OcnoBubie NOHSITHS, ONPEAETCHHS B 3aKOHBI DICKTPIYCCKRX l[_é ¢
Dnexmpuueckoli 4enwio. Ha3pBAT COBOKYIHOCTH ycrpoﬁcm 1 o0mer ol-
PasyIonMX Iy Th JUlsh HNCKTPUIECKOro ToXa.

Inexmpuneckan ¢xema ~ rpaduucckoe H30OpaxeHne snem)wm(;k(m e,
COCTaBICHNOE M3 YCHOBIHIX OGOIMANCHH eé DJEMEHTOB H MOKa3BIBAIONICE CnOCOlnt
COCAMHCHHUS DTHX NICMENTOB,

DACMCHTH! MICKTPAHECKON e JURIISTCH 1A AKTHBHBIE W TIACCHBHEIS. AKMNG-
HOIMI JREMENTRAMU MICKTPHUCCRON 1O MUIAOTCS BCe MCTOURMKH SIEKTPHIECKOH
sueprau (pue. 1.-a) i upuesinii (pric. 1. 0), lcm‘opmc xapampnsy}orcx 3HAYEHHEM
D/AC £ v payrpenniy conpormyieines R,
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Puc l

Haccuenvimu 3nemenmami, xsmnmc:a npncmmlm, ol atomue COnpOTHB~
nenneM R (puc. 1. ), HasbIBaeMbie pe3rcopasn. Peinceiop yuntsisaer BeobpaTy-
MBI mporecc npeobpasoBadms MCKIPHICCKON H1EPIUN B TEIUIOBYIO, MeXaHuue-
CKyTO.
PerympyeMsiii pe3ucTop Hasbmacw;l [worlmmmm (puc. 1. 2). Ilpu nepememe-
HUM JBHIKKA PEocTara BJIEBO ero conpo'rnmr_ﬁmle YHCNITIHBACTCA.

Du3HYECKYIO CYIHOCTE CONPOTHBIEHII (IPOBOMINHKA COCTABIAET HPOTUBONCH-
CTBHE HANPABICHHOMY HBHIKSHHIO CBOOL/UINX WICKTPOHOB, T. €. TIOCTOSHHOMY TOKY.
ConpoTuByieHye NPOBOJAHAKA HOCTOMIITOMY TOKY mnncm: OT MaTepuana NpoBoOJHA-

Ka, T. €. €r0 YACIbHOr0 COMPOTHBAGHIN /1 ((ar- Mt 2/ M), TIONIEPEUHOTO ceuehns S
(MMz) Jnuans! [ (M) IPOBOAHMKA M QNP iiciiercn kak R=p-/S. Uem Tonu(e u kopoue
NPOBOJHMK H3 OZHOTO M TOIO KO MATE]III, TeM MEHBIIIE €T0 COMPOTUBICHHE, 1 Ha-
060pOoT, YeM OH WIHHHEE K TOBKIC, TEM. L1 CONpPOTHBIEHHE Gonsme :

Enunnne cCOMpOTHBIEHAS NNIIC! ten oM (Om),

Benuyuna, obparHas conpomuucmnn 1A3BIBACTCS npoeoc)umocnwm G=1/R.

Emanuueit npoBogumMocT Aunerea cumenc (Cwm). .

ConpoTHBIeRHe MPOBO/IIHKA TOCTONNIOMY TOKY 3aBHCHT H OT 'rcmwp.urypm C
TOBBUNICHUEM TEMIIEPATyPbl CONPOTHINICHHE METALTHYECKOTO IPOROMIIK yBeH-
YHBAETCA, 4 ¢ HOHIKSHHUEM ~+ YMEHhiteres. Mamenerne conpomnatmx 1POBOSHE-
Ka B 32BHCHMOCTH OT H3MEHCH)S 010 TEMIICPATYPBI ONPERENIAETCS: |
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Ry = Ry[1+a(ty -1)], )

rae R; — CONpoTHBIICHHE, COOTBETCTBYIOIEE TEMIIEPATYpE t1;
R, — cOnpOTHBIIEHHE, COOTBETCTBYIONIEE TEMIIEPATYPE b}
0. - TeMmneparypHbli KO3((HUHMEHT CONPOTUBICHUS, PaBHBIH OTHOCUTEIFHOMY
H3MEHEHMIO CONPOTHBIICHNA IPH H3MeHeHnn TeMieparypst Ha 1 °C.

DJeMEHT 3eKTPUYECKOH LENH, apaMeTps! KOTOporo (CONpOTUBIECHHE H /ID.)
He 3aBHCAT OT TOKA B HCM, HA3hIBAIOT JIAHEHHBIM.

Tlpu aHanw3e JIMHEHHBIX IIEKTPUYECKHX LENEH NONb3YXOTCA TONONIOrHYECKUMHI
TOBATHAMM:

Bemeb 311eKTpUYECKO 1ern — YY4aCTOK LieIH, TOK KOTOPOrO UMEET O/HO H TOKE
3HAYEHHE 1 HANPABICHHE.

V3en — mecto coenpxenus Tpex u Gonee BeTBEH.

Konmyp — mo00¥ 3aMKHYTHIH IyTh, NPOXOASNIMI IO HECKONBKHAM BETBSIM.

I A Y L Is

Puc. 2

Pas/H9aIoT NOHATHA T€OMETPHIECKOrO H TIOTEeHIMATBHOrO Y3708, 'eoMeTpuye-
ckue y3isl 3 1 3' (puc. 2), MMEIONIMe O/IMHAKOBHIE IOTEHNHUAIEI, ABIAIOTCA ONHUM
NOTEHRIHANBHEIM y3JI0M. Ha cxeMe puc. 2 9eThipe TeOMEeTPUIECKIX M TPH MOTEHIH-
QIIBHEIX Y3714, -

OCHOBHEIMH 3aKOHAMH JIEKTPOTEXHUKH ABAAIOTCS 3aKk0H OMa u 3axousl Kapx-
roca. Heobxoammo pasminyath 3akoH Oma [ytsi yJacTka uenw, He conepramero DJIC:

U
I=— o ®



3axon Oma jurs ygactka xenu, conepykamero DJIC, KoTopulii NA3LIBAIOT 000«
wennvm 3arxonom OMa:

_+UZE
TR

(2a)

Iepeviit 3axon Kupx2o0¢)a OTHOCHTCS K y3J1aM dIICKTPUYECKOM Lemu: aneetpan-
YECKAs CYMMA MOKOB 6 NPOBOOAX, CXOOAWJUNCS G Y3INE, PAGHA HYIIIO.

m
Ll =0, )
k=1

TZie 1 — YMCIIO BETREH, MOAKTIOYEHNBIX K Y3I1Y.

Hanpasnerus TOKOB BLIGHPAIOT TPOH3BONIBHO.

B ypaBrenusx no nepsomy 3axony Kupxroga Toku, HaupasneHHbIe k y3uy, 6e-
PYT C OZIHHM 3HAKOM, KaK NPaBHIIO CO 3HAKOM «IUTIOCY, @ TOKH, HANPABICHHBIE OT
Y371, — CO 3HAKOM «MEHYC. '

Hanpumep, ana y3na 2 (puc. 2)

Iy=14+15

Briopoii 3axon Kupxzogha 0THOCHTCS X 3aMKHYTbIM KOHTYDAaM JIEKTPHYCCKOH
UeNH: aneebpau4eckas CyMma nadeHull HanpagiceHuti Ha écex snemenmax nobozo
3aMKIYIMO20 KOHmypa paena anceopauyeckoti cymme IC amozo xowmypa.

m n A
LRl = LEg , (3a)
k=1 k=1

Fi€ M — YHCIIO JIEMEHTOB ¢ CONpPOTUBNEHHeM Ry B KOHTYpe,
n —yrcno uctoynukos DJIC B KOHTYpE.

Hcnonn3opanne 3akoHoB Kupxroga
AJIS1 PACYeTA CJOKHBIX WICKTPHUCCKHX uenei

Hcnonssys 3akonst Oma u Kupxroha MOXHO paccuuraTh OTHOCHTEILHO PO~
CThIE U CIIOMHBIE deKrpudeckue neny. [Ipu pacuere Takux nene# o6Guuiio H3BECTHEI
napaMeTphl HCTOMHMKOB DJIC M CONPOTUBIECHHS 3JE€MEHTOB JIICKUPHUCCKOM LENH.
3amaua CBOAMTCS K ONPEENIeHAI0 TOKOB B BETBAX LEIIH.

