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1. 3AJAHUE HA KOHTPOJIBHY1O PABOTY
1.1. CocraBiieHue cxeMbl e ¥ BbIOOP 3HAYEHU I TAPAMETPOB ee 3JIeMEHTOB
3a/aHus Ha KOHTPOJIbHYIO pabOTy CXEMBI LIEMU U €€ TapaMeTPOB COCTABJICHBI B COOTBETCTBHH C

nocienHen nudpoi B HoMepe CTyJAeHYecKoro omnera. Cxema pacCUYuTHIBAEMOM IIEKTPUUSCKON 1IeTH

YCIIOBHO TpejicTaBiieHa rpadgom (puc.l) ¢ mecTsio MPOHYMEPOBAHHBIMU BETBSIMH:

Puc.1



KonkpeTrHoe HanonHeHHe BeTBel rpada 3aJaeTcsi KOJIOM CXEMbl, KOTOPBI BEIOUpAETCs 110
tabnuuel B cooTBeTcTBUM € TIocaeaHel udpoil HoMepa CTyI€HYECKOro Ousera:

Tabnuna 1
Bapuanrl
Kon nemnun 4 2 1 3 5 6
Cocras L R2 L2 ei(t) ez(t) es(t)
uemnu R: C: C Rs Ls Cs
Bapuant?2
Kon nernm 4 2 1 3 5 6
Cocras L1 Rz L> eu(t) ex(t) es(t)
enu R: Ci Co R Ls Cs
Bapuant3
Kon uenn 1 4 5 6 2 3
Cocras L: Rz L ei(t) ez(t) es(t)
1enu R1 Cs C2 R3 Ls Cs
Bapuant4
Kon nernwu 1 4 5 6 2 3
Cocras L: Rz L ei(t) ez(t) es(t)
tenu R: Cs C2 R Ls Cs
Bapuant5
Kon nernm 1 4 5 6 2 3
Cocras L1 Rz L> ex(t) ex(t) es(t)
enu R: Ci C Rs Ls Cs
Bapuant 6
Kon uenu 1 4 5 6 2 3
Cocras L: Rz L ei(t) ez(t) es(t)
lieru R1 C: C Rs Ls Cs
Bapuanr 7
Ko nenu 1 4 5 6 2 3
Cocras L1 Rz L ex(t) ex(t) es(t)
Lernu R1 C: C Rs Ls Cs
Bapuanr 8
Koz neru 1 4 5 6 2 3
Cocras L1 Rz L ex(t) ex(t) es(t)
Lemnu R1 C: C Rs Ls Cs
Bapuant 9
Ko nernu 1 4 5 6 2 3
Cocras L: Rz L ex(t) ex(t) es(t)
Henu R1 Cs C2 R3 Ls Cs
Bapuant 0
Kox nenu 1 3 4 5 6 2
Cocras L1 Rz L2 ei(t) ex(t) es(t)
lieru R1 C: C Rs Ls Cs
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Bapuant 3HaueHuit napaMeTpoB 3JIEMEHTOB 3JIEKTPUUECKOH MK BHIOMpAETCs U3 TaOIUIIbI 2.

Tabnwuna 2
Y 1 | o | o | e | e | i | e | e | e | 14 | S0P | e0B | e
1 40 | 65 | 4 | 40 | 1 | 27| 3 | 40 | 53 | 700 200cos(wt), 90sin(wt) 20sin(wt+15°%)
2 80 | 25 | 18 6 12 | 56 4 2 6 1500 | 170 sin(wt+180°) 70 sin(wt) 100sin(ot - 20°)
3 |w00|5|22]32]36]| 14| 5 8 4 | 3000 | 80sin(et-22) 100sin(ot) 140cos(wt)
4 10 | 95 | 10 | 1,2 | 64 | 54 | 10 4 5 | 500 | 100sin(wt+20°) | 160sin(wt+30°) | 80sin(wt+50°)
5 20 |85 | 8 | 13|32 | 26| 3 8 7 | 1000 | 70sin(wt+130°) | 30sin(wt-90°) | 200sin(wt-85°)
6 30 |75 6 | 14 | 17| 25| 12 5 9 | 1100 110sin(wt) 160cos(ot-90) | 96sin(mt-78")
/ 60 | 45 | 14 | 16 | 4 | 32 | 1,6 | 1,8 | 2 | 500 | 280sin(wt—35°) 150c0s(wt) 100sin(wt)
8 70 |35 |16 | 20 | 25 | 53 | 05 | 1 | 1,2 | 300 | 170sin (ot-30°) 200cos(wt) 35sin(wt-10°)
9 80 | 25 | 18 | 6 | 12 | 56 | 4 2 6 | 1500 | 170 sin(wt+180°) 70 sin(ot) 100sin(ot - 20°)
0 20 |8 | 8 | 13|32 | 26| 3 8 7 | 1000 | 70sin(ot+130°) | 30sin(wt-90°) | 200sin(wt-85°)

B xonTpOnsHOIM pabote Tpedyercs:

1.2. YciaoBus 3aganus

1. CoctaBuTh 115 3a/IaHHOM LIETIU CUCTEMY YpaBHEHUH 1o 3akoHaM Kupxroda, 3anucas ee B AByX

bopmax:

a) nuddepeHmanbHOM;

0) CUMBOJIMYECKOM.

2. Metonom koHTypHBIX TokoB (MKT) onpenenuTs KOMIJIEKCHBIE JEHCTBYIONINE 3HAYCHHSI TOKOB B

BCTBAX IICIIN.

3. 3anucarth BBIPpAXKXCHUA IJIs1 MTHOBCHHBIX 3HAYEHUI TOKOB BeTBeﬁ, IMPOBCPUTH B KOMILIEKCHOM (I)OpMC

BBITIOJTHUMOCTH IepBOTo 3aKkoHa Kupxroda mist Bcex y31moB U BToporo 3akoHa Kupxroda s Bcex

KOHTYPOB LIETIH.




4. Metoaom y31oBbix nmoteHnnanoB (MVYII) onpeaenuts KOMIUIEKCHBIE IEHCTBYIONINE

3HAYEHUS TTOTEHIIUAIIOB BCEX Y3JIOB LIETIH, IPUHSB MOTSHIIMA OJJHOTO U3 y3J10B (JTF0OOTr0) paBHBIM
HYJII0, U PACCYUTATh KOMIUIEKCHBIE ICHCTBYIONINE 3HAYEHUSI TOKOB B BETBSIX 1enu. CpaBHUTH UX

CO 3HAYEHUSIMU, MMOTYYECHHBIMU B 11.2.

5. IIpoBeputh Oananc momHocTed. Halitn 3HaueHnus ko3 puiimenTa MOIIHOCTH ISl TPUEMHHUKOB

JIIEKTPUYECKON SHEPIUH.

6. [TocTpouTh BEKTOPHYIO IUAarpaMMy TOKOB JIJIsl OTHOTO U3 Y3JIOB MU U BEKTOPHYIO JUATPAMMY

HaprI}KGHI/Iﬁ JJI1 OJHOI'O N3 KOHTYPOB.

2. METOAWYECKHWE YKA3AHUS 11O BBINTOJHEHAIO KOHTPOJbHOM PABOTHI

JlaHHasi KOHTPOJIbHAS pabOTa MOCBSIIEHA aHAIN3Y YCTAHOBUBIIETOCS PEXKMMa JIMHEHHOHN 3JIEeKTPUIECKOM
LIE€NU, HaXOIALIEICsl 10/ BO3/IEHCTBUEM TPEX UCTOUHUKOB CUHYCOMIAJIbHOTO HAIIPSKEHUS OIMHAKOBOM
yacToTsl. [Ipu pacuere ycTaHOBUBILErOCs PEKUMA B TMHEUHOMN 3JIEKTPUYECKOM LIENHU CHHYCOUAAIBHOTO
TOKA UCIOJIB3YETCS METO KOMIUIEKCHBIX aMIUIUTY/] WJIM HAa3bIBA€Mblli HHAYE - CUMBOJIMYECKUI MeToA. B
OCHOBE CUMBOJIMYECKOTO METOA JICKHUT 3aME€HA CHHYCOMIAIBHOMN (DYHKITMH HEKOTOPBIM KOMIUIEKCHBIM
YHCIIOM, KOTOPOE COACPKUT B ceOe BCIO MHpopMaIuio 00 3Tol GyHKIMHU. BeneacTBrie Takoi 3aMeHbI
MaTeMaTHYeCKUe ONepaluyi HaJl CHHYCOUJAJIbHBIMU (TApMOHUYECKUMHU) (GYHKLIUSAMHI BPEMEHH
3aMEHSIOTCS alredpanyecKuMH OnepanusiMi HaJl COOTBETCTBYIOLIMMH UM KOMITJIEKCHBIMHM YUCIIAMH, YTO
CYLIECTBEHHO YIPOIIAET PacyeThl LIETIel CHHYCOUAATILHOTO TOKA U JeJIaeT UX 00siee HarJsaJHbIMU.
PaccmoTpuM ncnonb30BaHuE 3TOT0 METOA MPU pacyeTe YCTAaHOBUBILIETOCS peKUMa B paccMaTpUBaeMoin

LETN CUHYCONJAJIBHOI'O TOKaA.

2.1. OcHOBHBIE MOJIOKEHHS CHMBOJIHYECKOr0 MeTo1a
2.1.1. 3aMeHa CHHYCOMIAIBHBIX (PYHKIHI KOMIJIEKCHBIMH YHCJIAMHI
JIst 3aJaHHBIX HCTOYHUKOB DJICKTPUUECKON SHEPTUH TIPOU3BEIEM 3aMEHY
CHHYCOMIAIBHBIX 3. 1I. C. € (1), e,(t), es(t) kommiekcHbiMu yrcaMu. CHHYCOUAATBHYIO 3. 1. C.
BUJIA:
e(t) = Epsin( ot +vy) , Q)
rie En - aMmmTyaa CHHYCOMIAIBHOTO KOJIe0anus,
® = 2nf - yrioBas wiM Kpyrosas 4acrora,
V - HavanbHas (a3a KojaebaHus,

3aMEHHUM KOMILIEKCHOM 3. 1. C. C aMHHHTYHOﬁ Em CJICOYIOICTO BUaA:

Em=em€” 2



KommiekcHast aMmuntya (2) COIepKHUT BCIO HHPOPMALIUIO O CHHYCOUATbHON (DyHKIINN

(1). Ilpu pacuerax Lemnem, Kak NpaBUiIO, BMECTO KOMIUIEKCHON aMIUIUTYbI (2) MCHOJIB3YIOT

KOMIIJICKCHOC I[CﬁCTByIOH.[CC 3HaueHue F , OMMPEACIIACMOC BBIPAKCHUCM:

&:&eﬂu :EeW , (3)

NN

Jlanee B KOMIUIEKCHOM (hOpMe 3aITUCHIBAIOTCS COMTPOTHBIICHUS BCEX BETBEU IIEIIH.

E=

AKTHBHOE COTIPOTUBJIEHHE R B KOMIUIEKCHOH (hopMe 3amuchIBaeTcs Tak ke. Ero 3HaueHne He

3aBUCHUT OT 4aCTOTbl @ U MO3TOMY OCTACTCA NOCTOSAHHBIM. KomminekcHbie COIIPOTUBJICHU A
1

UHAYKTUBHOCTH L m emkocTH C 3amuUCBHIBAIOTCA BBUAC: Z, = joLl n Z.=——,HuX
joC
3HA4YCHU 3aBUCAT OT 4aCTOThI @ .
3amucaB B KOMIUICKCHOM (bopMe 3aaHHbIC 3HAYCHUA 3. O. C. UJIK TOKOB BCCX NCTOYHHUKOB
U KOMILIEKCHBIE CONPOTHBIECHHS BCEX BETBEH LEMH, HYKHO 3aJaThCs IOJIOKHTEIBHBIMU
HAlpaBICHUSMH TOKOB B BETBSAX U 3alKcaTh UX B KOMIUIeKCHOH Qopme. Ilomydennas mocie

TaKuX MpeoOpa3oBaHUil cXxeMa e B CHMBOJIMYECKOUW (popMe IpeicTaBiIeHa Ha puc.3.

4

Janee g1 moidydeHHOW cxembl (pHWC.3) COCTaBIAETCS CHCTEMa  YpaBHEHUMU
JIEKTPUYECKOTO PaBHOBECHUS LEMU OTHOCUTEIIbHO HCKOMBIX TOKOB M HampspbkeHuid. [lpu ee
COCTAaBJICHUU MOTYT HCIHOJIB30BATHCA BCC HU3BCCTHLIC MCTOABI pacdC€Ta 3JICKTPUYCCKUX ueneﬁ,
pa3paboTanHple Ha ocHoBe 3akoHOB Oma u Kupxroda. PemmB mnonydeHHyI0 cuctemy

ypaBHeHHﬁ, OIpeacisiEM  KOMILICKCHBIC HeﬁCTBYIOHIHe 3HAYCHUA HCKOMBIX TOKOB H
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HanpsbkeHui. [Ipu HeoOX0AMMOCTH OT HAMIEHHBIX KOMILUIEKCHBIX TOKOB M HANPSHKEHUIH MOXKHO
NEPENTH K MTHOBEHHBIM 3HAYEHUSAM THX BEJIUYMH, UCIOJIb3Ysl BeIpakeHue (1).
OnpenenuM KOMIUIEKCHBIE ACUCTBYIOIUE 3HAYECHHA J. [I. C. HCTOYHUKOB, HIMEIOIINXCS B
nenu. BHauane 3amuinem 3. 1. ¢. 3TUX HCTOYHHUKOB B CHHYCOMIAIbHOH (opme:
e,(¢)=200sin(er +90°), B
e,(t)=90sin(wt), B
e,(t)=20sin(ar +15°), B
a 3areM ¢ yderoM (opmynsl (3), 3amuiIeM HX KOMIUIEKCHBIC EHCTBYIOIIME 3HAYCHUS B

MoKa3aTelbHOU dopMme:

Ei = %eﬂ’o(’ =141¢™" | B
E, = %ew —63.64¢"" , B
Es =22 _1410 B

TR

Ucnons3ysa popmyny Diinepa:
e’” =cosp+ jsing, 4)

HepexoauM OT IMOKa3aTeNIbHOM K anrebpanyeckoit popme 3amucu 3TUX 3. 1. C.:
E1=141xc0s90° + j141xsin90° =0+ j141= 141, B
E2»=63.64xcos0" + jsin0" =63.64+ j0=63.64, B

Es=14.1xcos15" + jl4.1xsin15 =13.62+ j3.65, B

2.1.2. OmnpeneneHue KOMIUIEKCHBIX CONPOTHBJIEHNH BeTBeH Lenu
PaccMoTpuM METOAMKY ONpEAesIeHUs] KOMILIEKCHBIX CONPOTUBIICHUM BETBEH LIENH
IPUMEHUTEIBHO K paccMaTpuBaeMon cxeme (puc.2). B naHHOM 1ienu npucyTCcTBYET TpU BUAA
IIACCUBHBIX BETBEH C MOCIIEOBATEIBHO COCINHEHHBIMY 2JIEMEHTAMU. JTU BETBU MPECTABIICHBI

Ha puc. 4 (a, 0, B):

E L £y
— PV @) e ] —
E C L1
—] b= @& =—{ }—=
L C Zs

— e (5) — ]

Puc.4



KommiekcHble CONpOTUBIICHUS MTPUBEICHHBIX Ha pHUC. 4 BeTBEl 0003HAYUM Kak -

Z,,Z,, Z,. 3anumieM ux BbIpaXEHHs B OYKBEHHOM BUJIC U ONPE/ICINM YUCICHHBIC 3HAYCHHSI.

Tak kKak Mo »2JIEeMEHTaM KaXJOW BETBU MPOTEKAET OJAMH U TOT K€ TOK, TO 3TH SJIEMEHTHI
BKJIIOUEHBI TIOCJIEOBATENbHO M IKBHUBAJIECHTHOE CONPOTUBIICHHE Ka)XJIOW BETBH OYIET paBHO
CyMM€ CONPOTHBIIEHUN OTIENbHBIX JJIEMEHTOB, W3 KOTOPbIX OHa COCTOMT. JlJs BeTBH,
MPEJICTABICHHON Ha puC. 4(a), KOMIUIEKCHOE COMTPOTHUBIICHUE 3AIUIIIETCS CICTYIOIUM 00pa3oMm:

Z=R+ joL=R+ jx,, (5)

rae X, = @L - peakTUBHOE COIPOTHBIICHUE MHAYKTUBHOCTH L, MMerouiee pa3MepHOCTb - OM.

KommiekcHoe compotuBienue (5) 3amucaHo B anreOpandeckoil gopme, a B HOKa3aTeIbHOM

dbopme OHO UMEET BU/I;
— Jo-
Z,=2e"™, (6)
rac Zl = \[Rz + xz - MOAYJIb KOMIIJICKCHOT'O COITPOTUBJICHHUA (OH TaK>XKE€ HAa3bIBACTCA ITOJIHBIM

COTIPOTHBJICHUEM BETBH ),

@, = arctg(xL / R) - apryMeHT KOMILUIEKCHOI'O COIIPOTUBIIEHUSA Z, .

AHaJIOTMYHO 3aNuileM KOMIIEKCHOE CONPOTHUBICHUE Z, BTOpOM BeTBH (puc. 40).

