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1. MajgocurHajJbHi cxeMH 3aMillleHHS
MiICUJIIOBAJILHUX €JIEeMEHTIB

V cxiaml OiICHIIOBAJIbHUX KacKallB OOOB'SI3KOBHMHU €JIEMEHTAMM € HEIIHIMHI
KOMITOHEHTH — enekTpoHHI npuiaau (EIT) abo, 1m0 BUKOPUCTOBYIOTHCS 3aMICTh HUX,
omepariitni migcuwmoBadi (OY). [ mepmr, 1 Japyri MpencTaBISIOTBECA CBOIMH
XapaKTEPUCTHKAMHU 1 TapamMeTpamu, 0 BU3HAYAIOTh iX BiacTHBOCTI. KpiM HHX B
CKJaal KackKaJiB € IIHIHHI KOMIIOHEHTH: PE3UCTOPH, KOHAECHCATOpPH, KOTYIIKU
IHAYKTUBHOCTI 1 1HmN paniogerani. [lpu aHamizi pexumy MiHIHHOTO MiICHUICHHS
CUTHAJIIB TIepeA0avaeThcs, MO PEKUM CIOKOI Kackaay BHOpaHWM Tak, IO TOYKa
CIIOKOI0 Ha TMepeAaBaibHIM  XapaKTEepPHCTUL  MiJACUIIOBAIFHOTO  €JIEMEHTa
3HAXOJUTHLCS B JiHINAHIN o0macTi. [lependadaeTbes Takoxk, 110 B MPOIECT MiACHUICHHS
CUTHAJIIB poOoya TOYKA HE BHUiJE 3a MeEXi Ii€i o0macti, TOOTO CHUTHaJI, IO
MIJCUIIOETBCS TOBUHEH OyTH J0CUTh MainuMm. [lpu BHUKOHAHHI IMX YMOB
NiICHIIOBAJILHI €JJeMEHTH 3aMiHfIIOThL €KBIiBAJEHTHHMH JIIHIHHUMH KoOJaMH —
MANOCUZHATBHUMU cXemamu 3amiujennsa. BHACTIIOK Takol 3aMiHM, a TaKOK ITICJIS
BpaxyBaHHS IHIIMX €JIEMEHTIB IMiJICUIIOBAILHOTO KacKaay 13 3pOOJICHUMH Harepe
3aCTEPEKEHHSIMHU, aHATI3 CXEMHU CIPOUIYETHCS, TaK SIK BOHA CTAa€ JIHIWHUM KOJIOM,
€KBIBAJIEHTHUM [UJISl PEKUMY IMIJICUJIEHHS CUTHAJIB B 3aJaHOMY Jiana3oHl 4acToT.
JUIsi 1MX €KBIBAJIEHTHUX KUI CKJIAQJarOTh PIBHSHHA, SIKI PO3B’S3YIOTh, OTPUMYIOYH
BHpa3H, M0 BU3HAYalOTh Koe(dimieHTH mnepenadyl adbo mnepeaaBaibHl (QYyHKIIL
M1JICWJIIOBAJILHOTO KacKady, a TAKOK BX1/IHI 1 BUX1JHI TapaMeTpu KacKamy.

1.1. Cxemu 3aMilieHHSI eJIEKTPOHHMX NPWJIAIIB

V3aranenenut  EIl  (puc. 1.1a) mnpenctaBisieThCs CTaTUYHUMHU — BXIJTHOIO
1 BUX1JTHOIO BOJIbT-aMIIEPHUMU XapaKTEPUCTUKAMHU:

Ik = F1(Uke,U3Ee),
I3 = F2(Uke,U3E),

Jie MAPSIKOBI IHIACKCH «E», «3» 1 «K» BIAHOCSATHCS JI0 €MITYyBaJIbHOTO, 30MPAILHOTO 1
KEpYBaJbHOTO CIICKTPOIaM.

VY niHiiHIA 00J1aCTI IUX XapaKTEPUCTHK JIIHIMHE HAOJWKEHHS IS BiIXHICHb
BiJI MOCTIHHUX CKJIAJIOBHX HAMPYT 1 CTPYMIB PEKHUMY CIIOKOI IPEICTaBIISIOTHCS
JIHIKHOIO CHCTEMOIO anreOpaidHuX PiBHSIHb:

(1.1)

Ik = Y11Uke + Y12U3E , (1.2)
13 = Y21Uke + Y22U3E, '

ne nudepeHIraibHi mapaMeTpH Yy MatOTh TaKe 3HAYCHHS:
Y11 = Gex — oughepenyianvra 6xiona npogionicme,
— Y12 = G3B — dugpepenyianvra 360pomua npoioHicme,
Y21 = S — kpymicmb xapaxmepucmuxu,



y22 = Gsux — Ougpepenyianvna 6uxiona npogioHicmv  (6HympiuHsa
NnpoBIOHICIY).

[{ro cuctemMy piBHSHb MOXHa OTpuMaTu (popManbHO po3kiaaoM GpyHkiii (1.1)
B psag Teiinopa mo6mM3y TOYOK CHOKOIO. Ii BiANOBiga€ pe3uCTUBHE TPHOXIOIIOCHE
KOJIO, SIKe MpejacTaBieHe Ha puc.l.10, mo € ¢opmanrvroio ManocueHaIbHOW CXemoro
3amiyennsn ineamizoBaHoro EIl. Taka cxema He BpaxoBye (i3HuUHI MpOIECH B
AUHAMIYHOMY pexumi 1 MikenektpoaHi emHocti EIl, ToMy BoHa mpuiiHATHa, B
OCHOBHOMY, Ul aHalli3y MpOIECiB MiACUICHHS HU3bKOYACTOTHUX CHUTHamB. J[is
KOHKpeTHHX pi3HOBUAIB EIl BUKOpHUCTOBYIOTh HaBEJCHI HMUXKYE CIPOILIEH] (hopMabHi
CXEMHU 3aMIIICHHS, [0 BPaXOBYIOTh MaJIICTh CTPYMIB KEPYIOUHX €NEKTPOIiB Ik 1 iX
cnaby 3anexHicTb Big Hanpyrd Usg, HacmiIKoM SKHUX € MaJiCTh BEIUYUH
mudepeniiaabHuX mpoBigHocTet Gax u Gas.
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Puc. 1.1. Y3aransHenuii eJeKTpOHHUIN TIPUIIAT;
a) YMOBHE [T03HAYCHHS,
0) (hopManbHa MaJIOCHTHAIBHA CXEMa 3aMIiIIeHHS

[Ipu pocmipKeHH] MiACWICHHS BHCOKOYACTOTHUX CHTHAJIIB BUKOPHCTOBYIOTH
pi3H1 ¢izuuHil cxemu 3amimieHHs EIl, mpukmaam sSkux TakoxX HaBeneH1 Hbkde. Jis
TakuX cxeMm JaudepeHuiagbHl MapaMeTpu Yk Ha0yBalOTh KOMIUIEKCHI 3HAYEHHS,
YTBOPIOIOYHU CUCTEMY Y -TTapaMeTpiB.

VY 6inosgpHuX TpaH3ucTopiB (puc.l.2a) 3a3BU4ail HEXTYIOTh TUIBKU 3BOPOTHOIO
npoBiAHICTIO G3, BAKOPUCTOBYIOUM MAJIOCUTHAIBHY (DOpMabHy CXeMy 3aMilIeHHS
Burisiny puc.1.26. OnHa 3 Gpi3UYHUX CXeM 3aMilleHHs OIMOJISIPHUX TPAH3UCTOPIB, 110
BUKOPHCTOBYIOTHCS Ha MPAKTHUIIl, HaBeIeHa Ha puc.].2B.
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Puc. 1.2. binonsipHi TpaH3ucTopu:

a) YMOBHI ITO3HAYCHHSI,

0) hbopmanbHa MaOCUTHAIBHA CXeMa 3aMiIlleHHSs,
B) (hi3nyHA cXeMa 3aMIIeHHS



VY nonpoBuX TpaH3ucTopiB (puc.l.3a) cTpym 3acioHy |3 HacTIIBKK MalnH, 110
Gex u G3s BBaXalTh pPIBHUMU HYJIO. Y IbOMY BHIIQJKy ¢opMmaabHa cXema
3amimieHHds HabyBae BUTsAny puc.1.36. Onun 3 BapianTiB Pi3UIHOT CXeMH 3aMITIICHHS
HaBe/IeHO Ha puc.1.3B.

Puc. 1.3. [TonpoBi TpaH3UCTOPHU:

a) YMOBHI ITO3HAYCHHS,

0) popmanbHa MajoCUTHAIbHA CXeMa 3aMilleHHS,
B) (i3uvHa cxema 3aMilIeHHS

[Toxi6HO 10 MONBOBUX TPAH3UCTOPIB y €IEKTPOHHUX Jamil (puc. 1.4.a) mpu
Uck<O cTpyM Kepyro4oi CITKH TakoX HacTUIbku Maiuii, mo Ggx 1 Gss BBaXKaIOThH
HYJIbOBUMH. Y T1bOMYy BHUNAAKy GopmanbHa 1 (i3uyHa CXEMH 3aMilICHHS
elneKkTpoHHuX Jammn (puc.1.46 1 1.4B) BUIISIAAIOTh QHAJIOTIYHO CXEMaM 3aMillleHHS
MOJIbOBHX TPAH3UCTOPIB.

C

Puc. 1.4. EnektpoHHi 1amnu:

a) YMOBHI IT03HaY€HHs TpioJia 1 IEeHToa,

0) hbopmanbHa MaOCUTHAIbHA CXeMa 3aMillleHHs,
B) 13MUHa cXeMa 3aMiLIeHHS

Koumpononi numanns

1. fdxy @izuuny BenumuuHy perymoe EIl, 3a pomomororo wyoro? Sxumu
XapaKTePUCTHKAMH BUPAKAETHCS 11T BIACTHUBICTH?

2. SIxkuit p13udHMM cMHCIT MalOTh nudepeniiaibhi napamerpu EIT?

3. 3a AKuX YMOB BUKOPUCTOBYIOTh cxeMu 3aMiiieHHs Ell: a) popmanbhi, 0) dhizuuni?

4. dxi Gi3uuHi ABUIIA MMOJIATAIOTH B OCHOBI pOOOTH: a) TPAH3UCTOPIB, 0) EICKTPOHHUX
nami?

5. Y oMy mosnifrae iCTOTHA BIIMIHHICTh TIOJIbOBUX TPAH3UCTOPIB Bij OIMOISPHUX ?

6. Y 4oMy MoJb0OBI TPAH3UCTOPH 1 €IEKTPOHHI JIAMITH TTO10H1?



1.2. Cxemu 3aMilleHHsI onepaniiHUX MiICHWIIIOBAYiB

VY cydacHill cXeMOTEXHilll JIHIMHUX TPUCTPOIB, K1 MPU3HAYEH] 151 00pOOKHU
CUTHAJIIB HU3BKUX 1 cepemHix yactoT (no 10° — 10° I'm), 3amicts okpemux EII sk
M1JCUITIOBAIbHI €JIEMEHTH B KacKajJaX BHUKOPHCTOBYIOTH ONEpaIliiHi IMiACHIIOBadl —
BUCOKOSIKICHI IIJICWJIIOBa4l IMOCTIMHOTO CTPyMy B 1HTErpaJlbHOMY BHUKOHaHHI
(puc.1.5). 3a po3mipoM 1 I[IHOIO BOHU 3PIBHSJIMCS 3 TPAH3UCTOpPAMH, ajie peanizalis
PI3HUX CXE€M Ha iX OCHOBI BHUSBISETHCS 3HAYHO MPOCTIIIOI, HDK HA OKPEMHUX
TpaH3uctopax. OCHOBHHMHM MapaMeTpaMu OTNepaliiHuX MiJICUITIOBAYIB €. KoeghiyicHm
niocunenns pisnuyeeoi nanpyeu ko=10* — 107, exioni onopu Rex=10° — 108 Om
i suxionuii onip Reux=10* — 10% Owm. [x cxema 3aMilllcHHST HaBEICHA Ha puc.1.58.

Jns aHamizy MACWIIOBAJIbHUX KAacKaJiB 3 OIEpalliiHUMU TIiICHIIOBaYaMu
BUKOPUCTOBYIOTh MOJIENI ideanizoearnoco OlepaliiHoro mijacuiaoBada (puc.l.5r),
3 mapameTpamu: Ko, Rex— 0, Reyx—0 abo ideanvbroco onepaiiiftHOTO MiCHIOBaYa 3
napametpamu: Ko—00, Rex—00, Raux = 0.
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Puc. 1.5. Onepaniiini miacumoBadi:

a), 0) yMOBHI NMO3HAYEHHS;

B) CXeMa 3aMiIlleHHS;

I') CXeMa 3aMillIeHHs 17lealbHOTO OIepaliifHOro MiACUIIIoBaYa

Koumponvni numanus

1. [lo Take onepariitnuii mjacuiroBad? ki HOro OCHOBHI mapameTpu?
2. SIxkuit BUTTISI Mae TiepelaBalibHa XapaKTEPUCTHKA OTEePaIliifHOTO MicuiIoBada’?
3. Konu BUKOPUCTOBYIOTH MOJIENb 171€a1130BAHOTO OMEPaIliifHOTO MiICUITI0BaYa

3 mapamerpamu: Ko, Rex—0, Rayx—0?



2. AnaJi3 pe3uctopulx kackaaiB Ha eJIEKTPOHHUX NMPUJIAAAX
B pPeKUMI MiICHJIIEHHS MAJINX CUTHAJIIB

OcCHOBHMMH TapaMeTpamMH MiJACHIIOBAILHOTO Kackaay B 3arajibHOMY BUIAIKY
€ KOMIUIEKCHa nepenaBaibHa ¢GyHKIisA K(w), 10 Omucye 3aleXHICTh KoedillieHTa
MIiJCHJICHHS BiJI YaCTOTH, a TaKOK KOMIUICKCHI BXITHUW 1 BUX1THHN ortopu Zax k(W) 1
Zpux k().

PesuctopHi  kackamu, SAKOI0O 1X  BUKOPUCTOBYIOTh  JUIsl  MIJCHUJICHHS
HU3BKOYACTOTHUX CHUTHATIB, XapaKTEpH3YIOTh Koeiyicumom nepeoadi Hanpyu
k=usux/ugx, BxigHEM ormopoM Rpaxk=Usx/iex 1 BUXimHUM omopoM Rpauxk=Usux/iBux
pu Ugx=0, HEXTYIOYH B I[bOMY BHITaJIKy BIUINBOM HU3KHU €JIEMEHTIB CXEMHU.

Y oMy pO31iii MOKaKEMO, SIK OTPUMYIOTh (OpMyIH, MO0 BU3HaA4arTh K,
Rexk 1 Reuxk pesucropalx kackazaiB Ha EIl B yMOBax MiJICUJIEHHSI MaJIUX CUTHAIB
1, IpY LbOMY, JOCTaTHbO HU3bKOYACTOTHUX, 1100 BUKOpHCTATH (HOpPMaJIbHI CXEMH
samimends EIl. BruB koHieHCaTOpiB, 110 BXOJATH /10 CKJIAly MPUHIIMIIOBOT CXEMU,
BpPaxoBYyBaTH He OyJeM0, BBaXKalOUH, 110 B J11alMa30H1 YaCTOT MiJCUIFOBAHUX CUTHAIIIB
iX BIUTMB HEICTOTHUN BHACIIJOK MAaJOCTi OMOpPIB 3MiHHOMY cTpymy. Tomi mpu
NepeXxo/Ii Bil MPUHITUIIOBOI CXEMH JI0 €KBIBAJICHTHOI KOHACHCATOPH, Hanpukiaa, Csp
i Cp OymemMo 3aMiHIOBaTH MNPSMHMH 3'€JIHAHHSMHU, a EJCKTPOHHI TpUIagd —
BIAMOBIAHUMU (OpPMAJIBHUMU CXEMaMU 3aMIleHHS. Y pPe3yibTaTl OTPUMAEMO
€KBIBAJICHTHY CXEMY JUIsl PeKUMY KOJMBaHb, CKJIAJICHy 3 pe3ucTuBHOCTEH. Jis 1miei
CXEMH B 3aJIe’KHOCTI BiJ 11 CKJIAJIHOCTI 3alMIIeMO ab0 OJIHE PIBHSIHHS, a00 CUCTEMY
PIBHSIHb, PO3B’SI30K SIKUX MpPHUBENE 10 IIyKaHuX (opmys. 3 METOH CHpPOIICHHS
aHajJi3y CXEeMH JDKepella BXIJIHMX CHTHAIB OyJIeMO TPEACTaBISITH JDKepeIaMu
HaIPYyTH 13 33JIal0YUMH HaNpyraMu Ugx.

[IpuiiHaTuid TYT 3aradbHUM MIAXIT OO BU3HAYEHHS OCHOBHUX IapaMeTpiB
KAaCKaJiB UIOCTPYIOTh CXE€MH, IO TpeiacTaBieHl Ha puc.2.l. I[lpukianu anamizy
pe3ucTopHlX miacCHIIOBaIbHUX KAacCKa/liB HaBE/ICH1 HUKYE.
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Puc. 2.1. Cxemu, IO NOSACHIOIOTh 3arajlbHUN MiAXiJ A0 BU3HAUYEHHS OCHOBHHX
napaMeTpiB Kackay: Koe]ilieHTa rnepenadi Hanpyru, BXiJHOTO 1 BUX1JHOTO OMOPiB



2.1. Kackan i3 cijIbHUM eMiTyBaJIbHUM €JIEKTPOAOM

PosrnsHemMo mimcHMIIOBANIbHMIA Kackaj Ha OIMOJSIPHOMY TPaH3HUCTOPl 13
CIIUIBHUM €MITEepOM, CXeMa SIKOro HaBeleHa Ha puc.2.2a. Tyt puc.2.26 1 puc.2.2B
UTIOCTPYIOTh  €Talyd Mepexojly 1O €KBIBAJCHTHOI CXEMH pPEXUMY KOJIMBaHb,
npeacTaBieHoi Ha puc. 2.1r. Ha Hiii TpaH3ucTOp 3aMillieHo cxemoro puc.1.20.
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Puc.2.2. IlincuntoBanbHUN Kackaj Ha OIMOJIIPHOMY TPAH3UCTOPI 13 CIIJIBHUM €MITEpPOM:
a) IPUHLUIIOBA CXEMA,

0), B) MPOMIXKHI €KBiBaJICHTHI CXEMH,

') OCTaTOYHA €KBIBAJIEHTHA CXEMa

JUis  ckiafgaHHS ~ pIBHSHb  3aCTOCOBYEMO  METOJ BY3JIOBUX  Hampyr,
BUKOPUCTOBYIOUM SIK BIJJIIKOBUM HMKHIM By30J1 Ha cxemi puc.2.2r. Bpaxyemo, 110
BEpPXHI BY3JIM HE 3B's3aHI, By3J0Ba HaIpyra JIBOTO By3Ja 3aJaHa siK Usx, TOOTO He
BUMAara€e BU3HAYEHHS, 1 TOMY 3alMCyeEMO €IWHE PIBHSHHS JJI BY3JIOBOI HAmpyru
IpaBoro By3uia Usux:

(Gai +Ge +Gj )Uago =—SUyy,
ne Use =Us—Ue= Usx— 0 = Upx, ToMy Maemo:

(GAl' +G; +G )UAUO =—SUq

3BIJIKH 3HAXOUMO Koe@iyienm nepedayi cueHauy 3a HalpyTow:

S
k=-— - _SR,
Gy +G: +G; v (2.1)




ne Re=1/(Gpx +Gk +GH ) — exBiBaJIeHTHUI OMip HABAaHTAXCHHS JKEpeia CTPyMY.
BukopuctoByroun miaxif, MpOiTFOCTPOBaHUN Ha puc.2.1, 3HAXOIUMO BHpPa3H,
10 BUBHAYAIOTD 8XIOHULL | 6UXIOHUL ONOPU KaCKaTy:

1
s G +Gaz +Gpg @2)
1
Ryqne = —
AUO.E Gy +G. (2.3)

3 dbopmynu (2.1) caigye, mo micJasi MiCHJIeHHSI CHTHAJ 3MiHIOE MOJISIPHICTD,
a TakoX 30LIbIIYyEThCSl TporopiiiHo KpyTocTi BAX Tpan3uctopa S 1 BenuuuHi
€KBIBaJIEHTHOTO onopy HaBaHTaxeHHs Re. 3 ¢popmynu (2.2) BUIHO, K OMOPU B KOJI
0a3u Tpan3uctopa Rs11 Rs2 3MeHIIyOTH BXigHuii omip kackany, a 3 popmyin (2.1) 1
(2.3) ciminye, mo 3MeHIeHHs Rg mpuBoauTH 10 3MeHIeHHs K 1 Ryx k.

