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I'pyna 21

®di3uka i acTpoHOMist

Ypok 68

Tema: BinbH1 e1eKTpOMartiTHI KOJIMBAHHS B 171€aIbHOMY KOJIMBaJIbHOMY KOHTYPI.

Mera ypoky:

HaBYAJIbHA:
BBECTH TIOHATTS 17I€alTbHOTO KOJUBAJIHHOTO KOHTYPY; O3HAWOMUTH 3 PIBHIHHSIMH Ta
rpadikamMu eIeKTPOMAarHiTHUX KOJIMBAaHb, IEPETBOPCHHSIMH €HEPTii B KOJTHBAILHOMY
KOHTYpi; (hOpMyBaTH 3HAHHS MPO €IECKTPOMATrHITHI KOJUBAHHS Y KOJIHBAILHOMY
KOHTYpi, IEPETBOPEHHS €HEePrii B KOJIMBaIbHOMY KOHTYDI;

Marepiaju 10 ypoky:
Konueanvnuit konmyp.

Sk BU BKe 3HAETE, CNEKTPUYHUN CTPYyM MOXke OyTH MOCTIMHUM ab0o 3MiHHUM.
HaiiGinpmioro momwupeHHs y CBITI AiCTaB 3MiHHME cTpyMm uactotoro 50—60 I,
CTBOPIOBaHUU I1HAYKIIMHUMU reHepaTopamu. OnHaK s poOoTH OaratboX MPHUCTPOIB
(xomm’toTepu, npuiimMadi, TeneoHu W 1H.) HEOOXI1THI 3MiHHI CTPYMH BHUCOKHX YacTOT,
BUMiptoBaHux kutorepuamu (kl'm) 1 merarepuamu (MI'm). s ix reHepyBaHHS
3aCTOCOBYIOTH CIEIIaNbHI €JIEKTPUYHI KOJIa — KOJIMBAJIbHI KOHTYPH.

Mpu He MOkeMO Oe3TOCEPETHBO CIIPUIMATH HAIIIMMK OPTaHAMH JyTTSI
€JIEKTPOMArHiTHI KOJIMBAHHS TaK, SIK 0aUMMO KOJMBAaHHS MasTHUKA ab0 4yeMO
KOJIMBAHHS CTPYHH.

3MiHHI €JIeKTPUYHI 1 MATHITHI MOJIsI HE MOXKYTh ICHYBaTH OKPEMO OJIHE Bij
OJIHOTO, OCKIJIBKH B IPOCTOPI, JI€ ICHY€ 3MIHHE MArHiTHE M0Ji€, 30yIKY€EThCS €JEKTPUUHE
T0JIE 1 HaBMaKHU.

OpmHovacH1 EepiOANYHI 3MiHU TTOB’I3aHUX M1 COOOI0 €JIEKTPUYHOTO 1
MarHiTHOTO TIOJIIB HA3UBAIOTh €JIeKTPOMATHITHUMH KOJIMBAHHSIMM.

OCK1JIbKH MarHiTHE MOJIe 30CEPEKEHE IEPEBAKHO B KOTYIIIKAX, a ENEKTPUIHE —
B KOHJIEHCATOPAX, HAMMPOCTIIIE KOJIO ISl yTBOPEHHS €JIEKTPOMArHITHUX KOJMBAaHb MA€
CKJIQZIaTUCS 3 KOHJIEHCATOPAa W KOTYIIIKH.

KoauBanbuuii KOHTYP — 11€ PI3UYHUN TPUCTPIiA, IO CKIAIAETHCA 3 MOCIIIOBHO
3’€THAHUX KOHJIEHCATOPA i KOTYIIKH 1HIYKTUBHOCTI (puc.l).
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Puc.1. Mogeun (a) Ta eJieKTpU4YHA cxeMa (0) KOJIMBAJBLHOI0 KOHTYPY: 1 — KOTyHIKa
IHIYKTUBHOCTI; 2 — KOHIEHCATOP

Takuif KOJIMBALHUNA KOHTYP Ha3UBaIOTh 3aKPUTUM, OCKIJIbKH BiH MaiiKe He
BUIIPOMIHIOE €HEPTii B TOBKIJIJIA.