Jns onpeaenenys TOKOB B BETBAX MEKTPHYECKOH MM MCHONb3YIOT CIEAYIO-
uwe npapwma; i ’
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1. BoibnparoTcsi NPOM3BOILHO YCIOBHO — TIOJIOXKUTEIIBHEIC HAIPABICHHS TOKOB B
BETBSAX, KOTOPbIE (DMKCHPYIOTCS CTPENIKOH. 3HAKH OTBETOB IOKAXYT NpPaBUIBHEI
T OHM.

2. Onpenengercs 4ucio HEU3BECTHRIX TOKOB IO YHCIY BETBEH —~ .

3. Onpenenserca YmciIO y3MOB q B JUIA JHOOBIX Y3/IOB uemd 3ammceiBaercst (q-1)
YPaBHEHUH 110 nepaomy sarxony Kupxeoga.

4, Hemocraiouwe »n = p—(g—1) ypaBHEHH} 3aIHCHIBAIOTCS 110 GIMOPOMY 3AKOHY
Kupxeogha st n HE3aBUCHUMBIX KOHTYPOB. He3aeucumviym Ha3HBAIOT KOHTYP, B
KOTOPBIH BXOAMUT XOTs OBl O/IHAa HOBAs BETBb.

5. Tlpou3BonbHO BHIOHPAIOTCS HANpPaBIeHHS 00X0Aa KOHTYPOB, HANPHMED, O XORY
9acoBO# crpesiky (puc. 2).

6. TIpu cOCTaBJICHHM YPaBHCHUHN CO 3HAKOM IUIIOC» 3aIIHCHIBAIOTCSA TE ClaraeMeie, B
KotopsiX ToK # DJIC HMEIOT HampaBIeHH s, COBIINAIOIME C HANPaBIEHUEM 00X0-
Jia KOHTYpa, H CO 3HAKOM «(MHHYC», €CIIH HX HalpaBlIeHKUsI NPOTHBONONOXKHL 06~
XONy KOHTYpA.

7. Pemaercsi CHCTEMa ypaBHEHHH OTHOCUTEJIBHO TOKOB B BETBAX, M €CJIH OGHApYKH-
BAETCSA OTPULATEBHOE 3HAYECHHE TOKA, TO 3TO FOBOPHT O TOM, UTO JACHCTBHUTEINb-
HOC HaNpaBJIeHHE, IPOTHBOMONOXKHO YCIOBHO BRIOpanHOMY. McTHHHOE Harpas-
JICHUE JIOKA3bIBAETCS HA CXEME.

PaccMOTpyM 3TOT NOPAAOK pacyeTa UL CXeMbI (PUC. 2)

B cxeme Tpu y3na, narh BerBel. CrieoBaTeNbRO, 18 ONPEHENCHHS TOKOB He-
06X0AMMO COCTABUTD CHCTEMY 3 IATH YPABHCHUA JUII HEU3BECTHBIX TOKOB.

Kaxk ykasano B 11. 2, 9HCJIO YPaBHEHHH, 3aNMCAHHBIX IO JIEpBOMY 3aKkoHy Kupx-
rod)a, paBHO JBYM, @ OCTaIbHbIe TPH YPaBHEHHA (CM. II. 4) 3aICHIBAIOTCA IO BTOPO-

My 3akony Kupxroda.

Vaenl 11+12—]3 =0

V3en3 Ig+1s=11 =1y =0
Kon‘rypl ]lRl—]ZRZ =El—E2
KontypIl IRy +I3Ry +14R4 = E,
KomtypIll —14R4+I5(Rs+Rg)=0

Penmus cycTeMy ypaBHEHH MOXHO ONpPENENUTh BCe HEH3BECTHBIC TOKH B BET-
BAX.

Bropsim 3akoBOM Kupxroha MOXKHO NONB30BaThCA M A ONPEACNEeHHs Hanps-
JKEHHS MEXNCIy ABYMH TIPOH3BOMBHBIMA TOYKAMHA CXEMBI, MBICTICHHO 3aMKHYB KOHTYD
HA BBEJICHHOE HANPSJICeHYE MEXTY STHMH TOUKaMH, KOTOPOE Kak OBl IOTOTHSET He-
3aMKHYTHIH KOHTYD J0 3aMKHYTOTO,

Hanpumep, wia onpeneinenys HanpskeHus Uy, (puc. 2) MOXHO HANMMCATH ypas-
HEHus AByMs criocoOaMu:

1. )Ry =IaRy —U g =0 % Wiy Bj—By
Ug =Uy-U



OKBMBAJIEHTHbBIE NPE0OPAIOBAHYS NMACCHBHBIX YUACTKOB
JICKTPHYCCKON Lenu

TMocnenoBareinnoe coe/THEHHE 3JIEMEHTOB

ITocaedosamenvizvim coedunenuens snemenmos Ha3LIBAIOT COSARAEHUE, TIPH KO-
TOPOM MOK 6 KAOICOOM NCMEHIEC OOUN U MOM JICC.

I R R> R; R, I
+o—>»— }+—1 J}— J L“:J + O——
u l Us Uz Uy iy U l R
-0 . ” O
a) 6)
Puc. 3

- Tox nenu He U3MEHMTCS, €CNH TOCIENOBATENLHO COCAHHEHHBIE “N” 3/IEMEHTHI
(puc. 3. @) 3aMEHUTH OHAM JKBHBANCHTBIM COTNIPOTHBICHHEM Ryyp .
OKBHBAIEHTHOE comporusienue (puc. 3. 6) paBHO CyMMe CONPOTHRICHWI,
BXOAAIMX B 3TY LEIk.

Ry =R +Ry+R3+ ..+ Ry ©))

l'IpH NOAXIIIOYCHHH HOBOIO IIPUEMHHKA B IOCACA0BATC/IBHYXO LCIOb — Rixe

YBEITHYABACTCA.
Tox B HEMM 3aBUCHT OT CONPOTHUBACHHA JIOOOrO M3 SJIEMEHTOB LENH MU

onpeIeNAeTcs 1o 3akoHy Oma:

U Uy %
JUISL yYacTKa Nemny I=—, I=—%, I=— 5
y4 R %y 2, ©)
U
1A BCeH 1emn I'= (5a)

Rsxa

Hanpsoxenus Ha 3/IEMEHTaX IPAMO MPOTIOPLHOHAIBHEI CONPOTHBICHHAM 3THX
anemenToB. HanpskeHHe MCTOUHHKA ONpeenIeTcs:

Uuem =U1 +Up + Uz +...+ Uy
IRyye = IRy + IRy + IRy +...+ IR, 6)

RN e e




I'Iapannenbﬂoe COCAMHCHUE 3JICMCHTOB.

IlapannensHeim Ha3BIBAIOT COCAWHEHHE, NPH KOTOPOM BETBH LIENH NPUCOE
HAIOTCA K OHOH mape y3nos (puc. 4. a). Hanpsicenue Ha BceX NApajUiebHBIX BE.
BSIX OTHO M TOXKE.

1 1
+ O ? ? + O
I I I
U & [z, 2 U [] R
- O - Oo————
a) 0)
Puc. 4
Toxu B BeTBAX 06pPAaTHO NPOMOPIHOHATEHE! HX COTPOTHUBIICHUAM:!
11=£, 12=£, 13=y- G
R] RZ R3
Tox Hepa3BeTBIEHHON YacTH LISNH COINIACHO TIePBOMY 3akoHy Kupxroda:
I=1] 1+ I 2% I 3 (f

Cxema ¢ mapasjensHO BKITIOYCHHBIMH SJIEMEHTAMHA MOXET OBITh 3aMEHeHa 3t
BUBAJICHTHOH cxeMoH (pHc. 4. 6), A1t KOTOPOH (GopMyna SKBHBAJEHTHOTO CONPOTHE
JIEHHA:

1 1.1 1. Ri-Ry-Rs

B e R =
Ry R Ry R ne Ry Ry +R3 R +R "Ry

TIpy NOAKITIOYEHMH HOBOrO MPHEMHIKA NAPAIEbHO APYTHM — Ry, YMEHBIIE
€TCsL.
IIpyn napajuienbHOM COSAMHEHHH ABYX 3JIEMEHTOB:
_R-R

=12 1C
K6 R +R, (

Eci  mapaniensHO COCIMHEHB! «N)» ONMHAKOBBIX COTPOTHBICHHM, T. ¢
R =Ry =Ry =...= R, 10 R,;,, Oyzner B n pa3 MEHbIIE:

Rixe =Ry/n (1 0¢
9



CMeImanH0e COEAMHEHHE 3IEMCHTOR

Cumewannvizm COCOUNCHUCM DIICMEHMOB HA3BIBAIOT COTETAHNE HX rmwnulmm-
TENBHBIX K MapajIeNsHBIX COCMICHUIT.

