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VY nociOHMKY pO3IJISHYTO METOJI BU3HAUYEHHS MOCTIMHUX CKJIaJ0BUX HAIpyr
1 CTpYMIB B MIJCHIIOBAIBHUX Kosax. J{Jis pi3HOBUAIB MiACUITIOBAIbHUX KaCKaIiB y
3arajJlbHOMy BUIJISZIl 3alKCaHl CUCTEMHU pPIBHSIHb PEXHMY CIIOKOK 1 MOKa3aHa
METO/JMKA TIOWIYKYy PO3B’S3KIB  IIMX  PIBHAHb  TIpadiyHUM  CIOCOOOM.
CdopmynboBaHi 3aBAaHHS JJIs1 CAMOCTIMHOI pOOOTH.

[TociOHMK mnpu3HAYA€ThCS ISl CTYNEHTIB (DI3UYHUX CHElialbHOCTEH 1
BUKOPUCTOBYETHCS PH BUBUEHH1 Kypcy «OCHOBU paJll0€IEKTPOHIKIY.

B mocobun paccMOTpeH METOH ONpeeNICHUs] MTOCTOSTHHBIX COCTaBIISIONTUX
HaANPSOKEHUH W TOKOB B YCWUIMTENBHBIX IETsiX. I pa3smuvHbIX pa3HOBUIHOCTEH
YCHJIUTEIBHBIX KaCKaJoB B OOIIIEM BHJIE 3alMCaHBl CUCTEMbl YPaBHEHUH peKUMa
TIOKOSI ¥ TIOKa3aHa METO/IMKA OTHICKAHUS PEIICHUI dTUX YpaBHEHUH rpaduueckum
crioco6om. ChopMyaupoBaHbl 3aJIaHUS JJIsl CAMOCTOSTEILHON pabOTHI.

[Tocobue mpeaHa3HAYECHO U CTYACHTOB (DM3MUSCKHUX CHCIHAILHOCTEH U
UCIIOJIB3YETCS MMPU U3ydeHUHU Kypca «OCHOBBI PaJHOIICKTPOHUKH.

The method of the determination of voltage and current constant
components in amplifiers is considered in the school-book. The sets of quiescent
condition equations are written in general form, and the principles of finding of
their graphical solutions are shown for basic varieties of amplifying cascades. Tasks
for studying on one’s own are formulated.

The school-book is intended for students of physical professions and used
for the studying of course “Basics of radioelectronics”.
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AHAJII3 PEZKUMY CIIOKOIO

BaxnuBy posib B miACWIIOBadl BiAIrpae MOro pekUM CIOKOIO, SKHUM
BU3HAYAETHCS 3a BIJACYTHOCTI JIi BXITHOTO CHUTHATY, KOJIM B KOJIaX CXEMH JIIIOTh
JUIE TIOCTIMHI CKJIQJOB1 Hampyr 1 cTpyMmiB. [l aHamizy pexuMy CIOKOIO
MIJICUITIOBAJILHOMY  KacKajy CIHIBBIJHOCSATh €KBIBAJICHTHY CXeMy, B sKId
IHAYKTUBHOCTI 3aMIHIOIOTH TPOBIAHMKAMH, a €MHOCTI - pO3pHUBaMH KoJa.
CkiazieHa TakuM YHHOM cxeMa € R-kosoMm, B akomy enektponHuid npuian (EIT) —
HETIHIWHUNA TPUMOMIOCHUK. J[JI1 eKBIBaJIGHTHOT CXEMH 3alUCyIOTh CHCTEMY
piBHsHb, B skid EIl Monenmtoerbcss ABOMa CTaTUYHMMH  BOJIBT-aMIIEPHUMHU
xapaktepuctukamu (BAX) — BxigHowo k= F1(Uke,Uke) Ta  BuUXigHOIO
I3= F1(Uke,U3E), ne lk— cTpyM KepyBaabHOTrO €lIeKTpoaa, |3 — cTpym 30MpaabHOro
enekTpoaa, Uke — Hanpyra M KepyBaJbHUM Ta EMITYBaJbHUM enekTpoaamu, Use
— Hampyra MiX 30upaiibHUM Ta emiTyBaibHUM enekTpogamu EIl. Cucremy 3 mmx
JIBOX PIBHSHb JOIMOBHIOIOTH JIBOMA PIBHSHHSIMH, IO OTPUMYIOTH Ha OCHOBI
npyroro 3akoHy Kipxroda s BXiIHOTO Ta BUXIJHOTO KiJl €KBIBaJEHTHOI CXEMH.
OtpumaHa TakMM YHMHOM CHCTEMa 3 YOTUPHOX PIBHSHb MOXE OyTH PO3B’s3aHa
YUCENbHUMHU MeTojaMu. JlJis Hao4HOCTI ii , SK MPaBUIIO, PO3B’SI3YyIOTH Trpado-
aHaJITUYHO.

