiiia (ambIKk JKoHE JKaOBIK) OOJybl MYMKIH, TPAH3UCTOPJIBIH TOPT JKYMBIC DPEXKUMIH
KbIpaTajbl:

. CBI3BIKTHIK (O€JCeH/1l HeMece KYLIEUTKINI) PeKUM — SMUTTEPIIK OTy allbIK
Kyliie, al KOJUIEKTOPJBIK - JKaObIK Kyiile, SIFHUM SMUTTEpIIK ©THeNleri KepHey Typa,
KOJUIEKTOPJIBIK KEp1 KYJIBINTAY));

J KeCcy peKUMi-eKl oTYy ’KaObIK, SIFHU €Ki OTKeIe Kepi KepHeY;
° KaHBIFY PEXHUMI — €K1 OTKEJI alllbIK, SIFHU €K1 OTKENIE 1€ TIKEJIEH KepHeY;
J MHBEPCHUSUIBIK PEXKUM-DMUTTEPIIK OTKEI )KAOBIK, aJl KOJUIEKTOPIIBIK-AIIbIK.

Kapacteipbutran pexxumepaeH 6acka Tarbl 0ip peskuM 00J1ybl MYMKIiH, OJ1 JKYMBIC €Mec,
aJl aBapUsUIBIK PEKUM-OYJI TECY PEXKUMI.
OPpTYpIIi OTKI3TITIT 6ap 00JabICTap/IbIH OpHATIacy TOpTiOiHe OailIaHBICTBI N-p-n XKOHE P-N-p
TUNTI TPAH3UCTOPIIAP AXKBIPATHLIABL.
a) + - 8- +
2 K 2 K

b b
0 0

7.2 cypet — TpaH3UCTOpIap/IbIH MAPTTHI OeTiIepi:
a-TpaH3uCTOp p-N-p; 6-TpaH3ucTop N-p-n.
BunonsipjbiK TpaH3UCTOPIAPABIH KiKTeyi
OTKI3TiMITITT OOWBIHIINA:
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o P — N-p (TECIKTiH HETi3Ti TaChIFBIIITAPHI);
. N —p — N (Heri3ri DNeKTPOH Ko3aepi).

bactankpl MaTepuanabH TYpi OOibIHIIA:
o - KpeMHHUIIIK;

o - TePMaHUIITIK

Jaiipinay Tocini GoibIHIIA:

. T y3usIBIK;
o KOPBITIIA;
o SIUTAKCHAIIBI-TUTAHAPIIBI.

Kyart OoiibIHI1a paccenBaeMOil KOJIJIEKTOPHBIM KOLIYIHE:

° a3 Kyartel P < 0,3 Br;
° oprama Kyatsl 0,3 Bt <P < 1,5 BT;
o yikeH Kyat P > 1,5 Br.

BunoasipjbIK TpaH3uCTOPIAPAAFbI KYIIEHTKIIITep
bunonspasl TpaH3ucTOpaapAa KyIIEHTKIIITEp/e TPaH3UCTOP/bl KOCYJBIH YII CXEMAacChl
KoJIgaHbUIa b skanmbl 6azaceiver (JKb), sxanmsl smutepmen (KD), xanmsl kosmekTopmeH (KKK).
7Kaanbl SJMHTEHTTEepMeH KacKa/l

 +Fy
C,
C
|
R |
Er
R, R, R, T C,

Cyper 7.3-7K9 kocy cxemachl

XKaunmel SMUTTEPMEH OUIONSAPIBIK TPAH3UCTOPIBI KOCY CXEMAachl Ke3iHAE KipiC CHUTHAIbI
aliHBIMaJIBl TOK OOWBIHIIA 0a3zara Oepisiesli, ajl MIBIFY CUTHAJIBI KOJUICKTOpJaH aibIHabl. JKyMmbic
cXeMmachl TOMEHJETiJieil: OepreH Kesje Kipic KepHEey TpPaH3UCTOPIBIH 0a3achlHa, MBICAJBI, OH
KapaMa-KapchbUIbIK, TOK 0a3achl ©CyJe, OCBIHBIH CallJapblHaH YJFas/Ibl TOI'bl MEH KOJUIEKTOP
KEepHEYIHIH TeMeHJeyi keaeprici Rk, ai KOIJIEKTOPIbIH MOTEHIMAJbl JKepre KaThICThI aiiHanajbl
KeM emec OH. JKepre KaTbICThl KOJJIEKTOPAFbl KEPHEYIIH ©3Trepyl OChl CXeMa YILIH IIbIFY KepHeyi
Oospbinm  TaObUIaABI, Oy perrTe IIbIFy KepHEyl KIpeTiH Kepre KaThiCThl (a3a OoWbIHIIA
180°KBIKHUBL.

R1, R2 xoHe R kezpepriiiepl THIHBIIITHIK PEXUMIH HEMECE TPaH3UCTOPIBIH OacTarkbl
KYMBIC PEXKHUMIH OpHATy YIIIH apHaifaH. JKyMbIC HYKTECIH TEpPMOTYpaKTaHIbpIpy YIiH R»3
keneprici. CoHbIMEH Kartap, OyJ1 Kepi OaiflaHbIC PE3UCTOPBI, O IIBIH MOHIHJE KacKaJIThIH Kipic
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KEJICPriCiH YIFalTaIbl )KOHE KipiC CUTHAJIBIHBIH KYIICIOiH a3aiTaabl. Cd ChIMBIMIBLIBIFBI aybICIIABI
TOK OOWBIHIIA KACKaAThl KYIICUTY KO3(POHUIMEHTIH apTThIPy VIIIH KbI3MET €Te[1,0J1 >KYMBIC
KHUUTIKTEPIHJE 17 KOMETIMEH albIHFaH KAacKaaTBIH Tepic Kepi OaimanbichbiH xosasl. Cl sxone C2
CBHIMBIMIBUTBIKTAPBI OOJITIII CHIHBIMABUIBIKTAD JIEN aTaJlajbl, OJIAp/IbIH MaKCaThI-KipiC CUTHAIBIHBIH
TYPaKThl Kypamac OeIiriH »oHe MIBIFbIC KEPHEYiH OyFaTTay.

MyHpaai KOChLTy epeKIIeIiKTepi:

* remer RBx (6ipHemie xy3 OM-geH oH kKOM-Fa JIeliiH) jKoHE CalbICTRIPMaibl YIKeH RBBIX
(6ipuemre kKOM-zeH Ky3 KOM-T¢ ICHiH * );

* Ku kepHeyi OOWBIHIIIA €H JKOFaphbl KYIIeUTy kKoddpuimeHTin (OHIbIK 0ipitik) skoHe K| Torb
OOMBIHINIA YIKEH KYIIeUTy KodpuunenTin (OHABIK OipIIiK) amyFa MYMKIHIIK Oepeni);

* MBIFY CUTHAJIBI Kipic (a3ackiHa KaThICTHI 180 KBIIKBITHUIAIbI;

* Tap XKULIIK TUAIra30Hbl.

a) It : 0) I+
i =0
' 1g=0
|
15=0
I::u : Iﬁ ~Iko
v | :
ug U, T “Ug,

7.4 cyper-OD cxeMachIHBIH HaKThl CTATUKAJIBIK CUIIATTaMalaphl:
a-JieMaebic; O-Kipy.
OD kackaJIbIHBIH ITapaMeTpIIepiH ecenTey
OD cxemachl KepHEY MEH TOKTHI KylienTeal. Tok OoibIHIIA KYIIEHTy KO3 GULIUEeHTI MbIHA
(dbopMyna OOWBIHINIA AaHBIKTANAIbI:

K05 = hass, (7.1)
MyH/1a — Tok OOMBIHIIIA CTATUKAIBIK KYHIEUTY KO3 PUIMEHT] (aHBIKTaMaJIbIK TapamMeTp).
Kepuey OoifbiHIIa Kymeity koddduiuenti KapamaiibiM ¢dopmyia OoWbIHIIA

ecenreneni:

Ryl|Ry

Kyos=—=_— (7.2)
JKykTeme keneprici cxemana GonMaran kesze, srun Ry = 90 gopmyina (7.2) Typi 60masr:

RJ
Kannsl koiekropsl 0ap Kackan

KUG:%:
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#+Ex
Ry
C1
|
||
Er Cy
|
1
—_
Ry Rl R; | [Ru ==Cx

i I
Cyper 7.5-KK Kocy cxemachbl
R1, R2 sxone R» pesucropmapsl THHBIITHIK pexumin Oepeni. Cl, C2 0Oemy
CBIMBIM/IBUTBIKTApBI 00BN TaObLIaabl. AWHBIMAIBI TOK OOWBIHINA Kipic cHTHaNBI Oazara Oepiien,
aJl IIBIFY CUTHAIBI YMUTEHTTEH aJibIHAAbl. AWHBIMANBI TOK OoMbIHIIA KoJekTop aliHBIMabl TOK
YIIIH IIaFbIH apKbUIbI KOPEKTEHY Ko3iHiH imki keneprici JXKepre Tyiipikranran. MyHnait cursain
Oepy HoTmXkeciHIe cxemana kepHey OoibiHma 100% OOC 6ap. TpaHzuctop 06aszackiHa OH Kipic
CUTHQJIBIH OepreH Ke3ie TPaH3HCTOp apKbUIbl ©TETIH TOK apTajlbl, JEMEK, I3 KeAeprici apKbLibl
OTETIH TOK apTaJbl KOHE OHJIa KEpHEy TYCEIl, OJI CXeéMa YIIIH IIbIFy KepHeyl Ooyblln TaObliabl.
Ocbinan, OK kackanbl Kipic CUTHaJIBIHBIH (ha3ackiHa OypbuiMaiiibl. by cxema Tarbl Oip atayra ue —
DOMHTEHT KalWTaIarbIIl.
MyHpaii KOCbULy epeKIeTiKTepi:
* LIBIFY CUTHAJIBI )KOHE IIBIFY (pa3acsl Oipaei;
* oTe KoFapsl (oHnaraH KOM) RBX jxoHe oTe a3 RBbIX.
* cxema TypakThl Ku~1 memnmiepi 6ap;
* xy3 maitbi3 KOK eceGiHeH Kipic CUTHAIBIHBIH YIKSH TUHAMUKAIBIK TAAa30HbI
KK kackaovinvly napamempiiepin ecenmey
byn kackag Tok GoibIHIIA KYLIEHTY YIIIH KOJJaHBUIAIbl, OUTKEH]1 CaJbICThIPMAaIbl
JKOFapBl KIpiC KoHE TOMEH LIBIFY Keaeprici 6ap:

Kipic curnansinbig kepHeyi KK kackaarel kymetnenai xxoHe naeptupiemeiial. Kepuey
GoitprHITa KymeiTy kodddummenti Ky opMbiHa Gopmyna GoiEIHIIA ecenTenesi:

S (RslIRy)
A 7 2R 7.5
Ky ox LA (RIRY (7.5)
I
MyHza S — Kymeroi: , S = {P—J, @7 - TemnepaTypaibIK JIeyerT.
T
Kykreme keaeprici 6oaMaraH karaaiaa, popmyna Typi 6omambr:
K SRy (7 6)
UOK ™ yisR, :
S - R, >» 1 Gonranasikran,anamsiz;
SIRJ e
.= = 1. 7.7
Ky o B 1 (7.7)
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Kaanbl 6a3acel 6ap Kackan

Ca
Il
Il
Cy v
I N RH|::|
Il
Er
Ryl Rol]
R;

Cyper 7.6 Kb xocbly cxemachl

byn cxemama Kipic CHUTHaibl aifHBIMAlbl TOK OOWBIHIIA SMHUTEHTKE Oepinesi, aj IIbIFY
KOJUIEKTOPBIHAH allbIHAJIBI, OChl CXeMaJarbl 0a3a >kepre TyWbIKTamaael. R> xone Rk kemeprici
THIHBITHIK pekuMin Oepeni. Cl xoHe C2 ChIMBIMABUIBIKTAPHI OO CHIABIMIBUTBIKTAP OOJIBIIT
tabbimaabl. RK kepepricine KepHEyIiH TOMEHACYIH apTThipa OTBIPHIM, TEPIC MONSPIBIK KEpHEYIl
Kipicke Oepy Ke3iHJle KOJICKTOPJBIK TOK apTajbl, aJl KOJUICKTOP/IBIH MOTCHIIUAIBI )KEePre KaThICTHI
azasnpl. Kipic skoHe HIBIFBIC KEPHEYIHIH HMOJSPIIbIFbI COUKEC KeNe/i.

MyHaif KOCBUTY epeKIIeTiKTepi:

* remeH RBx (onmaran Om) sxoHe sxorapbl RBeIX (OipiikTep, ongaran MOM) KapChUIBIK;

* Kl 6ipnikreH a3, an KU xykTeme KepHeyiHiH KeiepriciHe OaillaHbICThI;

* KacKaJ IKaKChl JKUITIKTIK >KOHE OTIeNl KAacHeTTepPMEH >KOHE Killll CBI3BIKTHI €Mec
OypMalIayIIbUTBIKTAPMEH CHUTIATTaIA b

a) 0)
I+ I,: BKEZO
1
/_lI_K“/If'}
= A :
I - Ugp U 55

Cyper 7.7-)Kb cxemacbhIHbIH HaKThl CTATUKAJIBIK CUIIATTaMaslaphbl:
a-JIeMaibIc; O-Kipy.
Xb xackax mapamerprnepin ecenrtey .JKb kackanrarbl TOK KYIIEWTKIIITEP] KOK-TOK
KalWTaNaFbIIl CXeMaHBIH 6acka aTaybl. Tok GoiibmHma kymeiity kodpodummentiK; g5 opmaiibiv
OipJiKTeH a3

AN hz13 o
Kios =722~ 1, (7.8)

Kepuey Goitbinma Kymeiity xoddduuuentinKy g5 MeiHa popMyna GoliblHIIa ecenTeyre
0oJIaab!:
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Ry||Ry
Kyos=a- L (7.9)
[-x

MyHpa ®-Tok 6epy KO3 PHUIIHEHTI,
R, - xackanrein xipic kenmeprici XKB.
Rsx =1t {:1 - ﬂ:] "Ta (7.10)

Mynna 1; U T — -3MUTEHTTEPIIH koHe 0a3aHbIH 1K1 KeAeprijaepi THICIHIIE.

Erep >xykTeme Kenepricii eckepmece, KepHey OOWbIHIIA KYIIEHTy K03 duunenTin ecentey
dhopmymacer:
R
Kyos=a- m (7.11)

byn 3epTxaHaiblK KYMBICTa TPAH3UCTOPIBI KOCYIBIH €Ki CXeMachlHA TOJBIK TOKTAJIANbIK:
xanmbl 6azamer (JKB) sxone xxanmsl smutepmer (2K9).

1-06eaiMm. Kb Kocy cxemacsl

7.8 cyperte Kb cynbackl kepceTiireH.

Cyper 7.8-Kb kocy cxemacsl
Kannbl 6azamen kipic Torsl 0ap cyjiba yIIiH 19 SMUTEHTIHIH TOTHI, Kipic kepHeyl — U306
KEpHEYi , IIBIFY TOT'bl — KOJJIEKTOP TOTHI , all IIbIFy KepHeyl UkO 60bIin TabbuIab.
Kb cxemaceiHa apnanraH mbirbic BAX UkO TypakTsl kepHey ke3inzae UsG kipic
KepHeyiHeH 3 Kipic TOTBIHBIH Toyesiniri 60bln Tadbutasl. 2-cyperre Kipic BAX tpaH3uctopabiy
IIaMaMeH KepiHICl KepCceTUIreH.
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13, mA
60 ‘
50
40
30
20
10
e Ua36, B
0 B- —‘_‘_*___'-}
0,4 0,45 0,5 0,55 0,6
——Ukb=9,26 B —=—Jkb=225B
UkB=0,145 B Ukb=0,11B

Cypet 7.9-XKb TpaH3ucTOpABIH Kipic CHITaTTaManapbl

Kipic cumarramanapsl eoyip Iopekeqe allblK SMUTEHTTIK p-N-oTy/iH CUIlaTTaMachIMeH
aHBIKTAJIAJIbl, COHJIBIKTAH OJIap Typa OarbITTa BIFBICTHIPBUIFAH JMO]] IIaMIapbIHa YKcac.

XKanmer 6azameH cyi6a yIIiH IIBIFBICTHIK TOKTHIH UKO KepHeyiHe Toyenaiiiri I3 TypaxTsl

TOKTap KE31HJIET1 MIBIFBICTHIK TOKTBIH TOYEIUIITT O0JbI Ta0buIaabl. 3-cyperte 0omkam sl [1IbFbic

KecTelepl KOPCeTUIreH.

100K, mA
|-
on | HachimeHne AKTHBHHIII pEKIIM
A -
y’q
o 0o o o 3
—§0
e e DK
- 2UK6, B
1 2 3 4 5 6 7 8 9 10

N
D
(9]

o=13=66,2 mA =8=|3=10,8 mMA

epem | 3=38 9 MA

Cyper 7.10-TpaH3ucTopablH MbIFy cunaTTamanapsl XKb
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Bipi-cyperten kepiHin TypraHmai, Tok Ik Henre TeH Oosanbl kezne raHa Uk0<0, sFHH
Ke3/le FaHa KOJUJICKTOPHBIN Kelly aylapbuiyFa Typa OarbITTa. TpaH3uCTOPABIH OYJ1 KYMBIC PEXKHUMI
KaHBIFY peXuMi nen artamnansl, an UkO alMarblHIAFbl ChI3BIKTap < O KaHBIKTBIPY CBI3BIFBI JICTI
atananpl. Uk6>0 ke3inae skoHe [5=0 TorbiHIa TpaH3UCTOp Kecy pexuminmae 6omanbl, [3=0 coiikec
BAX kecreci kepHEY OCIMEH ic KYy3iH/1e KOChUIaIbI.

I> Torel yniraiiran ke3ne >koHe UKO OH KepHeyleplie TpaH3UCTOp OeJCEeH[Il KYMBIC
pEKHUMIHE OTE]IL.