3a60aHHA 01 CAMOCMIUHOT podomu

1.V poGouoMy 30muTi JUIsi CaMOCTIMHOT POOOTH MOBTOPUTHU TOCHIJIOBHICTH M,
BUKOPUCTAaHHUX TP BHBEJICHHI opmyi, mo Bu3HauYaroTh K, Rex u Reux kackany i3
CHIJIBHUM €MITEPOM, IPEACTABIECHOTO Ha pUC.2.2:

1.1. noetanHO 3AIMCHUTH mMepexia BiJl MPUHLUMIOBOI cxemu (puc.2.2a) A0
€KBIBJICHTHOI CXEMH, HaBEJICHO1 Ha puc. 2.2r1;

1.2. ayis oTpuMaHOi €KBIBAJICHTHOI CXEMH 3aIllicaTy PiBHSIHHS, sSKe 3B'SI3y€ UBx
u UBux;

1.3. orpumaru ¢popmyay (2.1), mo Bu3Havae koedimieHT nepenavi Harpyru K;

1.4. BUKOPHUCTOBYIOUM METOIMKY, IMPOUIIOCTPOBAaHYy Ha puc. 2.1, orpumaru
dopmyiu (2.2) i (2.3), mo Bu3Ha4aroTh Rex 1 Raux;

1.5. ocMUCIUTH OTPUMaHI BUpa3H, 3aMKCaTH B 30IITUTI BIMOBIIHI BUCHOBKH.
2. Bukopuctosyroun [1, (puc.2, puc.3, m.2.1)], HaAKPECIUTH NPHUHIUIIOBI CXEMH
KacKaJliB 13 CIMUIBHUM BHUTOKOM Ha BCiX PI3HOBHJAX MOJBbOBUX TPAH3UCTOPIB, IO
npuBeJieHi Ha puc.l.3a.
3. Ananornyno n.no. 1.1 — 1.5 mpoBecTu aHaii3 peXuMy IMiJICUJICHHS KacKaiiB 13
CIIUJIBHUM BUTOKOM:

3.1. Ha MOJILOBOMY TPAH3UCTOPI 3 KEPYIOUMM P-N MepexooM 3 KaHajioMm N-
TUITY;

3.2. Ha MOJTBLOBOMY TPAH3UCTOPI 3 IHAYKOBAaHUM KaHAJIOM P-THUITY.



Koumponwvni numanns

1. Ha sxiif mifcTaBi aHATI3YI0UHd CXEMH PHC.2.2, IEPEXOIAUn Bl MIPHUHIIUIIOBOI CXEMHU
puc.2.2a 10 eKBIBAJICHTHUX, HE BPaXOBYIOTb €MHOCTI OJIOKYIOUMX 1 PO3MOIIIEHUX
kouaencaropiB Csni Cp?

2. Ha sikiif OCHOBI B €KBIBaJICHTHINA cXxeMi puc. 2.2r BUKOPUCTaHA CXEMa 3aMIIICHHS
TpaH3ucTopa puc.1.26?

3. Homy y piBHSIHHI CTaHy HE BpaxOBaHa JliBa YacTUHA KoJja puc.2.2r?

4. SIk 3MiHUTBCS BenMuMHA Koe(ilieHTa mepenavi Hanpyru Kackany K micis 3aMiHu
TPaH3UCTOPA 1HIIINM, 110 Ma€ OLIbIIe 3HAYCHHS KPYTOCTI S?

5.5k 3MIHHTBCA BeNWYMHA KoedillieHTa Iepeaadi Hanpyrd Kackagy K, SKIo
301IBIIIATH OTip KOJIEKTOPHOTO HaBaHTaKeHHs RA?

6. Sk 3MIHUTbCSA BeaWMYMHA KoedilieHTa Iepegauyi HAIpyrd Kackamy K, sKIo
3MCHIIIATH OTIip HaBaHTaXCHHS Kackany RA?

/. SIk 3MIHMTBCS BUXITHHN OMIp Kackany Raux, SKIIO 3MEHIINTH ONIP KOJIEKTOPHOTO
HaBaHTa)XCHHA Rk?

8. Sk pe3ucTropu MOAUIBHMKA HAMPyTrd B KOJI 0a3d TpaH3UCTOpa BIUIMBAIOTH Ha
BEITMYMHY BXiJTHOT HAIIPYTH?

2.2. Kackaj i3 ciJIbHUM KOJIEKTOPHUM €JICKTPOAOM

PosrnsiHemMo kackaj Ha MOJIbOBOMY TPAaH3UCTOPI 13 CHITBHUM BHUTOKOM, CXEMa
SAKOTO TpeJicTaBieHa puc. 2.3a. Puc.2.36 uttocTpye nepexia 10 eKBIBaJCHTHOI CXEeMU
peXUMY KOJMBaHb, HaBeZeHO1 Ha puc. 2.3B. TpaH3ucTOop Ha HINA 3aMIHEHO CXEMOIO
puc.1.36.

VT
o 3~ 4
u
Bbl)fXI R3E] Kbcl RME] RH [uBb'X
Ble G +G u i
Ussix BbIX % IXU BbIX
-Su a0 BH Ugiix BH BbIX )

n)

Puc.2.3. KaCKa)I Ha MOJIbOBOMY TPAH3UCTOPI 31 CIIIBHUM CTOKOM:
a) MPUHIIMIIOBA CXEMa,

0) MPOMIXKH1 €KBIBaJICHTHI CXEMHU,

B) OCTaTOYHA €KBIBAJIEHTHA CXeMa JIJIsl BU3HAYCHHS K,

T), 1) eKBIBAJICHTHI CXeMH JIJIsi BU3HAYeHHS Rpyx

Jnis i€l cxeMu 3 ypaxyBaHHSM TOTO, 11O
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Uss= U3 — UB = UBx — UBux, (2.4)

3aMUCyEMO PIBHSHHS JJI PABOTO By3Jia

(Gar +G: +G; )us

()
O
Il
n
—~
c
>
O
I
c
>
()
(@]
S

[Ticnst mepecTaHOBKU MaEMO,
(S +GA|' +GE +Gi )UAU() :SUAC) .

3Bk OTpuMyeMo (opMmyiy, MO BHU3HAYAE KOE(DIIMIEHT TMepefadi CHUTHAIY 3a
HaTPYyTO0

K = S
S+G; +G: +G;

(2.5)

Ls popmymna mokasye, 1o B Miif CXeMi CHTHAJI He iHBEPTYEThCS, a BeJIMUYMHA
Koeghiuicuma nepedaui nanpyeu K He mepeBUINY€ OHMHUINIO, HAOIMKAIOYHUCH JIO Hel
IIPH TOPIBHSHO BENMKHUX 3HaueHHsX kpyTocTi S BAX EII. IIpuunnoro toro, mo k<1,
€ BIACTUBUM KacKaly He2amu8HUuli 360pOMHUL 36'A30K, BUPAKEHUU BXKE B
MOYaTKOBOMY CIIIBBiAHOIIEHHI (2.4), 10 BU3HA4Ya€e HANpPYTy, sika Kepye CTPyMOM
TpaH3uctopa. OCKUIbKUA JUIsl BCIX KAcKaJliB 31 CHUIBHUM KOJEKTOPHUM €JIEKTPOJIOM
BelMMuYMHa KoedilieHTa mnepefadi Hanpyrm K HaOMMKyeTbCs 10 OJIUHMIN, iX
Ha3UBAIOTh HOBMOPIOBAYAMU.

I3 cxemu puc.2.3B OYEBHUJHO, IO BXIOHUL ORNip KACKaNy, KWW BU3HAYAETHCS
BIIMOBITHO /10 MIJIXO1Y, TOAAHOTO Ha puc 2.1, JOpiBHIOE

Rexx= Ra. (2.6)

Buxionuii onip xackany RBauxk, BIANOBITHO J0 BKa3aHOTO IMAXOAY,
BHM3HAYAIOTh BIAHOMICHHAM Rpyx k = Usux/ iBux, BBaxkarouu, mo Ugx = 0, a 10 BUXOIy
KAacKagy MIAKIIOYEHE [KEpesio Hampyrud Usux. BUKOpPUCTOBYIOUM €KBIBaJIEHTHI
IIEpEeTBOPEHHS CXeMH pHC.2.3, 10 mpeaAcTaBiieHl Ha puc.2.3r 1 puc.2.311, 3HaX0AUMO
BUXIJTHUN CTPYM

iBux =( GeH + Gg+ S) Usux.
3BiJICH CITIYE, IO Yy PO3TIASHYTOTO MOBTOPIOBaYa

1
ADOE = S1Gy +G.

(2.7a)

Sxmo S >> Gpx + Gp, TON1
Reuxk =1/ S. (2.70)
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OcTaHHI CIIBBIAHOIICHHS MOKa3yIOTh, 1110 B MOPIBHSAHHI 3 PO3IJISTHYTUM BHILE
KacKaJioM 13 CHUJIBHUM 1HXEKTOPHUM €JEKTPOJIOM NOBTOPHOBAY MA€ HHU3bLKUIM
BUXiIHUI omip. [IpUunHOO 1Ti€T BIACTUBOCTI KacKaly € BKa3aHWUU BUIIE He2amuGHUll
360POMHUL 38'S30K.

3aeoannsa ona camocmiinoi poobomu

1.V poGouomMy 30muTi JIsi CaMOCTIHHOI POOOTH MOBTOPUTHU MOCHIJAOBHICTH M,
BUKOPUCTAHUX TIpU BHBeAeHHI (opmyn, 1o BuzHavyarTh K, Rax 1 Reux kackany,
IIPECTABIEHOIO CXEMOKO pHUC.2.3:

1.1. moeranmHo 3AIMCHUTH TMepexXil BiA MNPUHLIUIOBOI cxemu (puc.2.3a) 10
eKBiBaJIeHTHOI cxemu (puc.2.3B);

1.2. Ay OTpUMaHOi €KBIBAJICHTHOI CXEMH 3aIlMcaTy PiBHSAHHSA, MO 3B's3ye Upx 1
UBux;

1.3. orpumatu popmyiry (2.5), mo Bu3HaUa€e KoedillieHT mepeaadi Hanpyru K;

1.4. BukopuctoBytoun puc.2.3B 1 METOAUKY, HaBeJeHy Ha puc.2.l, oTpumaru
dbopmymy (2.6), sika BusHavae Rpx;

1.5. 3aificHUTH TIepexil 10 eKBiBaJieHTHOT cxemu (puc.2.31). BukopuctoByroun
puc.2.31 1 METOANKY, HaBeJIeHy Ha puc.2.1, orpumatu Gopmyiny (2.7a), sika BU3HAYa€e
Rsux;

1.6. ocMUCIUTH OTPUMaHI BUpa3H, 3aMMCAaTH B 30ITUTI BiMOBIIHI BUCHOBKH.
2. BukopuctoByroun [1, (1.2.2], HakpecnuTH TPHHIMIIOBI CXEMHU KacKaliB i3
CHIJIBHUM KOJIGKTOPHUM €JIEKTPOJOM Ha BCiX PI3HOBHIaX TPAH3UCTOPIB, MOJIAHUX HA
puc.l.2a 1 puc.1.3a.
3. Ananmornyno 1.m. 1.1 — 1.6 mpoBecTu aHami3 pexxuMmy MiACWICHHS KacKajiB Ha
MOJIbOBUX TPAH3UCTOPAX:

3.1. 3 iHAyKOBAaHUM KaHAJIOM N-THUILY;

3.2. 3 BOyIOBaHUM KaHAJIOM P-THUILY.

Koumponvni numanus

1. Ha sxiii OCHOBI, aHAI3yIOYU cXeMy puc.2.3, Mepexo/syu Bij MPUHIIMIIOBOI CXEMU
puc.2.3a 10 €KBIBAJICHTHUX, HE BPAXOBYIOTb €MHOCTI OJIOKYIOUHMX 1 PO3MOAUIBHUX
xonaencaropis Csni Cp?

2. Ha saxiii ocHOBI B €KBIBAJICHTHIN cxemi puc.2.4B BUKOpHUCTaHA CXeMa 3aMIIlICHHS
TpaH3ucTopa puc.1.36?

3. YoMy y 3anuci piBHSIHHA CTaHy HE BpaxoBaHa JliBa YacTUHA KoJia puc.2.38?

4. Yomy Kackaau 31 CHOUIBHUM  KOJEKTOPHUM  €JEKTPOJOM  Ha3HBAIOTh
MOBTOpIOBaYamu?

5. Slke sBUINE CAYXHUTh MPUYMHOIO TOTO, IO KoedimieHT nepenadi Hanpyru K<I, a
RByx —mamuin?

6. YoMy 3MeHIIeHHsI Rpyx TOJIIIITY€E BIACTUBOCTI Kackaxy?

12



2.3. IloBTOpIOBAaY 3 BUCOKMM BXiITHMM OIIOPOM

Po3risiHeMo pi3HOBH MOBTOPIOBayYa Ha MOJLOBOMY TPAH3UCTOPi, CXeMa SKOTO
nana Ha puc.2.4a. Tyt Oyzae mokas3aHo, 10 B MOPiBHSHHI 3 KaCKaJOM, PO3TJISHYTUM B
MOMEepPEAHbOMY TPUKIAAi, L€ MOBTOPIOBAY Ma€ MiABUINCHUN BXIJHHHM OIMIp.
Puc.2.46, puc.2.48 1 puc.2.4r UIIOCTPYIOTh €Tau MEePeXoy A0 €KBIBAJIEHTHOI CXEMH
pPeXUMYy KOJIMBaHb, MOAAHOT Ha puc.2.4a. Ha Hilf TpaH3UCTOp 3aMIIIEHUN CXEMOIO
puc.1.30m.

VT,
R,
Upx
R, R, IuBbIX
6)
NI R,
quI &HIR [1] :I] Ugwix ﬁw@ BHIj Ijzj] Ugpix

R3 IBX

! t Ugy
60, ]] sdvpeﬁ]eﬂ]ej][ B v

e) ;
IB.‘::IX

Su
ool e s

G,+G,+G, +GBH+G

3)
Puc.2.4. HOBTOpIOBa‘-I Ha MOJbOBOMY TPaH3UCTOPI, 1110 MA€ BUCOKUH BX1IHUHN OMip:
a) IPUHIIMIIOBA CXEMa;

0), B), T) MPOMIDXHI €KBIBaJICHTHI CXEMH;

JI) OCTaTOYHA €KBIBaJCHTHA CXeMa TSI BU3HAYCHHS K;

€) eKBiBaJICHTHA CXeMa JUIs BU3HAYCeHHS RBxK;

), 3) CKBIBAJICHTHI CXEMH JIJIsl BU3HAYCHHS RByx

PiBHSIHHS [UIs HAIIPYTH UByx €KBiBAJEHTHOT CXEMH Ma€ BUIJIS
(Gs+ Gpy+ Ge+ GH) usux = Gz usx + S uss,
ne Uz = Ugx — Usyx. 3 ypaxyBaHHSIM IbOTO MAEMO
(S + Gz + Gpry+ G+ GH) Usux= (S + G3) uax,

3BIJIKH 3HAXOAUTKCS Koehiyienm nepedaui cueHaty 3a HarpyTow:
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K = S +Gg
S+G;+Gy +G: +G;

(2.8)

3 mi€i Gopmynu cruifye, MO B I CXeMl CHIHAJ He iHBEPTYETHCH 1 IMpuU
MOPIBHSHO BEJIIMKUX 3HAUCHHAX S BeanyuHa K OJauM3bKa 10 OAMHULII, ale He
nepesuinye ii. [IpuunHOIO Ii€T BIACTUBOCTI Kackaay € BKa3aHUW B MOMEPEAHHOMY
NPUKIIAA1 HeeamusHull 360poOmHuULL 36'430K, 10 BIACTUBUMA MTOBTOPIOBAYAM.

JUis  BH3HAUeHHS  6XiOHo20  onopy Kackany Rsxk  ckopuctaemocs
€KBIBAJIEHTHOIO CXEMOIO, SIKy OTPUMA€EMO 3aCTOCYBAaHHSAM TEOPEMH 3aMILLEHHS 10
paBOi YaCTUHU KoJsia puC.2.4T, 3aMIHIOIOYM HOTro JKEpEIoM Halpyru 13 33Jar0uoro
Hanpyrow Usux. Jias oTpuMaHoi TakKUM YMHOM €KBIBAJIEHTHOI CXEMH, NMPEJCTaBICHOI
Ha puc.2.4e, MaeEMo

iBx =(UBx — UBux) / Ra.

Bu3Hauarouun BXiHHUH oImip BigHOIICHHIM Rex k=UBsx /ix, 3HaX0IUMO:

RAOE

UasRe _ Rc | 2.9)
Uis —Uags  1-K

3 miei dopMmynu caigye, oo MOpd OMU3BKHUX M0 OJMHHUIN 3HAYCHHIX K,
BeJIMYMHA Rpxk 3HAYHO NepeBMINY€E BeJMYMHY R3, 110 BU3HAYae BXIJHUN OHIp
IHIIMX PI3HOBUIIB KAaCKa/lIB Ha MOJIbOBUX TPAH3UCTOPAX, B TOMY YHUCI1 PO3IJISIHYTOrO
B MTONIEPEIHHOMY MYHKTI TOBTOPIOBAYA.

BiamoBimHo A0 migxony, MOJaHOro Ha puc.2.l, BUHAYAEMO BUXIOHUL ONIp
kackady Rpuxk BimHOmeHHSIM Rpuxk = Usux lisux mpu Usx = 0 1 MigKIrOUYEHOMY
JoKepeni Usyx. 3a TIOMOMOTO0 MPECTaBIeHUX Ha puc.2.4x 1 puc.2.43 eKBIBAJIGHTHUX
CXeM, 3HaXOJIUMO

1
AUBE — : (2.10a)
OE S 4G +Gy +Ge
SAxmo S>>Gg + Gy + G MaeMo
Reuxk~1/ S. (2.1006)

Sk 1 B monepeIHbOMY BUIAJKY, HU3bKHI BUXIJHUHN OMIp KacKay € HACIIIKOM
BKa3aHOT'O BHILIE HETATUBHOTO 3BOPOTHOTO 3B'SI3KY, BIACTUBOIO TOBTOPIOBAYAM.

TakuM YKMHOM, PO3IJAHYTHIl PI3HOBHA MNOBTOPHBAYa MAa€ KOPHUCHI
BJIACTHUBOCTI — BUCOKH BXiJJHUI1 i HU3bKMI BUXITHUH OMIOPH.
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3aBaaHHA 11 CAMOCTIIiHOI po6oTH

1.V pobouomy 301IUTI JIJIsI CAMOCTIHHOT pOOOTH MOBTOPUTH TMOCTIAOBHICTD JiH, SKi
BUKOPUCTaHI NpHU BUBeACHHI (opmyi, mo BuszHavyawTh K, Rex i Reux kackany,
IIPEICTABIEHOIO0 CXEMOIO Ha puUC.2.3:

1.1. moeranmHo 3AIMCHUTH TMepexil BiA MNPUHLIUIOBOI cxemu (puc.2.3a) 10
eKBiBaJeHTHOI cxemu (pwuc.2.3B);

1.2. a5 OTpUMAaHOI €KBIBAaJICHTHOT CXEMHU 3alMCaTH PIBHIHHS, 110 3B'A3y€ UBx 1
UBux;

1.3. orpumatu opmyiry (2.5), o Bu3Hauae KoehillieHT nmepeaayi Hanpyru K;

1.4. BukopucToByrouH puc.2.3B 1 HaBeJAeHy Ha puc.2.] METOAuKy, OTpUMaTH
dbopmyiy (2.6), mo BuzHavae Rgx;

1.5. 3pificHUTH TIepexiJl 10 eKBiBaJieHTHOI cxemu (puc.2.311). BukopucroBytouu
puc.2.31 1 HaBeJieHy Ha puc.2.1 MeToauKy, oTpumaTu dopmyiy (2.7a), sika BU3ZHaUa€e
Raux;

1.6. ocMuUCIUTH OTPUMaHI BUpa3H, 3aMMCAaTH B 30ITUTI BiMOBIIHI BUCHOBKH.
2. BukopucroByroun [l, (m.2.2)] HakpeciauTH TPHHIMUIIOBI CXEMHU KaCKaIiB i3
CHIJIBHUM KOJIEKTOPHHM €JEKTPOJOM Ha BCIX PI3HOBUAAX TPAaH3UCTOPIB, IO MOJAAHI
Ha pucl.2a i puc.l.3a.
3. Ananornyno m.m.l.1 — 1.6 mpoBecTu aHami3 pexUMY IMIJICUICHHS KacKaaiB Ha
MOJIbOBUX TPAH3UCTOpPAX:

3.1. 3 iHAyKOBAaHUM KaHAJIOM N -THUITY,

3.2. 13 BOyJOBaHUM KaHAJIOM ] -THUITY.

Koumpononi numanns

1. Ha sxiif miacTaBl aHAMI3yIOUd CXEMH Ha pHC.2.3, IepeXosud BijJ MPUHIIUIIOBOI
cxemMu puc.2.3a 0 EKBIBAJICHTHHX, HE BPAXOBYIOTh €EMHOCTI OJOKYHOYHX 1
posnoaitsHuX KoHaeHcaTtopiB Csrri Cp?

2. Ha sKkiii OCHOBI B €KBIBaJICHTHIM cxemi puc.2.4B BUKOPUCTaHA CXeMa 3aMilllEHHS
TpaH3ucTopa puc.1.36?

3. YoMy mpu 3anuci piBHSAHHS CTaHY HE BpaxoBaHa JiiBa YacTHHA KoJja puc.2.38?

4. Yomy Kackaau 31 COUIBHUM  KOJEKTOPHUM  €JEKTPOJOM  Ha3HBAIOTh
NOBTOPIOBaYamu?

5. Slke sBUINE COYXUTh NPUYMHOIO TOTO, IO KoedillieHT mepenaui Hanpyru K<I, a
Reux mannii?

6. YoMy 3meHIIeHHs Rpyx ostininye BIacTUBOCTI KacKay?
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2.4. Kackaj i3 CIUVIBHUM KepPyBaJIbHUM €JIEKTPOAOM

Posrnsaemo miAcuiIOBaNIbHUN Kackaa Ha  OIMOJSIPHOMY TpPaH3UCTOpI 31
CHTBHOIO 023010, CXeMa SKOTO MpecTaBieHa Ha puc.2.5a. [lepexin 10 ekBiBaJIeHTHOT
CXeMH pPEeKHMY KOJHBaHb UTFOCTPYIOTh cxemu puc.2.56 — puc.2.5k. Ha nHux
TPaAH3UCTOP MPEACTABICHO CXEMOIO 3aMillleHHs, Sika HaBeJIeHa Ha puc.20.

