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BCTYIIVIEHUE

Y4eOHOe mMmocoOme HamMcaHO B COOTBETCTBUU C MPOTpaMMON Kypca
«DIIEKTPOTEXHUKA, SJIEKTPOHUKA U MHKPOIPOIIECCOPHAsT TEXHUKa» ISl CTYICH-
TOB 3a0YHOTO OTIEJICHUS HEAJIEKTPOTCXHUYECKHUX ClienuaibHocTeld. B Helt oc-
BEIIICH MHOTOJICTHUM OTIBIT, TPAIAUIIMS MPETOJaBaHUs dTOW JUCIMIUIMHBI Ha Ka-
benpe «DIeKTPOMEXaHUIECKHE CUCTEMBI aBToMaTH3aum» J[I'MA.

Jliis akTrBU3anmMu paboThl HAJ KypCOM M JIYYIIETO YCBOCHHS MaTepuaia
yaeOHOEe IMOCOOHME COMEPKUT MPUMEPHI BHITIOJIHCHHS MTPAKTUYECKHX padoT, KO-
TOpBIE CTYAEHT 00s3aH BBITIOJHUTH MOCIIEC MPOPAOOTKH COOTBETCTBYIOIIETO Pa3-
nena.

Y4eOHoe MOocOOHMEe COCTOUT W3 IIECTH Pa3iesioB. B mepBoM u BO BTOpOM
paszenax MpUBEACHBI CBEICHHUS 110 pacdeTy Ienel MOCTOSHHOTO TOKa. B TpeTs-
eM paszelie MPHUBEIEH pacyeT Ieneil CHHYCOMIaIbHOTO TOKa C MOCIEI0BaTEIb-
HBIM COCIMHCHUEM 3JIEMEHTOB. UeTBEpPTHIN M MATHIN pa3aeibl MOCBSIIECHBI Pac-
4eTaM CJIOXKHBIX IIETICH CHHYCOMJATBHOTO TOKa METOJIOM IPOBOJUMOCTECH MU
cumBosIueckuM MetoaoM. lllectoit pa3aen mocBAMEH M3YUdCHUIO TPEX(a3HbBIX
ANEKTPUUYCSCKUX IICTICH.

B xaxaoM pasmerne mpHBEICHBI TAOJIUIIBI UCXOIHBIX JaHHBIX JJIA pelie-
HUS 33]1a4 B COOTBETCTBUH C 33JJaHHBIM BapUAHTOM.



1 KPATKHUE TEOPETUYECKHUE CBEJIEHMUSA 110 PACYETY
CJIOKHBIX DJEKTPUYECKHUX HENENA MOCTOAHHOI'O TOKA
METOAOM HEITOCPEACTBEHHOI'O IPUMEHEHUS 3AKOHOB

KHUPXTI'ODA

PasBeTBiIeHHEIE QIICKTPHUICCKHC LCIIK ITOCTOAHHOI'O TOKAa C HCCKOJIbBKMMHA
NCTOYHHUKaAMU BHCKTpPIquKOﬁ OHCPIr'Mu HCBO3MOKHO AHAJIM3UPOBATH U paCCUU-
THIBAaTh TOJILKO Ha OCHOBE 3akoHa OMa. Heo0xo1MMO Moab30BaThCs €111e ABYMsI
3aKoHaMU — 3akoHamu Kupxroda.

[epssiii 3akoH Kupxroga. Cymma Bcex MpHUXOASIIUX K Y311y TOKOB, PaB-
HACTCA CyYMMC BCCX TOKOB, OTXOAAIIUX OT y3Jida, TO €CTh aﬂre6paI/IquKaﬂ CyMMa
TOKOB, CXOIAIIUXCS B y3ie, paBHa HyMt0: Y I = 0. Co 3HaKOM «+» B ypaBHEHHUE
CJICAyCT BKIIOYATh TOKH, IMOJIOKUTCIBHBIC HAIIPABIICHUSA KOTOPBIX 06paHIeHI>I K
Y311y, CO 3HAKOM «—» — HaIpPaBJIICHUS KOTOPBIX oOparieHsl ot y3ia. s y3ma A
(puc. 1.1):

Il+ Iz—I3—I4= 0 nm

L+L=1+L.

. Is

L7 A Is

Pucynok 1.1 — Cxema y3na

[TepBoiit 3akon Kupxroda HemocTtaTodeH sl pacuera CIOXKHBIX pas-
BCTBIICHHBIX IICTICH.

Bropoit 3akon Kupxroda. B 3aMKHYTOM 3JIEKTPHUYECKOM KOHTYpE ajl-
reOpandeckas cymma Bcex DJIC, BXomdmux B KOHTYp, paBHA anreOpanvecKoi
CyMMeE BCeX MaJieHUI HaNPsHKEHUHN Ha OTJIEIbHBIX YYacTKaX:

st cxemsl (puc. 1.2):

E, + E, + Es=1R;+ IR, + IRs.

] Ex

Y

Pucynok 1.2 — Cxema yenu ¢ mpems ucmounuxamu 3/C



[Ipu 3ammcu ypaBHeHUH 10 3akoHaM Kupxroda mTomkHbI OBITH COOITIOIE-
HBI CIIEIyIOLIME TTpaBua;

1 ns Beex DJIC nenu JOKHO OBITh YCTAHOBIICHO HAMPABICHHUE UX JCH-
ctBus. st 3anannsix DJIC 3TO HampaBieHUe IEUCTBUS U3BECTHO U3 CXEMbI UX
BKiItoueHus, a i DJIC, Hammexanmx ONpeleseHUI0, OHO JOJIKHO OIpee-
JSAThCS. TPOU3BOJIHHO. [Ipon3BoIbHO BhIOpaHHbIe HampaBiieHus aerctBus DJ]C
MPUHUMAIOTCS 32 MOJIOKUTEIbHBIE.

2 IIpon3BOJIBHO 33Jal0TCA HANpPaBICHHEM BCEX MCKOMBIX TOKOB Ha OT-
JETBHBIX ydacTKaxX IEMH, 3a UCKIIOYECHUEM TOKOB, BEJIMYHMHBI U HAIPABICHUS
KOTOPBIX U3BECTHBHI.

3 BriOupaercst mpon3BOILHOE HAMpaBlIeHHE 00X0/1a KaKIOTO U3 3aMKHY-
ThIX KOHTYPOB.

4 Bce O/1C, HanpaBieHUs JEHCTBUS KOTOPBIX COBMAAAOT C HAIlPaBJICHU-
eM 00X0/1a, BXOJST B JIEBYIO YaCTh YPABHEHHS CO 3HAKOM «+», U HA00OPOT.

5 Bce nanenus HanpsKeHUs!, BbI3IBAEMbIE TOKAaMH (HA BHEIIIHUX U BHYT-
PEHHUX COMPOTHBIICHUSAX), COBMAIAIOIINMHU C HAMPaBICHHEM 00X0/1a, BXOIAT B
MIPaBYIO YacTh YPaBHEHUS CO 3HAKOM «+», a TOKAMU O0OpaTHOTO HAIPABIICHUS —
«L—»,

PacueT clI0KHBIX 2JIEKTPUYECKUX IENel TpeOyeT COBMECTHOTO MPUMEHE-
HUs 000ux 3aK0oHOB Kupxroda.

[Ipu 3TOM OIKHO OBITH COCTABIEHO CTOJBKO YpaBHEHUM, CKOJIBKO MMe-
€TCSl HEU3BECTHBIX TOKOB U UCTOUHUKOB D/[C.

CHauama COCTaBIISIOTCS YpaBHEHHS MO TepBoMy 3akoHy Kupxroda mis
BCEX Y3JIOB IIeNH, Kpome oaHoro. Hegocraromiee 4Mcio ypaBHEHU COCTABIISIET-
Cs 110 BTOPOMY 3aKOHY.

[IpuMenuM >TH TpaBWja JUIsl pacdeTra CIIOXKHOW Pa3BETBICHHOW IIEMHU
(puc. 1.3), nis kotopoit 3ananbl Bce IJ[C (E; E,, E;) u Bce conporupnenus (R,
Ro2, Ros, Ri, Ry, R3, R4,Rs, Re).

B | C
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Pucynok 1.3 — Cxema pazeemenénnou snekmpuieckou yenu

6



[lenb mmeer yeTwlpe y3na U wmecTtb BeTBeld. HyXHO cocTaBuTh mIecTh
YPaBHEHUH JUIsl IIECTH HEW3BECTHBIX TOKOB. HampaBiieHHsI TOKOB B BETBAX BbI-
OuparoTcs MPOU3BOJIBHO. Tak e MPOU3BOJBHO BHIOMPAIOTCS HAIpPaBIICHUS 00-
X0/la KOHTYpOB. B Hamem cinydae — IO HAalpaBJICHUIO JBH)KEHHSI 4YaCOBOM
CTPEJIKH.

[To nepBomy 3axony Kupxroga cocrasnsiem 4 — 1 = 3 ypaBHeHUS
s y3ima A:

L -L-1=0(l);
s y3na B:

L-14+1s=0(2);
st y3na C:

IZ_IS_I6 =0 (3)

Tpwu ypaBHeHus 1o BTopomy 3akoHy Kupxroda:

I koHTYD:
E,— E; =1, (Rpz + Ry) — 3(Ro3 + R3) + IsRs (4);
II koHTYD:
0 =-LRs5 + IgRs — LRy (5);
III xoHTYp:

E;—E; =13 (Rs + Rp3) + LRy + I;(Ro; + Ry) (6).

CBOZII/IM BCC B CAMHYIO CHUCTCMY ypaBHeHHﬁ, COCTABJICHHBIX B IOPAJIKC
BO3pacCTaHsA MHIACKCOB TOKOB. B YpaBHCHHUAX, COCTABJICHHLIX 110 BTOPOMY 3a-
KOHY KI/IpXI‘O(I)a, nepea TokaMu MOoJACTABJICHBI 3HAUYCHH A COHpOTHBJ’IGHHﬁI

12_15_1620

PemmB cuctemy ypaBHEHHII OTHOCHUTEIHHO HEM3BECTHBIX TOKOB JFOOBIM
13 U3BECTHBIX crtoco6oB (MeTox Kpamepa, MeToa oOpaTHOM MaTpHIIGI U JIp.) Ha-
XOJIUM 3HAYEHUSI TOKOB B BETBSIX LIEMH.