XKanmbr Oazamen cxema OOWbBIHIIA KOCBUIFAaH TpPaH3UCTOP KEpHEY MEH KyaTThl
KYIISHTKIIITEpIe KOJNAaHbUIAAbI, ce0eli MIBIFY TOTBI KipiC TOThIHA TeH OOJIFaHbIHA KapamacTaH,
HIBIFY KEpHEYl KIpic KepHEyiHEH eoyip Kell. ©OTe YIKEH HIBIFBICTBIK Keaeprire OaiaHbICThl 00
TpaH3uCTOPHI TYPAKTHI TOK KO3ACPIHIC KOJIIAHBLIA B,

Kb cxemacbIHIaFbl TPAH3UCTOPIIAPABIH HET13T1 TapaMeTpiiepi MbIHAIAP OOJIBIT TaObLIA IbI::

_dh

o4’

U.=const; (7.12)
SMUTTEPIIK aybICYIbIH AU(depeHInaIabl Keaeprici:

r,=—
> dL’
U.=const; (7.13)

KOJUIEKTOPJIBIK OTYIIH AuddepeHnan sl Keaeprici:
duU,
~dr’
U.=const. (7.14)

2 6eaimM. 7KJ Kocy cxemachl
7.11-cyperte 7K cy16achl KepceTijireH.

T

Ek

P
S
—=&
4 N\
E
L
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"KD 0Gap cxema" araybl DMHUTEHT Kipic KOHE IIBIFBIC Ti30€KTEpi YIIIH OpTaK OOJIbII
TaOBUTATBIHABIFBIMEH TyciHAipiieni. Kipic Torer ymiiH cxemacbiH OD 0ombim TaObUTaIBI  TOK
6a3zanbIH 10, mbiry kepHeyi — Us0 KepHey , IIBIFY TOK — TOK KOJJIEKTOPJBIH IK , al MIBIFBIC KepHEYi
Uxko.

UKD typakrel kepHey kesinme Us0 kipic kepHeyiHeH IO Kipic TOTBIHBIH
toyenautiri O3 O6ap cxema ymiH [eireic BAX 60mbim Tabblmaapl. S-cyperre Os 6ap kipic BAX
TPAaH3UCTOPABIH YJITri TYpi KOPCETUITeH.

16, mKA

200

o fl []
& L4 4
100 [ 1
o [ ]
& L4 4
40 /A

/
22 .___,dj U63,B

0,2 0,25 0,3 0,35 0,4 0,45 0,5 0,55 0,6

——UK3=9,17B ——Uka=4,48B
—o—Uk3=0,049B ——Jk3=0,012B

7.12 cyper-tpan3uctopasiH JKD-MeH Kipic cHmaTTaManapsl
XK3O-men tpansucropasiH kipic cunarramanapsl JKb-man epekmeneneni: Uxks HIbiFbic
KEpHEeYIH YJIFaUTKaH Ke3/1e CUIaTTaMasap OHFa KbUDKBIThUIA B, Hemansic  ymin  BAC
cxemachiH KD Gombln TaObLIaabl OAWIaHBICTHI IIBIFBIC TOTBIHBIH [k kepHey UK? Ke3iHle TYpaKThl
ToK [0. 6-cyperTe )KD-MeH TpaH3UCTOPABIH LIBIFY KecTeIepl KOPCETUIreH.
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2 1K A
Hacrimenie AXTHUBHBIII peXIM
an |
[l \L
_+_
NE
Tt f
[aTa)
AW
1c 36 > O
L4 Ei)
10
2
£ — —l=
E
=
Uka, B
& 1 3 5 7 9
=
ot
| ——16=1813MKA  —=—6=666 MKA  ——I6=124 4 mKkA |

7.13 cyper-TpaH3ucTopabiH JKO-MeH LIbIFY cUITaTTaMaiaphbl
KD 06ap tpamsuctopaeiH Ilereic BAXBIHIAA ma O IleiFbic cumnaTrTaManapblHaH
epexueneneni. Kocy cxemacbinna KO mibirbic Torbl Ik Hesre TeH Oonansl ke3ae kepHey Uks =0
xoHe Tepic Tepic Moraepl Uka. On yIIiH ukd KepHEYIHIH IIaMachl OCBIHAAN a3, OyJI KOJUIEKTOPIIBIK
OTKEeJ/Ie Kepl BIFBICYJbl KYpY YIIIH JKETKUTIKCI3 Oonanbl. KaHbIFy peXHMIHIE TOK KOJJIEKTOD
TOYEJJIl eMeC TOK 0a3achlH KoHE OapIbIK OYTaKTaphl IEMaJIbIC CHIIaTTaMaIaphl Teriieal oip.
TpaH3uCTOpIABIH IIBIFy  CUNAaTTamMajapbl OeliceHal pexuMIe  YJIKEH
Kes10eyMeH Kypell, OyJl TpaH3UCTOPABIH KaJbINThl PEXKMMMEH CaJlbICThIpFaHa AU(QepeHnaibl
HIBIFY KeJIepTiCiHIH a3 MeJIIepiH OulIipei.
KD kocy cynbacel xul KOJJaHbLIaAbl, 6MTKeHI MyHJIa Tok OoiibIHIIA Ja, KEpHEY
OolibIHIIA J1a KyIueroi opblH anaabl. COHIBIKTAH aHbIKTaMalapja o/IeTTe TPAaH3UCTOP.IbI KOCY/bIH
ochl Typi yuriH [Tapamerprep Koiblnaabl.
XKDcxemacsl OoMbIHIIIA KOCBUIFAH TPAH3UCTOP YIUIH HETri3ri mapamerpiep 0oJbln

TaOBUIAIB:
0a3aHbIH TOK OepiniciHiH auddepeHuanapK Ko3pPUIHeHTi:
5 dl,
dl,’
ipu U,=const; (7.15)
TpaH3UCTOPABIH AU depeHnnanap Kipic Keaeprici:
Us
BX o= r
dl,
nipu U,=const; (7.16)
KOJUIEKTOPIBIH Ju(depeHIInaIIbl KeAeprici:
T _ E
= odlL’

K
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npu ls=const. (7.17)
o u 3 INapamerprep KYpbUIFbIIA KeTeCi KaThIHACIICH OalIaHbICTHI:
&
g =" (7.18)
1—ex

Erep TpaH3uWCTOp KYIIEHTKIII CXEeMachlHIa KOJJAHBUICA, OHJA CHUIATTaMajap/IbiH
KyJIaMaJIbIFbl KOJIJJAaHBLIAIbI:

_dl o i
R riUE ] (Sj S - R.. : {:9)
(7.18) N ,
S=355() S=2,
(7.19)

pu U,=const.
TpaH3uCTOPABIH AUHAMHKAJIBIK KYMBIC PEKHMi
TpaH3uCTOp KYMBICHIHBIH TUHAMUKAIBIK pekumi LLbFbIC Ti30eriHAe Kipic TOTBIHBIH
HeMece KepHEY/IIH e3repyi KOJUIGKTOPJarbl KEPHEYIIH ©3TrepyiH TYABIPATBIH KYKTEME PE3HCTOPHI
TYpPFaH PEXHUM JET aTallajbl.
7.13-cyperte pesuctop Rk — Oyl KOJIEKTOpHas JKYKT€Me YIIiH TPaH3UCTOPIbIH
KOCBUIFaH cxeMachl OoibIHIIa XKD KaMTaMachl3 €TeTiH JUHAMUKAIBIK )KYMBIC PEKUMI.

7.13 cypet-XXD cxemachl O0ibIHIIA KOCBUIFAH TPAH3UCTOPBIH JAUHAMHKAIIBIK KYMBIC
pexuMi

MyHnaii cxemaHblH keMmeriMeH XKD — MEH TpaH3UCTOP/BIH TUHAMUKAJIBIK CHITATTAMACHIH
aryra 00Ja1pI-8-cyper.
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Cypert 7.14-7K9 6ap tpan3ucropabiH mbiry BAXbI
[Ipiry muHaMMKANBIK CHIATTaMachl OUIAIpENl TIKeIeW >KeNl CaJbIHBII JKaTKaH €Ki
HykTenep Ik max »xoHe Ek Jemanbic KyHIepl CTaTHKAIbIK cumarramanapbl. JIMHaMUKaJbIK
cUrnarraMa TPaH3UCTOPABIH JKYMBIC PEXHMIH TaHAayFa MyMKIHIIK Oepeni. XKywmbic HyKTeciH
TaHJall, KaXeTTI PeXKUMJEe TPAaH3UCTOPAbIH >KYMBICBIH KaMTamachl3 eTeTiH [0 0azajiblK TOTBIH
AHBIKTAMBI3.

Electronics Workbench 6arnapaamacbinia opbIHaay
KirtanxaHagan >KyMBICTBI OpBIHJIAy Ke€31HJE KeJlecl TpaH3HCTOpiap TaHAajabl:
2N1711, ideal, 2N2218.

1. X3 kocy cynbaceiH sxuHay-7.11 cyper. Canmy OargapiaaMachlHbIH KeMETriMEH
Microsoft Excel orbacs kipy cunarramanapbia Tpan3ucTopasi 16(Us0) 6onranga Uks=const xoHe
mbirbic cunartamackid [k(Uka) 6onranga [6=const.

2. TpaH3uCTOPBIH TMHAMHKAIBIK KYMbIC pexumi yiiH JKD Kocy cXeMachlH JKHHAY —
7.13-cyper. Cany qTuHAMUKAJIBIK CHIIATTAMACHIH JEMaNIbIC KYHAEpl CTaTUKAIBIK CHITATTaMalaphl €Ki
HykTenep Ik max xoHe Ek.

3. Xb — cyper Kocy cxemachlH >xuHay /7.8. Camy OarmapiaMacblHBIH KOMETiMeH
Microsoft Excel ot6acs! kipy cunarramanapsia TpanzuctopabiH [3(Us0) kesinge UkG=const xoHE
mibiFbic cunartamackid [k(Uk0) 6onranaa > =const.

KymbICTBI OPBIHAAY TIPTIOI:

7KJ KackajbIHBIH CHIIATTAMAJIAPBIH 3epPTTEy

1. Output/OFF pexuminmeri E2 kyar xe3ine 30 B kepuey Ooitbiama, 250 mA Tox
OolibiHIIa mIeKTey opHaTy. Kopek ke3iH output/ON pexuMiHe cxema COHbIHA JIEHiH >KUHAIBIM,
OKBITYIIBIMEH TEKCEPIITeHHEH KEeWiH FaHa aybICTBIPAIBI.
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2. V1 xone V2 MmynbTuUMeETpIIepiH Kocy. TypakTsl KEpHEYI1 eiiey pexumine V1 koHe

V2 opHary. V1 mynasTuMeTpiHiH Kipici {V1} maHenminmeri ysara KOCBUIFaH, ajl V2 MYJIbTUMETPIHIH
kipici {V2} nanemninzeri ysfa KOCbUIFaH.

3. Cynba XD pexuminge kxymbic icrey ymriH SWI1 xoHe SW2 KOCKBIIITApBIH Oy
Kyiiine opHaTy Kaxer. SW4 aysicTeipbin-KocKbinbiH OFF kyiiine opHaty-RK axbIparsuiran
KarJai, SFHU CXEMaHbIH CTATHUKAJIBIK dKYMBIC PEXKUMI.

4. Kipic torer IBx mnaneminen {P1l} axpIpaTKblITapblHa O6TE€T OpHATY AapPKBUIBI
Oepinemi. UK KOJJIEKTOPBIHBIH KOpEKTeHy KepHeyi manenmeH {P2} axpIpaTkblmtapbiHa GereT
opHaTy apkbuibl Oepineni. OHbIH monsapibirbl SW3 KOCKBIIIBIMEH aHBIKTanaabl. bacTtamkeina
KOCKBIIITHI "+UK"Ky#HiHE OpHATHIHBI3.

o. E2 kyar ke3in OUTPUT/ON pexumine aybICTIPY.

KD cxemachIHBIH Kipic CHITaTTaMaJapbIHbIH TONITAMACHIH KYPY

6. Kipic torei ansikray ymin {V1} >xone {IB} axpIpaTKbIITapblH KaOeib apKbLIbl
xanray. Herisri jkoHe SMHUTEHT apachlHIArbl KepHeyndl anbikray ymiH-UBD {V2} xone {UBE}
XbIPATKBILITAPBIHBIH KaOETIMEH KaJlFaHbI3.

7. XKD cxemachiHBIH KipiC CHIIATTaMachIHBIH Oip TapMarblH Kypy ymiH {Uk8}
aXbIpaTKbIlIbIHA OereT opHaThlIaabl. CoHbIMEH Katap, v1 sxoHe V2 mynbtumerprepinze Ib xone
UBD monpnepin Oexite oteipbin, {19} - man {Il1} - re neitin {P1} akpIpaTKplITapbIHAa KE3EKIIEH
JKasracThIpFBILITHL ayBICTBIPHINT KOSI OTBIPBIN, IBX MOHAEpiH e3repremi3. AJbIHFaH MoHAepAl 1-
kecrere eHrizemi3. bapasik 1b sxone UBD Monzaepin emmeyxnen keitin ocel Ib xone UBD anbiaran
UK8 KepHeyiHIH MoHIH aHbikTay KakeT. byn ymin {V2} sxone {UKE} axbIpaTKbIIITapbIHBIH
ka0enimeH Kocambl3. UKE MoHiH GenrineiiMi3 skoHe Uk8 MoHIHIH OpHbIHA 7.1-KecTere ka3ambl3.

8. 6 xoHe 7-TapMmakTapAa cunarranrad ic-opekerrepai UKE kanran MoHpzepi yuiiH
{Ux7} - tem {Ux0} - ka neitiari {P2} axpIpaTKplmiTapaa Ke3eK-Ke3eK aybICTBIPBIIN, Oy
HOTHKEJIEPiH 7-KecTene Oenriaei oThIphIn KaiTanay. 1.

9. 7.1-xecteniH aepektepi OoiibiHma Microsoft Excel GarmapiamachIHBIH KeMeTriMeH
XKD - Ib (UBD) cxemachIHBIH Kipic cUNIaTTaMalapbIHBIH OTOACBHIH KYPY.

7.1-xecre. XKD cxemacsl. Kipic cunarramacsl

Uxko,
B 16, mxA U6>, B

Uxk8

Uk0

7K cxeMachIHBIH HIBIFBIC CHIIATTAMAJIAPBIHBIH KYPY
10.  XKanray kabeni apkpuibl ysuiapel {V1} xone {Ik} alikpiHIAy YUIH JeMajibIC TOK
cxemaceiH IK. Kosmtektop MeH sMUTTep apachiHaarbl kepHeyadi anbiktay yurin UKD {V2} xone
{UKE} axpIpaTKbIIITapbIHBIH KaOETIMEH KaJFaHbI3.
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11. OK cxemaceinbsie IIbIFpIC  cHUIATTaMachiHBIH  Oip Tapmarbid  any yorid {19}
aXBIpaTKBIIbIHA OereT opHaThuIanbl. ConbiMeH KaTap, UK MoHaepiH e3repTemis sxoHe V1 xoHe V2
MoHepiH xoHe UKD mynpTumerpriepinae OenriieiiMi3. AJBIHFAH MOHAEPHAI 2-KECTere CHri3eMis.
SW3 ayslcThIpbinl KOCKBIIBIH "-UK" Ky#ine aybicThipa oThIpbin, Uk8-meH UkO-re neiiin OapiibiK
tepic Uk ymrina emmeynai xoHe UKD xyprizymi xoHe COHAaN-aK 2-KeCTere OJIIIey HOTHKEIepiH
enrizyai. bapasik MonAepi enmiereHHeH KeliH Ib Kipic TOTBIHBIH MOHIH aHBIKTAy Ka)KeT, OJ1 YIIiH
ocel xoHe UKD anpmran. On yunH kaGenbiaiH kemerimeH {V2} sxone {} axbIpaTKbIITaphl
Kocbutanbl. Gukcupyem MoHi Ik jkoHE 3anMchIBaeM OHBI 2-KeCTe OpHBIHA MaHbI3EI O6ap 19.

12. 10 xone 1l-tapmakTapia CHNATTaJIFaH iC-dpEeKeTTep.i, KaiFaH IBX MoHZepi YIIiH
{18} - Tam {l1} - ke nmeitin {P1l} axpIpaTKbIITapbIHIA KE3€K-KE€3€K ayBICTBIPHIN, OJIIICY
HOTHKEIIEPiH 2-KecTe e OeNTisiel OThIPHIN KaiTamay.

13. 2 - KecTeHiH aepekTepi OolibiHIIa Microsoft Excel GarmapiiaMachlHBIH KOMETIMEH
003 - (UKD) cxemacbinblH LbIFbIC cunaTTaMallapblHbIH OTOACHIH KYPY.

2-kecre.)K O cxemacsl. lIbIFy cunarramacsl

|
B, MKA Ik, mMA Uik», B

TpaH3uCTOPABIH AUHAMHKAJIBIK KYMBIC PesKUMI

14.SA4 xockpitieiH ON-KYiliHE OpHATBIHBI3, OHJIA CXeMara KOCBUIFaH, SSFHU JUHAMUKAIIBIK
AKYMBIC PEXKHMI.

15.KonnekTop MEH SMUTTEP apachIHIaFbl KEPHEYl aHbIKTAY YIIIIH UKD KaOelliHIH KOMEeriMeH
{V2} xone {U KD} axbIpaTKbIIITAPbIH KaJFay.

16.OF cxemachIHBIH TWHAMHKAIIBIK CHMIATTaMachlH KYPY YIIIH €Ki HyKTe Kaxet: by perre,
| :xone UKD monzepi Tuicinme vl xoHe V2 MynbTUMETpiepiHae OenriieHe .

17. Anbiaran HykTenep OoifbiHina DK Kocy cxeMachlH/1a TPaH3UCTOPIbIH JUHAMHUKAJIBIK
cUIaTTamachlH caiy - Microsoft Excel 6armapnamacsiabiy kemerimen JK (UKD) cxemacs! yiiin
IIBIFY CTATHKAIBIK cunaTTaMachinaa (8 cyperti KapaHsi3).

18.E2 kyar ke3in OUTPUT/OFF pexxumine aynapy.

Kb Kackan cunarramanapbiH 3epTrey

1.Cxemansl Kb pexumine aygapy yurin SW1 xone SW2 kockpiitapsid OB kyiiine opHaTy
KaxeT. SW4 ayblcThIpbill KOCKBIIBIH Off KyiiiHe OpHATBIHBI3, OHJA OUIipiie/i, SIFHU CXEMaHbIH
CTaTUKAJIBIK KYMBbIC peskuMi. SA3 KOCKbIlIbl "+ 'K"KyliHEe OpHATHIHBI3.

2.E2 kyar ke3in OUTPUT/ON pexumine aybICTHIpY.

