OJI-OAPABN ATBIH/IATBI KA3AK YJITTBIK YHUBEPCUTETI

Kyrtei6aii H.b.

JJIEKTPOHUKA Herizaepi

«PannoTexHuKa, 3JEKTPOHHKA JKQHE TEJIEKOMMYHUKALUIIAP», «OHIIIPICTIK
AIIEKTPOHUKA XKOHE OacKapy *Kyienepi» MaMaHAbIKTapbl OOMBIHINIA O11IM aJTyIIIbI
CTyJIEHTTepre apHaJIFaH

AnMarel



10 Japic. Tupucropaap. Junucropaap. CumucropJiap.

JlopicTin MakcaTsl: Tupuctopiap, TMHUCTOPIIAP KSHE CUMUCTOPIIAP CUSIKTHI
KapThlIall OTKI3TIII KyaTThIK KYPBUIFBLIAPIBIH KYPBUIBIMBI MEH KYMBIC ICTEY
OPUHLUNTEPIH TYCiHY, OJapAbIH HETI3r1 CcHUHarTaMajapblH, TYPJEPIH JKoHE
KOJNJaHbUTy cajanapbiH  MeHrepy. CoHbIMEH Karap, Oyl KypbUIFbLIap/bl
MPAKTUKAIBIK DSJCKTPIIK JKOHE OJIEKTPOHIBIK KyHlenepae THIMII Maiganany
JaFAbUTAPBIH KAJIbIITACTHIPY.

Kipicne

Tupucropnap, IUHUCTOpIIAp KOHE CHUMHCTOpiap — OYJI Ka3ipri 3aMaHFbI
ANIEKTPOHMKAIA KEHIHEH KOJIJaHbUIATHIH JKapThlIail ©TKI3rim KypbuiFbluiap. Omap
KyaTTbl 0ackapy, kaOIbIKTbl KOpFay, KEPHEY MEH TOKTBI PETTEY CUSKTHI KONTEreH
MIHJETTEP/Il OpbIHAANIBI. ByJ1 KypbUIFbLIapAbIH OapiIbIFbl 1a OaCKapbLUIATHIH aybICY
AIIEMEHTTEpPl OOJNbIN TaObLIAAbl KOHE BJIEKTP TI30EKTEpPIHJIE KOCKBIII PETIHIE
KOJIJaHBLIIAIbI.

1. Tupucropaap

Tupucrop — Oy Tept KadaTThl (P-N-P-N) skapThuiaii € TKi3ri KYpbUIFbL, YIII
AIIEKTPOHJIBIK IBIFYHI 0ap: anon (A), karox (K) sxone 6ackapy amekTpossl (Treit, G).
On Gacrankpiia TOK 6TKI30€HTIH Kylae 6onasl, Oipak Oackapy CUTHaJIbI OepiiireH
KE€3J1€ TOKTBI OTKI3E€TIH KYHre aybIcaibl >koHE OYJI Kyiie TOK TOKTaMalbIHIIIA KAJIbII
KOSI/IBI.

G

1.1. Kypulivimbl MeH HCYMbLC NPUHYUNT

Tupucrop KypbutbIMbI P-N-P-N THOTI TepT KabarThl OOJNBIN Kejeli JKOHE
1IIHAE VI p-n aybICYbl 001 IbI:

« P1 —NI1-P2-N2

Byn KyppUIbIM MIAPTTHI TYPAE €Ki OMMOMSPIIBI TPAH3UCTOPABIH (Npn KoHE
pnp) Oipiryi peTiHe Ae KapacThlpbUIaabl. SFHU:

« bipinun tpansucrop (T1) — pnp tumnti

« Exinmn tpansucrop (T2) — npn tumnri
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XKywmrbic icTey MexaHU3MI:

1) Tupucrop 6acrankpiia xa0bIK Kylae (off-state).

2) backapy oanekTpoapiHa (T€MTKe) KbICKa TOK MMIYJIbCI OepiiareHnue,
TpaH3ucTOpJIap Ti30eri 1CKe KOChUIBII, KYPBUIFHI alllbLIa b,

3) AlmbutFaHHaH KeiiH, 0ackapy CUTHAJIbI TOKTaraH 0oJica J1a, TUPUCTOP TOK
arbIHBbl TOKTAMaMbIHIIIA OTKI3TII Kyiae Kanaasl (Oyn Ky — latch-up Hemece o3iH-
©31 ycTar Typy Ky#i).