B anrebpanueckoii hopme OHO UMEET BU:

1 1
Z,=R+——=R—j—=R-jx,., 7
) jaC JCOC JXc (7)

rae x. = 1/(@C)- peakTuBHOE conpoTuBieHne emkocTi C , HMEIOIIEE PA3MEPHOCTb - OM.

B nokazareiapHON GopMe 3TO CONPOTHBIICHHE 3aITUIIIETCSI CIESTYIOIUM 00pa3oM:

_ jé-
Z,=Z1,e", (8)
rie Z, =+ R’ +x - MOIy/b KOMILIEKCHOTO CONPOTUBJIEHUS Z,,

@., =—arctg(x,/R) - apryMeHT 3TOr0 CONPOTHBIIEHHS.

KommiekcHoe conpoTuBieHne Z, TpeThel BeTBH (puc. 4B) B anredpanueckoil popme

HMEET BUI:

Zy = jx, — jxo = j(x, —xp) = jx, )

U SIBJIIETCS] YUCTO MHUMOM BEIMUMHOM. B 3TOM cityyae Molylib  Z, ONpeNenuTes Kak pa3HOCTb JBYX

PEAaKTUBHBIX CONPOTUBIEHUN (X, — X, ) :

Z, :|xL_xC|: |x| (10)
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a apTyMeHT CONPOTHBIICHHs IpHHUMaeT 3HaueHus +90° wam —90° B 3aBHCHMOCTH OT 3HaKa

[

CONPOTHUBIICHUS « X ». Ecnu peakTUBHOE CONPOTUBICHUE ° X °° UMEET MOJOKUTEIHHOE

3HAYCHHUC, TO 3TO O3HAYACT, YTO XAPAKTCP COMPOTUBIICHUSA BETBU 6y,Z[GT HWHAYKTHUBHBIM, CCJIN

3Ha4YeHHE ’ X *° OyleT OTpHIATEIIBHBIM, TO XapaKTep COMPOTUBIIECHUS BETBH OYIET eMKOCTHBIM.
OnpenennuM YUCIEHHBIE 3HAYEHUS! KOMIJIEKCHBIX COINPOTUBIIEHUIN BETBEU

paCCManHBaeMOfI O CIIn. I[.H}I 9TOr0 BHAYAJIC paCCUYUTACM COITPOTUBJICHHUS BCECX BXOAAIINX B

BCTBHU PCAKTHUBHBIX 3JICMCHTOB Ha BaHaHHOﬁ 110 YCJIOBHUIO HAaCTOTC:

w=2rf=27rx700=4396, pan/c

Paccuntaem PCAKTUBHBIC COMPOTHUBJICHUSA HHIAYKTHUBHBIX 3JIECMCHTOB!:

x,, = oL, =4396x40x10"° =175.84, Owm,
x, =wL, =4396x1x107° =4.39, Om,
X, =L, =4396x2.7x10°=11.87, Om.

N €EMKOCTHBIX 3JIEMEHTOB!

1 1

Xp = = —~=0.5,0m,
wC,  4396x35x10
Xep = L _ 1 —=5.68, Om,
wC, 4396x40x10
= ! ! =4.29, Owm,

X =
< wC, 4396x53x10°

PaccuntanHple KOMIUIEKCHBIE COMPOTHBJICHUS BCEX BETBEW B anreOpandeckod u

noKa3aTelbHON opMax MPUBEIACHBI HIDKE:

Z, =R + jx,, =40+ j175.84=180.33¢"/"*  Om,
Z, =R, — jx., = 65— j6.5=6532¢75"  Om,
Z,=0+jx,, = j11.87=11.87¢""" , Om,
Z, =0+ jx,, — jxe, = j(4.39-5.68) = —j1.29=1.29¢7"" , Om,
Z;=R,+j0=4+j0=4,0m,
Z,=0— jx.,=0—j429=—j429=429¢"" Om
[Ipu 3anucu conpoTUBIIEHUN BETBEU, COAEPKAIIUX UCTOYHUK SJIECKTPUUYECKON SHEPIUH,
YYTE€HO, YTO BHYTPEHHEE COIIPOTUBIICHUE UACATHbHOI0 UCTOYHUKA 3. JI. C. PaBHO HYIJIIO.

Cxema Oeru, nNOAroToBJICHHAA JJIA pacd€Ta YCTAHOBUBIICTOCA PCXKUMA MCTOAOM

KOHTYPHBIX TOKOB Ha 0a3e CHMBOJIMYECKOTO METOAa MNPCACTABICHUA CHUHYCOUAAJIbHBIX
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¢yHKUMH, TMpencTaBieHa HA puc.5S (B cxeme MOKa3aHbl KOHTYPHBIE TOKH, UCIIOJIb3yeMble 3TUM

METOJIOM):
E, Z,
£ ]
U L
Ijj
Z 1 Z 4
e F———1 | :
'/ L
2 . f}j
L] EI L]
Z 1;3 I 1:?.?
2 Zj ZE
1
Puc.5

2.2. PacyeTr ycTaHOBHBILEIOCH peKMMa ey MeToa0M 3akoHoB Kupxroga
2.2.1. Pacuyer nenu B nudpepenunanbHoi popme

Cucrema ypaBHeHuid 1o 3akoHam Kwupxroda B mguddepennmanbaoit dopme

COCTABIIAETCS T MTHOBEHHBIX 3HAUEHHMil TOKOB B BeTBsX f(t)+i,(f), ykasaHHBIX Ha cXeme

(puc.2). Ilepen cocraBieHHEM ypaBHEHHH BBIOMpAIOTCS IOJIOKUTEIbHBIE HAlpaBJIECHUS BCEX
3a/laHHbIX ¥ HEU3BECTHBIX TOKOB M HANPSIKEHUH, BKIIIOYAs 3. JI. C. HCTOYHUKOB 3JIEKTPUUECKOM
sHepruu. Ha cxeme nenu ykas3plBalOTCd 3TH TOKM U HANPSOHKEHHS COOTBETCTBYIOILHUMU
HanpaBleHHbIMU cTpenkaMu. [Ipu 3anucu ypaBHeHus mo nepBoMmy 3akoHy Kupxroda mis
KOHKPETHOTO y3/1a cJelyeT YYHUThIBaTh HAIPaBJICHHWE TOKAa B BETBU OTHOCHUTEJIBHO 3TOTO y3Ja.
Tok, HampaBIeHHBIA K Y31y, OyIeM 3amuchiBaTh CO 3HAKOM “IUIIOC”, a TOK, HANPaBICHHBIN OT
y3I1a, - ¢0 3HakoM ‘“‘MuHYyc". OIMH U3 y3JI0B LIeTIM IPUHUMAETCs 3a Oa3UCHBINA, M IMOTEHIUAI €T0
CUMTAETCs PaBHBIM HYJIIO. YPaBHEHHUE Ul TOTO y3ja HE COCTABISETCSA, TAK KaK OHO MOXET
OBITH IIOJYYEHO MyTEM IpeoOpa3oBaHUs YPaBHEHUH, COCTaBIEHHBIX Ul APYrHMX Y3JIOB LIEIH,

T.e. Oymer 3aBUCHMMBIM. Bcero mo mepBomy 3akonHy Kupxroda mns mo0oil menu MOXHO
3anucarb (NY —1) HE3aBUCUMOE YpaBHEHUE, TIE (NY) - 4UCJIO Y3JIOB B paccMaTpuBaeMoOu
nenu. B kauectBe 6a3MCHOTO y37a B JaHHOM Cllydae NPHUHAT y3el 4. YpaBHEHUs, COCTaBICHHbIE
10 nepBoMy 3akoHy Kupxroda 1t ocTanbHbIX y3JI0B LE€IH, IPUBEJCHBI HUXKE:
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yen l: —i,+i,—i;=0;
ysen2: i +i;—i, =0; (11)

ysen3: i, +i;—i,=0.

[Ipu cocTaBneHun ypaBHEHHUs 110 BTopoMy 3akoHy Kupxroda ciemyet ydecTb CBSI3b

MCKAY MIHOBCHHBIMU 3HAYCHUSIMU TOKOB U HaHp}I)KeHI/Iﬁ Ha MHAYKTHUBHOCTHU UL (t) n CMKOCTHU
U, (t) Hanpsokenns Ha unayktuBHocTH U, (t) u emxoctu U, (t) BBIPA)KAIOTCS YEPE3 TOKHU

i,(t)u i.(¢) cnemyrommm o6pasom [1]:

(12)

i(t)dt . (13)

Owma:
U,(t)=i, ()R (14)

Ilepen cocraBneHMeM ypaBHEHHMH BHayaje BBIOMPAIOT HE3aBUCHUMBbIE KOHTYpPHl U
MOJIOKUTENIbHBIE HalpaBieHus ux obxoza. IlomokuTenbHble HampaBiieHHs 00Xoda KOHTYPOB
0003HaYalOTCsl Ha CXEME IIeNH HAaNpaBICHHBIMHU JIMHUAMU. He3aBUCHMBIM CUUTAaeTCs KOHTYD,
KOTOPBIA COAEPIKHUT XOTsI OBl OJIMH HOBBIM AJIEMEHT, HE BXOMSIIUN B COCTaB JPYTUX KOHTYPOB.
Hu OIWH U3 HC3aBUCHUMBIX KOHTYPOB HC JOJDKCH MNPOXOAWUTH 4YCPEC3 BCTBb, COACPIKAIIYIO
UCTOYHUK TOKA. DTa BETBb MPHU BHIOOPE HE3aBUCUMBIX KOHTYPOB U COCTABIIEHUU YpaBHEHHH IO
BTOpoMy 3akoHY Kupxroda uckmtouyaercs u3 cxembl. [lpu 3ammcu ypaBHEHHsI MO BTOPOMY
3akoHy Kupxroda nampsokeHHs, HampaBlIeHUS KOTOPBIX COBIIAJAIOT C HalpaBlIeHHEM 00Xxo0a
KOHTYypa, OepyTcsi CO 3HAKOM IUTIOC, a MPU HECOBIAJCHUHM HAMPABICHHWA - HaNpsOKEHUE Ha
aremMeHTe OepeTcs co 3HaKoM MHuHYC. COCTaBUM CHUCTEMY ypaBHEHUH Ui 3aJlaHHOM IIETH IO
BTOpOoMYy 3akoHy Kupxroda. [TonoxurensHoe HampaBieHHE 00Xoaa BCEX KOHTYPOB BBIOpaHO

POTUB 4acoBoil cTpenku. [lonydueHHble ypaBHEHUs IPUBEACHBI HIDKE:

- KoHTYp 1: iR +L, dil(t)—i5R3 +Ci i,(t)dt +i,R, = —e,(t);
1.
g, 1 [ 1 [ .
- KOHTYp 2: L=+ — | i,(t)dt+— | i (t)dt + iR, = ¢, (t)+e5(t); (15)
dt Cz. C3.
g, 1. di, . di .
- KOHTYp 3: Qi—a. 14(t)dt—L2ﬁ—Llj;+lel=ez
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[Tonyuennas cucrtema u3 mectd ypaBHeHuid (11), (15) ¢ mecTei0 HEW3BECTHBHIMU

IMO3BOJIACT ONIPEACINUTE BCC IECTh HCU3BECCTHBIX TOKOB B BETBAX LCIIH.

2.2.2. Pacuyer nenu B CHMBOJIMYECKOi (popme
Ilepen cocraBieHHEeM CHCTEMBbI YpaBHEHHUW B CHMBOJIMUECKOW (popMme Bce 3aJaHHBIC U
HEU3BECTHBIE TOKM W HANpPSDKEHWS, BKJIKOYAas HMCTOYHUKHM DJHEPIUH, 3alMCBIBAIOTCA B BHIE
KOMIUIEKCHBIX JIE€HCTBYIOIIMX 3HAYEHUH C YKA3aHUEM HX IIOJOKUTEIBHOTO HAIPABJICHMUS.
VYpaBHeHuss mo mnepBoMmy 3akoHy Kupxrodpa B CHUMBOIHMYECKOW (OpME 3aIMUCHIBAIOTCS
aHAJIOTUYHO YPaBHEHUSM, 3alIMCaHHBIM paHee B AuddepeHnuanbaoil popme. OTiIMYHE COCTOUT
TOJBKO B TOM, YTO B JAaHHOM CJIyya€ BMECTO CHUHYCOMJQIbHBIX (YHKIMM BpEeMEHHU

UCIIOJIb3YIOTCSl KOMIUIEKCHBIE IEUCTBYIOINE 3HAUCHUS STUX QYHKIUI:

y3en 1: —}1+}2—}3=0;
y3sen 2: }1"'}5_}4:0; (16)
y3en 3: }4+}3—}6:0.

[Ipu cocrtaBieHuM ypaBHEHUH 1O BTOpoMmy 3akoHy Kwupxroda wucnonb3yroTcs
KOMIIJICKCHBIEC 3HAYCHUA COHpOTI/IBHGHHﬁ HWHAYKTUBHOCTU W CMKOCTH. Ot YpaBHCHUA JIA

CXEMBI Ha pHC. 4 ¢ yKa3aHHBIM HaIpaBJICHUEM 00X0/1a UMEIOT BUJL:

koHTyp 1: [ R + joL, I,—I R3+%12+I2 R, =-FE;
jo

19
1
) . . 1 ° 1 ° ° ° ° )
KOHTYp 2:  jwL, I,+— I,+——I+I,R,=E+E,, (17)
joC, JjoC,

. 1 ) ) ) . )
Kouryp 3:  jowL, [,————I1,— joL,I,— joL I -1 R =E, .
wC,
[TonydeHHble ypaBHEHHUS IO CBOEH CTPYKType SBISIOTCS alreOpandyecKuMH, pelaTh uX
3HAQUUTEILHO TPOINE, YeM CHCTeMy HHTerpo-amuddepeHnranbpaplx  ypaBHeHud  (15),

COCTaBJIEHHYIO I MTHOBEHHBIX 3HAaUEHUH CHHYCOHMIANbHBIX (YyHKINH.

2.3. Pacuer nenu Mmeto1oM KOHTYPHBIX TOKOB (MKT) B cumBosinyeckoi popme
2.3.1. OcHoBHuble noaoxennss MKT
MGTOI[ KOHTYPHBIX TOKOB ABIACTCA OJHHUM U3 HaH60nee HIUPOKO HCIIOJIB3YCEMbIX
METOJIOB aHaJIh3a JEKTPUUECKUX Lenel mepeMeHHoro Toka. [Ipu ncnonb30BaHuy 3TOTO METOAA
B K&XXJOM U3 HE3aBHCHMBIX KOHTYpPOB IIEMH 33/1a€TCs KOHTYPHBIA TOK, YCIOBHO NMPOTEKAIOIIHIA

10 BCEM 2JIEMEHTaM KOHTypa. YUCIEHHO 3TOT TOK paBEeH TOKY, IIPOTEKAIOIIEMY B IVIABHOM BETBU
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KOHTYpa, KOTOPOM CUMTAETCS BETBb, BXOJSAIIAs TOJBKO B JAHHBIA KOHTYP U HE SIBIISIOLIASCA
COCTaBHOM YACTBIO IPYTUX KOHTYPOB.

OTHOCHUTEIHHO KOHTYPHBIX TOKOB COCTABIIIETCSl CUCTEMA alre0panyecKux ypaBHEHHI 110
BTOpOoMY 3akoHy Kwupxroda mis Bcex HE3aBHCUMBIX KOHTYpOB. PelieHune 3TOW CHCTEMBI
MTO3BOJISIET ONPEAEIUTh TOKH B KOHTYpax, a N0 HUM HaXOAATCA TOKU B Ka)XKJI0W U3 BETBEN CXEMBI
uenu. JlocronnctBoM MKT siBisieTcs 3HaYUTENIBHO MEHBIIIEE 10 CPABHEHUIO C METOJIOM 3aKOHOB
Kupxroda yncno ypaBHeHMI, HEOOXOIUMBIX JUIsl pacueTa 3HAUYEHHH TOKOB, MPOTEKAIOMIUX B

BETBAX paccCMaTpUBAEMOMH IIETH.

Yucno ypaBHEHUM (Nl) , KOTOpbIe HEOOXOIMMO COCTaBUThH MPU MCTIOIB30BAHUH JAHHOTO

METO/A, ONPENENIAETCS YUCIOM BETBEH CXCMBI(N B), YHCIIOM Y3JIOB (NY) B HEW M 4YHCIOM
BETBEH, CoAepKAIUX UCTOYHUK ToKa (N ;) [1]:

N,=N,—-N, +1-N, (18)

2.3.2. PacyeT yCTAHOBUBIIET0CH Pe:KUMA e B MATPUYHOI popme

B paccmarpuBaemoii nieniu (puc. 1) 1mecTh BeTBeH (N 5= 6), YeThIpe y371a (N y = 4) "
HET BETBEH, COJepPKAIUX UCTOUHUKH ToKa (N ). OOblee 4nuciio ypaBHEHU, KOTOpPbIE HYKHO

coctaButh o MKT B nanHom ciydae, 6yaeT paBHO:

N, =6-4+1-0=3,
U, CIIeZIOBATEIbHO, YUCIIO HE3aBUCUMBIX KOHTYPOB JJISl pacCMaTpUBaeMOM LIEMH JT0JKHO OBITh
pPaBHO TpeM.

