TUIIOBOM PACUET

«IMEPEXOJHBIE IMMPOIECCHI B JIMHEWHBIX IEISAX
C COCPEAOTOYEHHBIMHU ITAPAMETPAMMN»

Conep:xkanue padoThI
O/1C MCTOYHMKOB HANpPSKEHHUSI U TOKM MCTOYHHMKOB TOKA M3MEHSIOTCS IapMOHHMYECKHU C YIJIOBOM

yactotoilt ® = 1000 pax/c, umes ammuntyasl coorserctBeHHo E =100 B u J=10 A.

B 3amaHHBIi MOMEHT BPEMEHH IIPOMCXOIUT KOMMYyTalUs — BKINOYCHHE WIM OTKJIIOYEHUE Y4acTKa
CXEMBI, YKa3aHHas Ha CXEMe CTpPEeIKOM. J[0 KOMMyTaluu pesKUM LETIE YCTaHOBUBILIHMKCS.

JlJ1s BO3HMKILIEr0 MEePEeX0IHOro Imporecca Tpedyercs:

1. OmpenenuTh KIACCMUYECKMM METOJAOM TOK B OJHOM U3 BETBEM CXEMbl, HE CcOepXkallen
WHAYKTUBHOCTH M HCTOYHUKA SHEPTUU.

2. OmpenenuTh TOT e TOK, YTO W B I.l, MpoOBOAS pacdeT ero CBOOOJHONW COCTaBISIOIICH
OIIEpaTOPHBIM METOJIOM.

3. IocTpouTh KpUBYIO HaiineHHOW 3aBucuMocTy i(t), mpuyeM macmTad BPEMEHHU CIIEAYeT BhIOPATh
TakK, 4TOObl U3MEHEHNE CBOOOJHOM COCTABIIAIONIEH TOKA OBbLIO BUIHO HA MPOTSKEHUU JOCTATOUHO OOJIBILIOTO
oTpe3ka ocu abcuucc.

MeTtoanuyeckue ykazaHus

1. KomMyTamus B cxeme MPOUCXOJUT B MOMEHT BpeMeHH, Koraa DJIC miam TOK MCTOYHHMKA UMEET
3aganHoe MrHoBeHHoe 3HaueHue (e(0)=KEn wmm  J(0) = k-Jy) ¥ 3a1aHHbIi 3HAK CKOPOCTH U3MECHEHHSI.
Koaddumment K 1 3HaK CKOPOCTH U3MEHEHHUS 3aJa€TCs ISl KXK/IOW CXCMBI.

2. Homep cxembl COOTBETCTBYET MOPSAKOBOMY HOMEPY, MO KOTOPBIM (haMuiIns CTyIEHTa 3amucaHa
B [PYIIIIOBOM XXypHAJIE.

3. YucnoBbie JaHHBIC MTapaMETPOB CXEMbI ITPHUBCACHLI B Ta6JII/IIIe u BI)I6I/IpaIOTC$[ B COOTBECTCTBHUU C
HOMEpPOM T'PYIIIBI B OYKBEHHOT0 WHJeKca (BapraHT A, b wiu B), ykazaHHOro Ha Kax0ii cxeme.

3HaveHHs] MapaMeTpPoOB CXeM
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IIpumep BbINOJIHEHHS pacyera

B kadectBe npumepa paccunraeM ToK i, (t) B BeTBu, He conepikamueii DJIC n anement L B cxewme,

n300paxxeHHOH Ha puc. 1.

[TapameTpsl cXeMbI:

22% —1 o= 1000 pan/c,
- L R/2 | En=100B
I2 HERON R=100m, L=2-102Tw,
) — 2 C=1/9-10° @,
el C >( €1 = €y,
i [|R/2 k=1/2, de/dt<0
. OnpenenuM  HayvanbHYIO a3y SC
e, (t)=e,(t) =E,sin(ot+y,)
Puc. 1 B MOMEHT KOMMYTaIllN t=0:

e,(0)=e,(0)=E, siny, =kE,, = %-10025013
de,(0) de,(0)

dt dt
COSw, <0 , otkyna maxomum 3Hauenue Wy =150°.

