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BCTYII

VY cydacHiif Haymi 1 TeXHilll HaBa)KJIMBIIIA POJIb HANEKUTH Taiysi,
IO MIBUJIKO PO3BHBAETHCS - SIIEKTPOTEXHIIlI Ta MIKPOCXEMOTEXHUII. BoHu
y 3HAYHIN Mipi BHU3HAYAIOTh JIOCKOHAJTICTh CHEPrOEMHIX
ENIEKTPOTEXHOJIOT{YHUX ~ KOMIUIEKCIB 1 MPHCTPOiB, MIO IMEPETBOPIOIOTH,
OOUMCIIOBANBHOI TEXHIKM Ta  TepepoOKH iHpopmamii, MocTauyaHHS
MEPECYBHOr0 TPAHCIOPTY 1 BJIACHUX TMOTpe0 MiAnpuemMcTB. BoHu
3MIMCHIOIOTh ~ aBTOMATHYHE  KEpYBaHHS eNIEKTPOTEXHOIOT TYHUMH
peKMMaMH{, KOHTPOJIb 32 BH3HAYAIOYMMH [apaMeTpaMH  CHUCTEM,
pEryJIIoBaHHS 1 CYMICHICTH CHCTEM pI3HOI'O KJIacy Hampyr, KepyBaHHS
MOTOKAMHU eNeKTPUYHOI eHeprii 1 cBoedacHi OOMEKEHHS aBapiliHHX
PEKUMIB.

B mpomeci mpoexkTyBaHHS 1 CTBOpEHHS Pi3HHUX EINEKTPOHHHX
MNPHUCTPOIB 1 CHCTEM JOBOAMTHCS HE TUIBKM BPaxOBYBaTH OCHOBHI
XapaKTePUCTUKU EIEKTPOHHUX TPUCTPOIB Ta iX KOHCTPYKLiIO, ane i
MIMOOKO PO3yMITH (Di3MUHI OCHOBH POOOTH, TEXHOJIOTIH) BHTOTOBJICHHS,
YMITH TIOPiBHIOBATH €JEKTPOHHI TPHUCTPOI 3a iX XapaKTEepUCTUKAMH 1
napaMeTpaMy Ipy BHOOPi ONTUMAIIBHUX CXEMOTEXHIYHHX PillleHb.

B jgaHMx MeTomMYHMX BKa3iBKaX JlaHa METOAMYHA OCHOBA
eKCIIepUM EHTATbHIX OCIIKEHD Ta BHUMIpIB, BU3HAYAJIBbHUX
XapaKTePUCTUK HAMIBIPOBITHUKOBUX MPHCTPOIB 3 METOIO OLIbII MOBHOTO
3acBOEHHS Kypcy «OCHOBU €NEKTPOHIKM Ta MiIKPOCXEMOTEXHIKUY.

JlaGopaTtopHi poOOOTH BHKOHYIOTHCS Ha CIEI[aIbHUX CTEHJax
kadenpu «EnekTpuuHi Ta enekTpoHHi anapati». CTEHIW J03BOJSIOTH
BHUKOPHUCTOBYBATH >KUBJICHHS MPUCTPOIB, IO JOCTIKYIOThCS, 1 CHHXPOHHO
3HIMATH iX XapakTepucTUKU. Ha pucyHKy npencraBiieHa elnekTpuyHa cxema
CTeH/A.



F7 0i5h

EnexrtpruHna cxema creHia



JJABOPATOPHA POBOTA Nel
JOCJINKEHHS BOJBT — AMIIEPHOI
XAPAKTEPUCTUKHU JIOOA

Meta po6oTH: TOCTIIUTH MEXaHi3M MPOXO/UKEHHS CTPYMY Y AioAi i
noOyyBaTH rpadik BOJbTAMIIEPHOT XapaKTEPUCTHKH.

Bonbramnepna xapaktepuctuka (BAX) mioma — 1€ 3aNeKHICTBH
CTpyMy JioJla BiJi TPUKIAJACHOI 1O HHOrO 3O0BHINIHBOI EJIEKTPUYHOL
HaTpyTH.

3a rpadikamun BAX y HamiBaorapudgmiyHOMy MacmrTabi MOKHA
BCTAaHOBUTH MEXaHI3M CTPyMy 4depe3 MOTeHHIHHUI Oap’ep Ta mapaMerpu
6a30Boi o0yacTi Aioxa.

Ha puc. 1.1 300pakeHa TOTeHIIHA giarpama, J¢ IOKa3aHUH
PO3IOIUT IOTEHIIANY 10 NIMPHHI HABIPOBIAHUKA.
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Pucynok 1.1 — IloreHniiiHa niarpama HarmiBIPOBITHUKA



PizHicTh moOTeHIiaJiB Ha pP-n MEpexojai Ha3WBalOTh KOHTAKTHOO
PI3HICTIO TMOTEHMianiB abo moTeHIiiHUM Oap’epom. [yis Toro, 1100
OCHOBHUH HOCIA 3apsily 3MIr MoOmojaTH p-n Mepexin, Horo eHepris
MOBUHHA OYTH JIOCTATHBLOIO JUIS [TOJI0JIAHHS TIOTEHI[IIHOTO Oap’epy.