Ecnu B pe3ynbrare HaliIcHHOE 3HaYE€HUE TOKA OTPULIATENILHO, TO 3TO 03-
HA4YaeT, YTO JACHUCTBUTEIHHOE HAIPABICHUE TOKA MPOTHUBOIIOJI0XHO HaIpaBlie-
HUIO, BRLIOPAaHHOMY B HauaJie PeIICHUs 3aa4H.

[TpaBUIBLHOCTH pellIeHUs TPOBEPSIETCS MyTEM MPOBEPKHU OajlaHca MOIIHO-
CTU: CyMMapHash MOIIHOCTb, OTJaBacMas BO BHEIIHIOIO I€Mb HCTOYHUKAMH,
JOJI’)KHA PaBHATHCA CYMMApHOM MOIIHOCTH MPUEMHHUKOB 3JEKTPUUYECKON SHEp-
TUU.




2 KPATKHE TEOPETUYECKHUE CBEJEHUA 110 PACHETY
CJOXHBIX QJIEKTPUYECKUX LHEINEN IIOCTOAHHOI'O TOKA
METOJO0OM KOHTYPHBIX TOKOB

DTOT METOJ 1a€T BO3MOXKHOCTh YIPOCTUTh PACUET ANEKTPUUECKUX LETIEH,
M0 CpaBHEHUIO ¢ MMPUMEHEHHEM 3akoHOB Kupxroda, 3a cuetr yMeHbIIIEHUs Yucia
pelaemMbIx ypaBHeHHM. [lenaercs JomyileHue, 4To B KaKJI0M KOHTYpPE UMEETCS
KOHTYPHBIHA TOK, OOIIWIA IS BCEX dJeMeHTOB KoHTypa: Ij, Iy, Iy, VX Hanpase-
HUE BBIOMpAETCS MPOM3BOJLHO, TaK K€ KaK M HaIlpaBieHHE 00X0ja KOHTYPOB.
g onpenenennst TOKOB B BeTBAX Iy, I, I3 v T.4. BHawane onpenenstorcss KOH-
TypHbI€ TOKH Iy, Iy, Iy TyTémM COBMECTHOTO pelIeHUs] CUCTEMBI YPaBHEHHM, CO-
CTaBJICHHBIX IO BTOpoMY 3akoHYy Kupxroda, B KOTOpble BMECTO TMaJCHUN Ha-
MPSDKEHU OT TOKOB BETBEW BBOJAT MAJCHUS HANPSHKEHUH OT KOHTYPHBIX TOKOB
C COOTBETCTBEHHBIMHU 3HAKAMHM.

Jliis cxemsl (cM. puc. 1.3) BeiOMpaeM B3aMMHO HE3aBUCHUMBbIE KOHTYpHI: |
(ACBA); II (BCDB); IIT (ABDA). Jlns Hen3BEeCTHBIX KOHTYPHBIX TOKOB I, Iy,
I;; mo BTOpOoMy 3akony Kupxroda cocrapisercs cuctemMa U3 TpexX ypaBHEHUMN:

E; —E;=1;(Rp; + Ry +R5+Rp3 +R3) —IRs — I (Ry3 +R3)
O0=Ip(Ry+Rs+R¢)-L;Rs - IR,
E; —E =Ijy(Ros +R3+ R4+ Ry +R)) - I;(Rpz + R3) — IRy

[Tocne pemieHus cUCTeMbl YpaBHEHHUH MOJIydaeM 3HAYEHUS KOHTYPHBIX
TOKOB: II, IH, IIII-

Jlanmee onpenensaroTcs: JEUCTBUTEIbHBIE TOKH B BETBSIX. B BETBsIX, HE sB-
JISFOIIUXCS OOIIUMU JUJIsI CMEKHBIX KOHTYPOB, T.€. B HECMEKHBIX BETBSIX, Hall-
JIEHHBIN KOHTYPHBIN TOK OYJIET paBeH ACHCTBUTEILHOMY TOKY BeTBU: ;= I, Iy =
I}, Iy = Is. B 00mux e A CMEXHBIX KOHTYPOB BETBSIX JICUCTBUTEIBHBIN TOK
paBeH anredpanyecKkoil CcyMMe KOHTYPHBIX TOKOB:

13 = IIII - I1
I4 = IIH_ III
Is = III_ II

[IpoBepka NpaBUIIBHOCTH PEIICHUS IO ONPENEICHUIO TOKOB OCYIIECTBIIS-
€TCsI C OMOIIBI0 OaTaHca MOIITHOCTEH:

> E-I=) E-I+Y IR

E [ +E, L+E, L= (R, +R +L (R, +R,)+L (R ;+R,)+-R,+I2-R +I7-R,

VYpaBHEHNE COCTABJICHO Ui CIy4as COBMAJCHUS HAIPABICHUS IEHCTBUS
tokoB: I, I,Is u DAC E; E,, E;. Ecniu nanpasnenus I u E He coBnagaiot, To Ux
IPOM3BEICHNUE TIEPEHOCHUTCS B MPABYIO YaCTh YPaBHEHWs. 3aJlaHus ISl pasze-
noB 1,2 mpuBeneHsl B Tabmwuie 2.1. CXembl pa3BETBICHHBIX IENEH ¢ HECKOb-
KWMH UCTOYHHMKaMU IMTaHUs NIPUBEJICHBI HA pucyHKax 2.1-2.30.



Tabauya 2.1 — Hcxoownsie danuble 011 pacuema
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3 KPATKHUE TEOPETUUYECKUE CBEJIEHUA MO PACYETY IENEN
CUHYCOUIAJBHOI'O TOKA C HOCJIEAOBATEJIBHBIM
COEAUMHEHUEM IIPUEMHHUKOB

Ncxonnble nanuble s pacyeTa npuBeaeHsl B Tabmuie 3.1. Ha pucynkax
3.1 — 3.10 uzoOpaxeHbl CXeMbl MOCIEIOBATEIBHBIX IIETMEH CHHYCOUIATBHOIO
Toka. [Ipm 3amaHHBIX MapamMeTpax dSJIEMEHTOB IEH HEOOXOAMMO BBIIOJHHUTH
CJeayIolIee:

1 OnpenenuTh peakTUBHbIE UHAYKTUBHbIE X| U PEAKTHUBHBIE €EMKOCTHBIE
X COMPOTUBJIEHHUS MPU YacToTe ToKa paBHOM SOI'.

2 OnpeaenuTs MOJIHOE COMPOTUBIICHUE 1IENH Z.

3 OmnpenenuTh TOK B UENH U HANPSHKEHUS HA OTJIENBHBIX €€ y4acTKaxX, MpH-
HSIB HalpshKEHUE Ha 3akuMax uctounuka paBHeiM DJIC ucrounuka E (U,, = E).

4 Onpenenuth akTUBHYIO P, peakTuBHYI0 Q M MOJMHYIO S MOIIHOCTH, OT-
JIaBa€MbIE€ UCTOYHUKOM JJIEKTPOIHEPTUH.

5 Tloctpouth B MacmiTabe BEKTOPHYIO JAHarpaMMy TOKa U HampsHDKEHUH
[ETH, HAa KOTOPOH M300pa3uTh HAIIPSHKEHUS [Tl KaXKI0TO DJIEMEHTA 1ICTIH.

6 OnpenenuTh Ha BEKTOPHOM auarpamMme IMOKa3aHUs BOJIBTMETPA, IMOJI-
KIIFOYEHHOTO K YKa3aHHBIM TOUYKaM LIETIH.

7 OnpenenuTs 4acToTy TOKA f, IPU KOTOPOM B JAHHOW LIENU BO3MOXKCH
PE30HaHC HAIPSKEHUN.

PeaktrBHBIE COMPOTUBIEHUS KaTylIeK X U KOHJIECHCATOPOB X, OIpeie-

JIIFOTCSA B COOTBETCTBHUU C BBIPAKEHUSIMU:

X, =2nfL;
1
¢ 2nfC

rae f — dactota nepeMeHHoro Toka; L — nHnyktuBHOCTh Karymku; C —
€MKOCTb KOHJIEHCATOpa
[TonmHOE COMPOTUBIEHUE LIENTU HAXOAUTCS U3 BBIPAKEHUS:

Z:\/(ZR1)2 +(ZXU'ZXG)2
rae Y R, Y Xi; Y X — cyMMa aKTHBHBIX, WHIYKTUBHBIX M PEAKTUBHBIX

€MKOCTHBIX CONPOTUBIICHUIN JIEMEHTOB IICTIH.
OO1mMii TOK B IIENX HAXOIUTCS B COOTBETCTBUH C 3aK0oHOM Owma:

MoOIIHOCTH UCTOYHUKA HAXOATCS U3 BRIPAKCHUS:
S=U-I=I"Z; P=I"Y R; Q=T"(>.X;;-> X))
[Tocne onpenenenusa HanpsixeHui Ha akTUBHBIX (Ug; = IR) 1 peakTUBHBIX
smemenrax (U, =I-X;; Uy=IX) crpourcss BexkTopHas amarpamma LU.
Jlnst aTOoro HeoOXoAMMO BRIOpaTh MacTad TOKAa M; W HAMPSOKCHUH M, U OIpe-

nenuTh JuHYy BekTopoB I, U, pasmenuB 3HaueHUsS TOKOB W HAIPSHKEHUH HA
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BbIOpaHHbBIM MacTad. [locTpoeHne HaUMHAETCS ¢ PACIIONIOKEHUS BEKTOpa TOKa
I; Ha ocu X. Bekropa Hanpsbkenuit anementoB uenu Uy, Ug; pacnionaratorcst oT-

HOCHTEJILHO BBIOpAaHHOTO BekTopa I B COOTBETCTBHMM ¢ XapakTepoM MPHEMHHKA
(R, L, C). CymMMa BEKTOpOB HaNpsDKEHUW Ha OTACIBHBIX AJIEMEHTaX Lemu
JOJI’)KHA JaTh BEKTOP HANPSKEHUsI UCTOUYHMKA, paBHbIM DJIC ncrounuka.

