ITnasa 6
QJIEKTPOMAT'HUTHBIE KOJTEBAHUSA
6.1. CoOcTBeHHBIE JIEKTPOMATHUTHBIE KOJe0aHUs

DJEKTPOMarHUTHBIMM KOJIEOAHUSIMM Ha3bIBAlOTCSl KOJIEOAHUS JIEKTPUUYECKUX 3a-
PSAA0B, TOKOB U (PU3MUYECKUX BEIMUYUH, XapaKTEPU3YIOIIUX IEKTPUUECKHE U MarHuT-
HBIE I1OJIS.

KonebGanusi Ha3pIBalOTCS NEPUOAMYECKUMH, €CJIM 3HAUEHUS (PU3NYECKUX BEIIU-
YMH, U3MEHSIOLIUXCS B Mpolecce KojeOaHUM, MOBTOPSAIOTCS 4Yepe3 paBHbIC MpoMe-
KYTKH BPEMEHHU.

[IpocTefimuM THIIOM MEPUOIUYECKUX KOJICOaHHM SBISIOTCS TapMOHUYECKHE KO-
nebanus. 'apMoHnYecKue KoIeOaHHsI OMUCHIBAIOTCS YPAaBHEHUSIMH

x=Asin(ot+ goo)

U
x=Acos (ot+ gol).

Paznmuuator xoneGanus 3apsiioB, TOKOB U TOJEH, HEPA3PHIBHO CBS3aHHBIX JIPYT C
JIPYyroM, U KoyieOaHUs TOJIeH, CYIIECTBYIOIIMX B OTPBIBE OT 3apsaoB U TOKOB. [lep-
BBIC UMCIOT MCCTO B QJICKTPUYCCKUX LCIIAX, BTOPBIC — B 9JICKTPOMAIrHUTHBIX BOJIHAX.

Konebamenvroim KOHMYypom Hasvleaemcs djleKmpudeckasl Yyenv, 6 KOI’I’lOpOﬁ MO-
cym I’lpOLlCXOdMI%b INNEKMPOMACHUMHblE KoJlebanus.

KonebarenbHbIM KOHTYpPOM CIIYKHUT Jit00ast 3aMKHYyTasi JIEKTpUYecKasl 1elb, CO-
cTrosmast u3 KOHACHCATOPa €EMKOCTBIO C, KaTyllKWl MHAYKTHUBHOCTH C MHIAYKTUBHO-
cTbio L u pesucropa conporusiieHueM R , B KOTOpOH IPOUCXOIAT JIEKTPOMArHUT-
HbI€ KOoJieOaHusl.

[Ipocreiimmii (MaeanbHBIN) KOIeOaTENbHBIN KOHTYp — 3TO COSAMHEHHBIE MEXAy coOOi KOH-
JICHCATOp M KAaTylIKa MHAYKTUBHOCTH. B TakOoM KOHType €MKOCTb COCPENOTOYEHA TOJIBKO B KOH-

JIeHCAaTOpe, UHIAYKTUBHOCTh — TOJIBKO B KaTyIlIKe U, KPOME TOTO, OMHYECKOE CONPOTUBJICHUE KOH-
Typa paBHO HYJIIO, T.€. HET IOTEPb YHEPTUU HA TEILIO.
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Yto0ObI B KOHTYpE BO3HUKIIU AJIEKTPOMATHUTHBIC KOJIeOaHus, KOHTYP HEOOXOAMMO
BBIBECTH U3 COCTOSIHMS paBHOBeCHSA. [[1 3TOro IOCTATOYHO 3apsAInTh KOHIEHCATOP
WIK BO30YIUTh TOK B KaTyIIKE UHAYKTUBHOCTH U MPEJOCTABUTh CaAMOMY cele.

Coo0mumM oHOM M3 00KIAIOK KOHACHCATOpa 3apsa +qn,. V3-3a sSBIEHMS dJeK-

TPOCTATUYECKONW WHIYKIIMM BTOpas OOKIaIKa KOHAEHcATopa 3apsIuTCsi OTpHUIla-
TEJIBHBIM 3apsIOM — (- B KOHIE€HCATOpE BO3HUKHET 3JIEKTPUUYECKOE I10JIE C DHEP-

rueil papHoil (cM. raasy 1)

2
_9m

E o2c”

Tak kak KaTyuika UHIYKTUBHOCTHU MOJACOECAMHEHA K KOHJIEHCATOPY, TO HaIpsKe-
HUS Ha KOHIIAX KaTYyIIKH OYIyT paBHBI HAMPSDKCHUIO MEXAY OOKIaAKaMy KOH-
JeHcaTopa. DTo MPUBEIIET K HAMIPABJICHHOMY JIBUKEHUIO CBOOOHBIX 3apsiiOB B KOH-
Type. BeaeacTBue 3Toro B AJIEKTpUUECKOW LEMU KOHTYypa HaOII0JaeTcss OJIHOBpe-
MEHHO: Heumpanuzayusa 3apaooe Ha 00K1ao0Kkax KoHoencamopa (pa3paoxka KOoH-
deHcamopa) u ynopsaoo4eHHoe 08UMNCeHUe 3apa008 6 Kamyuike UHOYKMUGHOCHIU.
Ynopaoouennoe osusicenue 3apaooe ¢ uenu KonedvamenvHoz0 KOHmMypa Ha3vlaA-
emcsa pa3pAOHbIM MOKOM.

N3-3a siBrieHms CaMOMHITYKIIMH pa3psiTHBINA TOK HAUYHET YBEJIMUMBATECS TIOCTENeHHO. Yem OoIib-
111€ MHTyKTHBHOCTb KaTYILIKH, TEM MEIUICHHEE PACTET Pa3psyIHbIA TOK.

Takum 00pa3om, pa3HOCTh MOTEHIIMAJIOB, MPWJIOKEHHAS K KaTYIIKE, YCKOPSET
JNBIKEHUE 3apsi/ioB, a 3JIC CAMOMHAYKUIHWH, HAIPOTUB, TOPMO3UT UX. CoBMECTHOE
NENCTBUE pa3HOCMU NOMEHYUAN08 U 20C CAMOUHOVKYUY TIPUBOJUT K MOCTEIIEHHOMY
HApaCTAHUIO pa3psa0H020 mokda. B TOT MOMEHT, KOoraa KOHAEHCATOp MOJIHOCTBIO pas3-
PAIUTCS, TOK B LIEMU JOCTUTHET MAKCUMAIILHOTO 3HAYCHUsI [y,

OTUM 3aBepliaeTcs nepBas YeTBEPTh Neproa KoJieOaTeabHOro npolecca.

B npouecce pa3psaku KoOHAEHcaTOpa pa3HOCTh MOTEHIMATIOB Ha €ro OOKJIaIKaXx,
3apsii OOKJIAI0K U HANPSKEHHOCTh AJIEKTPUUYECKOTO TOJISI YMEHBIIAIOTCS, IPU 3TOM

TOK 4epe3 KaTylIKy HHAYKTHBHOCTH M HHAYKIHS B MarHHTHOTO OIS BO3PACTAIOT.
DHepeusa INeKmMpuuecKoz0 Nnosa KOHOEHCAmOopa NOCMeEneHHo npeepauiaemcs
8 IHEPZUI0 MAZHUMHO20 NONA KAMYUIKU.
B MomeHT 3aBepIiieHus1 pa3psiKi KOHJIEHCATOPa SHEPTUS AIEKTPUUECKOTO IO
OymeT paBHA HYJIIO, a DJHEPrus MAarHUTHOTO TIOJIA JIOCTHUTAeT MaKCHUMyMa
(cm. rnaBy 4)

2
LIm
Y=y

Trac L- HMHAYKTUBHOCTDb KAaTYIIKH , Im — MaKCHMaJlbHbIMA TOK B KaTylIKe.

Hanuuue xondencamopa B 1enu KOHType NPHUBOJUT K TOMY, YTO Pa3psiAHBIN
TOK Ha €ro oOkiaakax oOphIBaeTCs, 3apsAllbl 3/1eChb TOPMO3SATCA M HAKAIIMBAIOT-
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cs. Ha To#i oOkmaake, Mo HaMpPaBJICHUIO K KOTOPOHM TEYET TOK, HAKAILIUBAIOTCS TIO-
JIOKUTENbHBIE 3apsi/bl, HA JIPyrod OOKJIagKke — oTpullaTelbHble. B KoOHIeHcaTope
BHOBb BO3HUKAET 3JIEKTPOCTATHUYECKOE IO0JIC, HO TENEPh YK€ MPOTHUBOIOI0KHOTO
HaIpaBJIEHUS. JTO MOJIE TOPMO3UT JBUKEHHE 3apsAoB KaTyliku. CienoBaTesbHO,
TOK U €r0 MarHUTHOE IOJIe HAUMHAIOT yObIBaTh. ¥ MEHBIIIEHUE MAarHUTHOTO TMOJS CO-
IPOBOXKIAETCS BO3HHUKHOBEHHUEM DHAC CAMOMHIYKLUHMH, KOTOpas MpPEMATCTBYET
YMEHBILICHUIO TOKA U MOAJEPKUBAET €r0 MEpBOHAYaJIbHOE HarpasiieHue. biarogaps
COBMECTHOMY JCHCTBHIO BHOBb BO3HHUKILIEW Pa3HOCTU MOTEHUMAIOB U 3JC CAMOMH-
OYyKUUHW Pa3psAIHbIA TOK  YMEHBIIAETCA A0 HYJIS MOCTENEHHO. OJHEpPrus MarHuT-
HOTO TOJIsi CHOBA MEPEXOJIUT B SHEPIHUIO JIEKTPUUECKOIO MOJIA. IDTUM 3aBEPIIACTCS
MOJIOBMHA TIepro/ia KojebarenbHoro npoiecca. Ha TpeTheit u 4eTBepToil 4acTax omnu-
CaHHbIE IPOLIECCHl ITOBTOPAIOTCS, KaK HA MEPBOM M BTOPOM YACTAX NEPUOAA, HO B
oOpatHoM HamnpaBiieHuu. [Ipols Bce 3TU YeThIpe CTaauu, KOHTYP BEpHETCS B MC-
xoztHoe cocTosiHue. [locaenyromue quKIbl KojedaTelbHOro mpouecca OyAyT B TOY-
HOCTH TIOBTOPSITHCS.

B konebamenvnom konmype nepuoouuecku usmeHamcs ciedyrwue uzuieckue
BENUYUHDL:

q - 3apsa Ha OOKJIaJKax KOHAEHCaTopa;

U - pa3HOCTh NTOTEHLIUAJIOB HA KOHAEHCATOPE U , CIEAOBATEIbHO, HA KOHIIAX Ka-
TYLIKH;

I - pa3psaHbIi TOK B KaTYIIKE;

E - HanpsKEHHOCTD 3JIEKTPHYECKOTO MOJIs MEXKIY IJIACTUHAMU KOHIEHCATOPa,;

B - MHIYKIMS MarHATHOTO HOJS B KaTyNIKE HHAYKTUBHOCTH;

Wk - 3HEprust 3JeKTPUYECKOTO MOJs B KOHAEHCATOPE;

W3g - BHeprust MarHuTHOIO MOJIsl B KATYIIKE HHAYKTUBHOCTH .

ConoctaBiisisi 3JIEKTPOMarHUTHbIE KOJIEOAHHUSI ¢ MEXaHUYECKUMHU, MOKHO OOHa-
PYKUTbh, YTO KaXKJIOM BEIWYMHE, XapaKTepU3YIOIIeH MeXaHW4YeCKue KojiebaHus, co-
OTBETCTBYET JJIEKTPUYECKAS WJIM MAarHUTHAas BEJIIMYMHA, UIPAIOLIas B JJIEKTpOMar-
HUTHBIX KOJICOAHUAX AHAJIOTHYHYIO POJb, & MMEHHO: KOOPJAMHATE X COOTBETCTBYET

3apsj KOHJEHcAaTopa q , CKOpocTH V — cuja Toka [ , yCKOpPEHHIO a — CKOpPOCTh

VU3MEHEHUS CUJIBI TOKA %, Macce m — MHAYKTUBHOCTh KaTymku L, koadunmenty
t

ynpyroctu k — BennuuHa, oOpaTHasi eMKOCTH KOHJIEHcaTopa — é, MTOTEHIHAJIBHOU

2 2

— OHCPIruA 3JICKTPHUYCCKOI'O II10JIA Zq_C )

SHEpPruu JeHOPMUPOBAHHON TIPYKUHBI

2 2

mv LI
- DHEPrus MarHUTHOTO ITOJIA T , KO-

KUHETUYECKOU OHCPIruu IBUXKCHHA TCJIa

abPuUnMeHTY TpeHHS I — OMHUYECKOE CONpOTHUBIeHWE R, BHemHed — cuie

F — snexkTpoaBmxkymas cuna & (pa3HOCTB notenmuajaos U).

Havinem 3aBucumoctu q,1, &, Wg, Wy OT Bpemenu t.

Jlnst HaxXoKJeHMs 3aKOHAa M3MEHeHHus 3apsijaa q = ((t), HeoOXO0AMMO COCTaBUTh
U1 Hero  auddepeHnanbHOe YpaBHEHUE U HAWTH €T0 PEIICHHE .

251



Tak Kak KOHTYp UJ€JIbHBIN (T.€. HE U3JIy4aeT JJIEKTPOMAarHUTHBIX BOJIH U HE BbI-
NEJISIET TEIJI0), TO €ro YHEPrusi, COCTOALIAs U3 CYMMBI SJHEPIrUU MarHUTHOro Wy H
anekTpuueckoro Wg nosuei , o0cTaeTcsi HEM3MEHHOW B JI000I1 MOMEHT BPEMEHH.

—L Iz(t) + m = const
2 2C '

CrnepnoBaresibHO, MPOU3BOJIHAA OT IOJHOM SHEPIHMHM KOHTypa 10 BPEMEHU paBHA
HYJIIO.

d[ Lo | 0 |_, 6.1)
dt 2 2C ’

rae I(t) u q(t) — MrHOBEHHBIE 3HAUEHHUS TOKA U 3apsjia Ha OOKJIaIKaX KOHIEHCATOPA.
[IpousBenem B ypaBHeHuu (6.1) muddepennnpoBanue mo BpeMeHH.

L4 ada_ (6.2)
dt C dt
dg d1I _ d%q
3amenumM B (6.2) 1= —, — = —  TMOJYy4YUM
dt dt 42

44 _y, (6.3)

o

-+
[oN
-

[\
Ole
o,

-

Paznenus (6.3) Ha L(;—(tl 1 0003HA4MB Ll_C = co%, noyiyuum auddepeHIanbHoe

ypaBHEHUE IS 3apsiia

o
\®)
Kal

+ w% q=0. (6.4)

o
—
\S]

Pemenue ypaBHenus (6.4) onuchiBaeT M3MEHEHHE 3apsia Ha 0OKIJIaJIKaX KOHJICH-
catopa co BpeMmeHneM. [lns pemienuss ypaBHeHHs (6.4) BOCHOJIb3yeMCS METOJOM
Diinepa.

ITo atomy meTony pemenne (6.4) BeiOepeM B Buae q(t) = C ert, rae C - npous-
BOJIbHAS KOHCTAHTA, I' - HEW3BECTHAs KOHCTaHTA. /[ HAXOXJEHUS STUX KOHCTAHT

2
nojcTaBuM q(t) = C et <(11_q - Cre't, d_g - 12t B(6.4), mONIyYUM TOXKAECTBO:
t dt
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Crzert+m%CertEO 7 00%} Cert(r2+m%j50.

\S}

N3 tpex comuoxutenet C#0 , et = 0, clIeIoBaTeILHO 2 +02]=0. OTcrona
p ’ 0

BBIYHCJIUM IICPBYIO KOHCTAHTY T
= 4+ -0y = + imo, rae i - MHAMOE YHCIIO.

JIByM 3HAYCHHAM KOPHA 1 = + i wy, 1, =-iw,, COOTBETCTBYIOT JBa YACTHBIX pe-

menus. OOliee penieHrue HaxXOAUTCS KakK JIMHEWHas KOMOMHAIuUs JBYX YaCTHBIX
peLIEeHUN:

* +i0)0t * -logt iicoot o
q(t)=C1e +C2e =|e =cosoyt + isinoyt|=

CT cosmot + Cik 1 sinmot + C;cosmot - C; isinogt =
%k

(CT + Cz)costtJr(i CT- iC;jsiant

[Tocne BBeneHus HOBbIE 0003HAYEHUH CT + Cz = Cl’ 1 CT -1 CZ = C2 , HOJIY4YUM

q(t) =C1 cos®, t+ C2 sina)ot.

N3 pemenust cnegyer, 4To 3apsii Ha OOKIaJKax KOHAEHCATOpa H3MEHSIETCS
0 TapMOHHYECKOMY 3aKOHY. 3aKOH HW3MEHEHHs 3apsa CcO BPEMEHEM
q(t) = o cosm0t+C2 sinwot MOXKHO 3allicaTth B aMIUTMTYJHOW (opme, a UMEeHHO

q(t) = Acos (m0t+ (po),

C
rae A= C12+C2, g00=arctg—1.
©

Koncrantel C; u C, HAXOIAT U3 HAYAIBHBIX YCIOBUM.

IIpu t=0,9q=qp, i_(tl = 1,, T€ o — HayaJbHBIA 3aps] HA KOHJeHcaTope, [ - Ha-

Iy
JaJIbHOC 3HAUCHUC paSpHI[HOFO TOKaA.
[ToscTaBUB HadalbHBIC YCIOBHS B yPaBHCHHS

q(t) = Clcos oy t+ C2 sin O 1,
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—=—C1 o siantJrC2 M COS ) t,

dt
Yo
MOJIyYUM C1 = qp> C2 = —.
®0
Jdn ©
Otcroaa A=qy = a5+ —5 . @,= arctg 00
I
Pemenne ypaBHeHust (6.4) umeer BUA
q(t) =q, cos (m0t+¢o), (6.5)

rae qm - aMIUNIMTYAHOC 3HA4YCHUC 3apsija, (00 - HadaJIbHas (1)838; 0,- QUKIINYCCKaA

0
4yacToTa KojieOaHui, ¢ = oot + @y - ¢daza konebanuii. YpaBuenue (6.5) onucoiBaeT

HE3aTyXaromniue KoyieOaHus Mpu OTCYTCTBUU CONIPOTUBIICHUS.

BoeiBoa: 3apsao ma obxnadkax komoencamopa uzMeHsemcss no 2apMOHUYECKOMY
3akony. Konebanus 11o60oi puzuueckoti senuuunsl, onucvisaroueli ypasnenuem (6.5),
HA3bI6AIOM COOCMBEHHbIMU  KOACOAHUAMU. Benuuuny o, Hasvieaiom cobcmeenHol

yuxkauyeckou yacmomou koaebanutl. Ilepuoo xonebanuii T — nHaumeHvbwul npome-
JHCYMOK 8peMeHU , NO UcCmedeHuUu KOmopo2o @u3uiecKas eeIuduHa npuHuUMaem mo
Jice 3HaUeHue U umeem my iHce CKopocmo.

[lepuon u yactoTra COOCTBEHHBIX KOJ€OAHUI KOHTYpa BBIUUCISAIOTCA 1O (HOpMY-
Jam:

_2m _ 1

1
T="=21L - —_ =
o : VT 2nJLC

Breipaxkeane T = 2z L C  Ha3pBalOT popmyoil TomcoHa.