Taxum o6pazom, ei(t) = e,(t) =100 sin(1000t + 150°) B.

wE,, cosy, =1000-100c0Sy, < 0. Crenosatensho,Siny, = k = %

1. Knaccuyeckuii merox pacdera

B cxeme A0 KOMMYTAalUHU pacCYUThIBACM TC BCIIMYUHEIL,
KOMMYTallMH: HAINPsOHKCHUEC Ha €MKOCTHM HW TOK B BETBU C MHAYKTHBHOCTBIO IIPU
KOMMYTallUM 1 HANIPABJICHUA TOKOB B BCTBAX YKAa3aHbI HA PHC. 2.

KOTOpbI€ MOIYUHSIOTCS 3aKOHAM
t =(0-). Cxema 5o



IIpuMeHMM KOMIUIEKCHBIM METOJ pacdera, TaKk Kak B LEeNM YyCTaHOBUBILIMMCA pexxum. Halinem

l KOMITJIICKCHBIC COIMPOTUBIICHUA W IIPOBOAUMOCTH!
200 —— v 1 1 _90
i, - Rz s ° wC 1.,
1000- 5-10
Oel TC X, = wlL=1000-2-107% =20 Om.
i1 3anuiieM aMILIMTYAHOE KOMILIEKCHOe 3HadeHue DJ1C
e _
Em, =100e'**" = -86,6+ j50 B.
2 Puc. 2 Ucnonp3zyeM MeToll y3JI0BBIX MOTEHIMAIOB. [loTeHman
y3J1a 2 IPUMEM HYJIEBBIM:
- Eml L
== O . HaﬁneM AMIINIMTYJHOC KOMIIJICKCHOC 3HAYCHUE ITOTCHIMAJIa y3J1a 1 = , THE
Pmy Pmy Yc+YL+YR
1 1 1 1 : 1 1 .
Yr=—"-=-=02Cm , Y= =_"=—jJ005C™m, Yc=——=-"-=]011Cwm.
R/2 5 X, J20 —J X -9
HOI{CTaBI/IB YUCJICHHBIC 3HAYCHUA B BBIPAXKCHUC ¢m 5 MMOJIy4YHnM:

1

_ —(~86,6+ j50)(~j0,05)
M j0,11-j0,05+0,2

OHpe,I[eJ'II/IM KOMIUJICKCHYIO aMIINIUTYAy HalIPSKCHUS Ha EMKOCTH U m

17,43 j16,4 = 23,94¢ 117 B,

Une. = Pm, = Pm, = 2394671307 223946 B orxyna
uc(t) = UmC sin(wt+ l//UC) = 23,94sin (1000t +43,3°) B. Hanpsokenne Ha EMKOCTH B MOMCHT
xommyrauun t = (0-) pasno: Ug (0—) = 23,94sin 43,3° =16,42 B.

OnpenenuM  KOMIUIEKCHYIO — aMIUTHTYJLY TOKa B BETBM C HHIYKTHBHOCTHIO |
(pml _¢m2 = jXLIm21
L Pmt Em,  -17,43-16,4-86,6+ j50

m2 X, j20
MrHOBEHHOE 3HAYEHUE TOKa io(t) MMeeT BUJL:
I, (t)= |mz sin(wt + W ) =5,46sin(1000t + 72°) A. Tox B BeTBM C MHIYKTHBHOCTBIO B MOMEHT
2

m2*

~168+ j5,2=546e'"" A.

xommytarun t =(0-) pasen: i,(0—) =5,46sin72° =52 A.
Cxema 1nocsie KOMMyTaluu u3o0pakeHa Ha puc. 3. HampaBieHust TOKOB 1 IapaMeTpbl BETBEH ¢
TOKaMH i1 ¥ Ip TAKHeE, KaK B CXEMe 10 KOMMYyTaluu (puc.
1 2). B BeTBHU ¢ TOKOM I3 100aBUIIOCH — conpoTuBieHue R/2
u DJIC e, .Mckombiit Tok ii(t) Wimem B BUAE CYMMBI
L R iy NPHMHYKIEHHOTO U CBOOOIHOTO TOKA:

i, (t) =iy, (1) +i, ()

2
I 1 Onpedenenue npunyscoennozo moxa i, (t)

[IprMeHHM KOMIUIEKCHBIM METOJ] pacyeTa, TaK KaK
B CXEM€ YCTAaHOBUBIIUICS (IPUHYXICHHBIN) PEXKHUM.
Puc. 3 HcnonszyeM MeToa y37I0BBIX TIOTEHIIAAJIOB.

