MoneanpoBaHue MPoIeccOB B KoJiedaTeJJLHOM KOHTYpe
¢ ucrtounuxkom IJIC

1.1. YpaBHeHHe KoJIeOaHUI

PaccmoTpum kosebaTeIbHbI KOHTYP, COCTOSIITUI
U3 KaTylIKd WHIYKTUBHOCTH L 0e3 compoTHUBIEHUS,
koHaeHcatopa C, compoTuBieHus R, B 1emb KOTOPOTO
BKJIIOYEH UCTOYHUK MOCTOSIHHOM miu nepemenHon IJ1C
& 0e3 BHYTpeHHEro conpoTusieHus (puc.1).

Cuutasi TOKM KBa3UCTAI[MOHAPHBIMU, a TapaMETPhI
KOHTYpa  COCPEJIOTOYECHHBIMH, MPUMEHUM  BTOPOE
npaBuio Kupxroda, o0xons KOHTyp IO YacoBOM
CTpeJIKe, 3aKOH CAaMOMHIYKIIMM U CBSI3U MEXIY CHUIION
TOKAa U 3apsI0M, 3apsJIOM U HalpsHKEHUEM Ha KOHJIEHCaTope

IR=U. +&s+¢,, (1.1)
2
U(;:q—c, Izd—q:—%:—cduc, 5si:_Ld_|:LCdL2JC'
C dt dt dt dt dt
3mech | — cuna Toka B Lenu, ( — 3apsj, NPOTEKAIONMI 10 Leny, (c — 3apan

KOHJeHcaTopa, Uc — HampsbKeHne Ha KOHJeHcaTope, &; — OC caMOMHIyKIMH,
& — OJIC BHeIIHEero NCTOYHUKA, KOTOPYIO OyJeM 3alliChIBATh KaK & =&, COSat
roe o — oukindeckas dacrora kojeOammii DJIC. Ecituw w=0, to DJC

VCTOYHHUKA CTAHOBUTCS TIOCTOSIHHOM.
[Tocne moacTaHOBKM MOJIy4aeM

2
dYe =U. +¢,CoSat + LCd UZC ,
dt dt

Ecnu 0003HauuTh & — NEKPEMEHT 3aTyXxaHus, ap — COOCTBEHHAs 4acTOTa,
To —coOcTBeHHBI nepuoA kosedanuil B KoHType ((popmyia TomcoHa)

“RC (1.3)

R 1 27 2
20 =—, 0,=—F—, T,=—=27JLC, 26=RCq
L 0 LC 0 o, 0
TO IIOJIy4YUM
2
1 4V +§OIUC +U,=—¢,coswt, |1=-C U, : (1.5)

w; dt? & dt dt
— 0ObIKHOBEHHOE nu(dPepeHInaTIbHOe JTHHEHHOE HEOJHOPOJAHOE YpaBHEHUE
BTOPOTO MOPSIAKA C TOCTOSIHHBIMU KOA(hDUITEHTaMH.

1.2. JIpyroii cnoco0 nojiy4eHus1 ypaBHeHUs1 KOJIeOAHU I
O4eBHIHO, YTO B 3aMKHYTOM KOHTYpe (cM. puc. 1)

(@ —05)+ (25 —05) + (25 — 96 )+ (9 —9) =0. (1.2.1)
Hcnonsiyem 3akoH Oma IS ydacTKa Ieru
U,=1,R, = -, +¢&,. (1.2.2)
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Hanpsxenue Ha ucTouHMKE (I — BHYTPEHHEE CONPOTHBIICHUE HCTOYHHKA)
U =Ilr=¢g.—p,+¢,cosat, ¢@.—p,=U, —¢g, cosat.
Hanpsxenue Ha pesucrope
Ug=IR=¢; —¢;.
Hanpsixenne Ha karymke (R, — conpoTuBieHne mpoBoja KaTymkn)
dl di

U =IR =¢,—9p; —L—, -, =U +L—.
L L= Pan—Ps dt P~ Ps L dt
Hanpsokenne Ha konaencarope U, =@, — ¢y .
Toraa nonyuaem
UL+L%+UR+U;+Ur—gm003a)t=0,
WIN
UL+UR+Ur+Ué:gmc05a}t—L3—l, (1.2.3)

TO €CTh CyMMa HampsbkeHur paBHa cymme DJIC, 4TO BIOJIHE JTOTHYHO.
B sBHOM BHE:!