Pa3nenus (6.5) na C, HaliieM HM3MEHEHUs Pa3HOCTH MOTEHUUAJIOB (HAINPSKEHUS)
MEXIy OOKJIaKaMU KOHJIEHCATOpa CO BPEMEHEM

U(t) = Uy cos( Wyt + (/)0), (6.6)

rie Uy = qu - aMIUTUTYJa HAIPSDKCHHS.

3aBHCHUMOCTD CHJIBI TOKA OT BpCMCHHN OIPCACISICTCS COOTHOMICHUEM —

d ) o
I(t) = d_(t] = - cooqmsm(mot + (PO) = Imcos[mOtJrng +E}a (6.7)
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Trac Im = (DO qm - aMILIMTyla TOKa.

3aBHCHUMOCTD 9JC CAMOMHAYKIWU OT BPCMCHU OIPCACIACTCA COOTHONICHNCM

_ dl o) B
gg(t) = - La = - Loy qmcos((oot + gpo) = gsmcos(mot + 9 - n),

IIe &gy = Loa(z) qm - aMIUIMTYZAA 31C CaMOMHIYKLUU.

3aBHCUMOCTh OQHCPIUU JJICKTPHUYCCKOI'O IIOJIA OT BPCMCHH OIIPCACIIACTCA COOT-
HOIMICHUEM

q2 q2 2 2
-1 _+1m —
Wg e~ 20 O (m0t+g00) Wg,, €08 (coot+(p0), (6.8)
q2
rne W, =-1 _ \MakcuMaJbHOE 3HAYEHUE DHEPTUU DIEKTPUYECKOTO OIS,
Em 2C p p

3aBHCHUMOCTD OHCPIruv MAarHuTHOIO IOJIAI OT BPEMCHU OIPCACIIACTCA COOTHOLIC-
HUEM

2 2
_L1?_Logdm

.2 _ .2
Wg 5 ,sin (coot+(po)— Wg,p Sin (coot+(p0), (6.9)
ngq%
rae Wg, = —, -~ MaKCHMAIbHOE 3HAYCHHE SHEPTHH MArHHTHOTO NIOJLA.
2_1 _
[Tockonbky 0y =—7, To Wg = W .

LC
B BbIpaxkeHUs 71 aMIUIUTY/]T BCEX U3MEHSIOIMUXCS BEJIUYMH BXOJUT aMIUIATY]A
3apsza qp, . OTa BEIMYMHA, a TaKKe HadanbHas (pa3a koneOaHuil (Do ompenensrorcs

HaYyaJbHBIMU YCIOBUAMH — 3apsiA0M KOHJIEHCATOPA U TOKOM B KOHTYPE B HayaJbHbIN
MOMeEHT BpemeHn t = 0. Ecnu oTcuer BpeMeHr BECTHM ¢ MOMEHTa Hadaja pa3psaku

3apsi/ia Ha KOHJIEHCcAaTope KoyedareabHoro KoHrypa, tonpu t=0, Q= (o, [ = 0.
[ToncraBuB TH 3Ha4eHus B (6.5) u (6.7), moyuyum

dy = 9m COs @y 0= ®0 dm singoo,

TK. oy #0, qu# 0, TO ¢;=0. IToncrasus ¢o=0 B MEPBOEC ypPaBHEHHUE, TOTYUHM

dm =dg> T-6. MAaKCHMaJbHOC 3HAYCHHE 3apsja PaBHO MEPBOHAYAIBLHOMY 3apsy

KOHJICHCATOpA.
3aBucumoctu q, U, I, &5, Wy, 1 W OT BpeMEHH t NPHUBEJICHBI HA PHC 6.2.
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ComnocraBmsist (6.5) — (6.9) , 3axmrogaem, 9To KojeOaHus 3apsiia W Pa3HOCTH IO-

T
TCHOHAJIOB COBCPIIAOTCA B OJJMHAKOBBIX (1)333X, TOK OTCTAcCT IIO (1)2136 Ha 5 OT pas-

HOCTH MIOTEHLIMAJIOB , 4YacTOTa KOJEOAHUI IHEPruil dJEKTPUUECKOTO U MArHMUTHOIO
noJiel B 1Ba pa3a 0OJIbLIE YaCTOThI KOJIEOAHUM BCEX APYTUX BEJTUUMH.

q

6.2. 3aryxamomniue 3J1eKTPOMATHUTHBIE KOJIeOAHUS

PeanbHblii KONMEOATENbHBI KOHTYp OO0JagaeT OMHYECKHM COMPOTHBICHHUEM.
BcenencrBue 3T0ro B TakOM KOHTYpPE DJIEKTPOMATHUTHAS SHEPIus, 3allaceHHas B Ha-
qajie KoJieOaHW, NOCTENEHHO IPEBPALAETCSI BO BHYTPEHHIOIO DHEPIHI0 KOHTYpA
(Terno).B peanbHOM KOHTYype TrapMOHHUYECKHUE KOJECOAHMsI IEPEXOAIT 3aTyXarollue.

3aryxarouue KojebaHuss He ABIAIOTCA NEPUOJUYECKUMH, TaK KaK uyepe3 KOHeU-
HBIH IPOMEXYTOK BPEMEHHU (U3MUecKas BEJUUYMHA HE IPUHUMAET TO )K€ 3HAUCHHE
U HE UMEET Ty ke CKOpoCcTb. OJIHAKO 4Yepe3 paBHBIE IPOMEXYTKU BPEMEHH IIOBTO-
PSIOTCSL MAKCUMAIbHbBLE, HO pazHble TI0 a0COMIOTHON BEIMYMHE 3HAYEHUs (Qusnye-
CKMX BEJIMYHH.

[lepexon OT OHOTO MAaKCHUMAaJIbHOTO 3HA4YE€HUS (DU3MUECKON BEIUYUHBI 10 Clie-
JYIOIIEr0 MAaKCHUMAaJIbHOTO 3HAU€HUs M0 a0COJIIOTHOM BEIMYMHE HA30BEM «pa3Mma-
xoM» kojebanus. Ilpu 3aTyxaromux KojaeOaHUAX 3TU «pa3Maxmy yMEHbIIAIOTCH,
OJITHAKO ITPOMEXKYTOK BPEMEHM IIPOXOKIACHUSA KAXKIOTO «pa3Maxa» OCTaeTCs MOCTO-
STHHBIM.
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Tornma 3a  ycrosmwwviti nepuod samyxarouwux KoaeoOaHuu npuHuMAaemcs_npomelcy-
MOK 86peMeHU_08YX « PA3MAX08).

Halinem ypaBHeHMe, ONMCBHIBaIOLIEE 3aTyXarolue kosuebanus. s sToro cocra-
BUM JuddepeHranbHoe ypaBHEHHE COOCTBEHHBIX 3aTyXxarouux kosneOanuid. U3
3aKOHA COXPAHEHHMSI MOJHOW SHEPTUM CIEAYET, UTO YObUIb SHEPTUU ANEKTPUUECKOTO
¥ MarHUTHOTO TOJIEW KOHTYpa 3a €AMHUIlY BPEMEHU paBHA KOJIWYECTBY BbIIECICHHOTO
KOHTYPOM TEIlIa 3a 3TO BpeMs,

2
T.€. TEIUIOBOM MOLIHOCTH TOKa P = R 2= Ul-=- U? .
2 2
CAPLEO a0 2, (6.10)
dt 2 2C
rie R - comporusnenne xoutypa. [Ipomssenem B (6.10) muddepenupoBanme

I10 BpCMCHHU U IIOCJIC BBCACHUA 0003HaYCHUS

dt, dt d‘[2
OJIy4YHUM
2
9949 ada _ 2
t dt2 C dt

IIepenecem RI? B JIEBYIO 4acTh, YMHOXXHM 00€¢ yacTu ypaBHeHus Ha (-1) u pas-

dq
JEJIUM BCE cjaraeMbie HA L E:

2
dt L dt LC
R 1 2
ITocne BBeneHus 0003HaYCHUS fZZB u ¢ % nuddepeHnanTbHoe
ypaBHEHUE TIPUMET BH/I
d2q+2BﬂJr 2.-0 (6.11)
_d 2 P o) 4 . .

Pemenue (6.11) omnuceiBaeT u3MEHEHUE 3apsia HAa OOKIIAJKax KOHJEHCATOPa CO
BPEMEHEM.
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Jlis pemenust ogHOpogHOTO AuddepennnanbHoro ypasaenus (6.11) Bocmonb3y-
emcst MetozoM Dittepa. ITo sToMy Metony, q=Ce'' ecTb penrenne ypauenns (6.11),
rae C — npou3BoOJIbHAs KOHCTAaHTA, I — HEW3BECTHAs KOHCTaHTA. Il HaXOXKICHMS

OTHUX KOHCTAHT IIOACTaBUM

d 2
q=Cert, —qZCrert, 479 _ 2t
t dt?

B (6.11), momy4um TOXJIECTBO:

Crzert+2BCrert+o)gCertEO 1503051 Cert(r2+2Br+m3)EO.

B IMOJIYYCHHOM TOXKIACCTBC OAVWH H3 COMHOXXHUTEIEH OOJDKCH PAaBHATLCA HYJIIIO.

Tak kak C=0, 't 2 0, ciIegoBaTelbHO, (r2+ 2Br + 0)8) =0.

W3 3TOr0 ypaBHEHU HAIEM HEU3BECTHYIO KOHCTAHTY T

Paccmorpum nBa ciywasi mpouecca paspsiiku KOHJICHCATopa.
1 cnyuan. Ecmm w04 B, TO KOpPHH T; U I, - AeMCTBUTEIbHBIE. HepaBeHCTBO

O3HayaeT, 4To 3apsj KOHJEHCATOpa uepe3 KaTyIIKy WHIYKTUBHOCTH YObIBaeT 0e3
KoJiebaTeIbHOTO mpoliecca. Takoi TpollecC Ha3bIBaeTCsl alepuoqUYECKUM U Ha-
OsroaeTces npu OOJBIIMX 3HAYEHUSIX OMUYECKOTO COMTPOTUBIICHUSI KOHTYpA.

2 cayuai. Ecnu ®q > P, TO KOPHHU I'1 ¥ I KOMIUICKCHBIC U IPHHIMAIOT 3HAYCHHUSI

2

r12=-[3ﬂ:\/-1(03(2)-[32)=-[3ﬂ:i (m%-ﬁzj:-ﬁiim,
2

rac 1 — MHUMOE quCJIO0, = (00 - [32 - HOHUKIMYCCKasd 4aCTOTa 3aTyXaromero KoJic-

Oanus. [Iporecc pa3psiku KOHIEHcaTopa KojieOaTeIbHbIN.
KaxoMy 3Ha4CHHIO KOPHS 1; , COOTBETCTBYET 4acTHOE perreHue. Obmiee perie-

HUEC HAXOOAUTCA KaK JIMHCWHAs KOM6I/IHaHI/I$I JABYX 4aCTHBIX pemeHI/Iﬁ:

. [-BﬂmJt . [—B—im}t e Bt et e Bt i
q®)=Cy ¢ +Cye = Cle'B e' @ +Cze'B e 1Ot =
ZCTe_Bt(coswt+isinwt)+CZe_Bt(cosmt-isinmt)z

_ -Pt * * . L% %k
= e cos mt C1+C2 +sinot 1C1-1C2
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* .

[lepeoGO3HaUMB KOHCTAHTBI ¢ = cik + ey, Cy= i CT - i c; , TIOJTYIHM
q(t) = e Bt (Cjcoswt+Cysinwt).

Tak kak  Cjcos @t + C, sin ot = qpygcos (mt + 9, ) [ cm. (6.5) paszoen: cob-

cmeeHHble KoNeOaHus ] TO

q(t) = q, o Bt cos(cot + goo) . (6.12)

Kak BuaHO 3 (6.12), coOcTBeHHBIC 3aTyXaromue KojacOaHus 3apsiia Ha KOHJICH-
caTope He SBIISIOTCS TAPMOHUYECKUMU: aMIUTUTyJda TaKuX KoJeOaHWil C TEUCHHEM
BPEMEHU YMEHBIIIACTCS 110 YKCIIOHEHTE

A=gqmee Pt (6.12.1)

rae B - ko3 HUIMEHT 3aTyXaHus.

PaznenuB (6.12) Ha emkocTh KoHneHcaTtopa C, HaiiieM 3aBHCHUMOCTh HampspKe-
HUS Ha OOKJIaJKax KOHACHCATOpa OT BPEMEHU

U(t) = Umoe_Btcos(mtJrqu) (6.13)

Tac Umo - AMIIINTYda Pa3HOCTH ITOTCHIIHUAJIOB B HaYaJIbHBIK MOMEHT BPCMCHH.

[uxnmdeckast yacToTa 3aTyXarolux KojieOaHHi cBs3aHa ¢ COOCTBEHHON 4acTOTOM
KOHTYpa COOTHOIIIEHUEM

(SIS ST — (6.14)

® \/ 2_ g2 I R2
LC 412

Ha puc 6.3 cruioniHoi JUHUEH TOKa3aHa 3aBUCUMOCTh (= q(t).

[IITpuxoBBIE JTUHUM TMPOBEICHBI [0 TEM 3HAUYECHUIM (
rae
cos(wt+¢0):1.
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Puc. 6.3

OCHOBHBIE TapaMeTpPbl, XapaKTEPU3YIOIIHE 3aTyXa0IINE KOJICOaHUs.

Jlocapugpmuueckum Oexpemenmom 3amyxaunusi Ha3bIBaeTCs jorapudm OTHOIIE-
HUS IBYX aMIUIUTY[, CMEIIEHHBIX 110 BPeMEHU Ha OJIMH MEPHUO/T

_Bt
Amo © BT. (6.15)

B(t+T)

A =1In
qmoe

Bpemenem penaxkcayuu T 3aTyXarollux KojeOaHW Ha3bIBAE€TCS BPEMsl, B Tede-
HUE KOTOPOTO aMIUIUTY/1a KOJIeOaHU YMEHbIIAETCs B € pa3

-Bt
e
W3 ycnoBus Amo = ¢
-B[t+t]
dmo ©
1 1
HaxoauMm T=— WM p=-.
B T

Koagpgpuyuenm samyxanuss B — 310 BenuunHa, 0OpaTHasi BpeMEHU T, B TCUCHUE

KOTOPOTO aMILIUTYa KoJieOaHWii yMEHBINIAETCS B € pa3 .
T T
[ToacraBum BbIpakenue s B B (6.15), momyuum: A =—. Tak kax T N - 4ucno
T

KOHC63HHﬁ, COBCPIIACMBIX 3a BPECMA PCIIaKCallu, TO
1

A= —.
N
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Jlocapupmuueckuti dexpemenm 3amyxanusi — BeIMUUHA, OOpaTHAs YUCIY KOJie-
OaHMii, COBEpIIAEMBbIX 32 BpeMs pellaKkCalluu.

2_ 2
Ecnu mapaMeTpbl KOHTYpa TakoBbI, 4T0 3 > @), TO HPOLECC PA3PSAKU KOHCH-

caTopa CTaHOBUTCSl alepUOJUYECKHM, CHCTEMa MEePEXOAUT B PABHOBECHOE COCTOSI-
Hue 0e3 koJjiebaTenpHoro npoiecca. Conpotunenue Ry, mpu KoTopoM KojedaTeb-
HBIA TPOIIECC CTAHOBUTCS AINePUOIUYECKUM, Ha3bIBACTCS KPUTHICCKUM.

2
N3 ycnosus [32 = w% , T.e. Rx !
412

, HAXO0IUMM  KpPUTHYCCKOC COIIPOTHUBJICHUC

Ry =2 /% IMpu R>Ry ( Bz > 03(2) ), KoneOaHuss B KOHTYpE HEBO3MOXHBI, IPO-

1IECC BO3BPALIEHHUS CUCTEMBI B COCTOSIHUE PABHOBECHS - AlePUOJUYECKUM.
6.3. BbIHy:X/IeHHbIE 3JIEKTPOMATHUTHBbIEC KOJIeOaHUS

Buinyowcoennvie anekmpomacHumusie Koiebanus - 3T0 KojaebdaHus, TPOUCXOASIINE
B KOJIeOaTeIbHOM KOHTYpPE MOJ1 IEUCTBUEM BHEUTHEN MEPUOINYECKOM 3/C WM BHEII-
HEro MePUOINYECKOTO HAMIPSHKEHUS.

JIJist ocyliecTBIEHUS] BBIHYKICHHBIX KOJIEOAHMM KoJeOaTeNbHbI KOHTYpP MOJ-
KJIOYAIOT K MCTOYHUKY DJIEKTPUYECKON HHEPryu, HAa3bIBAEMOMY HCTOYHHMKOM 3JIC
(W1 UCTOYHUKOM HarpsikeHus ). [lycTh 3¢ HCTOYHMKA H3MEHSIETCA 10 rapMOHUYe-
CKOMY 3aKOHY & = gy, cos Qt, TIe &y - aMIUIUTyJa 3AC, Q - IUKIMYECKas 4acToTa

Kosie0aHuil d1C.
CocraBuM qudepeHnnanbHOe ypaBHEHUE BBIHYKACHHBIX KOJIEOaHUN.
W3 3aK0Ha COXpaHEHUs HSHEPrUM CIIEAYET, YTO KOJIMYECTBO BBIJIEISIEMON KOHTY-

POM TEIUIOTHI 32 €UHUILY BPEMEHU 2R IIPOMCXOJIUT HE TOJBKO 33 CUET YObLIU

SHEPTUA MATHUTHOTO U BJEKTPUYECKOTO TOJICH, HO W 3a cueT pabOThl MCTOYHUKA
BHEIIHEW 3JCc £ I(t)

2 2
2 _ d[LI*M | q°
PR = - — vl R )

dt 2

rne & - MI'HOBEHHOC 3HAQYCHUE D]C. HCp@H@CCM cjaracMoc

dl L ¢
i e T S
dt| 2 2C

I
B JIEBYIO YaCTh ypaBHEHUS, BbIpazuM [ H % yepes 3apsij, npousseaem Audde-

d
PCHOUPOBAHUC, PA3JACIINM BCC ClIaraCMbIC Ha Ld_q H, HCIIOJIb30BaB o0o3Haye-
t

HUS, BBEJIEHHbIE B maparpade 6.2, moixyyum
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d2

2 €
+ 2 ® = —
dt2 Bd‘[ 04 L
501041
d2 o2
+2B Zﬁcoth
dt2 t O L

OO61iee pelieHre 3TOr0 HEOTHOPOIHOTO JUHEHHOTO Au(depeHIInaTbHOTO ypaB-
HEHUSl CKJIAQJbIBACTCA W3 JIBYX CJaraeéMbIX: M3 OOINEro PemIeHUs OIHOPOIHOIO

b depeHnnanTsHOTO ypaBHEHUS
2
d g 2 B — + cog q=0,
UMEIOIIETO BHT dt
Bt
g (t) = 90 © B cos(mt + 9 ),

¥ YaCTHOTO PEIICHHS HEOJHOPOAHOTO U] hepeHITNAIBHOTO YpaBHEHUS

2
MMEIOLLIETO BUJI dt dt

q(t) = qmcos(Qt + ?0

€

A cos Q
L

Tak kak q,(t), HOCTENIEHHO HCYE3AOT M3-3a 3aTyXaHWs, TO CO BPEMEHEM B

KOHTYpPE€ OCTAIOTCSl TOJIBKO ((t), BEIHYXKJICHHBIC KOJCOAHUS C HEM3MEHHOW aMILIH-
TyJOM M 4acTOTOM, paBHOM yacTtoTe () BHENIHEr0 MCTOYHUKA. YCTaHOBUBIIHECS
BBIHYKJICHHBIE KOJICOAHMS 3apsjoB, HalpsDKeHUs Ha oOKiIaJKax KOHAEHcAaTopa U
TOKa B IIENU KOHTYPA OMUCHIBAKOTCS CICAYIOINMUA YPaBHEHUSIMU

q(t) = qmeos | Qt+ 2 ),

U(t) = =q—cos(Qt+¢0):Umcos(Qt+¢0),

q
C C

_dq _ . _ T
I(t)—a—-qusm(Qt+¢0)—Imcos(Qt+¢0+E],

Trac

_ €m 1
. (6.16)
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Uy = ‘m : (6.17)
LC\/((D% -sz + 4p2 02

I, = Q gmz (6.18)
L\/(co?‘-QZ) + 4 20?2

€CTh aMIUIUTYAbl KOJIeOaHUs 3apsifa, HAmpsDKeHHs U TOKa B 1ienu. HauanbpHas ¢aza

¢O OIIPCACIIACTCA H3 BBIPAKCHUA

0 o2 - Q2

2
L, e = R—Z B ypaBHeHus (6.16), (6.17), (6.18) u npeobdpa-
4L

dm = o (6.19)
O [ ! -LQ] + R?
cQ
Uy = ‘m > (6.20)
cQ [ L —LQJ + R?
CQ
Iy = ‘m . (6.21)
[ L —LQ] + R2
cQ

Takum o0Opa3oM, eciu 6HeWHA 20C UBMEHAEeMCs N0 2apMOHUYECKOMY 3AKOHY,
MO 8bIHYHCOEHHbBLE KOJIeOAHUS ABNAIOMCS MAKHCe 2APMOHUYECKUMU.