[Mpumem =0, ypaBHeHHe [UIs OIIpeIEICHUS
p m, yp p my




HUMECT BU:

Pmy = Ye+YL+Yr 7F B, = Em, =100¢

YL=-J0,06Cm, Yr=01CwMm, Yc=]011Cwm . 3nauenue Pm, PaBHO:
_ —(-86,6+ 50)(—}0,05) + (-86,6+ j50)-0,1 _
M j0,11-j0,05+0,1
Pm, = ~(=1Xc) o1V 12
T Pm, 7853 - 5412
P X -j9
iy (1) = I SIN (@1 + Vi ) =10,6sin (1000t +55,4°) A..

j150°

~ 86,6+ j50 B,

j145,40

—78,53+ j54,12 =95,37e B.

. 0
554
A

=6+ j8,7=10,6e

OHpGI[eJII/IM MNPUHYXACHHBIC 3HAYCHUSA HAIIPAKCHHA Ha CMKOCTM M TOKa B BCTBH C
WHIyKTUBHOCTBIO 1pu t = 0, KOTOpbIe OYAYT HCIOIB30BAHBI IIPH PacyeTe ONEPaTOPHBIM METOJIOM (CMOTPH
1.2 coaepkaHusi paboThl).

Upn =0, =-9537e"" =0537e 1% B,
()= U sin (ot + Vug ) =95,37sin(1000t — 34,6) B

Ug,,(0) =95 37S|n( —34,6) =54 B.
[IpuHYXI€HHBII TOK B BETBH C HHIYKTHBHOCTBIO I2yp(0) ompenenum 1o Gpopmynam:
(Dml _(pmz = JXLImznp - Eml '

om +E _ i _ ' i

2 X, J20

Ly () = Iy SIN(@ L+, ) =9,765in(1000t +57,8%) A,

.. (0)=9,765in57,8° =8,26 A.

p

j34,6°

Cnp

Onpeodenenue c60600H020 MOKA .

Bun cBoOoaHOMN cocTaBAIONIEH TOKA 3aBUCUT OT BHJIa KOPHEW XapaKTEPUCTHUECKOTO ypaBHEHUS,
KOTOpBIC OIPE/ICIIUM METOIOM BXOJHOTO OINEPaTOpPHOro compoTuBieHus. Cxema i ompexaeneHus Z(p)
uMeeT Buj (puc. 4 ). 3anuiieM BBIpaXEHUE JIJISI OMEPATOPHOTO COMPOTHUBIICHHS OTHOCHTEIBHO TOYEK
pa3pbiBa BETBU C HCKOMBIM TOKOM U IIPUpaBHsieM ero Hyito. [loayunm paBeHCTBO

1 pLR

A= e LR

. — pCpL+
pL R [Tocne npeoOpazoBaHUs MOJTYIHM
XapaKTePUCTHUECKOE aBHEHHUE:
PaKTep yp
L 1 1

p’j- l/pC p2 +p-——+ ——=0. IToncraBum YUCIICHHBIE
7] spauenns: P° +900p+4,5-10° =0, TIOJTyIUM
p,, =—450% j497,5. Kopun xapakrepucTiieckoro
Puc. 4 ypaBHEHHsI KOMIUIEKCHO COTIPSDKEHHBIE, CIIeIOBATEIBHO,

BBIPAKCHUC JIA CBO60[[HOﬁ COCTaBJISAIONICH TOKA HMEET

—450t _.
sin (497,5t +X), rae A u X — HOCTOSIHHBIE HHTEIPHPOBAHHUSL.

eux: I (t) =Ae



Oo1ee perieHre UMeeT BU:

iy () =iy, (1) +iy, (t) =10,65in(1000t +55,4°) + Ae "% sin(497,5t+x) A.

di, (0)
dt

OmnpenenuM MOCTOSHHBIC HHTETPUPOBAaHUST A | X, A7l 4ero Haijaem 3Hadenus 11(0) u

[Mpoauddepennupyem Boipakenue iq(t):

d'a?) —10600c0s(10°t +55,4°) —450Ae """ sin(497 5t + ) + 497,5Ae """ c0s(497,5t + X)

i di, (t) : .
IMopcraBum t = 0 B BelpaxeHus  gut  iy(t) T; i,(0)=8,73+Asinx,
di, (0)

=0,6-10" —450 sin x +497,5 A cos X.

di, (0)

JIs1 OIIPCACIICHUS | O n R e coCTaBuUM ABHCHHA I10 3aKOHaAM KI/I XTroma Ajs1 CXEMBbI I10CJIC
! dt

KoMMmyTanuu U npoguddepenmupyem (1) u (2) :

iL(t) =i, () +i, (1) | )