N3 BexkTOpHOI AuarpamMmbl OmpeaensieTcs moKa3aHue BoJbTMeTpa. Peso-

HaHCHas 4acToTa f, ONpEIeNsieTCs U3 PaBEeHCTBA Z XL =Z Xei .
Tabauya 3.1 — Hcxoounsie 0annvle 0151 paciemos

Bapu- No U, Cl1, C2, C3, L1, L2,
aHT puc. B MK® | MKD | Mx® | mI'H | M[H
3.1 150 00 100 200 20 50
3.7 150 o0 200 00 100 110
3.2 100 | 200 300 00 0 20
3.6 100 | 1500 00 1000 80 70
3.3 120 00 00 150 10 40
3.9 120 00 o0 300 16 25
3.4 200 | 300 500 00 100 0
3.10 | 200 100 150 ) 30 0
3.5 220 00 250 350 70 90
10 3.1 220 150 00 500 10 15
11 3.6 150 | 600 0 800 0 30
12 3.3 150 o0 1000 00 90 80
13 3.7 100 00 150 00 40 80
14 3.2 100 160 200 o0 70 50
15 3.8 120 100 0 00 90 50
16 34 120 | 350 00 260 40 60
17 3.9 200 | 230 330 00 60 70

ox
= =
28

OR[N N[

=N I=IEN11~N N=1-) STl =N~ To oSl N RV fy [

Wo|GIB|w oo |uncolw|a|S|w ol RS

18 3.5 200 o0 220 700 50 80 20

19 3.10 | 220 0 400 00 100 80 12

20 3.9 220 | 1000 | 700 600 0 100 0 25
21 3.1 150 | 700 00 900 0 45 4 4
22 3.6 150 | 400 o0 350 110 0 10 20
23 3.3 100 00 100 400 30 0 10 6
24 3.1 100 o0 160 210 0 90 7 15
25 3.2 120 | 300 500 700 0 90 0 15
26 3.8 200 180 o0 280 85 0 10 10
27 3.4 200 0 200 00 50 70 10 8
28 3.1 220 o0 750 0 120 105 15 15
29 3.5 220 150 200 300 25 0 14 0
30 3.9 150 | 850 o0 900 0 115 5 4
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3.1 [IpakTnyeckasi padoTa Mo pacyery neneil CHHyCOMIAJLHOIO TOKA
¢ MocJ1eI0BaTeJILHBIM COeJUHEHHEM MPHEMHUKOB

Cxewma 1ienu npuBeieHa Ha pucyHke 3.11

=] L1
o *» YT
c2
oW T
B2 L2
o— |4 VYN

Pucynox 3.1 — Cxema nocnedosamenvroul yenu
Wcxomaubie qanHbIe A1 pacyueTa:

U = 150 (B); f = 50 (Tn); R, = 15( Om); R, = 20 (Om); L, =10 (MT'n),
L, = 100 (MT'n), C, = 200(MK®D)

Penrenue:
3Ha4YeHUsI PEaKTUBHBIX COMPOTUBIICHUM:

X, ,=2-m f-L;-10°=2-3,14-50-10-10° = 3,14(Om) ;
X,,=2-mf-L,-10°=2.3,14.50-100- 10" =31,4(0Om);;
XC2=L=15,9(OM).
2. f-C,

3Ha4YeHHUE MMOJTHOTO COIIPOTUBJICHUSA LCIIN:

7= \/ZR f(3x,-Y X)) \/R +R, ) +(X,+X,, X, )’
Z=\/(15+20)2 +(3,14+31,4-15,9)" =41,2(Om)
U_ 150

[=—=—=364(A)
7 412

HaHpﬂ)KCHI/ISI Ha 3JICMCHTAX IICIIN
U, = IR, = 3,64-15 = 54,6(B):;
U= 'R, = 3,64-20 = 73(B);
U =Xy, = 3,643,14 = 11,4(B);
UL, =Xy, = 3,64-31,4 = 114(B);
Ucs = - X = 3,64-3,14 = 58(B).
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[Toctpoum BekTopHyto nuarpamMmy U, I. Beibepem macmtadsl Toka ml u
HanpspkeHud mU:

mI:&; mU= 50—B
lem lem

PaznenuB 3HaueHNs TOKa W HANPsHKEHUN HA MacIITaObl, MONIYYUM JIJTHHY
BEKTOpa TOKa paBHYIO 3,64 cM.
JIMHBI BEKTOPOB HANPSKEHUIN:

luri=1,1(eM); lyro=1,5(cM); 1yr1=0,2(em); Lua=2,5(em); lycea=1,2(cm).

BekTopa nanpsokenuit (Uy, omepeskaroT BeKTop Toka I Ha 90°, a BEKTOp
U-» orcTaeT ot Bekropa I Ha 90°.

Ha pucynke 3.12 npuBeaeHa BeKTopHas auarpamma U, I mermm.

A 4
v

Pucynok 3.2 — Bekmopnas ouacpamma yenu

[Toka3zaHusi BOJIbTMETPA ONPEACIISAIOTCS U3 BEKTOPHOM JUarpaMMBbl:
V= ZUU U,
JInvHa BekTOpa

IV = ZZULi _lUC2 = 2,7'132=135 (CM)

Hanpsoxenus
U=1,5-50=75(B).
JlniHa BekTopa ob1iero HanpsbkeHusd ly = 3(cm). 3HaueHue HanpsKeHus
enu
U =3-50 = 150(B).
Llenb HOCUT aKTUBHO-UHAYKTUBHBIN XapaKkTep, TaK KaKk yroJi caABHra ¢as
¢ Mexy Bektropamu U u [ Gosbiiie HyIis

cosp, = RIFR2 15420 ¢ o0
Z 412
sing, = XL1+XZL2—XC2 _ 3,14+j>11,;1-15,9 0452,
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ITonHast MOIIIHOCTB IIEITH
S =U1=150-3,64 = 546(BA).

AxtuHas (P) u peaktuBHas (Q) MOITHOCTH LIETIH:
P=I-U-cosp,=3,64-150-0,85=464(BT)
Q=I-U-sinp,=3,64-150-0,452=247(BAp)

AKTHUBHasI MOIIHOCTh TOTpeOuTENCH

P..,=> P=P+P,=I"-(R,+R,)=3,64"(15+20)=464(B1) .

PeakTuBHast MOIIIHOCTH OTpEeOUTENEH

Quory =2, Q=Q, +Q, Qe =I* (X, +X ,-X,)=3,64(3,14+31,4-15,9)=247(BAp)

MourHOCTh UCTOYHHMKA PABHA MOIITHOCTH MTOTPEOUTENEH.

3HaueHUE PE30HAHCHOM YaCTOThl HAXOIMM U3 PaBEHCTBA

Z X ZZ Xei :

X1+ Xio= X3

2. f (L +L,) 10'3—L
p 1 2 2.7[.pr2 )

10°

TR

1 10°
2.m \[(L,+L,)-C, -

fo=

[Toncrasus B ypaBHeHue f, 3Hauenus Ly, L,, C,, momyuum:

_ 1 10°
2-3,14 \ (10+100)-200

£ =34(I'u)
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4 KPATKHE TEOPETUYECKHUE CBEJEHUA 110 PACHETY
CJIOXKHBIX HEITEM CHHY COUJAJIBHOI'O TOKA METOJIOM
IMPOBOANMMOCTEHN

Jlana pas3BeTBI€HHass ILeNb OAHO(MA3HOTO CHHYCOHUJANBHOTO TOKa
(puc. 4.1), cocrosmas U3 Tpex BETBEH: ABYX MapajlienbHbIX 1, 2 U BETBU 3, CO-
€IMHECHHOMU MOCIEN0BATEILHO IO OTHOIIICHUIO K BETBSIM 1, 2.

U
- )
1
R1 R2 D E’ETH
U12 i'z
c1 c2 c3 TUE
—gu L
2

2 L3

Pucynox 4.1 — Cxema snexmpuueckou yenu

Ucxonnble gaHHbIe Uil pacy€Ta Mo JaHHOMY pa3ieny IpUBEIEHBI B Ta0-
mure 4.1. JIyig pereHust uCroib3yeTcs MeTO ] YKBUBAIICHTHBIX TTPEOOpPa30BaHUIA:
pacueTHas 1enb NPUBOJUTCS K 3KBUBAJEHTHOMY CONPOTHUBIEHUIO Z,, OINpeJe-
JsieTcs OOIIMI TOK B 1enu ( B JAHHOM Cllydae JJIsi BCEX BapUAHTOB ATO OyaeT
TOK I3), a 3aTeM «pa3BopauuBas» 1enb B 00paTHOM MOCIEA0BATEIIBHOCTH, OIpe-
NENSI0T TOKHU, HAMPSDKEHUSI B BETBSIX, MOIIHOCTH, YIJIbl cABUTA (a3 @i, @i, ¢g
MEK]1y TOKOM U HalpsiKEHWEM Ha OT/AEJIbHBIX y4acTKaxX.

[IpoBepky mpaBUIBHOCTH pacy€Ta MPOM3BOAAT COCTaBJICHHEM OajlaHca
MOIITHOCTEH.

AXTHBHAsI MOIITHOCTh HCTOYHHUKA:

P,=U-1;-cosg,
PeakTuBHAst MOIIIHOCTh UCTOYHHUKA!
Q,=U,-L:-sing,
AKTHBHBIE MOIITHOCTH TTOTPEOUTENCH B BETBSIX:
—_T1? .
Pl_Il ’Rla
P,=[-R,;
272 29
_712
P,=I}-R,
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PeakTuBHBIE MOIIIHOCTH MTOTpEOUTENEH B BETBSIX
_12.v .
Ql _Il 'Xl’
2. .
Qz —Iz'Xz’
12
Q3 —13'X3

B nocnegnem BeipaxeHun X;, X, X3 SBISIIOTCA PE3YJIbTUPYIOIIUMH BE-
JIMYMHAMU HHAYKTUBHOTO M €MKOCTHOI'O COIPOTHUBJIEHHN COOTBETCTBYIOIIUX
BETBEM.

bananc momHocren:

P,=P+P, + P,
Q0:Q1+ Qz +Q3

[Tpu cocraBiieHUH MOCIEIHETO PABEHCTBA BAXKHO MOMHUTH, YTO PEAKTUB-
HbI€ MOUTHOCTH MHJIYKTUBHOTO U €MKOCTHOTO XapakTepa UMEIOT pa3Hble 3HAKHU.
3aKaHUYMBAETCS pacyeT MOCTPOCHUEM BEeKTOpHOU auarpammbl U, I miist Bceit 1e-
M1, B KOTOPOM HEOOXoAMMO OToOpa3uTh 3akoHbl Kupxroda. [lepBwiii 3akoH
Kupxroda nns Bceit nemnu:

L=I+I,
Bropoii 3akon Kupxroda ans Bceli nenu
U,=Ug;+U 3 +U,
U12:UR1+UL1+UC1
U12 :URz +UL2 +Uc2

4.1 IlIpakTtuyeckass pabdora MmO pacyeTy CJIOXKHBIX LemNei
CHHYCOUIAJIBHOTO TOKA METOI0M NMPOBOAMMOCTeii

CxeMa nienu npuBeicHa Ha pUCYHKE 4.2.