YactoTa BIHYKJIEHHBIX KOJIeOaHWI COBMaAaeT ¢ 4acTOoToM () BHEUTHEH 3/ic.

AMIUTATYABI BBIHYKJIEHHBIX KOJAEOaHUN qp, , Uy, U I, OponopLuOHaIbHBI aM-
TUTHTYJIE BHEITHEH DC | 3aBUCAT OT ee 4acToThl (). [Ipu HEKOTOpO# ompeneneHHoN’
JUISL IAHHOTO KOHTYpA YacTOTE BHEIIHETO UCTOYHUKA Qe AMIUIMTY/IBI KOJICOAHHIA

(qm, U, ¥ 1) JOCTHraroT MakCMMaJbHOTO 3HAUECHHUS.
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AHenenue pe3kozo 803pacmanusi AMnAUMYObl YCMAHOBUBUIUXCSL BbIHYHCOEHHBIX KO-
JIeOaHUll npU NPUOIUINCEHUU YACMOMbl BHeUHell NepUoOUYeckol dIC (UlU BHeuHe20
NepuooUYecKo20 HanNpsNCeHUs) K uacmome coOCMEEHHbIX KOAeOAHUL INeKMPULECKUX
U MACHUMHBIX BEIUYUH NOJYYUILO HA3BAHUE DNIEKMPUYECKO20 PE3OHAHCA.

YacroTy, npu KOTOPOM aMIUIMTYyJAa IOCTUTAET MAaKCHMaJIbHOIO 3HAYECHUS, HA3bI-
BAIOT PE30HAHCHOW YaCTOTOM.

UToObI HAWTH PE30HAHCHYIO YACTOTY Qpes AN 3apsnia (71 HAMPSKEHUS. U TOKa

METO/IMKa HaXOKJICHHSI PE30HAHCHOM YacTOThl aHAJOTUYHAs) HEOOXOJIMMO HCCIIEO-
BaTh MOJKOPEHHYIO QPyHKIUIO (6.16) Ha sKcTpemyMm. J1Jist 3TOr0 BO3bMEM MPOU3BO/I-
HYIO OT MOAKOPEHHON (QYHKIIMU

2
o(Q) = ((D% . 92) + 4p20?
1o yactore {2 U npUpaBHIEM €€ K HYJIIO.

do(2)

o =2 (—29)(@2—92)+8[329=O.

0

N3 monyuyeHHOro paBeHCTBa HaljaeM 3HayeHue aprymeHta (2, mpu KOTOPOM MO/I-
KOPEHHOE BbIpaxkeHue OyAeT MO0 MaKCUMAaNIbHBIM, THOO0 MUHUMAJIbHBIM

4Qep + 407+ 8QBz=4Q(-m(2)+Qz+ZBZ - 0.

Tak kak Q # 0, TO PaBEHCTBO UMEET MECTO TOJIBKO TOT1a, KOTJ1a COMHOKUTEIb

(—co(z)+92+2[32):0.

Orcrona crnenyer

YTtoObI BBIICHUTL, MAKCUMAJ/IbHOE UIU  MUHUMA/IbHOE 3HAYCHUC JIIPHUHHUMACT

byHkms @ = ¢ (Q) Hpu 3HAUEHMH aprymeHTa Q = | co% _ 282, Heo6XOZMMO
B3ATh BTOPYIO MPOM3BOJHYIO OT (YHKIMH ¢ = ¢ (Q) M HcclenoBath ee Ha

2 2
smak. Bom 42 > 0, To QyHKUMA ¢ =¢(Q) - MUHUMANbHAS, ECITH 9 <o , TO
do? do?

byHKIHA @ =0(Q) - MAKCHMaTBHAS.
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dzgo

Ll 46? +120%+ 8% = | takkak Q2 = w2 - 2p2 |=
2 0 0

dQ
=—4co%+12m8—24Bz+8[32=803(2)—16[32=8(0)3—2[32)=8§22

2
Tak kak d—(g = 802 >0, TO IIpH 4aCTOTC Q = m(z) -2 BZ byHKIMS (ngp(Q)
dQ

IIPUHUMACT MUHHUMAJIBHOC 3HAYUCHUEC, CJICAOBATCIbHO 3apsild (,, JOCTUTHCT HaH-

0ompIIero (MakCMMadbHOTO) 3HAYCHHUS.
Yacrory ucrounuka JD/IC, nmpu KOTOPOH q;, NPUHUMAECT MAKCUMaJIbHOE 3HA4e-

HUE, Ha3bIBAIOT PE30HAHCHOM YaCTOTOU

2
_ [ 2 2 _ / 1 R
Qp€3,q = (DO - 2B = E - F

N3 dopmMyibl BUAHO, YTO pe30HAHCHAS Yacmoma 0is 3apsaod MeHbule 4acmomol
COOCMBEHHBIX KOJeOAHUL KOHMYP W HA 6eNUYUHY 2 B2.

Yem menblie 3, (T.€. 4eM MEHBIIE OMUYECKOE COMPOTUBICHUE U OOJbIIE UHIYK-

TUBHOCTb KOHTYpa), TEM OOJIbIIE BHICOTA PE30HAHCHOIO MUKA U €ro «OCTpoTay». Pe-
30HAHCHBIE KPUBBIE JUIS ( , COOTBETCTBYIOLIME PA3HBIM 3HAUEHUSM [3, IPHUBEIEHBI

Ha puc. 6.4 a.

dm j In't

NN/
[ I /
I q i | I
I i |
11 |
Lt s I =
0O W, Q O ®, Q
a 0
Puc. 6.4
Pe3oHaHCHYI0 4acTOTy JJIsi TOKa MOKHO HaTh u3 (6.21). AMIuTyaa Toka Mak-
1 -0. 0
cuMallbHa, Korjaa o L Qpes = 0. UtCroma caenyer
pe3

Qpe3,I N LC ®p-
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Pe3onancnas yacrora 1y TOKa COBHAIAcT ¢ COOCTBEHHOM YacTOTOM KOJICOAHUM
KOHTypa (6.21)

IIppy Q>0 1-50; npu Q> 1-0.

PaBeHCTBO TOKa HYJIIO O3HAYAET:

1. Ilpu moakiIrOYEHUAX KOJeOaTeIbHOI0 KOHTYpa K HCTOUHHUKY MOCTOSIHHOTO Ha-
npsbkeHus Q =0, TOKa B LICTIN HET.

2. [lpu noakiIr0YeHUAX K01e0aTeIbHOTO KOHTYpPa K BBICOKOYACTOTHOMY MUCTOYHH-
Ky Q — o0, TOK MO LIeTH KOHTYpa (CM. 6.21) yMeHbIIIaeTcs 10 HYJISL.

Pe3oHaHCHBIE KpUBBIE 1J1 aMIUIUTY 16l TOKA MPUBEACHBI Ha puc. 6.40.

SIBiieHUE pe30HaHCa UCTOJIB3YETCS NI BBIJACICHUSI U3 CJIOKHOTO CUTHajda HYX-
HOM COCTaBJISIIONIEH MPU HACTPOUKE Teje-, paadoanmnapaTypbl Ha HYXHYIO JUIMHY
BOJIHBI.

Bonpocwoi u 3adanus 0ona camonpoeepkKu

1. Kakyto ponb UrparoT HHAYKTUBHOCTh U €MKOCTh B KOJieOaTeIbHOM KOHTYpE ?

2. Kakoe BiMsIHME OKa3blBa€T aKTUBHOE CONPOTHBIICHUE KATYIIKH Ha AJIEKTPOMAarHUTHBIE KO-
nebaHus B KOHType ?

3. B kakux cimyyasx OyZeT UMETh MECTO He3aTyXalollue 3JIeKTPOMAarHUTHbIE KosieOaHus?

4. Ha gTo TepsieTcst SHEPTHSI B TPOIIECCE AIEKTPOMATHUTHBIX KoJieOaHU B KOHTYpe?

5. Jlns xakoi 1enu B KOJIeOATeNbHbIH KOHTYp BKJIIOYAIOT KOHJCHCATOP NMEPEMEHHONH eMKOCTH
WM KaTyIIKy ¢ TEPEMEHHON MHYKTHBHOCTHIO?

6. Kak Bnuser KoapPHUIMEHT 3aTyXaHus Ha IePUO/Jl 3aTyXaIOIUX KOJIeOaHuit?

7. lluknuueckas 4acToTa 3aTyXaromiero KoueGaHus o OoJbIe WM MEHbIIIe COOCTBEHHOM Yac-
TOTBI ®, 7

8. @dusnueckuii cMpIca K03 dUIIMEHTA 3aTyXaHus 3 .

9. ®usnueckoro cMpicia JIOrapupMUIECKOro JEKPEMEHTA 3aTyXaHus A .

10. YBenuuuBaeTcs MM yMEHbIIAETCS NEPUO/J 3aTyXAIOIIUX KOJIeOaHUH, €CIIU yBETUUYUBACTCS
aKTUBHOE CONPOTHUBIICHHE KOHTypa ?

11. YBenuuuBaeTcss WJIM YMEHBIIAETCS  YCIOBHBIM NEpUOJ 3aTyXarolluX KojeOaHui mpu
YMEHBILIEHUU EMKOCTH KOHJIeHcaTopa ?

12. ByyT 1 MPOMCXOANUTH NMEPUONUECKHE KOoJIeOaH s, eCIn o) < B?

13. Kakue mpoiiecchl HaOIIOAAIOTCS, KOT/1a BHITOTHSIIOTCS HEPABEHCTBA

(')
QSO)OH mOSQ ]

14. Tlouemy He3aTyxaroniue KoieOaHusl B PEATbHBIX CHCTEMaX MOTYT OBITh TOJLKO BBIHYKJICH-
HbIMU?

15. Yto Takoe pe3oHaHCHAsl YaCTOTa BBIHYKJICHHBIX KOJICOAHUN, OT Yero OHA 3aBUCHUT?

16. Byner nu U3MeHSTbCS aMIUTUTYa BBIHYKACHHBIX KojeOaHUN cOo BpeMeHeM Ipu (PUKCHPO-
BaHHOMW 4aCTOTE BO3MYIIAIOIIECH CUITbI?

17. Ot 4ero u KaKk 3aBUCUT aMIUINTY/1a BEIHYKJACHHBIX KOjeOaHuii?

18. MoskeT T aMIUTHTY1a BBIHYKICHHBIX KOJIeOaHU OBITh OECKOHEYHO OOIIBIION?
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6.4. YpaBHenus MakcBeJiia

Mexny 3IEKTPUYECKUMH 3apsilaMi U TOKaMH, C OJTHOM CTOPOHBI, U CO3/1aBA€MbI-
MU UMM DJICKTPUYECKUMHU M MArHUTHBIMU TOJISIMH, C APYTrOW, CYHIECTBYET CBA3b.
CBA3b CYIIECTBYET M MEKIY CAMUMM DJIEKTPUYECKUMU M MATHUTHBIMH MOJISIMH.
[Ipu BCAKOM WM3MEHEHWHM MAarHWTHOTO TOJIS BOSHUKAET BJIEKTPUUYECKOE MOJIE W, Ha-
000pOT, MPHU BCSIKOM U3MEHEHHUH AJIEKTPUUECKOTO TO0JIsi BOSHUKAET MarHUTHOE IOJIE.
VYpaBHeHnus MakcBemsia B MaTeMaTudecKou (hopMe OTpaskaroT BCE 3TU CBSI3U U BCE
3TH Tpollecchl. Bee onpenenenus, n3J0kKeHHbIE B TOCIEAYIONINX naparpadax, JaHbl
JUISl BAKYyMa.

6.4.1. IlepBoe ypaBHeHne MakcBeJiia

[lepBoe ypaBHeHue MakcBena B sBisieTCs 0000IEHHEM 3aKOHA 3JIEKTpoMar-
HUTHON HMHAYKUMH. (CyTh yTBEpKIEHHUA B ciieaytonieM . [Ipu nsmMeHeHnn MarHuTHo-
r'0 MOTOKA, MPOHMU3BIBAIOIIETO HETIOABWKHBIA POBOAAIINNA KOHTYp L, B mocinegnem
BO3HHUKACT BUXPEBOE JIIEKTPUUECKOE IIOJIE, KOTOPOE U CO3AET B KOHTYpPE JAC WH-

TYKITAN).

1 d'ﬁ .
—(g?o 'B

i

e

E

Puc.6.4.1

MakcBest yCTaHOBWII, UTO MPOBOJSIIIMN KOHTYpP L B 3TOM Mpoliecce He Urpaer
MPUHIIUITHAIBHON POJIH, a SIBJISETCS JIUIIb TaTYUKOM, OOHAPYKUBAIOIIIUM BHUXPEBOE
3JICKTPUYECKOE TI0JI€, CYIIECTBYIONIEE HE3ABUCUMO OT TOT'0, UMEIOTCS UJIN HET MPO-
BOJIHUKH B TOI 00JIaCTH MPOCTPAHCTBA, I HAOIIOAeTCS N3MEHSIONIEeeCs] MarHuT-
Hoe noJie. [lepBoe ypaBHeHHEe MakcBelia B 3HAYUTENBHO IIUPE 3aKOHA JIEKTPO-
MaraHuTHou MHayknuu dapajaes, Tak Kak 1Mol KOHTYpoM L cienyer moHuMarh JIro00it
MBICJIEHHO OYE€PYEHHBIN B MPOCTPAHCTBE KOHTYP.

llepemennoe macnummuoe nosne cozoaem suxpesoe leKmpuieckoe noe.

3anumieM JaHHOE YTBEPXKIACHHUE B BUE MATEMATHIECKUX (POPMYII.
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IIpraanuM BeIpaKEHHIO 3aKOHA AJIEKTPOMAarHUTHOM MHAyKIuu Papanes

do
e 6.22
&= - (6.22)

HECKOJIbKO MHOM BUJ. Tak Kak KOHTYp L 3aMKHYTBIN , TO IO HEMY HOTEYET UHAYKLIH-
OHHBIN TOK 1. HampaBneHue 3Toro Toka coBmajaeT ¢ HaMpaBlIEHUEM BEKTOpa Hampsi-
’KEHHOCTH E BO3HHKIIIETO BUXPEBOTO DIICKTPHYECKOTO TIOJIS.

ITo 3akony OMa 1151 3aMKHYTOM LENU, IPUMEHUTENBHO K KOHTYpY L, nMmeroiiero
AKTUBHOE CONPOTHUBIIEHUE R, MOXKHO 3anucarb

£ = iR (6.22.1)

Beruncoium 1 1 R.
JIJ1st onpeiesieHust TOKa 1 BBIICIMM M3 KOHTypa L ajmeMeHT ero mmmHbl  af |, BOC-
I0JIb30BABIIUCH 3aKOHOM OMa JJIsl yJacTKa IETH, 3aIHiIIeM

rie agp MW aR -Pa3sHOCTb NOTCHIIMAJIOB Ha KOHIIAX 3JICMEHTA KOHTYypa al n

€ro CONMPOTUBIICHUE COOTBETCTBEHHO.
Tak kak

a@ = Eal, AR =",

r7e aS - MomepeyHoe ceueHue KoHTypa L, To

AlEAS  aSE
pal — p

[TonHoe conpoTuBneHue KoHTypa L paBHO

_ fpdf
R_QI]JSAS.

C yderoMm nosydyeHHbIX 3HaueHUl 11 R DJ[C snaexkTpoMarHUTHOM MHAYKIMHU 3a-

NUIIeM B cienyroiei hopme

g = iR=""0 o= PB,,,d! (6.22.2)
L L
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C npyroii CTOpOHBI

82_d_d>: TaK Kak CD:IBdg :—I—dg.

Tax kak nHAYKIUS B=B (X,y,zt)- €CTh yHKIMSA OT MHOTHX EPEMEHHBIX , TO
3aMEHUB MOJIHOE MTPOU3BOIHOE YACTHBIM MOJIYyYUM

D
os]

(6.22.3)

m
Il
|
nNe—
2|
—+
o,
i

[IpupaBHsB npaBble yactu ypaBHeHuu (6.22.2) u (6.22.3) noaydum
nepsoe _unmezpanvrHoe _ypasnenue Makceennia , ONUCBHIBAIOIIKAE IPOLECCHI, IPO-
TEKAIOII1e B KOHEYHOM 00bEME 3a KOHEUHBIN MPOMEKYTOK BPEMEHHU.

. - 0B .
PEmuxpdl = - —d5. (6.23)
L S

L{upxynsayus eekmopa HAnNpsNCeHHOCMU BUXPEBO2O INEKMPUHECKO20 NOJIsL NO NPO-
U3BOJIbHOMY 3AMKHYMOMY KoHmypy L pasna no abconiomuotl éeiudure u npomueo-
NOJIONHCHA NO 3HAKY CKOPOCMU USMEHEHUsI MACHUMHO20 NOMOKA, CYENJIeHHO20 C KOH-
mypom L .

Jlnst onmcaHus MPOIECCOB, MPOTEKAOINUX B OECKOHEYHO MajoM oObeme 3a Oec-
KOHEUYHO MaJIblil MPOMEXKYTOK BpeMeHH, Ipeodpazyem (6.23 ).