L2—1+I(R+r+RL)+U;—ngOSa)t:O.

*

C

3nech yxe Tok | =C . Torma

dU;
dt?

LC +(R+r+RL)Cdd%+Ué:gmcoswt. (1.2.4)

bynem cumrtath, uTo MCcTOUHMK O€3 BHYTpeHHETO compotuieHus (r=0) u
y katymku Toxke R =0. Toraa ncnons3ys Te ke 0003HAYCHUSI, UMEEM
21> * *
v, +25duC + U =w'e,_ coswt, | =C U, : (1.2.5)
dt’ G dt
B TOYHOCTH coBmajatoniee ¢ (1.5).
Pa3Huna 3akiaroyaeTcsl B TPAKTOBKE 3HAKA HANPSDKEHMSI HA KOHJIEHCATOPE.
Ecnu peubr uaér o koiedaTenbHOM KOHTYpE, TO UCTOYHMK MOXKHO BBIKIIIOYATh
(aT0 BHewHss cuia) U toraa ucnosb3dyeM Uc. Ecnu xe paccmaTpuBaeM Iienb
IIEPEMEHHOI0 TOKA, TO TOrJa MCTOYHHUK SBISETCS NPUYMHOM Ipounecca H

U.=-U..
[Tpu ycnosusx (r = 0, R = 0) ypaBuenwue (1.2.3) 3anmumiercs kak
U, +U. =¢, cosat+¢&,, rue ng—Lj—![ (1.2.6)
— OJIC caMOMHIyKIIMM B KaTYIIIKE.
Torna
g =Ugp+U; —¢g,cosat, g =U,-U_,—¢g, cosat (1.2.7)
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g =Uyg-U,.—¢, cosat, (1.2.8) ;L
JUis  uaeambHOro  KOJIeOATeIbHOro  KOHTYPAa, 5
KOTOPBIN 00OBIYHO paccMaTpuBaeTcs (puc. 2)
& =VUc=0p -0, (1.2.9)
To ectb pa3Hble 3HaKU. DTO MOXKHO HCIIOIB30BATh c
IUISL IIPOBEPKH IIPOTrPaMMBI. g s
YacTHbIl CIIyYau. M cTOYHUK, KaTylIlKa, | | D
KOHJIEHCATOP Puc. 2
dl
Ir=U. -L—=¢,cosat
dt
dl
0:9— L—+¢, cosat
C dt

Ecmu mpoBOIWTH aHANOTHIO C MEXAHUKOH, TO
ypaBHeHrne (1.5) ¢ TOYHOCTBIO JO OO0O3HAYCHUH
COBIIAJIaCT C YPAaBHEHUEM, OINKCHIBAIOIIAM 3aTyXarolIue
KoJieOaHusl Tpy3a Ha MPY>KUHE C BHEIIHEH CUIIOMN.

Otu ypaBHeHHMs W Mojenupyrorcs B Mathcad Puc. 3
CpaBHEHUEM YHCIIEHHOTO perieHus AuddepeHImaibHOro
ypaBHeHHsT MeTogioM Pynre-KyTTel u anamutuueckoro perienus. B Windows-
MPUJIOKEHUH UCIIOIB3YETCSA TOJIBKO AaHAIUTHYECKOE PEIICHUE.

JIns mpoBEpKM MPAaBUIIBHOCTH pacueTra B MPOrpaMME MOYKHO CpPaBHUTH
MaKCHUMAJIbHbIE 3HAUCHUSI.

2
2
‘ngax‘ X, X, Lo 0] 0]

X

— 2 ,
‘UCmax‘ laxXe Xo 1 W\ @y

To ecTh, eclii YacTOoTa MCTOYHHKA OOJbIIe cOOCTBEHHOM, TO Ooibme DJC, u
Hao0OOpOT.

