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Ilenv padompr — n3ydueHrEe METOAOB aHANIN3A DIEKTPUUECKUX IIe-
nei ¢ mpuMeHeHuneMm 3akoHoB Oma m Kupxroda, ompeneneHue Heus-
BECTHBIX TOKOB M HANpPsDKEHUH B 3aIaHHBIX JIEKTPUYECKUX LIEMSIX pa3-
HBIMH METOJAaMHU.

1. COAEPKAHME, IIOCJIEJOBATEJBHOCTbD BBIIIOJTHEHU S
N OPOPMJIEHUE JOMAIIHET O 3AJIAHUSA

1. B cooTBeTCTBUU C BapUaHTOM JIOMAIIHETO 3aJaHus, HAPUCOBATh
3aJJaHHYIO0 CXEMY DJIEKTPUYECKON e U BBIMUCATh UCXOJIHBIE YHCIIO-
BbI€ JIAHHBIC M3 TAOJHIIBI UCXOMHBIX TaHHBIX, MPUBEICHHON B IMPHUIIO-
sxennu I11.1.

2. JIns 3a1aHHON CXEMBI AJEKTPUYECKON LIEMHU COCTaBUTh CUCTEMY
ypaBHEHUH C MOMOINBIO 3aKOHOB Kupxroda, MmojCcTaBUTh YHCIOBBIC
3HAQYEHHUSI, COOTBETCTBYIOIME PACCMATPUBAEMOMY BapUAHTY 3aJaHMUs,
U, UCIIOJIb3Ysl KOMITBIOTED, ONPEACIUTh BCE TOKU B BETBSIX CXEMBI.

3. 3anmcath ypaBHeHUE OaiaHCca MOIIHOCTEH JUTs 3aJJAaHHOW CXEMBI
SJICKTPUUECKOU 1IETH, MOACTABUTh M3BECTHBIC UHMCIIOBHIE 3HAYCHUS U
OLICHUTh OTHOCUTEIBHYIO OrPEIIHOCTh pacyeTa.

4. JIns 3a1aHHOM CXEMBI AJIEKTPUYECKON LIEMHU COCTaBUTh CUCTEMY
ypaBHEHUH, MPUMEHSS METOJA KOHTYPHBIX TOKOB, MOJACTABUTH YHCIIO-
BbIC 3HAYCHUS U, UCTIONB3YSI KOMIBIOTEP, ONPEICIUTh BCE TOKU B BET-
BSAX 3aJaHHOHM CXEMBEI.

5. [IpeoOpa3oBaTh 3aJaHHYIO0 CXEMY AJIEKTPUYECKON IIEMU B 3KBHU-
BAJICHTHYIO, 3aMEHHUB MTaCCUBHBIN TPEYrOJIbHUK PE3UCTOPOB Ri, Rs, R
SKBUBAJICHTHON 3Be3fod. HauepTuTh MONY4YEHHYIO 3JIEKTPUUYCCKYIO
LIeNb ¢ DKBUBAJEHTHOM 3Be340i M 0003HAYUTHL Ha HeW TOKH. Paccum-
TaTh MOJYYEHHYIO 3JCKTPUUECKYIO I€Mb, UCIONb3YS METOMA MEXKY3J0-
BOTO HampspKeHUs (MEeToja ABYX y3ioB). OmnpeneiauTh BCE TOKH, COOT-
BETCTBYIOLIUE 3aJAHHON cXeMe AIEKTPUUCCKOM 1emH.



6. OnpenenuTs TOK B pe3UCTOpe Rs METOJOM 3KBUBAJIECHTHOIO Te-
HepaTopa. ConocTaBUTh NOIYYEHHOE 3HAaYEHUE 3TOT0 TOKA C PE3yJIbTa-
TaMU pacyera ero JpyruMH METOIAaMH.

7. OnpenenuTh TOKa3aHHE BOJBTMETpPA, YKa3aHHOTO B 3aJaHHOMN
CXEME AIIEKTPUYECKON LIEIH.

8. PaccuntaTh M TOCTPOUTH MOTEHUMANBHYIO JAMarpaMMmy s
BHEIIHETO KOHTYpPA 3alaHHON CXEMBI 3JIEKTPUUECKOHN LIETIH.

9. ConocTaBUTh pacCMOTPEHHBIE METOABI pacdeTa JIEKTPUUYECKUX
Lenei, cenaTb COOTBETCTBYIOUINE BBIBOJIBI.

[locnenoBaTenbHOCTD BBHIMOMHEHUS M OQOpMIIEHHE JOMAIIHETO 3a-
TaHUs.

1) BapuaHT JOMaIIHero 3aJaHus BBHIOUpAeTcs W3 TaOJIHLbI, MIpHUBE-
neHHoi B npunoxenuu [11.1. Homep BapuaHTa cOOTBETCTBYET HOMEDY,
I10J1 KOTOPBIM CTYAEHT 3aIIMCaH B XKypHaJle CTapOCThI IPYTIIHI;

2) nomainHee 3aJjaHue BBIMOJHsIETCA Ha JucTax A4 C MCIONb30Ba-
HUeM KoMmmbloTepa. OOpasen oQopMIIeHUsT TUTYJIBHOTO JINCTAa TpUBE-
JieH B puioxenuu 111.2;

3) mepen BBINONHEHHWEM OYEPEOHOrO IYHKTA JOMAIIHEro 3aJaHus
HEoOXO0IMMO HamMcaTh 3aroJIOBOK W MOSCHHUTH JajbHEHIINEe NeHCTBUS.
[Ipu BBINONHEHNH BBIYMCICHUH HYXHO: IPUBECTH pacyeTHYIO GopMyy,
MOJCTaBUTh YHCIIOBBIE 3HAYECHUS BCEX BEIMYMH, BXOIILINX B (GOPMYITY,
3amucaTh OTBET C YKa3aHUEM eIUHHI u3MepeHus B cucteme CU;

4) ucions3zyemblie 0003HaUeHHUA B (OpMyJIax M Ha CXeMax JOIKHBI
coorserctBoBath 'OCTYy;

5) mocne BBIOJHEHHUS! JOMAIHEro 3aJaHus pabora cpaerca Ha
MIPOBEPKY MPENOIABATEINIO;

6) pabora Haj OmIMOKaMHU JOJKHA BBITIONHATHCS C HOBOH CTpaHH-
upl. Crienyer HamucaTh 3aroyioBok «Pabora Haj ommOkamu» U Aajee
BBINOJIHATH paboTy HaJ OMMOKaMH, 3aHOBO IPUBOJS HCIPABIICHHBIC
PHUCYHKH, HOPMYIIBI U PacUeThl;

7) CPOK ca4yM JOMAIITHEro 3aaHus — 8- HeJesl.

[lo yka3anuto npenojaBaTesns OTAECNbHBIE MMYHKTHI JOMAIHErO 3a-
JaHWUS MOT'YT OBITH ONYILEHBI.