[puknanemMo 30BHINIHIO HANPYTY TUTFOCOM JI0 p-obiacTi (puc. 1.2a).
30BHIIIHE €NIEKTPUYHE TOJIe CIPSIMOBAaHE HAa3yCTpid MOMIO0 p-n MEpexony,
IO MPHU3BOJUTH IO 3MEHIIEHHs MOTeHLiHHoro 6ap’epy. OCHOBHiI Hocii
3apsiiiB JIETKO 3MOXYTh MOJ0JaTH NMOTEHLIHHUHI 6ap’ep, i ToMy uepe3 p-n
nepexiy Oyne TpOTIKATH BIAHOCHO BEIMKUH CTPYyM, BHKJIMKaHHUN
OCHOBHUMHU HOCISIMH 3apsify.
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Pucynok 1.2 — IIpsive (a) i 3BopoTHE (0) BKIIOUEHHS p-N IEPEXORY

Taxe BKJIIOYEHHS P-N MEPEXOAY HA3UBAETHCS MPSIMHUM, 1 CTPYM Uepes
p-n nepexin, BUKJIMKaHUI OCHOBHHMH HOCISIMU 3apsiily, TAKOXK Ha3HBAETHCS
OpsSIMUM CTPYMOM. BBakaeTbes, 1110 IPU MPSMOMY BKJIFOYCHHI p-n Tepexis
BIJIKPUTHIA.

SIKImo MiOKIIOYUTH 30BHIIIHIO HANPYTy MIiHYycOM Ha p-o0iacTh
(puc. 1.26), a mmocoM Ha n-o01acTh, TO BUHHUKAE 30BHIIIHE EEKTPUYHE



noJje, JiHil Hampy>KEHOCTI SKOro CHiBMAaAaloTh i3 BHYTPIIIHIM MOJeM p-n
nepexony. B pesynbraTi 11e mpu3Bene 0 30UIBIICHHS TMOTEHINIMHOTO
Oap’epy 1 mupuHH p-n nepexoxy. OCHOBHI HOCII 3apsjy HE 3MOXKYTh
MOJIOJIATH P-N MEPEeXij, i BBAXKAEThCS, 10 p-n nepexia 3akputuil. OOuaBa
oSl — 1 BHYTPIIIHE 1 30BHIIIHE — SBISIOTHCS NPHCKOPIOIOYMMH IS
HEOCHOBHUX HOCIiB 3apsngy, TOMY HEOCHOBHI HOCii 3apsgy OynyTh
MPOXOJUTH Kpi3b P-N TEpexill, YTBOPIOIOYM Iy)KE€ Majui CTpyM, SIKUii
HA3UBAETHCS 3BOPOTHIM CTpyMoM. Take BKIIOUEHHS pP-N MEPEexXony TaKoX
HA3UBAIOTh 3BOPOTHIM.

1.1 [lopsinoxk BUKOHAHHSI po0OTH:

— TIepeA BUKOHAaHHSAM JabopaTopHOi POOOTH CTYIEHT IMOBHHEH
CaMOCTIHHO BUBYHMTH METOJMYHI BKa3iBKM 1 IOBTOPHTH PO3ALT KypCy Mpo
JIOMM;

— ckjacTH Tabmuio 1.1;

— 3i0paTu cxemy, pUCYHOK 1.3, 3 JKUBJICHHSM BIJ CIIOXXHBayda
MOCTIHHOTO CTPyMY, MIIKIOYUTH JdiOA, TOCTIOBHO 3 HHUM OIIip
Rn =300 OM Ta HeoOXinHi yHiBepcalbHi OaraTorpaHUyHi MPUIIaIH;

— TCNS TEepeBIpKM CXEMH BHUKJAaJadyeM, YBIMKHYTH JKUBJICHHS 1
3niicHUTH HeoOXiHi 3amipu la Ta Ua, nani 3aHecty B Ta0imio 1.1;

— mnobynysatn rpadik BAX mioma la(Ua) B norapudmidHomy
MacmTabi. JlaTh po3paxyHOK TaHTeHca KyTa Haxwiy BAX, 3pobutu
BHCHOBOK IIPO MEXaHI3M Tedii cTpyMy depe3 MoTeHLianbHui Oap’ep;

— Ha ocHOBI maHux Tabmuui 1.1 pospaxyBaTm Ta moOymyBaTH
3anexHICTh Ra(Ua);

— CKJIacTH 3BiT, SIKMH Ma€ B CBOEMY CKIaJi Ha3By J1abopaTOpHOI
poboTH, MEeTy poOOTH, CXeMY JOCIITy, TAOJUIO i3 eKCIIePUMEHTAIbHIUMU
Ta PO3PaxXyHKOBUMHU JaHUMH, Tpadikd OTPUMAaHUX 3aJEKHOCTEH, a
TaKOX BUCHOBKH 3pO0JIeH] 3a IUMH rpadikamu;

— MpH BUMIpax YBa)XHO CIIAKYBaTH 3a THM, 1100 NpHIaJd HE
nepeBaHTaXyBaIMCh. [IpM  mepeBaHTaXeHHI  TNpWIafiB  HEOoOXigHO
3MEHIIUTH CHOXXHMBAIOUY HANPYyTry a0o BiIKIIOUUTH cxeMy. SIKIIO B cxemi
BCE MMPaBHIBHO, HEOOX1IHO 3MIHUTH MEXi BUMIpY NIpUIay;

— 3BOpoTHa rinka BAX BHMIprOeThCS MPH 3BOPOTHINA MONSPHOCTI
CroXMBaya (HasSBHICTh MPOBITHUKA dC 1 BIACYTHICTh MPOBiIHUKA ag). [Ipu
npomy mMexa PU — 100 B (perymoBatu a0 Uss < 80 B), a mexy
PA - 0,5 MA.



Tabnuus 1.1- PesynpTatu BUMIpIB Ta pO3paxyHKiB

BAX [Ipsma 3BOpOTHa
1 2 3 4 5 1 2 3 4 5
Ua,B
Ia, A
Ra, OMm
PV} 3 ——— ;
|
|
VD I
o B " PA c
~12B
RH
O

Pucynok 1.3 — IIpurinosa enekrpudna cxema Juist BAX miona
1.2 Bka3iBKH 3 TeXHIiKH 0e3MeKHn

VYci mepekirodeHHss B CXeMi BHUKOHYBATH MPH  BiAKIIOYEHOMY

aBToMaTHYyHOMY BuMHUKadi QF.
YiTko AOTpUMYBATHCh IHCTPYKIii 3 TEXHIKH O€3MeKH Ta MpaBHIl

BHYTPILIHBOTO PO3MOPSIIKY.
1.3 KoHTpOJIbHI 3anMTAHHS

1. Slki sBUIIA AIFOTHCS B p-N IEpEX0/li PH NPSIMOMY Ta 3BOPOTHOMY

BKJIFOUEHHI?

