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51.0.02.04 «9neKTpOoTeXHUKa U JIeKTPOHUKa>»
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HarnpasJiIeHNO NOAr0TOBKM (cneunanbHocTH) 18.03.01 XuMuueckasa TEXHOJIOIUA, YTBEPXKAEHHOIO NPUKa3oM
MuHucTepcTBa 0bpasosaHua 1 Hayku PO oT Ne 922 o1 07.08.2020 1 cooTBeTCTBYIOLEro y4ebHOro niaHa.
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(PUO, cTeneHb, y4eHoe 3BaHMe)

3aBenyoLni BeiNyCKatoLlen Kadpenpon

(®UO, cTeneHb, yyeHoe 3BaHue)
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1. MNepeyeHb NnaHUpyeMbIX pe3ynbTaToB 00y4eHUs Nno gucuunamHe (Moaynio),
COOTHECEHHbIX C NJaHUPyeMbiMU pe3ysibTaTaMu 0CBOeHUA obpa3oBaTeNbHOM

nporpamMmmabl
Pe3ynbTaTbl 00y4eHus
HaumeHoBaHue (3HaTb, yMeTb, BnapeThb,
Kop n Kop, u HanMeHOBaHue
KaTeropum COOTHECEeHHbIe C
HaMMeHoBaHue MHOMKaTOpa JOCTUXXEHUSA
(rpynnbi) MHOUKaTOpaMu
. KOMMNeTeHuuu KOMMNeTeHuuu
KOMNeTeHU ! DOCTUIXKEHUSA
KOMNeTeHLUHU)
O6LenpotheccnoHanbHble KOMMEeTEeHL MM
ONK-2 CnocobeH
Ncnonb3oBaThb
OlK-2.1 cnonb3yeTt
MaTeMaTunyeckue,
MaTeMaTunyeckue,
(punsmyeckne,
bU3Ko- pnsnyeckne, pusnko-
MpoeccnoHanbHas XMMUYeCKne, XumMmmnyeckune
XuMmyeckue,
MeTOA0/10rns MeTOoAbl 4N15 pelleHns 3aaa4
Xummyeckmne .
npogeccrnoHanbHON
MeTo4bl AN4 y
LeATesIbHOCTU B XUMUYEeCKON
pelieHmsa 3agay
. | TexHoNOrMN
npogeccnoHaibHON
LeAaTesIbHOCTY

2. MecTo gucumnnautdbl (Moayns) B CTPyKType obpasoBaTesnibHOW NPOrpaMMmbl

MecTo gucumnanHbl (Mofyns) B CTPYKTYpe obpa3oBaTeNbHON NporpaMMbl: obsa3aTenbHas 4acTb

Kop,
KoMn
eTeH

1717

MpepwecTBylowune
OVUCLUNIUHBI

MapannenbHo ocBaMBaeMble
OUCLLUTMJIUHDI

nOCJ'IeAYIOLI.I,VIe AUCUUNJINHBI

OnK-

BeBegeHne B MHPOPMaLNOHHbIE
TexHosiorum; MatemaTuka;
O6Las N HeopraHUYecKas XMMus;
OpraHnyeckas xumms; OCHOBbI
XUMUYECKOro
MaTepuanoseneHuns; ®rsnka

AHanuTn4eckas xmMumsa n pusnko-
XMMUYeCKne MeToabl aHan3a;
MaTemaTunka; OpraHnyeckas
xumMuns; OCHOBbI TEXHUYECKOr0
peryvpoBaHns 1 yrnpasieHns
Ka4yeCcTBOM

AHanuTn4eckas XxmMumsa n Pu3nko-
XUMMYeckne MeToabl aHasn3a;
VIHCTpyMeHTaNbHble MeToabl
XMMmU4eckoro aHanusa; Katanus s
XUMUYECKON TEXHONIOTW;
KonnongHas xuMus;
MaTepuranbHble U TEMJ0BbIE
pacyeTbl; [MoAroToBKa K
npowenype 3aWwunTbl K 3alLUTa
BbIMYCKHOW KBaJIMPUKALNOHHON
paboThl; MpukIagHasa MEXaHUKA;
YyebHas npakTukKa:
TexHonornyeckas (MpoeKkTHo-
TeXHO/I0rn4yecKas) NpakTmka

3. 06beM aucumMnamnHbl (MoAaynsa) B 3a4eTHbIX € AUHULLAX C YKa3aHMeM KoaiM4yecTBa
aKajeMU4yeCcKUX YacoB, BbiAeJ/IeHHbIX HA KOHTAKTHYIO paboTy oby4yalowuxcs ¢
npenopasaTesieM (No BUpaM y4eOHbIX 3aHATUMMA) U HA CAMOCTOATEJIbHYIO paboTy

obyyarowmxcs

Bup yuebHon paboTbl

3 ceMmecTp
Bcero yacos
yacos /
/ YyacoB B
. 4yacoB B
3/1IeKTPOHHOM .
3/1IeKTPOHHOM
¢dopme
¢dhopme




AyauTopHas KOHTaKTHas paboTta (Bcero), 48 48
B TOM 4unCe:

JNabopaTopHble paboThl 16 16
JNlekuunn 16 16
[pakTn4yeckne 3aHATUS 16 16
CamocTosaTenbHas paborta (Bcero), 24 24
B TOM YunCe:

NoAroToBKa K labopaTopHbIM paboTam 12 12
NoAroTOBKa K NMPaKTUYECKUM 3aHATUAM 12 12
NToro: yac 72 72
WUToro: 3.e. 2 2

4. Copep>XaHue aMcuUMNAuHbI (MOayns), CTPYKTypupoBaHHOe no TeMaM (paspenam),
C YKa3aHuWeM OTBeAeHHOro Ha HUX KOJInYecTBa aKkaaeMU4eCKuX 4YacoB U BUJ,0B
y4eOHbIX 3aHATUN

Bupbl yuebHOM
Harpysku u ux
Ne
: HauMeHoBaHMWe pa3gena AUCLUNIMHDI TPYAOEMKOCTb, Hachl
paspena
n3|np|n3|cpc|Beere
Yyacos
1 JINHeNHbIe aNeKTpUYeckKme Lenm NocToAHHOro Toka 61616 9 27
2 dneKTpuyeckne Lenm ogHoa3Horo CUHyCconaanabHOro Toka 6| 6] 6 9 27
3 OCHOBbI 3N1EKTPOHUKN 4 14| 4 6 18
Nroro| 16| 16| 16| 24 72
4.1 Copep>xaHue NIeKLNOHHbIX 3aHATUHI
KonuuecTtBo
Ne HauMeHoBaHMe Copep>xaHue neKuum yacos /
Tema nekuum (mepeyeHb ONOAKTUYECKNX €ANHNLL: 4acoB B
3aHATUA pasgena y
paccMaTpyBaeMbIX MOATEM, BONMPOCOB) | 3/IeKTPOHHOM
chopme
3 cemecTp
JInHenHble JInHenHble
3NeKTpUYeckmne 3NeKTPUYeckmne .
3)1eKTpVI‘-IeCKaF| Lenb n ee 31eMeHThbl.
1 uenmu uenmu 2
3akoH Oma fJia yvacTtka uenu ¢ 3[C.
NMOCTOSIHHOI O NMOCTOSIHHOT O
TOKa ToKa.




JInHenHble

3NIeKTpUYecKkune
y enn
JInHenHble H
MOCTOAHHOI O y
3JIeKTpuyeckue ToKa. PacyeT MeToL ypaBHeHUn Knpxroga. Metoz
uenm ) Y310BbIX MOTEeHUManoB. Metog 2
CNOXHbIX
NOCTOSIHHOT O KOHTYPHbIX TOKOB.
3JIEKTPUYECKNX
TOKa y
uenew
NMOCTOSHHOT O
TOKa.
JInHenHble
NeKTpuyeckmne
y uenm
JinHenHble
NMOCTOSIHHOI O MeToL HaNloXeHUsA. IKBUBaNEHTHOE
NeKTpuyeckmne
ey Toka. PacyeTt npeobpa3oBaHne TPeYrobHMK. 7
HOCTOSHHOMO CJTOXKHbIX MacCMBHbLIN N aKTUBHbIA ABYXMOMOCHUKMN.
ToKa 3NEeKTPUYECKMX MeTo[n 3KBMBaNEHTHOrO reHepaTopa
uenen
NOCTOSAHHOI 0
TOKa.
3aKOH 3N1EeKTPOMArHUTHOW UHAYKLNN.
MonyyeHune cnHycongansHon SMC.
dnekTpu4eckune dneKTpuyeckne | XapakTepuCTUKM CUHYCOMAANbHbIX
uenm uenm Benn4mH. O6o3Ha4YeHNs B Lensx
0ZHOha3HOro 0ZHOha3HOro NnepemMeHHoro Toka. [lencreytollee 2
CMHYCOMAANIbHOrO | CUHYCOMAAbHOrO | 3HaYeHne NepemMeHHOro ToKa.
TOKa TOKa. MpencTaBieHne CUHyCOUAaNbLHON
(PyHKLMM BpEMEHM BpaLLaloLLumMcs
BEKTOPOM. BeKTopHble Anarpammei.
MpencrassieHne CUHYyCcoOMOanbHbIX
dNeKTpu4eckme dneKTpuyeckmne QYHKLMI BPEMEHN KOMMIEKCHBIMU
uenm uenm yncnamu. Cnocobbl 3agaHmns
0ZHOa3HOro 0ZHO(a3HOro CUHYCOMOANbHOro TOKa. 3aKOHbI 2
CMHYCOMAaJIbHOro | CUHyCcoMaanbHoro | Kupxrodga B Lensax CMHyconganbHoro
TOKa TOKa. TOKa. MeToabl pacyeTa uenen
CUHYCOMAOaNbHOro ToKa
MoHATNe 06 aKTUBHOM COMPOTUBIEHMNMN,
CunHyconaanbHbI TOK B aKTUBHOM
conpoTtusaeHnn. CaMonHIOYKLNS.
dnekTpu4eckune dneKTpuyeckmne y
e e NHoYKTMBHOCTL. CHYCOMaanbHbIN TOK B
NHAYKTUBHOCTW. CMHYCOMAANbHbIA TOK B
0ZHO(a3HOro 0ZHOa3HOro . 2
eMKOCTW. MMaCcCMBHbIN LBYXMNOJIIOCHUK B
CMHYCOMAANbHOrO | CUHYCOMAaJIbHOrO
Lenn CUHYCoMaanbHOro ToKa.
TOKa TOKa.
SKBMBaJIEHTHbIE COMPOTUBNIEHNS U
NPOBOAMMOCTN. Pe30HaHChI B
3JIeKTPUYECKUX Lensax.
MonynpoBoAHMKOBLIE AMOAbI,
CTabunnTpoHbl. OCHOBHbIE NapaMeTpbl,
OcHoBbI OcHoBbI BAX. bunonsipHble TpaH3UCTOPSI. 7
3JIEKTPOHUKM 3JIEKTPOHUKMN. YHUNONSpHbIE TPAH3MUCTOPSI.
OnHonepexofHble TPaH3nCTopbI.
TupucTopsl.
Ycunnunutenn. Knaccnpukaums,
OcHoBbI OcHoBbI OCHOBHbIe NapameTpbl. MpuHLKUN paboThbl 7
3JIEKTPOHUKM 3JIEKTPOHUKMN. 1 NOCTpoeHmns. Buabl 0bpaTHbIX CBA3EN B
ycunuTene.
WToro 3a cemecTp: 16
Utoro: 16




4.2 Copep>xaHue nabopaTopHbIX 3aHATUM

Konuyectso
TeMma Cogep>xaHue nabopaTopHOro 3aHATUA Yacos /
Ne HaumeHoBaHue
nabopatopHoro (nepeyeHb AMOAKTUYECKUX eAUHNLL: 4acos B
3aHATUA paspena .
3aHATUA paccMaTpuBaeMbIX MOATEM, BOMPOCOB) | 3/1IeKTPOHHOM
cdopme
3 cemecTp
OnuncaHne cxemsbl Lienn. PacyeT TOKOB
JInHenHble . BETBEN MeTOA0M 3aK0HOB Kupxroda.
JInHenHasa uenb C -
INeKTpuyeckune MoLwHOCTb, NnoTpebnsemas HarpysKkom un
OBYMS UCTOYHMKAMM .
1 uenmu 6anaHc MowHoCTen. NMoTeHuManbHas 2
NOCTOSAHHOI O
NOCTOAHHOI O HanDSOKEHS AvarpaMMma KoHTypa. lNposeneHune
TOKa P ' BUPTYasibHOr0 3KCNepUMeHTa B cpefe
Multisim.
JInHenHble y
®opMMpoBaHMe pacyeTHOW CXeMbl Lenu.
3NIeKTpuYeckme
) Lenu Pa3BeTB/ieHHas Lenb | PacyeT cxeMbl Lieny MeToA0M Y3/10BbIX )
NOCTOAHHOr 0O TOKaA. Hanps>xeHui. MpoBeaeHne BUPTYasibHOMo
NMOCTOAHHOI O L
sKcrneprMeHTa B cpene Multisim.
TOKa
JInHenHble AKTUBHbI ®opMuMpoBaHMe pacyeTHOW CXeMbl Lienu.
3NIeKTpUYeckme PacyeT cxeMmbl LLenu MeToaoM
LBYXMNOJIOCHUK B
3 uenu 3KBMWBAJIEHTHOr0 reHepaTopa. 2
Lenu NoCTOAHHOro
NMOCTOAHHOI O TOKa MpoBeneHne BMPTYyasbHOro
TOKa ' aKCnepuMeHTa B cpene Multisim.
PacyeT MHOYKTUBHbLIX N EMKOCTHbIX
dnekTpuyeckne o
e Hepa3BeTB/IEHHbIE conpoTueaeHuin. OnpegeneHune yrnia
enu cfiBura as Mexzay TOKOM n
4 04 HOMa3Horo H A ® Ay 2
CUHYCOMLaNbHOr0 Hanps>xeHueM. MNpoBefeHne
CYHYyCOMLanbHOro
TOKa. BUPTYasibHOr0 3KCNEepUMeHTa B cpefie
TOKa .
Multisim.
PacyeT napameTpoB 3KBMBANIEHTHOI O
dnekTpuyeckne
LABYXMNOJIIOCHUKA. lNonyYeHne
uenm Pa3BeTB/IeHHas Lenb
ocuMnIorpaM Hanps>KeHnsa 1 Toka npu
5 0ZHO(A3HOro CUHYCOMNAaJIbHOTO . c 2
3a4aHHON N YBOEHHOW YacToTe.
CYHYCOMLanbHOro | TokKa.
ToKa MpoBefeHne BUPTYyasibHOro
sKcnepuMeHTa B cpene Multisim.
dneKTpuyeckme
uenm Pe3oHaHChl B Lensax | Pe30HaHC HanpsXeHui. Pe30HaHC TOKOB.
6 04 HOMa3HOro CMHYCOUAANbLHOro lpoBeneHne BUPTYasibHOrO 2
CMHYyCOMIanLHoOro | Toka. 3KcrneprvMeHTa B cpefe Multisim.
TOKa
MonynpoBOLHMKOBbLIE ANOAbI.
OCHOBbI MonynpoBoaHuKoBble | CTabunntpoH. Tupnctop. CHaTne BAX
7 SNEKTPOHIKM avop, ctabunutpoH | amopda u ctabunutpoHa. MNposeneHne 2
N TMPUCTOP. BUPTYasibHOr0 3KCNEepUMeHTa B cpefie
Multisim.
Ha3HavyeHune 1 napaMeTpbl 3IEKTPOHHbIX
y ycunmTenen. Ycunutenn Ha bunonspHbix
MpocTenine .
OcCHOBbI TPaH3UCTOPax. IMUTTEPHLIN
8 TPaH3UCTOPHbIE . 2
3JIEKTPOHUKN ey nosTopuTesb. AuddepeHumanbHbIn
y ' ycunutenb. NMpoBefeHne BUpTyanbHOro
3KCnepuMeHTa B cpefe Multisim.
WToro 3a cemecTp: 16
UToro: 16




4.3 Copep>XaHue NpPaKkTUYeCKUX 3aHATUH

Konuyectso
Ne HauMeHoBaHMe Tema Copep>XaHue NPaKTUYeCKOoro 3aHATUA yacos /
3a|-m—1'm| aspena NpPaKTU4YeCKoro (mepeyeHb AMOAKTUYECKUX € ANHNLL: Yyacos B
P 3aHATUA pacCMaTpMBaeMbIX MOATEM, BOMPOCOB) | 3NEKTPOHHOM
cdopme
3 cemecTp
OnucaHne cxemsbl Lenun. PacyeT TOKOB
BETBEN MeTOA40M 3aKOHOB Kupxroda.
JInHenHble JMHeitHas Lenb ¢ MouHocTb, noTpebnseMas Harpy3kon un
3NIeKTpUYeckme 6anaHc MowHocTew. MoTeHUmManbHas
OBYMS UCTOYHMKAMM
1 uenm AnarpamMma KoHTypa. BbinosHeHne 2
NOCTOSAHHOI O -
NOCTOAHHOI O HarDSHKEHNS HeobXx0AMMbIX PaCYETOB 1 MOAr0OTOBKA
TOKa P ' NCXOAHbIX AAHHbIX Mepefn NpoBefeHNEM
BUPTYasibHOr0 3KCNepuMeHTa B cpefe
Multisim.
DOopMUPOBAHME PACHETHON CXEMbI LIEMMN.
JInHenHble PacyeT cxeMmbl Lenn MeTo40M Y3/10BbIX
aNIeKTpUYeckme Hanps>KeHW. BeinoNHeHne HeobxoaAnMbIX
Pa3BeTBJsIeHHas Lenb i
2 uenm pacy4€ToB 1 NOArOTOBKA UCXOLHbIX 2
MOCTOSAHHOIO TOKa.
MOCTOSIHHOI O LaHHbIX Nepeq NpPoBeAEHNEM
TOKa BUPTYaslbHOr0 3KCNepuMeHTa B cpefie
Multisim.
®opMMpPOBaHME PacHeTHOW CXeMbI Lienu.
JINHeNHble AKTUBHbIA PacyeT cxembl Lenu MeToaoMm
3NIeKTpUYeckme 3KBMBAJIEHTHOr0 reHepaTopa.
OBYXMOJIOCHWK B .
3 uenm BbinonHeHe HeEObX0AMMbIX PACYETOB 1 2
Lenn NoCTOSHHOro
NOCTOAHHOI O ToKa NoAroTOBKA UCXOOHbLIX AAaHHbIX Nnepeg
TOKa ' NpPOBeEHNEM BMPTYasIbHOIro
sKcrneprMeHTa B cpene Multisim.
PacyeT MHOYKTUBHbLIX N EMKOCTHbIX
SneKTONYECKME conpoTueaeHnin. OnpegeneHune yrnia
Lenm P Hepa3BeTB/ieHHbIE cABura a3 Mexzay TOKOM 1
uenu Hanps>XeHnem. BoinosHeHne
4 04 HOMa3Horo . 2
CHHYCOMAANBLHOMO CMHYCOUAANbHOro HeobXx0aMMbIX PAaCcYETOB 1 MOAr0TOBKA
TOK;’ TOKa. NCXOOHbIX AaHHbIX Nepen npoBeneHneM
BUPTYaslbHOr0 3KCNepUMeHTa B cpefie
Multisim.
PacyeT mapaMeTpoB 3KBMBANEHTHOIO
SneKTONYECKME LABYXMNOJIIOCHUKA. MNonyyveHne
P ocUMNNorpam Hanps>KeHNs 1 ToKa npu
uenu Pa3BeTBsIeHHas Lenb . °
3a[laHHON 1 YOBOEHHOWN YacToTe.
5 oA HOMa3Horo CMHYCOUAANbHOro . 2
BbinonHeHe He0bX0AMMbIX PACYETOB 1
CYHYCOMLanbHOro | ToKa.
ToKa NOAroTOBKA UCXOOHbLIX AAaHHbIX Nnepeg
NpOBeEHNEM BMPTYasIbHOIro
sKcrneprmMeHTa B cpene Multisim.
dnekTpuyeckne Pe3oHaHC Hanps»XXeHUn. Pe30HaHC TOKOB.
uenmu Pe3oHaHChl B Lenax | BoinonHeHne HeEOOX0AMMbIX Pac4ETOB 1
6 0ZHOha3HOoro CUHYCOMpalIbHOro MoOAroTOBKa UCXOLHbIX AaHHbIX nepen 2
CMHYCOUAANbHOrO | TOKa. npoBeAeHNEM BUPTYaJIbHOrO
TOKa 3KCnepumeHTa B cpefe Multisim.
MonynpoBOAHUKOBbLIE AUOAbI.
CtabunuTpoH. Tupuctop. CHATne BAX
OCHOBbI MonynpoBOAHMKOBLIE | AMoAa 1 CTabunuTpoHa. BoimonHeHne
7 S TIEKTDOHUK anog, ctabunntpoH | HeobxoAMMbIX PaCHETOB 1 MOArOTOBKA 2
P n TMPUCTOP. NCXOAHbIX AAHHbLIX Nepen NpoBefeHneM

BMPTYaJIbHOr 0 3KCMEepUMeHTa B cpefe
Multisim.
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Ha3Ha4vyeHune 1 napaMeTpbl 3IEKTPOHHbIX
ycunmTenen. Ycunutenn Ha bunonspHbix
TPaH3UCTOPaXxX. SMUTTEPHbIN

OCHOBb! MpocTenwne nosTopuTens. AuddepeHumanbHbli
8 S NEKTDOHUKY TPaH3UCTOPHbIE yCUANTENb. BbiNoNHeHNe HeobX0AMMBbIX 2
P yCcuanTenu. PacyYéToB 1 NOArOTOBKA UCXOAHbIX
OaHHbIX nepepn nposeneHneMm
BMPTYasIbHOrO 3KCMepMeHTa B cpefe
Multisim.
WToro 3a cemecTp: 16
UToro: 16
4.4. Copep>XaHue CaMOCTOATeNIbHOMU PaboThbl
Bun Copep>XaHue CaMOCTOATEJIbHOM
HaumeHoBaHue - paboTbi KonuyectBo
CaMoCTOATEeJIbHOM
pa3sgpena paboTkl (NepeyeHb OMOAKTUYECKMUX e ANHNLL: Yyacos
paccMaTprBaeMbIX NOATEM, BOMPOCOB)
3 cemecTp
CamocToaTenbHasa paboTa c iMTepaTypon
MNMoaroToBKa K
N NHPOPMALMOHHLIMK pecypcamm B
NPakTU4YeCKnM
Lensx n3y4yeHmsa TeopeTn4eckoro
y 3aHATMAM MO " .
JInHenHble a3gen MaTepuana no temam pabot "JinHenHas
aNIeKTpUYECcKme Lienm Pﬂmeﬂible uenb ¢ ABYMS UCTOYHUKAMUN NOCTOSHHOIO 6
MOCTOSIHHOIO TOKA Hanps>xeHusa", "Pa3BeTBNeHHas Lenb
3JIeEKTpUYEcKue - .
NOCTOSAHHOIO ToKa", "AKTUBHbIN
Lenm noCToSHHOro
ToKa" OBYXMOJIIOCHUK B LLENW NOCTOAHHOM0
' TOKa".
CamocTosaTenbHas paboTa c nMTepaTypon
MoaroToBKa K N MHOOPMALIMOHHBIMK pecypcamMun B
nabopaTopHbIM Lensax n3yyeHus TeopeTnyeckoro
NMHERHbIe 3aHATUAM MO MaTepuana no temam pabot "JinHenHas
pasgeny Lenb C ABYMS NCTOYHUKAMU MOCTOSAHHOIO
3JIeKTpUYEeCcKune Lenm o . - 3
JInHenHble Hanps>xeHusa", "Pa3BeTBneHHas Lenb
NMOCTOAHHOI O TOKa wo -
3/1eKTpMyeckme NMOCTOSAHHOrO ToKa", "AKTUBHbIN
Lenu NoCTOSAHHOroO | ABYXMOIIOCHUK B LLenn NOCTOSAHHOI0
TOKa". ToKa". BbimosHeHMe OTYETOB MO
3aBepLUEHHbIM paboTam.
CamocToaTenbHas paboTa C IMTepaTypon
MoaroToBKa K
N NHPOPMALMOHHBIMUK pecypcamu B
NpaKTUYeCKmum
Lensax n3yyeHus TeopeTnyeckoro
3aHATMAM MO
DNeKTpu4eckme Lenu asnen MaTepuana no temMam pabot
ofHOa3Horo p y "Hepa3BeTBJIeHHbIE Lenu 6
dneKTpuyeckmne "
CUHYCOMIanbHOro ToKa CUHYCOMOaNbHOIro ToKa",
uenu ofHogasHoro |
Pa3BeTB/IeHHas Lienb CUHYCOUOANbHOIO
CUHYCOMTANbHOIO W
ToKa" Toka", "Pe30HaHChl B Lensax

CUHYCONTANbHOIr0 TOKa".




3)'IeKTpI/I‘-IeCKI/Ie Lenn

[MoaroToBKa K
nabopaTopHbIM
3aHATMAM MO

CamocToaTenbHas paboTa c nMTepaTypom
N NHOPMALMOHHBIMK pecypcamu B
Lensx n3y4yeHma TeopeTnyeckoro
MaTepuana no temMam pabot

pasgeny "Hepas3BeTBJieHHbIE Lenu
oL HO(ha3HoOro o " 3
CUHYCOMAANLHOMO TOKA dneKTpuyeckme EMHycomnaanoro ToKa",
uenu ogHogasHoro | "Pa3BeTBneHHas Lenb CUHYCOUAANbHOTO
CUHYycomZanbHOro | Toka", "Pe3oHaHChbl B Liensax
TOKa". CUHYCOMIanbHOro Toka". BeinonHeHne
OTYETOB MO 3aBePLUEHHBLIM paboTam.
CamocTodaTenbHas paboTa C MTepaTypon
MoAroToBka K N MHOOPMALMOHHBIMK pecypcamm B
NpakTUYeCcKnum Lensx nsyyeHmsa TeopeTnyeckoro
OCHOBbI 2N1EKTPOHUKMN 3aHATUAM MO MaTepuana no Temam pabot 4
pasgeny "OCHOBbI “IMoslynpoBOAHNKOBbLIE ONOL,
3JIEKTPOHUKMK". CTabunnTpoH n Tnpuctop", "MpocTtenwwimne
TPaAH3UCTOPHbIE ycunmtenn".
CamocToaTenbHas paboTa C IMTepaTypon
N MHOPMALMOHHBIMUK pecypcamm B
MoaroToBka K Lensx n3yyeHusa TeopeTnyeckoro
nabopaTopHbIM MaTepuana no Temam pabot
OCHOBbI 2N1EKTPOHUKN 3aHATUAM NO “TMoslynpoBOAHNKOBbLIE ONOL, 2
pa3zgeny "OcHoBbl | cTabunnTpoH n Tupnuctop", "Mpoctenwme
3/1IEKTPOHUKN", TPAH3UCTOPHbIE ycunmtenn".
BbiMnonHeHne 0TYETOB MO 3aBEPLUEHHLIM
paboTam.
Wtoro 3a cemecTp: 24
WToro: 24

5. MepeuyeHb y4eOHOW NnuTepaTtypbl M yuebHO-MeTOAUYECKOrO obecneyeHus no
AucuunnuHe (Mmopynio)

Pecypc HTb
Ne Bbubnuorpaduueckoe onucaHue CamrTy
n/n P (3BC CamrTY,
IPRbooks n 1.4.)
OcHoBHag nnTepaTypa
TeopeTuyeckme 0CHOBbI INEKTPOTEXHNKIN B NpUMepax 1 3agadvax. YacTs 1.
1 JINHeNHbIe aneKTpnYecKme Lenm nocTosHHOro Toka; Hosocnbunpckmm DNEKTPOHHBIN

rOCYAapCTBEHHBIN TeXHUYeCKni yHuBepcuTeT, 2011.- Pexxum gocTyna:
https://elib.samgtu.ru/getinfo?uid=els_samgtu||iprbooks||45172

pecypc

Pexxum poctyna:

TeopeTunyeckme 0CHOBbI I1EKTPOTEXHMKIM B NpUMepax 1 3agavax. HYacTb 2.
JINHenHbIe INeKTpUYecKme Lenm ogHoMasHoOro CMHYCOMAaNbHOro TOKa;
2 | HoBocmbupckmii rocygapCTBEHHbIN TeXHMYeCKun yHusepcuteT, 2009.-

https://elib.samgtu.ru/getinfo?uid=els_samgtu||iprbooks||45173

DNEKTPOHHBIN
pecypc

DNIeKTPOTEXHUKA U NIeKTPOHMKA; benropoAckuin rocyaapCTBeHHbIN
3 | TexHonoruyeckun yHnsepcuteT um. B.I'. Lyxosa, 96C ACB, 2015.- Pexxum
poctyna: https://elib.samgtu.ru/getinfo?uid=els_samgtu||iprbooks||66690

DNEKTPOHHBIN
pecypc

[lononHuTenbHas nnTepaTypa
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FannmoBa, A.A. ObLwas 3N1eKTPOTEXHNKA N OCHOBbI 3NIEKTPOHUKMN :
yyeb.nocobue / A. A. lanmmoBa; Camap.roc.TexH.yH-T.- Camapa, 2010.- 55

DNEKTPOHHbIN

4 C..- Pexxum poctyna: pecypc
https://elib.samgtu.ru/getinfo?uid=els_samgtu||elib||2258
FonbawTenH, B.I'. TeopeTnyeCckne 0CHOBbI INIEKTPOTEXHNKM : y4eb.-meToa.
nocobue / B. . FTonbawTenH, B. M. Makuwes, M. C. XKeBaes; y
DNEeKTPOHHbIN
5 | Camap.roc.TexH.yH-T, ABTOMaTU3NPOBAHHbIE INEKTPUYECKME CeTU 1

CUCTEMBI .- 2-e U3[4., ucnp. un gon..- Camapa, 2017.- 274 c..- Pexxum
poctyna: https://elib.samgtu.ru/getinfo?uid=els_samgtul||elib]|2911

pecypc

HocTtyn obyyvatowmxcs K 9P HTB Caml'TY (elib.samgtu.ru) ocyuiecTsnseTcs nocpeacTBOM NEKTPOHHOMN
NH(OpMaLMOHHON 0bpa3oBaTeNbHON cpelbl yHMBepcuTeTa U cata HTB Caml' TY no nornHy n naposto.

6. NMepevyeHb MHPOPMALMOHHBLIX TEXHOJIOTMI, UCNOJIb3YEMbIX MPU OCYLLLECTBJIEHUU

nporpaMMHoOro obecnevyeHus

obpasoBaTenbHOro npouecca No gucuuniauHe (Moaynio), BKJlO4Yas nepeyeHb

Mpwn NpoBeAEHNN NEKLMOHHbIX 3aHATUI NCMONb3YEeTCS MynbTUMeANAHoe 06opyaoBaHMeE.
OpraHunsoBaHo B3anmopgencTeme oby4atoLllerocs n npenogaBaTens C UCNOJIb30BAaHNEM 3/1€KTPOHHON
NH-hopMaLMoHHo obpa3oBaTeNibHOM Cpeabl YHUBEPCUTETA.

Module

Ne Cnocob
HauMmeHoBaHue MpoussoauTtensb
n/n pacnpocTpaHeHus
1 | Microsoft Windows Microsoft . JInueH3noHHoe
(3apybexHblii)
2 | Microsoft Office Microsoft o JInueHsnoHHoe
(3apybexHblii)
AO «JlabopaTopus
3 | AHTuBMpyC Kaspersky Endpoint Security Kacrnepckoro» JInueH3noHHoe
(OTevyecTBEHHbIN)
The Document CBOGOAHO
4 | LibreOffice Foundation acn §CT AHSEMOe
(3apybexHbin) pacnpocTp
5 | Adobe Reader Adobe Systerps CsoboaHo
(3apybexHblii) pacrnpocTpaHsemoe
Circuit Design Suite: Multisim, Ultiboard, MCU National Instruments
6 JInueHsnoHHoe

(3apybexHblii)

7. NepeyeHb pecypcoB MHPOPMALMOHHO-TEIEKOMMYHUKALLUOHHOU ceTh «VIHTepHeT»,
npogeccmoHanbHbIX 6a3 AaHHbIX, UHPOPMALMOHHO-CNPABOYHbIX CUCTEM

Ne
n/n HaumeHoBaHue KpaTkoe onucaHue Pexxum poctyna
Poccuitckmne 6a3bl
dneKTpoHHasa bubnnoTeka e S oo LaHHbIX
1 W3gaHmit CamrTY http://irbis.samgtu.local/cgi-bin/irbis64r_01/cgiirbis_64.exe Or PAHIYEHHOTO
focTyna

DNeKTpPOHHO-6nbanoTeyHas
cuctema IPRbooks

http://www.iprbookshop.ru/

Poccuinckune 6a3b
JaHHbIX
OrpaHUYeHHoro
[LocTyna
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3apybexxHble 6a3bl
3 Scopus - 6a3a faHHbIX http://www.Scopus.com/ DaHHbIX
pecepaToB 1 LUTNPOBAHUSA OrpaHNYeHHOro
nocTyna
ba3a gaHHbIX 3apybexxHble Ha3bl
4 | MEXAYHAPOAHDIX NHACKCOB http://www.webofknowledge.com/ AaHHbIX
Hay4HOro LMTMPOBaHMSA OrpaHNYeHHOro
Web of Science focTyna
Poccuinckune 6a3bl
5 | BUHUTK http://www2.viniti.ru/ AaHHbIX
OrpaHNYeHHOro
LocTyna

8. OnucaHuMe MaTepuanbHO-TEXHNYECKON Da3bl, HeOOXoo4MMON ANA OCYLLECTBNEHUA
obpasoBaTenbHOro npouecca nNo aucuuniauHe (mogynio)

JleKuMOoHHbIe 3aHATUSA

YyebHan ayauTopus ANA NPOBeLEeHUs 3aHATUNA NEeKUMOHHOro TUna, TEKYLWero KOHTpPOons u
MPOMEXYTOYHON aTTeCcTaunmn, oCHaWEHHAs TEXHUYECKUMIN CpeacTBaMu obyvyeHus, cayxawmmm 4ns
npenctasaeHns yd4ebHon uHhopmauum bonblwon ayaumTopumn, Habop AEMOHCTPaUMOHHOIrO
obopyLoBaHMA: 3KpaH, NPOEKTOP, KOMMbOTEp.

MpakTuyeckue 3aHATUA

KoMnbloTepHbIN KNnacc - y4ebHas ayantopus LN NPOBeLEeHUs 3aHATUIA CEMUHAPCKOro Tuna, KypCcoBoro
MPOEKTMPOBaHMNSA (BbIMOSIHEHNS KYPCOBbIX PaboT), rpynnoBbIX U MHAUBUAYANbHbIX KOHCYNbTaLUWA, TEKYLLEro
KOHTPO/S U MPOMEXYTOYHOWM aTTecTauun, obopyaoBaHHas cneunann3mpoBaHHON Mebesblo, KOMMbIOTEPHON
TEXHUKOWN C AOCTYMNOM B CeTb "VIHTepHeT" n 3neKTPOHHYI0 MHGOPMaLMOHHO-06pa3oBaTenbHyo cpeagy CamlTY,
MarHWTHO-MapKepPHOW [OCKOM, KOMMIEKTOM JIMLLEH3UOHHOIO 1 CBOBOAHO PacrnpoCTPaHAEMOro NPOrpaMMHOro
obecneyeHus, ykasaHHOro B pasgene 6 HacToswen paboyen nporpamMmmel.

JlabopaTopHble 3aHATUSA

KoMnbloTepHbIN Knacc - y4yebHas ayautopua AN NpoBefeHUs 3aHATUN CEMUHAPCKOro Tuna,
KYpPCOBOro NpoeKkTUpoBaHUA (BbIMONHEHUS KYpCOBbIX paboT), rpynnoBbiX W WHAUBUAYAJIbHbIX
KOHCYNbTaUWA, TeKylWero KOHTPOJA W NPOMEeXYTOo4HOW aTTecTauum, obopynoBaHHasd
cneunann3npoBaHHOn Mebenblo, KOMMOLIOTEPHON TEXHWMKOW C AOCTYyNnoM B ceTb "WHTepHeT" un
3JIEKTPOHHYI0 MH(pOpMaLnoHHO-06pa3oBaTencHyto cpeay CamlTY, MarHUTHO-MapKepHOW [O0CKOW,
KOMMJIEKTOM JINLLEH3UOHHOIro 1 cBoBOAHO pacnpoCTpaHAeMoro nporpaMMHoro obecnevyeHns, ykasaHHoro
B pa3fene 6 HacTodAwen paboyen nporpammel.

CamocToATenbHasa paborta

AyonTopus, OCHalLleHHAs KOMMbIOTEPHON TEXHUKON C BO3MOXXHOCTbIO MOAKI/IIOYEHNS K CETU
«/IHTEepHET» 1 C 4OCTYNOM B 3NIEKTPOHHYI0 MHOPMaLMOHHO-06pa3oBaTenbHyo cpeny CamlTY.

9. MeToagunyeckue MmaTepuasibl

MeToaunyeckme pekomeHaaumm npu paboTe Ha nekuun

[0 nekunm CTyaeHT LO/KEH NPOCMOTPeThb y4ebHO-MEeTOANYECKYIO U HAayUYHYI0 ANTepaTypy Nno Teme
NEKUWMN C TEM, YTOObl UMETbL NpeacTaBsieHre o npobaemMax, KoTopsle ByayT pa3bupaTbCs B NeKLINN.

Mepen HayvanoMm nekuun obydvalowmmcs coobwiaeTcs TemMa NEKUUU, NaH, BOMNPOCH, noanexaliue
PacCMOTPEHMIO, AOBOASATCS OCHOBHbIE IMTEPATYPHbIE NCTOYHUKK. Bech y4yebHbln MaTepuas, coobliaembiin
npenofaBaTesieM, AO/KEH He MPOCTO NPOCAyWnBaThCs. OH foMKeH ObiTb aKTUBHO BOCMPUHSAT, T.€. YC/bIWaH,
OCMbIC/IEH, MOHAT, 3aUKCUPOBAH Ha ByMare v 3akpenseH B namsaTu. MpucTynas K CayLLIaHuio HOBOro y4ebHoro
MaTepuana, NoJie3HO MbICJIEHHO YCTAHOBUTb €ro CBsidb C paHee M3yyYeHHbIM. Cneas 3a TEXHUKOW YTeHUs
NeKUMN (aKLEHT Ha CYLeCTBEHHOM, MOBbILLEHNE TOHA, U3MEHEHWE pUTMa, Nay3a 1 T.M.), Heobxoaumo Bcnen 3a
npenofaBaTesieM yMeTb BblAeNATb OCHOBHbIE KAaTEropuu, 3aKOHbl U ONpeaensaTbh UX CoaepxaHue, npobnemsl,

12


http://www.scopus.com/
http://www.webofknowledge.com/
http://www2.viniti.ru/

npennosiaraTb UX BO3MOXHbIE PeLUeHNs, AoKa3aTeNbCTBa U BbiBOAbI. OCYLLECTBASAS Takyl paboTy, MOXHO
3Ha4yuTenbHo obnerynTb cebe NoHMMaHue y4yebHOro MaTepmana, ero KOHCNEKTUPOBaHNE U AalibHenwee
n3yyeHune.

KoHcnekTupoBaHue nekuun nossonseT obpaboTaTh, CUCTEMATM3NPOBATbL W Jyylle COXPaHUTb
NoJyYeHHYO MHADOPMaLUNO C TeM, 4Tobbl B ByaylweM MOXHO Obls10 BOCCTAHOBUTb B MaMSATU OCHOBHbIE,
coaepxaTesbHble MOMEeHTbI. TUNMYHasa ownbka, coBeplliaeMas 0byyatoLWmnmMcs, 4OCI0BHOE KOHCMEKTMPOBaHME
peyn npenogaBaTens. Kak npasnfio, Npu 3anucu «Ca0BO B C/OBO» He OCTAeTCsA BPeMeHU Ha obayMbiBaHUE,
aHann3 N cUHTe3 uHpopmauun. OTbrpas Hy)XHY MH(OPMaLUIO, FTNaBHbIE MbICK, NPO6AEMbI, peLleHns 1
BbIBObl, HEOOXOAMMO COKpaLlaTh TEKCT, CTPOUTb €ro Takum obpa3om, 4Tobbl MOTOM MOXKHO ObINO NIErKO B HEM
pa3obpaTbCs. XKenaTesbHO 0CTaBUTb B paboynx KOHCMEKTax MoJisi, Ha KOTOPbIX MOXXHO ByaeT aenaTb MOMETKU
N3 PEKOMEHIO0BAHHOW NMTepaTypbl, LOMOJHSAOWMNE MaTepuan MNPOCAyLWaHHOW NeKuun, a Takxe
nogyepkmBatome ocobyto BaXXHOCTb T€X UMM MHbLIX TEOPeTUYeCcKnX NoJioXKeHun. C OKOHYaHUEM NeKLuK
paboTa Hag KOHCMEKTOM He MOXET CYMTATbCA 3aBepLIeHHON. HyXXHO elle BOCCTaHOBUTb OTAE/IbHblIE MECTa,
NPOBEPUTb, BCE JIN MOHSATHO, YTOYHUTb YTO-TO Ha KOHCYAbTaLMM U T.M. C T€M, YTOObl KOHCNEKT MOr ObIThb
MCNoNb30BaH B MPOLLECCEe NOArOTOBKM K MPAaKTUYECKUM 3aHATUAM, 3a4eTy, 3k3aMmeHy. KOHCNeKT nekuun -
He3aMeHNMbI y4eOHbIN JOKYMEHT, He0BX0AUMBIN A8 CaMOCTOATESIbHON paboThl.

MeToanyeckue pekomMeHaauunn rpun rnmoaroToBKeE K pa60Te Ha MNPaKTN4YeCKOM
3aHATUNN

MpakTuyeckme 3aHATUS N0 AUCLUMNINHE NPOBOAATCS B LENax BblpabOTKU MPaKTUYECKUX YMEHUIA ©
NprobpeTeHNs HaBbIKOB B PELLIEHUI NPOGECCUOHANbHBIX 3aay.
PekoMeHAyeTcs cnepyioLlas cxema NoAroTOBKU K NPAaKTUYECKOMY 3aHATHIO:
1. 03HaKoOMJieHNe C MJAHOM MPaKTUYECKOro 3aHATWS, KOTOPbLIA OTpakaeT CoAdep)XaHue
NpeasoXeHHOW TeMbI;
2. npopaboTKa KOHCMEeKTa NeKuuu;
3. YTeHne peKOMeHA0BaHHON MTepaTypbl;
4. NoArOoTOBKA OTBETOB Ha BOMPOCHI NJlaHa NPAKTUYECKOro 3aHATHUS;
5. BbIMNOJIHEHWE TECTOBbIX 3afaHWiA, 3a4a4 1 ap.

MoaroTtoBka obyvatoLerocs K MpakTUYeCKOMY 3aHATUIO MPOM3BOAUTCA MO BOMpocaM, pa3paboTaHHbIM
ONS Ka)KLOW TeMbl NMPakTUYeCKUX 3aHATUN 1 (nnu) nekuymin. B npouecce NoAroTOBKM K MPaKTUYECKUM
3aHATNAM, Heobxooumo obpaTnTb ocoboe BHMMaHME Ha CaMOCTOATENIbHOE M3y4YeHMe peKOMeHL0BaHHOM
mTepaTypbl.

