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BBEJAEHUE

JlaHHblE METOAMYECKUE YKa3aHUs SABISIIOTCS COCTaBHOM 4YacThio y4eOHO-
Metoauyeckoro kommiekca (YMK) nuctumnnunst «b1.B.07 TeopeTuyeckre 0CHOBBI AJIEK-
TPOTEXHUKH», BKIIOYAIOIIETO B ce0sl CBEIEHUS O CTPYKTYpE TUCLUILUIMHBI, €€ CO/epikKa-
HUH, PEKOMEH/IAINH CTYACHTaM TI0 BBIITOJTHECHHUIO PAaCUeTHO-TpaduuecKoi paboThI.

N3noxenne u o0bEM ydeOHOro Marepuana COOTBETCTBYET pabodeil mporpamme
JUCIUTITUHBL.

B mMeToanueckux ykazaHUSX pacCMaTpPUBAIOTCS IBE OCHOBHBIE TEMBI:

- INHEWHBIE 3JIEKTPUUECKUE LIETH OCTOSIHHOTO TOKA;

- DJIEKTPUYECKHUE 1IeNH OJIHO(PA3HOrO TOKA;

CtpykTypa Kaxaoul TJIaBbl COACPKUT TEOPETUUECKUE MOJIOKEHUS JII CaMOCTOSI-
TEJIBLHOTO PEIIEHUs pacueTHO-Tpauueckoil paboThI.

Kaxxnasg rinaBa oOecrieunBaceT:

- 3 (HEKTUBHYIO TEOPETHUUECKYIO U MPAKTHUUECKYIO MOATOTOBKY OakajiaBpoB B 00Jia-
CTU TEOPETUYECKON ANEKTPOTEXHUKH;

- Pa3BUTHUE TEXHUUYECKOTO MBIITUICHUS;

- IpUOOpETeHNE 3HAHUM, HEOOXOIUMBIX JJIS U3YYCHHS CIEIHUANbHBIX JUCIUILINH,
CBSI3aHHBIX C AKCILTyaTalMEH JIEKTPOTEXHUUECKOTO 000PYA0BaHNS,

- OBJIaJICHHE 3HAHUSIMU, YMEHUSIMU U HaBBIKAMH, HEOOXOJAUMBIMU ISl KBaIU(UKa-
IIMOHHOTO U 0E€30MacHOTO UCIIOIB30BAHUS AJIEKTPOTEXHUUYECKUX YCTPOUCTB C IIENIbIO pea-
JIU3aIuy TPOU3BOJICTBEHHOTO IpoIlecca.

Takas cTpykTypa mo3BossieT POpMUPOBATH COOTBETCTBYIONINE TPODEeCcCHOHATBHBIC

komnetreHu OI'OC BO.



1 YKA3AHUS K BBINNOJHEHUIO PACUETHO-TPA®UYECKOM
PABOTbI

B npouiecce BeimoaHeHus pacueTHo-rpaduueckoit padotsl (PI'P) cTyaenTs! 10mKHbBI
IpUOOPECTH HABBIKHM pacueTa JIMHEWHBIX AJIEKTPUUECKUX IeNel MOCTOSTHHOTO U 0JJHO(:a3-
HOTO CHHYCOMJIQJBHOTO TOKa, a TakXke Tpex(as3HbIX JJIEKTpUUeckux uerned. McxomHbie
napameTpsbl LIENH, €€ AJIEKTPUUECKas CXeMa 3aJal0TCsl B MHAUBUAYaJIbHBIX 3a1aHUSX.

[Ipu BeimmonHenuu PI'P cnenyer mosb3oBaThes OOLIETPUHATHIME O00O3HAUCHUSIMU,
pacupoBbIBas UX MPHU MEPBOM MPUMEHEHUU. PelieHne JOMKHO COMPOBOXKIATHCA KpaT-
KUMH, HO YETKUMH MOSICHEHUSIMU. TekcT, GOpMyJIIbl U YMCIIOBBIE BBIKIIAIKU TOJDKHBI OBITH
HaIlMCaHbl YETKO M aKKypaTHO. Bce eauHuubl M3MEpeHHsl TOJKHBI COOTBETCTBOBATH
Mexnaynaponnoit cucreme enuuul, CH. Cxembl, rpaQUku U BEKTOpPHBIE TUArpaMMbl
JOJKHBI BBIUEPUMBATHCSA ¢ cobmoaenneM maciradba u ['OCTos.