ITo Teopeme Crokca

ﬁEBpr dl = [rotEds. (6.23.1)
S

[IpupaBHsB npasble yactu (6.23) u (6.23.1) noxyuum

o]

rotEZ- 0

o))
-

OT0 ecTh epBoe ypaBHeHHEe MakcBemia B auddepenimanbHoit Gopme ,
rA€ CUMBOJ IOt - omeparop, Ha3bIBAEMBIM POTOPOM, ONMCHIBAIOIINKN BHUXPEBBIE
MIPOLECCHl KU UMEIOIIUNA BUJT

rot... = g_if_k 5__5_ j+ 8__8_ i

IpumennTenbHO K GyHkimu E = E (x,y,z ) cuMBON rotE  NpMHEMAET BUJL
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oy oz oz 0x ox oy

BriBox:
Cywecmsyrom 0ge pasno8UOHOCMU INEKMPUYECKO20 NOJISL - NOMEHYUANbHOE dJIeK-
mpocmamuieckoe u He NOMEeHYUAIbHoe BUXPesoe.

Onexmpocmamuueckoe none Egpgpr NOPONCOAEMCS INEKMPULECKUMU 3aPAOAMU

- CB0OO0OHLIMU U NOAAPUIAYUOHHBIMUL.
Buxpesoe snekmpuueckoe none Eguxp NOPOACOACMCS USMEHAIOUWUMCS MACHUMHBIM

noJjem.

6.4.2. Bropoe ypaBHenue MakcBesuia

Bropoe ypaBHenme MakcBemna siBisieTcss 00OOIIEHHEM 3aKOHA MOJIHOTO TOKA.
MakcBem NOpeanoyioKWI, YTO IMEPEMEHHOE JJIEKTPUYECKOE MOJIE TaK XKe, Kak
Y DJIEKTPUYECKUHA TOK, SIBJISETCA HCTOYHUKOM MarHMTHOTO IOJISL.

Ilepemennoe snekmpuueckoe noie nNopoxicoaem Buxpesoe MacHumHoe noJe.

PaccMoTpuM KOHJEHCATOp, K KOTOPOMY MPUIIOKEHO MEPEMEHHOE HaIpsKEHUE.
DTO HaNpsHKEHUE CO3JaeT MEXKIy OOKIIaJKaMH KOHJEHCATOpa MEPEMEHHOE AJIEKTPHU-
yeckoe mnose. [lepemeHHoe 31eKTpruIecKoe MoJie CO3aeT B OKPY KaIOIIEeM MPOCTpaH-
CTBE€ MarHUTHOE I0JI€ TaK, KaK eciau Obl MEXy OOKJIaJKaMH MPOTEKaa BIIOJHE OIl-
pEAeNIeHHbIN TOK IPOBOJUMOCTH.

JIuHMM BHXPEBOrO MAarHUTHOTO MOJISI, MOPOXKAAEMOT0 U3MEHSIOIMNMCS 3IEKTPHU-
YECKHMM I10JIEM, 3aMBIKAIOTCS BOKPYT JIMHUI BekTopa E. Hanpasnenue nuauii B cBs-

0E
3daHO C HaIIpaBJICHUCM 6_ IMpaBHJIOM IIPpAaBOT'O 6ypaB‘H/IKa: CCJIM TTIOCTYHATCIIBHOC
t

O0E
ABUKCHUC OCTPHA 6ypan1/H<a coBIHagacT C HallPpaBJICHUCM 8—, TO HaAIIPABJICHUC
t

BpAllleHHs PYKOSATKH yKa3bIBAaeT Ha HANIPABICHUE JMHUM BEKTOpA MATHUTHOM UHIYK-
uu B. (cM. puc. 6.5)

[Tpumep
Ecnu Bekrop E, He M3MEHSACH 0 HANPABJIECHMIO, PACTET MO MOJYJIIO, TO HAIPABJICHHUE

coBMaaeT ¢ HampasieHueM E. Torja TMHUKM BeKTOpa B Jiekar B INIOCKOCTH, MEPIEHINKY-

()]
T

JIAPHOM JMHHUSAM E, ¥ 3aMBIKAIOTCS BOKPYT 3THX JIMHHUIA 110 X0y YaCOBOM CTPEJIKH.
2. Ecnu BekTOpE, HE U3MEHSASCH [0 HANPABIECHUIO, YMEHBIIAETCS O MOJYJII0, TO HAIpaBJie-

0E . =
HUC 6_ IMPOTHUBOIIOJIOXHO HAaMpaBICHUIO JUHUU E. Torz[a JIMHUKW BCKTOpa B nexar B moc-
t

KOCTH, TIEPIIECHUKYJIAPHON JUHUSM E, U 3aMBIKAIOTCSA BOKPYT 9TUX JMHHUI NPOTUB X0/a YaCOBOM
CTPEJIKH.
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E pacrer E vObiBaeT
E(t)—— E(t)
E(t+dt) — E (t+dt) —

dE — 4B ==
Puc. 6.5

HepeMeHHoe AJICKTPUYICCKOC II0JIC MakcBeil1 Ha3Bal TOKOM CMCIICHUA ICM . Tok

CMEILEHHS] — OJIHO M3 BaXKHBIX MOHATHUN TEOPUU DIEKTPOMArHeTu3Ma. Bo-mepBbix,
CYILIECTBEHHO, YTO MO OTHOIIEHHIO K MarHUTHOMY TOJIO TOK CMENIEHUS! KaK Obl KO-
NUPYET poJib OOBIYHOTO TOKAa MPOBOIUMOCTH. B Teopun MakcBemia TOK MpOBOIM-
MOCTH U TOK CMEIICHHsSI paBHOMNpPaBHBI. BO-BTOpBIX, (huU3MUecKass CYIIHOCTh TOKa
CMEILCHUs B BAKyyM€ HUKAK HE CBA3aHa C ABUKCHUEM 3apsJiOB.

Takum 00pa3oM, NEPEMEHHOE MATHUTHOE MOJIE CO3AAETCS:

1. JABr>KyIUMHUCS SIEKTPUUYECKUMU 3apsiiaMu, T.€. TOKaMU MPOBOJAUMOCTH.

2. I3MeHAIMHUMCS 3JIEKTPUYECKHUM T10JIEM, T.€. TOKOM CMEILECHHUS.

3anuiieM JaHHOE YTBEPXKACHHUE B BUJE MATEMATUUECKUX (POPMYII.

Bmopoe unmezpanvhoe ypasnuenue Makceenna BIpaX)aeT TEOPEMY O UUPKYISALHAH
BEKTOpa MArHUTHON MHAYKIUU B 1O MPOU3BOJILHOMY 3aMKHYTOMY KOHTYpPY L .

[MpKynsuus BEKTOPa MATHUTHOW MHAYKIMH B IO NPOU3BOJLHOMY 3aMKHYTOMY
KOHTYpYy L paBHa TOKy MpOBOAMMOCTH, OXBATBIBAEMOMY KOHTYpOM L , ciioxeHHOMY
C TOKOM CMEILEHUS (CO CKOPOCThIO U3MEHEHMS MOTOKA BEKTOpA HANPSHKEHHOCTU E
AIEKTPUYECKOTO MO YEPE3 NPOU3BOIBHYIO OBEPXHOCTH S, OMUPAOIIYIOCS HA KOH-
Typ L). MakcBemn qo0aBuil B MpaBylo 4acTh 3aKOHA MOJIHOTO TOKAa TOK CMEIIECHHS

Tey -
§ Bl = g (Tey + 1)
L
. | o0y
OK CMCIICHUA =& .
M E0 T 5

Bropoe ypaBHenue MakcBeisia B UHTErpajJbHOM (popMe UMEET BUT

0o
— —»_ E
%‘:Bdl = uoso—at + p_OI,
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8®E

rac Wy » € - MArHuTHas U 3JICKTPHUICCKAA ITOCTOAHHBIC, - CKOPOCTb U3MCHC-

HUS [IOTOKA BEKTOPA HAIIPSKEHHOCTH E 4Yepe3 NMPOU3BOJIbHYIO MIOBEPXHOCTh S, ONHU-
parouryrocs Ha KOHTyp L.

BBeneHne TOKOB CMENIEHUS! IPUBOJUT K TOMY, YTO Pa30MKHYTBIE 3JIEKTPUUYECKUE
LHENU CTAaHOBATCA 3aMKHYTHIMU. TOKM CMEIIEHUS «IIPOXOAAT» B T€X y4acTKax,
r7ie HEeT MPOBOJHUKOB, HAIPUMEDP, MEXKAY OOKIAJAKaMH 3apsDKAOLIErocss WK pa3psi-
YKAIOILIETOCA KOHAEHCATOPA.

Tokn cMeleHns B OTINYME OT TOKOB IMPOBOJMMOCTHA HE CONPOBOKIAIOTCS BbIJE-
JIEHUEM TEIUIOTHI (He MOAUUHSIOTCS 3akoHy Jxoyns — Jlenna).

Bropoe ypaBHenue Makcgesia B iuddepeHuuanbHoi popme uMeeT BUI

—~ 1
rotB = 0_2 —+u0J,

rac ¢ — CKOpoOCThb CBCTA, j - INIOTHOCTb TOKa IMMPOBOAUMOCTH.
BI/IXpeBOG MAarouTHOC IIOJIC B MMOPOKAACTCA M3MCHAIOMIUMCA ISJICKTPUICCKUM

0E
OJIEM rn Y TOKaMH IPOBOAUMOCTH.
6.4.3. Tperbe u yeTBepTOC YpaBHeHust MakcBeJlia
Tperbe u ueTBepTOE ypaBHEHUsT MakcBelia B MHTErpajbHOM GopMe mpeacTaB-

JA0T TeopeMy ['aycca i 27eKTpUYEeCKMX M MarHUTHBIX 3apsI0B.
JI1s1 BIIEKTpUYECKHX 3apsiioB Teopema ['aycca mMmeer BUL.

[loTok BekTOpa HANpPSLDKEHHOCTH E 4Yepe3 MPOU3BOJBHYIO 3aMKHYTYHO MOBEPX-
HOCTh S paBeH alNreOpanveckoi CyMMe JIEKTPUUYECKUX 3apsi0B, OXBAThIBAEMbIX I10-
BEPXHOCTBIO S, ICNICHHOMY Ha €.

MakcBemn npeamnosioxkui, 4To Teopema l'aycca crpaBemivBa Uil JIFOOOro mar-
HUTHOTrO noJisA. OTCIo/1a YeTBepTOe ypaBHeHHEe MakcBeuia B MHTErpaibHOU (opme
UMEET BUJT

§BdS = 0.
S

[ToTOK BEKTOpa MarHUTHOW WHIYKIMU B depe3 MPOM3BOJIBHYIO 3aMKHYTYIO I1O-
BEPXHOCTh S PAaBEH HYJIO, TAK KaK B IPUPOJIE HE CYIIECTBYIOT MATHUTHBIX 3apSAI0B.
PaBeHCTBO Hymr0 npaBoi yacTu 4 ypaBHeHUs MakcBeia 03HA4daeT, 4YTO MarHuT-
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HbIC CHJIOBBIC JIMHUW OO0S3aTEIbHO HEMPEPHIBHBI, T.€. JTUOO 3aMKHYTBI, JIHOO UIYT
13 OECKOHEYHOCTH B OECKOHEYHOCTh.

TpeThe u yeTBepTOC ypaBHeHUs MakcBemia B auddepeHiuanbHoi popMe nMeroT
BU/I:

divE = £,
0
divB = 0,

rae p- 00beMHas IIOTHOCTH 3apsAnoB. CuMBOJ div - OIEpaTop, Ha3bIBAEMBIN TUBEP-

TCHITUEH, OMMCHIBAIOIINI PACXOSANIUECS WM CXOMAIMUEcs (GU3NIECKUE TPOIECCHI
A UMETOIINI BUJT

[TpuMenuTenbHO K QyHKIMK E = E(x,y,z) cuMBOJl divE  WMeeT BUJI

. 0E, 0E, OE
aive = ZEx OBy 907

0 X oy 0z

6.4.4. Jj1eKTPOMATrHUTHBIE BOJIHbBI

PaccMoTpuM cpefly, B KOTOPO# HET 3JIEKTPUYECKUX 3apsAoB U TOKOB, T.e. Pp= 0,
J =0. B raxoii cpene 1° u 2* ypaBHeHns Makcseiia OyayT UMETh BHI:

- 0B
tE = - — 6.24
ot = - 28 (6.24)
rot B = Lz@_E (6.25)
¢ Ot

B paccmatpuBaemoii cpene B Touke 0 co3maguM KaKMM-JIHOO CITOCOOOM 3JIEKTPH-
yeckoe nojie E (puc. 6.6) Tak kak HET JIEKTPUUYECKUX 3apsI0B, MOAACPIKUBAIOIINX

nojiie E, TO OoHO Oyner ucye3atb. Ilo ypaBHenuto (6.25) ucuesaroniee, T.e. U3Me-
HSIOIIIEECS JIEKTPUYECKOe 1Mojie  E

(a_E<0]
ot

€C031aCT BUXPEBOC MAarHUTHOE I0JIC B.
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1( B
==
Jluuus B

Puc. 6.6

Jlunnu B 3aMBIKalOTCA BOKPYI BEKTOpa E B IUIOCKOCTH, MEPIEHAMKYJAPHOM BeKTOpY E,
Y COBMAJAIOT IO HAMPABJICHHUIO C HAMPABICHUEM JIBIXKEHHUS PYKOSTKUA OypaBUHKa, €CIU MOCTyTMa-

E
TCJIIbHOC ABHIKCHUC OCTPUSA 6ypanI/IKa COBMCCTHUTb C HAIIPABJICHUCM BCKTOpA a— B nanHoM
t

E
CJIydac OSJICKTPHYCCKOC IT0JIC Y6I)IBaeT, CJICO0OBATCIIbHO, BEKTOPD 8_ <0 AHTHUIIAPAJUICIICH BCKTO-
t

py E. Orcioma cienyer, 4to HampasjieHue JuHHM B o00Opasyer sieBblii BUHT (110 XOIy 4acoBOM
CTPEJIKH) OTHOCUTENILHO BEKTOpa E.

[TockosibKy B paccMaTpuBaeMOM Cpelie HET TOKOB, NMOAACPKUBAIOMIMX o€ B, TO OHO Takxke

0B
Oyzaer ucuesaTh. Mcuesaroriee, ciie0BaTeIbHO, U3MEHSIONICECS MarHUTHOE ITOJIE 6_<0 co-
t

[JIaCHO YpaBHEHHUIO (6.24) MOPOKIAET BUXPEBOE IJIEKTPHUECKOE ToIe E.
CusioBble IMHUM E 3aMBIKAIOTCS BOKPYT BEKTOpa B B IJIOCKOCTH, TIEPHEHIUKYIAPHOM BEKTO-

—

Py B , 1 COBIIAJANOT IO HAIIPABJIICHUIO C HAIIPABJIICHUECM JABUIKCHUS PYKOATKU 6ypanI/IKa, €CJIN I1I0-

0B
CTYHNATCJIbHOC NBHUKXCHUC OCTPUA 6ypanI/IKa COBMCCTHUTD C HAIIPABJICHUEM BCKTOpPaA 8_ . B nan-
t

0B
HOM CJIydyae MarHUTHOE T0Jie¢ yOBIBAaeT, CIE0BATEIIBHO, BEKTOP 8_ <0, T.e. aHTUNIApaAJUICIICH
t

BEKTOPY B. Ecin Y4ECTh 3HaK MUHYC B ypaBHEeHUHU (6.24), TO HaNpaBJICHHE CUJIOBOW JTWHUU E
o6pa3yer IpaBblii BUHT (IIPOTHB XOJa YaCOBOM CTPEIIKH) OTHOCHTEIIBHO BEKTOpa B .

Takum oOpa3oMm, B MPOCTPAHCTBE HAOIIOAAETCS HEMPEPBIBHBIA MPOIECC MpeBpa-
IIEHUS DJIEKTPUYECKOr0 II0J1 B MAarHUTHOE, MAarHUTHOIO IIOJI B DJIEKTPUYECKOE.
DJIEKTPUYECKUE M MArHUTHBIE MOJS, B3aMMHO MPEBPAIAsCh U MOAJIEPKUBASL APYT
Ipyra, paCupoCTPaHsIIOTCS B IPOCTPAHCTBE.

Ilpouecc pacnpocmpanenusn 31eKmMpPOMACHUMHOZ20 NOJIA 6 NPOCMPAHCMEE Ha-
3b16a10Mm IJIEKMPOMAZHUMHOU 60JIHOU.

ITonst E ¥ BB KaXJ0# TOUKE 3J€KTPOMATHUTHON BOJIHBI MEPIEHIUKYIAPHEL APYT
K JIpyry M K HampaBJICHUIO PACHPOCTPAHEHUS BOJIHBI, T.€. HAIIPABJICHUIO BEKTOpA
CKOPOCTH BOJIHBI V (pHUC.6.7).2JEKTPOMarHUTHBIC BOJIHBI SIBIISTIOTCS BOJIHAMH ITOTIC-
peunbIMH. B Ka10# TOYKe MpocTpaHcTBa KojeGaHus E W B IPOUCXOMAT B OIHOU
(ase. 3aKOH U3MEHEHHs BEKTOPOB E U B DIEKTPOMArHMTHOM BOJIHBI OMPENEIAETCS
XapaKTEPOM DJIEKTPOMATrHUTHBIX KOJICOAHHUI B HICTOYHUKAX U3ITyUICHHUS.
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Eciu BekTOphl E M B U3MEHSIOTCS [0 TADMOHUYECKOMY 3aKOHY, TO BOJIHA Ha3bl-

BAETCsI TAPMOHUYECKOM.
CKOpOCTh pacnpOCTPAHEHHs BOJIHBI 3aBUCUT OT JUAJIEKTPHUYECKOW € W MarHuT-

HOM |l IIPOHUIIAEMOCTEN CPEIbI

1

N souosu.

B Bakyyme (€ =1 u L =1) CKOpPOCTh pacCpOCTPaHEHUs BOJIHBI paBHA

V:

1 1 = 3.108 ¥,

V = =
JeoMo 8851012, 4.314.107 c

BI/II[HO, 4TO CKOPOCTH SHGKTpOMaFHHTHOfI BOJIHBI COBIIAJA€T CO CKOPOCTBIO CBCTA,
T.C. CBCT CCThb JJICKTPOMAIrHUTHAA BOJIHA. B HpOHBBOJ’IBHOﬁ cpeac CKOpPOCTH pacIpo-

CTpPaHEHMSI DJIEKTPOMArHUTHOU BOJIHBI BBIYUCIISETCS 1O (HopMyJie

C C
V = -2,

Jep 0

ra€ 4/ eu €CTh IIOKA3aTCIIb IPECIIOMIICHUA CPEABI 1.

3anuiueM ypaBHEHHE DIEKTPOMATHMTHOM BOJHEI, PACIPOCTPAHSIOMIEHCS BIOIb
TIOJIOXKUTENHLHOTO HAIPaBIeHust ock X. IIycTh B MoMeHT Bpemenu t = 0 (Hauauno or-
cueTa) B HAIPABJICHHUH, NIEPIEHIUKYIIAPHOM HANPABIECHUIO IBMKEHHUS BOJHEL, (QyHK-
IMH E(t) ¥ B(t) H3MEHAIOTCS 1O 3aKOHY

E=E,sin ot (6.26)
B=B, sinot. (6.27)

3anumeM 3TH YPAaBHEHUS B IPOU3BOJBHON TOYKE BIOJIb JINHUU PACTIPOCTPAHEHUS
BOJIHBI HA PAacCTOSIHUE X OT Hayajia orcuera. B 3aaHHyI0 TOUKYy BOJIHA NPUIET C 3a-

X )
IMO3JaHUCM, PAaBHBIM T = V . BCJ'IGI[CTBI/IG 3TOro KoJIeOaHHS BOJIHBI B 3aJaHHOHN TOYKC
X
JOJIDKHBI OBITH CABUHYTEI 110 (1)336 Ha BCIIMYMHY ® V .

