KOJIEBAHUA U BOJIHbI

B nanHOM paszene paccMaTpHUBarOTCs KOJeOATeIbHbIE U BOJHOBBIE ITPOLIECCHI
B PA3JIMYHBIX CUCTEMAX, HE3ABUCUMO OT IPUPOJIbI IBUKEHHS B 3TUX CUCTEMax. T.e. B
OJIMH pazfien 00BEAUHAIOTCS KOoeOaTeNbHbIE U BOJHOBBIE MPOILIECCH], KAK B MEXaHU-
YEeCKUX, TaK U B DJIEKTPOMArHUTHBIX cuctemax. LlenecooOpazHocTh Takoro oobeau-
HEHMsI 00yCIIOBJIEHA TEM, UTO BOJIHOBBIE U KosieOaTeIbHbIE MPOLIECCHl HE3aBUCHMO OT
UX TPUPOABI MOJUUHSIOTCS OJHUM M TEM K€ 3aKOHOMEPHOCTSIM, OIMUCHIBAIOTCS CO-
BEPUIEHHO OJMHAKOBBIMHM YPABHEHUSIMU M XapaKTEPHU3YIOTCS OJIMHAKOBBIMH I1apa-
METpaMu.

Koue0anus.

Cpenu pazHOOOpa3HbIX BUJIOB ABMXKECHHUS, CYLIECTBYIOIIUX B MPHUPOJIE, BCTpE-
YaroTCs JBUKEHHUS, IOBTOPSAIOIINECS UM MOYTH MTOBTOPSIOLIUECS YepEe3 paBHbIC WIH
MOYTH PaBHbIE IPOMEXKYTKU BpeMeHU. Takue JBUKEHUs Ha3bIBAIOTCS KOJCOAHUSIMH,
WIH KOJIeOaTeIbHbIMU ABM)KEHUSMHU.

CTporo nNoBTOPSIOLIMECS YEPE3 paBHBIE MPOMEKYTKH BPEMEHU KoJieOaTeIbHbIe
JIBWKCHUSI HA3BIBAIOTCS TMEPUOINYCCKUMHU KosieOaHusIMHU. VIMEHHO O HUX TJaBHBIM
o0pa3zoM OyJeT UATH pedb B AAJIbHEHUILIEM.

KoJiedaTenbubie cucrembl. 'apMoHnUyeckue KoJie0aHusl.

CoBepriath KoJiebaHUsI MOXKET B MpUHIUIIE JII00ast cucrteMa. Ecnu, Hanpumep,
Jeprath ABEPh 3a PYYKy TO TyAa, TO 0OpaTHO, TO ABEPh OyAET COBEpIIaTh KOJeOaHUs
IO/ IEMCTBUEM BHEIIHEW BBIHYKJIarolen cuiibl. Ho ecim nepecrats geprare, TO KO-
nebaHus IBEPU HEMEJIEHHO MPEKPATATCS.

C apyroif CTOpOHBI, €CITU pacKauvBaTh Kayelw, TO U OHU OyJyT COBEpIIAThH
KoJieOaHus Mo AeiicTBMEM BHelIHeH cuibl. Ho ecniu mepectaTh packaunBaTh KayeH,
TO OHU BCE PaBHO OyAyT COBEpIIaTh KOJIEOAHUS y)KE CaMOCTOSATEIHLHO, O€3 BHEITHEH
CHUJIBL.

Takum 00pa3oM, Kakaas CHUCTeMa MOXKET COBEpIIATh KOJIeOaHUs, HO HE KaX-
Jlasi CUCTEMa MOYKET COBEPIIATh CAMOCTOSITEIbHbBIE KOJIeOaHN .

Cucrema, ciocoOHasi coBepliaTh KojaeOaHusl B OTCYTCTBUE BHEIIHEW EpHOIU-
YeCKOM CHIIbI, Ha3bIBaeTcsl KoiyiebaTenbHOM cucreMoi. Konebanuss B oTCyTCTBUE
BHEIIIHEN CHJILI HAa3bIBAIOTCS ¢BOOOAHBIMHU. KosteOaHus moa JelicTBUEM BHEIIHEH CH-
JIbl HA3bIBAKOTCS BBIHYKJECHHBIMH.

Breinyx/ieHHbIe KOJeOaHWs MOXKET COBepIIaTh Jr00asi cucreMa, CBOOOHBIE
KOJIeOaHMS - TOJIBKO KoJieOaTeIbHasl CUCTEMA.

JlanpHeiinee paccMOTpeHUE OYET OTHOCUTHCS TOJBKO K KOJIEOATEIbHBIM CHC-
TEMaM.
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Hanmenpmmii npoMeXyTOK BPEMEHHM, 4e€pe3 KOTOPBIM XapaKTEPUCTUKU JIBU-
’KEHMsI IOBTOPAIOTCS, Ha3bIBaeTcs nepuoioM. O6o3Havaercs vaiie Bcero Oyksoi T.

3aBUCHUMOCTb XapaKTEPUCTHUK JIBUKEHUS (KOOPAUHATHI, CKOPOCTh, CHJIA U T.J.)
OT BPEMEHHU B TEUECHHE MEPUO/Ia MOXKET ObITh MPOU3BOJIbHOMN. Tpebdyercs ToabKO Mo-
BTOPSIEMOCTb U€pe3 NEPUOL, T.€. IEPUOJUYHOCTD IBHIKCHMUS.

x = 1£(t) .

INaBNaa
U U

' T '

Crtporas GpopMyIUpOBKa MEPUOTUUHOCTH:
f(t) = f(t+T).

3necb x= f(t) - mNpou3BOJIbHASA, HO MepuoauvecKas (yHKIUS BPEMEHHU.

[IpousBosibHAs - 0O3HAYaET B JAHHOM CJIy4yae, YTO 3aBUCUMOCTb OT BPEMEHH B T€Ue-
HUE OJTHOTO Meproaa MpOU3BOJIbHA.
HaubGonee nmpocrtas nepuoanueckas GyHKIHS BPEMEHH - 3TO CHHYCOHJIA:

X(t) = A-Sin(Zm% +¢O) — ASin(o-t + )

Konebanus, coBepmiaroniyecss Mo CHHYCOUAAIBHOMY 3aKOHY, Ha3bIBAIOTCS
TapMOHUYECKUMH KOJICOAHUSIMU.

X = ASin(ot+¢)

[TapameTpsl TaApMOHUYECKOTO KOJICOAHUS:

T - mepuon, A - amMmiuryga (MakCUMajdbHOE OTKJIIOHEHHUE OT MOJIOKECHHS

paBHOBecus), o-t+¢, - Gasza, ¢, - HadaubHas dasa, w:z'?” - Kpyromasi 4acTo-

ta (panm/c).
KonebaTenbHbIE CHCTEMBI, B KOTOPBIX BO3MOYKHBI TaPMOHUYCCKUE KOJICOAHMUS,
HA3BIBAIOTCS TAPMOHHYECKUMU OCIIHIUISTOPAMH.
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PaCCMOTpI/IM HCKOTOPBIC KOHKPCTHBIC KoJieOaTeIbHbIE CHCTEMBL.

1. IIpy>KMHHBIA MasTHUK.

[TycTh mapuk Maccoii m HaJeT Ha TOPU3OHTAIBHBIA CTEPKEHB, BJI0JIb KOTO-
pOro OH MOXKET CKOJIb3UTh 0e3 TpeHus. K mapuky npukpemnieHa npyXuHa, Apyrou
KOHEI] KOTOPOU 3aKPEIUICH HEMOABUKHO.