PI'P nomxHa cOCTOSITh M3 MOSICHUTEILHOW 3aMIMCKU, KOTOPAsl BBIIIOJHEHA HA JIUCTAX
dbopmata A4 (297x210) mM. PekomeHayeMbIil 00BEM MOSICHUTEIBHON 3alTUCKH COCTABIIS-
eT:

- TIPY BBITIOJIHEHUU PYKOMHUCHBIM criocobom — 10-12 c.;

- TIPY MCTIOJIb30BAHUU CPENICTB OprTeXHUKU — 8-10 c.

[TosicuutenpHas 3anucka opopmisercs corsacHo TpedoBanusim CTIT BI'AY 2009 u
JOJKHA BKIIFOYATh:

- TUTYJIbHBIU JIUCT;

- OIJIABJICHUE;

- 3aJlaHKe Ha paboTy C yKa3aHUEM TUIIOBBIX CXEM U UCXOJHBIX JaHHBIX JIJIS €€ pac-
yera,

- pacyer OJJEKTPUYECKOM LEeNu C MPUMEHEHHEM IPOrPaMMHBIX IPOJYKTOB
(MathCad);

- IPOBEPKY NPABWIBHOCTHU PELLICHHUS;

- OubmMorpaduIecKuii CMCcoK.



2 PACYET DJIEKTPUYECKOM IEITU MOCTOSIHHOI'O TOKA.

2.1 Bompochl 1/ NOBTOPEHUS

JIuHeliHbIe JEKTPUUYECKUE LIENH MOCTOSSHHOTO TOKA: OCHOBHBIC TIOHSTHUS U OIpeEe-
aeHus. TormoJoruuyecKkue MOHATHS CXEMbI JICKTPUUYSCKON IeNi. DKBUBAJICHTHBIE TTPEO0-
Pa30BaHUsl CXEM: «TPEYTrOJIbHUK-3BE3/1a», «3BE3/1a-TPEYTroJbHUK». MeToIbl pacueTa 3JeK-
TPUUYECKUX 1ETe. 3aKOHBI AIEKTPUYECKUX Leneld. MeTo bl KOHTYPHBIX TOKOB U y3JIOBBIX
MOTEHIMANIOB. MeToa ABYX y370B. MeTo SKBHUBAJICHTHOTO reHeparopa. baimanc MomHo-

CTEU B DJIEKTPUYECKOM LIETIH.

2.2 3agaumne Nel

2.2.1 Jlana ucxoaHas 3JeKTpudeckas cxema (pucyHok 2.1).

Pucynok 2.1 UcxoaHas snexkTpuyeckas cxema

2.2.2 Tlo uHAUMBUYaTbHOMY 33JJaHUIO0 COCTAaBUTh CBOIO PAaCUYETHYIO cxeMmy. Bapuant

WHAUBUAYAJIbHOI'O0 3aJlaHusd OIPCACIIACTCA IMOPAAKOBBIM HOMCPOB CTYACHTA B CIIMCKE



I'pynIibl MJIM HAa3HAYACTCA ITPCIIOAaBaTCIICM. HaHpI/IMCp, HHIWUBUAYAJIbHOC 3aJaHUC JaHO B

BUJE TAOJIUIIBL:

Tabnuma 2.1 3naueHus napaMeTpoB PacueTHONU CXEMBbI

Ri, | Ro, | Rs, | Ra, | Rs, | Re, | E1, | Eo, | E3, | Esa, | Es, | Es, | Ja, | J2, | Jks,
OmM | OM | OM | OM | OM | OM B B B B B A A A
23 | 78 | 12 | 40 | 65 | 77 |100| O 70 0 0 0 2 0 0