B cxeme nemnu (puc.l) BeiOupaeM Npou3BOILHO TPU HE3aBUCUMBIX KOHTYpa U
MOJIOKUTETbHBIC HampaBiIeHus ux 00xoa. [1aBHO# BeTBBIO MepBoro koHTypa (1k) 6yner BeTBb
o1 HOMEpOM 6, TJIaBHOU BETBBIO BTOPOTO KOHTYpa (2K) - BEeTBb 2, a TJIaBHOU BETBBIO TPETHETO
koHTypa (3k) - BeTBb 4. OcTanabHble BETBU KaXKIO0T0 U3 KOHTYPOB SIBJISIFOTCSI CMEKHBIMU, TaK KaK
SIBJISTFOTCSI OOIMMU JJIE IBYX KOHTYPOB.

B cxeme nenu, cOCTaBIEHHOM JUIsl pacdyeTra €€ pekKMMa METOAOM KOHTYPHBIX TOKOB

(puc.5) meiicTBylole 3HAYEHUs] KOHTYPHBIX TOKOB 0003HAayMM, Kak /,,,/,,,/;; , 1 COCTaBUM IO

BTOpOMY 3aKkoHY Kupxroga cucremy ypaBHEHHH 17151 BCeX KOHTYPOB OTHOCHUTEIBHO 3TUX TOKOB.

YpaBHEHHUE U1 IEPBOTO KOHTYpa 3aMUIIeTCs B BUJIE:

111(Zl+ZS+sz_IZZZS_[33ZI:_El . (19)

AHaJIOrM4YHO 3aIiIIeM YpaBHCHUA U1 BTOPOT'O U TPETHECTO KOHTYPOB:

122 (Z4+Z()+ZSJ_IIIZS_[;SZ4 :él+é3’ (20)
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133(Z3+Z4+le_lzzz4_[nzl:Ez : 21)
[Monyuennyto cucremy ypaBaenuii (19),(20) u (21) nepenuiiiem ¢ y4eTOM HOBBIX 0003HAYCHHUIA B

BUAC:

I Zy+1,Z,+132,,=E,,
[11221""[22222"'133223 :Ezz’ (22)

Ly Zy+ 1, Zy+ 152y =E.

B cucremy ypaBHeHwii (22) BBeACHBI cienylonue 0003HaueHus:

le :Zl+Zs+Zza

Ly=Z,+L+Zs, (23)

Ly=L+2Z,+Z,.

KomnnekcHoe comportusienue Z,, a1 k - ro KOHTypa paBHO CyMMeE KOMILJIEKCHBIX
CONPOTHUBIIEHUN BCEX BETBEH, BXOASAIMX B JaHHBIM KOHTYp. ComporuBineHue Buzaa (23)
Ha3bIBAIOTCS COOCTBEHHBIMHU KOHTYPHBIMH COTIPOTUBIICHUSMHU.

KomrmiekcHbie conpoTtusienus Buga Z,, B cucreMe (22) UMEIoT CleIyIole 3HaueHusI:

le = ZZl = _ZS7
ZB = 231 = _Zla (24)
Zz3 = Z32 = _Z4 .

TakuM o0Opa3oM, KOMIUIEKCHOE CONpPOTUBJIEHHE £, COOTBETCTBYET CONPOTHBICHUIO

CMEXHOHM (00Iiell) BeTBU ISl JBYX KOHTYPOB, B3STOMY CO 3HaKOM MHHYC. 3HaK MHUHYC B
BBIpOKEHHIX (22) 00YCIOBICH TEM OOCTOSTEIHCTBOM, YTO B CMEKHBIX BETBSIX IIEMTH KOHTYPHBIE
TOKM NPOTEKAOT B MNPOTUBOMNOJIOKHBIX HAIpaBICHUsAX. EcCau B [aHHOM CMEXHOW BETBHU
KOHTYPHBIE TOKHA OKQ)XYTCSl HallpaBJICHHBIMHU B OJIHY CTOPOHY, TO COOTBETCTBYIOIIEE B3aMMHOE

compoTuBIieHHne Buaa (24) ciemyeT OpaTh CO 3HAKOM ILTIOC.

Benuuunbl Eii, E2, E3; B IpaBoi yacTH ypaBHEHUH (22) Ha3bIBAIOTCS KOHTYPHBIMH 3. JI.

C. KaXKIOTro M3 KOHTYPOB M TIPEACTABISIET COOOW anreOpandyeckyro CyMMy 3. M. C. BCeX
WCTOYHHMKOB, BXOIAIIUX B JaHHBIA KOHTYp. Ecinu HampaBieHue 3. 1. C. COBHAJaeT C

HaIlTpaBJICHUCM o6xo;[a KOHTYpa, TO €€ 3HAYCHHUC 6epeTc;1 C IUTIOCOM, B IMPOTHUBHOM cCJIydac 3. .

c. Oepercst co 3HAKOM MHHYC. 3HaueHUsS Ew U KQXIOTO U3 TPEX KOHTYPOB pacCMaTpPHBAEMOM

CXEeMBI (PUC.5) HMEIOT BHI:
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En=—-FE,

E»=E+Es, (25)

Esxs=FE;.

Y TIO3TOMY CTOSAT B MPaBbIX YacTsIxX ypaBHeHuu (19), (20), (21).

Cucrema ypaBHeHUI (22) MOXKeT OBITH 3aIICaHa B MATPUYHOUN opMe CIEAYIONUM 00pa3oM:

2 )2 e
Marpuiia conpoTHBIEHUN [Z } COCTaBJISIETCS C YYETOM KOMIUIEKCHBIX 3HAaYeHHH Buaa (23) u

(24) u umeeT BUA:

Zn Zn ZB
[Z} = ZZl Zzz Zz3 . (27)

ZSl Z32 Z33

Marpuiisl [[ } u [E } B (26) ABISAIOTCSI OHO CTOJOIIOBBIMY U 3aIMCHIBAIOTCS B BUJIE:

H |7, (28)

[é}: ézz . (29)

Pemenue cucrembl ypaBHeHU# (22) U COOTBETCTBYIOIIEH el mMaTpuuHOlM 3amucu (26)
y100HO BBIMOIHUTE 10 npaBuity Kpamepa. O603HaunM depe3 A, - onpeaennTess MaTpuisl (27).

HewusBecTHbie KOHTYPHBIC TOKH npeacTaBum C IIOMOIIBIO TpEX JOIIOJIHUTCIIBHBIX

orpenenuTeneit mo popmyam:

EnZ,Z;,
. A 1 °
[11 =—2l=—o) En VYA (30)
A, A, .
Ess Z3zz33
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Zn En Zn
° A 1 °
l,=—22=—/| Z, EnZ, |, (31)
Az Az .
Z31 Es Z33
lele En
° A 1 °
I; = B=— LyZyEn . (32)
Az Az .
231232 E3

JIOTIONHUTENBHBIN ONPENENUTENDL A 5, MOJIy4aeTCsl U3 ONpEaeNuTeNns A, IIyTeM BBIYEPKHUBAHUS
k-Toro ctonbua u 3aMeHoii ATOro CTOJIOIA 3HAYEHUSIMU CTOJIOIOBOI MaTpHUIb (27).

[lo HailieHHBIM KOHTYPHBIM TOKaM OMPENEISIOTCS TOKH B BETBSX, MPEACTABIISIOLINE
coboif MO0 KOHTYPHBI TOK C COOTBETCTBYIOIIMM 3HAKOM, JIMOO anreOpanvecKkyrd CyMMy

KOHTYPHBIX TOKOB, IPOTEKAIOIUX B KOHKPETHOW BETBHU:

I =1~

.2 :I:p

=i 3
=1, L,

.5 :1;2_1:”

.6 :[;2

IIpu 3anucu Belpa)k€HUH TOKOB B (33) yUHUTHIBAJIIOCH MOJIOKHUTEIBHOE HAIPABICHUE TOKA
K101 BETBU M HAIPAaBJICHUS MPOTEKAIOIIMX MO HEH KOHTYPHBIX TOKOB. TakuM oOpazom, mpu
pacuere uenu ¢ ucnodb3zoBanneM MKT yaanoch cucTeMy U3 HIECTH YpaBHEHHM, COCTABICHHYIO
o MeroAay 3akoHoB Kupxroda (16), (17), cBecTn k cucteMe U3 TpexX ypaBHEHHUH, COCTABICHHOMN
110 MKT oTHOCUTENBPHO KOHTYPHBIX TOKOB (22). OmnpenenuB KOHTYpPHBIE TOKH, JIETKO HAUTH TOK
B JTFOOOI BETBU UCCIICyeMOH IICTIH.

[Tpumenum MKT mi1st pacueTa TOKOB B CHMBOJIMYECKOH (hopMe B pacCMaTpUBaEMO 1enu

(puc. 5).

OHpC,Z[G.HI/IM BHa4daJI€C AJId I[aHHOﬁ LHCMKU KOMIIJICKCHBIC 3HAYCHHA 3JICMCHTOB MATPHUIILL

[Z } B COOTBETCTBUU ¢ (23), (24):
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Z,=Z+Z+Z, =40+ j175.84+4+65— j6.5=109 + j169.34 =201.39¢""* ,Om
Zy=Z,+Z+Zs=—j129—j429+4=4-j558=6.86¢"*" Om
Zy=2Z,+Z,+Z, = j11.87—j1.29+40+ j175.84 =40+ j186.42=190.66¢'""" ,Onu
Zyp=Zy=-Zs=—4=4¢"",0m

Zy=Zy =—Z,=—40-175.84=180.33¢ /" ,Om

Zy=2,=—2,=j1.29=129"" Om

AJICC HaXO0AUM KOMILIIEKCHBIC 3HAYCHHA KOHTYPHBIX 3. 1. C. £, 110 popMYyJiaM .
: Ey 25
En=-j141, B
E'22 = 13_62 + ]144'65 — 145.3ej84_6° , B

Es=63.64,B

3aTeM pacCUMTBIBAEM OIPENEIUTENb A, MaTPHULbI [Z } (27) u TpU JOTMOTHUTETHHBIX

oTpeNIeTuTeNsl, 3anMcanbiX B popmynax (30), (31), (32):

le le Zn 201_396j57_2° 4ej180° 180.33e_j102'8°
[Z}: Ly Ly Zy|= 4" 6.86¢ 4% 1.29¢7%" _

Zy Ly, Ly | |180.33¢7%% 1.29¢"  190.66¢ 7

=263403.5¢’*"7 +930.5¢""* +930.5¢’"7% —223079.7¢*" —3050.6¢’7° —335.1e’37% =

= (42567 + j259941.3) +(-907.38 + j206.15) +(-907.38 + j206.15) —

—(—38737.38+ j219690.6) — (639.46 + j2982.8) — (-181.54 - j281.71) =

=79031.67 + j37961.85 =87676.15¢’>" ,Om
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én ZIZZB 141€_j900 4ej180° 180.336—]‘102.8“
Ay =| EnZyZy, | = 14536 68675 1.29¢/" =89655.25¢ /%

Z1

Ex 24,25, 63.64 1.29¢7°  190.66¢’7

Z, En Z 201.39¢757% 1417 180.33¢ /102%

Ap=| ZyEnZy |=|4e™™ 145.3¢/%¢ 1.29¢"" =1790973 .66

Z2

Zy En 2y, 180.33¢ /1% 63.64  190.66¢'""*

anlzl.?n 201.39¢°7% 4/ 14177
Ap=| ZnZnEn |=|4e"™ 6.86¢ /% 145.3¢/¢ |=121871¢ /%

Z3

ZyZy Es 180.33¢ /%% 1.29¢/%  63.64

[oncrapnsis HaliIeHHBIE 3HAYCHHSI B COOTBETCTBYIOIIUE (POPMYIIBI, HAXOAUM 3HAUYCHUS

KOHTYPHBIX TOKOB:

. -j55.3° .
I, = AAZl = 8897665756'215: —=1.023¢7" =0.16—j1.01, A
7 Ade’
. Jj165° .
I, = B POTIOC 504301+ =155+ 1331, A

A,  87676.15¢/57

- A 9805 o
_By 12187098 77 ) 9,7 _g330- 135, A

33 R o
A, 87676.15¢'%7
[To popmynam (33) onpenensieM KOMIUIEKCHBIE TOKH BO BCEX BETBSIX IIETIH:

I,=0.16- j1.01-0.33+ j1.35=-0.17+ j0.34 = 0.38¢""** | A

[,=0.16—j1.01=1.022¢ 7", A

[,=033-j1.35=1.39¢7 | A (34)
I, =-15.53+ j13.38-0.33+ j1.35=-15.86+ j14.73=21.65¢/"" , A
I,=-15.53+ j13.38-0.16+ j1.01=—15.69+ /1439 =21.3¢/7"% | A

I, =—15.53+ j13.38=20.5¢/%% | A
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[IpoBepuM BeInonHEHUE nepBoro 3akoHa Kupxroda st y3na 1 paccmarpuBaemoil menu,

nozcrasuB B popmyiy (16) i y3na 1 paccuntaHHble 3HaU€HHs TOKOB [, U 1, :

) =4+ 1 (35)

CknanpiBas B anreOpandeckoil (opMe KOMIUIEKCHBIE 3HaueHHs TOKOB [, U [, moixydaeMm

YHMCJICHHOE 3HAYEHHE TOKA 1, :

[+1,=-0.17+ j0.34+0.33— /1.35=0.16— j1.01=1.022¢ ", A

—j8r

ITomy4eHHBINM pe3ynbTaT COBNAAAET CO 3HaYeHneM Toka [, =1.022¢™" |, A, nomy4eHHbIM

paHee B pe3yabTaTe pacuera pexxuma nenu MKT. Ananmornynast nmpoBepka JUIsl Ipyrux y3jioB
IIENH TaKXe MOJITBEPkKIaeT BHIIOIHEHUE epBoro 3akoHa Kupxrogda ¢ 1octaTouHO BEICOKOH

TOYHOCTBIO:

L41,~1,=—0.17+ j0.34-15.69+ j14.39+15.86— j14.73=0

[+1,—1, =-15.86+ j14.73+0.33 — j1.35+15.53— j13.38=0

ITpoBepka BTOporo 3akoHa Kupxroda a1 KOHTypa ¢ KOHTYPHBIM TOKOM [, AaeT

cienyrwolye pe3yiabTaTel. BHavane nepenumeM u3 (17) ypaBHEHHE, COCTaBIIEHHOE ISl 3TOTO
KOHTYpa 1o BTopoMy 3akoHy Kupxroda oTHOCUTENbHO TOKOB BETBEH:

IR+ joL I, -1 R, +_le+12 R,=-E,
oC

1
n IoaACTaBUM B HETO YHUCJICHHBIC 3Ha4YCHUA 3aJJaHHBbIX n pacCUnTaHHBIX

napaMeTpoB:

0.38¢""%% x40+ 0.38¢""1%¢ x175.84¢’”" —21.3¢’" x4+1.022¢ %" x6.5¢ 7" +1.022¢ /%" x 65 =
=—j141

15.2¢% 4+ 66.82¢/¢ —85.2¢"77° 1+ 6.64¢ /""" +66.43¢ 7" =—j141

(—6.81+ j13.6)+(=59.75— j30)— (=62.81+ j57.56) +(—6.56 — j1.04)+(10.39 — j65.61) = — j141
0.08— j140.61=—j141

3anuiieM JIeByl0 M IMpaByl 4YacTh YpPaBHEHMsI B IOKa3aTelIbHOW (QopMe U paccUUTaeMm

MOTPCIIHOCTDL pacyCTa A:

140.61e 7% =141¢7

A 0.39
141

x100 7 =0.27

[Monyuennas morpemHocts A =0.27 7/ MeHbIlle JOMYCTUMOM morpemHocTd — 1%.
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2.3.3. Pacyer ycTaHOBHBILIErOCsl Pe;KMMa el ¢ MOMOIIbIO MPOrpaMMbl «Sigma-2»
[Tonyuennyto 1. 5.2. cucreMy ypaBHEHUH (22) MOKHO PEIIUTH HE TOJIbKO IMPUMEHSS
npasuio KpaMepa, HO ¥ 3HAUUTENBHO YPPEKTUBHEE, UCIIOIB3YsI KOMIBIOTEPHYIO IIPOrpaMMy
«Sigma-2», nmeronryrocs B madopatopun TOL CK® MTYCH. Tlocne 3arpy3ku mporpaMMbl
HYXXHO yKa3aTh YMCJIO YPaBHEHUH, BXOIAIIMX B cucTeMy (22), u OyayT iu KO3 PHUIUEHTH B

cucTeMe KOMIUIEKCHBIMU YnciaaMu. Tlociie 3Toro Hy>kxHO BBeCTH KO3((DUIIMEHTHI YpaBHEHHIA,
BXOJSIIUX B (22), MO U3JI0)KEHHON HUXKE CXEME.
Brauasne nojcTaBuM B ypaBHEHHS! CUCTEMBI (22):
InZy+ 1y 2+ 1525 = Ey,
[11 Z21+[22 ZZZ+133 Z23 = E22’

Ly Zy+ 1, Zy+ 152y, =E;.

YHUCJIICHHBIC 3HAYCHU S BCCX KOMIIJICKCHBIX COHpOTI/IBHeHI/Iﬁ u 3. O.C..
1,(109+ /169.34)+ I, (~4 + jO) + I,(—40— j175.84) =0 141
I (=4+ jO)+ L (4~ j5.58)+ L,(0+ j1.29) =13.62 + /144.65

I,(~40— j175.84)+ 1, (0+ j1.29)+ L,(40 + j186.42) = 63.64

(36)

a 3aTeM BBEEM UX MOCTPOYHO, HAUMHAS C TIEPBOM CTPOKH U nepBoro kodddunuenra. [lpu

BBO/JIe KOA((PHUITMEHTOB JOHKHA MPUCYTCTBOBATh U JEHCTBUTEbHAS, U MHUMAsl 4aCTh

koo duuuenta. Ecau B ko duimenTe kakas-To 4acTh OTCYTCTBYET (T.€. paBHA HYIIIO), TO TOTJa

BMecTO Hee BBoauTcs 0.
[Tocne BBoa Bcex k03(puIneHToB cucteMbl (36) mporpaMMa Bbljjana TaKue 3HAUYCHUS

KOHTYPHBIX TOKOB, OKPYTJIEHHBIE IO TPEThEr0 3HAKA MOCIIE 3aIsITOM:

1,,=0.16— j1.013=1.025¢7*" | A

.