4) Tex kana Tok ycrtan Typy TOrblHaH (Ihoid) TOMEH TYCKEH/IE€ FaHA TUPUCTOP
KaiiTa jxa0bl1ajIbl.

e

1.2. Tupucmopowviy cunammamanapol
» JKoraphbl KepHEY KoHE TOKIEH KYMBIC 1CTEY MYMKIHJIIT1
» JKoFaphl KbLTYy TYPAKTBUIBIFBI
+ KapanaiibIM KypbUIbIM K9HE CEHIMJILTIK
< ©O31H-031 ycTan Typy KacueTi (11Kl TOK apKbUIbI alllbIK KYH1 caKTay)
1.3. Tupucmopowviy nezizei mypnepi
a) Kymrik Tupuctop (SCR — Silicon Controlled Rectifier)
- KeHiHeH KOJITaHbIIaThIH TYPI.
» Tek Oip OarbITTa TOK OTKI3EI.
+ backapy curHajbl TeK OH >KapThl TOJKBIHJIA Oepiiei.
+ Konmany camacel: TypakTbl TOK >KYWeNepiHAe, TY3eTKIITepiae, YIKEH
KyaTThl TYpJAEHAIpriTepe.
0) llumuctop (Schockley Diode)
< AJFallKbl KapanaibiM TUPUCTOPIAP.IbIH O1pi.
<+ backapy a5eKTpo/Ibl )KOK (€KIJIEKTPOTHI).
O3iriHeH KOCBUIBII, TOK a3alFaH/ia COHE/].
+ Ka3ipri Tanma cupex KoaaaHbLIa bl
B) Tpuak (Triode for Alternating Current)
+ AWHBIMaJBI TOKIIEH KYMBIC ICTEyTEe apHAJIFaH.
+ Koc OarpITTa /12 TOK ©TKi3e1 (€Ki OaFbITTa CHMMETPHSIIBI ).
+ backapy curaanbel oH HeMece Tepic 00JIybl MYMKIH.
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« TYpPMBICTBIK TEXHUKAJA KU1 KOJJAHbLIAABI (TUMMEpIIEp, KbUIBITKBIIITAp,
AIIEKTP IJIUTAIap).

1.4. Tupucmopnapowviy Ko10aHbLLy caraiapol

1) Kyar perrerimrep:

Tupuctopnap apKbUIbI IEKTP KyaThIH OIpTiHIE apTThIpyFa HEMece a3alTyFa
Oomanel. bByn omic JKaphlK IIaMJapbIHBIH KAPBIKTBIFBIH PETTEyTe HEMece
KBUTBITKBIIITAPABIH TEMIIEPATypaliblK PEXUMIH Oackapyra MYMKIHIIK Oeperi.
Mpicanbl, KapblK ITUMMEpJepl TUPUCTOPIAPIbl KOJJAHY AapKbUIbI IIaM KyaTbIH
OipTiHACT ©3repTe/l.

2) UnBepTopaap MeH TYpJIASHIIPrilITep:

Tupucropnap TyYpakTbl TOKTHI aWHBIMalbl TOKKAa HEMeECEe KepiCiHIle
TYPACHAIPY KYpbUIFbUIapbIHAA KOJJaHbUIa 6l OChIHAAN KYHernepre:

o Hugepropnap (DC — AC)

o Tyzerkimrep (AC — DC)

o DC-DC typaenaiprimrep xaTajsl.

3) Motopnapabl 6ackapy:

Tupucropnap KO3FaNTKbIII >KbUIIAMJIBIFBIH pPETTEYre MYMKIHAIK Oepei.
Tupucropnsl 0ackapy kyihenepi apKbUIbl MOTOP/BIH 1CKE€ KOCBUTYBIH >KEHUIJIETYTE
YKOHE aifHaTy MOMEHTIH OacKapyra 0oJaibl.

4) JloranbIK TIEITEP MEH JOHEKEpIIey KaOabIKTaPHhI:

Tupuctopnap >xorapbl KyaTThl TYTBIHATBIH JJIEKTP JOFAJBIK MPOIECTEpAl
Oackapyra Ja kapamiabl. byn memrep MeH IoHEKepiiey MallMHajJapbl YIIIH OTe
MaHBbI3/IbI.

5) TeneM xyiienepi MeH pelieiik KOPFaHbIC:

KetiGip TupucTopiap KbICKa TYHBIKTATY )KOHE KEpHEY IIaMajiaH ThIC apTKaH 1A
aBTOMATThI TYPJIE COHIIPIIIETIH KOPFAHBIC JKYyHenepiH e KOlIIaHbUIaIbl.