VT 3 K_

Puc.2.5. Kackan Ha GinosipHOMY TpaH3UCTOPI 31 CHUIBHOIO 0a3010:
a) MPUHIMIIOBA CXEMa;

0) — ) MpOMiXKHI €KBIBaJICHTHI CXEMH;
’K) OCTATOYHA EKBIBaJEHTHA CXeMa I BU3HAYEHHs K

PiBHSIHHS [U1s1 HAPYTH UBKx OCTATOYHO1 €KBIBAJIEHTHOI CXEMU M€ BUTIISIA:
(GeH + Gk + GH ) Usux= (S + Gsn ) Usx.

3 1poro BuUpa3y OAEPKYyeEMO GOpMyITy IJisi Koe@iyicHma nepeoadi cucHauiy 3a
HATPYTro:

_ S+Gy (2.11)
Gy +G:+G; '

OCKUTBKM MPAKTUYHO 3aBXAu S >> GpH, MaeMO
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N S
G, +6G: +G;

=SRy | (2.12)

ne Re=1/(Ggx +Gk +GH ) — ekBiBaJICHTHHUH OITip HABAHTAKCHHS JKEpeia CTPYyMY.

3 dopmymu (2.12) BUmIMBaAE, MO NPH MiACHJIEHHI CHTHAJ 30LIbIIYETHCS
IpOMNOpLiHHO KpyTU3HI mpoxiaHoi BAX tpansucropa S 1 BeIMuuH1 €KBIBAJIEHTHOTO
OMOpy HaBaHTaXEHHsA Rg, ane, Ha BIAMIHY BiJ NIACHIIOBAIBHOTO Kackamgy 3i
CIUJIBHUM eMiTepoM (11.2.1), BiH He 3MiHIO€ CBOIO MOJISIPHICTD.

Bxionuu onip xackany Rpxk 3HalileMO aHali3yloud CXeMy, IO MpeAcTaBieHa
Ha puc.2.5r. HexTyroun TyT ckiaoBoro ctpymy uepe3 GpH, MaeMo

Iex = Gemusx + Gaxusx + Susx = (Gem+ Gax+ S)usx,
3BIJIKUA BUILIMBAE

R ~ 1 2.13
AGE T g TGy, +Gig (2.13a)
[Tpu S>> Gemt Gax oaepxyeMo HaOIKEHY HOPMYITy
1
Rise zg _ (2.130)

Otpumani dopmynu (2.13a) 1 (2.130) BkazyloTh Ha HM3BKHII BXiIHUI omip
KACKa/iB i3 CNUIbHMM KepyBaJIbHUM €JICKTPOJAOM.

Buxigauit omip kackaxy Rsuxk 3HaXogumMo 3a J0mMoMorow Jio0oi 3
CKBIBAJICHTHUX CXEM, IIPEJCTaBICHMX Ha puc.2.5. BianmoBiIHO 10 METOIUKH,
HaBesieHo1 Ha puc. 2.1, npu Ugx=0 oepKumMo

R = 1 ~ 1 2.14
AUO.E GE+GA|' GE- ( )

3ae0anns 0na camocmiiunoi pooomu

1.V pob6ouomy 30IIUTI ISl CAMOCTIHHOT POOOTH MOBTOPUTH MOCTIAOBHICTh MiH, sKa
Oyna BHUKOpPHCTaHAa TpHU BUBEAcHHI (opmyn, mo BuszHayaioTh K, Rexk 1 Rauxk
Kackajy 3 CIuIbHOI 0a3010 (puc.2.5):

1.1. noetanHo 3A1MCHUTH MEPEXi] BiJl MPUHIIUIIOBOI cXeMH Kackaay (puc.2.5a)
710 €KBIBJICHTHO1 CXeMH (puc.2.5K);

1.2. 15t OTpUMAaHOI €KBIBAJICHTHOI CXEMU 3aIMCaTH PIBHSIHHS, 1110 3B'A3y€ UBx 1
UBux;

1.3. ogepxxatu  dopmynu (2.11a) 1 (2.110), mo BHU3HAYAIOTH KOEQILIEHT
nepenadi Hanpyru K;

1.4. BUKOpPHCTOBYIOUM CXEMY, HaBEJAEHY Ha PHUC.2.5T, NMPUITYCKAIOYH, IO TYT
GgH—0, onepxxatu Gpopmymu (2.13a) 1 (2.136), o Bu3HavaoTh Rexk;

1.5. BUKOpUCTOBYIOYM CXEMHU, HaBeJieH1 Ha puc.2.4, oaepxkatu ¢popmyinu (2.14),
10 BU3HA4aroTh Reuxk;
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1.6. ocmucauTH OTpUMaHi (HOPMYIH, 3aMKMCATH B 30ILUTI BIJMNOBIIHI BUCHOBKH.
2. BuxkopucroByroun [1, (m.2.3)] HakpeciauTH TMPUHIMIIOBY CXeMy Kackaay 13
CHUIBHUM 3aTBOPOM Ha TMOJILOBOMY TPAH3UCTOPI 3 KEPYHOUUM P-N MEPEexXoIOM.
Amnanoriuno m.im. 1.1 — 1.6 mpoBecTH aHaii3 peKUMY MiJICUICHHS OTO KacKay.

Konmponvni numanns

1. Ha sixiii mijictaBi pu aHami31 CXeMH puc.2.5, mepexosiuu BiJ MPUHIIUIIOBOI CXEMHU
puc.2.5a 10 eKBIBAICHTHUX, HE BPAXOBYIOTb €MHOCTI OJIOKYIOUMX 1 PO3IiTOBHUX
xonzaencaropis Csri Cp?

2. Ha sxiif mijcTaBi B €KBIBaJEHTHIM cXeMi pUC.2.5T BUKOpPUCTaHA CXeMa 3aMileHHS
TpaH3ucTopa puc.1.36?

5. SIk 3MIHMTBCS BeMYMHA KoedillieHTa niepeadl Hanpyru Kackaay K 1 BXiIHUHN orip
Kackany Rpxk Mpu 3aMiHiI TpaH3UCTOpPA 1HIIUM, IO Ma€ OLIbIIE 3HAYCHHS! KPYTU3HU
S?

6. SIk 3MiHMTBCSA BenWYMHA KoeQillieHTa TMepeaadi Hampyrd Kackaay K: sKigo
3MEHIIUTH OMIp KOJEKTOPHOTO HaBaHTAXKEHHS Ry; SKIMIO 30UIBIIMTH  OMIp
HABAHTAXKEHHS Kackany RH?

8. UuM iICTOTHO BIAPI3HSIOTHCS BIIACTUBOCTI KacKadiB 13 CHUIBHUM KEPYBaJIbHUM
eJIEKTPOI0M (puc.2.5) Ta 31 CUIBbHUM emiTepoM (puc.2.2)?

2.5. Kackoauui miicuIroBa4d

PosrisiHeMo kackogHUM MiACWIIOBAIBHUN KacKa/l Ha TOJbOBUX TPAH3UCTOPAX,
cxema sKOro rokaszaHa Ha puc.2.6a. Ilepexin 10 €KBIBaJIGHTHOT CXEMHU LTIOCTPYIOTh
puc.2.66 1 puc.2.6B. TyT TpaH3UCTOpU MPEACTABICHI EKBIBAJCHTHOIO CXEMOIO
3aMileHHs, 1110 HaBeleHa Ha puc.1.30.

C_I_ o+U VI, VT,
sa] - R VT, Re C,

BbIX

N R u
VT1

1
CEI R32

[u BbIX

Ug R Cen u IG
]: _I_T BXC 31 -Slu3M'

Puc.2.6. Kackogauit miacmiroBad Ha TOJIbOBUX TPAH3UCTOPAX:
a) IPUHIIMIIOBA CXEMA;

0) mpoMi’KHa eKBIBaJIEHTHA CXEMa;

B) OCTaTOYHA €KBIBAJCHTHA CXeMa JJIsl BU3HAYCHHS K
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Hanpyra niBoro By3ia Ha €KBIBaJE€HTHIM cxemi puc.2.6B 3aJaHO SIK Ugx 1HE
BUMarae Bu3HadeHHs. CucremMa BY3JIOBUX PIBHSHb I Hampyr JIBOX HACTYIHUX
BY3JIiB MA€ BUTJISA]

GAI 1t GAl’ 2 _GAI 2 U, _ _Sluc;El + Szuc;Ez
_GAI 2 GAi 2 +GN +G|’ u, _Szuc;Ez
Tomy 110 U 387 = Usx, a U 382 = — U1, OIAEPKUMO
Gai 1 +Gai 2+, Gy 2 U | _ {_SluAOi|
—(Gai 2 +S,)  Ga,+Gy+Gi ||u, 0 '

Po3B’s130Kk 11i€1 cuCTeMHM Ja€ HACTYNHUW BUpa3, 110 BU3HAYaE Koe@iyieHm
nepeoayi cueHay 3a HAIPyTroko

_81(82 +GA|’ 2)
(Sz +Gs 1+ Gy 2)(GA|' 2 Gy +G )_GAl’ 2(52 + Gy 2) ' (2.15)

k =

3a ymoBu Sz >>(Gpgx1 + G BH2), 10, SIK MPaBUIO, BUKOHYETHCS, (GopMyia
(2.15) mpuitmae 3py4yHui A1 MPAKTUYHUX PO3PAXYHKIB BUTJIS]

_Sl
Gy +G;

~
~

=-SR.
r (2.16)

ne Re=1/(Gc + Gp).

[TopiBusiHHa opmyn (2.16) 1 (2.1) nokasye, MO0 PO3TJIAHYTHH MiICHIIOBAY
MOKHA BBaxaTH MoAU(IKALiI€I0 Kackaaxy 3i CHUIBHEM eMiTyBaJIbHUM
eJleKTpoaoM (y JaHOMY MPHUKIAIl — 13 CHIJILHUM BUTOKOM). TyT Tpansuctop VT2 €
JOTIOMI>)KHUM, BHKOHYIOUHMM POJIb €KPaHa MK OCHOBHHUM TpaH3ucTtopoM V111 iioro
HaBaHTaXX€HHsIM Rec.

3aeoannsa ona camocminunoi pooomu

1.V pob6ouomy 30IIUTI UIsI CAMOCTIHHOT POOOTH MMOBTOPUTH MOCTIAOBHICTh i, sKa
Oyna BUKOpPHCTaHa MpU OTPUMAaHHI (OpPMYJI, IO BU3HAYAIOTH KOe(DIIIEHT mepeaadi
Hanpyru K KackoaHOTo MiJCHIIIOBaYa 31 CIIBHUM eMiTepoM (puc.2.6):

1.1. noetanHo 3A1MCHUTH MEPEXiJ BiJl MPUHLIUIIOBOI cXeMH Kackany (puc.2.6a)
710 €KBIBAJIEHTHO1 cxeMH (puc.2.6B);

1.2. 1y OTpUMaHOI €KBIBAJIEHTHOI CXEMH METOJIOM BY3JIOBUX HAIPYT 3alucaTH
CUCTEMY PiBHSHb, 110 3B's3y€ Upx1 Usux= U2;

1.3. ongepxkatu dopmynu (2.15) 1 (2.16), mo BU3HAYAOTH KOE(IIIEHT TIepeaadl
3a Hanpyroro K;

1.4, ocmucnuTu oTpuMaHi GOPMYIIH, 3aIIUCATH B 30ITUTI BIAMOBIHI BUCHOBKH.
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2. BukopuctroByroun [1, (m.2.5)], HakpeciauTH NPUHLIUIOBI CXEMH KaCKOJHHUX
MIJCUJIIOBAYIB  Ha OIMOJSIPHUX TPaH3UCTOpaX 1 Ha CIOJy4YeHHI OIMOJIsSIpHOTO
TPaAH3UCTOPA 1 MOJTBOBOTO TPAH3UCTOPA 3 KEPYIOUUM P-N MEPEXOIOM.
3. Anamoriuno n.m. 1.1 — 1.4 mpoBecTu aHami3 peXUMy MiJACWICHHS KaCKOIHOTO
mificuiioBaya Ha OIMONAPHUX TPAH3UCTOpAaX 1 HA CIOJNy4YeHHI OIMOJIIpPHOTO
TPaH3UCTOPA 1 MOJHLOBOT0 TPAH3UCTOPA 3 KEPYIOUUM P-N MEPEXOI0M.

Konumpononi numannsn

1. SIxy poJb Biirpa€e KOKeH 3 TPaH3UCTOPIB Y CXeMax KaCKOAHUX MiACUITIOBaviB?

2. YoMy KacKOTHUU TIJACUIIIOBAY MOXKHA BBakaTh MoAUQIKaI€l0 KacKkaay 3
CHUJIBHUM €MITYBaJIbHUM €JIEKTPOI0M?

3. Y 4omy mnojsArae mnepeBara KacKOJHHUX IMiJICUIIOBAYiB y IXHHOMY TIOPIBHSHHI
3 KaCKaJlaMH 31 CIIUIBHUM €MITYBAJIbHUM €JIEKTPOIOM?

4. SIk 3MIHUTBCS BeJIMYMHA KoedillieHTa nepeaadi Hanpyru K: mpu 301IbIICHH] OTIopy
KOJIEKTOPHOI'O HaBaHTAXEHHS; MpU 3aMiHl TpaH3ucrtopa V11 1HIIMM, SKUI Mae
Olybllie 3HAYCHHS S1; MPH 3aMiHi TpaH3ucTtopa VT2 1HIINM, 110 Ma€ OUIbIle 3HAYCHHS
So?

2.6. AHaJti3 kackajay 3 po3AlICHUM HABAHTAKEHHAM

PosrnssmemMo kackajy 3 pO3AUICHUMM HAaBaHTAXEHHSM Ha OIMOJISIpHOMY
TPaH3UCTOPI, CXeMa SIKOTO HaBeaeHa Ha puc.2.7a. [lepexin 10 €KBIBAJICHTHOI CXEMHU
peXUMY KOJIMBaHb UIIOCTPYIOTH pUC.2.70 1 puc.2.7B, A€ TPaH3UCTOP MNPECTABICHO
CXEMOIO 3aMIIeHHs, 1110 TTOKa3aHa Ha puc.1.20.

(o)

Upgpixz qu\Rm R52 Rl Iu R2|:|

BbIX1

N

Puc. 2.7. Kackan 3 po3aiieHUM HaBaHTaKEHHSM Ha OIMOISIPHOMY TPaH3UCTOPI:
a) IPUHIMIIOBA CXEMa;

0), B) MPOMIXKHI €KBIBaJICHTHI CXEMU;

') OCTaTOYHA €KBIBaJICHTHA CXeMa Uil BU3HaueHHS K

Cxewmi puc.2.6T BIANOBIIA€ CHUCTEMA BY3JI0BUX PIBHSIHb
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Gjp + G, + Gy Gy U, _ GaoUas +SUzs —SU,
-Gy G, +G; || U, —SU;¢ +SU, :

AKY IPUBEIEMO 10 BUTIIALY:

Gis +G, +G; +S -Gy u | (S +Gap )Usos
—(Gx +9) G, +Gy || u, —SU,4

3 0CTaHHBOT CUCTEMU 3HAXOJIUMO KOoe@hiyicHmu nepeoayi Hanpyau.

. SG, + GG, +GusGx
" SG, +GyeG, +G4sGx +GGy +G,Gy +GG, (2.17a)

K, = —SG, + GG
2 SG,+G;5G, +GisGsy +GGs +G,Gi +GG,

(2.176)

3 dopmyn (2.17) BuaHO, 1O IS PO3TISTHYTOrO Kackaay Ha OIMOJISpHOMY
TPaH3UCTOPI, 32 YMOBH, KOJIU

J0cATaeThes PiBHICTh K2 = — K1, 3a s1K0T Ha BUXO/1 Kackaay (GOpMYIOTbCS CHIHAJIM
0/IHAKOBOI BeJIMYUHHU 3 MPOTHJIEKHMMHU 3HakamMu. Kackanu Ta iHIN KoJia, SKUM
BJIACTHUBA 1151 OCOOJIUBICTh, HA3UBAIOTh (Ya30iHEEPMOPAMUL.

3a ymoBu S>>G1; G2; GaH; Gex MaeMo HAONMKEHI CITiBBITHOIICHHS

G
k ~1 k ~——L 2.18
: S 218)
PiBaicte k2 = - K1 3a miei ymoBu Temep gocsraetbes, konmu Gi= Go. Skmo B

pO3MIIIHYyTOMY Kackaji BukopuctoByBatu EIl - moiapoBuUil TpaH3UCTOp, TO, OCKUIBKU
Ggx =0, npu piBHOCTI G11 G2 0OTpHMaeMo

B S
' S+2G, +G,°

k, =-k (2.19)

3asoannna ona camocmiitnoi pooomu
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1.V poGouomy 30mHTI JIsi CAMOCTIHHOI pOOOTH MOBTOPUTH MOCTIAOBHICTD i, fKa
OyJia BUKOpUCTaHA MPHU OTPUMaHHI (hOpMYJI, [0 BU3HAYAIOTH K Kackaay 3 po3/iIcCHUM
HaBaHTaXeHHAM (puc.2.7):

1.1. noetanHoO 3AIMCHUTH MEPEXiJ BiJl MPUHIIUIIOBOI cXeMH Kackany (puc.2.7a)
710 OTO E€KBIBAJIEHTHOT cXeMH (puc.2.7T);

1.2. ny1s1 OTpUMaHO1 €KBIBAJICHTHOI CXEMH METOJIOM BY3JIOBHX HAIPYT 3alUCaTH
CUCTEMY PiBHSHB, 110 3B'I3y€ UBx 1 UBux;

1.3. onepxatu opmynu (2.17) — (2.18), mo BuU3HAYAIOTh KOeDIIiEHTH
nepenayi Hanpyru Ki i Ko;

1.4. ocMUCIUTH OTpUMaH1 BUpa3H, 3allMCaTH B 30IIMTI BIJMIOBIIHI BUCHOBKH.
2. BuxkopucroByroun [1, (m.2.4)], HakpecnIuTH NPUHIUIOBY CXEMy KacKaiy
3 PO3JIJICHUM HABAHTAKEHHSIM Ha TOJHOBOMY TPAH3UCTOPI 3 KEepylouyuM P-Nn
nepexoqoM. AHanoriyHo m.im. 1.1 — 1.4 nmpoBecTu aHami3 peKUMY MiJCUICHHS IIOTO
Kackaiy i oxepxatu ¢popmyiy (2.19).

Konmponvni numanns

1. Ha sixiif mijictaBl B €KBIBJICHTHIM cXeMl pHC.2.7T BUKOPUCTaHA CXEMa 3aMIlICHHS
TpaH3ucTopa puc.1.26?

2.3a KO YMOBH JIOCATAEThCS PIBHICTH Ko= — K1 y cxeMi kackamy 3 po3AiICHUM
HaBaHTa)XEHHSAM Ha I0JIbOBOMY TPaH3UCTOpP1?

3. 1711 40ro BUKOPUCTOBYIOTh KaCKa Iy 3 PO3IIJICHUM HaBAHTAXKECHHSIM?

4. SIke BnacTHBE KacKajy SIBUILE BU3HAYAE CIiBBigHOMIEHHS K1<1?

5. Ski TpaH3uUCTOPM B Kackagax 3 PO3AUICHUM HAaBaHTAKEHHSIM  Kpale
BUKOPUCTOBYBATH: OIMOJIIPHI Y MOJH0B1? Yomy?

2.7. AudepeHniajabHi miacuaoBayi

2.7.1. CumerpuuHuii JudepeHiaIbHUNA MiACHIIOBAY

PosrnmssHemMo cuMeTpuuHUN OughepenyianvHull niocunroeay Ha OJHAKOBHUX
MOJIbOBUX  TPAH3UCTOpaX, CXema SKOro TmokasaHa Ha pwuc.2.8a. [lepexin
710 €KBIBJICHTHOI CXEMHU DPEXHUMY KOJMBaHb UIIOCTPYIOTHh puc.2.80 1 puc.2.8B, ne
TPAH3UCTOPHU TMPEACTABICHO cXeMolo 3amimieHHsi puc.1.36. Ha puc.2.8r nopana
CIIpPOIIICHa €KBIBAJICHTHA cCXeMa Kackajy, sKa oOpaHa i aHai3y.