2. IIpouenypa ode3pa3mepuBaHus
[TapameTpbl peanbHBIX KOHAEHCATOPOB M KATYHIEK WHIYKTUBHOCTH, KaK
MPaBUJIO, TAKOBBI, YTO MEPUOJIbI U YACTOTHI HEYAOOHBI JIsl HAOIIOCHUS.
Beném Oe3pazmepHble IEpEMEHHBIE M HapaMeTpbl: 7 =@t — Bpemd,

(0] o
o = — — JIGKPEMEHT 3aTyXaHusl, [ = — — OTHOIICHHUE YaCTOThI BHIHYKIAFOIICH
2 @,
. Uc
CUIIbBI K CO6CTBCHHOI/I qaCcTOTEC KOHTypa, u= U — HaHpiDKeHI/Ie Ha
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B ‘UO‘, ecim U, #0

&
konaeHcarope, E =—"— — DJIC ucrounuka, rone U_ = :
norm ‘gm" cClI UO =0
: I
|=—— - cuna TOKa, a HOopMupoBka Toka | . =CaoU, .. :%. B stom
norm C

ciydae Oe3pa3MepHBI CcOOCTBeHHBIH nepuon O, =27, a ypaBHeHue (1.4)
3aMMIIETCS KaK

d’u du . du
—+2a—+U=—-E_cosfr, I=——. 2.1
dz? dr n 08 dr (21)
Jlma mporpaMMupoOBaHUs:
du_
dr
di .
—=-2al+U+E_cospr
dr
2.2. HanpsizkeHne HA pe3ucTope
U;=IR
B Ge3pa3mepHoM Bujie
uR — UR — IlnormR — ICa)OUnormR ZCC()ORi Iil )
U norm U norm U norm X C

To ectb Oe3pa3MepHOE HAIPSDKEHUE Ha PE3UCTOPE

) R
Ug =kgi, Te ky =Co,R=—.
XC
2.3. Hanps:xkeHue HA KATYIIKe
g =Up,-U,.—¢ cosat
P P U U &
Uy =—=-t-=——"m cosfir——+—L =——_"m _cosfBr—u. +U,.
- U U IB U Unorm Unorm ﬂ ¢ "

norm norm norm

3. HauaabHble ycJ10BuUs

J7ist paccMOTpeHust POIECCOB B KOJIEOATEIbHOM KOHTYPE, I/Ie UCTOUHUK
SBJIICTCSI BHEIIHEH CHUJIOM M €ro MOXHO MCKIIOYUTh, YAOOHO CYHTATh
KOHJICHCATOp M3HAYAJIBHO 3apsiKEHHBIM 710 HanpsbkeHus Up (o0namaer 3apsaom
Jo), @ TOKA B IICTIH HET.

dt
Ecan xe pacCMaTpUuBaTh ITY 3a/la4y KaK IMPOTCKAHUC IMCPEMCHHOI'0 TOKa

I10 IO CIIN C Ha60pOM JIMHEHUHBIX QJICMCHTOB, TO YI[O6H66 mojaraTtb, 4YTO HCTOYHHK
CCTb BCCT A, A KOHACHCATOP UCXOAHO PA3PAKCH.

du
U|t:O:0’ E

u,, | 0. (3.1)

t=0

t=0 t=0

0. (3.2)

t=0
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B 0e3pa3zmepHOM BHJIe 3TH YCIOBUS UMEIOT BU:

du
u =u,, —| = 3.3
du
u|t:0 = , E i = (3.4)
t=

4. JHepreTuka JIeKTPHIECKON nenu
[lonnas sHeprus KojaebATETBLHOTO KOHTYypa (PHEPTUs KOHJEHcaTopa U

KaTyliky?) BCeraa nojaoKuTeabHa
W:%(CU2+LI2). (4.1)
Hcnonp3ys 6e3pa3mMepHble BETUIHHBI, TTOTydaeM
2
W = %(cugmuz +LC?QU2, i) = _CUZnorm (u? +1?),

CU’?
Ecnu ob6o3znaunte W, = =—"T" TOo Ge3pa3MepHasi SHEPruss W=——
norm 2
norm

paBHa
(4.2)

w=u?®+i°.

A pa0ora TOKa yemy paBHa?
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5. O yacTHOM penieHun
[TonHOE perieHrne HEOAHOPOTHOTO YPAaBHEHUS CKJIAIbIBACTCS U3 TTOJHOTO

pemenus ogHopoaHoro U%(7) M 94acTHOro peleHns: HeoIHOPOIHOTO U* (7).
YacTHOE pellIeHrE HILEM B BUJIE

u () =C,cos Bz +C,sin Br. (5.1)
D710 penieHue ciaeayeT MNoACTaBuTh B (2.1) u npupaBHATh KOADOUIIMEHTHI

IpU TapPMOHUYECKUX (YHKIUSIX, TaK KaK ypaBHEHUE JOJDKHO BBITIOJIHATHCS B
110001 MOMEHT BPEMEHH.