PaboTa cTyLeHTOB BO BpeMA MPaKTMYECKOro 3aHATUSA OCYLLECTBASETCSA Ha OCHOBE 3afaHui, KOTopble
BblAatoTCa obyyaloWmMmMCs B Havyaae UnM BO BPeMs 3aHATUA. Ha NpakTUYeCKUX 3aHATUSX NMPUBETCTBYETCS
aKTWBHOE y4YacTne B 06CYXOAEHUN KOHKPETHbIX CUTyaLuin, cnocobHOCTb Ha OCHOBE MOJYYEHHbIX 3HaAHWN
HaxoouTb Haubonee 3hHEKTUBHbIE PeLIEHUS MOCTaBAEHHbIX Npobnem, ymMeTb HaxOAUTb MOJIE3HbIN
LOMONIHUTENIbHLIN MaTepuan No TeMaTuke 3aHATMA. Obyyvatowmmca Heobxoammo obpallaTb BHMMaHWeE Ha
OCHOBHbIE MOHATUSA, a/rOPUTMbI, ONMPEAENATb NPAaKTMYECKYI0 3HAaYMMOCTb pacCMaTpPMBaEMbIX BONPocoB. Ha
NPaKTUYeCKMX 3aHATMAX 0byYatomecs OOKHbI YMETb BbIMOJHUTL pacyeT Mo 3afaHHbIM MapaMeTpaM uau
BbipaboTaTb onpeaesieHHble peleHns no o6o3HavyeHHoN npobneme. 3amaHns MoryT ObiTb FpynnoBbie U
NHOMBMAYabHbIE. B 3aBUCMMOCTU OT CJIOXKHOCTY Npeasiaraemblx 3aaHuUi, Lenen 3aHatusa, obLien noaroToBKy
obyyaloLmMxcs npenoaaBaTesib MOXET NofCKa3aTb 00yYaoLWNMCS aNropuTM peLleHns Nan nepsoe AencTeune,
NN yKasaTb obliee HanpaBsieHNe pacCyXAeHui. MonyyYyeHHble pe3ynbTaTbl 06Cy)XAalTCAa C NO3NLMUIA UX
a[leKBATHOCTMN MM 3PPEKTUBHOCTY B PaCCMOTPEHHON CUTYyaLMN.

MeToanyeckue pekoMeHgaumm npu paborte Ha nabopaToOPHOM 3aHATUM

MpoBeneHne nabopaTopHo/ paboTbl LENNTCA Ha ABE YCJAOBHbIE 4acTW: TEOPETUYECKY U
NpaKTUYeCKyio.

HeobXxoaAnMbIMU CTPYKTYPHBIMI 3N1EMEHTAMU 3aHATUA ABNAOTCS NpoBeaeHne nabopaTopHon paboThl,
NpoBepKa YCBOEHHOr0 MaTepuana, BKYaoLwas 06cyKaeHne TeopeTnyeckmx 0CHOB BbIMOHAEMON paboThl.

Mepen nabopaTopHoi paboTon, Kak NPaBWI0, MPOBOANTCA TEXHUKO-TEOPETUYECKNIA NHCTPYKTaXK Mo
MCNonb30BaHMIO Heobxoaumoro obopyaoBaHus. MpenofaBaTeslb KOPPEKTUPYET AeATeNbHOCTL 0byyatowerocs
B mpouecce BbinoaHeHua paboTel (npn HeobxogmmocTwn). MNocne 3aBepweHns nabopaTopHonW paboThbl
NOABOAATCS UTOrW, 06CY)KOAOTCA pe3ynbTaThl EATENbHOCTL.
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Bo3MoXHbI crepytouine gopmbl opraHusaumm nabopatopHbix paboT: poHTanbHaa, rpynnosas u
nHAMBMAyanbHasa. MNpn GpoHTanbHON HopMe BbINOMHAETCS OfHa U Ta e paboTa (Npy 3TOM BO3MOXHbI
pa3JfinyHble BapuaHThbl 3agaHuin). Mpu rpynnoson opme paboTa BbIMOMHAETCS rpynnon (KomaHgon). Mpu
NHAVBUAYANbHON (hopMe 06y4aroLLMMNCS BLIMOJHATCA UHAUBUAYAbHbIE PaboThI.

Mo kaxpon nabopaTopHon paboTe MMEKTCA MeTOAWYECKME YKa3aHWS MO WX BbIMOJHEHWIO,
BKJlOYaOLWIMe HeobXoAMMbIN TeopeTUYeCKUn 1 NpakTUYeCKUn mMaTepuman, cofepxaliue 3/ieMeHThl U
nocaefoBaTesbHY NHCTPYKLUMUIO MO npoBedeHuntio BoibpaHHoW paboThl, MHANBUAYAJIbHbIE BAapUaHTbl 3afaHWIA,
TpeboBaHms 1 hopMy OTHETHOCTM MO faHHOW paboTe.

MeTooun4yeckme pekoMeHgaumm no BbINOJIHEHWNIO caMoCToATeNIbHOW pa60TbI

OpraHu3zauns camocToATenbHoW paboThl 06yYaloWwmXCca OPUEHTUPYETCSH Ha aKTUBHbIE METOLbI
OB/Nlafi€HNUS 3HaAHWAMW, pa3BUTME TBOPYECKWX CNocobHOCTel, MNepexoh OT MOTOYHOro K
NHAVNBUAYANN3NPOBaHHOMY 00y4YeHUI0 C y4eToM NOTPebHOCTEN 1 BO3MOXKHOCTEN 0byyaloLerocs.

CamocToaTenbHas paboTa ¢ yyebHuKamu, y4ebHbiMM NocobusMun, Hay4yHoM, CNPaBOYHOM NNTepaTypon,
MaTepuanaMu Nepuognyecknx n3gaHum n UHTepHeTa asnsetca Hanbonee 3hPeKTUBHEIM METOLOM MOJTYyYEHNS
LOMONHNTESIbHbIX 3HaHWIN, NMO3BONSET 3HAYNTENBHO aKTMBU3MPOBATb MPOLECC OBAALEHUA UHDOPMaLNEN,
crnocobeTByeT 6osee rayboOKOMy YCBOEHMIO M3yYaeMoro matepuana. Bce HoBble MOHATUSA MO U3y4YaeMon Teme
HeobX0AMMO Bbly4YUTb HanU3yCTb N BHECTW B M10CCApWiA, KOTOPLIV Lienecoobpa3Ho BeCTU C CaMOro Ha4vasla
N3y4YeHns Kypca.

CamocTosATenbHas paboTta peanmsyeTcs:

® HernocpeACcTBEHHO B NMPOLEecce ayaUTOPHLIX 3aHATUI;

® Ha NeKUUsX, NPaKTUYECKUX 3aHATUSAX;

® B KOHTAKTe C NpenojaBaTefieM BHE PaMOK pacnucaHus;

® Ha KOHCYJibTaumax no y4yebHbIM BOMpoCaM, B XO04€e TBOPYECKMX KOHTAKTOB, MPU NUKBMAALNN
3a[,0JDKEHHOCTEN, NPY BbINOJIHEHUN UHAUBUAYAbHBIX 3a4aHUA U T.4.;

e B BnbAnMoTEKE, AOMa, Ha KadeLpe Npu BbINMOJHEHUM 00yYatoWMMCa y4eOHbIX N MPAaKTUYECKUX
3ajay.

O eKTUBHBLIM CPeACTBOM OCYLLIECTBAEHMNS 06y4YaloWMMCs CaMoCToATeNbHON paboThl fBASETCS
3/IeKTPOHHAA MHGOpPMaLMoHHO-06pa3oBaTebHAs Cpefla YHMBEpPCUTETa, KOTopas obecnevymBaeT LOCTYN K
y4ebHbIM naaHaMm, paboyum nporpaMmamM OUCUUNINH (MoAynen), NpakTUK, K M34aHWAM 3EKTPOHHbIX
B6UBNNOTEYHBIX CUCTEM,

10. ®oHA OLLEHOYHbIX CPEACTB NO AUCUUNIMHE (MOoAaynio)

®oHJA OLLEeHOYHbIX CPeACTB npeacTassieH B npunoxeHun Ne 1.
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MpunoxeHue 1 k paboyel nporpamme OUCUUMAUHBI

561.0.02.04 «3neKTpoTEeXHUKA N SIEKTPOHNKa»

DoHA, OUEHOUYHbIX CPEeACTB
no AUCUUNINHE
51.0.02.04 «3neKTpoTeXHUKa U dJIeKTPOHUKa»

Kopn v HanpaBneHue NoAroToBKU
(cneunanbHOCTDb)

HanpaBneHHocTb (npocdunb)
KBanudukauums

dopMa obyueHus

Fop Hayana NOAroTOBKM

NHcTuTyT / hakynbTeT

Beinyckaowas kadepnpa

Kadeppa-paspabotuuk

06beM OUCLUNJINHLI, Y. [ 3.e.

dopMa KOHTpoNA (NpoOMeXXyTo4yHasn
aTTecTauumn)
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18.03.01 Xummn4yeckass TexHO0rns

TexHoNorns XMMn4eCckKnx npon3BoacTB

Bbakanasp

OyHas

2025

Kathenpsl omnvana ®rboy BO "CamI'TY" B T.
HoBoKy#bbILLIEBCKe

Kahegpa "XuMnsa n xmmMmmnyeckas TexXHos0rmns
(HO-XT)

Kahenpa "2/1eKTpo3HepreTuka,
3/IEKTPOTEXHMNKA 1 aBTOMaTU3aLmMa
TexHonornyeckux npoueccos" (H®- 33mATM)

722
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MNepeyeHb NnaHupyeMmbiX pe3ynbTaToB 00y4yeHUsa no aucuunaumHe (Mmoaynio),
COOTHECEHHbIX C NJaHUPyeMbiMU pe3ysibTaTaMu 0CBOeHUA obpa3oBaTeNbHOM

nporpamMmmabl
Pe3ynbTaTbl 00y4eHus
HaumeHoBaHue (3HaTb, yMeTb, BnapeThb,
Kop n Kop, u HanMeHOBaHue
KaTeropum COOTHECEeHHbIe C
HaMMeHoBaHue MHOMKaTOpa JOCTUXXEHUSA
(rpynnbi) MHOUKaTOpaMu
. KOMMNeTeHuuu KOMMNeTeHuuu
KOMNeTeHU ! DOCTUIXKEHUSA
KOMNeTeHLUHU)
O6LenpotheccnoHanbHble KOMMEeTEeHL MM
ONK-2 CnocobeH
Ncnonb3oBaThb
OlK-2.1 cnonb3yeTt
MaTeMaTunyeckue,
MaTeMaTuyeckue,
(punsmyeckne,
bU3Ko- pnsnyeckne, pusnko-
MpoeccnoHanbHas XMMUYeCKne, XumMmmnyeckune
XuMmyeckue,
MeTOA0/10rns MeTOoAbl 4N15 pelleHns 3aaa4
Xummyeckmne .
npogeccrnoHanbHON
MeTo4bl AN4 y
LeATesIbHOCTU B XUMUYEeCKON
pelieHmsa 3agay
. | TexHoNOrMN
npogeccnoHaibHON
LeAaTesIbHOCTY

Manuu,a COOTBETCTBUA OLLEHOYHbLIX CPeancTB 3aNJIaHUPOBAHHbLIM pe3yJibTaTaM

Kop nHpgukatopa
DOCTUXXEHUA KOMMETeHLUU

obyyeHus
Tekywun | Mpomexy
OueHoYHble KOHTPOJb To4YHas
Pe3synbTaTbl 00y4yeHus
cpeacTBa ycneBaeMm | aTrectaum
ocTH |

JinHeunHble JJZ1IeKTpuieckue uenum noCToOAHHONo Toka

OMK-2.1 cnonb3yeTt
MaTeMaTunyeckue, pusndeckue,
(pur3nKo-xnuMmnyeckue,
XUMnYyeckme MeToabl 4Ns
pelueHns 3agau
npogeccnoHanbHoM
LeATeNbHOCTU B XMMUYECKOM
TexHo0rnm

dne

KTpuieckue uenum OAHOd)aBHOI'O CUHYyCOMpQJIbHOIO TOKa

OMK-2.1 cnonb3yeTt
MaTeMaTunyeckue, pusnyeckme,
(pUr3nKo-xnMmyeckue,
XUMUYeCcKne MeTobl Ans
pelleHnsa 3afad
npogeccnoHanbHoOM
LeATeNIbHOCTY B XVIMUNYECKOW
TexHoJiIornm

OCHOBbI 3JIEKTPOHUKH

OMNK-2.1 crnonb3yeT
MaTemMaTun4eckue, pusmnyeckme,
(pur3nKo-xnMmnyeckue,
XMMUYyeckme MeTolbl 4514
peLueHns 3ana-
npogeccmoHansHom
LeATeNbHOCTY B XVIMUNYECKOoW
TexHoJsI0rnm
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1. TunoBble KOHTPONbHblIE 3a4aHUsi UM UHble MaTepuanbl, Heob6xoAauMble Ans
OLIeHMBaHUSA pe3ynbTaToOB OCBOEHUs1 Obpa3oBaTeNlbHOM NPOorpamMmmMbi

1.1.

3apaHusa TeKyLlero KOHTpons

I'Iepequb 3agaHun TeKywero KOHTpond n ux HammeHoBaHue

HanmeHoBaHMe OLEeHOYHbIX

CopepxaHue 3agaHus

oAHoda3sHOro cuHycouaanbHoro
TOoKa"

cpeacts

OTUéTHI no npakTuko- | BeinonHeHune paboT u npeacraBneHne oT4ETOB 06 KX BbINOMHEHUN B 3NIEKTPOHHOWN
nabopaTopHbIM paboTtam | MHOPMaLMOHHO-06pa3oBaTENbLHON Cpeae:

pasgena "IlnHenHbIe "[lnHelriHas uenb ¢ ABYMSA MCTOYHMKAMM NOCTOSIHHOMO HanpsxeHns",
ANeKTpnieckue uenun "Pa3BeTBneHHas Lemnb NOCTOAHHOIo Toka",

nocTosiHHoro Toka" "AKTVBHbIN OBYXMNOMOCHMK B LieNy NOCTOSIHHOIO ToKa".

OTYETHI no npakTUKo- | BeinonHeHue paboT v npeacraBneHne oT4ETOB 06 KX BbIMOMHEHUN B 3NIEKTPOHHOW
na6opaTopHbIM pabotam | MHdOpMaUMoHHO-06pa3oBaTenbHON cpeae:

pasgena "dnekTtpuyeckue uenu "HepasBeTBneHHbIe Lenn CMHyconaanbHOro Toka",

"PasBeTBneHHas Lenb CMHYCcOMaanbLHOro Toka",
"Pe3oHaHcbl B Lensx CMHycomaanbHoro Toka".

OTYéETHI no NpPaKkTUKo-
nabopaTopHbIM paboTtam
pa3gena "OCHOBbI 3NEKTPOHUKMN"

BobinonHeHne paboT u npeactaeneHme oTY4ETOB 00 MX BbINONHEHWUWN B 3N1EKTPOHHOM
MHopMaLUnoHHO-06pa3oBaTerbHOM cpeae:

"MonynpoBogHWKOBbLIE ANOA, CTabUNUTPOH U TUpKUcTop”,

"lMpocTeniune TpaH3NCTopHbIE yeunurenu'.

1.2.

3apaHun I'IpOMe)KyTO'-IHOﬁ aTTectauummn

I'Iepequb 3agaHun npome)KyTquoﬁ aTtrectauumu

HanmeHoBaHMe OLEHOYHbLIX
cpeacTs

CopepxaHue 3agaHus

Bonpochbl MTOroBoOro
TEeCTMpPOBaHUsl, COCTaBIIEHHbIE U3

TecTupoBaHue, cocrtosiiee M3 15 BonpocoB, crnydanHo BbiOMpaemMbix M3 OaHka
TEeCTOBbIX 3a,uaHv||7|, HpMBe,qéHHOFO B MeTOANYECKUX YKa3aHUAX K MNpPaKTUKO-

KOHTPOJIbHbIX TeCTOBbIX na6opaTopr|M pa60TaM:
BOMpocos, anIBe,qéHHbIX B - 6 BOMPOCOB No pasgeny «JlMHenHble AneKTpuveckne uenn noCToAHHOIro Toka»,
MeTOAMYECKUX  yKasaHuAX K| — 6 BOnNpocoB MO pasgeny  «IAnekrtpuyeckne uenn  ogHoOdasHoro
npakTuko-nabopaTopHbIM CYHycouaanbHOro Tokay,
paboTam — 3 Bonpoca no pasgeny «OCHOBbI 311EKTPOHUKMY.

2, MpakTuko-naboparopHasa paborta «JIMHeMHas uUenb C ABYMSA MWCTOYHUKaAMM

NMOCTOAHHOIO HaNpsAXXeHuns».

NIMHEUHASA LENb C ABYMA UCTOYHUKAMMU
NMOCTOAHHOIO HAMNPAXEHUA

OKCIIEpUMEHTAIBHOE HUCCJIEA0BAHUE JBYXKOHTYPHOM CXEMBI

LENb PABOThI

aenm € JOByMdA

HNCTOYHHUKAMHU ITOCTOAHHOI'O HAITPSKCHUA.

TEOPETUYECKUE CBEOEHUSA N PACYETHbLIE ®OPMYIbl

1. OIMCAHHUE CXEMbI HEIIN

B paGote uccnenyercs AByXKoHTypHas cxema 1ienu (puc. 0.1) ¢ AByMS HCTOYHUKAMU

ITIOCTOAHHOTI'O

HaIIpsHKECHUS,

UMUTHUPYIOLIAs, HAIPUMEp, JJIEKTPUUYECKYK0  LEMb

aNeKTponuTaHus aBToMoOmiIs. B coctaB takod nenu Bxoaut: rerepatop ¢ DC E1 u
BHYTPEHHUM CONPOTHUBIIEHUEM Rgm1, aKKyMyJsiaTopHas Oatapest ¢ /1C E£2 1 BHyTpeHHUM
COIIPOTUBJICHUEM Rgm2 U IKBUBAJICHTHA Harpys3ka R.



B coorBercTBHE C BapnaHTOM 3a/laHH:A HY>XXHO

1
Ei T 1} En ycTranoBuTh 3HaYeHus DJIC E1 1 E2 MCTOYHUKOB SHEPIUH, UX
C) BHYTPEHHHE CONPOTUBJIEHUSA Rgml U Rgm2 U CONMPOTUBIIEHUE
/[/]7;3 Lt Harpy3ku R. IIpu npoBeneHUM ONBITOB COIMPOTUBJIEHUE

1

:IRsml 2 MOTEHIIUOMETpa (marpysku) R HEOOXOJUMO H3MEHSTH B
o2 IIMPOKUX  TIpejelax. VYcioBHOE  TIOJOKHUTEIBHOE
HanpaBJCHUE TOKOB B BETBSIX CXEMbI yKa3aHo Ha puc. 0.1.

Puc. 0.1

2. PACYET TOKOB BETBEM METOJIOM 3AKOHOB KUPXI'O®A

JIns pacuera TOKOB BETBEW HCIOIB3YIOT CIEIYIOIIME METOJbl: METOJ 3aKOHOB
Kupxroda, meToq Hamo)eHus, METO1 KOHTYPHBIX TOKOB, METOI IBYX y3710B. [IpoBeném
pacy€T TOKOB B BEeTBsAX cxeMbl (cM. puc. 0.1) metonom 3akonoB Kupxroda. CornacHo
nepBomy 3akoHy Kupxroda (13K) nns y3na 1:

h+5L-1=0.

Cornacuo Bropomy 3akony Kupxroda (23K) my1st 1€BOTO ¥ TpaBOTO KOHTYPOB CXEMBI
UMEEM:

E1=Remi1 + RI; E2 = Rem2l2 + RI.

Ncnonwiys dpopmynel Kpamepa 11st cuctemMbl ypaBHEHUH

h+0L—-1=0;Remil1+ 0L+ RI=E1; 0l + Ren2l2+ RI = E»,
HaXO0JIM TOKHU

0 1 -1 I 0 -1
E 0 R Ry Ei R
Al E2 R6m2 R Az 0 E2 R
] == ° 1 = = * —
1= 1 - 2T, 1 I=0L+1. (0.1)
Rm 0 R Ry 0 R
0 Rgmz R 0 R6m2 R

PekomeHpauusa. Bocnosb3yiitech KanbkylisitTopoM ElCale, B koTopoM wumeercs
IporpaMma penieHus anreOpandeckux ypaBHEHUH.

3. MOIIHOCTbH, IOTPEBJISIEMAS HAT'PY3KOM, 1 BAJJAHC MOIIHOCTEM

MormHocTh, moTpedisiemMas Harpy3Kkoi R, paBHa (B BT)

P=RP.

CocTtaBuM OajaHC MOITHOCTEHW CXEMBI IeNu. AJNreOpandyeckas CymMma MOIIHOCTEH,
pa3BUBAaEMbIX HCTOYHMKAMU OJHEPTUH, paBHA CyMME€ MOIIHOCTEH, MOTpeOIsieMoit
HAarpy3Kou U TepSI€MOM BHYTPU UCTOUYHUKOB, T. €.

— 2 2
TE L £E) ], =RI2Z+R,,I7 +R,,»15
(3Hak "mmoc" B mpousBeneHusix FEilp cTaBUTCS TpPU  COBMHAJACHUM BBIOPAHHBIX

HarnpasyieHnit DJIC Ek u Toka [y NICTOYHUKA, a 3HaK "MUHYC'" — IPH POTUBOIIOJI0KHOM
UX HaINpaBJICHUN).



4. MIOTEHIOUAJIbHAA IUATPAMMA KOHTYPA

Ilomenyuanvhas ouacpamma — 3TO pacHpe/ieICHHE MOTCHIIMAIOB Y3JI0B CXEMbI B
3aBUCUMOCTH OT CONPOTUBJICHUM 2JIEMEHTOB KOHTYpa, T. €. @ = f(R).

st HOCTpOCHI/ISI MOTEHIUAIBHOU IMarpaMMbl, HAIPUMeEp, sl HAPY>KHOTO KOHTYpa

= =113 (eMm. puc. 0.1), He0OX0AUMO 3HATH BEIMUUHY

BuiGepiTe pancsis paloTI KANMYRATOPA  Momows P ¥ HarpasieHue TokoB BetBeil u DJIC ucro-

Kanbkynsrop I Cucrema ypasHenuin Tpex®asHuuie uenu YHUKOB

Ykaxure uucno nepemMeHHbBX

- 2 ¢ 3 ~ 4 A5 c 6 ITycts E1 = 14 B; Rem1 = 0,5 Om; E2 = 12
[1 X1+ [1 )(2+[.1 X3= [D B, Rem2 = 2 OM, R= 10 OM
5 X1+ T 3=z ElCale, naxogum cormacHo (0.1) Ttoknu
: - BeTBel (puc. 0.2):

‘o Paccuurars | Onpegenurens: -26+j0

— N~1385A;h~-0,54 A,

[1 846150 [053847+0 1307690 1 ~1,31A.
X1: X2: X3:

3azemuinm TOuky a (puc. 0.3, a), T. e.

Puc. 0.2 ..
npumMeM e€ nmoteHman ¢, =0.

Tak kak TOk /1 IpOTEKaET OT TOUKH a K TOUKE b, TO MOTEHIHA TOYKU b
Op =@ — Rgpl1 =0-0,5-1,85=-0,925 B,
a IOTCHIIMAJI TOYKH ¢ OOJIbIIIe MOTCHIIHANa (Pp Ha 14 B, 1. €.
@, =@, +E,=-0925+14=13,075 B
(na quarpamme puc. 0.3, 6 ckadok noreHuuana Ha 14 B 3a cyet CTOpOHHUX CHI).
[Morenumnan touku d: @, =@, —E, =13,075-12=1,075 B, a norenunan touxu
a:. Qg = Qg —Rgmzlz = 1,075 -2 -0,54 ~0B.
Bo3sBpalnienue B UCXOJHYIO TOYKY @ C HYJEBBIM IOTEHIMAIOM TOCJE pacyéra

MOTEHIIMAJIOB BCEX TOUEK BJIOJb BBIOPAHHOI'O KOHTYpa MOATBEPXKIAECT MPABUILHOCTH
pacuéra LEIu.

o » B
E > | 7 E
1 D 124 Pc 3
b d
I 8
Remi Ren> 4.
o Reml Pd Pa
a
=0 = R,OmMm
a) al(Da 6) 0 Rem2
4+ Db
Puc. 0.3

YYEBHbIE 3A0AHUA U METOOUWYECKUE YKASAHUA K UX
BbIMOJIHEHUIO

3apaHue 1. Paccuurarh TOKHM BeTBel cxembl (cM. puc. 0.1) MeToI0M 3aKOHOB
Kupxroda, nanpsokenne Ul = E1 — Rem1il 1 MOUIHOCTB, MOTPEOISEMYIO Harpy3Kou R.



IIpoBepuTh pe3yipTaThl pacdyera MeETOAOM OallaHCa MOIIMHOCTEH M IOCTPOSHHEM
MOTEHIIMAJIBHON THarpaMMbl HAPYKHOTO KOHTYpA.

[Ipn pacuerax HCMOJB30BATH ITAPAMETPHI DJIEMEHTOB CXEMBI, OIpeAeIsIeMble
COTJIACHO BBIPKCHHSIM:

E1=5+ N, B; Rem1 = 0,5 + int(N/8), Om; R =10 + N, Owm;

E2=3+ N, B; Rem2 =2 + int(N/5), Om,
r7ic N — HOMEp 3amucy (paMUINK CTyAeHTa B y4eOHOM >KypHaJje TPYIIIIbI.

PesynbpraThl pacu€ra TOKOB, HampsbkeHus Ui u  MomHoctd P 1pu
conpoTuBiieHn: Harpy3ku R = 10 + N, Om 3aHecTH B mpaBbiii cTonoer tadum. 0.1.

Taomnuma 0.1

M3MepeHo npu conpoTUBICHUHU HArpy3ku R [OM], paBHOM:
Toxku BeTBEH, UTaHO
| s | TR | SR | 2R | R | R | 'BR | iR (Kog) mpit R
MOIIHOCTb P
I, A
D, A
I, A
U,B
P, Bt

Paccu

3a.anV|e 2. 3anycruts CPECAY MS10. Orkpoirs daiin 0.4.ms10, UITH cobpaTh Ha paGoueM MoIIE CPebI
MS10 cxemy 0ns ucnoimarusi O8YXKOHMYPHOU cxembvl yenu nocmosnno2o moxa (puc. 0.4).

YcTaHOBUTH B JIMAJIOTOBBIX OKHAX KOMIIOHEHTOB WX MapamMeTpbl WU PEKUMBI
paboThI:

— 3HAYCHUA 1IapaMCTPOB 3JICMCHTOB CXCMBbI LCIIN,

— pexxum DC paboTel npuOOpOB; BHYTPEHHUE CONPOTUBIICHUS aMmIepMeTpa R4 = 1
HOM, a BOIbTMETPOB Ry = 10 MOM.

A2
DC 1e.0090 DC 1e.0090
E1 R E2
D
A
U Rbti U Rbt2
200m{) DC|1e-0090 20
|
L

Puc. 0.4

3anycTuTh nporpamMmy (ILEIKHYB MBIIIBIO Ha Iudpe 1 KHOMKU ) U 3alUCaTh

nokaszanus nmpudopoB B crosibder Tabda. 0.1 mpu conporuBieHun Harpy3ku R = 10 + N,
Owm.



3agaHue 3. CHATH ¥ MOCTPOMTH BHEUIHIOK xapakTepucTtuky Ui(/1) McTouHUKA
Hanpsbkenus El, T. e.

Ut =E1 - Rem111.

C »TOl 1enbl0 HEOOXOAMMO CTYIMEHYATO W3MEHSITh (IIOCPEICTBOM HaXKaTHS Ha
KJIaBUIIYy A KJIaBUATYphI) COMPOTHUBIICHUE TMOTEHIIMOMETpa (Harpy3ku) R OT pexuma
xoJioctoro xoaa (XX) no pexuma kopoTkoro 3ambikanus (K3), a mokazanusi npubopon
3aHOCHTB B Ta0m. 0.1.

[To pe3ynbratam U3MepeHH MOCTPOUTH (B MaciiTa0e) BHEITHIOK XapaKTEPUCTUKY

U1(I1) uctounuka E1.

3apaHuve 4. PaccuutaTth U MOCTPOUTH TpaduK 3aBUCUMOCTH MOIIHOCTH P OT
conpoTuBieHUs R, T. €. P(R). OrmMerutrh Ha rpaduke KOOPAMHATHI MAaKCUMaJIbHOMN
MOILHOCTH.

COOEPXAHUE OTYHETA

1. HaumenoBanue u 11enb paboThI.

2. Pacu€rHble cXeMbl LIEMU U KOMHS CXEMbI, CMOJICIIMPOBAHHON Ha paboueM moJie
nporpaMMmHoit cpenst MS10.

3. ®opmyIIbI ONpeiesieHUs] TOKOB BETBEH M MOTCHIIMAIOB TOYEK HAPYKHOT'O KOHTYpa
CXEMBI IICTIH.

4. TabmuIBI C paCCYMTAHHBIMHU M U3MEPEHHBIMU JICKTPUICCKUMU BEIIMIUHAMH.

5. TloTeHnManbHas AUarpaMmma Hapy»KHOTO KOHTypa cxembl, rpaduku Ui(11) u P(R).

6. BeiBo1bI 11O padorTe.

TECTOBOE 3A0AHUE K PABOTE «»

1. YkaxxuTe BeIpaKeHHUE Y3J10BOr0 HanpsiKkenus U1o 1uis ! o CXEMBI
(cM. puc. cpaBa). E, £, 1}
Uo=E1+E2 y,,= EV/R+E IR yy=E -E R
CTUR R A UR i L’; J
1
O o Uiz 0
L

2. VKaxuTe, 4TO MOHUMAIOT MO/JT BhIpaKeHUEM: "daTapeiika ceqa"?

O Vwmensmmnacs DJIC akKyMyIaTOpHO# GaTapen
O VBenmnumuiaoch BHyTPEHHEE COMPOTHUBIICHUE DaTapen
O VYwmensmumucs DJIC 1 BHyTpeHHEE CONPOTHUBIICHHE OaTtapen

3. YkaxuTte, 4eMy paBHO HANpPsiZKeHHe HA 3aKMMaxX HCTOUYHUKA HAPSKEHUS IPU XOJIOCTOM XO€e?

U=0 U= w U=FE U<E
O O O O
4. B pexxume X0JIOCTOro X0/1a HalpsHKEHUE Ha 3aKMMaX UCTOYHUKA Hanpsokeanss U= =12 B (/

= 0), a B pexume Harpy3ku U = 11 B, I/ = 1 A. Ykaxure, yeMy paBHO BHYTPeHHee CONPOTHBJICHHE
HCTOYHUKA SHEPTrun?

0,5 Om 0,75 Om 1 Om 1,5 Om
©) O ©) ©)
5. VkaxuTte, yeMy paBHO HOMHUHAJIbHOe HanpskeHue U uctounuka Hanpsbkenus ¢ OC £ = 230
B u BHyTpeHHuM cornpotuBieHueM Ren = 0,1 OM, eciiu HOMHUHAIBHBINA TOK =100 A?
200 B 220 B 225 B 230 B

©) ©) ©) ©)



3. MpakTuko-nabopartopHasa paboTa «Pa3BeTBnNeHHas Lenb NOCTOAHHOIO TOKa».

PA3BETBJIEHHASA LEMNb NOCTOAHHOIO TOKA
LIENb PABOTbI

TeopeTnueckoe U IKCHEPUMEHTATIBHOE MCCIIEIOBAHME JIMHEMHOW PAa3BETBIEHHOM LIETU
MOCTOSIHHOTO TOKA.

TEOPETUYECKUE CBEOEHUSA N PACYETHbIE ®OPMYIbI

1. POPMUPOBAHUE PACUYETHOM CXEMbBI IIEITA

3amava aHaJIM3a Pa3BETBICHHOMN AJIEKTPUYCECKOM 1IENH OOBIYHO CBOAMTCS K HAXOXKICHHUIO
TOKOB BETBEH M HANPsHKEHUWH HA pa3IMUHbIX ydYacTKaxX Ienu. PyKOBOACTBYsSCh
0000meHHONW cxeMol 3amermieHus 1enu (puc. 1.1) u tabn. 1.1 BapuaHTOB 3amaHus,
HEOOXOMMO BBIYEPTUTH B OTUYETE PACUETHYIO CXEMY LICIIH.

[Tpu 5TOM BETBU CXEMBI LICMIH C HE3aJaHHBIMU

UCTOYHUKAMU  Toka  Jr  HEOOXOauMO
T Pa30MKHYTb (T. €. HCKJIFOUHTh), @ YIaCTKHU IeNHU
Es C HE3aJaHHBIMH HJICATbHBIMU HCTOYHUKAMU
b HamnpspkeHus: Ex 3aMEHUTh IPOBOJIHHKAMH,

OCTaBMB B BETBAX pE3UCTOppl Ri. B
]R6 npeoOpa3oBaHHONW CXEME JIOJKHBI OCTaThCS

nBa ucrtounuka Hanpspkenus (MH) u oaun
uctouHuk Toka (UT). Ecnu SC Ek unm Tok Ji
3a/1aH CO 3HAKOM '"MUHYC'", TO HalpaBJIEHUE UX
CTPEJIOK Ha CXeMe Ienecoo0pa3Ho H3MEHUTh
Ha MPOTHUBOMOJIOKHOE U B MCXOJHBIX JAHHBIX 3aMUCaTh 3TH HCTOYHHUKUA CO 3HAKOM
"maroc". YCIOBHBIE MOJOKUTEIbHBIE HANpaBJICHUS TOKOB B BETBAX M Y3JIOBBIX
HaIpsDKEHUM yKa3aHsl Ha puc. 1.1.

2. PACUET CXEMBI HEITX METOJIOM Y3JIOBBIX
HANPSIKEHU

Jl1st pacuéra CJIOKHBIX AJIEKTPUUECKUX LIETIeH NCIIOIB3YIOT METO/I Y3JI0BBIX HAMIPSIKSHUM
(MYH) unmu Meron kontypHbix TokoB (MKT). Heobxomumoe yuciao ypaBHEHUN st
pacyera LeTH STUMUA METOAaMH OTNPEIEIISIIOT 0 PopMyIam:

Nuya =Y —-1; Nukr =B - (V-1),

rae B u V - uncno Betel (0e3 yuéra BeTBe ¢ HCTOYHUKAMU TOKA) U y3JI0OB B CXEME.
Boinonaum pacuer cxemsl nenu (puc. 1.2) (Bapuant N = 36, cm. tabdn. 1.1) meronom
y3JIOBBIX HanpsbkeHui. Mcxonueie nanuele ais pacuera: J1=2 A; E1==10 B; E5=20
B; Ri=10wMm; R2=2 Om; R3= 3 OM; R4=4 Om; R5=5 Om; Re= 6 OM. HanipaBiienue
TOKa J| U3MEHEHO Ha MPOTUBOMOJIOKHOE, T. K. B Ta0d. 4.1 (BapuaHT 36) TOK 3a1aH CO
3HakoM "munyc" (J1 = -2 A).

Taomnuma 1.1

Ucrounuku CornpotuBieHus pe3ucTopon, OM




Re

Rs

R4

R3

R>

J3=4

Jo=-5

J3=-06

J2

J2

J3=2

Ji=-1

Jo=6

Ji=-7

J1=5

Jo=3

J3=-3

Jo= 8
J2

J3=4
J2

Jo=-5

S3=-4

J=-6

J=4

Jo=3

Jr=-5

Ji==-2

J1=4

J=5

J3=6

J3==7

=1

Ji=-4

J3=-5

J3=-06

Jr=-5

J3=4

Ji=2

Jr=-5
Ji==-2

UH c OJ1C Er, B | UT c TokoMm Jk, A | Ri

5
2

35, E2=-5

E>=20; E¢=30

15; Es

Es=

E1=-20; Es

E1

E1=40; E3=30

15

E3=40; Es=— 30

E>=130; E4

5
5

E1=-15; E4
E>»=-30; E5

E3=-35;FE4=10

15
10

25, E2=-15

Ex=10; Es=20

E3=25; E¢

E1=-30; Es

Eq

30; E3=20
E>=20; E4=25

Ei1=

20
15

E>»=-20; E5=15

E3

E3=30; Es

Ei1=-5;F4

25; E4=30

Es=25; EF¢=—-15

E1=-10; Es= 30

15
10

30; £5=20

25; E»

E1=

E>»=30; E¢=

Eq

5

E3=30; Es=-20

E>»=40; E4

E1=-5;FE4=10

15

Es=5; Fs=—15

E>=-20; Es

35, E2=-35

E1=

20

30; E3=20

E3=130; Ec=

Eq
Eq

25; Er=-15
E1=-10; E6=30

E1=10; E5=20

Bapua

HT

7

9
10

11

12
13

14
15

16
17
18
19
20
21

22
23

24
25

26
27

28

29
30
31

32
33

34
35

36




Tomonorndeckuii aHajiM3 CXEMbI IIOKa3bIBaeT, 4To B HeWl 7 BeTBeu, 4 ys3ma, 3

HE3aBUCHUMBIX KOHTYpa U 6 HEHM3BECTHBIX TOKOB /1, .
l6. Uncilo HE3aBUCUMBIX YPABHEHUH
Nuveg =YV —-1=4-1=3.

Brei6upaem OGasucubiii y3en (y3en 0), HampaBisieM K
HeMy y3noBble Hanpspkenus Ulo, U2o nu Uso (cM. puc.
4.2) ¥ COCTaBHM CUCTEMY yPaBHCHHIA:

GnUio — G12Uzo — G13U30 = —J1 + G1E7;

—GUio + G2oUzo — G23Usp = -G Ey;

— G31U10 — G32Uz + G33U30 = GsEs,

rne G11=G1+G2 + Ge=1/Ri+ 1/R2+ 1/Re==1/1 +
172+ 1/6 = 1,667 Cwm;

Gn=G1+G3 + G4=1/R1+1/R3+ 1/Ra=1/1 +1/3 +1/4= 1,583 Cwm;

Gi3=G2+G3 + Gs=1/Ro+ 1/R3+ 1/Rs=1/2 + 1/3 + 1/5 = 1,033 Cm — y370BbIE
npoBoauMocTH; G12=G21=G1 =1 Cm; G23=G32=G3 =0,333 C™m; Gi13=G31= G2 =

e o

1/2 = 0,5 Cm — mexy3noBbie ipoBoaumocT; —J1 + G1lE1= =-2+1-10=8 A; -G1E1=
-1.10=-10 A; G5E5=1/5-20 =4 A — y3JI0BbI€ TOKH.

e ————— s [ToncTaBUB YKCIIOBBIC 3HAYEHUSI B CHUCTEMY
Buepume penuum paSoTI KANMYTMTOPS  flossouns 7 | YPaBHEHUU, UMEEM:

Kanuxgnarop || € yp a Tp uenw 1,667U10 - 1,0U20 - 0,5U30 = 8,

[‘Yxaxure wicno nepenemmn -~ © T —1,0U,o + 1,583U,y —0,333U5, =—10;

[1667 X1+ X2+ [05 X3=[6 : —0,5U,y —0,333U, + 1,033U;, =4.

g X1+ [ X2+ [0 X3=[0 Bocnons3zoBaBmmcek  kanbkyasatopom  Elcale
o X1+ [T X2+ [T X3=[F (puc. 1.3), 3anuchIBaeM y3JI0BbI€ HAIPSDKEHUS B

i/ Paccwwrars W] Onpegessrens:  0,77934+{0 Ta6ﬂ' 12'

~OTBET- : Toku BeTBeW ompeaenauM 10 0OOOIIEHHOMY

I e S 3akoHy OMa (C y4eToM BBIOpAaHHBIX YCJIOBHO
Prc. 13 IIOJIOKUTEJIBHBIX HAIIPABICHUH TOKOB B BETBAX

(cm. puc. 1.2)):
I1=(E1—U12)/R1 = (E1— (Uio— U20))/R1 = (10— (6,028 + 1,16))/1 =2,812 A;
I =U31/R2 = (U3o — U10)/R2 = (6,416 — 6,028)/2 = 0,194 A;
I3=U23/R3= (U2 — U30)/R3 = (—1,16 — 6,416)/3 = -2,525 A;
I4=-U20/R4a=1,16/4=0,29 A;
Is=(Es— U30)/Rs = (20 — 6,416)/5=2,717 A,
Ie=—-U10/Re¢ = —6,028/6 = —1,005 A.
BrrunciienHble 3HaUe€HUS TOKOB 3aHOCHM B Ta6. 1.2.

Mopenupyem cxeMy 1ienu Bapuanta 36 Ha padodem noje mporpammbel MS10 (puc. 1.4).
3amyckaem mporpamMmy Ha HMCIIOJHEHUE W 3aHOCUM IOKa3aHus mpuOopoB B Tadm. 1.2.
Yo6exmaemcsi, 4TO pacyeTHBIC U AKCIIEPUMEHTAIbHBIC TAHHBIE TIPAKTUYECKH COBIAIAOT.



Tadbnumga 1.2

V3510BbIE HAIPSIKEHUS Toxu BeTBe#l cXeMbl

Ui, B| U,B| U3, B| I1I,A| Db, A| I,A | I4, A | I5 A Is, A
Paccunrano | 6,028 | —1,16 | 6,416 | 2,812| 0,194 | —=2,525 | 0,29 | 2,717 | =1,005
H3smepeno 6,030 | —1,155| 6,417 | 2,812 {0,193 | —2,523| 0,289 | 2,716| —1,005

W) [

11 AB
2
9
I
R2

V10
J1

o

A3

V2

L i

L] R4 b

L
-

YYEBHbIE 3A0AHUA U METOOAUYECKUE YKA3AHUA K X
BbINMOJIHEHUIO

3apaHue 1. CornacHO BapuaHTy 3a/JaHUsl BBIYEPTHTH PACUYETHYIO CXEMY LEMU H
paccuntath 1enb mo MYH. PesynsraTer pacuéra 3anecTu B Tadm. 1.3.
TaOonunpa 1.3

V3510BbIE HATPSAKEHUS Toxu BETBEHN CXEMBI

Uio,B | Ux,B | U3,B | 1A | DA | ,A | Is, A | Is,A | I, A

Paccuurano

N3mepeno

3apaHue 2. 3anycturth cpeay MS10. OTkpbITh daiin 1.5.ms10 ¢ 0606wénnoii cxemotl
yenu nocmosinno2o moxa (puc. 1.5). CormacHo Bapuanty (cMm. Tabm. 1.1)
CKOPPEKTHPOBATH CXEMY, & UMEHHO:

— YAQJIUTh U3 CXEMbl UCTOYHUKH TOKa Jk, HE yKa3aHHbIe B Ta0i. 1.1 (1Ba pa3a méakarb
MBIIIBI0 HA COOTBETCTBYIOIIUX N300paXEHHUSIX UCTOYHIUKOB TOKA, a 3aT€M B IMAJIOTOBBIX
oKkHax Ha 3aknankax Delete, min moodepénHo BBIAEAATH UX B CXEME M HAKMMATh Ha
knaBuiny Del knaBuatypsl);



+ E1 + E2
-10V -20V

+J2 + E6
2A -35V

R2

18 20
A6

E ) ’ijl\ 2 g 3 0.07
3Q
E4 + + ES
15V - _25V

Ad u20 U30 A5 ] R6
= L 6Q

I

1

Puc. 1.5

— YAQJIUTh U3 CXeMbI HE yKa3aHHble B Ta0a. 1.1 uctounuku HampspkeHus Ej, a 3aTeM
"coenMHUTH" TPOBOJHUKAMU BBIBOJBl COOTBETCTBYIOIIMX AaMIEPMETPOB WU
PE3UCTOPOB BETBEM C y3JIAMHU CXEMBI;

— COIJIACHO BApUAHTY 33J]aHHS] YCTAHOBUTD B IUAJIOTOBBIX OKHAX MAPAMETPhI U PEKUMBI
paboThl KOMIIOHEHTOB Ek, Ji U Ri;

— 3agatrb pexkuM paborei DC  ammepMerpoB W BOJBTMETPOB, BHYTPEHHHE
CONPOTHUBIIEHUS aMIIepMeTPOB R4 = 1 HOM n BonbT™MeTpOB Ry = 10 MOwm;

— 3aMyCTUTh IIPOrpaMMy MOJICIIMPOBAHUS CXEMBbI 1eNH (IIEeTKHYB MbIIIbI0 Ha 1udpe 1
xeonku [2Ll) i 3anmcars nokasauus npubopoB B Tabi. 1.3;

— CKONIMPOBATH CKOPPEKTUPOBAHHYIO CXEMY Ha CTPAHUILY OTUETA.

