DJIEKTPUYECKUE HEITN ITPU ITEPUOJUYECKUNX
HEI'APMOHUNYECKHNX TOKAX 1N HAITPSDDKEHUAX

Paznoxenune nepuoanyeckux GyHKuui B psajg Oypee

/ / [lepromuueckuii curnan f (t ) =f <t + T )

T

[ ————P

JIrobas mepuoanydeckas (DYHKIHUS, YyIOBJICTBOPAMOMIAs yCIOBUsIM Jlu-
pHXJI€, MOKET OBITh pa3jioKeHa B psaa Dyphe:
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f(t)= 20 —I—Z(a cosnQt + b, sinnQt) (1).
277

B stoMm ypaBaenun: {2 = — - yacToTa epBoii rapMOHMKH,

T

AMIUIMTY Ibl TADMOHUK
2 to+T 9 04T

f f( )COSandf, f f( )Sianm’t;

n

1 Io—I—T
IIOCTOSHHAA COCTABJIAKOIIIAA. — — f f( )

Bropas ¢popma psaga Dypbe
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f(t) :%—I— iAncos(th—\Pn).
n=1
IIpeoOpazyeM 3TOT ps;
A cos(nQt —Y )= A cosnQtcosY + A sinQtsin¥ =
= a_ cosnQt + b sinnllt,
rne: a, = A cosY ,b = A sinV ,

\/A,f <0052 ¥ +sin’ ‘Pn) = \/a,f +b’=A4,tg¥ = ﬁ
a

n

JINCKPETHBIE CIIEKTPHI
B paznoxenune ®@ypoe (2-1 popMa) Kaxkaas rapMOHUYECKas COCTaBIIS-

omas A cos(nQt —Y ) xapakrepusyercs uacroroit @, = nfl, awm-
mwmrynoi 4 , dazoit V¥ .
AMIUTMTY 1B B (Da3bl MOKHO M300pa3UTh HA OCH YaCTOT.
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COBOKYITHOCTb aMIUIUTYJ TapMOHMYECKHUX COCTABJISIOIIMX, OTHECEH-
HBIX K YaCTOTaM, Ha3bIBACTCS AMIUIATYIHBIM CIIEKTPOM.

COBOKYITHOCTh Ha4yaJIbHBIX (pa3 TapMOHHYHBIX COCTABIISAIOIINX, OTHE-
CEHHBIX K 4aCTOTaM, Ha3bIBACTCS (PA30BBIM CIICKTPOM.

[Ipumep:
7(e)=3cos(Cr +45° )+ 2cos(202 — 30°)
A(@)4 ; P(w)h
T ) T 45
o © 20 Y T @ 20 ¢
- 30
AMILIATYIHBIA CIIEKTP da30BbIN CIEKTP
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[lepuoandeckas HErapMOHUYHAS (PYHKIUS UMEET JTUCKPETHBIC JIMHEH-
HbIE CIIEKTPHI:

f(t) = %—k i/ln cos(nQt —Y¥ ).
n=I

Ao} A Yo
Ay
T Tﬂ lPS %
f Q 20 30 't e o a2 33!t a0 o
H
AMILTATYIHBIA CIIEKTP da30BbIN CIIEKTP
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o7
-

CrieKTpaJIbHbIE COCTABJIAIOIIAE C KPAaTHBIMM YacTOTAMH Ha3bIBACTCS
rapMOHUKaMu curHana. CekTp, COCTOAINUM U3 TApDMOHHUK, HA3bIBAKOT Tap-

MOHHNYCCKHM.
CHCKTpBI, 34a1aHHBIC HA MOJIOKUTEIIBHON OCH HqaCTOT, HA3BIBAKOTCA OJ1-

HOCTOPOHHUMU.
[Ipumep paznoxeHust yHKIuu B psajg Dypbe

PasHocTh cocemaux yactoT Aw = () =

A f(1)

1, O<t<z
2

o |

A
Y

—1,z<t<T
2

-1 T L

A
\
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Cl
[TocTosinHas cocTaBagomas — — f f ( ) — (0, rak xax (O YHKIIHS

CHUMMCTPHUYIHAA OTHOCHUTCIBbHO OCHU a6cuncc.

AMIUIATY 1Bl TAPMOHUK:

T
tO +T

T
a, f f(t)cos nQutdt=— f 1-cos nQtdt — f 1- cos nQtdt=
T

2

, I T
= sinQt|2 — Ssin Q|7 =
nQT nQT —
0 2
— 2 SianZ—SinO—SianT—I—Sinl’lQZ —
nQT 2 2
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— 2 Smnﬂz—ﬂ—smO—Smnﬂz—ﬂ—l—Slan27[ =0
27T
nC)—
Q

T
22 27
b, =— [1-sinnQtdt —= [1- sinnQutdt =
T() TZ
2
2
nQT

cos nCt

I
= — cos nt|2 —
nQT 0

DN N
[
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— — 2 [cosnﬂ —1—cos2nrx —I—COSnﬂ'] — —L[2cosn7z — 2].