VYpaBuenus (6.26 u 6.27) npuMyT BU]T

E=E, sin (ot - (o%), (6.28)
X (6.29)

B =Bm sin (ot - ©—)
v
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rie Ep,M Bm - aMIUIATY/BI BEKTOPOB E M B; (O - IMKIMYECKAst 9acTOTA KOJIe-
Oauvu E W B; X - KOOpAMHATA TOYKH HAOIIOAEHUS; V - CKOPOCTh pacnpocTpa-

HeHus BOMHBL. [IpeoOpasyem BeIpakeHHE  ©

21
rac k= T cCThb MOI[y.TIB BOJIHOBOI'O BGKTOpa , IIOKAa3bIBAOLICTIO HA HaHpaBHCHI/IC

pacrpocTpaHEHUE BOJHBI.
VYpaBuenusim (6.28) u (6.29) 0OBIYHO NPUIAIOT BUJT

E Emsin(wt-kx),

ws]}
ool

msin(mt -kx).

C yBennyeHueM pacCTOsIHUA OT UCTOYHMKA M3JTyUYEHUS DJIEKTPOMAarHUTHAsI BOJIHA
MEJICHHO yObIBaET.

[Tepuoxa BomHbl T — IPOMEKYTOK BPEMEHH, B TEYEHHE KOTOPOTO BEKTOp E WK B
B DJIEKTPOMArHUTHON BOJIHE COBEPIIAIOT OJHO MOJHOE KojeOaHue.

YacToTa V - 9HCIIO TOJHBIX KoJeOaHuii E ¥ B3a eMHUIY BPEMEHH.

JIvHa BOJHBI A - PAcCTOAHUE, HA KOTOPOE PACIPOCTPAHSETCS BOJHA 3 OJUH
EPUOJ

. c
Jeuw  vien

Ha puc. 6.7 nzobpakena « MrHoBeHHas (hotorpadus » rapMOHUYECKOMN IIEKTPO-
MarHuTHOM BOJHBL. BuUIHO, 4TO KONeOaHUs BEKTOPOB E M B IPOUCXOAAT B OXHOIM
¥ TOW e (pase. E M B OIHOBPEMEHHO JOCTUTalOT MaKCUMyMa M OJHOBPEMEHHO
MPOXOJIAT Yepe3 HOJIb U B3aMMHO MEPIEHIUKYIISIPHBI.

DneKTpoMarHuTHas BOJHa MaTepuaibHa. OHa o0nagaeT Maccoil, IHeprue, uM-
NyJIbCOM.  DHepaus 1eKMpPOMACHUMHOU 60JHbl CKIIAJIBIBAETCS U3 SHEPIUU DIICK-
TPUUYECKOTO W MAarHUTHOTO IOJICH.
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[InoTHOCTB 9HCPI'UHU IJICKTPHUICCKOTO ITOJIA B CPCAC paBHA

80 € E2
Op =——
E 7
IUIOTHOCTh SHEPTUU MATHUTHOTO TIOJIS -
Op = B2
B apgn’

IIJIOTHOCTb SHCPIrUn BHGKTpOMaFHHTHOﬁ BOJIHBI —

808E2 B2
0)=0)E+ o = + .
2 2pgp

Macca snekmpomacnumuotl 801Hbl, 3aKIIOUYEHHAS B HEKOTOPOM 00beMe V, MOXKET
OBITH BBIUKCIICHA 1O (JOPMYJI€ COOTHOIIEHUS MACChl U SHEPTHUH M3 TEOPUU OTHOCH-
TEJIbHOCTH

W=m02.

Hmnynvc HEKOTOPOTO 00bEMa JIEKTPOMArHUTHON BOJTHBI PaBEH
p=mc,

r7ie C— CKOpOCTh CBeTa, m - Macca ()OTOHOB B 33JJaHHOM OOBbEME.
DneKTpOMarHuTHasl BOJHA, BCTpeyass Ha CBOEM ITyTH Teja, OKAa3bIBA€T HA HUX
BiausiHue. [lycTh BOJIHA MajaeT Ha MOBEPXHOCTh Tela. JJIEKTPUUECKasi COCTaBIISIO-
1asi BOJIHBI BBI30OBET B 3TOM TeJI€ TOK MPOBOJAUMOCTHU (WM MOISPU3ALUN).
MarnuTHasi cocTaBistonias BOJIHBI (3aKOH AMriepa) OyAeT elcTBOBATh HA 3TOT
BO30Y K/IEHHBIN TOK ¢ CHJIOW F, , HalpaBjeHHEe KOTOPOTO COBIAIAET C HAIPABJICHHU-

€M pacnpoCTPaHEHHUS BOJIHBI.
ITo nnyuHE 3JIEKTPOMAarHUTHOM BOJIHBI Pa3JIMYaroT:

PaIMOBOJIHBI
nH(paKpacHbIC U3ITYUCHUS
BUJIUMBIN CBET
ybTpadOIETOBBIC JIyUU
PEHTIE€HOBCKUE JIyUH
raMMa M3JIy4YeHUS

[Ipu mpox0KI€HNU SIEKTPOMArHUTHBIX BOJIH Yepe3 cpey Habr01at0TCs poLec-
Cbl OTpPaX€HUs M MPEJIOMIICHUS BOJH, SIBICHUS NU(pakiuu, HHTepdepeHunu, auc-
NIEPCUM U TTOJISIPU3ALUH.
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Teopust MakcBena cbirpana BEIAAIOIIYIOCS POJIb B Pa3BUTHH (DU3UKHU U SJIEKTPO-
TEXHUKH.

Bonpocwei u 3a0danusa 0na camonpoeepkKu

1. Tlouemy MarHuTHoO€ 1osje, 00yCIOBIEHHOE TOKOM CMEIIEHUS B KOHACHCATOpE , 00HAPYKUTh
ropaszio TpyJHee, 4eM MarHUTHOE ToJie , 00YCIOBICHHOE TOKOM ITPOBOAUMOCTH ?

2. DneKTpoMarHuTHas BOJIHA SIBJISIETCS MMONEPEYHOM , IPOIOJIBHOM WM OJJHOBPEMEHHO U
MONEPEYHOM, U MPOAOIBHOM ?

3. Kakue xapakTepuCTHKH 3JIEKTPOMAarHUTHOTO MOJISi NEPUOANYECKH U3MEHSIOTCS
B Oeryiei 2IeKTPOMAarHuTHOW BOJTHE ?

4. HanpspkeHHOCTD 3JIEKTPUUYECKOTO MO B 3JIEKTPOMAarHUTHON BOJIHE , paCPOCTPaHSIOLIEICS
Ha ceBep , KONeONeTcsl B HAaMpaBIeHNN BOCTOK — 3amajl. Y KaKUTE HampaBJieHHe KoaebaHui
WHIYKIIMA MarHUTHOTO TIOJISL 3TOM BOJIHBI?

5. SIBnsieTcs U 3BYK 3J€KTPOMarHuTHOM BoaHOW? Ecnu HeT, To uTo 3TO 3a BoJIHA?

6. MOXEeT JIi DJIEKTPOMArHuTHAs BOJHA PACTIPOCTPAHSITCS B aOCOIOTHOM BakyyMme?

7. B 4eM CXOJCTBO U Pa3IMYUE MEXKIY CBETOM H 3BYKOM?

8. PaznunuHa 1M CKOpPOCTh paclpOCTPAHEHHUS ANEKTPOMArHUTHBIX BOJIH B Pa3/IMYHbIX — cpenax ?

9. M3MeHseTcs 1 4acToTa 3JEKTPOMArHUTHBIX BOJH MPHU MEPEX0JE €€ U3 BaKyyMa B BOILY?

10. V3mensieTcs nu AjMHA 3JIEKTPOMAarHUTHOM BOJIHBI IIPH MEPEXOJE €€ U3 BaKyyMma B CTEKJIO?

11. Ha kakoe paccTosiHe pacHpOCTpaHSETCs BOJTHA 3a OJUH MEePUO.?

12. B kakyo SHEPruI0 NEPEXOUT SHEPTUs AEKTPOMArHUTHONW BOJIHBI, MTaJarolias Ha
MIPOBOJIHUK ?

13. TTouemy sHEprus 3NEKTPOMArHUTHON BOJHBI CKJIA/IBIBAECTCS U3 SHEPTUU IJIEKTPUUECKOTO U
MarHuTHOTO NoJIen?

14. O6namaer u 3JIEKTPOMAarHUTHAS BOJIHA MACCOM, SHEPTHEeN U UMITYJIbCOM?

15. CymecTByIOT I B IPUPOJIE TIPOIIECCHI, KOTOPBIE MPOTEKAIN ObI OBICTPEE, YeM CKOPOCTh
pacrpocTpaHeHust IEKTPOMArHUTHBIX BOJIH B Bakyyme?

16. meroT 11 Hayasio ¥ KOHELl CUJIOBbIE TMHUM 3JICKTPUUECKOTO TOJIS, « POKICHHOTO»

M3MEHSIOIUMCS] MAarHUTHBIM T1OJIEM?
17. Tlouemy 1o 3aMKHYTOMY IPOBOJHHUKY, HAXOASIIEMYCSI B IEPEMEHHOM MAarHWTHOM II0JIE,
TE€YET TOK?
18. MoryT 1 IBHKYIIMECS SJIEKTPUUECKUE 3apsAIbl CO37aBaTh BUXPEBOE MATHUTHOE MOJie?
19. OauHakoB WM pa3IMUYeH MEXAaHNW3M BO3HUKHOBEHHUS! MAarHUTHOTO MOJIs, CO3aBa€MOI0
TOKOM MPOBOAMUMOCTH M TOKOM CMEIEHUS ?
20. IMomuuHsercs MM TOK cMenieHus: 3akony Jlxoyins — Jlena ?.
21. Kak pearupyroT aTOMbI U HMOHBI IUAJIEKTPUKA, €CIIH Ha HETO Ma/laeT 3JIeKTPOMarHUTHAS
BOJIHA?
22. Kak pearupyroT cBOOOIHBIC 3JIEKTPOHBI B IPOBOJIHUKE, €CJIM HA HETO MaJlaeT 3JIEKTpoMar-
HUTHas BOJIHA?
23. Tlouemy cBOOOAHBIE 3JIEKTPOHBI B MPOBOAHUKE HAUMHAIOT ABUTATHCS, €CIIM OH 00JydaeTcs
AIEKTPOMAarHUTHOM BOJIHOM?

24. Tloyemy CKOpPOCTh IBMXKCHHSI CBOOOHBIX AJICKTPOHOB B MPOBOAHUKE, HA KOTOPHIN MajgaeT

3JIEKTPOMAarHUTHAs BOJIHA, HE apaJlJieJlbHA CKOPOCTU PACHpPOCTPAHEHUS ITOU BOJIHBI?
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OCHOBHBIE TOJOKEHUSA

He3aTyxamommue 31eKTPOMAarHUTHbIE KOJIeOaHUs

e JJIEKTPOMATHUTHbIE KoOJIe0aHUs - KO-
ne0aHusl AIEKTPUYECKUX 3apsA0B, TOKOB, (-
3UYECKUX XapaKTEPUCTHK JJIEKTPUYECKUX U
MArHUTHBIX MOJIEH.

e Kosie0aTeibHBIN KOHTYpP — J100ast 3JeK-
TpUUecKas 1IeMb, B KOTOPOM MOTYT IPOUCXO-

JUTH 3JICKTPOMArHUTHbIE KOJIEOaHNUS.
e ®opmyaa Tomcona - T=2n,/LC, rue T-

nepuona konebanus, L- wmHmaykTHBHOCTH, C —
€MKOCTb.

e CoOcTBeHHBIE KOJEeOaHHS KoJieOaHus,
MIPOUCXOAIINE B KOJIEOATEIIFHOM KOHTYpE IpH
OTCYTCTBUH aKTUBHOTO CONPOTUBIICHUS R.

VI3sMeHeHust o BpeMeHeM 3apsina ¢ ( t)Ha 06-

KJIaJKaX KOHJEHCATOPa, PA3HOCTH MOTEHIIHAJIOE
U (t)mexay oOKIagKaMu KOHICHCATOpA, pas-
psiaHOro Toka i (t) B LENM KOHTypa, 9.C ca-

MOMWHAYKIUH € ( t ) B KaTyIIK€ MHAYKTHBHOCTH,

OIKCBIBAIOTCS TAPMOHHUYECKUMH (DYHKITHSIMH.

3aTyxamomue 3J1eKTPOMATHUTHbIE KOJIEOaHUS

e 3aryxammme JICKTPOMATHUTHBIC KoJie0a-
HHUA - KoyeOaHus, aMIUTUTyJJa KOTOPBIX C Te-
YEHHEM BPEMEHH YMEHBIIAETCS.

e AnlepHoAUYeCcKHil mpouece —

MPOLECC BO3BPAIIEHUS CUCTEMBI , BBIBEICHHOM
U3 COCTOSIHUSI PaBHOBECHUS , B HCXOJHOE CO-
CTosiHUE 0€3 KosieOaHusl.

¢ YCI0BHBII NepHO/ 3aTyXalOLIHX JJIeK-
TPOMATHUTHBIX KOJeOaHUi —

rne L- unagykrusaocts, C — eMKOCTh, R—
AKTUBHOE COMPOTHUBJICHHE.

e Bpems penakcanuu 3aTyXammux KoJie-
o6anmii T - Bpems, B TeueHHE KOTOPOTO aM-
IUIMTYAA KoJeOaHui yMeHbIIaeTcsi B € pas.

e Kooppuuuent 3aryxanus 3 — Bennuwm-

Ha, oOpaTHas BpeMeHH T, B TEYCHHE KOTOPOIO
aMIUTUTYyAa KojieOaHuil yMeHbIIaeTcs B € pas.

o Jlorapupmuyecknii 1eKpeMeHT 3aTyXaHUs

A — Bemnunua, oOparHasi 4uCly KoyieOaHWH,
COBEpILAEMBIX 33 BpEMsI peJIaKcalllu.

A= L
N

BLIHy)KIICHHLIe IJNIEKTPOMArHUTHLIE K0J1e0aHusl

¢ BoiHy:K/IeHHbIE JIEKTPOMATHUTHBIE KOJIe-
O0aHus - KoseOaHUs, MPOUCXOASIINE B KOJie-
0aTeJIbHOM KOHTYpE IOJ ACHCTBHEM BHEIIHEH
MEPUOIUYECKON B3JIC  WIM MEPUOAUYECKOTO
BHEIITHETO HAMPSHKECHUS.

e JJIeKTPUHYECKHUI Pe30HaHC
PE3KOro BO3pacTaHUsl aMIUIMTY/bl YCTAaHOBUB-

SIBJICHUC

e Yacrora BBIHYKACHHBIX
MATHHUTHBIX K0JI€0aHHH — YacTOTa BHEIIHEIO
HCTOYHHUKA D/IC.

IJIEKTPO

Q

e Pe3oHaHCcHAsl 4yacTOTa Jisl TOKA pe3i

COBIAJAET C COOCTBEHHOI 4aCTOTOMH @y KO-
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IIUXCS BBIHYKJICHHBIX KOJICOAHWA TPH TIPH-
OJIM)KEHUM YacTOThI BHEIIHEH MEPUOINYCCKOMN
9AC (WM BHENIHETO MEPHOINYECKOrO Harpsi-
JKEHHUs) K YacTOTe COOCTBEHHBIX KOJcOaHMI
ANEKTPUICCKUX U MATHUTHBIX BEJTHYHH.

e Pe3onaHcHasi yacTrora - 4YacTtoTa, Ipu
KOTOpOH HaOJromaeTcss HauOoJbllee 3HaYe-
HUE  aMIUTATYIbI ANEKTPUICCKUX U Mar-
HUTHBIX BEJIMYMH.

nebaTeIbHOro KOHTYpa.
Pe3onancHas yacToTa A7 3apsiia u
HANIPSKEHUS Qpe&q , Qpe?..u MEHBIIIE CO0-

CTBEHHOU 4acCTOTHI ® K0JIeOATEIbHOTO KOHTY-

pa.

YpaBHenuss Makcesia

e [lepBoe ypaBHenne MakcBesiia —
MEpEeMEHHOE MarHUTHOE IOJIe CO3AaeT BUXpe-
BOE 3JIEKTPUUECKOE TIOJIE.

e Bropoe ypaBHenue MakcBessa - 1mepe-
MEHHOE 3JIEKTPUUYECKOE T0JIe U TOK MPOBOIU-
MOCTH CO3/alOT BUXPEBbIE MAarHUTHBIE MOJIS.

e Tperbe ypaBHenne MakcBesuia —
HWCTOYHHKAMHU 3JIEKTPOCTATUUECKOTO MOJIS
SBIISIIOTCA HETMOJBUKHBIE DJIEKTPUUECKUE 3apsi-
JAbI.

e YerBeproe ypaBHeHue MakcBesia — B
MIPUPO/IE€ HE CYLIECTBYIOT MarHUTHBIX 3apsJIOB.

BHeKTpOMaFHHTHLIe BOJIHBI

¢ DJIEKTPOMArHUTHbIE BOJIHBI — MTPOLIECC
pacrpocTpaHeHus SJIEKTPOMArHUTHOTO MOJIs B
npoctpancTBe. OMUCHIBAIOTCS YpaBHEHUSMU

E=En, sm(oat -kx) ,

B =By, sm(cot -kx).
o JITMHA BOJHBI A - PACCTOSHHE, HA KOTOPOE
BOJIHA PACIIPOCTPAHSAETCS 33 OJUH IIEPUOI.

r=vT=- -

_V\/S_u

Ve
e DHeprusi MeKTPOMATHUTHON BOJIHBI -
CyMMa SHEPTHUHU BJICKTPUICCKOTO U MArHUTHO-
ro nojieu.

e CxopocTth pacnpocTpaHeHust JJIeK-

TPOMATHUTHBIX BOJIH B BAKYyMe
paBHaA CKOPOCTH CBETa

ve_1 _—c-3908M
v oo ¢

e CKOpOCTH pacnpoCTPaHEHHs JJIEeKTPO-
MAargdmTHbBIX BOJIH B Cpe}le -

vV C C

Jen n’

TAC N — IMOKa3aTeJIb IIPCIIOMIICHUA CPCIbI.

e JHeprusi KBaHTa 3JeKTPOMATHUTHOIO MO-

2
ag — W=mc”~, Macca (oOToHa, ¢

— CKOPOCTh CBE€TA.

rem —

O0o3Ha4eHus, HCNIOJIb3yeMble B IJjiaBe 6

- AIIEKTPUYECKUI 3aps]
- €MKOCTbh KOHJIEHCAaTOpa
aKTUBHOE CONPOTHBIICHUE

£® 0o

SHEPIUA SJICKTPUUYCCKOI'O IMOJIA
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- SHEPTHUsi MAarHUTHOTO TT0JISI
- MHIYKTUBHOCTh KOHTYpa

- ANEKTPUYECKUN TOK

- MHHMOE YHCII0, TOK

- HanpspkeHue (pa3HOCTh MOTEHIIMAIOB)

- HAIpPSDKEHHOCTD JIEKTPUYECKOTO MO

- MHIYKIUS MarHUTHOTO TIOJIS

- KO3 (UIIUEHT YIIPYroCcTH

- macca

- CKOPOCTB

- AIIEKTPOABIDKYIIAS CUJIa , OTHOCUTEIbHAS JUAJIEKTPHUYECKAs IPOHUIIAEMOCTh
- OTHOCHUTEJIbHAS MarHUTHAS IPOHUIIAEMOCTb

- 9/IC CAaMOHMHIYKIIMU

- 9JC HMCTOYHHKA TOKa

- BpeMs
- [IUKJINYECKast 4acTOTa
- HAYaIbHBIA CABHT (a3bl

- TIepUo.T
- qacTora
- KO3 PUITMEHT 3aTyXaHUs

- JorapupMHUUECKUI IEKPEMEHT 3aTyXaHusl, JUIMHA BOJTHBI
- BpEMS pelaKcalyu

- YHCIJIO KOJIeOaHMH

- LUKJINYECKasi 4aCTOTa UCTOYHUKA TOKa

- MAarHUTHBIN U 2JIEKTPUYECKUNA ITOTOKU

9 Za>m<tH s e~ 0 pHEoLBRTOCTTOCZ
o = w

MO’ 80 MarduTHas WM 3JICKTPUUCCKasi IOCTOAHHBIC
P - 00BeMHas IIOTHOCTD 3apsaaa
C - CKOPOCTH CBE€TA
TecTbl sl 3JIEKTPOHHOI'0 IK3aMEeHAa
He3atyxaomue 31eKTPOMarHUTHBIE KOJIeOaHUs
T 6.1

Ykaxkute HeBepHOe YTBep:KIeHue

1. B uneansHOM KoseOaTeabHOM KOHTYPE aKTUBHOE COTIPOTUBIICHUE PABHO HYIIIO.

2. JIBuKeHHe 3apsI0B M0 KaTYIIKe WHAYKTUBHOCTH HA3bIBAIOT Pa3psSAHBIM TOKOM.

3. B uneanbHOM KOJIe0ATETLHOM KOHTYPE Pa3psIHBIA TOK MOXKET CYIIECTBOBATh 10° rer.
4. Pa3psHblif TOK CO BpEMEHEM HU3MEHSETCS 10 TAPMOHUYECKOMY 3aKOHY .