[Tpu OTKJIOHEHHHU LIApUKa B JIOO0YIO CTOPOHY OT IMOJOXKEHHSI, COOTBETCTBYIO-
Iero HeAePOPMUPOBAHHOM NPYKUHE, MOSABISAETCS CUjla, BO3Bpalllaolas ero oopar-
HO. DTO XapaKTepHasi 0COOCHHOCTh JII000M KOJeOaTeILHON CUCTEMBI - IIPU OTKJIOHE-
HUU OT PaBHOBECHS TOSBIIAECTCS CUJIa, BO3BPAILAIONIA CUCTEMY B COCTOSIHHE PaBHO-
BECHS.

PaccraBum Bce cuitbl, nercTByronme Ha mapuk. Co CTOPOHBI TPaBUTALMOHHO-

R

ro moJis 3€MJIM JIEMCTBYET CWjia Mg, HalpaBJ€HHAs BHU3, CO CTOPOHBI OIMOPHI
-

(cTepykHsI) NEWCTBYET CHJIa HOPMAJILHOTO JaBjiieHWs N, HampaBjieHHas BBEpX, CO

=N

CTOPOHBI IPY)KUHBI - CHJIa YIIPYTron aedopManuu npyXMHbel F , HampaBJIeHHAs TO-
PHU30HTAIBbHO. TpEeHHE 1O YCIOBUIO 3aJ]a4d OTCYTCTBYET.
3anuiieM BTOpOM 3akOoH HproTOHA 1151 mapuka:

-

m-a=m-g+ N+ F.

Bri6upaem ropu3oHTaIbHYIO OCh X, HaIlpaBJIEHHYIO BAOJb cTepxHs. Hauano
KOOPJIMHAT COBMEILIAEM C MOJI0KEHUEM IIapuKa IpHU HenePOopMUPOBAHHON MpPYKUHE,
T.€. C MOJOXEHUEM paBHOBecHs. [IpoekTupyeM ypaBHEHHE, IpeaCTaBIsAIoLIee cO00it
BTOpPOM 3aKOH HbIOTOHA, HA OCH X W IOJIy4YaeM:

m-a =F.

X

3naech @, = X - IPOEKILHUS YCKOPEHHS Ha OChb X, BTOpasi MPOU3BOJIHASI OT KO-
OpPAMHATHl X MO BPEMEHM, YTO U O3HAYAIOT JIBE TOUKH HAJ X.

Cuna ynpyro#t nedopmaiiui co CTOPOHBI MPY>KUHBI OMPECISIETCS] HA OCHOBA-
HUM 3aKoHa ['yka:

F=-k-x,
rae k - ko3hdUIUEHT )KeCTKOCTH MPYKUHBI.
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B pesynbrare nosiyyaem:

m-X=—-k-Xx HUJIn m-x+k-x =0.

PaSIICJ'II/IM 00¢ yacTu IMOCJICAHCTO paBCHCTBA HA 1M

BBenem o0o3HaueHue:

N OKOHYATCJIbHO ITOJTYYHM:

X + w)-x = 0.

DTO0 U €CTh YpaBHEHHUE, OTMMCHIBAIOIICE IBIKCHHE MPYKHHHOTO MasITHUKA.

AHaNoOruyHOE ypaBHEHUE TOJYYUTCS U B CIIy4ae, KOrja IIapuKk CBOOOJHO BH-
CUT Ha NpykuHe. BeiBo ypaBHEHUS OYyJET HECKOJIBKO YCIOKHEH BTOPOCTEIIEHHBIMU
JETAISIMU, HO BHUJI YPAaBHEHHS OyJIeT TaKUM kK€ (TOJBKO YK€ JUIsl BEpTUKAIBHON KO-
OpJIUHATHI).

2. MarteMaTHyeCcKuii MasITHUK.

MareMaTnyeckuii MasiTHUK - 3TO MaTepuajibHas TOYKAa MAcCOM m, MOJABE-
II€HHAsl HA HEBECOMOU M HEPACTSXKUMOM HUTH (CTepKHE) JIUMHOU | .

—

Ha 5Ty maTepualibHy10 TOUKY AEHUCTBYIOT JBE CHJIBI - CHJIa Mg CO CTOPOHBI

N
I'PaBUTAIMOHHOTIO IIOJIA 3C€CMJIM, HAIIPABJICHHAA BHHU3, M CHUJId HATAXKCHHUA HUTH F,
HarpaBJICHHAaA BAOJb HUTH.

Tl

MarepuranbHas TOUKa ABWKETCS MO Iyre OKPYKHOCTH paauyca |, moaromy
MOYKHO 3alMCcaTh JJIs HE€ OCHOBHOE YPAaBHEHUE NUHAMMKH JIBUKEHUS 1O OKPYXKHO-
CTH:

Joe=-My + M.
3meck J=m-1° - MOMEHT HHEPIMU MaTepUATBHON TOYKHA OTHOCUTEIHLHO OCH
BpamieHus (T.e. Touku nojaseca O), & - yriioBoe YCKOpEHHE MaTepHaIbHOW TOUKH,
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M, X Mg - MOMEHTbl CWJI mg MU F COOTBETCTBEHHO OTHOCHUTENBbHO ocu O.

mg
N
MowmeHnT l\/lmg B34AT CO 3HAKOM MHHYC, YTO 06YCJIOBJIGHO TEM, 4TO CHJIa m(g C000-

racT YCKOPCHHUC, IIPOTHUBOIIOJIOKHOC HAIIPABIICHUIO OTKIIOHCHM:.
BenuuuHbl MOMEHTOB PaBHBI:

M, =mg-d=mg-I-Sing, rac ¢ - yroj OTKJIOHEHHUs OT paBHOBECHS,

M, =0, T.K. IMHHS JHCTBUSA CUIBI F IIPOXOIHT yepe3 ock O (IIeUo CHIIbI F
PaBHO HYJIIO).
B pesynbTare nomyuyaem:
m-1>-£ = —m-g-1-Siné.
Cokpamraem maccy U JIJIAHY:
l-e = —g-Sing.
Jenum o0e yacTu paBEeHCTBAa Ha | W yYUTHIBAEM, YTO YIJIOBOE YCKOpPEHHE

£ =60 (BTOpas MPOU3BOJIHAS [0 BPEMEHH OT yria). B pe3ynbrare monyvyaem:

6 - —%Sine-

HpezmonaraeM TCIICPb, YTO YIJIbI OTKIIOHCHUS MaAJIbl, YTO ITO3BOJISICT BOCIIOJIb-
30BaTbCA PAaBCHCTBOM:

Toraa nonyunm:

BBoauMm 00o3HayeHue:

N OKOHYATCJIBHO IIOJIy4aCM:

0+ -6 = 0.
DTO BBIpAKEHUE MPEACTABISET CO00 ypaBHEHHE, OMHUCHIBAIONIEE JABMKCHHE
MAaTeMaTUYECKOTO MasITHHUKA.
3. KoneGarenbHbll KOHTYP.
KonebaTenbHbIil KOHTYpP - 3TO 3aMKHYTBIM KOHTYp, COCTOSLIMI M3 KOHIEHCa-
TOpA U KaTYIUKH HHIYKTUBHOCTH.