TTpy pacuere ueny o CMEManubIM COCTHHEHNEM 2JIeMEHTOB CHauajla 3aMeii-
LOTCA AKBUBANICHTHBLIM CONPOTHBIICHHCM APaILIENIbHO COCAUHEHHBIE NIEMEHTHI, o
3a1eM HaXoMAT R,y OTHOCHTEIBLHO BXOHBIX 3a)KUMOB,

B cxeme uenu (prc. 5) BeoOX0AHMO ONPEUEIIHTS TOKA B BETBsX, ecam U=120 B,

a conpoThpnenus pesuctopos Ry=]8 Om, Ry=30 Om, R3=20 Om.
Ha puc. 5. 6, ¢ nokasann! ranst npeobpazoBanns cXemsl.

R R
e ). _ il—[____l_]*--'a I
I
]/ R;
- O b
6
a) 6) 8

Puc. 5

B cootsercreuu ¢ (10) conporusienne yuactka aé

Ry-Ry _ 3020

= =12 Om
Ry+Ry 30+20

Rag = Roz =

TOKOM HCTOYHMKA ABISETCS TOK I,

Hanpsoxenue Ha yyacTke a8
Uge =Uz3 =Rypg-I) =U—-Ry-1; =12:4=120-18-4=48 B
Toxn 8 BeTBsIX

Uy 48 Uy; 48
] =-——-—=———=1,6A, I =———"——‘_24A
2R, 30 3T R 20
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IpeobpazoBanue «TPEyrojbHUKa» CONPOTHBICHHIH B 9KBHBAICHTHYIO
«3BE3IY»

Jins ynpoutenus pacuera ClOXHBIX cxeM ObiBaeT yo6HO npeobpa3opats Tpe-
YrOJIbHHK TACCHBHBIX CONPOTHUBIEHHN B 3KBHBAJICHTHYIO 3BE3AY 10 hopMynam:
__R-Ry | __ BB __R-R

e QY - : = 11
R]+R2+R3’ R1+R2+R3 ) R1+R2+R3 ( )

Puc. 6

Tlo ycnoBuiO SKBUBANCHTHOCTH TOKH, HANPABICHHBIC K y3JIaM 4, 6, C B BETBAX
cxembl (puc. 6 a, 6), He MOABEPrHYTHX NPeoOpa3OBaHHIO, JOIDKHBI OCTaBaThes 6e3
U3MEHEHUS, )

ITpumepsl pacueTa dIeKTPHYECKHX LTS ¢ OXHUM WCTOYHHKOM NIUTaH s

Paccmorppm HECKOJIBKO NPHUMEPOB ONPEACICHUS SKBHBAJICHTHLIX CONPOTHBIIC-
HUHA NIPX CMCLIAHHOM COCAMHEHUH 2JIEMEHTOB.

Hpumep 1. Onpeneuts MoKasanus BonsT™MeTpa (PUC. 7) NPU 3aMKHYTOM KJIO-
ye, eciii U = 30 B; R = 2 Om. Kak U3MEHHTCS IIOKa3aHUE I10CIe
pa3Mpikanua kmoya? '

I Pewenue:
+ o 1.I1pu 3aMKHYTOM KITIOUE I1apalLiesibHbIe
J. y4acTku ag v é¢ (10a) coeuHmOTCs
R TI0CJIeI0BATEIBHO
u R9x3=Rac+R=-§+-§-+R=2R
U U 30
R I = IS e I ——
Ry 2R 4

11



U=1-R,,c=-3£--2=15 B

BonbT™METp NOKa3hiBaeT:

2. Tlpu pasMbIKaHAN WHOUA TAPANNCTLHO COSNHSIOTCA CONPOTUBIIEHUS YIacTKa ac¢

R+ R U U _30
Rogg = Roe + R == 4 R = 2R J=—=—==
axe = fac 2 Ry 2R 4 5
02158 ‘

BonbTMeTp NOKa3miBaey: W el Ry = li 2=

Tpumep 2. Onpejennyn HRBUBRICHTHOE conporTHenenme venn (puc.8).

[ e s e

R R ﬁ*l R
B Tl ao

8 o 8 o
Puc. 8 Puc. 9

Ha 3axopOTKe MOTEHIHAN TOYEK OAMH M TOT XKE, NO3TOMY HX MOYKHO OOBEmH-
BHUTD. brarozaps 3ToMy BHIHO, YTO 3MEMEHTH! NMOKIIOUSHB! K OXHOH ¥ TOM e nape

Y3108, T. €. COEJHHCHSI mapajuIeNbHo (puc. 9).

SRk o s
S AR s

Rog = Rae =

w |y

Ipumep 3. Onpepenwts SKBABAICHZHOE CONPOTHBICHHE Mjlsi. cXeMb (puc.10)
OTHOCHTEIFHO TIONMIOCOB @ M 6 IIPH 3a3¢MIICHHHU JIBYX TOYCK ¢ Y d.

Conporusyienue pe3nctopos Ry = 6 On; Ry = Ry =4 Om; Rq=9 On;

R5=20M. _ ;
d . A% Tc,d
l - :
Ry ) 2R
RS : Hl\’z-a [] Rs
R, Rs3 Ry £ []RJ 2
n n ; : LY R v n
Puc. 10 S S e, 1




n

Pewenue:

TIpu 3a3emyenny ABYX TOUEK ¢ M d 0OPa3ylOTCA NBE TOUKK PAaBHOTO (HYJIEBOro)
NOTEHIMaNIa, KOTOPbIE MOTyT ObiTh 00heAMHEHE! B OAHY (puc. 11).
Pesucrop Ry mpu 3ToM OKaeTCs 3aKOPOUEHHBIM.

R 4
3===2=20u
R
Ry_3Rs 2:2
Ry =Ry + =9+ =10.
b % Ry_3+Rs 242 O

Pacqe'mo rpaduyeckas pabora Ne 1

3A11A'-IA 1. lI:m 3nex'rpmec1<on ueru (puc. 1.1) ¢ napameTpamu, 3anaHHbIME B

Tabn. 1 onpejenuTs 3KBUBAIEHTHOE (BXOJHOE) CONPOTHUBIEHME OTHOCUTENBHO 3a-
JKMMOB HCTOUHMKA NMUTAHYS ¥ TOK B BETBH MCTOYHMKA IUTAHUA.

NPUMEYAHMS: 1. Ecnn R=0, conpoTHBIeHHE 3aKOPOUCHO o—o (PE3H-

I crop yopars).
- p 2. Ecin R=c0, B nemu paspes, [=0 (8eTBp n3 cxeMpl yO-
4 pars).
Ru
oy | Qe |
/ L4 j\) Ri gg PO
g SR : Ris
| parno: LI
= Rz —
Z Ri2 Rz )
== P Y 3 3 e o W) i
[ J s

Puc. 1.1

13
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Okonyanne Tabnuus 1

R17a

Rys,

R]S:

RM:

Rl 3

Rlz:

Ry,

RIO’

R‘h

R7,

JasHbie U pacuera
Rs,

OM | OmM | OM [Om | Om [Om [ Om {Om | Omv | Om | Om | Om

Rg,

Ra, | Rs,

R,

15

Ra,

7

6

6
3
7
3

5
6
4
4
4
4
5

3
4

Ry,

3
7

6

3

S
6
3

7
3

5
6
3

5

3
4

5
3

4

Ro,

0,3

0,5

0,5

0,2
0,2

B |Om|OvM|{OM|Om| Om| OM

E,
30

30 |1 0,2

30

30 | 04

30
20
20

20 | 0,4

20 1 0,5

20 | 0,2

150 | 0,5

150 | 0,5

150 | 0,5

150 | 0,6

150 | 0,5

140 | 0,4

140 | 0,4

140 | 0,4

140 | 0,6

120 | 0,2

Bapuant

81

82
83

84
85

86
87

88
89
90
91

92
93

94
95

96
97

98
99
100
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Iipumep pacuera 3agasin 1

