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NPEAHCJIOBHE

Dra KuMra npejHa3HaueHa LI yuyallHXcs, YriayOJaeHHO #3ayualo-
mux GU3MKY HA (akyJbTaTHBHBIX 3aHATHsAX. Ee MoXHO u3yuarhb
¥ CAMOCTOATEJbHO.

OcofeHHocTh HacTOsiLlEro NOCOOHA 3aKJOYAETCA B TOM, 4YTO
MaTepuas, u3yyaeMbld B OCHOBHOM Kypce ¢uankn X KJacca
ofleo6pasoBaTebHOR HIKOJBI, W3jaraercs B HeEM KpaTko Juolb
NS CBA3HOCTH H3JIOMEHUA Y HANOMUHAHUA PAHEE M3YYEHHOrO,

Yrayb6nedHoe Hayuende (PUSHKH NPEeAnosaraer B OCHOBHOM He
M3yueHHe HOBHIX fABJeHHH, a Oosee riyGoKOe M MOJHOE PACCMOTPEHHE
TEX Ke SHABJEHWH, KOTOPHE H3y4aloTCHd B OCHOBHOM  Kypce
(U3UKH, 3HAKOMCTBO C TNPAKTUHECKUMH TIPHMEHEHHUAMU H3YYEHHBIX
ABaeHud. Hanpumep, npH H3yueHHH 3JEeKTPOMATHUTHBIX KoJebaHn#
BbIBOAUTCH 3akoH Oma /A uened mnepeMeHHOro Toka, paercd
NPEACTABJIEHHE O METONE BEKTOPHHIX JAHarpamM. 3IT0 MNO3BOJISET
BbINIOJIHATh KOJUUECTBEHHBbIE pacuerbl AJf  JIeKTPUUECKHX [ened
NepeMeHHOro TOKA.

Ha ocnoBe Ooaee rayGokoro 3HakOMCTBA € (PUBHUECKUMH
OCHOBAMHM MEXaHHYECKMX H 3JEKTPOMArHWTHBLIX KojebBaHuil pac-
CMaTPHBAIOTCA pa3jiMyHble BHABl MEXAHUYECKHX BOJH B 0pHPOnE,
cnocofbl 3aMUCH U BOCNPOM3BENEHUSt 3BYKA, cnocolbl npPOU3BOACTBA,
nepepayd U NPUMEHEHHS 3JEKTPHUECKOH 3HEpPruu.

OnrHueckde ARJEHHST pacCcMaTPUBAIOTCA HA OCHOBE 3HAKOMCTBA
¢ npunounoMm [wfrenca — Ppenens, merogom 3oH Ppenens u
npuauunomM Pepma. Ar1o nospoafer ray6xe paszobpaTbcd B TNPHH-
uunax JeHCTBHA OnTUyeckUX npubOOPOB, BLIACHUTE TPUYHHH,
OrpaHUYHBAIOUIHE HX BO3MOXKHOCTH.

Bosnee noppo6HO, 4emM B OCHOBHOM KYypCe, paccMaTpUBAIOTCH B
KHUTe OPUHUMNLI AEACTBUSA Ja3epOB ¥ UX NpaKTHUEeCKHEe NMPUMEHEeHus,
BKJKOYafd METOABl MNOJYy4EHUA roJorpapuyeckdx U3o6paKeHuH,
BONPOCH CTPOEHNWA atoma ¥ arToMHoro sfAapa. [lns npubauxeHus
K COBPEMEHHOMY YPOBHIO Pa3BHTHA OCHOBHbIX (U3HUECKUX Tpen,
CTaBJeHHH 0 CBOHCTBAX OKDYXKAWOWIEro MUpa B KHHUre paccMarpH-
BAOTCA ABJNEHUA HEMHHeHHOH ONTHKH, TpPOBJIEMbl CTPYKTYphL
3JIEMEHTAPHBbIX YaCTUL, AAIOTCA NEPBOHAYAJBHBIE CBENEHUHA O BOJIHO-
BblX CBOHCTBAX YACTHI U COOTHOULIEHHHW HEONpeaesIeHHOCTEH.

B koHLe KaXpo# riaaBbl UMeOTC NPAKTHKYM 00 PELIEHHIO
3ala4, onucaHua JaboparopHulX paBoT M 3aKaHMA ¢ BHOOPOM
NPaBWIbHOrO OTBETA A CAMOMNPOBEPKH.
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FTaampa |
KOJIEBAHH4

§ 1. TAPMOHHUYECKHE KOJIEBAHHA H CHOCOBbl X ONHCAHHA

JBUIKEHHE MAATHUKA B uacaX, 3eMJeTPACEHHE, nepeMeHHbIi
TOK B 3/JEKTPHUECKOHl [enHu, npouecchl paiyoNepenaun # pajgHo-
npuemMa — 3TO COBEPUIEHHO DaA3JIHYHLIE, HE CBA3AHHBIE JPYT ¢ NPYroM
npoueccel, Kaxabii 43 HUX HMMeeT CBOM OcOOble MPHUMHBL, HO HX
oObejUHAET OJUH NPU3HAK — NPUBHAK ODUIHOCTH  Xapakrepa
v3MeHeHHA (PHIMYECKHX BeJUUUH C TEYyeHHeM BpPEeMEHH. IDTH H
MHOTHE Jpyrue npoleccH pasjuyHOod (U3NYecKOH TMpHpOABl BO
MHOTHX CJdyuafiX OKA3blBAaeTCH Lenecoofpa3HbiM paccMaTpHBATh Kak
OfHH OCOOBA THN (uU3HYeCcKUX ABJEHUH — KOJeGaHus.

O6wu# npusHak GUIMUECKHX ABJEHUH, Ha3bIBAeMbIX KoJe-
BaHuAMH,— 3TO HX MNOBTOPAEMOCTb BO BpemeHH. Ilpuw pasanuHoi
pusudeckod npupose MHOrHe KoaeDaHWA NPOUCXORAT 0O OAMHA-
KOBbIM 3aKOHAM, Y4TO [O3BOJIfIeT [PUMEHATbL obiiyde MeTOoob AJH
X ONUCAHUA H AHAJH3A.

Fapmonnueckne koaebanna. M3 Gosapworo uyucaa passaHyHbIX
KoJebaHud B NPUPORE U TEXHUKE OCOOEHHO UACTO BCTPEYaAloTCH
rapMoHuuecKkue Kosefanus. [ apMOHHYECKUMH HA3BIBAIOT KOJeOaHus,
coBepuiamiliecs no 3aKOHy KOCHHYCa WM CHHYca:

X==Xm 08 (0f4®o) WIH X=X, sin (0f} o), (1.1)

rne x — BeJdyuHa, WUCNBITHIRAWOINAs KosefaHuda, [ — Bpems; @ —
MOCTOAHHAS BeJHYHMHA, CMBIC] KOTOPOH OyAer BLISACHEH jaJee.

MakcnmanpHoe 3HavyeHwe X, BeJUYUHB, H3MEHALIEHCA MO
rapMOHHYECKOMY 3aKOHY, HAa3HBalOT AMMJIHTYAOH KojgebaHui.
AprymeHT KOCHHYCa WM CHHYCA NPH TapMOHHUYECKHX KoJebaHuAx
Ha3blBalT (pasolt konebaHHA ¢:

p==wi-Po.

Da3y xkoneGaHus ¢y B HA4AJbHbIH MOMEHT BDEMEHH HA3BIBAIOT
HayaabHOU ¢asoh. Hauanbnaa dasa onpepenser 3HaueHHe
BEJIMYUHB X B HAuaJlbHbIH MOMEHT BpeMmeHd f==0.

3HayeHnss QPYHKUMH CHHyca WHJH KOCHHyca 1MpH H3MEHEHHH
apryMmediTa QYHKIHU Ha 25 NOBTOPHAIOTCA, NO3TOMY TNpH rapmo-
HHYECKUX KojefaHHAX 3HAYEHUA BeJHUHHB X TNOBTOPHIOTCH NpPH
HaMeHeHuu asbl Kosebanua HAa Ap==2m. C npyrod cTOpOHH, MNpH
rapMoOHUYecKOM KoJeGaHWh BeJUYHHE X NOJIKHA NMPHHUMATb TE XKe
3HAYeHHs] uqepe3 UHTEPBaJ BPEMEHH, HasbiBaeMblii MepHosOM
KoaeGanuil 7. CaepoBatenbHoO, H3MeHeHHe (as3bl Ha 251 NPOHCXOMUT
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Xom

Puec. 1

yepes nepuox koseGaunfk 7. Jlad cayuas, korja ¢o==0, nojyuqum:
Xm €08 o4+ T) =xm cos (wf+2nx),

oT=2n, o="0=2nv. (1.2)

N3 poipaxenus (1.2) caenyer, yro nocToOiHHAf » B yYpPaBHEHWH
rapMoHfueckux KoslebaHHH ecTb uuciao koJehaHud, NpoHUCXOnAuInX
328 2n cexkyHA. BenuunHy « Ha3bIBalOT HUKIMYECKOH YacToTOH
kosneGanui. Mcnonv3yn puipaxkenue (1.2), ypaeueuue (l.1) moxuo
BbIPA3UTh uepe3 1acToTy v WiH nepuon T KodeBadui:

=Xm COS ( —i+ (pn)--xm cos (2rvi o). (1.3)

Hapsiny ¢ aHanutuyeckuM cnocofoM ONUCAHUA rapMOHMUYECKHX
KOJieOaHUK IUPOKO HUCMOAb3YIOT rpadHueckue crnocoOH HX mnpen-
CTaBJIEHHS.

[TeppHit cnoco6 — 3aganve rpaduka koaebawul x=—f(f)
B 1eKapToBOH cucTeme koopauHart. [lo ocu abenuce OTKAamBIBAIOT
BpeMA [, a N0 OCU OPAMHAT — 3HAUEHHE UAMEHAIleicA BeJIHUUHDI X,
s rapmonuueckux koJsebaHudl 910t rpaduk — cHHycOHaa HITH
KocuHycouna (puc. 1).

Bropo# cnoco6 npen-
CTABJEHHA KOJeHaTeNbHOro Npo-
lecca — CreKTpaJjbHBH. [Mo
OCH  OpPAMHAT  OTCHUTHIBAIOT Xm)
aMIIUTYLY, a 010 ocH abcumcc —
HacTOTY rapMoHHYeckKux kosaeba- | [~ ———
HUi. TapMmonuveckufi KoJieba-
TEJIbHBIH NPoLEce ¢ QacTOTOH wo
H aMIHTya0H X NPEncTaBJeH B

5TOM CJly4ae BePTHKAJbHLIM OT- g wy >
PE3KOM MNpAMOU AJHHOH X, TPO-

BEJEHHLM OT TOUKH C KOOPAMHA-

TOH @p HA ocu abcuuce (puc. 2). Puc. 2



)

Tpetu#n cnocob6 onuca-
A HHA  TAapMOHMYECKHX  KoJeba-

| HUI — MeTOl BeKTOPHbLIX nHa-

| rpamMMm. B 3T0M cnocobe ucnob-

| 3VIOT CJELYIOWUHA, yHcTo dop-

l MaJbHBIH NpUeM AJA HAXOXKACHHA

wt | B OO0 MOMEHT BpeMEHH / 3Ha-

0 % - YEHUS BEJUYHHBI X, H3BMEHHAIOILeH-

X CHl 10 TAPMOHHUYECKOMY 3aKOHY:
X=Xm COS wl. (1.4)
Puc. 3

BribepeM Ha MIOCKOCTH [POU3BOJBHO HAMNPABIEHHYI KOOPIH-
HaTHY©O ocb (Ox, N0 KOTOpoH OyaeM OTCUHTBIBATb WHTEPECYHLLYID
Hac BennudHy x. M3 Hauana koopauuar Baoab ocd Ox NpoBEREM Bek-
TOP Xm, MOAYJb KOTOPOTO PABEH aMIUIMTYLE rApMOHHYECKOrO KoJeba-
HHSL Xn.. Ecau tenepb npeactaBuM cefe, 4TO BEKTOP Xm Bpalla@eTcs
BOKPYL HAYaJa KOOPAUHAT B MJIOCKOCTH xOy ¢ NOCTOAHHOH Yriao-
BOH CKOpPOCTBI0 w MPOTHB YACOBOH CTPEJKHM, TO YroJ o MeXKAy
BpaliaroliHMCcA BEeKTOPOM U Ocbio Ox B JNIO60H MOMEHT BpEeMeHH
OTIPeNeJHTCH BbipaXKEHHEM:

a==u!. (1.5)

[lpoekuua x Bpamaloumerocss BEKTOPA X, HA ocb Ox (puc. 3)
6yleT U3IMEHATLCH CO BPEMEHEM MO 3aKOHY:

A=2Xp COS Wl (1.6)

Mebl noay4nNIH ypaBrHEeHUe, TOXKAECTBEHHOE M0 POpMe yPABHEHHIO
(t.4). ChnenoBarenbHO, 3HauYeHHE BeAHUMHBI X, H3MeHSIOUEHcH
M0 TrapMOHHYECKOMY 33aKOHY, MOXHO HaHTH B JI060H MOMEHT
BPEeMEHH, OnpenesuB NpoeKuHid Ha ocbk Ox BeKropa x, MOAYyJIb
KOTOPOro pareH aMILINTYJAe TIapMOHHUECKOro KoJeGaHHus X., ecau
HAaua/MQ 3TO0 BEKTOpa COBMAajaeT ¢ HayajlOM KOOpPAHWHAT, a CcaMm
OH Bpawaerca B naockoctd xOy ¢ yrJOBOH CKOPOCTLIO @ MNPOTHB
4acoBOH crTpeikd. B HauvanbHolt MomeHT BpemeHd (=0 yroa
MeXIy BEKTOPOM H Ocblo Ox paBeH HYJIW.

Y10 HA3BKBAIOT NEPHOLOM KOAeOAHHA?

L.

2. Yro rakoe vacrota xonebanwin?

3. Kakune koJeGaHHA Ha3WBAWT TAPMOHHYECKHMHE?

4. Yr1o Takoe aMniHTyga KoaeGauuil?

5. Yrto HaamBawT ¢a3od Konedanun?

6. Yto rakoe HauajibHaR ¢aza kogaeGanun?

7. UTo rakoe umkianueckas yacrora?

8. KakoBa cBf3b IUHKJIHYECKOH 4ACTOTH C NEpHOADM KoJeGaHHA?

9. Kax onMcoiBaeTcd [APMOHHYECKHl KoJeGaTeNbHWH Npouece CNeKTPAJbHLM
meTogom?

10. OnvwHre cnoco6 3afalKs rApMOHKHYECKOro KOJE6aKHBA C NOMOULLIO BEKTOPHOMA
AMATPaAMMBb. '
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§ 2. MOHATHE O TAPMOHHYECKOM AHAJNH3E
NEPHOAHYECKHX NPOLECCOB

Herapmonuueckue koaedanus. [1pu reoperudeckom paccmorpenuy
koJeGanull Hanbosbilee BHUMAHHE YIENSIeTCA FapMOHUYECKUM KoJe-
GauuaM. OIHAKO HH OAUHH peaJbHbld (H3UNecKHH npouecc He
NPOUCXOAHT B AEHCTBUTENBHOCTH B TOYHOCTH M0 TapMOHUYECKOMY
3aKOHY.

Hu onud konebaTenbHblA Mponecc B mpHpoOLE HJIH TeXHHKE HE
npoao/Kaercd GecKOHeYHO [O0Jro, a HMeeT HayalQ H KOHen BO
BpEMEHH. A Kojebare/lbHbIH NpOHEcc, OrpaHUYEHHBI BO BPEMEHH,
He siBafercAa rapmoHundeckum. llapuk, noagBewleHHBIHE Ha HHUTH, H
rpy3, NONBEIIEHHbIH HA MpPYXKHHE, COBEpPLIAIOT KO/eOaHusf, KOTOphIE
AHwb  OaM3kn K rapMmoHudeckuM. ConporueneHve  BO3AYXd,
HeoOpaTHUMble TOTEPH SHEPr¥H HA HarpeBaHUe HUTH U TPYXKHHBI
npH WX aedhOpMalLHH NPHUBOAAT K TOMY, UTO AMMJHTYHA koJgebaHui
YMEHBLIAETCH U KOJeGAHNA CTAHOBATCH HErapMOHHYECKHMH.