KB CxemaHbIH Kipic cunmarraMmajiapbIHbIH

3.Kipic ToreH anbikTay yumiH {V1} sxone {le} axbIpaTKpITapblH KaOedb apKbUIbI KaJFay.
Herisri jkoHe SMHUTEHT apacbiHIarbl KepHeydi anbikray yiniH-UBD {V2} xone {UBE}
KBIPATKBIIITAPBIHBIH KaOeTIMEH KaJiFaHbI3.
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4.CxeMaHbIH Kipic cCUNaTTaMachiHBIH Oip TapMarbiH anmy ymriH {Uk8} aXpIpaTKbIIIbIHA
Oeret opHaty Typansl. CoHbIMEH Katap, v1 xone V2 mynbrumerpiepinae 19 xone UBD monaepin
Oenrineir oTeipbin, {P1} axpipaTKeiuTapeinga ke3ekneH Kanracteipreiutsl {I1} - nen {19} - ra
NeiiH aypICTHIphIN, [X MoHAEpiH e3repTemis. AJbIHFaH MOHIEpAl 4-kectere enrizemi3. bapmnpik 19
xone UBD monzepin emmeyaeH keifin ocel 13 xone UBD anbinran uk8 KepHEYiHIH MOHIH aHBIKTAY
kaxer. byn ymin {V2} xome {UKB} axsiparkpimrapsl kabemiMen Kocambiz. UKB  moniH
OenrineiiMi3 xxoHe UK8 MOHIHIH OpHBIHA OHBI 4-KECTEre )Ka3aMbl3.

5.3 xoHe 4-Tapmakrapaa cunartaiFaH ic-opekerrepai UKB kanran monnepi ymin {Uk7} -
nan {UkO} - xa geifinri {P2} axxplpaTKplmrapia Ke3eK-Ke3eK aybICTBIPHII, OJIIIey HOTHKEIEpiH 3-
KecTene Oenrijiel OTHIPBIN KalnTanay.

6.3-kecteHiH aepektepi OoitbiHia Microsoft Excel GarmaprmamacweiabiH kemerimMeH Kb -
[3(UBD) cxemachIHBIH Kipic CHMaTTaMatapbIHbIH 0TOACHIH KYPY.

7.3-kecte. XXb cxemachl. Kipic cunarramacsl

Uks, B | Is, mA Uss, B

Uk8

Uxk0

Kannbi 6a3a cxemacbIHbIH L bIFbIC cUIaTTAMATADBIHBIH KYPY

7. Kanray xabeni apkpuibl ysutapel {V1} sxoHe {Ik} alikplHAay YIIIH J€MajbiC TOK
cxemachlH K. Kosmtekrop Men Oa3aHblH apacblHAarbl KepHeyzl aHbikTay yuriH-UKDB kaGenbniH
keMmerimMeH {V2} xxoHe {UKB} axxbIpaTKbIIITaApBIHBIH KOMETIMEH JKaJIFaHbI3.

8. XKDOcxemacwiubiy IllbiFpic  cunartamacelHblH Oip TapmarbiH  any yune {19}
aXbIpaTKBIIIBIHA OereT opHaThuianbl. CoHbiMeH KaTap, UK Monmepin esrepremis, Oyi perre vl
xoHe V2 monzepiH xoHe UKD mynbTumerpnepinae Oenruieiimis. AnbIHFaH MoHZAEpAl 7.5 kecTere
eHrizeMiz. SW3 aybIcThIpbIN KOCKBIIBIH "-UK" KyiliHe aybicThipa oTbipbin, Uk8-aen Uk(-re neitin
6apnbik Tepic Uk ymin emmey sxoHe UKD xyprizy koHe e ejiiey HOTHXKeNepiH 7.5-kectere
eHri3y. bapibsik MoHIepal einmereHHeH KeiiH [D Kipic TOTBIHBIH MOHIH aHBIKTAy Ka)eT, OJ1 YIIiH
ocel xoHe UKD ampiaran. On ymiiH kabenbaiH kemeriMeH {V2} sxoHe {} axbpIpaTKbIITaphl
KOCBUTaJbl. [D MoHIH Genrineiimi3s xxoHe oHbI [9 MoHIHIH OpHBIHA 5-KecTere Ka3aMbl3.

9. 7 oHe 8-TapMaKTapa CHIaTTaJFaH ic-opeKeTTepi, KanraHn IBx monaepi yuriH {18}
- nen {I1} - xe nmeitin {P1} axpIpaTKpIIITapbIH/Ia K€3E€K-KE3€K aybICTHIPHII, OJIIIeY HOTHXENIepiH 7-

KecTene Oenriyiel OTHIPBIN KanTanay. 4.
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10. 7.4 - xecreHiH Moamimertepi Ootibiama, Microsoft Excel OarmapiamachiHbIH

keMmerimeH Ob - (UKB) cxemachiabiy [bIFbIC cUnIaTTaManapbiHBIH OTOACKIH KYPY.
11. E2 kyar ke3in OUTPUT/OFF pexxumine aymapy.

7.4-xecre. Xb cxemacsl. llIbiry cunarramacst

I Ik,

5, MA mA Uxs, B

Tpan3ucrop mapamerpJiepin ecenrey
1 sxoHe 2-0emikTepae anbiHFaH BAX-ThI naiinanana oteipei, (1), (4) sxoue (8) dopmymnanap
OOHWBIHILIA O, B )KOHE S TPAH3UCTOPBIHBIH MapaMeTpJepiH ecenTey, Oy peTTe TYbIHAbLIAp THICTI
[IaMasapablH COHFBI 6CIMAECPIMEH aIMaCThIPBLIAIBI.

onebuer

Herisri:

1.2KaBopoHkoB M. DIeKTpOTEXHUKAHBIH TEOPUSIIBIK HETi3/iepi OOMbIHIIA €CenTep KUHAFbI.
JI. A. becconoBa penakmusiceiMet. - M.:J)Koraps! mexTer, 2008

2.A. DnexTpoTexXHHKa XoHe deKTpoHuka. M.: Axkanemus, 2005. Mypsun 0. M., Bonkos
1O. U. Dnexrporexnuxka. - CII6.: [Tutep, 2007. - 443c.

3.AtabekoB I'. V. DnexTpoTexHUKaHBIH TeOpUsUIbIK Herizaepi. - M.: XKorapsl Mekrer,
2006,1,2, 3 6.

4. TlanpmioB J[. WM. oKcnepuMEHTTep MEH TeHJeyjlepaeri JJIeKTPOTEeXHUKA SKOHE
anekTponuka. Electronics Workbench mnpaktukymer. 1 Tom: DnektporexHuka, 2  TOM:
Onektponuka, - M.: IOJEKA, 2002 . 1 Tom-303c. sxoHe 2 Tom-287c.

5.00K "OKMA" AK Be0-caiitel UKkma.kz eckepty.

KocbhimMma :

6.JlopicTik MaTepuan

7.barmapnamaneik  Kamrtamachki3  ery: Electronics Workbench" = cxemorexHukambik
Mozenbaey Oarmapmamacel; "Excel" sxone "Mathcad"chI3BIKTBI TEHIEYNIEp KYHECIH ecenTeyre
apHaJIFaH Oarjapiiamanap.

8.0nekrprexuuka / pea. B. C. Iantiomuna M.-FeuteiM sxoHe Texauka 2001 xk. - 410 c.

bakputay (cypakrap, TecTTep, ecentep KoHe T.0.).
1.K3-MeH TpaH3UCTOPIbIH CYII0aCHI.

2.Kb Tpan3uctop cxemachl.

3.KD-MeH TpaH3UCTOPIbIH Kipic *oHe mbIFbic BAX.
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4.Kipic xoHe mbirbic Bax Tpansuctop XKb.

5.9XK cxemacel 00#bIHIIIA KOCBUTFaH TPAH3UCTOP/IBIH HET13T1 mapameTpiepi.

6.2Kb cxemachl OOWBIHIIA KOCBUIFAH TPAH3UCTOPABIH HET13T1 HapamMeTpliepi.

7. TpaH3uCTOPIIBIH JHHAMUKAIBIK KYMBIC pexuMi xoHe XKD cxemachlHa apHAIFaH IIBIFY
CHUITaTTaMachl.

Eckeprne

3epTXaHabIK )KYMBICTapbl OpbIHIAyFa OEPUIreH TaKbIPHII OOMBIHIIA KBICKAIIA TEOPUSIIBIK
KOHCIIEKTIC1 Oap momTepi Oap oHE MPaKTHKAJIBIK OOJIIMHIH XYMBIC OapbIChl O0ap CTYIEHTTED
xibepinesmi.

3epTXaHalbIK KYMBICTBI KOpPFayFa apHaJIFaH €Cell MPaKTHKAIBIK 0eJIiMIl OpbIHIAy Ke3iHIIe
QJIBIHFAH CXeMaJap, ecernTep MEH KecTesep/Ii KaMTYhI THIC.

3epTxaHaabIK KymMbIc Ne 8

1.8-takpipbin: OY Herisingeri auddepeHuuanibl KoHe HHTErpaJAANTHIH Ti30eKTi
3epTTey

2.7KymMbIc MaKcaThI:

1. Oy-narb1 uHTErpaTOp CYI0AChIH 3€pTTEY.

2. Unrterpatopabiy LbIFpic cUrHaBIHA Kipic 9CEpiHIH 9CEpiH Talnaay.

3. IIpify curHajabplHa MHTErpaTop AJIEMEHTTEP] NapaMeTPIIEPiHiH dCEepiH 3epTTey.

4. Oy-na nudpepeHnaTopablH CyI0achlH 3epTTeY.

5. uddepennmatopasiy LLIbiFpic cUrHaNIBIHA KiIpIC 9CEPIHIH SCEPIH TaNIIAY.

6. Iuddepenunatop snementrepi napamerpiaepidiy LLbIFbIC cUTHANBIHA 9CEPiH 3€PTTEY.

IIpubopnr 1 316 MEHTHI

Ocmnanorpad MONE NPHEOPOR
DYHKINOHAILELIT I'eHepaTop m
MyasTiMeTp NONE NPHBEOPOB

« Aclive r—
Onepansonunit yenanrens LM741 a =

Peaucropst

KorgercaTops!

Teopusinan KbicKama wmaJjiMerrep. OY HeriziHae uAeanbl HHTErpaTropiap cajyra
oomazael. - Cyp. 8.1 ocel GyHKIHMSHBI OPBIHAANTHIH KapanabiM cxeMa KepceTiireH. OHBIH IIBIFY
kepHeyl UBbIX KeJeci KaTbiHacTapMeH UBX Kipic KepHeyiMeH OailIaHbICThI:
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.l:j.:l‘:‘i. == AU g .
R dt

T

i 1
s =—ﬁ:|:um-d§+con51

byn cxemaHbIH KeMIIUTIr bIFbICY KepHeyiMeH xoHe OK Kipic TOKTapbIMEH MIapTTalFaH
HIBIFY KepHeyiHiH Aperdi Oonbin Tabbutaasl. by xkarbIMcbl3 KYObUIBIC, erep KOHAEHCATOpFa YIKEH
kexaeprici 6ap R2 pesuctopsiH Kocca, ancipeTyre 60maabl (Cyper. 8.2) TypaKThl TOK OOMBIHIIA KEPi
OailtanpIc eceOiHeH XYMBIC HYKTECIH TYpaKTaHABIPYIbl KaMTaMachl3 eTeTiH. R2 kepi OaitnmaHbic
pesuctopsl OY KaHBIFYBIH AJJIBIH aJlaIbl

R
Win 10k
— -
Cyper 8.1
Az
100K$2
c
DO uF
0———"—-0
RY
Vin 10kR LM 741

- V- < Vout
>—— -9
*

Cyper 8.2

KOHJIGHCATOp AapKbUIbl TOK HeJIre TeH OosiFaH Ke3[e KOHJAEHcCATop 3apsblHbIH. OCHI
CXEMaHbIH LIBIFY KepHEeyl ofaH OepuireH Kes3jie Kipic KepHEyiHiH arybl ammiuryaameH UBX
OpHETiHe ColiKec e3repei:

R,
Ugoo =—U —=[]l —exp(———
BRIX MRI[ P R..C

).

t<<R2Y4C, ke3inzeri eTneni npouectid 6actankbl nHTepBanbiHAa UBbIX ILbFbIC KepHEYIHIH
e3repyi ChI3bIKKA JKETKIIIKTI KaKbIH 00J1a/1bl )KOHE OHBIH ©3Tepy KbUIIaMIbIFbl ©PHEKTEH €CenTelyi

MYMKIH:
AU gy e Uy
At R,-C
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Huddepennmatopasiy cxemacsl ymiH (cyper. 11.28) uBbIX MIBIFBIC KEpHEYi Kipic
CHTHAJIBIHBIH ©3Tepy *KbUIIAMIBIFbIHA ITPOIIOPLUOHAIIBI XoHE (hopMmyrna OoibIHIIA ecenTemne i

_L‘ﬁ['.[ﬂ.‘i

U =—R;
BRIX ) At

IKCIEePUMEHT KYPri3y TIpTIioi

Okcnepument 1. VHTerpatop cxemachiHmarbl eTmeni mpomecc. Cyperreri KecteMeH
cll 018 ¢aibin ambiHbE. 8.2. Chi30aHBl KOCHIHBI3. "JKCIIEPUMEHT HITHKenepi'OemiMine
TIKOYPBIIITH UMITYJIbCTEP/IIH PETTLIIr TYpiHAE KepHEYi Kipicke Oepy Ke3iHae Kipic yKOHE HIBIFBIC
KEpHEYiHIH OCHUJUIOrpaMMaliapblH cyperTeHi3. Kipic KepHeyiHIH aMIUIMTYAAchlH OIIIICHI3 KoHE
HIBIFBIC KEPHEYIHIH ©3repy >KbULIaMIBIFBIH OCHHIIOrpaMMa OOMBIHIA aHBIKTaHbI3. OpHATBHUIFaH
npouecc yuriH IIbIFbIC  KepHEYiHIH aMIIUTyJackl emmeHi3. Hormxkenepai '"sKcrepruMeHT
HOTIKeNepi"0emiMiHe jKa3bIHbI3.

IkcnepumenT 2. Kipic kepHeyiHIH aMIUIMTYJaCBIHBIH MHTETPATOP CXEMAChIHJAFbl ©THEINI
mpouecke ocepi. Cyperre OciiHenenren cxemana. 8.3, 2 B TeH reHepaTOpAbIH aMILTUTYIAcChl
OpHATBIHBI3 koHe 2 V/div ocumiutorpadTeiH A xoHe B KipiciHaeri KepHey ayKbIMBIH OpPHATBHIHBI3.
Ch130aHbl KOCBIHBI3. "DKCIEPUMEHT HOTIDKenepi" OelliMiHAe Kipic JKOHE IIBIFBIC KepHEYIEpiHIH
OCHIJUIOTpaMMaNIapeiH  cypeTTeHi3. Kipic KepHeyiHIH aMIUTMTYAAChIH OJIIICHI3 JKOHE IIBIFBIC
KEPHEYIHIH e3repy KbUIIaMABIFBIH OCHHUIUIOTpaMMa OOMBIHIIA aHBIKTAHBI3. OCHI KOHE allIBIHFbBI
sKcnepuMeHTTepae  anblHFaH  IIBIFBIC  KepHEYiHIH OCHMIUIOTpaMMalapblH  CAJBICTBIPHIHBI3.
OpHatbutFad  mpouecc yiniH LIeiFpic  KepHEYIHIH aMIUIMTyJdachkl  efmeHi3. Hotmxenepai
"9KCHEPUMEHT HOTHKeepi' 0eliMiHe eHT131HI3.

JxkcnepumeHT 3. MHTEerpatop cxemachIHAarbl OTIENI MPOLECKE cXeMma MapaMeTpliepiHiH
ocepi. a) cyper coizbaceiHaa. 8.3 R1 kenepricin 5 kOm-re TeH, 5 B rereparop aMmmiuryaachiHa
OpHATBIHBI3. "DKCIEepUMEHT HoTXKenepl" OeliMiHAE Kipic OHE IIBIFBIC KEepHEYJIepiHIH
ocLMIIIorpaMManapbid cyperTeHi3. Kipic kepHeyiHiH aMIUIMTYJachlH ’Ka3blll, MPOLECTiH OachiHaa
HIbIFpIc  KEpHEYIHIH ©3Tepy O KbUIJAMJBIFBIH  OCLIJIJIOrpaMMa  OOMBIHIIA — aHBIKTaHbI3. 1
HKCHEPUMEHTTE aJbIHFaH OCLUIJIOIPaMMaMeH OChbl AKCIepUMeHTTe aibiHFaH IIIbIFbIc KepHEYiHIH
OCIMIJIJIOTPaMMACHIH CATBICTBIPBIHBI3.
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Cyper 8.3

6). Cyper cxemachlHaa. 8.3 KOHJEHCATOPABIH ChIMBIMABUIBIFBIH 0.02 MK} TEH OpHATBIHBI3.
Ch130aHBI KOCHIHBI3. "DKCIEPUMEHT HOTIKenepi" OeriMiHae Kipic KOHE IIBIFBIC KEPHEYJIEPiHIH
oCHHIJUIOTpaMMaNIapeiH cyperTeHi3. Kipic KepHeyiHIH aMIUIMTYAChlH JKa3blll, MPOIECTIH OachiHaa
IIpiFpIc  KEpHEYIHIH ©3repy JKbULAAMIBIFBIH OCIMUIIOrpaMMa OOMBIHINA aHBIKTaHbI3. OcCh
sKcnepuMeHTTe anbiHFaH LIbIFpIc KepHEYiHIH OCHMIUIOrpaMMachlH 1 3KCHEpHUMEHTTE ajibIHFaH
OCLMIJIJIOTPaMMaMEH CaJIbICThIPBIHBI3.

Okcnepument 4. Oy-nmarbl nuddepeHnraTop CXeMachlHAArbl OTIEeNI TPOIecC.  a).
Cyperreri kecremen cll 019 daiinein  ambiab3. 8.4, Cphi30aHBl KOCBIHBI3. "DKCIEPUMEHT
HOTIOKeNepi" OeiMiHIe Kipic OHE IIBIFBIC KEepPHEYJCPiHIH OCHUIUIOTpaAaMMAaIapblH CYPETTEHI3.
AJBIHFaH ocuMIUIOrpaMManap OoibIHIIA KipiC KepHEYiHIH e3repy >KbUIJaMJIbIFbIH YOHE IIBIFBIC
KEepHEYIHIH aMIUIUTYJachlH aHBIKTAHbI3, HOTHKEHI "IKCIIEPUMEHT HOTHXKelepi'0eiMiHe Ka3bIHbI3.
6). CxemaHbIH OepiireH mapamerpiiepi MeH Kipic KepHEYiHiH e3repy >KbUIIaMJIbIFbIHBIH KOPIHreH
MoHi OoidipiHma IIbFbIC KepHEYIHIH aMIUIMTyJachl ecenTeHi3. HoTwkeHi '"sKcnepuMeHT
HOTHKesepi " 0oiMIHE JKa3bIHBI3.