1ji Odt+RiL, (D =—6,(t), @
L 4L _ Ri,(t)=e (1) +e,(t), (3)

di, (t) _ di(t) , di,(t) 4
dt dt dt

i, (t) +R di, (t) _ de, (t) 1 (5)

C dt  dt

r1e deét(t) :a)Em2 cos(wt +150°) =10° cos(1000t +150°) , a de, (0) _ -8,7-10%.
Banumiem ypaBuenuss (1) —(5) nput=0. Yarem, uyro éj L (t)dt=u(t) :
1,(0)=1,(0)+1,(0) , (1)

U:(0) +Ri,(0) = —&,(0) . @

L Ri 0=, +e,0). @

di, (0) _ di,(0) , di(0) “

o dt dt dt

L(0) | diy(0) __de,(0) 5
C dt dt

[MoncraBuB B ypaBHeHus (1) — (5) uncnenHsie 3Ha4YeHHs mapameTpoB cxembl R, L, C, BwramcieHHble

de,(0)

sgauenus e1(0) = e,(0) = 50, =—8,7-10" u onpezenennbie Mo 3aKOHAM KOMMYTALMH 3HAYCHHS

i2(0) =i2(0-)=5,2 A, uc(0) =uc(0-)=16,42 B, monyunm: il(O) =52+ i3(0) ,
16,42 —|—10i3(0) =-50

2.107 d'ZiO)

~10i,(0) =100 ,



di, 0) _ di, (0) , di,(0)
dt dt dt

i (0) di, (0)

1

~10°
9

+10 =8,7-10" .

di,(0)
dt

Pasperunm nosyuentyio cucreMy ypasHennii ornocutensto 1,(0) u

i,(0)=—144, O"(lj(to) =117-10".

TakuMm o0Opa3oMm, OCTOSIHHbIE HHTETPUPOBAHUS HAXOAUM U3 YPABHEHUM:

i,(0) =8,73+Asinx =144,
dl(lj(to) =0,6-10* —450Asin x +497,5Acosx =117-10" wm
Asinx =-10,2,

Acosx=2,01, orkyma A= \/10,22 +2,01° =10,36, x=arctg _218;-2 =-78,8°.

CB00OHAsT COCTABIAIONIAT HCKOMOT'O TOKA UMEET BU/I:
i ()=Ae” % 5in(497,5t +x) =10,36e *** sin(497,5t — 78,8°) .
CB

Wrak, nckomblii Tok i1(t) paBeH:

i, (t) =i, () +i,.,(t) =10,6sin (1000t +55,4°) +10,36 6 **" sin(497,5t — 78,8°) A.
2. OnepaTopHblii MeTO] OmnpeJejieHUs] CBOOOJHON COCTaBJISIIOIIEH TOKa

CocTaBUM OIEPATOPHYIO CXeMy st onpeaeseHus iy(t) (puc. 5).

1 Onpenenny, 3uavenns U (0) u i, (0) u3
rv;)rl: -l_ 2 — BBIPKCHU:
pC R Uc (0) = g, (0) + U, (0)
La®) B s 1 la®) 120 =15 (0) 4, (0)  rre smavenns uc(0) , i2(0)
5 L ies(0) (D) M3BECTHBI M3 3aKOHOB KOMMYTALIWH:
(Uc(0) = Uc(0-) = 1642 B, ix(0) = in(0-) =52 A

2 ), @ Ucnp(0) 1 i2p(0) paccumtanbr B 1. 1 (Ucyp(0) = - 54
Puc. 5 B, imy(0)=826 A). Toraa
Uc (0)=u.(0)— Ue,. (0)=16,42+54 =70,42
CB p

B)
ip,, (0)=1,(0)—i, (0)=52-826=-306 A.

Wso0pakenne uckomoro ceoboaHoro Toka | (P) momyunm, npuvenns metox  ys3moBbix

MOTEeHIMAI0B. M300pakeHHe MOTEHIMANA y3J1a 2 TpuMeM HyJeBbIM. Haiinem wm3o0OpaskeHue CBOOOIHOMN
COCTaBISIONICH MmoTeHIMana y3na 1:



Uee(©)  Li,_ (0)

IOAC pL
wlCB(p)_ 1 1

T* L R

e P

HOI[CTaBI/IB HN3BCCTHBIC YMCJIOBBIC JAHHBIC, ITIOJTYUUM:

- 7042p %107 2.10%(-36)