2. Ha3BiTh BuIpsAMHI Ta CHOEiaNbHI JIOAM. iX TPHHIIUIIOBI
BIZIMIHHOCTI.

3. Slk mo3HaYarOTHCS 1 MAPKYIOTBCS 110111 ?
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JJABOPATOPHA POBOTA Ne2
JOCJIIAXKEHHSA CTATHYHUX XAPAKTEPUCTHUK
BINMOJAPHOI'O TPAH3UCTOPA

Meta po6OTH: BUBUNTH MPHHIUI POOOTHU 1 3HATU XapaKTEPUCTHKH
OIMOJIIPHOIO TPAH3KUCTOPA.

OCHOBOIO OIMONSIPHOTO TPAH3UCTOpA € KPUCTAJ HAMIBIPOBIIHHUKA
p-tuny abo n-tumy mpoBigHOCTI (puc. 2.1), AKMH TakoX AK 1 BUBIA Bif
HBOT'O Ha3UBAETHCSA 0a3010.

Hudysziero AoMimKH abo CIUIABJICHHSIM 3 JIBOX CTOpIH Bix 0a3u
YTBOPIOIOTHCS 00J1ACTi 3 MPOTHIISKHUM THUIIOM MPOBIAHOCTI, HIXK y 6a3u.

n-p-n p-n-p
- n-p-n p-n-p
K ™ 3 K 3
in n p p 5K B K
p n
_ . ~.
B B 3 3

Pucynok 2.1 — YMoBHOrpagivHe no3Ha4eHHs OIMONISPHUX TPAaH3HUCTOPIB

OO6nacTh, 10 Ma€e OUIBIIY IUIONIY P-n MEPEeXOoidy, 1 BHUBiN Bij Hel
HA3UBAIOTh KOJIEKTOpoM. O0IacTh, 10 Mae MEHINY TUIOULY P-n Tepexony, i
BHBIJ BiJI He1 HA3UBAIOTh eMiTepOM. P-n mepexia Mixk KOJIEKTOpOM i 6a30r0
HA3UBaIOTh KOJIEKTOPHHM IIEPEXOJOM, a — MDK eMiTepoM 1 0a30l0 —
EMITEPHUM TEPEXOJIOM.

HanpsiMok CTpiku y TpaH3UCTOpi MOKa3ye HAMPSIMOK CTPyMYy, IO
nporikae. OCHOBHOIO OCOOJMBICTIO YCTPOIO OIMONSPHHUX TPaH3UCTOPIB €
HEpiIBHOMIPHICTh KOHIIEHTpAIlil OCHOBHHX HOCIiB 3apsjiB B eMitepi, 0a3i,
KonekTopi. B emirepi KoOHIEHTpalis HOCIiB 3apsily MakcuManbHa. B
KOJIEKTOpl — Jemo MeHIIa, HibK B eMmiTepi. B 0a3i — y gekinbka pasis
MEHIIa. HDK B eMiTepi Ta KOJIIEKTOPI.

2.1 Ilopsaiok BUKOHAHHSA POOOTH:

— mepel BUKOHAHHSM JIa0OpaTOpHOI pOOOTH CTYJIEHTH CaMOCTIMHO
MOBUHHI BUBYUTH JIMCHI METOIUYHI BKa31BKH 1 TMOBTOPUTH PO3JLT KYpCy
PO TPaH3UCTOPH;
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— 3pobutu Tabmui 2.1, 2.2, 2.3;

— 3i0paTu cxemy, puc. 2.2, 3 JKUBJICHHSM BiJ| JUKEpEna MOCTIHHOIrO
CTpyMy, MiIKIIOYUTH  TpPaH3UCTOp 1  HEOOXigHI  yHiBepcasbHi
OaraTorpaHu4Hi IpudOpH;

— TCNs TepeBipKM CXeMH BHUKJIaJavyeM, BBIMKHYTH >KUBIICHHS 1
MPOBECTH HEOOX1/IHI 3aMipH ix, 16, Ube, Uke, TaH1 3aKMcaTH y B TAOJIHIII;

— KaTeropu4Ho 3a00pOHSETHCS MIAKIIOYATH KOJEKTOPHY HANpyry
MpH PO3IMKHYTOMY KOJIi 6a3u;

— mnobynysatu rpadiku ix(i6), ix(Uke) 1i6(Ube);

— 3po0WTH 3BIT, SKHH MICTUTh Ha3By JIaOOpaTOpHOi poOOTH, METy
po0OTH, CXeMY ITOCTIPKEHHS, TAOJMII0 3 €KCIICPUMCHTAIbHUMU JIAHUMH,
rpadiky oIepKaHWUX 3aJSKHOCTEH 1 BHCHOBKM 3pOOJiCHI 3a [HMHU
rpadikamu;

— mpu BuMiptoBaHHi Ube 1 Uke BpaxoByBaTH MaJiHHS HANpPyrd Ha
BHYTPILIHIN OITip aMIepMeTpiB.