I,, =—15.53+ j13.376 = 20.496¢"* A

I,=0.331-,1.353=1.393¢ %" | A
CpaBHUBas MOJIy4E€HHBIE C TOMOLIBIO IPOrpaMMBbl «Sigma-2» KOHTYPHbIE TOKH, BUJIUM,

YTO OHH COBIIAJIX C IMOJIYYCHHBIMHU PAHEC aHAJTIOTMYHBIMU 3HAYCHUSMHU C BBICOKOH TOYHOCTBIO

(Tomm mporieHTa).
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2.3.4. OnpeneneHne MrHOBEHHbIX 3HAYeHUI TOKOB BeTBeil
Jlji 3anMcyu MrHOBEHHBIX 3HaUEHUI TOKOB BETBEH BOCIIOJIb3YEMCS IPEACTABIEHUEM
HallJICHHBIX TOKOB B IMOKa3aTeabHOM Gopme. OrpaHuYMMCs 3aIIUChIO TOJIBKO MEPBHIX TPEX TOKOB,
npeacTaBieHHbIX B (34). Mcmonb3ys BeIpaKeHHE CHHYCOMIATBHOW (PYHKITUN B 3aBUCHMOCTH OT
BpeMeHH (1) u ee KOMIIJIEKCHOE NpeacTaBieHue (3), 3auIIeM s IEPBBIX TPEX TOKOB UX
MI'HOBEHHBIE 3HAUEHUS:
i, (£)=0.38v2sin(@r +116.6"), A,
i, (1) =1.0224/2sin (@ —81°), A, (36)
iy (1) =1392sin(wr - 76.3°), A.
[Tokaxxem BBIMIOJIHEHHE TiepBOro 3akoHa Kupxroda (35) mis MrHOBEHHBIX 3HAYCHHA
TOKOB B MPOHU3BOJIbHBIII MOMEHT BpeMeHHu. C 3TOil 1enblo paccunTaeM 3HaueHHsi TOKOB (36) B
MOMEHT BPEMEHHU [, DPABHBIM:
t,=1x107,c
[Tpu BBINONHEHUH PACUETOB CIEIYeT YUeCTb, UTO IEPEMEHHasl CocTaBIIstomas Gas3sl @f, B
(36) u3mepsieTcst B paaMaHax, MOSTOMY HadainbHas (as3a TOXe JO0DKHA TOACTaBIATHCS B

paaraHax. HO,Z[CTaBI/IM YUCJICHHBIC 3HA4YCHUA an tl U OonpeACsIMM MI'HOBCHHBLIC 3HAUYCHUSA
TOKOB:

i(1)= 0.381v/2 sin(wrt, +116.6") = 0.381x1.41sin(4396x 107> +2.035) =
=0.539sin(4.396 +2.035) = 0.082, 4

i ()= 1.022+/2 sin(wt, —81°) =1.022x1.414sin(4396 x 10~ —1.414) =
=1.4455in(4.396 —1.414) =1.4455in(2.982) = 0.229, 4

i (2)= 1.39v/2 sin(wrt, —72.6") =1.39x1.414sin(4396 x10~ —1.33) =

=1.965sin(3.066) = 0.147, 4
[ToncTaBuB moydeHHbIE 3HAYEHUS TOKOB B ypaBHeHUE (35):

0.229=0.082 +0.147; 0.229=0.229
yOexxaaemMcs B TOM, 4TO NepBbId 3akoH Kupxroda BBIMONHAETCS U A1 MTHOBEHHBIX 3HAUEHUI

TOKOB C JOCTAaTOYHO BBICOKOH TOYHOCTBIO:

2.4. Pacyer nenu MeToa0M y3J10BbIX noTeHnuaa0oB (MYII)
2.4.1. OcHoBHbIe moJioxkennss MYII
Merton  y370BbIX MNOTeHIMaNoB, Takke kak ©u MKT, sdaBnserca mupoko
pacnpoCTpaHEHHBIM METOIOM pacyeTa dJIeKTpUUecKuX uened. Yucio ypaBHeHul N, , KOTOpoe
HYXXHO COCTaBHUTb IIPU HCIOJIb30BAaHUU 3TOTO METOJA, ONPEIENIACTCS YUCIOM Y3I0B N, CXEMBI

U PaBHO:
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N, =N, -1. (37)

ns ABYX 3THX MCTOAOB IpPU PACUCTC LCIMU HCIOJIB3YCTCA TOT, NPHU HCIIOJIB30BAHHUU
KOTOpOTO MOTpeOyeTcsi COCTaBUTh CUCTEMY C MEHBIIUM KOJIUYECTBOM ypaBHeHUH. KonnuecTBo
ypaBHEHUH, KOTOPOE HEOOXOAMMO COCTAaBUTH Mpu ucrnonb3oBanuun MYII win MKT, 3aBucur ot
TOMOJIOTUHN LI, KOJIMYCCTBA UMCIOIIUXCA B CXEMC NCTOYHUKOB TOKA U HAIIPAKCHHA, BUJA UX
BKJIHOYUYCHUA.

[Tpu ucnonszoBarnnu MYII onuH U3 y3710B 1N, K KOTOPOMY MOAKIIOUEHO HanOObIIIee
YHCIIO BETBEH, BbIOUpaeTCsl B KauecTBE 0A3MCHOTO, U €ro MOTEHIHal CYUTAETCS PABHBIM HYIIIO.
HOTGHI_II/Ia.HBI BCEX OCTAJIbHBIX Y3JIOB OIPCACIAOTCA OTHOCHUTCIBHO IMNMOTCHIMAJIA 6aBI/ICHOI‘O
y3J1a, @ TaK KaK OH PaBC€H HYJIO, TO OHHU IO BCIUYMHE COBIAAAIOT C HAIIPSKCHUAMU 3TUX Y3JIOB.
Janee nns Bcex y3JI0B LieMH, KpoMe OA3UCHOTO, COCTABISIOTCS ypaBHEHUS IO MEPBOMY 3aKOHY
Kupxroda. Ilomyuennas cucrema ypaBHEHUH mpeoOpa3yeTcss B KaHOHUYECKYIO (opMmy wu
pemiacTCd OTHOCHUTCIBHO MNOTCHIHWAJIOB BCCX Y3JIOB IICIIH. Paccunras NOTCHIUAJIBI Y3JIOB, C

MOMOIIBIO 3aKOHa OMa JIETKO OIPEAEeNIUTh TOK B JIFOOOH BETBH.

2.4.2. Pacyer uenu B MAaTpU4HOM (popme

[Ipumenum MVII s pacuera TOKOB B paccMaTpuBaeMoi 1ienu (puc.6).

¥

D
%

B xauectBe 6Ga3ucHOro ys3ia BeiOepeM y3en 4, a KOMIUIEKCHbIE MOTEHIHAIbl OCTAIbHBIX

y310B 0003HauuM kak Vi,V V3. Cucrema ypaBHeHHil, cocraBieHHas no MVII [2] TUTSt
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paccMaTpuBaeMoOil Llemd B OOIIEM BHJIE U KaHOHHUYECKOH (hopMme, 3amUCHIBACTCS CIEIYIOLIEM

obpa3zom:
VY, 4V2Y VY, =0
VY4 VoY, + Vs Y, =Jn (38)
VY 4+V2 Yy 4V Yy = s
re:

- Y,,Y,,,Y,;- cobcTBeHHbIE HPOBOAMMOCTH y31I0B 1, 2, 3, ompenenseMble Kak CymMMa
IPOBOJUMOCTEN BETBEH, MOJKIIOYEHHBIX K COOTBETCTBYIOIIEMY Y3IIY;
- Y,=Y,,Y,=Y,.,Y,;=Y,, - B3auMHBIE IPOBOAMMOCTH, OIpPEIEIICMBbIE KaK CyMMa

HpOBO,Z[HMOCTCﬁ BCTB€I>'I, BKJIFOYCHHBIX MCKAY ABYMS YKa3aHHBIMU CMCKHBIMU Y3JIaMH,

- Ju,J»,J 3 - y310Bble TOKH, ONIpe/iesieMble Kak anredpandeckas cymma:

- TOKOB BCEX MCTOYHUKOB TOKA, MOJKIIOYEHHBIX K JAHHOMY Y311y (TOKH, HalIpaBJIE€HHBIE K
paccMaTpUBaEMOMY Y3I1y, OEpyTCs C «IUTFOCOM», HAlIPABICHHBIE OT y3J1a — C «KMUHYCOM»),

- TMPOU3BEACHHUS 3. [. C. ICTOYHUKA HAIMPSHKEHUS, BKIIOYEHHOTO B BETBb, MOJIKIIFOUEHHYIO
K paccMaTpuBaeMOMY Y31y, Ha MPOBOJUMOCTb 3Toi BeTBH, [10100HBIM 00pa3oM y4UHUTHIBAIOTCS
BCE€ HCTOYHHUKH, IOJAKJIIOUEHHBIE K paccMaTpuBaeMoMy y3iny. Eciau 3. O. c. HCTOYHHKaA
HampaBjieHa K paccMaTpuBaeMoOMy Y37y, TO yKa3aHHOE IMpOU3BEICHHE Oepercsi CO 3HAKOM
«ILTIOCY», B IPOTUBHOM Cllydae - 0epeTcs «MHUHYCY.

CocrtaBuMm cucteMy ypaBHenuit mo MVYII nns paccMarpuBaeMoi 1ienu:
Vi(Y,+Y,+Y,) V2 Y, VY, =—E Y,
VY AV YY) Vs Y, =B Y (39)
VYV Y 4 Va(U+ Y+ Y = Ex Y- B Y,
rne - Y, =Y +Y,+Y,, Y, =Y +Y,+Y., Y, =Y, +Y,+Y, - coOCTBEeHHblE IPOBOJUMOCTH
y3708B 1,2,3;

- Y, =Y, ==Y Y=Y, ==Yy, Y,=Y;=-Y, - B3auMHBIC NPOBOXUMOCTH MEXIY

y3namu (1,2), (1,3) u (2,3);

-Y.,Y,Y,Y, Y, Y, - KOMIUIEKCHbIE IDOBOAUMOCTH BETBEH LICIIH.
BeIpa3suM KOMIUIEKCHBIE TPOBOAMMOCTH BETBEH Yepe3 MX KOMIIJIEKCHBIE CONPOTHBIIECHHUS

Z, Y pacCuUuTaeM 4YHCIICHHbIEC 3HAUYECHHUS IPOBOAUMOCTEN Y, :
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1 1

Y =—= PPV 5.545x107e /7 =1.228x107 - j5.407x107, Cm
£ Jae’

Y, =ZL =m =15.31x107e/*" =15.23x107 + j1.52x107, Cu
L, 5.32¢77>

Y,= € L _8425x107¢ = j84.25x107,Cum

Z, 1187
ZL = 129;190 =0.775¢’"" = j0.775,Cm
Ly Nl

Yo=— =L 025 cn
Z. 4

1

Z "0 0.233¢’"" = j0.233,Cu
Lg LJe

Jlnis pemienust cuctemsl ypaBHeHU# (39) 3anuiem ee B MaTpuuHO hopme:

]

Martpuynasie 0003Ha4YCHHS B HATMCAHHOM YPAaBHEHUH UMEIOT CIEAYIOIINA BU;
le X12 XB

[Z}: le Xzz X23 5
_X31 X32 X33

v,

mz Al
M: Jo

I3

(40)

(41)

(42)

(43)

(44)

Martpuna (42) HOCUT Ha3BaHUE MATPHIIHI Y3JIOBBIX TPOBOJUMOCTEHN NJIs aHATM3UPYEMOM

reny. JlmaroHabHBIC 3JIEMEHTHI (}_’ kkj JTAHHOW MaTPHIIBI MPEJCTABISAIOT CO00M COOCTBEHHBIE

(44) — maTpuIIa y3JIOBBIX TOKOB.

MpPOBOJMMOCTEHN y3710B 1enu. Marpuna (43) — 3T0 MaTpulla y3JI0OBbIX NMOTEHIUAIOB, a MaTpULia

HOI[CTaBI/IB YHCJICHHBIC 3HAYCHHU ITapaMETPOB, paCCUUTacM COOCTBEHHEIE IMPOBOAMOCTHU
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y3JI0B 1I€NU, B3aUMHBIEC POBOJAUMOCTH U 3amuilieM MaTpulbl (42), (43), (44) B UuMcIeHHOM BUJE:



Y, =Y, +Y,+Y,=10"(1.228 - j5.407 +15.23+ j1.52 — j84.25) =
=107(16.458 — j88.137) = 0.0896¢ /™ ,Cu
Y, =Y +Y,+Y, =1228x10" - j5.407x107 +0.25+ j0.7752) =
=0.2512+ j0.7698 = 0.8097¢'", C
Z33 =Z3+Z4+Z6 = —]00842+]07752+J02331 = ]09241 — 0'924161'90“ ,CM
(45)
Xlz :Xn = _Xl = O.OOSSejloz'Sg’CM
Y =Y, =-Y;= 0.0842¢”" ,Cu
Yy=Y,=-Y,= 0.77567]'90:(/’/14

Y, Y, Y 0.0896¢ ™% 0.0055¢""* 0.0842¢”"

[Z} Y, Yy, Y,y |=[0.0055¢" %% 0.8097¢/" 0.7752¢ (46)
Y Y, Y| 1008427 0.7752¢77° 0.9241¢"°
A, =[4 =0.0202+ j0.0196 = 0.0281e’**" | Cm (47)

Jn=—E2Y,; =(—63.64)><(—j0,0842):j5_361:5_36lej9o°’A‘
j;z :1.51 Y. = j141x0.25 = j35.25=35.25¢"" , A

o= B Y, By ¥, = (63.64 (- 0.0842)) - (14,146 x j0.2331) =
=(0.8531— j8.5447)=8.5872¢ /%% 4

Ju | 15361, 4
[J}: Jn |=]35.25¢" , 4 (48)
8.5872¢ /% 4

J33
0.0896¢ "+ 0.0055¢"2%  0.0842¢”° | |V1| |5.361e”

0.0055¢”'%  0.8097¢/7"  0.7752¢ " ||V, |=|35.25¢ (49)
0.0842¢"  0.7752¢7  0.9241¢ 7ol | 8.5872e

Pemenne cucrembr ypaBHeHuid (49), mpencraBIeHHOW B MaTrpuyHOM  (opme,
COBEPIIEHHO aHAJIOTUYHO pPAaCCMOTPEHHOMY paHee HCIIONb30BaHui0 Merona Kpawmepa.

Omnpenenurens Matpuubl (46) o0o3HaueH, kKak A,, M 3HaUY€HHE €ro paccyuTaHo Bbilie (47).

HCO6XOI[I/IMO paccuuTatb TpU  JOIOJHUTCIBHBIX  ONPCACIIUTECIIA, 0003HAUYEHHBLIX  Kak
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AYI’AYZ’AY3'

Kaxaplii M3 HEX A, TIOIy4aeTcs W3 OCHOBHOTO ONpejenuTens A, myrem

BBIYEpKUBaHUS k-TO CTONIOIA U 3aMEHON €ro 3HAaYCHHUSIMHU MaTpHIbI (48).

HpI/IBGI[eM TOJILKO KOHCUYHBIC PE3YJIbTAThI paCY€Ta HCKOMBIX KOMIUICKCHBIX IMTOTCHI[MAJIOB

BCEX TPEX Y3JI0B LICTIH:

B 1
AY AY

poBn 1
AY AY

Y
AY AY

jlleZ X13

j22 ZZZ ZB

j33 X32 X33

)—/lljllXB

ZZl j22 ZB

X31 j33 X33

XlleZ jll

ZZl ZZZ j22
X}l X}Z j33

_ 1.895177¢

0.0281e "

2.9523¢”7"

0.0281¢/T

2,155
0.0281¢’*"

=67.44¢’" B (50)
=105.06¢’> ,B (51)
=76.7¢" B (52)

Ilo HaﬁHCHHBIM S3HAYCHUAM Y3JIOBBIX IOTCHIHUATIOB OIIPEACTIAOTCA TOKH BO BCEX

BETBAX IIeMH 110 3aK0oHy OMa ¢ MoMoIIbI0 ciaeayommx Gopmyi, umest B BULy, 4to V4=0:

I, = (I./1—I}2)Zl = (67_4461'93»5° _105'0661'53")XO'OOSSe—jW,z“ _

= (—4.1171+ j67.3142-63.2266 — j83.904)x 0.0055¢/7"* =69.357¢ /% x0.0055¢ /" =
=0.3814e />4 =0.3814¢’'%* , 4

I, =(Va—V1)Y, =(0—67.44¢/5 )% 0.0153¢*" = 1032/ =1.032¢ % | 4

L=(Vi=V)Y +E Y, =(Vi—Vi+ E2)Y, =(67.44e’”° —76.7¢’*" +63.64)x0.0842¢ /™ =
= (—4.1171+ j67.3142—43.6637 — j63.0584 + 63.64)x 0.0842¢ /" =
= (15.8592 + j4.2558) x (- j0.0842) = — j1.3353+0.3583 = 1.3825¢ /7 , 4

I, =(P2=V3)Y, = (10506’ =767 )x0.7752¢™ =

=(63.2266 + j83.904 - 43.664 — j63.058) x j0.7752 =

(33)

= (19.562 + j20.846)x j0.7752 =—16.16 + j15.1644 =22.161e"*% | 4
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I,=(Va=V2) Y+ B Yy = (Vo= Vat EDY, =(0-105.06¢™ + /141)x0.25 =

= (~63.2266 - j83.904 + j141)x0.25 = ~15.8065 + j14.274 =21.3¢/7* | 4

Li=(Vs—VY +Es Y =(Vs—Vat+ E3)Y, =(76.7€"*" —0+14.14¢" )x j0.2331 =

= (43.664+ j63.058+13.66+ j3.66)x j0.2331 = (57.324+ j66.718)x j0.2331 = )
= 15552+ j13.3622 = 20.504¢" %, 4

CpaBuuBas Toku BeTBeH, paccuntanubie MKT nu MVYII, Buaum, 4To morpeniHocTy B

OMpECACIICHNHU MOAYJId TOKOB COCTaBUJIN CIICAYIOIIUEC 3HAYCHU:
AL =0%, AL =098Y%, AI=054%, AL =23%, AI,=047Y%, AI, =0Y%.