1- p?
C,=-E
{—Clﬁ%zaﬁcﬁcl:—Em C(1-F)+2apC=—E, |7 (1 Y s aatp?

-C,? -2a5C,+C, =0 C, (1—ﬂ2)— 2a3C, =0 c__E 203
T (1-0?) vt

OT0 peleHrne MOXKeET ObITh CBEPHYTO K 00Jiee KOMITAKTHOMY BHU/TY .

u'(r)=- E, -4 cos At + 2ap sin St
\/(1— B?) +4ap \/(1— B?) +4ap? \/(1—ﬂ2)2 + 4P
Ecnu cuurtath
cosp = -5 : sing” = 2ap ,
\/(1— B2) +4a’p? \/(1— B?) +4a’
TO
u(t)=—Acos(Br—¢), (5.5)

rjie aMIuIuTyaa u ¢gasa
E « 2, C
A= 2’“ , @ =arctg (1 'szzarctg (62] (5.6)
\/(1— B) +4a’p 1
TO €CTh TAPMOHUYCCKHE KOJICOAHUS C YACTOTOM BBIHYK/IAFOIICH CHJIBI.
OpHako NpUMEHSTH 3Ty GOPMY PEIICHHs HY)KHO aKKypaTHO, TaK Kak

0>, p>1 w<aw,, Pp<l
C, <0, cosp <0 C,>0, cosg >0
C,>0, sing >0 C,>0, sing >0
. C T o« . C « T
tgp =22<0, Z<¢ <nx, e ==2>0, 0<¢ <2
go C, 5 ® go C, ® 5
— 2 KBaJIpaHT — 1 xBagpanT
Kpome toro, mpu 6=0, =0, C;=0, ¢ =0, a aMmmmryna
Em
Cl:—l—z,
-p

TO €CTb MCHJCT 3HAK, B 3aBUCHUMOCTH OT COOTHOIICHHA MCIKAY 4aCTOTaMU ﬂ
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6. AHAJIMTHYeCKOEe pelleHue

Tak xak MOJHOE pelIeHHUE OJHOPOTHOTO YPaBHEHUS UMEET TPHU pa3HbIC
(GbOpMBI B 3aBUCUMOCTH OT COOTHOIIICHHUSI MEXY TEKPEMEHTOM M COOCTBEHHOM
JaCcTOTOM, TO M TOJIHOE PeIIeHHE TakkKe OyaeT uMeTh Tpu ¢popMbl. Kpome Toro,
BO3MOJKHBI 1 TAPMOHUYECKHE KOJICOaHNUS.

6.1. F'apMoHnyeckue KoJieGaHus MO JeiicCTBHEM BHeIIHeH BhIHYKIAKOIIEH
CHJIBI

ITycte nekpement 6=0, =0,
YpaBHeHHE  TapMOHWYECKMX  KOJeOaHWW  MOoJ  JICMCTBHEM  BHEIIHEH
BBIHYKIAIOIICH CHIIBI OYJIeT UMETh BU/T

du . du
——+u=-E_cospfr, 1=——. 6.1.1

6.1.1. HauanbHble ycaoBus (3.3)
Pemenne umniem B BuIe

u(r)=C;sint +C,cosz+C, cosfr, C, :—%,

i(7) = —(;—l: =-C,cos7 +C,sint+C, gsin fr.

HpI/I IIOACTAHOBKC Ha4YaJIbHBIX YCJ]OBI/Iﬁ
{uo =C,+C, {C4 =u, -C,
0=-C, ' C,=0
OKOHYATEJIbHOE PELICHUE B PA3BEPHYTOM BULE
u(r)=C,cosz +C,cos fr = (u, —C,)cosz +C, cos Sz,
i(z) =C,sint+C gsin fr =(u, —C,)sint +C Ssin Sr.
OKOHYATEJIbHOE PELICHUE B CBEPHYTOM BUJIE

En (cos fr—cost) =U,COST + 2Em2 sin (ﬁ—l)fsin (B+Dr |

1- B 1- 8 2 2

u(z)=u,cosz —

. . En (ri n o
|(r):uosmr—1_ﬂ2(ﬂsmﬂr sint).