D p-2-10~ —70,42p +27,5-10°
¢1CB(p) = = 5

1/10° 1 1 p* +900p +4,5-10

p + —+—

9 p-2-102 10

N3o0pakenune cBOOOIHOTO TOKA Ich(p) HaWJIeM U3 YpaBHEHUS:
C CB ( )
, OTKyJ1a

Pren (P) = 0200 (P) =~ (P) i

C CB (
- ¢lCB (p) - %
HUJIA C yquOM YHUCJIOBBIX JAHHBIX

|1, (P) = :
P %C

~70,42p+27,5-10° 70,42 1/1a2_ —10,1p—3521 F.(p)
1 (P)=| = 5 -p@lO 5~
p°+900p+4,5-10 p p?+900p+4,5-10° F ,(P)

I[J'IH HaXO0XJACHHA OpUI'MHalIa IlCB (t) MIPUMCHUM TCOPEMY PA3JIOKCHUA:

1(pk) pkt
lCB( ) ZF ( k)

F (p)=p°+900p+4,510°=0, p =-450+j4975.

, TIC KOPHU ) M ) OIPEACIAIOTCS U3 BHIPAKCHUS:
1 2

3aMeTI/IM, 4TO CyMMa JABYX KOMIIJICKCHO COIPSAXKCHHBIX KOpHeﬁ p )51 p B BBIpAKCHHUU JIA
1 2

OpUruHaia i (t) paBHa YABOEHHOH BEUIECTBEHHOM 4acTH OJHOTO W3 KopHeu. [losTomy nanee pacuer
1
IPOBOJUM JUIsl KOpPHA P
1

F (p,) =—10,1(-450+ j497,5) — 3521 =1024 — j5024,
F(p,) =2p+900=2(-450+ j497,5) + 900 = j995.

F.(p) GPit _ 10245024 (-450+ j497 5)t _ 5 14— 450t £ 1(497 5t - 1687)
= (p) j995

Bemmectsennas yacts sroro uncia: 5,146~ % c0s(497,5t —168,7°), cnenosarensHo,

(t) = 2-514e %% cos(497,5t —168,7°) =10,28¢ “5% sin(497,5t —168,7° +90°) ,

(t) =10,28e~ " sin(497,5t —78,7°) , 4o HOCTATOUHO XOPOLIO COBIANAET CO 3HAUEHHEM il (1),

HaliICHHBIM KJIaCCUUYECKUM METOIOM.

Hocrpoenne 3apucumoctu 1 (1)
1



i (t)=10,6sin(1000t + 55,4°) +10,36e” *°* sin(497,5t — 78,8°), rxe

i (t)=10,36e" % 5in(497,5t —78,8°), i (t)=10,6sin(1000t + 55,4°).
CB 1np

BeiOupaem Macmrad 1o  ocH
i), A abcuucce TS cBO0OOI-HOI
COCTAaBIISTIOMICH TOKA:

o

10 |—= / x\\ moCB =24" [cm. Torma uenomy
)\

N \ epuoy 3TOro TOKa
8 \\ cooTBeTcTByeT oTpe3ok |t=360°/
I \ 24° = 15 cM.  DTOT e OTPE30K
6 \“ COOTBETCTBYET BpeMeHH T, = 1/,
l \ =21 /o = 6,28/497,5 = 0,0126 ¢,
TO €CTh MacmTabd Mo ocu abCIuce
VTSt BPEMCHHU
Miez = 0,0126 / 15 = 0,00084 c/cm.

Takum 00pazom, IJIs TOYKH

N
hhﬁ

0 7 - \ t = 0
25 50 75 Y100 —125 —t,mc (0) =10,36e° sin(—78,8°) =-101
52 'I \ IcB
\ .
A / \ Jns touxn ¢t = 0,00084¢
/ \ i (0,00084) =10,36e™ 420" 0:00084gjp
-6 \ CB
/ \ -
y \\ Jdna  Touku t =0,00168c
-8 o
/ N, i (0,00168) =10,36e™ %74 sin(48° -
\ 1cs
-10 b ’
U TaK Jajee.
[To ocu opauHar BBIOEpPEM
Puc. 6 MacmTta® i 3HAYCHHS TOKa

m =1A/cM. Tak kak o
i
MOYTH B JBa pa3a OOJbIIE (¢, TO MacmTa® mjIsd TIpagycoB apryMeHTa IIPUHYXKIECHHOIO TOKa

m =12°/cm.
Omp