1. AHaxi3 miACH/IIOBAJIBLHOIO0 KACKaly Ha 0iloJIspHOMY TPAH3HMCTOPI,
TOYKA CIIOKOK KOI0 322€ThCS 32 PAXYHOK (PiKCOBAHOr0 CTPyMy 0a3u

Ha pwuc.la HaBegeHO MNPUHLMIIOBY CXEMY HaWOUIbII  MPOCTOrO
MJCUTIOBAJIFHOTO Kackaay Ha OIMmojsipHOMY TpaH3ucTopi. EkBiBalieHTHa cxema,
0 BIJMOBiAa€E HWOTrOo pPEeXHMMY CIOKOK ITOKa3zaHa Ha puc. 16. Ha Hili Bka3aHa
cucrema BiUIIKY Hanpyr Ta ctpyMiB: Us, |5 Uk, |k, a peanbhe mxeperno KuBieHHS
3 Hanpyror Ux 3aMiHeHe Ha ifiealibHe HKePeI1o MoCTiHOT Hanpyru Ex.

a) 6)
Puc. 1. Cxemu kackajy: a) IpUHIIMIIOBA, 0) €KBIBaJCHTHA.
JUisi BU3HAYEHHS BEJIMYMH LUX HANpyr 1 CTPYMIB B PEXHUMI CIIOKOIO

CKJIaJIaEMO CHUCTEMY DPiBHSHb. 3 ypaxyBaHHsiM Toro, mo Ug=0, = Upge=Us,
Uke=Ux Maemo:



Is =F1(Us,Ux) , 1)

lk=F2(Us,Ux) , (2)
Us=Ex—Rsls, (3)
Uk=Ex—Rklk . (4)

Po3B’s130K 11i€1 cucTeMu piBHSIHB TpadiyHUM CrIOCOOOM IOKa3aHO Ha puc. 2.
Tyt Ha rpadikax BxigHoi BAX Tpan3uctopa (puc. 2a) ta iioro BuxigHoi BAX —
(pHc 20) HO6yI[OBaHO HaeaHmaofcyeanle JUHIT  pexcumy — cnokow, Kl
BiJIOBIaf0Th piBHAHHAM (3) 1 (4), 1 3HAWACHO mMouKu Cnokoio, 3a JOIOMOTOIO
SKUX BU3HAYAIOTHCS BEJMUMHU NOCTIHHUX HarpyT 1 ctpymiB Uso , 150, Uko, lko.

BkaziBka. Po3B’s130k 1i€i HenmiHIMHOI 3a1adi Ciij] MOYMHATH 3 MOOYI0BU
HABAHMAXNCY8ANbHOI NiHIT pedcumy cnokoro Ha BuxigHii BAX (piBusuHs (2)) —
puc. 20. Buxiona nasanmaicy8anvHa JNiHis pedcumy CHoKoiwo € TpsMa (PIBHSIHHS
(4)), mo mpoxoauts uyepe3 Touku Uk = Ex, npu Ik =0 ta Ik =Ex/Rk, npu Ux=0.
HactynHuMm KpoKoM € MoOyaoBa HABAHMANCYBANLHOIL JIHII pexcumy CHoKow Ha
BximHiii BAX (piBHsHHs (1)) — puc. 2a. Bxiona nasanmasicysanvha niHis — 1€
npsima (piBHsiHHS (3)), siKa NPOXOAUTD Yepe3 Touky |s=Ex/Rs, Maibke napasnensHo
Bici abcuuc, ockineku Up<<Ex. Ii mepetmn 3 kpuBoro Bximuoi BAX, mo
BianoBigae 3HaueHHIO Uk~ Ex/2 HaOMMKeHO BU3HAYAE MOUKY CHOKOIO 1 JTIO3BOJISIE
3HaWTH HAOJWOKeHI 3HaueHHs BeianunH |s0=Ex/Rs i Uso.

b, (1) 1B 10B - l, (2)
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Puc. 2. Imoctparttis rpadigHoro cnocody po3B’si3Ky CUCTEMHU PIBHSHb.