5. 3apsig Ha 0OKIIaKaX KOHJIEHCATOPA YOBIBACT IO AKCIIOHCHIINATHFHOMY 3aKOHY.

T 6.2

YKa:kuTe HEBepPHOE YTBEP:KIeHHE

1. MakcuMalibHOE 3HAUCHHE YHEPTUH JICKTPUUYCCKOTO TMOJIs B KOHJICHCATOPE PABHO MaKCUMAaJIbHO-
My 3HAYCHHIO SHEPTUH MAarHUTHOTO TIOJISl B KATYIIKE WHIYKTHBHOCTH.

2. Yacrora kosiebaHuil SHEPTUI AIIEKTPUUYECKOTO TOJISl B /1B pa3a OOJIbIle YaCTOThl KOJeOaHMit 3a-
psina Ha OOKJIa/IKaX KOH/CHCATOpa.
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3. YacroTa koyiebaHMii SHEPTUH MATHUTHOTO TIOJIS B JIBA Pa3a MEHBIIIC YaCTOThI KOJICOAHUN pa3psii-
HOTO TOKa.

4. Pa3psHbiii TOK orepeskaet mo (aze 3ac camomHayknuu Ha 0.785 panuas.

5. CoBMecTHOE JIEHCTBUE Pa3HOCTH MOTEHIIHAIIOB U 3/IC CAMOMHIYKIIMU IPUBOJUT K TOCTEIEHHOMY
HApaCTaHUIO Pa3PsIHOTO TOKA.

T 6.3

YkakuTe HeBepHOe YTBep KAeHHe

1. [Ipon3BoaHAsT OT MOJHOM SHEPTUH HJICATEHOTO KOJIe0aTeIbHOTO KOHTYpa 10 BPEMEHHU paBHA HY-
J10.

2. YacToTa Koje0aH1if MAarHUTHOTO TIOJIS B KaTyIIKe MHIYKTHBHOCTH B JiBa pa3a OoJIbIIe YacTOTHI
KosieOaHUH pa3psAHOTO TOKa.

3. Hukimyeckas 4acToTa He3aTyXaloLero KonebaHus O paBHa YNCITy KOJICOAHUH 3a ¢/IMHHULLY Bpe-
MEHH.

4. Boipaxkenue T = 2./ L C Ha3bBaoT hopmyioii TomcoHa.

5. I3meHeHue 3apsa co BpeMEHEM OIepeskaeT 1o (pa3e HM3MEHEHHE Pa3psIHOro TOKa CO BpeMEHEM
Ha 1.57 panuan.

T 6.4

YKkaxkute HeBepHOe YTBep:KIeHue

1. Yem OoJbllie MHAYKTUBHOCTH B KOJICOATETLHOM KOHTYpPE, TeM OOJIbIIe ITUKITUYEeCKasl 4acToTa.
2. VI3ameHeHme pa3psaHOro TOKa CO BpEMEHEM OIepeskaeT Mo ¢a3ze HM3MEHEHHE 37C CAMOUHIYKIIMH

T
Ha —.

3. V3MeHeHHne pa3psaHOTO TOKAa TMPOHMCXOJUT CUHXPOHHO C U3MEHEHHEM HaIpsDKEHHs Ha  00-
KJIaZIKaX KOHJEHcaTopa.

4. Ecnu KoHJeHCcaTop 3apsaIuTh, TO B LIEIM BOZHUKHET BO3PACTAIOIINN PA3psIHbIA TOK.

5. IlepeMeHHOE MarHUTHOE TOJIE, CBA3AHHOE C PA3PSIHBIM TOKOM, CO3AAET B LIETH 3JIC CAMOMHIYK-
LUN.

T 6.5

Yka:kuTe HeBEpHOE YTBeP:KIeHHE

l. p=0,t+ ¢,y ~ HaspIBAIOT dazoit kosebanus, n3mepsieMoii ¢ cucteme CU B rpamycax.

2. Yem Ooltbllie EMKOCTh KOHIIEHCATOpPA B KOHTYPE, TEM MEHBIIIE IHKINYECKask 4acTOTa KOJeOaHMs.
3. MUHHMAaIILHOE BPEMSI, B TEUCHHUE KOTOPOTO HAMPSHKEHHOCTh 3JIEKTPUYECKOTO TIOJs B KOHJCHCA-
TOpE, U3MEHSSICh, MPUOOpETaeT TNpeKHEe 3HAUCHUE U HAIPABJICHUE, HA3bIBACTCS TIEPHOIOM.

4. Benmnunna 94C CAMOMHAYKIUH 3aBUCUT OT CKOPOCTH U3MCHCHHUS TOKA B LICIIN.

5. 31C caMOMHIYKIIUU MOXET WU TOICPKUBATh OCHOBHOW TOK, WJIM TPETSITCTBOBATH EMY.

T 6.6

YKaxkuTe HeBepHOe YTBEpIKIeHue

1. ITpu HapacTaHNU Pa3psIHOTO TOKA HAC CAMOMHIYKIUU MOJACPKUBAET 3TOT TOK.

2. Yem Oostbllie MHAYKTUBHOCTH KaTYIIKH, TEM MEIJICHHEE pa3psibKaeTcst KOHACHCATOP.

3. BennuuHy, paBHYyIO YMCIIy MOJIHBIX KOJI€OaHUI B €AMHUILY BPEMEHH, HAa3bIBAIOT YaCTOTOW KOJe-
OaHui.

4. Yacrora kosebanuii V usmepsercs B repuax.

5. Koraa koHaeHcaTOp pa3psauTcs, TOK TOJKEH ObUT OBl yIacTh 10 HYJISL, HO 9C CaMOWHAYKIUH B
KaTyIIKe WHAYKTUBHOCTH IO IpaBwily JIeHIIa MOANEpKUBAaET IPEKHEE HAIPABICHUE TOKA - Kak
CJIEZICTBHE, KOHIECHCATOP Nepe3apsKaeTcs.
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T 6.7

YkaxuTe HeBepHOe YTBEpPKICHUE

1. Korga Tok mpekpaTUTCs, KOHAEHCATOP OKa)KETCsl Mepe3apsKeHHBIM, 3aKOHUUTCS MepBasi MoJIo-
BUHA [1€PHO/1a HJIEKTPOMArHUTHBIX KOJIeOaHUH.

2. Hesaryxarommmu KoneOaHUSIMU HA3bIBAIOTCS KOJeOaHUs, MPOUCXOISIINE C TOCTOSIHHOW BO Bpe-
MEHH aMIUIATY I0H.

3. Korna pa3psaaHblii TOK 4epe3 KaTylKy MHIYKTUBHOCTH JIOCTUTHET MaKCUMAJIbHOTO 3HAY€HUS,
KOHJICHCATOP Pa3psIAATCS.

4. Korna paspsaHblii TOK yepe3 KaTylIKy MHIYKTUBHOCTU MPEKPATUTCS, KOHJIEHCATOP OKa)XeTcs
nepe3apsyKEHHBIM.

5. Tok caMOMHAYKIMH BCEria HAIPABIICH HABCTPEUY Pa3psIHOMY TOKY.

T 6.8

YKkaxkute HeBepHOe YTBepP:KIeHue

1. MHOyKTUBHOCTH KAaTyIIKH — 3TO CKajsApHas (Gu3ndeckasl BEIMIMHA, YUCICHHO paBHas 3JIC ca-
MOMHIYKIIMH, BO3HUKAIOIIEH B KaTyIIIKe PU U3MEHEHUU CUJIbI TOKA B HEH 3a €IMHUILY BPEMEHHU.

2. 3]IC CAMOMHAYKIIUU MOXKET WK TTOIJIEP>KMBATh OCHOBHOM TOK, WJTU MPETISITCTBOBATH EMY .

3. DIeKTPOEeMKOCTh IUIOCKOTO KOHJEHCATOpa B KOHTYpE MPOMOPIHOHANbHA IJIOMAAN IJIACTHH,
JTUAJICKTPUUECKON MPOHUIIAEMOCTH CpPEeAbl MEXIy IUTaCTUHAMHU M OOpaTHO  MPONOpLHUOHAIbHA
PACCTOSIHUIO MEX1y TUIaCTUHAMM.

4. Ecmu B koHType C = 1MKk®, L = IMxI'H, To nmepuon konebanusi paseH 6.28 - 10-6 c.

5. MakcumanbHOe 3HAaueHUE 3apsga Ha OOKIaakax KoHJeHcaTopa depe3 100 mepuonoB
YMEHBIITUTCSI.

3aryxamme 3JeKTPOMATHUTHBIC KOJIeOaHUs

T 6.9
YkaxuTe HeBepHOe YTBepKACHUE
1. Ecniu comporuBineHne KoieOaTeNbHOTO KOHTYpa OTIUYHO OT HYyJA, TO KojebaHus OyIyT
3aTyXarOIHAMH.
2. Tok caMOMHAYKIIMM BCETJa HAlpaBJIEH HABCTPEUY TOMY TOKY, U3BMEHEHHE KOTOPOTO MOPOKIAET
TOK CAMOMHIYKIUH.
3. [lepuop 3aTyxaronmx Koie0aHuii TeM OoJblie, 4eM OOJbIIIe aKTUBHOE COITPOTUBIICHHE KOHTYPA.
dq
Cdt
2
5. _2q - CKOpPOCTb U3MEHEHMS PA3PSIAHOTO TOKA B KOHTYPE CO BPEMEHEM.
t

d

- TOK, TEKyIIUH B KOHTYpE.

T 6.10

YKaxKuTe HeBepHOe YTBEpPIKIeHue

1. Llenb, cocToOsIIYI0 U3 KaTyIIKH HMHAYKTUBHOCTH, KOHIEHCATOpPa U aKTUBHOTO CONPOTUBIICHUS,
Ha3bIBAIOT pCAJIbHBIM KoJIe0aTeNbHBIM KOHTYpPOM.

2. Ecniu koHJeHcaTop 3apsAauTh, TO B LIETIM BO3HUKHET BO3PACTAIOLIUM pa3psIHbli TOK.

3. IlepemeHHOE MarHUTHOE TOJIE, CBA3aHHOE C Pa3psIHBIM TOKOM, CO37a€T B KaTYIIKE MHIYKTHUB-
HOCTH 37IC CAMOMHIYKIUH.

4. 9]1C caMOMHIYyKIIMK CLIOCOOCTBYET HAPACTAHUIO Pa3psIHOTO TOKA.

5. IHIyKTUBHOCTb KaTyIIKH — 3TO CKaJspHasi (pU3UUecKasi BEIMUMHA, YUCICHHO paBHas 3JIC caMo-
WHAYKIUH, BOSHHKaIOHIef/’I B KaTyIIKE IMTPpU UBMCHCHHU CUJIBI TOKA B Hel 3a CANHUIY BPCMCHHU.

283



T 6.11

YKa:kuTe HEBepPHOE YTBeP:KIeHNE

1. TIporiecc mpeBpalleHUs SHEPTHA MATHUTHOTO TIOJISL KaTYIIKU B SHEPTHIO 3JICKTPHUYECKOTO TMOJISI
KOHJICHCATOpa M HAa00OpOT B KoJeOaTeIbHOM KOHTYPE Ha3bIBACTCS IEKTPOMATHUTHBIMH KoJieOa-
HUSIMU.

2. Bpewms1, B TeueHHE KOTOPOTO, H3MEHSSICh BEKTOP HAMPSHKEHHOCTH AJIEKTPUUECKOTO OIS MPUo0-
peraeT npekHee 3HaYCHHE U HalpaBJICHHE, Ha3bIBACTCS TIEPHOIOM.

3. Uem Oostbllie HHAYKTHBHOCTH KAaTYyIIKH, TEM ObICTpee pa3psoKaeTcsi KOHIECHCATOP.

4. BenuunHy, paBHYIO 4YHCIY TIOJIHBIX KOJICOAHHMH B CIUHHUILY BPEMEHH, HAa3bIBAIOT YaCTOTOM
KoJeOaHuH.

5. Hacrota kosebaHuit u3MepsieTcs B repax.

T 6.12

YkaKkuTe HeBepHOe YTBepKIeHHe

1. KoneGanus B pealbHOM KOHTYpe OyayT 3aTyXaloUMMH, TaK KaK 9acTh dJIEKTPOMAarHUTHOW SHEp-
THU TIEPEXOAUT B JIKOYJIEBO TEILIO.

2. [Tuknuueckasi 4acToTa — 3TO BEIMYMHA PaBHASI YHUCITY TOJHBIX KOJIeOaHUI B €JMHUILY BPEMEHHU.
3. lluknmyeckast 4acToTa COOCTBEHHBIX KOJIEOaHUIl peaTbHOTO KOHTYpa BEIYHCISIETCS 10 (hopMyJIie

4. Jlorapudmudeckuii IEKPEeMEHT 3aTyXaHHs - BEJIMYMHA, oOpaTHas YUCITy KOJeOaHWi, coBep-
[IAeMBIX 32 BpEeMs PeJIaKCallHU.

5. Bpems penakcaruu 3aTyXamolux KoJIeOaHui — BpeMsi, B TEYCHHE KOTOPOro aMILIUTY1a Kojeba-
HUW yMeHbLIaeTcsi B € pas.

T 6.13

YKaxKuTe HeBepHOe YTBEpPIKIeHue

1. BennunHa 3¢ CAMOMHIYKIIMU 3aBUCUT OT CKOPOCTHU MU3MEHEHHUS TOKA B IICTIH.

2. 31C CaMOMHAYKIIUY MOKET WIN MOJJEPKUBATh PAa3psAIHBIA TOK, UM IPENATCTBOBATH EMY.
3. [Ipu HapacTaHUK OCHOBHOTO TOKA 37C CAMOMHAYKIIUU MOIICPKUBAET 3TOT TOK.

4. Ecnn ® Z B, T0 He OyaeT MPOUCXOAMTH Iepe3apsika KOHICHCATOPA.

5. Yc0BHBIN EpHoJT 3aTyXAIONMUX KOJICOAHNH YBETMUMBACTCS TIPU YBEITMUEHHH EMKOCTH KOHTYpa.

T 6.14

Ykaxkute HeBepHOe YTBepP:KIeHue

1 [lukaugeckass dYacToTa — 3TO BEJIMYWHA, YHCIEHHO paBHAs 4YHUCITYy TIOJMHBIX KoJjeOaHui
3a 6.28 cek.

. dI
2. BennuuHa 51¢ cCaMOMHAYKIMH onpefensercsa popmynoid gg = - L—.

dt

3. B peaJlbHOM KOHTYpPE aMIUIMTYAHOE 3HaYCHHUE Pa3psAHOrO TOKA HE U3MEHSETCS.

4. Korja Tok pa3psja depe3 KaTyIIKy HHAYKTUBHOCTH JOCTUTHET MaKCUMAJIbHOTO 3HAa4Y€HUsI, KOH-
JEHCATOP pa3psAuTCs.

5. Korga Tok uepe3 KaTyLIKy MHIYKTUBHOCTU IMPEKPATUTCS, KOHAECHCATOpP OKaXeTcs Iepe3aps-
KCHHBIM.

T 6.15

YKaxKuTe HeBepHOe YTBEpPIKIeHue

1. KoneOanus 3apsaa Ha MiacTUHaX KOHJEHCATOpa U HANpsDKEHUS Ha KaTyLIKe WHAYKTUBHOCTH
MIPOUCXOJIAT B MPOTHBO(Da3e.
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2. InddepeHnmanbHOoe ypaBHEHHE 3aTyXaIOIIETro KOJIeOaH s
2
d—g 2B dq + u)%q =0
dt dt
ecTb nHast (popma 3amuicu BToporo 3akona HeroToHa.
3. B peanbHOM KoNebaTeTbHOM KOHTYpE 3aTyxarollee KojiebaHne UMEeT MECTO TOJBKO TOTJa, KO-
I71a BBITIOJTHSETCS yeoBue 3 £ O

4. DAEKTPOEMKOCTh IIJIOCKOTO KOHAEHCATOpa B KOHTYpE MPOINOPLHOHANIbHA IJIOIIAN TJIACTHUH,
JTUBJIEKTPUYECKON MPOHUIIAEMOCTH CPEbl MEKIY IUIACTUHAMU U OOpaTHO MPOMOPIMOHANIbHA pac-
CTOSIHUIO MEXK/y IJIACTUHAMH.

5. [uxnmueckas 9acToTa 3aTyXaromiero Kojaeoanuss » MeHbIe COOCTBEHHOM YaCTOTHI KOHTYpa ®g-

T 6.16

YkakuTe HeBepHOe YTBep KAeHHe

1. [lepe3apsinka KoHAEHCATOpa B KOJeOaTeIbHOM KOHTYpE MPOMCXOAUT OT TOTO, YTO B €ro LeMb
BKJIFOUEHA KaTYIIKa UHIYKTHBHOCTH.

2. 37C CaMOMHAYKIIMY BCEr/ia MPENITCTBYET U3MEHEHHIO TOKa B KOHTYpE.

3. Ilpu yObIBaHUU pa3psIHOTO TOKA B KOJIEOATETLHOM KOHTYPE 3AC CAMOUHIYKIIMH CIIOCOOCTBYET
3TOMY TpoOIECCy.

4. Korja KOHACHCATOp pa3psSAUTCS, TOK JOJKEH ObUT ObI yImacTh 10 HyJIs, HO JIC CAMOMHIYKITUHU B
KaTyIIKe MHAYKTHUBHOCTH, IO mpaBuiy JleHla, moaaep>KuBaeT MpekHee HalpaBICHHUE TOKa - Kak
CJIE/ICTBHE, KOHJICHCATOP Mepe3apsiKaeTcs.