027 ni
@)

Jnst wernsix «n» b = 0.

Jlanee nosyunm:

b, = i =1,27,b, = i = 0,424, b, = i —(0,254....
T 3 Y4
4 (sinQt  sin3Qt | sin 5t

B pesynbrare: f (t ) — 1 | 3 T s o .
7T

CDYHKI_[I/II/I, CUMMCTPHUYHBIC OTHOCHUTCJIIBHO Ha4dadJla KOOpAMHAT, COUACP-

KAT TOJIbKO CMHYCHBIC 'apMOHHKH.
CDYHKI_[I/II/I, CUMMCTPHUYHBIC OTHOCHUTCIIBHO OCH OpAHMHAT, COICPIKAT

TOJIbBKO KOCMHYCHBIC I'apMOHHKH.
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I[Tpumep Ddypbe-anannusa B nporpamme « TINA-9»
CoekTp HecuHyCc. TSC

Fourier Series [ﬁ
Sampling start tirme il:l .
: Base frequency &0
| Number of samples [40%6 | ||| Caloulate :
1.00 | Number of hamanics 115 :1 X Cancel
: Fomnat I.-’-‘-. * pogllowt] + B # sin[kwt::_] a i
| nelp
| Dutput W1 -
500.00m — | ] —J Eim
1 Trangient inital condition -
] ¥ Calculate operating point
WE1 ™ Use iritial conditions
{ 0. 00 : ™ Zero initial valuss
3 Fourier coefficients
] k Amplitude (&) Amplitude [B] -
500.00m . 141,540 0 [
1 1. 3.4Bm 1.27
L . 2 283,28u 353.48p
: ] ) 3,45m 424,18m
-1.00 T I i r 4, 283.28u 704.49p
0.00 25.00m 50.00m 3 Al ek
B 283,28u 1.08n
T 34m 181, 36m "
Harrnonic: distortion : 44,9163
e
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4.00mA

3.00m

2.00m

Amplitude &

1.00mA

gt b b p b e r b b . .
0 2 4 6 8 10 12 14 16 18 20
Base frequency S0[Hz]

2.00+

1.50

1.001

Amplitude B

500.00m-+

0.00 ‘ ; | — e . i
0 2 4 6 8 10 12 14 16 18 20
Base frequency S0[Hz]

CwmenieHue (yHKIMH 10 BPEMEHHU

i)}
I OyHKIUS f1 (t ) onepekaeT NPEAbIIYIIYI0 (PYHK-

T

115070 f (t ) Ha —. da30BbIN CIBUT

t 4

“l\)|’ﬂo

»
'

-1 T

A

»
'
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CrieoBaTenbHO: f (0{1) =f

[Toncrasnsem B psag Dypee mis | <t )

T
sin| Qf + —
[ 2]

T 1

_|_

7T
oA —|—5]

T
sin3|Qt +—
[ 2]

T
sin5| Qf + —
[ 2]

3

_|_

5

T

HOBYIO KOOpJAHMHATY ¥, + —:

\
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4|5m Qtcos ™+ cosQtsin™  sin3Qt cos >+ cos 3t sin>L

— 2 2—1— 2 2 —
T 1 3

4| cos QU B cos 3C)t | cos 5Ct B

T | 3 5

: T : 7T . T
31ech yureHo, uro: sin| Qt +—| = sinQt cos— + cos Ot Sznz.

AHaJIM3 JJMHEHHBbIX Henei NPpU NepruoIu4ecKuX HerapMOHHUYECKUX
BO3/1€CTBUAX

HerapmoHuuyeckue HaIpsKEHHUE M TOK IIPEACTABISAIOT pagoM Dypne B
BHUJI€ TAPMOHUYECKHUX COCTABJISIONINX U MOCTOSIHHOM COCTABJISIONICH.
BBenem 0003HaUEHUA:

13
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-KOMIIICKCHAA aMILJIUTy/1da TOKA B HCpBOfI

Lim2) 7 :
1 BETBH HA BTOPOH TapMOHHKE
A T ’
HOMED HOMED
BETBH rapMOHUKH

Zz<3> - KOMIIJIEKCHOE COIPOTHBJICHUE

BTOPOM BETBU HA TPETHEW MAPMOHUKE.