2. KPATKUE TEOPETUYECKHUE CBEJIEHUSA

2.1. Pacuer TOKOB B e MeTOI0M
HeIoCpeICTBEHHOT 0 HCII0JIb30BaHus 3aK0HOB Kupxroga

Henocpencteennoe npumeneHue 3akoHoB Kupxroda mnossossier
YCTaHOBUTH CBSA3b HEM3BECTHBIX TOKOB BO BCEX BETBSIX CXEMBI C 3aJaH-
HbIMU HcToYHMKamMu DJIC mpu M3BECTHBIX MapaMerpax LENH B BHIC
CHUCTEMBI YPaBHEHUH, COBMECTHOE PEIIECHHE KOTOPBIX JAET YHCIOBBIE
3HaueHMs BceX TOKOB. COCTaBlIEHME 3TUX YpPaBHEHHMH BBIITOJHSIOT B
OTIpE/ETICHHOM MOCIE0BATENBHOCTH.

PaccmoTpuMm B KauecTBe mpuMepa CXeMy 3JIEKTPUYECKOM LenH,
n3zo0paxeHHyto Ha puc. 1. CHayama 0003HAYUM Ha CXEME CTPEIKaMH
Bce TOKM. HampaBnenue mx 3amaguM IpOM3BOJIBHO. YHUCIIO HEU3BECT-
HBIX TOKOB B pPacCMaTpHUBaeMON CXxeMe paBHO IIecTH. [y onpeneneHus
LIECTH HEW3BECTHBIX HEOOXOIMMO COCTABUTh, HCIONB3YSl 3aKOHBI
Kupxroda, cucremy u3 mecti ypaBHEHHH.

Eq, Roy 5 Ry i

c — -}
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Ro g 2 V7 2

i T -~ 2 & R
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£ Vb6 13 R, K
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Puc. 1

B paccmaTtpuBaemoii cxeme dethipe y3na (v = 4) U IecTb BeTBei
(b=06).

Ilepswiti 3akon Kupxeogpa dopmynupyercsi CIenyrImuM o0pa3oMm:
anreOpanveckas CyMMa BCEX TOKOB, CXOISIIMXCS K Y31y 3JeKTpHue-
CKOH 1IeTH, paBHa HYIIO:

D+l =0.



Toxku, HampaBJIEHHBIE K Y3y, IPUHUMAIOT TOJOKUTEIbHBIMH,
U UX 3HAYEHUS 3alMCBIBAIOT CO 3HAKOM «+», a TOKH, HAaIIpaBJICHHBIE
OT y3J1a, — OTPULIATEIBHBIMY, U UX 3HAUEHUs 3alHCHIBAIOT CO 3HA-
KOM «—».

ITo nepBomy 3akony Kupxroda cienyer cocrtaButs (y — 1) HezaBH-
CHUMBIX YpaBHEHHI, T. €. Ha €ANHUILY MEHBIIIE, YEM YHCIIO Y3JI0B B CXEME.

Jnst moObIX Tpex y3710B cxeMbl (CM. puc. 1), Hampumep AjIst y3J710B
1—3, COOTBETCTBEHHO MOIYYHUM CIEIYIOIINE YPABHEHUS:

[1—[4—[5:0;
L+ 1Is—1s=0; (1)
16+I4_I3:0~

Bmopoii 3axon Kupxeogpa TPUMEHSIOT K 3aMKHYTBIM KOHTYpaM
anexTpuueckoi nenu. OH Qopmynupyercs Tak: B JIOOOM 3aMKHYTOM
KoHType anredpandeckas cymma JJIC B BeTBSIX KOHTYpa paBHa anreo-
panvecKkoil cymMMe MajeHuil HanpspKeHUH Ha BCEX pe3UCTOpax, BXOIS-
LIMX B 3TOT KOHTYD, T. €.

Y +E =Y +R .. ()

K »T0i1 oOmenpunATOi 3amucu ciienyer A100aBUTh, YTO CO 3HAKOM
«+» B ypaBHeHue (2) BXoAAT Bce £y U Bce npousBeaeHus Ry I, A1 KO-
Topbix Hanpasienusa /JIC u TokoB (yKa3blBaeMbI€ B CXEMeE, IIPUBE/ICH-
HOW Ha puc 1, cTpelaKamMH) COBMAJAIOT C BHIOpaHHBIM HaIpaBIeHHUEM
00xo0/1a KOHTYpa.

Dopmyna (2) pacnpocTpaHsieTcs U Ha 4acTh KOHTypa, 00X0J 1o Ko-
TOpOMY OOpBIBaeTCs B TOYKE @ U BO30OOHOBIAETCS B TOUKe b. B 3ToM
cllydae B NIpaByl0 4acTh (2) noOaBISIOT HampspDKEHHE MEKIY STHMH
Toukamu U,,:

ZEK = ZRKIK + Uab’ (3)

MIPU 3TOM YYUTHIBAIOT MPEKHEE MPABIIIO 3HAKOB.
Jns snekTpuyeckoil menu, n3o0pakeHHOW Ha puc. 1, uMeromen
IIECTh BETBEH, MOXKHO 3aIKCaTh COrJIacHO BTOpoMY 3akoHy Kupxroda
[b—(y—1)] = 3 HE3aBUCHUMBIX YpPaBHEHHS Ul TPEX HE3aBHCHUMBIX
3aMKHYTBIX KOHTYPOB. BBIOpaB HampaBiieHHe 00X0/a BO BCEX KOHTY-
pax, HanmpuMep, MO XOAy YACOBOW CTPENKH, MOIYYUM COOTBETCTBEHHO
JUTSI BEPXHEr 0, HUKHETO U MPAaBOro KOHTYPOB CIECAYIOUINE YPAaBHECHUS:
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Rili+ Roldi + Rsls — Rolh, = Ey — B
Roly + Rels + R3ls — Uy = Er + E; “4)
— Rsls + Ruly — Rl = 0.

VpaBuenus (1) u (4) COCTaBIAIOT MONHYIO CHCTEMY YpaBHEHUH,
MOJTy4EeHHBIX 1O 3akoHaMm Kupxroda mis paccMaTpUBaeMOM BIIEKTpH-
gyeckoil cxembl (cM. puc. 1). [loncraBuB B cuctemy ypasHenui (1), (4)
M3BECTHBIE YMCIIOBBIE 3HaUEHHs conpoTuBieHnil, IJIC u HanpsoKeHUs
U.p, C TOMOIIBIO KOMITBIOTEpPA ONPEACITSIEM BCE TOKH B CXEME.

2.2. CocTaBiieHHe ypaBHEeHHS 0aJaHCA MOITHOCTEH

J7ist mpoBepKU MPaBUIIBHOCTH BBIMOJHEHHOT'O pacyeTa HUCIONb3YIOT
METO/I, OCHOBAaHHBI Ha PACCMOTPEHUHU PHEPIeTUYECKUX COOTHOLIECHUHN
B 3aJJaHHOM AJIEKTPUUYCCKOH 1eMH.