Tabnuus 2.1- EkcniepuMeHTalbHi JaHi
i6,A 0.1 0.5 1.0
Ne 1213|4123 ]|4]|1]2]3]4
JOCHIY
ix, A
Uke, B

Tabnuus 2.2- EkcniepuMeHTanbHi JaHi
Uke, B 0.1 0.5 1.0
Ne 1213|4123 ]|4]|1]2]|3]4
JOCHIY
ix, A
i6, A

Tabnuus 2.3- EkcniepuMeHTanbHi qani
Uxke, B 0.5 1.0

Ne 1 2 3 1 2 3
JOCHITY
Ube, B
i6, A




° @ .
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PI/ICyHOK 2.2 - HpI/IHI_II/IHOBa CJICKTPUYHA CXEMa JId SHATTS XapaKTECPUCTHUK TPaH3UCTOpa

2.2 Bka3iBKH 3 TeXHIiKH 0e31meKHn

VYci mepekirodeHHss B CXeMi BHUKOHYBATH MPH  BiAKIIOYEHOMY
aBToMaTHYHOMY BuMHUKadi QF.

YiTko AOTpUMYBATHCh IHCTPYKIii 3 TEXHIKH O€3MeKH Ta MpaBHIl
BHYTPILIHBOTO PO3MOPSIIKY.

2.3 KoHTpOoJbHI MUTAHHSA

1. TlosicHITH PUHIMIT Aii GiMOISIPHOTO TpaH3ucTopa?

2. Slka TPUHOUIOBA BIIMIHHICTH OIMOJSAPHOTO TPAH3UCTOPA Bij
OJIbOBOr0?

3. SIki OCHOBHI CXeMH BMHKAaHHS TpaH3uCTOpa?

4. SIki iCHYIOTb PI3HOBUIH TPAH3UCTOPIB?

JJABOPATOPHA PABOTA Ne3
JOCJIIAKEHHSA XAPAKTEPUCTUK TUPUCTOPA

Merta poOoTH: AOCHIAWTH MeXaHi3M MPOXOKEHHS CTPyMYy ¥
TUpHCTOpa i MO0y yBaTH rpadiky BOIBTAMIEPHUX XapaKTEPUCTHUK.

TupucropoM Ha3WMBAETHCS YOTHPHULIAPOBUI HAMIBIPOBITHUKOBUN
MPUCTPii, IO CKIAAA€ThCsAs 3 o0jacTeld p — 1 N-TUMIB MPOBIAHOCTI, IO
MOCIiTOBHO YepTyIOThCs. Jlo HUX BIIHOCATHCS HACTYIIHI:



13

— JIIHICTOPH — JIOJHI TUPUCTOPH, a00 MEPEKITIOUATENbHI JTI0H, 110
HE KepPYIOThCS,;

— TPUHICTOPYU — MEPEKIIIOYaTEIbHI IO/, 110 KEPYIOTHCS;

— CHUMHCTOPH — CHMETPHYHI THPUCTOPH.

[Ipeamer nHamoro nocmipkeHHs — TpuHicTOp (puc. 3.1), skui
BMHUKAETHCS TIPH HANpy3i, MEHIIIN BiJl HAPYTH BBIMKHEHHSI JliHiCTOpA.

A +
L 2
Pa
— — S— iyrrp +
i n a
SRR S Y i
A 4 i
Py .
- )
K

Pucynok 3.1 — Yerpiii TpunicTopa

Jns 1pOro JOCTaTHRO Ha OAHY 3 0a3 MojaTH JONATKOBY HAINpPYTy
TaKMM YUHOM, 00 TMOJjIe, IO IM CTBOPIOETHCS, CIIBIAIAJIO MO HANPSAMY 3
MojieM aHoJa Ha KOJEKTOPHOMY Iepexoai. MoxHa MomaTH CTpyMm
KepyBaHHs Ha JIpyry 0asy, ajie JUid HbOTrO Ha KepyIouuil enekTpoj Tpeda
MoJaBaTH HAmpyry BiJ’€éMHOI TOJSIPHOCTI BiJHOCHO aHOAd, 1 TOMY
BIZIPI3HSIOTH TPUHICTOPH 3 KEPYBAHHSIM IO KAaTOAy Ta 3 KEPYBaHHSM IO
aHoLy.

Ha puc. 3.2 HaBenmeni ymoBHo-rpadiuni mno3naueHHs (YITI)
THPHUCTOPIB.
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pi | X K

a — JIiHICTOp; 6 — TPUHICTOP 3 KEPYBAHHSM 32 KaToJIOM; B — TPUHICTOP 3 KEpyBaHHIM 32
aHOJIOM; 1T — CHMHUCTOP, III0 HE KEPYETHCS; K — CHMUCTOP 3 KEPYBaHHSIM 32 aHO/IOM;
K — CHMHCTOp 3 KEPYBaHHSM 3a KaTOJIOM
Pucynok 3.2 — VI'TI tupucropis

VY BBIMKHEHOMY CTaHi MHaJiHHSI Hampyrn Ha TPHHICTOPI CKJIaJa€e
6mu3bko 1...2 B.

3.1 Ilopsaioxk BUKOHAHHSA POOOTH:

— Tepes BUKOHAHHSM JIAOOpaTOpPHOI pOOOTH CTYACHTH CaMOCTiiHO
MOBUHHI BUBYUTH METOJWYHI BKA3iBKM 1 MOBTOPUTH PO3JALT KypCy MPO
TUPUCTOPU;

— CKJacTH Tabmuio 3.1;

— 3i0paTu cxemy, puc. 3.1, 3 JKHUBJICHHSIM JDKEpeNa MOCTIHHOTO
CTpYMY, MiJKIIOYUTH THPUCTOP i HEOOXiHI yHIBepcallbHI OaraTorpaHu4Hi
MpHJIaIu;

— TCNS TepeBipKH CXEMH BHUKJaJadyeM, BBIMKHYTH JKUBJICHHS i
BUKOHATH 3aMipH la,Ua, Iy, Uy;

— mnobynysatu rpadiku la(Ua) i Iy(Uy), 3p0OUTH BUCHOBKH IIPO
MeXaHi3M MPOXOKEHHS CTPYMY 4epe3 TUPUCTOP;