Jna snextpyueckol memu, cxema KOTOpoi usobpakeHa Ha puc. 1.1, ompene-
JIUTH SKBHBANCHTHOE (BXOMHOE) CONPOTHBIICHHE OTHOCHTEIBHO 3a)KHMOB HCTOYHMKA
TIWTaHUA H TOK B BETBH HCTOYHYUKA IIATAHHAS.
3azaHbl naPaMeTPh! AMEKTPHICCKOH Henu puc. 1.1, B COOTBETCTBHM ¢ KOTOPHIME F10~
KasaHa JJieKTpavdeckas pabodas cxema puc. 1.2:

Rp=0,5 Om
Ris Ri=0

Rn Ry= 4 Om

: Ris R3= 4 Om

Ry - R4= 4 Om

kn R Rs=0

o — R¢= 4: Om

‘ Rs= 5 Om

F:R“ £ §8= 80

c | o 95 M

R|o= 8 Om

Rie R R]1= 15 Om

— R;;=150m

Rs P R;3=7 Om

Rz Rj;=80m

R Ruo_ Ri5=8 Om

Lt it Rys=6 Om

E R|7’-= 15 OM

E=128 B

| £ N I |
m Xz, n
Puc. 1.2
Pewenue:

Jna onpenenenus Ry NauHyio 1enb pasbusaem Ha yyacTks. B Kaxaom ydact-
K€, 3aMEHHMB IOC/ICAOBATENBHO M NAPANIENbHO COSAHHEHHEIE PE3HCTOPHl KBHBA-
JIGHTHBIMH COIPOTHBIICHHAMH, YIIPOLIAEM CXEMY. ’

e R4
Ry B
— .
e i R15
P
”
| JPANy Ri7
7 ’ ‘:\ \?A\\
W MR Rys
c i — . —
 E o
e Rz
Puc. 1.3

19

Jlns ygactka cxems (puc. 1.3)
npeodpasyeM TpeyronbHuK a6c B

SKBHBaNeHTHYIO 3Be3fy (11):

- Ry -Ryq - 15-15 =5 Om
Ry +Ryp +Rl7_ 15+15+15

i Ryy - Ry7 = 15415 SO
Ryp +Ryp + Ry 15+15+15

¢ = R11+R12 +R17 - 15+15+15 »



Onpegensem SKBUBAICHTHOE COPOTHBJEHHE Ry YIPOLICHHOIO yYacTKa CXeMBI

(puc. 1.3).

»

Rp=214"1 - """ _40n Ry =Rg+R; =5+4=9 Om

R]11=R8+R]3 =5+7=12 Om

Ry Ry _,, 912

Ra_Rc+RII+RIII 5+9+12 . 10,14 Om
Ha puc. 1.4 conpotusie-
Ri R¢ Hue R, 3aKOpPOYEHO HyJe-
i BBIM COIPOTHBIICHAEM
Ris R=0.
3§ P =2 =0

d k Rs s Ry +0
Rz Tox moTeyer mO Haw-
Ro Rio MEHBIEMY  CONpPOTHBIIE-
G T s M HUIO, T. €. [0 3aKOPOTKE.
! ! Ecmur smecto R, Gyaer we-
m n  CKONBKO  MapamlesnbHBIX
Puc. 14 ; CONPOTHBJICHHM, OHHM BCE

OyAyT 3aKOPOYECHEL.

R = R3 =4 Om

Bersu Ry 1 Ry ¢ npucoetAens! K 0HOM nape y3108 1 ¥ 2, CIEAOBATENLHO OHH
COE/IMHEHE] TAPALIEITEHO.

O L[N L P

_Ry Ry 645

R il %
T Ry +R; 6445

2,8 Om

RWI =R9 +R10 =8+3=11 Om
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= F B pesymprare npeobpasosanuii moJydeHa cxe-
Ma puc. 1.5.
Rw
Ruy Rg=A R 281,05 o
Run Ryr +Ryyp 2.8+11

R, =Ry +Rp =4+2,23=623 Ou

Puc. 1.5

OKBHBAJICHTHOE CONPOTHBIIEHHE OTHOCHTENBHO 3WKAMOB HCTOYHHKA MATAHHS
(puc. 1.6).

Ry-Ry  1014-6,23

Roxs = - =386 0
M = Ry +R, 10144623 :

Re
|
e Tox B BeTBH MCTOYRMKA IIATAHMS ONPEACTITOT
1o 3axony OmMa
R:
R Je—=Ef 128 o936
— Roxe +Rog  386+05
Ro E I
B AR
b n
Puc. 1.6

SAJAYA 2: Jlns snekTpruecKoil HenH, cxeMa KOTOPOH COOTBETCTBYET HOMEPY

BapuanTa B Tabn. 2 u u300paxxerHoi Ha prc. 2.1 — 2.20, BEIIONHATH ClEXyIOWEe:

1. CoctaBuTh CHCTEMY YpaBHEHUM JUid pacyera TOKOB BO BCEX BETBAX CXEMBI METO-
nom 3axoroe Kupxroda, He pemas e€.

2. Vopoctuth CxeMy, npeoOpa3oBaB €€ B SKBHBAJICHTHYIO CXEMY C ABYMs y3laMu
IyTeM 3aMEHB! IACCHBHOTO KTPEYrOJBHHKA» CONPOTHBJICHHN B 3KBHBAICHTHYIO
«3BE3MYN.

3. OnpenenuTs TOKH B YIPOLICHHOH CXEME METOAOM Y3JIOBOI'0 HATIPSDKEHMA.

4. Bo3BpaTHThCA K MCXOAHOMN CXxeMe M M3 yPaBHEHHY, COCTaBJIEHHBIX ITO 3aKOHAM
Kupxroga onpenenurs OCTaabHEIE TOKY.

5. IlposepuTs Ganasc MOIHOCTE.
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Tabnwia 2

JlaHHbIe 115 pacyeTa
Bapmant | Pucysox | Ry, | Ra, | Rs, | Ra, | Rs, | R, | Ef, | Eo, | Es,
OM | OM | Om | OM | OM | OMm | B B B
1 2.1 1 1 1 6 6 4 12 5 10
2 2.14 1 2 4 6 8 10 10 15 26
3 2.13 2 4 6 8 6 10 8 12 8
4 2.16 2 1 2 4 2,51 1,5 | 120 | 114 | 100
5 24 S 6 15 1 1.5 3 2 110 | 104 | 100
6 2:15 1 1,5 2 5 3 2 100 | 90 | 105
7 22 1,751251] 4 | 15] 6 6 | 12v| 24J] 0V
8 2.17 2 1 2 4 4 8 24 | 24 40
9 2.18 3,2 6 9 10 2 8 24 | 40 | 20
10 2.5 2 2 3 3 4 4 12 16 20
11 2.6 2 2 6 6 4 4 24 12 0
12 2.7 2 2 2 4 6 0 12 | 24| 12
13 2.10 2 2 4 10 10 10 24 12 24
14 2.11 2 1 6 8 4 10 12 | 20 | 30
15 212 5 2 1 10 4 2 10 20 30
16 - 2.3 v 2 2 3 10 4 5 20 10 0
Zfﬁ\‘) 2:8. 2 2 2 6 6 6 12 6 12
18 Qo) | 21 21216 6|0 12|60
19 2.19 2 4 8 10 2 4 24 12 24
20 2.20 1 2 4 10 5 1 12 12 | 20
21 2.1 1 1 1 6 6 4 10 12 18
22 2.14 1 2 4 6 8 10 25 15 10
23 2.13 2 4 6 | 8 6 10 8 8 12
24 2.16 3 1 2 4 1,5 (25 (115|116 | 110
25 24 > 6 181 1,81 25 3 115 | 109 | 110
26 2.15 1,5 1 2 5 3 3 105 ] 95 | 110
27 Q2) [ 32142 ]| 4] 8 [12Y15 0
28 2.9 1,5 3 1.7 2 4 2 12 16 | 32
29 2.18 8 9 3 4 8 4 40 | 30 | 25
30 2.5 2 2 3 3 4 4 10 | 15 | 20
- 31 2.6 2 2 6 6 4 4 12 | 24 0
32 2.7 2 2 2 4 6 0 12 | 24 | 12
33 2.10 2 2 4 10 10 10 12 | 24 12
34 211 2 1 6 8 4 10 30 | 20 12