3 ypaxyBaHHSIM TOro, mo Ussr=UBx7 -Us , a U3s2=Usx2 -Us 3a JOMOMOTOIO
METOAY BY3JIOBUX HAIMpPYT JUIsI CXEMH, MPEACTABICHOI Ha puc.2.8T, MOXKHA CKJIIACTH
CUCTEMY pIBHSIHb TPETHOTO TOPSANKY, IO 3B'SI3y€, Usx7 , Usx2 1 Usmx =U1i— U2.
Po3B’s130Kk 11i€1 cECTeMH pPIBHSHBb 1 TOMANBIINN aHAN3 KacKaay 3aJAIIAEMO JIs
CaMOCTIiTHOT poOOTH.
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Puc.2.8. Cumerpuunuii qudepeHianbHuid miACHITIOBATbHUN KacKa:
a) IPUHLUIIOBA CXEMa;

0) mpoMi>KHa EKBiBAJICHTHA CXEMa;

B) €KBIBaJICHTHA CXEMa KacKay;

I') CIIpOIIIEHA EKBIBaJICHTHA CXeMa KacKaay

CnpocTUMO €KBIBaJIGHTHY CXeMy KacKajay, IpeACTaBlieHy Ha puc.2.8B,
BB@)XAIOYM, M0 3HAa4YeHHS AudepeHIlialbHUX MpoBiAHOCTEeH TpaH3ucTopiB GpaH
HACTUIbKK MaJli, [0 HUMU MO>KHA 3HEXTyBaTu. BiamoBijHa crpolieHa €KBIBaJICHTHA
CXeMa Kackaay IMojJilana Ha puc.2.8r.

Jlos i€l cxemm:

i1 = — S(uBx7 — UB), i2= — S(UBx2 — UB).
Jlami maemo:
U1 = Rc i1=— RcS(Usx7 — Ug), U2 = Rc i2= — RcS(Usx2 — U).

I, napemTi, ogepxxyemMo BUpa3 misi Usux, KU UTIOCTPYyE pOOOTY 1 MOSICHIOE Ha3BY
KacKajy, 10 PO3TJISIHYTO:

Usux = U1 — U2 = SRc (Usx7 — UBx2), (2.20)
3 miei ¢dopMynaM BUIHO, IO CUMETPUYHHH JUdepeHIiaIbLHUE KacKaa
NiJICUJII0E PI3HUII0 NPUKJIAIEHUX /10 ioro BXOAiB HANPYT Ugx7 i Usx2. KoedimienT

MIJCUJICHHS PI3HUIIEBOTO CUTHAJY MPOMOPIIMHUN KpyTu3Hi mpoxigHoi BAX
TpaH3UCTOPa S 1 BEIUYMHI OMOpY HOro HaBaHTaxeHHs Rc.

2.7.2. HecumerpuyHuii AudepeHmiaIbHUI MiICHII0BAY
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PosrnsHemMo HecuMeTpuuHUN Oughepenyianrbruti niocun0éay Ha OIHAKOBUX
MOJILOBUX TPAH3UCTOPAX, CXeMa SIKOro HaBeneHa puc.2.9a. [lepexin 10 eKBiBaIeHTHOI
CXEMH PEXHMY KOJHUBaHb 1IIOCTPYIOTh puc.2.90 1puc.2.9s, 1e TpaH3UCTOPHU
IPEe/ICTaBICEHO CXEMOI0 3amileHHs puc.1.30.

VT VT
o\ 1, 2
+U (e, O
: Y KB)_ %
T S
VT, VT, 3 6) U3z,
‘i NG N Uy, 3, s, 1 &[T e 2
Ugyx R3|j RBE] R"’ch:: BHI
! d o | UBle3 -su,| G, LG, G, [uBMX
a) Cl B) 32

Puc.2.9. Hecumerpuunuii nudepeHiiaibHui MiJCHITIOBAY:
a) IPUHIUIIOBA CXEMA;

0) mpomiKHa EKBIBaJICHTHA CXEMa,

B) OCTAaTOYHA CKBIBAJICHTHA CXeMa ISl BU3HAYCHHS K.

3 ypaxyBaHHSM TOTO, IO U3s1=UBx —U1, a U3g2=— U1, CXeMi, sIKa MpeIcTaBicHa
Ha puc.2.9B, BIANIOBIAA€ CUCTEMA BY3JIOBUX PIBHSHbD:

G +2G, -Gy ug | Su,s —2Su,
Gy Gy +Gy |[u, | Su, '

[licns ynopsiakyBaHHsI BOHA PUHAMA€E BUTIISIA:

2S5 +G; +2G;; —Gj U | | SUgg
~(S+Gy ) Gi+Gy |lu,| | 0 |

3a ymoBu S >> Gpgn, Gg, 110 MPAKTUYHO 3aBXKIA BUKOHYETHCS, MAEMO

2S -Gy u | SU;4
S Gy+Gy ||u,| | 0 |

Po3B’s130k OCTaHHBOI CHUCTEMHU PIBHSHB JO3BOJISIE OTpUMATU (OPMYITY, IO
BHU3HAYA€E KOCPIIIEHT TIEpeaydl HapyTru

___ S _
'<‘2C;N+c;Ai =SRv, (2.21)

ne Re = 1/(2Gc+GpH) — ekBiBaIEHTHUH OIIIp.

3 miei GopMyaM BUIIMBAE, MO MICHS MJICWICHHS CUTHAJ 30epirae CcBOIO
NOJSIPHICTh, 30UIBIIYIOYHCH TPOMNOPIiiiHO KpyTusHi S mpoxigHoi BAX. ToOto
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HECUMETPUYHUIA AudepeHianbHuid MiACUIIOBaY (DAaKTHUHO € KacKaaoM, IO He
1HBEPTYE M1JICUITIOBAaHI CUTHAJIU.

3aeoanns ona camocmiinoi pooomu

1.V poGodomy 30mHTI JIJIs1 CAMOCTIIHOI poOOTH MOBTOPUTH MOCIHIIOBHICTh NI, sKa
Oyna BuWKOpUCTaHa mpu oOTpumaHHl ¢opmymu (2.20), mo BHU3HAYAE POOOTY
CUMETPUYHOTO JU(epeHIlianbHOrO MiJICHIIOBAIBHOIO Kackagy, CXeMa SIKOTO
IpeCTaBIeHA Ha pUC.2.8:

1.1. 3aiicHUTH TIepeXia B1J MPUHIIMIIOBOI CXeMH Kackany (puc.2.8a) 1o Horo
CITPOIIIEHOT €KBIBaJICHTHOI cxeMH (puc.2.8r);

1.2. nna miei cxemu oxaeprkatu Gopmyay (2.20);

1.3. ocMucauTH pe3yibTaT aHalilzy Kackaiy, 3alucaTd B 30MIMTI BIAMOBIAHI
BHCHOBKH.

2. IlpoananizyBatu poOOTYy HECHMETPHUUYHOTO AUQEPEHIIaTIbHOrO MiACUIIOBATIHFHOTO
KacKaJly cxeMa sIKoro npeicraBjieHa Ha puc.2.9:

2.1. JIns eKBIBJICHTHOI CXeMH KacKaay, MPeJCTaBiIeHOi Ha puc. 2.9B, METOI0M
BY3JIOBUX HAIlpyr 3alucaTHd CUCTEMY pIBHSHb, IO 3B'A3y€ Usx 1Usux , a IMOTIM
CIIPOCTHUTH ii IPH 3a3HAYECHIN YMOBI.

2.2.3 po3B’sA3Ky OTPUMAHOI CHCTEMH PIBHSIHb OJiep:katu Bupaz (2.21), mo
BH3Haua€e KoeillleHT Mepeiayl Kackaay 3a Halpyroro.

3. OcMuCINUTH pe3yabTaTH aHANI3y KackaJy B OJJHOMY ¥ 1HIIIOMY BHUITIaJIKaX, 3alUcaTH
B 30IIIUTI BIJIMOBITHI BUCHOBKH.

4. BuxopucroByroun [1,(2.7)], HaKpecIUTH NPUHIMIIOBI CXEMHU 1 BIAMOBIAHI iM
€KBIBAJIEHTHI ~ CXEMHU  HECUMETPUYHMX 1 CHMETPUYHUX JudepeHUIaTbHUX
MIJCUIIOBAYIB Ha OIMNOJMSPHUX 1 MOJBOBUX TpaH3UCTOpax. OCMUCITUTH TPUHIUI
iXHBOT POOOTH.

Konmpononi numannsn

1. Yomy po3MISIHYTI B 1IbOMY IYHKTI KacKaJu HAa3WBAIOThCA AudepeHIliaTbHUMU
MICUITFOBaYaMu?

2. lllo o3HauYalOTh TEPMIHU CHUMETPUYHHUI 1 HECUMETPUYHUN AUQepeHIIaTbHUMA
Kackaju?

3. Uomy nudepeHiiagbHl MIACKHIIOBAYl HEYYTTEBL: JI0 CHH(A3HUX CKJIAJOBUX
CUTHAJIIB, 0 3MiH TeMIEpaTypH, 0 MyJbCallili HANPYTH JKEpeia KUBJICHHS, 10
cUH(a3HUX CUTHAJIIB HABOJAKU?

4. Sk 3MIHUTBCA BeNWYMHA KoeQili€HTa MIJCUICHHS PI3HUIEBOIO CHUTHANY: MPHU
3aMiHl TPaH3UCTOPIB IHIMMMHU, IO MAIOTh OUIbIIE 3HAYCHHS KPYTU3HH S; TIpH
3MEHIIICHHI OMOPiB HAaBaHTAXXEHb TPAH3UCTOPIB Rk?
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3. AHAJIi3 pe3UCTOPHUX KACKA/IiB
3 ypaxyBaHHSAAM €EMHOCTEM

Y mpukiamax TOMEepPeIHbOTO PO3JAUTY, IO UTIOCTPYE aHalli3 PEe3UCTOPHHUX
KacKaJliB, HC BPAaxXOBYBAaBCS BIUIUB HASBHUX Y iXHbOMY CKIaIi PI3HUX EMHICHUX
elleMenmis, BIACTUBUX sK peanbHuM KoHaeHcatopam Cp i Cpp, Tak i GizudHAM
napaMmeTpam 1HIIMX PalioOKOMIIOHEHTIB, Y TOMY YHCII MpoliecaM, 0 BiI0yBarOThCS B
CJICKTPOHHUX MPUTIaIax.

HasiBHicTh eMHOCTEH y CKJIall Oyab-sSKOTo Koja 00YMOBIIIOE 3aJIe)KHICTh HOTO
nmapaMeTpiB BiJl YaCTOTH KOJIMBaHb. Y PE3MCTOPHUX ITiJICHITIOBATBHUX KacKauax Iie
PU3BOJIUTH J0 YaCTOTHOI 3aJIe’KHOCT] IXHIX OCHOBHHMX XapaKTEPUCTUK — Koe]illieHTa
nepeaayi CUrHaty, BX1JHOTO 1 BUX1IHOTO OMOPIB.

TyT mokaxemo, SIK 3HAXOAATb KomnuiekcHi nepedammui @yukyii K(w) 1 eéxioni
onopu Zpx xackaaiB Ha EIl 3a yMOB NIJCHJIEHHS MaJUX CUTHAJIB 3 YpaxXyBaHHAM
BIUTMBY PI3HUX €EMHOCTEH Ha YACTOTHI XapaKTEPUCTUKHU IMiJICHUIIOBaYa. SIK 1 B 1. 2, Jyis
CHpOIICHHS aHali3y CXEMHU JKepesla BXIIHMX CHUTHAJIIB OyAeMO IpelCTaBIIsATH
JoKepellaMy HalpyTH 3 HallpyraMu, 110 3a/1al0ThCsl, PIBHUMU UBX.

3.1. BB €eMHOCTeM, 10 IIYHTYKOTh CUTHAJIH

VY mepury depry po3risHEMO BIUIMB €MHOCTEH, SIKi HAa €KBIBAJCHTHHUX CXEMax
KACKaJiB yBIMKHEHI MapajeibHO pe3ucTUBHMM HaBaHTaxkeHHsM EIl 1 kackamy. 3i
30UTPLIEHHSIM 4YacTOTHM OIIp €MHOCTEH 3MEHIIYETbCS, W0 NPHU3BOAUTH [0
ITyHTYBaHHS HaBaHTa)XCHbB 1, K HACIIIOK, JO 3MEHIICHHS Koe(iIieHTa ITICHICHHS
BHCOKOYAaCTOTHUX CKJIAJIOBUX CUTHAIY.

Jng  npukinagy po3rJIiHEMO MiACWIIOBAJILHUM KackaJ Ha MOJbOBOMY
TPaH3UCTOPI 3 CIJILHUM BUTOKOM, CXeMa SIKOTO HaBejieHa Ha puc.3.1a.

ofellafoloJo) 3.
i felsgeol ..

Puc.3.1. Kackaa Ha mojibOBOMY TPaH3HUCTOPI 13 CIIIJIBHUM BUTOKOM:
a) MPUHLIMIIOBA CXEMA;
0) ekBiBaJIcHTHA cxeMa JUlsl Bu3HaueHHs K(Ww) 3 ypaXyBaHHSM HIYHTYIOYUX EMHOCTEH;
B) CKBIBaJCHTHA CcXeMa JuIs Bu3HaueHHs K(W) 3 ypaxyBaHHSIM €MHOCTI PO3/IiJI0BOTO
KOHJIeHCaTopa
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Ha puc.3.10 mnpeacraBneHa eKBIBaJeHTHa cXeMa Kackady, y SKii mopsan 3
PE3UCTUBHUMU €JICMEHTaMH BpaxOBaHa: BUXiJHA €MHICTh TpaH3ucTtopa Ccp, EMHICTh
MoHTaXy Cum 1 BXiJIHA EMHICTh HaBaHTa)KeHHS Kackanay CH, IpeacTaBiieH] eIEMEHTOM
3 ekBiBasicHTHOIO eMHICTIO Ce = Ccp+Cu+CH. Taki exkBiBaJCHTHI CXEeMH, IO JT00pe
ONMHCYIOTh XapaKTEPUCTHUKH ITICHITIOBATHHUX KAacKadiB B 00JAaCcTi BHCOKHUX YacTOT,
Ha3UBAIOTh BUCOKOUACTOMHUMU.

Jl1is eKBiBaJIGHTHOI CXeMH, HaBe/leHOi Ha puc.3.10, METOIOM BY3JI0BHX HAIPYT
y KOMIUIEKCHIA (hopMi 3amuiieMo PiBHSHHS U1l KOMILIEKCHOT aMILTITYAH BUX1THOT

Hanpyru U g,y
(Gg + ja)CE)UBHX :_SUBX’

ne Ge= Gpy+Gc+GH — cymapHa eKBiBaJICHTHA ITPOBIAHICTb.
3 BOTO PIBHSHHS BUIUIMBAE (OpMYyJia, III0 BH3HAYAE KOMNJIEKCHY Nepeoamuy
@yHKYyito KacKany

-SR, k
K(o)= T~ =T — (3.1)
1+ JaﬁYRY 1+ JC()TA
Tyr: Kk = — SRe — xoedimieHT Tepenayi curHayry 3a Hampyroro 0e3 BpaxXyBaHHS

BIUIUBY eMHocTed (muB. mpuknan 2.1); 73 =CyRy— mocriiina yacy nepesapsmny

emHocTi C E.
Amnaimyono-uacmomua i azo-yacmomuna xapakmepucmuxu Kackany 3 (3.1)
BU3HAYAIOTHCSA CITIBBITHOIICHHSIMHU:

SRy K|
K(w) = L = , 32
k() JL+(aCRy Y L+ (07, ) (-2
argK (@) = 7 —arctgaCyR, = 7 —arctgwr, | (3.26)

3 ¢opmynu (3.2) BUIHO, IO 31 30UIBIICHHSAM YaCTOTH KOSMIIIEHT IiICHICHHS
3MEHIIYEThCS, TOOTO Kackaa (aKTUUHO € Diibmpom HUNCHIX 4acmom, TPaHUYHA
4acTOTa SKOTO BU3HAYAETHCS (DOPMYIIOIO

wrp=1/(CeRe)=1/15.

TakuM 4YMHOM, BHIUIMBA€E, WIIO0 €MHOCTI, SIKi IIYHTYWOTb CHTHAJIH,
3yMOBJIIOIOTH 00MeKeHHS 1iala30Hy BEPXHIX 4acTOT MiICMIIIOBAHUX KOJIMBAHb.

BigzHaunMo TakoXk, Mo I00yTOK BenMuuH Koedimienta migacuineHHs |K|
1 TPaHUYHOI YaCTOTH WP

| K|lwrp= SICE. (3.3)

€ MIOCTIMHOIO BEJIMYMHOIO, 110 3aJIEKUTH TIIBKH Big S 1 Ck.
Omxe, YMM mHpPIIE AiaNa30H 4YacTOT MiJCHJIIOBAHUX KOJUBAHb, THM
MeHIe Koe(iuieHT miICUJIEHHS KaCKaay, | HABIaKH.
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Ha puc.3.2a HaBeneHO HOpPMOBaHMI 32 MakCUMyMOM Trpadik aMIUTTYAHO-
gacToTHOI xapaktepuctuku (AYX) kackamy B poO3TIIHYTOMY HaONMKEHHI, IO
BpaxoBye IIyHTYH4l eMHOCTi. Ha rpadiky mo oci abcuuc y jgorapugmigHoMy
MaciuTadi Bigkiamaena yacrora f = w/2rm.

AUX AUX

S 1

Puc.3.2 AMIIIITYJHO-4aCTOTHI XapaKTEPUCTUKH TT1ICHITIOBAILHOTO KaCKaIy:
a) 3 ypaxyBaHHIM €MHOCTEH, 1[0 IIYHTYIOTh CUTHAIT;
0) 3 ypaxyBaHHSIM €MHOCTI PO3/1JIOBOTO KOHJIEHCATOPA

3aeoanna ona camocminunoi pooomu

1.V pob6ouomy 301IUTI sl CAMOCTIMHOI POOOTH MOBTOPUTH MOCTIAOBHICTH i, siKa
Oyja BUKOpPUCTaHa MpPU aHaJi31 BIUIUBY €MHOCTEH, IO NIYHTYIOTh CHUTHANU, Ha
XapaKTEPUCTUKHU KacKaay 3 CIIUIbHUM BUTOKOM, MTPEACTABICHOT0 Ha puc.3.1a:

1.1. 3aificHUTH TIepeXia BiJ IMPUHIIMIIOBOI cXeMH Kackany (puc.3.l1a) mo roro
€KBIBaJICHTHOI CXeMH, 10/1aHoi Ha puc.3.10;

1.2. nns oTpUMaHOI €KBIBAJICHTHOI CXEMU 3allMCaTU PIBHAHHSA, 10 3B'A3ye Ujzx
1Uagss
1.3. ogepxkatu Gpopmyiy (3.1), 0 BU3HAYAE KOMIUIEKCHY MepenaTHy QyHKIIi0

Kackany 1 ¢opmynu (3.2), M0 BUpaXarTh aMIUIITYJHO-4aCTOTHY 1 (pa30-4acTOTHY

XapaKTePUCTUKHU KacKay;
1
2

BEPXHIO TPAaHUYHY YaCTOTY ITiJICUITIOBAaHUX KOJIMBAHb,

1.5. onepxatu Gopmyny (3.3), 1m0 BU3HAUA€E 3B'SI30K KoeillieHTa MiACUICHHS
KacKkajy 1 Jilarma3oHy 4acToT MMiICUJIFOBAHUX KOJINBAHb;

1.6. ocMucaut otpumani Qopmynu, HakpecauTu Trpadik AUYX kackamy,
3alMCaTy B 30IIUTI BIJAIIOBIAHI BUCHOBKH.
2. Ananoriyno m.m. 1.1 — 1.6 mpoBecTu aHami3 BIUIMBY €MHOCTEH, 110 IIYHTYIOTh
CUTHAJIU, Ha XapaKTePUCTHKW: a) KacKaay Ha OIMOJsIpHOMY TpaH3HUCTODI,
MPEAICTABICHOTO0 Ha puc2.2; 0) MOBTOpIOBavYa Ha IMOJHLOBOMY TPAH3UCTOPI, CXEMY
SIKOTO HaBEJCHO Ha puc.2.3.

1.4. 3 po3B’sA3Ky piBHAHHS ‘K(a)ﬁa )‘: , oziepkati (HopMyITy, IO BU3HAYAE

Konumponwvni numannsn
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1. SIxi eMHOCTI UIYHTYIOTh CUTHAJIM B MJCHIIIOBaYaXx?

2. Y yomMy NpOSBISETHCA TXHIM BILTUB?

3. SIxuii Qizuunmii 3mict napamerpa 7; =CyRy, mo npucyrHiii y dpopmynax (3.1) 1
(3.2)?

4. Sxnii BaXKJIMBHUI BUCHOBOK BUTIKA€E 3 hopmynu (3.3)?

5. Sk 3MiHATBCS KOe(DILIEHT MiACUIICHHS Kackaay 1 BEpXHA TpaHMYHA dYacToTa
M1JICUJIIOBAHUX KOJIMBaHb MPH 30UIBIIICHH] Oropy pe3ucropa R¢?

3.2. BB €éMHOCTeH PO3iJIOBUX KOHAEHCATOPIB

[IponoBxkuMo po3risia MIACHIIOBAIBHOTO Kackamy (puc.3.la), modatuit
B [IONIEPETHBOMY ITYHKTI, ajie Tenep OyJeMO BpaxOBYBAaTH TIJIbKH BILIUB PO3JIJIOBOrO
koHzieHcaTopa Cp2. BifmoBigHa eKkBiBaJIeHTHA cxeMa MojlaHa Ha puc.3.1B.