U[)
q; )
1
R1 R |::|93TI3
u12 l'z
c1 c2 c3 T,_,_J

L1 L2 L3

Pucynox 4.2 — Cxema cnoarcnoti yenu
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Hcxonnbie nannHbie 118 pacyera:

Uyg = 220B, f = 50Ty, R; = 14 Om, R; = 20 Om, L; = 0,05 I'n,
L,=0,08T'n, L3 =0,045(I'n), C; = 80 (Mxd), C, = 112 (Mxd), C; = 0 (MKdD).
Pemenne

3HA4YECHUS pEaKTUBHBIX COMPOTUBIICHUM:
X, ,=2-n-f-L,=2-3,14-50-0,05=15,708(Om)
X ,=2-n-f-L,=2-3,14-50-0,08=25,133(Om)
X ;=2-7 f-L3=2-3,14-50-0,045=14,137(Om)

10°

10°

c1=

10°

2w f-C, 2-3,14-50-80

=39,789(0Om)

10°

o=

=28,421(0Om)

2w f-C, 23,1450-112

3HaueHME MOJHOTO CONPOTUBIIEHUS BETBEN 1, 2:

Z, \/ZR ZXLIZXCI

Z, \/ O R) +(D Xy Xe) =\/02+(25,133—28,421)2=3,228(OM)
AKTHBHBIC U PEaKTHUBHBIC TPOBOJUMOCTH BETBEH 1, 2:

R 14

—Li= ~=0,018

7} 27855

_Ry_ 0 _

A 7> 3,288

b= XX _15,708-39,789

Loz 27,855

XX 25,133-28,421

Z2 3288

[Tonnas npoBoAMMOCTH yyacTka 1,2:

)’ =147+ (15,708-39,789)" =27,855(0m)

1=

=-0,031

b,=

=-0,304

Vo= (Q,+,)*+(b, +b,)> =1/(0,018+0)*+(-0,031-0,304)* =0,336(Cm)
ITonnoe COIIPOTHUBJICHUC TTApAJJICJIBHOT'O YUAaCTKa

Z,=——=—1_ 5 979(0m)
y,, 0336

OKBHUBAJICHTHBIC aKTHBHOE M PEAKTHBHOE COMPOTHBIICHUS MapauieIbHO-
ro yJacTKa:

R,,=(q,+q,)-Z,,"=0,018-2,979°=0,16(Om)
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X,,=(b, +b,)-Z,,2=(-0,031-0,304)-2,979*= -2,.975(Om)
9KBI/IBaﬂeHTHOC IMMOJIHOC COIIPOTHUBIICHUC MTAPAJIICIIBHOI'O YHaCTKa
Z, =Ry +R,)% +(X 5 +X,p)? =4/(20+0.16)% + (14,137 = 2,975)* =23,044

3HadyeHne 00IIETo TOKa B I[CH
U, 220
CZ, 23,044
Hanpsxkenue nmapaninenbHOro yyacrka
U,,=1,-Z,,=9,547-2,979=28,441(B)
3HaYeHHUE TOKOB B MapaJIJICTbHBIX BETBAX

3 =9,547 (A)

3

p=Je 284w
Z, 27855

Izzh:%:8,65(A)
Z, 3288

HanmeeHI/Ie Ha 2JIEMCHTAaxX LCIIU
U,,=I-R,=1,021-14=14,295(B) ; U,,=I,-R,=9,547-20=190,938(B)
U,,=1,-X,,=1,021-15,708=16,038(B) ; U,=I,-X,,=8.65-25,133=217.408(B) ;
U,,=1,-X,,=9,547-14,137=134,966(B) ; U,,=I-X_,=1,021-39,789=40,626(B) ;
U,=1,-X,=8,65-28,421=245,849(B) .

VYron casura ¢a3 Mexy ooruM TokoM I3 u HanpsikenueM Uy
R,+R; 0,16+20

COSQ,= =0,875
Po R, 23,044
sing, = X,+X ;5 _ -2,975+14,137 0,484
R, 23,044
Vel casura a3 MEx Ty TOKaMH U HAPSHKSHUSIME B TIAPaJUICTbHBIX BETBSIX
COS([)IZ&: 14 =0,503
Z, 27,855
¢, =59,8
. X _X ’ - ’
sing, = 2uXer 15,708-39,789 —-0.865
Z, 27,855
[lenb 1 HOCUT aKTUBHO-EMKOCTHBIN XapaKTep
) 0
CosQp,=—==———=
Z, 3,288
¢, =90°
sing, = XX _ 25,133-28,421 _q
Z, 3,288
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[ens 2 HOCUT EMKOCTHBIN XapakTep.
BekropHas nuarpamma, npejnctaBieHHasl Ha pucyHke 4.3, CTpOUTCS B CO-
OTBETCTBUHU C YPABHECHUSMU:

W

14 40 8

3

lem leas

ml

<
w CI
(@)

E12 X
Pucynox 4.3 — Bexmophas ouazpamma

IlosHasg MOIITHOCTE LIENH
S=U,-1,=220-9,547=2100,34(BA)

AKTHBHAS U PCaKTUBHASA MOIITHOCTHU UCTOYHHKA:

AKTHBHasI MOIIIHOCTh
P,=U,-L;-cos,=220-9,547-0,875=1837,4648(BT)
PeaktrBHAs1 MOIITHOCTH
Q,=U,-L,-sinp,=220-9,54-0,484=1017,3826(BAp)

AKTHBHAS U PCaKTUBHAS MOIITHOCTDH HOTpe6I/ITCJ'I$IZ

AKTHUBHAS MOIITHOCTH
P =P, +P,=[;-R,+I;-R,=1,021>14+9,547>-20 = 1837,4648(Br)
PeaktnBHas MOIIIHOCTbB:
Qy=Q,+Q, +Q, =1} (X, X (X, - X X =
=1,021°-(15,708-39,789)+8,65°-(25,133-28,421)+9,547°- 14,137=1017,3826(BAp)

MoIIHOCTh HCTOYHHUKA PaBHA MOIIHOCTH MOTPEOUTENEH, Clie0BaTeIbHO,
OataHC MOIITHOCTH BBITIOJHEH. 3ajjaya perieHa BEpHO.
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Tabnuya 4.1 — Hcxoounsie 0annvle 07151 pacuémos

BaDI/I- foa Rl, C1. Ll, RZ’ C’)-. LZ’ R3’ C’&. U’ LT
aut | Ty | Om| MK®| Tu | OM |Mx®| I'H | Om| mx® | B 3 L H
11 50| 20| 100| O,1 0 | 80 0 15| 210 | 12| 0,02
12 100| 12| 100| 0,026] O 0 0,05 30| 70 24| 0,046
13 | 400 16| 23 | 0,09 24| O 0 40 6 36 0,03
14 | 250 10| 90 | 0,045 20| O 0 15 60 48| 0,015
15 300 O 5 0,06 50| 9 0 40 11 60| 0,037

16 100 60| 15 | 0,08 0| 70 0 0 24 | 110, 0,1
17 250 6 1301 0,0054 0 | 64 | 0,006/ O 90 127 0
18 100 O 60 | 0,084 35| 38 0,07 0 0 220 0,04
19 100 20| 55 | 0,048, O 18 0,1 0 0 280 0,09
20 50| 13| 140 0,068, 0O | 70 | 0,062| 25 0 380 0,08
21 300 O 50| 0,03 16 | 40 | 0,008 17 0 121 0,02
22 |1 400f O 20 0,01 70| 6 0,03 | 30 0 241 0,02
23 50 | 20 0 0 9 [ 300 0,05 40| 90 36 0,1
24 | 300 5 0 | 0,009 0 | 60 | 0,005| 9 100 | 48| 0,0045
25 100 15 0 0,06 0 15 0,07, 17| 50 60| 0,05
26 | 250 6 | 130 0 12 | 115 | 0,03 0 30 | 110] 0,013
27 100 15 0 0,03 0 | 63 0,06 20| 30 | 127 0,04
28 100 40 0 0,05 0 | 26 01 50 14 | 220 on
29 50| 14| 80 | 0,05 0O [ 115 0,08 | 20 0 280 0,04
30 | 250 O 40 | 0,008 25| 80 | 0,032 12 0 380 0
31 100 O 25 |1 0,035 15100 | 0,02 20| 60 12 0
32 50 0 112 0,08 16 | O 0,05 15 40 24 0,1
33 100 15| 80 | 0,08 | 18 | 50 0 0 30 36 0,1
34 100 32| 40 | 0,06 0 0 0,03 25| 117 | 48| 0,06
35 2501 15| 60 0 0 38 0,01 | 20| 20 60| 0,0075
36 50 | 40 0 0 30 | 120 | 0,15 0 80 | 110] 0,063
37 150 10| 130 0 0O | 60 | 0,025/ 15| 200 | 127 0,01
38 2000 O 0 0014 12| O 0,02 0 50 | 220, 0,009
39 100 32| 32 0 20 | 100 | 0,04 | 25 30 | 280 0,03
40 | 250 O 0 0,02 0 | 40 0,01 20| 50 | 380 0
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5 KPATKHE TEOPETUYECKHUE CBEJIEHUA 110 PACYHETY
CJOXHBIX NEITEU CHHYCOUJAJBHOI'O TOKA
CUMBOJIMYECKUM METOAOM

Pacuer ocymecTtsisiercs Ha nnpumMepe uenu (puc. 4.2).
Bnauasie onpenenstorcs MoJHbIE CONPOTUBIIECHUS BETBEN B KOMIUIEKCHOM
dbopme:
Z,=R +y- (X -X¢))
Z,=R,+y-(X,-X,)
Z;=R+y- (X 5-X3)

DKBUBAJICHTHOE IOJHOE COMPOTHUBIICHHE MApaJICIBbHOTO Y4acTKa OIIpe-
aensercs no gpopmyse:

DKBHBAJICHTHOE TTOJIHOE COIIPOTUBJICHUC BCeH 1enu
2572572

OO0l TOK LENHU:

U
==
c)