[Torim na BuximHii BAX — pwuc.20 3HaXomsTh KpUBY, fKa BIANOBIIAE
3HalneHil BenuuuHi Upp. SIKIIO BIAMOBiIHA KpHUBa BiJACYTHS, ii OyAyiloTh 3a
JIOTIOMOTOI0 JIIHIMHOI 1HTEepHOJISAIli, SK 1€ MOKa3aHO Ha puc.20 MITPUXOBOIO
niHiero. Touka nepeTuHy uiei KpHBOI 3 BUXIAHOK HAGAHMAIICYBANLHOIO MIHIEI0 1 €
mouKoio cnokoro. Ii MpoekIis Ha Bici abcIKUC Ta OPAUHAT JAa€ iHIII Bi BEIMYHHU
Uxko, lxo , 1110 XapaKTepU3yIOTh PEKUM CIIOKOIO.



2. AHAJI3 MiACHJIIOBAJILHUX KACKAAIB 3 eKBIBAJIEHTHOIO CXEMOIO
PEeXUMY CNMIOKOI0 MOBTOPIOBAYA HA NMOJbOBOMY TPAH3UCTOPI

Huska migcwimoBalbHMX KackaJiB Ha TMOJBOBUX TpaH3UCTOpax i
CJIICKTPOHHUX JIaMIIaX, 3pa3Ku SKUX MPECTABIICHI CXeMaMHU Ha pHUC. 3, B peKUMIi
CTIOKOI0 3aMIHIOIOTBhCSI OJTHAKOBOIO EKBIBAJICHTHOIO CXEMOIO, sIKa HaBeJeHa Ha
puc. 4. Ha Hiii BKa3aHa cucTeMa BiJIJTIKY HAIIPYT 1 CTPyMiB KacKamy.

+U
S XK

T
C CEH

Puc. 3. Cxemu miicuiaoBaviB: MOBTOPIOBaY Ha N-KaHAJIbHOMY MOJBOBOMY
TPaH3UCTOPl 3 KEpyouuM P-N mepexoaoM (a), MiJCHIoBad 31 CHIIBHUM
BUTOKOM Ha N-KaHaJIbHOMY IIOJIbOBOMY TPAH3UCTOPl 3 130JbOBAaHUM
3aCJIOHOM Ta 1HJIYKOBaHUM KaHaJioM (0), MiCHII0OBaY 31 CIIUIBHUM KaTOJI0M
Ha TIEHTO/I1 (B).

UK“:

Puc. 4. ExBiBasieHTHa cXeMa JJIsl PEXKUMY CIIOKOIO IiJICHIIIOBAdiB, CXEMHU
AKX TpeACTaBIeH] Ha pHC. 3.

Jlnst uux enextponHux npunagiB k=0, 1 Tomy |e=l3 , a B pexxumi Crokoro
Uk=0. JJam maemo Us=Ex, Ue=Rele=REel3. Jlnsg iHmmx BenuuuH, Mo MiIIATaoTh
BU3HAYCHHIO CKJIAJ]AEMO CUCTEMY PIBHSHbD:

|3=F(Uke,UsE) , (5)
Use=Ex—REls, (6)
Uke= — Rels . (7)



Ha puc. 5 mokazano po3B’S30K Ii€i CUCTEMU PIBHSIHB Tpa(iqHIM CITOCOOOM.
Tyr Ha rpadiky BuximHoi BAX EIl (5) (puc.5a) mnpoBeneHa suxiona
HABAHMAICYBATILHA JTIIHISL pedcuMy CnoKoro, sika BiAMoBiaae piBHAHHIO (6). ['padik
npoxigHoi BAX (puc. 50), sik 3anexHicThb |3 Big Uke oTpuMaHa 3 BU3HaUYCHHSM |3 B
Toukax meperuHy BuxigHoi BAX (5) 3 miniero HaBaHTexeHHsS (6) (puc. 5a) mus
pizaux Uke. Touka nepetuny mpoxignoi BAX 3 npsmoro (7) € TOUKOIO CIOKOIO,
sIKa BU3HAYA€ IIyKaHi BeaTuanHu |301 Ukeo.

3E0 XK 3E

a) 6)
Puc. 5. Umoctpanis rpadiuHoro crnoco0y po3B’A3Ky CHUCTEMH PIBHSIHBb

G)-(7).
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3. AHaJi3 miIcHJII0BAJLHUX KACKAAIB 3 eKBIBAJEHTHOIO CXEMOIO
MiICUJII0BAYa HA M0JILOBOMY TPAH3UCTOPI, 3I0paHOro 3a cxeMoI0 3i
CIIJIbHUM BHTOKOM

[TizcunroBanbHi Kackagy Ha TOJBOBUX TPAH3UCTOpPaX 1 EJIEKTPOHHHUX
JaMIiax, MPUKJIAAN SKUX MOJaHi Ha pHcC. 6, B PEXKUMI CIIOKOIO MPUBOIATHCS 10
eKBIBAJICHTHOI CXeMH TpeJICTaBIeHOI Ha puc. 7. Ha Hiif yka3zaHa cucteMa BiUTIKIB
Hampyr 1 CTpyMiB Kackaay. 3HOBY /s E€JICKTPOHHUX TMPHIAiB, MIO
BUKopucToBytoThCs |k=0, Tomy |e=l3 , a Ux=0 3a BU3Ha4YEHHSAM pEXHUMY CIIOKOIO.
Jlami maeMmo:

Ue=REele=REls.