— 3po0WTH 3BIT, 0 SKOrO BXOAWTH Ha3Ba JabopaTopHOI poboTw,
MeTa PoOOTH, CXeMa >KUBJICHHS, TaOJUI 3 EKCIIEPUMEHTAIBHUMU JITAHUMH,
rpadiky OTPUMaHMX 3aJIOKHOCTEH 1 BHCHOBKM, 3pOOJICHI 3a I[MMHU
rpagikamu.
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Tab6muns 3.1 — EkcriepyuMeHTalIbHI JaHi
Iy, A 0 0.5*10°° 1.5 %107

Ia, A
Ua,B

Tabmuns 3.2 — ExcriepumMenTainbHi gani mpu Ua = 0
Uy, B

Iy, A

Ra
D

)

o o
Pucynok 3.3 — [IpuHITUIIOBA €JIEKTPUYHA CXeMa JIUTSI 3HATTS XapaKTepPUCTUK TPHUHICTOPA

3.2 Bka3iBKH 3 TeXHIiKH 0e3leKH

VYci mepekirodeHHss B CXeMi BHUKOHYBATH TMPH  BiAKIIOYEHOMY
aBToMaTHYHOMY BuMHUKadi QF.

YiTko AOTpUMYBATHCh IHCTPYKIii 3 TEXHIKH O€3MeKH Ta MpaBHIl
BHYTPILIHBOTO PO3MOPSIKY.

3.3 KoHTpoJsbHi 3anuTaHHs

1. TlosICHATH TIPUHIMIIOBY PI3HULIIO MDX AIHICTOPOM, TPUHICTOPOM
Ta CHMHUCTOPOM.

2. TosicHuTH criocoOu BIAKITIOUEHHS THPUCTOPIB.

3. lllo M™Moxe cTaTu NPUYUHOIO CAMOCTIMHOrO  BKIIOYCHHS
THpHucTOopa’?
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4. Sk mO3HAYAIOTHCS Ta MAPKYIOTHCS TUPUCTOPHU?
5. Joxknaano nosicHiTh BAX TpHuHicTOpa.

JJABOPATOPHA POBOTA Ne 4
JOCJINXKEHHS ONMEPAIIIMHUX NIJCUTIOBAYIB

Meta po0dOTH: IOCTIINTH THIIOBI CXEMH BKIIIOUEHHS OIepalifiHhX
MiICKITIOBAYiB.

Oneparifinuii mijacuitoBady, 1110 Mae KaHa MiJCHJICHHS 3a OCTIHIM
CTPYMOM 1 3a0e31euye BUCOKY TOYHICTh BUKOHAHD JIHIMHHUX Ta HETIHIMHUX
MepeTBOPIOBaHb a00 (hOPMYBaHHSI aHAJIOIOBUX CUTHAJIIB.

Ha puc. 4.1 naBeneno YI'TI onepariiinux mijicuaroBadvis.

LRI
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U

a) 0)
a) 0e3 ToJaTKOBOTO 1MoJIst; 0) 3 mogaTkoBuUMH mossiMu: NC — BUBOIIU OallaHCYBaHHS,
FC — BuBomm wacrorHoi kopekuii; +U — BHBiI Hampyrs >XWBJIEHHS; * - BHBiJ, IO Hece
noriuny iHdopmartiro; OV- 3aransHuii iHpopManiHMIT BUBIJ; -~ - KOPITYC.
Pucynok 4.1 — VI'TI onepariiiaux mixcmmosauis (O.I1.)

IneanbHUi onepallifHuii MiACHITIOBaY Ma€e KOe(illiEHT MiJICUIICHHS 3a
HaNpyrolo, 110 NpsAMYeE 10 HecKiHdeHHOCTi (y peanbHux OIl BiH 3BHUaiiHO
nepesumiye 10°), mae Benukuit Bximamii (10° Om i Ginpmie) Ta Mammii
BuXijHMI (dacTku OM) oropwu.

OIl € oOcHOBHUMHU eNleMEHTaMH eNTeKTPOHHUX MPHUCTPOIB, HAPUKJIA],
aHaJIOTOBUX OOYHCIIOBAILHMX MAlIWH, JI€ BHKOHYIOTBCS anreOpaivHi
JOAaBaHHs, IHTErpyBaHHsS, AWQEpEHIIIOBaHHS Ta iHINI omepamii Hajg
aHaJIOTOBUMH BEIMYMHAMH.



17

4.1 Ilopsaioxk BUKOHAHHSA POOOTH:

— TIepel BUKOHAHHSM J1abopaTopHOi poOOTH CTYIEHTH IOBHHHI
CaMOCTIfHO BHMBUMTH METOJMYHI BKAa3iBKH 1 MOBTOPUTH PO3ILT KypCy
PO onepamiiHi miACHITIOBaYI;

— TpsIMi BKITIOYEHHS:

4.1.1 3ibpatu cxemy, pucyHok 4.2., mpu R1=1xkOm, R2=2 kOm,
R3=1 xOwm.

Pucynok 4.2-[IpuHnmmnoBa cxema ImpsMOro BKIIIOUSHHS OIepariifHOro MicHTioBada

a) OTPUMATH OCLUJIOTPaMy B TOUKax 3 i 4.
0)BusHauntH Koediuient mincunennst Ky=(1+R2)/R3
— IHBEpPTYIOYi BKIIOYECHHS:

4.1.2 3iOpatu cxemy, pUCyHOK 4.3.

a) OTPUMATH OCLWJIOrPaMy B TOYKax 2 i 3.