JUis Hei MEeToJOM BY3JIOBUX HAIpyr y KOMIUIEKCHIM (opMi 3anmuiieMo

PIBHSAHHS JIJIs KOMIUIEKCHHX aMILTiTy ] Hanpyr Bysais U, i U,

{GAI +Gy + jalCy, —jaCy, } Ul _ _SUAC)
_ijDz Gi +ja)CDZ Uz 0

’ . . o
Po3B’sA3yroun 110 CHCTEMY PIBHSAHB, 3 ypaxyBaHHAM Toro, mo Uzges =U,,
3HAXOAUMO KOMNAEKCHY nepeoamuy yHKyito KacKkamy

: 1 1.
- Ry R - (3.4)
R« 7T :
eufr e ) o
Ra +Ry
Tyr: K = — SRe — koedimieHT mepenadi CUTHAIY 3a HANpPyrow 0Oe3 BpaxyBaHHS

BBy eMHOCTI; GE=GpH+Gc+GH; v = Cp2(Rr+(RerRc/(ReH+Rc))) — nocriiina
qacy mnepe3apsly EMHOCTI PO3/ij10BOT0 KoHieHcaTopa Cpo.

Amnaimyono-yuacmomua i ¢pazo-uacmomua xapaxmepucmuxu xackany 3 (3.4)
BU3HAYAIOTHCA (POpMysIaMu:

K
K(w)=——
1+12 |
(077 ) (3.5)
argK (o) =7+ arctg[i] _
OT;
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3 dopmyn (3.5) BuAHO, 1O KOEQIIMIEHT TMIACUICHHS 3MEHIIYETHCS
31 3MEHIIIEHHSIM YacTOTH, TOOTO Kackaa (haKTUYHO € Diibmpom 6epXHIX uacmom,
rpannyHa yacrora skoro wrp=1/(Cp2Re)=1/tn, ne Re=Ru+(RsxRc1/(Ren+Rc)).

HopMoBaHnwmii 3a MaKCUMyMOM Trpadik aMILUTITYHO-9aCTOTHOI XapaKTePUCTHKH
KacKaly B PO3MVISHYTOMY HaOJMKEHHI, 110 BPAXOBYE PO3JLJIOBY €MHICTh, HaBEJICHO
Ha puc.3.26. Ha rpadiky mo oci abcmuc y norapupmMiyHOMy MaciiTadi BiakiIageHa
vactota f = w/217.

AHami3z Toro x kackamy (puc.3.la) 3 ypaxyBaHHsiM emHocTeil Cg 1 Cp2
OJTHOYACHO, TIPOBEJCHHUI aHAIOTIYHO IMOTepeaHiM BHUmaakam, 3a yMoBU Ce<<Cp2
MPUBOIUTH JI0 BUPA3y

K(a)) _ -SR, _ k

: 1
1+ )| oty ———
1 [ T ) (3.6)

Rai R
Ra +Rg

Amnnimyono-uacmomua i gazo-wacmomua xapaxmepucmuxu xackamy 3 (3.6)
BU3HAYAIOTHCA (POpMyIaMu:

K (@)=

K

1
argK(w) =7 —arctg| or; ————
[ 1]2’ gk (@) N o ) (3.7)
1+| oty ————
COT[

3 oTpuMaHux (GopMys Terep BUIHO, IO KACKaJ € MO CYTi — cMy208uil (hitbmp,
IO IACWIIOC CHTHAIM B cMy3i 9actoT Bix wrpH = 1/(Cp2Re)=1/th 1o wres =
1/(CeRg)=1/ts. Horo HoOpMOBaHa 32 MAaKCUMyMOM  aMILTiTyJIHO-4aCTOTHA
XapaKTEepHUCTHKA B JIOrapu(PpMIiYHOMY MaciTadl 4acTOTH HaBeJeHa Ha puc.3.3.
AUX

1
1]
2

Puc.3.3. AMImIiTyAHO-4aCTOTHA XapaKTepUCTHUKA MiACUIIOBAIBHOTO KaCKaIy
3 ypaxyBaHHSAM PO3JUIOBOi EMHOCTI Ta EMHOCTEH, 110 IIYHTYIOTh CUTHAI
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Crning 3a3HaYMTH, MO B Cy4YacHIW CXEMOTEXHIIl MiJCHUIIOBAYiB, SK MPABHIIO,
00X0aAThCsI 0€3 PO3AIIOBUX KOHJICHCATOPIB 1, TOMY, PO3MVISHYTHMM TYT OCTaHHIN
NIPUKJIA]] TIEPECITiIye HaBYATbHY METY.

3aeoanns ona camocmiiinoi pooomu

1.V poGouomy 30mHTI JyIsi CAaMOCTIHHOI pOOOTH MOBTOPUTH MOCTIAOBHICTD i, fKa
BUKOPHCTOBYBaJach TIpU aHali3l BIUIMBY PO3JIOBOTO  KOHJEHcatopa Ha
XapaKTePUCTHKN KacKaJy 3 CIUIbHUM BHTOKOM, CXE€Ma fKOro IMpe/AcTaBlicHa Ha
puc.3.1a:

1.1. 3mificHuTH TepexiA BiA MPUHIMIOBOI cxemu (puc.3.la) mo naHoi Ha
puc.3.1B eKBIBaJICHTHOT CXEMH,

1.2. i oTpuMaHOi €KBIBJIEHTHOI CXEMM 3alicaTH CHUCTEMY pPIBHSHB, IO
se'asye Ups i Upge=Us ;

1.3. ongepxxatu popmyny (3.4), sika BU3HaUa€ KOMIUIEKCHY nepenaTHy GyHKIII0
Kackagy 1 ¢opmynu (3.5), M0 BHpaxarTh aMILNTYJHO-4aCTOTHY 1 ()a30-4aCTOTHY

XApPaKTCPHUCTHUKH KAaCKaay,
1

2
HUKHIO TPAHUYHY YaCTOTY I1JICUITIOBAaHUX KOJIMBAHb;

1.5. ocmuciaut otpumani Qopmynu, Hakpeciautu Tpadik AUX Kackany,
3amucaTy B 30IIUTI BIAMOBIIHI BUCHOBKHU.
2. Ananoriyno n.m. 1.1 — 1.6 mpoBecTH aHaJli3 CIUJILHOTO BIUIMBY Ha XapaKTEPUCTUKU
KacKaJy pO3/IJIOBOTO KOHACHCAaTOpa Ta €MHOCTEH, IO IIYHTUPYIOTh CHUTHAJH.
Onepxatu Gopmyny (3.6), 1110 BU3HaUYa€ KOMIUIEKCHY TepeaTHy (PyHKIIII0 Kackamy 1
dbopmymu  (3.7), 1m0 BUpPaXaTh AaMIUIITYJHO-4acTOTHY 1 ()a30-4acCTOTHY
xapaktepuctuku. Hakpecnmutu rpadixk AUYX kackagy 3 ypaxyBaHHSIM 3a3HAUECHUX
€MHOCTEN

1.4. 3 po3B’sA3Ky pIBHSHHS ‘K(wﬁa )‘: , ofepxKatu GOpMyJly, IO BM3HAYAE

Konmponvni numannus

1.V yomy BUSIBASIETBCS  BIUIMB ~ €MHOCTEH  PO3IIJIOBUX  KOHJIEHCATOPIB
MJICHIIOBAIbHUX KacKaiB?

2. Sxuii izuuHMH 3MiCT mapameTpa 7; , IKUi npucyTHii y popmynax (3.4) i (3.5)?

3. SIx moTpiOHO 3MIHUTH EMHICTH PO3ALIOBOTO KOHJEHCATOPA, 00 3HU3UTU HUKHIO
TPaHUYHY YaCTOTY MiJCUIIOBAHNX KOJIUBAHb?

3.3. BiiiuB npoxiiHuX €MHOCTe

Tenep mokaxemMo, SK IOCHIKYETbCS BIUIMB Ha mnepeAaTHl (QyHKIT 1 BXiAHI
OTIOpU TIJCUJIIOBAYIB MPOXIOHUX EMHOCMEU — €MHOCTEH, 0 3HAXOISThCA MIXK
BXIJIHUMH 1 BHUXIJIHUMH KOJIaMHM KackaiiB. K MpUKIa[ MPOJIOBXKUMO PO3TIIS
obOpaHoro panimie mijacuwiroBada (puc.3.1a). TyT mpoXiTHOIO € EMHICTh MIXK 3aCJIOHOM
i crokom Ttpan3ucropa Csc (izmuHOi cxemu 3amillieHHS TpaH3ucropa (puc.l.3B).
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ExBiBaeHTHI CXeMH KackKaiy, IO BPaxOBYIOTh TiUIbkH If0 eMHIcTh Csc = Cpp i
yBeJleHy Buie cymapHy npoBinHICTe Ge = Gpy+Gc+GhH, HaBeneHo Ha puc.3.4a 1
puc.3.40.

{0 'LB@ [0 o o@ciou @l

B

: . U
ja)CnF,UB$C”FFSUB@ GE[‘I] CE—l_ o
B)

Puc.3.4. ExBiBajieHTHI CXeMH KacKajay Ha MOJIbOBOMY TPAH3UCTOPI 31 CHIJIBHUM BUTOKOM JIJIS
Bu3HauyeHHs K(w):

a), 0) 3 ypaxyBaHHSIM MPOXITHOI EMHOCTI;

B) 3 ypaxyBaHHSM ITPOXiTHOI EMHOCTI 1 EMHOCTI, III0 ITYHTY€E CUTHAI

Jlns cxemu puc.3.40 3aUCYEMO PIBHSIHHSA, IO 3B'SA3y€ KOMIUIEKCHI aMILTITYAN

Uso i Uago,
(Gy +jaCip)Uags =—(S—jaCip )Uss

3 HBOT'O BUILIMBAE BUPA3, 1110 BUSHAUAE KOMNJIEKCHY nepeoamH)y QyHKYito KacKamy,

K(w):_S—ja)C'rD - R. S—ja)C-,-D (38)
GY"'ja)C'rD Y1+ja)C-|-DRY . .

3 (3.8) ogepxyeMo dopmylly IS aMmAimMyOHO-YACMOMHOL  XapaKmepucmuxu
Kackamy

JS? +(eCio )
K (o)|=Ry . (3.9)
1+ (COTA )
ne 78 = Cnp Re — nocriitHa yacy nepesapsiny emHocti Crp.

3 dopmynu (3.9) BugHO, M0 KOEMIIEHT MIACWICHHS 31 3pOCTaHHSAM YacTOTH
3MeHIyeThes Bia 3HadeHHs |K|=SRe no onuuuii. TakuM YrHOM, MPOXiTHA EMHICTH
Cnp, noioHo emHocTi Cg, BIUTUB sIKOi 3'1COBaHO B 11.3.1, BHKOHY€ IIYHTYHOYY [il0,
00OMEXYI0UuH 3BepXY JAiarna3oH 4acTOT MiICUIIOBAHUX KOJUBAHb.

ExBiBaJIeHTH1 CXeMHU PO3IJISIHYTOTO KacKaidy, 1110 BpaxoBYIOTh OOM/IB1 3a3HAUEHI
€MHOCTI, TIpe/icTaByieH] Ha puc.3.4B. PIBHSHHS /11 KOMIUIEKCHOT aMILTITy I BUX1THOT
Hanpyru Uz, B II5OMY BUIIAJKy Ma€ BUIJISL
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(G + jo(Cg +Cpp)J gy =—(S — jaCpp)U gy
BIJIKUJISI 3HAXOJIUMO KOMNJIEKCHY nepedamHy QyHKYito KacKamay

jaﬁ'I'D
. 11218
()= ST1Co)R o s (3.10)
1+ jo(Cy +Cip )Ry "1+ jo(Cy +Cip )Ry

AHami3yloud OCTAHHE CIIBBIJHOIIECHHS, 3ayBaXHMO, IO 31 30UIbLICHHSIM
JaCTOTH KOCQIIIEHT MiJICHICHHS 3MEHITYyeThCs BiJ 3HadeHHS |K|=SRe npu w=0 no
snaueHHs |K|=Crpl (Ce+ Cpp) mpu w— 0.

Bxiony nposionicms Kackagy BH3HAUYAIOTH criBBigHOmIeHHsM Yaxx=| gx/U AS

ne HeBiIoMUM € BXxigHuM cTpyM Igx. Illo0 BH3HauuTH ¥OrO, BUKOPHUCTOBYEMO
CKBIBaJICHTHI TIPEJICTaBJICHHS BUXIIHOI cxeMu puc.3.1a, mo HaBeneHi Ha puc.3.5. Tyt
BpPaxoBaHO EMHOCTI TpaH3ucTopa: BxigHa C3g, i mpoxigHa eMHicTh Crp=Casc.

i
o J_ 1 I.- 7 '
UBX\ G3 C3M 'SUBX GS UBbIX UBXC) G3 C;% UBbIX

(o,

3c |,

I, Gre
|

a) 6)
Puc.3.5. ExBiBaJIeHTHI CXeMHU KacKaay Ha MOJIbOBOMY TPAH3UCTOPI 3 CHIIBHUM BUTOKOM JIS
BU3HAYEHHA ZBx.K 3 YpPaXyBaHHIM IIPOX1IHOI EMHOCTI

Jns cxemu puc.3.50, miaCymMOBYHOUM CTpyMu Tany3gok li, l2 1 |3 3
ypaxyBaHHSAM OTpHMaHOro Buuie criBBigHomeHHd U;gqs =-SRyUzs, 3HaAXOIMMO

BXIJTHUU CTPyM

I'AO :G(;L'JAé + J'COCQEUA@ +jalCi (UAc _UAOC)) =
= (GC + Jaﬁ(;E + jaﬁl'D (1+SRY))UA© =
:(GC +jaCq + ja)Cl.D(1+|k|))U

a TIOTIM 8XIOHY NPOBIOHICHb

AD

Yexk= Gz + jw(Css+ Crp (1+ |K|)). (3.11)

Octanns (opmyna mokKaszye, IO B MiJCHIIOBAIBHUX KacKadaxX 13 CHUTBHUM
EMITYBaJILHUM €JIEKTPOJIOM MPOXiHI €MHOCTI iCTOTHO BIUIMBAIOTh HA BXiIHUIA
omip kackany Zexk= 1/YBxk, 3HA4YHO 30iIbIIYIOYH HOr0 BXiIHY €MHICTb, TOOTO
3MEHIIYIOYH BXiIHMH Omip 3i 3pocTaHHAM 4YacToTH. MOXKHa moKa3aTu, O Leu
edeKT BIACYTHIH y TMIJACWIIOBAJIBHUX KacKaJlax 13 CIUIBHUM KEepyBaJbHUM
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€JIEKTPOJIOM, IO 1 BU3HAYA€ IIMPOKE BUKOPUCTAHHS OCTAHHIX y MIACHIIIOBayYax, sKi
MPAIOIOTh Ha BUCOKHX YaCTOTaX.

3asoanns ona camocmiinoi pooomu

1.V pobouomy 30muUTI JJIs1 CaMOCTIMHOT POOOTH MOBTOPUTH IMOCIITOBHICTh AiH, IO
Oyna BHUKOpPHUCTaHA TpPHM aHaNi3l BIUIMBY MPOXITHOI €MHOCTI Ha XapaKTEPUCTUKU
KacKajy 3 CITUIBHIM BUTOKOM, MPEJCTaBIeHOro Ha puc.3.1a:

1.1. 3mificHUTH TIepeXia BiJl MPUHIMIOBOI cxemu (puc.3.1a) 1o eKBiBaJICHTHOI
cxemH, aHoi Ha puc.3.40, 1Mo BpaxoBye TUIbKU POXiAHY €MHICTb Crip;

1.2. 1uig OTpUMaHOI €KBIBAaJIEHTHOI CXEMHM 3alucaTy piBHAHHS, MO 3B'13ye Uag
i Uago;

1.3. ogepxkatu Gpopmyiy (3.8), 110 BU3HAYAE KOMIUIEKCHY MepeaTHy (PyHKIIi0
kackany K(w) i popmyiy (3.9), o Bupaxae aMILTITYAHO-9aCTOTHY XapaKTePUCTUKY
Kackajy 3 ypaxyBaHHIM €MHOCTI Crip;

1.4. 3pilicHUTH Tiepexia BiJl IPUHIMIOBOI cxemu (puc.3.1a) 10 eKBIBaJIEHTHOI

cxemu, naHoi Ha puc.3.40, mo BpaxoBye mpoxinHy eMHICTh Crp 1 emHicTh CE, sKa
HIYHTYIOE CUTHAI;

1.5. ast OTpHMaHOI €KBiBaJEHTHOI CXEMH 3amucaT piBHSHHSA, 110 3B'13ye Ujzq
i Unoe;

1.6. ogepxatu  popmyny (3.10), 1m0 BuU3HAYAE KOMIUIEKCHY IMepeaaTHy
byHKio kackany K(w);

1.7. 3piiicHUTH TepexiJ BiJ MPUHLHUIIOBOI cxeMmu (puc.3.l1a) 10 ekBiBaJE€HTHUX
CXeM, IMOJaHuX Ha pHUC.3.5, M0 BPaxOBYKHOTh EMHOCTI TpaH3ucropa: BXimgHy Css, i
npoxiaay Cnp=Csc;

1.8. onepxkatu popmyimy (3.11), mo BU3HaUa€e KOMIUIEKCHY BXiTHY MPOBIAHICTD
Kackany YBxK;

1.9. ocMuCaUTH OTpUMaH1 BUPA3H, 3aIMCaTH B 30IIMTI BiAMOBITHI BUCHOBKH.

Konmponvni numannus

1. V yomy BUSBISETHCS BIUIMB MPOXIJHUX EMHOCTEH MIJICUITIOBAIBHUX KACKaIiB?

2. Slkuii Bi3MIHUM 3MiCT mapaMeTpa 7 , 1o NPUCYTHIHN y popmymnax (3.8) 1 (3.9)?

3. Slkuil BIUIMB  3AIMCHIOIOTH MPOXIJHI €MHOCTI Ha  aMIUTITyJHO-YaCTOTHY
XapaKTEPUCTHUKY 1 HA KOMIUIEKCHUHN BX1AHHUH OMip MiACUIIOBAILHUX KACKalIB?
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4. AHAJI3 CeJIEKTUBHUX MiICHJIIOBAYiB

Y upoMy MYHKTI pO3TIASHEMO TNPUKIAAM, [0 TMOACHIOIOTH  aHali3
MIJICUTIOBAILHUX KacKajiB, IO MICTATh y CBOEMY CKJIaJl pPE30HAHCHI Kojla —
OJIMHOYHI i 3B'A3aHi KOJNMBAIbHI KOHTYPH. [XHS HasBHICTH OOYMOBIIIOE CIIONYYEHHS
B OJIHOMY KacKaji SBUI MIJACUJIECHHS 1 PE30HAHCy, 3a0e3nmedyloud TUM CaMHUM
YaCTOTHY CEJICKTUBHICTH IMiJICWIOBadiB. [0 4yMcia OCHOBHHMX MapameTpiB TaKuX
KacKaJliB BIAHOCATHCS: YaCmoma HACMpOoI08aHHs WH, cMy2a nponyckauusa AWy, axa
BU3HAYAETHCS K PI3HUI TPAHUYHUX YaCTOT aMILIITY/THO-9aCTOTHOT XapaKTEPUCTUKHU
AWn=Wrp.B — Wrp.H 1 kKoegiyicnm niocunenns K, 3HaAYCHHS SKOTO BU3HAYAETHCS, SIK
OpaBWjO, HA YacTOTi @py. YCl I TapaMeTpu BHU3HAYAIOTHCA KOMNIEKCHOO
nepedammoio Qyukyicto kackaoy K(w).

3 pO3MISIHYTUX BHUINEC B T.2 KaCKadiB, JUII KOHCTPYIOBAHHS CeNeKMUBHUX
niocun06ayie MPUWHATHI KACKaAMW 31 CHUJIBHUM €MITYBaJIBHUM eleKTpojaoM (1. 2.1),
KacKaJu 31 CHUIBHUM KEpYBaJIbHUM eJeKTpoAoM (1.2.4) 1 KacKOJHI MiJICHIIIOBaul
(n.2.5). 3amiHa B KOXHOMY 3 HHMX pPE3UCTOpIB HaBaHTakeHb Ell koiuBaibHHUMU
KOHTYpaMH TEpeTBOPIOE Il Kackaau y cenekTuBHI (pe3oHaHcHi). [lpu anamizi
mpoliiecy MiJCWICHHS, SK 1 BUIE, OyJeMO BBa)XaTH CUTHAJIU JOCUTh MalluMH, 1100
BUKOPUCTOBYBAaTH MaJIOCUTHaNIBbHI cxemu 3amimieHHs EIl, a mpkepena BXigHUX
CUTHAJIIB OYJIeMO MPEACTABIISITH JKEpeIaMu HAlpyru 3 Hampyramu, 1o 3aJaloThCs,
piBauMHu Ugx. BrmuBom emuocteii Csn 1 Cp Ha YacTOTHI XapaKTEPUCTUKHM KacKamy
OyneMo HeXTyBaTH, a €MHOCTI (i3uuHux cxeM 3amimieHHs EIl, HaBaHTaxxeHHS,
MOHTa)Xy Ta 1HII1 OyZeMO BpaxoBYBaTH B MIpy HEOOXI1THOCTI.