HanpsixeHnue napanienbHOTO ydyacTka

U, =I_3'le
Toku mapajuIeIbHBIX BETBEU
U12 U12
[==—, ==
-4 T L
Hanpsixenue tpeTseii BeTBU
=]

Bekropuas quarpamma U,I cTpouTtcs Ha KOMIUIEKCHO# TIOCKOCTH B CO-
OTBETCTBHHM ¢ ypaBHeHUsIMH Kupxroda:

L=l
Uy=Uy,+U,
ITonHas MOIITHOCTH BCEH e
S=U,-1; ,
rae 13* — COMpPsDKEHHOE KOMILUIEKCHOE 3HAYEHHE OOIIEro TokKa
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5.1 Ilpakrtuueckas

padora mo

pacyery CJIOXKHOH  1enu
CHHYCOUJIAJIBHOT0 TOKA CHMBOJINYECKUM METOA0M

Ucxonubie qanHble Juisl pacyeTa:

Uy =220 (B), f =50I', Ri= 14 (Om), R3 = 20( Om), X;; = 15,702 (Om),
X2 =25,133 (Om), X;53 = 14,137 (Om), Xc; = 39,789 (OMm), Xcp = 28,421 (Om).
Pemenne

[TostHBIE COMPOTUBIIEHUS BETBEU

Z,=R +y- (X, -X o, )=14+y-(15,708-39,789)=14-y24,08
Z,=R,+7-(X,-X ,)=0+7+(25,133-28,421)=-73,288
Z, =R, +y- (X ;-Xy)=20+714,137

[TorHOE COMTPOTUBIICHNE MAPAILIEITHHOTO yUaCTKA:

N

1 ZVZ2 _ (14-424,08)(3.288)

- = =0,16-y2,975
ZI+72  14-y24,08-y3,288
IlomHoE COIIPOTUBJICHHUC BCen ICIIN:

Z, :E +7,=0,16-y2,975+20+y14,137=20,16+y11,162
OO0mui TOK LEenu:

[=== 220 =8,352—74,624
20,16+y11,162

1,=+/8,3522+4,6247=9,547(A)

Hanpsixenue napamienbHOro yd4acTka:

U,=LZ, =-12,419-v25,586

U12=\/1 2,419°425,586° =28,441(B)
Toku mapaymienbHbIX BETBEU

—12,419-725,586 _ 0.57—0.847
14—y24,081
1,=4/0,572+0,847> =1,021(A)
u, - _
- Ye _-12,419 y25,586:7’781_y3’777
= Z, —v3,288

U
[=—=
Z

1,=1/7,781°+3,777> =8,65(A)
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HamnpsikeHnue tperbeit BeTBU:

U,=1,Z,=(8,352-y4,624)-(20+y14,137)=232,419+y25,586

U,=4/232,4197 425,586 =233,823(B)
[ToHas MOIITHOCTH LIETIH

S=U,T; =220:8,352+74,624) = 1837,44+y1017,28

S=\/1837,442 +1017,28%=2100,3204(BA)

AxTtuBHas momHocTh nenu P = 1837,44( Bt)

PeaktuBHas momuocts nenu Q = 1017,28 (Bap)

WX 3HaueHHs MPaKTUYECKU COBMAAAIOT CO 3HAUYECHUSIMH MOIIHOCTEH, IO-
JYYEHHBIMU B MPEAbIAYIIEH 3a1a4e.

m Ay N8

lem Tewm
+.,Y

Pucynox 5.1- Bekmopnas ouazpamma U,1
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6 TPEX®A3HBIE DJIEKTPUYECKUE LEIIN

CxeMma TpexdaszHoro renepaTopa npuBeeHa Ha pucyHke 6.1.

Ha crarope mammHbl nepeMeHHOro TOKa (CHHXpPOHHOTO T€HEpaTopa) pas-
MEIIEHbI TPU CAMOCTOSITEILHBIX BUTKA WJIK OOMOTKH, CMEIICHHBIX JPYr OTHO-
cutenbHO npyra Ha 120°. Hauana oomotok — A, B, C, kouue — X, Y, Z.

Potop

Crarop

X

E. L

T

L4

Pucynox 6.2 — 3J]C 6 ghazax obmomku eenepamopa

OTtnenpHBIE OOMOTKH Ha3bIBAIOTCS (a3zamMu, a TEHEpaTop — Tpexda3HbIM.
[Ipu Bpamienuu poropa reHepartopa (a BMECTE ¢ HUIM M MarHMTHOTO MOJsl, CO3-
JlaBaeMoOro B €ro 0OMOTKe) B OTHEIbHBIX (a3zax HaBojsaTcs DJIC, Ha3pIBaeMbIe
(da3HBIMHM, KOTOpbIE H3MEHSIIOTCA 10 CHUHYCOMJAIIbHOMY 3aKOHY U CMEIICHBI
JIpYT OTHOCHUTENBHO JApyra 1o ¢asze Ha 120°. OHu HampaBieHbl 0T KOHIOB X, Y,
Z a3 x ux Havanam A, B, C (puc. 6.2).

MruaoBeHnHoe 3HaueHue DJ[C

ea=Em-sinot, eb=Em-sin(wt-120"), ec=Em- sin(mt-240°)
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Maxkcumyma 3/IC nocturaet BHavaine B gasze A, 3areM B (asze B, a motom
B ¢aze C, (puc. 6.3). D10 npsmas MOCcIeA0BATEIBHOCTh YepeoBaHus Ga3 u oHa
MOJIy4aeTCsl TIPH BPAILIEHUH POTOpa MO YaCOBOW CTPEIIKE.

Pucynox 6.3 — I pacghuxu uzmenenus 3/]C

[IpuBeICHHBIM KPUBBIM COOTBETCTBYET BekTOopHas auarpamma DJIC Tpex
da3 (puc. 6.4).

Pucynox 6.4 — Bexmopnas ouacpamma 3/{C cenepamopa

Cucremy tpex D/IC, paBHBIX 110 BEITUYMHE U CMELIEHHBIX JPYT OTHOCH-
TenbHO Apyra Ha 120°, Ha3bIBaeTCs CUMMETPUYHOH, TpexdaszHnoil. Tpexdasubie
reHepaTopbl UMEIT cuMMeTpruuHyto cucteMy JDJ1C. [{ns Hee XxapaKkTepHo:

Ea+EB+Ec=0. Ua+Ub+Uc=0 Ia +Ib +Ic = 0

Jis cummetpuuHo# TpexgaszHoi cuctemsl cymma J/1C, HanpspkeHui
¥ TOKOB OTJIETBHBIX (pa3 B KaXKIbId MOMEHT BpeMeHH paBHa 0.

B kaxnoit Qasze moanepKUBAIOTCS CHHYCOUAATIBHBIE TOKHM CMEIICH-
HBI€ JIPYT OTHOCUTENBHO Jpyra Ha 120°.
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6.1 Cnioco6b1 coennHennsi (pa3 HCTOYHUKOB M PUEMHHUKOB

®da3bl COCMUHAIOTCS MPOBOJAMU C MPUEMHHUKaAMU Z,, Zy,, Z., B KOTOPHIX
BO3HUKAET MEPEMEHHBIN TOK (puc. 6.5)

¥

la
—_—

£3a
£ b
/f \ il
e Ea B
c b

o
lc

Pucynox 6.5 — Cxema mpexgasznoeo eenepamopa uz mpex camocmosmenbHbix
yeneti

JInist yMEHBIICHNS YUCIia IPOBOJIOB, KOTOPBIMU COEIUHSIOTCS UCTOYHUK H
MPUEMHHKH, pacxoja JACQUIMTHBIX MaTEpUajoB U 3aTpaT HA COOPYKEHHUE JIH-
HUH 3JIeKTpornepeaay, oTaenbHble (a3bl HCTOYHUKOB COCTUHSIOT MEXIY COOOM
«3BE3/10M» WUIIN «TPEYroJbHUKOM». [Ipu coequnennn «3Be3noi» (puc. 6.6) KoH-
bl X, Y, Z pa3 00bequHSAIOTCS B OJIHY OOIIYI0 HEUTpaabHyI0 TOUKy O.

ol

‘,LT

0l

&

Pucynok 6.6 — Cxema coedunenus ¢as cenepamopa u npuéMHUKA «36€3001i»
[Ipu coenuneHun «TpeyroabHUKOM» (puc. 6.7) KOoHel nmepBou ¢asbl Co-

CAMHSIOT C HA4aJIoM BTOPOU (ha3bl, a KOHEI] BTOPOU (a3bl ¢ HAYAJIOM TpeThel
¢a3bl, a KOHell TpeThel (a3bl ¢ HaYaIoOM MepBOM (asbl.
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B o0oux cnyuasx Hauana A, B, C Tpex ¢a3 UCTOYHHMKA C TOMOIIbIO TPEX
JVHENHBIX MPOBOJOB MOAKIIOYAIOTCS K NPUEMHUKAM 3JIEKTPUUECKON YHEPruu,
KOTOPBIE TAK)KE COCTUHSIOTCS «3BE3/10M» WU «TPEYTOJIbHUKOM .