CornacHo 3akony J[>koyns — JleHIia KOMM4YeCcTBO TEMJIOTHI, BbIC-
JISTIONIEHCS B SNUHUILY BPEMEHHU B PE3UCTOPAX DIISKTPHUYCSCKON IienH (B
MPUEMHUKAX DSJICKTPUYECKON DHEPTHH), JODKHO PaBHITHCS DHEPTHUH,
JIOCTaBJISIEMOM 3a TO K€ BpeMsl UCTOYHUKAMH MHUTaHMs. Tak Kak MOII-
HOCTb PaBHA HHEPTUU, PACXOAYEMOH B €AUHUILY BPEMEHH, TO ypaBHE-
Hye OajaHca MOIMHOCTSH NMPU MUTAHUU OT UCTOYHUKOB HAIPSDKCHUS
HMeEET BHUI

P, uer P TIpUEM>»
AIH

D +EI+) FU,I=Y RI*,

rae P, — MOIIHOCTB, OTAaBaeMas MCTOYHMKAMU B LENb; Prpuen —
MOIIHOCTB, TOTpe0IsgeMas MacCHBHBIMHA PUEMHUKAMH.

[Ipu stom ecnu yepe3 ucrtounuk JJAC E teder Tok / Tak, 4TO Ha-
npaBlcHUE TOKa coBmanaer ¢ HampasieHueM J/IC, To cmaraemoe E/
Oepercst co 3HAKOM «+», T. €. ucToyHuK DJIC 0TAaeT SHEPIuio B LEMb.
B nporuBHOM ciyuae EI Gepercsi o 3HAKOM «—», T. €. ucTouHuK DC
MOTPEOISIeT YHEPTUIO U3 LIEH.

Ecnu ncTounuk 3amaH B BHIE HamNpsDKEHUS Ha €ro 3akuMmax (Ha-
npumep, U, Ha puc. 1), To ero MomHocTh onpeaensercs kak Uyl co
3HAKOM «+»; ecnu HampspkeHue U,, W TOK / HampaBJeHbl HAaBCTPEUy
JpyT IpYry, U ecnu HanpspkeHue Uy, U TOK , MpOXOASIIUi uyepe3 3TOT
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WCTOYHHK, COBITJAIOT 110 HAIIPABJICHUIO, TO MpousBeneaue Ul Oeper-
Cs CO 3HAKOM «—».

IIpy BBINONHEHMH PEAIBHBIX PAcdeTOB Puer U Prpuew MOTYT He-
CKOJBKO pa3nuyarbca. YTOOBl OLIEHUTh HECOBHAAEHHE Puer U Prpuew,
BBIYUCIISIIOT OTHOCUTENBHYIO MOTPEIIHOCTh:

PI/ICT _PnpueM
0= ———-100 %.

HUCT

[Ipu BBIMOMHEHUU PACUYETOB HAa KOMIIBIOTEPE 3Ta MOrPEIIHOCTh HE
JIOJKHA TpeBbIaTh 1 %o.

2.3. Pacuer TOKOB B enu
METOI0M KOHTYPHBIX TOKOB

Meroa KOHTYpHBIX TOKOB OCHOBAH Ha HCIIOJIb30BAaHHWU 3aKOHOB
Kupxroga. Ilo cpaBHeHHIO C METOJOM HEMOCPEACTBEHHOTO MPUMEHE-
Husl 3akoHOB Kupxroda mMeron KOHTYpHBIX TOKOB Ipolle, oOiamaer
MEHbLIEH TPYJOEMKOCThIO, TaK Kak TpeOyeTcs pemarbh CHCTEMY C
MEHBIIMM YHCJIOM YpaBHEHUH, YHCIO KOTOPHIX PAaBHO YMCIYy HE3aBU-
CHMBIX KOHTYPOB B CXEME.

[TycTts ncxonHas cxema (pHc. 2) UMeeT TpH HE3aBUCUMBIX KOHTYpA.
s pacyera ee METOIOM KOHTYPHBIX TOKOB TPeOYyeTcs pelinTh CHCTe-
My U3 TpEX ypaBHEHMI.

PaccMoTpuM mocnenoBaTenbHOCTD PEIIEHNs 3aJa4d METOI0OM KOH-
TYPHBIX TOKOB.

E, Ros I, Ry

D == 4
\Z/ S Re
R, Ly Is II‘/
Ry 1 £,
y 2 T2 . 22/ Iau Re
)
F. * Lo .
3 a & Re .
Us I, %
Puc. 2



1. 3agaaum cTpenkaMu MONOKUTENbHBIC HATIPABICHUS TOKOB /1, I,
..., Is B BETBSIX CXEMHEI.

2. 3ajaauM CTpEIKaMH TOJOKUTEIbHBIC HAMPABICHUS KOHTYPHBIX
TOKOB /11, I7;, 33 B HE3aBUCHMBIX KOHTYpax cxeMbl (Jin0O0 BCe MO X0y
YacOBOM CTPEIKH, JINOO BCE MMPOTUB €€ XO0J1a).

3. 3anumeM B 00IIeM BUJE CHCTEMY # YpaBHEHUH, TJ€ # — YUCIIO
KOHTYPHBIX TOKOB:

InRy + InRiy + 53R 13 = Evy;
1nRo1 + IRy + 53Ry = E; )
InR31 + IRy + I33R33 = Es.

4. Beruucnum Bce KO3 PHUIHMEHTHI CUCTEMBI ypaBHEHU (5):

* Ry1, Ry, R33 — paBHBI apu(MeTHYECKOH CyMMe CONMPOTUBIICHHMA
paccMarpuBaeMoro KoHtypa (Hampumep, Ri; = Ry + Ry + R7 + Rs + Ry);

* Ri» = Ry, Ri3 = R31, Ry3 = Ry, — paBHBI CONPOTUBIICHUIO BETBH,
oOImelt 1 yKa3aHHBIX B MHJIEKCE KOHTYpOB. JTH K03 duimeHTs Oe-
PYTCSL CO 3HAKOM «—», €CIIM HANpaBJICHUS KOHTYPHBIX TOKOB B CXEME
MPUHATHI OJIMHAKOBO, T. €. JIN0O BCE M0 X0y YaCOBOW CTPEIKH, 100 BCe
MPOTHUB ee xona (Hampumep, Ri; = Ry; = —R,, T. €. 3T KO3PHUITUSHTHI
PaBHBI CONMPOTUBIICHUIO BETBU, OOIIEH /ISl TIEPBOTO U BTOPOT0 KOHTY-
POB CO 3HAKOM «—»).