MaxkcumansHas MOrpCIIHOCTL MMOJIY4YUJIACh IJIA TOKa 14 . DTO CBA3aHO C TEM, 4TO JIA pacucTa

MPOBOJIMMOCTEH HY)KHO OBUIO B35Th 4-5 3Havamux Iudp mocie 3amsiToi, Tak Kak CaMu

IMPOBOAMMOCTU HMCEIOT OYCHb MaJlbl€ 3HAYCHMHA. HOFpCH_IHOCTB B ONpPEACICHUHU apryMEHTOB

TOKOB He TpeBblnana 1.5 rpagyca anst toka [, - A, =1.2°.

2.4.3. Pacyer ycTAaHOBHBIIEIOCsl Pe;KMMa el ¢ MOMOIIbIO MPOrpaMMbl «Sigma-2»

[Tonyuennyto B 1. 2.4.2. cuctemy ypaBHeHui (34):
Y +VaY,+ViY s =Jn
V1X21+V2X22+V3X23 :J22

MOXHO penuTh 60see 3 (HEeKTUBHO, UCTIOB3Ysl KOMIIBIOTEPHYIO Tporpammy «Sigma-2». s
9TOIr0 YBCJIMYHUM TOYHOCTH pacucTa HpOBO,Z[HMOCTCﬁ " Y3JIOBBIX TOKOB 1 IIOACTAaBHUM UX B

ypaBHeHus (38). [lonyunrcs cienyromnas cuctema:

V(0.016461— j0.088133)+ ¥, (~0.001228+ j0.005407) +V,(0+ j0.084246) = 0+ /5.361415
V(~0.001228 + j0.005407)+¥,(0.251228+ j0.767787) + V,(0— j0.775194) = 0+ j35.25 (54)

V(0+ j0.084246) + V,(0— j0.775194) + ¥,(0+ j0.924048) = 0.850663 — j8.536133

Pemenue cucremel ypaBHeHUH (54) JaeT cieayrolue 3Ha4eHNsl TIOTEHIIMAIIOB Y3JI0B:

V. =-3.90525+ j67.42156 = 67.53¢'”* | B
I}z =62.54958 + j84.07211=104.79¢>* | B (55)

V, =43.59181+ j63.46156 = 76.99¢/*% | B
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Pacuer TokOB BeTBei Mo HaliIEHHBIM NOTEHIIMAIaM y3J10B (50) nan cienyroiue

pe3yNbTaThI:

[ =0V—V1)/ Z, = (~3.905+ j67.42—62.55— j84.072)/180.33¢'""? =
= (—66.455— j16.652)/180.33¢’7"* = 68.509¢ /"> /180.33¢’"* =
=0.38¢ %" =0.38¢"'%", 4

1'2 = (1}4— I'/l) /Z,=(0+3.905—j67.42)/65.32¢ > =67.53¢ /%" /65.32¢ 7 =
=1.0339¢ %", 4

[ =(V1—Vs+ E2)/ Z, = (-3.905 + j67.42—43.59 — j63.46+63.64)/11.87¢/ =
=(16.145+ j3.96)/11.87¢’™ =16.62¢"* /11.87¢’”" =1.4¢7/7°* | 4

[,=(V2—V3)/ Z, = (62.55+ j84.07—43.59 - j63.46)/1.29¢ " =
=(18.96+ j20.61)/1.29¢ """ =28e’7* /1.29¢ /" =217/, 4

(56)

I =(Va—Vat Er)/ Z, = (0—62.55— j84.07+ j141)/ 4 = (—62.55+ j56.93)/ 4 =
=84.58¢"7 14=21.14¢"7 |4

[, =(Vs— Vit Es)/ Z, = (43.59+ j63.46—0+13.62+ j3.65)/ 4.29¢ /" =
=(57.21+ j67.11)/4.29¢7"" =88.18¢™¢ /4.29¢7/* =20.55"¢ 4
CpaBuuBasi Toku BerBeil, paHee paccuuTaHHble MKT u momyuennsie MVYII ¢
MIOMOUIBIO MPOTPaMMBI «Sigma-2», BUJANM, YTO MOTPEIIHOCTH B OMPEACICHUN MOIYJIEH TOKOB

COCTaBWJIM B IAHHOM CJIydae CIICAYIOIIUE 3HAUCHHSL:
AL =026%, AL, =1.15%, ALL,=0.72%, AI,=023%, AI;=0.75%, Al,=0.24Y%.

MakcumanbHas MOrpemHoCcTh CHU3MAach 10 1.15% u nonmyunnace aius Toka [, . MakcumanbHas

MOTPEIIHOCTh B ONPEEICHUN apTyMEHTOB TOKOB He TpeBbimana 0.4 rpamgyca.

2.5. IIpoBepka 0ajiaHca MOUIHOCTEH
[IpoBepka OanaHca MOIIHOCTEH B LIEMU MEPEMEHHOTO TOKA 3aKIJIFOUAETCs B ONpPEAeTICHUN
KOMIUIEKCHBIX MOIIHOCTEN BCEX HCTOYHMKOB 3JIEKTPUYECKONH PHEPIMM U COINOCTAaBJIEHHUU HX
KOMILIEKCHBIMH MOIITHOCTSIMH BCeX MoTpeOuTeneii. B kauecTBe MCTOYHUKOB B JAaHHOH IEMH
BBICTYNAIOT HMCTOYHHMKH 3. 1. C., @ B KauecTBE MOTpeOuTeNeld - aKTUBHbIE M PEaKTHUBHBIC
COTIPOTHUBIICHUS BeTBEeH. B 1000 AIEKTPUUECKON 1enH MPON3BEICHHAsI SHEPTHS T0KHA OBIThH
paBHAa W3PAcXOJOBAHHOW, TaK KaK HaKaIIMBaTh SHEPTHI0O B OOBIYHOW IEenu Henb3s. Takxe

HEJb3s U3PacX00BaTh OOJIbINE, YeM Ipou3BeneHo [1].
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Ecnu B BeTBH ¢ TokoM [ = Je’”" neiicTByeT NCTOUHHUK JNEKTPUUECKON SHEPTUM ¢ 3. 1. C.

] . AN
E=FEe’”", T0 KOMIUIEKCHas MOIIHOCTE S , pa3BHBaeMasi THM HCTOYHHKOM M OTJaBaeMas BO

BHEIIIHIOKO 1I€T1b, OTIPENIETAETCS BhIpakeHuem [1]:

S=EI=Ee" xle"" =Exle/V*™") = Se’” BA (57)

rae [ - KOMIUIEKCHO - CONPSI)KEHHOE 3HAaYEHHE TOKA BETBU [ ,

Wy,W, - HadaabHble (a3sl (apryMeHTsl) 3. 4. C. £ nToKa [,

S - monHasg MOUIHOCTH, BblAEIs€Masi UICTOYHUKOM HampshKeHUs, usmepsierca B BA (BosbT
ammepax),

@ - yrox caura (a3 Mexay 3. 1. C. HCTOYHUKA U MPOTEKAIOIIUM Yepe3 UCTOUHUK TOKOM.

A
Kak mro6as koMIIekcHasi Be4rHa, S MOXKeT OBITh 3alrcaHa B anredpandeckoit hopme:
A . .
S=8e’” =Scosp+ jSsinp=P+ jO (58)

rae P - akTUBHAs MOIIHOCTb UCTOYHUKA, U3MepsieTcs B BarTax (BT);

Q- peakTHBHAasi MOIIIHOCTh UCTOYHHKA, U3MEPSAETCS B Bapax (BOJbT-aMIIepax pEaKTUBHBIX).

Mopaynp KOMIUIEKCHOM MOIIHOCTH CBA3aH C aKTMBHOW M PEAKTHMBHOM MOILHOCTBIO CIEAYIOLIEH

dbopmymnoii:
S:[g}zwaz 10’ (59)

[Tpu HaMMYUK HECKOJIBKMX MUCTOYHUKOB KOMIUIEKCHAS MOIIHOCTH (57) pacCUMThIBAETCS [
Ka)KJ0r0 UCTOYHUKA B OT/IEIHLHOCTH, a MOJIyY€HHbIE PE3YJIbTaThl CKIIAABIBAIOTCS aNre0panyecku,
T.€. C Y4€TOM 3HaKa MOUTHOCTH. MOITHOCTb OyAeT MOJOXKHUTEIHHOM, €CII HalpaBJIeHUs TOKA | 3. 1.
C. HCTOYHHUKA COBIAJAIOT, U CJIEJ0BATENb UCTOYHUK OTJAET MOIIHOCTh. Eciu HanpaBieHus Toka 1
3. JI. C. HE COBIMAJIAIOT, TO MOIIIHOCTh OEpeTcs CO 3HAKOM MUHYC, U UCTOYHHUK B JAHHOM Cllydae He
OTJIaeT, a MOTPEOIIIET MOILTHOCTb.

KommiekcHast MOIIHOCTD, OTpebIiieMasi B 2JIEMEHTaX LIEMU U Harpy3Ke, BKIIOYAET B ce0s
AKTUBHYIO MOIIIHOCTb, PACXOAYEMYIO B aKTUBHBIX CONPOTHUBIICHUSX, W PEAKTHUBHYIO MOIIHOCTD,
noTpebIieMyl0 PEaKTUBHBIMU CONPOTUBICHUSIMH. [[1s1 pacyeTa 3THX MOIIHOCTEH HEOOXOAMMO

3HATh 3HAYEHHE TOKa, MPOTEKAIOLIEro B KOHKPETHOW BeTBU. [IpeAmnonoxkum, 4To pe3uCTUBHBIN

JJIEMEHT (R) BKJIIOUYEH B BETBb C TOKOM/,, a peakTuBHble d1eMeHTHl (L u C) HaxomsaTcs B

BETBAX C TOKaMH [, M [, COOTBETCTBEHHO. B 3TOM ciy4ae MOIIHOCTb, pacceuBaeMas Ha

pe3ucTope, ompeaenseTcs 3HaYCHUEM:
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P=IR, (60)

Il

rae /, =|1,| - mongyns (meiicTByrOIIEE 3HaUeHUE) TOKA /1. PeakTHBHBIE MOIIHOCTH, NOTPeOIIsieMbIe

B PEaKTUBHBIX 37ieMeHTax L u C, pacCUuThIBAIOTCS 110 hopMynam:
0, =1 22 XL (61)
Oc =—I3xc, (62)
rae /,, I,- MOnynu COOTBETCTBYIOIIMX KOMIUIEKCHBIX TOKOB;
X, , X, - 3HAUEHHUE PEAKTUBHBIX COIIPOTUBICHUNA HHIYKTUBHOCTH U €MKOCTH.

Eciu B uenu COACPIKUTCA HCCKOJIbKO PE3UCTHUBHBIX W PCAKTHBHLIX 3JICMCHTOB, TO
HOTpC6J'I5[CMa$I MOIIMHOCTb ONPECACIACTCA B KaXXIAOM M3 HHUX, a 3aTEM IIOJTYYCHHBIC 3HAUCHUA
CYMMHUDPYIOTCA: OTACJIBHO B PE3HUCTHUBHBIX H OTACJIBHO B PCAKTUBHBIX JJICMCHTAX. bamanc
MMPOBEPACTCA OTACIIBHO MO AKTUBHBIM U OTACJIBHO MO PCAKTUBHBIM MOITHOCTSM.

[TpoBepuM OanaHc A paccMaTpUBAEMOW IEMH, B3sIB 3HAUEHHsS] TOKOB, IOJIYYEHHBIE

MKT. PaccunTaeM cHauajia KOMIIJIEKCHBIE MOIIIHOCTH BCEX TPEX UCTOYHUKOB E1, E2, E3:
S, =EiIs =141e" x21,3¢7"" =3003.3¢7** =2029— j2214.26, BA
S, =E>15=63,64x1,39¢"" =88.46¢""*" =20.95+ j85.94, BA

S, = Es Is =14,14¢’' x20.5¢7° =287.04¢™% = 16175~ j237.12, BA

CYMMI/Ipy}I KOMIIJICKCHBIC MOIITHOCTHU UCTOYHHUKOB, ITOJTY4a€M CYMMAPHYIO KOMITIJICKCHYTO

MOIIHOCTb:

N

S, =S+8,+S,=2029— j2214.26+20.95+ j85.94—161.75— j237.12 =
— 1888.2— j2365.44 = 3026.6¢ 7, BA

(63)

N3 (58) cnenyer, 4To cyMMapHOE 3Hau4€HHE aKTUBHBIX P, ¥ pEakTUBHBIX (J,, MOLIHOCTEH

HCTOYHUKOB PABHO:
P, =1888.2, Br (64)

0, =-2365.44 , Bap (65)

C nomouipio (60) paccunThiBaeM 3HAUEHUE AKTUBHBIX MOIIIHOCTEN Ha TpeEX

PE3UCTHUBHBIX JJIEMCHTAX:

P =12R =(0.38) x40=5.776, Br
P, =I’R, =(1.022)’ x65 = 67.89, Br

P, =1I2R, =(21.3) x4=1814.76, Br
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CYMMI/Ipy}I AKTUBHBIC MOIITHOCTU PE3UCTHUBHBIX 3JICMCHTOB, IIOJTYYaEeM CYMMAPHYIO

MOIIIHOCTh MOTPEOUTENEH:

P, =B+P +P=5776+67.89+1814.76 =1888.42, Bt (66)

He6anaHnc mo akTUBHBIM MOIITHOCTAM HUCTOYHHKOB U l'IOTpe6I/ITeJ'IeI\/'1 COCTaBMII:

AP — 1888.42-1888.2

x100% =0.01¢% 67
1888.2 % % (©7)

JlomycTuMoe 3HaueHne HeballaHca 10 aKTUBHBIM MOIIHOCTSIM CUUTaeTCs paBHBIM 1%.
Wcnonbiys Beipaxenus (61), (62), paccuntaeM peakTUBHBIE MOIITHOCTH MOTPEOUTENECH:
O =I1x, + L (=xo))+ Lx + 1 (X, = X00) + 1o (—xp5) =
=(0.38)" x175.84—(1.022)" x6.5+(1.39)" x11.87—(21.65)" x1.29—(20.5) x 4.29 =
=25.39-6.79+22.93-604.65—-1802.87 =48.32-2414.31=-2365.99,6ap
Hebananc no peak THBHBIM MOIIIHOCTSIM HCTOUHHUKOB U TOTpeOUTENeH COCTaBIISET:

—2365.44—-(-2365.99)

x1009% =0.029
2365.44 % %

AQ =

JlonmycTumoe 3HaueHue HebalaHca 10 PeaKTUBHBIM MOILTHOCTSIM CUMTAETCA PaBHBIM 3-5%.

[lonyuennsie 3HaueHnss AP,AQ CBHUIETENbCTBYIOT O BBICOKOH TOYHOCTH IPOBEACHHBIX

pacueToB.