4.1. Kackaam 3 0AMHOYHUMH KOHTYpPaMHu

4.1.1. Pe3oHaHCHUIT NIACHJIIOBAJIBHUNA KACKAJ i3 CILUIBHUM eMiTepoM
Sx mepmwmii mpuUKIan PO3TIITHEMO pPe30HAHCHUL TIICUIIOBATLHUN KacKaj Ha
O1MOJIIPHOMY TPAH3UCTOPI 31 CHIIBHUM EMITEPOM, CXEMa SIKOTo MojaHa Ha puc.4.1a.
L °+Uy
Car lclt
R51|:| CP2

o_|C|i VT,
R

e el o ool Do B el

a) 6)
Puc.4.1. PesonancHuil miicCUIIOBaIbHUN Kackaj Ha OIMOJISSPHOMY TPaH3UCTOPI 31 CHUIBHUM
eMiTepoM:
a) MPUHIUIIOBA CXEMa;
0) exkBiBaJICHTHA cxema JJis Bu3HadeHHs K(w)

[TopiBHIOIOYH 110 CXEMY 3 PO3TISHYTOIO BULIE B 1. 2.1 cXeMor0, HaBeIeHOI0 Ha
puc.2.1a, BIAMITUMO, III0 BOHU BiAPI3HAIOTHCS TUIBKU HAaBAHTAKECHHSIM TPAH3UCTOPA.
VY cxemi puc.2.1a e pe3uctop Rk, TyT — KOMMBaIbHUIA KOHTYp 3 KoHAeHcaTopoM C u
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KOTYIIKOIO IHIYKTUBHOCTI L. AHami3yloun eKBiBaJIEHTHY CXE€MY KacKajy, Ky MOJaHO
Ha puc.4.10, moaiOHO TOMYy, SIK 116 BUKOHAHO B 1.2.1, oJiep>KUMO BHpa3, 1[0 BU3HAYAE
KOMIUICKCHY TIepeaTHy (PyHKIIIIO IMiICHIIIOBava;:

jol
4.1
K (@)= S =SRN(0) @)
Gy +] (a)C - j
ol
ne Ge = Gpy+GH — ekBiBaJIeHTHA IPOBIIHICTb,
1 : .
N (a)) = — CIIIBMHOXHHK, 10 OMUCYE SIBUIIE PE30HAHCY 3 HOTO
. w O
1+ jQ| ———%
w,

OCHOBHUMH IapaMeTpaMH: Pe30HAHCHOIO dacmomoio wWo=1/ JLC 1 00bpomuicmio
Q=woCRE.

Leli cniBMHOXHUK BifpizHae Gopmyny (4.1) Big (2.1) 1 came BIH BU3Hayae
3QJICKHICTh KOoe(illleHTa MIACUJICHHS BiJ YacTOTH. AmniaimyoHo-yacmomua i ¢azo-
yacmomua xapakmepucmuxu kackany 3 (4.1) Bu3Ha4aroTbcst GopmysiamMu:

SR,
K ()| =SRy|N(e)|= —
1+ 0O? L _D
+Q W, o (4.2)
argK (o) = 7 —arctgQ @ %
w, o

3 oTtpumaHux (GOpMyJN BUIIUBAE, 10 MAKCHUMAJLHUI KoedilieHT
migcuiaeHnst Kmax=SREg ocsiraeTbcst Ha pe3oHAHCHi YacToTi KOHTYpPY Wo. Bona
1 BU3HAYAE yacmomy HACMpOo6arHs TIJICUIIOBaYa, TOOTO WH=Wo. AmniimyoHo-
yacmomua Xapakmepucmuka KacKaay Ma€ BWIJSA] PE30HAHCHOI KPHUBOI, IO
3YMOBJIIOE JIIHIHHI CIIOTBOPEHHS CUTHAIB, PONOPIiiHI criiBMHOKHUKY N(w). Cuyea
nponyckauus Awn BuzHadaeTbes ao0potHicTIo Q. [MoasipHicTh cuUrHAdiB npH
NiICHJIeHHI 3MiHIOETHCH.

4.1.2. Pe3oHaHCHUI MiACHIIOBAJILHII KAacKa/ i3 CIJILHOIO 023010

Sx apyruil mpuKIan po3TIITHEMO pe30HAHCHUU TIACWIIOBATLHUN KacKaa Ha
OIMOJISIPHOMY TPaH3UCTOP1 31 CHUIBHOIO 0a3010, CXeMa SKOTro MoKa3aHa Ha puc.4.2a.
[TopiBHIOIOUH ii 31 cXeMO0 puc.2.4a, po3rNIAHYTOI BUIle B M. 2.4, BIIMITUMO, IO H Yy
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IIbOMY BHUNAAKy BOHH BIAPI3HSIOTHCS TUIBKM HABAaHTAXEHHSM TpaH3WCTOpa. TyT
HaBAaHTAKEHHS TPAH3UCTOpAa — II€ TaKOX KOJUBAIBHHHA KOHTYP 3 KOTYIIKOIO
1HIYKTUBHOCTI L 1 koHIeHcaTopoM C, KN YBIMKHEHO MK KOJICKTOPOM 1 CIUJIBHUM
BY3JIOM.

SU,,
Ca= °+U o £ K
A L - L—clt :
C, Ry, VT % . UBX[GE I:‘I]Gsx[l‘] G,y T ; Géftl [UBMX
o—” | o £ o—

Py
/|
I

] 0)
UBX E R H U ° .
] 2P T ool el
o —— o o

a)
Puc.4.2. Pe3oHaHCHMI TiICHITIOBAIFHUM KacKaJ Ha OIMOIAPHOMY TPAaH3UCTOPI 31 CIUIIBHOIO
6azoro:
a) IPUHIMIIOBA CXEMA;
0) ekBiBaJICHTHA cxema il BusHaueHHs K(w);
B) OCTaTOYHA EKBIBAJICHTHA CXeMa ISl BU3HaueHHs K(w)

AHani3yloun €KBIBJIEHTHY CXEMy KacKaay, HpelIcTaBlieHy Ha puc.4.2s,
MoAiIOHO TOMY, SIK II€ BUKOHAHO B 11.2.4, MaeMo

G; +G; +ja)C+_i U,

jol ) :(S+GAi )UAO .

C

[Toznaunmo Gar + GH= Gg 1 0OIEPKUMO KOMNIEKCHY nepedammy QyHKYio

S +Gy
G, +jlec—1) (4.3)
ol

K(w)=

3a ymoBu S >>Gpp, 1110 3BHUAHHO BUKOHYETHCS, MAEMO

S

K(w)= =SRyN (@)

G, +jlec-1 (44)
ol

Bigmitumo, 110, SK 1 B HonepeaHbOMY TPUKIIAL, 111 GOpMYIH BIIPI3HIIOTHCS
Big (2.11) i (2.12) nume pe3onancHuM MHOXHHKOM N(W), wo BU3HAYAE BUTIIA
YaCTOTHUX XapaKTEPUCTUK KACKATY.

Y  po3misiHyTOMYy TIACWIIOBa4Yl  MOJSIPHICTH CUTHANIB  30epiraerbcs,
BiOyBarOThCS I1XHI JTHIMHI CHOTBOpeHHs, mnpomopiiiiai N(w), MakcuManbHUR
koedinieHT macuiacHas Kmax=SRE gocsaraeTbes Ha pe30HaHCHIN YacTOTiI Wo.

4.1.3. PezoHAaHCHUM KACKOIHUH MiICHIIOBAY

Sk TpeTiil mpHKIax PO3IVITHEMO PE30HAHCHUN KACKOAHWMN MIJACUIIIOBAY Ha
MOJIbOBUX TPAH3UCTOpPAx, CXeMa SKOTro mnmoaaHa Ha puc.4.3a. 3 mOpiBHSHHA 11 31
CXEMOI0 puc.2.5a, pO3IJIIHYTOIO BUIIE B 1. 2.5, BUAHO, IO i y bOMY BHIIaJIKy BOHH

37



BIJIPI3HAIOTBCA TUIBKA 3aMIHOIO pe3ucTopa Rc KonMBampHUM KOHTYPOM, SIKHA
CKJIQJa€ThCsA 3 KOTYHIKA 1HIZyKTUBHOCTI L 1 3miHHOro konaeHcaropa C,
HIIKITIOYEHOT0 3a pO3/iI0BHM KoHaeHcaTtopoMm Cp.

Puc.4.3. Pe3onancHu# KacKOIHUM ITiJICUITIOBAY Ha MOJIbOBUX TPAH3UCTOPAX:
a) IPUHIMIIOBA CXEMA;
0) ekBiBaJICHTHA cxema Jis Bu3HadeHHs K(w)

AHamizytoud eKBIBaJIeHTHY cxeMy puc.4.30 1pOoro Kackamgy, SK 1 Yy
PO3IIIIHYTOMY B 11.2.5 BUNAAKY, MAEMO

S, +Ga1+Ga 2 Gais U1 _ —SUze
—(82 + Gy 2) Gi.+Y ||U, 0 ’

ne Y= Gn + jwC + 1/jwL. 3a ymoBu Sz >>Gpgrr +GpHz 0J1epKUMO
K(w)~-SRyN(w). (4.5)

Sk 1 B momepenHixX MpUKIanax, s GpopMyna Bipi3HIeTbes Big (2.16) TUIbKU
pe30oHaHCHUM MHOXHHKOM N(W), 1110 BHU3HAYa€ BUTIIAL YaCTOTHHX XapaKTEPUCTHK
kackamy. Ille pa3 BigMITHMO, IO KACKOAHWH mMmiACWIOBaY, (HaKTUYHO, €
Mo U (DIKaIE MACHITIOBAIIBHOTO Kackaay 31 CIJIBHUM €MITYBAJIBHUM €JICKTPOJIOM,
SAKUW TPU3HAYEHO IS OCJIa0JIeHHS BIUIMBY MPOXiAHOI €MHOCTI (muB. 1m.3.4) Ha
XapaKTEPUCTUKH M1ACUIIOBayYa.

TakuM YUHOM, AMAHIIMYOHO-UACHOMHI XAPAKM EPUCIUKU 6CIX PO3ZTAAHYMUX
niocuneauie Mmarwomov 6u2iA0 pPEe3OHAHCHOI Kpueoi, 1O XapaKTEPU3Y€E IXHIO
CEJIEKTUBHICTh 1 JIIHIMHI CIOTBOPEHHS CUTHAJIB, uYaAcMoOma HACMPOIBAHHA

1

niocuntoeaua Op GU3HAYACMBCA PE3OHAHCHOW uacmomorw @ = Uy === Ha

LC

1[Il YaCTOTI OCATAETHCSA MAKCUMAIbHUI KOePIIIEHT MiACHICHHS Kackany Kmax=SRE,
IPaHUYHI YaCTOTH CMYIM HpPOIYyCKaHHSA Wrps 1 (D rpH BU3HAYAIOTHCS PIBHAHHAM

K (a)AD) = Kunx , & WUPUHA cMyzu RPONYCcKanHa — GopMyIioro

2

A0y = Oppp — Ogp; = —. (4.6)
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I'padix 9acTOTHOI XapaKTECPUCTHKHU CEICKTUBHUX ITIJCHUIIOBAYIB 3 OJITMHOYHUMHU
LC-pezonamopamu naBeneHo Ha puc.4.7a.

Y pO3rISHYTHX TPHKIAJaxX HE BPAaxXxOBYBABCSA BIUIMB PSAY JIPYTOPSITHUAX
CJICMCHTIB: PE3UCTUBHOCTEH 1 EMHOCTEH €JICKTPOHHMX IPHIIAIIB; PE3UCTHBHOCTI, IO
MOJICJIFOE€ BTPAaTH B KOTYIIIl 1HAYKTUBHOCTI; €EMHOCTI MOHTaXYy; BXIJIHOI €MHOCTI
HaBaHTa)KEHHS TOIIIO.

€MHOCTI, 1O BKJIIOYEHI mnapanenbHo LC-xommypy, momaroThCcsi 10 €MHOCTI
koHTYpy C, 3MEHIITyI0YM 3HaYEHHS PE30HAHCHOI YaCTOTH, SIKa CTA€ PIBHOIO

1
LC,

Wy = ,
ne Ce= C + Cke+ Cut Ch.

BrumB mpoximHoi emuocti Cpp Ha XapaKTepUCTUKU MiJACHIIOBAadYiB  Oyiio
TOCTIDKEHO BUIlE B I1. 3.3. BUKOPUCTOBYIOYH OTpHUMaHI TaM pe3yJIbTaTH, CTOCOBHO
KacKaJliB 13 CIUJIbHUM €MITYBaJbHHUM €JICKTPOJIOM, OJIMH 13 SKUX TYT PO3TJISHYTO Y
MepIIOMY MPUKIIAJIl, 3HAXOAUMO (POpMYITy ISl nepedamHoi hyHKyii Kackaoy

K(w)=—(S—jaCis)RyN(®). (4.7)

3 orpumanoi panimie hopmynu (3.11), npuitHATHOT 1 10 ITUX KacKaJiB, BUTIKAE,
0 TPOXIJHI €MHOCTI MOMITHO BIUIMBAIOTh HAa GXIOHY MPOGIOHICMb KaCKamay, UM
ICTOTHO 30L/IBIIYOTH HOr0 BXiIHY EMHICTb.

VY BUNaAKy KackajiB 13 CIUIBHUM KEpyBaJbHUM €JIEKTPOAOM, OJUH 13 AKUX
PO3TJISTHYTO Y JIPyroMy TMpUKIafi, aHali3 nepedamuoi ¢hyukyii TPUBOAUTH IO
bopmynu

K(w)=(S+jeCp)RyN(w). (4.8)

4.1.4. Pe3oHaHCHUII MiICWIIOBAY i3 aBTOTPaHCHOPMATOPHUM 3B'I3KOM
KOHTYPY 3 EIl i HaBaHTa:KeHHAM KacKaxy

Bxumoueni napanensHo LC-konmypy EIl 1 HaBaHTa)keHHS Kackany, sIKl MalOTh
PE3UCTUBHI BJIACTUBOCTI, a TaKOXX BTPAaTH B KOTYLII IHAYKTUBHOCTI 3MEHIIYIOTh
A00poTHicTH KOHTYPY Q i, OoT:e, PO3MIUPIOIOTH CMYIY NPONYCKAHHS KACKa1y
A@n. Skmo 30iMbIIEHHS CMYTH TPOMYCKAHHS 13 3a3HAYCHUX TPUYHH BUSBISETHCS
Ha/IMIDHUM, TO BHUKOPHUCTOBYIOTh, 30Kpema, asmomparcgopmamopue (uacmroge)
nigkiaoueHHs 10 koutypy EIl 1 HaBanTakeHHs kackany. Ha puc.4.4 300paxena
cXeMa PE30HAHCHOTO ITJICUIIIOBaYa, IO BIAPI3HAETHCA BiJ PO3IVISTHYTOTO BHINE B
n.4.1 macumoBavya cnocoOoM BKIIOYEHHS TpaH3ucTtopa VT 1 HaBaHTaXEHHS KacKamy
RuCr y LC-xoumyp, ne mi1 1 Mz — koediuientu BriatoueHHs EIl 1 HaBaHTa)keHHS
Kackamy.
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Puc.4.4. PezonancHUH MiICKITIOBAaY 3 aBTOTPAHC(HOPMATOPHUM 3B'SI3KOM KOHTYPY 3
TPaH3HCTOPOM 1 HABAHTAXKEHHSIM KacKay:

a) IPUHIMIIOBA CXEMa KacKauy;

0) exBiBaJICHTHA cxeMa Jis Bu3HaueHHs K(w);

B) OCTaTOYHA €KBIBaJEHTHA CXeMa JJisl BUsHaueHHs K(w)

Ha puc.4.40 mnpexacraBieHa €KBIBAJICHTHAa CXeMa IbOTO Kackauy, y SKii
BpaxoBaHi BUXigHA €MHICTh TpaH3uctopa Cke, eMHicTh MOHTaxy Cp, omip BTpar
KOTYIIKH 1HAYKTUBHOCTI Rp, e€MHicTh 1 mpoBigHICTs (G HaBaHTaXCHHS, alie HE
BpPaxOBY€ThCA BX1JIHA YacTWHA Kackamy. Ilicisi eKBIBaJIeHTHUX 3aMiH, HaBEJEHUX Ha
puc.4.5, g cxema mpuiiMae BUTJISA, npeacTaBieHuit Ha puc.4.48. Tyr Ce — noBHa
€KBIBJICHTHA €EMHICTh KacKay, 110 JOPIBHIOE

Ce= C + m1?(Cxe+ Cu) + m22 Cy;
GEe — MoBHA €KBiBaJIeHTHA MPOBIIHICTh KaCKay, 10 JOPIBHIOE

Ge=Gg+ M1°Gpx+ m2? Gp.
Jlnst i€l cxemMu mogiOHO TOMYy, SK BUBommiacs ¢opmyna (4.1), omepxkyemo
BHpAa3 JIJIsl KOMITIEKCHOT TIepeIaTHOl (DyHKIIIT KacKaay

K(w)=— m1 m2 SRe(w). (4.9)

Puc.4.5. ExBiBasieHTHI ITOTAHHS IBOIIOJIIOCHUKIB.
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AHanoriyHl BHUpa3W MOXHA OJIEP)KATH TaKOXK IS CXEM, PO3TISHYTHX Y
APYyroMy i TPEThOMY MPUKIIAAAX, TP BUKOPUCTAHHI B HUX aBTOTPAHCPOPMATOPHOTO
3B's13ky KOHTYpY 3 EIl 1 HaBanTaxxeHHsaMm kackanmy. [ligobopom koedimieHTIB M1 1 My
y cXeMaxX 3 aBTOTPaHC(HOPMATOPHUM 3B'S3KOM 3IIHCHIOIOTH CIPSOKCHHS CIEKTPa
iICHITIOBAHOTO CUTHATY 31 CMYTOIO MPOIMYCKaHHS MiJCHIIOBaYa, YUM 3a0e3MeTy0Th
YACMOMHY CeNeKMUBHICIb CUSHAIG.

4.2. Kackaam 3i 3B'sI3aHUMH KOHTYpPaMu

Yacmomna cenekmusHicmy TiJICUITIOBATBHOTO KaCKaay ICTOTHO MOJIMIIY€ETHCS,
AKIIO B HBOMY BHUKOPUCTOBYIOTHCS 38'13aMi KOMUBANbHI KOIA, Y HAUIPOCTIIIOMY
BUMNAAKy — CHUCTeMa JBOX 3B's3aHUMX KOHTYypiB. Ha puc.4.6a mnpencrarieHa
MPUHITMIIOBA CXE€Ma TaKOTO TPAH3UCTOPHOTO IiJICUIIIOBaYa 3 EMHICHUM 3B'I3KOM
KOHTYpiB, a Ha puc.4.60 — HOro ekBiBaJeHTHA CXeMa, Y sIKii OMyIIeHl BX1JIHI KoJja
KacKajy.

_C 3V
Csﬂ__ R LCl
bl c
O_HP_ VT L, L c 'SUBX _L H jB_
U R R 2 ::HR UBMX $ G|;:| ng ClT CZT ng G|j UBMX
Bx 52[1] E TCEJ'I H ! :
o —1 o 6)

a)
Puc.4.6. IlincuiroBad 31 3B'3aHUMH KOHTYpaMu Ha OIMOJIIPHOMY TPAH3UCTOPI 3 EMHICHUM
3B'SI3KOM KOHTYPIB:
a) MPUHIIMIIOBA CXE€Ma KacKamy;
0) ekBiBaJICHTHA cxema Jis Bu3HaYeHHs K(w).