3apaHuve 3. IlpoBepuTh BBIOJIHEHHE MEpPBOro 3akoHa Kupxroda mis Bcex y3ioB
cxeMmbl M BTOporo 3akoHa Kupxroda s IByX HMPOU3BOJIBHO BBIOPAHHBIX KOHTYPOB
cxeMbl (MCKJII0Yasi KOHTYP C UICTOYHUKOM TOKA).

COOEPXAHUE OTYETA

1. HaumeHnoBanue u 1eiib padbOTHI.

2. DneKkTpuyecKkue pacu€THas U CMOJEIMpPOBAaHHAsg Ha padouyeM IMoJie MPOrpaMMHON
cpeapl MS10 cxemsl Lenmu.

3. Pacuérubie (opmysbl i ONpENeseHHs] TOKOB BETBEH LEMU METOJOM Y3JI0BBIX
HaIPSKEHUM.

4. Tabnuia ¢ pac4€THBIMU U SKCIIEPUMEHTAILHBIMU JAHHBIMHU.

5. BeiBoipl 110 pabore.



TECTOBOE 3AOAHUE K PABOTE

«Pa3BeTBNEHHaA Luenb NOCTOAHHOIO TOKa»

1. Vkaxure ¢opmyay pacdyéra yuciia HE3aBHUCHMBIX YPABHCHHI CXEMBI LIEMU IO MEPBOMY 3aKOHY
Kupxroda (B — uncno BerBeii (6e3 yuéra BeTBel ¢ ICTOYHUKAMU TOKA); ¥ — UHCIIO Y3JI0B CXEMBI).

N=B-(V-1) N=B N=V-1 N=V N=V+1

2. Vkaxwure, O moxwo © m O O O (1a/Her) OTPENICIUTh
napamMerpsl E U Ren OKBHBQJICHTHOIO  HCTOYHHKA
. - . — )
HanpspkeHus mo Gopmynam: Ren = 1/Gem; E = RemJ, ecim Ram
W3BECTHBI MapaMeTpbl UICTOYHHKA TOKA J U Gem? Uam |::>
O Jla O Her

3. Vkaxure BbIpOKEHUE M1  ONpPENCJICHUS  4YHcJIa
He3aBHCHUMbIX YPaBHEHHUIi, ONMCHIBAIONINX CIOXKHYIO IIEMb M0 METOAY KOHTYPHBIX TOKOB (B — uncio
BeTBel 1enu (6e3 yuéra BeTBEil ¢ HCTOUHUKAMHU TOKA); Y — YHCIIO Y3JI0B CXEMBI LIETIH).

N=B-(V-1) N=B N=V-1 N=V-2
O O O O

4. Ipu ONpENENICHHN  YHCIIa TN
ypaBHEHUI JUIS pacdyéra IENM METOJOM KOHTYPHBIX TOKOB HE &
YUYHUTBHIBAIOT KOHTYP C HCTOYHHKOM TOKa J (CM. pHC. CIpaBa), T. €. son  E=3B TSt
9TOM CXEMBl JOCTAaTOYHO 3amucarb oxHO ypaBHeHue MKT. ] £
VYkaxure, ueMy paBHa KoHTypHas J/IC? 20m

1B 3B 5B 9B .

O O O O

5. Vkaxwure, MOXKHO JIU COCTaBUTh CHCTeMY YpaBHeHHIi (0e3 mpeaBapuTeNbHOro Mpeodpa3zoBaHus
CXEMBbI) METOJIOM Y3JIOBBIX HAIPsDKEHUH JUIsl pacyéTa IeMH, €CJIU HECKOJIBKO BETBEH CXEMbI COIepKaT

TOJIBKO UACAJIbHBIC UCTOYHUKHU HaIpsKCHUS, HC COCANHCHHBIC C 3a3eMJIEHHBIM y3J'IOM?
Ha O Her
4. MpakTuko-naboparopHas pabota «AKTUBHbIM [AOBYXMNONIIOCHUK B  Lenu

NMNOCTOAHHOIO TOKa».

AKTUBHbIN OBYXMOJIIOCHUK B LEEMNKU
NMOCTOAHHOIO TOKA
LIENb PABOThI

HccnenoBanue CoxKHON 3JIEKTPUUECKOM LIENMN NOCTOSSHHOTO TOKA C UCIIOJIb30BAHUEM
METO/1a IKBUBAJICHTHOT'O T'€HEpaTOpa.

TEOPETUYECKUE CBEOEHUSA N PACYETHbIE ®OPMYJlbl

1. POPMUPOBAHUE PACYETHOM CXEMBI IIEITA

MeTon SKBHBAJEHTHOIO TI€HEpaTopa OCHOBaH Ha Teopeme TeBeHMHa 00
HKBUBAJIECHTHOM I'€HEPATOPE — AKMUBHOM O8YXHONIOCHUKE, KOTOPas TJIaCUT:



TO0YI0 CIIOKHYIO JIMHEWHYIO JJIEKTPUYECKYIO II€Mb C MPOU3BOJILHBIM YHCIOM
MCTOYHUKOB TOKA U MCTOYHUKOB HampsikeHus (puc. 2.1, a) MOXHO 3aMEHHUTh IPOCTOM

cxemoii (puc. 2.1, 6), cocrosiei u3 sxkBuBajgeHTHoro rereparopa (31 ¢ SAC Esr n

IMoCaca0BaTCIIbHO COCAMHCHHOIO C HUM BHYTPCHHCETO COIIPOTHUBJIICHUSA RQF; IIpu 5TOM
00€e cXeMbI OKa3bIBAIOTCS HNICHTUYHBIMH 110 OTHOIICHHIO K BBIXOJHBIM 3aKUMaM lu O, K

a) 1 6) 1

O Tl @ b
@ g p ol |

R2 UlO 1\
R _‘_0
It 0
Puc. 2.1

KOTOPBIM IMOJIKJII0OUEHA Harpy3ka Re.

Torna Tok /s u Hanpspkenne Uio = Us Ha 3axumax 1 u 0 Harpysku (cm. puc. 2.1, 6)
PaBHBI:

I6= Esr/(Rar+ Re);
Ui0= Us= Rele = Eor — Rorls. (2.1)
BTtopoe BpIpa)k€HME COOTBETCTBYET YPAaBHEHMIO BHEIIHEW XapaKTEPUCTHUKHU

ucrounuka Hanpspbkenus (MH), mapametpsl kotoporo (E5r 1 Ror) MOXKHO ONPEETUTh U3
JIBYX PEKUMOB €T0 PaOOTHI:

— pexuMma xosoctoro xozaa (XX) (/6= 0, mecTast BETBb Pa30MKHYTA)

Esr= Ulox, (2.2)
T. €. DJIC 3KBUBaJIECHTHOTO FT€HEPATOPA PaBHA HAMPSIKECHHUIO XOJIOCTOr0 X044 Ha 3aKUMaxX
Harpysku, T. €. Utox = Uex;

— pexkrma kopotkoro 3ambikanus (K3) (Uio =0, Is = Isk)

Ror= Esr/lek, (2.3)
rae /6x — TOK KOPOTKOTO 3aMbIKaHUs (IIECTO) BETBHU.

Takum oOpaszom, 1jIst ompeeneHus: Toka (B JaHHOM MPUMEpE B MIECTON BETBU) IO
nepBoit popmyiie (2.1) 10cTaTOYHO MPOBECTHU ABA OIbITA HA HATYPHOM CTEH/IE: OMBIT XX

(pa30OMKHYTh LIECTYI0 BE€TBb M HU3MepuTh Hampsbkenne Usx = = Eor) u ombit K3
(3aMKHYTh HaKOPOTKO PE3UcTOp R6, BKIIOUYUTH B Pa3pbiB MIECTONH BETBU aMIlepMETP U
U3MEPUTh TOK [6K) U BBIUUCIUTH BHYTPEHHEE COINPOTUBICHUE HSKBUBAJIECHTHOIO
renepaTopa Ror= Enr/lsk.

2. MIPUMEP PACUETA CXEMBbI IEIX

IIpu TeopeTnuecknx pacyérax mapaMeTpoB SKBUBAIICHTHOTO TeHeparopa Eor u Ror
BBIOMPAIOT METOJT pacuéTa CXeMbl C MUHUMAIHHO HEOOXOIMMBIM YHUCIIOM YPAaBHEHUH IS

HaxoxaeHus HanpstkeHus Ulox = Eor. Tak, nis cxemsl puc. 2.1, B KOTOpOH UCTOUHUK



TOKa J 3aMEHEH JBYMsI ICTOUHUKAMU HaIpsKEeHUs ¢ mapamerpamu E4 = RaJu E't = R1J
(puc. 2.2, a), npu pa30MKHYTOM IIECTON BETBU HAIIPSIKEHUE

a) 0) Ror
= —0 O
o Urox = Usx o | |
Es Rs 3 Dby Ro
1 —1 } 90
R3 @ 1 Vs
E1 E =RJ pg -

E R4 2 R

Uitox = —Es + Rslsx — R2Dx.
Toxku Isx u x onpeaeaum MEeTO0M KOHTYPHBIX TOKOB (CM. puc. 2.2, a):
Isx=Ik1; hx = —Ik2;
(R3 + Ra+ Rs5) Ik1 —R3lk2= E4+ E5; 121k1 —31x2 = 28;
—Rilk1+(R1+ R+ R3)ke=FE1+ E'; 3Blk1+6lkx=12
(mpunsito: Ry =10M; Ry, =2 OM; Ry =3 0Mm; Ry =4 Om; Rs =5 Owm;
R¢=60M; J=2A; E; =10B;E; =20 B);

Puc. 2.2

28 =3 12 28
12 6 —3 12| 144+84
Lo = _168+36 _ 204=3’24A; iy = — =362 A.
12 =3 72-9 63 63
-3 6

Torma Isx=3,24 A; b = 3,62 A; Urox = —20 + 5-3,24 +2:3,62 = 3,44 B.

s onpeneneHusi CONPOTUBIICHUST RO BBIUEPTUM CXeMy O€3 MCTOYHHMKOB SHEPIUU
(puc. 2.2, 6) 1 onpeaeauM BXOJHOE COMPOTHBJICHHE MO OTHOIICHUIO K 3axumam 1 u 0,
IIPEABAPUTEIIBHO 3aMEHUB TPEYTOJIBHUK COINPOTHUBIECHUN R5 - R4 - R3 3KBHBaJIEHTHOU
3BE310M R34 - R45- R35, CONPOTUBIIEHUSA JTy4€l KOTOPOU PABHBI:

R,R 20
Ry=— 108 L2 joy; Ris=—5 20 670m;
Ry +Ry+Rs 12 Ry +Ry+Rs 12
R:R 1
R35=L=—5=1,250M.
Ry +Ry+Rs 12

Torz[a BHYTPCHHCC COIIPOTHUBJIICHUC 35KBUBAJICHTHOI'O 'CHCPATOPA:
(R3s+ Ro)(Rsa + Ry) _ 5 N (L,25+2)(1+1) 290M.
Ris+ Ry +Ryu+R 3 L254+2+1+1

Toxk B mecToit BeTBU (cM. (2.1))
Io = E»r (Ror + Re) =3,44/(2,86+6) = 0,388 A.

Ror = Rys +



YYEBHbIE 3A0AHUA U METOOAUWYECKUE YKASAHUA
K UX BbINOJIHEHUIO

3agaHue 1. Paccumrarh TOK B 3aJaHHOM BETBU CXEMbl LEMA METOAOM
SKBUBAJIEHTHOrO reneparopa. C 3Toil 1efibl0 BBIYEPTHTHh CXeMy puc. 2.1 ¢ 3aJaHHbIMU
napamMeTpaMu U Pacu€THBIE CXEMBbI, TOJI00HBIC PHC. 2.2, HO OTHOCHUTEIBHO 3aJaHHOMN
BETBH, U ONPEIECIUTD B HEW TOK [ljp. 3aHECTH pacUyETHbIE 3HAUEHUS BEIUYUH Eor, Roru

lip B mons tabm. 2.1.
Taonuma 2.1

Toxk I B 3a1aHHOI BETBU

Howmep
BapuaHTa

Bersb PaccunTano N3mepeHo u onpeneneHo

Eor, B| Ror, OM | Iip, A | Iito,A | Ukx, B | Ik, A | Ror, Om | Iror, A

1,7,13,19, 25 1
2,8, 14,20, 26 2
3,9, 15,21, 27 3
4,10, 16, 22, 28 4
5
6

5,11,17, 23,29
6,12, 18, 24, 30

3apaHue 2. 3anycrutb cpeay MS10. Otkpeite daiin 2.3.ms10 co cxemou yenu
nocmosnHo2o moka (puc. 2.3), uim codpaThb cxemy 1enu Ha padouem mnosie cpenst MS10, u
YCTAHOBHUTH M1APAMETPHI SJIEMEHTOB:

J=2A,E1=100wm, Es =int(~/N +10)B), ' R;=int(vV'N +1) Om, R2 =2 Om, R3 =3

OM, R4 =4 0Om,Rs =5 Om, Rg= 6 Om, rne N — HOMep 3anucu paMUJIUU CTYJCHTA B
y4eOHOM KypHasie rpymnnbl, pexxuMm DC paboTbl u3MepUTENbHBIX TPUOOPOB, BHYTPEHHUE
conporusieHus R4 = 1 HOM u Ry = 10 MOwM amniepmeTpoB U BoJIbTMETPOB. [Ipu 3TOM
BbIOpPAaTh MOJSPHOCTh BKIKOYEHUS aMIIEPMETPOB M BOJBTMETPOB, COBHAJAIOLICH C
IPUHATBIMHU [P PACYETE CXEMBI HAITPABIICHUSIMU TOKOB BETBEM.

3anycTuTh mporpammy MS10 (menkHyTh Memmbio Ha mudpe 1 kgonku L) u
3aHecTH B Tabiu. 2.1 3HaueHue Toka x> 3aJ]aHHON BETBHU CXEMbI, KOTOPOE HE JOJAKHO

! [Ipumedenue: int() — omepaTop BEIAEIEHHS IIeI0H YacTH uncia. Hampmep, int(3,14) = 3



yem Ha 3...4 %. CkxonmpoBathb

]

OTIMYaThCAd OT pacy€THOro 3HaueHus lrp Oonee,
CMOJICIIMPOBAHHYIO CXEMY Ha CTPaHUIly OTUYéTa.
*C E5
A U4 * 20V
ad =
: |
E-V 4 R4 3 R5
1P A3 5o H s r6 ue
- 1 = 20
2A 3Q
(Do =
-10V
B ;[
Al A2 e\
oo w1 U2 Jea= '\ ®
. (o145 - =
E VH1 1Rr; E VHZ [ zRé
Puc.2.3

CornacHo BapuaHty (cMm. Tabi. 2.1) yopaTh OJUH U3 MPOBOJHUKOB, COCIUHSIOITUIN

aMIIepMETp 3aJaHHON BETBU C COOTBETCTBYIOILUM Y3JIOM CXEMbL. 3aIyCTHTh POrPaMMy

MOJICJIMPOBAHUS U 3aHeCTH noka3anue BoibTMeTpa (Uky == Eor) B Tabmn. 2.1.

BoccTaHoBUTH cXeMy (HOAKJIHOYUTH aMIIEPMETP K Y31y CXEMbI), a PE3UCTOP 3TOH

BCTBH IIOCPEACTBOM COOTBETCTBYIOHICIO KJII04a 3aMKHYTb HAaKOPOTKO. 3al'lyCTl/ITb

nporpammy. [lokazanue amnepmerpa /x 3aHecTH B Ta0u. 2.1.

[lo naHHBIM U3MEPEHUI pacCYUTATh U 3aHEeCTH B Ta0. 2.1:
— BHYTPEHHEE CONPOTHUBIIEHHE SKBUBAJIEHTHOTO reHeparopa Ry = Uy [ ;

— TOK B 33JJaHHOU BETBU C CONPOTUBJICHUEM Rk
lior = Uy [(Rop + Ry).
Y0eauThbesi, UTO MOJYYEHHOE 3HAYEHUE TOKA [kHr HE OTIMYAETCS OT U3MEPEHHOIO
3HAYEHHUs TOKa ;> B 3aJaHHOM BETBU U OT PACCUMTAHHOIO 3HAaYeHUs lip (C JOMYCTUMOMN

MOTPENTHOCTHI0, He Ooiee 3...4 %).
3apaHue 3. CHATH U MOCTPOMTH BHEIIHIOK XapaKTEPUCTHKY SKBHBAJICHTHOTO

reneparopa Uk(lk), T. e.
C 5TOHN 1ENBI0 PAa30MKHYTh KIIIOY, IIYHTUPYIOUIUMN PE3UCTOP 3aJaHHOW BETBU, U

Uk = Esr — Rorlk.
CHSAITh TIOKa3aHUsI MPUOOPOB NIPH TPEX 3HAYCHUSIX COMPOTUBIEHUs pe3ucropa: 0,5Rk, Rk,
2Rk, a TakKe ydecTb MokazaHus npudbopos, cHAThie npu pesxkumax XX (Ukx = Ukx, Ix = 0)
DKBUBAJICHTHOTO

u K3 (Ux = 0, Ix = Ix), CHATbIE TIpU BHITIOJTHEHUH 3a1aHus 2.
BHEIIHEH XapaKTEPUCTUKU

Bocmonp3oBaBmuck  rpadguxom
redeparopa Uk(Ix), onpeaenTh 3HaUYCHUE HANTPSHKCHUS HA 3aKMMaX Harpy3KH IPH TOKE

Ir=0,5Ik.



COOEPXAHUE OTYETA

1. HaumenoBanue u 11e7b paboTHI.

2. DNeKTpUYecKre pacu€THbIE CXEMbI U KOMHUS CXEMBI 1IeTH, COOpaHHON Ha pabodyem
noJie nporpammHou cpeast MS10.

3. Pacuérabie ¢opMynbl ans  OmpeeNieHuss TOKa BETBU LENU METOJOM
HKBHUBAJIEHTHOT'O T€HEPaTOpa.

4. Tabnuna ¢ pacu€THBIMU U IKCIIEPUMEHTATbHBIMU JTAHHBIMH.

5. I'padhux BAX 5KBUBaJIEHTHOTO T€HEPATOPA.

6. BeiBobI 110 pabdore.

TECTOBOE 3A0AHUE K PABOTE
«AKTUBHbIN ABYXNOSIOCHUK B LieNn NOCTOAHHOro ToKa»

1. YKa)KI/ITe, MOXHO JIKM BMCCTO 3KBUBAJICHTHOT'O NICTOYHHKA HAIl-

psbKeHUs (aKTUBHOTO JBYXIIOJIKOCHHKA) C apaMerpaMu Eoru Ror Esr  Jar

(cM. puc. cripaBa) MPeACTaBUTh AKTUBHBIN IBYXIIOJIFOCHHK B BUJIE > GD G

HCTOYHMKA TOKA ¢ napamerpamu Jor u Gor? Ror r
O Ma O Her

2. YKaxuTe 00J1aCTH NMPUMEHEHUSA MCTO/{a SKBUBAJICHTHOT'O I'CHEpATOpPA.

IIpumensieTcs s pacdera TokKa:

[ B BETBU, UHAYKTUBHO CBA3aHHOM C IPYTMMH BETBSIMH CXEMBI WJIH C BHEIIIHUMH LICTISIMU;

U B BETBU C HEJIMHEWHBIM 3JIEMEHTOM;

(] B BETBU C HE3aBUCUMBIM aKTUBHBIM 3JIEMEHTOM;

[J B BETBU C 3aBUCUMBIM aKTUBHBIM JIEMEHTOM;

U B BETBU LIEIIN TOJIBKO MMOCTOSTHHOTO TOKA;

(] B BETBM JIMHEHHON W HEJIMHEWHON I€NU MOCTOSHHOTO M MEPEMEHHOI0 TOKA, 32 UCKIIOUEHUEM
CJIy4aeB, KOT/1a BETBb MHAYKTUBHO CBSI3aHA C IPYTMMH BETBSIMU 1EMN WM C BHEIIIHUMU LETSAMU,
WJIU €CJIM DJIEMEHTHI BETBU BXOJAT B CXEMY LN 3aBUCUMOTO UCTOYHHKA YHEPTUU.

U,B

3. Vkaxure 3Ha4YeHMs HanpsizkeHus U 1 Toka [ HEMMHENHOTO

3JIeMeHTa Lenu, ecinu u3BectHa ero BAX (2) u BAX (/) skBuBanen- 10 THOTO
reHeparopa Ienu (CM. puc. Crpasa).
5
u,B: 010 O8 OS5 0O2 OO0
LA: 00 O2 0O4 OS5 O8
4. VKaxuTe, 4eMy PaBHbI Hmapamerpbl E5r u Ror (cM. puc. |
CIpaBa) 3KBUBAJEHTHOI'O T'€HEpaTopa CXeMbI Lenu? !
1
Esr, B: o115 010 OS5 0O1 O-5 !
Ror,OM: OS5 0O 4 O3 02 O1 !
e S
5. Ykaxure, 4yeMy paBeH TOK B Harpy3ke R, = 10 Owm, ecnu aKTH-

BHBIM JIBYXMOJIOCHUK, MIPEICTABICHHBIN UCTOYHUKOM TOKa (CM. pHC.
crpaBa), umeeT napameTpol: Jor =2 A u Gor = 0,1 Cm?

LA: O2 015 012 01,0 00




5. MpakTuko-naboparopHas pabota «HepasBeTBneHHble LenNM CUHycouparbHOro
TOKa».

HEPA3BETBJIEHHbIE LENN CUHYCOUOAIIbHOIO TOKA
LEJIb PABOTbI

[IpakTH4yeckoe 03HAKOMJIEHHE C YCTAaHOBUBIIHMMHKCS PEKUMaMH B IOCJICIOBATEIbHBIX
RL-, RC- u RLC-uensix CHHYCOUIQJIbHOTO TOKA.

TEOPETUYECKUE CBEOEHUSA N PACYETHbIE ®OPMYJbI

1. PEAKTUBHBIE COITPOTUBJIEHUSA X1 U Xc
N YIOJ CABUT'A ®DA3 ¢

VYpaBHEHUS PIEKTPUIECKOTO PABHOBECHS HANPSYKEHUN U TOKOB 1IEMH CUHYCOUIATBHOTO
TOKa MO>XHO 3alucaTh B aHAJUTHYECKON (GopMe M MpeACTaBUTh Ipaduueckud B BHIIE
BEKTOPHBIX JHATPaAMM.

[Tpu ananmze 1eneit CHHYCOMIATBHOTO TOKA HEOOXOUMO UMETh B BUY CIEAYIOIIEE:

— PEaKTUBHOE UHOYKMUGHOE CONPOTUBIICHUE X7 MHIYKTUBHOM KATYIIKU U PEAaKTUBHOE

émkocmuoe XC COMPOTHBIICHWE KOHJEHCATOpa 3aBUCAT OT YacTOThl f HMCTOYHHMKA

CUHYCOHUAANbHOTO HanpsokeHust u = Uy sin(2ft + W), T. €.

Xe=owoL=2xfLuXc =1/(wC)=1/2rfC),

rae @ = 2z f — yriioBas 4acToTa HampspKkeHwusl, pan/c; f = 1/T — nukimyeckast 4acTora,

I'm; T — nmepuoa cMHYCOMIAIbHOTO HaMpsDKeHUs, ¢; ¥, — ero HadaiabHas (asza, paj Win

rpaj;

— B BETBSAX C PEAKTUBHBIMU dJIeMeHTaMu L 1 C MeXy HaNpsHKEHUEM U TOKOM BO3HUKAET
Gazosviii cosue ¢ = ¥, — ¥, tne ¥ —nayanpHas daza
toka (puc. 3.1). Yron ¢ (B panm wuiud rpang) —

i / anreOpanyeckas  BEJIWMYMHA, M3MEHSAMOMIAsICT B

' ,; Auamasone ot —90° (—7/2 pan) no +90° (+7/2 pan).
3HaK ¥ BeTWYMHA yTJIa 3aBUCST OT TUTIA U BEJTUYHHBI
napaMeTpoB MOCIEAOBATEIBHO COCIUHEHHBIX dJie-
MeHTOB R, L 1 C BETBU U YacCTOThI f HaIpPSKEHUS.

2. BEKTOPHBIE JMAT'PAMMBI
HANIPSIKEHUM 1 TOKA
B RL-, RC- u RLC-BETBSIX

B Ta6bn. 3.1 mpencraBieHbl TUIOBBIE BETBH CXEMbI IENMHA CHHYCOMJAJIBLHOTO TOKAa,
BEKTOPHBIC JUarpaMMbl HANPSIKEHUM U TOKOB BETBEW U YTJIbI cABUTA a3 ¢ MEXIY UX
BEKTOpaMu. AHaliu3 BEKTOPHBIX JUArpPaMM IOKA3bIBACT, UTO pe3uUCMuUBHbIl dJIEMEHT R
SIBJISIETCS YaCTOTHO-HE3aBUCHMBIM JJIEMEHTOM: TOK M HAmNpsDKEHHE Ha €ro 3aKuMax

u

cognaoatom no ¢gaze (hopma ToKa ir MOBTOPSIET (HOPMY HAMPSIKEHUS UR), IOITOMY MPU
ornpeaeneHnu (Mo OCIIIIOrpaMMaM) yriia ciBura (a3 MexIy HaNpsKeHHEM W TOKOM B
BETBAX IIEMM B KAauecTBE JaTyuka TOKa OOBIYHO HCIOJB3YIOT PE3UCTOP C
CONPOTHUBJIEHUEM R0, HAIIPSKEHUE 4RO = Roi C 33)KUMOB KOTOPOT'O MOJAETCSA HA OAUH U3
BXOJIOB ocLmuiorpada.



B unoykmusenom snemente TOK omcmaém no ¢paze oT HampsokeHuss Ha 90°, a B
émkocmuom — ero onepedcaem Ha 90°. B RL-, RC- u RLC-BetBsix yriwl casura (a3
3aBUCST OT 3HAYCHHI MTapaMeTPOB DJIIEMEHTOB BETBEH U OMPEEIISIOTCS, B OOIIEM clTydae,
o hopmyie ¢ = arctg(Xz — Xc )/R.

Tab6nunu 3.1

Howmep Yron
BETBH DJIEMEHTBI BETBH Bekropnast nuarpamma
(puc. 3.3) p=Y-¥
Ik R Ir
1 —{ }— O%O—’QR 9 =0
%Z—JR
L X 0 U
2 A Sp=or @ =90° (7/2)
U I
I
le ) \+Xc -
3 — @ =-90° =-90° (-7 /2
= o N p (-712)
; 0 Uc
I R JXe 0 U
— 7 >0 -
4 o—{ VYV @ = arctg(Xz/R)
—_ 5 Q
1
Ir R } !
5 o— | H ]XCO <0 @ = arctg(—Xc/R)
_ 5 U 0 Q
I R X r a) Xz > Xc; cM. BETBb 4; _ X
6 OZD_KVV\_‘ /A 0) Xz < Xc; cM. BETBb 5; —i’ )ch]:tg[( L
> U | 6) X1 = Xc; em. Betsb 1 ¢

3. UIBMEPEHHME YIIA ¢

3HaueHue yria casura ¢as ¢ B BETBSIX CXEMBI IIETH ONPEACIISTIOT KOCBEHHBIM METOJIOM,
U3MeEpsisi BpeMEHHbIE HHTEPBAJIbI Ha OCIMJLIOTpaMMax, T. €.
| | = 360°41T,

/Q t O rae A¢f— BpeMeHHOM uHTepBan (puc. 3.2) MeXIy HyJIEBBIMU

o 3HAUYCHUSIMU CUHYCOW]I HAMPSKEHUsT (CUHEro 1BETa) U TOKa

At é (l?) (kpacHOroO 1BE€TA); yrojl ¢ Oepercs co 3HAKOM "TuIoc", ecim
TOK omcmaém no ¢haze OT HanpsbKeHus (CM. puc. 3.2), ¥ CO 3HAKOM
Puc.32 1 \| L 2 "MuHYC", €Cl TOK onepesicaem no ¢haze HanpsHKEHHE.
Huc. 5.

[lpn w3Mepennn wuHTEpBala BpeMeHU Af 1erIecoo0pasHo
UCIIOJB30BaTh BU3HMPHBIE JMHUM (8U3Upbl), PACHOJIOKEHHBIE CIIEBA M CIpaBa dKpaHa
ocrmsuiorpada (cm. puc. 3.4), Ha BXoJ1 KaHaia A KOTOporo OyjieM Mo1aBaTh HANPSKEHUE
UR0, IPONIOPIIMOHAILHOE TOKY BETBU (LIBET MpoBOJa / — KpacHbIi), a Ha BXoJ kKaHaia B
— HaIpsKEHUE ¥ BETBU (LIBET MpoBoja 2 — CUHUN).
B 6ubnuotexe nunctpymenTon cpenbl MS10 umeercs BuptyanbHbiil BartMeTp XWM (cM.
puc. 3.3 u puc.3.4), KOTOpHII H3MEpsIeT KaK aKTHUBHYIO MOIIHOCTb P = Ulcos,



noTpedisieMyro NIPpUEMHUKOM, Tak U K03 duuuent momHoctu (Power Factor) cosp =
P/UI, tne U v I — nanpsikeHUe U TOK MOTpeOuTens sHepruu. Toraa Moyib yria cABUra
da3z Mexay HanpsHKEHUEM U TOKOM

@ = arccos(P/UI).
3HaK yria ¢ ONpelenstoT KOCBEHHbIM METOAOM, HAIpUMEpP, MOAKIIOYAs MapauIeIbHO
Harpy3ke KOHICHCATOP: €CIIH MPU 3TOM KO3 GHUITMEHT MOITHOCTU COSQ YBETHUMICS (YTOJ
@ YMEHBILIWICSA), TO YTOJl ¢ UMeeT 3HaK "+", 1 Ha00OPOT.

YYEBHbIE 3A0AHUA W METOOANWYECKUE YKASAHUA K X
BbIMOJIHEHUIO

3apgaHue 1. PaccunTarh WHIYKTHBHOE COINPOTHBICHHE X7 KATYIIKH U EMKOCTHOEC

COIIPOTHUBIIEHUE XC KOHJEHCATOpa MPH YacTOTaX, YKa3aHHBIX B TaOn. 3.2, U 3aHeCTH
MOJTyYEHHBIE 3HAYEHUS CONTPOTUBIIEHUH B Ta0. 3.2.
3HaueHUs] WHIYKTHUBHOCTH KAaTYIIKA W EMKOCTH KOHJICHCATOpa OMpeNeJUuTh TIO0
dopmynam: L =100 —2,5N, mI'n, C =100 + 10N, Mk, rae N — HOMep 3anucu paMuiInu
CTYJEHTa B y4eOHOM KypHaJe FPyIIIbl.

Tabnuma 3.2

Comnporusienue X npu gacrore f, I'n
30 40 50 60 80 100 120

Paccuurano Xz, Om
U,B
N3mepeno LA

Xr, Om

Paccuurano Xc, Om
U,B
H3mepeno I A

Xc, Om

IHocTponts (Ha ogHOM pucyHke) rpaduku Xi(f) u Xc(f). OTMeTHTh KOOPAMHATHI TOYKU
nepecedeHus TpaguKOB — BO3MOXKHOTO PEXKHUMa pPE30HAHCA HANpsHKEHUN Mpu
TIOCTIEIOBATEIFHOM COSTMHEHNH KaTYIIKU U KOHACHCATOPa MEX Ty COO0H U C UICTOUHUKOM
CHUHYCOHMIAJTLHOTO HAIPSHKCHHUS.

3apaHue 2. 3anyctuth cpeay MS10 (mEnKHYB MBIIIBIO HA KOMaHIE JKCIEPUMEHT
MeHto komiuiekca Labworks). OTkpseITh daitn 3.3.ms10, pasmemiénnsniii B nanke Circuit
Design Suite 10.0, co cxemot yenu cunycoudanvnoeo moxa (puc. 3.3), uiu coopath cxemy
1enu Ha padbodem mnoie cpesibl MS10 1 yCTaHOBUTD:

— KpacHbBI IBET MPOBOJA, MOAXOISAIIETO K KaHaly A ocuuuiorpada, U CHUHUNA IS
POBO/Ia, MOIXOAIIET0 K kKaHany B ocimmiorpada;

— TlapaMeTpPhl TACCUBHBIX DJIEMEHTOB:

Ro=1MOM; R1 = R4 = Rs = Re = int(120/N), Om;

L =L4= L6 =100-25N, MI'w; (3 = C5 = Cg = 100 + 10N, MxD;



— MapaMeTpbl UACAITbHOTO UCTOYHUKA CUHYcouIanbHoro Hanpspokenus el: 9JC E=10B
(meiictBytoiee 3Hauenue), f =50 I'u; ¥, = 0;

— pesxxum pabotel AC amnepmerpa Al u BosibT™MeTpa V1; conpotuiienue amrepmerpa 1
HOM; conpoTuBiienre BosibTMeETpa 10 MOwm;

— 9yBcTBUTENbHOCT, 2 MB/men (mV/div) kamama A ocuwwiorpada, B KOTOpOM
PETUCTPUPYETCS HAMIPSDKEHUE, CHUMAEMOE € pe3rcTopa Ro; 9yBCTBUTEIBHOCTE S5 B/men
(5 V/div) xanama B, B KOTOpOM pErucCTpUpyeTCsi HANPSHKEHHE BETBH; JIUTEIHLHOCTH
paseeptku (TIME BASE) B pexxume Y/T —2 mc/nen (2 ms/div);

— ynpasisitonue kimodamu A, B, C, D, E u F xnasumm A, B, C, D, E u F knaBuarypsl.
CkonmpoBaTh CXeMy DSJEKTPUYECKON LENU CHHYcOuJadbHOro Toka (puc. 3.3) Ha
CTpaHUILy OTUYETA.

XWM1 A1
x> A
+V- +1-
‘i’ _‘f_ g AC 1m$2
V1 R6
R R (53
[] R1 g L3 L c3 30 30
~ AC|10ME L6
&y 10 Vrms glOmH
i 50 Hz 0° 34T C5
o 10mH 46 0nF
- . RO e
L = fPA Faon =C6
-  1mQ : LK - T/ — 460pF
. D ‘e §
Puc. 3.3 L

3apaHue 3. IIpoBecTn u3MepeHHe TOKOB, HANPSHKCHUI U yIJI0B caBura (az Mexmy
HUMH B BETBSIX, COJIEPKAIIUX COOTBETCTBEHHO pe3ucTuBHbIM R1, nHayktuBHbld L2 1
€MKOCTHBIN C3 2JIEMEHTBI.

C aroit nenplo:

— moAKJIYUTH pe3uctop RI1 (HaxaTe KiaBuily A KJIaBUATypbhl) K HCTOYHUKY
CUHYCOUJAIBHOTO HAIPSIKEHUS €], 3alyCTUTh NpPOrpaMMy MOJEIUPOBAHUS CXEMBbI
(WENKHYTh MbIIbI0 Ha 1Uppe 1 KHONKHU L)y u yoenqutbes  (aHANMM3UPYS
OCLIMJIJIOTpaMMBbI Ha SKpaHe ocuuiuiorpada), 4To yroia casura gpas Mexay HanpspKeHUEM
u TokoM @ = 0. Tok /1 = U/Ry;

— OTKJIIYMTBH pe3uctop R1 (Haxarh Ki1aBuIlly A KIaBUATypbl) U MOAKJIKYUTH KaTyLIKY
L2 (naxats knaBuiy B) k ucrounuky er. [lokazanus BonibrMeTpa V1 u amnepmerpa Al
npu f= 50 'y 3anecTn B Tabi. 3.2. U3mensist cryneHvaro yactory Hanpsbkenus (30, 40,
50, 60, 80, 100, 120 I'r), 3aHOCUTH MOKa3aHUS BOJIBTMETPA M aMIiepMeTpa B Tao. 3.2.
Paccuntarh conporusienue  Xz2(f) = Ur/lL v cpaBHUTBH NOJIy4YEHHbIC 3HAUYECHUS CO
3HAYEHUSIMU, HAWJIEHHBIMU TIPU BBINOJHEHUU 3agaHus 1. YOeaurbes: (aHanu3upys
OCIIMJUIOTPAMMBI), 9TO TOK if OTCTaeT mo ¢aze OT HANpsHKEHUs u, Ha yron ¢ = 90°.
CxonupoBaTh (WM 3apuCcOBaTh) B OTYET ocipuiorpamMmmbl uz(f) v ir(¢) npu f = 50 I';

— MOBTOPHUTH IPEIBIIYIIEE 33JaHHE OTHOCUTEIBHO KOHAeHcaTopa C3, npeaBapuTebHO
OTKJIFOUMB OT UCTOYHUKA (ITOCPEACTBOM KiaBullid B) BeTBb ¢ 3nemenToM L2 1 noakimouuB



¢ nomomibto kmaBumu C K UCTOYHHMKY €1 BeTBb ¢ KoHjeHcatopoM C3. Ilokazanus
npuOOpoOB 3aHOCUTH B TaOi. 3.2. PaccunTaTh conpoTuBiieHne KoHAeHcaTopa Xc3(f) =
Uc/Ic (cm. Tabm. 3.2) ¥ cpaBHUTH MMOJTYyYCHHBIE 3HAUCHUSI CO 3HAUYEHUSAMHM, HallJICHHBIMU
IpU BBINOJHEHUU 3afaHusi 1. Y0enuThesl (aHAIU3UPYS OCUMIUIOTPAMMBI), YTO TOK IC
orepekaet 1o ¢aze HanpsHKEeHUe uC Ha yroi ¢ = 90°.

CxonupoBaTthb (WK 3apUCOBATh) HA CTPAHUILY OTYETA OCHIMILTIOTpaMMbl uC(?) v ic(f) ipu
f=50TIm.

3apaHue 4. IIpoBecTH W3MEPECHHUS TOKOB, HANIPSDKCHUN W YIJIOB cABHra (ha3 Mexy
HAMHU B BETBSIX, COJEPMHAIIUX COOTBETCTBEHHO RL-, RC- m RLC-amementsl. C 3TOM
LETBIO:

— yCTaHOBHUTH 4acToTy f = 50 'l UCTOYHUKA HANIPSKEHUS €1 U MOAKJIIOYUTh K HEMY
BeTBb R4L4, npeaBapuTeiabHO OTKIIOUMB BETBb C KoHjeHcaTopoM C3. Ilokazanus
npubopoB 3aHecTH B Tabn. 3.3. Yrom ¢ omnpeaeauTb KOCBEHHBIM METOJIOM,
BOCIIOJI30BABIIMCh OCHMJJIOTPaMMaMU HAMPsDKEHUS U TOKA BETBU, WJIU U3 MOKa3aHUS
BarT™MeTpa XWMI1. Jlns ynoO6cTBa u3MepeHnii M3MeHsiiTe YyBCTBUTEIHHOCTh KaHAIOB
U JUTUTEIBHOCTh Pa3BEPTKHU ocmiiorpada.

PaccuurTaTth nonHoe Z4, akTUBHOE R4 U peakTuBHOE X714 conpoTuBiieHUs BeTBU R41.4 u
3aHECTH UX 3Ha4YeHUs B Ta0J. 3.3. Y0eauThcsi, 9TO TOK [ B RL-BeTBU OTCTAET 10 ¢asze oT

HaANPsDKEHUS ¢ HA yroJl ¢4 = arctg(X74/R4); ckonmupoBaTh (WK 3apUCOBATh) HA CTPAHUILY

OTUYETa OCI_[HJIJ]OFpaMMI)I HaHpﬂ}KeHHH " TOKa RL-BGTBI/I;
Taonuma 3.3

N3mepeno Paccuurano
Betsb U, 1, 0, Z=U/I, R = Zcoso, X = Zsing,
B A rpan Om OMm Om
R4L4
R5C5
ReL6Co

— MOBTOPMTH TIpebIayIiee 3aaanue s BeTBu R5CS, npeaBapuTebHO OTKIIOYUB OT
UCTOYHHUKA €] YETBEPTYIO BETBb. Y O€AUTHCS, YTO TOK I B RC-BETBHU omepexaet 1o (asze
HANPsHKEHUS 1 Ha yToa @5 = arctg(—Xc /R5);

— CKONMPOBATH (WJIH 3aPUCOBATH) OCHUJIIIOTPAMMBbI HaNPsKeHUsS! U Toka RC-BETBH;
—OBTOPUTH NpeIbIIYIIEE 3aJaHue s BeTBU ¢ sneMmentamu R6, L6 u C6, npenBaputensHO
OTKJTFOYMB OT UCTOUHUKA €1 MSITYIO BETBb. Y OeauTcsi, uTo B RLC-BeTBU yroii caBura ¢as ¢s
MEXIy HAPSIKEHUEM M TOKOM 3aBUCUT OT BEJIMYMHBI PEAKTUBHOTO CONIPOTHUBIICHUS

Xe = X16 — Xce.

Ecnu mpu wactore = 50 I't, yron ¢s = arctg(Xz6 — Xce)/Re > 0, TO, yMEHBIIIUB YaCTOTY
10 20-30 I', yron @ U3MEHHUT CBOM 3HAK, M1 HA000pOT, eciu npu f = 50 I'u, yroa ¢ <
0, To, yBenmuuuB yactory f npo 100...120 I'm, Tox Oyxmer orctaBaTh mo ¢asze oT
HaIPsDKEHMS, TIPU 3TOM yroil ¢6 > 0.

B kauectBe npumepa Ha puc. 3.4 npeacTaBieHbl OCHHIIOTPaMMBbl HANPSHKEHHSI U TOKa
ReL6Ces-BeTBU M TTOKa3aHue BaTTMeTpa XWMI 1ipu yka3zaHHBIX Ha puc. 3.3 mapaMmerpax



AJIEMEHTOB CXEMbl. AHAJIM3 OCHIIJIOTPaMM IMOKa3bIBAET, YTO TOK i OMEpekaeT 1o (asze
HANPSIKECHUE U6 HA YTOJ

@6 =—360°A1/T =~ —360-2,847/4-5 = — 51,3°.

Bocnonb3oBaBminch nokazanueM BartMerpa XWM1, HaxoauMm MOAYJIb yIiia:

| 6 | = arccos(0,624) = 51,4°.