Berpeyarorcd B npupone kojebaresbHbIE npoyecchl, npoTekaoniue
BecbMa aJutesbHoe Bpemda. [lpumepom koaebauufi Takoro poaa
MOCYT CJYKHTbL T[epUOAHYECKHe H3MEHEHUA HANPAXKEHHA MeXAy
pPazjIHYHbIMH y4YacTKaM¥ UeJIOBEHECKOro Tesja, BO3IHMKAIOWHE B pe-
3yJjbrarte paborul cepaua. I'padHk 3aBUCUMOCTH OT BPEMEHU <«BHI-
pafarbiBaeMOro» CepleyHod Mbluiledl HanpAXeHWsA, HA3BIBAIOT
anekTpokapaorpammoi. ¥ayyenue ¢opmbl JeKTPOKApPAUOrpaMMbl
OoUeHb YACTO MOMOTaeT Bpauy ONPeneJHTb Xapakrep cepIedHOro
3a6oNeBaHysA, DNEKTPOKapAHOrpaMMa 4e0BekKa O4eHb MaJo MOX0MXKa
HAa CHHYCOMAY, T.e. KOJe0aHud OUOTOKOB SBIAKOTCH HETapMOHH-
yeCcKUMH (pHuc. 4).

Jpyroii npumep HeErapMOHHUECKHX KoJebaHul, npovcxomaAuX
B NpHPOAE,— KosefaHus ypOBHA BOAbLL B OTKPBITHIX MOpAX H
okeaHax. KosebGaHWA YPOBHHA BOABL BO MHOrMX MOPCKUX MOpTax
HACTOJLKO 3HAYMTENbLHBI, UYTO TOYHOE [MpejcKazaHHe OTJHBOB H
NPHJIHBOB OKAa3blRAeTCH BaXKHOH npakrTHuyeckOH 3anayed: raybuua
OCA]KH COBpPEMEHHBIX MOPCKHX CYLOB BeJWKA, W MHOrCHE MOPCKHE
MOPTbl MOTYT NMPHHHMATh WX JHIIb B Yachkl NPHJIHRA.

Puc. 4
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Puc. 5

XOTs NpU4MHBE BO3HWKHOBEHHA NPHJIUBOB OBbLIH BHLIAACHEHHl €ile
HbiOTOHOM, TEOPETHHECKUH pAaCHET YPOBHA MPUJUBA HA JIOO0H 1eHb
M Yac nyrTeM OPHMEHEHUA 3aKOHA BCEMHUPHOIC THATOTEHHHA K CHCTeMe
«3emnd — Jlyna — CoanHue» OKasblBaeTcs CJAULIKOM CJHOXHOH 3a-
Aa4ed M CerofHf. 3aBUCHMOCTL BBICOTH TMPHJIUBA OT BPEeMeHH
OKa3plBaerTcs O4eHb CJAOXKHOH (pHc. 9), ¥ BLHIPasHTb Ee KaKOH-TO
OLHOH POPMYJIOH BOBOJBHO TPYAHO. O6bIYHO 3a1a4y NpeLBblYHCIEHUSA
NpPUJIHBOB H OTJHBOB # pAjn APYrHX 3a3au no¢ UCCASLOBAHUIO
NepUOANYECKUX HEerapMOHHUECKUX MPOUECCOB pellalT NpUMeHeHUeM
rapMOHHUECKOTO aHajlus3a. “

lFapmonuueckuii anaaua. CyulHOCTb MeToaa TapMOHHYECKOro
aHaju3a 3aKJA4aeTcs B TOM, YTO HErapMOHWYECKHH nepHopuyecKHi
KoJe6aTeJbHBH TPOLECC MNPEJCTABJSAIOT Kak pe3yibTraT CJIOKeHHd
HEeKOTOPOro 4HHCJa rapMOHUUECKUX  KoJebaHui. BO3MOXKHOCTD
NpencTaBJeHust nmoutH J00H nepuoauueckod OMYHKUUM B BHAE
CYMMbl OECKOHEUHOro TPUrOHOMETPHUECKOro psana Obljla nokasaHa
dpanuysckum yuenbiM K. Pypre B npounom Beke. ITOT paAR
aas pyukauu f(§) ¢ nepuonom T ¥MeeT BHA:

f(fy}=Ao=+A, sin (%ﬁ-f—}-cp. )+A2 sin ( 2%11+¢2)+

+...4+Ansin (n%ﬁ t-}—cpn) +...,

HAW

H(t)=Ao+ ETA sin (n2_;z+cpn )] (2.1)

Ero naseiBator pagoMm Pypoe.
[leproe cnaraemoe psaga Pypbe Ao — NOCTOAHHAS COCTABJA-
omas f(f), He 3aBucHAmas or Bpemenu. Bropoe caaraemoe

Alsin(-?;t+npl) npeacraBiasger coOOH mMepeylo, HJAH OCHOBHYIO,

rapMOHHUYRCKYIO COCTABASIOLYIO pas3joXKeHua ¢ nepuonom 7, pas-
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HEIM nepuoay o¢vyekuuyu f(f). Tperbe caaraeMoe HasblBAlOT BTOPOH
rapmouukoi. [lepHon BTOpOR rapMOHUKH B JBA pa3a MeHble Mepno-
na ¢yHknuy f(¢). Hepuoa tpetbei rapMOHUKH B TPU pasa MmeHbiue 7T
H T. L

Ecau 66 nnst aHanusa nepuoauyeckodl pyuknud f(f) oaMHaKoBO
BaxKHbl Obl1  BCe yjeHbl GecKOHEUHOr0 TPUrOHOMETPUUECKOro
pana Pypbe (2.1), rapMoHHuecKHH aHalu3 He HMen OB HUKAKOH
NPakTHYECKOH UEeHHOCTH, TAaK KAk € €ro MOMOUIbI0 HEBO3MOXKHO
Ob110 6Bl MPOW3BECTH HMUKAKUX BblUuMcaeHUHA. HO B nelicTBUTENbHOCTYH
aMIUIUTYa rapMOHHUK pAna Pypoe ¢ yBeNuUeHHEM HOMEPA FapMOHHKH
n HMMEEeT TEeHHCHUMIO K yOnBaHHK., [lo3TOMY IiA nNpaKTHYECKHX
mened OKa3lblBABTCH BAXHLIM HCNOJb30BATL BMECTO OECKOHEUHOro
pfAjlla TPUrOHOMETpHUECKHX (YHKUHA HX KOHeyHoe yucjo. Kogauue-
CTBO uneHOB psaAna OPypbe, KoOTOpHE HEOOXOAHMO HCNONB30OBATH
B pacuerax, onpeapensercs BUaom ¢ydknuu f(f) M 3anaHHOA
TOYHOCTBIO Bbluvcenull. OnpenesieHue aMIUIUTY ] rapMOHUK ABJSAETCH
CI0XHOH MaremMaTudecKOH 3anavell, no3TOMY Mbl OrpaHdYHUMCH
JUb npuBejeHyem 6e3 BHIBOAA HECKOJbKUX TPHMEPOR PA3JIOKEHHUSA
nepuopHyeckux dyHknuit B pAn Pypoe.

[IpuMepoM HerapMmMoOHWUeCcKOH nepuoauuyecKod QYHKIHH MOXKeT
cAyxuTh OYyHKIUA, rpapuk KOTOPOH mnpeacrTaBleH Ha pucyHke 6.
[lepuoauueckd KojsebaTenNbHBIH Mnponecc, OMNHCbIBAEMBIH  3TOH
byHkIHEeH, MOXeT ObiTb TNOJY4eH, Hanpumep, B JIEKTPUUECKOH
[[en{, COCTORILEH W3 UCTOUYHHKA TOKA HanpsxKeHnem [/ HA BbIXOAHbBIX
3axHUMax, Kiawua v pesucropa R. Ecau k1o 3amKHYTL U depes
MHTEPBAJ BPEMEHH T PA3OMKHYTb, a 3aTem, cnycTs Bpems T nocJe
MOMEHTA MEPBOro 3aMblKaHWA, BHOBb 3aMKHYTh Ha BPEMA T U TaKUM
o6pa3oM MOBTOPSAThH MPOLECC BKJIIOYEHHA W BBIK/IIOUEHHS, TO rpadHk
3aBHCHMOCTH HaNpsxKeHWd Ba pesucrope R oOT BpeMend Oyjer
HMETb BHJ, IPENCTARJCHHDIH HA pucyHKe 6. [lepemeHHOe HaNpAKEHHE
TAKOrG THNA HA3BLIBAIOT TNEPUOAMUYECKOH TNOCAEeAOBATENbHOCTHIO
NPAMOYrOJbHBX UMNYJAbLCOB ¢ MepHoaom 7 H AJIUTENBHOCTHIO T.

Ammantyna »n-#  rapMOHUKH  CNEKTPAJbHOTO  PACNOJOMKEHHS

Pue. 7
HC—)— 'gﬂﬂ
0,4
Puc. 6
0,3+
up
i 8z1
> z |
' 0,1
; T ]
T |
- . ; . |,
1 23 4 56 78 610 7s
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Mnepuoauyeckofl nocNenOBATENbHOCTH TPAMOYIOJbHBIX HMIMYJIbCOB
HANPAXKEHHUA ONpelnessercsl BbipaXKeHHeM:

Un=-~-c"‘£’(-sm(ﬂﬂ-—)

rpe U, — aMnanryjaa n-d rapMonuky; U — ammiutyna npaMOyrodb-
HOro HMNY/bCa; T — MIHTENbHOCTh UMNyJabca; 7 — Nepuoi NMOBTOpE-
HUS UMNYJAbCa; N — NOPAAKOBBIH HOMEP rapMOHHKH.

[TocTostHHAS cocTaBAAOLIAA ONpeeNnseTCs BhifaKeHHEM:

Uy=U-=L. (2.2)

AMOIUTYHBHIE CNeKTp rapMOHMYECKHX COCTABASIOGUIHX MEpPHOAM-
YeckKOH MOCAeJOBATENbHOCTH MNPHAMOYTOAbHBIX HMIYJBCOB, TpPex-
CTAaBJeHHOH HA pHCYyHKe 6, MoKa3aH Ha pUCYHKe 7.

B umnyibcHo# TexHHKE rapMOHWYECKHH apajJH3 no3BOJSEer
MPOU3BOAHTL pacyeThl 3JEKTPUYecKHX uenefi NpH MNPOXOKAEHHH
yepes HHX IJEKTPUYHECKHX CHTHAJOB CJAO0XHOH Qopmbl, npumeHsd
MpocTblé npaBHJa pacuera LIA rapMOHHUECKHX COCTaB/AILMX.

AHanu3z 3Byka. [lpumeHeHue MeTona _TapMOHHYECKOTO aHaauza
K HCCIENOBAHHIO AKYCTHYECKHX HABJEHHH TO3BOAWIO pa3pelinTb
MHOTHE TeppeTHYeCcKHe ¥ npakrHyeckue npobaemsl, OLHUM U3 TPYLHBIX
BOMPOCOB AKYCTHKH sBJAfETCH BOMPOC 06 OCOOGEHHOCTAX BOC-
NPHATHA YeNOBEYECKOR peud.

PU3HUECKUMH XapaKTEPUCTHKAMH 3BYKOBBIX KONe6aHUH ABJAIOTCH
JacTOTa, aMIVIHTYAA H HauadbHad pasa kojdebauun. Jlna Bocnpuarus
3BYKa Ue/IOBBUECKMM YXOM BaxHH TOJBKO nABe (dusnyeckHe
XapaKTepPUCTHKY — 4acToTa M aMIIuTyna KoJebaHui.

Ho ecnu 370 meAcTBUTENbHO TaK, TO KakUM 06pasoM Mbl y3Haem
ONHH # Te Xe rjacHbe @, 0, ¥y M T.A. B Peud pa3HblXx JoneH?
Benb onun uyenoBex roBopuT Gacom, APYrod — TEHOPOM, TpeTHH —
CONPAHO; MOITOMY BbiCOTA 3BYKA, T. €. 4acTOTa 3BYKOBLIX KOJeOaHUH,.
MpH MOPOM3HOMIEHUM ONHOH U TOHW Ke [JacHOH OKkasblBaercd vy
pazHpiX JoAed pa3zauuHod. MOXHO nponeTb Ha OLHOH U TOH XKe
IMIACHOH @ HEeJNYK OKTaBy, H3MEHHS 4acTOTy 3BYKOBLIX KoJeGaHuH
BABOE, H BCE K€ Mbl y3HAeM, YTO 3TO @, HO HE O WIN Y.

He unsmensiercAa Hame BOCHPHMATHE TJACHBIX H MNPH H3MEHEHHH
rPOMKOCTH 3BYKA, T.e€. NpH HW3MEHEHWH aMmmnauryapl kKonebauui. Y
TPOMKO 4 THXO MPOU3HECEHHOE ¢ Mbl YBEPEHHO OTJHYAeM OT u,
y, 0, 3.

Ob6bAcHeHHe 3TOH 3amenaTelIbHOH ocoGeHHocm YEJIOBEYECKOH
peuy JaiT pPe3yabTaThl AHAJAM3A CNEeKTPa 3BYKOBBIX KoJebaHHHA,
BO3HMKAKOUWUX NPH TPOH3HECEHHN TJIACHBIX.

AHanus cnekypa 3BYKOBBIX KoJeBaHHA MOKeT OblThb OCYLIECTBJIEH
pasnuyHeiMy cnocobamu. Camblil npocToH M3 HHX 3aK/IIOYAETCA B
MCIOMb30BaHMH Hafopa aKyCTHHECKHX pe30HATOpPOR, HA3bIBABMbIX
pesonaropamu [enbmronbua.

AKycruueckuH pe3oHaTOp — 3TO NOJOCTb OOBIUHO wiapoofpasHoH
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dbopmel, coofmamwanca ¢ BHEWHed cpegod uepe3 HeGONbLIOE
oreepcTye. Kak nokaszaj l'enbMrosby, coGCTBeHHAS yacTora Kogeba-
HHH BO3AYyXa, 3aKJKYEHHOTO B TAKOH MOJOCTH, B NEPBOM NpUBIHKe-
HHMM He 3aBUCHT ©OT (opMbl NOJOCTH M [JA Ccjaydyas Kpyraoro
OTBEPCTHH OfpenesseTcss PopMyJaoH:
v D

'V()—--Q? -'—V—, (2.3)
rae vo — cof6CcTBEHHAA 4acTOoTa pe3oHaropa; v — CKOpPOCTb 3ByKa
B BO3Ayxe; D — pHameTp oTBepcrud; V — o6vem pesonatopa.

Ecan wumers Hafop pesoHaropoB [enpmronbna ¢ pasivuHBIMH
COOCTBEHHBIMH YacTOTAMH, TO LA ONpeneJeHdd CneKrpajbHOro
COCTABA 3BYKA OT KaKOro-HWOylb HCTOUHHKA HYXHO MNOOYEPeLHO
NOAHOCUTL pPa3HHe pe3OHATOPhl K YXYy U OnpeaesaTh Ha CAYX
HACTyllJEHHE pe30oHaHCA MO YCHJIEHWKD TPOMKOCTH 3ByuaHud. Ha
OCHOBAHUM TAKHUX ONBITOB MOXHO YTBEpXK[ATb, UTO B COCTABE CJIOXK-
HBIX aKyCTHUECKHX KOJeGaHUH HUMEIOTCH rapMOHUYecKue COCTABJIAI-
urue, ABpJAfLecHd cCOOCTBEHHbIMY HaCTOTAMH PE3OHATOPOB, B KOTOPHIX
HabJ0[a/0Ch SAIRJIEHHE pe3DHAaHCa.

Takoi cnocof omnpepeseHUss CHEKTPaJBHOrO COCTaBa 3BYKA
CJAMUNIKOM TPYAOEMOK ¥ He oOueHb HaaexeH. MoxHO Ob1o 6bl
MONMBLITATBCA  YyCOBEpPLIEHCTBOBATh ero: NPUMEHUTb cpa3y Bech
KOMIUIEKT pe30HATOPOB, CHAOIUMB KaXIAbIH W3 HUX MHKPODOHOM
LA Tpeo6pa3oBaHusA 3BYKOBBIX KOJEDAHHH B 3JIEKTPUHECKUE W
npHGOpoM JIJIA HM3MepeHUs CHIbl TOKA Ha BHXOAE MHKpOdoHa.
g nonyyeHns cBeseHHH O CneKTpe rapMOHHYECKHX COCTaBASAIOLINX
CNOXKHBIX 3BYKOBHIX KOJIeGaHMA ¢ TOMOIBID Takoro npubopa
BOCTATOMHO CHATb MOKA3aHWA CO BCEX HU3MEPUTENBHHIX TNpubOpPOR
Ha BbBIXOJE.