N
N



TIponomxenue TabGmip! 2

. Jlanusie uis pacyera

Bapmant | Pucysok | Ry, | Ry, | Rs, | Ra, | Rs, | Rs, | Ei, | Ea, | Ea,
Ovm | OM | Om | OM | Om | Om | B B B

35 2.12 5 2 1 10 4 2 30 | 20 10
36 2.3 2 2 4 10 5 3 10 | 20 0
37 2.19 2 4 8 10 2 4 20 | 30 { 30
38 2.8 2 2 2 6 6 6 6 12 6
39 2.9 2 2 4 6 6 0 6 12 0
40 2.20 1 2 4 10 5 1 | 15 | 20 | 30
41 2.1 1 ] 1 6 (.6 | 4. |15 10 5
42 2.14 1 2 4 6 8 10 | 20 12 8
43 2.13 2 4 6 8 6 10 |. 15 10 | 20
44 2.16 5 4 2 2 2 1,5 [ 125 | 119 | 120
45 24 5 4 2412415 3 125 | 118 | 130
46 2:15 2 1,5 1 5 3 4 110 | 100 | 115
47 2.2 3,5 3 4 4 2 2 16 | 24 8
48 2.17 ) 4 3 8 4 4 20 | 25 24
49 2.18 2,5 2 3 6 3 9 16 15 24
50 - 2.5 2 2 3 3 4 4 15 10 18
51 2.6 2 2 6 6 4 4 25 157 0
52 2.7 2 | 212 ]3 6 | o |15 ] 25 | 10
53 2.10 2 2 4 10 10 | 10 12 6 12
54 2.11 2 1 6 8 4 10 8 12 20
55 2.12 3 2 1 10 4 2 20 10 | 30
56 23 2 2 3 10 4 5 15 5 0
57 2.19 2 4 8 10 2 4 10 | 20 | 30
58 2.8 2 2 2 6 6 6 12 6 24
59 2.9 2 2 2 6 6 0 12 6 0
60 2.20 1 2 4. 110 5 1 30 | 20 15
61 . 21 ] 1 1 6 6 4 20 10 15
62 2.14 1 2 4 6 8 10 8 120 8
63 2.13 2 4 6 8 6 10 | 20 15 10
64 2.16 1 2.5 7 2 2 1,5 | 120 | 115 | 125
65 2.4 5 4 271 24 .23 2 130 | 122 | 100
66 2.15 0,5 1.1 1,5 5 3 5 115 | 105 | 120
67 2.2 4 1 6 [325] 8 2 20 12 0
68 2.17 1,2 | 1,6 | 2,6 6 8 6 30 | 20 | 25




Oxonyasue Tabaus 2

) Jlannsie Juig pacuera
Bapna}rr PHCyH OK R 1s Rz, R3, R4 X R S5 Rr, A E 1s Ez, E3,
O | OM | OM | O | Om | Om B B B
69 2.18 6 4 | 42| 2 8 | 10 | 40 | 30 | 25
70 | 25 | 2| 23] 3|44 |121141]16
7 |26 | 2 2 6 6 4 | 4.1.10.120] 0
72 2.1 2 2 2| 4 6 0 8 |12 ] 8
73 2.10 2 2 4 |10 | 10 | 10 | 20 | 24 | 12
74 2.11 2 1 6 8 4 |10 |20} 8 | 12
75 2:12 5 2 1 |10 | 4 2 |20 ] 30 | 10
76 23 2 2 5 110 | 4 2 |10 | 5 0
77 2.19 2 4 8 [ 10| 2 4 | 12 | 24 | 25
.78 2.8 2 2 2 6 6 6 | 10 | 20 | 25
{79) 2.9 2 21201660 ]10]2]0
80 | 220 1 2 4 |10 5 1 | 1212 | 13
-81 ~1 21 ] -1 1 1 6 6 4 5 110 | 15
Rl UM 11 2 |- 3 6 | 8 |10 | 15| 10 | 25
83 - 2.13 2 4 6 8 6 | 10 {12 | 8 8
84 2.16 4 1 2 4 2 | 1,5 ] 1121126 | 115
85 24 5 6 |21 (21 2 2 | 120 | 113 | 109
86 2.15 1 {05]15]| 5 5 4 4 | 110 | 125
g 22 351325 3 | 25| 3 6 | 25|20 0
88 - 217 1281|3831 4 3 3 | 3210 24
89 00,18 8 2 3 4-| 4 8 | 20 | 16 | 30
90 . 25 2 2 3 3 4 4 | 25|20 | 15
91 2.6 2 2 6 6 4 4 |15 |18 0
92 2.1 2 2 2 4 6 0 | 20| 10 | 15
93 2.10 2 2 4 1101010} 6 |12] 6
94 211 2 1 | 6 8 4 |10 { 20 | 12 | 30
95 2.12 5 2 1 ]101| 4 2 |30 | 10 | 20
96 23 2 2 3 110/ 4 5 5 {201 0
97 2.19 2 4 8 | 10| 2 4 |24 | 24 | 12
98 2.8 2 2 2 6 6 6 | 18 | 9 | 24
99 2.9 2 3 2 6 | 6 0| 18] 9 0
100 2.20 1 2 4 |10 | 5 1 |20 ] 12 ] 12
101 2.1 3 3 3 6 6 4 11215 |10
102 2.14 1 2 7 9 9 9 | 20| 12 ] 18

[yl
S




Puc. 2.6

25




Al

Ei
R . C>
R4 EZ Rz
Es
Rs C)
Re Rs
L -
. Puc. 2.13

26

R4 Rs Es
R
E> Ri
Rs
E:
Rz
o SN, ) %
Puc. 2.14




Puc 2.19 ‘ f,’ Puc. 2.20
2 ,'(.:"‘ ¢ ((
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TIpumep pacuera 3axaun 2

3ananbl mapamMeTps! NEKTPHISCKOH cxembl puc. 12:

a
R1= 10 Om
Ry= 10 Om
R3= 10 Om
R4= 5 Om
R5= 5 Om
R¢= 5 Om
E;= 100 B
E2= 50 B

Puc. 12

Pewenue:

1. - B npusenennol anextpuyeckoi nenu (puc. 12) uersipe ysna, 1ECTh BETBEH,
CIEMIOBATEIBHO, V1A ONPECTeH s TOKOB B BETBAX METOAOM 3akoHOB Kupxroda me-
00XOMUMO COCTABHTH CHCTEMY M3 ILECTH YPABHEHMH WIS HEM3BECTHBIX TOKOB. Pe-
1UaTh HE Hazo. :

Vaen a Ii+13-15=0

V3ens Ig+1g~14=0

Vienn I4-[1-15=0 : 3
Kontyp can I3-R3 =1y Ry +1y Ry =—E; + Ey
Kontyp cen ]6'R6+]4'R4+[2-R2=E2
Kom'ypaen ]5-R5+]4'R4+11-R1=E1

PenmmB cucreMy ypaBHEHHN OTHOCHTENBHO TOKOB B BETBSAX, MOXHO ONPEIEIHTH
BCE HEU3BECTHBIE TOKH.

2. Mertox y3n0BOro HampspikeHus S(Q(EeKTHBEH IIPH pacdere JNeKTpuue-
CKHX Lenel ¢ ABYMS y3JiaMy ¥ CONBIOMM KOJNMIECTBOM HapaJUIeNBHBIX BETBEH Wiu
Gonee CIOMHBIX CXEM, KOTOphIE JIETKO MOrYT ObITh NPHUBEACHBI K ABYXY3JIOBBIM.
W300pankeHHas cxeMa Ha PUC. 12 — ueTepexys/oBas. BeileimuM TPEYrobHUK dBC
[ACCHBHEIX 3JIEMEHTOB ¥ NpeobpasyeM ero B SKBHBAICHTHYIO 3Be31y (puc. 13).