COOTBGTCTBYIOI]_[EUI HWHIUBUAYAJIbHOMY 3a/IaHUI0 pacucTHasd CXEMa MMCCT BUIA (pI/I—

CYHOK 2.2):
Pucynox 2.2 Tlpumep pacdeTHOM ICKTPUIESCKON CXEMBI
2.3 3ajanue Mo BapuaHTam

| R | Re | Re | Rei | Rs, | Ro | By | Bz | B | Ea | Bs, | Eo | Ja | Je | Ja
b OM [OM [OM |OM [OM | OM | B B B B B B|A|A|A
1 | 40 | 66 | 10 | 70 | 12 | 65 - 45 - - 50 - - 7 |05
2 | 30 | 17 | 67 | 33 | 55 | 13 | - |200| - - |50 | - - 3 -
3|22 |17 | 67 | 41 | 46 | 13 | 48 - 70 - - - 5 - -
4 130 |30 45|66 |10 |71 | - | 75| - - 4 120 | - - 105
5 | 23 | 78 | 17 | 40 | 65 | 77 | 45 - |1100| 50 | 4 - - -

6 | 23 |82 | 12 |40 |65 |83 | - |95 | - - 200 4 - 1 -
7 | 23 | 78 |12 | 48 | 65 | 77 | - | 42 | 103 | - - - - 2 1
8 | 30 | 34 | 65|60 | 40 | 75 | 55 | - - 2 - | 60 | - 2 -




9 | 45 | 33|15 |45 | 11 | 65| - - 3 19| - |50 6 - -
10 | 73 | 69 | 43 | 60 | 50 | 42 | 26 | 40 | - - | 3| - - 1 25| -
11| 22 | 44 | 65 |60 | 35 | 84 | - - 1120 80 | 4 - - - 4
12 | 75 | 25 | 15 | 50 | 46 | 22 | 15 | - - - | 55 | 4 - 2 -
13 ] 30 | 21 | 45|66 | 10 | 63 | - | 75| - - - 120 | - - 105
14 |1 26 | 28 | 71 | 31 | 50 | 54 | - |190| - - 130 | - [35] - -
15| 28 | 17 | 67 | 33 | 46 | 21 | - - - |90 | - |156 | - 5 4
16 | 23 | 78 | 17 | 40 | 65 | 77 | 3 - | 70 | - - 1180 | - - 2
171 80 | 23 | 15 | 54 | 14 | 65 | - - |55 190 | 5 - 15| - -
18 | 50 | 60 | 44 | 78 | 35 | 65 | 120 | - - |59 | - - - 1 5
19 | 50 | 60 | 54 | 72 | 35 | 55 | 66 | - - | 70| 2 - 2 - -
20| 30 | 45|20 | 60 | 76 | 80 | - 4 |26 | - - | 81| - - 3
211 11 |45 |60 | 23 165 |30 | - |70 | - - (100 | - 3 -

22 | 34 | 75 |12 | 40 | 56 | 77 | 2 - 140 50 | 4 - - 5 |15
23 | 75 | 25 |12 | 50 | 46 | 22 | - | 80 | - - 100 | - - - 5
241 50 | 60 | 51 | 72 | 35 |5 | - | 25| - - 100 | - 9 - -
25 ] 11 | 55 |50 | 283 65|30 [52]| - |70 - - 4 - 3 -
26 | 30 | 21 | 45 | 66 | 10 | 63 | 55 | - - - - | 60 | - - 5
271 80 | 50 |15 |59 |11 | 35| - - | 60 | 158 | - - - - 7
281 25 |3 |22 |5 |59 |21] - |60 - |80 - - |15 - -
29 | 57 | 34 |69 | 75 | 70 | 55 [100| - |150| - - - 2 - -
30 89 |15 |33 |24 |80 |31]8 | - - - |40 | 80 | - - -

2.4 Yka3aHuA K BBINOJHEHHUIO 32 aHUA

2.4.1 B COOTBETCTBUM C COCTaBJICHHOW PacueTHON CXEMOW W MHAMBHUIYaJIbHBIM 3a-
JTAHUEM BBITIOJIHUTH CIIEAYIOIINE PACUETHI:

2.4.2 CoctaBuTh B 001IEM BHJI€ CHCTEMY YPaBHEHHIA C MMOMOIIbI0 3aKOoHOB Kupxro-
da.

2.4.3 OnpenenuTh TOKH B BETBSIX CXEMBI METOJIOM KOHTYPHBIX TOKOB M Yy3JIOBBIX
MOTEHIMAJIOB.

2.4.4 Onpenenuth TOK |1 METOOM PKBHBAJICHTHOTO TeHEpaTopa MpU W3MEHEHHUH
BEJIMYMHBI CONpOoTUBIeHUs R; B npenenax ot Ry 10 6R;1. [Toctpouts rpaduk 3aBucumMoctu
|1 = f(Rl)

2.4.5 ]Jlns cpaBHEHUS pe3yJbTaThl pacueTOB, IPOBEICHHBIX TPEMsI METOJIaMU, CBeE-
CTH B OJIHY TaOJIUILY.

2.4.6 CocraBuTh Oa1aHC MOIIIHOCTEM.



3 PACUYET DJIEKTPUUYECKOM IIEITU OJJHO®A3HOI'O
CUHYCOMJAJIBHOI'O TOKA

3.1 Bonipocs! AJ151 NOBTOPEHUA

JluHeliHble ANMEKTPUYECKUE LIENH CUHycouAanbHOro Toka. Cunycounansueie IJ1C,
HanpsbkeHus: U Toku. Mctounuku cunycounanbubix DJIC u TokoB. JleiicTByroliee u cpe-
Hee 3HaueHus nepuogndeckux J/1C, HanpsyKeHU U TOKOB.

N300paxeHne CUHYCOMAANbHOM (YHKIIMM KOMIUIEKCHBIMUA 4YHCIaMHU. BekTopHbIe
nuarpammbl. CHHYCOMAANBHBIA TOK B LIENH C MOCIEI0BaTeNIbHbIM coeaunenueM R, L u C
aneMeHToB. CHHYCOHMIaIbHBIA TOK B IIEMU C MapayienbHbIM coeannenneM R, L u C ane-
MeHTOB. KoMIuIekcHbIE CONMpOTUBIEHUS U MpoBoauMocTu. 3akoHbl OMa u Kupxrogda B
KOMIUIEKCHON (opMme. KOMITJIEKCHBIM METOJl pacdyeTa 3JIEKTPUUECKUX Ienei. AKTUBHa,
peakTUBHAs U TOJIHAS MOIHOCTA. MTHOBEHHAsI MOIIIHOCTh M KOJICOAHHs SHEPTUH B 1IEMHU

CUHYCOMJIAJILHOTO TOKa. Y CIIOBUS Iepeaayd MaKCUMaIbHOM MOITHOCTH, COTJIACOBAaHHE.
3.2 3aganue Ne 2

Hcxonnpie 2JIEKTPUYECKHE CXEMBI ITPUBENECHBI HA pUcyHKax 3.1 u 3.2.

a
Rl _L X3 RZ U Rl Exl ﬁ R2
Eg -
X1 Q( Es X2 E
. X
E, ?
b

Me. L @ @

Pucynok 3.1 Pucynok 3.2

[Tapametpsl ucrounnkon I/C:



e, =310sin341t, B;

e, =310sin(341t + 60° ), B;

ey = 14lsin(341t —-30° ) B.

[To nHAMBUAYAIBHOMY 3aJaHUIO0 COCTABUTH CBOKD PACUETHYIO cxeMmy. BapuaHT uH-
JUBUYAJIBHOTO 3aaHUS OIIPEAEIACTCA NOPAAKOBEIM HOMEPOM CTYJIECHTA B CIIMCKE I'PyI-
IIbl WJIK HAa3HA4YaCTCsA IMPCIIoAaBaTCICM. HaHpHMep, HHAWBUAYAJIbHOC 3aaHUC ITaHO B BU-

J1e TaOJIALIBI;

Tabnuua 3.1 VcxonHble JaHHbIE AJI pacyeTa dJEKTPUUECKOH 1Ienu

Ne pu-
P E1 E2 E3 Rl, Om Rz, Om Xl, Om Xg, Om X3, Om
CYHKa
3.1 0 + + 40 36 22 24 13

COOTBGTCTBYIOHIEUI HHAWBUAYAJIBbHOMY 3aJdHUIO PACUCTHAA CXCMad MMCCT BHU] (pH-

cyHok 3.3).