7 Wattmeter-X... @

Power Factor:
“Wltage Cument
AN v - + -
<~ <+
48¢
KN s
Time Channel_A Channel_B
E M| 1007s  -77.080 uV 11.279 V ﬂl
P 2000s 2.237 mv -427 624 mV/ v Ext. Triager
T2-T1 2847 ms  2314mV 10.851 W - 110
-~
Timeb, Channel Channel Trigger

Scale | § ms/Div Scale | 1 m\Div Scale |5 WDiv Bige [F |[* 8 |E<|
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[¥iT #ad| Bia|am| [AC 0 |oc| ¢ [[AC o0 |oc|-| | Type Sing.| Nor.| Auto |[None |

Puc. 3.4
COAEPXAHUE OTHETA

1. HaumenoBanue u 1enb paboThI.

2. DaeKTpuvecKre pacuETHBIC CXEMBI U KOIIHSI CXEMBI IIEeTIH, COOpaHHOW Ha pabodeM ToJie
nporpammMHoi cpeast MS10.

3. Pacuétnpie HopmyIibl, BEKTOPHBIE M BPEMEHHBIE JUArPAMMBbl HAMPSIKEHUH U TOKOB
BETBEU IIEMU.

4. TaGnuIpl ¢ pacCUETHBIMU U KCIIEPUMEHTATHHBIMY JTAHHBIMHU.

5. I'pacduxu Xz(f) u X(f).
6. BeiBoibI 110 pabore.

TECTOBbIE 3AAHUA K PABOTE
«HepaB3BeTBMneHHbIe Lenn CMHyconaanbHOro ToKka»

1. VYxkaxure, uyemy paBeH (a3oBbIH Yroa B IE€NM CHHYCOUJAJIBHOTO TOKA, COJAEp)Kalel

[IOCJIEIOBATEIbHO COEAMHEHHBIE PE3UCTOp ¢ compoTuBieHueM R = 5 OM UM KOHAEHCATop ¢
conpotusieHuemM Xc = 5 Om?
@ = 30° 45° 60° - 30° -45° 90°

©) @) @) ©) @) @)



2. Ykaxkure, Kak H'3MEHUTCS TOK B BETBHU, COJIEpKAILEH HHAYKTUBHBIN 3JIEMEHT, €CIU IPU HEU3MEHHOM
YPOBHE HaNpsKEHUs1 HICTOYHUKA CUHYCOUAAIBHOIO TOKA YBEIMUUTh YaCTOTY HANpPsDKEHUs B 4 paza?

O BenuynHa TOKa HE H3MEHHUTCS
O Tok yMeHBIINTCS B JiBa pa3a
O Toxk yBenuuurcsi B 4 paza

O Tok ymenbinurcs B 4 pasa

3. Ykaxure, ueMy paBeH TOK [ B iocienoBarenbHol RL-1ienu (R = X, = 70,7 OM) cHHYCOMIAIbLHOTO
TOKA C HAIPSDKEHHEM U = ~/2 - 220sin314¢ B?

44 A 22 A 11 A 55A 22A

@) @) @) @) @)

4. Konnencarop ¢ émxoctbto C = 1/6280 mM® ycTaHOBJIEH B LENHM CHUHYCOMWJAIBHOIO TOKa C
HaNpsHKEHUEM U = J2-220 sin(27 -1000¢ + 7/ 6) B. Ykaxure, yeMy paBeH TOk / nenu?

0,22 A 044A 22A 4,4 A 10 A

®) @) ®) @) @)

5. VkaxuTe nmociaenoBaTeibHOCTh (Da30BbIX yIIIOB B BeTBAX (R = X7 = X¢, cM. pHC.), BKIIOYEHHBIX B
LeNb CUHYCOM/1aJIbHOTO HAIPSIKEHUS.

a) oo O a 0) 6) 2)
R 'C 90°  —45°  45°  —90°

6) O_CI_NY\_O O a 0) 8) 2)
R

L 45° —45° 90° -90°
6) oYY\ O a 0) 6) 2)
L —45° 45° 90° -90°
O a 0) 6) 2)
2) 0—“—0
C -90° 90° —45° 45°
6. Yxaxure BeTBb, C KOTOPOI CHATHI OCLMJIOTPAMMBbI HAIPSKEHUSI U TOKa.

O—%}—”C—o o—%}—fYLY\—o o—f\ZY\—OO—“C—o 0% A
@) @) @) @)

u

7. YKaxuTe BeTBb, C KOTOPOU CHSITHI OCHIMJIIOTPAMMBbI HATIPSKEHUS ﬂz’ ; H TOKa,
ecim R = X1 = Xc. ) >

e - T O

O_E]_NY'\_O —YY_ oo YY) @)

R C R L L R L Hgo C '®)

O

®)

8. Vkaxute, uemy paBeH pa30Bblii yroj B I[ENU CHHYCOHIAJIHHOIO TOKa, COAepxkKalen
MTOCJICZIOBATEIILHO COSAMHECHHBIC PE3UCTOP C conpoTuBiieHueM R = 1 OM U ucalibHy0 WHAYKTHBHYIO
KaTYIIKY C CONPOTHUBICHHEM Xz = /3 Om?

@ =-30° —45° -60° -90° 60° 30°
®) ®) ®) ®) ®) ®)

9. Ykaxure OKBUBAJICHTHYIO CXE€MY 3aMCIICHUA ITaCCMBHOI'O0 ABYXIIOJIIOCHHKA, €CJIM U3BECTHBI TOK N
HAIIps>KCHUEC HA €ro 3aXKNuMax:

i =/2-22sin(27 -1000¢ + 60°) A 1 u = /2 -220sin(27 -1000¢ +30°) B.

o— <YYo 0—:}—”—0 —YYY o o |= o
O ®) O O

10. Ykaxure OKBUBAJICHTHYIO CX€MY 3aMEIICHUSA ITaCCUBHOI'O ABYXIIOJIIOCHHKA, €CJIM U3BECTHBI TOK U
HAIps>KCHUEC HaA €ro 3aXKnuMax:



i =+/2-10sinQ7-1000r +120°) A 1 u = /2 -220sin(27 - 1000¢ +180°) B.
° :]R L :]R “c L :]R “ C
o ) o o )

11. Ykaxxure SKBUBAJICHTHYIO CX€MY 3aMEIICHUSA ITACCUBHOI'O ABYXIIOJIIOCHHUKA, €CJIIM U3BECTHEI TOK U
HAIps>KCHUEC Ha €ro 3aKnuMax:

i =2 -sin(27-1000¢ + 60°) A m 1 = /2 -10sin(27 - 1000¢ + 60°) B.
o—%]_ﬂ?f\_o O_?_”C_O o—" o o—%}—c o—“c—o
®) ©) O O @)

6. MpakTuko-nabopartopHasas pabota «Pa3BeTBNéHHas LUeNb CUHycouAaribHOro
TOKay.

PA3BETBNEHHASA LEMb CUHYCOUOANBHOIO TOKA
LEJIb PABOTDI

HCCHeﬂOBaHI/IC CIIOKHOM OeTIM CHUHYCOMAAJIBHOI'O TOKa IHOCPCACTBOM KOMINICKCHBIX
YHUCECJI U BEKTOPHLBIX JUArpaMM.

TEOPETUYECKWE CBEOEHUSA N PACYETHbLIE ®OPMYJbl

1. OIMCAHHUE JABYXINOJIOCHUKOB KOMIIJIEKCHBIMUA
YUCITAMHU

Pacuér pa3BeTBIEHHBIX 1IETIEW CHHYCOMJAIBLHOIO TOKAa B YCTAHOBHMBIIUXCS PEKHUMaXx
paboThl BEAYT C MOMOIIBIO KOMWIEKCHbIX Yucesl W MPENCTABISIOT B BUJE BEKTOPHBIX
IUarpaMM B KOMIUIEKCHOM MIIOCKOCTH.
PaccmoTpennsie B npeAplaymux padoTax MeToAbl pacuéra Ienei MOCTOSHHOTO TOKa
(mocpenctBoM 3akoHOB Kupxroda, MeTogamMu y3710BbIX HAMIPSKEHUH, KOHTYPHBIX TOKOB,
HAJIOXKEHUs, TMpeoOpa3oBaHMsI CXEM) CHOpaBeJIMBBI M I pacyéra Ieneu
CUHYCOUJANBHOTO TOKa. [Ipu 3TOM cuHycouganbHo M3MeHstoumecs Beaudunsl (3/C,
HaIpsOKEHWE W TOK) MPENCTABISIIOT B BHUJIE KOMIUIEKCHBIX uucen: komiuieke JDJIC
E =Eé' *e, xommnexc nanpsokenus U = Ue/ %y xommnexe toxa 1 = Ie/ ¥
B cBoto ouepens KOMIUIEKCHBIE YMCIa U300paKalOT B BHUJIE BEKTOPOB B KOMILJIEKCHOM
miockoctd Im-Re. Ilpu 3TOoM anreGpamdeckwe NEUCTBUS HaJ CHHYCOWAIbLHBIMU
BEJIMYMHAMM 3aMEHSIOT JICUCTBUSAMM HaJ KOMILJIEKCHBIMU YHCIIAMU WM HaJ BEKTOPAMH.
B nmannoit pabote mcciemyeTcs 1enb ¢ MOCIeI0BaTeIbHO-TIAPAUIEIbHBIM COSTMHEHUEM
BETBEU — MaCCUBHBIX ABYXMOIOCHUKOB S1, P2 u P3 (puc. 7.1, a).

—:11 S1 7o Tun S ,T_I/I_IE_P____ e
E |l]z VB e :
E— : R L C: H C!
U] 1 | H |~
|| |p]| S =
U J U2 e e e ! i
- 0) 6) LT
a) Puc. 4.1



JIByxnontocHUK S1 Tumna S cocTout U3 TpE€X Mociaea0BaTEIbHO COCIMHEHHBIX 3JIEMEHTOB
R, L u C (puc. 4.1, 6), a Kaxaplil U3 IBYXITOIIOCHUKOB P2 u P3 Tuma P cCOCTOUT U3 TPEX
napajuiesibHO CoeIMHeHHBIX 35ieMeHTOB R, L u C (puc. 4.1, 8). CorinacHo BapuaHTy (CM.
Tabsn. 4.1) B JBYXIOJIOCHUKAaX HYKHO OCTaBUTh YyKa3aHHbIM HAOOp 3JEMEHTOB U
YCTAHOBUTH 3HAYEHUSI UX IMAPAMETPOB.

llonnoe komnnexcHoe conpomusieHue Z IByXNOJIOCHUKA TUIA S € IOCIIEI0OBATEIbHBIM
COeIMHEHUEM JJIEMEHTOB (cM. puc. 4.1, 6) 3anmuChIBAlOT B ajreOpanyeckol WM B
MOKa3aTesbHON opme:

Z=R+jXL - jXc=2Zel?,
rae Z = \/ R?2 + (X, —X¢)? u ¢=arctg[(X1 —XC)/R] — M0Oynb 1 apeymenm KOMILIEKCA

MIOJIHOTO COTMPOTHUBJICHUS NBYyXmHoitocHuKa; R, X1 = wL n Xc = 1/wC — akTuBHOE,
UHYKTUBHOE U EMKOCTHOE COMPOTHUBIICHHUSI IBYXIIOIOCHUKA.

llonnyro xomnnexchyro nposooumocms Y (B CHUMEHCaX) JBYXIIOJIOCHUKA TUIA P C
napauielibHbIM COCIMHEHUEM 3JIeMeHTOB (cM. puc. 4.1, 6) Takke 3almUCHIBAlOT B
anreOpanyecKkoil Wik B oKazaTeabHOU dopme:

Y=1/Z=g —jbr +jbc=Ye /?,

rne Y=1/Z= \/ g2 +(b, —bc)? u @ = arctg[(bL —bc)/g] — moOdynb U apeymenm KOMILTIEKCa

MOJTHOM MPOBOJIMMOCTH JIByXNoitocHuKa; g = 1/R, by = 1/Xy nu bc = = 1/Xc — akTuBHas,
WHYKTUBHAS U EMKOCTHAs POBOAUMOCTH JIBYXIIOJFOCHHUKA.

JIByxnontocHuk tuma P (puc. 4.1, ) MoxeT ObITh TpeoOpa30BaH B IBYXITOJIOCHUK THUIIA
S (puc. 4.1, 6) wu HaobopoT mocpenctBoM GopMys  MpeoOpa3zoBaHMUS.
Hanpuwmep, neyxnontocauk Tuna P c¢ snementaMu R u X7 mnpeoOpa3oBBIBAIOT B
JBYXIIOJIFOCHUK THUMA S TI0 opMyJiam:

Z'=R'+jX'1=g/Y* + j(b/V?),

Fi

, Z=R+iX=Z'? < Z=R-jX,=Zc
= ix; roe I = fR2+ X7, 2 —iX, THE Z=_[R+ X3,
j‘; p=arcta(X [ R) = @ = arctg(-X, {R)
g . .
”» Y=g-jh=Ve" Y/ Y= g+jb,=Ya",
¥y —jhy THE g=RIZ*=Rj(R* +X§}; ¢ rne g=R [z =R [(R2+X72),
s by=X [E2=x, (R2+X2) L by =X, f2 =X, [(R* +X7)
Puc. 4.2 rie R’

=g/’ X1=b/Y% Y=\J/R*+1/ X2 .

JInst HarasaIHOCTU KOMIUIEKCHI Z U Y TIPEJICTaBIAIOT B BUJE TPEYroJbHUKOB (puc. 4.2).
[Ipu 5TOM KOMIUIEKCHBIN TOK JABYXIOJIOCHUKA TUMA S 0OBIYHO 3alUCHIBAIOT B BUAC [ =
U/Z , a neyxnomocHuka tuna P — B Bunie [ = YU, rne U — KOMIUIEKC HaNpsHKEHUST Ha
3aKUMax JIBYXIOJIOCHUKA.

2. PACUET LEIU CO CMEINAHHBIM COEJUHEHUEM
ABYXHOJIOCHHUKOB

3anwuiieM nepBbii U BTOpoit 3akoHbl Kupxroda mais cxemsl (puc. 4.1, a):



Lh=b+LE=U=U + 1,
rae 2 = YoUz; 3 = Y3Us; [1= (X2 + Y3)Uz , uin
h=UlZ=UlZ1 + (LL)( L2 + 23)]; 22 = 1/Y2; Z3 = 1/Y5.
Hycts E = Ee?=U =10e7"B; Z1=R —jXc=5—j50M=7,07¢7¥°Om; Zo =R +
JX1=4+j3="5eP"0m; Zs = —jXc = 5¢7""0Om.
Toraa KOMIUIEKCHBIE TPOBOAMMOCTH BTOPOM U TPETHEN BETBEM:
Yo =1/22 =1/(5¢37") = 0,273 Cm; Y3 = 1/Z3 = 1/(5¢7°%") = 0,2¢7°7°Cwm,
d OKBHUBAJICHTHAA KOMILUICKCHAA IIPOBOANMMOCTDL PA3BCTBIICHUA
Y3 =Y2+ ¥3=0,2¢77 +0,2¢°= 0,2c0s37° —j0,2sin37°+ j0,2 =
=0,16 — 0,12 + j0,2=0,16 + 0,08 = 0,179¢/2%>°Cum.
KOMHJ’IGKC BXOIHOI'O COHpOTI/IBJ'ICHI/IH
Z =721+ Z3=Z1+ 1/Y23 = 7,07e 7P+ 5,59¢726°°= 5 _ j5 + 5 — 2.5 =
=10-,7,5=12,5¢73""0Om.
Kommeke Toka [1= E/Z = 100e/3%°/12,5¢737°= 0,8¢/57°A.
KOMHJ’IGKCBI HaHpH)KeHI/Iﬁ U TOKOB BETBEM:

U1 =211 = 7,07e7%". 0,8¢/°7'= 5,66/ B;
""""" w Un =2Z0301=5,59¢720°".0,8¢/°7'= 4,47¢/40>" B;
b= Us/Zr = 4477405 /50737°= 0 89¢/35°A;
S Re 13 = U /23 = 4,474 /5¢ -90°= 0,89 /13057

Im

0 b BekropHasg nmarpamMma HanpsKeHUM U TOKOB BETBEU
Puc. 4.3
npeAcTaBieHa Ha puc. 4.3.
YYEBHbIE 3A0AHUA W METOOUYECKUE YKA3SAHUA KUNX

BbINMOJIHEHUIO

3apaHue 1. PaccuntaTh cxemy tienu (cm. puc. 4.1, a) ¢ mapaMerpaMu, PUBEICHHBIMU
B Tabin. 4.1. Pe3ynbrarsl pacuera 3aHecTH B Ta0d. 4.2. Mcnonb3ys naHHble pacuéra,
NOCTPOUTH B KOMIUIEKCHOW MJIOCKOCTH BEKTOPHYIO JUAarpaMmy HampsDKEHHM U TOKOB
CXEMBI LIETH ¢ YKa3aHWEM HanpaBiieHUH (Da30BbIX YIJIOB ¢k BETBEU U yIJIa ¢ Ha 3aKUMaxX
LEIH.

Taonuma 4.1
JIBYXITOJTIOCHUK
Bapnan | E, fi S1 P2 P3
T B I'm | Ri, | L1, | Ci, | Ry, | L2, | Co, | R3, | L3, | C3,
Ovm | M[H | MK® | OM | M[H | MK® | OM | M['H | MKD
1...10 | 2+N"|3000 | - 0,6 5 6 0,2 - 10 - 5
11..20 | 1+N | 4000 | 4 0,4 — 4 - 8 8 0,4 -
21...30 N 5000 | 4 0,2 — 8 0,3 — 4 — 10
N"— HoMep 3amucy GaMUIMH CTYIEHTa B y4eOHOM KypHaJIe IPyIIbl

3apaHue 2. 3anyctuth cpeay MS10. OTkpoiTh ¢aiin 4.4.ms10 ¢ 3anucanHoON cxemotl
PA36eMBAEeHHOU Yenu CUHYCcouoaibHo2o moka (puc. 4.4), ocTaBUB B JBYXIIOJIIOCHUKAX
yKa3aHHbIe B TaOJ. 4.1 3JIeMEeHTHI, WU, COTJIaCHO BapwaHTy 3adaHus (cMm. Tabm. 4.1),



co0paTrhb cxemy 1enu Ha pabodem mojie cpeast MSI10, ycTaHOBMTH TapameTphbl
3JIEMEHTOB JIBYXIOJIOCHUKOB S1, P2, P3, UCTOYHHMKA CUHYCOMAAILHOIO HAIPSKCHUS

e=~2E sin(27ft), conpotusienus R4 = 1 MOm amnepmerpoB Al, A2 u A3 u Ry =10

MOw BoasT™MeTpoB V, V1 u V2, pexxum pabotsl AC n3MepuTenbHbIX PUOOPOB.
CxonupoBaTh CXeMy LIETIH Ha CTPAHUILY OTUETA.

N3mensist macmtad ropusoHTanbHOM paszBeptku mydei 0,05...0,1 mc/aen npu gactorax
OAC f=3...5 k['u, moay4ynTh yJ00HbIE I HAOTIOACHUS U U3MEPeHUs (Pa30BOTO yTiia
OCIMJIOrpaMMBbl HampsixeHust 1 Toka (2...3 nepuona usmeHenus DJIC e) Ha 3kpaHe
ocriuiorpada.

Hanpsoxkenue ur = R4i, NponopluiioHaIbHOE TOKY #, CHUMAETCSI C BHYTPEHHETO aKTUBHOTO
conpotusieHus R4 = 1 MOwm amnepmerpa Al, mo3ToMy MacitTad no BEpTUKAIM KaHaja
A ocmimiuiorpada 3anaBath B unteppaie 0,1...0,5 mB/gen (mV/div), a kanana B, Ha Bxon

KOTOPOTO MOAAETCs HANPSKEHNWE UCTOYHMKA e, B uHTepBaiie 5...20 B/xen (V/div).
Tabaumna 4.2

XSC1 XWM1 RT L1
I
. 3(\7— ::AI_ 40 400uH 5.
— ¢ V1
— RZ31, = R3 2 3 L
. e 40 7200uH | guF | 89 T400uH] 5uF
l | | S|
i AC 10M0 " =
AC|1mQ
T i " XWM2 AC|Tml yywms AG|fmi
VZ | & | &
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2o~ I .| -
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B lrman| B | A|rpan| B | A |rpan| B | A | rpan

/.
I'n
Paccuurano | f
f
2f

N3smepeno
Paccuurano [TonHbIE CONPOTHUBIEHHUS IBYXITOJIFOCHUKOB
110 TaHHBIM Z1=Ui/l, Om Z>=Us/lr, Om Z3=Us/I3, Om
SKCMIEPUMEH [ ¢
TOB of

3amycTuTh 1nporpaMMmy MojaenupoBaHus. [lokazaHus npuOOpoB U 3HAUYEHHUSA
BBIUMCIICHHBIX (Da3oBbIX yraoB @i =%, —%¥ik, tae k — HOMEp BETBU, W yria

¢ =Y, —¥; =—-%¥; Ha Bxoje LilenH, 3aHecTH B Ta0. 4.2. HaiiTu yriel casura ¢as ¢i,

» " @3 BCTBGﬁ, BOCITIOJIb30BaBIINCh IIOKAa3aHUAMH BAaTTMCTPOB, T. €. |¢k| =

arccos(Px/Uklk), tne Px — noka3anue k-ro BartMmerpa; Uy — HanpsbkeHue k-t BeTBu; Ik —
TOK k-o¥i BeTBU; k= 1,2 u 3. Yrona caura pa3 Ha BXOJ€ LIETH ONPeAeJuTh 110 hopmyJie:



@ = 360°4¢/T, rpan, rne At — BpEMEHHON MHTEPBAJI MEX]y HAIpPsDKEHUEM UM TOKOM B
CeKyHJIaX, ONpelesieMblii IO OCIIJIJIOTpaMMaM HampsbKeHus u v Toka i1; I = 1/f —
Nepruo U3MEHEHMsI MUTAIOLIEro Ienb HampsokeHus B cekyHaax; f — udactora DJIC
MCTOYHHKA e B repuax.

CpaBHMTBH pe3ynbTaTbl M3MEPEHUN DJJIEKTPUYECKUX BEIMYMH CO 3HAYCHUSIMH,
MOJIyYEeHHBIMH B pe3yJibTare pacuéra. B ciiyuae pacxoxxaeHus 3HaueHuil Oosiee, yeM Ha
5 %, npoBepuTh pe3yibTaThl pacu€ra U CXEMy COEIMHEHHUsS SJIEMEHTOB CXEMbI Ha
pabouem nosie cpeasl MS10, a Takke ycTaHOBJIEHHBIE (COTJIACHO BapUaHTY) MapaMeTphbl
AJIEMEHTOB 1ienu (cM. Tabi. 4.1).

B kauectBe npumepa Ha puc. 4.5 TpuBEACHBI MTOKa3aHUs BaTTMETPOB, a Ha puc. 4.6 —

OCHUJITIOrpaMMBI HAIIPSKCHUA U 1 TOKA i1 HA BXOJC ICIIHU € ITapaMeTpaMu 3JICMCHTOB IJIA

Bapuanrta 30 (cMm. Tabn. 4.1): E=30B, f=4klu, Ri= =40m,L1=02mMIH, R2=8
XSC1 R1 L1
XWM1 - }—
40 200uH |
BT X~ A
- B Vi R2 3 L2
s | LI8a 3300uH
L T |
— A1 AC 10M0 A2 | A3
J_ AC [tmD XWM2 AC i TmD XWM3 AC|[1Tm(
v i He e
N o et
() £ 3
AC|[10M0 AC|10MD +9 22

AA OO VAL
24 398 W

OV

Powsr Factor

\Witage Cumrent
+ - + -

Power Factor:
‘Wltage
+

Power Factor:
\Witage
+

Puc. 4.5

Owm, L2 =0,3 mI'H, R3 =4 Om, C3 =10 MKD.

VYl caBura a3 BETBEH U Ha BXOJIC LICTIH:

@1 = arccos(0,621) = 51,6°; ¢ = arccos(0,688) = 46,53°;

@3 = — arccos(0,704) = — 45,25°;, ¢ =360-23,92/250 = 34,44°.

Komruiekcsl conpoTrBIIeHUNA BETBEN:

Z, =7,/ =(U/1))e/” =(25,012/3,89)e/°16" = 6,43¢/5L6 Om;
Z, =75e/% =(9,895/1,795)e/46>3 =5,51e/4653 Owm;
Zy=73¢77% =(9,895/3,509)¢™/ 4525 =2 82e/4525 O

ITonHOE KOMIIIIEKCHOE COIIPOTHUBJICHUC HA BXOAC LICIIN



Z=Z7el? = 'L )ej(/’ =(30/ 3,89)ej 3444 =7 717344 Owm,
MoiHocTts Ha Bxojie nenu P = Ulicos¢p = 30-3,89c0s34,44° = 96,24 Bt
wm P=P1+ P>+ P3=60,57+12,19 + 24,4 =97,16 Br.

[ DSCODE

At
~
i1
u
//
Ku| ]
Time Channel_A Channel_B

E € 02625ms  -2.084mv -349.099 mV/ _Reverse |

4P| 102649 ms 29216 uv 23635V Save Ext. Trigger
T2-T1 23918 us 3.093 mVv 23984V ’

' 5

Tlrnebfgg Chan Chan Trigger
Scale 50 us/Div Scale 2 m\¥Div Scale 20 \¥Div Ejge ITi”— | X I
X position |0 Y position IO Y position ID Level Io I v
[¥7T #ad| Bia|am| [AC 0 |oc| @ |[AC 0 |oC|-| | Type Sing.|Nor.| Auto |[None

Puc. 4.6

3apaHve 3. IloBTopuTh onepanuu 3agaHus 1, yIBOMB 4acTOTY f CHHYCOHJIAIBHOM
OJIC e. Pe3ynbrarsl u3MepeHuii 3aHecTu B Ta0. 4.2.

ITo pe3ynbTaram U3MEpPEHUN PacCUYMTATh MOJHBIE CONPOTUBIICHUS JBYXIIOJIIOCHUKOB U
3aHecTH uX 3HaueHusa B Ta0ia. 4.2. [locTpouTh (B Macmrade) mIeCTh TPEYTrOJIbHUKOB
COTPOTUBJICHUH JIBYXIOJIFOCHUKOB, OTMETHB Ha HUX (a30BbIC YIIIBI.

CxonupoBaTh B OTUET WM 3apUCOBATHh OCHWLIOTPaMMbl HanpsikeHust  u(f) = e(t) u

TOKa i1(¢) Ip¥ 3aJaHHON f ¥ yJIBOGHHOH 4acTOTE.

COOEPXAHUE OTYETA

1. HaumenoBanue u 1ennb paboThlI.

2. DNEeKTpUYECKUE PACUETHBIE CXEMBI U KOIIHS CXEMBI LIETIH, COOpaHHON Ha pabodeM 1oJIe
nporpamMHoi cpeast MS10.

3. Pacuérabie ¢opMyInbl, TPEYroJbHUKHA COMPOTHBICHUN BETBEH, BEKTOPHbBIC H
BPEMEHHBIE THAarpaMMbl HANIPSHKEHUN U TOKOB CXEMBI LIETIH.

4. Tabmuupl ¢ paCYETHBIMU U SKCIIEPUMEHTAJIBHBIMU JTAHHBIMH.

5. BeiBogbI 110 padore.



TECTOBOE 3AJAHUE K PABOTE «Pa3BeTBnéHHas uenb
CMHycounaasiibHOro Toka»
1. Vkaxwure, yeMy paBHbI conpoTuBJennusi R' v X', npyxnonrocHuka tumna S (mocnenosarenbHas R'L'-
BETBB), €CJIM U3BECTHBI conpoTuBienus R u Xz (R = Xz =4 OM ) ABYXIIONOCHUKA THIIA P?
R'=X7= 80m 40mM 20M 10m 0,50m 0,250m
©) ©) ©) ©) ©) @)

2. YKa)KI/ITe, Y€MYy PAaBHO OKBHUBAJICHTHOC COIPOTHUBJICHUE

JBYXITIOJIFOCHUKA TUMa P (cM. puc. cripasa), eciiu R = X7 = X¢ =2 Om?
120m 8 0Om 4 Om 2 Om 1 Om
O O O O O

3. Vkaxure, 4eMy paBHO NOKa3aHHMe ammepmerpa Al,

M3BECTHBI NT0OKa3aHUs amnepMerpoB A2 =4 A u A3 =3 ,

YCTQHOBJICHHBIX B BETBSAX Pa3BETBJICHUS LENH (CM. puC.
cnpasa)?

TA S5A 4A 3A 2

O O O O O
4. YkaxuTe BbIPaKeHMs KOMILJIEKCA ITOJIHOTO CONPOTUBIIEHUS NOCIEI0BATENBHON RL-11eTH.
Z="7Zel? Z=R-jXL Z=R+ jXL Z=27Ze7? Z=Zel
0 0 0 0 0

5. Vkaxure, 3aBUCUT JIM MOJHOE CONMPOTHBJEeHHe Z nacCUBHOrO0 RLC-IBYXMOJIOCHUKA TUIA S WIN
TUNa P OT 4aCTOTHI UTAIOLIETO €70 CHHYCOUJAIIBHOTIO HAIPSyKEHUs ?
Ha O Her O

6. Ykaxure, B KakuX mpejaeaax HU3MEHsSETCS Yrojl ¢ KOMIUIEKCa MOJHOro comportuBieHuss RLC-
JBYXITOJIFOCHUKA TUIIA S IPU U3MEHEHUH YacTOThI f MUTAIOIIETo HanpsbkeHus oT 0 10 oo?
0...772 -7...0..+7 —-7/2...0 —/2..0...+72 +22...0

O O O O O
7. Ykaxurte, yeMy paBeH TOK / cxemsbl (cM. puc.), ecinu R = Xz = Xc=1 Owm, U= 10 B?

I_R L C| C
u . Rl L
Vo E. T
3A 5A 6 A SA 10A
O O O @) @)

8. VYkaxute, MOXeT nU yroin ciasura (a3 MexXIy BEKTOpaMH MHTAIOUIETO HANpsDKEHUS U TOKa
naccuBHOro RLC-ByXNOJIIOCHUKA THNA S TpeBbIath + 90°7

Ha O Her O

9. VkaxuTe BEJUYHHY CONPOTHUBJEHHMS XC KOHJEHCATOpa, IpPHU o—{:l—/VLV\rl

KOTOpOM IIPH 3aMbIKaHUM Kitoua K mokaszaHue ammepmerpa A (CM. lu R C / K

pHC. cipaBa) HE U3MEHSETCS. o @ T
Xc=X1/2 Xc=2Xy, Xc=XL Xc=R VYcnoBue

HE BBIIIOJIHUMO

@) O ©) ©)

O
£
10. Ykaxute TPEYTOJbHUK COINIPOTUBIIEHUI o z N
JBYXIOJIOCHUKA, €CJIM €ro II0JIHAs KOMIUIEKCHas i G 7 A
MPOBOJAUMOCTD Y = 0,267].45 " CMm. = -



7. MpakTuko-nabopatopHasa paboTa «Pe3oHaHCbI B LiensiX CMUHyCoOUaanbHOro ToKa.

PE3OHAHCBbI B LENAX CUHYCOWUOAIIbHOI'O TOKA
LEJIb PABOTDI

HccnenoBanue SIBIEHHS pe30HaHCA B IOCIEAOBATEIbHOM U  NapaJlIeIbBHOM
K0J1e0aTeNbHBIX KOHTYpaxX U ONpeIeJIeHUE apaMeTPOB KOJIeOATEIbHBIX KOHTYPOB.

TEOPETUYECKWUE CBEOEHUSA N PACYETHbLIE ®OPMYJlbl

1. OBIIME ITOJIOXKEHUA

[lox pesonancom TOHMMAIOT TAKOW PEXKUM PAOOTHI AIEKTPUUECKOW IIEMH, MPHU
KOTOpOM €€ BXOJHOE CONPOTHUBICHHE HWMEET YHCTO PE3UCTUBHBIA XapakTep W,
CJIeIOBaTEILHO, CABUT (a3 MEXAY HAMPSOKCHUEM 1 M TOKOM i Ha €€ BXOJC PaBeH HYIIO
(¢ =0).

Ilerr, B KOTOPBIX BO3HUKAIOT PE30OHAHCHBIC SIBJICHUS, HA3BIBAIOT PE30HAHCHLIMU
yensamu WU KonebamenvHubiMu Kowmypamu. Ilpocteitmmii kojie0aTeNbHBIA KOHTYP
COJICPKUT OJVH UHIYKTUBHBIN L ¥ OJJUH €eMKOCTHBIN C 3JI€MEHTBI, COCTMHCHHBIE MEXTY
co00lf ®W  HCTOYHHKOM CHHYCOMJQJIBHOTO  HANPSHKCHHUS  MOCJEAO0BATEIbHO
(nocnedosamenvhviii  KoiebamenvHovlll KOHMYp) WIH TNapallieabHO (napannenvbhbiil
KonebamenvbHblll KOHMyp).

Paznmuuator 1Be OCHOBHBIC PA3HOBHUIHOCTH PE30HAHCHBIX PEXKUMOB: PE30HAHC
HaIPSHKEHUM U pE30HAHC TOKOB.

2. PE3OHAHC HANIPSIKEHUIA

Pezonanc mnanpsowcenuit (PH) Bo3HUKaeT B TOCIENOBATEIHLHOM KoJjie0aTeIbHOM
KoHType (puc. 5.1). B cxeMy 3amelieHus 1enu, KpoMe UHAYKTUBHOTO L u éMkocTHOrOo C
AJIEMEHTOB, BKJIIOUEH TaK)Xe JIEMEHT R, YUUTHIBAIOIINNA BCE BUbI AKTUBHBIX MOTEPH B
KOHType (B KaTylllKe, B KOHJEHCATOpPE, BO BHYTPEHHEM COMPOTHUBJICHUH HCTOYHUKA
MUTaHUs, B COCAMHUTEIBHBIX MPOBOJIAX).

VYcnosuem Hactymienuss PH B cxeme (puc. 5.1)

l R L
o—= 1 Y Y\_,.., CBISETCS  DPABEHCTBO  HYNIO  PEAKTHBHOTO
TR> ur~ C I.i_l COIIPOTUBJICHHUS HA BXOJC LCIH:
u “Cl__ lr'RH Xpr = Xviery — Xcpry = 0 uim
o —.d wpuL. = 1/(wpuC),
Puc. 5.1 oTKyzna yenoeas (B pan/c) u yuxauveckas (B ')

PEe30HaHCHble YaCTOThl KOHTYpa

_ fooo 1
@ra = Jpc P 2zLC
Xapaxmepucmuyeckoe (BOIHOBOE) compoTtuBieHue p (B OM) mociienoBaTeIbHOTro

K0J1€0aTeTbHOTO KOHTYpa PaBHO €ro MHAYKTUBHOMY WJIM EMKOCTHOMY COIPOTHBIICHHUIO
IIPU PE30HAHCE:

1 /L
=X =WpylL=——L=_|—.
P L(PH) PH TC C



Jlobpomunocmero () KOHTypa Ha3bIBAIOT OTHOIICHHE XapaKTEPUCTUUECKOTO
COTIPOTHUBJICHUS P KOHTYpa K aKTUBHOMY COIPOTHUBIICHUIO R MpH pe30HaHCE:

0= P _ Xueny _ Xeer

R R R

Yewm Oombilie p U MeHbIIe R, TeM J0OpOTHEEe KOHTYpP, TeM OyIyT Y)KE€ YacCTOTHBIC
XapaKTEPUCTUKU TOKA W HAMPSHKEHWW Ha dJEMEHTaX KOHTypa. B pammorexHHuecKux
KoHTypax goopotHocTh O = 100...1000; B 2IEKTPUUECKUX METSIX T0OPOTHOCTH OOBITHO
HE npeBbimaet 3...5.

JIOOpOTHOCTH TTOKA3BIBACT, BO CKOJIBKO pa3 HAMPSDKCHHUE HA 3aKUMaxX KOHACHcATopa

Uc v wHAyKTUBHOE HampspkeHue U KaTymiKu MpU pe30HaHCEe OOJIbIIE HAMPSIKEHUS
nutanusa kourypa U:

0= (UC)PH _ (UL)PH _P
U U R
Tox / npu PH nmeer makcumanvroe 3Ha4eHue, T. K.

2 2
\/R +(X oy = Xpmy)
HopmupoBaHHas aMIIUTY IHO-4acTOTHas Xapakrepuctuka Toka Ni(f)= = I(f)/Imax

u ¢$a3oyacToTHAsI XapaKTepucTuka ¢(f) Ha Bxoje KoHTypa npu Q > 1 mpeacTaBieHbl Ha
puc. 5.2.

max *

i fing udeanvhoso
1.0 xormypa (R =)
07 Lina peanvhozo
: RORMYDA
{.‘-Ig .
4T
0 =
—si4|!
-mld

Puc. 5.2

XapakTtepHoit ocobeHHOCThIO pexkuma PH siBnisseTcs npeBbienne HanpshxkeHussMu Uz
u Uc BxoaHoro HampspbkeHusi U KOHTypa, MepBONPUYMHON KoToporo sBisietcs DJC
caMOMHAYKUMM e, =—Ldi/dt=-U, .

Bexmophvie ouacpammel HaTIpsHKEHUHN HA DJIEMEHTAaX KOHTYpa JI0 peruMa pe3oHaHca
(a), npu pexxume pe3oHanca (0) u nocie pexuma PH (6) npencrasnensl Ha puc. 5.3.
OTMeTHM, 4TO BEKTOPBI HANIPSKEHU HA UHAYKTUBHOM UL 1 éMKkocTHOM Uc 3neMeHTax
npu PH Gomnbire BekTopa BxoaHoro Hanpspkerus U B O pas, a yroii casura a3 Ha BX0J1e
nenu ¢ = 0 (puc. 5.3, 6), T. €. IeNb MPU PE30HAHCE HOCHUT YHCTO aKTUBHBINA XapakTep.
Jo pe3onanca (f < fpy, yron ¢ < 0) memb HOCUT aKTUBHO-EMKOCTHBIHN xapakTtep (puc. 5.3,

@), a MocJie pe3oHaHca (f > fru, yron ¢ > () — akTUBHO-UHYKTUBHBIN XapakTep
(puc. 5.3, 8).



a) X, <Xc 6) X =Xc ) Xp>Xc
Yr 1, U || Yo e
\% Us U
e Uy ML I /% I
QL [—]:L]R ] QR "
Puc. 5.3

Baxxneimel xapakTepucTUKON KOHTypa SIBISIETCS €r0 nosnoca nponyckanus (puc.
5.2):

Af = fo — fu vt Aw = wg — Wn,
Mo/ KOTOPOM MOHUMAIOT JAMana30H 4YacToT, B TMpeaesiax KOTOpOro 3HayeHue HOp-
MupoBaHHOTO Toka Ni(f) = I(f)/Imax paBHO 1y 60mbIIIE 1/ J2~0,707. Ha IPaHUIIAX MOJIOCHI
NPOMYCKaHus, T. €. Ha YacTOTaX fs U fu (MU s U @), HA3bIBAEMBIX BEPXHEH U HIKHEH
yacmomamu cpe3a, HOPMUPOBAHHBIN TOK N; = 1,4,/ \/5, akTuBHasg MOIIHOCTE P = 0,5 Ppmax,
ayron ¢ =145°.

[TpubnukEHHO MOJOCY MPOIYCKAHUS KOHTYpa OMPEESIOT 1Mo popMyIie

Af = fpoy /10 wn Ao = wp,; /0,
OTKyJia CJIeIyeT, 4TO 4eM Oojblie AOOPOTHOCTh, TEM
YoKe 1ojoca MpoIycKaHust KoHTypa (puc. 5.4).

Ha  npaktuke  mapaisiebHO — KOHAEHCATOPY
MOAKIIOUAOT NPUEMHUK, COMPOTUBJICHHUE KOTOPOTO

nopsiaka Ry, = 10, ..., 100 kOMm. Ilpu HeOOMBIINX

3HaUYCHUSX Ry mosoca nponyckanus Af yBeaTuunuBaeTcs,
a J0OpOTHOCTh KOHTypa CHIDKAeTCs U paBHa

__ P
O R+p%/R,

N:

Puc. 8.4
3. PEBOHAHC TOKOB
Pezonanc moxos (PT) Bo3HHKaET B mapauieIbHOM KoJieOaTeIbHOM KOHTYpe (pHc. 5.5),
YCJIOBUEM KOTOPOTO SIBJISICTCSI PABEHCTBO HYJIFO BXOAHOM PEaKTUBHOM MPOBOJIUMOCTHU bpT

i Rog L = brr) — be () = 0 wim
—O0—¢ —

é?( ! ::g I"‘—@“‘%Tfrf‘ =

u 2

1. /L FAAY

Z;’ ? llkaTk/}

C(PT . >
D PIf?zzs-l?l/(a)WC)2

OTKYIa pe30HaHCHAA yenoedast yacmoma




rae wy =1/+/LC — pe3oHaHCHas yacToTa KOHTypa 06e3 noteps (R1 = R2 = 0);

0 =+/L/C — XapakTepucTUYECKOe COMPOTUBICHUE KOHTYpa.
b7

Pecmannii
B

Hoeome mmii =1

-E.L I FHIT
bL fm'n T = il
y g be AN wermyp (g =0) —m’2|¥

Puc. 5.6

Pe3onancHble cBoiicTBa 1ienu ¢ AByMs BeTBsiMU R1L u R2C (cM. puc. 5.5) yao0HO n3yyaTh
OPUMEHUTENIBHO K €€ HKBUBAJEHTHOM CXeMe 3aMelleHUss C TpeMs MNapajuielIbHO

COEIMHEHHBIMU BETBSIMU C apaMmeTpamu g, br u bc (puc. 5.6, a), paBHbIMU
R Ry . oL ., /()

+ > bL =5 M C - *
RE+ X7 Rj+X? R? +(wL) R2 +1/(C)?
Torna doopomuocme apamiebHOTO KOJae0aTeIbHOTO KOHTYpa

g§=811+t82=

be(pry _ bypr)
gpr gpr
JoOpoTHOCTH () paBHA Tak»Ke OTHOIIEHHUIO TOKa /C B BETBU C KOHAEHCATOPOM (IIpU

R2=0, cM. puc. 5.5) pu pexxume PT u Toka /pr Ha 3a)KMMax KOHTYpA, T. €.

0= Iepr)
Ipr
Tok I mipu PT umeer munumanvrhoe 3HaueHuUE,

Ipr = ZLPT =UYpr = U\/gPT2 + (bL(PT) - bC(PT))z =Ugpr =1,>
TaK Kak I10JIHAsl IIPOBOJAMMOCTE KOHTYpa B 3TOM pexume Ypr = gwen = Ymin, a
conpotuBieHue Kourypa Zpr =1/Ypr =Zy0x-

Amnaumyono-vacmomnas xapaxkmepucmuxa (AYX) toka I(f) u ¢pazo-uacmomnas xa-
paxkmepucmuxa (PUX) ¢(f) peanbHOro 1 UI€aIbHOTO KOHTYPOB MPHUBEAEHBI HA pUC. 5.6, O
U 8.

Bexmophvie ouazpammel TOKOB BETBEH M TOKA HAa BXOJI€ PEATBHOTO () U UACATBHOTO
(8) konebaTenbHBIX KOHTYPOB i pexxuma PT npencrapnens! Ha puc. 5.7, 6 u 2; TOK [1 B
NEPBOI BETBU OTCTAET OT HANPSKEHUA 1O (pa3e Ha yroid @1, a TOK /2 BO BTOPOM BETBU €TI0
omepexaet 1o (asze Ha yroua ¢ (puc. 5.7, 6).

ITpu pexume PT 1ok / Ha BXOJIe KOHTYpa, KaK IIPaBUJIO, MEHBIIIE TOKOB /1 U /2 BETBEW,
a ISl uaeanbHOro KouTypa 1ok Ipr = 0 (puc. 5.7, 2). Ilpu noakioyeHnn npuéMHUKa Ry
napayuiensHo KoHaeHcaropy (rpu Ry =0, cM. puc. 5.7, a) 1oOpOTHOCTh HArpy>KEHHOTO

KOHTYpa CHHXKACTCA TCM CUJIbHCC, YCM MCHBIIIC Ry:

Q opr L’ _ p?
" TT¥R,, R, Rer x T == A0




[MpubnmkEHHO nosocy nponyckarus KOHTypa ONMPEaeIstoT mo Gopmyie

0 Re
[/
I=hLh+D
I1
Puc. 5.7

YYEBHbIE 3A0AHUA U METOOUYECKUE YKA3AHUA
K UX BbIMNOJIHEHUIO

3apaHme 1. HaiiTu nDapaMerpsl 3JEMEHTOB CXeM KOHTYpoB (puc. 5.8) ¢
OKPYIJICHUEM JIO ACCATUIHOTO 3HAKa 110 (hOpMYyJIaMm:

E=int(10/4/N), B [E € (10, ..., 4), B)]; e=+2EsinQf1); f= (30, ..., 120) 'y, rne N —
HOMED 3amucH GaMUJINH CTYJIEHTA B y4eOHOM JKypHAaJIe TPYIIIIbI;
R =int(10/~/N), Om; [R €10, ...,2 Om]; R, =R3 =0,2 Owm;
Ly =int(100/~/N), MTh; [L1 € 100, ..., 18 MTH];
Ci=C2=100+ 10N, Mmx® [C € 110, ..., 400 MKD];
L, =25/\/N, M'u [L2 € 25, ..., 4,6 MT'H]
1 3aHEeCTH UX 3HaueHus B Tali. 5.1.