Onnako ¥ TakoH cnocof He NPUMEHAIOT HA NPEKTHKE, TaK Kak
paspabotanb 6oJee ynobHbBE U HAmeXHble CrocoObl CIEKTPaSbHOTO
aHanusa 3Byka. CyumHOCTh Haubojee pacnpoCTPAHEHHOTO M3 HUX
COCTOMT B caenywuleM. C noMoOmpio MHKpPodOHA HcCIenyeMple”
KojebaHus NaBJEHUA BO3NYXa 3BYKOBOH uacTOTH mpeoBpasylorcs
B KoJleBaHHs JIEKTPUUECKOTO HAMPSKEHHS Ha BLIXONE MHUKPODOHA.
Ecny KauecTBO MUKPOPOHA AOCTATOUHO BHCOKOE, TO 3aBUCUMOCTH
HanpfAXkeHHsA Ha BBHIXOAE MHUKPO(OHA OT BPEeMEHH BHIpa)Kaercsi TOH
e BOYHKIHEH, YTO U H3MEHEeHUe CO BPeMeHeM 3BYKOBOI'O N aBJIEHHS.
Torpa ananu3 chnekTpa 3BYKOBBIX KoJeGaHUH MOMKHO 3aMeHUThb
aHAMU30M CHOEKTPA JEKTpUHEecKHX koJjeOaHufi. AHanu3 Xe crnekrpa
3JIEKTPUYECKNX KONeOaHUA 3BYKOBOH UaCTOTHI OCYIIECTBJAETCH TeX-
HUUYECKH NpPOILE, H Pe3yJbTaThl H3MEPEHUH OKA3BIBAIOTCA 3HAUMTEb-
HO 6onee rTouHbiMu. [IpMHUUN  geHCTBUA  COOTBETCTBYIOLIETO
aHa/n3aTopa TaKXe OCHOBAH Ha #ABJEHHH pe30HaHCa, HO VYXKe
He B MeXaHMUYECKHX CHCTEeMAaX, a B 3JeKTPHUECKHX LEensfx.

[lpumeHenwe meToma aHaNU3a CHEKTPOB K  HCCIEL0BAHHIO
YeJIOBEUECKOU Deud MO3BOJAMJIO OOHAPYKHUTH, UTO TIPH NPOU3HECEHHH
YEJIOBEKOM, HaNpHMep, IMACHOA 4 HAa BLICOTE TOHA A0 NMEPBOH OKTABH
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BO3HHKAIOT 3BYKOBble KOJEGAHHA CJIOMHOFO YacTOTHOrO CIEKTpa.
Kpome kose6anuii ¢ uvacroTod 261,6 I'n, coOTBeTCTBYIOLUUX TOHY
JI0 NEpPBOA OKTaBbl, B HHX OOHapyXuBaerca pAlL rapMOHHK Gosee
BHICOKOH uyacTOThl. [1pH H3MEHeHWH TOHA, HA KOTOPOM TNPOH3HOCHTCH
[JIACHASA, B CHOEKTPE 3BYKOBHIX KOJeOaHHH MNPOHCXOAAT H3IMEHEHHS.
[Tapaer n0 HY/MH aMmJIUTYyla rapMOHMKH ¢ uyacrorod 261,6 Tu, #
NOABJAETCA rapMOHUKA, COOTBETCTBYIOIlAaf TOMY TOHY, Ha KOTOpPOM
TeNepb NPOUIHOCUTCA rJjacHad, HO PAL APYTHX TAPMOHUK MpPH 3TOM
He H3MEHsieT CBOEeH amIIUTYABl. YCTOHYMBYIO TPynny rapMOHHK,
XxapaKTepHyio AJA AAHHOro 3BYKa, Ha3blBalOT €ro GopMaHTOH.

Ecnu npourpatk Ha ckopocTH 78 06/MHH TIpaMmJIacTHHKY C
3aMHCBI0 HCOOJHEeHUS KaKOH-HHOYQb MecHH, npenHasHadeHHYIO AJA
NPOHCPLIBAHMA Ha CKOpOCTH 33 OO/MHMH, TO MEJOZHA TEeCcHH
OCTaHeTCA HeH3MeHHOH, HO 3BYKHM M CJIOBa 3ByHaT He npocto Bojnee
BLICOKO, @ CTAHOBATCHA HEY3HaBaembiMu. [IpHunHA 3TOrO sBJIEHUA
COCTOHT B TOM, H4TO H3MEHAIOTCA HacTOThl BCEX TapMOHHYECKHX

* COCTABJHIOUIHX KAXAOro 3ByKa.

Mbl npuxoaMM K BBIBOAY, HTO MO3T 4eJIOBEKAa MO CHrHajlam,
NoCTynawildM Yyepes HepBHbHIE BOJOKHA OT cJYXOBOTO annapara,
CNocoBeH OnpenefTs He TOJbKO HACTOTY W aMIUIUTYAY 3BYKOBBIX
KoJebGaHHf, HO H CHeKTPaJbHBIA COCTAB CJAOXHBIX 3BYKOBBIX
Kone6aHuA, Kak Ob BHNOJAHAA pafory aHaJu3aTOopa CHEKTpa
rapMOHHUYECKHUX COCTABJAKIIMUX HErapMOHUYECKHX KOJieDaHuH,

HesoBek cnocofed y3HaBaTh oJi0Ca 3HAKOMBIX JIIO/IeH, OTJHYATh
3BYKHM OJHOTrO TOHA, NOJYYEHHHE C MOMOILUBIO PA3JUUHBIX MY3biKaJb-
HblX HHCTPYMEHTOB. DTa CNOCOGHOCTL TAKMKE OCHOBAHA HA PA3JHUHU
CNEKTPAJBHOrO COCTARA 3BYKOB OIHOrO OCHOBHOIO TOHA OT pa3HblX
HCTOYHHKOB. Hasnuyue B HX cnekTpe ycTOMUMBHIX rpynn — GopMaHT
FrapMOHWYECKHX  COCTABJAIOIIUX — NPHAAET 3BYYAHUIO KAXAOTO
MY3bIKaJbHOTO MHCTPYMEHTA XapPaKTEPHYI «OKPACKy», HA3blBAEMYIO
TeMOPOM 3BYKA.

1. MpueeauTe NpUMEPH HErapMOHHYECKHX KoJeOanHi.

2. B 4em 3akmouaeTcH CYuLeCcTBO MeTonA TAPMOHHYECKOID ARANM3A?

3. KaxoBbl NMpakTHYECKMe [IPHMCHEHHS METOAA FAPMOHHYECKOrod anaavaa?
4. Yem OTAKYAOTCA APYT OT APYra pa3fHuMbie rJacHhe 3ByKH?

5. Kak ocymecTsiifeTcd HA npaxkTHKe rapMOHHUeCKHHd aHAJAM3 3ByKa?

6. YUro Takoe TeMGp 3myxa?

§ 3. HHRYKTHBHOE H EMKOCTHOE CONMPOTUBNEHHA
B LENMH NEPEMEHHOIO TOKA

Cpentt pasivuHbiX [pPUMEpPOB TapMOHHYeCKUX KojgeGaHUH B
npupone U TeXHNKe 0COGOT0 PacCMOTPEHHA 3ACAYKHUBAIOT 3JIEKTPO-
MArHuTHBE KoJieGaHUA, BO3IHHKAKOIMUE B IEKTPHUECKHX LendaX. ITO
KoJieGaHHA CHJIBl TOKA # HanNpsmEeHHUs B JEKTPHYECKHX Lendx
nepeMeHHoro TOKa, B AHTEHHAX pPaaMoO- # TeJIeBH3UOHHBIX CTAHUMA,
B pagdonpHeMHHKax, MarHurododHax, tejeBuszopax. Jlaa adaauia
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NPOLECCOB, TNPOTEKAIIUHX B CAOXKHBIX  3JIEKTPHYECKNX  EnsX
nepeMeHHOro TOKAa, Tpexae BCero HeOoOXOAHMMO BBHIACHHTD CEA3b
MEXAY KoJeGaHUAMHM CHJBl TOKA M HanpfAMeHus Ha OTAEJbHBIX
3jeMeHTaX LenH NepeMEeHHOro TOKa.

PaccMOTpUM CBA3L MEXAY aMILIUTy1aMU KoJeGanui HanpsixeHus
| CHJAB TOKA NPH BKJAKUYEHUH KOHAEHCATOPA H KaTyulkH B Lenb
MepPeMEeHHOrO TOKA ¥ HalleM BbipaXkeHns AJ11 BHIUHCIEHNA EMKOCTHOTO
X ¢ ¥ MHAYKTHBHOTO X ; CONpOTUBJICHWA.

EmkocTHoe conpoTuBaenue. Ecid  KOHpeHcaTop BKJKWYEH B
lenb TMEepeMEeHHOro TOKA W HanpsKeHHe Ha ero obkJaajakax
H3MEHSAETCHA 110 rapMOHHYECKOMY 3aKOHY

u=U_, coswl (3.1)

TO 3JEKTpHuUECKu#i 3apfi Ha ero obk/aagkax B MOMEHT BpeMeHd !
OMNpeesIfieTCs BbipaXKEHHEM:

g=u .C=U ._C cos wi. (3.2)

BHUYNCINE MEpPBRYI0 NPOU3BOLHYIO OT 3JIEKTPUYECKOrO 3apana g no
BPEeMEHH, HAAAEeM 3aKOH KoJAeBaHui CHIbl TOKA i

g =i=— U, Cwsin u).foc;mCm COS(mf+—g-)- (3.3)

TakuM o06pa3oM, MNpH HU3MEHEHUH HanpsaxKeHus Ha oOKJdaAKax
KOHAGHCATOpPA NO TapMOHHYECKOMY 3aKOHY (3.2) cuna Toka
M3MeHAeTCA N0 rapMoHiueckomy 3akony (3.3). AMnauryna konebanui

cuabl TOKa [, cBA3aHa ¢ AMIUIMTYAOH KoJNeGaHHH Hanpsxenus
U ¢, BHpaxeHuem:

[m=U CmC(l), (3.4)

KoJe6aHHuA CHJBl TOKA onepexaoT no (ase KojJeCaHUA HANPAKEHUSA
Ha OfKJapKax KoHAeHcaTopa Ha m/2.

Mz solpaxkenufi (3.1) u (3.3) caenyer, u4rto OTHOUIEHUE
MTHOBEHHOTr'O 3HAUEHUSA HATNPAMXKEHUA U HA KOHIEHCATOPE K MIHOBEH-
HOMY 3HAUEHUIO CHUJB TOKA i He ABJHETCA NMOCTOAHHOH BENUYWHOH H
paBHo:

7 1 cos wf
T 35)
Takum o06pa3oM, CBA3b MEXAY MFHOBEHHBIMM 3HAUYEHHWAMH Hamnpsf-
KEHHS HA KOHZEHCATOpPE M CHAbl TOKA B L€Nd MEePEMEHHOro TOKAa
oKa3biBaeTcd O0Jlee CJIOXKHOH, 4YeM CBA3b MEXAY HanpsakeHHuem
Ha y4acCTKe [end MOCTOAHHOrO TOKa M CHJOH TOKAa B LiENU, BblpaXkae-
mada 3akoHoM Owma. OpHako [pad HaXOXKAEHWA aMmiuTyabl {.
Koneb6aHUH CcHJIbl TOKAa NO U3BecTHOHW amnauryae U, Konebanu#
HANPAKEHUS HA KOHAEHCATOpPE MOXKHO BOCIOJIb30BATLCH BhIpaXKe-
HHeM, cOBmajawiuvm 1o ¢opme c¢ 3akoHoM Oma ajf ydacrka
Hend nOCTOAHHOro ToKa. JledcrrutrenbHo, 0603HAUNB

X o=—r, (3.6)
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M3 BblpaxkeHust (3.4) noJayuum:

Yoo (3.7)

[MocaenHee BbIpaykKeHUe MOKA3HBaeT, yTo aMILINTYRa KoJieBaHHH
CHJibl TOKA [, 1€MU NEepeMeHHOro TOKa MNpAMO MNPOonopuUHOHAaJIbHA
amMnauTyge KoneGaHud HanpsaxKeHus Ha KoHaeHcatope Uce, #
o6paTHO NPONOPUHOHAJLHA BeJHYHHE X ., HA3BIRAEMOH EMKOCTHBIM
CONPOTHUBJIEHHEM KOHACHcaTopa. EMKOCTHOe conporHBienve X .
o6paTHO MPONOPLHOHANBHO 4ACTOTE KoJeOaHHH @ H 3JEKTPOEeMKOCTH
C koHpeHcaropa.

HuaykTusHoe conpoTHBAenHe. Ecnd 3neKTpHYECKOoe CONpOTHBIIE-
HHE MPOBOAA KATYIIKH CYUTATh OECKOHEUHO MajbiM, TO HanNpsixeHue
Ha Hell # |, MOXKHO NMPUHATL PABHLIM MO MOAYJIC H MPOTHBONOJOXKHBIM
no 3Haky DJC caMOUHAYKIHMH KATYLIKH:

U Lzﬂgib‘-

[Ipn npoxoxpeHun uyepes KATYIIKY SJEKTPHUECKOTO TOKA,
U3MEHAIOULEerocad Mo rapMOHHYECKOMY 3AKOHY
i=1n COS 0, (3.8)
SJ1C caMOUHAYKINM paBHa:
& =—LI'=Lwl,sin ul.

Torna:
4 =—F s=— Lol sinot=wLln cos( ol +3)= U, cos( vt +3),
(3.9)
rne U, — ampnuryna KojefaHuil HanpsAXKeHHst HA KaTylUKe:
U, =wlls. (3.10)

CrepoBaresnbHO, AJA MNOJYYEHUS TrapMOHHueckWX koJsebBaHui
CHJMbl TOKA { B KaTyllKe K €€ KOHUAaM HeoOXOAHMO MPUIOMKHTD
nepeMeHHOe HanpsiKeHHe & ,, UBMEHHIUIEecH MO TapMOHHUUYECKOMY
3akOHy. UYacTora BbIHYXKJEHHBIX KOJeGaHUd CcHJB TOKA B KATYILIKE
npH 3TOM COBNAJAET € YacTOTON KoJeGaHUH HanpskeHUst, a no

Ppase KoJeOAHUR HANPAXKEHUA HA — ONEPERAOT KoNeGaHUA CHIBI

2
TOKA.

M3 Bolpaxenuid (3.8) u (3.9) caenyer, uTOo OTHOWeEHHE
HANPSAXKEHUA HA KATYUIKE & ; K CHJe TOKa [ He SBJSETCH MNOCTOAHHOH
BequudHod. OppHako, Kak W B cjlyyae ¢ KOHJABHCATOPOM, IJA
HAXOXJIeHMsA aMIIuTynabl KojeBaHuHd cuabl ToKa [, B KaTyuke
NPH U3BeCcTHOH ammiurype KoneGaHui HanpsixeHdsn U, MOXHO
BOCIOJIb30BAThCS BblpaXKeHHeM, COBMNAajalouluM no GopMe ¢ 3aKOHOM
OMa psiA yyacTkKa uen¥ NOCTOAHHOTO TOKA.
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JleficTBUTEIBHO, ¥3 BHIpaxeHusa (3.10) caeayer:

—r=al. (3.t1)
0O603HauUunB
X ;=al, (3.12)
NOJYHHUM: |
Uy
== (3.13)

Boipaxense (3.13) nokasneaeT, uYTo aMmIuTyAa KoJeGaHHH
cHAH TOKA [,». NPOTEKAIOLIEro Yepe3 KaTylKy, NPpAMO [pONOpIUUOHaJIb-
Ha aMIauTyae KoaeGaHui HanpskeHus Ha Katywke U, u obpaTHo
MPONOPLUOHANbHA BeJUUHHE X ;, HA3HIBAEMOR WHAYKTHBHHM COIpPO-
TUBJeHUEM KaTywKd. MHAYKTHBHOE CONPOTHUBJAECHHE KATYLIKH NPAMO
NPONOPLHUOHAJbHO uacTOTe KOJeGaHUR o W HHAYKTHBHOCTH L
KaTyLIKH.

AKTHBHOE conpoTHBAeHHe, KoHleHcaTop ¢ GecKOHEeYHO 6OMbUINM
3JIEKTPHYECKMM COMPOTHBJEHHEM M KATYWIKY € 3JeKTPUYECKHM
COMPOTHBAEHHEM, PABHLIM HYJIO, HA3LIRAIOT UleaJbHbIMU. B upneansb-
HOM KOHJ€HcAaTOpe M B MHAEaJbHOH KaTyilKe MPOXOXKIeHHE nepe-
MEHHOIO TOKA He CONPOBOXKAAeTcA MNPEeBpalleHueM  3JHepruy
JIEKTPHUECKOrO ¥ MaCHMTHOrO noJied B Jpyrue BULB 3HEPrHY.

DJleMeHT 3JIeKTpPHuecKOd [eNd MepeMeHHOro TOKAa, B KOTOPOM
NPOUCXOAAT TNpPEBPAILIEHUA 3SHEPrdd SJEKTPHUECKOro nojas BO
BHYTPEHHIOIO 3HEpPruio TeNJOBOro [BHXKEHHS AaTOMOB U MOJEKY.J
BelllecTBa, HA3BIBAOT AKTHUBHBIM CONpPOTHUBJEHHEM.