Puc. 6. Cxemu miicuitoBaviB: 31 CHUIBHUM BHUTOKOM Ha N-KaHAJbHOMY
MOJIbOBOMY TPAH3UCTOPI 3 KEpyruyuM P-N mepexoioM (a), 3 po3aUIeHUM
HABaHTAXXEHHSIM Ha N-KaHAJIIBHOMY MOJLOBOMY TPAH3UCTOPI 3 KEPYIOUUM P-
n nepexonom (0), 31 CHUTBHUM KaTOJIOM Ha MEHTOI (B).

UK“:

Puc. 7. ExBuBasieHTHa cxema peXHMa CIOKOK JUIsl MPUHIMIIOBUX CXEM
KacKa/iB, 1110 MpeICcTaBJeHl Ha puc. 6.




JInis IHIIMX BETTMYHMH, SIKI 1€ Tpeba 3HAWTH CKIIaAa€MO CUCTEMY PIBHSIHb:

|3 =F(Uke,UsE), (8)
Use=Ex—(R3+Re)l3, 9)
Uke= —REls. (10)

Ha puc. 8 mokazaHo po3B’s30K I1i€i CUCTEMHU PIBHAHB IpaiyHUM CITOCOOOM.
Tyt Ha rpadiky Buximnoi BAX EII (8) (puc. 8a) mobynoBaHa HaBaHTa)KyBajbHa
JiHIA, SKa BiANoBijae piBHAHHIO (9). 3 BUKOpUCTaHHSAM IpadiyHUX 300pa’keHb
criBBigHOIIEHB (8) 1 (9) mobynoBaHo rpadik mpoxignoi BAX (puc. 80), Ha sskomy
TaKOXX TpoBeneHa JiHisA, BiamoBimHo Bupasy (10). Touka mepeTwHy Ha IBOMY
rpadiky Bu3Hayae BenuuuHU: lzo, Usp pexuMy CHOKOIO, a 3a 3HAWJIEHOIO
BEJIMUMHOIO |30 — HaMpyTy crokoro Ha 30upansHoMy enektpoai Uso=Ex—Rasl3o.

EO

6)

Puc. 8. Lmroctpauis rpadiuHoro cnoco0y po3B’si3Ky CHUCTEMHU pIBHSHb

(8)-(10).



4. AHaJji3 miacuJIloBaAJLHIAX KACKAAIB 3 eKBIBAJEHTHOIO CXEMOIO
NMOBTOPIOBAaYA HA OINOJISIPHOMY TPAH3UCTOPI

[TlincwmroBanbHl  Kackaad Ha OIMOMAPHUX TPaH3UCTOpax 1 IMOJbOBUX
TpPaH3UCTOPAX 3 1HAYKOBAHUM KaHAJIOM, MPUKJIAIU SIKAX MPEJCTABICHI CXEMaMu
Ha puc. 9, aHAJOTriuHi KackajaM, IO PO3MIAHYTI y mpukaami 2 (puc. 3). Ix
BIpI3HSE JIMIE HASBHICTh MOAUIPHUKIB HAmpyrd B KOJaX KepyBaJbHHUX
SJIIEKTPOIiB 06a3u abo 3acioHy, mo (PiKCyIOTh HA HUX MOYATKOBI HAMPYTH CIIOKOIO.
L1 BIAMIHHICTH € 1 Ha €KBIBAJICHTHIN CXeMi JIJIsl peKUMY CIIOKOIO, sSIKa HaBEIeHa Ha
puc. 10 s kackaaiB Ha OIMOJAPHUX TPaH3UCTOpax. TyT TaKOXXK BKa3zaHa cHCTEMa
BIJIUTIKIB HAmpyr 1 CTpyMiB Kackany. /lisl cpouieHHsl aHami3y HpPUITyCTUMO, IO
CTPyMH B KOJI MNOJUIbHUKA Hampyrd lp 1 B Kol KoJieKTopa |k 3HA4YHO
NEPEBEPUIYIOTh 32 BETMUMHOIO CTPYM B KoJIi 0a3u Tpansuctopa ls. Toai maemo:

Uso=ExR52/(Rs1+R52), (11)
Uk=Ex=Ukao, (12)
Ue=1eRe=IkRE, (13)
|5=F1(Use,Uke), (14)
lk=F2(UsE,Uke), (15)
Uke=Ex—IxRE, (16)
Use=Usr—Ue=Uso—IkRE, (17)
1 XK
CEﬂI
R51[] VT
05,! -
R R

Puc. 9. Cxemu mnigcmitoBaJbHUX KackajiB, IO UTIOCTPYIOTh YETBEPTHA
MPUKIAA: TIOBTOPIOBaY Ha OIMOISIPHOMY TpaH3HCTOpi (a), pe30HAHCHUU
KackaJg 31 CHOUTBHUM €MITepoM Ha OinmoyisipHoMy TpaH3uctopi (0),
PE30HAHCHUI KacKaj 31 CIIJIbHMM BHUTOKOM Ha IOJIBOBOMY TPaH3UCTOPI 3
1HAYKOBaHUM KaHAJIOM (B).



Puc. 10. ExBiBasiecHTHa cxeMa JUIsl peKUMY CIIOKOIO, IO y3arajbHIOE CXEMHU
KacKaJiB, 10 MpeJACTaBlIeH] Ha puc. 9.

Ha puc. 11 mnoka3aHo po3B’A30K Il€i CHUCTEMU PIBHSIHb TpaPIUHUM
cnocoboM. Tyt Ha rpadiky BuxigHoi BAX EIl (15) (puc. 11a) moOGynoBana
HaBaHTAXXyBaJbHA JiHIA, fKa BiANOBiAae Bupasy (16). BukopucroBytouu rpadiku
(15) 1 (16) mob6ynoBano rpadik npoxigaoi BAX (puc. 110), Ha sskoMy 300paxeHa
JIiHis, 110 BiAmoBigae Bupasdy (17). 3naiineHe Ha 1boMy rpadiky MOJOKEHHSI TOYKH
CIIOKOIO BH3Hauae LIykaHi BennuuHHU lko, Ueo = lko Re 1 Useo . BukopucrtoByroun
rpadiku puc. l1la 3Haxomumo Ukeo, a 3 BxigHoi BAX EIl (14) 3nHaxomumo
HaOamkeHe 3HadeHHsA lgo. ISl MiACKMITIOBaIbHUX KackaliB Ha OIMOJSAPHUX
TPaH3UCTOPAX PO3TISTHYTUM PO3PAXyHOK Jla€ HAOMMKEHI 3HAYCHHS HAmpyr 1
CTPYMIB, a JIJIs TOJIbOBUX TPAH3UCTOPIB TOUHE, 00 aisa Hux |3=0.

E
R

KEO XK BEO [210) BEO
a) 0) B)
Puc. 11. Imoctpamis rpadiunoro cmoco®y po3B’si3Ky CHUCTEMH pPiBHSHB

(11)—(17).
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5. AHaJti3 KacKaaiB 3 eKBIBAJIEHTHOIO CXeMOI0 MiJICHJII0OBaYa, 3i0paHoro
3a cxemo10 3i CE Ha 0inoJispHOMY TPaH3HCTOPI

VY upoMy mnpukianl, SK 1 B IONEPEIHbOMY BHIAJKY, PO3IIISIAIOTHCS
MJICUITIOBAJIbHI KacKa Iy Ha OIMOJIAPHUX 1 OJIbOBUX TPAH3UCTOPAX 3 1HIYKOBAHUM
KaHaJoOM, L0 MpEJICTaBJlE€HI CXeMaMM Ha puc. 12, skl € aHajloramMm Kackalis,
PO3MIAHYTUX BXKE B TPEThOMY TpuKnasi (puc. 6). Ix BimpisHs€ TiTbKM HasBHICTH
NOJIIJTPHUKIB HANPYTH B KOJIaX KEPYIOUUX ENEKTPOIiB — 0a3u abo 3acioHa, M0
(biKCyIOTh HAa HMX MOYATKOBI1 HANPYTH CHOKOIO. L BIAMIHHICTG € 1 HA HaBeACHIN
Ha puc. 13 ekBiBaJIGHTHIA CcXeMmi IS pPEKUMYy CIOKOIO [UIsi KacKaJiB Ha
OinoJisipHUX TpaH3ucTopax. TyT TakoX BKa3aHa CHCTEMa BIIJIIKIB Hampyr i
CTPYMIB Kackay. 3HOBY JJisl CIIPOILEHHS aHAII3y MPUITYCTHMO, 1[0 CTPYMH B KOJI1
NOJIIbHUKA Hampyru lp 1 B Komi KojJekTopa |k 3HAYHO MepeBeplIylOTh 3a
BEJMYMHOIO CTPYM B KoJii 6a3u Tpan3ucropa ls. Toai maemo:

Uso=ExR52/(Rs1+R52), (18)
Uk=Ex—IkRk, (19)
Ue=IERE=IkRE, (20)
l5=F1(Use,Uke), (21)
lk=F2(Use,Uke), (22)
Uke=Ex—Ix(Rk+RE), (23)
Use=Uso—Ue=Uso—IkRE. (24)
$Ux
RK
VT

a) 6

~

B)

Puc. 12. CxemMu miACWIIOBANbHUX KacKaliB, SKI UIIOCTPYIOTH M'SITHIA
OPUKIAL: anepioAWYHUA MIACHIOBaY 31 CIOUIBHUM €MITepoOM Ha
O1moJIAPHOMY TPAH3UCTOPI (@), MACKIIOBAY 13 PO3AUICHIM HAaBaHTAKCHHSIM
Ha OIMoJsipHOMY TpaH3ucTopi (0), mijcuiItoBad 31 CHOUIBHUM BUTOKOM Ha
NOJbOBOMY TPAH3UCTOPI 3 130JbOBAHMM 3aCIIOHOM Ta I1HAYKOBaHHM
KaHaJIOM (B).

11



Puc. 13. ExBiBasIeHTHa cxeMa Ul peXUMY CIIOKOIO, 1110 y3arajbHIOE CXEMU
KacKaJiB Ha OIMOJIIPHUX TPAH3UCTOPAX, IO MPECTaBIeH] Ha puc. 12,

Ha puc. 14 mnoka3zaHo po3B’s30K Ii€l CUCTEMHU pIBHSAHb TpadiuHUM
cnocoooM. Tyt Ha rpadiky BuxigHoi BAX EIl (22) (puc. 14a) moOymoBaHa
BUXIOHA HABAHMAICYBANILHA NiHiA, KA BiNOBINae Bupasy (23). BukopucroByrouun
rpadiku (22) i1 (23), nobynoBano rpadik npoxionoi BAX (puc. 140), Ha gKomy
300pakeHa 6XiOHA HABAHMAICYBANbHA NiHiA, AKa Bimmosimae Bupaszy (24). Ix
MEPETHH 1 Ja€ TMOJIOKEHHSI TOYKU CIIOKOIO, sIKa BU3HAUa€ IIyKaH1 BEJIUMYUHH ko,
Ueo = lko Re 1 Useo. BukopuctoByroun rpadiku puc. 14a 3Haxomumo Ukeo 1
Uko=En —IkoRk, a 3 Bximnoi BAX EII (21) (puc. 14B) oTpumyeMo HaOJIMKEHE
3HaueHHS lgo. [{ns miACMIIOBAIBHUX KackaliB Ha OIMOJISPHUX TPaH3UCTOPAX
PO3MIISIHYTUH PO3paxyHOK Ja€ HAOMMKEHI 3HAYEHHS Hampyr 1 CTPyMiB, a JUIs
MOJIbOBUX TPAH3UCTOPIB — TOUHE, OCKUTBKH 13=0.

E)K
RAR
|
KEO K BEO B0
a) 5) 0) UEEO
Puc. 14. Imroctpamist rpadgiuHoro crnocoOy po3B’sI3Ky CHUCTEMH pPiBHSHb
(18)—(24).
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3aBaaHHA ISl CAMOCTIiHOI po6oTH

1. 3acBoiTM METOAMKY aHali3y pEXUMY CIIOKOI, IO pO3TJsHyTa B
npukiaai 1. Bukonaiite aHami3 pexuMy CIIOKOI0 PE3UCTOPHOTO IiCHITIOBATHHOTO
Kackaay Ha OinoispHoMy TpaH3ucTopi (puc. 1), BukopuctoByroun BAX
TpPaH3UCTOPa, HaBEICHI Ha puc. 15 i 3HaUCHHS MapaMeTpiB CXeMH JIJIsi BKa3aHOTO
BapiaHTy 3 TaOJIHII.