~ Tabnuma 5.1
S }, Fid Bapuant N = ...
Ri _NL\lr\_ a ||k R3 Ri1L1Ci-xkouTyp | R2L2R3C2-KOHTYp
5 A = I ¢ |E=...B E=..,B
L2 l T Ri= ...,0m R=R3=...,0m
u il 11-2
‘ | Li=...,MH Ly=...,mI'n
Puc. 5.8 Ci=...,Mx® C2=...,MkD

Paccuurarh HanpsHKEHUS Ha DJIEMEHTAX CXEMbI, TOKH BETBEU U yTiIbl caBUTa a3 ¢k
BETBEU U TOKU HA BXOJI€ KOJIEOATEIIbHBIX KOHTYPOB MPHU PE30HAHCHBIX YACTOTAX:

oy =V2[LICy, for =122 LCo)\(Ly /Cy = R3) (L2 Cy = RY)

1 3aHECTH UX 3HadyeHus B Ta0J. 5.2.

3apaHue 2. [To nanHbM Tab11. 5.2 MOCTPOUTH BEKTOPHBIC TUArPAMMBbI HAMIPSHKCHU T
U TOKOB CXEM 3aMEIICHHUS KOHTYPOB B PEXKHMME pE30HaHCA. YO0eAUTHCH, YTO Yrosl ¢
MEXIy BEKTOPOM HamnpsbkeHus U =FE u BEKTOpoM TOKa [ B IIOCIEIOBAaTEIBHOM



KOJICOATCIILHOM KOHTYpe M yroi ¢ Mexay BektopoMm U wm BekTopoM Toka [ B
napajuieIbHOM K0Jie0aTeIbHOM KOHTYpE OJIM3KU K HYJIIO.

Taonuuma 5.2

Ionox Tok, Paccuurano H3mepeno
€HUE | HampsiKe Yacrora Yacrota f, 'l
e y?§§’¢ f;’iﬁ J;ﬂ’; 30 [ 40 [ 50 | 60 [ 70 | 80 | 90 [ 110 | 130 | 140 | £,
lo, A
Huxne Ur, B
€ U, B
Uc, B
I, A
D, A
Beixne LA
@1, Tpan Ipumeuanue. @=arctg(X;,/R);
M, rpan pr=—arctgXcr / R3).

3apaHue 3. PaccuuraTh napaMeTphl KOJeOaTeIbHBIX KOHTYPOB:
— nmobporrocts @, =Uc/U TOCHENOBATENLHOIO KOHTYpa M JIOOPOTHOCTH

O, =1 sing,/ I mapannensHOro KOHTYpa;

— XapakTepucTuueckoe conpotuBiieHue p=Uc/l) U XapaKTepUCTUIECKYIO MPOBO-
nuMocth 1/ p=1-/U=1,sinp,/U KOHTYpOB;

— nosiocy nponyckanus Afpy ~ fpy/Qpy TMOCIENOBATENBHOTO KOHTYPA U TIOJIOCY
nponyckanus Afpr =~ fpr/Opr NapaiieabHOro KOHTYpA.

3apaHue 4. 3anycturh cpeny MS10. OTkpoITh daiin 5.9.ms10, pasmenEHHbIN B
narnke Circuit Design Suite 10.0, uiu codpath Ha pabodem noje cpeasl MS10 cxemy
(puc. 5.9) ona uccnedosanusi pe30HAHCHLIX AGIEHUN 6 KONeOAmMelbHblX KOHMYpax, W
YCTaAHOBHUTBb NTapaMeTphl €€ 371eMeHTOB (CM. Tab1. 5.1), a TakKe CONPOTUBNICHUS Ry = =
1 MOwm amnepmerpoB Al, A2 u A3 u Ry = 10 MOwM BonbT™MeTpoB V, V1 u V2, pexum
AC paboThl U3MEPUTEITHHBIX TPUOOPOB.

CxonupoBaTh CXeMy IIeTH Ha CTPaHUIy OTUETA.

B HmwkHeM moNOXeHUW mepekiarovarenas S ¢GopMupyercs MOCiIeI0BaTEIbHbBIN
KojeOaTeNnbHbIl KOHTYp, @ B BEpPXHEM — MapauieiabHbii. C MOMOIIBIO BaTTMETpa U
ocumorpada, BKIIOUEHHBIX Ha BXOJE IEMH, yJOOHO HaOMIOAAaTh 3a XapaKTepoM
U3MEHEHUS OTPeOIsIEMO KOHTYpOM aKTUBHOM MOIIHOCTH P 1 yria cisura (a3 ¢ npu
U3MEHEHHUH YaCTOTHI f BXOJHOT'O HAIIPSKEHUS U.



Monyns yrma lg | = arccos(P/UI), a 3HaK ¢ ompeaeasiTh 1O PACIIOIOKEHHIO
OCLIJIJIOTpaMM HalpsDKEHMS ¥ M TOKa I Ha DKpaHe ocuuiuiorpada: eciiv TOK i OrepexaeT
1o ¢aze HanpsHKEHUE U, TO Yroyl ¢ O0epércs co 3HaKOM "MUHYC", a €CJIU TOK i OTCTAET 1Mo
daze oT HanpsHKEHUS U, TO YroJl ¢ UMeeT 3HakK "uioc".

S R1 20 L1 22mH C1,,300uF |
< | ! AAAA, m u
T . = =l R2 R3
L BB S 0.000 —— X
) 5mH
v . [ ] ‘|'300uF
e - A1 A2
CD\, [5.000 | i 299 833 mW l
. . 1.224
5V | | I Power Factor:
130 Hz A ‘bltage Cumrent

Puc. 5.9

Crynenuaro usmensas dacrory DJIC ucrounuka e ot 30 'y no 140 I'u, cHumartsb
NOKa3aHus NpuOOPOB U 3aHOCUTH UX B Ta0J. 5.2.

3apaHue 5. Vcnosb3ys JaHHbIC 9KCIIEPUMEHTA, MOCTPOUTH IPaPHKH aMILTUTY THO-
YaCTOTHBIX XAapaKTEPUCTUK TOKOB M HAIPSOKEHUH: HA OJHOM PHUCYHKE Pa3MECTUTh
rpaduxu lo(f); Ur(f); UL(f); Uc(f), a na Bropom — rpaduxu I(f); 11(f) u L2(f).

OTMeTHTH Ha TpadUKaX KOOPIAUHATHI TOUEK HAIPSDKCHHUH U TOKOB IMPY PE30HAHCHBIX
pexumax. Ha mepBoM pHUCYHKE NPOBECTH IMYHKTUPHYIO TOPU3OHTAIBHYIO JIMHUIO,
COOTBETCTBYIOILYIO MacIITa0y BXOAHOrO HanpsikeHus U.

CdopmyaupoBaTh B OTUETE BHIBO/IBI O BIUSHUM YaCTOThI BXOJHOTO HAMPSHKEHUS Ha
XapaKTep W3MEHEHUs PE30HAHCHBIX KPHUBBIX IOCIEI0BATEIBHOIO M IapajieIbHOTO
KOJIeOaTeNbHbIX KOHTYPOB.

[lo nanHbIM TabA. 5.2 014 uémnwblx 6apuanmos MOCTPOUTHb BEKTOPHBIE AUArpaMMbl
HaMpsH>KEHUM U TOKA MOCIE0BAaTEIbHOr0 KOHTYpa npu yactotax 30 I'mu 90 I'u, a qos
HeYeémHbIX 8apuUanmos — BEKTOPHBIE JUarpaMMbl TOKOB U HANPSDKEHHS MapajiieIbHOTO
KoHTypa npu yactorax 90 I'm u 120 I'n.

COOEPXAHUE OTYETA

1. HaumenoBanwue u 11e7b pabOTHI.

2. DIIEKTPUYECKHE PACUETHBIE CXEMbl U KONUS CXEMBbI LIETH, CMOJEIUPOBAHHON B
nporpaMmmHoit cpene MS10.

3. Pacuérnpie Qopmynbl M 3HAYEHUS TAPAMETPOB KOJEOATEIbHBIX KOHTYPOB,
BEKTOPHBIC TMArPAMMbI HAMIPSKEHUN U TOKOB, Tpa)UKH PE30HAHCHBIX KPHUBBIX.

4. Tabnuiipl ¢ pacUETHBIMU U DKCIIEPUMEHTATHHBIMH JJAHHBIMHU.

5. BeiBoipl 110 pabore.



TECTOBOE 3ANAHUE K PABOTE «Pe3oHaHchl B Liensx
CMHycouanbHOro Toka»

1. Vkaxute, Kakue NPU3HAKHM W3 TPHUBEIACHHBIX HIDKE XapaKTEPHU3YIOT PEXUM PE30HaHCA
HaIpsHKEHUH, a KaKue — PeKUM pe30HaHCa TOKOB:

6) BO3HHUKACT B LCIHW CHUHYCOHMAAJBHOI'O TOKA, KOTJa KaTylmlka M KOHIACHCATOP BKJIKOUCHBLI
MOoCJICA0BATCIIbHO MCKAY coboii u ¢ HCTOYHUKOM,

6) TOK Ha 32)KMMax KOHTYpPa JOCTHTaeT MAaKCUMAIILHOTO 3HAYCHUS;

2) TOK Ha 32)KMMax KOHTYpa JJOCTUTAeT MUHUMAIBHOTO 3HAYCHUS;

0) 3HAYCHUE MOJIHOW BXOJHOHN MPOBOAMMOCTH KOHTYpa MHHUMAJIBHOC;

€) 3HaA4YCHHE TIOJTHOTO BXOJHOTO COMPOTUBIICHUS KOHTYPa MUHUMAIBHOE;

orc) 1eM OoJIbIIe JOOPOTHOCTB, TEM YIKE I0JIOCa MPOIYCKaHUsI KOHTYpa:

ons pesonanca Hanpsixcenui: a)d  6) 0 6 O 20 00 e O x)O
0Ji51 Pe30HAHCA MOKOB: a)d o)d 60 o0O 00O e O x)O

2. VKaxuTe ycJa0BHe BOSHUKHOBEHHUS PE30HAHCA HAMPSIHKEHUM.
O Zy=0 O |X,|=|X.| O Jp|=lp] OR=0 O p=0

3. Vkaxure BBIPAKCHUE XaAPAKTCPUCTUYECCKOI'O COIIPOTUBJICHUA O KoJieOaTeJIbHBIX KOHTYPOB:

1 1 1 L
O—— 00— 00— o2mJLlc O |5 o0 IC
JL/C JLC 27JLC C

4. Yxaxure, AOOPOTHOCTH KOHTYypa OTOOpa)kaeT KpaTHOCTb IPEBBIIICHUS HAIpPSHKEHUS Ha
€MKOCTHOM 3JIEMEHTE HaJl BXOJHBIM HANpPSDKEHHWEM WM TOKa EMKOCTHOTO 3JIEMEHTa HaJl BXOIHBIM
TOKOM IMPOCTEHIINX MOCIIEI0BaTENbHOIO U MapalieIbHOI0 K01eOaTeIbHbIX KOHTYPOB?

O Jla O Her

5. Ykaxute npuOImKEHHOE 3HAYCHUE MOJIOCHI MPOMYCKAHUSI CUTHAJIA, €CJIH MPH PE30HAHCHOM
gactote /= 1000 'y nobpoTHOCTH KOHTYpa paBHa QO = 100.

O 10T O 5T O 1Tu O 0,1 T O 0,01 Ty

6. OnpezienuTe TOK IPH Pe30HAaHCE B MOCIIEI0BATENbHOM K0JIe0aTeIbHOM KOHTYpE C MapameTpamu: R
=100wm; L =1 wmI'n; C= 1 Mx®D, eciin HanpsDKEHUE Ha 3axuMax kKoHTypa U =20 B.
O 0S5A O1A O15A OC2A O25A

7. YKaxuTe 3HaUeHHE J00OPOTHOCTH TapaJUIEIIFHOTO KOJIEOATETbHOTO KOHTYpa, CXeMa 3aMeIICHHS
KOTOPOT'O MPEJICTaBICHA TPeMsI TapaJLICIIbHO COSMHEHHBIMU BETBsIMHE C rapamerpamu: gpr = 0,277 MCw;
C =27 mMx®; L = 5/7 mI'n; pesonancHas yactota wpr = 10* pag/c.

O 1000 O 500 O 400 O 200 O 100

8. Onpenenvre mokazanue BoJbTMeTpPa Vc B CXeMe LIeNH i R=100m L

—
IIpU PE30HAHCE, €CJIM U3BECTHBI ITOKa3aHus BosibT™MeTpa V =10 l I

B n yacrota f= 1 MI'y HanpspKEHUS . =
u C = 1/27) Mmx®
(o]

OlIB O2B O3B O4B O5B 0O6B
9. Vkaxute, yeMy paBHO NOKa3aHHe aMIepMmerpa A, e—@ + ,
€CJIM LIeNIb HaXOJUTCSl B PEeKUME pe3oHaHca TOKOB? [lokasaHus I g b; J—C
JIpYTUX aMIIEpMETPOB ONMHAKOBBL: A1 = A2=A3=2 A.
HONORO

06 (O O4 O3 02 O1




10. Ykaxkute, ueMy paBHO IOKa3aHHe aMIiepMeTpa A B R L
nenu (cM. puc.), eciu XL = Xc = R =1 kOm?
O x» O1A O2A oo O1mMA lu—lOsina)t
(A)—

Y

11. VYkaxure 3HaueHWEe yrja caBura ¢a3 Mexuay
HaTPSOKEHUEM M TOKOM Ha BXOJIE IMOCIIeIOBATEILHOTO KOJIS0ATeILHOTO KOHTYPa Ha TPAHUIAX IMOJIOCH
POIyCKaHUS.

O +180° O +90° O +45° O +30° O +0°

12. YkaxuTe 3Hau€HUE YIJIOBOHM PEe30HAHCHON YaCTOThI I10CIIEOBATEIBLHOIO KOJI€0aTENbHOIO
KoHTypa ¢ napamerpamu: R =1 Owm; L =10 mI'n; C = 1 M.

O 10* pan/c O 10°pan/c O 10?°pag/c O 10pan/c O pan/c

8. MpakTuko-naboparopHasa pa6ota «MonynpoBoAHMKOBbIE AUOA, CTaOUNUTPOH U
TUPUCTOPY.

nonyrnpPoBOAHUKOBbLIE AMNOA,
CTABUIINTPOH U TUPUCTOP

LIENTb PABOTDI

CHATHE ¥ aHamu3 BOJbTAMIEPHBIX  XapPaKTEPUCTUK  MOJYMIPOBOJHUKOBOTO
BBITIPSMUTEIBLHOTO AUO0/a, CTAOWIUTPOHA M TUPUCTOPA; ONPECIICHHE UX TTapaMeTPOB
10 XapaKTEPUCTUKAM.

TEOPETUYECKWUE CBEOEHUA U PACYHETHbIE ®OPMYIJ1bl

1. HOJYITPOBOAHUKOBBIE JUO/bI

[ToynmpOBOTHUKOBBINA OU0O0 COAECPKUT OJUH p-n-TIEPEXO] U UMEET JIBa BHIBOJA: BBIBOJ
A (aHom) ot p-obmactu u K (xarom) oT n-obmactu. Hambonee pacmpocTpaHEHBI H
OOIIMPHBI JIB€ TPYIIb T€PMAHUEBBIX U KPEMHHUEBBIX IHOJOB — BBIIPSIMHUTEIbHbBIE U
UMITYJIbCHBIE, HA3bIBAEMbIE B HEKOTOPBIX CIIPABOYHUKAX YHUBEPCATLHBIMU.
Buinpsimumenvhule T1onipl, B KOTOPBIX UCHOJIb3YETCSI OCHOBHOE CBOMCTBO p-H-TIEPEX0/1A —
€ro OJHOCTOPOHHSSL 3JIEKTPOIPOBOJHOCTb, NPHUMEHSIOT IJaBHBIM 00pa3oM st
BBIIPSIMJIEHUS IIEPEMEHHOI0 TOKA B AuanaszoHe 4actoT oT 50 I'q no 100 kI 1. Amnyaschovie
OBl MPUMEHSIOT B CXEMaxX 3JIEKTPOHHBIX YCTPOMCTB, pabOTAIOIIUMX B MMITYJIbCHBIX
peXHUMAaX.



OyHKIIMOHUPOBAHUE AUOJIA B ANEKTPUUECKON CXEME ONPEAENSAETCS €ro BOJIbTAMIEPHOM
xapaktepuctukoit (BAX). [Ipsmyto BetBb BAX Iip(Unp) CHUMAIOT C TOMOIIIBIO CXEMBI
(puc. 21.1) npu BepxHeM nosioxkeHuu nepekitouarens Q. [psmoii Tok uepes nuog VD
3a1a€TCsl MICTOYHUKOM MOCTOSIHHOTO HamnpsixeHnus E1.

. Al
Key = Q
= o
+ A ~ r
@2\/ g o DC 160090 Ui
100 V VD -99.998
' Y100 v
R1 DC[10M0
20} R2
2001

Puc. 21.1

Crynenyaro uzmensiss 9/1C E1 ucrounuka E1, uamepsitor (¢ nomomibto amnepmerpa Al)
npsIMOit TOK Inp < Inp.max ¥ (¢ momMo11b10 BoabTMETpa V1) nipsimoe Hanpsbkenue Uyp Auoaa
st psaa 3HadeHnid JJ1C. Oobpathyto BeTBb BAX logp(Uosp) CHUMAIOT C IIOMOIIBIO TOM
xe cxembl (puc. 21.1), yctaHoBUB nepekiroyaTens (Q B HIbKHee nojoxeHue. CTyneH4yaTo
U3MEHSS BBIXOAHOE HampspkeHue uctounnka HanpsbkeHuss E2 ot 0 mo  Uoep.mar,
U3MEPAIOT 00paTHBIN TOK logp IMOAA IS psAJia 3HAUCHU 00paTHOrOo HanpsukeHUs: Uogp.

Anamu3 tunoBeix BAX nuonos (puc. 21.2) nmokassiBaet, 4To npsimoe Harpsikenue Upp
HAa TEepPMaHUEBOM JMOJE IOYTM B JBa pa3a MEHbLIE, YEM Ha KPEMHHUEBOM, IIpU
OJIMHAKOBBIX 3HAYECHHSX MPSIMOTO TOKa Ilnp, @ 0OpaTHBIN TOK logp KPEMHUEBOTO AMOJA

3HAYUTETLHO MEHbIIIE 00PATHOTO TOKA FT€PMaHUEBOT0 IMOAa TIPU OJJUHAKOBBIX 0OPATHBIX
HanpspkeHusx. K Tomy ke, repMaHueBbIN 1101 HAYMHAET IPOBOAUTD TOK ITPU HUUTOKHO

MaJjioM IpsIMOM HanpsikeHUU Upp, a KpEMHUEBBIN — TONBKO 1Ipu Unp = 0,4...0,5 B.
Ncxons u3 3TuX CBOMCTB, repMaHUEBbIE TUOJIbI IPUMEHSIOT KaK B CXEMaX BBITPSMIICHUS

Rnp.cm = Unp/]np ]np Ge Si
Rnp.duﬂ = A Unp/A[np
Roﬁp.cm = U06p/[06p Alnp

Ro6p.0uH =4 Uo6p/A106p

U, obp Si } U np
0 AUnp
@ A Uoﬁp A[06p[06p

Puc. 21.2

MEPEMEHHOr0 TOKa, TaKk M Il 00paboTKK cUrHayioB Majoil ammummtyasl (mo 0,3 B), a
KpeMHHEBbIE, HauboJjiee pacrpoCTpaHEHHbIE — KaK B CXEMax BBINIPSMIICHHS, TaK U B
CXeMax yCTPOMCTB, B KOTOPBIX OOpPATHBIN TOK HEJIOMYCTUM UJIH JI0JKEH ObITh HUYTOXKHO
Mmaj. Kpome Toro, kpeMHUEBBIC THOJIBI COXPAHSIOT pabOTOCIIOCOOHOCTH 0 TEMITEPATYPhI




okpy»xaromiei cpeast 125...150 °C, Torna kak repMaHUeBbIe MOTYT padOoTaTh TOJBKO 10
70 °C.

OcHOBHBIE MapamMeTpbl BBIIPSIMUTEIBHOIO HOJA MPUBOJATCS B €ro TEXHUYECKOM
NacropTe W CPaBHUBAIOTCS ([JI1 MPUHSTUSA PEIICHUS €ro KCIOJIb30BAHHUS B CXEME
AJEKTPOHHOIO  YCTPOMCTBA) € mMapamMeTpamMu, ONPEACIEHHBIMU IO  CHSATBIM
XapaKTEPUCTHKAM:

— npsAimoe OCTOSIHHOE HanpskeHne Upp IpU ONPpeIeNEHHOM ISl KaK0r0 AU01a IPSMOM
IIOCTOSIHHOM TOKE Iyp;

— 0OpamHwlll TOK logp IPHU ONIPEAEIEHHOM O0OPATHOM MOCTOSTHHOM HanpsikeHUH Uogp;

— MaKCHUMAaJIbHO JomycTUMoe oOpatHoe HanpskeHue Uogp.max. 1lpeBbiienne Uogp.max
MEPEBOJIUT MO B PEXKHUM MP00O0s. Pa3nnuarot 31eKTpuiecKuil U TEII0OBON MpoOou p-n-
nepexoaa. DIEKTPUISCKUNA TPOOOH MOKET ObITh JIABUHHBIM WJIM TYHHEIBHBIM W HE
COTPOBOXKAETCS pa3pyllieHneM p-n-miepexona. TemroBoil mpobOoi, Kak MpaBUIIo,
IIPUBOJMUT K Pa3pyLIECHUIO p-n-NIEPEX0IA U BBIBOLY AUOJA U3 CTPOS;

— MaKCHUMAaJbHO JAOIYCTUMBIN NPSAMOM TOK Inp.max, OOBIYHO ONpEAEIAEMbIi KaK CpeIHUI
3a MEPUOJI MPSMOU TOK B CXEME OJHOIOIYIEPUOTHOTO BBIIPSIMUTEIIS.

2. CTABMJIMTPOH

Cmabunumpon — 3T0 CUIILHO JISTUPOBAHHBIN KPEMHUEBBIN TUO0]], HA KOTOPOM HAIPSHKEHUE
COXpAaHSETCSA C ONPEACIIEHHON TOYHOCTBHIO IPH W3MEHEHUU MPOTEKAIOUIETO Y€pe3 HEro
TOKa B 3amaHHOM juamnazoHe. CTaOWIMTpOHBI B OCHOBHOM HCHOJB3YIOT B
napameTpruecKuX crabuimzaropax Hanpspkenus (puc. 21.3, a), B KOTOPbIX MaKCUMaIbHOE
HaIpsDKEHUE Ha Harpyske U, OrpaHWYe€HO HEKOTOPOM 3aJIaHHOW BEITUYUHOM.

Pabounm yuactkom BAX crabunmutpona VC sBisercda yd4acTOK OOpaTHOM €€ BETBH,

Lyp
lﬁl U Uem :
+0O ; l f l U cm.max Ucm.min I: .
[cml | . 00p Unp
veZN| R |
UtAU Ucm UH 20 °C I
cm.HoM
_%
a)
Puc. 21.3 %) Lo max

COOTBETCTBYIOIIHI 00JIaCTH 0OPATHOTO JIEKTPUUISCKOT0 MPo0os p-n-nepexona (puc. 21.3,
0) ¥ OrpaHUYECHHBI MUHUMAIIBHBIM lcm.min 1 MAKCUMAIIBHBIM lcm.max 3HAUCHUSAMU TOKA.
[Ipu paGore B »9TOil oOONacTu oOpaTHOe HampsbkeHue Ha craduiautpone U,

HE3HAYUTEIbHO H3MCHSCTCSA IIPH OTHOCHTEIBHO OOJIBIIMX HM3MEHEHHSX TOKa CTa-
owmtpona /., . [103TOMy ipy ©I3MEHEHUN BXOHOTO HAIIPSKEHUS

U AU =xU; +U,y,

U3MEHseTCsS B 0OCHOBHOM Hampsbkenne + Uy = Rzl Ha GammactHOM pesuctope Rg, Tae
BxojHOM TOK [ =1, + 1, (cM. puc. 21.3, a).



[Ipu mpsimoM BiItOUeHUM CTAOWIUTPOH V'C MOXKET paccMaTpuUBaThCS KaK OOBIYHBIN
IMOJ, OJTHAKO B CBSI3U C IMOBBINIEHHOM KOHUEHTpauueu nmpumecei HamnpsbkeHue Upp =
0,3...0,4 B Mano u3MeHsIeTCsl MPU 3HAYUTEIbHBIX U3MEHEHHUAX MPSAMOro TOKa Inp (CM.
puc. 21.3, 6). IIpubGop, B KOTOPOM UCIIOJIB3YyETCS MpsiMasi BETBb B CXeMax CTAOMIU3AINU
HaANpPsHKEHUS, HAa3bIBAIOT CMabucmopoMm.

OCHOBHBIMM MapaMeTpaMu CTAOMIIMTPOHA SIBISIIOTCS:

o U,y =3...180 B— HanpspkeHre Ha CTaOUIUTPOHE;

AUcm Ucm.max - Ucm.min

L] Ra = = — JUHAMHYCCKOEC COIIPOTHBJICHUC Ha YYacTKE
A[cm ]cm.max - ]cm.min

CcTaOMIM3aIunY;

® 1 cem.min A 1 cm.max MUHUMAJIbHBII nu MAaKCUMAJILHBIL TOKH CTa6I/IJII/I3aHI/II/I

(moMuBanbHBIA TOK 1 yon = (Lemmax + Lemmin)/2 0T 5 MA 10 5 A);

e TKH% = A;]—TC’"IOO =0,3...0,4 %/rpan — TemnepaTypHbIii KO3PPUIUEHT HATTPSHKEHUS

Ha y4acTKe CTa0MIU3aIluH, XapaKTEPU3YIOIINI OTHOCUTEIIBHOE N3MEHECHHUE HATIPSIAKEHUS
cTabuin3aIuy, BbI3BaHHOE U3MEHeHneM TemrepaTypsl Ha 1 °C mpu MOCTOSSHHOM TOKE,
POTEKAIOIIEM Yepe3 CTAOMITUTPOH.

[Tpumepsl MapKUPOBKH OTEYECTBEHHBIX CTAOMIUTPOHOB:
KC168A (U, =6,8B); 1814B (Ucn =9...10B; I, =3..30MA).

3. TUPUCTOP

Tupucmop — 3TO TOJIYNPOBOJAHUKOBBIN MPUOOpP, 00JaJAIOMIMKA ABYMSI YCTOMYMBBIMU
COCTOSIHUSIMU: OTKPBITBIM M 3aKPBITBIM. B OTKpPBITOM COCTOSIHUM THUPHUCTOP XOPOIIO
OPOBOJAUT JJIEKTPUUYECKUM TOK, a B 3aKpPbITOM — HMMeEET OOJIBLIOE COINPOTUBIICHUE.
OcHOBHOE Ha3HaUY€HHWE THUPUCTOPOB — OECKOHTAKTHAs KOMMYTAlMs ASJIEKTPUUYECKUX
Lenen.

Tupucrop uMeeTt Tpu BeIBOAA: aHOI A, KaTo K u ynpasisitoiuid anekrtpoa ¥V (puc. 21.4,
a). Ilpu orcyrcTBumn HanpsiokeHust Uy Ha yIOpaBIIsOLIEM 3JIEKTPOE U MPHU MPUI0KEHUH
HanpspkeHust Ug K aHogy o0a SMUTTEpHBIX nepexoaa II1 OTKPbIThI, @ KOJUIEKTOPHBIN
nepexon K7/ 3akpeIT, M mouTH BCE aHOAHOE HanpsbkeHne Uy npuitokeHo K nepexony K11.

+U,

R, o 0
4 L 2
VS Lyp Obnacmsb manoeo
Conpomuenenus
p 4 K 06
T ) J1ACMb
n ! \\ OMPUYAMeENbHO2O
% \ A conpomueiieHus
4 ) KII ' ‘\ 8_ _ Z L Obnacmo 1a8UHHO20
37 E ~1;2\‘._/\4:\\\\\/npo60,<1
" I S R =
U 0 ——--_1:_};‘_’.'_'_::.—7«——:”/ a, L=0
y U. 0bp = —> U,
K np Uyimo Uomi Uom
Obnacme 601bUWIO020
a) 0) conpomueneHus.

Puc.21.4



[Ipu yBennuenuun HanpsixeHust Uy 10 3HaUCHUS HanpsbKkeHus otnupanus Uom TOK aHOAQ
MaJl, a CONPOTUBIIEHNE TPUOOPA BEJIHKO.

[Tpu nanpspxkenuu anona Ug = Usm IPOUCXOAUT JTaBUHOOOpa3HbIi ipodoit K11 nepexona,
COIMPOTUBJIEHUE THUPHUCTOPA YMEHBILAETCS, U TOK aHOJA IMPAKTUYECKU OIrPaHUBAETCS
COMPOTUBIIEHUEM pe3uctopa Ry, T. €. Io = Uad/Ry. Kax BunHo u3 puc. 21.4, 6, Tupucrop
UMEET J[Ba YCTOMYMBBIX COCTOSIHUS: YYacCTKHM 0a W 20, HAJIWYME KOTOPBIX MO3BOJIET
UCIOJIB30BaTh NPUOOP B KAUECTBE MOILIHOIO MEPEKIIOYAIOLIEr0 3JIEMEHTA B PA3IMYHBIX
cxemax aBTomMaTHku. Hanmmuwme ke ywyacTtka 66 ¢ oTpuuaTeNbHbIM U (epeHIuaIbHbIM
COIPOTHUBIIEHUEM MO3BOJIET HUCIIOJIB30BATh MPUOOP B PA3IMUYHBIX CXEMaX F€HEPAaTOPOB U
MOJTyJIATOPOB.

YToOBl BBIKIIOUUTH TUPHUCTOP, HYKHO YMEHBUIUTh aHoAHOe HampsbkeHue Ug 10
3HA4YE€HUS, IPU KOTOPOM TOK aHOJA CTAaHET MEHBIIIE TOKa yAepKaHus, T. €. Iz < Iy0. Ha
NPAKTUKE YMEHbINAIOT HanpspbkeHue U; 10 HyJs WM NPUKIAABIBAIOT K aHOIY
HanpsHDKEHUE OTPULATEIbHON MOJISIPHOCTH.

Henocratkom HeynpaBisieMOro THUPUCTOPA, HA3BIBAEMOTO OUHUCHIOPOM, SIBISIETCS
OonplIas 3aBUCHUMOCTh HampspKeHUs BkItoueHuss Usm W TOKa yaepkaHus Iy OT
TeMIIepaTyphbl.

IIpn momaye HanpspkeHus +Uy Ha yHNpPaBISIOIIMANM JIEKTPOA YV, NPUCOEIMHEHHBIN K
CpeAHEMY p-CIIOK0 KpuUcTailia Tupuctopa (cM. puc. 21,4, a), NpOUCXOAUT CMELICHUE
KOJUIEKTOpPHOTO Tniepexona K11, nosiBasiercs TOK [y, mpudeM
C €ro yBEJIMYEHUEM YMEHBIIAETCS HANPSIKEHUE OTIUPAHU
Uom tupucropa (cMm. puc. 214, 6). Ilpu L, > I
BOJIbTAMIIEPHAS] XapaKTEPUCTUKA TUPUCTOPA CIIPSAMIISETCSI.

Ilocne OTKpBITUS THUPUCTOpPA TOK [y  YIPaABIAOLIETO
JIEKTPOAA MEPECTAET OKa3bIBaTh KaKOE-THOO BIIMSHUE HA
paboty Tupucropa. IIpu nonade Ha aHOA CHHYCOUAAIBLHOIO
HaIllpSDKEHUST ~ TUPHUCTOP  3aKphIBAETCA  BO  BpEMs
OTpULIATEIBHON TOJIyBOJHBI HampspkeHus. Ha puc. 21.5

IMOKa3aHbl BPCMCHHBIC IWAarpaMMbl HAIIPSKCHUA Ug U TOKA la

dHOJA, a4 TAKKC UMITYJILChI YIIPABJIAIOMICTO TOKA iy.

VYrpapinsronias XapakTepucTuka 1mo Toky lq(@) Tupucropa
OT yTJla OTIHpaHus o u3o00paxkeHa Ha puc. 21.6.
TupucTopbl U3roTaBIMBAIOT HA PA3JIMYHBIE KOMMYTHUPYEMBIE
TOKHU Iq (BIUTOTH A0 ThICSAY amriep) U HanpsbkeHust Uy (ThicsS4u
BOJIbT) MPU YIPABJISIOMUX TOKaX B JECATKH M COTHH
MUJUTHAMIIEP.

Bpemss nepexmouenus Toka (mopsaka  50...100 MA)
MaJIOMOIIHBIX TUPUCTOPOB COCTABISET JIOJIM MUKPOCEKYH], a
BpEMS BOCCTAHOBJICHUSI COMTPOTUBIICHUS TUPUCTOPA TIPU TOKE /4
=10 A cocrasmser 200...250 mkc. KoaddunueHT ycuneHus mno

0 2 T
Puc. 21.6

MOIIHOCTH THUPUCTOPA
K, =Uqd, /Uy, =250000.



OcHOBHBIE TAPAMETPHI TUPUCTOPOB:

e HampspKeHHUE Ha OTKpbITOM Tupuctope Uom =1...1,5 B;

® MaKCUMaJIbHBIN JOITYCTUMBIM TOK aHOJA la.max;

e ynpasisiomue Hanpspkenue Uy 1 TOK [y

® BpEM: BKIKOYCHUS U BBIKIIIOUYCHUS lgxn U gwix,

e jonycTuMoe oopatHoe HanpspkeHue Tupuctopa Uosp.max -

Hamnpumep, tupucrop tuna KY201A umeer crenyronme napamMmeTpsl:
lamax=2 A, texn = 10 MKC, [ymax = 2...100 MA.

4. CHATHUE BAX JTMOJA U CTABUJINTPOHA
C ITIOMOIbIO XAPAKTEPUOI'PADA IV ANALYZER

B Oubnuoreke Instruments cpeasr MS10 mmeercs moctpoutenb BAX nuomoB wu
tpanzuctopoB (IV ANALYZER). IlonkniouuB ¢ MNOMOUIBIO MEpeKIoyarens A
COOTBETCTBYIOIHKE BBIBOIBI Auo1a VD mmn crabunmutpona VC k Bxonam mpubdopa XIV1
(puc. 21.7) u 3amaB TpeAesibHbIE 3HAYEHHS] BXOJHOTO HAIPSKEHUS B 3aKJIAJKeE,
OoTKpbhIBaeMoi koMmanHjodM Sim. Param (Simulate Parameters), Hy>XHO 3amyCTUTb
nporpamMmy MoaenupoBaHus BAX, IETKHYB MBIIIbIO HA KHOIIKE cpeast MS10.
B kauectBe npumepa Ha puc. 21.7 npeacrasieH padouunii yuactok BAX crabunurpona
% x|
7 Components:
s Diode v
Lo I Cument Range(A) 4]
oo g [T
ﬁ T Floasss  [mA
| U | |-897772 [mA

D,,] ‘Witage Range(V)
$ 'A_, Ve VD Log Lin
— =~ F|-18.89 v
1N m7 A Source Name:V_pn | |-20.21 W

Start: [ j” v ﬂ )
Stog: |.19 |V -:| ,e_J Sim_Param

Increment: |2 LAY
4 |Von 20001 V -13.807 mA +| Py & s

Puc. 21.7

VC tuna 1N4747A ¢ nanpsokeauem npo6ost Uem..min = — 20 B 1 3amanHbpIMU TIpenenaMu
Hanpspkenus: Start: U =-20,1 B; Stop: U =-19 B; Increment =2 MB. YcTaHOB/I€HHbBIE
npeaesbl Npu MOACIUPOBAHUM ABTOMATUYECKH YBeJIWUYUBAIOTCsS. M3MeHsst mpeness
HaIPSDKEHUS, MOKHO CMOJICIIMPOBATh M UCCIIE0BATh OTAeIbHbIe yuacTku BAX nuomos
u ctabunutpoHoB. Koopaunatel Touek BAX y100HO onpeaesisiTh ¢ MOMOIIBI0 BUSUPHOM
JIMHUH, TIepeMelniasi €€ B TOPU30HTAILHOM HaIlpaBJICHUH.



Koopaunatsl Touku nepecedenusi BAX cTaOuiauTpoHa BU3UPHON JIMHUEH BBIBOASTCS B
HUKHEHN cTpoke okHa pubdopa XIV1 (cMm. puc. 21.7): HanpsbkeHue Ha ctadbunutpone Uem
=—20 B u tok Icm = —14 MA.
YYEBHbIE 3A0AHUA U METOOUYECKUE YKA3AHUA
K UX BbINMOJIHEHUIO

3apaHue 1. M3yuurs "Teoperndeckue cBeieHUs ..." U paccuuTaTh 1Mo GopMyaM (CM.
Tabi1. 21.1) 3HaYeHHs apaMeTpOB KOMIIOHEHTOB cXeMbl (puc. 21.1) s ux nocnenyromen
YCTaHOBKH IPY MOAENUPOBAHUU CXEMBI. 3amycTuTh rporpammy MS10. 3anecTu B mosis
Tabs. 21.1 OGmaHka oTu€Ta pacCcUMTaHHbIE 3HAUYEHHUS MApaMETPOB KOMIIOHEHTOB CXEMbI
(puc. 21.1). Cobpars cxemy (puc. 21.1) ucneimanus eupmyanvnoco ouooa VD Ha
pabouem nose cpenbl MS10 unu otkpeiTh aiin 21.1.ms10.

Taonunga 21.1

BapI/IaHT E2, U 00p, 1. 00p; Eq ) Unp, I, nps
N B B MKA B B MA
O,IEZ = e 055 E[pHHH’I‘_B
1...15 | 100+N= _ np.Hom =
hals 7 = EV(Ry+ Rypoun) =
0,3FE2=... 1 LA,
16...30 | 100-N= [ 05E2=... 1,25 rie E1=2B
1,0E> = ... 1,5
Ro=R1=20m L.75
2

e KHYTH /IBa pa3a MbIIIbIO BHAYaJEe HAa M300paKeHUU UCTOYHUKA HanpsbkeHus E2 u
YCTAaHOBUTH 3HaueHue FE2, 3areM Ha u300pakeHuM wHctouHnka El1 u ycTaHOBHTH

3HaueHue £ =2 B, u HakoHel Ha n3o0paxenun auoga VD. B oTkpbiBIIEMCSst OKHE 1uo0/1a
BbIOpaTh KomMaHay Edit Model, a B €€ 3aknankax BbIAEJIUTh U YCTAHOBUTH (COTIacHO
Bapuanty N) cieayromuye napamerpsl (puc. 21.8):

* RS (mpsiMoe AuHAMUYECKOE CONPOTUBICHUE Ryp.oun, Haripumep 4 Om);

* Bv (manpsbxenue npo6ost Uogp.max = 100 + N, B (nns BapuanToB 1...15) u Uosp.max =
100 — N, B (151 BapuanToB 16...30)).

NMpumeyaHune. Pa3sépHyThle Ha3BaHUS BHIBOJUMBIX ITAPAMETPOB KOMITOHCHTOB CXEM
MOKHO HAWTH B ONHCaHWU NporpamMmHoil cpeasl MS10 (Multisim™ Component
Reference Guide).

3HaueHUs] MapaMeTPOB KOMIIOHEHTa MOTYT OBbITb U3MEHEHBI U 3alMCaHbl KaK B MACIoOpT
nanHoro kommnoHeHTa (Change Part Model), Tak u B macnopra BceX aHAJIOTMYHBIX
koMroHeHTOB (Change All Models) (cm. puc. 21.8, BHuM3y). HcxonHble 3HaYeHUA
napamMeTpOB BOCCTAHABIIMBAIOTCS MTOCIIE IIETUYKa MBIIIBIO HAa KHOTIKE KOMaH bl Restore.



Label | Display Value IFault | Pins | Variant | User Fields |
Value: DIODE_VIRTUAL
Edit Model
.MODEL IDEALD__DIODES_VIRTUAL_1_2D
Name Yalue Unit
IS(saturation current) O&pammsii mox In="0,01 & 001 pa
RS(ohmic resistance] funamuvecxoe - =40 4 Ohm
N{emission coefficient) COTPOMUENEHIE Ry ouy = 40M
TT(transit-time) 0 set
CJO(zero-bias junction capacitance) 0 F
VJ(junction potential) Hanprocenue na duode Upp = 1B1 v
M(grading coefficient) 05
BV(reverse breakdown voltage) Hanvgicexue =-l00B 100 V¥
IBV(current at breakdown voltag P obp.max 1
TNOM[parameter measurement tempeature) 25 deq.C -
II Change Part Model I Change All Models | Restore | Cancel
EditModel |
Replace I 0K | Cancel | Info | Help |
Puc. 21.8

Cusatue obOpatHoii BeTBM BAX nuoma pekoMeHAyeTcs MPOBOAUTH HPU H3MEHEHHUH

HanpsbkeHus: Ha ero aHone or —1,1Uogp.max 10 0, a mpsiMoil BeTBU (B TOM 4YMCIE U
cradbuutpona) — ot 0 1o Unp =0,75...1,0 B.

XIvi
oo

ﬁ —— |Components:
oo A
299 Inp | Diode xl

Cument Range(A)

Log || Lin
2 VD F |348.129 [W
7 Q X? | [286.483 [mA

L
- \bltage Range(\V)
0 ra Log II Lin
F I 12.289 I v
Start: -101 =V v ||-111.299 |V
Stop: |2 | v vl

[—) h 0 ImV LI Reverse | Sim_Param|

-« |ven -100.188 V 28.022 mA Y Pl_ﬂl" °
Puc. 21.9

[Tocne 3amycka mporpamMmbl MS10 (1ienyka MBIIIBI0 HA KHOTIKE CLl verro cpensbl
MS10) cusiTh moka3zaHus NMPUOOPOB W 3aHecTHM ux B Tabn. 21.1 Onmanmka oTuéra.




Meroauka custus BAX nuona onucana B pazaene '"Teoperumdeckue cBeaenus ...". Ilo
JTAaHHBIM DKCIIEPUMEHTA MOCTPOUTH rpaduk oOpaTHON U npsMoit BeTBM BAX nuopa.
CxonupoBaTh U300paKeHNE CXEMBI C TIOKa3aHusIMHU pubopoB nipu £1 = 1 B Ha cTpanuily
OTYETa.