AHani3 11€1 CXEeMU ICTOTHO CHPOULYETHCA, KOJIU 3B's13aH1 OJJHAKOBI PE30HATOPH.
MeronoM By3J0BUX Hampyr 3alUCyeEMO CHUCTEMY PIBHAHb Yy MPUIYILIEHHI
1ZICHTUYHOCTI €JIEMEHTIB, 110 BXOATH JI0 CKIIay PE30HATOPIB €KBIBAJICHTHOI CXEMU

. 1 )
R+ |Jjo(C+Cq; ) +—— —1aCx . )
J ( NA) ja)L J NA U _SU..
1 Ul = OAO (4.10)
_jaCNA R+j(0(C+CNA)+jE_ 2

ae: G:GAI +G|'1:G|'2+GI' ,C:C1+C| 1+CIAEY:C2+C‘I 2+C|' ; L:L1:L2.
3HaxX0oaUMO PIMICHHS Ii€1 CUCTEMH I KOMIUJIEKCHOI aMILTITYU BUXIJHOI HANpPyTH
Usge =U,-
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—JaCyaS

Usoe = Uro

2
. 1 .
(R +jo(C +CNA)+ja)Lj —(Ja)CNA)Z

1 oiepkyeMo GhopMyIly, III0 BUSHAYAE KOMNIEKCHY nepeoammy yrKyiro TiJICUIIIoBaya

K(w)= — jwC38SReN1(w)N2(w), (4.11)
ne
Ny ()= -
11 Wo12 N 2;2
Q=0 (C+2Ca8)R, Qo= @W0:CR, @y =—e | =
JL(C+2C) JLC
®dopma AMNIIMYOHO-YACTMOMHOT xapakmepucmuku PO3IJIAHYTOTO

HiJCUIIIOBaya 3aJIeKUTh Bl BEJIMYMHM 3B'A3KY K MK KOHTypamu. Ilpu 3B's13Ky MeH1Ie
KpUTUYHOI (K < Kkp) BOHA MAa€ BUIJIAI OJHOTOpOOi KPHBOiI, MPH 3B'SI3KY, PIBHOMY
KPUTHUYHOMY (K = Kkp), BOHa Ma€ BUTJISAI OJHOTOpPOOT KPUBOI 3 TUIOCKOIO BEPIIMHOIO,
npu 3B'A3Ky OUIbIIe KPUTHYHOTO (K > Kkp) BOHA Ma€ BHIVIAI JBOTOPOOI KpPHBOI.
Bianoinni rpadiku HaBeneni Ha puc.4.76. IlopiBHiorounm iX 13 rpadikom,
MpeACTaBICHUM Ha puc.4.7a, BII3HAUMMO, IO KPYTICTh CXMJIIB YaCTOTHON
XapPaKTEePUCTUKH MiACHII0OBa4Ya 31 3B'SI3aHMMH KOHTYpaMH BHMINE, HiXK Yy
NiACHII0BaYiB 3 OAMHOYHMMHM KOHTypamu. Lli€to BiacTuBiCTIO 3a0e3MeuyeThes
OinbIl eeKkTUBHE OCIAOJCHHS CUTHAIIB, CIEKTPU SIKMX JIKATh 1032 3aJaHOI0
CMYTOIO MTPOMYCKaHHS.
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Puc.4.7. AMIniTyAHO-4aCTOTHI XapaKTEPUCTHKHU:

a) OIMHOYHOTO KOJMBAJILHOTO KOHTYDY;

0) 3B's13aHUX KOHTYPIB MIPH KPUTUYHOMY 3B'S3KY MK HUMU;

B) 3B'I3aHUX KOHTYPIB IPH MAaKCUMAILHO PUITYCTUMOMY 3B'SI3KY

3a60anHna 0na camocmiiunoi pooomu

1.V pobouomy 301IHUTI JUIsi CAMOCTIMHOI pOOOTH MOBTOPUTH MOCIIIOBHICTh 1M, SIKa
BUKOHYBAJIaCh MpPU  aHAI31 PE30HAHCHOTO MIJCUJIIOBAIIBHOIO  Kackaay Ha
O1MOJIIPHOMY TPAH3UCTOPI 31 CHIIBHUM EMITEPOM, CXEMa SIKOTo MojaHa Ha puc.4.la:

1.1. 3gificHUTH  TepexiA  BiJ TOPUHIUIIOBOI cxeMu Kkackaay (puc.4.la)
710 eKBIBaJIEHTHO1 cxemH (puc.4.10);

1.2. nns 1i€i ekBIBaNEHTHOI CXEMH 3allMCcaTd PIiBHAHHA, WO 3B's3ye Uzy 1

Usge, oaepxatn dopmyiay (4.1), sxka BU3HAYae KOMIUIEKCHY IE€peAaTHY (DyHKIIIO
kackany K(w), onepxatu dopmynu (4.2), 10 BU3HAYAIOTh aMILTITYAHO-4aCTOTHY 1
(ha30-4aCTOTHY XapaKTEPUCTUKH MiICUIIIOBAYA;

1.3. ocMucauTH pe3yibTaT aHalizy KacKaiy, 3alucaTd B 3OMIMTI BIAMOBIIHI
BHCHOBKH.
2. lTloBToproroyM MOCHIOBHICTH AiH, AK 1 y npuxiaai 4.1.2, npoBectu aHami3
PE30HAHCHOTO MiICUITIOBAIBHOTO KAcKaAy Ha OIMOJISIPHOMY TPaH3UCTOPI 31 CHIIBHOIO
0a3010, cxema sIKOro HaBejieHa Ha puc.4.2a:

2.1. 3MIACHUTH TIepeXia BiJ MPUHIMIIOBOI cxemu (puc.4.2a) 10 eKBIBAJICHTHOI
cxemH (puc.4.2B);

2.2. 114 1€l eKBIBAJICHTHOI CXEMH 3allMCaTH PIBHAHHA, MO 3B'A3ye Ujzs 1

Usge, oaepxkatn dopmyiy (4.3), mo BU3HA4a€ KOMIUIEKCHY IepelaTHy (DyHKIIIIO

kackany K(w);
2.3. OCMHUCITUTH pe3yJbTaT aHai3y KacKaay, 3alucaTh B 30IIUTI BiIMOBIIHI
BHUCHOBKH.
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3. TloBTOproroun TOCHTITOBHICTH i, 10 BUKOPUCTOBYBaJach y mpukiami 4.1.3,
IPOBECTH  aHaji3 PE30HAHCHOTO KACKOJHOTO  IMJICHIIOBaYa Ha  TOJbOBUX
TpaH3HUCTOPaxX, CXeMa SIKOro JaHa Ha puc.4.3a:

3.1. 3miicHUTH TIepexia Bi1J MPHUHIUMIIOBOI cxeMmu (puc.4.3a) 10 eKBIBaJCHTHOI
cxemu (puc.4.36);

3.2. JuIA 1i€1 eKBIBAJIECHTHOI CXEMH 3aIlUCaTh CUCTEMY PIBHSHB, 1O 3B'3ye Uz

1 UAU(”): Uz, oJiep)KaTh HaOIMXKeHWM Bupa3 (4.5), 0 BHU3HAYAE KOMILIEKCHY
nepenaTHy QyHKI0 kKackany K(w);

3.3. OCMHCIIUTH pEe3yJbTAaT aHaNI3y KacKaay, 3amucaTH B 30IMIUTI BiIMOBIIHI
BHCHOBKH.
4. TloBTOpIOIOYM TOCHTIOBHICTH i, IO BHUKOPUCTOBYBaiach y mpukiami 4.1.4,
MIPOBECTH aHAII3 PE30HAHCHOTO ITICHIIIOBa4Ya 3 aBTOTPAaHC(HOPMATOPHUM 3B'S3KOM,
CXeMa SIKOro AaHa Ha puc.4.4a:

4.1. 301iCHUTH TIepexi BIJ MPHUHIUIIOBOI cxeMu (puc.4.4a) 10 eKBIBaJCHTHOI
cxemd (puc.4.4B);

4.2. nns 1€l eKBIBAJIGHTHOI cxeMu ojepkatu popmyny (4.9), mo Bu3HAYae
KOMILIEKCHY TiepenaTHy GyHkIito kackany K(w);

4.3. OCMUCIIUTA PE3yJIbTAT aHATI3y KackKajay, 3alucaTH B 30IMIWTI BiIMOBITHI
BHCHOBKH.
5. [IpoBecTn aHami3 BIUIMBY MPOXIJHOI €MHOCTI Ha KOMIUIEKCHY HepelaTHy
(GyHKIIO: a) KacKaay 31 CHUIBHUM EMITYBAJIBHUM €IEeKTpOoJoM, O) Kackaay 3i
CHUIBHUM KepyBalbHUM enekTpogoM. Onepxatu popmynu (4.7) 1 (4.8).

6.3 po3B’s3Ky plBHHHH?IK(COAD) k:/*f , onepxatu opmyny (4.6), mo BHU3HAYAE
IPaHUYHI YaCTOTH 1 LIMPUHY CMYTHU MPOMYCKAHHSI.
7. loBecTH €KBIBaJICHTHICTh JABOTOJIFOCHUKIB, MPEJCTABIICHUX HA puc.4.5.
8. [ToBTOpIOIOYM TMOCHIAOBHICTH i, IO BUKOPUCTOBYBalach y M. 4.2, mpoBecTu
aHai3 CEJEKTUBHOIO IIJICUIIIOBaYa Ha OIMOJIIPHOMY TPaH3UCTOP1 31 3B'SI3aHUMHU
KOHTYpaMH 3 EMHICHUM 3B'SI3KOM KOHTYPIB, CXeMa SIKOTO HaBeJleHa Ha puc.4.6a:

8.1. 3mificHUTH TIepexia BiJ MPHHIUMIIOBOI cXeMu (puc.4.6a) 10 €KBIBaJCHTHOI
cxemu (puc.4.60);

8.2. 1 1i€i eKBIBAJIEHTHOI CXEMHU B MPUITYIICHHI 1IEHTHYHOCTI eJ'IeMeHTiB

PE30HATOPIB, 110 BXOAATH /10 1i CKJIaay, 3alucaTH CUCTEMY PiBHIHb, 110 3B'A3Yy€ U
U, ADG =U 5, ofiepakaTh Bupas (4.11), sskuii BU3HaYa€ KOMIIJIEKCHY NEPEAATHY (byHKuuo

kackany K(w);
8.3. OCMUCIUTU pe3yJIbTaT aHaji3y Kackaay, 3amucaTd B 3OIIUTI BIAMOBIIHI
BHCHOBKH.

Koumponwvni numannsn
1. flka  XapakTepWCTHKa  PAAIOCIEKTPOHHUX  TPUCTPOIB 3a0e3MeuyeThCs

CEJICKTUBHUMH MiJICUITIOBaYaMu?
2. SlkuMH mapamMeTpaMu XapaKkTepU3yIOThCs CEJICKTUBHI MACHITIOBaY1?
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3. SIkumMHu mapamMeTpaMu XapaKTepU3YeThbCsl KOMMBaIbHUN KOHTYp? IlosicHITH iXHiit
(b13UYHUN 3MICT.

4. 11lo 3MIHUTBLCSA B HACTPOIOBaHHI PE30HAHCHOIO MIJCUIIIOBAYA, SKIIO 30UIBIIUTHCS
€MHICTh HaBaHTa)XXeHHs Kackangy Ch?

5. [Ilo 3MiHUTBCS B HACTPOIOBaHHI PE30HAHCHOTO MIiJCHIIIOBAYa, SKIIO 30UTBIIUTHCS
OTip HaBaHTAXKEHHS Kackamy RA?

6. YKaxiTh IPUYMHH, 1110 3MEHIIYIOTh JOOPOTHICTh KOJMBAJIHLHOTO KOHTYPY.

7. Slxum cmocoOoM MoOKHaA 30€perT JOCUTh BHCOKY JOOPOTHICTH KOJHUBAJIHHOTO
KOHTYpYy?

8. dxy dopMmy wMoxyThb Matu Tpadiku AUX CENeKTUBHHMX IMiJICHIIIOBAaYIB 31
3B'sI3aHUMU KOHTYpaMHu?

9. SIky icTOTHY IIepeBary MaroTh CEJIEKTHBHI M1JICHUITIOBaYl 31 3B'A3aHUMU KOHTYpaMHU B
MOPIBHSHHI 3 MMiJICUIIIOBAYaMHU 3 OJJUHOUYHUMH KOHTYpamu?
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5. AHaJi3 cxem Ha onepaniiiHUX MiJICUII0BAYAX

Y 1pOMy TTYHKTI PpO3TASHEMO TPHKIAAA, M0 TOSCHIOIOTH  aHali3
MIICHTIOBAIEHUX KacKadiB 1 (DYHKIIIOHAJLHUX BY3J1iB, BUKOHAHUX Ha OMNEpariiHuX
MIJCUITIOBaYax 13 BHKOPHUCTAHHSIM HeeamugHoz2o 38opomuozo 38'a3ky (H33). Ilpu
aHayizl cxeM OyJaeMO KOPHUCTYBaTHCS MOJACISIMU [0edni308aH020 Ta [0ealbHO20
onepayitinoeo niocunosaya, ki HapeAeHo B Mm.1.2. J{jsg ocTaHHBOI MOJENl CTPYMH
BXiIHUX KJIEM OIEpPaIliifHOTO MiJACHIIOBa4Ya JOPiBHIOIOTH HYJIK, OCKUIBKH Rpx—,
a 2MubOKULl He2amusHull 360pPOMHULL 36'130K, YTBOPEHHH y cXxemi mpu Ko—,
HPU3BOANTD J0 BIPpTyaJbHOT0 (HETaJIbBaHIYHOTO) BUPIBHIOBAHHSI HANPYT U' i U™ Ha
BXIJTHUX KJIeMaX ONepaniiiHoOro miacuirBaya.

Y cXeMoTexHimi IMiJICWIIOBAJIbHUX KacKadiB 1 (YHKIIOHAJILHUX BY3JIiB
BUKOPUCTOBYIOTH JIBa PI3HOBHUIM BKIIFOUEHHS OMEPAIIHOTO MiJCUIIOBaYa B KOJO —
HeiHgepmyioue W ingepmytoue. Hwkde poO3TIsfarOThCsA TMPUKIAIUA aHAJ3y CXeM,
3aCHOBAaHMX HAa TaKWX BKJIIOYEHHSIX. BigMiTHMO, IO y BCIX CXeMax OMyIIeHI Koja
Mojadi HaMpyrd OKUBJICHHS ONEPAIIMHOTO MJCHIOBa4a 1 KOPEKIii #oro
XapaKTEPUCTHK.

5.1. HeinBepTyroua cxema miacu/jioBaqa

PosrnsHemo nigcuiItoBaIbHUM KacKall, CXeMa SKOTo mojaHa Ha puc.S.1.a.

4 A o
Rl
uBX

u Usx u
R BUX BUX
2
(o, O (o, - O
i i
a) b
BVIX Orl BMX ori

O(u u )( ‘ i BMXXX kOU+@ BUX.K3

Puc.5.1. Kackanu, 1o e lHBepTyIOTB CUTHAJIU:

a) MPUHITUIIOBA CXeMa MiJICHIII0BAYA;

0) MpUHIIMIIOBA CXE€Ma MIOBTOPIOBAYA;

B) €KBIBaJIEHTHA CXEMa ITiICHITIOBaYa JUIsI BU3HAYCHHS K;

') eKBIBAJICHTHA CXeMa ITiJICUII0Baya JUIsl BUSHAUYCHHS Reyx

BukopuctoByroun cxemy 3aMillleHHS OTMEPAIiHOTO TMIACUIIOBaYa, HABEACHY Ha
puc.5.1B, BU3HAUMMO HAIIPyry Ha HOro Kiemax:
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R

U"=Uzs, U :RITZRZUAU@ :uAOO:ko{uAé_WUAUOJ' (5.1)

3 OCTaHHBLOTO BHpa3y MacMo
kR
Uagp | 1+ =22— =K Uz ,
AUO[ R1+ R2 0~AO

BIJIK1JIS1 3HAXOIMMO (hopMyITy, 110 BU3HAYA€E KOeDIIIEHT Nepeaadl Hampyry Kackaay

K

-0
R;+R,

k:

3a ymoBu koR2/(R1+R2)>>1, m1o 3aBxau BUKOHY€ETBCS, MAEMO

R,+R
k:1R—22' (5.3)

3 dopmyn (5.2) 1 (5.3) BuUmIMBaE, M0 PO3TISHYTAa CXeMa MiJACUIIOE CUTHAIH,
30epirarouu IXHIO TOJISPHICTb.

Ipu R:1=0 Kkackajg cTae MOBTOPIOBaYeM BXiJHOTO CHTHaTy. Moro cxema
HaBejieHa Ha puc.5.106.

Biamitumo, mo ¢popmyny (5.3) MOKHA OTpUMATH MPOCTIlIE BUKOPUCTOBYIOUH
MOJIETIb 10edbHO20 OnepayiuHo2o NiocUn06aya, Al K01 BIpTyaJlbHO BHKOHYETHCS
piBHicTh U" = U™. OTxe,

BIJIK1JIs1 BUTUTMBAE BUpa3 (5.3).

Buxionuii onip kackady Rpuxk 3HailIeMO sSIK BIJHOLIEHHS BUXIJHOI HAPyTH B
PEXUMI  X00cmo2o X000y Uuxxx N0 BHUXITHOTO CTPYMY PEXHUMY KOPOMKO20
samukanus ipux.k. 31 cxeM puc.5.18 1 puc.5.1r BUIHO, 110

R, +R KoUss
U0 6.60 ZUAolR—ZZZUAo K, iageec = RAOA =
AUO. O
OTtxe,
R = K R
ADOE T} TAUGI O (5.4)
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3 miei GopMynu BUIUIMBAE, 1O B MOPIBHSAHHI 3 BJIIACHUM BUXIJIHHM OIIOPOM
omeparliiHoro miAcuiaoBada Reuxon BHXiAHMI omip Kackaay iCTOTHO
3MEHIIYeTbesl, a 1mpu Ko—° (ideanvuuti onepamiiHuid WiJACWIIOBaY) BiH
HaOMMKaeThes A0 HyJs. [I[pUYrHOI0 3MEHINIEHHS BUXITHOTO Omopy Kackanay Reuxk €
TIMOOKUHN HecamusHUll 360pOmMHULL 38’30k, 1110 ICHY€E B CXEMI KacKaiy.

3amina y BuxiaHiil cxemi puc.5.1 aktuBHux onopiB Ri1 1 Rz Ha koMmIekcHi Z1 1
Z, 30epirae Bci 3po0JieH] BUKJIAJCHHS 1 MPUBOAUTH 10 (POPMYIH sl KOMILJIEKCHOT
nepeaaTHol QYHKINT Kackaay, cXoxkoi 3 (5.3):

K () :le;zzz_ (5.5)

5.2. InBepTyI04a cxemMa miACHJIIOBavYa

PosrnsHemo niacuItoBaIbHUHN KacKall, CXeMa SKOro mojaHa Ha puc.S.2a.

R R
i2 R2 1 2
R, i uBX@ IU' @uBbIX
1
o >4 6)
lu
o

Rl RBbIX.OV

BbIX

u lpLix k3

T a) Ugy R, IU_ k

Puc.5.2. Kackaau, 1o iHBepTYIOTh CUTHAIIH:

a) MPUHIIMIIOBA CXeMa IMiJICHIII0BAYa;

0) ekBiBaJICHTHA CXeMa IiICHIIOBaYa JiIsl BU3HaUCHHS K;

B) €KBiBaJICHTHA CXeMa TiJICHIIFOBaya Il BU3HaUCHHS Rpux

BukopucroByroun cxeMy 3amillieHHs ONEpaIliiHOro IMiJICHIIIOBaya, HaBEICHY Ha
puc.1.5B, 1 eKBIBaJIGHTHY CXE€MY KacKaJy, HaBeJIeHy Ha puc.5.20, BUBHAYMMO Halpyru
Ha MOro Kiemax:

u- R, R, R, R, (5.6)

=—2 —L _Uzins = Usqes = —Kq| =—2=—Ujzs + Uag &
A A0O AUO 0 A A0 O
R, +R, R;+R, R, +R, R;+R,
3 OCTaHHBOI'O BHPA3y MAaEMO

14011 |y
AUO
R, +R,
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BIJIKUJIS 3HAX0IMMO (OpMYITy, 0 BU3HAYAE KOCDIIIEHT TIepeiadi HampyTry KacKaay

_ kO R2
K="RIR,+kR (5.7)

3a ymoBu koR1>>(R1+R2), 10 3aBX /11 BUKOHYETHCS, MAEMO
k=-2=% (5.8)

3 dopmyn (5.7) 1 (5.8) BUmIMBaE, 1O PO3TISHYTHH KacKaa MiACHIIOE
CUTHAJIN, 3MIHIOKOYH IXHIO NOJIAPHICTH HA MPOTHJICKHY.

Bigmitumo, 110 # boro pasy BUKOPHCTAHHS MOJCHI i0eaibH020 OnepayiiHo2o
niocuniosaua crupoiye BuBegacHHs Gopmynu (5.8). [Tpu takomy miaxomi, skio U*=0,
to 1 U=0 (BipryampHuii Hynab). Tomi cTpymMu ramy3gok i1 1 i2 BiZIOBITHO
HopiBHIOIOTH: 11=G1 UBx, 12=G2 Usyx. OCKUIBKH TXHS CyMa JOPIBHIOE HYJIIO, TO MAEMO

G1 Usx +G2 Usnx=0,
BIIK1JIs1 BUTUIMBAE hopmyina (5.8).

Buxionuit onip xacxady Reuxk, sIK 1 B IONEPEIHBOMY BUIIAJIKy, BUBHAUUMO SIK
BIIHOIICHHSI BUXIJHOI HANPYTH B PEXUMI X010CMO020 X00y Upux.xx IO BHUXITHOTO
CTPYMY PEXKHUMY KOPOMKO20 3AMUKAHHS 1BUX K.

Hanpyra B pexxumi xos10cmozo x00y BU3HAYAE€THCS BUPA30M

Usumx.xx = — Usx R2/R1,
CTpyM Kopomko2o 3amMukanHs | Byx.k3 3HAXOIUMO 31 CXEMH pHUC.5.2B
| Bux k3 = — (KoR2/(R1tR2)) usx/ Reux.on.
TakuM 4MHOM, OIEPKYEMO

Ry =Ry o K (5.9)
AUO.E AUO. O ko ' '

3 w1i€i GpopMynu BUILTUBAE, 110 ¥ y IILOTO Kackaay uepe3 INMOOKUil HeraTUBHUIM
3BOPOTHHUH 3B'SI30K WOTO BUXIJHHUI OMmip iCTOTHO 3MEHIIYETHCSl B TIOPIBHSHHI 3
BUXIAHUM oniopoM Raux.on camoro omnepariiiHOro miJcHiIIoBaya.
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5.3. Jlorapu¢myroua Ta NoTeHIilOIYA CXeMH

3amiHa B cXeMmi 1HBEPTYHOHOro MijcuitoBaya (puc.5.2) oJHOTO 3 pEe3UCTOPIB
HEJTIHIMHUM €JIEMEHTOM IMPU3BOAUTH JI0 HENMHIHHOIO 3B'SI3KYy BXIAHOI 1 BHXIJHOI
Hampyr. 30KpeMa, SIKIIO B CXeMl BHUKOPHUCTOBYBATH HAaIlIBIPOBIIHUKOBUHN A10] abo
TPAH3UCTOP, TO EKCIIOHCHTHA 3aJIe)KHICTh BOJBT-aMICPHOI XapaKTEPUCTUKH P—N
Mepexoy MPOSIBUTHCSA B MEepeAaTHIN XapaKTepUCTHUIll KacKay.