6.1.1.1 Pe3onanc 6e3 conporuBienust 0=0, =0, f—1
[Ipu crpemnenun [—1, TO €CTh NMPU TOYHOM PE30OHAHCE, HCIONB3YS
MIEPBBIN 3aMEUYaTEIIbHBIN IPEAE, ITOIydacM

u(r) =U,cosz — Ey? 1 BN | (B+De

A+ )| (B-Dr 2 2
2
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E.r

u(r)=u,cosz —

sint = u2+(EmTj2 cos(r +¢,), tgp _Eyr
- 0 r/ r—
2 2u

0

2
: : E.7 » [ E.T
i(z) =u,sinz + cos7 =, [U; + 77,
2

Hanpsbkenne MakcuMalnbHO, KOTa TOK PaBEH HYIIO.

: E 7 E.z 2U

u,sinz, + —°—cosr, =0, tgr, =——"1, 7, =——2tgr,
2u, E,
DTO ypaBHEHHME aHAJIMTUYECKHU HE periaeTcs!
Torna
Er)
2
u. =u(z)=,[u +(%1j = \/uj +(Uptgz, ) =Upy1+1g’s, =
— uO
lcosz,|

Ecan HOHpO6OBaTB IMOUCKATh CPCAHCKBAIPATHIHOC 3HAUCHHUC 3a IICPHUO]

Yacto TOBOpSAT, UYTO AaMmIUIMTyJa TMPH pe30HaHCe O0e3 3aTyxaHus
OoeckoHeuHa. Ha camom gnene, oHa OyAeT JOCTUTHYTa TOJBKO 4epes
OECKOHEYHOE BpeMSI.

Ecim  4acToThl HE  CWJIBHO  OTJIMYAKOTCd  JIpyr OT  Jpyra

B=L _RFTAO 4 AD 1 AB e AB<<1,T0
Wy Wy Wy
u(z)=u,cosr + T——sin A’Brsin(2+A'B)T,
1-(1+Ap) 2 2

2
E. . APt . E. . Apt
u(z) =u,cosz ——=sin ismr = JuZ+ —"‘smi cos(z +¢,).

Ap 2 Ap 2
To ecthb komebaHMs ¢ COOCTBEHHOH YACTOTOM, HO OOJBIION M MEIJICHHO
MeHsoniecs ammutyaon (ouenus). [lonuelil nepuoa OveHuid Mpu 3ToM

2 2
T, =——2r=—-0,.
Ap AB

6.1.2. HauanbHble ycaoBusi (3.4)
[Tpu HavanbHBIX ycinoBusax (3.4)
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u(zr) = —1_E”‘ﬁz (cos fr—cost) = 12_E122 sin (8 ;DT sin (B ;DT :
i(7) :_1—E,m32 (fsin pr—sint).

HpI/I 9THUX YCJIOBHUSAX ITOJIHAA S9HCPIHUA OrpaHUYCHA

w(z) = (1—Emﬂ2j ((cosﬂr —~ COST)2 +(Bsin fr —sin r)z)

6.1.3. UcTounuk ¢ mocrosinHoii IAC (4= 0)
u(r)=u,cosz —E_ (1—-cosr)=u,cosz —2E_ sinzgz (u,+E,)cost-E,_,

iI(z)=(, +E,)sinz,
IIpenenbHble 3HAUCHUS
Upaer = |Uo| Tpm 7,, =0; 277, Uy, = U, + 2E,| npu 7, = 7; 372,

max1

hmax :’Uo + Em‘ npu 7, :g’ Imin :_‘UO + Em‘:_l Inpu 7, :7”1

max
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6.2. Ciaboe 3aTyxaHue noj AeicTBUEM BHEIIHEH BbIHY:KIAKOLIEN CHJIbI
[TycTh TEKpEeMEHT MEHBIIIE COOCTBEHHON YacTOTHI O < Mo, & < 1.