KomMruiekcHast MOIIIHOCTB, TOTpeOIIsieMas B 1IeTIH paBHA:

Sn=P,+jO, =1888.42— j2365.99 = 3027.2¢ 7% BA (68)
PaccunrtaB Bce MOLTHOCTH, MOXKHO ONpPeNeNuTh KO3(GHUIUEHT MOIMHOCTH K,, = cos¢@ A

HCCIIeTyeMOM LIETIH:

P, 1888.42

K, =cosp=—L=—""—=0,624 69
w SO T 30272 (69)

2.6. IlocTpoeHune BEeKTOPHBIX, BOJTHOBBIX H MOTEHIIHAJIbHBIX IHATPAMM
Pacyer anekTpHyeCcKuX LETed CHHYCOMAAIBHOTO TOKA CUMBOJIMYECKUM METOJOM YacTO
COIIPOBOXKAACTCS IIOCTPOEHUEM BEKTOPHBIX AMArpaMM TOKOB WU HamnpsbkeHud. Ilox BekTopHOU
JMarpaMMoi MMOHUMAETCS COBOKYITHOCTh BEKTOPOB HA KOMILJIEKCHOHN TIOCKOCTH, OTOOPaKaIOIINX
TOKHU W HAINIPSDKCHUS UCCIIEAYEMOM DIIEKTPUYECKON LeNU. BeKTOopHbIE AuarpaMMbl, B OCHOBHOM,
UCIOJB3YIOTCSL Ul HArJsAHOIO TIIPEACTaBICHUS IIOJNyYEHHBIX pE3yJbTaTOB pacyeTa Ha
KOMILJIEKCHOU MI0CKOCTU. C MX MOMOIIBIO MOTYT OBITh BHIYMCIIEHBI JIOMOJHUTEIbHBIC 3HAUECHUS

TOKOB, HAaIPsDKEHHUH, YrioB caBura (a3, KOTOpble HE ONpEAesUIUCh B OCHOBHOM pacyere.
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EcTecTBEHHO, TOYHOCTH ONPEJEIECHUS IAapaMeTPOB I10 BEKTOPHOM IuarpaMme CyIIECTBEHHO
YCTYNAeT TOYHOCTH aHAJIUTUYECKMX PAcueTOB, IMO3TOMY BEKTOpPHBIE AUAarpamMMbl BBICTYNAIOT B
Ka4eCTBE Ba)KHOT'O CPEJCTBA KOHTPOJIS IPAaBUIIBHOCTH BBIITOJIHEHHBIX PACYETOB.

BekTopHbIe TuarpaMMBbl CTPOSITCS IO YPAaBHEHHSAM, COCTaBJICHHBIM Ul PAcCMaTpUBacMOMN
nenu 1o 3akoHaM Kwupxroda. IIpu 3TOM BeKTOpHBIE IUarpaMMbl TOKOB CTPOSITCSI HA OCHOBE
YpaBHEHHIA, COCTaBJIEHHBIX IO NepBOMY 3akoHY Kupxroda, st y3710B paccMarpuBaeMoii Lien, a
BEKTOPHBIE JMAarpaMMbl HANpsDKEHUH — Ha OCHOBE YpPaBHEHHUH, COCTABIEHHBIX 10 BTOPOMY
3akoHy Kupxroda, mis moboro u3 koHtypoB nenu. I[Ipome, ObIcTpee M HarjsigHEe BEKTOPHBIC
JyarpaMMbl CTPOSITCSI, €CIM KOMIUIEKCHBIE 3HAYEHHs TOKOB M HAINPSDKCHWM IIPEICTaBICHBI B
MoKa3arenbHOU (opme.

[locTpoeHne BEKTOPHBIX JUarpamMM B LIENHU C I1OCJIEN0BATEIbHBIM COEJUHEHUEM 3JIEMEHTOB
11e51ec000pa3sHO HAaYMHATh C MOCTPOCHMsI BEKTOpAa TOKA, KOTOPBIM SBJIAETCS B JaHHOM Cllydae
o0ImMM mapamMeTpoM sl BCEX JJIEMEHTOB IeNH. 3aTeM CTPOMUTCA BEKTOpHas Juarpamma
HaNpspKeHUH. B 1ienu ¢ napamienbHbIM COEAMHEHUEM 2JIEMEHTOB JIyUllle HAYUHATh IIOCTPOEHUE C
BEKTOPA HAIIPSDKEHHUS, @ 3aTEM IIPUCTYIATh K TOCTPOCHUIO BEKTOPOB TOKOB.

[lepen mocTpoeHHEM BEKTOPHOW JUArpaMMbl HCIIOJIB3YEMOE YpPaBHEHHUE 3aIlUCBIBACTCS B
YHUCIIEHHOM BHUJE, BCE COCTAaBIISIOIIME YPABHEHMS IPEIACTABIIAIOTCS KOMIUIEKCHBIMU YHCIAMHU B
NoKa3aTeabHON (OopMe U PacHojaraloTcs B MOPSIKE CIEIOBAHUS COOTBETCTBYIOUIMX AJIEMEHTOB
Ha cxeme nenu. Jlanee BbIOMpaeTcs MacmTald, WCHOJIB3YEeMbI NMPU TOCTPOCHUU KOHKPETHOMH
nuarpaMmsl. OH JOJKEH ObITh TaKUM, YTOOBI 0OeceunBaIach HarIsIIHOCTb KaXI0W JUarpaMMBbl.

ITocTpoeHne BEKTOPOB MIPOU3BOIUTCS B MOPSAKE MX 3allUCH B ypaBHEHUHU. Ecam nuarpamma
cTpoutcsi 06e3 yuera KOHKPETHOM IOCIEI0BATEIbHOCTH COCIUHEHHUS DJIEMEHTOB (MOpSAKA HX
BKJIIOYEHHS1) B CXEME, TO OHA HE MOXET OBITh HCIOJIb30BaHA BOOOIIIE.

CrnoxeHue BEKTOPOB MOXKET NPOM3BOAUTBCS  JHOO MO NpaBuily Mapajuiegorpamma

(puc. 7a) muist K01 Mapbl BEKTOPOB, JTMOO 1O MTPaBUITy BEKTOPHOT'O MHOTOYTOJIBHUKA (puc. 70):

al

S

Y

Ny

a) 0)
Puc. 7
B nocnennem ciydae Kaxablii TOCIEAYIOIIUMNA BEKTOP CTPOUTCS U3 KOHIIA MPEABITYIIETO,

T. €. CTpelKa MpeIblIyllero BeKTopa MPHUMBIKAeT K XBOCTy mnociuenytomero. CymMma Bcex
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BEKTOPOB OMPEEISAETCS BEKTOPOM, XBOCT KOTOPOTO IMPHUMBIKAET K XBOCTY IEPBOTO BEKTOpPa, a
CTpeJIKa - K CTPEJIKE MMOCJIEAHEr0 BEKTOpa.

[Ipy moCTpO€HMM BEKTOPHOM IHArpaMMbl HANpSIKEHUH TEPBBIM BEKTOP CTPOUTCA, Kak
C nmnoMompl0 TpaHCIOPTUpA OTKIAIBIBAETCS  Yrod,

IpaBWJIO, W3 Hayala KOOPAMHAT.

COOTBETCTBYIOLIMI APTYMEHTY IE€pPBOr0 BEKTOpa. lI0JIOKUTENBbHBIM yron  OTKIAAbIBACTCA B
CTOPOHY BpAIllCHWs BEKTOpa BOKPYI Hadajga KOOpPJAMHAT IIPOTUB 4YacOBOW CTpEJIKH, a
OTPULIATEIIBHBIN — B CTOPOHY BpAILICHMs 110 4aCOBOM crpeinke. Ha syde, IpoBeaeHHOM 10 3TUM
yriaoM, B MaciuTabe W3 Havaja KOOPAMHAT OTKJIAAbIBAETCS HANpaBICHHBIH OTPE30K, IMHA
KOTOpPOr0 paBHAa MOAYIIO IepBOro BekTopa. [lomywaercss Touka, MOTEHIHAT B KOTOPOMU
COOTBETCTBYET Ha CX€Me IIOTEHIMaly Ha KOHIIE pacCMaTpuBaeMoro sjaemeHta. Jlamee u3 3ToU
TOYKU aHAJIOTUYHBIM 00pa3oM CTPOUTCS CIEAYIONINH BeKTOp. [lopsaaok pacnoiaoxeHus BEKTOPOB
Ha JUarpamMMme JI0JDKEH CTPOro COOTBETCTBOBATH MOPSIKY PACIOJIO0KEHHS JEMEHTOB Ha CXeMe
nenu. Konery BekTopa (CTpenka) HampshKeHHMsT Ha KaXIOM 3JEMEHTE NpPHUMBIKaeT K Hayaily
(XBOCTY) BEKTOpa HaIIpsDKEHMsI Ha CleqyrolieM aieMeHTe. [locieqHuil BEKTOp JOIKEH CBOUM
KOHIIOM YIIEPEThCs B HA4aJl0 KOOPJAMHAT, TaK Kak IIpaBas 4acTb ypaBHEHUs, II0 KOTOPOMY
COCTaBJIsIach BEKTOPHAs [uarpamma, paBHa Hymto. Eciu aToro He HaOroAaercs, To Mpu pacuere

WM TTIOCTPOSHUH ObljIa T0MylIeHa oMMOKa, KOTOPYIO HYKHO HaWTH.

PaccmoTrpuM  mpuMep OCTpOCHHS  BEKTOPHOM  AMarpaMMbl  JUIS  Pa3BETBIEHHOMN
AIIEKTPUYECKON LIENH, IPUBEICHHON Ha pHuC. §8:
Ul]
Z;=R;+jol, ,
— """
—
L - LE}‘ I, | I .§1
. - ) ) =
L-;gx pl%' FEI
i " I
]| T L:_: bﬁf
3
Puc. 8
Jns cxembl 3a0aHo:
Z1=3+j4=5""", Om , IL=2A

Z2=8-j6=10e"* Om
Z3=6+j10=11,7¢">, Om
TpeGyeTc;I pacchTaTL HCEU3BCCTHBIC TOKU U HaHpﬁ)KeHI/I}I 148 HOCTpOI/ITB JJIST HUX BGKTOpHHe

AuarpaMMBbl. OHpeI[CJ'II/IM BHa4YaJIC HAITIPSKEHUEC U »; ¥ 3HaUECHNE HEU3BECTHBIX TOKOB:

(.]23 =L Z,=2 10e 7398 = 20 P36¥ ,B
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L = Ups/Zs = 20e7%%/11,7¢™ = 1,7¢7% | A
L =L+13=2+17¢"% =2+ 17(cos 95,8° - jsin95.,8°) = 1,83 - j1,69 = 2,49¢">"" | A

3Hast BENIM4YMHY TOKa [, MO>KHO paccuuTarh HanpsbkeHue U ¥ BXOAHOE HanpsikeHUe U .

Up =1 - Zy = 2496727 - 5191 = 12,4514 B

7 .7 7368 11 775 . o
z-zi+ 2% —344q 1097 ALTE gy g6 - 12625, O

- Z,+Z, 8§—j6+6+ ;10

Un=1  Z1 = 2,496 - 126123% = 30718 B
[IpaBuibHOCTH pacyera BXOJHOIO HANpPSKEHHS MPOBEpSEM BHayajie MO BTOPOMY 3aKOHY
Kupxroda:

U= Un + Un = 12,4564 + 206765 = 1224 + 2,24 + 16— 12 = 3061, B

a 3aTeM C MOMOIIbI0 BEKTOPHOUW auarpammbl (puc. 9). UucieHHble 3HaUYCHUS MOIYJS W (asbl

BeKTOpa U 4 , NIOJIy4EHHBIE HEMOCPEACTBEHHBIM 3aMEPOM Ha BEKTOPHOW JIuarpaMme, COBIAIMU C

paCCUnTaHHBIMU 3HAYCHUAMUA 3TOI'0 HAIIPSAKCHUS.

_j
r‘.’Tll
- +
1_:: 11 '[_.:.'n U:_:
I,
Mhacmm abel:
my=3B/ou,
; my=04A/cm
Puc. 9.
i =12 - sin (ot + y, ) =2,49- V2 - sin (ot —42,7°), A (70)
uiz=Up V2 - sin (ot + y,, )= 12,45-4/2 - sin (ot + 10,4°), B (71)

C nomompio BeipakeHui (70) u (71) MOXKXHO MOCTPOUTH BOJTHOBBIC AWArpaMMsbl (rpauku B
(GYHKIMM BpEeMEHHU) TOKa 1l W HAOPSOHKEHUS Ujpp. Kakaas M3 3TUX Auarpamm J0JDKHA
CollepKaTh, KaK MHHHMYM OJHO KOJIeOaHWE, T.C.M3MEHEHHE KaXKJIOTOo IapaMmerpa HYXHO
paccMaTpuBaTh B TEYEHUE BPEMEHH, paBHOTO nepuoay konebanus T. [y mocTpoeHus auarpamm
pa3o0bem mHTepBan T Ha NEcsITh OTPE3KOB U JUIS KAKAOTO M3 TMOITYYCHHBIX MOMEHTOB BPEMEHH

o (70), (71) paccunTaeM MTHOBEHHBIC 3HAYEHUS 11y U Uiz PE3yNbTaThl pacueTOB CBEJCHBI B

Tadi. 4:
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Tabauua 4

t ot.rpau. sin (ot — 42,7°) 1, A sin (ot + 10,4°) up, B

0 0 sin (—42,7°)=-0,678 | —2,38 | sin 10,4°=0,18 3,17
0,1T 36° sin (- 6,7°)=—-0,116 —0,41 |sin46,4°=0,724 12,74
02T 72° sin 29,3° = 0,489 1,72 sin 82,4° = 0,991 17,44
03T 108° | sin 65,3°= 0,908 3,19 sin 118,4°= 0,879 15,48
0,4T 144° 1 §in 101,3°=0,98 3,45 sin 154,4° = 0,432 7,60
05T 180° | sin 137,3°= 0,678 2,38 sin 190,4°=-0,18 -3,17
0,6T 216° | sin 173,3°=0,116 0,41 sin 226,4° =— 0,724 - 12,74
0,7T 252° | §in 209,3° = — 0,489 —1,72 | sin 262,4°=-0,991 - 17,44
0.8T 288° | gin 245,3°=— 0,908 —3,19 | sin 298,4°=-0,879 - 15,48
09T 324° | §in281,3°=—0,98 —3,45 | sin 334,4°=-0,432 -7,60

T 360° | sin317,3°=-10,678 -2,38 |sin370,4°=0,18 3,17

[lopsimOK BBIMONHEHUS pacueToB W 3amojHeHus Taba. 4 He TpeOyroT OOBSICHEHHIA.

OcTaHoBHMCS TOJIBKO Ha mepexone OT BpeMeHHU t, Kk (aze kojnebaHus ot B Tpaaycax WIU

pamuanax. [{ns koHkperHoro momeHta BpemMeHu t; = 0.1T BeIpakeHme ot; MOXET OBITh

npeoOpa3oBaHoO K BUAY:

21

ot = ?-O,IT =0,2n=0,2-180° = 36°

LenecooOpa3HocTh NpeacTaBiIeHUs ®t B rpagycax o0yclIOBJI€HA TEM, YTO HadallbHbIE (a3bl

TOKa l//]l WU HaAIPAKCHUSA l//U12 TAaKXXC BbIPAXKCHBI B I'pajycCax. ITo maHHBIM Tabn. 4 CTPOATCA

BOJIHOBBIE quarpamMmsl (puc. 10):

i A

u,B
o

El
Tkt

-+ : LT
ESast 1
3 e \ T
; i /\ i f
:E i [ gl 04 * .05\\0@..
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Y | i . 3
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- SEsan it
u t
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ITpu BbIOOpE MacIITaOOB Mu M Mi HY’)KHO CTPEMUTHCS K TOMY, YTOObI aMILJIUTY/bl TOKA U
HANPSDKEHUS CYLIECTBEHHO OTJIMYAJIUCh APYT OT Apyra. XKenarenbHo Takke n300paxarb rpapuku
Pa3JIMYHBIMU JIMHUAMU WM Pa3HBIM LIBETOM.

Kaxknoli Touke CXEMBbI 3JIEKTPUYECKON LIENU B MECTE€ COCIAMHEHHUS [IBYX MJIM HECKOJIBKUX
9JIEMEHTOB COOTBETCTBYET CBOE€ 3HAYEHHE KOMIUIEKCHOIrO MoTeHuuana. COBOKYIMHOCTb TOYEK
KOMIUIEKCHOW IUIOCKOCTH, M300pa)kaloluX MOTEHLIMAIbl OJHOMMEHHBIX TOYEK 3JIEKTPUUECKOMN
CXEMBbI, Ha3bIBAlOTCS TOMOrpaUyecKOd WIM MOTEHUMAIbHOM aAMarpaMMoil. Orta auarpamma
npezcTaBisieT co00i BEKTOPHYIO JHarpaMMmy, Ha KOTOPOM OTJIOXKEHbI KOMIIJICKCHbIE TOTEHIIMAIIbI
OTJENBbHBIX TOUYEK paccMaTpUBAeMOil LIENU MO OTHOLIEHMIO K 0a3MCHOM TOYKE LIENH, MOTEHIHAI
KOTOPOM MPHHAT 3a HyJb. ba3MCHYIO TOYKY IOMEILAOT B HAYAJIO0 KOOPAUHAT U U3 HEE HAYMHAIOT
IIOCTpOEHUE Bced auarpaMMbl.  I[lonoxkeHue OCTANBHBIX TOYEK CXEMbl Ha JaMarpamme
OIpEIEAETCA IapaMeTpamMHu LIEIH, 3. . C. HCTOYHUKOB HAIIPSHKEHUS U TOKAMU BETBEH.

Ha sToii auarpamme, Takke Kak M Ha BEKTOPHOM, HANpsDKEHUE MEXAY JIIOOBIMHU JByMs
TOYKAaMU JJIEKTPUYECKOW LENH OHPEACNIeTCS BEKTOPOM, IIPOBEICHHBIM OT OJHOM M3 HUX K
npyroi. /InuHa BeKTOpa ONpeneNseT BEIMYMHY HANpsDKEHUs, a apryMEHT — pa3HOCTh (a3
KOHEYHOM ¥ HaYaJbHON TOYEK AUarpaMMBl.