Onpeaenum sneMeHTsl E1y, Ey, E33, COOTBETCTBYIOLHE MPABBIM Yac-
TSAM CHCTEMEBI YpaBHEHWUI (5), UX 3HAUCHUS PABHBI AJITeOPandecKol cyMMe
OJAC paccmatpuBaemoro koutypa; D/C, xoTopble COBMaAalOT MO Ha-
MIPaBJICHHUIO C KOHTYPHBIM TOKOM, OEpyTCS CO 3HAKOM «+», MHA4Ye — CO
3HAKOM «—» (Hampumep, £y = E| — Ey; Exn = Es+ E; + Uy).

5. [loncraBuMm HaiifieHHBIC B I1. 4 YHCIOBBIC 3HAYECHUS KOX(dUIIN-
SHTOB B CUCTeMy ypaBHeHUH (5) u pemmm ee. [lomyuuM KOHTypHBIE
TOKH [11, 122, 133.

6. Vcnonb3ys 3HA4YeHHs] KOHTYPHBIX TOKOB, MOJXY4YEHHBIC B 1. 5,
BBIYUCIIUM pealibHbIe TOKU 1), I, ..., I¢ BO BCEX BETBAX UCXOIHOU CXe-
MBI (CM. pucC. 2). PeabHBIN TOK B BETBU paBeH anredpanyeckoil cymme
KOHTYPHBIX TOKOB, ITPOXOJSIINX Yepe3 paccMaTpuBaeMyto BeTBb. KoH-
TYypHBIC TOKH, COBMAJAIOIINE C PEaIbHBIM TOKOM B BETBH, OepyTcs cO
3HAKOM «+» (Hampumep, [ = I ; [ =1} + Ip).



2.4. Pacuer TOKOB B LenH
METO0I0M MeKY3JI0BOr0 HANPSIKEH U

CxeMy 3JIEKTpHYCCKON N, N300paKEeHHYIO Ha puc. 1, mepBoHa-
YaJgbHO CIEAYET YIPOCTUTh, 3aMEHUTHh IKBHUBAJICHTHOH, IMOCIE Yero
00BbEM BBIYHCIICHHI CYIIECTBEHHO COKPATHTCA.

B cxeme anekTpuyeckoi 1emnu, NoKa3aHHOM Ha puc. 1, mMeercs mac-
CHBHBII TPEYTOJIBHUK C pe3nucTopaMu Ri, Rs, Re, KOTOPBIM MOXHO 3aMe-
HUTH 3KBUBAJICHTHOHN 3BE31IOU ¢ pe3ucTopamu Ri;, Ry7, Rs7 (puc. 3), 3Ha-

YEeHUS COMPOTUBIICHUH BBIYUCISIOT 1O (hopMymnam

__ RR R = RsRs . R = R R

17 = > 7= > 37 = ‘
R, +R, + R R, + R+ R, R, +R;+ R

[lomydyenHast SkBHUBaleHTHas cxema (puc. 3) MMeeT IBa y3ia
(4 u 7). Ans pacyera cxeMbl BOCHOJB3YEMCSI METOAOM MEXKY3JIOBOT'O
HanpspkeHus. B aToM cimydae He HaJlo COCTaBIATh CHCTEMY ypaBHEHUIL.

£, Ry I, R,

s

Puc. 3

Boluncnum HanpspkeHHe MEXY y3i1aMu 7 U 4 SKBUBAJICHTHOM CXe-
MHI (cM. puc. 3):
_EG +EG, (£ +U,)G;

U s
™ G, +G, +G,
rie
1 1 1
1 = , G2 = , G3 =
R+ Ry +R, + Ry, R, + Ry, Ry + Ry,

— IPOBOAUMOCTHU BETBCIA.
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B sToM BeIpaxeHuu E, Oepercst co 3HaKOM «+», eCIM OHO HalpaB-
JIeHO K mepBoMy y3iy (y3ny 7). Jnsa nanpsokenus U, Hao00poT, ecin
U,» HampaBJIeHO K mepBoMy y31y (y31y 7), TO OHO Oepercsi cO 3HaKOM
«—», a ecIH KO BTOpOMY (y3I1y 4) — €O 3HaKOM «+».

Hanee, 3nas Hanpsxenne Uzy Mexay y3namu 7 u 4, o 3akony Oma
JUISl aKTUBHOTO Y4acTKa LIEMH ONpeneluM TOKH [y, I, I3 B BETBsIX mpe-
00pa30BaHHOI CXEeMHI (CM. puc. 3):

-U,, +E, 7 U, +E, . I =U74+E3+Uab

R +Ry,+R,+R, ° R,+R, R, + Ry,

1

B sTom BeIpakenuu Hanpspkenue Uzs, TPUIOKEHHOE K paccMaTpH-
Baemoli BeTBH, U DJIC OepyTcs cO 3HAKOM «+», €CIIM UX HalpaBICHUS
COBIAJIAIOT C HAIMpaBJICHUEM TOKa B 3Tou BeTBU. Toku I, I, I onuna-
KOBBEIE B MpeoOpa3oBaHHOM (CcM. puc. 3) U B UCXOoqHOU (cM. puc. 1)
cXeMax.

[Tocne ompenenenus TokoB [, I, I3 BepHEMCs K UCXOTHOM cxeme
aneKkTpudeckoi nemnu (cM. puc. 1). UtoObl onpenenuts Toku Iy, Is, g,
BOCIIOJIB3yeMCsl TICPBEIM YpaBHEHHUEM CHCTEMBI (4) U MEpBBIM U BTO-
PBIM ypaBHEHHSAMH cucTeMbI (1).

2.5. Pacuer TOKOB B 1ienu
METOI0M YKBHBAJICHTHOT0 TeHepaTopa

Merop PKBHBAJICHTHOTO TeHEpaTopa MPUMEHSIOT, Korjia Tpedyercs
OTIPEACIUTh TOK WK HAMPSKEHUE B OJTHON BETBU CIIOKHOM AJIEKTpUYE-
CKOM LIemu.

B ocHOBe MeTona NeKUT TeopemMa 00 SKBHBAJICHTHOM TE€HEpaTope,
yTBEpKIatoIas, 4To JFOYI0 JTHHEHHYIO JJIEKTPUYECKYIO [IeNb, BHYTPH
KOTOpO# NeicTBYIOT HekoTopbie DJC, MOXXHO paccMaTpuBaTh OTHOCH-
TEIBHO BBIJCNIEHHON M3 Hee BeTBH Kak reHeparop, JC koroporo E,
paBHA HANPsDKCHUIO HA 3a)KUMAaXx LMY MPU OTKIIOUEHHOH OT HUX yKa-
3aHHOW BETBH, a BHYTPEHHEE COMPOTUBIICHUE R, — BXOIHOMY COIPO-
THUBJICHUIO IIETIH CO CTOPOHBI 3TUX 3aXKUMOB, OIMpPEACIIEMOMY MPHU yC-
noBuM, uyto uctouyHuku D/IC ynaneHsl U 3aMEHEHbl UX BHYTPEHHUMU
COMPOTUBICHUSMU. 3aMEHSISI 3TY CIOXKHYIO 3JIEKTPUUYECKYIO I[EMb DK-
BHBAJICHTHOM, COCTOSIIEH TOJIBKO U3 TPUEMHHUKA (Harpy3Ku) U SKBUBA-
JIeHTHOrO TeHeparopa (ucroununka JDJIC E,= Uyx ¢ €ro BHYTPEHHUM
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CONPOTHUBJICHUEM R,= R.y), 3a/1a4y ONpPENeNeHUs TOKOB CBOIST K 3aK0-
Hy OMa mpu cCOXpaHEHUH MPUEMHUKA KaK OTACIHHOrO 3JICMEHTA SKBU-
BaJICHTHOU 1ienu (puc. 4). DTO MO3BONSET ONPEICIUTh TOK B BETBU C
pe3uctopoM R 1o Gpopmyiie