. Q
Konebanus nmpoucxoast ¢ yactoton Q= \/ a)g — 0%, y=—n=4/1- a? , a
2
MepHO/] YBEIIMUMBACTCS 110 CPABHEHHUIO C COOCTBEHHBIM.
Pemenue uimem B Buje

u(zr) =e " (C,sinyr +C,cosyr)+C,cos Sz +C,sin S,

i(r) = —z—ttl =" (—a(C,sinyr +C,cosy7) +y(C,cosyr —Cysint)) - B(~C,sin Br +C,cos Br)
WIIH

i(r)=e ((aC, + yC,)sinyr + (aC, — yC;)cos yr ) + B(C,sin fr —C,cos B7).
IIpy 0ACTaHOBKE HAYAIILHBIX YCIIOBHI
C,=u,-C
u,=C,+C, Lo

_aC,—-pC, _ a(u,-C,)-pC, .

0=0£C4—}/C3—ﬂC2’ Cs ¥ 7

OKOHYATeNIbHOE PEIIeHNE B CBEPHYTOM BHJIE
u(z) = A * cos(yr —¢,) — Acos(Br —¢’),

T )
1- £2) +4a2f?

A =\CZ+C;, o, :arctg(%j,
4

Hano nopenarn???

6.3. Kputuueckmii pexxum noj AeiicTBeM BHelIHEH BHIHYKAAIOLIEH CHITbI
ITycTh 1ekpeMeHT paBeH COOCTBEHHOM YacToTe O = o, & = 1.
Yactora Q=0craHoBuTCs HYJEBOW, a TMepuoa OCECKOHEYHBIM, TO €CTh
COOCTBEHHbIE KOJIEOAHMS MPEKPAILAIOTCS.
Pemenne niiem B BuzE

u(r)=e*(C,r +C,)+C, cos Bz +C,sin Sr,
i(r)=e7(C,r+C, —C,)+C,Bsin fr—C,[cos Bt .
[Ipu nocTaHOBKE HAYAIBHBIX YCIOBUHI
{ u,=C, +C, { C,=u,-C,
O:C4_C3_ﬂC2’ C;=u, -C, - fC, |
B cBepnyTOM Buae
u(z)=e"((u, —C,— BC, )z +u, —C, )+ Acos(Br —¢"),

i(r)=e™(C,r + BC,)+C,Bsin fr —C,[cos Bt .
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6.4. CubHOe 3aTyXaHue Mo/ AeiicTBHeM BHEIIHeH BbIHYKIAK0IIENH CHIIbI
31ech IeKpeMeHT 0oJibilie COOCTBEHHOM YacTOTHI O > wo, « > 1.
Konebannit yxxe HeT, HO BCE pPaBHO HCMOJb3YEeTCS BEJIMYMHA

Q=,/6"-af 7/=a)2=»\/a2—1.
0
PeltieHre UIIeM B BUJIC
u(r)=e " (C,e”" +C,e" )+ C,cos Bz +C,sin Bz,

i(r) = —z—l: —e (a(CBe*” +Ce")+y(Ce ™ —C4e7’)) + B(C,sin pz - C, cos Br),

WIH
i(r)=e ((a +7)Cye " +(a—y)C" )+ B(C,sin Br —C,cos Br),
[Ipu moaCTaHOBKE HAYAIBHBIX YCIOBUU
u,=C;+C,+C; C,=u,-C,-C
0=a(C,+C,)+7(C,-C,) - SC, | Cy(a+y)=—C,(a-7y)+pC,

C :(Uo—Cl)(7—0!)+ﬂCz
3 2y

C :(uo_Cl)(7+a)_/BC2.
4 27

7. Pe3oHaHC 11l HANPSIZKEHU ST

BrisscHuM, TIpY KaKuX yCJIOBUSIX B CHCTEME yCTaHABIMBAIOTCS KOJCOAHUS
C MaKCHUMaJIbHOW aMIUTUTYIOW KoJieOaHWsl 3apsAja W HalpsOHKEHUs Ha
KOHJIeHcaTope. PaccmaTpuBaem TOJIBKO YaCTHOE PELICHUE.

Awmmutyna B (4.6) MakcuMalibHa, €CJIM MUHUMAJCH 3HAMEHATelb, eIlé
TOYHEE MOJAKOPEHHOE BBIPAKEHUE, CIIEI0BATENBHO,

— ,1 [ /0)2
ﬂpesz 1—2062, tg¢pe3: ?_2,HHH a)p“: w§_252’tg¢p63: 5_2_2

Takum 00pa3oM, pE30HAHC HACTYHAEeT MPU YACTOTE BBIHYXAAIOUIEH CHIIBI
HECKOJIbKO MEHbIIEH, YeM COOCTBEHHAs! YaCTOTa CUCTEMBI.
AMIUIMTY/1a IPY 3TOM paBHA

A - En (7.2)

pes
20N1-a?
OquI/II[HO, 4TO pE€30HAHCHBIC ABJIICHUA MOI'YT HACTYIIUTD, €CJIN

1
a<—=.