2. lunucropaap

Juuucrop (arpuiil. diode thyristor, xeiine DIAC nen Te aranaabl) — Oy
€KIJIEKTPOATHI, €K1 OAFBITTA J]a TOK ©TKI3ETIH, €Kl HeMece TOPT KadaTThl KapThiiail
OTKI3TII KYPBUIFbl. JIMHUCTOpP HErI3IHEH THUPUCTOPIAP MEH CHUMHUCTOPIAp.b
Oackapy MakcaTblHAa HEMece HMIYJIbCTIK CXeMalapAa, KEepHEYAEeH Kopray
KYPBUIFBUTAPBIHAA KOJIIaHbLIA b

2.1. Kypvlivlmbl MeH JHCyMbiC icmey npuHyuni

Kypoinvivor:

+ Exi Heri3ri p-n aybICybIHAH TYPAJIbI.

« Knaccukanbik Ttept Kabartel KypweuibiM: P-N-P-N, 6ipak 6ackapy
AIIEKTPOBI KOK.

< DNEKTpoATap TEK aHoA TeH KaToATaH Typaabl (Keibip Ttumrepse
tepmunaep Al xxone A2 petinae OenaruieHemn).

< CUMMeTpHsUIBl KYPBUIBIM, SIFHM €K1 OarbITTa Ja Oipaei >KyMbIC iCTei
ananpl.
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Kymvic npunyuni:

« Jluaucrop Oacrankpiia xaObIK Kyiae (TOK eTKI30enI1).

+ Erep xepuey Oeunrini 6ip mekti moHre (V_break) xetce, KypbUTFbl KEHETTEH
anrpLIaab! (JTABHHABIK POOOH MEXaHM3M1 apKbLIBI) )KOHE TOK OTKi3¢ 0acTalIbI.

< AmbUraHHaH Keilid, on yctan typy Torsl (I_hold) nen aramarein Genrimi
Oip JEHTelIeH TOMEH TYCIIEHIHILE allbIK KYHAe Kajaaabl.

+ Erep Tok I hold MoHiHeH a3aiica, KypbUIFbI aBTOMATTHI TYPAE COHE/II.

2.2. Heeizei cunammamanapwi

+ backapy curHambpl *OK: JUHUCTOP TEK CBIPTKbl KEpHEYIIH JEHIreiiHe
0aliyIaHBICTBI KOCHUIBII-COHE/II.

« CHUMMETpPHSUIIBL: OH JKOHE TEepiC kKapThl TOJKBIHA J1a OipAeH ®KYMBIC iCTe
ayajpl.

« IllexT1 kepHey: Oenrii O1p KEpHEYEH TOMEH KYPbUIFbI KOChUIMAN/IbI.

+ Kapamnaiibim xoHe CeHIM1 KYPbUIBIM.

« TemeH Oara kKoHE IIAFbIH OJIILIEM.

e

2.3. lunucmop mypnepi

+ DIAC (muak): Exi GarbITThl TUHUCTOP, JKH1 CUMUCTOPJIAPILI Oackapyna
KOJIIaHbLIa IbI.

+ Shockley Diode (exianekTpoarsl TUpUCTOP): JMHUCTOpIAPABIH alFallKbl
KapanaibIM TYpi, Ka3ipri TaHIa CUPEK KOJIJaHbLIA IbI.

2.4. Konoanwiny cananapul

1) UmMmynbCeTik TeHepaTopiiap MEH peflaKCalMsUIBIK TeHepaTopiaapaa;

« JIuHHUCTOpNAap KepHEy IIEriHe J>KETKEHJE aBTOMATThl TYPAE KOCBHUIBII,
paspsI MpoIecid 6acTanbl.

< byJ Kacuer onapapl penakcalusyIblK reHeparopiapaa (MbICaIbl, )KapKbLI
mamaapbiH 6ackapyza) eTe THUIMII eTe/l.



+ MMnynbcTiK paspsa Ti30€riHe TUHHUCTOP KepHEy >KMHAKTAbII, Oenriii
Oip ACHrenre >KETKEHJE TE€3 Pa3psATAIIBIN, KOFaphl KUUTIKTI HemMece Oenrim Oip
YaKbIT apajibIFbIMEH KalTallaHATBIH UMITYJIBC TYIBIPAJIbL.

2) Cumuctopjsl Oackapynaa:

« Cumuctopmap (triac) aifHBIMaJIBI TOKTBI €Ki OarbITTa /Ma Oackapa ajajipl,
OipaK oJap/Ibl 1971 )KOHE CEHIMJII TYPJIe alty YIIiH 0acKapy CUTHAIIBI KaXKeT.

« byJ MakcaTrTa TUHUCTOpP KOJAAHBUIA B aifHBIMAJBI TOK KEPHEY1 6CKEH/IE,
JTUHUCTOP aIllbLIBII, KbICKa OacKapy UMITYJIbCIH CUMUCTOPFA KiOepei.