Uab | Uca

Ubc

S # w————————
T

1

Pucynoxk 6.7 — Cxema coedunenus ¢gpasz eenepamopa u npuémHuxa
«MPey2oIbHUKOM »

3a nonoxutenbHoe HanpapiaeHue JJ[C u TokoB B ¢da3ax UCTOUHHUKA TIPH-
HUMAIOTCSl HANpPaBJIICHUS OT KOHIOB (a3 K ux HauvajgaM. DasHbie HaNpsHKEHUS
HaIlpaBJIe€Hbl B MPOTUBOIIOJIOKHOM HarnpaBiieHn. Da3Hble HANPSHKEHUS U TOKH:
[IPU COCAUHEHUU «3BE310M»:

U, U, UL I.I
[Ipy coeTMHEHUH «TPEYTOTBHUKOM» !
U;1 ’U'b ’U'c ’Iab ’Ibc ’Ica
JIMHEWHBIMU HA3BIBAIOTCS HANIPSHKEHUS MEKIY JTMHEUHBIMU MMPOBOJAMH:
U ab ’ch ’U ac

JIMHEWHBIMU TOKAMU SIBJISIFOTCS TOKH B TPEX JTMHEHMHBIX MPOBOAAX, COEIU-
HSIONIUX UCTOYHUK U IPUEMHHUK:

I[.I.I

a’> b2 ¢

6.2 CooTHomeHue Mex1y (pasHLIMHU U JTUHEHHBIMH HATIPSIKEHUSIMHU
HUCTOYHUKOB COeTMHEHHBIX «3Be3/10ii»

Jlnst yrmporeHus aHajivu3a COOTHOIICHUH B Tpex(a3HbIX Iemsax Oyaem
npeHeOperaTh MajieHUeM HaIpPsDKEHUST BO BHYTPEHHUX COMPOTHUBIICHUSIX UCTOY-
Huka. Torna gng coeamHenus ncrouynukosn 3Be3gon U', = E,, U'y, = E;, U'. = E..
Ha ocHOBaHuU 3TOr0 MOXHO CJelaTh BBIBOJ, YTO €CJIH I€HEepaTop UMEET CHUM-
MeTpuuHyto cuctemy DJIC, To ero ¢ga3Hple HAPSHKCHUS TaKKe CHMMETPUYHBI,
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a BEKTOpHas auarpamMma (ha3HbIX HANPSHKEHUNW HE OTIMYAETCS OT BEKTOPHOM
nuarpammbl DJIC reneparopa (puc. 6.8)

Pucynox 6.8 — Bexkmopuwvie ouazpammovl (pazuvix u IUHEUHBIX HANPAHCEHU
npU COCOUHEHUU UCTNOYHUKA «38€30011»

Ha ocHoBanuu ypaBHEeHUI 1o BTOpoMmy 3akoHy Kupxroda ans KOHTYpoB
Oag; O, O,gc, O, Oca, O, moayunum ypaBHEHUs, CBS3bIBAIOLIME JIMHEHHBIE U
(ha3HbIC HATIPSKEHUS

Hcnonp3yst 3TH BBIpAKEHUS, CTPOUM BEKTOPBI JTUHEHHBIX HAMPSIKCHUN
(puc. 6.8a).

W3 BEeKTOpHOI IuarpaMMsbl CIE€IyeT, YTO IPH COCAVNHEHHH HCTOYHHKA
3Be3710M JIMHEHHBbIC HANpsHKEHUS PaBHBI M CABUHYTHI MO (pa3e OTHOCHUTEIHHO
apyr apyra Ha 120°. BekTopbl JIMHEHHBIX HANpPsDKEHUN M300pa)kaloT Yaile co-
SAUHSIONIMMH BEKTOpHI (pa3HbIX HampspkeHud (puc. 6.8,0). M3 BekTopHO# aua-
IPaMMBI CIEYET, YTO

V3

Uab=2-U;-sin60°=2-U'a-7= 3-U,

B O6HICM BHJAC COOTHOHMICHHUC MCIKIY JIMHEMHBIM HaIIpAKCHUCM U (1)&3—
HBIM IIPpU COCANUHCHUUN UCTOUYHUKA 3B63H0ﬁ
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U,=/3U,

[Ipn coenvHEHHM HCTOYHUKA TPEYTOJIBHUKOM, UCXOJd W3 2-TO 3aKOHa
Kupxroda v mpuHATHIX BeIpaKeHUH (cM. puc. 6.7):

U,=U,.U,=U,.U, =U,

[Ipu coenuHeHNN UCTOYHUKA TPEYTOJBHUKOM B OOIIIEM BUJE U UH =U¢, .

Bekropnas nuarpamma npuBeieHa Ha pUCYHKe 6.9.

BriBoa: He3aBUCHMO OT ciocoba coeuHeHus! (a3 UCTOYHUKA MEXTY JIH-
HEHHBIMU MPOBOJIaMU TpeX(a3HOU LIeNH CYIIECTBYIOT TPU OJIMHAKOBBIX 1O JeH-
CTBYIOILLIEMY 3HAYEHUIO JIMHEWHBIX HAIpPSKEHUS, CABUHYTHIX MO (a3ze OTHOCH-
TenbHO Apyr Apyra Ha 120° (25173). B ciyuae coenuHeHus (a3 UCTOUHHUKA 3BE3-
0¥ TMHEHHbIE HATIPSKEHMS OKA3bIBAIOTCA B /3 pa3 GOJIbIIE, 4eM IIPH COeIH-
HEHUH (a3 TOro ke UICTOYHUKA TPEYTOJILHUKOM.

Pucynok 6.9 — Bekmopnas ouazpamma ¢hasHvix u 1UHEHbIX HANPAHCEHUL
npu coeOUHeHUU UCMOYHUKA «MPEY2OTIbHUKOM»

6.3 CoennneHne MPUEMHHUKOB «3Be3/101i»

N3 cxembl coeguHeHUs: MPUEMHUKOB «3Be310W» (puc. 6.6) BUAHO, YTO
daznasie HanpspkeHus npueManka U,, U,, U, He paBHBI TUHESHHBIM HANPSHKCHU-
SAM Uab’ ch, Uca-

[Ipumensis Bropoii 3akoH Kupxrodpa B kontypax a0,ba,bO,cb,cO,ac,

MOJXHO IOJIYYUTH CJICAYIOIIMC COOTHOUICHUA MCKIY JIMHEVMHBIMU U (I)a3HBIMI/I
HaMIpsAKCHUSAMMU:

-

ab :Ua _Ub ’

Uca =U—c_Ua



BGKTOPHaH AuarpaMma 1npu COCAMHCHUHN IMPUCMHHUKOB <<3B63H0ﬁ>> B CIIy-
qac CPIMMeTpH‘{HOﬁ aKTHBHO—HHHYKTHBHOﬁ Harpy3Kkm IpUBCIACHA Ha PUCYHKC
6.10.

Pucynok 6.10 — Bekmophas ouazpamma npu coeouHeHuu npuemMHuKo8
«38€3001l» 8 cyuae CUMMEMpPUYHOU AKMUBHO-UHOYKMUBHOU HASPY3KU

Ona nmojoOHa BEKTOPHOM MarpaMMe UCTOYHHKA MPU COEIMHEHUU 3BE3-
noi. I mexnay nuHEeHHbIMHU U (pa3HBIMU HANPSHKEHUSIMU IPUEMHUKA CYHIECTBY-
eT mogo6Hoe cooTHomenue: U =\/§' U(b . MoXHO caienath BBIBOA: COEIUHEHUE

3BE3JI0M ClIeJlyeT MPUMEHATh B TOM cllydae, Korjaa Kaxnaas (asza tpexdasHoro
IIPUEMHHKA MM 0HO(a3HbIe IPHEMHUKN PACCUMTAHBI HA HANPSDKEHHUE B +/3 pa3
MEHBIIIEe, YeM HOMUHAIBHOE JIMHEHHOE HAMPSHKEHUE CETH.

N3 cxembl BUIHO, YTO MPU COCAMHEHUN MTPUEMHHUKOB 3BE3701 JIMHEUHBIE

TOKH PaBHBI COOTBETCTBYIOIMM (pasubim Tokam 1, =I .

ITo nepsomy 3akony Kupxroda I, +1;+I =I

s cummerpuunoit Harpysku 1, +1;+1 =0 u meobxomumocTs B HEil-
TpaJbHOM IIPOBOJIE OTHAIAET.

6.4 CumMerpuyHasi Harpy3ka T@pPH COeJUHEHUH TPHEMHHKOB
«3Be310H»

Harpy31<a CUuTacTCA CHMMCTpPI‘-IHOﬁ, Korga paBHBI B OTACJIBHOCTH aK-
TUBHBIC 1 PEAKTUBHBIC COIIPOTUBJIICHUA BCEX (1)2132
I.a :rb :rc
X a =X b =X c?
Xa =X La X Ca?
Xp=X1pXcp

Xc =XLC _XC

C
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CumMeTpuyuHas Harpys3ka Tpex(as3HOW Iend BO3HUKAET MpPH IMOJAKIIoue-
HUH K CeTU Tpex(a3HbIX MPUEMHUKOB (3JIEKTPOIBUTATEINH, FIEKTPOIEUH, HEKO-
TOPBIE AIIEKTPOMATHUTHI).

B orHomenun mo6oi (as3el cripaBeIMBBI Bce (POPMYIbI, MOTyYCHHBIE
panee s ogqHo(a3HbIX 1eneil. Hanpumep, ans ¢assl a:

. X
[, =—*; ¢, =arcsin —+;
Z, zZ,

P =I U cosp, =I>-R ;
Qa =IaUaSin(pa 5 Izzl Xa =I§. (XLa =XCa )’

S,=U_-1 =I§-Za = /P> +Q?

Tak xax U,=U,=U_=U, —T , TO IPU CHMMETPUYHOMN HArpy3Ke:

L=l,=I.=l;
(Pa =(Pb =(PC =(pq) ;
P =P =P =P,;
Q,=Q,=Q.=Q,;
S,=S,=S.=§,
MomHocTh TpéXha3zHOro MPUEMHHUKA, COETUHEHHOTO 3BE3/I0M,
P=3-P(b =3-U¢-Icp-cos<pcp;
Q=3-Q,=3-U, - I;-sing,;

$=3-S¢=3-U,-I,=y/P*+Q’

6.5 HecummerpuuHasi HArpy3ka NpH COeJIMHEHUH NPHEMHUKOB
«3Be3/10M»

Harpyska cumTaeTcss HECUMMETPUYHOM, €CIIU CONMPOTHUBICHUE XOTS OBl
OJTHOM m3 (a3 HE paBHO COMPOTHBIICHUSAM APYTHX (a3:

[=T, 15X, =X, #X,

HecummerpuuHasi Harpy3ka BO3HHUKAeT OOBIYHO MpPU MOIKITIOUEHUH K
TpexdasHoi ceTH 0JHO(A3HBIX MPUEMHUKOB PA3TUYHON MOIIHOCTH U KOJIHYeE-
ctBa. OHU BBIBOJBI MPUEMHHUKOB MOJKIIOYAIOTCA K TPEM Pa3IHYHBIM JIMHEH-
HBIM IMPOBOJIaM, a JAPYTrue BHIBOJBI MPUEMHUKOB BceX (a3 - K HEUTpalbHOMY
nposoay (puc. 6.11).
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OCOOEHHOCTBIO 3JEKTPUUECKON 1ETH MPU HECUMMETPUYHON Harpys3Kke siB-
asieTcst o0sA3aTenbHOe HAIMUKMe HeWTpaabHOro mpoBoja. IIpu HecuMmeTpudHOI
Harpy3Ke HapyliaeTcs paBeHCTBO TOKOB B (pa3ax. MIx cymma He paBHaA HYJIIO.