3
<l> Eo i(1) R
e(t) =Lk, +e (t)—l—ez(t> =
0

<A> e(t) ;= E. + Em(1> sinQf + Em<2> sin2€¢.

(Do
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Pacuer BenyT B KOMIUIEKCHON (popMe ISl KaXKJ10M TapMOHUKH OT/ICIb-
HO ¥ UCTIOJIB3YIOT NIPUHIIUII HAJIOXKEHUA.
[Topsanok pacuéra

1. Pacuér nHa nocrosHHOM TOKEe (W, = 0, Z(O) =R+ jOL =R,

E
I="2
2. Pacyer Ha mepBOM rapMOHHUKE:
B —E ¢ Zy =R+ JOL L, —=m o0
Snl) = Fn()® G E£0) T U L UM

MrHOBEHHOE 3HAUEHUE IEPBOM TAPMOHUKU TOKA:

3. PacueTr Ha BTOPOM FrapMOHMKE:

15
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Zoy) _

m(2)
Z )

ejo, Z(z) =R —|—]2.QL, lm(2> —

m(2) m(2)

MTrHOBEHHOE 3HAUEHUE BTOPOU TAPMOHUKHU TOKA:
iy (t) = [m<2> sin( 202t + D1 ).

IIpu pacueTe HE TAPMOHUYECKUX CUTHAJIOB HEJIb3sl CYMMHUPOBATH KOM-
IUIEKCHBIC aMIUIATYJbl Pa3HbIX 4acTOT. CyMMUPYIOT TOJILKO MTHOBEHHBIE

3HAUYCHUA.
OTBeT:

i(t) =1, +ig () +iy () = 1, + 1, Sin(Qt T (p1<1>) 1,0 Si”(zgt T (p1<2>)'

16

B.A. Anexun. DnektporexHuka. Koncnekr neknuii. 2012



[Tpumep monenupoBanus Pacyer HC. TSC

3.00+

L1 VF1 y
oo {
2.00—
Cj W51.1
. vet g 1.005 VG| VG2
“ el
VG2 0.00

LAY A

0.00 10.00m 20.00m 30.00m 40.00m 50.00m
Time (s)

JlecTBYIOIIEE 3HAYECHHE HETAPMOHMYECKUX CUTHAJIOB
JlencTByOIIIEEC 3HAYEHNME HETAPMOHUYECKOTO NMEPUOAUUECKOTO CUTHAJIA
PAaBHO 3HAYECHHUIO ITOCTOSHHOTO TOKAa (HAMNPSDKEHMA), MPU KOTOPOM B akK-
THBHOM CONPOTHUBJICHUM PACCEUBACTCSA Ta XK€ MOIIHOCTh YTO NPHU HETap-
MOHHUYECKOM CHUTHAJIE.

17
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I[J’IH ICPHUOIUICCKOIO CUT'HAJIa CPCAHIOIO MOIIMHOCTL HAXOJIHUM KAaK MHTC-

rpajl OT MTHOBEHHOW MOIIHOCTH MO MEPHUOLY:

P o(d (2Rd T”2d
[p(t) i T{R

T T
1>
Jlnst moctosiuHoro Toka: P = [°R = ?
T
ITpupasusiem mooctn: P. = I°R = T i°dt.
0

1 T
w ’2
JleficTBYOILEE 3HAUEHNE HETAPMOHMYECKOTO ToKa: [ = \/ — |i°dt.

17
JlelicTBytO1IEe 3HaYeHNE HanpsokeHns: U = pe f U’ (t )dt .

B.A. Anexun. DnektporexHuka. Koncnekr neknuii. 2012
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JlelicTByIOIIEE 3HAYEHUE TIEPUOANIECKON QyHKIUKM | <t );

17
‘J?{f

ITyctb i(t) = Ao+ 1, sinQt +1, sin2Q1 + ...

HargeM nencTByroliee 3HaYeHUE TOKA:
| . . 2
]\/T‘({(] +1,sinQt + 1, sin2Qt + ... ) dt =
17
— [11; +1 Sin2 Qs +1 , Sin 20 4201,
T "

[Ipy MHTETPUPOBAHUHU T10 TEPUOAY OCTAHYTCSH TOJBKO IOCTOSIHHBIE CO-
CTaBJIAIOIIMNE 3TOM CYMMBbI OT KBaJI[PaTOB CUHYCOB:

2

sinQt+...| dt.