R1 @ R2

L :
Pucynok 4.3 — [IpuHImoBa cxema BKITFOUYCHHS ONIEPAIifHOTO IMiICHITIOBaYa, SKe

IHBEpTYETHCS

0)Bu3HaunTH Koediient migcunenns Ry=-R2/R1
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— cymarop

4.1.3 3i0patu cxemy, puCyHOK 4.4:

— OTPUMATH OCIUJIOTPaMy B TOUKax 2 i 4;

@

R1 R2 R

el

Pucynok 4.4 — IlpuHImnoBa cxeMa BKITIOYEHHS cymMaTropa

— CKJacTH 3BiT, M0 MICTHTh Ha3By poOOTH, I MeTy, CXeMH
BHUIIPOOYBaHb, 300pa3UTH OCIIMJIOTPAMH 1 HAJIATH IX aHaJIi3.

4.2 Bka3iBKH 3 TeXHIiKH 0e3leKH

VYci mepeMukaHHS y CXeMaxX BHKOHYBAaTH IIPH BUMKHEHOMY
aBToMaTHYyHOMY BuMHUKadi QF.

4.3 KoHTpPOJbHI MMTAHHS

1.0cHoBHi 3acTocyBanHs B cxemax 3 OIL.

2. 300pasutu OIl 3 70AaTKOBUMU MOJISIMU 1 JaTH TOSCHEHHS yCIM
HOro BUBOAAM.

3.Big saxux mapamerpiB O.I1. 3anexuth koedillieHT TOCHIICHHS?
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JIJABOPATOPHA POBOTA Ne §
BE3KOHTAKTHE TPAH3UCTOPHE
HAINIBITPOBITHUKOBE PEJIE

Mera pobGoTu: JOCTIDKYBaHHS CTaTHYHHUX  XapaKTEPUCTHK
HaMIBIPOBIIHUKOBOIO peie Ha TPaH3UCTOpax.

Pente — npuctpiif a1st aBTOMaTUYHOTO MEPEKITIOUCHHS CIEKTPUIHHUX
KiJl. Be3KOHTaKTHI eeKTpOHi pesie, BUKOHYIOThCS Y BHUIIIAI €eKTPOHHOL
CXEMH 3 JIBOMAa CTaHaMH CTiiikoi piBHOBaru. I[IpoxigHui omip KOTpHX
3MIHIOETBCSl TIPH BIUIMBI KEPYIOUOro CHTHaNly Bif 4acTok OM, 10 COTEHb
KOM. SIK aKTHBHI €JeMEHTH Y TAKUX CXeMax 3BHYallHO BHKOPHUCTOBYIOTh
TpaH3ucTopu abo THPUCTOpPH. BONOAIIOTE BHCOKOIO YYTJIHMBICTIO, Majo
iHepIifHi (X MBHIKICTH Ail TOCITa€ JACKUTLKOX HC) 1 TapHO0 HAIHHICTIO Y
po0orTi.

5.1 IlopsAanoKk BUKOHAHHS POOOTH:

— TMepel BUKOHAHHSM J1abopaTopHOi poOOTH CTYIEHTH IOBHHHI
CaMOCTIfHO BHMBUMTH METOJMYHI BKA3iBKH 1 MOBTOPUTH PO3ILT KypCy
PO ENEeKTPOHHI pere;

— 310paTH cxeMmy MiJCHIIIOBava 3 KOJICKTOPHUM 3BOPOTHIM 3B’ SI3KOM
i, 3SMIHIOIOYH BEIIUYHUHY OMOPY Rioc, JOCATHYTH PEICHHOI0 PEKHUMY pOOOTH
naHoi cxemu, puc. 5.1;

— eKCIHEpUMEHTAIbHO BU3HAYUTH 1 MOKa3aTW Yy BHUIIIAAL TpadikiB
3anexHicTh Ey cp Ta Ey otn BiJl HACTYIIHHX MTapaMeTpiB:

1) omip 3BOPOTHOTO 3B 513Ky Rroc;

2) ormip HaBaHTAXEHHS Ry;

3) Hanpyra sxuBjeHHs EK ;

— pe3yJbTaTH BUMIp 1 pO3paxyHKIB 3aHecTH y Tabmuii 5.1,5.2,5.3;

— CKJacTH 3BIT, IO MICTHTh Ha3By JabopaTOpHOI pPOOOTH, METy
poboTy, CXeMH BHIPOOYBaHb, TAOJUII 3 CKCIICPUMEHTAILHUMH JIaHUMHU.
Hanwmcaty, sk OTpuMaTH 3 TPaH3UCTOPHOrO MiJCHIIIOBaYa TPAH3UCTOPHE
HaMIBIPOBIIHUKOBE  peIe. [ToGynyBaTH rpadiku 3aJIeKHOCTI
Ey o f(Reoo); Ey ot f(Reoo); Ey cp f(Rw; Ey om f(Rw; Ey cp fEK);
Eyorn f(Ex) 1 HagaTH 1x aHami3.
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Pucynok 5.1 — Cxema 6€3KOHTaKTHOTO TPaH3UCTOPHOTO HATTIBIIPOBITHUKOBOTO pelie

Tabnuus 5.1 — Pe3ynpraTi BUMIpIOBaHb Ta PO3paxyHKiB

PesynbraTtu BUMiprOBaHb PesynpTaTu S
PO3paxyHKiB g
Rioe, | Eycp, | Eyorn, | Ex, R, Eycp, B =
oM B B B oM =
Tabnuus 5.2 — Pe3ynpraTi BUMIPIOBaHb Ta PO3paxyHKiB
PesynbTaTti BUMiproBaHb PesynbpraTn 5
PO3paxyHKiB %
R, | Eycp, | Eyorn, | Exk, Rroc, Eycp, | Eyorn, =
OmM B B B OM B B =
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Tabnuus 5.3 — Pe3ynpraTi BUMIpIOBaHb Ta PO3paxyHKiB

Pesynbratu Pesynbrati po3paxyHKiB
BHUMIpIOBaHb
Ex, | Eycp, | Eyorn, | Ikl | Bl | Ikl | Bl | ;51U c52, Eycp, | Eyorm,
B B B (H2) | (H2) | (O2) | (O2) | B B B B
mA mA

5.2 BkasiBKkH 3 TexHiKH 0e3leKH

VYci mepexnmoueHHS y CXeMax BHKOHYBAaTH IIPH  BiJAKIIOYEHOMY
aBToMaTHYyHOMY BuMHUKadi QF.