28
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a A— ConporuBiesss JIydeif «3BE3B» Or-

I pemensorcs o popmysam (11):
I/ \\ 1
/: \\ R< R
,’I \“ Ra = R 5 3 = 5:10 = 50 2 5 Om
g R\ s+Rg +R; 5+5+10 20
¥ W z
Rs - R, .
Ry 06 o 23 B Lrhtio
5 o £ 4 Rs+Rg +R; 5+5+10 20
NG D -
/ &),/ b 7

: R, = Rs-Rg _ __10-5 _S0_

250M

s Rs+Rg+Ry 5+5+10 20
c .L < R6 “\ 53
PN 1 i A
| L
1
Puc. 13

B pesyibrare npeo6pa3oBaHuii mosyyeHa AByXy3inoBas cxema puc. 14

I A
Ra 143 R4 —————e %
0 T

oy

R, . E, R I
s —
~ UO"
) 4l | : Puc. 14

/

3. CymHOCTb METOAA Y3/I0BOr0 HAMPSUKEHHS! 3AKTIOFAETCS B TOM, UTO CHAYa-
JIa ONpEJENsIoT:

3.1. BenunHy HanpsKeHUsi, KOTOPOE BOHHKAET MEMY RBYMS y3naMH (O H

«n» o Gopmyne:

Uon = k—:'l““_“‘ > (12)

IJIe ¥ — YKHCAO NapaUIeThbHBIX BeTBeH Leny;
m ~ 9UCIO BeTBeH, comepsxaumx nerournku DJC;
G}, — IPOBOTAMOCTH BETBEH.
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PaccuurpiBaem NIPOBOAMMOCTH BETBEH CXeMbl puc. 14:

fa%
T S o
R +R 125
st owcl agiion Bov
Re+Ry 125
1 1
e W lc
4= R, +R; 625 M

Hanpagiienye y3710BOTO HANPSYKCHAA YKa3bIBAETCA TPOM3BONIBHO, MOJIOXKUTE b~
Hblif 3HAK OTBETA MOATBEPIKAAET NPaBAIbHOCTS BhiOopa. OTpUIATebHbIH 3HAK OTBE-
T4 YKa3BIBAET Ha TO, YTO UCTHHHOE HaNPABICHHE — IIPOTUBOIIOJIOKHO.

Tpoussenenue Ly -Gy (12) GepyT co 3HaKOM «-», KOrxa Fi coBnazaer ¢ Bbl-
OpanHBIM HanpshxerueM Uy, '

Bosspamasics k cxeme (puc. 14)

U B1-Gi+Ey-Gy _100-0,08+50-0,08
N G +Gy+Gy  0,16+0,08+0,08

=375B

3.2. Toxu B BeTBAX cxeMbl (puc. 14) onmpenensioT Mo 0600WeHHOMY 3AKOHY
Owma: '
Iy = (£Eg £Ugy) -Gy (13)
TIpasuso 31ax0B K dopmymne (13).
Ecmu E; u y3nosoe Hanpsbkenue Uy, HarpaBIeHb! K TOMY e Y31y, YTO ¥ TOK, TO
ux BepyT ¢ «+», @ €CIA K APYroMy Y3Iy — TO € «-»,
I = (By ~Upy)-Gy =(100-37,5).008=5 A 5, *
I3 =(Ey -Ugn)-G2 =(50-37,5)-0,08=1 A &
14=Up,-G4=315-016=6 A

3.3. BrmonsseM npoBepKy IPaBHIBHOCTH pacuera 1o NepBoMy 3akoHy Kupx-
roda:

]1 +]2 =14
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3.4. Tleperocum TOKH Ha HCXOAHYIO cxeMy (puc. 15) ¢ yuerom mx mcruxHOro
HaIpaB/IeHUA.

Puc. 15

4. TIpou3BONBHO MOKa3biBacM HampaBIeHHA TOKOB I3, Is, Is u onpenemem ux
BENUYMHEL, HCIOJB3Ys BTOPOH 3aK0H Kupxrod)a

Jng xoHTYpa asn
15'R5+I4'R4+]1-R1=E1
i —14-Ry -1} Ry =100—6-5—5-10=__4 A
Rs 5
Jlnsi KOHTYpa cén
16'R6+]4-R4+]2~R2=E2
Fem Ey—1I4-Ry—-Ip-Ry 50-6-5-1-10 o3 &
Rg >
Jlns xoHTYpa can

13'R3 _]l'Rl +1y Ry =-Ej+Fy

~Ey+Ey+I1:Ry=15-Ry _ —100+50+5-10—-1-10____1 R
Ry 10

I3 =
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ITokaseiBaem Ha cxeme puc. 15 uerumnoe Hanpasiesune Tokos I, Is, Is.

5. Tlposepka NMpaBUIGHOCTA PacueTa 3afayl OCYIECTBIIETCS 10 YPABHEHHIO
Ganarca mowrOCTEH. CyMMa MOLIHOCTEH MCTOYHHKOB PaBHA CyMME MOuI-
HOCTEH NPHUEeMHUKOB.

2 Puem = ZPnp

rae  Fuyem = Ey - Iy - MOMHOCTD HCTOYHUKA, BT, kBT,
Pup = Ey I}, - MOmHOCT, aKTHBHOTO pHEMHMKa, BT, KBT;

Pop =1 ,f * Ry = MOUJHOCTH NACCHBHOIO MpueMHuKa, BT, kBT,
Vpasrenne bananca mougpocmeii

n n
SE-Ip=3% IRy
k=1 k=1
Ilpu cocTabiienyu Gananca MOIHOCTEN HEOGXOAUMO YIHTHIBATS CIEAYIONIEE:
o Ecmu nanpasnenne DJIC u toka connagaror, DJIC sBIsETCH HCTOURHKOM
SJIEKTPHYECKOH dHCPruy;
o Ecm nanpasnenne O/IC 1 Toka pasusie, 10 DJIC ~ aKTHBHBIN IPHEMHHK
AMEKTPHYECKOH IHEPIUH, HATIPHMED, 3EKTPOABHATATENb,
Ba_v‘(anc MOIIHOCTEH IUIS CXeMB] puc. 15,

‘BN 4By Ly =12 Ry+I2:R, +12-Ry+1%-Ry+12 -Rs +12Rg
~ 100:5+50-1=25-10+1-10+1-10+36-5+16-5+4.5

550 Br=550 Br

A
\

3AJTAYA 3: TIposects aHa/IN3 SMEKTPHUECKOr0 COCTOSHHS LIENH, CXeMa KOTO-
POH COOTBETCTBYET HOMEPY BapuaHTa B Talumue 3 u u30GpaxerHoH Ha puc. 3.1 -
3.72.
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‘T'abnuna 3

123

Bapu | Pucy Veaoeue 3apanne
alT | HOK
1 34 U=const Kax nsmensTes Toky ¥ Hanpshxesue Uy DY 3aMbIKaHmd pyOuisHuKa?
E1=1 0B
2 32 E,=5B Kak memennrcs nanpspxerne Uy, eci DJIC E; Bospacter B 2 paza?
R;=Ro=10m 5 :

3 3.3 E, >E, Kax n3mensTes Noxa3aans BONGTMETPOB NPH NePeMEeEeHHH ABIDKKA PeocTaTa BBepx?
4 34 U=const Kak w3mennres ToK I, e conporusienue R, ysermynres B 2 pa3a?
5 35 U=const Kak M3MEHHTCs IOKa3aH7e aMIepMeTpa UPH Pa3MBIKAHAT pyowrsHAKa?
6 3.6 =const Kax n3MCHATCS TOKa3aHKE BOBTMETPA IIPH 3aMblKaHHU PyOmisHuKa?
) 37 U=const Kax m3mMensITes NoKa3aBus aMIepMeTpoB MOCHe 3aMBIKaHust pyOumHEka?
8 3.8 =const Kax H3MeHATCS TOKA3aHHe BONBTMETPA IOCHE 3aMBIKaEwi pyOrbanka?
9 39 U=const * Kax #3MEeHSITCSI TOKA3aHus aMIIEPMETPOB IOCTE 3aMBIKaBMsA PyOubLHIKa?

(’1 0| 3.10 E=const Kax #3MeRATCS TOKAa3a K] aMIePMETPOB NPH 3aMBIKARP PYOMIbHIKA?
11 3.11 U=const Kak @3mennTes ToKazasye BONBTMETPA IIPH PasMbIKaHAR PYOMIBHUKA?
12 | 312 E=const Kax u3mensTes noxasasmi npabopoB, €cim ABUIKOK PEOCTaTa CABHHYTE BIPaBo?
13 | 3.13 E=const Kax #3MensaTes DoKa3aHus NpEOopoB NOCE 3aMBIKarHs pyOumsapKa?
14 | 314 E=const Kax u3MensTes NOKA3aHus TpEGOPOB OCHE Pa3MbIKaHKs PyORIbHMKA?
15 1315 {Hicoonst I;fg::n 1:;1\(4):;;1:;: :(:)?Kasam npuOOPOB, €CITM ABEC OXMHAKOBBIE JIAMIIOUKY BKIIOIUTH
16 3.16 =const Kax uzmensres moxazanus MpuoopoB IOCie 3aMbIKaHms PyOmIsHIKA?