Ha pwuc.5.3 mpencraBieni cxeMu KackajliB, M0 31HCHIOIOTH JorapudMyBaHHs
(puc.5.3.a) 1 moteHmitoBanHs (puc.5.3.0). Y HUX BUKOpPHUCTaHA BOJbT-aMIIEpPHA
XapaKTepUCTHKA /110712

U
A (5.10)

I =1, exp
A 0
Uy

ne lo — 3BOpoTHUI cTpyM HacuueHHsA, Ur — TemmepaTypHHil MOTEHUIaN, SIKUA MpU
KIMHATHIH TemmepaTypi npubInu3HO JopiBHIOE 25MB.

Up= ~Ugyx i

- 1 . E:
R i |'aVvD VD i,
ol 52 —P—=>4
I 0 0 =u 0 —0
Uex TUBMX Usx I amex TUBMX
o 0 o o
— o a) )

Puc.5.3. IlpuHiunosi cxemu:
a) MiJCUIII0BaYa, 110 JIorapudMye BXiJHI CUTHAIH,
0) micuiToBayva, 110 MOTEHIIIIOE BX1/IHI CUTHATIN

Posrnsnemo cxemy, mo sorapupmye, (puc.5.3.a). BukopuctoByroun Mojeib
i0eanvHo20 onepayitinoeo niocumosada, Mmaemo: U =0, i, omke, U"=0 (BipTyaabHHii

HyJdb); ctpyM 11=GUpx; cTpyM gmioma, 3a ymoBH Ugx>0, 3 ypaxyBaHHSIM
CHIBBIIHOIIEHHS Ug= — Usux 1 (5.10), BU3HAUYA€ETHCS BUPa30M

. —Ujzp
i« I exp¢O
A 0

Us

CtpyM 11 ig piBHi, TOOTO i1 = ig, OTXKE,
Gujs = |, exp A
AO — 0 U.- !
o

BIJIKUIS 3HAXOIMMO (hOPMYITY JUTsl TIEPEIaTHOT XapaKTePUCTUKH KacKaTy
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U;
Uage =-Usln Rflo (5.11)

sKa BKa3ye Ha Te, 110 PO3IIIIHyTa CXeMa Jorapu(pmye BXiIHy Hampyry.
3aCcTOCOBYIOUYM TOHM K€ MIAXIJ 10 CXEMH, HaBeJIeHOi Ha puc.5.30, olepKUMO
BHpa3, 110 ONUCYE NIEPEAATHY XapaKTEPUCTUKY LIbOIO KaCKaLy
UAUO = _RIO exptﬂ )
=
3 IKOTO BUJHO, IO PO3MISIHYTA CXeMa MOTEHUIIE BXiIHY HAIIPYTY.
BinMiTumMo, 1o, sK 1 B MONEPEIHbOMY IIYHKTI, PO3IJISHYTHUM CXEMaMm
BJIACTUBUM TIJIMOOKUM HEraTMBHMWA 3BOPOTHUM 3B'A30K, IO 3a0e3neuye HU3bKHUM
BUXIJHUI OIIip KacKaliB.

(5.12)

5.4. InTerpyroua ra fudepeHuinnya cxeMu

3amMiHa B cXeMi IHBEPTYIOYOIrO MiJICHiIIOBada (puc.5.2) OJTHOTO 3 PE3UCTOPIB
€EMHICTIO, SIK 1€ MOKa3aHO Ha puc.5.4, MPU3BOJAUTH JO0 NUQPEPEHINAIBHOTO 3B'SI3KY
BX1HOI 1 BuximHoi Hampyr. [lokaxkemo, mo mnepma cxema (puc.5.4a) 3IHCHIOE
1HTerpyBaHHs, a Apyra (puc.5.40) — nudepeHilitoBaHHs BX1IHOI HAIIPYTH.

e [

R i C
0 —-0 —O0
Usx T TUBMX Usx T TUBMX
o — o o — o

a) 0)

Puc5.4. Ilpuniunosi cxemu:
a) IHTErpyrYOro miJCUiIoBaya,
0) AuQEepeHIIiIYOro MiCUIoBaYa

[Ipu aHamizi cxeM CKOPUCTAEMOCH BIACTUBUM JJI KOHJAEHCATOpa 3B'SI3KOM
3MIiHHOT Hampyru Uc 1 ctpymy ic. i niHiliHOT nocTiitHOoi eMHocTi C 1ielt 3B'sI130K
BHU3HAYAETHCS CIIBBIIHOLICHHIMHU:

()= =t lt) =g Jie(e)drue ) (519

Posrnsuemo cxemy iHTerpatopa (puc.5.4a). BukopuCTOBYHOUM MOECIb
i0eanbHo20 onepayitinoeo niocumosaqa, maemo: U =0, i, omke, u =0 (BipTyaabHHii

o1



HyJb). 3 ypaxyBaHHSIM cmiBBimHOmEeHb y (5.13) U=Usux, ic=ly , ctpymu i1 1 Iy
BU3HAYAIOTHCS 5K

h=G%@,5=C9%%Q. (5.14)

IxHs cyma nopiBHIOE HYITIO, OTXKE,

dUAOO __ 1 Unx |
dt RC #©

(5.15)

[Ticnst iHTErpyBaHHS 000X YAaCTHMH IILOTO BHpa3y 3a 4yacoMm Bif o g0 t oxepkumo
bopmyy

UAUG(t):_%JUAO(T)dT"‘UAUé(IO)- (5.16)

3 mi€i QopMynau BUIUIMBa€E, MO0 pO3MIAHYTa cxema (puc.5.4a) 3aiicHIOE
IHTErpyBaHHS BXIJIHOI HAalpyrd Ta I1HBEPCIIO pe3yJbTaTy IOT0 IMpoLecy 3
koedinieaTom 1/RC.

3aCcTOCOBYIOYM TOM e MIAXIJT O HaBeIEeHO1 Ha puc.5.40 cXxemMH, MaeMO:

U=uBx, Ic=ls;

duze

Iy :C—dt

, i2:GUAC~). (517)

[IpupiBHIOBaHHS HYJIIO CYMHU IIUX CTPYMIB JIa€ OCTATOYHUI BUpa3

dugs .

Uago =-RC—

(5.18)

3 1mi€i QopMynau BUIUIMBAE, M0 PO3MIIAHYTa cxema (puc.5.4a) 3aiicHIOE
nudepeHIlitoBaHHST BXITHOT HANMpYrd Ta I1HBEPCIIO Pe3yJbTaTy I[LOTO IMPOIECy 3
koedimieatom 1/RC.

Takum yuHOM, dopmynu (5.16) 1 (5.18) moka3yroTh, MO PO3MISIHYTI KacKaIu
KpIM 1HBEpCii BUXIJHUX CUTHAJIB 3/1MCHIOIOTH iHTerpyBaHHs i AudepeHuilOBaHHS
BXilHUX Hampyr. ToMy 10 UM CXeMaM BIACTUBUN 21uOOKUl He2amueHuUll
360pOomHUL 38'530K, BOHA MalOTh HU3bKUI BUXiIHUH OIIip.
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5.5. Cxemu, 10 BUKOHYKOTh 10aBaHHS TA BiIHIMaHHSs

«Bipmyanvrey BUPIBHIOBAHHS Hampyr U i U” Ha BXIJHHX KJIEMax i0edibHO20
onepayiino2o niocun08ayd, siKe MATPUMYEThCS 3aBISKU 2IUOOKOMY He2amusHOM)
360POMHOMY 38's13Ky, HO3BOJIIE TIAKIIOYATH JI0 WOTO KJIEM JEKUTbKa JDKepen
1 3/IIACHIOBATH TIOPST 3 IICUIICHHSIM JI0/IaBaHHSI 1 BIAHIMAHHS BX1THUX CHTHAJIIB.

PosrasaeMo miacrioBanbHUN Kackaj, cXxema sSIKOro HaBeJIeHa Ha puc.5.5a.

uBX2

Iu BX1
(o,

Puc.5.5. [IpuHInIoBi cxemu:
a) IHBEPTYIOYOTO CyMaTopa CUTHAJIB,
0) miicuiIroBayva, 110 BiAHIMAE CUTHAIIN

3i cxemu, mpejacTtaBieHoi Ha puc.5.5a, BugHOo, mo U'=0, Tomi i U™=0
(BIpTyanbHUW HYJb); a CTPYMHU Tally3[JOK BHU3HAYAIOTHCS CITIBBIIHOIIECHHSIMU:
I, =G Use, 1, =GpLUags, 1, =GUag e s CyMa IUX CTPYMIB JIOPIBHIOE HYJIIO, OTKE,

G Uaen +GrUas, +GUags =0, (5.19)
3BIJKUIS 3HAXOAMMO BHpPa3
Uags =R, (GlluA()l +GlzuA()2) ’ (5.20)
KWW TIOKa3ye, M0 PO3TIIIHYTAa CXEMa MiJICYMOBY€ HANPYI'W B MOTPiOHIM nmponmopuii
i iIHBepPTYE IO CYMY, TOOTO € iH8EpMYOUUM CYMAMOPOM CUSHATLLB.
PosrnsHemo micWIOBaIbHUM Kackajl, cXema SIKOro TmojaHa Ha pwuc.5.50.

BukopucTtoBytoun MOJENIb  [0eanbHO20  OnepayitHo20  niocuno8avd, MaeEMO
CHIBBITHOIIICHHS:

Ut =U" =Uza R
R +R,’
| ) R,
i, =G;(Upp, —U™)=G; Usoz ~Uror g R | (5.21)
1 2
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i, =G, (Usgs —U")=G, Usos ~Uan g - R | (5.22)
1 2

[TincraBmsroun (5.21) 1 (5.22) B ocTaHHIO CyMy W OOMEXYHOYHCH TYT BHIIQJKOM
piBHOCTI onopiB Bcix pe3uctopiB Ri=R>2=R3=R4=R, oxepxxyemo Bupa3s

Uags =Uags —Uasz (5.23)

3 SKOro BHJIHO, 10 PO3TJIsIHyTa cxeMa opMye Pi3HHULIO BXIIHUX HANPYT, TOOTO LS
CXeMa BHUKOHY€ MAaTeMaTU4YHy ONepaiilo 6iOHiManHA cucHanie. Sk 1 y BCIX
PO3TJISTHYTUX BHINE NPUKIAAaX, UM CXEMaM BIIACTUBUU 21ubOOKULl He2amuHuUll
360pOomMHUL 38'30K, TOMY BOHU MAaIOTh HU3bKUM BUXIIHUM OIHIp.

5.6. AktuBHi RC-ghinompu

Bucoxuii BXigHUNM 1 HU3bKUH BUXIAHUN OITIp, a TAaKOX TITMOOKUM HEraTUBHHI
3BOPOTHHM 3B'I30K, BJIACTUBUH CXEeMaM 3 OIepalliiHUMHU MiACHUIFOBaYaMu, BU3HAYNIIU
iXHE IIMpOKE BHUKOPHUCTAHHS TMPU KOHCTpYIOBaHHI akmuenux RC-¢ghinompis.
Posrnsaemo npencraBieHy Ha puc.5.6a cxemy akmugHo2o ¢inbmpa 3 ABOXIETIHOBUM
3BOpOTHUM 3B'si3kOM. [Ipu BianmoBimHOMY BUOOp1 eneMeHTIiB Zi1—Zs 1 CXeMa MOXKe
BUKOPUCTOBYBATHUCS K (iibmp NPYTOTO TOPSIKY HUNCHIX 9A 8€PXHIX YACTOT.

) BbIX

Puc.5.6. AxtuBanii RC-dinbTp:
a) IPUHIUIIOBA CXeMa,
0), B) EKBIBaJICHTHI CXEMHU

Jlnis aHanizy akTUBHOTO (iiabTpa 3AIMCHUMO HEpexiJ J0 WOro eKBiBaJeHTHOT
CXeMH, M0 UTIOCTPYIOTh puc.5.60 1 puc.5.6B. Tyt omnepamiiiHuii miACHIIOBAY
MpEe/ICTaBICHUN 1/1€aTbHOI0 CXEMOIO 3amilieHHs. JlJi1 OCTaHHBOI CXEMH METOJO0M
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BY3JIOBUX HANpPyr y KOMIUIEKCHIA (popmi 3amuiieMo pIBHSHHS ISl KOMIUIEKCHUX
aMIuniTY Hanpyr By3aiB U, 1 U, :

Yo +Y, +Ya+Y, Yy Uy | |YUas+YUsos (5.2)

s Y3+Ys | U, YUaoo |
Bupimyroun 110 cucteMy piBHSHbB, 3HAXOJIUMO Uz. 3 orsiAy Ha Te, 1O U'2 :U‘,
M1JICTABJISIEMO Pe3yJbTaT Yy HOpMyITy

. B ) .
Usgo =k (U +U7)= kU, ,

BIJIKUISL OJIEPKUMO BUpa3, [0 BU3HAYAE KOMIUIEKCHY MepenaTHy (GyHKIII0 aKTHBHOTO

RC-dinpTpa y 3araibHOMY BUTIISIIL:

K ()= mhE . (5.25)
(Yo +Y, +Y5 +Y, Y5 +YY,

[Topanpiuii po3paxyHOK €JIEMEHTIB KOHKPETHHX (UIbTPIB 3A1MCHIOIOTH METOJaMHU
TEOpii CUHTE3y €JNEKTPUYHUX K1JI, 1[0 TYT HE PO3TIISAAIOTHCA.

3ae0anns ona camocmiiunoi pooomu

1.V poboyomy 301HUTI JUIsI CAMOCTIMHOI POOOTH MOBTOPUTH MOCTIJOBHICTD 1M, SIKa
OyJla BUKOpPUCTAHA MPU aHaATI31 CXeMHU MIJICHIIIOBaya, 10 HE IHBEPTY€E, JAHOi Ha
puc.5.1:

1.1. BUKOpHUCTOBYIOUM CXEMY 3aMILIEHHS ONepaliifiHoro miACWIoBaya, sKa
HaBejieHa Ha puc.5.1B, ogepxatu Gopmynu (5.2) 1 (5.3), 1110 BU3HAYAIOTh KOEDIIIEHT
nepeaavl Harpyru Kackagy K, 3amporoHyBaT 3HaueHHS ornopiB pe3ucTopiB Rii R,
110 3a0e3neuyroth Benmnuuny kK=20;

1.2. BUKOPUCTOBYIOUM CXeMYy, HaBelleHy Ha puc.5.1r, ogepxkatu dhopmyiny (5.4),
10 BU3Haya€ BUXIAHMM omip Kackany Rauxk, po3paxyBaTu MOro BEIMUYUHY, SKIIO:
ko=10°, k=20, Raux.or=50 Om.

2. [ToBTOpUTH TIOCTITOBHICTh MM, BUKOPHUCTAHMX IPH aHaJi31 CXEMH IIJICHIIIOBAyYa,
10 1HBEPTYE, TAaHOT HA pHC.5.2:

2.1. BUKOPUCTOBYIOUM CXEMY 3aMIILEHHS ONEpaliiHOro MmiJicCKitoBava, HaBeJAeHY
Ha puc.l.5B, 1 eKBIBaJEHTHY CXeMy Kackady, NMpUBeIeHYy Ha puc.5.20, oaepxaTu
dopmynu (5.7) i (5.8), mo Bu3HAUYAIOTH KOe(DilliEHT Mepenadi HAmpyru Kackamy K,
3alPONOHYBATH 3HaUCHHsI OMopiB pe3uctopiB R11 R, mo 3a0e3neuyrors BemnuuHy K
=-15;

2.2. onepxaru popmyiny (5.8) 3a JOMOMOrOI0 MOJENI 1€aTbHOTO ONEePaLiiHOTO
MiJCHIIIOBaYya Ta MOHATTS «BIPTyalIbHUI HYJIbY;
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2.3. BUKOPUCTOBYIOUH CXEMY, HaBeJleHy Ha puc.5.2B, onepxkatu ¢opmyiny (5.9),

110 BU3HAYa€ BUXiAHMI omip Kackany Raeuxk, po3paxyBaTu #oro BelnuuuHy, akimo: Ko

= 2x10° k =-15, Rauxon= 50 Om.

3. [loBTOpUTH MOCHITOBHICTH i, BAKOPUCTAHUX NPU aHAMI31 CXEMHU MiJICUIIIOBayYa,
mo Jorapupmye, maHoi Ha pwuc.5.3a. 3a AOMOMOTOI0 MOCHI 1/1€aTbHOTO
OTIepAIliHOTO TIICHIIOBaYa 1 TOHATTS «BIPTyalbHUN HYJIb» Oofepkatu (Gopmyiry
(5.11), mo BU3HAYa€E MepeAaTHy XapaKTEPUCTUKY KacKay.

4. TIoBTOpHUTH TOCIIIOBHICTh Ji{, BUKOPUCTAaHUX MPH aHaNI31 CXEMHM ITiICHIIIOBaya,
0 TMOTEHIlloe, JaHoi Ha puc.5.30. 3a JOMOMOror MOJEl 17eaJbHOIo
OTIepaIifHOTO MiJICKIIOBaYa 1 MOHATTS «BIPTyaJIbHUN HYJIB» OAepKaTu (hopMyIy
(5.12), 0 BU3HAYA€E NEpEAATHY XapaKTEPUCTUKY KacKay.

5. [ToBTOpUTH TMOCHINOBHICT [1H, BUKOPUCTAHUX IMPH aHAJI31 IHTETPYIOUOi CXEMH
MJICUITIOBaYa, JaHoi Ha puc.5.4a. 3a 10mOMOror MOJENI 1ealIbHOTO OIepaIiiHoTo
NIJCUIIOBaYa 1 MOHATTS «BIPTyaJIbHUM HyJb» ojaepxaTu ¢opmyny (5.16), mo
BH3HaA4a€ Upux.

6. [loBTOpUTH TIOCTIAOBHICTh Aiii, BUKOPUCTAHUX TPU aHATI31 CXEMH MiJCUIIOBAYA,
mo audepeHiioe, gaHoi Ha puc.5.40. 3a J0MOMOrow MOACH 17eaJbHOIo
OTIepaIlifHOTO MIJCKUIIOBaYa 1 MOHATTS «BIPTyaldbHUN HYJb» OJepKatu (Gopmyiy
(5.16), mo BU3HAYAE UByx.

/. IloBTOpUTH TOCITITOBHICTD A1il, BAKOPUCTAHUX MPU aHAII31 MIJCYMOBYIOUOi CXEMH
M1JICUITII0OBaYa, JaHOi Ha puc.5.5a. 3a T0MoMOT00 MOJIEN! 1/IealIbHOTO ONepaIliiHOro
NIJCUIIOBaYa 1 MOHATTS «BIPTyaJIbHUM HyJb» ojaepxaTu ¢opmyny (5.20), mo
BHU3Haua€e Upyx. 3amporiOHyBaTH 3Ha4eHHs omopiB pe3uctopiB Rii, Rz 1 Rz, mo
3a0e3MeuyroTh BeIHUnHy Usyx = — (3Usx7 + SUBx7).

8. [ToBTOpUTH TOCHITOBHICTh [iii, BUKOPUCTAHUX MpU aHaIi3l JaHOi Ha puc.5.50
CXeMHU IJACWJIIOBaya, 1[0 BigHIMae. 3a JOMOMOIOI MOJCIl 1JIeadbHOTO
oTepallifHoOro MiJICHIIOBaYa 1 MOHATTS «BIPTYaJbHUM HYJIb» OAepKaTH (Hopmyily,
110 BU3HAYa€e Upyx y 3araJibHOMY BUIAJKY 1 popmymny (5.20), mo Bu3Havae Usyx B
OKPEMOMY BHITAJIKY.

9. [loBTOpHUTH TOCIHIIOBHICTD /i, BUKOPUCTAHWUX IIPU aHaJi31l akTUBHOTO RC-
¢binpTpa, cxema SKOoro JaHa Ha puc.5.50:

9.1. 3miiicHUTH Tepexia Big NpUHIUIOBOI cxemu (PinbTpa (puc.5.6a)

710 €KBIBJICHTHO1 CXeMH (pHUC.5.6B);

9.2. MEeTOIOM BY3JI0BUX HaINpyr y KOMIUICKCHIH (opMi 3amucaTd CHUCTEMY

piBHAHB (5.24) A1 KOMIUIEKCHUX aMILITya Hanpyr By3aiB U, 1 U,. 3 po3s’sa3ky wmiei

CHUCTEMH, OJIep)KaTH BHpa3, IO BHU3HAYAE€ KOMIUICKCHY TIiepelaTHy (yHKIIIO
aktuBHOTO RC-dinbTpa B 3araIbHOMY BUTJISIII.
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1.

2.

Koumpononui numannsn

[llo saBmsie coboro omnepaumiHUN TmiacKIOBadY? SIKUMM TMapaMeTpamMu BiH
XapaKTepHu3yeThes? Ski 3HAUCHHS ITUX IMapaMeTpiB?

Yomy miAcwIOBadY HA3WBAETHCA «omepariiiHum»? Ski MaremMaTH4Hl omepari
MO>KHA 3Q1HCHIOBATH 3a JOIIOMOI'OI0 CXEM, BUKOHAHUX Ha HOro OCHOBI?

. Slke sBUIE TOJNATaE B OCHOBI CXEMOTEXHIKM KacKaJiB 3 OINeparliiHuMHU

MJICUIIOBAYaMM?

. SIkuii BUX1THHAMA OTIp CXEM 3 OTEepAIIMHIMU MiICHIoBadaMu? 3 KO IPUYUHA BiH

MaJInii?

. SIK BUKOPHCTOBYETHCS MOJEIb 1CATBHOTO OMEPAIIMHOTO TIACUIIOBaYa TIpU

aHaJi31 CXeM 3 ONepaniiHuMO MiACUIIOBaYEeM?
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