19
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[2
([ 0 Sian)z = ';(U (1 — COS ZQt).

m

B urore nosyyunm:

2 ]1721(1) | [;724(2) | 2 9 2
T=\I+ =04 E = I + 1+ 1y + -

JlelicTByIOIIIEE 3HAYCHHUE MEPUOIUUYECCKON HErapMOHHYECKOW (PYHKIIMHU
PABHO KBAJIpaTHOMY KOPHIO U3 CYMMbI KBaJI[PATOB JICUCTBYIOIINX 3HAYCHUN
BCEX COCTABJISIOIIMX.

Jlnsa nanpsoxenus: U = \/ U g +U (21) +U (22) +.....

MOIIHOCTH MEPHOIHYECKHX HErapMOHHYECKHX CHIHAJIOB
17 ,
Cpennsas MolHocTs P = ? u(t)z (t)dt.
0

20
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PaccMoTpuM HErapMOHUYECKUN CUTHAIT:

u (t) =U, + Um<1> sin( Qt + ‘PU<1>) + Um(2> sin( 202t + \PU<2));
i(t) =1, + Im(1> sin( Qt + \Pl(l)) -+ [m<2> sin( 202t + ‘1’1(2>).

MrHaoBeHHas1 MOUTHOCTD:
p(t) —u( ) ( ) UJd,+U,l Sin(Qt—|—‘P1(1>)—|—U0]m(2)sin(2£2t—I—‘Pl(z))—l-

LU, sin(Qe+ )+IU \sin(2Qt + ) ) +
<Sm(Qt—|—\P )[ Szn(Qt—l—‘P )—I—

(2 Sm(2Qt+‘P )I Szn(ZQt+‘{’ )+
(1 Sm(thL\P )I Sm(2Qt+‘P )+

o) Sm(2Qt—|—\P )[ Szn(Qt—l—\P <>)

ml)

m

§

2

m

21
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HpI/I HHTCIPHUPOBAHNU ITOCTOAHHBIC COCTABJIAIOMIHUC IIOJIYYHUM TOJIBKO

OT KBaJpaTa (PyHKIMM OJUHAKOBBIX YaCTOT U OT MOCTOSIHHBIX COCTaBJISIO-
IUX.

AKTHUBHas MOITHOCTDb HCIapMOHHUYCCKOI'O TOKA paBHA CYMMC aKTHMBHBIX
MOH.IHOCTCﬁ OTACJIbHbLIX I'apMOHHK:

Um(l)]m(l) Um(2)]m(2)
P=U,,+ 5 COS(‘PU(I) — LPm)) -+ 5 cos(\PU(2> — \Pl(z)) —

=Uyl, +Ul,cosp, +U,I,cosp, = F, + A + P,

PeakTnBHAas MOIITHOCTH
Q=Uplysingy +Uplpy sing, =0+ 0,

[lonHass MOIIHOCTHL paBHA MPOU3BEACHUIO JACHUCTBYIOIUX 3HAYECHUU
HAIIPSHKEHUSA U TOKA:

22
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S=UI, U= JUs+U} +Up, I =\JIs + 1} +1}

2 2
B 11enm HerapMOHUYECKOTO TOKA S 72 \/ P+ 0.

Koy PpuuueHTsI XapaKTepusywimue HeCUHYCOUTAIbHbIC
NePUOAUYECKUEC MPOLECCHI

O003HAYUM:
fmax - MAaKCUMAaJIbHOE 3HAUYCHHUE (PYHKILIMU 3a IEPUOI;

T
F;p — ? { ‘ f (t)‘dt - CpeaHee 3HAYCHHUE IO MOAYJIIO (I CHHYCOUIbI
2
t, =—U,)
7T

23
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dt JICUCTBYIOIICE 3HAYCHUE (PYHKIUH (JUISI CHHY-

T

counsl ' = —2).
\/5

KoypduuueHT (popMbl €CTh OTHOIICHHUE z[eﬁCTBy}omero 3HAYECHUSA K

F
cpenHemy: k, = = (nns cunycounst sink,, F =111).

cp
KoypduuueHT aMIUIMTYAbl €CTh OTHOIICHUE MAaKCHUMAaJbHOTO 3HAYE-

max

HUS K cpeHeMy: k = (st cuHycoupl kK, = \/5 ).

cp

24
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Kosy(phunueHT HCKaKeHUA €CTh OTHOIICHUE JICHCTBYIOIIETO 3HAYCHUS

F,
IIepBOM FrAPMOHUKH K JICHCTBYIOIIEMY 3HAUYCHHIO BCEM (DYHKIIMU: ku = Fl
Kos(phuuueHT MOIIHOCTH €CTh OTHOIICHNE aKTUBHOKW MOIIHOCTH K IT0JI-
5 P
HOU: ) — —.
Ul
25
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