Bapiant 1 2 3 4
Ex I15B 10B I5B 10B
Rs 95 xOMm 95 xOMm 100 xOMm 70 kOMm
R« 1,5 kxOm 1 xOm 2,5 kOMm 2 kOm

2. 3a METOOUKOI0, PO3IJISHYTOIO B MPUKIaAl 2, BAKOHATU aHANli3 PEKUMY
CIIOKOIO TOBTOpIOBaYa Ha TMOJIbOBOMY TpaH3ucTopi (puc. 3 1 puc. 4),
BUKOpucTOBYI0UM BAX TpaH3ucTopa, HaBeZieHy Ha puc. 16 1 3HaUeHHs mapaMeTpiB
CXEMHU JUIsl BKa3aHOTO BapiaHTy 3 TaOJuIIl.

Bapiant 1 2 3 4
Ex 20B 20B 15B 10 B
R: 1 kxOm 750 Om 500 Om 500 Om

3. 3a METOAMKOIO, PO3IJISIHYTOI B MPHUKIIAAlI 3, BAKOHATH AHAJI3 PEXKUMY
CTIOKOI0 PE3UCTOPHOTO TMiJACHITIOBAILHOTO KAacKaay Ha IMOJIbOBOMY TPaH3UCTOPI
(puc. 6a 1 puc. 7), BukopuctoBytoun BAX TpaH3ucTtopa, HaBeleHy Ha puc. 16 1
3HAYEHHA MMapaMeTpiB CXEMHU JJIs BKa3aHOTO BAPIaHTY 3 TAOJIHIII.

Bapiant 1 2 3 4
Ex 20B 15B 15B 10 B
R: =R, 500 Om 400 Om 430 Om 250 Om

R. 150 Om 100 Om 70 Om 100 Om

4. 3a METOJIMKOI, PO3IIAHYTOK B MPUKIAl 3, BUKOHATH aHAJI3 PEKUMY
CIIOKOTO ITiICHITIOBAIBHOTO KacKaay 3 PO3/IJICHUM HaBaHTaKCHHSIM Ha TIOJIbOBOMY
TpaH3ucTopi (puc. 60 1 puc. 7), BukopucroByroun BAX tpaH3ucropa, HaBe/IeHy Ha
puc. 16 1 3HaYeHHS TapaMeTPiB CXEMHU JUIsl BKa3aHOTO BapiaHTy 3 TaOIHII.

Bapiant 1 2 3 4

20 B

20 B

15B

15B

350 Om

500 Om

250 Om

375 Om




5. 3a METOAMKOIO, PO3TISHYTOI0 B MPUKIAAl 4, BUKOHATH aHANI3 PEeXUMY

CIIOKOIO TIOBTOpIOBa4Ya Ha OIMoJsIpHOMY TpaH3ucTopl (puc. 9a 1 pwuc.

BUKopucToBYt0uM BAX Tpan3ucropa, HaBeieH1 Ha puc. 15 1 3HaYeHHs mapaMeTpiB

CXEMHU JUIsl BKA3aHOTO BapiaHTy 3 TaOJIuIIl.

Bapiant 1 2 3 4
Ex 10B 10B 10B 20B
R. 1 xOm 1,5 xOm 1,2 xOm 2 kOm
Re1 2 kOm 3 kOm 10 xOm 20 xOMm
Re> 2 kOm 3 kOm 2 kOm 20 xOMm

6. 3a METOAUKOIO, PO3TJISHYTOIO B MPUKIAAl 4, BUKOHATH aHali3 pexUMY
CIIOKOI PE30HAaHCHOIO MiJCHIIOBAJIBHOIO Kackaay Ha OIMOJSIPHOMY TPaH3HUCTOPI
(puc. 96 1 puc. 10), BukopucroByroun BAX Tpansucropa, HaBeeH1 Ha puc. 15 1
3HAYEHHA MMapaMeTpiB CXEMHU JJIs BKa3aHOTO BAPIaHTY 3 TAOJIHIII.

Bapiant 1 2 3 4
Ex I15B I15B 20B I15B
R 1,5 kxOm 2 kOm 2 kOm 2 kOm
Rs1 10 kOm 10 kOm 10 xOm 20 xOMm
Re2 5 kOm 5 kOm 2 kxOMm 5 kOm

7. 3a METOAMKOIO, PO3IJISIHYTOI B MPHUKIAAlI 5, BAKOHATH aHAJI3 PEXKUMY
CIOKOIO PE3UCTOPHOTrO MiJICUITIOBAIIBHOIO KacKady Ha OIMOJISIPHOMY TpaH3UCTOpI
(puc. 12a 1 puc. 13), BukopucroBytoun BAX Tpan3ucropa, HaBejieH1 Ha puc. 15 1
3HAYEHHS MMapaMeTPiB CXEMHU JIJIsi BKA3aHOTO BaplaHTy 3 TAOJIHIII.