Jlis  mopenupoBaHus oOpaTHOM u mpsiMoi BetBeil BAX 1uoma ¢ TIOMOIIBIO
xapaktepuorpada XIV1 (cm. puc. 21.7) pekoMeHIyeTcs YCTaHOBUTH IPEEibI
HanpskeHUus [ Uosp max, 2 B]. OKHO ¢ pe3yapTatamu MoaennpoBanus BAX BUpTyallbHOTO
muona VD npuseneno Ha puc. 21.9. [lepeMeniasi BUBHUPHYIO JIMHHUIO B OKHE, 3aME€YaEM, UTO
npo6oit ruoaa npoucxouT npu Uogp.max = —100 B. IIpu MoaenupoBaHuu TOJbKO NPSIMOM
BeTBM BAX nuona 1enecoodpasHo 3a1ath npeaessl Hanpsbkenus [-2 B, 2 B] (puc. 21.10).
3anucaB 3HAYCHUS KOOPJIUHAT TOYEK MEPECEUEHUs BU3UPHOUN JMHUU C MPSMON BETBBIO

= =

Components:

[Diode ﬂ
g Curmrent Range(A)

og |G
/ Ffmm A

; \bltage Range(\V)
g || Gn
/ fs [V

Start: |-2 | V

Stop: |2 :” v

Increment: |10 | my

Lefledlel

'/-' Reverse [ Sim_Param |

4 [Mopn 1.495 v 176.43 mA | Pm“ o

Puc. 21.10

BAX (cMm. HumxHIOIO CcTpoky Ha puc. 21.10), ompemeamTs cratuyeckoe Rpp.cem H

TUHAMHUYECKOE Rpp.oun COMPOTUBIIEHUS MO, BOCIOIB30BABIINCH (POPMYIJIaMHU (CM. pHC.
21.2).

3apaHue 2. CodpaTthb cxeMy UCHbITaHUS cTaduuTpoHa (puc. 21.11, @) Wi OTKPHITH
daitn 21.11.ms10. CornacHo BapuaHTy 3aaanus (cM. Tadi. 21.2) BbIOpaTh B OMOINOTEKE
Zener tun crtabunmutpoHa VC, paccyMTaThb U YCTAHOBHMTH I1apaMETPhl AJIEMEHTOB
cxeMbl. C 3TOH 1LIENbIO:

— OCJI€ IBOMHOTO LIETYKA MBIIIBIO Ha 300paxeHnu ctadbuintpoHa VC B OTKpBIBILIEMCS
OKHE MIEJKHYTh MbIIIBIO Ha KHonke KomaHabl Replace (3amenuts), 3aTem
[I0CJIEOBATEILHO HAa KHOIKAaxX KoMmaHx wid 3actaBok Diodes/Zener/ /1N47..A/Detail
Report, rane 1N47..A tun crabunutpona (puc. 21.12). BelmucaTh U3 OTMEUEHHBIX
AIUTUTICAMH 3aKJIAJI0K 3HAYeHUsl HanpspkeHus: npobos (Vz) crabunmutpona u toka (I1z),
Hanpumep it Tuna 1N4747A Ucem.min = 20 B 11 TOK Iem.min = 12,5 MA, 1 3aHeCTH UX B
tadi. 21.2;



XScC1 Osc1lloscopc XSC1

_' 19.982 A .— ExI Trg|
A 3
,_1R" Q—= .1»-}_
- 5300
0.038 [
0.028 3
A3
oo IR
0 | |
Tinszara ’ ‘
E2
+ ,\/40 Vims [] R“n = Time Channel_A Channel_8
0V 50 Hz 2k{} L gg 4946 ms 56560 V 20041V
= poe ) | i
g ] Py S Py
i I 0) xposwion [0 Yposwkn [0 | Yposten [0
%) Puc. 21.11 [VA sos| wa| ww| | ac| o O | ac| o JBC - |

— T[IOCJEAOBATENIBHO IINEJKas MBIIIBI0 Ha DJJIEMEHTAX CXEMbl, YCTAHOBHTbH B
OTKpBIBAIOIIMXCA OKHaX rapamerpsl (Value) ocTanbHbIX 21eMEHTOB cxeMsl (puc. 21.11):

SI[C HUCTOYHHKA El = E2 = |2Ucm~Hoﬂ4| ~ 40 B rac Ucm-HOM ~ ~ 1 OOIUcmmm,
comnpoTusienue 0amtacTaoro pe3uctopa Ry ~Uem-nom/Iem.nom = = 20,02/(37,5-1073) ~ 530
OM, e Iem-nom = 3lcm.min. IIPUHATH CONPOTUBIIEHNE HATPY3KU Ry = 2 KOM;

. Select a Component - O]
| Database: Component: Symbol [DIN)
|Master Database Ll |1N47474 LI
Group: IN47338 A _ Close |
; | | 1N47404 : Search...
inly?mdes _I IHSIAIA Detaeporl |
TN47424,
Bl select al families 1N47434
B8 oiooes_viRrTuAL AN - Renort Window
wezaee |EH &
B ZENER —
- TN47474, Description Upm min, B<¥z=20.00_>
Bt LED 1N47484 Lo min, ML Zz@Iz=zz.oo
4% rwe 1N47498 : Pd=1.00
H CrunTTYyY NINnc 1M ATENA : paCkage=D0—4l
Puc. 21.12

— 3anmycTuTh nnporpammy MS10. CkonupoBath nzoopaxenue cxemsl (puc. 21.11, a) na
CTpaHUILY OTUYETA;

— u3MeHss BxojiHoe HanpsbkeHue Usx Ha 10 % (ot 0,95 no 1,05E1), 3aHecTH noKa3aHus
npubopoB V2 u A2 B Tabi. 21.2 u onpenenTh:

— U3MEHEHME HaIPsKEHUs Ha Harpys3ke (B MpoIeHTax) o ¢popmyJie

AU, = Yem2 = Yen 10

CN.HOM

rae Uenmnon = (Uem2 + Ucem1)/2;




— AMHAMHUYCCKOC COIMPOTUBJICHHUC CTa6I/IHI/ITpOHa

R S = AUcn _ Ucm2 - Ucml
cm.oun = = .
Alcm Icm2 - Icml

Paccunrtannsie 3HaueHust AU% u Rem.oun 3aHECTH B Ta0d. 21.2;

Tad6nunga 21.2

BapI/I- Tun Uem.min | Lem.min, Ucem.nom, Usx = Usx =

aHTBI | CTAOMJIMTPOHA B MA B =0,95E1, B =1,05E1, B

1...30 IN4731A... Ucml, Icml, UcmZ, B Icm2, MA
IN4760A B MA

N = IN47...A AUC”’J % Rcm.()uﬁ, Om

YCTAaHOBHUTB IepekioyaTenb Q B MpaBo€ MOJOKEHHE, 3allyCTHTh IIPOrpaMmy,
YCTAaHOBHUTb BHU3UPHYIO JIMHUIO Ha 3KpaHe ocuuuiorpadga XSC1 npuOnmxeHHO Ha
MaKCHUMAaJIbHOE 3HAUYEHHUE IMOJIOKUTEIBHON MOIYBOIHBI CHHYCOUIAIBHOTO HANPSHKEHUS
(em. puc. 21.11, 6) m yOenuThCsl, UTO HANpPSIKEHHWE HA HArpy3Ke OrPaHUYEHO IO

aMIUTUTYE YpOBHEM HanpsKeHUST Uenm.nom.
3apaHue 3. OtkpoITh cxemubiil dain 21.13.ms10 win codoparh cxeMy HCIBITaHHS

tupuctopa VS tuna 2N2573 (puc. 21.13), coneprxaiiieid, KpoMe UCTOUHUKOB ITOCTOSIHHOTO
E1 u cunycounanbHoro E2 nanpsokenusi, reaeparop E3 npsiMOyrojibHbIX UMITYJIBCOB C

perynupyembiM BpeMmeHeMm 3anepkku (Delay Time) ummynbcoB #5;, JIMTEIBHOCTHIO

XSC1

| v A1

ExI iy
R1 o
i . -t

7 Vs
ZN2573| Relet

L\d 500’0‘ _}:_

.

Bl E2 20V Key=X 0 sec 0.05 sec A ARiannas
C) 0V ( 750 Hz Rele2
- 0 P'ULSE Q
|T_‘UN 0V v Time Channel_A Channel_B
I+ Tmsec 10msec L—— | 6606ms 1071V 19.465V
10 ‘ 0 sec 0.05 sec Timebase Channel A Channel B
- — /*\ Seale | 10 ms/Div 20 \Div |20 MDiv

| [T add| BealaB | AC o[nc]

Puc. 21.13 :
umnyiscoB (Pulse Width) (3agana qyurensHocTh £, = 1 Mc) u nepuogom (Period) T
(3aman nepuog T = 10 mc); natuuk Toka INUT (MCTOUHMK HampspKeHUs, yIpaBIIIeMbIi
TokoM: nipu kKoddPuimente nepenaun INUT k=1 OM 3HaueHUE BBIXOJHOTO HAMPSKEHUS
B BOJIbTaxX PaBHO 3HAYEHUIO TOKA B aMIlepax; HaIpUMeEp, 3HaUeHHe HarnpsbkeHus 19,465 B
(Chanel_B, cwm. puc. 21.13, cnpaBa) paBHO 3HaUEHHUIO MPOTEKAIOIIETO YEPE3 TUPUCTOP
Toka 19,465 A, a HanpsbkeHue Ha oTKpbIToM TUpuctope (Chanel A) U, = 1,071 B); nBa

pene Bpemenu Relel u Rele2 (1Ba mepekitouatenss ¢ NporpaMMHpPYEMbIM BPEMEHEM
nepexsroueHus s 3aaanus 3anaepxku (0 sec) u npoposmkurensHocTH (0,05 sec) BeIBoA



PE3yJIbTaTOB MOICTMPOBaHUS (OcMIUIOrpaMM) Ha 3KpaH ocimutorpada XSC1); pesuctop
R1 ¢ comporuBnennem 2 OM, OrpaHMYMBAIOLIEM TOK OTKPBITOIO THUPUCTOpa, U
noreHuromeTp R2 115 3a1aHus ToOKa OTHUPAHUS TUPUCTOPA.

3Ha4YeHMsI MapaMeTPOB HOMUHUPOBaHHOrO Tupucropa VS tuma 2N2573 npusencHsl B

Label | Display Value IFault | Pins | Valiantl User Fieldsl

Value: 2N2573
Footprint: CASEBT-03
Manufacturer: Generic

Edit Component in DB |

Edit Model Save Component to DB |
.model scr1 scrVDRM =2.500e+001 IDRM =1.000e-005 Edit Footprint
ITM =2.000e+001 ¥TM =1.100e+000
+|H =1.000e-002 VGT=7.000e-001 IGT =4.000e-002) Edit Model |

Replace 0K | Cancel | Info | Help

Puc. 21.14

okHe (puc. 21.14), rae:

* VDRM = 2.5¢e+1 (nanpspoxkenue ornupanus Uom = 25 B);

* IDRM = le-5 (o6parssiii Tok lo = 10 MKA);

* [TM = 2e+1 (nomyctumblii TOK aHONA la.max = 20 A);

* VIM = 1.1e+0 (manpspxkeHue Ha oTKpbIToM TUpuctope Unp = 1,1 B);

* [H = 1le-2 (Tox ynepxanus lyo = 10 MA);

* VGT = 7e-1 (ynpasnstouiee Hanpspkenue Uy = 0,7 B Ha OTKpBITOM TUPUCTOPE);

* IGT = 4e-2 (Tok ynpasmustoiero snekrpona Iy = 40 mA).

[Ipu omnpeneneHun HaNpsHKEHUsT OTNHpPaHUd JuHUCTOpa (Tpuctopa VS 1npu
Hanpspkenun Uy = 0) nyxHo npussate DJC E1 = 40...50 B. 13 ananuza BAX nanHoi
monenu auHuctopa (puc. 21.15), casroir ¢ momompio mpudbopa XIV1, ciemyer, 4ro
HarpsbkeHne ornupanust quauctopa Uom =~ 37,4 B, XOTA B MacOPTHBIX AaHHBIX 3TOU

Mozenu ykazaHo Uom = 25 B.
CxonupoBath n3o0paxeHue cxemsl (puc. 21.13) Ha cTpanuily oTuéra.
YcranoButsb nepexitouarens Q (cM. puc. 21.13) B npaBoe nojiokeHne, 3aMKHYTh KITI0Y

S, mocnenoBaTeNbHO 3a4aBAaTh BPEMS 3aC€pKKU £z = 1; 4 u 7 MC WMITYJIbCOB
ynpasnenusi Uy reaepatopa E3 1 3apucoBaTh (W11 CKONMMPOBATH) Ha CTPAHUILY OTUETA
OCHUJIJIOTPAMMBbI HANPSIKEHUS Uz W TOKA ig TAPUCTOPA.



| nalyz 4 m

r panisl 4 Components:
e | Diode |
ﬁ oo Cumrent Range(A)
<»¢|¢. g |[Gn
L Flr ke
¥ VSt ([e0s09 [AT

2N2573 “Wwitage Range(V)

Source Name:V_pn log |[ Tn
F |80 I v

Stat: [B] =V ~ = -

Stop: |50 | v vl l I

Increment: |10 [mv v Reverse | Sim_Param |

€ v 37.365 V 14.946 uA | Pm" °
Puc. 21.15

B xauectBe npumepa Ha puc. 21.16 npuBeaeHbl OCIUILIOrPAMMBI HAIPSIKEHUS Ug U TOKA
ia TUPUCTOpPA NPHU BPEMEHU 3aJECPXKKHU YNPABIIOIIEr0 MMIyjibca #; = 5 Mc (yrie
ornupaHusi & = 90°) 1o OTHOIIECHUIO K HaYaJly HapacTaHUsl AHOJJHOTO CUHYCOUAAIBHOTO
HarpsbkeHus: ¢ nepuojgoMm 7' = 20 mc. BeiBeneHHble B cpeHEM OKHE IUpbI (HUXKE
OCIIMJUIOTpaMM  HampsbKeHUussT M Toka Ha puc. 21.16) ecTh KOOpAWHATHI TOYEK

Ua

| »

CH |
Time Channel_A Channel_B
I; ﬂ 26310ms  693.835 mV 12615V Reverse |
34.966 ms -28282V -560.142 uV
T2-T1 8.656 ms -28975 W 12615V

Save Ext. Trigger
&3

Timeb; Chani]gl A Chanrig] B Trigger

Secale | 5 ms/Div Scale |20 WDiv Scale |10 WDiv Edge 5 I'-L l_ | X I
X position |0 Y position ID Y position |-2 Level IO | v
[T Add| Bia|aB|  Ac| 0 JOC | AC| 0 JOC -| & Type Sing.| Nor.| Auto |[None

Puc. 21.16




OCLMJUIOrPaMM, B KOTOPBIX HX IIEPECEKAIOT BU3UPHBIE JUHHAHA. KHONKKM M 1OJI,
pacrojoKeHHbIe BHU3Y OKHA OCLMJUIOTpaMM, MpeAHa3HA4YeHbI IJs BbIOOpa PEeKUMOB
paboThl KaHaIOB A 1 B BBOa CUTHAIIOB, CMEIIEHHSI TPa(UKOB KPUBBIX 3aBUCUMOCTEN MO
ocsim X 1 'Y, a Takke MacITaboB Kak TOPU30HTAIBHON pa3BEPTKU JyUeld, TaK U YCUIICHUS
BXOJHBIX CUTHAJIOB.

NpumeyaHme. Ilpu wu3MepeHuun BHPTyalbHbBIMH TpubopamMu cpenbl  MS10
HECUHYCOUJIAJIbHBIX BEJIUYHMH, KOUMH SIBIIIIOTCS HANPSYKEHUE U TOK TUPUCTOPA IIPH yTIIe
ornupanust oo # 0, cieayeT UMeTh B BHIY, YTO UX MOKazaHus B pexume AC OyayT
npUOIMKEHHBIMH, TaK KaK 3TH MPUOOPHI CMOJIETUPOBAHBI HA U3MEPEHUE JEHCTBYIOIINX
3HAYEHUH CUHYCOUOATbHBIX BETNUHH.

COOEPXAHUE OTHETA

1. HaumenoBanue u 11eib pabOTHI.

2. IlepeueHp mpPUOOPOB, HCIOJIB30BAHHBIX B OKCIEPUMEHTAX, C HX KpPaTKUMU
XapaKTepUCTUKAMH.

3. M300paxkeHus 3JIEKTPUYECKUX CXEM MCIBITaHUS J10J1a, CTAOUIUTPOHA, TUPUCTOPA U
ocrmiuiorpamM BAX mipu6opos.

4. TaGnuIpl pe3yIbTaTOB U3MEPEHUI B PACUETOB.

5. Pacuérubie popmybl.

6. BeiBo1pI 110 pabore.

TECTOBbIE 3AJAHUA K PABOTE

«MonynpoBoagHMKOBbIEe ANO4, CTAOUNUTPOH U TUPUCTOP»

1. Ykaxure, kakoii popmyJioii onucsiBaercs BAX p-n-nepexona?
U=RI I=GU I=1Iy(eY'or —1) I=aU?3?
O o o o
(@r = 25 MB — TeMrniepaTypHbIi TOTEHITHA JIEKTpOHA pu Temiiepatype ¢ = 20 °C)

2. HazoBuTe THUIIBI MPOGOEB p-n-Tiepexojia U JaluTe UX KPaTKyI0 XapaKTepUCTHUKY.

3. Ykaxwure, kakoi yuyacTok BAX crabwimmrpoHa siBisieTcss pabouum?

[Ipssmoii  OGpaTHBIH Bcea BAX YQacTok ¢ OTpULaTENbHBIM
O O O muddepeHIMaTbHbIM COMPOTHBICHUEM
4. N3Bectubl napameTpbl cTabMIATPOHA: Ucm.nom = 30 B; Iem.min = 10 MA; Iem.max = =50 MA; Iem.nom

= (Iemmax + Iemmin)/2 = (50 + 10)/2 = 30 MA. YkaxuTe, yeMy paBHO JMHAMHYECKOEe CONMPOTHBIEHHE
CTA0OWJINTPOHA B OKPECTHOCTU paboueld Toukw (cuutas paboumii yuactok BAX crabunmurpona
JIMHEWHBIM), €CIIM HaIlpsDKEHUE Ha CTaOMIMTPOHE Ha pabodyeM ydyacTKe He JOJKHO u3MeHsAThes oonee 0,1
%?
0,3 Om 0,5 Om 0,75 Om 1,0 Om 1,25 Om

O @) O O O
5. lnsg mapaMeTpudecKoro cCTabuin3aropa CrpaBeIyInBO COOTHOIICHUE
AU o /Ang = Rem.oun /(R6 + Rem.oun )
OTKyna cienyer, 4To COMPOTUBIICHUE OAITTACTHOTO PE3UCTOpa
R6 = (AUBX /AUcm - I)Rcm.dun-
VYkaxwure, ueMy paBHO CONMPOTUBJIEHHE DAIACTHOI0 Pe3UCTOPA B cXeMe CTaOMIM3alui HaMPsHKEHMS,
eciu HarpsbkeHue Ha €€ Bxojie Ugy, paBHoe 60 B, usmensiercs Ha 10 %, a u3sMeHeHHe HaNPsHKeHUs Ha



crabunutpone He npesbimaet 0,1 %? HomunansHoe Hanpsbkenue ctabmiutpona Uem.non = 30 B, a ero
JUHAMUYECKOE CONPOTUBIEHUU Rem.oun =1 OM.

~2000m 3000m =5000m  7500m  =1,0 kOm

o) o) o) o) o)
6. Ykaxxute COOTHOLIEHUE MEXIYy CTATUYECKUM Rem.cmam U TUHAMUYECKUM Rem.oun COTPOTUBIICHUSMU
Ha paboueM yyacTke BAX TUIIOBBIX KPEMHHEBBIX CTAOMIUTPOHOB.
Rem.cmam = Rem.oun Rem.emam < Rem.oun Rem.cmam > Rem.oun
©) ©) ©)

7. YKaxuTe, 4eMy paBeH BPEMEHHOM MHTEPBaJl, COOTBETCTBYIOIIMN 3aI€PIKKE YIIPABIIAIOILETO
HMITyJIbCa TUpUCTOpa Ha 45°, IpH 4acTOTE aHOJIHOTO HaIpsKeHus, paBHoi 50 1'?

1 mc 1,25 mc 1,5 mc 2,5 Mc 4 Mc 5 Mc
O O O O O O

8. Vkaxure, Kak Ha3bIBalOT B OTEUECTBEHHON JMUTEpaType TUPUCTOP, IMPOIyCKAIOUIUI TOK Mpu
MIOJIOKUTEIBHON M OTPHULATEIBLHON MTOJIyBOJIHAX aHOAHOIO HAIPSKEHUs?

I[I/IHHCT%) Jnaxk Tpunaucrop Tpuaxk Cumucrop
O o) ©) ©)

9. YkaxuTe, BO3MOKHO JIU TIOCJIE€ OTIIUPAHUS TUPUCTOPA U TOJIOKUTEILHOM HAIPSKEHUH Ha €T0 aHOJIe
npepBaTh IMPOTEKAaHHWE AaHOJIHOTO TOKA TMOCPEIACTBOM HM3MEHEHHs TMOJSIPHOCTU YMPABISIONIETO
UMIyJibca?

Ha B03M0HO TOJIBKO
BO BCEX TUIIAX TUPHUCTOPOB HeBo3zMoxHO B CIICHHUAJIBHBIX THUIIaX TUPUCTOPOB
O 0
9. MpakTuko-naboparopHasn paborta «llpocTerune TPaH3UCTOPHbIE YCUITUTENNY.

NMPOCTEWLLUME TPAH3UCTOPHbIE YCUITUTENU
LEJIb PABOTbI
N3yuenune mpuHIMna paboThl U UCCIICIOBAHUE XapaKTEPUCTHK YCHIIMTEIBLHBIX KaCKaI0B
HANPsDKCHUS Ha OWITOJISPHBIX M TOJEBBIX TPAH3UCTOPaX, BKIIOYCHHBIX IO CXEME C
OOIIIUM SMUTTEPOM (CTOKOM) U OOITUM KOJIJIEKTOPOM.

TEOPETUYECKUE CBEOEHUA U PACYHETHbLIE ®OPMYJlbl

1. HASHAYEHUWE U ITAPAMETPBI DJIEKTPOHHBIX YCUJINTEJIENA

OnekmpoHHbIl ycunumens — yCTPOUCTBO, YBEIWYUBAIONIEE MOIIHOCTH (HAIpsKEHHE,
TOK) BXOJHOTO CUTHaja 3a CYET PHEPTrUM BHEIIHEr0 UCTOYHMKA MUTAHUS MOCPECTBOM
YCUJIUTEIBHBIX 3JIEMEHTOB (ITOTYTPOBOJHUKOBBIX TPUOOPOB, AIEKTPOHHBIX JIAMII U JIp.).

3 ‘[U,f]’
. Bxo0 Buixoo
igx (J n l(iblx\ OXO_ D _Eal.XO Bxoo Buvixoo
PR | | >
b ugx\l, 2 Uswix \l/ 4 b4 e Howx
, ° )
= Obwuii 8
0) 661600

Puc. 24.1



Ha puc. 24.1, a npeacrapieHa CTpyKTypHasi CXeMa BKIIOUEHUS yCUIIUTENS B LIETIb YCUICHUS
AJIEKTPUYECKOTO CUTHAJA, TA€ / — UCTOYHMK BXOJHOTO CHTHaja; 2 — YCWIHTENb; 3 —
UCTOYHUK DJHEpruu; 4 — Harpy3ka. B KauecTBe HCTOYHMKOB MUTAHHS yCHJIMTEIS
UCHOJIL3YIOT CTAOMJIbHBIE MUCTOUYHMKH SHEPIrUU MOCTOSIHHOTO TOKA. MICTOYHMK BXOJHOTO
CUTHaja (IaT4vkK) (GOopMUPYET H3MEHSIONICECS BO BPEMEHHM HAINPSIKEHUE Ugx (TOK Igx)
Pa3IMYHON aMILTUTY/IbI, 4acTOTHI U (hopMbl. Harpyska ycunurens — yCTpOHCTBO, KOTOPOE
MOKHO IIPEJICTABUTh B BUJIE JIMHEWHOTO MACCHUBHOIO JIBYXMOIIOCHUKA. CaM yCHIIUTENb C
napoi BXOJHBIX U Mapoi BEIXOAHBIX 32KMMOB MHOT/A MPEICTABIISIIOT B BUJIE HETMHEHHOTO
YETBIPEXIIOIIIOCHUKA BCJIEJICTBUE HEJIMHEWHOCTH XapaKTEPUCTUK BXOMAIIMX B HETO
AJIEMEHTOB.

VYcnoBHoe o0o03HaueHUE yCWIMTENEH Ha cxeMax u300paxkeHo Ha puc. 24.1, 6.
Harmpsixenue Bxona ugxy U HaNpPSHKEHUE BBIXOJA Uspix U3MEPSIIOT OTHOCUTEIBLHO OOIIETO
BbIBO/IA. [Ipu ynpomieHHOM M300pa)KeHNH YCUITUTENS B BUJE MPSMOYTOJIbHUKA, HA HEM
n300paxaroT TOJbKO BXOJ W Bbixon (puc. 24.1, 6), omyckas BBIBOAbl HAIPSIKEHUS
nutauusg U, 1 001l BBIBO/I.

Baxxneiiiym napaMmeTpoM yCUIUTENS ABISIETCS KOAGOUIIMEHT YCUISHHS IO MOITHOCTH,
PaBHBI OTHOIIEHUIO W3MEHEHUS MOIIHOCTU BBIXOJHOIO CHUTrHaja K HW3MEHEHUIO
MOIIHOCTH BXOAHOro curuama, 1. €. K, =A4F,, /AP,. Ilomumo ko>pdunuenta

YCUJICHUS TI0 MOIIHOCTH BBOJST Takke KOAXD(PUIMEHT yCUICHHUS IO HANPSHKEHUIO
K, =AUz 1 AU u ko3 punmeHt ycusieHuss mno Toky K; =Alg,,/Al,.. Torna
xkooppunmentK , = K, K;.

BaxnelmuMu XxapakTepuCcTUKaMU YCHJIMTEIS SIBJISIFOTCS aMIUIUTYJHAss UM 4YaCTOTHBIE.
Amnaumyonasn xapaxmepucmuxa (puc. 24.2, a) — 3T0 3aBUCUMOCTb aMIUTUTYbI (WU
JEHCTBYIOIIETO 3HAUYCHMS ) BBIXOAHOTO HANPSKEHUS OT aMIUTUTY/IbI (MU IEUCTBYIOIIETO
3HAUEHHUS) BXOIHOTO CHUHYycouJanbHOro HampspkeHus, T. €. Ugy=f(Ug ), TIE

usx =Umsinat, U,, = var; @ = const.

IIyn-
Usoix , Ku, HB y
Usvix.max
60 |———g=———————— ;EZ*:3 nb
| |
a) 40/ 1 I
0) ¢/ ! 41 !
Ueblx.min 20
! : Usx 0 1\}\1k0 1.02 103 10.4{/ fé. lgf
0 Uex.min Uexmax 1 fH

Puc. 24.2

KTHUPOM TIOKa3aHa aMILUTUTYyAHAsl XapaKTepPUCTUKA UlealibHOrO ycuauTens. OTKIOHEHHE
peaqbHOM XapaKTepUCTUKW OT HACAIbHOM OOBIACHSIETCS HAJIUYUEM IIYMOB H
HEJTMHEWHOCTSIMHU XapaKTEPUCTUK YCHUIIUTEIBHBIX 3JIEMEHTOB IMPHU CIAOBIX M OOJIBIINX
BXOJIHBIX CUTHaJax.

Junamuueckum Ouanaszonom ycunuTens B jAenuOenax Ha3bIBAIOT OTHOIICHUE
MaKCHMAaJIbHOTO 3HAY€HUs BXOJHOTO HAMpPSHKEHUS K MUHUMAIbHOMY Ha JMHEHHOM
y4acTKe ab aMITUTYyTHOW XapaKTEePUCTUKH (cM. puc. 24.2, a):



D — 201g st.max .

6x.min
KoaddunmenT ycuneHus 1o HanpspKeHHUIO Ha 3TOM y4acTKe

K = Usbzx.max - Ugwx.min _ AU@bzx
u -_— -_— .
ng.max - ng.min AU@x

Amnaumyono-uacmomnas xapakmepucmuxa (AUYX) ycunmurens — 3TO 3aBUCUMOCTH

KO3 dUIIMEHTa YCUTIEHUS, HapuMep, MO HaIpsHKeHHIo Ky OT 4acToThl f BXOJHOIO
curHana, T. €. Ku(f) npu ug =U, sinat, U, = const, @ =var.

O6bryHO AYX cTposIT Ha JBOMHOW JIOrapu(MUYECKOM CEeTKe: MO OCH  OpAUHAT
OTKJIaJbIBAIOT 3HaueHud K, B Jgenubenax, a MO OCH aOCHUCC — YacTOThl B
jorapu(pMHYECKOM MacIITade, OJJHAKO OKOJIO JIEJICHHUM 3alUChIBAIOT 3HAYEHUS 4acTOT 0e3
norapudma (puc. 24.2, 0).

Ilonoca nponycrkanus yCunuTeNs onpenenseT nuamna3on 4yactot Af (i Aw), B ipenenax
KOTOporo ko3¢ ¢uimeHT ycuieHus K, (Ha CpelHell 4acTOTe) HE CHHUMXKACTCS HUKE
1/4/2 20,707 (3 n1b) cBoero ypoBHs, T. €. Af = fs — fu, TAC f¢ U fr — BEPXHsIS U HIKHSISA
yacToThl cpe3a AUX ycuinrens.

Dazouacmomuas xapakmepucmuxa ¢(f) — 3TO 3aBUCUMOCTb yIJia caABUTa (a3 ¢ MEeXIy
BBIXOJHBIM U BXOJHBIM HAMpPSHKECHUSIMU YCHIIUTENS OT 4acToThl (cM. puc. 24.2, 0).
@da30BbIC MCKAXEHUS B YCHINUTENE OTCYTCTBYIOT, KOT/a (ha30BBIA CABUT ¢ JIMHEWHO
3aBUCHUT OT YaCTOTBHI.

BXO}IHO@ 1 BBIXOOAHOC COHpOTI/IBJIeHI/ISI YCI/IHHTCHH:
ng = ng /lgx = Rsx + lex; Z =U /1 = ngx + leblx-

8blX —86blX = —B8blX
[Ipu conpoTtuBiieHNN HArPy3KH Ry BBIXOAHASI MOIIHOCTh By, = R, [ 2z

2. YCUJIMTEJIA HA BUITIOJIAAPHBIX TPAH3UCTOPAX

OnnuM 13 HamboJiee pacpOCTPaHEHHBIX YCHIMTENIEH Ha OUIOJSPHBIX TPaH3UCTOpax
SABJISIETCS] YCUITUTEND C 0Ouwum smummepom (03). B a3ToM ycunutesne sMUTTEp SBIISETCA
OOIIMM DJIEKTPOJAOM Il BXOJHOW M BBIXOAHOM meneit (puc. 24.3, a). BxomnHoe

HaIPSDKEHUE Ugy OT UICTOUYHHUKA CUTHANA E¢c C BHYTPEHHUM COMPOTUBJICHUEM R MOJAETCS
Ha YCUJIMBAaE€MbIN KackaJ Ha OUMOIsipHOM TpaH3uctope V7T uepes konaencartop cBszu C1,
NpPEeAOTBPAIIAIONIUNA MPOXOXKICHHE MOCTOSHHON COCTaBIAIONIEH TOKa OT HCTOYHHMKA
CUTHaJa. YCHWIEHHOE BBIXOJHOE HAIpsDKEHHE MOAAaETcs Ha Harpy3ky Ry, uyepes
pazaenuTenbHblii KonaeHcatop C2, T. €. moJaércs TOJbKO MEPEMEHHAsl COCTaBIISIONIAs
HAIPSDKEHUS Uspix.
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Puc. 24.3

B ycunmrene, kKpoMe WCTOYHHMKA TIEPEMEHHOTO CHUTHaJA, JACHCTBYET WCTOYHHK
Hanpspkeanst ¢ DJ1C En (oO6sruHO Hampspkenue U, = 10...30 B) ¢ BHyTpeHHUM

conpoTuBieHueM Rgm. ComnpoTuBieHue pe3uctopa Rx BBIOMPAIOT, HUCXOIsS U3
TpeOOBaHMI YCUJICHUSI BXOJHBIX CHUTHAJIOB W OIpAaHUYEHHUs TOKa KoJulekTtopa Ik
Tpauzuctopa V7. OOwsuHO conpotuBieHue Rx coctaBiaser 0,2...5 xkOm musa
TPaH3UCTOPOB Majoil MomHocTH W mopsiaka 100 Om gyt TpaH3UCTOPOB CpeAHEN
MOIIHOCTHU. Pe3uctopsl R51 U Rpy enuTens HanpsokeHus nutanus Up npelHa3HaueHbl
JUIsl YyCTAHOBKM TOKa 0a3bl /5 TpaH3UCTOpa (MO MOCTOSHHOMY TOKY), COOTBETCTBEHHO
pabouell TOUKH (TOUKHM MOKOS) Ha IMHUU Harpy3KHu.
C nomomrpto pe3uctopa Ry co3gaércs oOpaTHasi OTpUIIATENIbHASI CBA3b YCWIMTENS IO
IOCTOSTHHOMY TOKY, OOecleunBaromias TeMIepaTypHyI0 CTaOWIM3AIMI0 €ro pexuma
ycuieHusa. Tak, TMpuU  yBEIMYEHUM TEMIEPATypbl BO3PACTAIOT  MOCTOSIHHBIE
COCTaBJISIOIINE TOKOB KOJUIEKTOpa [x W 3MUTTEpA [5 U NMAJACHUE HaANpsLKEHUS Rols. B
pe3ynbTate, HanpskeHne Up) yMEHBIIAETCS, UTO BbI3BIBAET YMEHBIIEHUE TOKA 0a3bl /5,
U, CIIEIOBATENbHO, TOKA [k, CTAOMIH3UPYS €T0.
Konpnencarop C» 605b1101 EMKOCTH (A€CATKA MUKpO(apa1) LIyHTUPYET CONPOTUBICHUE
pesuctopa Rs MO TMEPEMEHHOMY TOKY, YTO HCKIIOYaeT OciallieHne YCHINBAEMOIO
CUTHAJIa TI0 TIEPEMEHHOMY TOKY II€TIbI0 0OpaTHOM CBSI3H.
Jns ynoOctBa aHanmu3a pabOThl YCHIIMTENS OTIEIBHO PAaCCMaTpPUBAIOT €0 CXEMBbl
3aMelleHus 10 MOCTOSTHHOMY (puc. 24.3, 6) u nepeMeHHOMY TOKY (puc. 24.5). B pexume
paboOThl YCUIIUTENS 110 NOCMOAHHOMY MOKY IS TMONYYEHUS HAUMEHBIINX HEJIMHEHHBIX
UCKOXCHUW YCHJIMBAEMOIo CHUTHaima pabouyro Touky a (puc. 24.4) BpIOMpaioT
nocepeuHe pabouyero ywyactka bc JIMHMM HArpy3kd IO TOCTOSHHOMY TOKY,
OIUCBHIBAEMON YpaBHEHHEM

kn=U, —=Ukn)/ Rg, o€ Ugy =Uxs + Ro15,.



Puc.24.4

JIMHUIO HArPY3KHU CTPOAT CAEAYIOMMUM 00pa3om. V3 mpuBeeHHOTO YpaBHEHHUS CIIEYET,
yto ipu Ig, =0, Uk, =U,,anpu Uy, =0, I, =U,/Rx.
Uepes 1Be HaliICHHBIE TOUKH MPOBOIAT MPSIMYIO (HATPYy304YHYI0) IUHHIO. 3a]1aB TOK 0a3bl
B PEKUME MOKOS /5n, HAXOAAT HA TIEPECEUCHUN JIMHUM HArpy3KH MO MOCTOSSHHOMY TOKY
C BBIXOJIHOW XapaKTepUCTUKON TpaH3ucTopa npu /5 = I5, Touky nokost a(Ugn, Ikn).
CornpoTuBiieHHE pe3ucTopa R51 pacCUUTHIBAIOT 1O (popMyIie
Un - UESn - R3n13n ~ 4R52 ~ hZIRI(-

1 bn
[Tpu stom Up, = 0,3 B nnsa repmanueBbix u Upy = 0,65 B 1719 KpeMHUEBBIX TPAH3UCTOPOB.
[TpuGamKeHHO TOKH MOKOSI KOJIJIEKTOpa M AMUTTEpa B paboyueil TOUKe @ PaCCUUTHIBAIOT
o ¢hopmyJiam:
Tgn = 0,51 gmax =U, /2R ; 13;1 =Ign +1py zIBnO"'ﬂ)
Hanpsokenue nokos amurrepa Uy, =U, /2 —Ugs, =(0,1...0,2)U,,.
Conpotusnenust Ry =Us,/15,; Ry =U,/(21k,), a €mxkocts Cy =10/(27fR5), toe f—
4acTOTa BXOJHOTO HATIPSKEHUSI Usyx.
B pexxume paboThl YCHIIUTENS 110 nepeMeHHoM) MoKy TPUHUMAIOT
ur =1/0.C)ir =0 (X¢c <0,1R5),

npeHeOperaroT Takke BHYTPEHHUM COINPOTHBICHUEM Rgm M EMKOCTBbIO Cp HCTOYHHMKA
MUTAaHUA, T. €. ICTOYHHUK ITUTAHUA B CXEME 3aMEILICHUS 3aMbIKalOT HAKOPOTKO (puc. 24.5,

Q).

Rp1 =
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Puc. 24.5

[Ipu mogave Ha BXO/ YCUIIUTENSL HEPEMEHHO20 HANPANCEHUS Ugy TIPOUCXOAUT U3MEHEHUE
TOKa 0asbl i5, TOKAa KOJUIEKTOpA iK' U HaNpsLKEHUs Ha KoJulekTope ug =U, — Rxix (cm.

puc. 24.4). AMInuTyna nepeMeHHOI0 KOJUIEKTOPHOIO TOKa Imx MPUMEpPHO B /21 pas

0O0JIbIIE aMILTUTY 1Bl TOKA 0a3bl [;mp, @ aMIUTUTYa KOJUIEKTOPHOTO HanpsikeHuss Umk BO
MHOTO pa3 OoJibllle aMIUIUTYAbl BXOAHOTO HampsbkeHus. Takum oOpa3zom, B cxeme
yeunutens ¢ OO yCHIIMBaeTCs TOK M HAPSDKEHUE BXOJHOTO CUTHAJA.

[Tonb3ysce rpagukamu, n300pakxeHHBIMU Ha puc. 24.4, HETPYIHO ONPEIEIUTh BXOIHOE
CONMPOTHUBJICHUE U KOIPPULIMEHTHI YCUIICHUS KacKaja:

Rex :%; K =1mk g, = Unk K, =KK,.
mb

1 mb ’ UmE ’
HpI/I 3TOM HOJ'IO)KI/ITGJ'IBHOMY nonynepnoz:y BXOOHOI'O HaHp}DKeHI/IH Ugx COOTBeTCTByeT

OTPULIATEIbHBIN MOTYTEPUO BBIXOIHOTO HATIPSKEHUS UK ~ Uiy VIHAUE TOBOPS, MEXKITY
BXOJHBIM U BBIXOHBIM HaIPSHKCHUSAMU CYIIIECTBYET CABUT (pa3, paBHBIN 180°, T. €. cxeMa
yewurenss ¢ OD  sBASETCS WHBEPTUPYIOIIMM YCTPOWCTBOM, YCHJIMBAIOUIUM U
U3MEHSIONUM (ha3y BXOJAHOTO HampsikeHus Ha 180°.

OOBIYHO PACCMOTPEHHBIN THN YCHIUTEIHLHOTO Kackaja paboTaeT B peXUME YCUICHUS
caObIX CUTHANIOB (TIOCTOSIHHBIE COCTABJISIONINE TOKA 0a3bl U KOJIJIEKTOPA CYIIECTBEHHO
IOPEBOCXOJAT aHAJIOTMYHbIE TMEPEMEHHBIE COCTABIAIOIIKE). OTH OCOOCHHOCTH
MO3BOJIAIOT UCIIOJIb30BATh AaHAIUTUYECKUE METObI pacueTa MapaMmeTpOB YCUIUTEILHOTO
KacKaJla Ha HU3KUX 4acTOTaxX MO U3BECTHBIM /i-miapaMeTpam TpaH3uctopa (puc. 24.5, 6),
noJiarasi, 4To TpaH3UuCTOp paboTAET B IMHEHMHOM pexume. [Ipu 3ToM curHan, noJaHHbII
Ha BXO/Jl yCHJIUTENS, IPAKTUUECKU HE UCKaxkaeTcs (1o popMe) Ha ero BhIXOJE.

Hanmunune B ycwinrene émkocreit C1 u C2 (cM. puc. 24.3, a) NpuBOOUT K YaCTOTHBIM
UCKOKCHUSM YCUJIMBAEMBIX CHUTHAJOB B OOJACTH HIDKHHX YacTOT: C yMEHBIIICHHUEM
4acTOTbl ~ BXOJAHOTO  CHUTHAaJa  yBEJIMYMBAETCS  CONPOTUBIIEHHE  KOHAEHcaTopa

Xc1 =1/ wC, maneane HaOpsHKEHUS uC1 HA HEM, CIICIOBATEIIBHO, CHIKACTCS BXOJIHOC

Usx U BBIXOJIHOE Ugmix HAMPSIKEHHUS. DTO MHPUBOJUT K YMEHBIIEHHIO Ko3(ppuuueHTta

ycuieHus Ky C yMEHBIICHHEM YacTOThl (cM. puc. 24.2, 6), a HaJIU4YUe B yCHIIMTEINEC
MEXIYIJIEKTPOIHBIX EMKOCTEM TPaH3UCTOpPA W MOHTAXKHBIX EMKOCTEH NPUBOIUT K
BO3HUKHOBEHHUIO YaCTOTHBIX MCKAXCHUN YCUIMBAEMBIX CHUTHAJIOB B OOJACTH BBICOKUX

gacToT. C yuérom éMmkoct CK KOJIJIEKTOPHOTO p-n-NEepexoia, YCIOBHO BKIIOYAEMOMN



MCIKAY KOJUICKTOPOM H 6330171, BXOAHOC COIIPOTHBIICHHC KaCKalla B o0OnacTn BCPXHHUX
qacCToT

7 Y _ Rp1 -y
R | Rpi +hi(1+ joCkgRp1)

6X

BxonHoe conpoTuBieHUE YCWIMTENBHOTO KacKajla Ha OumnoiasipHom Tpansuctope ¢ 09
OOBIYHO MMEET 3HAYCHHE TOpsJIKa HECKOJbKHX COTEH OM. BBIXOIHOE COMpOTUBIICHUE
OOBIYHO HA TIOPSJNOK OoJibllle BXOMHOTO. IIpHM TOIKIIOYEHHMH K YCHIIUTEIIO
BBICOKOOMHOI'O MCTOYHUKa curHayia (R, >> R,:) U HU3KOOMHOUN Harpysku (R, < Rg)

pacy€T OCHOBHBIX MAPaMETPOB YCUIIUTEIS MPOBOJAT IO CIEAYIOUUM (hopMyJiaM:

Uy = e, Ry ~ e Uy = —Ue 1Rk Ry, ;
Rc + Rex Rc + hll hll(RH + RK + hZZRKRH)
K, ~ I Rxk Ry . K = hy1 Rk .
hll(RK + RH) ’ Rx + R, + RKRthz

PeanbHblil k03P GULMEHT ycUIIeHUs 110 HanpsbKeHuto Ky Bcerja MeHble Kodppuuuenra
YCWICHHSI HEHarpyKeHHOro ycunutens (R, >> Ry ). DT0 pa3iuyue TeM 3aMeTHee, YeM
00JIbIIIE BBIXOJHOE COMPOTUBIICHUE YCUIIUTEINS U MEHBIIIE CONPOTUBICHUE HATPy3KH Ry,
Ha mnpaktuke peanbHblii KO3(h(GUIMEHT yCWICHHsA Kackaga K, MOXET JOCTUTraTh
HECKOJIKUX COTEH, a Kod()(GUUueHT ycunenus no momuoctu K, =K, K; B cxeme ¢ OD

— HECKOJIBKUX ThICSY.