E3 UX X
' (6)

I= = .
R+R R, +R

[TycTs TpeOyeTcst onpenenuTs TOK /s B BETBH C CONMPOTHBIICHUEM R
(cM. puc. 1) MeToOM SKBHBaJICHTHOT'O T€HEPaTopa:

E _ Ux.x 23

3

TR +Ry Ry tR

6

OTKITFOYMM B MICXOJHOHM cXeMe (CM. puc. 1) BEeTBb ¢ CONMPOTHBIICHU-
eM Rg OT y3710B 2 U 3 U OIpeAeauM HanpspKeHUe XonocToro xoaa Uy x o3

(puc. 5).

E Ry I, Ry

- } 1
Rs
R,
‘f Pz E-Z
—— o —{— ) {]R.y
A o z;
Rs a_f ek
Vat Ry I
Puc. 4 Puc. 5

3anuieM ypaBHEHHE JJI1 KOHTypa ¢ y3namu 2—3—I1—2 1o BTO-
pomy 3akony Kupxroda:

Uyxos — 3Ry —1HRs = 0.
Orcrona

U, xos = LR+ 1HR;.

12



Jlnist onpeneneHus TOKOB /5 M I; paccyuTaeM MOJIYYCHHYIO CXEMY

(cM. puc. 5). B meit nBa y3na: 1 u 4. Mcnonb3yem MeTOI MEXY3JI0BOT'O
HaIpspKEeHUS:

U, = EJ(R + Ry +R)+Ey | (Ry + R)— (E; + U, )/(Ry + Ry)
1 1/(R, + Ry, + R) +1/(Ry + Ry) +1/(R, + Ry)

BeI4ucInM TOKH:
, Uy t+E, , UL+ E+U,
= L I = .
R, + R R +R,

Onpenennm HanpsbkeHne xonoctoro xonaa Uy 23.

Brrancianm BXOIHOE COTPOTUBIIEHHUE Ryy 23.

VYaanuM U3 mpenplaymed cxeMsl (CM. puc. 5) Bce HCTOYHHKH (E),
E,, E5;, Uy), ocTaBUB WX BHYTpeHHUE compoTtuBieHus. [lomyuum cxe-
My, H300pakeHHYIO Ha pHC. 6.

— —1 1
R
mﬁ ]
R
- = [] Ry
R fx23
1 3
Pﬂ
Puc. 6

[IpoBeaem 3KBUBaNICHTHBIE TPEeOOpPa30BaHMs ITOH CXEMBI U TONY-
YHM CXEMBI, H300pa’keHHbIe Ha puc. 7—9.

IIpu nepexone oT cxembl, IPUBEACHHON Ha pUC. 7, K CXEMeE, MOKa-
3aHHOM Ha puC. 8, MPOBEJCHO MPeoOpa3oBaHKUE TPEYrOIbHUKA COIPO-
TUBNIeHUN Rs, R, Rg (31ech Rg= R| + Ry + R7) B SKBHBAJICHTHYIO 3BE3-
oy ¢ comnpotuBieHusMH R,;, R, R,s, KOTOpbIE BBIYUCISIOTCS IO
¢dopmynam

_ RRy . R .= Ry R; . R = R,R;
nl = s n2 — 5 nd = — .
R, + R, + R, R, +R.+ R, R, + R, + R,

13



Puc. 9

B cootBercTBUM CO cXxeMOI, MPUBEAEHHON Ha pUC. 9, 3aNuIEeM BbI-
paxkeHue 71l BXOAHOTO COMPOTHUBIIEHUS] OTHOCUTENBHO Y37I0B 2 U 3:

(Rnl + R4)(Rn4 + R})
R +R,+R ,+R,

RBX23 = Rn2 +

BrrauciuM HCKOMBINA TOK:

16 — UxAx 23 .
RBX 23 + R6

2.6. IlocTpoenne MOTEeHIMAJBLHONH AUATPAMMBI

Pacnpe):[eneHHe IIOTCHIIMAJIOB B SHCKT‘pH‘{eCKOﬁ eI MOXHO Ipea-
CTaBHUTH C IIOMOIIBIO HOTCHLII/IaJIBHOfI AuarpaMmbl.
HOTGHL[I/IaJ'IBHaH AuarpaMma HpeaACTaBIsACT co00i 3aBHCHMOCTD

P(R).
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PaccMoTpumM B kadecTBe mpumepa pacyeT U MOCTPOSHHUE MOTEHIU-
aIbHOW IMarpaMMBbl JUISI BHEUIHETO KOHTYpa BJIEKTPHYECKOH IenH,
CcXeMa KOTOpOH MpHBeNeHa Ha puc. 1.

CootBercTByromas auarpamma npuseaeHa Ha puc. 10. ITo BepTu-
KaJIbHOW OCH OTJIOXEHBl 3HAUYEHHUs] MOTEHIHMAJIOB IOCIEAOBATENBHOIO
psna Todyek BeiOpanHOrO KoHTypa (1, 3, b, a, 4, ¢, 5, 1), a o rOpU30H-

TallbHOM OCH — CyMMa 3HAYEHHI CONPOTUBICHUN MOCIEIOBATEIBHO
MPOXOJIUMBIX YH4aCTKOB IIETIH 3TOTO KOHTYpa.
’ N
N
y N5
I /i
| |
I
! il 1
i =
| =R
13 a
6
Puc. 10

[locTpoenue moreHUIMaIbHON auarpamMmel (cMm. puc. 10) HaunHaer-
Csl C MIPOU3BOJIBHO BHIOPAHHOW TOYKH KOHTypa, HaIpuMep ¢ TOYKH 1,
MOTEHITMA KOTOPOH MpHUHSAT paBHBIM Hymo: ¢ = 0. [TocnegoBaTensHo
00X0MM BBIOpaHHBINM KOHTYp. Eciu moctpoeHue auarpaMMbl Hauaiy B
TOYKe 1, TO M 3aKOHYMTH €r0 HaJ0 B 3TOH ke Touke 1. CKayku moTeH-
nuana Ha rpaduke COOTBETCTBYIOT BKIIOYCHHBIM B IIEIb UCTOYHHKAM
HanpsoxeHus £y, Es, Uy,

[Totenmman Touku 3 KOHTypa MEHbIIIE OTEHIIMAIA TOUYKH 1 Ha 3Ha-
YEHUE MaJCHUS HAMPSHKEHUS HA CONIPOTUBICHUU Ry:

03 = @1 — 4Ry,

[Ipu mocTpoeHMN MOTEHIMANIBHOW TUarpaMMbl HY’KHO MO TOPH30H-
TIFHOM OCH OTJIOKHTH OT Hadasla KoopauHaT (Todka 1) B macmrabe
3HAa4YEeHUE CONPOTHUBIEHUS R4, @ MO0 BEPTUKAIBHON OCH — 3HAYEHUE M0-
TeHIuaia @3 B BoJbTax. Ha rpaduke coeqHuM mOTEHIMABI TOUKA 1 1
TOUKH 3 IpSAMON JIMHHEN.