KonuBanHus, Kl BAHUKAIOTh Yy KOJMBAJIBHOMY KOHTYp1 HICJIs TOYaTKOBOTO
BHBEJICHHS CHCTEMH 3 TIOJIOXKEHHS CTIMKOI pIBHOBAry, 3/IIMCHIOIOTHCS 3aBISIKH
BHYTPILIHIM CHJIaM CUCTEMHU, TOOTO € BUIbHUMHU.



®i3uyHa MOJIENB, 110 ABJIE COOOI0 KOJIMBATIBHUIN KOHTYp, Y SKOMY BIACYTHI
BTpATH €HEPTii, HA3UBAETHCS ileaIbHUM KOJIUBAJIBLHUM KOHTYPOM, a KOJTMBAHHS B
i71eaTbHOMY KOJIMBJIbHOMY KOHTYPi — BJACHUME KOJIUBAHHSIMHU.

Ilepemeopennsn enepzii 6 KOIUBATLHOMY KOHHLYPI.

[[{o6 oTprmMaTH BUIbHI KOJMBAHHS B MEXaHIUHIN KOJTMBaJIbHIM CHCTEMI,
HEOOX1THO HaJIaTH Iii CUCTeMI HEPrii BiJ MOOIYHOTO JpKepena. Y mpolieci KOJUBaHb 115
EHepris MeploAUIHO IMEPETBOPIOETHCSA 3 TOTCHIIAJILHOI B KIHETUYHY 1 HaBnaku. 1106
KOJMBAJIBHUI KOHTYP BUBECTH 31 CTaHY €JIEKTPUYHOI PIBHOBArM, TAKOXK MOTPIOHO i
KOJIMBAJIbHIN cucTeMi HaJaTu NieBHOI eHeprii. Haitnpocritie e 3pooutu, 3apsauBiig
KOHJICHCATOP.

[ITo6 3100yTH B KOHTYP1 €JIEKTPOMArHIiTHI KOJMBAHHSI, IOCTATHLO 3aPSIIUTH
KOHJICHCATOp 1 3aMKHYTH HOro Ha KOTYIIKY. [Ipu 1boMy KOHJEHCATOP JICTaHEe EHEPTiIO:

W= q?/2C
1€ q - 3apsi KOHJAeHcaTopa,
C - iOTO €JIEKTPOEMHICTb.

[1ix gac po3psKeHHs] KOHACHCATOpa B KOJII BAHUKAE €JICKTPUYHUM CTPYM, CUJia
SAKOTO HE BIApa3y JOCITa€ MAKCUMAJILHOTO 3HAYEHHS, a 30UIBIIYETHCS TOCTYIIOBO. Lle
3YMOBJIEHO SIBUIIIEM CAMOIHIYKIIIi.

Y Mipy po3psIKEeHHST KOHACHCATOpa €HEePrisl eIEKTPUIHOTO TOJIS 3MEHIITYEThCS,
ajie BOJHOYAC 3pOCTA€ €HEPTisi MAarHITHOTO MOJISI CTPYMY, SIKa BU3HAYAETHCS (DOPMYIIOI0:

W= Li’ 12
ne L - iIHIyKTUBHICTh KOTYIIIKH,
i - cuiia 3MIHHOTO CTPYMY.

[ToBHa eHeprist eIeKTPOMArHiTHOTO MOJIsl KOHTYPY JOPIBHIOE CyM1 €HEpPTiii
MarHiTHOTO ¥ €JIEKTPUYHOTO T0JIiB 200 MaKCUMAaJIbHIM €Heprii eIeKTPUYHOTO TOJIS
KOH/JIeHCaTOpa a00 MaKCUMAaJIbHIN €Heprii MarHiTHOTO MOJI KOTYIIKH 31 CTPYMOM:

W=Cu® 12+Li’ 12=CUmax" [2=LImax’ [2=const

Y MOMEHT, KOJIM KOHJIEHCATOP IIIKOM PO3PSAIUTHCS, €HEPTis eJICKTPUIHOTO MOJIS
JOPIBHIOBATUME HYJIIO. EHEpris % Mar"iTHOTO MOJsS CTPyMY, 3T1JIHO 13 3aKOHOM
30epekeHHs eHeprii, Oy/1e MaKCUMaJIbHOO. Y 1€l MOMEHT CHJIa CTPyMY TaKOX JTOCSITHE
MAaKCUMAJIbHOTO 3HAYEHHS [ .