5. Korja Tok mpekpaTuTcsi, KOHAEHCATOP OKaXXEeTCsl Mepe3apsDKeHHBIM, 3aKOHYHUTCS MepBasi Mojo-
BHMHA NIEPUOA PIEKTPOMArHUTHBIX KOJICOaHUIA.

BoIHyKIeHHbIE 3JIeKTPOMarHuTHbIEe KoJe0aHus

T 6.17

YkaxuTe HeBepHOE YyTBEepKACHUE

1. SIBneHue pe3koro BO3pacTaHus TOKA B IETH MPU COBMAACHUH COOCTBEHHONW YacCTOTHI M 4aCTOTHI
BBIHYK/JIAIOIIEH 3]IC HA3bIBACTCSA PE30HAHCOM.

2.34C CaMOMHIYKITUH MPHU BO3PACTAHUU TOKA pa3psiia CIOCOOCTBYET €r0 BO3PACTAHHIO.

3. YtoObI koNiebaHMs B KOHTYpE CTalld He3aTyXarolIMMH, He0OOXOIUMO BKJIIOUUTH B I€b KOHTYpa
HUCTOYHHUK 3IC, UBMEHSAIOUIUICA 10 TADMOHUYECKOMY 3aKOHY.

4. VI3ameHeHue 3apsiia HA KOHIEHCATOpPE MPHU BBIHYXKICHHBIX KOJEOAHUAX OINUCHIBACTCS YpaBHEHH-

eM q(t) = qmcos(QtJr(pO) .

5. HpI/I N3MCHCHHU YAaCTOTBI 34C HCTOYHUKA, USMCHSICTCSA aMIIJINTYJHOC 3HAUCHUC TOKA B KOHTYPC.

T 6.18

YKkaxxute HeBepHOe YTBEpP:KIeHue

1. JIns monmydeHus He3aTyXarwluX KoieOaHui B Leb pealbHOro Koie0aTeIbHOTO KOHTYpa BKITIO-
YAETCsl UICTOUHUK TIEPEMEHHOTO HAPSKCHHUS.

2. Ecmm yacrora 51¢ MCTOYHHMKA paBHA HYJI0, TO (m #0, a I, =0.

3. COHpOTI/IBHeHI/Ie KOHTYpa B CIIy4ac€ BBIHYKICHHBIX KoJIeOaHMH 3aBUCUT OT €EMKOCTH KOHICHCAa-
TOpa, MHAYKTHUBHOCTU KaTYIIKH, YaCTOTbI COOCTBEHHBIX KOJCOaHUM KOHTYpa U aKTUBHOI'O COIIPO-
THUBJICHUA.

4. Ecnu [32>[31, o I_.>1I

ml~ m2
5.Q< @y O <Q - oba HepaBeHCTBa UMEIOT MECTO.
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T 6.19
YkaKuTe HeBepHOe YTBep:KIeHHe
1. Yem Ootbliie akTHBHOE CONPOTHUBIICHHE KOHYPa, TEM OCTPEE PE30HAHCHBIC KPHBHIE.
2. HampspkeHne Ha KaTymIke WHIYKTUBHOCTH MOXET 3HAYMTEIBHO MPEBBICUTH 3JIC MCTOYHHKA.
3. KoneGanwus 3apsga Ha KOHJIEHCATOPE, HANPSOKCHUS Ha  KaTyIIKe WHAYKTUBHOCTH M TOKa B Iie-
M KOHTypa CABUHYTHI IO pa3e OTHOCUTEIHHO 3/C UCTOYHHKA.
4. He3zaryxarommmu KoieOaHUSIMU HA3bIBAIOTCSA KOJeOaHUs, MPOUCXOISIINE C TIOCTOSTHHOW BO Bpe-
MEHH aMILUTHTYI0H.
5. uddepennmanbHoe ypaBHEHNE BBIHYKACHHBIX KOJICOAHU HMMeeT BUJ
2
d—g ZBﬂ+mgq=mcoth
dt dt L

T 6.20

YkaxuTe HeBepHOe YyTBEepKACHUEe

1. Pe3oHaHCHBIE KPUBBIE TEM OCTPEE, UEM MEHbIIIE AKTUBHOE CONPOTUBICHUE KOHTYpA.

2. AMIIIUTyla BBIHY)KICHHBIX KOJIEOaHMI B pPEaJbHOM KOHTYPE YMEHBIIAETCS C TEYCHHEM
BPEMEHH.

3. YacToTa BBIHYXICHHBIX KOJICOaHUI KOHTypa paBHA YacTOTE dJIC MCTOYHHKA TOKA.

4. Ilpu yBeIWYEHUHU YACTOTHI HC UCTOYHUKA TOK B L[EMU KOHTYpa JOCTUTaeT MaKCUMYyMa, 3aTeM
yOBIBaeT.

5. Ilpu yObIBaHMM TOKa B KOHType TOK CAaMOMHIYKIIMM COBIIQJaeT C HAIllPaBJICHUEM TOKa B
KOHTYDE.

T 6.21
YkakuTe HeBepHOe YTBep KAeHHe
1. B - BenuumHa, IPOMOPIMOHATBHAS AKTHBHOMY CONPOTHBIICHUIO KOHTYPA.

2. Karymika MHIyKTUBHOCTH 00J1aa€T MHAYKTHUBHBIM CONPOTHUBIICHUEM.

3. Korga Tok paspsia 4epe3 KaTylKy MHIYKTUBHOCTH JOCTUTHET MAKCUMAJIBHOTO 3HAYEHUs, KOH-
JIEHCATOp pa3psaUTC.

4. Korna TOK 4epe3 KaTylIKy WHAYKTHMBHOCTH IPEKPATUTCS, KOHJCHCATOP OKa)KeTCs Iepesa-
PSYKEHHBIM.

5. ®0- COOCTBEHHAsi 4acTOTa KoyieOaTeabHOIo KOHTYpa, U3MEPSIETCs B paji/Cex.

T 6.22
YKaxkuTe HeBepHOe YTBEpPIKIeHue
€
1. dm = m2
L (m8-92)+4[32£22
Q
2. Iy, = Sf;
L (m%—Q2) + 4 p2 032
€
3. Uy = m >
LC (mg-92j+4[32£22
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4 —
dm 1 5
Q - Lal| + RrR?
CQ
€
5 Iy = L
_LQ | +4Rr?
cQ
T 6.23

YKkaxkuTe HeBepHOe YTBEpIKIeHue

1. st Toro uToObI KOJIe0aHUs CTAIM HE3aTyXarolIMMHU, B IIeb PEabHOTO KOJIeOaTeIbHOTO KOHTY-
pa BKJIFOYAIOT UCTOYHUK MOCTOSIHHOTO 3/IC.

2. lluknnyeckasi 4yacToTa — YuCIO KonebaHuii 3a 6.28 CeKyHIbI.

3. 3apsi Ha KOHAECHCATOPE OYJEeT U3MEHATHCS MO 3aKOHY

_ €m
q(t) = 5 cos(QtJrgoO)

1 2

Q -LOQ| +R
CcQ

4. Tok B 1enu KOHTypa OyaeT U3MEHATHCS 110 3aKOHY

€
I(t) = m 5 cos Qt+(p0+E

' “Lal +r2
CO

5. Bpewms, B TeueHuEe KOTOPOT0, U3MEHSSACH, BEKTOP HANPSKEHHOCTH 3JIEKTPUUECKOE I0JIe Mpruod-
peTaeT MpekHee 3HaYCHHE U HAIPaBIIEHUE, Ha3bIBAIOT MEPHOIOM KOJIeOaHusI.

T 6.24

YkaxuTe HeBepHOE YTBEepKACHUE

1. HpI/I U3MCHCHHUHU YaCTOThI 54C UCTOYHHKA, BKIIFOYCHHOI'O B I CIIb KOHe6aTeHLHOFO KOHTYpa, aM-
IUIUTYyJa TOKAa JIOCTUTHET MAaKCUMyMa, KOI/Ia YacTOTa MCTOYHUKA CTAaHET PaBHON COOCTBEHHOM
4acTOTE KOJIeOATeTFHOTO KOHTYPA.

2. YeMm Oosblile aKTUBHOTO CONPOTHUBIICHUSI KOHTYpa, TEM MEHBIIE aMIUIMTyJAHOE 3HAUYE€HHE TOKa
IIpY PE30HAHCE.

3. AMIIUTYa BBIHYXJCHHBIX KOJE€OaHWH B pealbHOM KOHTYpE YMEHbBILIAETCS C TEUYECHHEM
BPEMEHHU.

4. BeanunHa 3¢ CaMOMHAYKIUHU 3aBUCUT OT CKOPOCTH U3MEHEHHUsI TOKA B LICTIH.

5. 31C caMOMHAYKIMM MOXKET WM MOAEP)KUBATH OCHOBHOM TOK MJIH MPENSTCTBOBATH EMY.

T 6.25

YkaxuTe HeBepHOE YTBepKACHUE

1. YtoObl KosIeOaHUsI OCTAINCH HE3aTyXaIOUIMMHU, B 1T KOJIEOATEIbHOr0 KOHTYpa HY>KHO BKIIFO-
YUTh UCTOYHUK TOKA C 3JIC, MCHAIOLICHCS 110 TAPMOHUYECKOMY 3aKOHY.
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2. Korna pa3psiaHblii TOK IPEKpaTUTCs, KOHIAEHCATOp OKaXKeTcs Iepe3apsKeHHbIM. Bpems, B Teue-
HHUE KOTOPOIO 3TO MPOU30MIET, HA3bIBACTCS MEPHOIOM JIEKTPOMATHUTHBIX KOJIeOaHUI KOHTYpa.

3. dq u3MepsieTcsi B E
dt c

4. YCIOBHBIN TepHOJ] KOJICOaHH peaIbHOTO KOHTYPa PacCUUTHIBACTCS 1O PopMyJie

271
2 2
(D -
o - P
5. B 3aBUCHMOCTH OT IIUKJINYECKOM YaCTOTHI 3JIC MCTOYHMKA, BKIIFOYEHHOTO B II€Nb KOJIeOaTEILHO-
Tro KOHTypa, aMHJ‘II/ITyI[a I(OJ'Ie6aHI/II71 TOKa B KOHType l'IpI/I OJHOM U TOM K€ 3HAUYCHUHN Sm

T:

pasjiniHa.

Ypasuenuss MakcBes1a. JIeKTPOMarHuTHbIE BOJTHBI

T 6.26

Yka:kuTe HeBEpHOE YTBeP:KIeHHE

1. IIpormecc pacmpocTpaHeHUS SJICKTPUUSCKUX W MATHUTHBIX IOJICH B MPOCTPAHCTBE HA3BIBACTCS

3JI€KTPOMArHUTHOM BOJTHOM.

2. Pa3HocTh (a3, paBHas 27, COOTBETCTBYET PA3HOCTH X0]1a BOJIH, PABHOH JIJTHHE BOJTHBIL.

3. JlimHa BOJIHBI, YacTOTa M CKOPOCTh PACIPOCTPAHCHHS  BOJH CBS3aHBI COOTHOIICHHEM

A=Vv.

4. CKOpOCTh pacrpoCTpaHEHHS AIEKTPOMArHUTHBIX BOJIH B Pa3JIMUHBIX  CpElax pa3jIndHa.

5. Bextop E (HampsykKeHHOCTH IIEPEMEHHOTO DIIEKTPHYECKOTO MOIIS) BCETa aHTHUIIAPAIUIETIEH BEK-
0E

TOpYy —— .
Pyat

T 6.27
YKkaxxuTe HeBepHOe YTBepP:KIeHUe

1. B anexTpoMarHUTHOM BoOJIHE BEKTOpPHl E M B coBeplIaloT rapMOHMYECKUE KoyieOaHus OHOMN
YacCTOTBI.
2. B1osb BHIOPAHHOW OCH X BEKTOP E H3MEHSAETCS 10 3aKOHY

E = Emcos (mt - mi).
A4

3. Bnonb BeIOpaHHOH OcH X BeKTOp B HM3MeHsieTcs 1o 3aKoHy

E =§mcos(mt- mij.
v

4. CKOpoCTb paclipocTpaHeHus KoJieGaHuii IepreH MKy IApHa IIOCKOCTAM, cojepxamuM E u B
5. DneKTpoMarHuTHBIE BOIHBI — IPOJOJIbHBIE.
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T 6.28

YkaxuTe HeBepHOe YTBEpPKICHUE

1. CxopocTh pacnpoCTpaHEHHs 3JIEKTPOMArHUTHBIX BOJIH B PA3IMYHBIX CpeJaxX pa3inyHa.

2. CKOpOCTb pacpOCTPaHEHUs JIEKTPOMATHUTHBIX BOJIH B BAKyyM€ HE 3aBUCUT OT €€ YaCTOTHI.

3. JlnvHa BOJIHBI A - paccTosiHue, Ha KOTOPOE PacHpOCTPAHSETCs BOJIHA 3a OJUH MEPHO/I.

4. DIeKTpOMarHuTHas BOJTHA, MA/IAOIAsl Ha AUDJICKTPHK, HE JCHCTBYET HAa MOHBI, T.K. OHH HE CBO-
OOTHEL.

5. DAeKTpOMarHuTHas BOJIHA, TIA/IAl0MIas Ha TIPOBOIHUK, JCUCTBYET Ha CBOOOJHBIC SJICKTPOHBI.

T 6.29

YkakuTe HeBepHOe YTBep KAeHHe

1. Ecnu snexkTpoMarHuTHas BOJHA YNAJEeT HA MPOBOJHUK, TO CBOOOJHBIE 3apsAbl NMPOBOJHUKA
HAYHYT JBUTaThCs MOl AEUCTBUEM IEKTPHUUECKOTO MOJIST BOJIHBI.

2. CKopoCTh JBUKEHHSI CBOOOAHBIX 3JIEKTPOHOB B IPOBOJIHUKE, HA KOTOPBI NaJaeT BOJIHA, apa-
JebHa CKOPOCTH PacCHpOCTPAHEHUS 3JIEKTPOMAarHUTHON BOJIHBI.

3. Toku, BO3HUKAIOLIUE MOJ ACUCTBUEM 3JIEKTPOMArHUTHBIX BOJIH B IPOBOJHUKE, SIBJISIIOTCS MPHU-
YMHOM 3aTyXaHUs 3JIEKTPOMAarHUTHBIX BOJIH B JaHHOMH cpene.

4. 3aTyxaHMe DJEKTPOMATHUTHBIX BOJH B JHUAJIEKTPUKAX IPOUCXOAUT ObICTpee, 4YeM B
MIPOBOJTHUKAX.

5. JInuHa 31€KTpPOMarHUTHBIX BOJIH HE U3MEHSAETCS IIPU MIEPEX0/Ie U3 BaKyyMa B Cpeay.

T 6.30
YkaxuTe HeBepHOe YTBePKIACHUE
1. CkopocTh pacrpoCTpaHEHHUs SJEKTPOMArHUTHBIX BOJIH B BaKyyMe paBHa CKOPOCTH CBETa U BhI-

qucisiercs no popmyse
1

\ 0 ho

2. CKOpOCTb pacrpoCTpaHEHUs IEKTPOMArHUTHBIX BOJIH B CpeJie paBHA

c
V= .
VEH
3. DnekTpoMarHuTHas BOJIHA 00JIaZlaeT Maccoil, SHEPTUEH 1 UMITYIIbCOM.
4. DnekTpoOMarHUTHas BOJIHA, BCTpeYas Ha CBOEM ITyTH TeJla, OKa3bIBAET HA HUX JABJICHHE.
5. lluknuveckas 4yacTora KojiebaHuil paBHa YMCTY KOJICOaHUH B €IUHHILY BPEMEHH.

V=c¢ =

T 6.31

YKkaxkute HeBepHOe YTBepP:KIeHue

1. Ilpupoma 3MeKTpOMarHUTHBIX BOJIH U YJIBTPA(pHOIETOBBIX JIydel OJMHAKOBASs.

2. DHeprus 3JIEKTPOMAarHUTHOM BOJIHBI CKJIQJBIBACTCS U3 SHEPTUU JIEKTPUUECKOTO U MAarHUTHOTO
MOJIEN.

3. B mpupose He cylIecTBYET MPOIECCOB, KOTOpbIEe MpOTeKanu Obl OBICTpee, YeM CKOPOCTh pac-
IMPOCTPAHCHUA IJICKTPOMAroHMTHBIX BOJIH B BAKYYyMC.

4. B 571eKTpOMarHuTHOM BOJHE 3JEKTPUUECKOE T0JI€ BOJIHBI HE 3aBUCUT OT MArHUTHOTO TOJIS.

5. DieKTpoMarHuTHas BOJIHA 00J1a/1aeT MacCOu.

T 6.32

YkaxuTe HeBepHOe YTBEpPKICHUE

1. ®usnyeckuil CMBICHI NEPBOrO ypaBHEHHs] MakcBema - MEPEeMEHHOE MarHUTHOE I10JI€ CO3AAET
BHUXPEBOE JIEKTPUUECKOE TOJIE.

2. ®opMyIUpPOBKa NMEPBOTO ypaBHEHUs MakcBesla B MHTETpajibHOU (popMe - HUPKYIISLUS BEKTOpa
HaIPSDKEHHOCTH BUXPEBOTO JJICKTPUYECKOTO IOJISI IO IPOU3BOJIBHOMY 3aMKHYTOMY KOHTYpYy L
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paBHa 1O aOCOJIFOTHOM BEJIMYMHE W MPOTHUBOIIOJIOKHA TI0 3HAKY CKOPOCTH U3MEHEHHUS MAarHUTHOTO
MOTOKA, CIeTuIeHHOro ¢ L.

3. CuioBbI€ TUHUU DJIEKTPUUYECKOTO TOJISL, POKIACHHOTO U3MEHSIOIMIMMCS MAarHUTHBIM TIOJIEM, UMe-
IOT Hayajuo U KOHE.

4. Ecnu 3aMKHYTBIA MPOBOJHUK HAXOIUTCS B MIEPEMEHHOM MarHMUTHOM II0JI€, TO MO MPOBOAHUKY
MOTEYET UHIYKIIMOHHBIN TOK.

5. UHAYKUMOHHBIA TOK B MPOBOJHHUKE, BO3HUKIINN BCIECACTBUE BO3JACHUCTBUSA SJICKTPOMArHUTHOM
BOJIHBI, CO3/Ia€T COOCTBEHHOE MarHUTHOE TOJIe, JIMHUW MHAYKIIMH KOTOPOTrO MOTYT OBITh JINOO ma-
pasuIeNbHbI, JIM00 aHTUNAPAIIICIbHBI TUHUSAM WHIYKIHUNA TEPEMEHHOTO MarHUTHOTO TI0JISI BOJTHBI.

T 6.33

Yxkaxure HEBCPHOE YTBEPIKICHUE

1. HepeMeHHoe SJICKTPHUYCCKOC ITOJIC TOPOKIAACT BUXPEBOC MAIrHUTHOC II0JIC.
2. HepeMeHHoe QJICKTPUYICCKOC ITOJIC HA3bIBAOT TOKOM CMCHICHUS.