DKCIEPUMEHT HOTHKENepi

Okcnepument 1. MHrerpatop cxemacblHAarel eoTmeni mporecc. Kipic >koHE IBIFBIC
KEpHEYJEPiHiH OCIMIIIOrpaMMaiapbl
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Hasmepenue

AmMiuamy s BXOIHOPO Hanpsxkenus, B
acuem

i
Hamepenue

—
H
= |

CropoeTs N3MEHeHHS BRIXOAROTO Hanpsmesns, B/c

AMDIuTyAs BHXOAHOTO HAUpsKeAn:d, B

JkcnepuMeHT 2. Kipic kepHEYyiHIH aMIUIMTYIAChIHBIH HUHTETPaTOp CXEMACBhIHAAFbl OTIIENI
nporecke acepi. Kipic jkoHe MIBIFBIC KEpHEYIePiHiH OCHIIIIOrpaMMaIapbl

Hasmepenue

AMILTRTYI& BXOZHODD HANpsxenna, B

CropocTs H3MeHeHRS BRIXOJHOID Hanpsaxesns, B/c¢

AmmmaTyna smxogHOrO Hanpaykeauns, B

OkcnepuMeHT 3. IHTErpaTOp cxeMachIHIAFbI OTIIEN MPOIIECKE cXeMa ImapaMeTpIIepiHiH
ocepi. a). R1 =5 kOwm keneprici. Kipic xoHe MBIFBIC KEPHEYIHIH OCITUILIOTpaMMalIaphl
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AMILIHTY/IA BXOAHONO HANpAMenns, B

CROpPOCTE HaMEeHEHN BRIXOAHOrO Haupsxenns, B/c

0). KonnencaropasiH coritbiMapuibirsl C = 0.02 mMxd. , Kipic jkoHE HIBIFBIC KepHEY
OCIMJUIOTPaMMaaphbl

AMILIUTY 8 BXOAHOrO Hanpaxkenns, B

Cropocrs HaMeHeHEA BRIXOAHOIe Hanpsamennsd, B/c

IkcnepuMenT 4. Oy-narbl 1updepeHInaTop cXxeMachlHAaFbl OTHeNi IPOLEecC. a).

Haxepenue

Rlyl®
AMNIUTYAR BRIXOQHONO HANpsZkenuA, B =1

Pacuem

.

CROPOCT: BaMEHEHNS BHXOAHONO Banpsaxenns, B/c

Kipic >xoHe mIBIFBIC KEPHEYIHIH OCIMIIIOrpaMMaTapbl
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6).
Hamepenue
[=H;
AMIIAATYA BXOAROT'O HANPAXKERus, B T
Pacvem
—
Burxonmoe Hanpaxkenne, B L

Cypakrap

1. 1 sxoHe 2 OKCHEPUMEHTTEPIHJETi IIBIFBIC CUTHAIBIHBIH ©3Tepy JKbUIIAMIbIFbIH
CaJIBICTBIPBIHBI3.

2. A cxemachlHIa KOHJIEHCATOPFa Mapauielh KOChUIFaH R2 keaeprici Kanaai pei
aTkapausi? cyp. 8.27?

3. 8.3. puc cxeMachIHIaFbI OTIIETI MPOIECTIH KaH1ai mapaMmerpiepine R2 kenepricinin
1ramMachl acep eresi?

4. Kypim cxemacsl 6051611 TaObuTaab Ma? 8.2 Kipic KepHEYIHIH Healbl HHTEIPaTopbl?

5. CxemaHbIH KaHJail KOMIIOHEHTTEpiHIH mapameTpiepiHeH. 8.2 Kipic KepHeylH
MHTETpajiay AJairi OainanbicThl?

6. CxeMaHBIH KaHJall KOMIIOHEHTTEPiHIH TapaMmeTrpiiepiHeH. 8.2 Kipic KepHEYiHIH e3repy
XKBUTIAMIBIFBI KIpic KepHEeyiHe OaiIaHbICThI 00J1a IbI?

7. 8.2. cxeMachl YIIiH Kipic >KOHE IIBIFbIC KEPHEYIHIH apa KaThIHACHIH IIBIFAPbIHbI3.
8. 8.3. cxemachl yIIIiH Kipic jKoHEe IIBIFBIC KePHEYIHIH apa KaThIHACHIH IITBIFAPBIHBI3.
9. Here cxema. 8.3 nuddepenmmanasr Kackam 60mbim TaObLTa IB1?

10.0 T cyyiba KOMITOHEHTTEPiHIH MapameTpiepi. 8.3 KipicKe CBI3BIKTHIK ©3TepeTiH KepHEY/Ii
oepy kesinzeri IsFpic KepHEYIHIH IaMachl OAIaHBICTHI 00T IbI?
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11. Tnddepennmanabl KaCKaATHIH IIBIFY KEPHEY1 KipiC KEpHEYIHIH 63repy KblIIaMIbIFbIHA
OaitmanpicTel Ma? TyciHmipme.

12. Muddepenumanapl KacKaAThIH HIBIFY KepHEYl Kepi OalmaHbIC Ti30eriHaeri Keaepri
namacheiHa OaiTaHpICTh Ma?

13.Iuddepennmanapl  KaCKaAThIH IIBIFY KepHEyl Kypim Oainaneictel ma? 8.3 ¢
KOH/ICHCATOP/IbIH CHIABIMABUIBIFbIHAH.

14. Here muddepeHnuanapl KaCKaAThIH IIBIFY KEpHEYl Kipic KepHEYIHIH TYbIHIBICBIHBIH
Tepic MOHIHE POMOPLIHUOHAIIBI?

Eckeprne

3epTXxaHambIK KYMBICTap/Ibl OPBIHAYFa OEpUITeH TAKbIPHII OOMBIHINA KbICKAIIA TCOPHSIIBIK
KOHCIIEKTICI Oap momrepi Oap KoHE MpPAaKTHKAIBIK OONIMHIH >KYMBIC OapbiChl 0ap CTyIEHTTEp
xKioepineni.

3epTX3HaJ'IHK JKYMBICTBI KOpraytra apHajlfaH CCCIITC JKCIICPUMCHTAJI/bI 60J'IiMI[i OpbIHAAY
KeBiHI[C aJIbIHFaH CXEMajap, €CCITEPp MCH ©JIIICMACP 60J'Iy}E>I THIC.

IJ1eoner
Heri3sri :

1.)KaBopoHKOB M. A. DIIEKTpOTEXHUKA KoHE MIeKTpoHUKa. M.: Akanemus, 2005. Myp3un
10. M., Boaxkos 0. U. Dnexrporexnuka. - CI16.: ITurep, 2007. - 443c.

2.AtabexoB I'. 1. DnexkTpoTexHUKaHBIH TeOpHUsUIbIK Herizaepi. - M.: XKorapel Mekrern,
2006,1,2, 3 6.

3.IMlandpuno JI. WM. »sKcrnepuMeHTTEp MEH TEHJIEyJIepaeri OIEeKTPOTEXHHKA >KOHE
anektponuka. Electronics Workbench mnpaktukymer. 1 Tom: DiekrporexHuka, 2  TOM:
Onektponuka, - M.: JIOJEKA, 2002 x. 1 Tom-303c. sxoHe 2 Tom-287c.

KocbiMmma :

1.OneKTpoTeXHUKaHBIH TEOPUSUIBIK HETi3/1epl OolibIHIIa ecentep »kuHarbl. JI. A. beccoHoBa
penakuusiceiMeH. - M.:)Korapsl mekten, 2008

2.barmapnamansik  kKamTtamachki3  ery: Electronics Workbench”  cxemorexHukambik
Mozenbaey Oarmapmamacel; "Excel" sxone "Mathcad"chI3BIKTBI TEHIEYNIEp KYHECIH ecenrTeyre
apHaJIFaH Oarjapiiamainap.

3.Onekrprexnuka / pea. B. C. Iantromunaa M.-FeutbiM sxoHe TexHuka 2001 xk. - 410 c.
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4.bopucos 0. M. Dnekrporexuuka-M. FouabiM xxone Texauka 1998 x.

3epTXaHaJNbIK KYMbIC Ne9

1. Takpipsin 9: mmdpatopaap MeH AemudpaTopJiapabl 3epTTey.

2. 7KyMBICTBIH MaKcaThl: MHU(paTopiap MeH JAemu(paTopaapablH KYMbIC TPUHIMITIMEH
TaHBICY, 0acKapy CHUTHAIAAPBIHBIH 9CEPIH 3ePTTEY.

3. TeopusiabIk 06J1im: mmdpay (koaep) koOiHece OHIBIK CAHIAPbI CKITIK HEMECE eKLTIK-
OHJIBIK KOJKA TYPJICHIIPY YIIIH KOJAaHBIIAIAbI, MBICAIBI, OHIBIK MEPHEHI 0acy THICTI €KUIIK KO
TCHEepaIUsIChIHA COWKeC KEeNeTIH MHUKPOKAIbKyJsTopiapaa. bipHeme mepuenepai OipaeH Oacy
MYMKIiH  OOJFaHABIKTaH, IIH(paTopiapia KOFapbl Pa3psAThIH  O0achIMIBIK  MPUHIIKII
KOJITaHBUIAJB, SIFHU 9, 5 skoHe 2 mepHenepid 6ackan ke3ae mmdpatop meirbichiHAarsl 1001 komb
9 cadra colikec Keleml.

JemmdpaTop-aKnaparThIK Kipic KoHE 2n MIBIFY KOJIbI 0ap JTOTHUKAIBIK KOMOWHAIHSUTBIK
cxema. Kipicrepaeri JIOTMKaJIbIK JeHTeHIepIaiH opOip KOMOMHAIUSACH! 2N IIBIFBICBIHBIH OipiHJIe
OeJICeH Tl ICHTelre CoiKec 0O0JaIbl.

Nel tanceipma. [ndpnayns: seprrey
1) 9.1-cyperTe KOpCeTUIreH ChI30aHbl KHUHAHBI3

|| 00 KHKK |2|
L1
E41 E0 (2
24y EIHE
i1z o5&
=14 A2 —1“ ] |
£ 5 AR
I g A0 2
g7
83enc

9.1 cyper. Hludpraynsl Kocy YIIiH KeJeci dJeMEHTTep MaiinaaaHblia/ibl:
mmdpnayursl (ENC) Generic 8-10-3 Enc; ce3 renepatopsl, nemudpaTop CEMUCETMEHTTIK
unaukarop (Dec SSD)

Moaenbaeyne 6achIMABIK KaFUAATBIH ICKE achIpyFa Ha3zap ayaapy KaxeT, OyJI peTTe OapiibIK
Kipic meH 1mblFbic — uHBepcusIbIK (EWB Oarnapiamackinga onap Kate Tikesled KopceTiireHiH
€CKEpYy KaXkeT).

1) ce3 renepaToOpbl apKBUIBI €Ki PET MIePTiHi3 )KoHE THICTI KoaTapasl Binary epicine 0000-
0007 mexenxainapbiHa eHrizidi3. KamaMabsik peskumae Moemid icke KochiHbI3 (Step Tyiimeci). Co3
reseparopsl 9.2.cyperte kepceTiireH. Ta0siora ajqbIHFaH HOTHXKENEP/Ii aKUKAT KECTECIHE eHT131Hi3
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B Word Generator @
: —Addres=
FEFIF | =
EFFF :I Bt [0000 | Cycle]
E F F F Current [D000 Burst |
FZFF i
Lart Intial  [D000 Step |
F E F F Final  |J0ZE7 Breakpoint |
fBEEA : Pattem...
dleaaa —Trigger
U EEEE [ENEN Ederal | EE | &
E S S S S — Fraguency oot
b . d
EEEE [ B [wv= B | rady @
BEGEE ASCN[. ] .
oo - | | Binary BT AT |
9.2-cypet.Ce3 reHepaTopblHbIH TYPI.
AKUKar kecteci
Kipic HIbrFeIC
0 1 2 3 4 5 6 7 Tabio A2 Al A0
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Ne2 Tanceipma. [lemmdparopast 3eprrey

1) 9.3 cyperTe KOpCeTiIreH ChbI30aHbl KHUHAHBI3

(A B
p————
R NN 00
1 A a1 13
£ B 02 12
.'—d/—"‘—,—S o 03 i1
1 4
! 5

Ged' 04 2

GeR 05 2

——"  —=1G6l 06 £
07 I

9.3-cyper.- [JemmudpaTopasl KOCy YIIiH KeJeci 3JeMEeHTTep MaiJanaHbUIajIbl:

nemmdpatop (DEC) Generic 3-10-8 Dec; morukainsik aeHreiaeri 8 mpoOHUKTEp; "TOTUKAIBIK
Oipaik" cUrHai Ke3i; )Kepre Kocy;6 xanraymisl Topantap; 4 nepHenep 0ackapblUIaThIH KIITTEP
(Basic maneningeri Switch tyiimect).

KinTrep nepHerakrasarbl 0acKkapy MepHeIepiHiH KOMETIMEH TYHBIKTaTybl HEMece
TyHBIKTaIMaybl MyYMKiH. backapy nepHeciHiH aTayblH IE€pHETaKTaJaH KUIT CypeTiHIe €Kl peT
0ackaHHaH KeliiH naiia 0oJFaH AUaIor Tepe3eciHie eHrizyre 0onaipl.

AJBIHFaH MOJIETIBJICY HOTHIKEJIEPIH aKUKAT KecTeciHe eHri3iHi3. G1 Kipici He YIIIH KaXeT
€KEHIH aHBIKTaHBI3.

Eckeprne

3epTXaHalbIK KYMbICTAp bl OpBIHaYFa OCpUIreH TaKbIPhII OOMBIHINA KbICKAIIA TEOPHSUIBIK
KOHCIIEKTIic1 6ap onTepi Oap xoHe MPaKTUKAIBIK OJIIMHIH KYMbIC OapbIChl 0ap CTYAEHTTEP
xK10epiueni.

3epTXxaHallbIK )KYMBICTBI KOpFayFa apHaJFaH eCenTe SKCIepUMEHTa bl 06J1iM/11 OphIHIAY
Ke3iH/e ajJbIHFaH cXxemalap, ecenTep MeH ejmeMaep 00ybl THiC.

oneduer

Herisri:
1. KaBoponkoB M. A. DneKTpoTeXHHKA KoHE deKTpoHuKa. M.: Akagemus, 2005. Myp3un
10. M., Bosxkos 0. U. Dnektporexnuka. - CII06.: [Tutep, 2007. - 443c.
2. ATtabekoB I'. M. DnekTpoTeXHUKaHbIH TEOPUSIIBIK Herizaepi. - M.: JKorapsl Mekrer,
2006,1,2, 3 6.
3. [Tardunos [I. W. sxkcriepuMeHTTEp MEH TeHICYNIEpaeri DIEKTPOTEXHUKA KOHE

anekTpoHuka. Electronics Workbench npaktuxymsr. 1 Tom: DnekTporexHuka, 2 Tom:
Onektponuka, - M.: IOJJEKA, 2002 x. 1 Tom-303c. sxone 2 Tom-287c.

Kocbimma:
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«DNEKTPOTEXHHUKA JKIHE OHAIPICTIK BIEKTPOHNKA HETI31ePi» 12 Gerrin 626eTi
1. DIIeKTPOTEXHUKAHBIH TCOPHUSIIBIK Heri3aepi OokbIHIIA ecentep kxuHarbl. JI. A. becconora
penakuusceiMet. - M.:XKorapsl mektern, 2008
2. Barnapnamansik kamramacsi3 ety: "Electronics Workbench" cxemorexHukanbik

Mozenbaey 6arnapiamacsl; "Excel" sxone "Mathcad" chI3bIKTBI TEHICYIIEP KYHECIH ecenTeyre
apHaJFaH Oargapiamanap.

3. Onextprexuuka / pea. B. C. ITantionmnaa M.-FreuteiM sxone Texanka 2001 k. - 410 c.
4. Bopucos 0. M. DOnekrporexunka-M. FouteiM sxone Texauka 1998 x.

3eprxaHanabIK skymbic Nel(

1. 10-rakpipbin: KoMOMHANUSIJIBIK THNTErl CaHABIK QYHKIMOHANIBIK TYHiHIEepAiH
KacueTTepiH 3eprTey. MyIbTUIIEKCOPIAPAbI 3€PTTEY.