Tponoisxenye Tabnung: 3

R2= 50 OM

Bapu | Pucy VYenosne 3apanve
aHT | HOK &
U=const '
17 317 Tio marpesasms Kax m3MenaTes noxasanns npn6opon TIPH HarpeBaHuH KaTyIIKA U3 MEHOTO IPOBO/a,
RiwRauRi=R CONpPOTUBIICHAE KOTOPOH R3?
18 1318 =const B KaKyto cTOpOHY HY)KHO NepEeMemIaTh JABXKOK peoctaTa Ry, uTo0k! Py HAarpeBanHy
R =R; METAJUIHYECKOTO CONPOTHBICHUA R3 MOKA3aHNE BOJIBLTMETPA OCTABAIOCH HEH3MEHHBIM?
B Kaxyio CTOpOHY Hy>XHO. IepeMeNiaTh JBAKOK peocTata Ry, 4ToOk Npy HarpeBaHum
19 3.19 U=const KaTyIIK4 B3 MCAHOH IPOBOIOKH, COMPOTHBICHHE KOTOPO# R3, NOKa3zaHne BONTMETPA HE
H3MEHHIOCH?
56" 3.20 U=const B Kakyio CTOPOHY HY’KHO NIEPEeMeIaTh ABMIKOK peocTata R;, 9TOOBI IPM HarpeBaHuH
Ry =R, METaJUIMIECKOro conpoTuBiaeHms Ri mouwocts Py He n3meHmwiacs?
™ 21 3921 Uisoonst B Kaky1o CTOPOHY HY»HO NEPeMeIaTh ABHIKOK peocTata Ry, aro0Gsr noxasasune
amIepMeTpa He U3MCHMIIOCh TIPH BKIIOYSHMH JIAMIIOYCK B HETh IOCHEHOBATENHHO?
2 322 X ' B KaKyio CTOPOHY Hy>KHO MepeMeIlaTh ABHKOK peocrara Rs, aro05! nmocie 3aMbikaHHs
; =const ;
PyOmIbHEKA MONIBOCTS HCTOYHAKA P He W3MeHunacs?
23 323 13 M- Kak u3mensTest noxasauus npudopos TIpM HATPEBARMH KaTyLIICH 13 MEIHOM JIPOBONOKH,
CONPOTHBJICHHE KOTOPOM R3?
24 324 [I':(_:_?mt Kax w3MeBHTCS IOKa3aHKUe BOJBTMETPA, €CIIH COTpoTHBieHne R, yBemrauts B 3 pasa?
25 3.25 U=const Kak uaMenATcs noxasanust uprbopoB MpH 3aMbIKaHmA PyOmbHuKa?
26 | 3.26 U=const Kaxk uzmensaTcs nokasasnusia nprubopoB Npy NEPSMEICHU!N JIBHYKKA PEeocTaTa BHA3?
E=204 B : '
27 3.27 R;=10m Kax u3SMEHUTCS NTOKa3aHue aMIIEPMETPa, €CITM 3aMKHYTh PYOHIBHIK?
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[Iponomkenue Tabmaus: 3

Bapu | Pucy VYcnosne 3ananne
aHT | HOK :
28 398 Usonat Kax usmensres momuocts Py u P, a Taioke MomnocTs P, notpebinsiemas u3 cet, npu
S HarpeBaHMK KATYIIKK U3 MEHOIO NPOBOAA, COMPOTHBIIERHE KOTOPOH R3?
29 .| 329 U=const Kak u3mennTes nokasanue aMuepMeTpa nocsie 3aMbIKasus pyOuTbHuKa?
30 3.30 U=const Kak n3aMensares noxazauus MpubOpPOB [10Ce 3aMbIKaHKHS PyOmIbHuKa?
31 331 E=const Kax #3MenuTcsl IoKkasaHue aMIepMerpa, eciy conpoTusiende R ysemmautcs?
32 3.32 E=const Kax u3MeHATCA NoKa3aHust BOJILTMETPOB, €CIIA CONPOTHBICHKE R yBenmuurcs?
33 3.33 ‘U=const Kax uamensTes noxkasaunst npubopoB. 10Cae 3aMBIKaHKs pyOunbHAKa?
34 | 334 Thecss Kax Oyzner m3MeHITHCA MOKa3aHUE aMIIEPMETPA, €CIM JBIKOK PEOCTaTa NepeMeIarsh
BBEpx? .
35 | 335 U=const Kax usmenstes noxasanyst NpUOOPOB YIOCTIE 3aMBIKAHHsL PyOHIBEUKA?
U=const
36 | 336 Jlo HarpeBanust | Kak H3MEHHTCs TOKa3aHKe aMIiepMerpa NPH HarpeBaHMy KaTyIKy M3 MEAHOTO TIPOBOJIa,
Ry=R;=R3=R4= | conporusnenue koTopoi R4?
=Rs=R
37 3.37 U=const Kax uzmessTcst oKasauyst HPUOOPOB 110CHE 3aMbIKAHKS PyOHIbEMUKA?
U=const
38 | 338 Jlo Harpepanmst | Kak ¥3MEHUTCA IOKa3aHMe aMIIepMeTpa IPH HarpeBaHMM KaTyIIKH U3 MEJHOTO TIPOBOJA,
R;=R; =R3=R4= | conporusnenue xotopoi Rs?
‘=R5= R
U=const; 1=12 A
? epPMETPa, €CIIH BONBTM BIUHIOYHTH OIIHOOYHO B LICHE
39 | 339 Uy=120 B Kak n3MeHuTCs TOKa3aHue aMIepMerp eTp 1

Ry =1200 Om

TOCIEA0BATENFHO?
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TIpomonsxenye Tadbmuist 3

Bapu | Pucy Venosue 3apasue

A"y _ | HOK v

40 3.40 U=const Kax n3mensrcs noxasasus npubOpoB, ECIH 30KUMbl @ M 6 3aMKHYTH?

41 341 U=const Kax ¥3MEeRHTCs TOKa3aHKe aMIIEPMETPA NOCHIe 3aMBIKAHUS PyOHIILHMKA?

42 342 =const Kax u3MEHSTCs1 MOKa3auwst IpHOOPOB 0CIe 3aMbIKaHUs PyOUIbHIKa?

43 343 Tttt ggl;x: E;s{:r;cg:(x f}lgr;nbmme amrmepmMeTp noxaspmaer,s A, a npu 3amxayTOM — 50 A,
44 3.44 U=const Kax u3mMenarces noKa3aHue BONbIMETPA IOCHE 3aMBIKaH|s pyOHIbaKa?

=const
45 345 112 : g 8; Kax H3MeHuTCS IOKa3aHue aMIepMeTpa, eCly 3aMKHY T PyOHIbHUK?
I=5 A :

46 3.46 U=const Kax uzmersares noxasaaus HprbopoB, €Clv BETBh 46 PAa3OMKHYTh?

47 3.47 U=const Kak u3MEeHUTCS IIOKA3aHHe BOJIETMETPA [OCIe PasMBIKaBus pyOmbHuKka?

48 348 U=const Kax m3mensres moxasanss npubopoB IOCe 3aMBIKaHus! pyOmibErKa?

49 3.49 U=const Kax u3MeHHUTCA MOKa3aHue BONBTMETPa IIOCHE 3aMBIKaHus PyOwIbHuKa?

50 | 3.50 U=const Kax p3MensTes IoKasaHus nprbopos mocie 3aMbIkanus pyowisauka?

51 3.51 =const Kak n3menstes moxasaHus MpuOOpoB 11ocse 3aMbIKaHust pyomnbauKa?

52 | 3.52 U=const Kax u3MEeHHTCsI [I0Ka3aHue aMIIepMeTPa IPA NepeMemIeHuA IBIKKa PEOCTaTa BBCPX
53 3.53 U=const Kax u3MeHHTCS NOKa3aHuUe BOIBTMETPA TOCHE 3aMBIKaHus! PyOuIpHuKa?

54 3.54 U=const Kax w3MeBuTCs MOKA3aHHe aMIepMeTpa MocHe 3aMbIKauus pyonmsamka?