[oTenuunan ToYKM b MeHbIIE MOTEHNIHNAIa TOYKH 3 Ha 3HAYCHUE Ma-
JICHUsI HAaIIpSDKEHUS Ha CONPOTUBIIEHUH Rj:
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Op = @3 — LR;.

[Ipu mocTpoeHun auarpaMmsl HY)KHO IO TOPU3OHTAJIBHOM OCH OT-
JIOKUTH OT Hayaja KoopAuHAT (Touka /) B MaciTabe 3HaUCHHUE CYMMBI
conpotuBiieHu# (R4 + R3), a 10 BEPTHKAIBHON OCH — 3Hau€HUE TIOTEH-
nuana ¢, B BoibTax. Ha rpaduke coequHMM MOTEHHWATBI TOYKU 3 U
TOYKH b IPSAMOH JTMHUEH.

B cootBercTtBHM cO cxemol, MpuBenNeHHONW Ha pHcC. 1, moTeHUnan
TOUKU g OyneT OOJbIIe MOTCHIIMANA TOYKU b Ha 3HaYeHue U,y:

(pa = (Pb + Uab~

ConporuBienre yyactka ab He 3aJaHo, mpumeM R, = 0, 4T0 cOOTBET-
CTBYET MJI€aJIbHOMY HCTOYHHKY HampspkeHus. Ha nmarpamme momyunm
CKa4yOK MOTEHIMaNa BEPTUKAJILHO BBEPX HA 3HaueHue Uy,

JlBuraeMmcsi Mo KOHTYpY JAajbllle OT TOUYKH a K Touke 4. Ha sTom
y4acTKe MMEEM elle OJMH WACANbHBI MCTOYHHMK HampspkeHus (£3) c
BHYTPEHHUM CONpPOTUBIEHUEM, paBHBIM Hymo. Ha moreHumanbHOI
nuarpamme (cM. puc. 10) 3ToMy COOTBETCTBYET M3MEHEHHE OTeHIna-
J1a CKAYKOM BBEPX OT TOYKH a JIO0 TOUKH 4:

Q4= Q.+ Es.

Paccmorpum yuactok 4c. HampaBnenue Toka [I; coBmajgaer ¢ Ha-
npaByicHueM 00xoja KoHTypa. [loTeHman Touku ¢ OyJeT MeHbIIE T10-
TEHIIMAJIa TOUYKHU 4 Ha 3HaUEHUE MaJIeHUs] HANPsKEHUS Ha COMpPOTHUBIIE-
HuH Ri:

@c = P4 —1iR,.

Ha rpaduke (cm. puc. 10) mo ropu3oHTaqbHOH OCH OTIOXKHUM OT
Hayajla KOOpJWHAT 3HAYEHHWE CYMMapHOI'O CONPOTHUBJIEHUS BCEX YXKe
PacCMOTPEHHBIX Y4acTKOB KOHTypa. OHO paBHO R4+ R3+ R,. Ilpu aTOM
3HAUEHUM CONPOTHUBJIEHUS OTJIOXHUM IO BEPTUKAJIBHONW OCH 3HA4YE€HUE
noreHnuaiga Touku ¢ (¢.). [lomyuennyro Touky Ha rpaduke coeanHUM
MPsIMOM JIMHUEH C TOUKOM 4.

Ha yuacTke ¢5 HaxomuTcsl peanbHBI UCTOYHHMK HampspkeHus Ej ¢
BHYTPEHHHUM CONpOTUBIEHHEM Rj;. Hampasnenue mcrounuka £, coB-
najaeT C HampaBlieHHEM 00Xolla KOHTypa U JaeT yBeJIHYeHHE MOTEH-
nyana Ha 3HadeHHe FE)|. Hamnune BHYTpEHHETO CONpPOTHUBIECHHUS Ry
CHIDKaeT 3Ha4YeHue NoTeHnrana. B nrore momyunm
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@5 = @+ E1— LRy

Ha rpaduke (cm. puc. 10) mo ropu3oHTaNbHON OCH J00aBUM 3HA-
YEHUE COMPOTUBIICHUS R U 110 BEPTUKAIHLHOW OCH OTJIOXKHM 3HAYCHUE
©s. [lomydennyro Touky Ha rpaduke (TOUka J) COSTUHUM TPSIMON JTH-
HHEH ¢ TOYKOH C.

[Toctpoum ydactok Mexy Toukamu 5 u /. Ha aTom yuactke Haxo-
JUTCsI conpoTuBiieHne R;. Paccuntaem nmoreHnran Touku /:

¢1= 05 —1iR;.

[Ipu mpaBUIBHOM pacdeTe JOJDKHBI MONYyYnuTh @ = 0, Kak OBUIO IPUHS-
TO B HayaJie OCTpOeHMsI quarpamMmbl. Ha rpaduke coenuHum mpsmoit
JIMHHUEH TOYKH S U /.

Bun momHol MOTEeHNMAIEHON THarpaMMbl COOTBETCTBYET TpaduKy,
npencraBieHHoMy Ha puc. 10. Ilpu moctpoeHun peanbHOU MOTEHIIM-
aNBHOM JMarpaMMbl Ha BEPTUKAILHOW M TOPU3OHTAIBHOM OCSX JIOJIK-
HbI OBITh yKa3aHBI IIKAJIbI B yuciaX. [Ipy 3TOM mikana A0JKHA OBITh
PaBHOMEPHOI, HAYMHATHCS OT HYJIS, HE UMETh pa3pbiBoB. Lllar mkas
KeJIaTenbHO BEIOMPATh PaBHBIM J00 /, b0 2, 1nb0 5, yMHOKEHHBIM
Ha 10",

2.7. Onpenenenne NOKa3aHUil BOJbTMETpPa

BonpT™MeTp n3MepseT HanpsbkeHHe (pa3HOCTb MOTEHIIUAIOB) MEXK-
Iy IBYMsI TOYKaMH B DJIEKTPUYECKOH Ienu (TOYKH 5 1 6 Ha puc. 1).