I. KakoB MeXaHH3M BO3HHKHOBEHHS NEPEMEHHOro TOKA B UenH, COAEpKAMHA
KOBAEHCATOP?
2. Uto Ha3bBAIT CMKOCTHBIM CONPOTHBJAEHHEM KOHAEHCATOpA?

3. Kakoea cBA3b MexAy ¢asami KonseGaHHii CHAM TOKA W HanpskKewHa ua
KOHIEHCATOPE B IENH NEPEMEHHOro TOKA?

4, KaxoBa npHuina OrpanddYedHs AMNJAHTYAW KoJeOAHHH CHAM TOKA B KATYIiKe

¢ HYNEBbIM AKTHBHLIM CONPOTHBICHHEM NPH BXAIOYEHHH €€ B ueNb NepeMeBHOro
TOKA?

5. UTD HA3LIBAWT HHAYKTHBHLIM CONPOTHBACHHEM?

6. Kakosa casiab Mexay dazaMis CHAL TOKA H HANPSHKENHss HA KATYIIKE B 1EnH
nepeMelHoro Toxa?

7. HTo Ha3HBAWT AKTHBHLIM COMPOTHBACHHEM?

§ 4. 3AKOH OMA A4 3NEKTPHYECKOR LENH
NEPEMEHHOIO TOKA

PaccMOTpUM 5JeKTPHUECKYI0 LeNnb, COCTOAIYK H3 MNOCAefoBa-
TEJbHO COEAHHEHHbIX AKTHBHOIO COMPOTHBJEHHA, KOHAEHCATOpPA H
karywk¥ (puc. 8). Ecau K BHBOgam 570H 3jeKkypHyecKOoH nenH
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GPHAOKHTE 3JEKTPHUECKOE Ha-

R L ¢ NpsAKeHUe, U3MEHAoIeecHd Mo
| rapMOHHYECKOMY 3aKOHY ¢ 4acTo-
Un U, U, TOH w ¥ amoaurynod Un, 10 B

- -t eN¥ BO3HUKHYT BbLIHYXKIEHHbIE

KOJ1e6aHus 3J1eKTPUUECKOrO TOKA

C TOH Xe yacToTOH ¥ HeKOTOPOH

amMnauTyaoi I,,. YCTaHOBUM CBA3D

MEXKAY AMIIMTYAAMH KoseGaHu#

cunbl Toka [, u Hanpsxepus .

Puc. 8 B aw6od MOMeHT BpeMeHH

CyMMa HanpsAxXKeHHH Ha nocaeno-

BATE/NbHO BKJIOHEHHbIX JIEMEHTAaX UelH paBHA MTHOBEHHOMY 3Haue-
HUIO MPUJIONKEHHOTO HANPAKEHUA:

U=u p+u +u .. (4.1)

Bo Bcex nocaefoBaTeNbHO BKJIOUEHHBIX 3J€MeHTax Lend cuna
TOKA U3MEHSETCH NPAKTHUECKU OLHOBPEMEHHO, TAK KaK paclnpocTpa-
HeHHWE 3/1eKTPOMAarHUTHLIX B3aHMOJeficTBHI NPOUCXOONT CO CKOPOCTHIO
ceera. [To3TOMY MOXKHO cuMTaTh, UTO KoNeOaHWA CHJbi TOKA BO BCeX
3J1eMeHTaX MOCJeJOBATEbHON LeNnH NMPOUCXOLAT N0 OLHOMY 3aKOHYV:

i={m cos of. (4.2)

Kosebanus BanpsKeHHusa Ha aKTUBHOM CONPOTHBJIEHUH COBNAAAIOT
no ¢asze ¢ koJebaHWAMU CUJIBl TOKA, KoJieOaHMHA HanpHKeHHA Ha

KOHIEHCATOpE OTCTAIOT no (pase Ha —;i OT KoJeGauHii CWIH TOKA,

a kKoJgefaHUR HaNpsXKEHUWA HaA KaTyulke onepexawt no dase

KoJeHbaHHUA CUJIBl TOKA Ha % [TosTomy ypaBHerue (4.1) MOXHO

3anycarb Tak:
u=U , cos wt+U Cmcos(mt_%) + U meos(mt+—g’—), (4.3)

rane Ug,, Uy u U, — aMnauryasl KoneGaHUf HanpsizKeHUst Ha

AKTUBHOM CONPOTHBJIEHHH, KOHAEHCATOpPe U KaTyilke.

Amnauryny koneGaHWH HanpsiKeHHs B LENH NMEPEMEHHOTO TOKA
MOXHO BbIPasuTbh uYepes aMIJIUTYAHbE 3HAYEHUHA HaNPSAKEHUS
Ha OTAEJbHBLIX ee 3JleMeHTaX, BOCNOJb30BaBIINCh METOLOM BEKTOPHbBIX
AHarpamm.

[Tpu nocTpoOeHNH BEKTOPHOH nHarpaMMbl HEOOXOZUMO YYHTHIBATD,
4TO KOJE6AHHUA HANPAKEHUS HA AKTHBHOM CONPOTHBJIEHHY COBNALAIOT
no ase ¢ KojebaHusAMH CcUJIBl TOKA, BeKTOp Hanpsxkenua U,

COBNANAET N0 HANpAaBJE€HHIC C BEKTOPOM CHJBI TOKA Tm. Kone6anus

b 4
HanpsxeHuss Ha KOHAEHCATOPpE OTCTaloT no (t)aSE Ha 5 oT

KoNeGaHui CWIbl TOKa, MO03TOMY BEKTOP Hanpsikewus . oTcraer
OT Bekropa cuanl T10Ka [, Ha yroa 90°. KoaeGaHnd HanpsixeHud
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HA KaTyirke OMepexalorT KojJe6aHus Cujibl TOka 1o ¢ase Ha 2&
no3TOMY BEKTOp Hanpsikenus {J, onepexaer BekTop cHaH TOKa
I» Ha yroa 90°.

Ha BekropHod puarpamme (pHc. Y) HANpAKEHHs Ha pesucTOpe,

KOHJleHCAaTOpe H KaTywKe ONpefeffloTcA MPOEKLUHSMH HA TOPU3OH-
TanbHyo och BekTopoB U, , U, , U, , Bpamamolliuxca ¢ OLMHAKOBOH

yI‘JIOBOPI CKOPOCTBK) «» MPOTHB HaCOBOH CTpENKH. Oﬁmee MIHOBEHHOE
HANpPAXKEHHE & pPaBHO CYMME€ MIHOBEHHBIX Hanpﬂx(ennﬁ Ug Ug,

i, Ha OTAEJbHBIX 3J€MEHTaX IEend, T. €. CYMMe NPoeKUH#l BEKTOPOB
Or, UOc, O ., Ha ropusontaibHyl ocb. Tak Kak cymma npoexuui

BEKTOPOB Ha OPOH3BOJIBHYIO OChb paBHAa I[IpOCKUHH CYMMBI 3THX
BEKTOPOB Ha TY XK€ OCb, TO AaAMILIMTYAY [OO0JHOrO HANpAXKEHUA
MOXHO HaWTH Kak MOAYJIb CyMMbl BEKTOPOB!

On=0p +0 40T, (4.4)
H3 pucynka 9 BuaHo, urto:
Un= VU%+U.,—U.), | (4.5)
1
VUaRY +(UnX [ —InX o =ln VR*H(X  —X ) =
=Iny R2+( wL— - )
OTCHO 1A

[n= (4.6)

]/R*‘--|-( L—-— )

Brens obozyayeHue

7= VRQ-l—(wL—B%)z: (4.7) 7 o

I
CBfAi3b MEXIAY AaMIJHUTYJAHBIMH }
3HAYECHUAMH CHJIBl TOKA W HaNps- [
MEHHA B LIENH TIEePEMEHHOro ToKa
MOXXHO BHIPA3UTL TaK: U,

(XY
©

Un
In—=t. 48) [+

U3 BekTOpHOW pHarpaMmbl, |1 o
NPHBEACHHOH Ha pHCYHKe 9, BUA- e
HO, 4TO hasa KoJeBayuid NOAHOro b,
HANpAXKEeHUA paBHA wf--@. [lo-  femem— —
3TOMY MTHOBEHHOE 3HAYEHHE M0/~ Pye. 9




HOTO HanpsikeHds onpeneasiercs HOopMynoil:

u=U, cos (wt-4¢). (4.9)

HauanbHaa dasa ¢ Takke moxkeT OblTb OrnpeneseHa H3 BEKTOpHOH
AUarpaMmMbi:

Up IR R

Un A
VA (1 (4.10)

BenauyuHy c0S¢ BamHO 3HaTh [MPU BHUUCJEHUH MOUIHOCTH B
SNIEKTPUHECKON leny nepeMeHHoro Toka. ,

MowHocTp B LeNH nNEePEeMEeHHOro ToKka. MrHoBeHHAd MOUIHOCTDL
B LENY NepeMeHHOro TOKa paBHAa:

p=i’R=I%R cos’wt. (4.11)

[TocKOJLKY cpefHee 3HaYeHue PyHKLMH Cos “wf 3a nepuon pasHoO

COS p==

%, cpefiHee 3HayeHWe MOIUIHOCTH P, BBIIENAIOUIEACA B aKTHBHOM
CONPOTHUBJIEHUN R TPU TNPOXOXKNEHUH TeEpPeMEHHOrO TOKA, H3MEHSIo-
Ileroc €O BPEMEHEeM [0 rapMOHHYECKOMY 3aKOHY ¢ aMmIHTYyRof

I, paBHoO:

12
p—= =8 4.12
- (4.12)

B anekrpuueckofi LeNM mepeMEeHHOrO TOKAa, COoaepiKailes,
KpOMe AKTHBHOTO CONPOTHBJAEHHA R, HHAYKTHBHOE CONPOTHBJEHHE
X | U eMKOCTHOe cOnpoTHBJAeHUE X ,, AMIJINTYRA KOJEBAHUA CUJbI

TOKa [, CBf3aHa c aMNJHTYAO0H KOAeB6aHHH MNOJHOTIO HanpHXKeHud
B uend U, 3akoHom Oma 1A Uyend NepeMeHHOro ToKa:

— Un

m z *
HOBTOMY cpeannd MOILHOCTL TOKA MOMXHO BbIpa3HTb uepe3
AMIJINTYIHEIE 3HAYCHHUA CHADbl TOKa I» 1 nojHoro HANPSXKEHUA B

nenyd .

— IranmR
p=LnloR (4.13)
[TOCKOJbKY BBIMOJHAETCH PABEHCTBO COS cp—_---g*, CPEeIHII0 MOIL-

HOCTDb, BBIAEJAKIYIOCH B LENH [NEPEMEHHOIO TOKA, MOXKHO BBIPA3UTDH
Tak:

P— .U, cos g

e (4.14)

rae ¢ — capur (ashl Mexay KoJehaHHAMH cuJabl TOKa W Hanps-
JKEHHUS,
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Pea/ibHble KOHAEHCATOPHl MW KATYIIK# O6JaflaloT AKTHBHBIM
conporurjennem. [Morepyn 3Heprin B HUX OOYCJIOBJIEHBl OTJIUYHEM
OT HYAA 3JIeKTPUUECKOro CONPOTHRJIEHUA OOMOTKH KaTYLUKH, TOKAMH
dyko B cepleuHvke M paboroll no ero nepemarH4MBAHHIO, a
TaKKe HarpeBaHueM JHIJNEKTPHKA KOHJAEHcAaTopa B MEPEMEHHOM
3leKTpudeckoM mnoJe. OOHHHO [JA yHeTa AKTHBHEIX MNOTEPbh B
KaTyllke WJIU KOHLEHCATOPE B [ENH MNEPEMEHHOTO TOKA Kaxabii
M3 3TUX 3JEMEHTOB MNPEACTABJSAIOT COCTOAILMM M3 ABYX MOCJEROBA-
TEJbHO COENMHEHHBIX 3JIEMEHTOB — YUCTO PEAKTHBHOrO M 4HHCTO

1) o Im
aKTHBHOrO. Jliifi HeACTBYIOIIUX 3HAUEHHH CHAB TOKA [=—= 3 M Ha-

U 123
npAXeHUA UZT;,Bblpa)KEHHE AJS  BBIYUCJEHUS CpPEeLHEH MOIL-

HOCTH, BhifeJAIeACA B LENU MNepeMEHHOro TOKa, npuobpeTaer
BH]:

!%l 2
p___._Q_R =I"R, (4.15)
HJH

P=1U cos ¢. (4.16)

CpenuAaf MouHocth P, BHpenfioliafacs B [end INepeMeHHoro
TOKAa, PaBHA MNPOU3BEIEHMIO AEACTBYIOUIMX 3HAueHUd cuabl TOKa [
W HanpsKenusd U, YyMHOXKEHHOMY HA COS @, rje ¢ — CABHr (asol
MeX1Y KoJeGaHHAMH CHJbl TOKA H HaNpsXKeHust B IEeny.

1. TMouemy npABHMAaeTcs, YTO KOJAeGaHHA CHAB TOKA BO BrCex 3NeMeHTAX SACKTPH-
yecKol uenH, coelnHeHHON NOCAEN0BATENLHO, COBMANAIOT o dase?

2. Kakoe capir ¢aspl KoJAeOanHH HaANpf)KEHHS HAd KOHAEHCATOPE H KATyWKe
OTHOCHTEAbLHO (rasbl KOAeGAHHE CHJAW TOKA B UENH NEePEMEHHOro TOKAa?

3. Kax cTpPOMTCA BEKTOpPHAR AHArPaAMMa ANS JMEKTPHUECKOH uelH, COCTABJMCHHOM
NOCAEAOBATENILHO H3 AKTHBHOIO CONpPOTHRACHHS, KaTyliku H KOxiewcarTopa?

4. KakoBa CBA3b aMNAHTYAW KoJAeGanHi CMAB TOKA € aMnaWTYAOH KoNeGaHui
MOJIHOr0 HANPAXKEHHA B INCKTPBYECKOH uenu, BKAWYeHHOH nocaeloBaTeNbHO?

5. YTo BA3HBAT NOAHLIM CONPOTHBACHHEM SAEKTPHYECKOH nEnH NEPEMEHHOro ToKa?

6. Kax 3aBHCHAT CcpelHAsi MOWMHOCTb NEePEMEHHOro TOKA OT NApPAMETPOB IEKTPH-
YECKOHW uenu u capura pas xoacOanuh CHAB TOKA H HANPSAKEHHA?

§ 5. PEBOHAHC B 3JJEKTPHUECKHX LLENAX

Pe3onanc npu nocAeNOBATEALHOM BKAIOMEHHH 3J€MEHTOB LENH.
ITonnoe conpoTub/JeHHe 3JEKTpUUecKOH 1€NH TNEPEMEHHOMY TOKY
3@BUCHT HE TOJBKO OT MapaMeTpoB LENH, HO H OT YACTOTH NEpPEMeH-
HOTO TOKA. ITa 3aBUCHUMOCTb, BhHpakaemast 3sakoHom Oma (4.7)
Mpd NOCJHENOBATEJbHOM BK/IWUEHUH 3JEMEHTOB LE€NH NepPeMeHHOro
TOKa, HMeeT NOBOJLHO ClA0XHBEA BHA. OcHOBHble 0COGEHHOCTH 3aBHU-
CUMOCTH MOJHOIO COMPOTHRIEHHS [ENH H3 NOCJeLOBATEIbHO
BK/JIIOUEHHBIX KOHAEHCATOPA, KAaTYILKM H JaMnbl HaKaJUBAHUSL OT
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YacTOTH NPUAOXKEHHOrO Hanps-
LA} KEHUA MOXKHO OOHADPYXKHUTL B.
NPOCTOM OnBbITE.