3) Kepneynen kopray KYpbUIFbUIAPBIHJIA:

+ Kener kepHey cekipyiepi (KepHEy HMIYIbCTEpi) KE31HJAE JIUHUCTOP
alIbUIBII, TI30€KT1 KbICKA TYHUBIKTAIl, 0aCKa KYPBhUIFbLIAP/Ibl KOpFayFa KOMEKTECE/I.

« By TypFbila TUHUCTOP BapUCTOpP CHUSKTHI KEPHEYIEH KOpPFay SJIEMEHTI
POJIiH aTKapabl.

4) YKapbIKTanABIpY KyienepiHae:

« JKorapbl KepHeysl »KapKbul IIaMAApPbIH (MbICaJbl, KCEHOH[bI IIamaap)
Oackapyna.

< DJIEKTPOH/Ibl TUMMEPIIEP KYPAMbIH/Ia CHMUCTOPMEH O1pre KYMBIC 1CTEU/II.

3. CumucropJap

Cumucrop (arsuni. Silicon Controlled Switch for AC nemece TRIAC — Triode
for Alternating Current) — OyJI TUPUCTOPIBIH €PEKIIIE TYP1, OJI AilHBIMAJIBI TOKIICH
JKYMBIC 1ICTEyTe apHajFaH >KOHE €Ki OarbITTa Jla TOK oTKi3e anaabl. CuMucTopiap
AIIEKTP TOTBIH €Kl OarbITTa O6ackapy MYMKIHAITIHE Ue OONFaHIBIKTaH, ailHbIMAJIbI
TOK Ti30€KTepiH OacKapyFra oTe KOJabl.

b
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3.1. Kypwinvimol Men HcymolC NPUHYUNI
KypbuibIMBI:
1) CuMucTOp — YII BIEKTPOATHI KYPBUIFbl. DIEKTPOATAPHI:
% Al (anon 1)
% A2 (anHon 2)
% G (reiiT — GacKapy ICKTPOJIbI)
2) YKapTtbinait ©TKI3TIITI KYPhUILIMBI — OYJI €K1 TUPUCTOPABIH O1p KopmycTa
KapaMa-Kapchl KOChUIFaH aHAJIOThI.
3) Imki KypbUIBIMBI KYpAETipeK, O1paK ChIPTKbI OaiJIaHbICHl KaparaibiM.
KyMbIC icTey NpUHIIMIII:
1) Cumuctop xa6bik kyiine (OFF) 6omazs.




2) backapy anekrponabiHa (G) KbicKa 0ackapy CUrHajibl TYCKEHJI€ KYPBUIFbI
ampuIagbl xKoHe Al-A2 apacbiHaa TOK ©TKi3e OacTaiabl.

3) AltHbIMaIBI TOKTBIH K€3 KEJITeH >KapThl TOJIKBIHBIH/IA KYMBIC 1CTEH aiajibl:

+¢ OH KapThI TOJIKBIH/IA 113,

+¢ Tepic >xapThl TOJKBIH/A JIa TOK OTKi3yTe KaOiIeTTi.

4) CumucTOp alIbUTFaHHAH KeHiH, TOK Oenrini Oip yctan Typy TorbiHaH (Ihold)
TOMEH/ICTEHIIIE alllbIK KY€ Kajaaabl.

3.2. Heeizei cunammamanapwi

Tok eTKI3y[IH €KDKaKThl MYMKIHAIT1 - aliHbIMajbl TOKTBIH OH JKOHE Tepic
YKapThl TOJKBIHBIH/IA J]a )KYMBIC 1CTEH1;

backapy curnanisl - a3 TOKIeH (MHUITHaAMIIEpiiepMeH) Oackapyra 00Jaibl;

AIIBLTY KepHEY1 - OeNriii O1p ACHIeHIeH Kei1H FaHa alllbUIajibl;

AUIBUTY YaKbIThI - 6T€ KbICKa — MUKPOCEKYHATAPMEH OJIIICHE/];

KyarTbuiblFbl - opramma KoHE >KOFaphl KyaTThl Ti30eKTepre apHajiraH
MOjIeJbIepi Oap.

3.3. ApmuiKwubiibikmapvl MeH Kemulinikmepi

ApmuiKubiivikmapol.:

< AMWHBIMaJBI TOK TI30EKTEPIH/IE €Kl OaFbITTHI OaCKapyFa MYMKIHJIIK Oepe.

< backapy curHasel a3 TOKIEH Oepiiiesii, COHABIKTaH MUKPO3JIEKTPOHUKAMEH
OHall yilsieceni.