2. Kympic wmakcarbl: 1.MynbTHIIIEKCOPIBIH JKYMBIC ~IPHUHIHUIIMEH TaHBICY.
MynbTUILIEKCOPIIAp HETi31Hae (YHKIIMOHAIIBIK MOIYJIBICPIi KY3ETe achIpy KOHE 3epPTTeY.
AcnanTap MeH 3JIeMEHTTep:

Ceszep reHepaTopbl

TaKTUKAIBIK HMITYJIBCTEP TEHEPATOPHI
Koc mo3unusiiel KOCKbIIITap

Kepney ke3i + 5 B

Jlorukanpik Oipiik " curHan kes3i"
Jlorukanslk Tecrrep

MynbTHILIEKCOD

Muxkpocxema 74138-aemmdpartop 3x8

Teopml)laﬂ KbICKAaIIIa MGJ’IiMeTTep

1. MyabTHILIEKCOpJIap.

MynbsTUILIEKCOP-IEPEKTEP/IIH aKMapaTThIK KipiCiHiH OipiH KOcaThiH OacKapbLUIaThIH
ayBICTHIPHITI-KOCKBIII OOJIBIN TA0ObUIATHIH KOMOWHAIMSIIBIK JJOTHKAIBIK cxema. KochlmaTeIH Kipic
HeMIpi 6ackapy KipiCiHAET1 JOTHKAIBIK JeHreiiep KOMOUHAIIMSACHIMEH aHBIKTAIaThIH CaHFa
(MekeH-kaliFa) TeH. AKIapaTTHIK )KoHE OacKapy KipicTepiHeH 0acka, MyJIbTUIUIEKCOPIapabIH
cxemaJiapbl pyKcar KipyJeH Typa/ibl, OFaH OeJICeH 1l AeHrel 11 Oepy Ke3iHae MYyIbTUIIIIEKCOP
Oencenl Kyire aybicapl. O yIIiH HIBIFY CUTHAJIBI aKIapaTThIK XKoHe 0acKapy CUTHAJIapbIHbIH
MOH/IepiHE KapaMacTaH TYPaKThl MOH/II CAKTalWThIH MACCUBTI KYHT'€ aybICaIbl.
MynpTuIuieKcopiIapAarsl aknapaTThIK Kipic caHbl 9ferte 2, 4, 8 nemece 16. - Cyp. 10.1 8x1
MyJbTHILIEKCOPBI G pyKcaThIHBIH HHBepCi 0ap, Tikenel Y »xoHe nHBepci W-mbirynapsl 6ap (W =
Y )e

1-8 MUX

- 07
-10s
s

s<anmy
TTOTTT

O
-
-
&

10.1cyper

2. MyabTHILIEKCOP TeH/eYi.
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13.9 CypetTe YChIHFaH MYyJIbTHILIEKCOP/IBIH XXYMBIC iCTCYiH, IIBIFY CUTHAJIBIH, PYKCAT €Ty
(G), xipy akmapartsik (DO0...D7) xone 6ackapyibsuisik (A, B, C) curnanaap:

& 'C-B-A-DOVC:B-A-DIVC:B-'A-D2vC B-A-D3v ) <
VCB:A-D4vCB-AD5SVCBA-D6vCB A D7

Ecente KOpCETIIreH e, CUTHaJ1ap MEH JIOTUKAIIBIK KOHCTaHTaJIapbl
MYJIBTHILICKCOP/IBIH KipyiH aHBIKTAy KepeK

3. Bepinren pyHKuMSHBI MYJIbTHILIEKCOP APKbLIBI JKy3€re acbipy.

N aliHbIMabLIAPIBIH JOTHKAIBIK (PYHKIHACH 2N alHBIMAIIBUIAPABIH MOHIEPIHIH
KOMOWHAIMSICHI YIIIiH aHbIKTaJIFaH. byi n-6ackapymbuiap MeH 2n aknaparThIK Kipici 6ap
MYJIbTUIUIEKCOPAAFhI N-aifHbIMANbI (PYHKIMSHBI ICKE achIpyFa MYMKIHAIK O6epeni. by xarnaiiga
opOip aprymMeHTTep MOHACPiHIH KOMOHHAIUSACH! ApKBUTBI ()YHKIIUSHBIH MOHI O€piIeTiH
MYJIbTUILIEKCOPBIH KAIFbI3 aKIMapaTThIK Kipici COMKeC Kemei.

Mpicainsl, F1 =c* b *av C*¥b*av C* b* aVv ¢ « B* A pyHKIHUACHIH ICKE achIpy Kaxer .

byn pyHknus Tek allHBIMAIBI MOHACPIIH 8 KOMOMHAIMUSICHI YIIIH aHBIKTAIFaH, COHIBIKTaH
OHBI JKY3€re achIpy YIIiH 0ackapy Kipici 6ap 8X1 MynbTUIIIIEKCOPBIH Maiigananyra 00mabl.
OYHKIMSHBIH aKUKATTBIK KECTECIH KYPaHbIK:

N c b a F1
0 0 0 0 1
1 0 0 1 0
2 0 1 0 0
3 0 1 1 1
4 1 0 0 0
5 1 0 1 0
6 1 1 0 1
7 1 1 1 1

CoHBIMEH, JIOTHKATBIK JCHTeHIep KOMOUHAITUSCHIH MYJIbTUIIIICKCOPIBIH OacKapy
KipicTepiHe OepreH Ke3/le, OHBIH MIBIFBICHIHA KipiC KOCBIIAAbl, CUHTHA MOH1 (DYHKITUSHBIH THICTI
MoHIHE TeH. CxeMalbIK icke aceipy 10. cypeTTe KenTipiirex.

AKnapaTThIK KipicTepre JOTHKaNbIK (QYHKIUAIApbI KY3€Te achlpy Ke3iHae TeK
KOHCTaHTaJIap/Ibl FaHa €MeC, COHBIMEH KaTap ©3repeTiH KipiC CUTHAIAPHIH Ja Oepyre 0oJabl.
MBpicaibl, )KoFapblaa KapacTelpbliraH F1 ¢yHKIMSACBHIH iCKe achIpyIbIH 0acKa TOCUIiH
Kapacteipaibik. On yiria GyHKius epHerin azaitambi3: Fl = c-b-a vb-avce-B.

A xoHe b aifHBIMANBUTAPBIHBIH MOH IEpiHE OalIaHBICThl (YHKITUSHBIH aKUKATTHIK
KECTECIH KypaulbIK;
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1 0 1 0
2 1 0 c
3 1 1 1
1RRIBV
2 =
b2
S
1h 1-8 MUX
£ o
D4 L r—'——?
oz G
B uF ]
[ / Fl1. =
‘T‘I et
10.1 cyper

By kectemen OepisireH (GyHKIMSHBI alJIbIHFBI JKaFnaiaarsiaai, MoHi F1 QyHKIMSICBIHBIH
MOHiHE coiikec KeneTiH N HeMipiMeH Kipicke Oepy apKblibl icke acbipaasl. by xkarnaiina ¢
AfHBIMAJIBICBIHA COWKEC KEJIETIH CHe ' CUTHAJIAAPBI aKUKAT KECTECIHIE KOPCETUITeHICH aKImapaTThIK
Kipicrepre Oepineni. byn perre 6ackapyuibLiapabIH Kipic caHbl KbICKapTHLIAIbI.

OYHKIMSHBI TAChIpMayAblH MYHJIall TOCUIIH cXxeMalbIK icke acelpy 10.2. cyperre
kepceTuireH. Tek eki afpecTik Kipic 60IFaHABIKTaH, 0acKapy KipiciH )kepre Kocyra Oosazsl. byt
perte D4 ua-PopManusiibik Kipy sxaii-kyii...D7 nemkypaiiapl. CXeMaHBIH NIBIFBICBIHIAFBI CUTHAIT
nenreiti A, B, C Hykrenepineri a, b, ¢ aifHpIMabUIapbiHa COMKEC KeJIETIH CUTHAN JeHT eiIepiHiH
KOMOMHaIMsICbIMeH aHbIKTanaabl. 10.2. cyper MoH1 OolibIHIIA €Ki 0acKapy JKoOHE TOPT aKMapaTThIK
Kipici 0ap 4x1 MyJIbTUIIIIEKCOPBI.

1kS$2/BV
+V
1-8 MUX __.
<o B
-1 06 A
C 408 Eh————e
\ -1 04 C
0E G
\T F1
—o
10.2 cyper

Erep dyHKIMs1a TYBIHABIHBI KOIT MAaFbIHAJIBI €TII KOpCeTyre 601aThiH 00sca, OHAA OHbI
MYJIBTHILICKCOPIBIH KOMETIMEH XKY3€ere achlpyra 0omnaabl. MylIbTHIIIEKCOP TEHACYIHEH KEJill
TYpFaHaai, Oip OeIIeKkKe Colikec KeJeTiH CUTHAI KipyiHe pykcat 6epy Kepek. Mpicabl, Kemneci
OPHEKTEpMEH cunaTTanaThiH F2 QyHKINACHIH icKe achIpy KaKeT:
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«DJEKTPOTEXHUKA KOHE OHJIIPICTIK IEKTPOHNKA HET13Aepi»

044/48-19
12 Gerriy 656eTi

F2=x(dc b avd bave ceb-avcbha).

By pyHKIMSIHBI MyTBTHILUIEKCOP/IA )KY3€Te aChIpFaH Ke3/1e X alHbIMAIBICHIHA COHKeEC
KEJICTIH CUTHAJI OHBIH PYKCAT €TUITeH KipyiHe Oepinyi Thic. MynbTHILICKCOPIbIH OacKapy KipiciHe
KaHJIall cCUTHaIapabl 0epy Kepek eKeHiH KapacTeipaiiblk. Mbicanbl:a, b, ¢, d, e, eH xwui a, b xxoHe ¢
aifHBIMAJTBLIAPBI KOJIaHbu1aAbl. COHABIKTAH OChl AHBIMAJIbLIAPFA COUKEC KEJICTIH CUTHAIIAPIbI

MYJIBTUIUICKCOPABIH 0acKapy KipiciHe 0epy Kepek.

by yuiin a, b sxxoHe ¢ aitHbIMaJIBl MoHEpiHE OalIaHbICThI (DYHKITUSHBIH aKUKATTHIK KECTECIH

KYpambl3:

Kecrenen kepinin typranmaid, N =0, 2, 4, 6 HeMipJepiMeH aKIapaTThIK KipyJepae
JIOTHKAJIBIK HOJI ICHIeiiH Oepy KaxeT. D alfHpIMalbIChbIHA CoiiKec KemeTiH curHanasl N = 1,5
HOMepiMeH Kipicke, E aliHbIMalbIChIHA COMKEC KEIETIH CUTHAIIBI - 3 HOMEpIMEH Kipicke 6epy

kepek. Tuicti cxemaibIk icke aceipy 10.3. cyperTe KepceTinreH.

N c b a f
0 0 0 0 0
1 0 0 1 d
2 0 1 0 0
3 0 1 1 e
4 1 0 0 0
5 1 0 1 d
6 1 1 0 0
7 1 1 1 1
1k BV
+Y
5 PAVIENY %~
i-8 MO b
|24 A c
===
F2
PR

10.3 cyper

KOMOHMHAIMSICHI JIOTUKAIIBIK CUTHAIIAPABI KipebepicTep MyIbTHILIEKCOD JKOHE ACHTeHiH
alKBIHIAH OTBIPBII, MIBIFYBIHIAFBI CUTHAT Y JIOTUKANBIK mpooHuKoM F1, Fla) 12-kecte Gonmiminae
"roxipubenep Hotmxkenepi" 6araHaHbl TONTHIPBIHBI3. MyTbTUIIIIEKCOPMEH JKY3€re acChIphLUIAThIH

(GyHKIMS ©pHEK CUMATTaJFaHbIHA KO3 JKeTKI31HI3:

F1=C AvB AvC B. 6). C13_09 daitueia amsiabz. cyp. 10.4. Cei306anbl KOCBIHBIE. KanaMabik
pPEXKUMJIE CO3 TeHEPATOPhIHAH MYJIBTUIUICKCOP KipiCiHE co3aepil Oepe OTHIPHII KoHE Y JTOTHKAIBIK
teciri F1 mbIFybiHa curHain aeHreiin 0akpuiait oToIpbin, F16 6araHbIH TOATHIPBIHEI3) 12-kecTene
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"sKCIIepUMEHT HOTHKeNepl" 0emimin TonThipambl3. Lbiry curnansr qa F1 gyHKIUsChiMeH

aHBIKTAJIAaThIHbIHA KO3 )KETKI31HI3.

B). 10.5. Cyperreri kecremen c¢13 10 ¢aiinbi ambigbi3. JIornkanslk cUrHangap
JEHTeHIIepiHIH 0apJIbIK BIKTUMAJI KOMOWHAIMSUTAPBIH Ti30€KTEI O€pe OTHIPHII, IIBIFY/IaFbl
JIOTUKAJBIK OipJIiK JIeHrewi cxemaHnbiH Kipictepingae 07H, 09H, ocs, ODH, ofH, 13h, 17H, 19H,
1BH, 1CH, 1DH, 1fh oH anTbhUIBIK YKBUBAJICHTTEP1 CUITATTAJIATEIH KOMOMHAIUSIAP SPEKET ETKEH
KarJaiiia rana naiia OonaThIHBIHA KO3 KETKI31Hi3, oHaa F2 ¢pyHKusacel 1 MoHIH KaOBLI AN Ik,

2
P 2
1KS2 BV =] ]
+Y o—a
3
0——-] =8 MlX
oF
Ds -
2§
g &
e v
R o
s
10.4 cyper
1kS/ SV
+4
X
10101 O
J
1—8 Mux
18 f._J &
£ -1 05 e
- - 04 C
oG G
— D b’
N D1 W
{0 0o

10.5 cyper

OkcnepuMeHT 4. MyabTHIIEKCOPABI 3epTTey 74153,

a). 18 cyprreri C13_11 c¢ainbin ambiHbi3.. Exi apHans! TepT apHaIbl MYJIbTHILIEKCOP/IBIH
YKYMBICHIH 3epTTeH13 (74153 mukpocxemachl). Y 1 xoHe Y2 mIbIFyIaphl YIIIiH CX€MaHbIH )KYMBIC
icTey kecteciH KypacTeIpbiHbI3. O yiriH G1 xxone G2 KipiciHJeT1 JOTHKANBIK HOJIIH 1 xoHe 2
JIEHTeHiH KUITTEPMEH OPHATHIHBI3. OpOIp aJbIM YIIIH MUKPOCXEMAHBIH IIBIFICHIHA OTCTIH
curHangapas! 6eniHiz. Kipic 6enrinepin "sxcnepuMeHT HoTHxkenepi'deniMinge 12-kectere

€HT131H13.
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T1kRIBV
+Y 10101 |9
g o
3
q -
I 1=-8 MuX 0
e —.
\ D& g — (
= §§ c °
e Y ®
D1 w -
DD ™
; ) F1

10.6 cypet
0). 1 kinT apkpUIBl 1g MEKpOCXeMa KipiCiH/Ie JIOTUKAIBIK OipITiK JICHICHiH OPHATHIHBI3.
MukpocxeMaHbIH KipylHEe TeHepaTop/iaH ce3 0epe OTBIPBIN, MUKPOCXEMaHBIH IIbIFYbIHBIH
KaWCHICHI Kipy YKaFIalbIHBIH ©3repyiHe ocep €TyiH TOKTaTKAaHbIH aHbIKTaHbI3. byt LIIbIFbIC OenriciH
"9KCIIEPUMEHT HOTHXKeNepi"0emiMiHe Ka3bIHbI3.
B). b) TapmarbIHBIH opekeTiH KaiTanaHbl3, 2G KipiCiHae JTOTUKANBIK OipIliK JeHIeHiH, all
19 kipiciHze JOTHKAIBIK HOJIIH JIeHI€iiH OPHATHIHBI3.

Tk 5V

e Wi
0> a0

R
80

=l

i

10.7 cyper

oO—J
il
{]

DKCTHEpUMEHT HOTHXKeNepl
IkcnepumenTt 1. MyabTHILIEKCOPABI 3€pTTEY.

a). 10 kecte
Y W

>
ve)
@

|l Rl Bl el =) ] ] H @]

R ORI O|FR OO

[l ol el Na ) N o ol N @] N an]

0).
Mukpocxema LIbIFY jKaF1aiiblHa dcep eTIEeUTIH KOPBIThIHABLIAP:

Kipic kyilin e3repryre xayam OepMenTiH Oney
LIBIFBIH OeJrici:
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IkcnepumenT 2. Co3 reHepaTOPbIHBIH KOMEriMeH MYJIbTHILIEKCOP/bI 3epTTey.

11 xecte
A B C Y W
0 0 0
0 0 1
0 1 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
OkcnepuMeHT 3.bepinred QyHKIUSIHBI MyJIBTUILUIEKCOP aPKbUIbI )KY3€re achIpy.
10 kecte
A B C F1 pacu Fla) F106)
0 0 0
0 0 1
0 o\ 0
0 1 1
1 0 0
1 0 1
1 1 0
1 1 1
JkcnepuMeHT 4. MyabTHIIEKCOPABI 3epTTey 74153,
a). 13 kecre .
A B 1Y 2Y
0 0
0 1
1 0
1 1
0).
Kipic «kyiiiH e3repryre jkayam OepMEHTIH IIBIFBIH | Onmey
oednrici:
B).
Kipic kyiiiH e3repryre kayan OepMEHTIH ILIBIFBIH | OmIey
oenrici:
Cypakrap

1. JlorukanpIK CUTHAIAAP YIIH MYJIbTHILIEKCOP KaHIAH JIEKTP KYPBHUTFbICHIHBIH
(GYHKIMSACBIH OPBIHAANIBI?

2. 2x1 MyJIBTHIIIEKCOPBIHBIH 0aCKapyIIbI KipiCiMEH KYMBICH KaHAall aHATUTHKAITBIK
TeHJiIeyMeH cunarTtanaapl? Tenaeyne keneci 6enriiepai KoJJaHbIHbI3: Kipy - A, B, mbiry - Y,
Kipyre pykcar 6epetin G.
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by tenaeyai jky3ere achlpy YIUIIH JIOTUKAIIBIK 3JIEMEHTTEp KaHIal skoHe KaHaa
MeJuepae Kaxer?

3. 2x1 MyIBTHILIEKCOPBIHBIH ChI30ACHIH dJIEMEHTTEP/IC OacKapyMeH Kaaii xKy3ere
acpIpyra 00Jabl )KOHE-KOK?

4. 2x1 exi MyJabTHIICKCOPBIHBIH HeTi3iHAe 4x1 6ip MyJIbTUILIICKCOPBIH KaJlail jkacayra
Oonaaei? by yiniH KaHAal KOCKIMIIIA DJIEMEHTTEP KaXKeT?

5.4x1 6ip MyJIBTUIIIICKCOPBIH/Ia KOCHIMIIIA 3JIEMEHTTEPCi3 (MHBEepTOpAapAaH 0acka) KaHIIa
aiHbIMaBl (PYHKIMSHBI XKYy3ere achlpyFa 0onanasi? 8x1 mynpTuiiekcopsiaga? 16x1
MYJIBTUILIEKCOPBIHA?

6. MynbpTuIUieKCOp/ia iCKe achblpyFa apHajFaH JOTHUKAIbIK (QYHKUINSHBIH aHATUTHUKAIIBIK
YCHIHYBIHBIH KaH/ai HeicaHbiHAa G 6acKapyIbl Kipicl Kipic CUTHAIIAPBIHBIH OipiH Oepy YLIiH
nan1aIaHbLTybl MYMKIH?

7. 74153 xocapnanFaH MyJIbTUIIIEKCOP MUKPOCXEMACBIHBIH KYMBICHI KaHAal JIOTHKAJIBIK
TEHJCYJIepMEH CUTaTTaaaabl?