PR -
u+LJHh *Ljhf.: -
*LJtu: ‘
2,
In T
N # #
lla llh lll‘
1 4 26
= s o
72 Z5 Q"
o~  —H ’
23 Lk
o |
—_— -

Lla
Pucynox 6.11 — Coedunernue 00HOa3Hbix NPUEMHUKOS 36€30011

VYpasaenue Kupxroda a1 HyJIeBOil TOUKH

L+ +1 -I, =0

Ha pucynke 6.12 npuBeneHa BEKTOpHAsl JuarpaMMa TOKOB U HAIIPSKEHUI
IIPY HECUMMETPUYHON aKTUBHOM HArpy3Ke U COEAUHEHUU IPUEMHHUKOB 3BE3/10M.

Pucynox 6.12 — BekmopHas ouazpamma npu HeCuMMempuyHol akmueHoU Ha-
epy3Ke

[Ipu 0OpeIBe HEUTPATBLHOTO MPOBOJA (Pa3HBIE TOKH U HANPSHKEHUS MOTYT
U3MEHATHCS B IIUPOKHUX TMpeAesaXx B 3aBUCUMOCTH OT CONpPOTUBICHHS (Da3.
Ha onHux npueMHUKax HaIpsDKEHHUE MOXKET OBITh OOJIbIIE WM MEHBIIIE, TO €CTh
TAKOI'0 HaIpSDKEHMsI, HA KOTOPOE PACCUMTAHBI IPUEMHUKU. DTO HEAOMYCTUMO.
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Ha pucynke 6.13 npuBeneHa BeKTopHasi [uarpamma rnpu oOpbiBe HEUTpaibHOTO
IIPOBOJA.

Pucynox 6.13 — BekmopHas ouazpamma npu coeouHeHuu NPUEMHUKOS 36€3001
8 cIyuae HeCUMMEMPUYHOL HA2PY3KU U 00pble HellMPAIbHO20 NPOB0Oa

da3Hbie TOKH, YTl caBUTA a3 MEXKAY (a3HBIMH HANPSKCHUSIMH U TO-
KaMmH, (a3Hble MOUTHOCTH B LEMU C HEUTPAIbHBIM MPOBOJOM MOTYT OBITH pa3-
nuyHbiMA. OHH ONIPEACNAIOTCS 10 MPUBEACHHBIM paHee dopmynam. st ompe-
JIeJIeHUs] MOIITHOCTEH BeeX (pa3 cienyeT BOCIOJIb30BATHCS BHIPAKEHUSIMHU:

P=P_+P +P_;
QzQa +Qb +Qc
Tok B HEUTpaJIbHOM ITPOBOJIE Iy MOXKHO ONPEAETUTH IO BEKTOPHOU JHa-

rpamme, IOCTPOSHHOM B MacITaoe.

6.6 CoennHeHre NPUEMHHUKOB «TPEYTroJIbHUKOM»

Uab | Ueca

Ube

b e,

Pucynox 6.14 — Coeounenue ¢az npuemnuka «mpeyoibHUKOM»
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Kaxnas ¢asza npueMHuKa MOJAKIIOYEHA K JBYM JIMHEWHBIM MPOBOAAM
(puc. 6.14). IToaTomMy, HE3aBUCUMO OT 3HAYECHHUS W XapaKTepa COMPOTHUBICHUS

npuemMHuKa, kaxnoe (pasnoe Hanpsokenue U, =U, . ®asubie TOKH Ly, Ly, Loy HE

paBHBI THHEHHBIM TOKaM 1,1y, I.. [Ipumenss I 3akon Kupxroda s y3/10BbIX TO-
YeK a, B, C, MOJIy4aeM:

Ia:Iab _Ica’
I=I,.-L,
Ic:Ica _Ibc
C yderoM 3TOr0 CTPOWTCS BEKTOPHAs aHarpaMMa JIMHCHHBIX TOKOB
(puc. 6.15).
we]
I, Poo ot s
1Y . 60- J:
600 \‘ J..
!
r_a__: 120° _ ‘-" _
P ca 120° “
120°
120°
P s
Uca T &c
&C
I

]
Pucynok 6.15 — Bexkmophas ouazpamma npu coeounenuu npuemMHuKd

«MPEY2ONbHUKOM» 8 CTIyYae CUMMEMPUUHOU AKMUBHO-UHOYKMUBHOU HACPY3KU

Ha ocHoBaHuu BeKkTOpHOU auarpaMmsbl (puc. 6.15) npu cumMmeTpUdHON
Harpy3ke B 00IIIeM ciIydae

I,=2-1,-sin60°=v3-1
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N3 BeKTOpHOM AWarpaMMbl CIE€IYyET, YTO MPU CUMMETPUYHON Harpys3Ke
CYILIECTBYIOT CUMMETPUYHbIE CUCTEMbI (Da3HBIX U JIMHEHMHBIX TOKOB. BeKTOpHI
JMHEHHBIX TOKOB Yallle HM300pa)KaloT COCAMHSIONIMMH BEKTOPAMH COOTBETCT-
Bytomue Ga3zHeiM TokaM (puc. 6.16).

Pucynok 6.16 — Ynpowénnwiii 6apuanm 6ekmopHot ouazpammol TUHEUHbIX
MOKO08 U HANPANCEHUT

B OTHOIIICHUHA J'IIO6OI>1 (1)213131 CHpaBCI[JII/IBBI BCC (I)OpMy.]IBI, HOHY‘IGHHBIC
paHee JJIA OI[HO(I)aBHBIX ueneﬁ, HaHpI/IMep:
Uab .

ab

. X
@=arcsin —
z

ab
P,=I,- U, coso,, =I§b' R
Q=L Uy sing,, =I:b' X
S, =Uab-Iab=I’-Z_ =/P2 +Q>
O‘IGBI/II[HO, npu CHMMeTquHOﬁ Harpys3ke
Iab =Ibc =Ica =Iq) )
(pab =(Pbc =(pca =(Pq) )
Pab :Pbc +Pac :P(b
Qab :ch :Qac :Q(b )
Sab :Sbc :Sca :S(b
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i ompeneneHus: MOIIHOCTEH TPEX(PazHOro MCTOYHHKA MPU CUMMET-
PUYHOM Harpy3Ke BOCHOJIb3yeMcs (OpMYyIIaMHu:

2
P =3-1,-U,-cosp,=3-I;-R
Q =3-1,-U,-sing, =3-13- X,

S4=3-U,1,=I2.Z, =3 [P?+Q}

MOH_[HOCTI/I, BBIPA’KCHHBIC YCPEC3 JIMHEWHBIC HaIIPsAKCHUA U TOKH:

I-
3. Y, -COSQ,,

N

I- :
Q =3.= Y, -sing, =I;- X,

3
s =3 _p s =/P?+Q>
=1. \/5 =I,-Z,= +Q

p

6.7 HecumMeTpUYHAsA HATPY3KA

IIpu coequHeHnn 0AHO(pA3HBIX IPUEMHUKOB «TPEYTOJBHUKOM» KaXaast
rpynna IpueMHUKOB MOJKIIIOUAETCS K ABYM MPOBOAAM, MEXKIY KOTOPBIMU HMe-
eTCsl HamnpsDKEHUE, OTJIMJaroleecs no (ase OT ABYX APYTrUX HANpPSKEHHUH ceTh
(puc. 6.17). Ilocne 3aMeHbl TPUEMHUKOB Kaxa10M ()a3bl OJHUM NMPUEMHUKOM C
HKBUBAJICHTHBIM COMPOTHBIEHUEM U COOTBETCTBYIOIIETO MX PACIIONOXEHUS I10-
JYy9UM CXeMY, IIPUBEICHHYIO Ha pUCYHKe 6.14.
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Pucynok 6.17 — Coeounenue 00Hopas3nbix NpUEMHUKOE « MPeEY2OTbHUKOM»
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®da3Hble TOKH, YTkl caBura a3z Mexay Gha3sHbIMU HANPSHKEHUSIMHU U TO-
KaMH, a Takxke (a3Hble MOITHOCTH MOKHO ONPENETUTh KaK U JUIsi CAMMETPUY-
HOU Harpy3ku. OHU OyAyT B 00IIIEM Cllydae pa3IndHbIMHU.

BexropHas auarpamma i1 citydas, kornaa B (pasze aB (puc. 6.18) umeercs
aKTUBHas Harpyska, B (pase be - akTUBHO-UHAYKTUBHAs, a B (pa3e ca - aKkTUBHO-
€MKOCTHas, NpuBeAeHa Ha pucyHke 6.19. [locTtpoeHre BEKTOPOB JIMHEHHBIX TO-
KOB IIPOM3BEJIEHA B COOTBETCTBUU C TEMHU K€ BBIPAKECHHUSIMHU, YTO U MPU CHUM-
METPUYHOW Harpyske. 3ajady IO ONpeAesIeHUIO0 (a3HbIX W JIMHEWHBIX TOKOB
cienyeT pemaTth B KoMIuiekcHOU dopme. [Ipexae Bcero HeoOX0AMMO BbIPa3UTh
B KOMILJIEKCHOU (hopme (pa3HbIe HAMPSHKEHUS U TIOJIHBIE COMMPOTUBIICHUS (a3.
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Pucynok 6.18 — Cxema yenu ¢ necummempudHou Hazpy3Kou

TUM

Pucynox 6.19 — Bekmophas ouazcpamma (asHvix u TUHEUHbIX HANPANCEHUL U
MOK08 Npu COeOUHEHUU NPUEMHUKOB « MPEY20JIbHUKOM» 8 ClIyUae
HeCUMMEempPUYHOU HaA2PY3KU

Wcxonubie naHHbIe I pacdyeToB NMpuBeAeHbl B Tabaunax 6.1 — 6.4. Cxe-
MBI 1IeTIe mpUBEIeHBI Ha pucyHKax 6.20 — 6.21.
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Tabauya 6.1 — HUcxooHvie OanHble no wecmomy pasoeny O0as HeuemHbulX

HOMEpOo6 6apuarmoe

Howmep Un | R, Ry, R., Xa Xbs X
BapuaHTa | pucyHka| B Om Owm Om Om Om Owm
1 7.1 127 5 0 5 3 15 10
3 7.2 220 10 6 9 5 8 12
5 7.3 380 15 8 0 10 6 20
7 7.4 500 0 12 14 25 8 7
9 7.5 660 | 25 0 0 15 40 35
11 7.6 660 | 22 18 17 12 14 9
13 7.7 500 | 27 23 12 5 12 11
15 7.8 380 0 0 19 32 40 24
17 7.9 220 | 40 30 27 38 25 17
19 7.10 127 7 9 12 4 8 9
21 7.1 220 | 30 0 35 15 42 21
23 7.3 660 | 33 41 0 18 27 55
25 7.5 500 | 42 0 0 24 58 62
27 7.7 660 | 54 62 45 28 33 30
29 7.9 127 5 8 7 9 11 15