CoegHHHM NOCJHENOBATENbLHO
Q=12 KOHAEHCATOP, KaTYWKy d JamMmmny
400 HAKAJUBAHKMSA, KOHIbBl COCTABJIEH-
HOW [EeNnH NOJKJIOUUM K BBIXOLY
reHepaTopa nepeMeHHoro Hanps-
KeHus 3BYKOBOH uacToTbl. [lon-
J0g - AepXuBaA aMIOJHTYLY KoJgeHaHH#
HANpAXKEHHWA Ha BBIXOLE reHepa-
TOPA HEH3MEHHOH, 6y1eM MIABHO
YBEJHUUBATB UYACTOTY KOJebHa-
200 - HU#l. OnbiT noKa3uBaer, 4To NpH
VBeJHUYEHUH HacTOThl FAPKOCTb
CBeYeHHH JIAMIIbI OCTENEHHO YBe-
JHYNBAETCH, YTO CBUAETEJbCTBY-
€T O BO3PACTAHHUU AMIJIUTYAB KO-
NebaHHd CWIbl TOKa, NOCTHraer
HEKOTOPOTO MAaKCHUMaJBHOTO 3HA-
YEHUS M 3aTeM TMJaBHO YOblBaer.
I ] o Eciu B 37€KTPUUECKYIO Lenb
7060 2000 Iy BKJIOUMTD aMNepMeTp NepeMeH-
HOro TOKa 4 HCCNenoBaTh 3aBH-
CHMOCTD aMMIHTYIBL Kojaebanuh

Puc. 10 CHJABl TOKA OT 4acTOTH npd no-
CTOAIHHOH aMmiutyne koneGaHuil HanpsKeHus, TO o6HApPYKHUBaeTcH
3dBUCHMOCTD, NMpelcTaB/eHHas Ha pucyHke 10.

flBnenne BO3pacTaHUA amMmaMTyAbl KoJdeOaHM# CHJBl TOKA IpH
HeKOTOPOM 3HA4YEHWH HacTOThl wp [0 MAKCHMAJNbHOTO 3HAYEHMHS
HA3bBIBAIOT 3JIEKTPHYECKUM PE30HAHCOM, a YacToTa g, TpH
KOTOpOH aMINTY1a KoJeBaHUM CHUAB TOKA KOCTHIAeT MaKCHMadLHOro
3HAYEHHA,— PE30HAHCHOH yacToTOH.

Takas 3aBUCHMOCTb CHJbL TOKA B I€Nd OT YAacTOThl O0ObACHAETCH
cneayiowim o6paszoM. Ha HHUBKHUX yacTOTaX €MKOCTHOE CONpOTUBJIE-
HHE KOHIEHCATOpA [MEPEeMEHHOMY TOKYy X, oueHb Beauko. C
yBeJHYEeHUEM HACTOTBL 3TO CONMPOTHBJIEHHE yOhiBaeT, a cuja TOKa
B [E€N¥ BO3pacTaer.

HMupyKTuBHOE CONPOTHMRJEHUE KATYLIKM X ; HAa HU3KHX 4acToTax
MaJo, HO YBeJNHMYHBAeTCH ¢ poctoM uyactorhl. [lpu HekoropoH
4aCTOTE wo, HA3bIBAEMOW pe30HAHCHOH, HHAYKTHBHOE COMPOTHBJEHUE
KaTYWK! X, CTAHOBUTCA PABHBIM €MKOCTHOMY CONPOTUBJIEHHIO
KoHaeHncaropa X .. |

100 -

X LZX e (5.1)

[Ipu 6Hoaee BbICOKHX 4actoTax X, ppepwinaer X .. Bospacranue
HUHAYKTHBHOrO COMPOTHUBJIEHNUA C HACTOTOH NPUBOAXT K YGLIBAHHUIO
CHUJBbl TOKA B LeNH Ha HacroTax, O6O/MbIIUX pPe3sOHAHCHOH.
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Tak kak KoJeGaHHSI HAMPAMKEHHS HA KOHAEHCATOPE M KaTyLIKe
HHAYKTHBHOCTH TPH KX [OC/JSJOBATEJbHOM BKJIOUEHHHM IIPOHCXOASAT
B OPOTHBO(A3e, & TOK yepe3 BCe JIEMEHTH HeMH TNPOTEKAeT OAHH
H TOT K€, TO MPY PABEHCTBE HHAYKTHBHOTO H €MKOCTHOIO CONMPOTHBJIE-
HHP HanpsAXeHUss HA HHUX B JIIO60H MOMEHT BPEMEHH OJHHAKOBHI
10 MOAYJiIO, HO WMEIOT MPOTHBOMOJOMHbBIE 3HAKH:

U L=“'u c (52)

TakoH BHA pe30HAHCA B 3JIEKTPHYECKOH LENH MEPEMEHHOTO TOKa
HA3bIBAIOT PE3OHAHCOM HAaMpsXKeHHH.

[Ipy pe3oHaHce HaNpsiXKeHHe Ha AKTHBHOM COMpPOTHBJEHUH
OKa3blBaeTCA PapBHbIM HAMPAXKEHHIO HA BCEX TpeX 3JE€MEHTax uHelu:

u=uptu,;+u —=us.

Orcioga MOXHO HAfTH MrHOBEHHHE M JEHCTBYIOILHE 3HAYEHHSA
CHJIBI TOKA B pend nMpH HACTYIJIEHHH pe3OHaHCa:

{

i YR
pea R

pea

t U U
L, =L b (5.3)

i

Tor xKe pe3yabTar MOXHO MOJNYUMTb M3 BbipaxeHHs (4.6),
HCMOJIb3YS YCJOBHS pe3oHaHca (5.1). ITo YycJaoBHe MO3BOJAET
OlIpeJeJIHTh PE30HAHCHYIO YaCTOTY wp O H3BECTHHIM 3HAYEHUSM
HHAYKTHBHOCTH KATYWKH L W 3JEKTPOEMKOCTH KOHAeHcaTopa C:

wol= (54)

!
W= =——
TC
Takum o6pasom, pe3OHAHC HACTYNaeT MPH COBMNAJEHHH YACTOTHE
MEPEMEHHOIO TOKAa @ ¢ 4yacTOTOH cBOOGOAHBIX KOJEeGaHUH B KOHTYpe.
HNunykruBHOe COMPOTHBJAEHHE KATYWKH X, U €MKOCTHOE COMPOTHB-

JEHHE KOHAEeHcaTopa X . MPH pe30HAHCE MOMXKHO BHIPA3UTh vyepes
BeJJUUKHN L ¥ C:

wel’

|

XLI{J)OL:WL: —é ’
1 yIT__ /L
Xo=gr="=Vz - 63)

L
Beauuuny ]/? Ha3blBAlOT BOJIHOBbIM COMPOTHBJAEHHEM KO-
Jge6areJbHOr0 KOHTYpa U 0603HaualoT OYKBOH Q:

L
=V 7 (5.6)
Onpeaeaum aMIIHTYAY KoneGaHHH HanpsKeHHsl HA KaTyllke

HHAYKTHBHOCTH U, ¥ Ha KoHaeHcatope U (, MPH HACTYIJIEHHHU
pe3oHaHca:
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ULm:U Cm=[mQ=";:_m l/% . (57)

Bripaxenne (5.7) mnokasbiBaer, uTO NpPH HACTYILICHHH pe30OHAHCa
ammaaryasl U,; ¥ U, KoneGaHMd HanpfAxeHHsl Ha KaTyllke H
KOHZEHCATOPe MOTYT [PEBOCXOAHTb AaMIVIHTYLy KoJje6auuH mpu-
jgoxenHoro Hampsxenud U,. OTHOWeEHHe -aMIUIHTYIbl HANPAXKEHHS
Ha KaTyllke (WM HA KOHAEHCATOpe) MNpu HACTYMJIEHHH pe3oHaHca
K AaMIJIMTyje [PUJIOXKEHHOTO HAMNPSXKEHHS pPABHO OTHOUIEHHIO
BOJHOBOrO CONPOTHUBJEHHA KOATYPA K €10 AKTHBHOMY COIIPOTHBJIEHHIO:

ULm____ U Cm_ IMQ
Um T Um _IMR

= 5.8
- (5.8)
3TO OTHOWIEHHEe Ha3biBalOT NOOGPOTHOCTHI0O KOHTYpPa H 0003HAYAIOT
6ykBOH Q:

Q=—- (9.9)

JIo6pOTHOCTL MOXKeT JOCTHraTth 3Hauendd mnopsigka 100 w
naxe 6GoJiee BhiCOKOTO.

3Had NOGPOTHOCTL KOHTYpa, MOXKHO ONpele]WTh AMIIHTYAY
BHIHYXKJEHHMX KOJieGaHHH HanpaKeHHs Ha KAaTYLIKE HJAH KOHIeH-
caTope MpPH HACTYMJEHHH pe30HaHCA, €C/IM HM3BEeCTHA AMILIMTYAa
HanpsiXKeHusl, MOABEJEHHOTO K KOHTYPY.

Ecan, wanpumep, B KoOJeGaTeqbHBIH KOHTYD ¢ AOGPOTHOCTBIO
Q=100 BKJ1OUEH HCTOYHHUK MEPEMEHHOTO HAMPAKEHUS C AMILIHTYIOH,
pasHod | B, To nmpH HacTyl/IeHHH DE30OHAHCA AMIVIMTYJa BhiHYX-
AeHHBIX KoJjebaHWil HampsikKeHHWH HA KaTylWKe H KOHAEHCATOpE
nocturaer 100 B!

fiBneHHe yBesMuyeHUs AMIUJIMTYABl KoJieGaHHMd HalpsikKeHHsl TpH
HACTpPOHKE KOHTYpa B pPe30HAHC ¢ HCTOYHHKOM KOJeGaHHH IIHPOKO
UCIIOJb3YIOT B  PpaJdHOTEXHHKE: B CXeMaxXx palHOMNPHEMHHKOB,
YCHJHTENeH, reHepaTOpOB BhICOKOUACTOTHRIX KOJebaHMil.

C yBesuueHUeM JOOGPOTHOCTH KOHTYpa YyMeHbIIAeTcsl IIUPHHA
Pe30HAHCHOTO NHKa. BHI pe3OHAHCHBIX KPUBHX, MOJYYEHHBIX MpH
pa3JHUHBIX 3HAYEHWAX JOOGDOTHOCTH KOHTYpa, NpPeACTABJIEH Ha
pucynke 10.

. Peaouanc npH napaaneabHoOM
LSLR*icttL COEAHHEHHH 3NIEMEHTOR UENH nepe-

MeHHOro Toka. [lpH napananennb-
HOM COeJHHEHHH pe3HCTOpa, KOH-
. neHcaropa M Karywkd (puc. 11)
*‘L HAlpsXKEeHHe Ha BCEX ITHX 3Je-
MEHTaX 3JIeKTPHYECKOH Lend H3-
MEHHEeTCH M0 OJHOMY H TOMY Xe
3aKOHY:!

U=Up, cos wit ig* I

Puc. 11 u==~U,, cos wl.
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C yueTOM BO3HHUKHOBEHHS CABHTa
¢a3bl MEXJY TOKOM H Hampsxe-
HHEM HA PEAKTHUBHHIX 3JIeMEHTaxX
3JEKTPHUECKON UeMH CHJa TOKa
B BETBAX oOmpeaensieTcsl (Popmy-
JaMHu:

i R=-%’"— cos of,

i p=UnoC cos (mt—l—%— ) ,

, U
{ L ==y €08 (mt——%) ]

Puc. 12

[lonHnii TOK B pend B N1060H MOMEHT BPEMEHH paBeH CyMMe
TOKOB B TapaJje/bHhX BETBAX:

i==i o i o+, (5.10)

" 119l HaXOXKJAEHHSA MOJHOrO TOKa MOCTPOHM BEKTOPHYIO AHArpaMMy
(puc. 12). M3 nee BHAHO, YTO CYMMApPHBIH TOK MOXXHO HaHTH MO

dopmyJe:
{=1, cos {wt+q), (5.11)
rae [m» — amnauryaa kKoJsebGanul TokKa B OOUWEH nenu, ¢ —

CABHL $a3bl MEXAY TOKOM H HampskKeHHeM.
AMIIHTYa TOKa Bblpaxaercs Tak:

In=V Pe,+(c,—11)=U, ]/?lﬁ— (mC-—;]-E)z- (5.12)

JleHcTBYOLIHEe 3HAUEHUS CUJILI TOKA / W Hanpsukenusi U cBSi3aHbl
aHAJOTHYHbLIM BblpaXKeHUEM:

1 %2

[=U V%vz—l-(m(?—— ) (5.13)

N3 BekTOpHOW AuMarpaMMbl MOMXHO HaHTH CIBHT 10 (dase MeXAY
KOJeGaHNAMY CUJABl TOKA U HAMPHXKEHHS:

{p, : . 1 _ L _
K /R_’}(Lﬂc_ﬁ)z ]/1+RQ(mC——mLL (5.14)

IlonHoe conpoTHB/IEHHE 3JEKTPHUYECKOH [end TNepeMEeHHOMY
TOKY OMpeaejsieTcsl cjaeiyonluM BhipaiKeHHEM:

COS =

I lm U _ — . (5.15)
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Ilpn paBeHcTBe HHAYKTHB-
HOr0 M eMKOCTHOrO COMpPOTHB-
JICHHH TOKHM uepe3 KaTYLIKy H
KOHZeHCaTop B J1060H MOMEHT
BPEMEHH paBHbI ApYyr APYTY MO
MOJYAX0 H MPOTHBOMOJOXHEI
110 HANMpaBJIeHUIO (UJIH No (pa3se

| : KoneGaHudA), T. e.
]
1
| — f—]
0 \)o \) (I.)I}C (ﬂuL ’
Puc. 13 1 (5.16)
wy=—

e’
HUx cymma B 3TOM Cayyae paBHa HYJIIO, @ CHJIA TOKa B obilel 1enu
paBHa CHJ€ TOKa 4epe3 aKTHBHOE COIpPOTHBJEHHE:

Un

lr:f- R+£ L+i C:i R Im= lRm =""§""' .

ITOT Ke pe3yJabTAT MOXKHO MOJYYATh (DOPMAJbHO [OACTAHOBKOH
Bhipaxenusl (5.16) B Bnipaxkenue (5.12).

[Ipn BbinonHeHMd yeaoBust  (H.16) mnosHOE  CcOMpOTHBJICHHE
JIEKTPHYECKOH HeNnd MNPHHHMAeT MaKCuMaJjbHoe 3HayeHne Z=R,
MakcnMaJbHOMY 3HAYEHHUIO TOJHOTO COMPOTHBJEHHA TAKOH 3JEKTpH-
YeCKOH Hemd COOTBETCTBYET MUHHMAJbHOE 3HAYEHHE CHJBl TOKa.
CnepoBaresbHO, MpH BBIMOJHEeHHH YcjaoBHs (5.16), nasbiBaemoro
YyCJAOBHEM pe30HAHCA TOKOB B KoJe0aTeJbHOM KOHTYpe, CHJa TOKa
B o0uled nend MUHUMAJbHA.

3aBHCHMOCTb AMIUIMTYAL KOJeGaHHH CHALI TOKAa OT 4YACTOTHI
IPHJIOKEHHOr0 HAaNPsKEeHUs] NPH [OCTOSIHHOM €ro amijiuTyjae B
obuleM yuacTKe 1eNU [pd MMapaJie]bHOM COeJIMHEHHU KAaTYUIKH,
KOHJEHCATOpPa M 3JeMeHTa C AaKTHBHBLIM COMPOTHBJEHHEM Mpea-
CTaBJIEHa Ha PHCYHKe 13.

I. B ueM 3aKka04aeTcsl ABACHHE IIEKTPHYECKOTD Pe3OHAHCAP

2. Yem 0OBLACHAECTCA ABACHHE 3JEKTPHYECKOTO PE3OHAHcA?

3. TpH KAKOM YCHOBHH HAGAI0AAETCA 3JEKTPHYECKHHA pe3aoHaHc?

4. YTo HA3BLIEAKOT BOAHOBBIM COMPOTHEACHHEM 3JEKTPHUECKOID KOHTYpa?

5. Yto HaauBawT AOGPOTHOCTRIO KOHTYpA?

6. Kakne cROACTBA 3JEeKTPHYECKOrO KOHTYPA ONPEREAAOT ero A0GPOTHOCTH?

7. KaKkHe NpAKTHYECKME NPHMEHEHHS HAXOAHT SBACHHE 3JEKTPHYECKONO PE3OHAKCA?



§ 6. TPEX$A3HBIA TOK

ChoxkeHne 3INeKTPHUYECKHX FrapMOHHUYeCKMX KoaeGanuwd. Paccmort-
PUM OJMH 3aMeYaTeJbHbid MPUMEp CJO0XKEHHS MEPeMEHHBIX TOKORB.
IlycTe B 3JEKTPHYECKOW NENMH, MPHHUUNHANLHAA CXeMa KOTOpPOH
peAcTaBjJeHa Ha pPHCYHKe 14, AeHACTBYIOT TPH 3JEKTPHUYECKHX
reHepaTopa TrapMOHHYECKHX KoJseGaHuH, BH3bBIBAOWIHE B HEMH
BHIHYXKJEHHHE KoJeGaHHA 3ekTpHueckoro Toka. [lycth Takxke
Kone6anus CHJbl TOKa B peancropax RI, R2, R3 nponcxoasar ¢
OJMHAKOBOH UACTOTOH M aMILIMTYJAOH, HO €O CABHrOM MO (¢ase
HA —g—n H —g—n: |

i1=1p, cQs (ut,

fo=I{n COS ( wt —|— ) '
is=1m cos (mt +Tﬂ)‘

Ha yuactke nemu Mexay toykamu O u O’ cuna toka B J10GOH
MOMEHT BpeMeHH paBHa ajareb6paHyecKOd CymMMe CHJI TOKOB, MpO-
TeKaWHx uepes pesuctopsl RI, R2, R3:

i=i+ies+iz=In cos wi+1, cos(u)t—|— )-|—
+ {ncos (mt—l——é—n)=!m[cos wl-+cos of - (——2—)—

—sin ot 224 cos ot - ( —-ugl—)—sin ot ( _T"”‘T)]=o.