DJIEKTPUYECKUM COIMPOTHUBIICHUEM IPOBOJOB KATYIIKA W COCAMHHTEIHHBIX
MIPOBOJIOB TIpeHEeOperaem.
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o
—

BepxHss 00knazka KOHAEHCATOPAa U BEPXHUI KOHEL KaTyIIKd MUMEIOT OJuHa-
KOBBIM IMOTEHLIHAN, T.K. COCIMHEHBI OSKBUIIOTCHIMAJIBHBIM IMPOBOJHUKOM. AHAJIO-
THYHO HIDKHAS OOKJIa/JKa KOHACHCATOpa M HWKHHUM KOHEIl KaTyIIKd MMEIOT OJUHa-
KOBBIN noreHuan. [1oaToMy pa3HOCTH MOTEHLIMAJIOB MEXy OOKJIaAKaMu KOHJEHCa-
TOpa ¥ KOHLIAMH KaTYIIKU OJJUHAKOBBI:

Pa3HOCTh mOTEHIMANIOB MEXAy OOKIQAKaMU KOHAECHCATOpa ONpEAEIIeTCs de-
pe3 3apsaa q Ha oOKIIaaKax U eMKOCTh KOHzeHcaTopa C:
q
Ue = -
e
Pa3HocTh moTeHIIMANOB HAa KOHUAX KaTymkd paBHa DJ[C caMOMHIYKIHH Ka-

TYLIKH:

di
U =-L-—.
- dt
3nech L - MHAYKTUBHOCTH KaTYHIKH, i - TOK B KaTylIKe (M BO BCEM KOHTY-
pe).
IIpupaBHUBaEM MpaBble YACTH ABYX MOCIEIHUX BBIPAKCHUMN:
q__ . db
C dt
H . d q . d | d Zq oo
O OMPEACIECHUIO TOK i= qi q. CnenoBaTenbHO, T q
[ToxcraBisiem 3TO U OJTy4YaeMm:
q oo oo 1
2 - _L. WIIN +-—— .9=0.
c q q e q
BBoauM o0o3HaueHue:
a)z = —1
° L.C

N OKOHYATCJILHO ITOJy4dYacM:

q+ w5-q=0.
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DT0 ypaBHEHHE, KOTOPOMY TIOJUMHSCTCS JBIKCHUE 3apsiaa B KOieOaTeaTrHOM
KOHTYpE.

Ecnu Tenepp CpaBHUTH YpaBHEHHUs MPYKUHHOIO U MAaTEMaTUYECKOTO MasiTHU-
KOB U YpaBHEHHE KOJEOATEIbHOIO KOHTYpa, TO MOYKHO 3aMETHUTh, YTO C TOYHOCTHIO
10 0003HAYEHUN 3TH YPABHEHMSI COBEPILIEHHO OJMHAKOBBI, XOTS OMHCHIBAEMbIE MU
OOBEKTHI Pa3INYHBI.

CrnenoBatesbHO, IPU U3YyYEHUH KOJIEOATEIbHBIX MPOLECCOB MOXKHO OTBIICUbCA
OT KOHKPETHOM NPUPOJBI 3TUX IPOLIECCOB M pacCMaTpUBaTh UX CBOMCTBA C MOMO-
HIbI0 eUHOTO ypaBHEeHUs. [lomyueHHbIe BBIBOBI OYAYT B PaBHOW CTEIIEHU CIIpaBe/I-
JIUBBI IS JTFO0OM CHCTEMBI, ONMCHIBAEMOW 3TUM YPaBHEHHUEM.

Wrak, ypaBHEHNE, ONUCHIBAIOIIEE BCE TPU PACCMOTPEHHBIE KOHKPETHBIE KOJIE-
OaTesIbHbIE CUCTEMBI, UMEET BH/I:

s+w’-s=0.
DTO ypaBHEHHE OIMCHIBACT HE TOJBKO PACCMOTPEHHBIE KOJeOaTeIbHBIE CHC-
TEeMBbI, HO U JI000H TapMOHUYECKUN OCHIILIATOP. DTO ypaBHEHHE TapMOHHYECKUX
koJsiebanuii. Ero pemienue:

s=A-Sin(w,-t + ¢,) (WIK KOCUHYC).

BoiBog pemienus 3aech NpUBOAUTH He Oyaem. CrpaBemasIMBOCTh 3TOTO pelle-
HUSI JIETKO MPOBEPSETCS MOJICTAHOBKOU. [[elicTBUTENBHO:

* ds

= = A-w,-Cos(w,-t + ¢,) =~ CKOPOCTb N3MEHCHUS BCIUYUHBI S,
t
= d% ), o
S= T A-®?-Sin(w,-t + ¢,) - YCKOPEHHE BEIIMYMHBI S.

[ToncraBnsisi BbIpakKeHUs 1 S U S B YPAaBHEHUE TapMOHUYECKHX KOJie-
O0aHuM, TOJYYUM TOXIECTBO.

[Tepuon xonebGaHu BO BCEX CydasX BBIPAXKaeTCs yepe3 KPYroBYIO YacTOTY
W, .

JI71st pacCMOTPEHHBIX TPEX KOHKPETHBIX KOJIEOATEIBHBIX CUCTEM M3 ITOTO BBI-
PaXXEHUS MOJIyYaeM:
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[Tocnennee Boipaskenne ( T=2.7-/L-C ) HaszwiBaeTcs Gpopmynon Tomcona st
nepuo/aa KojaedaTeIbHOTO KOHTYpa.

AmmuuTyna A W HavyaiabHas (a3za ¢, rapMOHHUYECKHX KOJeOaHUN HE 3aBH-
CAT OT CBOMCTB TaPMOHUYECKOTO OCIHUJUIATOPA. DTO CIEAYET U3 TOr0, YTO PEIICHUE
YpaBHEHHUS] TaPMOHHYECKOIO OCHUWLISTOpA CHPAaBEIIMBO IPH JIIOOBIX 3HAYEHUSAX
aMIUTATYAbl A U HayadbHOM (da3bl ¢,. OTH BEIUUYUHBI ONPEACISIOTCS BEIMYHMHOM
HAYaJIbHOTO OTKJIOHEHUS W Ha4YaJlbHOW CKOPOCTH - HadaJbHBIMU YCIOBHUSIMH KOJIE-
OaHMi.

JHeprusi rapMOHMYECKOr0 KoJIeOaHus.

C momoIpio OOIIEr0 ypaBHEHUS TapMOHMYECKUX KOJEOaHWl IyTeM He-
CIIOHBIX (POpMaTBHBIX MATEMAaTUYECKUX IPEoOpPa30BaHUA MOYKHO BBIBECTH OJTHO U3
OCHOBHBIX CBOMCTB JIFOOOTO TAPMOHHYECKOTO OCHUIUIATOPA.

S+wg-s = 0.