Bapiant 1 2 3 4
Ex 15B 15B 15B 20B
R« 1 kxOm 1,5 kOm 1,5 kOMm 2 kOm
Rs1 50 kxOm 20 kOm 10 kxOm 5 kOm
Re2 50 kOm 10 kOm 5 kOm 2 kOm
R. 500 Om 100 Om 200 Om 200 OMm

8. 3a MeTOAMKOI0, PO3TIISTHYTOI0 B MPUKIIAI S5, BUKOHATH aHAJI3 PEKUMY
CIIOKOIO  TIICHUTIOBAILHOTO  Kackaay 3 PO3IUICHMM HaBaHTAXCHHSAM  Ha
oimosisipHoMy  TpaH3uctopi (puc. 126 1 pwc. 13), BukopuctoByroun BAX
TPaH3UCTOPA, HABEJICHI Ha pUC. 15 1 3HaUEHHs TapaMeTpIB CXEMU JIJII BKa3aHOTO
BapiaHTy 3 TaOJIHII.
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Bapiant 1 2 3 4
Ex I15B I15B I15B 20B

R=Re 1 kOm 1,5 kOm 2 kOm 1 kOm
Re1 50 kOm 10 xOm 10 xOm 5 kOm
Re2 30 kxOMm 10 kOm 5 kOm 3 kOm

9. 3a METOAMKOIO, PO3TJISHYTOIO B MPUKIAMAlL 5, BAKOHATH aHAII3 PEKUMY
CTIOKOIO MiICHITFOBATBHOTO Kackany 3 BU kopekiiero Ha MoJIbOBOMY TPaH3UCTOPI
(puc. 128 1 puc. 13), BukopucroByroun BAX Tpan3ucropa, HaBeJeHi Ha puc. 16 1
3HAQYCHHS MTapaMeTpIB CXEMHU JJIsi BKA3aHOT'O BapiaHTy 3 TaOIHIIl.

Bapuant 1 2 3 4
Ex 20B 15B 15B 20B
R« 500 Om 450 Om 400 Om 500 Om
Rs1 200 kOMm 100 xOMm 100 xOMm 100 xOMm
Rs> 100 xOm 50 kOm 50 kOm 100 xOMm
R= R. 500 Om 50 Om 100 Om 200 Om
/
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Puc. 15. Bxinna (a) i BuxigHa (6) BAX 6inonsspHOro TpaH3UCTOPA.
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Puc. 16. Buxigna BAX n-kaHaibHOTO MOJILOBOTO TPAH3UCTOPA 3
KEPYBAJIBLHUM P-N MEPEXOI0M.
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AHAIIIB PEIKIMY CITOKOO .......vvvviieeiiiiiiieeeessiineetessssisreeesssssssseeeessssssneeeesssansnns 3

1. AHami3 miJICUIIIOBAJILHOTO Kackaay Ha OIMOJISIPHOMY TPaH3UCTOPI,
TOYKA CIIOKOIO SIKOTO 33/Ia€ThCSI 32 paxXyHOK (hIKCOBAHOTO CTPyMy Oasd.... 3

2. AHai3 NiICUITIOBAIbHUX KACKa/IiB 3 €KBIBAJICHTHOIO CXEMOIO PEXXKUMY
CIIOKOIO MIOBTOPIOBAYA HA MOJIBOBOMY TPAH3HCTOPL .ecuveveeveenreenrenieenieennens 3)

3. AHaii3 OIACUWIIOBAJILHUX KAaCKaJlB 3 €KBIBAJIEHTHOIO CXEMOIO
M1JICUITIOBaYa Ha MOJIbOBOMY TPAH3UCTOPI, 310paHOI0 3a CXEMOIO 31

CIILITBHIM BITOKOM. ... eeeeeneeeeeeeeeeeeaaeeeeeaaeeeeeeaaeeeeseaeeeeenaeseeenaeeeeenaaaeeeanaens 7

4. AHami3 mACUIIOBAIILHAX KACKAIIB 3 €KBIBAJIEHTHO CXEMOIO
MTOBTOPIOBAYA HA OIMOJIIPHOMY TPAHBUCTOP L. vveeeuvveressvrreesssrreessssnneessssneessnnns 9

5. AHaumi3 KackaJiiB 3 €KBIBAJICHTHOIO CXEMOIO MiJACHIIOBava, 310paHoro

3a cxeMo10 31 CE Ha OIMOJIAPHOMY TPAHIUCTOPIL . .vveerereersnreenreessnneesnneesnnes 11
3aBAAHHSA 11 CAMOCTIMHOL POOOTH. ... iiiiiiieeiiiiiiiie e 13
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