PaccMoTpuM NOPAIOK IMOCTPOCHHMS IOTEHUUAIBHON AMarpaMMbl HEPAa3BETBICHHON

JIEKTPUYECKON LN, peAcTaBIeHHON Ha puc. 11:

- T‘r - * -
E”l Uy U Uy, Us Y1
Puc. 11

BexTopHas auarpamMma paccMaTpuBaeMoOl LienmM IpeAcTaBiieHa Ha puc. 12, a moTeHIMaabHas

(Tomorpaduyeckas) Ha puc. 13:
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E"34

5

Puc. 12
5 " f
‘:" — _'L ; *
ws=T5c1 Uss
. 2 U
a 1
E"zi,ﬂ - .
R: — U= jwLl
i-' * 3
Ung= RA
Puc. 13

BekTtopa Ha moteHuuanbHOW nuarpamme (puc.13) mpoHymMepoBaHbI B COOTBETCTBUU C

HyMepalueil Touek, NpuHiIToN Ha cxeme uenu (puc. 11). Hanpshxkenue mMexay J1t0ObIMU JBYMS

TOYKaMH CXCMbI, HAlIpUMCP HaA Y4YaCTKC 2 - 4, OonpeaciIsACTCA BCKTOPOM U24 , COCAMNHAIOININM

TOYKM 2 U 4 auarpaMMbl U HaIlpaBJIEHHBIM Ha 3TOH AMarpaMMe OT TOYKH 4 K Touke 2. DTO

COOTBCTCTBYCT H3BCCTHOMY IIPABHIIY BbIYUTAHHA BCKTOPOB, COIIACHO KOTOPOMY BCKTOP U24 ,

npecTaBisAomuil coboit pazHocTs noreHuuanos U,—U, , HampaBieH oT KoHLa BekTopa U, K

KOHILy BekTopa U, (puc.14):
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Uy
Puc. 14

Tot e pe3ynbTaT noiydaercsi, eciu u3 BekTopa U,,, KOTOpBI XapakTrepusyeT y3en 2 ¢

noreHuuanoM V,, Beraects BekTop U, , XapakTepusyroomuil y3en 4 ¢ noreHuuanom V,:

U24:U12'U14=(V1 - Vz)_(V1 - V4)= V4 - Vz

CnenoBarenbHo, BekTop Hamnpsbkenus U,,  Ha Tomorpaduueckoi  aumarpamme (puc. 15)

HalpaBJieH OT TOYKHM 4 K TOYKEe 2, T.€. OH HaIpaBlE€H K TOYKE BBICHUIETO (YMEHBLIAEMOIO)

noTreHIuasjia:

Uy

E"TIZ
Puc. 15

B Toxe Bpems Hampspkenue U,, Ha cxeme nenu (puc. 10) u BexkTopHO# nuarpamme (puc.ll)

YKa3bIBACTCA CTpeHKOﬁ, HaHpaBﬂeHHOﬁ OT TOYKH C BBICIIHMM HNOTCHIHWAJIOM K TOYKC C HHU3IIHNM

MOTEHIIUATIOM, YTO CIEAYeT U3 BeipaxeHus (72):

Up,tUy=U,, Uy=U,-U,= (V1 - V4)' (Vl - V2)= (Vz - V4) (72)
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WJIM IIPOCTOTO BBIYMTAHUS BEKTOPOB (puc. 16):

Puc. 16

B cBs3m ¢ BBIIEU3IO0KEHHBIM MMpaBUJIOM MNOCTPOCHUA BCKTOPOB Ha HOTGHHH&HBHOP'I

quarpamMme IMpu HNOCTPOCHHUU NOTEHLUHUAIbHOW auarpaMmmbl (puc. 13) paccmarpuBaemoil nenu

(puc. 11) o006xox cxeMbl COBEpLIAJCS HABCTPEUy MOJIOKUTEIBHOMY HAIpaBJICHUIO TOKa [ .
basucHoli Toukoil Obuia mpuHsTa Touka 5. Ilopsimok pacrosiokeHHs BEKTOPOB MaJeHUs
HaAIpPsDKEHUS HAa MOTEHUUAJBHON JuarpaMMe CTPOro COOTBETCTBOBAJ HMOPSAJKY PAaCIOIOKEHUS
3JIEMEHTOB LienH Ha cxeme. [Ipu mocTpoeHun quarpaMmbl KOHEI[ BEKTOpa (CTpesika) HamnpsKeHUs
Ha KaXJIOM IOCIEAYIOLIEM 3JIEMEHTE IPUMBIKAeT K Hadaly (XBOCTY) BEKTOpa HalpsKEHUS
npeplayero aeMenTa. [Ipu cobmoaeHun 3Toro npasuiia NOTEHLMAT ONPEEIEHHON TOUKHM Ha
NOTCHLIUAIbHON JUarpaMMme COOTBETCTBOBAJ HANPSDKEHUIO COOTBETCTBYIOUICH €M TOYKM Ha
CXEMe LeNHu.

IIpn nocTpoeHuM BEKTOPHBIX AHArpaMM CIEIyeT UMETh B BHUAY, YTO YMHOXXCHHE U

JACJICHHUC KOMIIJICKCHOI'O 4HMCJjia Ha ] =4/—1 , IMPHUBOJUT K IMOBOPOTY COOTBCTCTBYHOLICTO CMY
0 . o~
BCKTOpa Ha 90". HpI/I YMHOXCHHEC KOMIIJICKCHOT'O YHCJIa Ha BCIWYUHY J, COOTBCTCTBYIOIIWH

o 0 v
€My BEKTOp IMOBOpPAaYMBACTCS MPOTHUB YacOBOM cTpenkd Ha yron 90, T.e. pe3yabTUPYIOLIUI

o 0 .
BCKTOP OIICPCIKACT UCXOAHBIM HAa YI'OJI 90". Z[GJ'IGHI/IC KOMIIJICKCHOI'O YMUCJia Ha ] HPUBOIHUT K

0 9] o~
MOBOPOTY pe3yJbTHUpYyIOUIero BekTopa Ha 90" mo 4acoBoil cTpenke, T.e. Pe3yJIbTUPYIOLIUI

BeKTOp OymeT orcTaBaTh oT mcxomHoro Ha 90°. VKaszaHHBIE IIpaBHIA  MOXHO

IPOMJUTIOCTPUPOBATE C ITOMOILBIO BEKTOPOB HampskeHuid U,; u U, Ha BEKTOPHOH quarpamme

puc. 11. Hanpsokenue U,; = jwLl nponopuuOHAIBHO BEKTOPY a)L}, YMHOXXEHHOMY Ha .

CrenoBarensHo, Bektop U,, ONepexaeT MCXO/HbIH BeKTOp L ] Ha yron 90°. Hanpsxenue

1 .
U,s Taxke MpONOPLHOHAIBHO TOKY [/, YMHOKEHHOMY Ha Beln4MHy — =—j. CleqoBarensHo,

BekTOp U,; OTCTAET OT UCXOAHOrO BekTopa / Ha yrom 90°.
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PaccmoTpuM mpumep NOCTpPOEHHsS INOTEHUUAIBHOM [IUarpaMmsl IS JBYXKOHTYPHOH

JIEKTPUYECKOM LIETIH, CXeMa KOTOPOM ITpUBEeHa Ha puc. 17:

I, R, » L, 3 R 4 L; L

[~

Puc. 17
B nmanHO# menu AEWCTBYIOT J1Ba MCTOYHHMKA HAMPSKEHUS C KOMIUIEKCHBIMU 3HAYEHUSMHU

9. 4. C.:

Ei =100¢°", B
. _ (73)
E> =100e7", B

HapaMeTpH IMaCCUBHLIX 3JICMCHTOB LICTIN PABHBI:

R =R,=R,=100m; L,=318MmI'n; L,=159MI'n; C =159 Mx®. (74)

9] 9] -1
3HaueHUs PEAKTUBHBIX CONPOTHUBJICHHUN LEHIH IIPU 3aAaHHOHM YaCTOTC @ = 314c HUMCIOT
CJICAYIOIUC 3HAYCHUA:

x,=wL =100m, x,,=wL,=50m, X, :é: 200m (75)

B PE3YyJIbTaTC pacu€Ta TOKOB B BCTBAX 38.)121HHOI71 Ja(S20441 ObLTH MMOJY4YCHBI CJICAYIOIIUC

3HAYCHUA:

I =872 A
I, =456 A (76)

L]
I3 =4,60e"", A
Ilo HaliieHHBIM 3HAUEHUSM TOKOB BETBEW OBUIM pacCUMTaHbl HANPSDKEHUS HA BCEX

ydactkax menu (puc. 17):
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U, = R 1=10.8,72¢"%% —87 2,72 p

Uy = jal 1= j10. 8,?22**’39‘25'1 =87 22”'129‘25“; B

. . s s
Ty =Ry 12 =10.4 5627777 = 45 624777 B -
Uy = Jjarly Iz :j5-4,552+m'55ﬂ = 20 get85%. p

L;3|5 = R3 }3 :1[:]_4,624.3']5!,55“ =46§-+319-550;B

U = Iz =—j20. 4. 6et0SS — go,—itis. o

J@Cy

3Has Bce HanpspkeHus (77), IPUCTYIUM K IOCTPOEHHUIO NOTEHLMANBHON AuarpaMMel. B kauecTe
OasucHoro ysia BelOepeM y3en 7 (1enecoodpa3Ho BeIOMpaTh y3ell, Kyla CXOAWTCS HauOosbliee
KOJINYECTBO BeTBeH). B mpuHImne, moctpoeHHe MOKHO IMPOU3BOAMTH B JHOOOM TMOpSIKE IO
paccYMTaHHBIM 3HAYCHUSIM HAIPSDKEHHH, OIHAKO JKelaTelbHO BEIOMpPaTh 00X0/] KOHTYPOB MPOTUB

HaIpaBJICHUS TOKOB B BeTBsAX. BpiOepem 00xoxa nmepBoro KoHTypa 7-6-3-2-1-7 mpoTUB 4acoBOM

CTPCJIKH. On 6y,Z[CT IMPOTHUBOIIOJIOKCH HAIIPAaBJICHHUIO TOKOB Is m I n BCJICACTBUEC OTOTIO,

BeKkTOpbl HanpskeHU Uer,U3se,U2, U1 OynyT cyMMUpPOBaThCs, a INOJY4EHHas B PE3yJbTaTe

CyMMa JOJDKHA COBNACTb C BeKTopoM FEi. Bo BTopom KOHType BbIOEpEM 00XO0a IO 4acOBOM

CTPCJIKC U TOrAa:

- BekTopbl HanpsokeHut Uer U U 3¢, HanIpaBieHHbIE MPOTUB TOKa /3, OyAyT CyMMHPOBAThCA,

- BEKTOpbI HANPSKECHHUI U 43 U Uss, COBIAnaroNIMe Mo HAMPAaBICHUIO C TOKOM [z, OyayT
BBIYHMTATHCS.

Brluntanue BekTOpa HampsOKEHHUsT M3 NOTEHUHMATIA JAHHOW TOYKA Ha IOTEHLHAIbHON
IUarpaMMe TIPOU3BOJMTCS CICAYIONIMM O00pa3oM: U3 JaHHOW TOYKH TIPOBOJUTCS JIMHUS,
HMMeEIoIasg HaIpaBJICHUE BBIUMTAEMOTO BEKTOPA; 3aT€M KOHEI[ BEKTOpa COBMENIAETCS C JTAHHOM
TOYKOM; TOT/Ia MOTEHIMAJl TOYKH, COOTBETCTBYIOIIMI Hayaly BEKTOpa, OyleT paBeH pa3HOCTU
MOTEHIIMANIA JAHHON TOYKU U BBIYUTAEMOTO HANPSHKEHUS.

[TorenunanpHas nuarpaMma, COOTBETCTBYIOIIAs cxeMe puc. 17, mpezacrasieHa Ha puc. 18a:
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B0 1
B 1
301 E,
: I:'TEI
F—— :?_ A }+
-30 I 2Nz 0 B0 a0
-30 - Uz,
| E",2
-60 4 )
| \ |
-90 —_— Uy Uz,
i 4
a) 0)

Puc. 18

Ha sTom e pucynke nzoOpaxkeHbl BeKTopHas auarpamma (puc.180) TokoB BeTBer /1,121

} 3, YTO TIO3BOJIIET KOHTPOJMPOBATH IIPABUIBHOCTH IIOCTPOCHUS BEKTOPOB HAaNpsHKEHUS,
CpaBHMBAsl HaIlpaBJIEHHUs BEKTOPOB HAIPSDKEHUN M BEKTOPOB MPOTEKAIOLINX IO HUM TOKOB.

ITo moreHHManIbHON [aUarpaMMe MOXXHO YyOeauTbcs B COOJIOJAEHUM BTOPOTO 3aKOHA
Kupxroga ans koHTypa, 00pa30BaHHOIO BeKTOpamMM HampspkeHus. [lo auarpamme TOKOB MOXKHO
IPOBEPUTH CIIPABEUIMBOCTh NEpBOro 3akoHa Kupxroda B BekTOpHOH (opme mist grodoro wus3

Y3J10B.
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3. IPABUJIA O®OPMJIEHUA KYPCOBOM PABOTHI

1. KypcoBas paboTa noykHa OBITH aKKypaTHO M pa300pUYMBO HAMHMCaHA TOJBKO Ha OJHOMN
cropoHe iucta ¢popmara A 4 (210x297). Jlpyras cropoHa JucTa mpeaHa3HavdaeTCs I BHECCHUS
CTYJEHTOM HCIPABJICHUN U JONOJHEHUH MO pe3ysibTaTaM PELEH3UH, yTo o0jeryaer paboTy Haj
OomMOKaMu CcaMOMy CTYAEHTY M MOCIEAYIOUIYI0 INPOBEPKY HCIPABICHUN PpELEH3EHTY IpU
HNOBTOPHOM pELEH3UpOBaHUM. JIMCTBI 00sA3aTE€NbHO CIIMBAIOTCS U HYMEPYIOTCS apaOCKUMU
muppamu. Ha Kaxaol cTpaHHIle OCTaBISIIOTCS TMOJNsA: cmpaBa 2-3 cM [ 3aMedyaHuil
npenoaaBartens, cieBa 3 ¢M Ui CIIMBKHU. Bee MuCThl paboThl AOKHBI OBITH CIIUTHI B anky. He
JIOMTyCKAeTCsl  BKJIAJbIBAHWE JIMCTOB pPAabOTBI B  OTAENbHBIC (ailibl, dYTO 3aTpyAHSET
PELIEH3UPOBAHNE U HCIIPABIEHHUE OMNOOK.

2. B kauecTBe mepBOTro JMcTa paboThl HCIONB3YETCS TUTYIBHBINA JHCT, 00pa3er] KOTOPOro
npuBeneH B NpuiioxkeHuH 1. B xoHIe paGoThl A0KeH OBITh MPUBEACH CIIMCOK MCIIONIb30BAHHOMN
JUTEPaATyphl, HOJIIUCH CTYAECHTA C YKa3aHUEM J1aThl BHIIIOJHEHUS PaOOTHI.

3. Tpebyemble pacueTbl IPUBOAITCS B pabOTE JOCTATOYHO MOAPOOHO C KPATKUM CIOBECHBIM
MOSICHEHUEM TIPU pacyeTe Kax a0l BeIMYUHbI. [Ipu 3TOM TOKHBI IPUBOAUTHCS MPOMEKYTOUHbIE
YHCIIOBbIe 3HadeHMs. PaboOThl, B KOTOPHIX BBIUMCIICHUS NpPUBEIEHBI KpailHe COKpAIleHHO WU
OTCYTCTBYET HEOOXOIMMBIE CIOBECHBIE MOSICHEHUSI, K 3alllUTE HE AOMYCKAIOTCS U BO3BPALIAOTCS
CTYIEHTaM JUIsl TepepabOTKU.

[Tpu pacuerax nenecoobpazHo UccIeayeMoe BbIpakeHe BHAYalle 3anucaTh B 00IIeM BUIE B
OYKBEHHBIX OO0O3HAUEHHUSAX, a 3aTeM Cpa3y e MOJCTaBUTh UUCIOBbIE 3HAUYECHUS HCXOTHBIX
JaHHBIX WU JajbHEHIIME PAacueThl BECTH B YHMCIEHHOM BHJE. B NmpoMmexyTouHbBIX pacuerax u
dopMynax HaWMMEHOBAaHHE EIMHMIl H3MEPEHHUS BEIUYMH HE YKa3bIBAIOTCA, a 00s3aTelnbHO
UCIIONIb3YIOTCSI OCHOBHBIC (HE KpaTHBIE M HE JOJbHBIC) €AUHUIBI U3MEPEeHUs. B OKOHYAaTeThHBIX
YHCIIOBBIX pe3yJbTaTax 00s3aTeIbHO YKA3bIBAIOTCSA €AMHMIIBI M3MEPEHHs, B KOTOPBHIX MOJyueH
pe3ynbTaT. JOJDKHBI MCHOJIB30BaTbCS E€AMHULBI M3MEPEHMsI, TPHUHATBIE MEXAYHapOIHOU
CUCTEMOM eAMHMI (IpuiokeHue 2). MHOXHUTENN U NMPUCTaBKU Uil 00pa30BaHUS AECATUYHBIX
KpPaTHBIX U JOJBHBIX €MHULl U NX HAUMEHOBAHUS MTPUBEACHBI B MPUIIOKEHHUH 3.