YcunurenbHble Kackaibl HAa HOAEBbIX mpan3ucmopax paboTaroT  aHaJIOTHMYHO
YCWINTENSAM, COOpaHHBIM Ha OWIOJSIPHBIX TPAH3UCTOpPAX, €CIH YYECTh, UYTO YII-
PAaBIIIONIMM CUTHAJIOM YCHIIHUTEINSI HAa TOJEBOM TPAH3UCTOPE SBJISIETCS HAINPSKEHUE

3arBopa U3, a KO3(PGUIUEHT YCUIICHUS TI0 HANIPSHKEHUIO YCUITUTEINS ¢ OOIIMM HUCTOKOM
(c ON) mpu Ry >> Rc (Ro — nuddepeHrabHOE BBIXOAHOE COMPOTUBICHUE
TpPaH3UCTOPA)

K, =Ugx/U3z =SRc /(1+ SRM),

rae S = Alc/AU3 — KpyTU3HA CTOKO-3aTBOPHOM XapaKTepUCTUKHU TpaH3UCTOpa; Rc u Ry
— COIIPOTHUBIICHHSI PE3UCTOPOB, BKJIIOYEHHBIX B LIENMHM CTOKAa M MCTOKA TPAaH3UCTOpA

YCUIIUTCIIA.
BCH@JICTBI/IG BBICOKOI'O  BXOAHOI'O  COIIPOTHUBJICHUA YCI/IHHTGJIeﬁ Ha ITIOJICBBIX

TPAH3UCTOPAX MOXKHO HCHOJIB30BaTh pPa3ieIUTENbHBIN KoHAeHcaTop C1 HeOOIbIIoH
€MKOCTH.

3. DMUTTEPHBIA TIOBTOPUTEJIb
B kackame, coOpaHHOM Ha OWITOJIIPHOM TPAH3UCTOPE C OOIHUM KOJUIEKTOPOM,
Ha3bIBACMBIM OMUMINEPHLIM NO8MOopumeneM, BBIXOJTHOE HAMPSIKCHUE Uswx (UEpe3
pa3zenuTenbHbI KoHAeHcaTop C2) CHUMAeTCs ¢ pe3ucTopa RH, BKIOYEHHOTO B IEMb
smurrepa (puc. 24.6, a).
[Ipu oTCyTCTBUU CUTHANA Ugxy HA BXOJIE B IIETIH 0a3bl MPOTEKAET TOK MOKOS

(Rgs + Ry) R Rp)
Ig, =U, /|| Rp1 + :
bn " ( 51 REQ + R3 + R52 REQ + R3 + REZ




3HaueHUs COMPOTHUBICHUN pe3UCTOPOB R51 U Rp2 BHIOMpAIOT TakMMHU, 4TOOBI pabodas
TOUYKA B PEKUME ITOKOS HAXOAMUJIach MPUMEPHO TIocepeInHe pabodero yqgacTka BXOIHOM
XapakTepucTuKu Tpansucropa VT. Ilpu mopade mepeMEHHOTO BXOAHOTO CHTHAJA Usx
MOSIBJIICTCS TIEPEMEHHAsi COCTABIISIIOIIAS i7 SMUTTEPHOTO TOKa, KOTOpas CO3[aeT Ha
pe3nucTope R» BEIXOTHOE HAMPSHKCHUC Ugy, = R3i5.

Puc. 24.6
OcHOBHBIC TapaMeTPbl 3MHUTTEPHOTO IMOBTOPUTENS IO TEPEMEHHOMY TOKY MOXKHO
paccuMTarh, COCTaBUB €ro cxemy 3amelleHus (puc. 24.6, 6), B KOTOPOl PE3UCTOPHI
0a30Boi1 ienn R51 1 Rp2 YITEHBI PE3UCTUBHBIM DJIEMEHTOM

Rp = Rp1Rp2 /(Rp1 +Rp2).

IIpu R, >> R~ 06a30BBIN TOK i5 = (Ugy — Ugyx )/ 11, @ BBIXOJTHOE HAIIPSHKCHHE U

KO3 PUIIUEHT yCcUsIeHHs IO HampshKeHUto [ 1]

u u 1
= 6x ; K, =—%% = =0,9...0,99.
ueblx (1 + h22R3) ugx 1+ h22R3
1+ ——— L+ hy
(1+ ho1)R5 (1+h21)R5

W3 mpuBeIeHHBIX BRIPAXKEHUH CIIEYET, 9TO Kod(ppuimeHT Ky, MEHbBIIIE €AMHUITBI, OTKY/1a
Ha3BaHUE YCUITUTEIS — OMUMMEPHbIU HOBMOPUMETD.
Yunreiasi, uto kodhdurment h22 = 107...10° Om, a Ry~ 102...10* Om, dopmyy Ky
MOJKHO YIIPOCTHTH:
K, ~ (1 + /’lzl)Rg Re. ‘

i+ 1+ )R> Ry

BXomHOE CONPOTUBIEHUE MOBTOPUTENS Rgy =gy /ige = h1/(1—K,) 3HauMTENBHO

. IIpu stom K; ~ K,

0oJbIIIe BXOJHOI'O COIMPOTHUBJICHHA TPAH3UCTOpA /’111 1 JOCTHUT'aCT HCCKOJIBKHUX JCCATKOB

U coteH KwiooM. C ydyeroM CONPOTUBIEHUNA pe3UcTopoB Ryl U Rp2 BXOJHOE

COIIPOTUBJICHUC ITOBTOPUTECIIA
Rex.p = Rox Rp /(Rgx + RE)

BrixogHoe conpoTtuBneHue R, = hy1 /(14 hy1) MMeeT 3HaUY€HHE MOpsAJKa HECKOIbKHUX

€IMHUIl WIH JECATKOB OM. TakuM 00pa3oM, SMUTTEPHBIN MOBTOPUTENb O0JIagacT
OONBIIMM BXOAHBIM U MajbIM BBIXOJHBIM CONPOTUBJICHUAMM, YTO YIPOLIAET
COrJJacOBaHUE BBICOKOOMHOIO MCTOYHMKA CHUTHaJIa W HU3KOOMHOM HAarpy3ku C
YCWJIMTEIbHBIM YCTPOMCTBOM.

OMUTTEpHBbIE (MCTOKOBBIE) MOBTOPUTENIN MPUMEHSIIOT MpU Meperaye HanpsokeHus Oe3
U3MEHEHHUSI (OpMbI, aMIUIUTYAbl U (da3bl, HO MPU 3HAYUTEIBHOM YCWICHHHM TOKa W



MOIITHOCTH CHTHAJIa: SMUTTEPHBII TOBTOPUTEIh YCHIUBACT TOK BXOIHOTO CHTHAJIA B /1217
+ 1 pa3 u B h215 pa3 ero MOIIHOCTb.

4. TAOGO®EPEHIIUAJIBHBIN YCUJIHUTEJD
Juppepenyuanvuwiil ycunumens — 370 OATAHCHBIA (MOCTOBON) YCHIIMTENb MOCTOSHHOTO
TOKa C TapajuIeIbHBIM BKJIIFOYCHUEM TPAH3UCTOPOB C OJMHAKOBBIMU XapaKTCPUCTHKAMU
(puc. 24.7, a), B KOTOPOM KOJUIEKTOPHBIC CONMPOTUBICHUS RK1 U Rx2> W BHYTPEHHHE

conpoTuBieHus: TpanzucropoB V11 m VT2 oOpasyrt mieun Mocrta. Pesuctop Rio
CILYKUT JUIsl OaJlaHCUPOBKH Kackaza (yCTaHOBKM HyJs1). Llenu cMelienus TpaH3ucTopoB
HE TI0Ka3aHBbl.

0)

R I R i}
K K2 Ue Au|\Uoud

S S b ke

Au

Ucg

Puc. 24.7

Ecnu neBas m mpaBasg 4YacTM YCWIMTENS C CHMMETPUYHBIM BXOJOM M BBIXOJIOM
UJICHTUYHBI, TO TOBBIIIEHUE (TTOHMKEHUE) TEMIIEpAaTyphbl WM HANPSHKEHHUS MUTAHUS
BBI3BIBAET OJIMHAKOBOE HM3MEHEHUE KOJUIEKTOPHBIX TOKOB B OOOUX TpPaH3UCTOpPAX,
IIOTEHIIMAJbI KOJUIEKTOPOB UK1 U UK2 U3MEHSIOTCS IIOYTH OJIMHAKOBO U, CIIEIOBATEIBHO,

BBIXOJIHOE HAIPSIKEHUE Uspix OCTAHETCSI HEM3MEHHBIM. [Ipu 3TOM Opetigh (MemyieHHoe,
CaMOITPOM3BOJIbBHOE HM3MEHEHHE HMCXOJHOT0 (HYJIEBOI0) BBIXOJHOTO HAIPSKEHUS) B
ycunutene cocrasiser 30...100 mB B auanaszone ndmenenus: remmnepatypst ot 10 °C go
60 °C.

[Ipu ucnonb30BaHUM TMOJEBBIX TPAH3UCTOPOB Jpeild) MO HAMPSIKEHUIO MOXKET OBITh
npumepno 0,05...0.3 mB/rpag mpu 7'< 100 °C.

Hpeitd HanpspKeHUs OmpeesieT 4yBCTBUTEIBHOCTh YCWIMTEINSA, T. €. MUHUMAIbHBIM
CUTHAJI Ha €ro BXOJIe, KOTOpbIN OyneT pa3nuuuM Ha Bbixojie. Crie1oBaTebHO, CHHXKEHHE
npeiida HysIsl COMPOBOXKAACTCS MOBBIIICHUEM YYBCTBUTEIBHOCTH YCHIIUTENS. 3aMETUM,
4TO Apeld HyJIs HE OTIMYKUM OT YCUJIEHHOTO MOJIE3HOTO PA3HOCTHOT'O CUTHAIA U MOYKET
BBI3BaTh CpabaThIBaHKUE YCTPONCTBA, MOJKIFOYEHHOTO K BBIXOY YCUIIUTEIIS.

Jlnst ymeHbIieHUst apeiida HamnpspkeHds B OOIIYyI0 SMHUTTEPHYIO II€Nb TPaH3UCTOPOB
BKJIFOYAIOT PE3UCTOP C OOJIBIIMM CONPOTUBIEHUEM R >> A1, KOTOPBIA CIYKUT IS
cTabUIM3aIuy SMUTTEPHOTO TOKa 5 = 91 + [72 TpanzuctopoB VT u VT2, unu BKITIOYAIOT
eenepamop cmadouIbHo20 mMoxa ¢ OOJBIIMM CONPOTUBICHHEM IEPEMEHHOMY TOKY U
MaJibIM — TOCTOSIHHOMY TOKY. [Ipy u3aMeHeHuu TeMrepaTypbl OTEHIIMAN TOYKHU a (CM. pHC.
24.7, a) u3MeHsIeTCsl HE3HAUUTENIbHO, TOKU /K1 U [K2 TPaKTUYECKU HE U3MEHSIIOTCSA, KaK U

HaIIPps’KCHUA UK]1 U UK?2.



B o6mem cinyuae Ha Bxoasl OY MocTynaroT COOTBETCTBEHHO HANIPSDKCHUS Ugx] U Usx2. 3
HUX BBIICISIIOT CUH(DA3HBIN Ucg U TP PepeHIINaIbHBIN (Pa3HOCTHBIN) Uougy = Uex] — Usx2
curHaisl (puc. 24.7, 6). Cunda3ublii CUTHAN Ucp = = (Usxl + Usx2)/2 COOTBETCTBYET
PaBHBIM TI0 3HAYEHHIO U OJIMHAKOBBIM I10 3HAKY HAMPSHKEHUSM, IPUIIOKEHHBIM K 000UM
Bxos1aM. CuH(a3HbIE BXOHBIE CUTHAIBI MOTYT COCTABIIATh HECKOJIBKO BOJIBT, BIUIOTH /10
HanpspDKeHu, omm3kux Kk Up, a nuddepenunanbasie — MeHbine Un/2Ky, toe Ku —
KOA(hDUIIMEHT yCUIICHUST HATTPSHKEHUS Y CUITUTES.

[TycTh mOTEHIIMAT OJHOTO BBIBOJIA OTHOCUTENIBHO HAIPSHKCHUS Ucgy BBIIIE, & IPYTOTO —
Huke Ha Au. Torna nuddepeHuumanbHblid (pa3HOCTHBIN) CUTHAN Udug = 24U = Ugx] — Usx2.
Hampumep, ecnu usx1 = 1,024 B, a us2 = 1,02 B, T0 cundaznbiit curnan ucgp = (1,024 +
1,02)/2 = 1,022 B, a nudpdepenumanbubiii uougp = = 1,024 — 1,02 = 0,004 B = 4 mB.
OnuHakoBO€ MO 3HAKy U cuUH(a3HOE M3MEHEHUE TOKOB Iuieu (cuH(pa3Has momexa) He
BBI3BIBACT pPa30aIaHCHPOBAHWE MOCTAa W BBIXOJHOC HAMPSHKCHWE OTCYTCTBYET,
g depeHnnaIbHbIA KacKaj] yCHINBACT TOJIBKO PAa3HOCTHBIA CUTHAI Uoug, TIOCKOIBKY Ha
0a3bl TPAH3UCTOPOB TIOCTYMAIOT HAMPSDKEHUS Pa3HBIX 3HAKOB, MPHUBOAAIINEC K
U3MEHEHHUIO TOKOB 3MUTTepoB. OTCIOJla Ha3BaHHWE KacKalua — ougghepenyuanvubiil
yeunumens. OTHOCUTEIHHO U3MEHEHUS HAPSIKEHUS Ugx] HATTPSDKEHUE UK2 U3MEHSIETCS B
¢a3e (CHHXpOHHO, HE MHBEPTUPYETCS), a HANIPSDKCHUE UK | U3MEHSETCS B MPOTUBO(A3e,
UHBEPTUPYETCH.

Bxoanoe conpoTtusnenue nudGepeHInaibHOT0 YCUIUTENS Rex =~ 24119, @ BBIXOTHOE Reapix
~ 2RK/(1+ h220RK) ~2Rk.

Koaddurment ycunenus: Hanps>KeHus yCUIATENS PU COPOTUBICHUN HArpy3Ku Ry, = oo

Ku= (h215 /h119)RK /(1 + h22 Ri) = (h215 /h119)RK.

Huddepenunanbuple yCUIUTENIH C CUMMETPUYHBIM BXOJOM M BBIXOJOM HIMPOKO
OPUMEHSIOTCS B OBICTPOACHCTBYIONIMX KOMMYTATOpax, KOAEpax M JEKOoJepax U B
AHAJIOT'OBBIX BBIYHUCIINTCIIBHBIX MAllIMHAX.

JuddepeHnuanbHpli YCUIIUTEb UCIOJIB3YETCS TaKXKe, Korjga TpeOyeTcs YCHUIIUTh He
Pa3HOCTb HaHpH}KCHI/Iﬁ MCIKOY 6&33MI/I TPaH3UCTOPOB, a MOJ/IbKO BXOAHOC HAIIPAKCHUC,

Hanpumep usx1 (puc. 24.7, 6). Ilpu 3TOM 0MH 13 BX010B 3a3eMIst0T. Eciu ucnonb3yercs

HaMpsDKEHUE ©K2, TO TAKyl0 CXEMYy Ha3bIBalOT Jud@PepeHIUanbHbIM YCHINTEIEM C
HECUMMETPUYHBIM BXOJIOM U BBIXOJOM.

YYEBHbIE 3A0AHUA U METOOUYECKUE YKA3AHUA
K X BbINOJIHEHUIO

3apaHue 1a (st cTyAeHTOB, 3anucu (GaMuIni KOTOPhIX B Y4eOHOM »KypHAJe TPYIIIbI
UMEIOT HEeu€THBIM HOMep). 3amycTuThb JlabopaTopHbli komiuiekc Labworks u cpemy
MS10 (ménkHyB MBIIIBEI0O HA KOMaHIE JKCIHEPUMEHT MEHI0 kKomiuiekca Labworks).
OtkpeiTh daiin 24.8.ms10, pazmenénnpiii B nanke Circuit Design Suite 10.0 cpembr
MS10, wimu cobparh Ha pabGouem mone cpenbl MS10 cxemy misi HUCHBITaHUS
YcunumenvHo20 Kkackaoa Ha ounoasaprom mpanzucmope ¢ OD (puc. 24.8), 03HAKOMHUTHCSA
C METOAMKOHN pacyéra mapamMeTpoB DJIEMEHTOB CXEMbl U YCTAHOBUTDH WX B JHAIOTOBBIX
OKHaX KOMIIOHCHTOB.
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Puc. 24.8

B cxemy ycunutens Ha tpanzucrope VT1 ¢ OO (tuna 2N3906 ¢ mapametpamu: UK max =
40 B; Ik.max = 0,2 A; h215 = 30...300; fmax=300 MI'i; Px = = (0,625 BT) BKIIIOYEHBI
noreHuuomMeTrpel R1 m Rk, nmocrosHeble pesuctopsl Rs, Re u Rn, xonaeHcatopsl
C1...C3, nepexmtouarens A u ko4 B.

B xauecTBe UCTOYHMKA YHEPTUU UCTIOJIB30BAH IT'€HEPATOP MOCTOSIHHOTO HanpshkeHus: K2
¢ OAC E> = 12 B, a B KauecTBe HCTOYHHUKA BXOJHOIO CHUTHajla — TE€HEpaTop
cunycouganbHoro HampsbkeHus E1. J[ng Bu3yanuzanuul pe3yiabTaTOB HUCIBITAHUS B
cxemy BKkitodeHbl amrepMmerpbl Al u A2, BoabT™MeTpbl V1 u V2, nByXKaHAJIbHBIN
ociuuiorpad XSC2 u morrep XBP1 (nmoctpoutens AUX u @UX ycunurtens mo
HAIPSHKEHUIO).

1.1. Pacuér mapamMeTpoOB 3JIEMEHTOB CXEMBI BBIIIOJHUM C IMOMOIIBIO CIEIYIOIIUX
COOTHOIIIEHUM:

Rx = E2/Igkmax = 12/(0,2) = 60 Om — compoTuBiieHuE KoJuiekTopa (0€3 3MUTTEepHOU
0o0paTHOM CBsA3M (MEpeKIoUaTesib A HaXOJUTCS B TPAaBOM MOJIOKEHUH, K04 B pazom-
KHYT, CM. puc. 24.7));

Ukn = E2/2 = 6 B; Ikn = (E2 — Ukn)/ Rk = 6/60 = 100 MA — TOCTOSTHHOE HaNpPsHKCHUE U
TOK KOJIJIEKTOpPA B PEKUME MOKOS;

I5n =Ikn/h21 = 100/135 = 0,75 MA — TOK 0a3bl B pexuMe IMokos, rae h21 = = 135 —
cpenHee 3HauYeHHE Kod(puimenTa nepenayu no Toky Tpansucropa tuna 2N3906;

R =(E  -Ugy)/I5,=(12-0,65)/0,75-1073 ~15kOM — conpoTtusneHue pesucropa R1

B 0a3oBoi 1enu, rae Hanpsokenue Upn, = 0,65 B nna kpemaueBsix u Upy = 0,3 B ms
F€pPMaHUEBBIX TPAH3UCTOPOB;

Re = (0,1...0,2)E1/Ion = 0,2:12/0,075 = 32 Om — conpoTuBieHue pe3uctopa Re B nenu
AMUTTEPA, TAE [on = Ikn = 0,75 MA — TOK KOJUIEKTOpA IPU NMOAKIIOUeHUH pe3ucTtopa Re;



R> = (0,3...0,5)R1 — compotuBnenue pesuctopa R2, BKIIOYEHHOTO MEXIy 0azoi u
oOrreit Toukoi 0 ycumuTens s co3gaHusi TpeOyeMoro HanpsKeHUsI TIOKOS

Uson=ER (R + Ry) — ReI .

IIpumeM R2 = 6 kOMm.

B ycunurene ¢ O3 u ¢ smurTepHoi ctabunuzanment pekomenyercs pexum: Ukn = (2/3)E1
=8 B u Uon = (1/3)E1 = 4 B, KOTOPbIII MOKHO YCTAaHOBUTH U3MEHEHUEM COIPOTUBIICHUN
noreHoMeTpoB R1, Rk u pesucropa Re (cum. puc. 24.8).

Jlns  yctpaHeHus otpunareinbHo oOpatHoi cBsizm  (OOC) 1o mepeMeHHOM
cocTaBysomierd Toka pesuctop Re 3amynTtupoBan koHueHcatopom C2, €MKOCTHOE
CONMPOTHUBJIEHUE KOTOPOTO ISl HU3KOYACTOTHOM COCTABJISIIOLIEH YCUIIMBAEMOTO CUTHAJA
JOJIKHO OBITh Ha MOPSAOK MeHbIe conpoTuiieHus pesucrtopa Re. [Ipumem C2 = 8 MmD.

Torna conporuBienue konaercatopa C2 X2 = 20/f .

CronupoBarthb cxeMy (puc. 24.8) Ha cTpaHHILy OT4YeTa 1o pabdoTe.

1.2. CHATH U NOCTPOUTH (IO TOYKAM) CEMEHCTBO aMIUIMTYAHBIX XapaKTEPUCTHK I10
HANPSDKEHUIO Ugpx(Usx) HA YacTOTE f = 1 kIl BXOJHOTO HANpPSKEHUS Ugx, IPU BXOAHBIX
conpotuBieHusAX Ry =0 u Ry = 100 Om ucrounuka E1 v npu conpoTUBIEHUAX HATPY3KH

Rio=1 MOM u R, = 1 kOM. 3anucars B T1a0i. 24.1 mokaszanusa BoOJibTMeTpa V2

b
paboTaromiero B pexkume AC, npu cryneHyaroM u3meHeHnn JJ]C UCTOUHMKA cUTHAjA
El, naGmiomass B OKHe ocmwuiorpadga 3a XapaKTepoM HCKaXEHUS BBIXOJIHOTO

HANPSHKCHUS Ugprx TIPU OOJIBIITUX 3HAUCHUSIX HATIPSIKEHUS Usy.
3aMeThTe, YTO BBIXOJHOE HANPSIKEHUE Ugpx, CHUIMAEMOE C KOJUIEKTOpa TPaH3UCTOpa

VT1, npotuBodazHo HAMPSHKEHUIO Usx (CM. puc. 24.9).
Tabnuma 24.1

Ry, R, ITpu E1, MB:

Om ViuV2 0 25 50 75 100 | 200 | 300 | 400 | 500
| MOy | YaxMB
0 Ugbix, B
| kOm |HerMB
Ugpix, B
| MOw | UexMB
100 Ugwix, B

Ugx, MB
1 kxOMm i
Ugobix, B




1.3. Ucnonb3yst TpadMki aMIUTUTYIHBIX XapaKTEPUCTUK, ONMPeNeJuTh TUHAMUYCCKUMA
nuana3on D ycwmurens (cM. puc. 24.2, a) n k03pPUIHEHTHI YCUICHUS TI0 HATPSHKEHUIO

Ky ipu conpotuBnenusix Rs =0, R, =1 MOwm u npu Rs= =100 Om, R, =1 xOm.
% Oscilloscope-XSC2 3

h! 4 X

Timebase Channel A Channel B Trigger

Scale | 200 us/Div | Scale | 2 m\Div Scale [100mWIDiv  Edge [F %[
X position |:|8 i, Y position |0 Y position |0 Level |0 v
[¥im add| Bia|ae| ([AC 0 |Dc| ¢ [JAT 0 |DC|-| 7 Type Sing.| Nor.| Auto |[None

Puc. 24.9

1.4. Cuarp ¢ nomouibto 1iorrepa XBP1 aMmmrynHo-4acToTHbIE M (Da304acTOTHBIE
XapaKTEPUCTUKU YCUITUTEIS 110 HAMPSHKEHUIO MIPH Ugx = 10 MB, Ry = =1000Mu Ry =
1 xOM u onpeaeTuTh NOJI0CKH poryckanus Af ycummrens 6e3 amurreproit OOC u ¢ OOC.
CxkonupoBaTh 5KpaHbl INIOTTEPA HAa CTPAHUILY OTYETA MO padoTe.

B xauectBe mpumepa, Ha puc. 24.10 npuBenenbsr AUX Kiu(lgf) u ®UX Pu(g /)
yemurens 6e3 OOC (a u ¢) u ¢ OOC (6 u 2) npu 3alaHHBIX Ha puc. 24.8 mapameTrpax
aneMeHTOB cxembl. AHanu3 AUX nokassiBaeT, uto Koddduiuent Ky = 90,6 mis ycu-
matens 6e3 OOC mpu wacrore f = 100 k[’ 6onpmie Ky = 76 ycunmutens ¢ OOC, a
BEPXHsISl 4acToTa f¢ mojockl mpomyckanus ycunurenas ¢ OOC Oonblie 4acToThl fs

yemnurens 6e3 OOC. Ilonockl npomyckanusi Af onpenenaeHsl M0 KOOPAUHATAM TOYEK
nepeceyeHrss TOPU3OHTANBHBIX NYHKTHPHBIX JUHUK (cM. puc. 24.10, a u 0),

TPOBEICHHBIX Ha YPOBHSX 90,6 /~/2 ~ 64 u 76,64/~/2 ~ 54,2 COOTBETCTBEHHO.



% Bode Plotter-XBP1

% Bode Plotter-XBP1

~Mode
| Magnitude Phase |
- Horizontal ertical
IW Lin I Log Lin
F|1 [GHz | F[100 |
0k [He [y fo |
- Controls
Reverse I Save I Set... [
Ll 100 kHz | 90630718 ¢|4-| 100 kHz | 76.63576 - +& In & - +e 0wt & - 3
a) 0)
X Mode
1800 1800 Horizontal \ertical
U \ . \ [—Log s I—Ljn
> > F[1 [GHz |F|369 | Deg
1 |
. & N & 1k | He | |-360] < Deg
-1800 -130° Controls
Reverse | Save | Set... |
i’ 100 kHz 179.666 Deg ? | 4] 100kH: 179.816 Deg il AL I CH { ORI L Ol
8) 2)
Puc. 24.10

Ckauku Ha rpadukax @UX cOOTBETCTBYIOT TOUKAM MEPEX0/Ia OT OTEPEKEHUS BHIXOHBIM
CUTHAJIOM TI0 (pa3e BXOAHOTO CUTHAIA K €ro OTCTaBaHHIO MO (pa3e OT BXOJHOTO CHTHANIA.
I'panunel MmonenupoBanuss AUX (Magnitude) u @YX (Phase) ycunurens mno yactore
(mmxuent (I) f» = 1 I'm u Bepxueit (F) fs = 1 ['T), no xoaddurnmenry ycunenus K, =
0...100, mo yray cnpura a3z or —360° no +360°) u tun mkan (uuaeinas (Lin) wim
norapudmuueckas (Log)) 3agarorcs B okHe miorTepa (cM. puc. 24.10, cipaa).
3apaHue 16 (s cTyneHToB, 3amucu GaMIIUHA KOTOPBIX B YUEOHOM JKYpHAJIE TPYIIIIbI
UMEIOT YETHBIN HOMED).

3amycTuth nabopatopHsiii komriekc Labworks u cpeay MS10 (ménkHyB MbIIbO Ha
KOMaH/e JKcmepuMeHT MeHIo KoMmiuiekca Labworks). Otkpeith daitn 24.11.ms10,
pa3Meniénnbii B nanke Circuit Design Suite 10.0 cpenst MS10, uiu codpath Ha paboueM
none cpeasl MS10 cxemy O ucnvimanus ycurumenvbHO20 KACKAOAd HA NOJE8OM



mpanzucmope ¢ OU (puc. 24.11), 03HAKOMHUTBCSI ¢ METOJIMKON pacuéra MmapameTpoB
AJIEMEHTOB CXEMBI M YCTAHOBUTD MX B TUAJIOTOBBIX OKHAX KOMITIOHCHTOB.
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Puc. 24.11

JIns BU3yanu3aluu pe3yJbTaTOB HCIBITAaHHS B CXEMY, Kpome ammepmerpa A2 u
BosIbTMETPOB V1 u V2, BKitouéH nByxkaHaibHbIM ocunsuiorpad XSC2 u mnorrep XBP1
(moctpoutens AYX u ®UX ycunutens no HanpsHKeHUIO).

Cxema ycunutenss Ha nonesom Tpansuctope ¢ OU (puc. 24.11) BeImojgHEHAa Ha
Tpan3zuctope VT2 tuna 2N4381 ¢ ynpapisiomum p-n-nepexooM U KaHaJIoOM  p-THUIIA,
pabotaromum npu HanpspkeHud Uc < 0 (Ucmax = =25 B; ICmax = 12 MA) u HanpsnKeHUU

Usu > 0 (Uzo = 1,8 B). Takoit pexxuM MOKeT OBITh 00ECIIeYeH OJHUM HCTOYHHUKOM
nutanus E2 ¢ npuMeHeHneM Tak Ha3blBaeMoro "apromaruyeckoro cMemieHus". CyThb ero
3aKJIHOYAETCS B CJIEIYIOIIEM.

[Ipu mpoTekaHun Toka UCTOKA [y OT oOmiei Touku () K CTOKY Ha MCTOKE TpaH3UCTOpa
CO371aéTCsl OTPUIIATENIBHBIM MOTEHITAN (HanpsiKeHue —Rg/3), TeM caMbIM OTKPBIBASTCS
nyTh JJIsI MPOTEKaHUsl TOKa 3aTBOpa /3 ot o61ieit Toun 0 yepes pesucrop Rg, nepexon
3aTBOP-HCTOK, pe3ucTop Rs k obmieii Touke 0. B pesynbprare, Ha 3aTBOpe popMupyeTcs
MOJIOKUTENIbHBIA ToTeHIHan (Hanpsokenue Uszy), TPUIOKEHHBIM K n-001acTu p-n-
nepexoja. [Ipu 5ToM ymeHbIaeTcsi CeUeHHUE p-KaHalla, YBEJIUYUBACTCS COMPOTUBIICHUE
CTOK-UCTOK RCy7 TpaH3UCTOpa U YMEHBIIAETCSA TOK CTOKA.

C uenbl0 UCKIIOYECHHS BIUSHUA COMPOTHBICHUN BONbTMETpoB V1 um V2 Ha paboty
YCHJIUTENSI Ha TIOJIEBOM TPAH3UCTOpPE IEIecO00pa3HO YCTAHOBUTHh WX BHYTPEHHHE
conpotusienus 1o 10...100 'Owm.

1.1. Pacuyér mapaMeTpoB 53JIEMEHTOB CXEMbl BBIIIOJIHUM C TMOMOIIBIO CIIEIYIOIINX
cooTHolIeHH. CONMpPOTUBIEHUE CTOK-UCTOK MOCTOSHHOMY TOKY Rcy = = 5 kKOMm
onpeneneHo mo BAX tpansucropa 2N4381, cHATON ¢ MOMOIIBI0 XapakTepuorpada

XBP1 npu Ttoke Ic = (0,4...0,5)[c.max = 5,33 MA u nanpspxkenuun Uszy = 0,3U30 = 0,6 B,
rae Icmax =12 MA u U3zpo=1,8 B.



3Has compoTUBIICHHE RCy TOCTOSIHHOMY TOKY, ompenenuMm HeoOxomumyw DJIC
ucrounuka nutranusi E2 npu 3anannom toke Ic = 5,33 MA u Rcy = 5 kOMm (Uzpr = 0,6 B):
E>» =~ 1,5(Rculc + Usu) = 1,5(5-10° -5,33-10° + 0,6) ~ 40,9 B.

[Tpunumaem E2 = 40 B.

Heobxonumoe nanpspbkenue U3zy onpelnenuM U3 BbIPAXEHUsI CTOKO-3aTBOPHOM xapa-
xrepuctuku Ic = f{Usn): Ic =1 max(1=|Usn|/|U30[)%.

Otkyna HanpspkeHue 3aTBOp-UcTok Usy =Uso(1 =~/ Ic / Icmax )-

[pu Toke croka Ic = 5,33 MA, Usy = 1.8[1 - /533 -10-3/(12 - 10-3)] = 0,6 B.

Tak kak TOk 3aTBOpa I3 << ]C, TO HAIIPAKCHUC Usn PaBHO IIAACHUIO HAIIPSKCHHUA Ha
PE3UCTOPC Rs B ICIIN UCTOKA, IIO3TOMY COIIPOTHUBIICHHUC

Ry=Usy/I1c=0,6/(533-103)=112,5 Om.

Bri6upaem Onmxaiimuii HomuHan Ry = 115 Owm.

Conporusnenne Rg pesucropa Rg onpenenum u3 ycnosus Rel3 << U3y, tne I3 — TOK

3arBopa. [Ipuaumas Rel3 = 0,01U3, I3 = 1078 A, moaydum
Ry =0,01U3y /1c =0,6-0,01/10-8 = 600 kOMm.

ConporuBnenne Rg pesucropa Rd B menu croka HailieM M3 ypaBHEHHS TOKOB U
HanpsbKeHuit B cxeme ycunurens Ey = (Rg + Ry)lc + Uy, T. €.
Ry ~[Ey —(Rey + R)Ic]/Ic =
=[40—-(5-103 +115)5,33-10-3]/(5,33-10-3) = 2,385 kOm.
Bri6upaem HoMuHan Rq = 2,4 kxOMm pesuctopa Rd.
EmxocTh koHzieHcaTopa B enu uctoka Cs = (10...20)/(2nfRs). [Tpunumaem Cs = 1 mO.
Wrak, napamerpsl ycuaurtens Ha nojieBoM Tpansuctope ¢ OU (puc. 24.11):
— BXOJHOE CONPOTUBIIEHUE Rex ~ Rg = 600 kOM;
— BBIXOJIHO€ COMPOTUBIICHUE Repmx & Rd = 2,4 kOM;
— KOO PUITUEHT YCUIIEHUS TI0 HATPSKCHHUIO
Ku = SRcuRd/(Rcu + Ra) = 11-103-5-10°-2,4-10%/(5-10° + 2,4-10°) = 17,8,
rae S = 11 MA/B — kpyTH3Ha CTOKO-3aTBOPHOW XapaKTEPUCTUKHU MOJIEBOTO TPAH3UCTOPA
tuna 2N4381 B rpanunax Hanpsoxenus Usy ot 0,4 mo 0,8 B.

CrxonupoBarb cxeMmy ycunutens (puc. 24.11) ¢ ycTaHOBIEHHBIMHU MapameTpamMu H
MOKa3aHUSMU IPUOOPOB JJIsl OTHOTO U3 PEXKUMOB pa0OThI HA CTPAHUILY OTUETA O paboTe.

1.2. CHATL U NOCTPOUTH (IO TOYKAM) CEMEHCTBO aMIUIUTYAHBIX XapaKTEPUCTUK IO
HanpspkeHuto uc(u3) npu 4dactore f = 1 kI BXOJHOTO HANpPSDKEHUS Ugx, BXOJHOM
conporunenun R; = 100 Om ncrounuka E1 w npu conpotuBiieHHsIX HArpysku Rn = 1
MOM u R, = 2,4 xOM. 3anmucatb B Tabn. 24.2 nokazanus npuOOpoB, pabOTarONINX B
pexume AC, npu crynenyatoM m3menenuu JJIC uctounuka curnana E1, nHabmonas B
OKHE ocruuiorpada 3a XapakTepoM HCKaKEHHH BBIXOJAHOTO HAMPSKEHUS Ugpix NPU
OOJIBIINX 3HAYCHUSX HAIPSIKEHUS Usy.

Taonuma 24.2



Ri, R, u3, MB 0 0,25 0,5 0,75 1,0 1,3 1,6 1,8 2
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3amMeTbTe, 4TO BBIXOJIHOE HANPSKEHUE UC, CHUMAaeMoe co cToka TpaHzuctopa VTI,
IPOTUBO(A3ZHO HAMPSIKEHUIO U3.

1.3. Hcnone3ys rpaduku aMIUIUTYIHBIX XapakTePUCTHK uc(u3), ONpeaeJuTh
TUHAMUYECKUN Auana3zoH D ycunutens (cM. puc. 24.2, a) u K03 OUIUESHTHl YCUTICHUS
1o HamnpsbkeHuto Ky npu conporusieHusix R = 100 Om, R, = =1MOmMuR,=24
kOwm.

1.4. IlocTpouTsb rpadvKu CTOKO-3aTBOPHBIX XapakTepucTuk ic(u3) npu Ez =40 B.
1.5. Cuars ¢ nomouipto 1wiorrepa XBP1 amrmurynHo-4acToTHble M (Pa304acTOTHBIE
XapAKTEPUCTUKU YCUIIUTEIIS 1O HAMPSDKEHUIO TIPH Ugxy = 10 MB, Ry = =100 Om, Ry, =1
MOwM u Ry, = 2,4 xOM, 1 onipeAeIuTh TIOJIO0CHI POy CKaHus Af ycunurens 6e3 SMUTTEpHON
0O0OCu c OOC.

CxkonmpoBaTh 5KpaHbl INIOTTEPA HAa CTPAHUILY OTUETA MO padoTe.

B kauectBe npumepa Ha puc. 24.12 npusenensl AUX ycunaurens, CHATBIE C MTOMOIIBIO
wiotrepa XBP1 npu conpotuBnennsx Harpy3ku R, =1 MOm (a)u Ry =2,4 kOwm (6). Kax
cienyet u3 ananuza AUX, ¢ ymeHbIIeHHeM conpoTuBiieHus: Harpy3ku ¢ 1 MOw g0 2,4 kOm

> Bode Plotter-XBP1 % Bode Plotter-XBP1
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KO3 (PULMEHT yCUIIEHUS MO HANpsKEHHUIO Ky Ha 4acToTe yCuiMBaeMoro curxana f = 10
k['11 yMeHbpIIMIICS TIOYTH B 2 pasa.



3apaHue 2. OTkpoITh daiin 24.13.ms10, pazmeménnsiii B nanke Circuit Design Suite
10.0 cpenst MS10, unu codpaTh Ha padbouem noJie cpeasl MS10 cxemy ons ucnvimanus
UCMOK0B8020 nosmopumens Ha noiesom mpausucmope (puc. 24.13) U yCTaHOBHUTH
napaMeTpbl KOMIIOHEHTOB CXEMBbI
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000 quF o
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AC [100TD

Puc. 24.13

2.1. Cxema ucmoxogoco nosmopumens (puc. 24.13) coOpaHa Ha TIOJICBOM TPaH3UCTOPE
C M30JIMPOBAaHHBIM 3aTBOpOM U p-kaHajom Tumna IFRL9014 ¢ mapamerpamu: Uc.max =
—40 B; Icmax = —1,8 A; U3znop = —3,88 B; § = 1300 MA/B. Pesuctrop Harpy3ku Rs
BKJIFOYEH B II€TTh KCTOKA, a CTOK IO MEPEMEHHOM COCTaBIISIIOIIEH TOKA COCTMHEH ¢ 0011Iei
Toukoi 0 ycwiurens. BeIXOgHOE HANPSIKEHHUE Uy COBMATACT MO (pa3e ¢ BXOIHBIM

HaIPSHKEHHUEM Ugx, @ €70 3HAYCHUE Uspx = =~ (0,9...0,99)u6x.
Takolt ycunuTenb UMEET MOBBIIIEHHOE BXOTHOE COMTPOTUBIICHNE
Rex = RgRgs/(Rg + Rgs) = [0,155-33,43/( 0,155 + 33,43)]-10'? = 154,3-10° Om,
r1e Re = Re1Ra2/(Rg1 + Rg2) =[0,16-5/( 0,16 + 5)]-10'2 = 155-10° Om,
Y CPAaBHUTEJIHHO HEOONIBIIIOE BHIXOJHOE COMPOTHBIICHUE
Rewix = Rs/(1 + SRs) = 50/(1 + 1,3-50) = 0,76 Om,
WM NpUOIMKEHHO Rgwx = 1/S = 1/1,3 = 0,77 Om, 9TO COCOOCTBYET COTJIACOBAHUIO
BBICOKOOMHOI'O HCTOYHHMKA YCHJIMBAEMOI'O0 CHUTHajla C HU3KOOMHBIM Harpy304HbIM
YCTPOHCTBOM.
2.2. CHATH ¥ MOCTPOMTH AMIUTUTYIHYIO XapakTepucTuKy uc(u3) npu f= =1 kl'L,
3aHOCA TMOKa3zaHud npubopoB B Tadn. 24.3. Hcnonb3ys rpaduk aMIiuTyaHOU
XapaKkTepUCTUKu uc(u3), onpeaeanTs kodpduiment ycunenus Ky.

Tabaunma 243
u3, B 3 4 5 6 7 8 9 10 12
uc, B
3apaHue 3. OTkpoITh daiin 24.14.ms10, pazmeménnsiii B nanke Circuit Design Suite
10.0 cpenst MS10, unu codpaTh Ha pabouem nosie cpeasl MS10 cxemy ons ucnvimanus
ougppepenyuanvnoco ycurumens Ha Ounonapuvix mpauzucmopax (puc. 24.14),
YCTAHOBHUTB IapaMeTpbl KOMIIOHEHTOB CXEMbl U CKONMHUPOBATH CXEMY Ha CTpPaHHUILY
oTuéra.
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Puc. 24.14

3.1. B cxemy (puc. 24.14) BKITIOUEHBI:

— nBa oguHakoBbix TpaHzuctopa VI1 u VT2, sMUTTEpbl KOTOPBIX COEIUHEHBI MEXKIY
co00ii, 1 TeHepaTOp CTaA0OMIHLHOTO TOKA, cCOOpanHbIil Ha Tpan3uctope VT3 mo cxeme ¢ O3

u HanpsokeaneM Upn = Uepn crabunmutpona VC, nonkimodeHsl Kk obmed Touke 0. Kak
U3BECTHO, BBIXOJTHOE COINPOTUBJICHUE TAKOTO KackaJga CO CTOPOHBI KOJJIEKTOpA
U3MEHEHUSIM TOKa BEChbMa BEIMKO (COTHU KHUJIOOM — MErOMbI), B TO BpeMs Kak
COINPOTHUBJIEHUE KacKa/la IMOCTOSHHOMY TOKY Maj0 M IO3TOMY HamlpsyKEHUE Ha HEM
HEBEJHKO;

— pesuctopsl Rb1 u Rb2 (17151 3amanus mapaMeTpoB CTaTUUECKOTO PEKUMa);

— ucrounukun E1 u E2 BxoaHoro curHana (¢ OJOKHpOBOYHBIM KoHjeHcaTopoM C3),
BHYTPEHHHE CONPOTUBIICHUS KOTOPBIX UMUTHPYIOTCS pe3uctopamu Ril u Ri2;

— KOHTPOJIbHO-U3MEPUTETBHBIE TPUOOPHI.

C nomomibto BoasT™METpoB V1 1 V2, NOAKIIOYEHHBIX K KOJJIEKTOpaM Tpan3uctopoB VT1
u VT2, uzmepsieTcsi NOCTOSIHHOE HAIPSKEHUE Ha KOJJIEKTOPAaX TPAH3UCTOPOB; BBIXOHOE

HANPSDKEHUE Ugpx = Udl — Ud2 U3MeEpsieTcs BobTMeTpoM V4, paboTaromum B peskume DC
npu nojaue Mexay 0azaMu TPaH3UCTOPOB MOCTOSHHOTO CUTHaja (MPU MOJKIIOYECHUU
uctouHuka E4 mocTOSIHHOro HampsbkeHHsl ¢ oMol kintoya Q) u B pexxume AC npu
nojaye nepeMeHHbIx curHagoB. C momMouipio BoibTMETpa V3 u ammepmerpa Al
KOHTPOJIUPYETCS TOK MOKOs (110 3HAYCHUIO HaIpshKeHus: Ha pe3uctope Re) B smutTepHOit
nenu Tpansuctopa VT3 u 6a30BbIi TOK 3TOTO0 TPAH3UCTOPA, & BXOIHOE M BBIXOJIHOE
HaMpPsKEHUS! yCUIIUTENS — BoJbT™MeTpamu V4 u V5.