YMHOXHUM 00€ 4aCTH 3TOTO ypaBHEHUS Ha S '

$S + wi-ss=0.
W3 3TOTO0 YpaBHEHUS MOTY4aeTCs:

2

2
d_5_+a,§.s_ - 0.
dt| 2 2

JleficTBUTENHHO, BHIOJHUB AU (epeHInpoBaHUEe B TOCICIHEM YpaBHEHUH,
MOJIyYUM MPEIbIIYIIEE.
PaBeHCTBO HYJIFO MPOU3BOIHON IO BPEMEHH OT HEKOTOPOW BEJIMYMHBI O3HA4a-

€T, 4TO CaMa BCJIMYMHA HC MCHACTCA CO BPCMCHCM!
2

2
S S
— + w}-— = const.
2 2



OTO0 BhIpaXEHHUE MPENCTaBIseT co00il 3aKOH COXPAHEHHUS YHEPTUU AJI TapMo-
HUYECKOTO OCHHILISITOPA.
Hampumep, it npy>KMHHOTO MasiTHUKA:

X k x°
— + —-— = const,
2 m 2
T.€.
o 2
2
m-X X
> + = const 581051 W, + W, = const
J{nst konebaTeapHOTO KOHTYpa:
o 2
l 2
4 4 =9 _ const.
2 L-C 2
YMHO)kaeMm 00e yacTtu paBeHCTBa Ha L, yuuThiBaem, 4To ¢ =i (TOK) H MO-
JTy4aeM:
L | 2 q 2
+ = const 0051 W, + W,, = const.
2 2-C
Takum 00pa3om, TMOJIHASI SHEPTHUS TAPMOHUYECKOTO OCHUIUISATOPA COXpaHsIeT-
Col.

MeHSTBCS MOXKET TOJBKO KaXAbIM U3 BUAOB SHEPrUu B oTAenbHOCTU. Hampu-
Mep, I NPY>KUHHOTO MasATHUKA KUHETUYECKAsI SHEPTHUS IBUKEHHUS TPy3a MEPEXOUT
B MIOTEHIUAJIBHYIO SHEPTUIO MPYKUHBI U 00paTHO. B KonebaTeIbHOM KOHTYpPE dHEp-
U MarHUTHOTO TOJII KAaTYUIKW MEPEXOJUT B SHEPTHUIO JIEKTPUUECKOTO IMOJII KOH-
JieHcaTopa u o0paTHO.

CyMma 000MX BUAOB PHEPIUU FAPMOHUYECKOTO OCIMIUIATOPA OCTAETCSI HEU3-
MEHHOM.

Jlns mr000T0  rapMOHHUYECKOTO OCHIILIATOPA B 3TOM MOYKHO YOEIHMTHCS HEIO-
cpeacrBeHHO. Hanpumep, 1 py>KUHHOTO MasiTHUKA:

X=A-Sin(w,-t + ¢,), X= A0, Cos(o,-t+ @,).
kK-x*> K 5 o >
W, = 7 = §~A -Sin“(w,-t + ¢,)
.2
W, = m-2x =§-A2~w§~COSZ(wO~t+¢O)

CKHaI[BIBaeM MNOTCHIOUAJIbHYIO 1 KHHCTUYCCKYIO OHCPIUH:
_ A K.sin? 2 cos?
Wy + W, = 2 .[<.5|n (04t + @y) + M-wg-Cos* (w,-t + gpo)j-
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quTBIBaCM, qTo m-a)g = k, HOACTABJIAECM 3TO BO BTOPOEC CjaracMo€ B KBal-

paTHBIX CKOOKax, BBIHOCUM 3a CKOOKM k U mosrydaem:
Ak g
W, + W = 5 -sz(wo-t + ¢,) +Cos?(w,-t + (po):l-
CymMa KBaJapaTOB CMHYCa M KOCHMHYCAa paBHAa €IUHUIE, CIEI0BATEIBHO, MOJI-
Has SHCPTHUs IPYKUHHOIO MasiTHUKA:

k- A
W, + W, = = const -

AHaTOTrUYHO MOXKHO HCIIOCPCACTBCHHO Y6CIIHTI>C5I B TOM, 4YTO IIOJIHAsA 3HCP-
THS JTFOO0TO rapMOHHUYCCKOro oCHuJIATOpa NOoCTOAHHA.

CJii0:keHHe KoJIeOaHU, MPOMCXOAAIIMX BIO0JIb OJHON NPAMOM.
BekTopHbIe 1MarpaMmmsi.

[IycTh HEKOTOpass cHUCTeMa Y4YacTBYeT OJHOBPEMEHHO B JIBYX KOJeOaTelb-
HBIX IIPOLIECCAX, MMPOUCXOAAIINX C OAUHAKOBOM YACTOTOM BIOJIb OJHOU MpsiMOU. To-
rJ1a COTJIACHO MPUHLMITY CYNEPIIO3ULINN PE3YIbTUPYIONIEE IBUKECHUE ONPEACIACTCA
KaK CyMMa €ro0 COCTaBJISIOIINX:
S=5 +5,.

3nech s, U S, - IBa TAPMOHHYECKUX KOJCOAHUS:
$ = A-Sin(w,-t + ¢g) , s, = A -Sin(o,-t + ¢p,)
["apMonnyeckre KoaebaHus BAOJIb OJHOW TPSIMOM C OJMHAKOBBIMH YaCTO-
TaMU yI00HO CKJIa/IbIBATh C TMIOMOIIIbIO BEKTOPHBIX JHATPAMM.

[Ipenmnosioxum, 4T0 paanyc-BEKTOp IMHOU A, PaBHOMEPHO BPAILAETCS C YI-
JIOBOM CKOPOCTBIO ;.
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[Ipoekuust 3TOro BEKTOpa Ha OCh Yy B 3TOM CIIy4ae COBEPIIACT rapMOHUYE-
CKHE KOoJICOaHUS C 4acTOTOM w,. JICHCTBUTEIIBHO:

y,=A-Sing, .

[Ipu paBHOMEPHOM BpaIlEHUH ¢, = 0, -t + ¢, , CIEAOBATEIBHO:

Y = A-Sin(@,-t + 9y) =5,

T.C. UIBMCHCHHC IIPOCKIHUK Yy, HIPOUCXOJHUT IIO0 TOMY KC 3aKOHY, UTO U S, .

AHaHOFI/ILIHO MOJKHO 3aIlliCaThb AJIs1 BCKTOpa A
Y, = A, -Sing, = A, -Sin(w,-t + ¢y,) =5, .

CnenoBaTeibHO:
StSH =Y tY,,

MpuYeM KojiebaHust y, U Yy, MPOUCXOJAT BAOJIL OJHOUM MPsSIMOil - OCH Y.

Cymma vy, +y, OpeacTaBisieT co0O0M MPOEKIMIO CYMMapPHOI'O BEKTOPA A, + A,
Ha OCh ¥:

Yi + Y, = (Al"' AZ)
y
Takum 06p2130M, AL OIpCACIICHUA PE3YJIbTUPYIOLICTO KoJIeOaHUs HE00X0-

JVMMO HaWTH BEKTOP, PAaBHBIM BEKTOPHOM CyMME BEKTOPOB A1 U A;. [TocTpo-
UM 9TOT BEKTOP € MOMOILBIO PAaBUJIA NTapaJlIeIorpamMma:

o —

....................... LN\ A= A+ A

Bektopel A M A; BpaIAalOTCA C OJMHAKOBOM YIIIOBOM CKOPOCTBIO @, , MO-
ATOMY YroJ MEXIy HHMH He MeHseTcs. ClenoBaTeabHO, CYMMAapHBI BEKTOP
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A= A+ A, TaKKe BPAIAETCA C TOH e YITIOBOH CKOPOCTBIO @,, OCTAaBASACH MOCTO-
SHHBIM TI0 BEJIMYMHE (BECh MapajuiesIorpaMM BpallaeTcs Kak OJHO IIeJIOe C YIIIOBOM
CKOPOCTBIO ®,). DTO O03HAYaeT, YTO CyMMapHOE KoJieOaHWe TaKKe SBIISICTCS rap-
MOHHYECKUM C TOH K€ YaCTOTOM, UYTO M €T0 COCTABJISIFOIINE. AMILTUTY/A 3TOTO KO-
neGaHus paBHA JJIMHE CYMMapHOTO BekTopa A, (asza paBHa yriiy HaKioHa ¢