3. Ecim HeT ToKa CMelIeHus, TO BTOpoe ypaBHeHue Makcsemia uMeet B rot B = p,J.
4. JIBmoKy1uecs 3JIeKTPUUECKUe 3apsaabl  CO3Jal0T BUXPEBOE MATHUTHOE TIOJIE.
5. Bektop E (HanmpsOKEHHOCTh IEPEMEHHOIO OJIEKTPUYECKOTO TMOJS)  BCEraa IapasuleseH

0

es]!

BEKTOPY

o)}
—

T 6.34

YKaxkuTe HeBepHOe YTBepPIKIeHue

1. Tperse ypaBHeHHEe MakcBesia B MHTErpasibHOM opme ecTh Teopema Octporpazckoro-I'aycca
JUISL BIEKTPUYECKUX 3aps10B.

2. Tpetbe ypaBHEeHHEe MakcBeiia B MHTErpajbHOM (JOPME OIUCHIBACT SBJICHUS, MPOTEKAIOLINE B
KOHEYHOM 00BbEME 3a KOHEUHBIA TPOMEKYTOK BPEMEHHU.

3. Tperbe ypaBHeHue MakcBemia B AuddepeHunanbHoil (opMe ONUCHIBAET SIBICHUS, MPOTE-
Karolye B 0ECKOHEYHO MAJIOM 00BeMe 32 OECKOHEUHO MaJIbIi MPOMEKYTOK BPEMEHH.

4. TOK MPOBOJIMMOCTH U TOK CMEIEHUS MOAYUHSIOTCA 3akoHy JIkoyns — JleHua.

5. I3 BTOpOrO ypaBHeHHUs MakcBeria ClIeAyeT, YTO JMHUM BHXPEBOTO MAarHUTHOTO MOJIS JIEXkKAT
B IUIOCKOCTH, NEPIIEHANKYJIAPHONH BEKTOPY HAPSKEHHOCTH 3JIEKTPUUYECKOTO TOJI.

3amaum 1J151 KOHTPOJbHBIX padoT

6.1

B xonebarensHOM KOHTYpE B OJJHOM CIIy4ae 3aMEHIIN €eMKOCTh Ha 0aTapero U3 n Mocie0BaTeIbHO
COCTMHECHHBIX TAaKMX K€ KOHJICHCATOPOB, a B IPYTOM - Ha h MapajuIeIbHO coeAuHEHHBIX. Haiitn
otHomieHue nepuofoB T1:T,:Ts cBoOOAHBIX KONEOaHMII B 3TUX KOHTYpaxX U yKa3aTh KOHTYpPBI C
MaKCUMaJIbHBIM 1 MUHUMAJIbHBIM TIEPUOAMHU.

6.2

B konebarensHOM KOHTYpE B OJTHOM CIIy4ae 3aMEHIIIN €eMKOCTh Ha 0aTapero u3 n MocCiIe0BaTeIbHO
COCTMHEHHBIX TAKUX K€ KOHIEHCATOPOB, a B JPYrOoM - Ha n MapajjielibHO CoequHEeHHbIX. Haiitu
OTHOIIIEHUE YaCTOT V]:V,:V3 CBOOOJHBIX KOJIEOAHUN B 3TUX KOHTYpaxX U yKa3aThb KOHTYPBI C MaKCH-
MaJIbHOM ¥ MUHUMAJILHOM YaCTOTaMH.

6.3

B xonebarensHOM KOHTYpPE B OJTHOM CIydae 3aMEHWIM €MKOCTh Ha OaTapero U3 N MOCJIeI0BATEIBHO
COEIMHEHHBIX TaKHUX K€ KOHJIEHCATOPOB, a B JPYrOM - Ha h MapajulelibHO coeAuHEHHbIX. Haiitu
OTHOIIIEHUE €]:€:€3 DHEPTUM ITHX KOHTYPOB M yKa3aTh KOHTYPHI C MAKCUMAJIbHON M MUHUMAaJIh-
HOM 3HEPTUsAMH.
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6.4

B konebaTtenbHOM KOHTYpe B OJJHOM Cllydae 3aMEHMJIM €MKOCTb Ha 6aTapero U3 n Mociiej0BaTeIbHO
COCIMHEHHBIX TaKMX K€ KOHJIEHCATOPOB, a B APYI'OM - Ha N MapajulesIbHO COeAMHEHHBIX. Haltn
OTHOILIEHHE MaKCHMaJbHBIX 3HaueHUN TOKOB I;:I5:I3 B 3TMX KOHTypax M yka3aTb KOHTYpBI C Mak-
CUMAaJIbHBIM U MUHUMAJIbHBIM 3HA4€HUSMHU TOKOB.

6.5

B konebaTenbHOM KOHTYpE B OIHOM ClTyyae 3aMEHUIM €eMKOCTh Ha 0aTapero U3 n MOCJIeA0BaTEIbHO
COCIMHEHHBIX TAKUX JK€ KOHICHCATOPOB, @ B PYI'OM - Ha N MapajUleIbHO COequHEHHbIX. Haltn
OTHOLIEHUE MaKCUMaJIbHBIX 3HaueHU HanpsbkeHud U;:U,:Us B 3TMX KOHTYpax M yKa3aTbh KOHTY-
PBI ¢ MAKCUMaJIbHBIM U MMHHMAJIbHBIM 3HAYCHUSMM HANPSDKCHUH. 3apsAibl B KOHTYpax OIMHAKO-
BBIC.

6.6

B konebarenbHOM KOHTYpE B OJTHOM CIIy4yae 3aMEHMJIM KOHAEHCATOp Ha 0arapero U3 n MocienoBa-
TENBHO COCIUHEHHBIX KOHJEHCATOPOB €MKOCThIO Ci, @ B APYTOM - Ha N MapajljIeIbHO COECJUHEH-
HBIX KOHJEHCATOpOoB eMKOCThI0 C,. Haiitu cooTHomenue mexay emkoctsiMu C; u C,, eciu u3BecT-
HO, 4TO SHEPIHH K0JIeOATeNbHBIX KOHTYPOB OJMHAKOBBI.

6.7

B xonebarenbHOM KOHTYpE B OJTHOM Cllyyae 3aMEHMJIM KOHJAEHCATOp Ha OGarapero U3 n mnocienoBa-
TEJIbHO COCIMHEHHBIX OJMHAKOBBIX KOHIEHCATOPOB, & B IPYT'OM - Ha N MapajuIeIbHO COCIUHEHHBIX
OJIMHAKOBBIX KOHJEHCATOPOB, HO C APYTrOM €MKOCThO. HallTu COOTHOLIEHHME MEXIY 4YacTOTaMU
CBOOOJHBIX KOJICOAHUHN V| U V3, €CIIH U3BECTHO, YTO SHEPTHH KOJIEOATEIBHBIX KOHTYPOB OJIMHAKO-
BB

6.8
KonebaTenpHblil KOHTYp, COCTOALIMM U3 KaTyIIKW HHAYKTUBHOCTH U BO3IYIIHOTO KOHIEHCATOPA C
paccrosiHueM Mexnay ractuHamu  d; = 4,8 MM, HacCTpoeH Ha AMuHY BOJHBI A; = 300 M. He

M3MEHsIs MHAYKTUBHOCTH KAaTyIIKH, HaWTH pacctosHue d, MeXIy IIacTHHAMH KOHJEHcaTopa TakK,
9YTOOBI KOHTYpP OKa3aJICsl HACTPOEH Ha JUTMHY BOJIHBI A2 = 240 M.

6.9

3aBUCUMOCTb CHJIBI TOKA OT BPEMEHH B KOJIEOATEIbHOM KOHTYpPE ONpeAeseTcs claeayroImuM o0pa-
3oM: I(t) = Iy cos ot, e ® = 10° pan/c. HaiiT mHAyKTUBHOCTH L KOHTYpa, €Clii €ro 3JeKTpoeM-
xocts C = 107®.

6.10

B konebarenbHOM KOHTYpE C HEKOTOPBIM KOHACHCATOPOM COOCTBEHHBIE KOJICOaHUsI POUCXOIAT C
yactoror vi= 30 kl'l, a ¢ gpyrum - ¢ yactoroit v, = 40 kl'u. Haiftn yacToty v KOHTypa, €Ciu 3TH
KOHJIEHCATOPbI 0e3 U3MEHEHUS! MHYKTUBHOCTU COEAMHUTH IOCIIEA0BATENHHO.

6.11

KonebarenbHblil KOHTYp NMpPHUEMHHKA COCTOUT U3 CIIOASHOrO (€=7) KOHAEHCATOPa C IJIOLIAJIBIO
mractuH S= 800 cM’, pacCTOsHIEM MeKy HuME d= 1 MM 1 KaTymky uaaykTHBHOCTH. Haiiti pe-
30HAHCHYIO JJIMHY A BOJIHBI KOHTYpa, €CJIM OTHOIIEHNE MaKCUMAJIbHBIX 3HAUYCHUH HAIPSKEHHs Ha
TTACTHHAX KOH/ICHCATOPA ¥ CHIIBI TOKA B KaTymke n = 10° B/A.

6.12

Haiitu juinHy A BOJHBI M3Iy4YaeMyro KOJIeOATeNbHbIM KOHTYPOM, €CJIM MaKCUMAaJIbHBIN 3apsij Ha
IUIACTUHAX €ro KOHJAEeHcaTopa qm = 0,1 MxKu 1 MmakcumanbHbli TOK B nenu I, = 3 A.

6.13

B kosne0GaTenbHOM KOHTYpE K KOHAEGHCATOPY MPUCOSTUHUIIN MapajieIbHO JPYToil KOHAEHCATOp B
n = 2 pa3 0oJIbIIIeH eMKOCTH, TIOCJIE YeTO YaCTOTa COOCTBEHHBIX KOJICOAHWN KOHTYpPa YMEHBIITHIACH
Ha Av=300 I'u. HaiiT 9acToThl V| 1 V, KOJIeOaHUI KOHTYPOB.

6.14

[Ipy n3MeHeHnn TOKa B KaTylIKe MHAYKTUBHOCTH Ha BennuuHy Al= 1 A 3a Bpemsa At = 6 ¢ B Hell
unaynupyercs 3ac €= 0,2 MB. Kakyto ninuny A Oyaer uMeTh paguoBOIIHA, U3lTydyaeMas reHeparo-
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poM, KoJebaTeNbHBI KOHTYpP KOTOPOTO COCTOMT M3 3TOM KaTyIIKW U KOHAEHcaTopa eMKocTH C=
14,1 a®d?

6.15

Karymka uaaykTHBHOCTBIO L = 3107 I'H, MpHCOeMHEHA K ITOCKOMY KOHJICHCATOPY C ILIOLIA/IBIO
mractun S = 107 M* u paccrosiHiem Mexay Humu d= 0,1 MM. HaifTi IU3IeKTpUIECKYIO MPOHH-
LIaeMOCTb € BEILIECTBA, 3aMOJIHAIOLIETO MPOCTPAHCTBO MEXy IJIACTUHAMMU, €CIIM Pe30HAHCHAs JJIH-
Ha BOJHBI KOHTYpa A= 750 m.

6.16

Haiitn MHOYKTHBHOCTB KaTyIIKH KOHTYpA, €CJIM KojeOaTeabHbI KOHTYpP paAHMoNpUEeMHHKa C KOH-
JIeHCATOPOM eMKOCTBIO 10™  OCyIIecTBISeT IpHeM PaJHOBONH THHOM 300 M.

6.17

OpuH KojeOaTeNnbHBI KOHTYP COCTOMT U3 MHIYKTUBHOCTU L M TpeX OJMHAKOBBIX MapajjielbHO
COEMHEHHBIX MEX]y co00l KOHJIEHCATOPOB, APYTrOW - U3 TaKOW kK€ MHIYKTHBHOCTU M TpPEX, Ta-
KHX )K€ KaK B IIEPBOM, MOCJIEI0BATEIbHO COEAUHEHHBIX KOHAEHCATOPOB. BBIUMCINTD OTHOLIEHHE
NepUOIOB KoJeOaHU BTOPOIO K MEPBOMY KOHTYpY.

6.18

Pe3onancHas 1MHA BOJTHBI KOJ1e6aTeIbHOr0 KOHTYpa 40 M M OH COCTOUT U3 KaTyIIKH C MHIYKTHUB-
HocThIO 1 MKI'H U KOHAEHCaTOpa ¢ TIoaakko mactud 100 cM® Kaxkaast. Beraucnuts paccTrosiHue
MEX]y IUIACTUHAMU KOHJIEHCATOpa.
6.19
KonebarenbHblil KOHTYp cOCTOUT U3 KOHJeHcaTopa eMKOCThio C = 0.025 Mx® 1 KaTyIIKH ¢ UHIYK-
tuBHOCTBIO L = 1.015 I'n. OMudeckoe comporuBiieHne Maiio. KoHaeHcaropy cooOmieH 3apsij
qm = 2.5 -10° Kn. 3ammcats 115 JaHHOTO KOHTYPA ypaBHEHHE , ONUCHIBAIOLIEE H3MEHEHHE
Pa3HOCTH MOTEHIIMAIIOB Ha OOKJIaIKaX KaHeHCaTOpa.
6.20
KonebarenbHbIil KOHTYp COCTOHT U3 KoHJeHcaTopa eMKOCThIo C = 0.025 Mk® 1 KaTyIIKH ¢ HHIYK-
tuBHOCTBIO L = 1.015 I'n. Omuueckoe conpoTtusienue Mano. Konaencatopy cooOrieH 3apsizn
dqm = 2.5 - 10° Ki. 3ammcarhb st JaHHOTO KOHTYpa YpaBHEHUE , OMTUCHIBAIOIIEE N3MEHEHUE
CHWJIBI TOKA B LIETH .
6.21
KonebarenbHblil KOHTYp cOCTOUT U3 KoHJeHcaTopa eMKOCThio C = 0.025 Mx® 1 KaTyIIKH ¢ HHIYK-
tuBHOCTHIO L = 1.015 I'a. OMuaeckoe conpotuBienrne Mayio. KonaeHcaTopy cooOIeH 3apsia
qm = 2.5 -10° Ku. 3ammcats 115 JAHHOTO KOHTYPA ypaBHEHHE , ONACHIBAIONIEE H3MEHEHHE
SHEPI'UHU HJIEKTPUYECKOT0 OISl B KOH/IEHCATOPE.
6.22
KonebaTtenpHbIl KOHTYP COCTOUT U3 KOHAeHcaTopa eMKOCThI0 C = 0.025 MK®D 1 KaTyIIKH C HHIYK-
tuBHOCTBIO L = 1.015 I'n. Omuueckoe compoTtusienue Mano. Konaencatopy cooOrieH 3apsin
Qm = 2.5 - 10°® Kn. 3ammcath mis JaHHOTO KOHTYpa YpaBHEHHUE , ONMCBIBAIOIIECE U3MEHEHHE
SHEPrUY MarHUTHOTO I0JIA B B KaTyIIKE UHIyKTUBHOCTH
6.23
KonebarenbHblil KOHTYp cOCTOUT U3 KOHJeHcaTopa eMKOCThio C = 0.025 Mx® 1 KaTyIIKH ¢ HHIYK-
tuBHOCTHIO L = 1.015 I'n. Omuaeckoe conpotuBieHrne Masio. KonaeHcaTopy cooOIIeH 3apsia
Qm = 2.5 -10° K. BBUHCTHTB SHEPIHHM MEKTPHUECKOTO ¥ MATHHTHOTO TOJIeif B MOMEHTHI Bpe-
T T T
MEHM —, —, — CeK.
8 4 2
6.24
KonebarenbHbIil KOHTYp COCTOHT U3 KoHJeHcaTopa eMKOCThIo C = 0.025 Mk® 1 KaTyIIKH ¢ HHIYK-
tuBHOCTBIO L = 1.015 I'n. Omuueckoe conpoTtusienue Mano. Konaencatopy cooOrieH 3apsizn
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qm = 2.5 - 10° Kn. BelYMCIHTH 3HAYCHUS Pa3HOCTH MOTEHIIMAJIOB Ha OOKIaKaxX KOHACHcaTopa 1

T T T
CHUJIbI TOKA B LIENU B MOMEHTBLI BpEMEHU 3 2 2 CeK.

6.25
YpaBHeHHE U3MEHEHHS CO BPEMEHEM Pa3HOCTH MOTEHIMAIOB HAa O0KJIaiKaX KOHJEHcaTopa B KoJje-

OarenbHOM KOHTYpe AaHo B Buge U = 50 cole4 nt ( B). EMkocTs KOHIEHCaTOpa paBHA

C= 10_7 ®. Bpraucnauth nepuos KoJeOaHUi, HHAYKTUBHOCTh KOHTYpA, JJIUHY BOJHBI, COOTBET-
CTBYIOILYIO ’TOMY KOHTYDY.

6.26
VYpaBHeHHE, ONMUCHIBAIOIIEE H3MEHEHUS CUIIBI TOKa B KOJeOaTeTbHOM KOHTYpPE CO BPEMEHEM JIaHO
BBuge | =-0.02sin400 nt ( A). UegykruBHOCTS KOHTYpa L = 1 I'H. BRruncnuts nepuox Ko-

neGaHMii, EeMKOCTh KOHTYpa, MAKCUMAJIbHYIO Pa3HOCTh MOTEHIIMAJIOB HAa OOKJIaIKaX KOHACHCATOPA,
MaKCUMaJIbHbIE SHEPTUH JIEKTPUUECKOr0 U MarHUTHOTO MOJIEH.

6.27
KonebaTenbHblli KOHTYP COCTOUT W3 KOHJAECHCATopa eMKocThio C = 10” Mk , KaTyIIKA UHAYK-
tuBHocTH L=0.23 T'm wu conporuBnenus R = 40 Owm. Konpencaropy cooOrieH 3apsn

q=156-10 -4 K . Berancnouts nepuos koiaedanus koutypa T u torapumMudeckuii
JNEKPEMCHT 3aTyXaHUus A .

6.28

Kose6aTebHblil KOHTYP COCTOMT U3 KOHAeHcaTopa eMkocTbio C = 107 Mx® , KaTylIKn HHIyK-
tuBHOCTH L=0.23 I'n u conpotusnenuss R = 40 Om. Konaencatopy cooOrieH 3apsiz
q=56-10" 4 Ku1. 3anucate 115 JaHHOTO KOHTYpa ypaBHEHUE , ONMCHIBAIOIIEE U3MEHEHNE
Pa3HOCTH MOTEHLMAJIOB HAa OOKJIaIKaX KOHAEHCATOPA.

6.29

KoreGaTenbHblil KOHTYP COCTOMT U3 KOHAeHcaTopa eMkocTbio C =107 Mk® , KaTyIIKH HHIyK-
tuBHOCTH [=0.23 I'n u conporuBnenus R = 40 Om. KonaeHcarop 3apsxeH KOJIUYECTBOM DJIEK-
TpuuectBa ¢ = 5.6 - 10'4 K. 3anucars 1u1st JTaHHOTO KOHTYpa YpaBHEHUE , OIMCHIBAIOLLEE U3-
MEHEHHE 3apsja Ha OOKIaJKax KOH/IEeHcaTopa.

6.30

KonebarenbHblil KOHTYp COCTOUT U3 KOHJEHcaTopa eMKocThio C = 2.22 - 10° @ u KaTyILKH,
HaMOTaHHOH U3 MeHOM npoBoioku auamerpoM d = 0.5 mm. [lnuna katymku ¢ = 20cMm.
Boraucnute nepuoj konedanust KoHTypa T v JorapuMUUECKUil JeKpEeMeHT 3aTyXaHus A .
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