Eckeprme

3epTXaHaJbIK KYMBICTap bl OPbIHAAYFa OEpiITreH TaKbIphIN OOMBIHIIA KBICKAIIA TEOPHSIIBIK
KOHCIIEKTICI Oap jonrTepi Oap skoHe MPaKTHKAIBIK OOTIMHIH KYMBIC OapBICHI 0ap CTYACHTTEP
xKi0epieni.

3epTXaHAIBIK )KYMBICTBI KOPFayFa apHAJIFaH €CeNTe IKCIePUMEHTAIIBI O6IIMI1 OpBIHIAY
Ke3iH/e aJblHFaH cXemalap, ecenTep MeH ejmeMaep 00mybl THiC.

ojneduer

Herisri:
1. JKaBoponkoB M.A. DnekrporexHuka u snekrpoHuka. M.; Akagemus, 2005. Myp3un FO.M.,
Bonkos 0.U. Dnekrporexnuka. - CI16.: [Turep, 2007. - 443c.
2. Artabekos ['.1. TeopeTrueckue 0CHOBBI MEKTPOTEXHUKHU. - M.: Bricmas mkouna, 2006,
1.1,2,3
3. TMandunos /I.M. DnekTpoTexHUKA U 3JEKTPOHUKA B SKCIIEPUMEHTAX U YPaBHEHUSIX.
[Tpaktukym Ha Electronics Workbench. Tom 1: OnexTpoTexHuka, ToM 2: DIEKTpOHUKA, -M.:
JOJIEKA, 2002 r. 1 Tom -303¢. u 2 Tom -287c.

Kocbimima:
1. COopHUK 3a/1a4 110 TEOPETUUECKUM OCHOBaM 3JieKTpoTexHUKU. [lon penaknueit JILA.
becconona. - M.:Breicmas mkomna, 2008
2. TIporpaMMHOe oOecrieyeHre: MporpaMMa CXeMOTEXHHUYECKOro MozeaupoBanus «Electronics
Workbench»; nporpamme! uis pacuera cucteM JIMHEHHBIX ypaBHeHHH «Excel» u «Mathcad».
3. Dnexrporexunka / [Tox Pen. B.C. [Nantromuua M.-Hayka u texauka 2001 r.-410 c.
4. bopucos KO.M. Dnektporexnuka- M. Hayka u texunka 1998 r.

3eprxaHagabIK kymbic Nell

7KymbIC TAKBIPBIObI: MUKPOIPOLECCOPJIBIK KYHEeHiH JKYMBIC Pe:KMMiH 3epTTey

CymmaropJaapasl 3eprrey.
7KyMmbIc MaKcaTbl: MUKPOIIPOIIECCOPIIBIK JKYHEHIH KYMBIC PEXKUMIH 3epTTey.
CymmaTopiapAblH )KYMBIC TPUHIUITIMEH TaHBICY.

69



SOUTH KAZAKHSTAN
SKMA)  MEDICAL
ACADEMY

ONTUSTIK-QAZAQSTAN
MEDISINA
AKADEMIASY

alr,
o .

«OHTyCTik KasakcTan MenuumHa akapemusico» AKX Ny Y/ AO «IOxHO-KasaxcTaHcKas MEAUUMHCKAS aKafemMumsi»
«DapMaIneBTTIK OHIPICTIH TEXHOJIOTHICHD) KadeIpackl 044/48-19
«DNEKTPOTEXHHUKA JKIHE OHAIPICTIK BIEKTPOHNKA HETI31ePi» 12 Gerrin 706eTi

ApHudpMeTHKAIBIK CyMMaTOpIap-MUKPOIPOLIECCOPIIAPAbIH apu(hMETUKATIBIK-TOTUKAIIBIK
KYPBUIFBUIAPBIHBIH (1K) Kypamaac Oediri. Omap conmaii-ak cerMeHTTi skaabl YitbIMbl 6ap MIT xan
YAIIBIKTAPBIHBIH (PU3UKATBIK MEKEH)KAHBbIH KAIBINTACTHIPY YIIiH Nainanansians.. EWB
Oarmapiiamachina apudMeTUKaIBIK cymMmaropiiap Digital kitanmxaHacblHIa )KapThUIai CyMMaTop
YKOHE TOJIBIK CyMMAaTOp KOPCETUITeH €Ki 0a3albIK KYPhUIFBIMEH YChIHBbUTFaH. Onap keneci
KOPBITBIH/IbI TaFalbIHAaynapel 0ap: A, B — KOCBIHIBLIAPIBIH Kipici, ), — KOCBIHABLIAPIBIH
HoTmwkeci. TaceimManaay msirbichl, Ci-TaceiMannay Kipici. Kenpaspsarsr cymmarop Oip
MTOJTyCyMaTOp oHE OipHEIe TOJIBIK CYMMAaTOp HET131He KyphLIaIbl.

Nel ranceipma. [loycymmaropsl 3epTrey

1) 6.1. a cyperTeri cxemMaHb! Kypy

g -

BEo

r.!:oooooo r.!:

[(Derain] Geoso &
D ¢ 2lB

a) 6)
Cyp. 11.1. Cymmaropaapsl KOCy cXeMachl

2) 11.1.a) cypeTke coiikec TYpJEHJiprillike XapThLIail cMATOPABI KOCHIM,. Tamgarsii
OolibIHIIA €Kl peT Oacy apKpUIbl AMAJIOTTHIK TEPE3€H1 allaMbl3 JKOHE TYyHMeNepAl peTiMeH
GachIHBI3:, - TJoft 1olt =+ AP TS SIPF AB
HOTHXKECIHJIE aKMKAT KECTECiH JXoHe Tyipeyim epHek aimambl3. On KaHaal 3J1€MEHTTIH
GYHKUMSACHIH OpbIHAANABI?

3) cxemanbl e3repremi3, OUT kieMMachlH TaJIaFbIIITHI )KapThUlail CMaTOp/IaH MIBIFY
YILIH KOCHIM, 2 I.YKcac d9peKeTTepal opelHaaiMbI3. O KaHaal 31eMeHTTiH (QyHKIUACHIH
OpBIHAANIBI?

Ne2 Tancsipma. ToJIBIK CyMMAaTOp/IbI 3€pPTTEY
1) 11.16) cypeT chi30achiH )KUHAY.

2) Cypert. 6.1.6). cymmaroppl TYpJICHIIprimke Kocachi3. KoCKkaHHAH KeWiH TajliarblIlil
OolbIHIIa €Ki peT Oacy apKbpUIbl JMAJIOITHIK TEPE3EHI allaMbl3 KOHE TyHMenepal peTiMeH
Gacamprz;, == .~ —* Ia&fr | 1olr —+ A Folx SLUT AB HOTIDKECIHIE
aKMKaT KecTeCiH >KoHe TyWpeyim epHek anambi3. On KaH#aid >IeMEeHTTIH (QYHKUIUSCHIH
OpbIHIAM b1 7

3) OUT kneMMachIlH CyMMAaTOpAaH IIBIFYFa KOCBIM, ChI30aHbl e3repremis. O KaHIai
ANIEMEHTTIH (YHKIUSCHIH OPbIHIANIbI?

Ne3 Tancbipma. TpesxpaspsHblil cyMMaTOPAbI 3€pTTEY
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1) 11.2 cypet cbhI30achiH KHUHAY.

I 0000 KKK |
SECoE Toooo

Cyp. 11.2. Cp136aHyCKaIbIK ChI30aHYCKACHI

Cxema Typajsi:

- TOJIBIK CyMMATOD; dKapThUIall CMaToOp; CO3 TCHEPATOPHI,

- pemudpiaciTin ceMucerMeHT nunaukaropsl (Dec SSD)

- Ce3 reHepaTophl apKbUIBI €Ki peT MIePTiHI3 kKoHe ThicTi kKoarapabl con epicke 0000-0012
MEKEeHKaiIapbIHa eHri3iHi3. KagaMasIK pesxumMie MOACIiH icKke KOChIHBI3 (Step Tyiimeci). Ces
rereparopsl 11.3.cyperTe KepceTiireH. TabioFa aJbIHFaH HOTHKEIEP/Ii aKUKAT KECTECIHEe
€HI131H13

B Word Generator E|
—Fddress
aEEl |-
BEe2 :I Bt [oo4z Cyale|
SESE Current [0000 Burst |
BEES it
2ea% Intial 000D El
S?Sg Final |0042 Breakpoint|
A28 : Pattem...
azaa —Trigger
G2ag EEEN Edemal | E® x| ¢
S g S S — Frequency ~
gégé [1 B kHz B | ready &
B383
8463 ssci. | .
gdald /| Binany[5500013090000 160 |
(e (D

Cyp. 11.3. Kox renepartopsl

CaHabIK KOMIIAPaTOpJIap MeH CaHIbIK KYPbLIFbLIAPABI 3epTTEY.
JKyMBICTBIH MaKcaThl: KOMIIAPATOP/IbIH KYMBIC IPUHLIUIIIMEH TaHBICY.

udpasik komnapaTopiap (arbUILIBIH TUTIHEH compare — CalbICThIPY) eKIJTIK HeMece
eKIJIIK-OH/IBIK KOo/Ta 6epuireH 0ipaeil OMTTUTIKTI A €Ki CAaHBIH CalIbICTBIPY bl OPBIHAANIbI.
CxemaJsbIK OpbIHIayFa OaiiaHbICThI KoMIapaTopiap a=B Tenuirin Hemece A<B, A>TeHci3iriH
aHBIKTaN ajajbl.

Exinik canapAblH aHBIKTBIFBIH OaKbliIay ONEpalusachl aKnapaTThl Oepy KoHe OHJIeY
CEHIMIUIITIH apTThIpyFa MYMKIHJIIK Oepeni. OHbIH MOH1 eK1IiK Ti30eKTeri pa3psaTapAblH OipiHae
€H BIKTUMAJI KaTeH1 aHbIKTayFa MYMKIH/IIK OCpeTiH CAaHHBIH HAKTHUIBIFbIH aHBIKTAY MAaKCaThIHA
OapabIK paspsaaTapabH 2 Moayni 6oibIHIIIa KOCY OOJBIT TaObLTa Ib.
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Kochimia OUTTI €Hri3y apKbUIbI KaTelepAl aHbIKTay Kelecinel 0osanpl. TapaTy KaFbIHIa
OepuUTeTiH KOJI KUBIHTBIK KOJITa O1pJIIKTEPIiH KYI HEMECE TaK CaHbIHA JICHiH OaKpliay OUTIMEH
TaJIaHaJIbl )KOHE TOJIBIKTRIPHUIAABI. THICIHIIE, )KUBIHTHIK KO )KYIT HEMeCe TaK JeIl aTanaabl. by
JKaF1aii1a KochIMIa OUT OakpliIay OMTIH KOca ajFaH/ia, OepijieTiH KOATaFbl OapJIbIK O1pIIIKTEPIiH
cOMachl TaK OOJIaThIHAM eTill KaiblnTacaabl. HaKThIIBIKTEL OaKplIay Ke3iHnae 0api, apuHe,
KepiciHIIe.

Nel Tanceipma. CaHAbIK KOMIAPATOPIbl 3EPTTECY
1) 11.4 cypetTe KOpCETIIreH Chi30aHbl XKHHAY

1=

e

| ]
N8
[ —

“oooo0a o

T 4=hAlE

Cyper 11.4. Bip peTTik caHABIK KOMITAPATOPIbIH CXEMAaChI
Komnaparop eki 37ieMeHTTeH, TOPT 3JIEMEHTTEH >koHe O1p neMenTTeH Hemece EMEC
TYpasjbl.
Komnaparop/ipl 3epTTey YILiH OFaH JIOTUKAIBIK TYPJIECHIIPTIII KOChUIFaH.
1) OUT norukasnslK TYpJIEHAIPrill KJI€MMAaCchlH KOMIIapaTOPAbIH dpOip IIBIFBICHIHA JKaJIFai
OTBIPBIT, KOMITAPaTOPIbIH 9pOip KYMBIC PEKHUMI YIIIH aKUKAT KECTECIH KOHE TYHpeyill OpHETriH
aiy.

Ne2 Tanceipma. CaHIBIK KYPBUIFBIHBI 3€PTTEY
1) 11.5 cyperreri cbI30aHbI CHTI31HI3.

‘| [, HEHH |;’.|
]
OO
Jhmd "
h» +
1 G SO il
. 21 H F 2
L 3 NC E i2
4 [ D 11
S EVEN  C
£ 00D B2
* 7 GND & 2
74280
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Cypet 11.5. UMC 74280 xocy cxemacsl

NMC 74280 9 xipici 6ap (A, B...I) xone exi mbiry (EVEN, ODD), onapasiy 6ipi-MuBepc. 1
Kipic OakpuIay TypiH 6ackapy yiriH Kosinanbuiaasl (0-xyn 0akeliay, 1-Tak 6akpuiay) skoHe Z
ayBICTBIPBITT KOCKBIIIBIH OacKapaibl (Oip aTTac mepHeHiH KiIaBuaTypacbiHaH 6ackapbuiaabl). NC —
not connection mWEIFbICEI-00¢, sFHM UMC i11iHIe OFaH elTeHe KOChIIMaraH.

1) Ce3 reHepaTOPBIHBIH KOMETIMEH CXEMaHbIH JYPBIC )KYMBIC ICTEYIH TEeKcepy, Oy peTTe
OakpuIay TYpi (OKYIT HemMece TaK) Z aybICTBIPBIT-KOCKBIIIBIMEH TaHIala Ibl; KapacThIPBUIBIIT
OTBIPFaH KYPBUIFBIHBIH KipiCiHAE op TYpJii eKinik komOnHanusuiap oepineni; UMC mbiFybIHbIH
Kali-Ky#i oJlapFa KOCBUIFaH JKapblK HHIUKATOPJIAphI (JIOTUKAJIBIK IPOOHUKTEP) OaKbLIaHA b
Kecrere enrizy HoTmxenepid (kem aereHae 4 MoH)):

Kipic [eirpic
Konosoe ciioBo Z EVEN ODD

ZKyMbIC TaKbIPBIOBI: TPUITEPJIEP/ 3epTTey.
JKyMBICTBIH MaKcaThl: TPUTTEPIACPIiH KYMBIC IPUHIIUITIMEH TaHbICY.

Tpurrepnix cxemanappl 3epTTey YUIIH JOTHKAIBIK TYPIACHIIPTIIITI MaiganaHyFa
OosMaii eI, ce6ed1 TpUrrep Kajbl JAEMEHTI OOJIBINT TaObLTA bl

Nel Tanceipma. Tpurrepnepzis aKUKaTThIK KECTEIEPIH aly
1) 11.6 cypeTTe KOpCETUITeH ChI30aHBI JKacaHbI3.

o000 R :

E 0 I_O
L 5

Cyp. 11.6-RS-tpurrepi 3epTreyre apHajiFaH cxema
Tpurrep Kipy cXeMachIHIa CO3 TEHEPATOPHI MEH KAPBIKIUOITH HHIUKATOPIIAp KOCHUIFaH.

1) Tpurrep akuKaTTHIK KECTeCiH Kipicke opTypli KOMOMHANMATAPAB! (KeM aereHie 6)
Oepy apkpuibl any. Ce3 reHepaTropbl apKbUIBI €Ki peT 0acy apKbUIbl JAMAJOr TEPE3eCiH allblll,
KakeTTl ce3aepAl eHrizy. bacray mexenxaiibin opHaThiHbI3 (Initial) B 0000 »xoHEe COHFBI aapeciH
(Final) B 0005(6 Hycka YIIiH) c63 TeHEepaTOpbIMEH KaJaMJBIK PEXHUMJIE KYMBIC ICTey Kepek
(STEP 6Garbipmacsi). HoTrokenepin KecTere eHrisy:

Ne /i Kipic [IsrrpIC
R S Q Q

No2 tanceipma. Jluarpammanapsl Kypy
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«OHTyCTik KasakcTan MenuumHa akapemusico» AKX Ny Y/ AO «IOxHO-KasaxcTaHcKas MEAUUMHCKAS aKafemMumsi»
«DapMaIneBTTIK OHIPICTIH TEXHOJIOTHICHD) KadeIpackl 044/48-19
«DNEKTPOTEXHHUKA JKIHE OHAIPICTIK BIEKTPOHNKA HETI31ePi» 12 Gerrin 746eTi

1) 11.7 cypetre KkepceTiiireH cbi30anbl JKuHay.

[ oooo A |2|

]

w A
[=ar=]

TR

0000000000000 000

Cyp. 11.7. RS-tpurrep/ii Kocy cXeMachl
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MEDISINA MEDICAL
AKADEMIASY ACADEMY

«OHTycTik KazakcTaH meguuuHa akaaemusicbl» AK

AO «HOxHo-KaszaxcTaHcKkas MEOUUMHCKAs aKanemMusi»

«®DapManeBTTIK OHIIPICTIH TEXHOJIOTHICHD Kadeapacsl

«DJEKTPOTEXHUKA KOHE OHJIIPICTIK IEKTPOHNKA HET13Aepi»

044/48-19
12 Gerriy 216eTi

Cxemana ce3 rereparopsl (Word Generator) sxoHe JIOTHKAIIBIK aHanu3aTopsl (Logig

Analyzer)

Ce3 reHepaTopsl apKbUIBI €Ki peT 0acy apKbUIbI TUTKATHICY TEPE3ECiH allblll, CYpeTTe
kepceTinrenaen 16 cesni KoubiHbI3. 11.7. bactaynbiy meken-xaiibia (Initial) 0000-Fa, an asiFbIHBIH

MmekeH-xkaiibiH (Final) 000f-ra opHaTBIHBI3.

| W

ord Generator

T

— | _Address o
goaa | -
BEEAE :I Edit  |0001 Cycle|
3 S S S Current (0000 [ Burst |
BEEE o
BB E A Initial (0000 Step |
3 S S S Final [00OF Breakpaint |
BEER : Pattem...
SEan —Trigger
SSSS EEEN Ecemal | EE |
3 S S S = Fraquency

- y Oata
SSSS [ B kHz B | ready &
BE@aE
GEaE ascnf. ] .
E S 3 S j Binary (0000000000000000 |

(e @ BN @B ENEE 0 BN

Cyp. 11.7. Ce3 reHepaTopbIHbIH IUAIOT Tepe3eci
1)JIorukanslk aHAJIM3AaTOPABI €Ki peT 0acy apKbUIbI almbIHb3. HoTmkenepnin nypsic

aJIBIHFAHBIHA KO3 KETKI31HI3.
Kymbic Takpipbi0bl: Ecenreyimirepai eprrey.