55 3.55 U=const Kax uamenaTcs MOKa3anysi NPHOOPOR NI0CHe 3aMBIKanust pyOrmsHuKa?
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TIponomxenwe Tabmysr 3

Bapn | Pucy Yenosue 3aganue
aHT | HOK A
56 3.56 =const Kak n3menuTes nokasangme aMnepMeTpa, eCiu CONpoTHBieHse Ry ysemmantes? T
57 3.57 - U=const Kak n3Mensares noxasasusa DpudOpoB NMOCIE Pa3sMBIKaHUA PyOHILHAKA?
58 | 358 2 o Kax Oyaer #3MeHATHCH TIOKAa3aHHe aMITEPMETPa, €CIH ABKXOK PEOCTATa IIEPEMEIaTh
BBepx?
59 | 3.59 U=const Kak nsmenarcs noxasasus npubOpPoB Mocie 3aMbIKaHusA PyOrIpHmKa?
U=const
60 | 3.60 Mo narpeanua | Kax H3MEHHTCS NIOKA3aHHE aMIIEPMETPa NPY HATPEBAHMM KATYIIKA U3 MEHOTO IPOBO/IA,
. R;=R; =R;=Rs= | conpormsienue xoTopoi R4?
. =R5= R
61 3.61 U=const Kax n3MEHUTCsI TIOKa3aHHE BONBTMETPA II0CIIE PA3MBIKAHMS PyOHIbHUKA?
62 3.62 U=const Kax uamMeruTcs HOKa3aHMe BOJIBTMETPA PH NCPEMEILCHAN ABIKKA PEOCTATa BBEpPX?
63 | 3.63 U=const Kak n3mensrcs nokazasms TprbopoB 1oce 3aMbikanms pyoumsamuKa?
=const
64 | 364 Mo varpeBanus | Kak M3MEBHTCA NOKA3aHAE BOJILTMETPA NIPY HArPEBAHWH KATYLIKA H3 MEAHOTO POBOAA,
’ Ri=R;=R3=Rs= | conpoTusnenue koTopoi R4?
=Rs= R
65 | 3.65 U=const Kax ¥3MEHUTC:I IOKa3aH)Ee BONBTMETPA UPH 3aMBIKaHVH PyOnibsauKa?
66 | 3.66 U=const Kak p3MeHuTCs NoKa3aHue aMIepMeTpa, eCiTi U3MEHUTH BXOAHDIC 32XKHMBI C a8 Ha 6¢?
=const & W <
67 3.67 I=6A UTo nokaxeT aMnepMeTp IocHe 3aMbIKaHHst PyOribBErKa?
Rr—- R2 =R3“—‘ R
68 | 3.68 U=const Kak u3aMeHHTCA N0Ka3aHue BONBTMETPA [OCIE 3aMBIKaHYsI pyOmIbHMKa?
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Oxonganne Tabmune 3

Bapu | Pucy Ycnosue 3apanue
anT HOK
U=const '
69 | 3.69 _ o | Kax u3menuTes noxasanue aMmrepMerpa nocie 3saMbikanus pyomipauka?
R1= R;_ =R3= R4~' R .
70 | 3.70 Ucomt K R 3 pasa?
i R,=R,=R AKX MI3MEHWTCs IOKa3aHKe BOJBTMETPA, EClIA CONpOTRBIeHHe R yBenaunTs B 3 pasa’
U=const
71 371 Ri=R;=R3;=R4= | Kax usmMeHnTCA Noxa3aHne aMuepMeTpa NPy HarPEBaHNH KaTyIIKH W3 MeJHOro nposona
=Rs=R CONPOTHUBIICHUE KOTOPOH R4? :
Jlo marpeBarwms
U=const :
72 3.72 | Ri=R,=R;=R4= |Kax usmenstca nokazaaws npudopos, i conporrsierue R; ysemgantcs B 2 paza?
=R5= R
E ='1 00B B xaxux npeaenax u Kax GyXyT H3SMEHATHCSI TOK B LENH Y HAIPSOKEHHE HA 330KAMAaX
73 373 R =0.4 Om ncronnuka, OJIC xotoporo E u BHyTpeHHEE CONPOTHBIEHHE Ry IpH H3MEHSHUH
BHEIIHEr0 COMPOTHBICHMS OT PEXHMA XOMOCTOro X0Aa A0 PeKAMa KOpOTKOro
3aMBIKABMA ]
E=12B Tlpm 3ambikanuu HakopoTko axkymymstopa ¢ JIC E Tox cocraswn 3nauenue Ixs. Tlpu
74 3.74 Iks=14A KaKoM 3Ha9CHUM BHEIIHETO CONPOTUBICHUS MOXKHO NONYYHTh B IEITH 3TOr0
I=1A AKKYMYJIFTOpa TOK 1?
Kax u3MeHurcst 3KBHBANICHTHOE COMPOTHBIIEHHE TPEX OXHHAKOBBIX NapaJLiCIbHO
75 3.75 U=const BKJIXOYCHHBIX JIaMIT B HEPA3BETBICHHON YaCcTH LT, eCIm K HHUM IOAKIIOIHTH

napanmienbEo ente 6 Taxux e amn?
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Tipumep pacuera 3apayu 3

Kax n3mennres noxazanue BonsrMerpa (puc. 16) npu HarpeBaHUM KaTyIKH U3
MEJHOW MPOBONOKH, MMEIOMIEH CONPOTHBICHHE B XONOAHOM COCTOSHMH R, =Rj,

COMPOTHBICHUS PE3UCTOPOB JO HarpeBaHua Ry = Ry = R3 = R4y = Rs=R; U = const.

+ R I, a
m o I
R, R;
[2 I_y
Iz —_— I
Ua ’
n o R4 . RJ
& 4
Puc. 16

Pewenue:
1. Tloxazanue BOJIbTMETPA A0 HArPEBAHHS KATYLUKH.

BrotioueHue BOJLTMETPA HE M3MEHSET JKBHBAICHTHOS COMPOTHMBICHHE Bceifx
LenH, Tak kak Ry =oo, YTO COOTBETCTBYET pasphiBy B uenu. CnexoBaTenbHO,
CONPOTHBJICHHE YJaCTKa LIeTH My TOUKAMHE & H 6.

_ (Ry+Ry4)(R3+Rs) 2R-2R _
S =Ry +Rq)+(Rs +Rs) 2R+2R

OKBHBa/ICHTHOE CONPOTUBICHHE BCEH Neny
Ry =Ry +Rpg =R+ R=2R

BxoaHo# TOX nenu

U U
[] = = —
Ry 2R
Hanpsucenne na pesucrope R
U U
Upg, =1y Ry -_-EE.](’:—z-
ITo Bropomy 3axony Kupxroda
u U

aa"U UR] _(]_._2_,_____
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Tox B BeTBH

o U U

“Ri+Rs 2-(R+R) 4R

I3

ITo nepromy 3akony Kupxroda

Ilo Bropomy 3axony Kupxroda mokasaHus BONLTMETPA

Udc—I3R3 +12R2 =0
1

B o I
Uy =Uge =I3R ~13Ry == R~ R=0

2. Ilexa3zanusi BOJLTMETPA IIOCJIE HArPEBAHHS KATYIKH

Ilpu HarpeBaHWM KaTyWiK¥M M3 MEJHOTO TIPOBOJA €€ CONPOTHBJIEHUE
yeenuausaercs (1). CnegosarensHo yBenuunBaeTcs Ry_4 = Ry + Ry.

C ysemuuenneM Ry4 mpu Rjs = const = 2R OKBHB&JIEHTHOE CONPOTHUBICHHE
yuacTka Rys # Ry lerH yBenuuupaiorcs. IIpu 5TOM BXOAHOM TOK YMEHBIUMTCS

U
] .=
R.')k@
Tax xak J;— ymemswmncs, U R, - YMCHBIIMTCH MPH U =const,
Ugg =U —Up, yBeNHIHTCH, T. K. R;_s5 = const , I; yBemauutes ¢ ysesuuerneM Uy
13 s Uae
R3 + R5

Tox I; ysennunncs, /; yMeHpnimwics, /; yYMEHbIUANICS
I 2 = I 1 e 1 3
Tloxazanue BOABTMETPA YBEIHIHBACTCA

Uy =I3R3 —IpRy = I3R~1,R=(I3-1,)-R
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