5.3 KoHTpoJbHi nUTAaHHS

1. Sx orpumath 3i CXEMH TPaH3UCTOPHOI'O MiJCHIIOBAaYa
TpPaH3UCTOPHE HAMIBIPOBITHIUKOBE perne?
2. Jaiite anamis 3anexxnocteil Ey cp f (Ru) 1 Ey ot f (Ru).

JJABOPATOPHA POBOTA Ne 6
BUITPOBYBAHHSA IBOKACKAJAHOI'O
TPAH3UCTOPHOI'O NI JCUJIIOBAYA

Mera  po0oTHM:  JIOCHIKEHHS  CTaTHYHHX  XapaKTEPUCTHK
JBOKACKaJHOI'0 TPAH3UCTOPHOIO MiICHUITIOBAYA.

[Mpuctpiii, mpu3HaYeHUI I MIICHICHHS E€NEeKTPUYHUX CHUTHAIIB,
HA3UBAETHCS ENEKTPOHHUM TincuimoBadeM. OCHOBHOIO KiacHQiKaliero
MiICHITIOBAYiB € Kiacu(ikallist 3a Jiara30HOM 4acTOT. IO MiJCHITIOIOTHCS

1. MigcunroBaui HU3bkoi yacrotu (ITHY) — giama3on dacror, mio
mipcrtororses Big 10 k['x go 100 kI

2. MigcuntoBaui Bucokoi uacroru ([IBU) — mianma3on vacror, 1o
nipcrtororses Big 100 k' ;o 100 MI1x.

3. IligcunroBaui noctiiiHoro crpymy (ITIIC) — MOXyTh TiICHITIOBATH
MOCTiIHHUI cTpyM 3 mianmazoHoM yacToT Bix 0 'y mo 100 k[

4. Immynbeni migcumoBadi (IIT) — mmpokocMyroBi iMImynbcHI — Ta
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Bimeo migcuioBaui. [Jianason yactoT — Bix 1 k[’ mo 100 kI

5. BubipkoBi ab0 pe30HaHCHI MiICKITIOBaYl — IPAIIOIOTh Y BY3bKOMY
Jiara3oHi 4acToT.

HamiBnpoBiqHUKOBHMI  MiJACHJIIOBaY  Ma€  BHUKOHYBaTHUCS  Ha
TPaH3UCTOPax THUIY P-n-p i n-p-n. Y 3aJeKHOCTI BiJ TOTO, IO €IEKTPOA
TPaH3UCTOpa € 3arajdbHUM TPU MiAKIIOYEHHI Kepywodoi Hampyrd i
HAmNpyrd  JKUBICHHS, PO3PI3HIIOTBCS CXEMH 3 3arajlbHUM EeMIiTepoM,
3arajibHOI0 0a3010 1 3araJbHUM KOJeKTOpoM. CxeMa 3 3arajibHUM eMiTepoM
(CIE) Bomomie AyXe BEIMKHM IMiJACHJICHHSM TIOTY)KHOCTI 1 TOMYy Mae
JOMiHYIOU€E 3aCTOCYBaHHS Y OE3KOHTAKTHHX EIEKTPHYHHX arapaTax.

6.1 ITopAaToK BUKOHAHHS POOOTH:

— 310paTH cxeMy IBOKAacKaJHOTO TPAH3HCTOPHOTO MifCHIIIOBAayYa 3
BiZICIYKOIO JIPYroro Kackaay i y3roJuTH ii 3 BUKJIaaadeM, puc. 6.1;

— EKCHEpUMEHTAILHO 3HATH 3aleKHICTh CTPYMY HaBaHTaXKEHHS
In f(Ey) i ctpymy mepmoro kackany Ik f(ly), pe3ynbraTd 3aHECTH Yy
Tabmuo 6.1;

— CKJacTd 3BIT, IO MICTHTh Ha3By JIabOpaTOpPHOI POOOTH, METy
po0OTH, CXeMU BUIIPOOYBaHb, TAONHII 3 OMUTHUMH JaHUMHU. [100yayBaTH
3anexHicts In f(Ey), Ik f(Iy) 1 060X cxeMm i HajaTH iX aHai3;

Tabnuus 6.1 — PegynpraTi BUMiproBaHb 6€3 3BOPOTHOTO 3B’ SI3KY

N | 1|23 45|67 |89 10|11 | 12
BUMipIOBaHHS]

Ey, B

Iy, A

In, A

— 310paTH cxeMy JABOKAacKaJHOTO TpaH3UCTOpa MiJCHIIOBaYa 3
BIICIYKOIO  JIPyroro Kackajay 3a JOHNOMOIOK [iofa 3 KOJIEKTOPHUM
3BOPOTHIM 3B’si3k0M, puc 6.2 (Ry=1 kOM Oinbpimii 3a omip HaBaHTAXKEHHS
Rue=80 Om);
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Pucynok 6.1 — Cxema TBOKacKa HOTO TPAH3UCTOPHOTO ITiICHITIOBaYa 3 3BOPOTHHM 3B’ SI3KOM

Rr=80 O

SZVDHE

ZSVDZ?E

2wlm

Pucynok 6.2 — Cxema IBOKacKa JHOTO TPAH3UCTOPHOTO ITiICHITIOBaYa BiJICIYKOIO IPYroro
KackaJy 3a JOHOMOTr o0 Jiozia
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— eKCHEepUMEHTANbHO 3HATH 3anexHicte [y f(Ey) i In f(Iy),
pe3yabTaTH 3aHECTH Y TaOIuIo 6.2;

Tabnuus 6.2-Pe3ynbTaT BUMIpIOBaHb 31 3BOPOTHIM 3B’ SI3KOM

N | 1|23 45|67 |89 10|11 | 12
BUMipIOBaHHS]

Ey, B

Iy, A

In, A

— 3po0HTH 3BIT, SIKUH MICTUTB: Ha3BY J1aOOpPaTOpHOi poOOTH, METY
pOOOTH, CXEMU JIOCIIJDKEHb, TAOJHII 3 eKCIIEpUMEHTaIbHUMH JTaHUMHU., [1o-
OyayBatu 3anexHicts [Hf(Ey) 1 Ikf(ly), s 000X cxeM Ta JaTH X aHalli3.