9TOr0 BEKTOpPaA K OCH X.
JlnvuHy cymMmapHOro BeKTopa A BBIpa3UM 4Ye€pe3 JJIMHBI COCTABISIONINX BEK-
TOpPOB A, , A, U yroji Mexay HUMH ¢, — ¢, C IIOMOIIbIO TECOPEMbI KOCUHYCOB:

A=A +A +2A-A-Cos(p,— ¢)-
VYTIIbI HAKJIOHA TTIEPBOTO U BTOPOTO BEKTOPOB PaBHEI:

¢, =0, t+9q, @, = 0y t+ @,
CnenoBaTesbHO:

Py = P1 = Py — Poy
J51

A = Aiz + AZZ +2-A-A-Cos(py, — 9p) -

®da3zy pe3yNbTUPYIOLIErO KOJIeOaHUsI ¢ HalJleM U3 COOTHOILIEHUMH, BbIpa-

KAIOMUX TO 00CTOSATEIBCTBO, YTO MPOEKIIHUSI CyMMBbI BEKTOPOB Ha JIIOOYIO OCh paB-
Ha CyMME IPOEKIHM CIaracMbIXx:

Y=¥%*+Y,, X=X +X
HnIn:

A-Singp = A, -Singp, + A, -Sing,

A-Cosp = A -Cosp, + A, -Cosg, .

Jlemnm nepBoe U3 3TUX YPAaBHEHUM HA BTOPOE U MOJIYyYaeM:

A -Sing, + A,-Sing,
A -Cosp, + A, -Cosgp,

B vactHocTH, 171 HayanbHOU dazel ¢, (mput=_0):

A -Sinpy, + A,-Sing,,
A -Cospy + A, -Cosgg,

gg, =

Takum oOpazoM, B pe3ynbTaTe CIOKEHHS IBYX TapPMOHUYECKUX KOJIeOaHUI
OJMHAKOBOW YaCTOThI, MPOUCXOMSIIUX BIOJIb OJHOW HPSIMOM, I10Jy4aeTCsi BHOBb
rapMOHHUYECKOE KoJeOaHue TOM K€ YaCTOThI:
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s=5 +5, = A-Sin(w,-t + ¢,).

AMruTyga A W HadalbHas da3za ¢, BBIPAKAIOTCS Yepe3 aMIUTUTYAbl A,
A, W HayanbHBIC Pa3bl o, W ¢, C TOMOIIBIO MPHUBEACHHBIX BBIIIE (BOpPMYI
U CYIIECTBEHHO 3aBHUCAT OT COOTHOIICHUS HAYaIbHBIX (a3 CKIaJbIBAEMBIX KOJIE-
OaHwMii.

B wactHOCTH, ecniu ¢, = ¢, (Takue KojeOaHUS HA3bIBAIOTCS CUH(A3HBIMU),
TO

A=A+ A, T.K. Cos(py, — ¢n) =1

Ha BexTOpHOW namarpaMMe 3TOMY CIIy4ar0 COOTBETCTBYET HAIIpAaBJICHUE CKJla-
JBIBAEMBIX BEKTOPOB BJOJIb OJTHOM JIMHUU B OJITHY CTOPOHY.

[Ipu cuH(ba3HBIX KOJEOAHUSIX AaMIUIUTYAa CYMMApHOIO KoJieOaHUsI MaKCH-
MaJjbHa.

Ecnu npu 3TOM aMIUTUTYbI CKJIQIBIBAIONIMXCS KoJicOaHuil paBHBI (A, = A,),
TO
A=2-A .
BTtopoii yacTHBbIN citydail mojgydaercs, eciu HadalbHble (ha3bl OTJIMYAIOTCS Ha
tr

Pp = P T 7.

Takue kosiebaHUsI HA3bIBAIOTCS POTUBO(DA3ZHBIMH.
B sToM cirydae nosrygaem:

A=|A - A|l, TXK Cos(p, — @) = —1.

Ha BexkTOpHON quarpaMMe 3TOMY CIIy4ar0 COOTBETCTBYET HAIIPABJICHHUE CKJIa-
JBIBAEMBIX BEKTOPOB BJ0JIb OJIHOM JMHUHU B IPOTHUBOIIOJIOXKHBIE CTOPOHBI.
AMIUTUTY1a CyMMapHOTro KosieOaHusl B 3TOM cliyyae MUHUMaibHa. Eciau npu

TOM aMIUIMTYAbl CKJIAJbIBaEMbIX KOJeOaHUN paBHBI, TO CyMMapHas aMIUIUTY[a
paBHa HYJIIO:

A=A - A=0 - MOJHOE B3aUMHOE TallleHne MPOTUBO(A3HBIX KOJICOAHMIA.

Hakonen, TpeTuid 4acTHBIN Clly4ail, KOrja HadaibHble (a3bl KOJeOaHUN OTIU-
qaroTcai HA + 7.

P = Qo t % - KoJIe0aHus B KBaJIpaType.

B stoM ciydae nosnyyaem:
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A=A + A, T.K. Cos(py, — @) = 0.

Ha BekTopHO# AriarpamMMe B 3TOM cllydae CKJIaJbIBaeMble BEKTOpa pacroJiara-
I0OTCS B3aUMHO TMEPIECHIUKYIISPHO.

[TocnemoBaTenbHO CKIAABIBasi MHOTO TapPMOHHMYECKHX KOJICOAHWH OIMHAKO-
BOHM YacTOTHI, B pe3yJbTaTe Bcerna OyaeM MoxydaTh OMSATh TApMOHUYECKOE Kojeha-
HHE TOM K€ YaCTOTHI.

Ho ecnm 9acTOThI ABYX CKJIaJBIBAEMBIX TAPMOHUYECKHUX KOJICOAHUIN HE PaBHBI,
TO pPe3yIbTUpPYIOLIEE KoJIeOaHUE YxKe HE OyIeT TapMOHUYECKUM.

PaCCMOTpI/IM OIHWH N3 TAKHUX CIIYYacCB.

buenus.

buenusimu HazbIBaeTCs KOJeOATENbHBIN MPOIECC, MMOMYYAIOMUNACA TIPU CIIO-
KEHUU JIBYX TaPMOHMUYECKHX KOJIeOAHHM, MPOUCXOMAIINX BIOJb OJHOW MPSIMOM C
MMOYTH OJIMHAKOBBIMHM YaCTOTaMH. MaTteMaTH4ecKu OJU30CTh 9acTOT (GOPMYITHPYET-
Csl TAKUM 00pa3oM:
Dy — Dy

<< 1.
Dy

PesynpTupyroiee kojiebaHue B ’TOM Clydyae UMEET TaKOW XapaKTepHbIN BU/I:

KonebaHust mpouCXoaAT C 4aCTOTOM w, ~ ®, ~ ®, , HO aMIUIUTYJa 3THUX KO-
nebaHuil NepUOJUYECKd MEHSETCS OT MUHUMAaIbHOM, paBHOW pPa3HOCTU AMILIUTY]
CKJIaIbIBAIOLINXCS KOJEOaHUH |A — A| /IO MAKCUMAJILHOM, PABHOM CyMME aMILTUTY/T

At A
A=Al <A< ATA.