4. TI'paduxu u yepTerku B paboTe BBINOIHAIOTCA C COOJIOCHHEM MAacIITa0OB, MPaBHII
yepueHuss 1 ['OCToB (nmpunoxenue 4). IIpu moctpoenunu rpadukoB MacmTad yKa3bIBaeTCs
YHMCJIEHHBIMM METKaMH, OTJIOXEHHBIMU BIOJb oceil. HeoOxonumo Takyke 0003HauyaTh BEIUUYUHBL,
OTJIO’)KEHHBIE BJOJIb KaKIOM OCH, M YyKa3bplBaTh €IWHUIBI MX H3MEPEHHS B MEXIYHApOIHOMN
CUCTeME eIMHUIl. YepTe:Ku MOTYT BBINOIHITHCS Ha MIJLTUMETPOBOM Oymare Wi MO TEKCTY Ha
aucTax pabOThl KapaHIAllloOM WIM C MCIOJIb30BAaHUEM CTAHJIAPTHBIX KOMIIBIOTEPHBIX MPOTPAMM.
Bce pucynku, gepTexu, rpaduku U TaOJIUIBI JOJDKHBI OBITH TPOHYyMepoBaHbl. Hymeparus Moxer

OBITH CKBO3HAs IO BCEH paGOTC WJIN 110 I'J1aBaM.
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5. Macmta® BEKTOpHOM AMarpaMMbl yl0OHEE BCETO IOKa3aTh B BMJIE FOPU3OHTAIBHOIO
OTpe3Ka JUIMHOW 1 cM, pacmoJIoKEHHOrO B IIOJE€ AMarpamMMmbl. Bosne oTpe3ka yKas3bplBacTCs
YUCJIEHHOE 3HAYEHUE COOTBETCTBYIOIIEM €My BEJIMYMHBl B COOTBETCTBYIOIIMX €AMHUIAX
U3MEPEHHUS.

6. B Hauane paboThl 0JKHA OBITH IPHUBENEHA CXEMa 3aJlaHHOM 3JIEKTPUYECKOM Lenu U
UCXOJHbIE TaHHBIE COOTBETCTBYIOLIErO BapuaHTa. B Havane kaxaoro pasaena (yHKTa) paboOThbI
JOJDKHO — NPUBOJUTBCSA  YCIOBHE 3TOrO  pa3deia U 3aJaHHble HCXOJHBIE  JaHHBIE
COOTBETCTBYIOIIETO BapUAHTA.

7. Bce BeIMUMHBI: CONPOTHUBJICHMS, 3. N. C., HANpsOKEHHUS, TOKU U Tpouee, OyKBEHHbIE
0003Ha4YeHMsI KOTOPHIX MPUMEHSIOTCS B XOJE pEIICHHUs, JOJDKHBI ObITh MOKa3aHbl XOTA OBl Ha
OJIHOM M3 CXeM, COIPOBOXKJAIOLIUX PEIICHUE, U HE AOJDKHBI MEHSThCS B xone peweHus. [Ipu
BBEJCHUU O0O3HAuUEHUN Ml TOKOB, HANpPSOKEHUM, SKBUBAJICHTHBIX COMNPOTHUBICHUHN CcleayeT
CTpeMuThCs K Haubosee MpocThiM o0o03HaueHusM. Hampumep, TOK, NpoTeKaromuii uepe3
HEKOTOpoe comnpoTuBieHue Rs. 1menecoodOpa3sHo 0003HaunTh ¢ TeM ke HHAekcoM Is. Ha
ANEKTPUUECKUX CXeMaX 3TH BEJIUYMHBI MOXXHO 0003Hauatrh corjacHo ['OCTy 2.710-81 nns
KOHCTPYKTOPCKOH JTOKYMEHTalMu COOTBETCTBEHHO RS5 wmmm Rs, IS5 wmm Is. DnemeHTh
3JEKTPUYECKUX CXEM, €CJIM OHU HE MPOHYMEPOBAaHbI B 3aJaHUU, HYMEPYIOTCS, Kak IPaBUIIO,
CJIEBA HAIIPaBO U CBEPXY BHU3.

8. BbruncineHuss peKOMEHYETCsl BBIIOJIHATh C MOMOLIbI0 KOMIIBIOTEPA WIH KaJIbKYJISATOPA,
OTpaHUYMBas TOYHOCTh PACYETOB TPEMs - YETHIPbMS 3HAYALIUMH IUPpPaMU MOCie NECATUIHON
TOYKH.

9. B xoH1le pabOThl MPUBOIUTCS CIMCOK HCIOJIb30BAaHHOM JIUTEPATyphl, KOTOPOU TOJIKEH
ObITH cocTaBiieH ¢ coomonenuem 'OCTa 7.1-76 (B kauecTBe MpuMepa CMOTPU CITUCOK
JUTEpaTyphl B HACTOSIIEM TTOCOOUH).

10. KypcoBas pabota ciaetcs B 1ieHTp 00padboTku KoHTpoabHBIX padoT (LIOKP) 3a mecs
710 Havasia 3a4eTHOM Henenu. OTpelieH3upoBaHHas KypcoBasi paboTa BO3BpaIAETCs K CTYIEHTY C
OLICHKOM: «JIOMyIIEHAa K 3aIIUTe» WU «HE AOIYIEHa K 3aiuTey. B nepBoM citydae cTy1eHT
JIOJIKEH UCIIPAaBUTh BCE OTMEUEHHBIE PELIEH3EHTOM 3aMe4YaHusl Ha YUCTOM CTOpOHE JucTa. Bo
BTOpPOM cliyyae paboTy HyXHO nepenenars u cHoBa caaTh B LIOKP miis moBTopHOTO
penieH3upoBanus. JlonyeHHyo K 3allUTe KypcOBYIO pabOTy CTYAEHT 3alllullaeT Ha
CIEIMaIbHOM 3aHATHH — «3amuTa KP» 1 nomnydaer ouneHky, KoTopasi 3aHOCUTCS B BEJOMOCTb U
3a4ETHYIO KHIDKKY CTyJeHTa. Ompoc mpH 3aiuTe KypcoBoi paboThl MPOBOAUTCSA MO BOIIPOCAM

1A CaMOIIOATOTOBKHU, ITPHUBCACHHBIM B TAHHOM mocoouu.

Ilpumeuanue. IIpocum Bac 6epexHO OTHOCHTBHCS K COXPAHHOCTH HACTOSIINX METOTNIECKIX
yKa3aHUH U HE JIe]aTh B TEKCTE HUKAKUX HAAMUCEH U PUCYHKOB. DTO CBSI3aHO C TE€M, UTO MPEIIOIaracTcs
UCTIOJIB30BaHKUE ATOT'O MOCOOUS APYTUMU CTYJACHTAMU MPH BBHITTOIHEHUH UMU 3TOM KYpPCOBOI pabOTHI.
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4. BOITPOCHI IJ1 CAMOITPOBEPKH
1. Cdopmynupyiite, uemy nocpsieHa ocHoBHas 3anada TOL[? Yro o3HavaeT paccuyuTarh memb?
2. Yro Ha3bIBaeTCA JIEKTPUUECKUM TOKOM, B KAKUX €IMHUIIAX OH U3MepseTcs?
3. Yro Ha3bIBaeTCs MOTEHUUAIOM, B KAKUX €AMHULAX OH U3MeEpseTCs?
4. Yto Ha3bIBaeTCA DJIEKTPUYECKUM HANpPsHKEHUEM, B KaKUX €IMHULAX H3MepsAeTrcs
HanpspkeHue?
5. Kak cBs3aHbl Mexay cOOON 3JIEKTPUYECKHI TOK, 3apsii U Bpems? B Kakux eIMHUIAX OHU
u3MepsrTces’?
6. Kakue »snekTpuueckue BEIWYMHBI HA3bIBAlOTCA MIHOBEHHBIMHM, a KaKH€ IOCTOSHHBIMU?
[IpuBenute npuMepsl TAKUX BEIIMYHUH.
7. Kakue nenu Ha3pIBalOT LENSIMU ITOCTOSIHHOTO Toka? IlpuBenuTe mpuMeps! TakuX LETIEH.
8. Kakue nenu Ha3pIBaOT LETISIMU IEpeMEHHOro Toka? IlpuBeante npuMepsl TaKuX Henei.
9. Cdopmynupyiite 3akoH Oma IJis y9acTKa IeMH.
10. Yto Takoe mosioxkuTeNbHOE HaripaBieHue Toka? IlosicHuTe CBOI OTBET MpUMEPOM.
11. Yto Ha3bpIBaeTCs MaJeHUEM HANpPsDKEHUSA, B 4yeM OHO u3Mmepsiercsi? IloscHuTe cBOH OTBET
IPUMEPOM.
12. Yro Ha3bIBaeTCs IOJIOKUTEIBHBIM HAINpaBICHUEM MaJeHus HamnpsbkeHusa? [loscHure cBoi
OTBET IIPUMEPOM.
13. OOBsAcHUTE NMOHSTHUS «COTJIACHOE HAIpaBJIEHUE» U «BCTpeuHOe HampasieHue». [Ipusenure
IPUMEPBI COTJIACHOTO U BCTPEYHOI'O HANPABICHUM.
14. Kakue s1eKTpudecKre Hely Ha3bIBalOTCs JIMHEWHBIMHY, a KAKHE — HEJIMHEHHBIMU C CUCTEMHOMN
TOYKH 3peHus?
15. U3 kakux 37€MEHTOB COCTOUT AeKTpuueckas nens? [IpuBenure npumepsl.
16. Kakoil mcrounuk HazbiBaercs uctounukoMm JOJIC? IlpuBenutre mpumepbl HE3aBUCHUMBIX H
3aBUCUMBIX HCTOYHHUKOB.
17. Kakolf MCTOYHHK Ha3bIBaeTCsl UCTOYHMKOM Toka? [lpuBeaute mnpuMepsl HE3aBUCHUMBIX U
3aBUCUMBIX UCTOYHHUKOB.
18. Kakum 00pa3oM 3amuchiBaeTCs TEpBBIM 3akoH Kupxroda ais MrHOBEHHBIX BEIUYUH?
[IpuBenuTe NpUMEpBI.
19. Kakum o6pa3zom 3ammceiBaeTcst BTOpoil 3akoH Kupxroda mms MrHOBEHHBIX BEJIWYHH?
[IpuBenure npuMepsl.
20. Kakue sineMeHTbl Ha3bIBaIOTCA AyanbHbIMU? [IpuBeauTe nmpumepsl.
21. Kakue uenu Ha3bIBalOTCs pe3UCTUBHBIMU? [IpuBennTe mpuMep Takux meneu.
22. Kakoe coequHEHHE 3JIEMEHTOB Ha3blBaeTcs MapayenbHbiM? Kakum o0pa3oM paccuuTaTh
oO1iee CONPOTUBIIEHUE ITPU TAKOM COETUHEHUH 3JIEMEHTOB?

23. Kak paccunTaTh TOKHM B JBYX MapajuieIbHbIX BETBAX?
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24. Kakoe coequHEHHNE 3JIEMEHTOB Ha3blBaeTcs MocieroBaTenbHbM? KakuM 00pa3oM paccunTaTh
oOuiee CONPOTUBIIEHHUE ITPU TAKOM COETUHEHUU 3JIEMEHTOB?

25. B yeM CyIHOCTb MPUHIMIIA JEIECHNS HAPSHKCHUS?

26. Kak paccunTarh HanpsKEHHUE Ha MTOCJIEI0BATEIbHO COEIUHEHHBIX pe3UCTOpax?

27. Kakue 1ienu Ha3bpIBarOTCs MapajlienbHO-TI0cae0BaTeNbHbIMU? [IpruBenTe npumMepsl.

28. Kakum oOpazom 3anucsiBaercss 00001meHHbIN 3akoH OMma? [lpuBenure npumepsl.

29. Kak nmpou3BOIAT pacyeT TOKOB B IIETIAX METOI0M ypaBHeHH Kupxroga?

30. KakoB npuHIIMI MaTpUIHOH (HOpMBI 3amucH ypaBHeHnd Kupxroda?

31. Kak npou3BoAsT pacyeT TOKOB B LIEMSAX METOJOM KOHTYPHBIX TOKOB?

32. Kak npou3BOAST pacyeT TOKOB B IIEMSAX METOJIOM Y3JIOBBIX MOTEHIIHAIOB?

33. Kak npou3BOAST pacyeT TOKOB B IIEMSAX METOIOM 3KBUBAJICHTHOTO ucTouHUKA DJ[C?

34. Kak npou3BOJAST pacyeT TOKOB B LIEMAX METOJOM 3KBUBAJIEHTHOIO HCTOYHUKA TOKA?

35. B kakux 1ensx MOKHO pacCUMTHIBATh TOKM METOJO0M HajokeHus? KakoB miaH aHanuza?

36. Kak cocrasisieTcs OaaHC MOIIHOCTEN?

37. Uto 03Ha4aeT pexuM MOCTOSIHHOIO TOKa B 3JeKTpuueckux 1ensax? [Ipuseaure npumep.

38. Uto Ha3bIBaeTCs ONEPALMOHHBIM YCHIIUTENIEM, KAKOBBI €T0 OCHOBHBIE CBOMCTBA?

39. KakoBa 3KBUBaJICHTHAs CXE€Ma LIETIE C ONEPAllMOHHBIMUA YCUIIMTEISAMU?

40. K xakum THnam MoxkHO cBecTd BAX HenMHENHBIX ABYXIOIIOCHUKOB?

41. Yro Ha3bIBatoT paboueii Toukoi? Ilpusenure npumep.

42. Kak cBsi3aHbl Mex 1y coOoi ctatndeckue U quddepeHnnanbHpie mapameTphl?

43. Yto noHMMaeTcs Mo MOHATUEM «OTPULIATEIBbHOE CONPOTUBICHUE)?

44. Kakoit Bug umeror BAX nuHeHHBIX U HEJTMHEHHBIX 371€eMEHTOB?

45. Kak paccunuTaTh TOKH B TApAJIJIEIbHO COEMHEHHBIX HETMHEHHBIX 371€MEHTaXx?

46. Kak paccuurarh najeHHE HANPSDKEHUS Ha IOCIEAOBATEIBHO BKJIIOYEHHBIX HEJIMHEWHBIX
37eMeHTax?

47. Kak paccuutarh pe3ynbTupyromyro BAX AByX HEIMHEMHBIX 3JE€MEHTOB, COEAMHEHHBIX
napauieabHo?

48. Kak paccuutath pe3ynbTupyronyro BAX nByX HETWHEHMHBIX 3JIEMEHTOB, COEAWHEHHBIX
MIOCJIEI0BATEIBHO?

49. Yto noHUMAaeTCs Mo/ HEMTMHEUHBIMU UCKAXKEHUSIMU?

50. Kak MoxHO paccuuTaTh KO3 (HUIIMEHT TAPMOHHUYECKUX UCKAKEHUI?

51. Kakue xone6anus Ha3bIBAIOT TAPMOHUYECKUMU?

52. Yro Ha3bpIBaeTcs nepeMeHHbIM TokoM? [IpuBenure npumep.

53.Yro Ha3pBaeTcs aMIUIMTYOOH, (a3oif, HavainbHOH  (a30il, YIJIOBOM  YACTOTOM
cuHycouanbHOro ToKka? Hapucyiite kpuBble rapMOHUYECKUX CUTHAJIOB.

54. Kak cBsi3aHbl 4acTOTa f, yrioBas 4acToTa @ W nepuoj, I rapMOHUYECKOro CUTHaja?
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55. KakuMm 00pa3oM SKCIEpPUMEHTAIbHO C MOMOINBIO OcImuiorpada ONpeAeiInTbh pa3Max
NEPEMEHHOT0 HANPSKEHUS?

56. Uto Ha3pIBaeTCAd CPEIHEKBAAPATUYECKUM (ICHCTBYIOIIMM) 3HAUYEHHWEM TOKa, HampsKEHUS?
[TpuBenuTe mpUMEpHI.

57. Kak cBsa3aHbl Mexay coOOl aMIIMTyJa M AECWCTBYIOLIEE 3HAUEHHE FapMOHUYECKOIO TOKa,
O/1C u HanpsxeHus?

58. Uro Ha3biBaeTcs caBUroM ¢az?

59. B uem cOCTOMT OTJIMYME MTHOBEHHOW MOIIIHOCTH OT CpeaHei?

60. Jlokaxkute, YTO TpPU TAPMOHUYECKOM BO3JACHCTBHM C 4YacTOTOM ® HMHAYKTUBHOE
COIIPOTHUBIIEHUE PaBHO XL = wL, a eMKocTHOEe - XC = [/(wC).

61. IlokaxuTe, KakuM 00pa30M CKJIAIbIBAIOT, BEBIUUTAIOT, YMHOXKAIOT, JEJIST KOMIUIEKCHBIE YHCTIA.
Kakwue yncna Ha3pIBalOT KOMIUIEKCHO-CONpsikeHHbIMU? [IpuBenuTe mpumMepsl.

62. ITokaxxute anredpanyeckyro, MOKa3aTEIbHYIO U TPUTOHOMETPUYECKYIO (POPMBI KOMITJIEKCHOTO
yucina. [IpuBenure npumepsl.

63. Chopmynupyiite 3akoHbl Kupxroda B KOMIUIEKCHOH dopMme.

64. Pa3bsicHute noHsATHE OanaHca aKTUBHBIX, PEAKTUBHBIX U KOMITJIEKCHBIX MOLTHOCTEH.

65. OnpenenuTe ycioBue Nepetayd MaKCUMalIbHOM cpeHel MOIIHOCTH B Harpy3Ky reHepaTopoM
rapMOHUYECKHUX KOoeOaHuM.

66. Kakast Harpy3ku renepaTopa rapMOHUYECKUX KOJIEOAHUH HA3bIBAETCS COITIACOBAHHOM ?
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