Tabauya 6.2 — Ucxoownsie dannvie no uiecmomy pasoeny 0iis YemHblX HO-

Mepoe eapuarmoes

Howmep Un R,, Ry, R,, Xa X, X
BapuaHTa | pucyHka| B Om Om Om OMm Om Om
2 7.10 660 52 48 55 28 34 22
4 7.9 500 45 38 24 35 20 15
6 7.8 500 0 0 35 65 70 28
8 7.7 220 12 18 23 8 17 21
10 7.6 127 7 10 11 9 15 16
12 7.5 127 6 0 0 12 18 22
14 7.4 220 0 24 15 33 28 18
16 7.3 500 38 44 0 25 32 54
18 7.2 500 29 35 42 41 27 37
20 7.1 660 58 0 38 6 65 42
22 7.2 660 43 52 60 31 40 25
24 7.4 380 0 27 29 30 18 34
26 7.6 380 20 37 40 27 25 30
28 7.8 220 0 0 21 15 18 19
30 7.10 220 4 8 12 37 29 33
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Tabauya 6.3 — Hcxoownvie Oannble no wmecmomy pazoeny Ois HeuemHublix

HOMepPOos 6apuarnmoe

HOMep Una Rab’ Rbc’ Rca’ Xaba Xbc’ Xca
BapuaHTa| pucyHka| B Om Om Owm Om OwMm Om
| 8.1 127 50 0 55 30 70 15
3 8.2 220 100 60 90 50 80 18
5 8.3 380 110 80 0 90 60 80
7 8.4 500 0 120 140 100 80 70
9 8.5 660 | 250 0 0 125 400 350
11 8.6 660 | 220 180 170 120 140 90
13 8.7 500 | 270 230 120 50 120 110
15 8.8 380 0 0 190 | 320 360 210
17 8.9 220 140 130 127 58 55 47
19 8.1 127 70 90 52 40 60 80
21 8.1 220 90 0 135 115 142 21
23 8.3 660 33 41 0 70 80 120
25 8.5 500 | 275 0 0 85 224 300
27 8.7 660 | 340 162 145 54 130 230
29 8.9 127 50 80 70 90 100 85

Tabnuya 6.4 — Ucxoonvle OauHvie no uiecmomy pasoeiny OJisi YemHblX
HOMEPO8 8aAPUAHTNOG

HOMep UJ'D Raba Rbca Rcaa Xaba Xbca Xca
BApUAHTA] PUCYHKA B Om Om | Om Om Om Om
2 8.1 660 | 180 120 88 75 68 32
4 8.9 500 | 145 138 | 124| 135 120 115
6 8.8 500 - - 235 280 320 70
8 8.7 220 | 120 98 75 80 67 71
10 8.6 127 70 50 40 32 25 18
12 8.5 127 60 - - 22 78 92
14 8.4 220 - 104 85 99 28 18
16 8.3 500 | 250 144 - 125 132 400
18 8.2 500 | 129 135 | 142] 141 127 137
20 8.1 660 | 158 - 138 160 165 142
22 8.2 660 | 143 152 | 160 131 140 125
24 8.4 380 - 127 | 129| 300 180 134
26 8.6 380 | 120 137 | 140 127 125 130
28 8.8 220 - - 121 150 180 90
30 8.1 220 | 140 80 120 137 129 133
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Pucynox 6.20 — Tpéxgpasnvie npuémuuxu 31eKmpuyeckoll dHepeuut, CoeoOuHéH-
Hble No cxeme «38e30a»
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Pucynox 6.21 — Tpéxghasnvie npuémmnuku 1eKkmpuuecko sHepeu,

COeOUHEHHbBLE NO CXeMe « MPeY2OTIbHUK»
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6.8 Ilpumep pacuera Tpexda3HOoll eNd TMepPeMEHHOr0 TOKa
NpH coeTUHEHUN MPUEMHHUKOB IO CXeMe «3Be3/1a»

Pacuer ocymiecTBisieTcss A CXeMbl L€, MPUBEICHHON HAa PHUCYHKE
7.4. IcxoiHbIEC TaHHBIE [T pacyeTa:

U, = 500(B), Ra = 0(Om), Ry = 12 (Om), Rec = 14 (Om), X, = 25(0wm),
X = 8(0Om), X, = 7(Om)

Pewenue:
[TonHble conpoTuBiIeHUS (as:

7, =X, =25(0m)

Z, =R, +X,’ =v/122 487 =14,4(0m)

Z,=R+X . =\/14’ 7> =15,7(0m)
3HaueHue (Ha3HOro HAIPSHKEHUS

U, 30 _hes 7

U =—=
)
V33
@da3zHble HAMPSKEHUS U1 3TOr0 COSAMHEHUS PaBHBI:
U,=U,=U.=U,
Toku B 0TAENBbHBIX (a3ax MPUEMHUKA:

U, 2887

[, =—=——"-=11,6(A);

Yz, 25 )

L=t =227 oA
7, 144

1,=c_2887_1540n).
Z. 157

Haitnennsie 3HaueHus: pa3HBIX TOKOB paBHBI JIMHEHHBIM TOKaM.
Vbl caBura a3HblX TOKOB OTHOCUTEIBHO (Pa3HBIX HAMPSHKEHUM

¢, =arcsin Xa =arcsin 25 =90°;
R 25

. X .8 .
@, =arcsin —2 =arcsin ——=33,7";
B b

. X .7 i
¢ =arcsin —<=arcsin ——=26,7";
C bl

B cooTBeTcTBUU ¢ XapaKTepoM HArpy3KH CTPOUM BEKTOPHYIO THArpaMMYy
(ha3HBIX ¥ JTUHEWHBIX HAMPSKEHUM, a Takke TOKOB (puc. 6.22) MacmTabbl Ha-
npspkeHuit 1 TokoB: mU = 50B/1cm ml = 3A/1cm.
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Pucynox 6.22 — Bekmopnuvle ouazpammol (pazHvlx U TUHEUHBIX HANPSHCEHU,
MOK08 NpU cOeOUHEHUU NPUEMHUKOB «36€3001L»

3HavueHUe TOKa B HEWTpaIbHOM NpoBoje Iy ompenensercs U3 BEKTOPHOM
JUarpaMMmBsl:
Iy =1, +I;+1
AKTUBHBIE MOIITHOCTHU (a3
P, =I;-R , =0(Br)
P,=I;-R,=20°12=4800(Br)
P.=I;-R.=18,4>14=4739,8(Br)
PeaktuBHbIe MomHOCTH (a3
Q,=I3-X,=11,6"25=3364(BAp);
Q,=I;-X,=20-8=3200(BAp);
Q.=I2-X.=18,47-7=2370(BAp).
OO0u1as akTMBHAs MOIIHOCTH (a3

P=P, +P, +P.=0+4800+4739,8=9539,8(Br)

48



OO6m1as peakTUBHASI MOIITHOCTH (a3
Q=-Q, +Q; +Q-=-3364+3200+2370=2206(BAp)

IloxHag MOIIIHOCTE

S=\/P*+Q* =1/9539,8+2206> =9791,5(BA)

6.9 Tlpumep pacuera Tpexda3Hoii Henu NEePeMEHHOr0 TOKAa MNpPH
COeIMHEHNH MMPHEMHHKOB 0 CXeMe «TPeYroJbHUK».

Pacuer ocymectBusierca nnsa cxemsl nenu (puc. 8.4). MicxonHble naHHbIE
ISl pacyera:

U, =500(B),R,p = 0(Om), Rgc = 120 (OM) ,Rca = 140 (Om) Xpp = 100(Om),
Xpce = 80(0Om), X, = 70(Om)

Pemenne
[Tonuble conpoTuBiaeHus (as:

Z 5=+ X, =100(0Om)

Zye =R’ +X > =v/120° 480 =144,2(Om)

Zen=yR o> +X > =V 1407 4707 =156,5(0m)
dasnbie HaMpsKCHUS JJIs1 9TOro COCAMHCHUS PAaBHBI:
U, p=Upc=Uc,=Uq = U

dazHrle TOKU:

= UAB :ﬂz ( )
Mz, 100 ’
BC=UBC = >00 =3,5(A);
Z,. 1442
U, 500
= =—=3’2
Az 1565 (&)

Vel casura ga3 Mmexay GpazHbIMU HAMPSKEHUSIMU U TOKaMU
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. Xp . 100 o
=arcsin —>==arcsin —=90°;
QA 100

AB

X 0
— : BC _ : —24°-
(Qpc=arcsin ——=arcsin =34";

BC 4

. Xea .
@, =arcsin —===arcsin

CA

=27°;
156,5

B cooTBeTcTBUU C XapaKTepoOM Harpy3Kd CTPOUM BEKTOPHYIO AHArpaMMy
(da3HbIX HaAMpsHKeHWM U TOKOB (puc. 6.23). MacmTabbl HanmpsH»>KeHH U TOKOB
mU =100 B/1 cm, mI =1 A/1 cm.

Pucynok 6.23 — BexmopHvie ouazpammul paznsix moKo8 u Hanpsaicenuil npu
COeOUHeHUU NPUEMHUKOB MPEY2ObHUKOM

AKTHBHBIE MOIITHOCTH (a3

P,.=I3;'R ,;=5"0=0(B1)
P,.=L}.-R,.=3,5"120=1470(Br)
P, =I;,-R,=3,2>140=1433,6(B1)

PeaktuBHbIe MOIITHOCTH (a3
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Q, =Ly X ;=57 100=2500(BAp);
Qpe =I5 X5 =3,5"-80=980(BAD);
Qep =2, Xy =3,2270=716,8(BAp).
OO6m1ast akTUBHAS MOIIHOCTH (ha3
P=P,, +P,.+P., =0+1470+1433,6=2903,6(BT)
OO6mu1as peakTUBHASI MOIITHOCTH (a3

Q=-Q 3 #Qpc Qe =-2500+980+716=804(BAp)

IloxHag MOIIIHOCTE

S=y/P*+Q* =,/2903,6°+804> =3012,9(BA)
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