NA

ITpu GobIIOM AEKpPEMEHTE 3aTyXaHUsl SIBJIEHHE PE30HAHCA, Jaxke ciadoe,
HE BO3HUKAET.
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8. Pe3oHaHC 1)14 TOKA

Cuuta ToKa JUIs 9acTHOTO pemenus 1(7) = _j_u = ABsin(Br-¢),
T

JIerko BUETh, YTO aMILIUTY/AAa TOKA MAaKCUMAJIbHA, €CIIU (Wye; =00, TO €CTh
COBIIAJAeT C COOCTBEHHON YacTOTON CHCTEMBI, YTO TaKXe IPOCTO J0Ka3aTh
g depeHIIIPOBAHUEM.

' 2N2 2 02 —2ﬂ(l—ﬂ2)+40!2ﬂ2 '
QA=) +4a’p” - p
ﬂ :0 \/ (04 \/(1—ﬂ2)2+40£2,52 :0’
VA= B2 +4ap? (- B + 4’

(A-B°) +4a’ B + 27 (1- B°) - 4a’ B° = (1- °) (1+ B*) =O0.
OueBUIHO, YTO PE30HAHC TOKA JOCTUTaeTcs npu S =1, mm o= @,.
be3pa3mepHas aMIUIUTy1a TOKA IPA 3TOM

1 m
| —

=—, t *:w, *:
m_res 2a g¢ ¢

NN

CraenoBaTtebHO, CHIa TOKA

6Hew

i(r):hcosﬂr, 17001 I(t)=‘€max cos w,t
20 R

To ecTh TOK COBITIaAacT 110 (1)336 C HaAIIPSKCHHUCM.
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9. MakcuMajibHble 3HAYeHWsl HANPSLKEHUs W TOKa 0e3 BHENIHEro
UCTOYHHMKA

Emzo,clzo,czzo,u=UL u,=1,U__ =U,

norm
norm

9.1. 'apmoHnYecKue KoJIeOaHus
u(zr)=u,cosz, U(t)=U,cosapt,

i . . U, . 1 .
i(7)=u,sinz, 1(t)=w,CU,sinat = X—Osm ot , Xe = — i =1,npu 7, ==
c Wy
Tor/a HanmpsHKEHUE MOYKHO 3aUCaTh KaK

U(t) :Uosin(%—a)otj :—Uosin(wot —gj

MO>HO TOBOPHUTb, YTO HANIPSDKEHHE OIEPEKAET TOK Ha 71/2.
[Ipn paccMOTpEHNH C TOYKH 3pEHHMS LENN MEPEMEHHOIO TOKA, HAIPSHKEHHE Ha
KOHJICHCATOpe

Uc(t) =-U.(t) :Uosin(a)ot —%)

OTCTAcCT OT TOKA, KaK 3TO OOBIYHO ¥ OTMEYAEeTCH.

9.2. Cnraboe 3aTyxaHue
C,=u

o

C,=u, S
/4
o, e

u(z) =u, le “(asinyr+ycosyr)=u “"cos(yr —@,), rae tgp, =
Y

i(7) = u—e “rsinyr.
/4

1 7—arctg—
MaxkcuMyM TOKa JOCTUTACTCA IIPU. T, = —arctg ~,upaBeH I, =ue’” “
a’

9.3. Kpuruueckuii pe:xxum
u(z) =ue™ (7 +1),
i(r)=e"r.

MaxkcumMyM TOKa JocTUraeTcs pu 7, =1 u paBeH |, = ume‘l =0,3679.

9.4. CuiibHOe 3aTyXaHue
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C3 — (7_a)
2y

C, - (y+a)
2y

Hanpspxkenue u cuna Toka

u() =y, 2—17/e (-7 +(r+a)e™)

i(7) =u, 2—1ye‘” (—e 7 +e")

1 a+y) 1
MakcuMyM TOKa JOCTUTASTCS MPH 7, = > In ==In(a + ) u paBen
Yy o\a-y) 7v

a

I, =Uy(a + 7/)7 .
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