Pucynok 3.3

B nosydenHoi cxeme:

3.2.1 Paccuutarh TOKM B BETBAX METOIOM HAJOXKEHUS C MPUMEHEHHUEM KOMILIEKC-
HBIX YHCEIT.

3.2.2 OnpenenuTh aKTHUBHBbIE M pPeakTHUBHbIE MOLTHOCTH MCTOYHUKOB DJIC u Bcex

IIaCCUBHBIX JJICMCHTOB IICIIN.
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3.2.3 IlpoBepuTh MpPaBUIBHOCTh PACUYETOB, COCTABUB ypaBHEHUs OajlaHCa AKTUB-
HBIX Y PEAKTUBHBIX MOIIHOCTEHN IEIH.
3.2.3 [locTpoUTh BEKTOPHYIO JUArpPaMMy TOKOB Ha KOMITJIEKCHOM TIIOCKOCTH.

3.3 3agaHne N0 BApHAHTAM

Ne Bap. p;c. E,B | Eo,B | Es,B |Ri, Om | Ro, OM | X1, OM | Xz, OM | X3, Om
1 2 3 4 5 6 7 8 9 10
1 A 0 + + 13 46 28 59 77
2 b + 0 + 22 33 44 55 66
3 A + + 0 46 12 34 17 21
4 b 0 + + 46 33 31 82 58
5 A + 0 + 10 20 30 40 50
6 b + + 0 21 17 45 50 55
7 A 0 + + 34 45 56 67 78
8 b + 0 + 25 21 54 33 35
9 A + + 0 11 47 32 63 50
10 b 0 + + 48 15 64 31 26
11 A + 0 + 27 30 41 12 59
12 b + + 0 15 51 23 37 48
13 A 0 + + 29 20 52 41 38
14 b + 0 + 54 43 37 24 18
15 A + + 0 20 40 30 10 50
1 2 3 4 5 6 7 8 9 10
16 b 0 + + 16 44 31 25 62
17 A + 0 + 41 14 39 56 24
18 b + + 0 38 45 63 21 19
19 A 0 + + 50 48 25 11 32
20 b + 0 + 17 24 56 43 36
21 A + + 0 30 16 59 18 29
22 b 0 + + 63 14 75 41 39
23 A + 0 + 72 41 35 12 54
24 b + + 0 57 30 18 68 23
25 A 0 + + 60 29 33 57 45
26 b + 0 + 45 11 61 23 35
27 A + + 0 28 53 16 77 30
28 b 0 + + 15 42 63 34 25
29 A + 0 + 23 12 42 56 37
30 b + + 0 30 10 50 20 40
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3.4 Yka3aHus K BBINMOJHEHUIO 32 IaHUA

3.3.1 IlpensaputensHo npeactaBuM IJ{C 1 conpoTUBICHUS BETBEH B KOMILJIEKCHOMN
dbopme:

E, = E;e) =220e1% =220B; E, = E,e'?2 =220e%°" =110+ j190 B;

E, = E5e!? =100e 13" =86,6 — j50 B.

B Beruncnenusix E1, Ez, E3 — aeiictByromue 3Hauenus J/C:

En 310 Esn 141
E,=—1="—=220 B; Eg=—om
2 \/E \/E 3

KommekcHblie COIIPOTUBJICHUA BETBEH:

=R+ j(XL_XC) Om;

El = :100 B

z, = j(X_ —X¢) Om;

Z3 =R, Om.

Jns ynoOcTBa JaidbHEWIMX BBIYUCICHUNA KOMILJIEKCHBIE COMPOTHBIICHUS BETBEU
Jy4Ille cpasy MpeCTaBlIATh B areOpandyeckoM U MoKa3aTeIbHOM BHJIE.