Takvum 06pa3oM, NpH CJO0XKEHHH TPex TOKOB, H3MEHSIOUHXCH MO

rapMOHHYECKOMY 3aKOHY C OJHHAKOBOH 4YacTOTOM H aMIVIHTYAOH
2

H OT/MHAOLIMXCA 110 (pa3e HA —n H %:l‘[ APYr OTHOCHTEJbHO ApYra,

agrebpanyeckast cyMMa TOKOB B JKGOH MOMEHT paBHa HYJIO.

._@ ’ (ol lytty=0

Puc. 14
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Stor 3d@dekr HAXOAMT NpPHMEHEHHe B JHHHMAX 3JeKTponepeaay
MepeMedHOro TOKa.

Ecan Ha ajeKTpPOCTaHUMH MMEWTCHA TPH OAHHAKOBLIX FE€HEParopa
MepeMeHHOro TOKa M IMepeiaya 3/JeKTPO3HEPrHH OT HHUX Bejercs
Mo TpPeM napaM 3JeKTPUYECKUX MPOBONOB, TO [PH OJHHAKOBBIX
yacroTax H AaMIAWTYIAX BbipabaTniBaeMOr0 HMH [E€PeMEHHOro

HanpsiKeHus, capure ¢as kKogebaHHil HaNpsXKEHHN Ha %n H —g—-ﬂ
M OJHHAKOBHX Harpy3kKax BO BCEX TpeX LeNnsAX B JHHHUAX NPOTEKAIOT
nepeMeHHble TOKH OJWHAKOBOH YACTOTHl M AMIVIHTYIEI, CABHHYTHIE
no ¢aze Ha ~§—:n H —g-:rc. [1pn coBMmeuleHWH Tpex MPOBOAOB K3 Tpex
JHHHH B OJHH MpoBoj aJjrefpauyeckasi cymMma TOKOB B HEM [pH
CUMMETPHYHOR Harpyske B JOG0OH MOMEHT BpPEMEHH OKa3hlBaeTCH
pABHOR HYJI0; HpPH 3TOM YMEHbLIAETCH PAacXoJ] MeTamia, Tak Kak
TPH H3 LIECTH NPOBOAOB MOXKHO HCKJIOUHTD.

Tpexda3ny CcHCTEMY I[epeMEHHBX TOKOB Bhepshie B 1888 r.
MPENJIONKHI HCMNOJAb30BATE B TNPAKTHKE BHAAOHIMACA pyCCKHH
ssaekTporexurk Muxaun Ocunopnu Jonnso-[Jo6poBosabekui. On ke
MepBEIM  CKOHCTPYHPOBASs W [OCTpOHJ Tpexdasnbiii  renepatop,
Tpex¢ra3zHblii ACHHXPOHHBIH EKTPOABHraTe b H TPEX(asHylo JHHHIO
3JIEKTpOMnepeLadH.

Tpexdaanuiit reneparop. Illoanepanne nOCTOSAHHOTO CIBHra
no (¢asze MeXAy KOaeOaHHAMH HalpsOKeHHS Ha BHIXOAe TpexX
He32BHCHMbIX FEHEDATOPOB ABJNAETCH AOBOJbHO CAOKHOH TeXHHUYECKOH
zanaveii. Ha mnpakTuke ans nojJyueHHst TPEX TOKOB, CIBHHYTBIX
no Qase, HCNOJAbL3YIOTCH TpexdasHuie reneparopel. HMHaykropom B
reHeparope TpeX(pa3HOre TOKA CAYXHT 3JIEeKTPOMarHduT, oOmoTKa
KOTOPOTO MHTAETCH MOCTOAHHBIM TOKOM. MHAYKTOD fiBAsieTcst poTOpOM,
a fIKOpb reHeparopa — cratopom. B masax craropa pacnoJsioxKeHbl
TPH HE3aBHCHMble NIEKTPHUECKHe oOMOTKH, CIBHHYThie B MpOCTpaH-

L 4 l
CTBE OAHA OTHOCHTEJBHO JAPYroH Ha —- OKPYXHOCTH CTaropa,
T. €. Ha YIJIbl %:n: (120°).

Onup u3 BbIBOAOB () a3HOM OOGMOTKM TeHEepaTropa HasblBalT ee
HayaJjom, Apyroil — konuoM. Hauana oO6MOTOK TpexdazHoro rele-
paTopa o6bMHO oO6Go3HauawT JaaTHHCKMMH Oykeamu A, B, C,
a KoHubl — coorBerctBenno X, ¥ u Z (puc. 15).

[lpu BpauwleHHH pOTOpPa C YIJOBOH CKOPOCTBIO ® B Ka)Kao#
3 Tpex o6mMoToK BO3HHKaeT 33T HAAYKUMH, H3IMEHAIOLIANCS
0 rapMOHMYECKOMY 3aKOHY ¢ dYacTtorol o . Beaenctsue caBu-
ra OOMOTOK B MmpocTpaHcTBe (asbl KojeGaHHH B HHUX CABHHYTH
Ha %n H —g—n. Takum o06pa3oM, OAHH TeHeparop Tpexdas3Horo
TOKA 3aMeHsieT TpPH reHeparopa OAHO(A3HOrQ TOKa, KoJebHanud
HanpsAXeHHUA Ha BbIXOJE KOTOPBIX CABHHYTHI JAPYT OTHOCHTEJEBHO

n
apyra mo ¢ase Ha —-.
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Puc. 15 Puc. 16

Coenunenne a3 reHeparopa 3pe3aod. CyilecTsyer 1Ba
OCHOBHBIX crocoBa coennHeHus (pasHbiXx O6GMOTOK reHeparopa Mexniy
co6oii: 3peagoH W TpeyrosbHMKOM. [IpH coepnHeHHM 3Be310H Bce
KOHIB Gasubix 06MOTOK X, Y, Z coeanHsIoT B 061K y3ea O, KOTOPBIH
Ha3blBAIOT HEUTpAJbHOH WJM HyNeBOH TOYKOH resepatopa, a Hauyana
CJYXKAT 3aXXKUMaMH AN5 NOAKIKYEHHS] HArpysKd (pHC. 16)

Hanpsxenne Mexay HaualoM M KOHLOM KaJ0OH (asHo#
O6MOTKH reHepaTopa Ha3blBAOT (pasHbiM  HampsikeHunem U,
a4 HanpAXKEHHe MeXJy HayajJamH JoOblXx IBYX (pa3sHbIX OOMOTOK —
JUHeHHbIM HampsxenueM U ;.

Haligem cBfi3b meXay JAHHEHHBIM U, H (a3zHBIMU U o, Uag
HanpsixxeHUsiIMH. M3 pucynka 16 BuaHO, utO

2n
W, =U jg=U gog— U 10~=Um COS (wt —7)— Umcos ot =

={/2 sin(mt—»%) sin -g—':]/?)_Um Sin((ot—ﬂ%). (6.1)

Orciopa BWAHO, YTO TIPH COEAWHEHHH 3Be3J0H JHHEHHOe
HanpsAMKeHue H3MeHsleTCHd [0 CapMOHHUYECKOMY 3aKOHy ¢ TOH Xe
YACcTOTOH, 4YTO M (ha3zHoe HaNpsiKeHHe, aAMIUINTYIa KoJeGaHHH
JHHEHHOro HampsXeHHs OoJblue aMIIUTYAbl KoaebOaHHH (asHOTro
HanpaXeHus B y3 pasa. CleaoBaresibHO, B 5TOM CJydae JIHHeHHoe
JeHcTByOUlee HalpsAXKeHUe MpeBbillaer JedcTByilee ¢a3Hoe Ha-
MpAXEeHUe TakxXe B y3 pasa:

U,= y3 U, (6.2)

CoeanseHHe Harpyakd 3pe3poil. I1pH coenMHeHHH Tpex KOHIOB
Harpy3ku B OJHH y3ea (0 mnojJyyaeM coefHHeHHe 3pe3faod. TpH
APYTUX BbIBOAA HATPY3KH COEJHHSIIOT ¢ HauaJamH (paszHblXx 0GMOTOK
reseparopa npoBoAaMH, KOTOphlE Ha3bBalOT JuHeHHbIMH. [Iposoj,

27



.

<

-~
™

l

bl
-

Puc. 17

coeauHsou Ml Toukw O W (', HA3BIBAOT HEHTPAJbHBIM HJIH
HYJeBbIM TpoBOAOM. M3 cxemH, H306paxKeHHOH Ha pHCyHKe 17,
BHIHO, uTO (pasaHble TOKH [, paBHbBI COOTBETCTBYIOLIMM TOKaM,
TeKYUIUM B JHHEHHLIX MpOBOJAX:

[(p:.l ne

[Ipy cummeTpHunOH Harpyske (Ry=R:=R3) cnia TOKa BO Bcex
¢ a3HbelX O6MOTKax oauHakoBa. [lo3ToMy cusia TOKZ B HYJEBOM
IpoBOAE paBHa HYmMO. B 3TOM MOXHO y6eiuTbesi, ecsiHm cobparThb
IEKTPHUECKYIO Henb N0 cxeMme, U300paKeHHOH Ha pHcyHKe 17, M
H3MEPHTb CHJY TOKa B JHHEHHBIX [IPOBOJAX H B HEHTPAJNBHOM
MpOBOJE.

Ho npu HecMMMeTpHYHOH Harpyake ¢as, 4TO HMeeT MeCTo B
OCBETHTEJBHBIX CeTAX, CHJa TOKa B HYJeBOM MPOBOAE HE paBHa
HYJ0, TIO3TOMY HYJEBOH MPOBOA, HEOGXOAHM.

s nuranda tpexdasHelX ABUrartesned, ABASIOUIMXCH CHMMeT-
pHYHOHA HArpy3koH, 4HacTO MPOKJAAALIBAOT TPEXNMPOBOAHYIO JHHHIO.
Ha cropone morpebGuresied NpHMEHAIOT JUHEHHEI@-H ¢ra3Hble Hanps-
wenus 380/220 B wiw 220/127 B.

Coenunenne ¢Qa3nbix OOMOTOK reHeparopa TPeYroOALHHKOM.
O6MOTKH Tpex(a3zHoro reHeparopa MOXHO COEIHHHTb TpPeEyroJb-
HHKOM. 119 3Toro KoHeu X nepBOH OO6MOTKH reHepatopa COEIHHAIOT
¢ HayajoM B propoit ¢aznoit o6MOTKH, KOHen Y BTOpPOH O6GMOTKH
COeIMHAT ¢ Hauatom C Tperbed OGMOTKH, & KoHen Z TpeTbed
OOMOTKH COGIMHAIT ¢ Hauajom A mneppoil o6MOTKH. [Ipu Takom
coelHHEeHHH cymma ¢da3Heix I C paBHA HyMO:

e=e; + e+ es=0.

CJaenoBaTeqbHO, TPH OTCYTCTBHH BHELIHeH Harpy3Kd cCHJa TOKa
B 06OMOTKax reseparopa pasHa HyJIO.
[Ipy noakAOUEHHH reHepaTopa, OOMOTKM KOTOPOro COELHHEeHb
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10 CXeMe TpeyroJbHHKa, K TPeXNpoBoAHOH JuHHM dasHoe
yanpsiKeHne OKa3hlBaeTCH DPABHLIM JHHEHHOMY:

U¢,=U ne

CnenoBareqbHO, A5l MOJYUEHHA! HYXKHOMO JHHEHHOTO HaMpsKEHUs
kaxkaas azHasg o6MOTKa reHeparopa AOJMKHA ObiTh paccyMTaHa Ha
HanmpsixKeHwe B 3 pasa Gosbllee, UemM B CJIydYae COeNHHEHUS
06MOTOK redeparopa 3Be3joil. IDTO MNPUBOAUT K YIOPOMKAHHIO
reHepaTopa. B c¢BA3W ¢ 3THM OGMOTKH reHeparopa oOOBYHO
COENMHSIOT 3Be310H.

CoeaHHEHHE HArpY3KH TpeyroabHHKoM. HeszasucuMo or TOrO,
Kak coelMHewbl OOMOTKH reHepaTropa, Harpy3ka MoOxeT OGHTb
COEJHHEHA KaK 3Be310#, TaK H TPeyroJbHHKOM.

Ha pucynke 18 mokaszaHo coeAHHEHHE HArpy3KH TPEYroJbHHKOM.
B 3TOM cayuae HanpAxKeHHe Ha KaXI0H Harpy3Ke paBHO JHHEHHOMY
HanpAXKeHHIO TpexdasHoil cHcreMbl. Hcemoanayd MeTon BeKTOPHBIX
AHArpaMM, MOJKHO T[OKa3aTh, 4YTO [PH CHMMETDHYHOH Harpyske,
BKJKUEHHOH 10 cXeMe TPEYroJibHUKa, MeXay (asHHMH H JHHEeHHbBIMH
3HAYEHUSIMM CHJI TOKOB BBIMOJIHAETCH COOTHOILIEHUE!

o= V31,

[IpH HecHMMeTPHYHOH HArpyskKe 3TO COOTHOLUEHHE HE BHLITOJHSETCH.

ACHHXPOHHHH Tpexdaznblll asWrateab. BakHel MM JOCTOMH-
CTBOM Tpexda3zHOH cHCTemBl fJi1 COBPEMEHHOH IMPOMBILIJIEHHOCTH
SIBJIAETCA BO3MOXKHOCTh CO3JaHHA H LIMPOKOrO MCMOJL3OBAHHA B
MPAKTHKE OYEHL MPOCTHIX H HAJEKHEIX 3JEKTPOABHUrartesaeH, npHHUHN
AeHCTBHSI KOTOPbIX OCHOBAH Ha HCMNOJb30BaHHH TpexdazHOro ToKa.

PaccMOTpHM YCTPOHCTBO M MNPHHUHO JeHCTBHA TpexgasHoro
3jieKTpoABHrarensl. Ero crarop uMmMeer Takoe € YCTPOHCTBO, Kak
craTtop TpexcdasHoro reHeparopa. TpH OOMOTKH 3JEKTpOABHrares
COeJIHHAOT 3BE€3N0H HJH TPEYroJbHHKOM H MOAKIOYAT K Tpex-
(basHoH ceTH.

[lpy mpoxoXAeHHH TOKa Ka)kaas o6MOoTKa COo3AaeT nepeMeHHOe
MarHuTHoe noge. Tak Kak B J0G60H MOMEHT BpeMeHH MOALYJb
marHMTHOH MHAYKuMH B mponopuuonaien cuie TOKa B KaTylIKe i,
TO HM3MEHEHHS HHAYKUHMU MATHHTHOrO MoJd J1060H KaTywkd 6yayr

8

La
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MPOUCXOAHTL IO TOMY XK€ 38KOHY, N0 KOTODOMY NPOHCXOAST
H3AMEHEeHHA CHJhl TOKa B HeHA. YuMThBAA caBur ¢as Mexay
TOKAMH B KaTylIKaX, MOXHO 3a[HCaTh:

Bi=B ,,sin wl, - (6.3)
By==Bn sin(wt—%—n) , (6.4)
By=B, sin (mt—-%—n) , (6.5)

Ecau 6bl BeKTOpPbl MArHMTHOH HMHAVKHHHM BCE€X TpPeX MATHHUTHBIX
moJjel ObLiM HanpabJjeHbBl 10 OAHOH NPSIMOH, TO CyMMa BEKTOpPOB
MArHHUTHOH HHAYKUWM O6bwia 6B paBHa HYJI0O B JIOG0H MOMEHT
BpeMeHH.,

Onnako B Tpexda3HOM 3JeKTpojBHrarese OOGMOTKH CABHHYTHI
APYr OTHOCHUTEJNbHO JApyra 10 OKPYXHOCTH cTatopa Ha 120°
(puc. 19). Takue xe yrab o6pa3ylOT Mexiy coO0H BeKTOpbI

mMarHuTHOH uHAyKuuu By, Bo 1 B3 B mexmosiocHOM TIpocTpaHcTBe.
WX caeayer cKNaiblBaTb reoMeTpHYeCKH:

B=B,+By+ 8. (6.6)

BHIONHHB TaKoe CJ0XKEeHHe, MOXHO YGEIHTbCH, UTO MOAYJb
BEKTOPA MArHMTHOH MHIAYKUHH Pe3yJbTHPYIOLLEr0 MATHHTHOrQ MOJfA
TpeX Karyllek siBjasieTcsl MocTOsHHbM: B=1,5 B.. Cam ke Bekrop
MATHUTHOH HHAYKUMH B Bpamlaerca B IJIOCKOCTH oOceH KaTyllek
C YIJIOBOH CKOPOCTBIO ).