Ecniu A = A, (aMIUIMTYZBI CKJIQABIBAIOIIMXCA KOJIEOAHUN PaBHbI), TO B HEKO-
TOpPbIE MOMEHTBI BpEMEHH CyMMapHasl aMIUIMTY/1a YMEHbILAETCS 10 HYJIS:

0<A<2A, ecm A-=A,.
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Yacrora u3MeHEHUs] aMIUTUTY/IbI, T.€. YacTOTa OMEHWM, paBHA PA3HOCTH Yac-
TOT CKJIa/IbIBAEMbIX KOJICOAHUM:

Q= ‘wm - woz"
a mepuoj; OMeHHI ONpenensaeTcs 3TOM YaCTOTOM:
2z
=

T

buenuss mpoucxoadT H3-3a TOrO, YTO Pa3sHOCTh (ha3 JABYX CKIIAJbIBAIOIIUXCS
KOJIeOaHWI1 HENPEPBIBHO MEHAETCS M3-3a pa3iauuus 4acToT. Ha BekTopHO nuarpam-
Me 3TO M300pakajoch Obl IBYMsI BEKTOpPaMHU, BPAUIAIOUIMMHUCS C Pa3HBIMU YIJIOBBI-
MH CKOPOCTSIMU U ITIO3TOMY HEINPEPBIBHO MEHSIOIIMMHA CBOE B3aUMHOE PACIIOJIOXKE-
HUe (KaK CTPEJIKHA 4acoB).

Korna pazHocts (a3 6:1m3Kka K HyIr0 (BEKTOPbI HAIPaBJIEHbI B OJTHY CTOPOHY),
KoJie0aHusl yCHIIMBAIOTCSI, KOTJa pa3HOCTh (a3 Onu3ka K 7 (BEKTOpPHI HaIlPABJICHBI
B IIPOTUBOIIOJIOKHBIE CTOPOHBI), KOJIEOaHUS OCIAOISIOT ApYT Apyra Wid Jaxe MoJ-
HOCTBIO TacsT APYT Jpyra (Ipu paBeHCTBE aMIUIUTY).

Teopema ®yphbe.

[TpocreiimmM nmepuoandecKkuM KoiaeOaHueM sBIISETCS TapMOHUYECKoe KoJeba-
HUE.

B obmiem ciyyae nepuoguyeckoe KojeOaHue He 00s3aTelIbHO SBISAETCS Trap-
MOHHMYECKHUM, CHHYCOUJAIbHBIM. 3aBUCUMOCTh OT BPEMEHHU MOXKET OBbITh CIOKHOM,
HE CUHYCOMAabHOU. TpeOyeTcs TOIbKO MOBTOPSIEMOCTh YepE3 PpaBHBIE MPOMEXKYT-
KU BPEMEHHU - IEPUOJUYHOCTb:

s(t) = s(t +T) mus moboro t.

\ o\

Teopema ®Dypoe: Jroboe nepuoanueckoe KojaedaHue ¢ nepuogoM T MOXKHO

Hpe)ICTaBI/ITB KaK CynepHOBI/IHI/II-O FapMOHquCKHX KOHC6aHI/II\/’I C yacCcToTaMHu, KpaT-
2.7

HBIMH 4aCTOTC

3y

s(t) = >

+ A-Sin(@-t + @) + A -Sin(2-o-t + ¢,) + -+ A-Sin(N-o-t + ¢ )+ yu:
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% + iA]'Sin(n'a)'t-F@n) - psn ®ypee.

=1

s(t) =

Cnaraemble, COOTBETCTBYIOIIME YaCTOTaM @, 2@, 3® W T.O., Ha3bIBAIOTCS
1-i, 2-i1, 3-i1 U T.A. rapMOHUKaMU KOJIeOaHUsI.
1-s1 (ocHOBHAsI) rapMOHUKA OTNpPEEsAETCS MEPUOIOM KOJICOaHMIA:
2.7

QA = —
T

Koadduruents! psana Oypbe BHIUUCIAIOTCS CIEIyIOMNUM 00pa3oM (6e3 BBIBO-
na):

A = a + b?, P, = arctg%.

n

(S

2T
b = =-|s(t)-Sin(h-w-t)dt, n=1, 2, 3,...
. TOj() (n-o-t)

CJi0:keHHne B3aMMHO NEePNEeHAUKYJIAPHBIX KoJle0anuid. @urypsl Jluccaxy.
[Ipenmnosioxkum, 4YTO MaTepuaibHas TOYKAa YYaCTBYET OJHOBPEMEHHO B JBYX

rapMOHHUYCCKUX KOJ'I€6aHI/IHX, MPOUCXOAAINIUX BO B3aMMHO IICPICHAUKYJIAPHBIX Ha-
MMpaBJICHUAX X H VY.

v

24,

24,
X = A-Sin(o,-t + ¢,),

y = A -Sin(@,t + ¢g).
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TpaekTopust ABMKEHHSI MATEPUAIIBHOW TOYKH, IOIYYaIOIIAsCAd B PE3yJIbTATE
CJIOKEHMS 3THX JBYX KOJICOAHWM, HE BBIXOJUT 3a MPEJEIIbI IPSIMOYTOJIBHUKA CO CTO-
poHamu 2A W 2A, . Bua 3TOH TpaeKTOpUH B MPOU3BOJBHOM CIIlydae OYE€Hb CIIO-
JKEH.

Ecnu oTHOIIEHHE YacTOT CKJIaJbIBAEMBIX KOJIEOAHWN PaBHO OTHOILICHUIO Ie-
JIBIX YMCEN, TO TPACKTOPUH, BBIUEPUYMBAECMBIE MATEPUAIIBHOW TOYKOW B PE3YyJIHTATE
CJIOKEHMS TaKUX KOJeOaHUH, SIBISIFOTCS 3aMKHYTBIMU U Ha3bIBatoTcs purypamu Jluc-
Caxy.

Ecm % _ " n,m - memsie yucna (1, 2, 3,...),

TO TpaeKTopuu - (urypsr Jluccaxy.

@urypsl Jluccaxy ymnoO0HO HaOmOAaTh HA dKpaHe ocuuiuiorpada, eciam Ha
TOPU30HTAIBHO OTKJIOHSIONIME IUIACTHHBI MOAATh CUHYCOUAAIBHOE HAMNPSHKECHUE
OJIHOW YacCTOThI, 2 HA BEPTUKAIBHO OTKJIOHAIOUIME [JIACTUHBI - JPYTOM YaCTOTHI.

HauGonee ynoOusl s HabmogaeHus: ¢urypsl Jlnccaxy, Moiydaroniecs mpu

YCJIOBUH, YTO N U M - Malble U OJW3KHE APYT APYTY YMCIa, T.€. JJISI OTHOIIIE-
HUHU

o _1 1 2 3

w, 1 2" 3" 4

B npoTuBHOM cilyyae MOJIy4YaeTcsl CIMIIKOM MEJKH y30p - MOYTH PaBHO-
MEpHasi 3aCBETKA BCEr0 MPSAMOYTOJIbHUKA.