He3Baxkatouu Ha Te 110 10 I[bOTO MOMEHTY PI3HHUIISI MOTEHIIIAJIB Ha KIHIIX
KOTYIIIKHU JOPiBHIOBajA HYJIIO, EJICKTPUYHUM CTPYM HE MOXKE 3HUKHYTH Biapasy. [{[bomy
MEPENIKOKATUME SBHINE CAMOIHYKI. SIK TUTBKU CUJjla CTPyMY Ta CTBOPEHE HUM
MarHiTHe ToJie TOYHYTh 3MEHIIYBATUCS, BUHUKHE BUXPOBE €JIEKTPUYHE TI0JIe, SIKEe
MIITPUMYBATUME HASBHICTh CTPYMY.

Y pe3ynbTari KOHACHCATOP Mepe3apsKAaTUMEThCS JJOTH, TIOKH CHJla CTPYMY,
MOCTYIOBO 3MEHILYIOYUCH, HE TOPIBHIOBATUME HYJIO. EHEprisi MarHiTHOro moJjis B el
MOMEHT TaKok OyJ/ie IOPIBHIOBATH HYJIIO, @ €HEPTis €IEKTPUYHOr0 MOJsl KOHAEHcaTopa
3HOBY CTaHE MaKCUMAJIBHOIO.

[Ticnst ©bOTO KOHAEHCATOP 3HOBY MOYHE Mepe3apsKaTUCs i cucrema
MTOBEPHETHCS y BUXIHE TOJIOKEHHsI. SIKOU eHeprisi He BTpadaiacs, To 1ei mporec
MPOJOBKYBaBCs O sIK 3aBrojiHO J10Bro. KonuBanus Oyinu 6 He3aTyxXalodnuMHu.

KonuBansns, sxi BiAOyBaloThCs B 17iealibHIN cuctemi 0e3 TepTsi, To0To 0e3
BTpaT MEXAHIYHOI €HEePTii, 111e HAa3UBAIOTh BIACHUMHU.
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BuiacHi KoJIMBaHHS - 116 TEOPETUYHO MOKIIMBI BUIbHI HE3aTyXar0ui KOJTHBaHHS.

HacnpaBni BTpatu eHeprii HeMUHyY1. 30KpeMa, KOTYIIKa Ta 3’ €IHyBaJIbHI
MPOBITHUKU MaloTh omip R, 1 11e CIPUYUHIOE OCTYTOBE IEPETBOPEHHS €HEPTii
€JIEKTPOMATHITHOTO MOJISI HA BHYTPIIIHIO €HEPTiI0 MPOBIIHUKA.

Pienannsa capmoHivHUX e1eKMpoOMazHIMHUX KOJITUBAHD
3aKoH 30€peKeHHS SHEPril 1A 171eaTbHOT0 KOJIMBAIIBHOTO KOHTYDPY:
W=W,+ W,
ne W - moBHa eHeprisi KOJMBaJIbHOTO KOHTYPY,
W= q*/2C= CU?I2 - eHepris eIeKTPUIHOTO MO KOHICHCATOPA,
W= LI?I2 - eneprist MarHiTHOTO MOJISI KOTYIIKH.