« KapanaiibiM KypbUIFbI, CEHIM/I )KYMBIC 1CTEH/II.

« JlumMmepiiep MeH Kyar peTTeTilTepIe TUIM/II AKYMBIC 1CTEH/I.

+ KoceiMIila pene Hemece MEXaHUKAJIBIK JIEMEHTTEP/I1 KaKeT eTIEn/Il.

Kemwinikmepi:

« JKorapbl JKMUIIKTI HeMece KypJedl CUTHal MHAepiH Oackapyaa
HeKTeyep oap.

+ Kepneynin kypt esrepyineH (dV/dt) Hemece TOKTBIH KbUIJaM ©CYIHEH
(dI/dt) e3airineH ambLIbIT KETY1l MYMKIH.

< WHIyKTUBTI JXyKTeMenepMeH (MbICalbl, KO3FAJITKBIIUTAPMEH) KYMbIC
ICTEreHJIe apHailbl KOpFay Ti30eKTepi KaXeT 00ybl MyMKIH.

3.4. Konoanwiny cananapwi

Cumucropiap TYPMBICTBIK, ©OHJIPICTIK, JKOHE aBTOMATThI Oackapy
cayanapbIHIa KeHIHEH KOJIJaHbLIa Ibl.

1) XKapsik perrerimrep (AuMmMepiep):

+ YHeri )kapbIK IaMAapbIHBIH KapBIKTHIFBIH ©3TEPTY YIIIH.

« Cumuctop ¢daza UMIyIbCiH Oackapa OTBIPBIN, MIaMFa TYCETIH KyaTThl
peTTeiti.

2) DNEeKTPKBI3ABIPFBIITAPILI 0aCKaAPY:

« [lerm, >KbUTBITKBII, YTIKTE€Y KYPBUIFBUIAPBIH/IA.

« TemmeparypaHsl aBTOMATTHI 0acKapy *Kyneiaepinae.

3) Kyar perrerimrep:

+ KosranTkpITapablH aifHaTy )KUUIITIH ©3TepTY.

« JKenmeTkimrep MEH COPFBUIAPABIH KBUIIAMIBIFBIH OacKapy.

+ DJIEKTPMEH KaObIKTay/Ibl Ke3EHIIK KOCY/eIIipy.

4) ABTOMATTAHBIPBUIFAH TYPMBICTHIK KYPBUIFBIIAP/IA:



« Kip xyFbIl MammHazapa, MUKPOTOJIKBIH/IBI MEIITEP/E.

« TOHa3BITKBIII KOMIIPECCOPIAPBIHBIH 1CKE KOCBUTYBIH OacKapy/a.

5) UuaycTpusiblK aBTOMaTTaHAbIpYAA:

« JKBIIBITKBIIITAp MEH JOHEKEPIICY MalllMHATApbIH/IA.

« AMHBIMAJIBI TOK KEPHEYIH PETTEY KYyHeIepiHe.

3.5. Cumucmopnapovl backapy epexuienikmepi

« CuMmucropapl THiMal Oackapy YIIiH KkeOiHe JAuak (IUHUCTOP)
KOJIIaHbLIa IbI.

<+ backapy curHayipl aiHBIMaNBl TOK KEepHEYIHIH Oenrun Oip daszackiHaa
Oepityl Kepek.

+ backapy CUTHAJIBIHBIH Oepuly yaKbIThIHA OalIaHBICTHI KYKTEME KyaTbl
e3repin oTbIpaabl ((ha3aablK Oackapy oicl).

+ JKui RC-(a3zanbiK BIFBICTBIPY TI30€KTEp1 KOJIAaHbLIA IbI.

KopbITBIHABIL:

Tupucropnap, AMHUCTOpIApP >XKOHE CHUMHCTOpJIap — KyarTbl OacKapyra
apHAJIFaH apTbUlall ©TKI3rim Kypbuirbuiap. Omap 31eKTp Ti30€KTEepIHJE TOKTHI
KOCYy, OIpy >XoHE peTTey YIIH KoiaaHbuiaael. Tupucropiap Oip OarbITTa,
CUMUCTOpJap €Kl OarbITTa TOK OTKI3€Al, ajl JWHUCTOpJAp KapamabiM KOCKBIII
peTiHze KbI3MeT eredl. byn sneMeHTTep 3aMaHayu S3JEKTpOHUKaaa — ocipece
aBTOMAaTTaHIBIPY, KapbIK KOHE KbUTYy XKylenepiH Oackapy canajapblHAa KEHIHEH
KOJIIaHbLIA/IbI.
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