Toku B BETBSAX COCTABJICHHON PAacUETHOM CXEMBI MOTYT OBITh OMPEICIICHBI C TTIOMO-
IIbI0 JIIDOOTO M3BECTHOIO METOJa pacdeTa AICKTPUUYECKUX IIenel, HapuMep METo/a K-
BHUBAJICHTHBIX IMPe0oOpa30BaHUM, METOAa KOHTYPHBIX TOKOB, METOJIa JIBYX Y3JIOB, METOJIa
HAJIOKEHUS W T.II. YKa3aHHWS K MPUMEHCHUIO HEKOTOPBIX METOAOB pacueTra MPUBEIACHBI
HHUXKE.

3.3.2 PacueT TOKOB B BETBAX METOIOM HAJIOKEHHUS

Cxema umeer 2 ucrounuka D/[C, cienoBareybHO, MO0 METOY HaJOXEHUSI HEOO0XO-
JTUMO OIPEJCIUTh YaCTUYHbIE TOKU OT JIEUCTBHUS 2 MCTOYHMUKOB. [[1s »TOrO TMocienoBa-
TEIBbHO HCKI0UaeM 13 cxembl DJIC, ocTaBiss TOJIbKO OAUH MCTOYHHUK, a ocTaibHbie DJIC

3aKopauuBaroTcs (pucyHku 3.4 u 3.5), T.K. BHYyTPEHHHUE COMPOTUBIICHUS UJICAIbHBIX HC-

TOYHUKOB D /[C paBHBI HYIIIO.
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3 e e e
J= ]

e —— —> e
b b
Pucynok 3.4 Pucynoxk 3.5

PacueT yaCTMUYHBIX TOKOB AJIs1 CXCMBI Ha PUCYHKC 3.4:

: E
I} = 3 A.
Z,Z
Z,+ 173
Zy+ 23
YacTuyHbIC TOKHU B mapaJlJICJIbHBIX BCTBIX.
|'1':|‘é£.i:|'éLA; [é:[éi.i:[éi Al
Z1+25 24 2+ 24 Zy+25 Zg Z+ 23

PacueTr yacTUUHBIX TOKOB JIJIs1 CXEMbI HA PUCYHKE 3.5 MPOBOAUTCS AaHATIOTUYHO.
JleCTBUTENBbHBIE TOKM B BETBSIX OMPEICIISIFOTCS CYMMOM YaCTUYHBIX TOKOB B KaX-

JIOM U3 BETBEU C YUYETOM HaIlPaBJIECHUN YACTUYHBIX TOKOB.

3.3.3 AKTHBHBIC, PEaKTUBHBIC M TOJHBIE MOIIHOCTH JJIEMEHTOB II€NM U OallaHC

MOIIIHOCTEN

MomntHoctu uctounukon JJ1C:

S=El=P+ jQ=,/P?+Q%”;BA.

*

3nech | — conpshkeHHBIN KOMIUIEKC TOKA COOTBETCTBYIOIICH BETBH;

~

S — moiHas MOIMHOCTH UCTOYHHKA, BA;

P — akTuBHAs MOIIIHOCTh UCTOYHUKA, BT;
Q — peakTuBHas MOIIHOCTh UCTOUYHMKA, BAD.

CYMMapHaH AKTHNBHAas MOIIIHOCTb UCTOYHHUKOB

13



P=P+P,+P; Br.

CyMMapHasi peakTHBHAasi MOIIHOCTh HCTOYHUKOB
Q=0Q +Q, +Q3; BAp.

CyMMapHble MOLTHOCTH PUEMHHUKOB:
P=1°R,Br; Q=1%X,BAp.

[TpoBepka OaaHca MOIIIHOCTEH:

2 Puem = 2Py

ZQucm = Zan '

[TorpemHocTh pacyeTa 10JKHA COCTaBIATh He Oosee 1 %.

3.3.4 BektopHas quarpamma TOKOB
Jlis mocTpoeHusl BEKTOPHOM JuMarpaMMbl TOKOB BBIOMpaeM MaciiTad mo TOKy M

[A/cMm]. [Tpumep BEKTOpHOM AuarpaMMbl IPUBEICH HA pUCyHKE 3.6.

+]

+1

Pucynox 3.6 IIpumep BeKTOpHOM ArarpaMMbl TOKOB
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