Y MOMEHT 4acy, KOJIM KOHJIEHCATOp MOBHICTIO PO3psIuBCs (Uepe3 UBEPTh
nepioy Micis MOYaTKy PO3psAKaHHA KOHAEHCATOPA), HEPTisl €IEKTPUYHOTO MOJISI CTaE
PIBHOIO HYJIIO, @ €HEPris MarHiTHOTO MOJIS 10CATa€ MAaKCUMaJIbHOTO 3HAUEHHS:

Wm= Llmax?/2=W
W, W
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[Ticnst ipOTO CHIa CTPYMY B KOHTYP1 IOYMHAE 3MEHIIIYBATHUCh, OTXKE, 3MEHIIIYETHCS 1
MarHiTHUH TOTIK. 3a 3aKOHOM €JICKTPOMArHiTHO1 1HAYKIIi1, 3MiH1 cTpyMmy npoTtuaie EPC
CaMOIHAYKIII1, 1110 BUHUKA€E BHACIIIOK 3MIHU MarHiTHOTO MOTOKY. ToMy uepes3 MeBHHM
4yac KOHJICHCATOP MOYMHAE TIepe3apsiKaTUCh, 1 MIXK HOT0 00KJIaKaMUi 3HOBY BUHHKAE
CIICKTPUYHE TT0JIe, MAKCUMaJIbHE 3HAYCHHS SKOTO:

We= CUmax2/2=W
Bupas nist 3MiHM 3apsay i CUIIM CTPYMY B 1/1€aJIbHOMY KOJIMBAJIbBHOMY KOHTYpI1
(mpu R — 0) MoXHa OTpUMAaTH 13 3aKOHY 30€pe)KEHHS SHEepTii:
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2 2 2 2
nie U i I — MUTTEB] 3HaUEHHSA HAIIPYTH 1 CUJIU CTPYMY.
LI 2 q 2
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PiBHSIHHS, SIKE ONMKCY€E KOJUBAHHS 3apsy:

gq=gmaxCoswt
PiBHSHHS, SIKE OIUCYE KOIUBAHHS CHIIH CTPYMY:



i=ImaxCOS (wt+m/2)
PiBHSIHHS, SIKE ONIUCY€ KOJMBAHHS HAIIPYTH:
u= Umaxcoswt
['padiku KOTUBaHB 3apsiAy Ta CUIM CTPYMY HABEICHO HA MAJIIOHKY.

Dopmyna nepiody 61aCHUX eNEKMPOMACHIMHUX KOJTUBAHD.

BaxxnuBoro xapakTepUCTUKOIO OY/Ib-KOTO KOJIMBAJIBHOIO MPOIIECY € aMILTITY/a.
AMILTITY/1010 TAPMOHIYHMX KOJMBAHb HAa3UBAETHCA MOJYJIb HAWOUIBIIOrO 3HAYCHHS
KOJIUBHO1 BEJTUUHMHH.

[le moxxe OyTH MOAYNb E€IEKTPUYHOTO 3apsy ado Oyab-sSKOi 1HIIOI BETUYHHH,
[0 MEPIOAUYHO 3MIHIOEThCS. AMIUTITYJ]a MOKE MAaTH Pi3HI 3HAYEHHS B 3aJI€KHOCTI BiJ
TOTO, SIKOTO 3apsiay OyJi0 HaJaHO KOHJIEHCATOPY B MOYATKOBUN MOMEHT yacy. [Hakiie
KaKy4H, aMIUTITyla BA3HAYAETHCS TOYaTKOBUMH YMOBaMH.

[lepioa esleKTPOMATHITHUX KOJMBAHBb - IIPOMIKOK Yacy, IPOTATOM SIKOTO
CTPYM B KOJMBAJIbHOMY KOHTYPI 1 Halpyra Ha IJIACTUHAX KOHJAEHCATOpa CKOIOE OJIHE
MOBHE KOJMBAHHSI.

st rapMoHiitHuX KoiauBaHb T = 27 (HaliMeHIIUi nepioj] KOCUHYCa).

YacToTa KOJIMBAHDb - YUCIIO KOJMBAaHb B OJIMHUITIO Yacy - BU3HAYAETHCS TaK:

y=_
T

YacToTy BUIbHUX KOJIMBaHb HA3WBAIOThH BJIACHOI0 YACTOTOK KOJIUBAJILHOI

CHCTEMHM.
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dopmysna Tomcona aias mepiogy eJNeKTPOMATHITHHX KOJMBAHb — Ha YeECTh

aHTIIHCHKOTO (hi3HMKa, KOTPH yriepIie ii BUBIB.
Toni Bupa3 st BIACHOT 4aCTOTH KOJIMBaHb MA€ BUTIIS;
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