Hns ompeneneHus: Moka3aHW BOJBTMETpa HEOOXOIMMO coCTa-
BHUTHh ypaBHEHHE MO BTOpoMYy 3akoHy Kupxroda mo xoHTypy, B KO-
TOpBII BXOOUT U3MepseMoe HanpsbkeHue Usq. BriOepem, Hanmpumep,
3aMKHYTBI KOHTYp ¢ ToukaMu 4—5—6—4. EMy cOoOTBETCTBYET
ypaBHEHHE

Uss — LR, + LIR\+ LRy = E,,
OTKyJ1a
U56 = El + 12R2 — IlRl — IlR()l.

[loncraBuM B mocienHee ypaBHEHUE YHCIoBbIe 3HaueHus. [lokaza-
HUE BOJBTMETpa (MarHUTOIIEKTPUUIECKOH CUCTEMBI) OyJeT paBHO Ha-
npsbkeHuto Usg ¢ yUeTOM €ro 3Haka.

17



KOHTPOJIBHBIE BOITPOCHI

1. [15n4 cxeMbl, IpeACTaBIEHHON Ha puc. 1, COCTaBUTh MOIHYIO CUC-
TeMy ypaBHeHHH 1o 3akonaMm Kupxroda. late nosicuenus.

2. Ins cxeMbl, MpeAcTaBiIeHHONH Ha pHC. |, OOBSCHUTH MOPSIOK
pacdera TOKOB METO/I0M KOHTYPHBIX TOKOB. J{aTh mosicHeHus.

3. JIns cxeMmbl, NIPEACTaBICHHOM Ha pHC. 2, OOBSCHUTH HOPAIOK
pacdera Toka /;, MCIONB3Yys METOJ MEXY3JIOBOro HampspkeHus. Jlate
MOSICHEHUS.

4. Ins cxeMbl, MpeAcTaBiIeHHOH Ha pHC. |, OOBSCHUTH MOPSIOK
pacdera Toka [, MCIIONb3ysl METOJ SKBUBAJIEHTHOIO TeHeparopa. JlaTe
MOSICHEHUS.

5. JIns cxembl, IpeaCcTaBICHHON Ha pHc. 1, COCTaBUTH B 00IIEM BH-
Jle ypaBHeHUe OanaHca MOIHOCTEH. [{aTh MOsICHEHUSI.

6. OOBSICHUTH TOPSIOK pacyera M MOCTPOCHUS TMOTEHIHAIbHON
JrarpamMMbl Ha IpUMeEpE CXEMBI, PeICTaBIeHHOM Ha puc. 1.
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TABJIUIA HCXOJHBIX JAHHBIX

TIPUJIO’KEHUE I11.1

Ho-

Howmep mep

Bapu- pH- E | Ey | B35 | Ry |Rpp | Ry | Ry | R | Rs | Ry | Rs | Rs

aHTa

CyHKa

1 Im.1 |48 |12 | 6 (08|14 | — |42]| 4 2 12 | 6 2
2 m2j12 )13 12| — 1104|1235 5 1 5 6 9
3 Mmi3|55)18| 4 [08]— (08| 8 4 3 2 4 4
4 m.4 )36 |10 |25 (04| — (05| 4 8 3 1 2 7
5 Mmsj)12 ] 6 [40 (1,206 — [20]| 3 8 5 7 8
6 I11.6 | 8 6 |36 |13 — |[12]30] 2 1 6 8 6
7 m.7)15163 |6 [1,0] —|1,2|50]| 3 1 2 12 | 3
8 Mme |54 1273 [1,21]09] — 80| 3 1 4 2 2
9 moji12|) 6 (40 (1206 — [20]| 3 8 5 7 8
10 |I11.10| 8 6 |36 | — |13|12]30]| 2 1 6 8 6
11 |II1.11| 4 [ 24| 6 09| — |05] 9 8 1 6 10 | 4
12 |I11.12] 16 | 8 9 102106 — |25 6 6 5 10 | 5
13 |I11.13 | 21 4 10 | —[02]06| 5 7 2 8 1 1
14 |I11.14| 4 9 18 108 | — 1072710 ]| 4 8 10 | 2
15 |II1.15) 4 [ 24| 6 |09 | — [05]90]| 8 1 6 10 | 4
16 |I11.16] 16 | 8 9 102106 — |25 6 6 5 10 | 5
17 |II1.17[40 | 25| 8 | — 0,202 (30| 3 2 4 3 2
18 |I11.18| 8 | 40 | 10 |08 |10 | — |50 3 3 3 2 1
19 |II1.19 72 | 18 | 9 |08 |14 | — |42 ]| 8 6 12 | 6 2
20 |I11.20] 12 {36 | 24| — |04 [ 1,2]35]| 5 8 5 6 9
21 12172 1121 4 107 (1,5 — (1601 1 10 | 4 12 | 4
22 |I1.22] 12 | 48|16 | — (0404 |25] 1 4 15 | 4 2
23 |II1.23122 24|10 |02 | — | 1,2]| 2 1 8 4 10 | 6
24 |I111.24| 55 | 18 | 24 |08 | — | 0,8 | 8 4 3 2 4 4
25 125112 1301 9 |05 — [05]35] 2 3 3 1 3
26 |I11.26| 9 6 | 27| — |1,0]081]45]| 2 8 15 | 4 3
27 127136 | 9 |24 — (080830 4 2 1 5 2
28 |I11.28| 3 66 | 9 | —|07]12]1,0] 4 2 2 7 3
20 |I1.29| 72 | 12 |24 | — | 1,5]0,7]160]| 5 10 | 4 12 | 4
30 |IM1.30| 12 (24| 6 |04 |04 | — |25 1 4 10 | 2 2
31 |IM1.31(30 121005 — [05]3,5]| 2 3 3 1 3
32 |II1.32| 9 16 |27 | — | 1,008 45| 2 8 10 | 4 3
33 |IM.33[10| 6 {24 08|03 | — [35] 5 6 6 3 1
34 |I11.34| 6 | 20 | 4 - 108(1,2] 4 6 4 4 3 3
35 (I35 14 [ 25|28 09|12 | — | 5 2 8 2 2 6