JKyMBICTBIH MaKcaThl: €CENTEYIITIH )KYMbIC IPUHIUITIMEH TaHbICY.

Ecenreyini-kipic UMITyJIbCTEPIHIH CaHBIH €CEeNTeyre apHaJFaH KYpbUIFbl. OpOip Kipic
UMITYJbCIHIH (PPOHTHI OOMBIHIIIA OHBIH HIBIFY JKal-KyHIMeH YChIHbIIAThIH CaH OipiiiKKe e3repesi.
CanayslThl OipHelIe Tpurrepae caryra 0onaabl. JKUbIHTHIKTAYIIBI ecenTeyimTepae apoip Kipic
MMITYJIbC1 OHBIH OIpJIiriHe MBIFYbIHAA CaH/Ibl YJIFalTa ibl, HIereprimrepae opoip Kipic UMIyJbCl Oy

caHbl OipliKKe a3alTaIbl.

Tanceipma Nel ecenterimtep/i 3epTrey
1) 11.8 cypetTe KOpCeTiNreH Chi30aHbl XKHHAY.

oo

—i§

11.8 cyper-yur pa3psiaThl KOCYIIBI CAHAYBIIITHIH CXEMACHI
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«OHTYCTiK KasakcTaH MeavumMHa akaaemusicbl» AK Y/ AO «HOxHo-KasaxcTaHcKast MeIUUMHCKAsT akafieMusT)

«DapMaIneBTTIK OHIPICTIH TEXHOJIOTHICHD) KadeIpackl 044/48-19

«DNEKTPOTEXHHUKA JKIHE OHAIPICTIK BIEKTPOHNKA HETI31ePi» 12 Gerrin 226eTi

1) Ummynsc ko3iH eki per ycramn, | ' Kuimirin opHaTBIHBI3, IHATOITHIK TEPE3EHI
JKaOBIHBI3.

2) uaukaTopabIH ©3repyiH KajiaraaaHbl3.

3) CxeMaHbI OIIIPiHI3 KOHE MIETePYII OT aly YIIiH OHbI OHICHI3.

[lerepy1i MIOT €Ki KOJIMEH ayFa Oosajbl:

a) EcenrerimTin mIbIFy CUTHAJIAPBIH Typa eMec, TPUTTEPAiH HHBEPCHUSITBIK
IIBIFYJIApbIHAH CaHAaY;

0) Ecenreyimreri 6aiijaHbIC KYPBUIBIMBIH ©3T€PTY: KEJIeCl TPUTTEP/IIH €CeNTIK KipyiHe
WHBEPCHSUIBIKTAH €MeC, aJJIbIHFBICHIHBIH TIKEJIEH MIBIFybIHAH CUTHAT Oepy.

4) 11.9-cyperTe KOpCETLIreH el CEMUCETMEHTTIK HHAMKATOPIBIH OPHBIHA JTOTHKAJIBIK,
TaJIIaFBIIITHl KOCBIHBI3.

5) Ummynbe ko3i OoiibIHIIA €Ki peT ycTaHbI3 skoHe 2 K )KHiIiriH OpHATHIHBI3

6) Exi pet miepTin, quarpaMmmaiap/isl allibIHbI3 )KOHE 1CKe KOCBIHBI3 . BipHele cekyHaTan
KEWiH CXEMaHbIH KYMBICHIH TOKTAThIHbI3.

7) JKUBIHTBIKTAYIIIBI )KOHE HIErepyIlli eCenTerimTepIiH JuarpaMMaIapbiH CypeTTeHi3
YKOHE TaJIIaHbI3.

s e

R ¢SS RET ]

SRV OBQD0O000

=
L&
=

) I e

Cyp. 11.9. lnarpammanappl Tajaay YIIiH €CEeNnTeyill CXeMachl

Cxema Takoro cueTynka nzoopaxeHa Ha pucynke 11.10

Ne2 ramnceipma. JKuinik GeNriIiHIH )KYMBICBIH 3€pTTey

Ecenrerimre 5 kyit 6oiysl THIC, 0J1ap KapanaibIM Jkarnaiaa 01pi3autikTi Kypaiast: {O, 1,
2, 3, 4}. by Ti30eKTiH HUKIIBIK KalTalaHybl eCenTeyiTiH 00y Kod(hdUIIUEHTI 5-Ke TeH.

MyHpaii ecenrreyimTig cxemacel 11.10-cypeTte KepceTiren

Cyp. 11.10. 5 6einry ko3¢ dpunmeHTi 6ap ecenTeyin cxemachl

1) 11.3 cypet chI30achiH CHI3bIHBI3.
2) UMITYJIbC KO3iH eki pet 6acsir, 1 'l )KUiTiriH OpHATHIHBI3.
3) cxeMaHbl KOCBIHBI3 )KOHE WHIMKATOPABIH apThIH/1a CAKTaHBI3.



PI'TI Ha [TXB «tOsxHo-Ka3axcranckas rocyaapcTBeHHas GpapmaneBTuueckas akagemus» M3PK | 044-43/18
Kadenpa TexHOI0THH JIEKapCTB Crp. 23 u3 63

MeTOL[I/I‘-IeCKI/Ie PEKOMCHAAUU IJI MPAKTUYCCKUX 3aHATUH 110 JUCHUITIINHE
<<3HCKTp0TeXHI/I‘{CCKI/I€ OCHOBBEI HpOMLIHIJ'IGHHOfI QJICKTPOHUKHU U 3neKTpoo60pyz(03aHm{»

7KyMbIC TAaKBIPBIObI: pErucTpJIepi 3epTrey.
JKYMBICTBIH MaKCaThl: TIpKEIIIMHIH )KYMBIC IPUHIUITIMEH TaHBICY.

Peructpiiepin Heri3ri MaKcaThI-KONPAa3PSAATH €KUTIK CaHAAp bl CaKTay XKOHE TYPIACHAIPY.
CBIpTKBI KYpBUIFBUIAPFA aKnapaT Oepy IbIFapy HEMECe OKY ONEPAIUsCHIH CUITATTalIbI.
Tipkenimre akmapar a3y OHBI aJJIbIH aJia HeJIey i Tajamn etneiai. bapnbik perucrpiep
(byHKIMOHAIIBIK KacHeTTepiHe OaillaHbICThI €Ki caHaTKa 0eJiHe/Il — KUHAKTAYIIBI (JKaIbl, CaKTay
perucTpiiepi) xoHe KBUDKBITYIIBI. O3 Ke3eTiH/Ie, JKbUDKBITYIIBI PETUCTPIICp aKmapaTThl Mapasuieib,
Ti30€KTi )KoHEe KYpaMIacThIpbUIFaH (Mapayuielib/l )KoHEe Ti30eKTi-mapaielb/i) aKnapaTThl €HI13y
YKOHE IIBIFAPY TACLIi OOMBIHINA, aKITApaTThl 0€py (KBUDKBITY) OaFbIThl OOWBIHIIA-01p OAFBITTHI
KOHE PEBEPCUBTI OOJIBIN OOIiHEI.

Nel Tanceipma. Cakray TipKeIiMiH 3epTTey
1) 11.11 cyperre OciiHEIEHI€H ChI30AHBI CaYy.

AW

+

~%;|| oooo HAHHH |:|J

LW  WVCC e |
E 1N CLR S
211G 1o -4
A fem 2D B
= { 3m 3D (HE
j 40 4D E

cLk G
2 GND ol E

74173

Cyp. 11.11. Tipkenimai kocy cxemacsl 74173

K155UP15-teprpaszpsarel peructp. On 1Q mbirynapsl 6ap...4Q yuinm Z-xai-kyiiHe
(xe3inae curnansl 1 meirapapaa G2, G1), an onsiH eciri 1D...4D M, N (EWB kate Typa
KOPCETUIreH) KipicTepiHe Jorukanbik 0 Oepy »K0oJIbIMEH 5Ka3y PYKCAThIHBIH JIOTMKAIIBIK
JIEMEHTTEPIMEH JKa0AbIKTaIFaH. PETUCTp CaHIBIK KYHEHIH JepeKTep INHIHE TIKeIeH KbI3MEeT
KOpPCEeTe alaThlH TOPT Pa3psATH KO KO31 peTiH/Ie KOIIaHBLIA b

1) ce3 reHepaTopsl OOMBIHINA €Ki PET KYLITeHi3 xaHe oFaH 11.11-kecTene kepceTiaren
0000-0009 mekenxaifbIHaH aKapaTThI SHT131HI3.

2) KaJaMJIbIK PEKUM/IE CXEMaHbI iCKe KOCBIHBI3 (Step 0aTbIpMachl) )KOHE HHANKATOPIBIH
kepcetkimTepiH 11.11-kecTere »Ka3bIHbI3.

3) aJBIHFaH JACPEKTEpIi Tanay.

Eckeprne

3epTXaHaIbIK )KYMBICTAp/Ibl OPbIHIAYFa OCPIITeH TaKbIPBIIT OOMBIHIIIA KBICKAIIA TEOPHUSITBIK
KOHCIIEKTICI 6ap onTepi 0ap *oHe MpaKTUKAIBIK OeIIMHIH )KYMBIC OapbIChl 0ap CTYIACHTTED
xKioepieni.

3epTXxaHalbIK )KYMBICTHI KOpFayFa apHaJIFaH €cenTe SKCIepUMEHTaIbl 061iM/li OpBIHAAY
Ke31H/Ie aJIbIHFaH CXeMallap, eCenrTep MEeH eyeMaep O0Iysl THIC.

oneduer

Herisri:
1. KaBoponkoB M. A. DnekTpoTeXHHKa KaHe 3eKTpoHuka. M.: Akagemust, 2005. Myp3un
10. M., Bosxkos 0. . Dnekrporexnuka. - CII06.: ITutep, 2007. - 443c.
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Onekrponuka, - M.: JIOJEKA, 2002 x. 1 Tom-303c. xone 2 Tom-287c.

KocbiMmia:

1. DIEeKTPOTEXHUKAHBIH TEOPHSIIBIK Heri3/1epi OolibiHIIa ecentep x)uHarbl. JI. A. beccoHoBa
penakuusiceiMeH. - M.:)Korapsl mexten, 2008

2. barnapnamansik kamtamacsei3 ety: "Electronics Workbench" cxemorexHuKanbIk
Mozenbaey 6armapinamackl; "Excel" skone "Mathcad' chI3bIKTBI TCHICYIIEP KYHECIH ecenTeyre
apHaJIFaH Oaraapiiamainap.

3. Onexrprexuuka / pea. B. C. ITanTtrommnaa M.-FeuieiM sxone Texanka 2001 k. - 410 c.

4, bopucor 0. M. Dnekrporexuuka-M. Feubim skone Texauka 1998 x.

3epTxaHajbIK KyMbIc 12

TakbIpbIObl: MarHuT epici TCOPUSCHIHBIH dJIeMEHTTepl. MarHuTTiK Ti30€KTi 3epTTey KOHE
ecernTey.
['apmoHMKaNbIK  KepHEyAiH Oactankpl Ti30eriHmeri  GeppoMarHutTik —e3iri  Oap
KaTyIIKanap.
JKYMBICTBIH ~ MaKCaThl. [Ilexci3  CBI3BIKTBI ~ €MeC  JJIEMEHTTIH KacHeTTepiH
AKCIIEPUMEHTAJJIBI PacTay OFaH 9Cep €TETiH CUTHAIIBIH JKUUTIK CIIEKTPIH TYPJICHAIPY.

Tycingipme sKymbIChI

Kasipri 3aMaHfbl SJIEKTPOMAarHMTTIK acmanTap MeEH anmnaparTapja opamayapblH
MarHUTTIK aFbIHBIH KYWIEHTYy VIIH (QeppoMarHuUTTI MarepuanjapJaH jkacallFfaH MarHuT
oTKisrimTep Konganbuiagsl. COHIBIKTaH (DEeppOMArHUTTIK ©3eKIIeMeH KaTtymkaitap vy (i)
BeOepamiepaik cunarramacbiMeH (BOAX) ChI3BIKCHI3 d7IEMEHT OOJIBIT TaObLIa bl

Erep Q=BSW xone Wi = HL kaObuimanca, OHJa B-MarHWTTI WHAYKIHUS, S-
MAarHUTOTKI3TIIITIH KAMAChl, W-KaTYIIKaHbIH OpaM/apbIHbIH CaHbI, |-MarHUT CHI3BIFBIHBIH OpTalla
Y3BIHABIFEL, OHAA (i) KHCBIFBI MaTepHAJbIH MAarHUTTCHY KHCBHIFBI Jen aranatbin  B(H)
TOYeNUIIriHe yKcac 60abl.

byn KucelKTap HaKThl MaTepuad MEH MarHuT epiciHiH Oenruti Oip Typl YUIiH
OKCIIEPUMEHTANAbl allbIHA/bl. ATam alTKaHna, Me3TUI-Me3ril e3repeTiH MarHuT epici YIIiH
JUHAMHKaJIbIK MarHUTTEY KUCBIKTapblH anbll TacTailnbl — B xxoHe H (Hemece Oacka macmiraOra
KOHE 1), oJap THCTEPEe3UCTIK IIMEKTep Kypaiabl. [ MCTepe3ucTiK IIMEKTIH ayJaHbl ©3€KIICHIH
(dbeppOMarHuTTI MaTepUallblH MarHUTTEYre OSHEPTUsl IIBIFBIHBIHBIH JKOHE KYWBIHIBI TOKTapFa
HIBIFBIHJIAPIBIH COMAChIHA IPOMOPUHOHAIABL. JKbUTy TypiHAe O6JiHEeTIH OChl MIBIFIHAAPbI A3aUTY
YIIIH XYypeKk Oip-OipiHEeH OKIIayJlaHFaH AJMEKTPTEXHUKANbIK boiaT mapakrapbiHaH anbiHaAbl. by
MarHuTTI JKYMCaK MaTepuall, OHJa THCTEpe3UC UIMeri eTe Tap, COHABIKTAH (i) KaTylikara
TOYEJIUIITT OCBIHIANH ©3€KIIeMEH J>KaKblH JEeN caHayFa OOJajbl XOHE CypeTTe KOpPCETUIreH
KHUCBIKTBIH KOOpAMHATAIAPbIHBIH OachlHa KATBICThl CUMMETPUSIIBI TYpie YChIHYyFa Oonanabl. 11.1.

®deppomarHuTTi o3ekimieci 6ap KaTymka-wHEpIUsIChI3 ChI3BIKCHI3 AJIEMEHT, COHJIBIKTaH
OHBIH CHHYCOHJAJIBBIK 9CEepre pPeakiusIchl CHHYCOUAANbIb eMec. MpIcabl, erep KaTymkansl U(t)
= Umcos(ot) rapMOHUKAJIBIK KEpHEY Ke3iHe KOcca, OH/la aFbIHHBIH arybl J1a TapMOHHUKAJbIK
6omazs (cyper. 11.1.):

y(ot) = fudt = ¥, sin (ot), rre Pm= Un/o =

KarymkansiH BOAX BOAX koopauHaTaHblH OacTanyblHa KaTBICTBI CHUMMETPHAIIBI
OonraHABIKTaH, | KHCHIK(®t) — KaTYIIIKaHBIH CHHYCOUIAJIBI 9CEPre PEaKIUsIChl ¥ (0t) — YaKbIT OCIHE

. (1)

ol
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KaTBICTBI CUMMETPUsUTBL Ooazp! (cypet. 11.1), an onbiH @ypbe KaTapblHa BIIBIPAYBI TEK TaK
rapMoHuKTep 60nasl. Erep oiapabIH eH YJIKeH1 ecCKepyMeH LIEKTesIce, OHJla OHbI JKa3yFa 00J1abl:
i(wt) = I, sin(wt) — I, sin(3wt) + I, sin(5wt)
Bipinmi, yuriHmi xkoHe OeciHIIl rapMOHUKAIAPIBIH aMIUIMTYJAchl YII OpAMHAT oici
OOMBIHIIA aHBIKTAIA/Ibl, OJIAP YAaKBIT KE€31HJE TOKTBIH MOH1 OOJIBII TaOBLIAIbL.

I £ - F
h=—, fy=—, Of =—.
12 B & 4
Erep ocimmorpamMmmana i(wt) opAMHATTAPBI OJIIICY
o SRR L R
I =i s == =i .
'm_f:".s L3 ) \ 2/

OHda F'apMOHUKAHBIH bIAbIPpAaYbIHAH YIII aMIINIMTYAaCbIH Ta6y KHUBIH €EMECC:

’r'.‘u: 7 [ ! + 'Ilﬁ + \EJ': \:|3' "r.'lui i (!" " 2!I }I"{ 3, "rf"llli ~ I{!| T 'I.ﬂ V ﬁ;: \I|3

F - \/1' llll|_:II + '|r_1:||; + 'Ir_Em ]"I 2-

TOKTI)IH KOJIgJaHbICTAarbl MOHI:

[apMoHUK KO3(uIMenTi "' TOK KHMCBIFBIHBIH CHHYCOUJaJlaH
alBIPMaIIBUIBIF JTopexeciH cunartaiiapl (KIT < 0,05 ke3iHIe TOK rapMOHMKAJIBIK JEN CaHayFa
0oJ1aIbI).

"rl:.l. + "r.:llll 'II ‘rl

i

! m ir
g te fmf
_ \f

W)

Cyper 11.2
OnexTp Ti130€riHiH cXxemMachl
I(wt) TOKTBIH KUCBIFBIH OcLMUIOrpadusanay yuiiH (cxeMmanarsl 8 HYKTE) 3JIeKTp Ti30eri
KOJITAaHBLIAJIbl, OHBIH CXEMachl cypeTTe KepceTinren. 11.2.

N
1 Ohm L
e~ -
7 0 oh
E ) . A Iri
l L [—} ST,
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Cyper 11.2
KopekTeny cunycouaanbl KEpHEYACH KY3€re achIpbLIajIbl,0HbIH IIaMachl KecTelepaeri
HYCKara coiikec opHatbuiaabl. 11.1.

11.1-kecTe
B 1 2 3 4 5
apuaHT 0
U 1 9 8 7 9
B 0 5 5 | 5 | 25| 5 4

Favorites kocallkbl KOMITOHEHTTEPiHIH OJOTrbIHAH CBI3BIKCHI3 WHIYKTUBTUIIK PETiHJC
(MO3ip/IiH TOMEHT1 JKOJIBIHBIH COJI JKaK MIETiHe) Ma3MyHbI 11.3-cyperre kepceTinreH | 1ImKi yschbiH
IIBIFAPBIT ATy KepeK.