Qduryp Jluccaxy cCyiiecTByeT O€CKOHEUHOE MHOXKECTBO. PaccmoTpum moj-
poOHee TOJIbKO OJIMH BapUaHT - MPOCTEUINNNA, KOTJa 4YaCTOThl 000MX KoJeOaHuM
PaBHBbI:

CiaoxxeHnue B3aMMHO NePHeHIUKYIAPHBIX KO0JI€0aHNH OIMHAKOBOM YACTOTHI.
HyCTb JIBU)KCHUE MAaTE€pUAJIbHOW TOYKHA I10 B3aHMMHO NEePIECHIUKYIIPHBIM
OCSIM X U Y OIIMCBHIBACTCS YPAaBHECHUAMM:
Xx=A-Sin(o-t + ¢y),
y=A-Sin(o-t + ¢g).
OTH 1Ba YpaBHEHUS NIPEACTABIAIOT coboi YpaBHEHHUSA TPACKTOPUU JABHIKCHUS

MaTepUalbHON TOYKH, 3aJjaHHbIC B ITapaMeTpuyeckom Buae. I[lapamerpom sBisercs
Bpems t.
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YrtoObl OnpenenuTh BU TPACKTOPUHU, HEOOXOJUMO MOIYYUTh SIBHYIO 3aBHCH-

MOCTbB, CBSI3bIBAIOIIYIO X U Yy, UCKIIOUUB U3 YPAaBHEHHU mapamerp t.
DTO MOXKHO clieflaTh B JAaHHOM CJIy4yae ¢ MOMOIIbIO0 HECJOXKHBIX alredpanye-

CKHUX U TPUTOHOMETPUUYECKUX TTPeoOpa30BaHUM.
PaznenuMm nepBoe ypaBHeHHE Ha A , BTOpOe€ - Ha A, , IOCJE YEro MpaBbie

YaCTH PACKPOEM 110 POPMYIIe CHHYCA CYMMBL:

1
2
X . : .
" Sinwt-Cos ¢, + Coswt-Sin gy, » | -Sing,, -Cos @y,
% = Sinwt-Cosg, + Cosmt-Sing,, | -Sing,, -Cosgy,
Teneps ¢ 3TUMH ypaBHEHUSMH BBINOJIHUM JIBE MOCJIEAOBATEIBHOCTUA JCHCT-
BUH.

[TocnenoBarenbHOCTh 1 - YMHOXHM I€pBOE€ ypaBHEHHE HA Sing, , BTOPOE -
Ha Sing, , IOCJE Yero BBIYTEM U3 NIEPBOrO BTOpoE. B pesynprare nosryuum:

%-Sinw02 - %-Singo01 = Sinwt-(Singy, -Cosp, — Cose,, -Sing,,) =

= Sinot-Sin(@y, — @)

[TocnenoBaTenbHOCTh 2 - YMHOXKHM TIEPBOE YpaBHEHUE HA Cosg, , BTOPOE -
Ha Cosg, , MOCJE Yero BBIYTEM U3 NIEPBOT0O BTOpoe. B pesysnbTare noaydum:

%Cos%z - %'Cow01 = Cosaot-(Singy -Cosp,, — Cosg,, -Sing,,) =

= Cosot-Sin(@y — @)

B 5Tux BeIpaX€HUAX HCTIOIB30BaANIach (PopMysia CHHYCa Pa3HOCTH.
O06a momy4uBIIMXCSA YPaBHEHUS BO3BOJAMM B KBaJpaT, MOCJIE Y€TO CKIIAIbIBAEM

IPYT C APYTOM:
X2

— + 2

2
y X Y . .
A12 E - 'E'E'(Smﬂn'S'nV’oz + Cosgy, - Cospy,) =
= Sin* (@, — @4) - (Sin’wt + Cos’wt).
CYMMa KBaaApaToB CHMHYCa U KOCHHYCA B HpaBOfI 9aCTHU paBHaA CAUHUIIC, a BbI-

paxkeHue B ckoOKax B JIEBOM 4acTH MPEJICTABIsAET COOOM KOCUHYC pa3HOCTHU JIBYX ap-
I'YMEHTOB. B pe3ysibTaTe OKOHUATENbHO MOJyYaeM:
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x? z X )
? +ng - 2‘A1.ZZ‘COS(¢02 —Pu) = sz((”oz ~ Pp)

910 YPaBHCHHUC 3JIIUIICA C HpOHSBOJ’IBHOﬁ OpHCHTaHHGﬁ IJIAaBHBIX OCEH.

24,

24,

Taxum obpazom, ¢urypa Jluccaxy rnpu paBeHCTBE YaCTOT CKJIAbIBAEMbIX B3a-
MMHO NEPHEeHIUKYISIPHBIX KOJeOaHUu IpeacTaBisieT coO0H IUIUIIC.

OpueHTanus ¥ BUJ 3JUInIca (CTENEHb €ro CKaTOCTH) 3aBUCAT OT Pa3HOCTH (a3
CKJIaIbIBaeMbIX KosieOaHmil. PazHocTh (a3 MOXKHO OMpenenuTh IKCIEPUMEHTATHHO
KaK BEJIMYMHY, CHHYC KOTOPOU paBeH OTHOLICHUIO KOOPJUHATHI TIEpEeCceUeHMs] BEPTH-
KaJbHOM OCH K BEPTUKAJIBHOU MOIyocH 3juiunca. J(edcTBUTENbHO, u3 GOopMyIIbl 3-
JUTICA TOJTydaeM U KoopauHaTel Yo mpu X = O:

2
y .
722 = Sin’ ((poz — @y ).
Otcrona:
y .
ﬁ = iSln(@)z = Py )
OKOHYATEIBHO:

. Yo
Py — Py = T arcsin—— .
AZ

Pa3Hbie 3HAKM COOTBETCTBYIOT pa3HbIM HAMNpPABJICHUSM JIBIKCHHUS TOYKHU TIO
AIUIUIICY.

PaccMoTpuM BT 3iTMIICA B HEKOTOPBIX YaCTHBIX CITydasX.
1. PasnHocth (ha3 paBHa HyII0 — cuH(pa3HbIE KOJICOaHMS.
Py — Py = 0.

B atom cimygae CoS((gz - ¢o1) =1,  Sin((oz - Po1) =0 U U3 ypaBHEHUS DILIHII-
ca IoJIy4aeMm:
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2 2

Xy x vy
S+ -2 =,
A7 A4 4, 4,

OT0 BBIpa)KEHUE MPEACTABIAET COOOM MONHBIN KBaApaT pa3HOCTH:

Otcroza noyryyaem:
N .
Al AZ g Al

X

DTO ypaBHEHHE NPSAMOW JIMHUM, MPOXOIAIIECH Yepe3 HAYAIO KOOPAUHAT IIOJ
OCTPBIM YIJIOM K OCH X. TaHI'€HC 3TOr0 yrila paBeH OTHOLIEHUIO I10JIyOCEH AIJUINIICA.

¢ 4 0
=—>0.
g 4,
y
N
Al

2. PasHocTh (a3 paBHa t 7 - mpoTuBO(da3HBIE KOJeOaHUS.
Py — Po = E7.

B atom ciiywae C0S (o2- 0o1) = -1, Sin(qgz - @o1) = 0 w ypaBHEHHUE dUIUIICA
MPUOOPETAET CICTYIOIINI BU:

2 2
LY Ry
Al A2 Al A2

DTO MOJHBIN KBaAPAT CyMMBI:

Otcrona:
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DTO ypaBHEHHE MPSAMOU JIMHUH,

NPOXOJSIIIEH Yepe3 Hadyalo KOOPAUHAT IOJ

TYIIBIM yIJIOM K OCH X. TanreHnc yTIJla HaKJIOHA PaBCH OTHOIICHUIO HOJIYOCGﬁ OJIJIAII-

Ca CO 3HAKOM MMHHYC.