DTOT BHBOJ MOXHO TMpPOBEpPUThH 3KcnepuMenTasbHo. Ecnu Bo
Bpaulalnieecd MAarHUTHOE TMOJIe [IOMECTHTh MAarHHTHYIO CTpeJKy
WIH paMKy, MUTAaeMyl0 NOCTOAHHBIM TOKOM, TO OHH GyAyT BpallaTbcq
C TOH Xe YIIOBOH CKOPOCTBIO, ¢ KakOH BpallaeTcsi MarHHTHoe
MoJie, T. €. CHHXPOHHO C HHM. JTO SIBJIEHHE HCIOJb3YIOT B CHHXPOHHBIX
ABHMraTessix, KOTOpble IIMPOKO
NPHUMEHSIOT B NMPOMBILIJIEHHOCTH.

PaccMorpum npuHuMn ged-
CTBHA @CHHXPOHHOrO JBMTaTEJA.
Ecau BO Bpamaonieecd MarHHr-
HO€ [10J1€ I[IOMECTUThL 3AMKHYTYIO
METaNJHUYECKYI0 pPaMKy Ha OCH,
COBMajawlled C OCbl0 BpalleHHA
MoJs, TO BCJIELCTBHE BpALUEHHA
MAarHHTHOTO MOJS MArHUTHBIH MO-
TOK, MPOHH3bIBAOWIMKA METaJH-
HECKYIO paMmKy, U3MeHseTcs. ITo
MPHBOLUT K BO3HHKHOBEHHIO B
pavxe IC UHAYKUHH:

Puc. 19 At
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M BO3HHKHOBEHHIO HHAYKUHOHHOro TokKa /{. [lpu B3aumopedicTBHH
BpAaILLAOLIErocs MACHHTHOTO TOJA ¢ TOKOM, MPOTEKalOUIKM B pamke,
BO3HMKAIOT CHJbl AMmmepa:

F=B8Ilsin q,

AEUCTBYIOLHE HA KaXIYI0 CTOPOHY paMKH. 3TH CHJIH NOBOpayH-
BAYOT PAMKy B HaMpPaBJEHHH BPaLLEHUHA IOJS.

[To mepe TOro Kak CKOPOCTH BpPauHIeHHs PaMKH MpHOaHXKaeTcs
K CKOPOCTH BpALleHHs MAardMTHOTO TMOJs, CKOPOCTb H3MEHEHHUSH
NPOHU3LIBAIOILEr0 €e MACHHTHOrO IMOTOKa YMEHbINAETCH, MO3TOMY
ymenbialores DJIC HHAYKUHMH H CHJa TOKa B pamke. DTO MPHBOIMUT
K YMEeHbIIEHHIO MOMEHTa CHJ, JEHCTBYIOHIMX HA PAMKY.

[1pn paseHcTse ckopocTedl BpauleHUS MArHMTHOTO NOJIS H DaMKH
3IC MHAYKIHH H CHJA TOKA B paMKe pasHH HyJwo. CleaoBaTesbHO,
H MOMEHT CHJI, BLI3LIBAOHIHX BpalleHHe pPaMKH, CTaHOBHUTCH
pasubiM Hymo. [los3roMy pamka B 3JeKTpoABMraTese TAKOrC THIIA
BpauUlaeTcs Bceraa mejJieHHee MArHUTHOTO MOJS, T. €. HECHHXPOHHO
C HHUM. IJIeKTPOABUraTesb, B KOTOPOM BpaUlam®IlLeecA MArHHTHOE

naJae BS&HMOﬂEﬁCTBYET C TOKOM B 0OOMOTKax poTOpa, HHAYUHPOBAH-

HhIM 9THM K€ MarHWUTHbIM [10JIEM, HAa3blBAOT ACHHXPOHHBIM
ABHraresem.

Bpawawowmii MoMeHT Ha Baay Tpexda3zHoro acHHXpPOHHOIO
3JEKTPOJBHraTesi BO3PacTaeT ¢ yMEHbIIEHHEM CKOPOCTH BpauleHHA
pOTOpa H JNOCTHraeT MAaKCHMAJbHOCO 3HAUEHHMA NpPH €ro OCTaHOBKE.

Han6Gonee [IHPOKO TNPHMEHAIOT AacHHXPOHHBE TpexdasHbe
IBUCATEJNH ¢ KOPOTKO3AaMKHYTBIM pOTOpOoM. B Takux wMallHHax
o6MOTKZ poTOpa mpeacraeaser co6OH CHCTEMY MeIHHX CTepXHeR,
3a/I0XKE€HHbIX B Ma3bl poTOpa H COEIMHEHHBIX ¢ TOPLOB MEIHBIMH
KoabuaMH. OGMOTKY TaKOro THIa Ha3blBAIOT «GeIHYbHM KOJIECOM>,
«benuube Kosecoy MoxeT GHiTh U aJIOMHHHEBLIM (IIPU €ro MaroToB-
JEHVH a/JIOMMHHH B DAacilJaBJEHHOM COCTOSHHH 3aJHBAlOT B Ma3bl
poropa MoJ AaBJeHHeM).

[fpocToTa 3CHHXPOHHBIX ABHraTeJeHd B H3rOTOBJEHHH H HANeX-
HOCTb HX B 3KCIVIyaTauHd MpHBEJH K TOMY, yYTo O60Jblllass 4acTh
BCEX JABHrartened, MpHMEHsieMBIX B HApPOJHOM XO3dHCTBE CTpaHH,
MPUXOAHTCH HA J0AI0 ACHHXPOHHBIX JBHraresed.

Tak Kak npu H3IMEHEHHHM TMOPsiiKa BKJAWOUCHHS HayaJla M KOHLa
MOO0A M3 OOMOTOK craTtopa HampaB/eHHe BpPALEHHA MATHHTHOrO
Mossl H3MeHseTcd Ha MNpPOTHBOMOJIOKHOE, TO /51 peBepCHpPOBaHUS
(T. €. nJs H3MEHEHWs HAMpaB/JEeHHS BpalUleHUs poropa) TpexdasHoro
ABHCATENS [NOCTATOYHO H3IMEHUTb MOPAAOK BKAOYEHHA Hayala H
KOHU@ OjHOH W3 OOMOTOK cTaTtopa K cerH rtpexdasHoro Toka.

1. KakoBni NpeHMyHIECTBA JAHHHI 3aeKTpOnepeaay Tpexga3Horo Toka?
2. Onvuwvre ycrpoilcTrO reneparopa TpexdrasnHoro roka.
3. Kax ocymecTBaserca coepHHeHHe (a3 reHepaTopa M Harpyakd 3apeapoi?

4. Kak ocywecTBaserca coeavHenHe ¢a3 TeHepaTopa W HArpy3KH TpeyroJb-
HHKOM?
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5. KakoBpt COOTHOWEHHA MeXAy (DA3HBIMH H JAHHEHAHBIMH AHAYEHHAMH HANPsKEHHA
M TOKOB OpPH PAa3aHYHbIX CXEMAX BKAIOYEHHA (a3?

8. Kak ¢ nomMomwblo TPeXdA3HOr0 TOKA CO3AAETCH BPAWAWWEECH MATHHTHOE
noae?

7. OnHuuTe YCTPOHCTBO ACHHXPOHHOro TpexdhasHoro ABHrateds.

B. KakOBnt OCHOBHbIC¢ AOCTOHHCTBA ACHHXPOHHOTO ABHraress?

§ 7. HPAKTHKYM NO PELMIEHHIO 3A0AY
[IpaMepbl pemieHHn 3anau

Hpumep 1. HHcno BHTKOB BTOPHYHOR o0O6MorkM TpaHchopmaropa BABOE
foablle YHCAA BHTKOB MEPBHYHOH OOMOTKH. AKTHEHOE CONPOTHBJEHHE [EPBHYHOH
ofmotku pasio 20 OM, a ee¢ HHAYKTHBHOe coupoTHBaeHHe — 200 Om. Ha
NEPBHYHYW OOGMOTKY NOA2AH nepeMeHHOe Hanpsikende 100 B. Onpepeanre Hanps-
MEHHE HA BTOPHYHOH 0OMOTKE B pexHMe xo40CToro xopa. Kaxk uamenHrcs
HANPAKEHHE HA BTOPHYHOR OOMOTKE, ecaH cepaedHHk TPAHCHOPMATOPA 3AMEHHTH
APYrHM TOro e pasMepa, HO CAGNAHHBIM H3 MATEPHANZ ¢ MATHHTHOA APOHHUAEMOCThIO
B 10 pa3s meHbmeH? PacceiHHEM MATrHHTHOrO NOTOKA H NOTEPSIMH B CepAEUYHHKE
npenebpernre,

Pewenne. Ecad 6u He 6bl0 NMOTEpb Ha AKTHBHOM COIPOTHBJIE-
HHUH TepBHYHOH OOMOTKH, HampsXkKeHHe HA BTOPHYHOH OO6MOTKe
6bl10 6bl paBHO:

=2U1

BcaeacreHe ke mnoTeph Ha HarpepaHHe MmepBHYHOH OOGMOTKH
HampsKeHHe Ha BTOPHYHONM OOMOTKe ofpelenserca (HOpMYyJiod:

U2:2UIL)
rae
U IL:IICDLl.

Hanpsiokenune »xe Ha nepsuuHo# obmorke U; onpepeasiercs
$hopMyJIOH:

U= VO +UT,.
CaenoBaTesbHO,
Uy Xy
U oy rR 0t 1+
(X|L)
Ug= 2U; 21008~ 1%9 B.

]/ ]+(X1L) l/' 2?0%9

[Ipn 3ameHe cepaeuHHKa UHAYKTHBHOE COTPOTHBJIEHHE YMEHb-
mwaerca B 10 paa:
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B 3TOM caydyae HanpsikeHHe Ha BTOPHYHOH OOGMOTKE CTaHer
paBHbIM:

Ug= Uy 2108 _~140 B.
Ve By

Takum o6pasom, HeOGXOAMMBIM YCJOBMEM [IJi% HOPMAaJbHOH
paboThi TpaHcgopmaropa SIBJSIETCA  BBUIOJHEHHE COOTHOLLCHHSA
X >R

Mpumep 2. Onpeneaute aedcTByoulee 3HAYEHHE CHJAN TOKA B  UENH,
cocTORIEd M3 TOC/AEJOBATENbHO COEJHHEHHbIX KOHEHCATOpP2 3JeKTPOeMKOCThiD
C=2 mx®P, karywku uuaykripuoctble L=0,51 [H H 3NeKTpHYECKHMM CONPOTHE-
aeHnem R==100 Om, €caH K HeHd NOABOAHTCA nNepeMEHHoe Hanpsxenue [/=—220 B
(neitcTBylomiee 3HayeHwe) < yacTotol v==50 [u. Onpeneaure AeHcTBYIOIHE
3HAYEHHA HANPAKEHHA HA OTHeNbHBIX 3jeMeHTax uenn. Paccunraire, npH Kaxkoi
3AEKTPOEMKOCTH KOHJACHCATOpA HACTYynHA Obl peaoHaHc Hanpsikenwit. Onpepeante
CHAY TOKA B UEMnH, BOJIHOBOE CONPOTHBJEHHE H AOGPOTHOCTL NPH HACTYNJACHHH
peaoHaHca. ‘

Pewenne CHay TOKa onpenesuM, MpHMeHHB 3akoH Oma and
HelnH nepemMeHHOro TOKa:

J— {/ -
Y RPHX  —X o)
Tak rak
X, =2nvL—=21-50c"'.0,51THA 160 Ou,
X o= 2:-1\1.:(? — 2n.50c | %2,10_5 cD”N”lﬁUO Om,
TO

[— 2208 ~0,152 A.
Y (100 OM)*4-(1600 Om —160 Om)?

Ilpumensis 3akon Oma A1A OT/JEJbHBIX JEMEHTOB LENH, MOJYYHM:

U ,=IR=0,152 A-100 Om—152 B,
U, =IX ,=0,152 A-160 Om=24,3 B,
U=IX .=0,152 A-1600 Om=—243 B,

Peaonanc HanpsieHHH BO3HMKaeT 0OpDK BHIIOJHEHHH YCJIOBHA:

=2nvl.

2nv(
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Orcropa:
1 2

- AVl #x2-2500¢ 7-051 Tw

=2.107P==20 MrD.

an BO3HHKHOBEHHHU PpE€30HaHCa HaHpH}KEHHﬁ CHJ1a TOKa OOCTH-

raet makCHMaJbHOIo 3H4AYEeHHSA!:

__ U __ 2208B__
! “R”—looom_?’? A.

BosiHOBOE conpoTHBJEHHE ¢ KOHTYpa HAaXOIHM TaK:

o=V L& =y =T 160 Owm.

3HaA BOJHOBOE COMPOTHBJEHHE, OMpeAenuM A0GPOTHOCTE KOH-

TYypa Q-
R 100 Om '

Mpumep 3. B xoneGarenbHOM KOHTYpe NOCAEROBATEAbHO BKJIOYEH HCTOYHHK
CHHYCOHZAJBHOrQ TnepeMeHHoro HanpsxeHuf., [pH KAKHX 4YacTOTAX OJOCTHrAKTCK
MAKCHMAJbHbBIE 3HAYCHHA AMIAMTY] KOJeGAHHA CHAL TOKA W HANPAXKEHHA Ha

O0KJanKaX KOHAEeHCATOpa?

Peurenue. M3 3akona Oma anst nenn nepeMeHHOro TOKa

I m

- v R?—l-(mL——)

CJEAYeT, YTO CHJI& TOKA JOCTHIdeT MAaKCHMAJbHOrO 3HAYEHHS IpH .

BBITIOJIHEHHH YCJOBHA:

l
wol. =
0 [l]nC '
OTKy,Il.a HCKOM&H JAaCTOTad Wy paBHa
[IJO:"""—::‘_—..' -
ViC

Hanps:keuve Ha oGksankax KoHpencaropa U . paBHo:

L'J

mC m]/R2+(mL———-)

U

i

HMccenepyst mnogyvyeHHOe  BBIpAXKEHHE HAa  MAKCHMYM,

YCJIOBHE:
_ CR* __ ]/ 1
a=an )/ 1—5F =o '
L
C
rae¢ Q= —-—— AOGPOTHOCTE KOHTYpaA.
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Takum oO6paszoM, TOMbKO AJA
KOHTYPOB < BBLICOKOH J06pOT-
HOCTBI0 MAKCHMYM AMIJIHTY b

KOJe6aHHH HanpHAMKeHUs Ha KOH- = Cf == C2 L
aeHcaTope AOCTHraeTcsl MmpH pe-
30HAHCHOH yacToTe w=uwg. \

Mpumep 4. JABa KoHgeHcarTopa
oAHHAKOBOH 3aekTpoeMmxocTH C\=—Cr=C
M KATYWKA HHAYKTHBHOCTBIO L coegmhe-
HBl TAK, KAK 7[0Ka3aHo Ha pHcyhke 20.
B HauanbLHBIH MOMEHT BpPEMEHH KAy pa-
3OMKHYT, KoHaeHcarop C/ 3apsikeH Ao
pa3tocTd noteHumanos U, a xoupencarop 2 He 3apsixen H CHAA TOKA B Katyluke
paBHa HyJw. OnpeneauTre MAKCMMaAbLHOE 3HAYEHHE CHAB TOKA B KATyulke nocae
AAMBIKAHHA UENH H TNIEPHOI SJNEKTPOMACHHTHHIX KOAcGAHHA B uenw.

Puic. 20

Pewenune. Tlocne 3ambikaHHSl Ka04a B  YNePBHIE MOMEHT
BpeMEeHH MPOHCXOAMT nepepacnpeieJedHe 3apsaaa MexIAy KoHIeHca-
TOpaMH. 3JTO CBSI3aHO ¢ TeMm, uTo nenb C/--C2 MOKHO CUMTATh
kosefarejlbHBIM  KOHTYpOM C OYe€Hk MaJOH HHAYKTHBHOCTBIO
MPOBOJOB, a CJefoBaTeNbHO, OGonblIOR CcoGCcTBeHHOR 4acToToH.
3apanb koHpeHcatopoB C1 um C2 craHyT paBHHIMH NO %Li,
Hast MX 3Heprusi OyaeT paBHa:

Ci/? cu? cut
8 + 8 4

a [oJ-

1

C
3T0 BABOE MEeHbIle PHEPTHH MEPBOr0 KOHAEHCATOpa -—Eq— [TonosHu-

Ha 93HEPrHH »3JIEKTPHYECKOro TMoJs B peayabrare HarpeBaHHs
MPOBOJOB IPEBPAILAETCS BO BHYTPEHHIOIO 3HEPTHIO.