WHayKkTUBTUIKTIH BeOepaMmepiK CUMATTaAMACBhIHBIH CBHI3bIKTBIFbl HWHIYKTUBTLIIKTIH
MHIYKTUBTUIIKTIH CBI3BIKCHI3 TayenaumiriMen tycinaipineai 1(W) = W , kepHeyai GackapaTbiH
TOKTBIH CHI3BIKCBI3 TOyeI i Ko3iHiH kemerimeH EWB oprackinia Oepinre.

1 mha
W O
X —
Bk - penmy [ =
I f e
a B L P
L5
wasgrt (v (1))
~- m
S I A1
o i I Ne
L
Cyper 11.3

OcinorpadThlH — aXbIpaThUTybIHIA OHBIH OKPaHBIHJA CHI3BIKCHI3 HWHIYKTHUBTLUIIKTIH
BOJIbTAMIIEPJIIK CUITaTTaMachlH Oaiikayra Ooaibl.

AWNHBIMQJIBI TOK aMIepMeTpi KaTyLIKaJarbl TOKTBIH OpEKeT €TyLIl MOHIH eJIIen.Ii.
MarauTosnieKkTpIiK KyHEeH1H aMIIepMeTpl TOKTBIH TYPaKThl KYPaylIbIChIH TIpKeHI1.

AKymbIcKa JalBIHABIK

1. ®eppoMarHMTTIK ©3€KUIEMEH KaTYIIKaHbl KaHAal TOYENIUIKIEeH CUMATTaibl >KoHe
Oy Tayenaunik Kanaail Typre ve? OHbIH OeHChI3bIFBIHBIH ce0e01 Hee?

2. Tucrepesnc KYOBIIBICBIMEH €lIeMey YIIIH KaTyIIKaHbIH ©3eKIleci KaHaal MaTepuaniaH
xKacanybl Kepek?

3. CunHycouaanabl KepHEY Ko31He KOChUIFaH Ke3/1e KaTyIIKaaFbl KUCHIK TOKTBIH
TapMOHHKAJIBIK KypaMmbl KaH/1al?

Kymbic 0arnapamacsl

1. Cpi36a Ooiteinmna Ti30ekTi xuHay. 19.2. Kecrere colikec kipic kepHeyiH opHaty. 11.1
(OMUUSHBI OKBITYIIBI KOPCETE/1).

2. "bactay"OaTbIpMachiH 6acy. AcmanTapAblH KepCceTKITepiH Tadnra eHrizy. 11.2.

3. CBhI3BIKTHI €MeC MHAYKTHUBTLIIK TOTBIHBIH OCHIIOTPAMMACKHIH CYPETTEY.
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byn ymin Transient AnalysiS koMaHIAChIHBIH IHANIOT TEPE3ECiHIH MA3ipiH maiiianany
bIHFaiIbL. 12.5.) Analysis < Transient »xoibl 0otibiHIIa. TSTART ece6iniH 6acTany yakbIThl ©THEN1
npornecc (1 C. ’xoHe ofaH /a Kem) asKTaiaTelHaai erin opHary, an TSTOP-TiH askrany yakbIThI
TSTART-+cunyconnansapl KO3/iH NMEPUOIBIH TEH €Til OpHaTy, erep ke3 kwuimiri 50 I'im Gorca,
onna kesen 0,02 ¢ TeH.

4. Sin(ot) = Ym sin (ot) aMIUIMTYZachblH €CENTEI, OJIMIEMCI3 YaKbITThIH MacIITaObIH
(pan/mMMm) TaHIAIl, OCIUILIOrpaMMaia CUSIKTHI TeH. Coil mapakka MUJUTUMETPIICY KaHE 1(®t) TOKTBIH
OCIIMJUIOTPAMMACHI.

N3mepenus PesynbTaThl pacuera
| | | k
I | I
U 1m 3m 5m r
B A A A A A A -
/MM
Kecre 11.2

5. Kypimti kemicimal typae camy. 11.1.i(wt) xkoHe Wy(mt) YaKbITTBIK TOYENALTIKTEPIl
naianana oThIphIN, Kajambiiap (i) BeOepammepiik MiHesnemeci. A, MBO koHe paj-aa TOKTHIH
OCBTEPiH, aFbIHHBIH aFbIHBIH )KOHE OJIIICYCi3 YaKbITThl OYpaHbI3.

6. I(ot) kuceikrapbiH Oyphe KaTapbiHa caly. | TOKTBIH KOJIaHBICTAaFbl MOHIH €CenTey jKoHE
OHBI aMIIEPMETP KOPCETKIIIIMEeH calbICThpy. ['apmoHuk ko3dduuuentin ecentey. Ecemnreynep
HOTIDKEJIEP1 MBIHAAi e3repicTep eHriziicin: Tabm.11.2.

7. YKyMpbIc OOMBIHIIIA KOPBITHIHIBI JKacay.

oneduner

Herisri:

1. XKaBopoHkoB M. DJEeKTpPOTEXHUKAHBIH TEOPUSUIBIK HETi3/iepl OOMBIHIIA ecenTep
xuHarbl. JI. A. becconoBa pepakuusceiMen. - M.:XKorapsl Mmekten, 2008

2. A. DIeKTpoTexXHUKa >KoHEe 3jeKkTpoHuka. M.: Axaaemus, 2005. Mypsun 0. M.,
Bosikos 0. U. Dnexrporexnuka. - CII6.: [Tutep, 2007. - 443c.

3. ATtabexos I'. 1. DnekTpoTeXHUKAaHbIH TEOPUSUIBIK Herizaepl. - M.: XKorapel Mekren,
2006,1,2, 3 ©.

4, [MTandunor JI. WM. skcnepuMeHTTEp MEH TEHAEYJepAeri DJIEKTPOTEXHHKA KOHE

anektponuka. Electronics Workbench mnpaktukymbl. 1 Tom: DnekrpoTexHuka, 2 TOM:
Onektponuka, - M.: JIOJEKA, 2002 x. 1 Tom-303c. xone 2 Tom-287c.
5. OOK "OKMA" AK Be0-caiitel UKma.kz eckepry.

KOCBIMIIIA:
6. JopicTik MaTepuan
7. barmapnamansik kKamrtamaceis ety: “Electronics Workbench” cxemorexHukambik

Mozenbaey Oarmapnamackl; "Excel" »xoHe "Mathcad"chI3bIKTEI TEHAEYNEp KYHECiH ecenTeyre
apHaJIFaH Oaraapiiamanap.
8. Onekrprexnuka / pexa. B. C. [Nantiommua M.-Frutbiv sxone Texanka 2001 x. - 410
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3epTxaHaabIK KymbIc 13

TakpIpbi0bl: Tpancopmaropiap. bip dazansr TpanchopMaTOpIbIH KYMBICHIH 3€pTTEY

OYE TPAHC®OPMATOPBIH 3EPTTEY.

KymbIcThIH MakcaTbl. Aya TpaHc(hOpPMaTOPBIHBIH [apaMeTpiepiH 3KCIepUMEHTAIbI
AHBIKTAY/Ibl ’KOHE OHBIH JKYMBICBIHBIH Op TYPJi peXHUMIEpl YIIiH BEKTOPJIBIK AMarpamMmanap/isl
KYPYZBI YHPCHY.

Tycinaipme skymbichI
Tpanchopmarop e3repMenTiH KHULTIK Ke31H e aifHBIMAJIBI TOK TIEH KEPHEY/IiH IaMaiapblH
TypieHAipyre apHairad. KapanaiibiM jkarjaiiia o1 ekl HHAYKTHBTI OalIaHbBICThI KaTyIKaJlap/sl
oinaipeni. Kopekreny »kypri3inerin TpaHchOpMaTOpAbIH KaTyIKalIapbIHbIH Oipl OipiHI, eKiHIIici
AKYKTEME KOCBIJIAThIH JIeTl aTallajbl
- ekiHmi perrik. bip Ti30ekTeH ekiHIIiCiHE »3HEprus Oepy e3apa  HMHIYKLHUS
KYOBUIBICBIHBIH apKachlHA XXYpenl. ©neTTe Karylkagap GeppoMarHuTTi MaTepuaniad sKacajlFaH
©3CKILIEre OPHAIACTBHIPBUIAJIBI; €rep MyHAal e3ekmie Ooimaca, OHIa TpaHcopmarop oye e
atanazpl. Aya Tpanc(hopMaTOpbIHBIH CYII0ACHl CypeTTe KopceTire. 12.1.

Pue. 5.1

Tenneynin TaHIaIFaH OH 6aFLITTapBII:II[a oye TpaHc(hOpMaTOPLIHBIH TYpi Oap:
|' {(R + joL, )- I‘,_f-(!}J"I — Li",.
\U, + 1(R, + joL,)— joMi =0,
Mynna L1 xone L2-katymikanapaslH UHAYKTUBTLNIT; R1 sxone R2 — omapawiH Oerncenl
keneprici; M-e3apa MHAYKTHUBTLIITI.
byn Tenaeynepre cananabl BEKTOPIBIK AUarpaMMa Coilikec Kenei
(doH > 0) epkiH xyKkTeMe Ke3iH/e TpaHcHOpMaTOPIbIH
cyp. 5.2.
Erep cfdc konTypbiHaH TYpFBI3Y/bI OacTaca sxoHe oHJa = |12 KaObuiaaHca, OHa
U,=Ue™ =U,, U,=R1, U,=joll, satem U, =-U ~U, ~U
rorga [, =U_ /(—joM ), nanee U_=-joMl,, U, = jolLl, U, =R W,

hd?

nakowen, U, = Um = l_j’“ + (,:",,‘_ +UL..
TpanchopmaropasiH 60c xypici pexuminge (ZH= kypan , 12=0) ouHblH TeHaeysepi
KEHUIETIe I XKoHe TpaHCc(HOpMaTOPIbIH 0ACTANKbl OpaMIapbIHBIH MapaMeTpiepiH aHbIKTay YIIiH
KeJeci popMmyanapra KenTipuien.

I_.-'. al, . JF-' — . X
zl," ~— LA — ".lIRI- =+ X'-l - EI = I.h < -1-1 » mL - "I~|I"E|-'-l_ R' ) L — L. )
. ‘r.'.h i f”_ ' . i

U,
M = =2

©O3apa WHAYKTUBTLUIIK: @ly

Erep aya TpancopmaTopslH KypalThIH KaTyIkaigap Oipaeit 6osca, onna R2=R1, L2=L1.
U L

My 2t =
U, M

Tpancopmanus ko3 duumenri:
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DNeKTp Ti30€TiHIH CXeMacChI

Ce130ama kepcerisired Ti30ekTiH KopekTeHyi. 5.3, OKK 200 B xone xwuiniri 50 I'a
CHHYCOU/IaJIbl KEPHEY KO31HEH JKY3eTre achbIpbLIaibl.

3epTTeseTin eKi opam bl TpaHchopMaTop 03 HYCKAChIHBIH HOMIpiHe coiikec 'favorites”
KOCAJIKbl KOMIIOHEHTTEPIHIH OpiCiHEH ajbIHYbI THIC "trans" OIOrBIHBIH CXEeMaChIHa KOPCETUITeH.

Wattmeter 6enceni KyaThIH oJIIICy YIIiH OJIOK Oap.

[ I——
[
Yy | QO
1

| | Z

wakimesir | I'r-C\l'l'.- i |:_"]

by ] I -' <20 Ohi—— g0 o

o

[ ——i | [T

o

(5]}
l ||j| * Ijl . I
) Pue 5.3

ConbIMeH Kartap, TpaHc(opmaTopiaapIblH KbICKAa TYWBIKTATY jK9HE 00C XKypic peKUMAEpiH
XKY3ere acblpyFa, COHAal-aK OFaH OeJICeH Il HeMece ChIMbIMIIBLIBIK XKYKTEMEH1 KocyFa 00Jabl.

Kymbicka 1ail bIHABIK

Keneci cypakrapra xayan 6epy:

1. Here Tpancdopmatop TypakThl TOKIIEH KYMBIC ICTeH anMaiab1?

2. Aya tparc(hopMaTOPBIHBIH HETI3T1 TeHACYIepiH jKa3bIHbI3.

3. Aya TpaHchOpMaTOpbIHBIH ©3apa HWHAYKTHBTUIIIH, O€JICeHIl  KapChUIBIKTHI,
WHIYKTUBTUTIKTI TOXIPUOEIIK )KOJIMEH Kajlail aHbIKTay Kepek?

4. Aya TpancdopMaTOpbIHBIH TpaHCchopMaLus K03 OUIIMEHTIH Kanail Tabyra 60mas1?

5. ChIMBIMABUIBIK KYKTEME Ke3iHAe oye TpaHc(OpMaTOpbl YIIIH canajibl BEKTOPJIBIK
JuarpaMmma Kypy.

Kymbic 6arnapaamacsl
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1. LWS5 ¢aiinbn anry sxoHe favorites KOcaJIKbl KOMIIOHEHTTep epicineH Trans 6y10rbiH

©3 HYCKAChIHBIH HOMIPIMEH IIBIFAPBIN aly. TIHTYIPiH COJI XKaK OaThIpMAachlH €Ki peT Oacy
apKBUIBI TEPE3CHI allIbII, TPaHCHOPMATOPIBIH CYpETIHAC €Ki peT HYKYAbl KaiTananbi3. Tanmay
mozeni ideal, 6oiipiHIIa mIepTy edit )koHe Koro TpanchopmaTop by napamerpiaepi: N=0.915,
LE=0.02, LM=0.1, RP=1e-06, RS=1e-06. Connaii-ak wattmeter OJIOThIH IIBIFAPHII, CYPETTE
KOPCETIITeH CXEMaHbIH KajFaH 0eJIiriH )KMHAaHbBI3. 5.3.

2. K1, K2, K3 kinrrepinig KeMeriMeH Tpanc(hopMaTOpAbIH TOPT KYMBIC PEKUMIH Ky3ere
aceIpy: 00C XKYpic, KbICKA TYHBIKTAITY, KipiC KEPHEYIHIH 63TepPMEUTIH OPEKETTEeTi MOHI Ke31H Ier1
CBIMBIMJIBUTBIK KOHE OCJICeH/Ii )KYKTeMenep. AcmantapablH KOpCeTKIITepiH TabnFa eHrizy. 5.1

3. boc xypic pexumineri enmiey Hotwkenepi 6onbiama L1=L2=L, R1=R2=R, M
TpaHCc(HOPMATOPBIH ATMACTHIPY CYJIOACHIHBIH MTAPAMETPIIEPIH KOHE OHBIH TpaHchopMarms

kodurmentin NT aHbIKTay.
Tadmuua 5.1

]

U, I, P, @ | Us
B A | Br B A

xapakrep
HAIPYIKH

XOJOCTOH XL

EOPOTEOC SAMEIKAHHE
CMEOCTE
AKTHEHAH HAIPY3K4

=
ool B ™

4. BapiblK 3epTTEJIETiH )KYMbBIC PEXKUMICPIHIC TPaHCHOPMATOPIbl AITMACTHIPY
CXEMAaChIHBIH 3JIEMEHTTEPIHET] KepHEYIiH TOMEHIeYiH ecentey. Hotmkenepi ecenreymnep
MBIHA/al e3repicTep eHTi31IciH: Tadm. 5.2.

_ Tabnuua 5.2
_ U= | U= | Un=1 Un= | Us=
s L oy I =E'R__ _ flli’ =.|::R . F:Jl:’. A\ J,;'.{..” Harpyaka
A | B ma A | B | B | B | B B
0 ' ' 0 0| XX
0] ' " K3
=00 O
0 ' R

5. Kecrte MonimeTTepiH naiiagana OThIPHII, OapiblK KYPri3iireH Toxipudenep yuiH
KEepHEeYJIep/IiH TonorpadusUIbIK JUarpaMMalIapbiH )KOHE TOKTAP/IbIH COYJIENIK AuarpaMMasapbiH
Kypy. 5.2.

Hyckaymnap:

Boc xypicten 6acka, 6apiblK pexxuMIEp i€ BEKTOPIBIK AHarpaMMaHsbl xacay/bl [2 ToreiHaH
OacTaraH >KeH.

6. Ul xipic kKepHEYiHIH MOH/ICPIH KOHE op KaF/Aal YIIiH TOKIpuOE MEH BEKTOPIBIK
JrarpaMmmanapaH ajdblHFaH KepHey (a3anapbl MEH ¢ TOTBIHBIH )KbUDKY OYPBIIIBIH CATBICTBIPY.

7. JKymbIic OOMbIHIIIA KOPBITHIH/BI JKacay.

oneduer:

Herisri :

1.Onexrprexuuka / pea. B. C. [Tantrommna M.-Feuteim sxone Texanka 2001 x. - 410 c.

2. Eropos, H. M. E30 Dnexrponnka. 1.0 HYCKackl [ DIEeKTpOHIBI pecypce] : AopicTep
xwuHarsl / H. M. Eropos. — Onextpon. nas. (3 M6). — Anmartsr : UTIK COY, 2008.

3. bopucos 0. M. Dnektporexauka-M. FrutbiM sxoHe TexHuKa 1998 xk.

4. Dnextprexnuka-M. XKorapsr mekrern 1999 x. - 450 c.

5. OOK "OKMA" AK Be6-caiitel UKMma.kz eckepry.

KocbiMina :
1. Myp3un FO. M., Bonkos [O. U. Dnekrporexuuka. - CI16.: [Tutep, 2007. - 443c.
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2. DIEKTPOTEXHUKAHBIH TEOPUSIIBIK HEeT13/1epi OolibIHIIa ecentep *KUHaFbl. JI. A. beccoHoBa
penakuusceiMet. - M.:XKorapsl mekter, 2008

3. Atabekos I'. . DnexTpoTexHUKaHBIH TEOPUSUIBIK Herizaepi. - M.: XKorapsr Mekren,
2006,1,2, 3 6.

4. O-75 Ti30exTep TeopusachiHbIH Herizaepi. 1.0 HycKacel [ DNeKTpOHIBI pecype] : AopicTep
KUHAFbBI /

B. U. Benpunies, I'. K. beutkosa, B. B. TropHeB koHe T. 6. — Dnektpon. gaH. (8 M6). —

Kpacnosipck : BAU COY, 2008. - (Tiz6ektep TeopusachibiH Herizaepi: [IOOK Ne 56-2007 /
(69-93 Ger))
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