6.2 BkasiBkH 3 TexHikH 0e3nmeKu

Yitko mOTpUMYBaTHCS IHCTPYKLIi 3 TEeXHIKH Oe€3MeKH Ta MpaBHIl
BHYTPILIHBOTO PO3MOPSIKY Y JTabopaTopii.

6.3 KonTpoJabHi 3anuTanHs

1. Sk knacugikyroTscs miacHIOBa4i?

2. o Take yacToTHa XapaKTEpUCTUKA MiCHIIIOBaYa?

3. Ulo Take mmpHHA CMYTH MPOMYCKaHHs MiCHIIIOBavYa?

4. o Take uiHiliHE Ta HemiHiiiHe (a30Be BUKPUBIICHHS
migcunoBaya’?

5. 1o o3Hauae kackajHe 3’ €JHAHHS IiACHIIOBAYIB?

6. SlkuMum  mapaMeTpaMHd  XapakTepH3YIOTbCA  MiJACHIIIOBadi
MOTYXHOCT1?

7.  Slki mepeBaru Ma€ IBOTAKTHHUM MiJICHITIOBAY?
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JJABOPATOPHA POBOTA Ne 7
JOCJIIAXKEHHSA MEXAHI3ZMY ITPOBOIO B JIOJAX

Meta podOTH: JOCIIDKCHHS CTATUYHUX XapaKTEPUCTHK MPOOOIO B
Jionax.

[lpu 3HAayHOMY 3BOPOTHOMY 3MIlllEHHI Ha p-N TEPEXOdi Mepexin
MOXE «IIPOOHBATHUCS 1 Yyepe3 HbOro OyJie MPOTIKaTH AyKe BEIUKUN CTPYM.
BigoMo Tpu OCHOBHHMX BHIHM MEXaHIi3My MPOOOIO: TEIUIOBHM, TyHENbHUH,
JIABUHHUMA. [[si KOXKHOTO 3 IMX MEXaHi3MIB 3HAYEHHS HANpPyTd MPOOOI0
Unp xapakTepu3yeTbCsi 3aJIOKHICTIO BiJ IIMPUHU 3a00pOHEHOT 30HU
HAMIBIPOBIIHUKOBOIO  MaTepially  JioAy, a TakoX  CIenudikor
TEMIIEPATYPHOT 3aJISKHOCTI.

JlaBuHHMIT mpoOil € xapakTepHUM Ui JTIOJIB, BUTOTOBJICHUX 3
HaMIBIPOBIHHUKIB 3 BEIMKOI HIMPHHOIO 3a00poHEHOi 30HU. YuM Oinbiie
MUTOMHIA  OMIp BHUXIHOTO HAMIBIPOBIAHWKA, THUM Oilblle NpoOMBHA
Hampyra JIioAiB.

B miomax Ha OCHOBI CHJIBHO JIETOBAaHOTO HANiBIPOBIIHHKA
BinOyBa€eThCs TyHENBHUH Mpo0ilt, mpu nboMy Unp < 6B.

TennoBuit mnpobii — mnpobid, PO3BHTOK SKOrO OOYMOBJIEHO
BUJIUJICHHSIM TEIUIOTH TPHU MPOTiKaHHI cTyMy. 3BopoTHa BAX miomy mpu
bOMY HaOyBa€e BUTIISA S — 00pa3HOi KpUBOL

7.1 IlopsAT0OK BUKOHAHHS POOOTH:

— CKJIACTH CXeMY 3TiiHO puc. 7.1;

— MPOKATIOpyBaTH MIKATYy €KpaHy ociwiorpada muisXoM HaJaHHS
Ha 3aXHM X-Y BiIOMOro CHTHAIy 3BYKOBOTo renepartopy 3/

— 3MIHIOIOYH BETMYWHY cUTHaNy 3/, crocrepiraTd BHJ 3BOPOTHOI
BAX i Bumipsatu Unp;

— CKJIacTH 3BIT, IO MICTUTHh Ha3By pOOOTH, METy poOOTH, CXeMy
BUIPOOYBaHb, aHANI3 MTOKa3aHb ocHuIorpada.
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1- 3ByKOBHII TeHepaTop; 2 — ociorpad; X — BUBIJ] JO TOPU30HTAIBHNX TUIACTHH
ocrworpada; y — BUBiJ] IO BEPTHKAITGHHUX IUIACTHH.
Pucynok 7.2- Cxema BUMipIOBaHHS TPOOMBHOI HALIPYTH

7.2 Bka3iBKkH 3 TeXHIKH 0e3leKu

VYci miAKIIoYeHHS B CXEMi PETENbHO IMEPEeBIPUTH 3a JIOMIOMOIO0
BUKJaa4a. Jloaep:KyBaTuch IHCTPYKIIi 3 TEXHIKH OE3MEKH.

7.3 KoHTpoJIbHI 3aniuTaHHS

1. Ilo o3Havae npobili B HAMIBNIPOBIAHUKAX?
2. Sxwuii BUA Ipo0OI0 € 000POTHUM, a SIKHi — HEOOOPOTHUM?
3. Slkuii BUI Ipo0OI0 BUKOPUCTOBYETHCS B CTaOUTITpOHAX?
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