—_
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IIpoodonsicenue madauywl

Ho-

Howmep mep

Bapu- pH- Ey | Ex | E5 | Ry |Rp | Rz | Ri | Ry | R | Ry | Rs | R

aHTa

CyHKa

36 |I11.36| 5 16 | 30 |04 ] — [ 0,760 4 3 2 5 3
37 |IM1.37]121 |24 |10 | —[02]06|50]| 7 2 8 1 4
38 |I11.38| 4 9 | 28108 | —107]27]10]| 4 8 10 | 2
39 |I11.39] 10 | 24| 6 |03 — |08 |35] 5 6 6 3 1
40 |I11.40| 20 | 6 4 | —[08]12]40] 6 4 4 3 3
41 |II1.41| 12 {30 {25(10/04 | — |1,0] 5 1 1 6 4
42 |I11.42|30 | 16 | 10 |06 |08 | — [ 2,0] 5 3 1 8 5
43 |I11.43| 16 | 5 32| — 1060890 3 2 4 1 5
44 |111.44| 25 | 14 |28 | — | 1,209 |50 ]| 2 8 2 2 6
45 |I11.45( 10 | 32 |10 |06 | — | 1,0 | 1,5] 6 1 7 1 5
46 |I11.46| 5 10 | 36 |03 ] — |08 |12 6 3 2 2 2
47 |I1.4736 | 25|10 | — |04 ]05|40]| 8 3 1 2 7
48 |I11.48| 5 16 | 30 | — 0,6 0890 3 2 4 1 5
49 |I11.49(20 (22| 9 |01 |1,1 | — |1,0] 2 6 3 8 4
50 |II1.50| 5 30 |16 |04 | — 0,760 | 4 3 2 5 3
51 |IM1.24)110| 18 | 4 |08 | — [ 0,8 [16,0] 4 3 4 4 4
52 |IM1.25)1 14130 9 [05] — (05|70 2 3 6 1 3
53 |IM126| 18| 6 [ 27 | — 1,008 90| 2 8 16 | 4 3
54 |IM271 721 9 |24 ]| — 1080860 4 2 2 5 1
55 |IM128) 6 | 60| 9 | —|07|12(20]| 4 2 4 7 3
56 |I11.29| 44 | 12 | 4 | — | 1,5]0,7 |12,0] 1 10 | 8 12 | 4
57 |I1.30| 24148 | 6 [04]04 | — |50] 1 4 10 | 2 2
58 |IM1.31]124 1309 [05]— (05|70 2 3 6 1 3
59 |32 18| 6 [ 27| — 1,008 90| 2 8 10 | 4 3
60 |I11.331 20| 6 [ 24 (08|03 | — |70] 5 6 12 | 3 1
61 |I11.34] 12 |20 | 4 | — |08 |12 |80]| 6 4 8 3 3
62 |I11.35]128 | 25| 8 [09]1,2| — [10,0] 2 8 4 2 6
63 |I11.36| 10 | 16 | 30 | 04| — | 0,7 [12,0] 4 3 4 5 3
64 |I11.37]| 42 | 4 10 | — 10,206 [10,0] 7 2 16 | 4 10
65 |I11.38| 8 9 18 08| — [0,7(54] 10| 4 16 | 10 | 2
66 |I11.39]1 20| 6 [ 24 08| — |03 |70 5 6 12 | 3 4
67 |I11.40]) 12 | 20 | 40 | — |08 |12 80| 6 4 8 3 3
68 |I11.41]124 |30 |25 (1,0[04| — [20] 5 1 2 6 4
69 |I11.42]| 60 | 16 | 10 | 0,6 |08 | — |40 ]| 5 3 2 8 5
70 |I11.43]132 | 5 [ 20| — 0,608 [18,0] 3 2 8 1 5
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Oxonyanue mabnuywl

Homep |Homep

Bapu- |pucyH-| Ey | E; | E3 | Rot [Rey [ Ros | R | Ro | Ry | Ry | Rs | Rs
aHTa | Ka
71 I11.44 | 28 | 25 8 — [ 1,210,9 (10,0 2 8 4 2 6
72 |I11.45] 20 | 32 |10 |06 | — | 1,0]3,0] 6 1 14 3 5
73 |I1146| 10 | 10 | 36 |03 | — |08 |24 ]| 6 3 4 2 2
74 |I1147] 72 | 10 | 25| — |04 ]05|80]| 8 3 2 2 7
75 |I11.48] 20 5 32| — 106108 [18,0] 3 2 8 1 5
76 |I11.49| 40 | 22 9 |01 |1,1 | —1]20] 2 6 6 8 4
77 |II1.50] 10 | 16 | 30 |04 | — | 0,7 |12,0] 4 3 4 5 3
78 I11.7 | 30 | 60 6 1,0 — | 1,2 10,0 3 1 4 12 3
79 I11.8 | 10 | 27 3 1,209 | — |16,0| 3 1 8 2 2
80 1119 | 24 6 40 | 1,2 106 | — | 40| 3 8 10 3 8
81 I11.10 | 26 6 40 | — | 1,3|12]6,0]| 2 1 12 8 6
82 |II1.11] 18 | 24 6 09| —]05]18,0| 8 1 12 | 10 4
83 |II1.12] 8 32 9 102106 —|50] 6 6 10 | 10 5
84 |I11.13| 42 | 14 | 10 | — | 0,2 ] 0,6 [10,0] 7 2 16 | 10 4
85 |II1.14] 8 10 | 18 |08 | — [0,7 5,4 | 10 4 16 | 10 2
86 |II1.15] 18 | 24 6 09| —]05]18,0| 8 1 12 | 10 4
87 |II1.16| 32 8 9 102106 —|50] 6 6 10 4 5
88 |IM1.17] 80 | 25 | 18 | — | 02[02 60| 3 2 8 3 2
89 |I11.18] 16 | 40 | 10 | 0,8 | 1,0 | — [10,0] 3 3 6 2 1
90 |[I11.19] 60 | 12 6 (08|14 — |84 4 2 20 6 2
91 m20(36 |24 |12 | — 041270 5 1 10 6 9
92 |I11.211] 44 | 12 4 07|15 — |120] 1 10 8 12 4
93 |I11.22] 24 | 48 6 — 10410450 1 4 30 | 20 | 12
94 |I11.23]40 | 20 | 10 |02 | — | 12140 | 1 8 8 10 3
95 1.2 | 24 | 36 6 — (041,270 5 1 10 6 9
96 Im1.3 | 10 | 18 4 (08| — |08 |16,0| 4 3 4 4 14
97 4 | 7 10125104 — |05]|8,0]| 8 3 2 4 7
98 I11.5 | 20 6 40 | 1,2 106 | — | 40| 3 8 10 7 3
99 II1.1 | 12 | 40 6 08|14 — |84 4 2 24 6 12
100 | I11.6 | 16 | 36 6 13— |1,2160]| 2 1 12 8 6
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OBPA3ELl O®OPMJUIEHUA TUTYJIBHOT'O JIMCTA

MocKOBCKHI TOCYyJapCTBEHHBIN TEXHUYECKUH YHUBEPCUTET
nMenn H.O. baymana

Kadenpa s1ekTpoTeXHUKN U IPOMBIIITIEHHON 3JIEKTPOHUKU

Jomamnee 3aganue Ne 1
10 Kypcy «DJEKTPOTEXHUKA U JIEKTPOHUKA»
Ha TeMy «Pacuer JINHENHBIX LeNel TOCTOSSHHOI O TOKA

Bapuant Ne 10

Boinosmaui: crynent b.B. FiBanoB
rpynna PK9-51

IIpoBepun: nouent B.M. BomuenckoB

Jata cgauu paGoThl Ha TIPOBEPKY

MockBa
2011
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