3.2. CHATb ¥ NOCTPOUTH AMIUIUTYJHYIO XapaKTePUCTUKY Au(depeHIInaIbLHOTO
yCUIIUTENS NpU cTyneH4YaroM u3MeHeHnu DJ1C E4, onpeaeauts KOXPPUIMEHT YCUICHUS

Ky v quHamMudeckuii quanasoH ycwieHus (B aenuoenax).

Pexxumbl paboThl TprOOPOB CXEMBI YKa3aHbl B Ta0J. 24.4.
TaOnuna 244
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3.3. CHATB U OCTPOUTH aAMIUIUTYIHbIE XapAKTEPUCTUKHU Uswix(Usx) TN PEpeHInANTBHOTO
YCWINTENS NPYU CUMMETPUYHOM U He cuMmmeTpudHoM (3anaB DJIC E2 = 0) Bxogax npu
gactote f= 1 k['11, onpeaeauTh KO3PIUIUEHT ycuaeHus Ky o HANpsHKEHUIO ¥ CPABHUTH
€ro C pacueTHHIM 3HAYCHHUEM

Ku~ h215Ra/[h115 (1 + h225Ra)],
rae h21o =75, h225 = 2,6-10° Cm u h115 = 54 OM — h-tiapameTpbl TpansucTopa 2N3906,
ompeielIeHHbIEC ¢ TOMOIIbI0 XapakTepruorpada XBP1.

Pexxumbl paboThl TprOOPOB CXEMBI YKa3aHbl B Ta0I. 24.5.

Hao6monaTs 3a u3mMeHeHneM (popMbl BBIXOHOTO HAIPSKEHUS Ha SKpaHe ociiorpada.
Taonuma 24.5

E1=|E2],
HPOTHBP‘P B 0 10 25 50 75 100 | 125 150 | 175
a3HBII
BXO/L:
Ugx, MB
E| =-E). (Exvs

Kitrou Q pexuM
Pa3oOMKHY AC)

T Usbix, B
(V4,
pexum AC)
Hecummer E1, B 0 20 55 100 150 | 200 250 300 350
PpUYHBII Ugx, MB
BXOI (VS,

(£2=0). | pexum
KmouQ |  AC)
PazoOMKHY
T

Ugpix, B
(V4,
pexxum AC)

B kauectBe mpumepa Ha puc. 24.15 mpencraBiaeHbl OCHUUIOTPAMMBI BXOJHBIX H
BBIXOJIHBIX CHUTHAJIOB cXeMbl (puc. 24.14), cHATBIE C MOMOIIBI0 YETHIPEXKAHATHLHOTO
ocimuuiorpada XSC1, oTKyaa BHJHO, YTO AaMIUIMTYJbl BBIXOJHOTO HaIPsKEHUS
COCTaBJISIOT OKoJO 1,49 B mpu amMrmuryzne BXOJHOTO CHUTHAJIA

6,7 MB, ko3 unrent ycunenus Ky = 222, 6au3kuil Kk 3HaueHuio kodpduimenta Ky,
paccuuTaHHOMY 110 (hopmyIie



Ku=~ h215Ra/[h115 (1 + h225Ra)] = 75-300/[-54(1 + 2,6-1073-300)] ~ 234.
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3.4. (Bbimoansiercsi ¢paxyabTaTuBHO). CHATH ¥ NOCTPOUTH AMIUIUTY/IHbBIC
XapaKTepUCTUKN UG (PEpEeHIIMATIEHOTO YCHINTEAS M ONPEACIUTh KOA(DPHUITUEHTHI
ycunenus Ky:

a) ipu m3mMeHeHnr HadaimbHOU (pazel #e2 DJ1C ucrounmka curnana E2 nmpu Emi = Em2 <

Ewm3 n nensmennoit ¢aze 3/1C ucrounuka E1 |, 1. e. ipu ¥e1 = const,

0) mpu u3MeHeHuu compotuBieHuir pesuctopoB Rdl, Rd2, Ril, Ri2 u mapamerpos
TPAH3UCTOPOB B CTATHYECKOM PEKUME.

COOEPXAHUE OTYETA

1. HaumeHnoBanue u 11e51b paboTHI.

2. llepeyenr npuOOPOB, HCHOIB30BAHHBIX B OJKCIEPUMEHTaX, C HUX KpPaTKUMHU
XapaKTepUCTUKAMH.

3. N3oOpaxeHuss 3NEKTPUUYECKUX CXEM MCIBbITAHUS NPOCTEHIINX YCUIUTENIEeH Ha
OUMOJISIPHBIX U MOJIEBBIX TPAH3UCTOPAX.

4. Tabauupl pe3ybTaTOB U3MEPEHUHN U pacu€TOB MapaMeTPOB YCUIIUTENIbHBIX KaCKal0B.

5. I'paduku aMITUTYTHBIX U YACTOTHBIX XapaKTEPUCTHK MPOCTEUIITUX YCUITUTEIICH.
6. BeiBo1bI 110 pabore.

TECTOBbIE 3AAAHUA K PABOTE 24

1. Ykaxkure THI yCHJIMTEJIS, y KOTOPOTO KO GUIMEHT YCHICHHS IO HANIPSKEHUIO MEHBIIIE €TUHHIIb.
O TpaH3ucropHsIil ycunurenb B cxeme ¢ O
O TpanzuctopHblii ycunurelnb B cxeme ¢ OK



O HAuddepeHunanbHblil yCUIUTENb

2. YkaxuTte BbIpaxeHue KOdPUIMEHTA YCUICHHUS 1O HANPSDKCHUIO TPAH3UCTOPHOTO YCHIIUTENS B
cxeme ¢ OD.
h1R h 1+ hy1)R
OK,~—2"K  okKk,~2 Rx OK,=~ (L+ h21)R5
h11(1+h22RK) hn h]l +(1+h21)R3

3. Ykaxure, Kak U3MEHUTCS MOJI0KEHHE HATPY304HOH JTUHUHU B TPAH3UCTOPHOM YCHIIUTEIIE B CXEME
c O5:
a) npu ymeuvuieHuu conpomusnenus Ry 6 yenu konnekmopa:
O JluHus cOBUHETCS BJIEBO
O HaxiioH nuHuUM yMeHbIIUTCS
O JluHus cABUHETCS BIPABO
O HaxJ0H JIMHUN yBEJIUYUTCS
0) npu yeenuuenuu 3/]C ucmounuxa numanus Ey:

O JInHusg caBUHETCS BJIEBO
O HaknoH 1MHUY yMEHBIIUTCS

O JluHus cABUHETCS BIPaBO
O HakJioH THHUM YBEITUYUTCS

4. Vxaxwure, Kakoil KO3()PUIIHEHT YCUJIEHHUS M0 HANPSIKEHUI0 B JISIMOeIaX UMEET JIBYXKACKA THBIH

yeunutens, ecin Ky1 = 100 u Ky2 = 10, rae Ky u Ki2 — K03 QUIHEHTH yCUIEHHS TIEPBOTO U BTOPOTO
KackazoB?

O 20 nb O 40nb O 60 b O 80 nb

5. Onpenenute KOIPPUUMEHT YCUIEHHUS 110 MOITHOCTH JIBYXKAaCKaJHOTO YCUIIUTEIS, €CIIM KaXIbIN
Kackaj 00ecreynBaeT IeCATUKPATHOE YCUJICHHE 110 HATIPSKEHHUIO.

0100 O 2000 O 400 O 10000

6. YkaxuTe, Kakylo poJib B CXeME TPaH3UCTOPHOTO ycwiureds ¢ 09?
a) uepaem konoencamop C», 6KII0UEHHbIU 8 Yenb dIMUMmmepa

O ObecneunBaer OOC Mo IEPEeMEHHOM COCTABJISIFOIICH CUTHATIA
O ObecneunBaet Oananc ga3

O Pe3ko ocnabmnser (ycrpanser) OOC mo nepeMeHHOM COCTaBISIONICH CUTHAIA
O OOecrieunBaeT Mojavyy CUrHaga 0OpaTHOM CBSI3W Ha KOJUIEKTOP TPaH3UCTOPA
0) uzpaem pezucmop R5, 6kn0uenHblll 8 Yenb IMUMmepa:

O O6ecneunBaer OOC Mo nepeMeHHON COCTABIISIIONIEH CUTHAIIA
O OOecneunBaet OajlaHC aMIUIUTY 1

OVcrpanser OOC 1o MOCTOSHHON COCTABIIAIONICH CUTHAA
O Oo6ecreunBaer OOC 1o MOCTOSHHON COCTABIIAIONIEH CUTHAIA

7. YKaxuTe, COACPKUT JU BBIXOJHOU cUrHai Jud(depeHIHaTbHOr0 yCUIUTENS ¢ CUMMETPUYHBIM
BXOJIOM U BBIXOJIOM HH()OPMALMIO 0 3HAKE ITOCTOSTHHOI'O BXOJHOTO CUTHAJIa?

OJla OHer
8. Vxaxute npuunnsl apeida Hy s B 1udpepeHnanbHbIX YCHIUTESX.
] IMoaxkmrouenue k BXoay nuddepeHnnanTbHOoro CurHana

| U3smeHenune TCMIICPATYyPhbL Oprxcanmeﬁ CpCabl HJIM CaMOPa30TpCBaHNUEC TPAH3UCTOPOB

'] Pasnuyme B mapamerpax KOMIIOHEHTOB OJHON W TOW K€ MapKW, HAlpUMep, HEOIUHAKOBBIC

COTPOTUBIICHUS] DMUTTEPHBIX 00JIACTEH TPAH3UCTOPOB B YCUIIUTENE, BHINOJTHEHHOM MO MapaiiebHO-
OaJIlaHCHOH CXeMe

'] Buemaue aectabmwin3upyromine HakTopsl TUIIA CUIT 3¢MHOTO MPUTSDKCHUSI



] CrapeHue 3JIeMEHTOB M KOJICOAHUE HANPSOKCHUS TTUTAHUS YCUITUTEIIS

9. YkaxuTe xapakTtep u3MeHeHus1 kodpunnenta ycuineHus: K, ycunurenbHoro kackaaa ¢ OO mpu
YBEIIMYEHUU CONPOTHUBJIEHUS pe3UcTOpa RK.

O Koadpduuuent K, yBenuuurcs
O 3nauenue kodpduimenTa K, He 3aBUCUT OT HU3MEHEHHSI COPOTUBIICHUS RK
O Koaddumment Ky, yMeHbIIUTCA

10. [TosicHuTe HA3HAYeHHUe AeTUTeNs HanpsikeHus R51 — Rp2 B cxeme ycunuTeabHoro kackazaa ¢ O3.

O ObecnieunBaeT HEOOXOIMMOE 3HAYEHHE IOCTOSHHOIO HANPSIKEHHs HAa SMUTTEPHOM
nepexoze Mpyu MUTaHUHU BCEX eIl TPaH3UCTOpa OT OAHOTO OOIIEr0 HCTOYHHKA MATAaHHS
O Oob6ecneunBaeT TeMIEPATYPHYIO CTAOMIN3ALUI0 paOOThl KacKaaa

O Ycrpansier OOC no nocTOSIHHOM COCTaBIISAIONIECH cUrHaia
O VYBenuuuBaeT BXOJHOE CONPOTUBIICHUE YCUIIUTENBLHOTO KacKaja

11. YkaxuTte ocHOBHYI0 nmpuuuHy cmaga AUX ycwmutenbHOro kackama ¢ OD B 00JIaCTH HHU3KUX
4acToT.

O Hanuuue nenutens HanpsbkeHus Ry1 — Ry
O BxkiroueHune KoOHAEHCATOPA CBSA3HU B 1IETIb Oa3bl

O MexaneKkTpoiHbIE EMKOCTH B TPAH3UCTOPE U MOHTAKHBIE EMKOCTH
O Hcnonp30BaHuE KOHIEHCATOpPA CBSI3U B BBIXOJHOM 1€



10. MeToauyeckue MaTepuanbl, onpegensiowue npoueaypbl  OULEHMBaHUSA
pe3ynbTaToB OCBOEHUSI O6pa3oBaTeribHOM NPOrpaMmmbl

MpoBeaeHne OLIEHKM ocyLLlecTBnsieTcs nyTem cornocTaBrieHus
NPOAEMOHCTPUPOBAHHbLIX 00YyYaloLMMCS pe3ynbTaToB OCBOEHMS KOMMNETEHLWIA C 3a4aHHbIMU
KpUTEpPUSIMU.

[ns NONOXWUTENbHOrO 3aKM4YeHUss Mo pesynbTaTaM OLEHOYHOW npoueaypbl Mo
y4yebHOM aucUMNMHE YCTaHOBMEHO TOPOroBOE 3HA4YeHWe mnokasaTtens, npuM KOTOPOM
NPUHMMAaETCA TMONMOXUTENbHOE peLUeHne, KOHcTaTupylollee pesynbTaTbl  OCBOEHUS
ANCUUNINHBI.

10.1. OGBbEeKTbl OLLeHMBAaHMA U HAUMEHOBaHMEe OLleHOYHbIX CPeacTB

PopmbI
TeKkywero
yu Bupa 3aHaTua /
KOHTponsA ®dopma
HanmeHoBaHue HauMeHOBaHue
ycneBaemocTtu / O61bekTbl oLeHNnBaHus nposeaeHusi
pasgena OLeHOYHbIX
chopmbI OLUEeHKUN
. cpeacTts
NPOMEeXYTOYHOWN
aTTecTraumm
JlnHenHble Tekywun Otyét "luHenHas uenb ¢ gsymsa | JIP / OT4ét o | akcnepTHas
anekTpuyeckue KOHTPOIb NCTOYHUKaMM MOCTOSIHHOIO | BbIMOSTHEHUM
uenu MoCTOAHHOro HanpsbkeHns", paboThbl
TOKa OTuér "PasBeTBrneHHas uenb
NOCTOSIHHOrO TOKa",
OT4YET "AKTVBHBIV OABYXMNOSMIOCHUK B
LLlenn NOCTOSAHHOIoO Toka".
dnekTpudeckne Tekywun Otyét "HepasBetBneHHble uenu | JIP / OT4ET o0 | aKkcnepTHasd
uenn ogHodasHoro | KOHTPOIb CYHycouaarnsHoro Toka", BbINOSTHEHWN
CUHycoMaansHoro OT4yéTr "Pa3BeTBneHHas uenb | paboTbl
TOKa CcvHycomaanbHoro Toka",
Otyét "Pe3oHaHcbl B  uensix
CYHycoMaanbHOro Toka".
OcHoBbI Tekywmn OTt4éT "MonynpoBogHukoBble avog, | IP /  OT4éT o | aKcnepTHas
3NEKTPOHMKU KOHTPOIb CTabunuTpoH u TnpucTop”, BbIMOSTHEHUU
OT1uér "MpocTenwmne | paboTbl
TPaH3UCTOpHbIE yeunutenu".
UToroBbi koHTponb | MpomexyTtouHas | O6o6LeHHbIe pesynbTtaThl | Bonpocsl KomnbloTepHoe
no gucunninHe atTectaums 06yyeHus no OUCUMNNnHE | TeCTMpPOBaHUSA TectmpoBaHue /
TEOPETUYECKMX 3HaHUN 7 MncbmeHHas
NPakTU4eCKNX HaBbIKOB

10.2. lMokasaTenu, KPUTEPUN M LLIKana oUueHKN KOMneTeHUn

OueHka 3HaHW1, YMEHUI, BriageHUn MOXeT ObiTb BblpaxeHa B napameTpax «O4YeHb
BbICOKasi», «BbICOKasi», COOTBETCTBYIOLLAA akageMU4eCKOW OLeHKe «OTMMYHO» (B criyyvae
npoBefeHnsa Mo AUCUUNIINHE 3K3aMeHa UMW 3a4éTa C OLEHKOW) UMK «3adTeHo» (B crny4vae
npoBedeHns N0 AUCUUNNUHE 3a4éTa); «AOCTaTOMHO BbICOKas», «Bblle CpeaHemny,
COOTBETCTBYHOLLAA akageMUYeckon OLieHKe «XOPOLLO» (B cnyyae npoBeAeHns no AMCUUnInHe
3K3aMeHa Wnu 3a4éTa C OLEHKOW) UIM «3a4yTeHo» (B crnyvae npoBedeHus MO OUCLMNINHE
3a4€Ta); «CPedHsIa», KHUXKe CpedHen», «HU3Kaa», COOTBETCTBYIOLLAA akadeMN4ecKon OLeHKe
«y[oBneTBoOpuUTENbHO» (B Cryvae npoBefeHWuss NO AUCLMMNIWHE 3K3aMeHa WNnn 3ayéta C
OLIEHKOW) UIn «3a4TeHOo» (B Crydae npoBeAeHUs rno OUCUUMNNNHE 3a4éTa); «OYeHb HU3Kas»,
COOTBETCTBYHOLLAA akageMUYeCKON OLEHKe «HEeYyJOBNEeTBOPUTENBbHOY (B Cnyyae npoBeaeHu s
MO OUCUMMIIVHE 3K3amMeHa Uy 3a4€Ta C OLEHKOWN) UMK «He 3a4TeHO» (B cnyyae npoBedeHuns
No guCUUNIMHE 3a4€Ta).



TeKyLWwun KOHTPOIb

KpuTepuu oueHuBaHus

Ne Ba3oBbIn MoBbIWEeHHbIN MpoaBUHYTLIN
n/-n Bupgbl paboTt OTtcyTcTBYeT YypPOBeHb YypPOBEHb ypPOBeHb
KoMneTeHuus 0OCBOEHMUSA 0OCBOEHuUSA OCBOEHUS
KOMMeTeHuun KOMMNeTeHUun KOMMeTeHuun
BbickasbiBaHue
Bblicka3biBaHue
OtcyTcTBUE . HeopAnHapHbIX
CYXXOEHWI, o
yyactus ctygeHta | EguHudHoe CyXOEHUN,
1. PaboTa Ha nekuunsax aKTuBHOE
B paboTre Ha | BbickasblBaHWE aKTUBHOE
yyactue B pabote
3aHATUM yyacTtue B pabote
Ha 3aHATUU
Ha 3aHATUN
BbinonHeHo
2 Pabota Ha npakTtnyeckux / | BeinonHeHo Bbie 54% 10 69 BbinonHeHo oT | BeinonHeHo
’ CEeMUHAaPCKNX 3aHATUSIX meHee 54% ° 70% pno 84 % Bbllle 85%

%

BbickasbiBaHue

BbickasbiBaHue

OtcyTcTame CY>XOEHUN, HeopANHAapPHbIX
aKTuBHOE [¢; eHun,
yyactusi B | EanHuyHoe yXA
Pabota Ha  npakTUyeckux yyacTme B XoAe | aKTMBHOe
obeyxaeHun, BblCKa3blBaHWe,
3. 3aHATMAX, pelleHne  obLmx eLLIeHN eleHMe o | peweHns, yyactme B Xxoge
npakTU4eckmx 3agad p ’ p npaBurbHOE peLueHus,
HenpasunbHoe owmbkamu
cllehme peLueHue C | npaBuneHoe
P oTAENbHLIMU peLueHue 6e3
3ameyaHusMun owmnbok
BbickasbiBaHve BbickasbiBaHue
OtcyTcTBMe CYXXOEHWM, HEeOpANHAPHbIX
aKTUBHOE [¢; EHUN,
Pabota Ha npakTU4Yeckux | yy4actusi B | EanHuyHoe yactve B xome aﬁﬁBHoe
3aHATUSAX, peleHne | obcyxaeHun, BbICKa3blBaHuWe, y
4. peLueHus, yyactve B Xxope
MHAMBUAOYamNbHbIX peLueHun, peLueHune O eLIeHS
npakTU4ecknx 3agav HenpaBWibHOE owmbkamu P P ’
cllehme peLueHue C | npaBuneHoe
P oTAENbHLIMK peLueHue 6es
3aMeYyaHuaMm owmnbok

Kputepun oueHuBaHUA OPMYNUPYIOTCA ANA KaXOOW KOMMETEHUUW U OoTpaaroT
OMNno3HaBaeMyto AeAaTeNbHOCTb 0by4atoLerocs, NogaarLLyCs U3MEPEHUIO.

0606LeHHble KpUTepUn oLLeHMBaHUA OCBOEHUA KOMMNETEeHL U

He 3auyteHo / He 3auTeHo / 3auteHo / Xopowo 3auteHo / OTnn4HO
YAOBNETBOPUTENbLHO YaoBneTBOpUTENbHO

OTcyTtcTBYeT Ba3oBbIf ypoBeHb MoBbIWEeHHbIN YPOBEHb MpoABUHYTLIN YPOBEHb

KOMMeTeHUuUA OCBOEHUS1 KOMNEeTEeHLUN OCBOEHUS KOMMeTEeHUUU OCBOEHUS KOMMEeTeHLUU
KomneTteHumMs He ocBoeHa. | KomneTteHuus ocBoeHa. | KomneteHuus ocBoeHa. | KomneteHuus OCBO€EHa.
O6yvatomncs yacTnyHo | OByvarowmncs nokasbiaet | OOyvarowmncs nokasbiBaet | OOyyatowmncs nokasbiBaet
nokasbiBaeT 3HaHus, | o6LiMe 3HaHUS, BXOOALLME B | MOSMHOTY 3HaHwWW, | rmybokue 3HaHus,
BXoasLne B cocTaB | cocTaB KOMMNeTEHUMN, | JEMOHCTPUPYET YMEHUS W | OEMOHCTPUPYET YMEHUS U

KOMMNETEHLMKN, NOHUMaeT KX
HeobXoOMMOCTb, HO  He
MOXET UX NPUMEHSATD.

UMeeT npeacTaBneHne ob
UX MpPUMEHeHUW, YyMeHue
u3BnekaTb M MUCMNoNb30BaTb
OCHOBHY!O (BaxkHyt0)
UHopMaLmio 13
NOJSTYYEHHbIX 3HAHWUN

HaBbIKWU peLLeHUs TUMOBbIX
3afau.

HaBbIKW PELUEHNS CIOXHbIX
3afja4y, yMeHue npuHMMaTb
pelweHus, cosjaBatb MU
NPUMEeHATb OOKYMEHTbI,
CBA3aHHbIE C
npodeccuoHanbHoM

0enTenbHOCTbIO; cnocobeH
CaMOCTOATENbHO  pelwaTtb
npobnemy/3agavy Ha
ocHoBe N3yYeHHbIX
MeTooB, npuemMos "
TEXHOMNOMNNA.

bGas08bili yposeHb 0CBOEHUST KOMIemeHyul - obasaTenbHbIn Ans Bcex oby4daromxcs
MO 3aBepLUEHNN OCBOEHUS OANCLMUMINHBI.

[loebiWeHHbIU ypOoB8eHb O0CB80EHUS KOMIemeHyul - NpeBbllleHne MUHUMAanbHbIX
XapakTepuUcTuK ChopMmMpPOBaHHOCTU KOMMNETEHLUUN ANna obyyatouierocs.

[Mpod8uHymMbIli ypOBEHb OCBOEHUSI KOMMemeHyul - MaKCUMarbHO BO3MOXHas



BblPa>X€HHOCTb KOMMeTeHUnN, BaXkeH Kak Ka4yeCTBEHHbI OpUEHTUp ans
CaMOCOBEpPLUEHCTBOBAHNA TakK W AononHutenbHoe Kk TpebosaHusam OlOlN ocBoeHue
KOMMNETEHLNI C Y4ETOM JIMYHOCTHbIX XapakTePUCTUK:

— aKTMBHOE YyyacTMe B KOH(pepeHUMsiX, KOHKypcax, Kpyrnblx cTtonax u T.4. C
nony4yeHnem 3adrMKCUPOBAHHOIO MOSIOXUTENBHOIO pesdynbTaTta Mo BOMpOCaM,
BKMOYEHHbIM B ANCLMMNIIVHY;

— paspaboTka 1 peanusaumsi NPOEKTOB C NPUMEHEHNEM KOMMNETEHLNI, yKa3aHHbIX
B pabo4yen nporpamme;

— [OEMOHCTPUPYET YMEHWe NPUMEHATb TEOpeTMYECKME 3HaHWA ONs pelleHuns
NPaKTUYECKNX 3a4a4y NOBbILEHHON CROXHOCTU U HECTAHOAPTHbIX 3a4av;

— BbINOJSIHEHME B CPOK BCEX MOCTABIIEHHbIX 3a4au.

Lkana KputTepueB OLleHUBAHUA KOMMNeTeHLUUn

OueHka CopaepxaHue
He 3auteHo / He | [lemMOHCTpupyeT HenoHumaHue npobnemel. MHorne TpeboBaHusi, NpeabsBAsSEMbIe K 3aiaHNI0 He
YAOBNETBOPUTENLHO | BbIMOMHEHbI. [JeMOHCTpMpyeTCa NepBUYHOE BOCMpuATMe maTtepuana. Pabota HesakoH4YeHa u
/vnu 310 NNaruar.
3auteHo | | OeMoHCTpUpyeT  4YacTu4yHOe  MOHWMaHue  npobnemsbi. BonbwunHcTBO  TpebosaHui,
YAOBNETBOPUTENLHO | NpeabsiBrisieMblX, K 3a4aHui0 BbiNONHEHbI. BrnageHne anemeHTamu 3agaHHoro matepuana. B
OCHOBHOM BhbIMNOSTHEHHbIA MaTepuan NOHSTEH U HOCUT LIeNIOCTHbIN XapaKTep.
3auteHo / xopowo [eMOHCTpMpyeT 3HauMTenbHOE MOHMMaHWe npobrnemMbl 0003HA4YeHHOW AaucuunnuHon. Bce
TpeboBaHus, NpeabsaABnAeMble K 3a4aHunio BbIMONHeHbl. CoaepkaHue BbINMOMHEHHbIX 3adaHui
pPacKpbITO M PACCMOTPEHO C pa3HbIX TOYEK 3PEHWS.
3auTeHo / oTNMYHO [eMoHCTpupyeT nonHoe noHumaHve npobnembl. Bce TpeboBaHus, NpeabaBnsiemMble K 3agaHunto
BbINOMHeHbl.  [poAEMOHCTPUPOBAHO YBEPEHHOE BRafeHWe maTtepuanom  AWUCLUMMMHGI.
BbinonHeHHble 3afjaHnWst HOCAT LIENOCTHbIX XapakTep, BbIMNOMHEHbl B MOMHOM o6beme,
CTPYKTYPUPOBaHbI, NPEACTaBEHbl PasfnyHble TOYKM 3PEHUS], NPOAEMOHCTPUPOBAH TBOPYECKUIA
noaxoa.

MeToaunyeckne matepumanbi, onpegensiowme npoueaypbl oLleHMBaHUA

TeKylWnin KOHTPOSb YCNeBaeMOCTM OCYLLECTBNAETCA: Ha MNeKUuMsX, MpakTU4eCcKux
(cemmHapckux) n nabopaTopHbIX 3aHATUSAX.

Obyuatouwimecs 3apaHee WHPOPMUPYIOTCA O KpUTEpUAX M npouenype TeKyliero
KOHTPOMs ycneBaemocTu npenogaBaTensamMu No COOTBETCTBYHOLWEN y4yebHOM AnCuUnInHE
(mogyns). YcneBaemoCTb Mpu TEKYLWEM KOHTPOSie XapaktepudyeT obbeM W KadyecTBO
BbINOSIHEHHOW ObBy4Yatommcs paboTbl N0 AUCUMNIIMHE (MOLYIHO).

Meparornyeckne Buabl U (POPMbI, UCMOMb3yeMble B MpoLecce TeKyLero KOHTpons
ycneBaemocTun oby4atowmxcs, onpegensaTca npenogasarenem. Boibpaembii BUA TEKyLLErO
KOHTponsi obecnevnBaeT Hambornee nomfHbIi N OOBLEKTUBHBIA KOHTPOSMb (M3MEpeHne wn
hPUKCUpoBaHME) YPOBHSA OCBOEHMUS pe3yrnbTaToB 06y4YeHns No AUCUUMNIINHE.

B uenax obecneyeHnsa TekyLero KOHTPOns ycneBaeMoCcTn npenogasaTenlb NpoBoauT
KOHCynbTauuu.

[MpomexyTovHasa aTTectauus obyyarowmxcs aBndetcs opmMor KOHTPOS pesynbTaToB
obyyeHus nNo gMCUMNNHE C LEenbl KOMMMEKCHOrO onpeaeneHnss COOTBETCTBMSA YPOBHSA U
KayecTBa 3HaHWA, YMEHWA W HaBblKOB obyyatowmxcsa TpeboBaHMAM, YCTaHOBMEHHbLIM
o6GpasoBaTenbHON NPOrpamMMoOn.

11. Oco06eHHOCTU OCBOEHUSsI AUCLUMNIINHBLI AN UHBaNUAOB U NUL C OrPaHUYeHHbIMU
BO3MOXHOCTAMM

ObyuyeHne oby4alowmxca C OrpaHNYEHHbIMM  BO3MOXHOCTAMU 340POBbS  Npu
HeobBX0AMMOCTM OCYyLLEeCTBMASIETCA Ha OCHOBE ajanTUpoBaHHOW paboyen nporpamMmbl C
MCNONb30BaHMEM crneuumanbHbIX MeTOoO4OB O00yyYyeHus W OUMAAKTUYECKUX MaTepuanos,
COCTaBfIEHHbIX C Y4eTOM OCOBEHHOCTEN MNCUMXOMM3MYECKOrO PasBUTUSA, UHOUBUOYaNbHbIX



BO3MOXHOCTEA M NpU Heob6XoAUMOCTM obecneyvymBalOWMX KOPPEKUUIO HapyLlueHUn
pa3BUTUA U coLManbHYK aganTauuio YKasaHHbIX U,

CamocTosiTenbHaa pabota obyyalowmxcss € OrpaHUYEHHbIMU  BO3MOXHOCTSMM
300pOBbS U MHBANUAOB MO3BONSET CBOEBPEMEHHO BbISIBUTb 3aTPyAHEHUS U OTCTaBaHME U
BHECTU KOppeKTMBbl B Yy4yebHywo pgeatenbHocTb. KoHkpeTHble dopmbl M Buabl
CaMOCTOATENbHON paboTbl 06y4aOLWMXCA NUL, C OrPaHNYEHHBIMU BO3MOXHOCTAMW 340POBbS
N UHBaNWOOB yCTaHaBNMBaloTCA npenogasartenem. Boibop hopm 1 BUAOB camMOCTOATENBHOM
paboTbl, oby4yalwmMxcss C OrpaHNYEeHHbIMU BO3MOXHOCTSMW 340POBbST WU WHBaNMaoB
OCYLLIECTBNAETCA C Y4€TOM UX CNOCOBHOCTEN, OCOBEHHOCTEN BOCMPUATUA U FTOTOBHOCTU K
OCBOEHMIO y4yebHoro matepuana. PopmMbl CaMOCTOATENbHOW PaboThl yYCTaHaABNMBAKTCA C
YY4ETOM MHAMBUAYANbHbLIX NCMXOMU3NYECKMX O0COBEHHOCTEN (YCTHO, MMCbMEHHO Ha Bymare
NI Ha KOMMblOTEPE, B (hOpME TECTUPOBAHUS, SNEKTPOHHbBIX TPEHAXEPOB U T.M.).

OcHOBHble hOpMbI NPeACTaBNEHNS OLEHOYHbIX CPeACTB — B nevaTtHon popme nnu B
dopMe SNEKTPOHHOro AoKymMeHTa. [ns obyvawwmxca C  HapyweHUsIMU  3peHus
npeaycMaTpmBaeTcsi BO3MOXHOCTb NPOBEAEHUNS TEKYLLLEro M MPOMEXYyTOYHOro KOHTPONs B
yCTHOM cpopme. [1na oBy4aromxca ¢ HapyLLEHUSIMI CIlyxa NpeaycMaTpmBaeTCs BO3MOXHOCTb
NpoBeAEHNS TEKYLLLErO N MPOMEXYTOUYHOrO KOHTPONMSA B MMCbMEHHOM hOpME.

KaTteropumn obyuvarwuwmxca ¢ OB3, cnocobbl BocnpuatMas uMm uMHcpopmauum u

MeToAbl X 00y4YeHus

KaTteropuu o6yyarowmxcs no

MeToabl 06y4eHus

ocsai3aTenbHbIN.

Cnabocnbliwatyue.
Cnocob  BocnpuATuA
UHdOpMaLUnK:
3puTeEnbHO-
0CHA3aTeNnbHO-CITyXOBOM

Ho30Morusam
C HapyweHusim | Cnenble. Cnocob | AyduanbHo-KuHecmemu4yeckue,  npegycMmaTpuBalowme  NocTynneHue
N 3peHuns BOCNPUATUSA y4ebHo MHopMaLmm NocpeacTBOM ClyXa U OCA3aHMS.
WHdOpMaunK: MoryT ucnonb3oBaTtbcsi Npy YCroBKUK, YTO BU3yarnbHas MHopmauus oyaet
ocs3aTernbHO- ajanTupoBaHa Ans Nyl C HapyLeHUsMn
CMNyXOBOW. 3peHus:
Cnabosuasiume. 8u3yarnbHO-KUHecmemu4eckue, npegnonararLume nepegady U Bocnpusitue
Cnoco6 BOCTpUATUSA | y4ebHON nHopMaLMmn NPU MOMOLLM 3PEHNS U OCA3AHUS;
WHdOpMaLUnK: ayouo-eusyarnibHble, ~ OCHOBaHHble  Ha  MpeAacTaBneHne  yvyebHon
3puUTENBHO- WMHdOPMaUuK, MNpu KOTOPbIX 3a4eNCTBOBAHO 3pUTENbHOE W CITyXOBOE
ocsa3aTenbHo- BOCNPUATHE;
CrnyxoBoWm ayouo-8u3syarnbHO-KUHecmemu4eckue, 6asupylowmecs Ha NpeacTaBneHum
WHdOpMauuM, KoTopasi MocTynaeT Mo  3pUTENIbHOMY, CIyXOBOMY U
ocsizaTenbHOMY KaHanam BocnpusTue.
C HapyweHusam | nyxue. Cnocob | BusyanbHo-KUHECMemMuYeckue, npegnonararolme nepegady u
n cnyxa BOCNPUATUSA BOCnpusATUE y4ebHON MHpopMaLIMK MPY NOMOLLM 3PEHUS U
VHdOpMaLUnK: ocs3aHus.
3puUTENBHO- MoryT ncnone3oBaTtbCsi Npu yCnoBun, YTo ayavanbHas nHgopmaums oynet

aganTupoBaHa Ans v C HapyLeHUsMK criyxa:
ayduo-su3yaribHble, ~ OCHOBaHHble  Ha  npeacTaBneHne  yy4eGHOWM
WHdOpMaLMK, NpU KOTOPbIX 3a4eNCTBOBAHO 3pUTENbHOE M CIyXOBOE
BOCNpUATHE;

ayluarnbHO-KUHecmemu4ecKkue, npegycMaTpuBaoLLme
yyebHoM MHpopMaL M NOCPEACTBOM CIyXa M OCA3aHUs;
ayduo-su3syarnbHo-KUHecmemuyeckue, 6asvpytomecs Ha NpeacTaBneHnn
uHdopmaummn, KoTtopas MNOCTynaeT Mo 3pUTENbHOMY, CIyXOBOMY W
ocs3aTenbHOMY KaHanam BocnpusiTue.

nocTynneHue

C HapyuweHusm | Cnocob BOCMPUATUSA | — 8U3yallbHO-KUHecmemu4eckue,

" OMOPHO- | UHGOpMaLUK: — ayluo-eusyaribHble;

ABUraTenbHoro 3pUTENBHO- - ayduarnbHO-KUHeCMemu4ecKue;
annapara 0CS3aTeNnbHO-CIYX0BON | — ayduo-8u3yasibHO-KUHECMemu4ecKue.

Cnoco6Obl aganTauumu obpasoBaTenibHbIX pecypcoB

YcnogeHble 0603Ha4YeHUs:

«+» — obpasoBaTenbHbIN pecypc, He TpebyoLwmnin agantTaumm;

«Ad» — aganTMpoBaHHbLIN dopmaT K 0COBEHHOCTAM Npuema-nepegayn mHgopmalmm
obyuvatrowmxca nHeanmaos 1 nuy, ¢ OB3 hopmaT obpasoBaTenbHOro pecypca, B TOM Yuchne ¢
MCNONb30BaHNEM ChneLnanbHbIX TEXHUYECKUX CPeacTB;

«AD» — anbTepHaTMBHbIN 3KBMBANEHT UCMONb3yeMOoro pecypca




O6pa3oBaTenbHbIe pecypchbl
OneKTpoHHbIe
KaTteropum oby4aruwmxcsi no ;ﬁ::;ro:::;l
HO30510TUsAM MynbTUMeau P MeyaTHblE
a rpacdmyeckume ayauvo e aHanorun
neyvyaTHbIX
M3gaHun
AD
AD
(Hanpumep,
(Hanpumep, >
neyaTHbIn
co3gaHue A9
C maTepuarnbHoO (Hanpumep marepunan,
HapyLUeHVAM Creneie A® n mogenu * ayamo ' BbIMNOSTHEHHbI
py Y " pensedHo-
N 3peHuns rpadmyeckoro onncaHue)
TOYEYHbIM
obbekTa WpchTOM
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( Aenm) J1.Bpanns)
Cnabosugsawime Ad AD + AD AD
XC)
(Hanpumep,
TekcToBOE
C myxve + + + +
HapyLUeHUAM onmcatne,
rMnepccbInkm
n cnyxa )
Cna6ocnbllaLum + + Ad + +
e
C HapyLeHNsIMun OMnopHoO- + + + + +
ABUraTenbHoro annapara

®PopMbl KOHTPONSA M OLIEHKM pe3ynbTaToB 06y4eHus nHBanngos n nuy ¢ OB3

Kateropum
obyu4arowmxcs
no HO30J10rMAM

Popma KOHTPONSA U OLIeHKU pe3ynbTaTtoB 06yt|eva

C HapyweHunsaMmun
3peHus

— yCTHas nMpoBepKa: ANCKYCCUU, TPEHUHIW, KPYrMble CTonbl, cobeceoBaHuWsl, YCTHblE KONMOKBUYMbI U
ap.;

- C 1cnonb30BaHNeM KoMnbloTepa u cneunansHoro MNO: paboTta ¢ anekTpoHHbIMKM 06pasoBaTenbHbIMN
pecypcamu, TeCTMpoBaHue, pedepaTbl, KypCOoBble NPOEKTbI, AMCTAHLMOHHbIE (DOPMbI, €CIY NO3BONSET
OCTpOTa 3peHus - rpadpmyeckme paboTbl 1 ap.

C HapyweHuamu
cnyxa

— NMUCbMEHHas NPOBepKa: KOHTPOSbHbIE, rpaduyeckne paboTbl, TECTUPOBaHWeE, AOMalUHUE 3afaHus,
acce, NMMCbMEHHbIE KOMNMOKBUYMbI, OTYETHI U Ap.;

— C WCMOoSIb30BaHMEM KOMMbloTepa 1 crneumansHoro MO: paGoTa ¢ 3MeKTPOHHbIMI 0BGpasoBaTenbHbIMU
pecypcamMmu, TecTupoBaHue, pedepaTbl, KypcoBble NMPOEKTbl, rpaduyeckme paboTbl, AUCTAHLMOHHbIE

dopmbl 1 ap.

C HapyweHuamu
OMOpPHO-
ABUraTernbHOro
annapara

— MUCbMEHHas NpPoBepKa, C UCMONb30BaHMEM CreumanbHbIX TEXHUYECKMX CPEACTB (anbTepHaTMBHbIX
cpencTBa BBOAA, YNPaBreHUs KOMMbIOTEPOM W Ap.): KOHTPOINbHble, rpadwuyeckue paboThbl,
TecTMpoBaHve, AOMaLLHWe 3a4aHusl, 3CCe, NMCbMEHHbIE KOMMOKBUYMbI, OTYETHI U AP.;

— yCTHasi NpoBepKa, C UCMOosIb30BaHNMEM CneLmnanbHbIX TEXHUYECKUX CPEACTB (CpeacTB KOMMYHMKaLNA):
ANCKYCCUWN, TPEHWHII, KpYrIble CTOMbl, cobecefoBaHuUs], yCTHbIE KOMMOKBUYMbI U Ap.;

— C WCMnonb3oBaHWEM KomMbloTepa M cneuunansHoro MO (anbTepHaTVBHbLIX CpeAcTB BBOAA U
ynpaeneHus KOMMbIOTEPOM W Ap.): paboTa C 9NeKTPOHHbIMW 06pasoBaTenbHbLIMU pecypcamu,
TecTupoBaHue, pedepaTbl, KypcoBble NPOEKThl, rpadunyeckme paboTbl, AUCTaHUMOHHbIE (hopMbl —
npegnoyTuTenbHee 06y4arLWmMMcs, OrpaHNYEeHHbIM B NepedBMKEHUN 1 ap.

3agaHuMAa onsa TeKylero KOHTpons ANA MHBanNuMaoB U NUL C OrpaHUYeHHbIMU
BO3MOXHOCTAMM

Tekywuti KOHMPOJIb U MPOMEXYymoYyHas ammecmauyusi oby4atoLmMxca UHBaNMaoB u
nny, ¢ OB3 ocyulectBnseTca ¢ UCNONb30BaHNMEM OLEHOYHbLIX CPEACTB, aAanTUPOBaHHbLIX K
OrpPaHNYEeHNAM UX 340POBbA U BOCMPUATUA UHOPMALMK, B TOM YUCHE C UCMOMNb30BaHNEM
crneumanbHbIX TEXHUYECKUX CPEACTB.

Tekywuti KOHMposib ycriegaemocmu 0r1s1 obydarowuxcsi uHeanudos u nuy ¢ OB3
HanpaBfieH Ha CBOEBPEMEHHOE BbISIBNIEHNE 3aTpyAHEHWA WM OTCTaBaHUA B OOyyYeHun u
BHECEHUSI KOPPEKTMBOB B Y4ebHyl0 OeATenbHOCTb. BO3MOXHO ocyLlecTBneHne BXOAHOro
KOHTpONSA Ans onpeaeneHus ero cnocobHocten, ocobeHHOCTEeNn BOCNPUATMS U TOTOBHOCTH K
OCBOEHUI0 y4ebHOro maTepuana.




3agaHMa Ans NpoOMEeXyTO4HOM aTtTecTauuMm pAans UMHBanMaQoB WM nuy C
OrpaHN4YeHHbIMU BO3MOXHOCTAMMU

®opma rpomexxymoyHol ammecmauyuu yCTaHaBNMBaETCS C y4eTOM MHOANBUAYANbHbIX
ncnxogunanyeckmnx ocobeHHocTen (yCTHO, MMCbMEHHO Ha Bymare, MTMCbMEHHO Ha KOMMbIOTEpE,
B dopme TectupoBaHus u T.n.). MNpn HeobxoammocTn oby4varowmmcs npegocTaBnsieTcs
AOMNONHUTENBHOE BpeMs NS NOLATOTOBKM OTBETA.

lMpomexymoyHass ammecmauyusi, npu HeobXoguMOCTW, MOXEeT MpPoBOAUTLCA B
HEeCKONbKO 3TanoB. [1ns 3Toro pekoMeHayeTcst MICNonb30oBaTb PyOeXHbI KOHTPOIb, KOTOPbIV
ABNSAETCHA KOHTPONbHOM TOYKOW MO 3aBEPLUEHUIO U3yYeHUs pasgena unn TeMbl AUCLUMMINHLI,
MEXAMCUUNINHAPHOrO Kypca, MPakTUK U ee pasaenos C LeNbio OLEeHNBAHWS YPOBHS OCBOEHUS
nporpaMmHoro matepuana. Popmbl U CPOK NpoBeAEeHUS PyOEXHOro KOHTPONSA onpeaensoTcs
npenogasaTtenieM C  Yy4eTOM  WHAMBMAYAlbHbIX  MCUXOU3NYECKUX  OCOBEHHOCTEN
oby4aroLmxca.