[Tocne nepepacnpeieseHHst 3apsila BO3HHKAIOT 3JEKTPOMATHUT-
Hble KoseGanust ¢ nepuonom T=2mn y2LC'. Makcuma/ibHyso CHAY

TOKA B KAaTYLIKE MOXHO HaWTH, HCNOAb3YH 3aKOH COXPAaHEeHHSH
HEePCHH:

CU®  Lf C
= - l; [m:U —_—
4 2 2L

Mlpuamep 5. H3 nByx peancTOpoB CONPOTHBJACHHEM K KawAbiit H JAByX
OIMHAKOBBIX KOHAEHCATOPOB 3JEKTPOEMKOCTbI0 (  cofpana 3ekTpuueckas uellb
(pre. 21) ¥ noakAUYEHA K UeNH TepeMeHHOro TOKa ¢ AMIVIMTYI0R KoJeGaHuii

HanpsxkeHusa (/,. Onpeaeare amnauTyay kodelbanuil HANpPAKEHUs MEMIY TOMKAMH
awub.

Pemenne. [Toctpoum BeKTOPHYIO AHATpPAMMY HanpsKeHHH nast
OJHOH BETBM uemu (puc. 22).
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Tak xak Up=U,.— U, 43 BeKTOpHOH JMArpaMmbl cJjeiyer
Uah:Um.

3apaun aaa caMoCTOAITEAbHOrO pelleHus

Janaua 1. Ha pHcyHke 23 paH chnexTp CaoXHOro KodaeGanuwa. Cudran
HAYAAbHYK a3y COCTABIASAOUWIHX KOACGAHHH PABHOW HYJAI0, HANHUIHTE YpPaBHEHHH
KosieGaHni, w3 KOTOPBIX COCTOHT cJOXKHOe KonelaHue.

Japnaua 2. [apmOHHYECKHE KogeGannsa ONHCBHIBAOTCH YpaBHeHHEM

x=0,1 cos (201‘[{—}-%) (m). MpeacraBbTe 3TH KOACGAHHA € NOMOULBI BEKTOPHOIH

. AHArPaMMbE H CIEKTPAJLHBIM CHOCOGOM.
3agaya 3, 3apHCHMOCTb HADPHKEHHA HA O0KNALKAX KOHAEHCATOPA 3JNEKTpPO-
emkoc™ C(=0,26-10""® B KOACOATENLHOM KOHTYPE OT BPEMEHH HMeeT BHI:

u(ty=10 cos (2. 10°n2).

Onpeneanre nepMon 3NEKTPOMATHHTHBIX
KOAeOAHHH, HHAYKTHBHOCTh KOHTYpA, 3a-
BHCHMOCTL CHJABE TOKA OT BPeMEHM, MAK-

Al CHMANBHY) SHEPrHKW NCKTPHUECKOTO H
cM MArHHTHOTO n0AeH B HOHTYpE.
J - 3axaua 4. B uenH nepeMeHHoro
TOKAa HanpsxkeHueM [/==220 B wu yacro-
41 ol v=Db0 [ BKAKWYEHBI MOCACLOBA-
3 4 TEABHO KOHACHCATOP, HArpy3ka C ax-
THBHBIM CONPOTHBACHHEM R—=10) OM H
2 - KATYIUKA HHAYKTHBHOCTBIO L=07 TIh.
y Onpeneante 3INEKTPOEMKOCTL KOHJEHCA-
i Topa C, ecaM CHAA TOKA B uenH papHa
- 1,34 A. Paccudraiite 3JeKTPOEMKOCTH

1 F 1 ) 1 T F
02 064 06 08 V¢’ KOHAEHCATOPA, NPH KOTOPOH BO3HWKaeT
PeaoHaHC HanpsikeHHH. OupepneaHre cu-

JY TOKA B LenH, BOJIHOBOE CONPOTHBIEHHE
Puc. 73 H J106POTHOCTD UEnH TIPH pe3OHaHce.
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Jaxaua 5. B uens nepemeHHoro roka yactoroR v=00 ['n nocAenOBATEABHO
gKJOueHst pe3ucTop (R=6(28 Om) n xatywmka suayktueHocteww L. FHlpn arom
MEMKAY KOJeGAHHAMH HANPRAKEHHHA H CHAbl TOKa Hadawaaercs caBur no ¢ase cng.
KakoBa HHAYKTHBHOCTH KATYWKH? Kakywo 3/eKTpOeMKOCTh HYKHO BKJIOYHTL
NocJeI0BATENLHO B peflb, 41006 CABHT $a3bsl cTAJ paBed HYAW?

3anpadva 6. Karymka HHaykTHBHOcTbi0 0,032 [H, koHaeHcaTop nepeMeHHOlk
NCKTPOEMKOCTH W peancTop conporueaeddem 400 Om coeaHHeHw napansesnHo
H DOJKAKYEHB K HCTOMHHKY nNepeMeHHOr0 TOka HAanpsxenHem 220 B ¢ 4acroTod
50 Tu. Onpegeinre 30eKTPOeMKOCTh KOHAGHCATOPA, NOpPH KOTOPOH HAcTynaer
pE3OHAHC TOKOB, H CHJY TOK3 B [l€NH TPH HACTYNJAEHHH PE3OHAHCA.

3agauwa 7. lpy BHAWYEHHH nepBHYHOR OOMOTKM TpanchopmaTopa B ceTb
nanpsaxedueM 220 B wa BTOpHuYHO# Pa3oMKHYTOR OGMOTKE BO3HMKAET HATIPHIKEHHE
127 B. OnpeneanTe HanpAKeHHWe HA AKYHBHOK Harpyake conporupaenwem 10 Om,
NOAKJYEHHOH KO BTOpMUHOH OOMOTKE TPAHCPOPMATOPA, ecin AKTHBHLE CONPOTHE-
JeHHMn erg MepBHYHOH M BTOpHYHOH oOMOTOK pasHst 20 w 10 OM COOTBETCTBEHHO,

3apnauva 8. Cupa TOKA XO0A0CTOIO X01a B NepBHYHOH oGMoTKe TpaHcdopma-
TOpa, AHTAEMOH OT ceTH nepemMeHHOro Toka c wacToTok v=>50 [u M HanpRKeHuem
/=220 B, papna 0,2 A. 3JaekTpPHYECKOE CONPOTHBACHHE [EPBHYHOH OGMOTKH
R=100 Om. Onpepeante HHIYKTHEHOCTb NepBHYHOH OGMOTKH Tpancdopmaropa.

3apnaua 9. B rpextpazHyw cerb ¢ JHHeRHbIM HAnpsikenwem U =220 B
BKJIOYEHB 3BE30H TPH AKTHBHLIE HArpyakH conporHeaenneM no 100 OM kampas.
Hakanre ¢pasHvie ¥ AHHEHHbie CHAbt TOKOB. KaK H3MEHATCA TOKH B NEPBHX IBYX
HArpy3kax npH oGpoiBe NPOBOAA, BEAYUIEro K Tperbed Harpy3ke?

3angava (0. B tpexdazdyo uenb ¢ aAHHEHHBbIM Hanpsxenwem U =220 B
BKJAIOMEHB TPEYrOAbLHHKOM TPH AKTMBHBIE HArpY3KH cOnpoTHBAeHHsAMH R =100 Om,
R,=50 Om, R;=30 Om. Onpegeaute cuay TOKAa B §a3zax Harpy3kH. KakHMmn
GyayT 9TH CHJALI TOKOB npH o0pnie AHHEHHOTO NpPORONA nepBOd dazm?

3apauya 11. B koaeSaresbHplH koHtyp ¢ ao0porHOCTBIO (=50 BKJIIOYEH
NoCcAeN0BATEABHO HCTOUHHK CHHYCOHAAALHOTO NEPEMEHHOID HATIPSKEHHS ¢ H3MEHAECMOK
YACTOTOH, AMOJHTY1A KOJeGAHMA HATPAIKEHHH HA Buixone HcTouwdka 2 B. Hakpmre
AMOAHTYbE KONeOAHMA HanpsKeHHa Ha
koupencatope U/ . W karywke (/;, Ha
yacrore, npdH KOTOpOH amMniauryaa Koae-
GaHWit cuabl TOKZ B KOHTYpE MAKCHMAJb-
Ha. Kak HIMEHATCA amnaMTyabt koaeda-
HHH HATIPAKEHHA HA KOHIEHCATOpE H Ka-
TYIIKE H CHAA TOKA B KOHTYpe OpH YBe-
AHYEHNH HHAYKTHBHOCTH KATYLWKH B 2 pa- c L,f L2
3@ H AKTHBHOIO CONPOTHBACHHA B
2 paaap

3anaua 12, Kougencarop anext-
poemkoctbio C pH PA3OMKHYTOM KJKYe
(puc. 24) zaprxkawt aapaioMm g. Yemy
PABHB MAKCHMANbHBEC 3HAYEHHA CHIM TO-
KA B KATYWKAX € HHOYKTHBHOCTAMM L| W
L) nocae 3aMbiKaHHA KAWOua? Pue. 24
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3angaua 13. KonaeHcaTop 3AeKTPOeMKOCTbIO O MEPBOHAYAJABHG 3ApsKedH N0
Hanpaxenus (/, a wonjencarop aaextpoemkocthie Cp He 3apawxed (pHe. 25).
Kakum GyIeT MAKCHMAABLHOE 3HAYEHHE CHALE TOKA B KATYIIKE C HHAYKTHBHOCTBIO L
nocae 3AMBIKAHHA KJawua?

3amaua 14. B ajexrpnueckod nemu, cOcrogled H3  [OCACIOBATEALHO
COe/IMHEHHbIX PpE3HCTOPA CONPOTHBAEHHEM R, KATYWIKH HHAYKTHBHOCTEIO [ WM
KOHAGHCATOPA 3JEKTPoeMKOCThi0 (C, M[POHCXOAAT 3aryxawuiue kKojebanus. 3a He-
KOTOpOE BpPEMA AMNAHTYZA Kose6aHHlE cCuabt TOKA B [lelH YMEHLIHHAACH OT
[1 no [, Kaxoe KOAHYECTBO TeNOTH BLIAEAHAOCh 33 3TO BPEMA HA pPe3HCTOpe,
ecJ¥ 3ATYXAHHE NAPOMCXOAHT TOABKO H3I~3a 0OTEPb 3IHEPrHA HA HArCpeBaHHe
pe3Hcropa?

3Japavua 15, JaexkTpHueckas uenb, COCTOAWAH M3 JBYX KOHAEHCATOPOB M
ABYX AQHON0B (pHc. 26), NOAKAKMEHA K CETH NEPEMEHHOr( TOKA ¢ NEHCTBYIOUIHM
Hanpskennwem 220 B. J10 KakOro HanpsxeHHsl 3APAAHTCH KOHaencarop (27

3apaHue aas caMonposepku M 1

Pewnre KaXxayn 3aaauy H noJy4YeHHHH pe3yJbTaT CpaBHUTE
C NMPHBEIEHHBIMH OTBETAMH, BhIOepuUTe npaBHJbHBIA H3 Hux. IlocJae
BBINOJHEHHS] BCEero 3ailaHHsA CpaBHHTE [IOJYyYEHHBIH pe3yJsabTraT
C KOJOM MpaBWIbHBIX OTBETOB, NPHBEJEHHEIM B KOHLE KHHTH.

1. Kak uamenHTcsl amnJauryiaa konebaHull CHJIB TOKA B KATYLIKE,
AKTHBHOE CONPOTHRJEHHE KOTOPOH paBHO HYJIO, eCJAH INpPH HeH3-
MEHHOR amIVIiTyJae KoJeGaHHH HAaNpsiXKEHUHA 4YacToTy KoJjeGaHni
yBeJUYHTh B 2 pasa?

A. Yeenuuutcss B 2 pasza. b. ¥YmeHewuTca B 2 paza. B. Vee-
anuutcss B 4 pasa. [, Ymenbmurcad B 4 paza. JI. He uamenuntcs.

2. Kakoit u3 rpadukoB (puc. 27) BBIpaxaeT 3aBHCHUMOCTb
AKTHBHOIO COTNDOTHBJIEHHUS B LEMH MEPEMEHHOTO TOKA OT YACTOThHI?

A.1.b. 2 B. 3 T. 4 5.

3. Kako#l H3 rpaduKoB Ha pHCyHKe 27 BHpaxaeT 3aBHCHMOCTb
€MKOCTHOI'QO COTMPOTHBJIEHHSI B HENH ME€PEeMEHHOro TOKa OT 4YacTOThl?

A.1.b6.2.B.3.TI.4 b

4. Kakoil U3 rpadMKoB Ha pHUCyHKe 27 BbipaxKaeT 3aBHCHMOCTh
HHJIYKTHBHOTO COMPOTHBJEHHN B (EMH NepPeMEHHOro TOKa OT YaCTOThI?

K. 1.b.2.B.3. 1T 4 1.5

5. Kak M3MeHHTCH NeprHoi CBOOOAHBIX 3JEKTPHYECKHX KOJeGaHUH
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Pue. 27

B KOJe6ATEJLHOM KOHTYPE, €c/H HHAYKTHBHOCTb KaTYIIKH K 3JI€KTpPO-
eMKOCTb KOHAEHCATOpa YBEJHUUTh B 2 pasa?
A. VYsennuuress B 4 pasa. B. Yeeamuurcs B 2 paza. B. He
nameHurcs. I, Ymenbwiurcs B 2 paza. J. Ymeubiiutca B 4 pasa.
6. Onpenennre amnantyay koaeGaHHB NPH  CJIOXKEHHH Tpex

TapMOHHYECKHX KOJeGaHHH: x,=x, cOS 0l Xo=Xm COS ((gt—|——32-:r[);
4
X3=Xm COS ((ot—|—-§a‘t).

A. 0. B. xun. B, 3xs. T. Y3 xm. I. Cpean orBero A—I Her
NpaswIbHOTO,

7. KakoBb COOTHOLIEHHS MeXAY JHHeHHBIME H (pa3sHBIMH Jel-
CTBYIOLIHMH 3HAYEHHAMH HANPAXKEHHA H CHJBl TOKA B CJydae, eciaH
OOGMOTKH Tpex(ra3HOIc reHepaTopa M ero Harpyska CoelHHeHHl
o cxeme 3Be3bl?

A 1=l U,=Uy B. I,=I,, U,=y3 U, B. I,=V/31s
U=Ugy . 1,=y3 Iy, U,=y3 U,. A. Cpean otsetoB A—TI uer
[(IPaBHJIBHOTO.

8. KakOBHl COOTHOWEHHSI MEXKAY JHHeHHbMH H ¢da3HbIMH
ACHCTBYIOUWIMMU 3HAUCHHAMH HampsxKEeHHs W CHJAB TOKa B cJayuae,
ecJu OOMOTKM Tpex(pa3HOTo reHepaTopa U ero Harpyska cOelHHEHH
M0 CXeMe TPeyroJbHHKa?

A l=1, U=U, B. I,=l, U=y3U, B. I,=y3I,
U,=Uqy T.1,=y3 1y, U,=y3 U,. A. Cpenu otseros A—T Her
MPaBUABHOrO.

9. B Tpex o6MOTKax crartopa Tpexa3HOTO ACHHXPOHHOrOC
JABHraTeJia NpoTeKaeT nepeMeHHbld ToK. Pasn Koe6aHHH B 06MOTKAX

2n 4n

OTAHYAXTCH HA 3 H 3 - Kaxpas KaTylulKa Cco3aaert HIMEHHN-

IleeC MO rapMOHHUECKOMY' 3aKOHY MArHMTHOE [OJe, AMIUIHTYAa
KoseGaHHH MoOAyas MHAYKUMM paBHAa B,. Uemy pasen mopyib
BEKTOpa@ HHAYKUHUH Pe3YJbTHPYIOHIEr0O MarHHTHOTO [/ BCEX Tpex
KaTyllieK, €CJIH BEeKTOPhl HHAYKIHH HX MAarHUTHHIX MOJIeH paciooxeHbl
B OJHOH IUIOCKOCTH Mmoja yraamu 120 n 240°?

A. 0. B. B,. B. 1,5 B,.. T. Bucoswt. A. 1,5 Bncos wf.

10. B uenb mnepeMeHHOro TOKAa BKIIOYEHB MOCJEJOBATENBHO
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