3. Pa3znocthb (a3 konebanuii paBHa ig.

T
Doy — P = i5~
B oToM ciydae  Cos(, - 9,)=0, Sin’(g, - ¢,) =1 U YPaBHEHUE DIUIMAIICA TIPHHH-
MaeT BU;
XY
A4

9T0 YPaBHCHHUC JJIUIHUIICA, I'TIaBHBIC OCH KOTOPOI'0 COBIIAAAIOT ¢ KOOPAHWHATHBI-

MM OCAMMH.

24,

o T
4. PazHocTh (ha3 kosieOaHMil paBHA iE U K TOMY K€ €Ille U aMIUIUTY/IbI CKJIa-

AbIBACMBIX KoJIcOaHUM OAHNHAKOBBI:
4,

=4, = A.

B 3TOM citydae U3 npeapayero ypaBHeHuUs M0oay4aeM:

2
X

+y

2

= A°
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OT0 ypaBHEHHE OKPY>KHOCTH C IIEHTPOM B Hayajie KOOpAUHAT U paanycom A.

3aTyxawonue Kojge0aHusl.

CI/IHYCOHI[a, OIIMCBIBAaromasa rapMOHHYCCKHUC KOH€6aHI/I5[, ABJLICTCA PCIICHUCM
YPaBHCHUSA I'apMOHHNYCCKOI'O OCHUJIIIATOpA:

s+ao;-s=0.

OT0 ypaBHEHUE MOITYYEHO 0€3 yueTa TpeHUs Il MEXaHUYECKHX CHCTEM U 0e3
y4eTa CONpPOTUBIIEHUS IJis KosuebaTeabHOro Kourypa. [lomyvatonecss npu 3ToM Ko-
nebaHus SBISIIOTCA HE3aTyXalolIMMH, CYIIECTBYIOT OeckoHeuHO nonaro. [lomHas
HHEPrUs 3TUX KOJIEOAHUN COXPaAHSIETCH.

B peanbHbIX cuctemax cBOOOJHBIE KOJEOAHMsI BCErla 3aTyXarOT PAaHO WM
MO3/HO, T.€. CBOOOIHbIE KOJIEOaHUs HE SBJISIOTCS CTPOTro rapmMoHnyeckumu. Hannuue
TPEHMsI UJIM COMIPOTUBIICHUS MEHSET XapakTep KojeOaHuM, clieoBaTeabHO, HCXOI-
HOE YpaBHEHHUE KOJICOaHUH TOKHO OBITh TAKXKE JPYTHM.

BriBenem ypaBHEHHE, ONUCHIBAIOIIEE KOJEOATEIbHBIH KOHTYpP, HO C YYETOM
conpoTusieHus. Jlaxxe ecii CONPOTUBIIEHUE HE BKIIFOUEHO B KOHTYD B SIBHOM BUJE,
OHO BCEI/la TaM NPHUCYTCTBYET B BUJIE CONPOTUBIICHUS IIPOBOJAOB KaTYIIKH U COEIU-
HUTEJIBHBIX MPOBOJIOB. Bece 3T conpoTuBiieHUs: 00bEIMHUM B OJHOM - CONPOTHUBIIE-
Hun R. Torma cxema kosae0aTenbHOro KOHTYpa, BKIIOYAIOIIETO B c€0s1 KOHJIEHCATOP
C, kaTymky MHAyKTUBHOCTH L u compoTtuBienue R, Oyner BBIMISAETh TAKUM 00-
pazom:

[IpumensieMm K 3TOMy 3aMKHYTOMY KOHTypy 2-¢ mpaBuio Kupxroda u moiny-
qaeMm:
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U + Ug = &
3mecy  u, :% - HampsbKeHHE Ha KOHAEHcaTope, Uy = i-R - Hampsbke-

Hue Ha conpotuBieHuu, &€ - DJIC ucTOouHMKA TOKa B KOHTYype. B manHowm ciydae
310 D/IC caMOMHAYKIIUN KATYIIKHU:

E = _ L.ﬂ _
dt
HOI[CTaBHHeM 9TO BCC U IOJIy4dacM:
9, iro-. 4,
C dt

quTBIBaCM, 4TO TOK - 3TO CKOPOCTb UBMCHCHMU 3apsaa:

. dqg di d’q
i=——,TorJa — = —
dt A dt dt?

[ToxcraBnsiem 3T0 U ICPEHOCUM BCC B JICBYIO 4aCTh PABCHCTBA!

2
Ld_q+Rd_q+ﬂ—0

dt? dt C

Paznenum 310 ypaBHeHue Ha L:

2

LCJ + Bdiq_i_iq =0 .

dt L dt L-C
BBenem 0003HaueHus:

vy = b , 2.6 = R

L-C L

C yderoM 3TuUX 00O3HAUEHM, a TaKKe MPUMEHSSI TOUKY JJisi 0003HAYEHHUS
ITPOU3BOTHOW 110 BPEMEHH, OKOHYATEIBHO MOJIYYUM:

a+2-5-(.q+m§-q =0.

DTO M €CTh ypaBHEHHE, OMUCKHIBAIOIIEE CBOOOIHBIE KOeOaHus B KoiebaTenb-
HOM KOHTYpE C Y4E€TOM COMPOTHUBJICHUS B HEM.

[Ipeamnonoxum Temepb, 4TO B TOPU3OHTAILHOM MPYKHHHOM MAasiTHUKE €CTh
TpEHUE, MPUYEM CUJIa TPEHUS MTPOTIOPIIMOHAIBHA CKOPOCTH JIBHKCHHUSI.

F = —h-x .

Tp

3necs h - ko3dduIMEHT NPONOPHUMOHAIBHOCTH, 3HAK MUHYC IOKa3bIBaeT,
YTO CHJIa TPEHHS HAIlpaBJieHA MPOTUB CKOPOCTH.

Torma 2-# 3axkoH HproTOHa [JIS Takoro MasTHHKA JOJDKEH OBITh 3allMCaH B
MPOEKITUY Ha TOPU3OHTAIBHOE HAIMIPABJICHUE X TaKUM 00pa3oM:

m-xX = —Kk-x—h-x .
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[lepBoe ciiaraemoe crpaBa - cuja ynpyrou aegopManuud ¢oO CTOPOHBI MPYKHU-
HBI, BTOPOE CJIaraéMoe - CUjia TPEHUSI.

HepeHOCI/IM BCC B JICBYIO 4aCTb PaBCHCTBA U ICJIMM Ha 11:

BBoauM 0003HaYECHUS:

U I10JIy9aCM OKOHYATCJIBHO:

x+2-5-;(+a)§~x:0.

OT0 ypaBHEHHE, ONMUCHIBAIOLIEE CBOOOAHBIE KOJIEOAHUSI IPYKUHHOTO MasiTHU-
Ka C y4ETOM TPEHUSI.

AHajioruuHoe YPAaBHCHHUEC MOKHO IIOJIYUYUTb U OJIsI MAaTCMATHYCCKOI0O MasiTHU-

Ka, CJIM MPEIIOJIOKUTh HATMYUE CHJIBI TPCHHS, MPOIOPIMOHAIBLHON yIIIOBOH CKO-
pOCTH.

Takum o6pa30M, IIOJIy4acTCA CAUHOC IJIA BCCX K0JICOATEIbHBIX CHCTEM YpaB-

HCHHC, OIIMCBIBAIOIICC CBO6OI[HI)I€ KOJICOaHMS C Y4CTOM TPCHHUA WJIN COIIPOTHBIIC-
HUA:

S+25s+w-s=0.

DTO ypaBHEHHUE OTJIMYACTCS OT YpPaBHEHMS] TAPMOHUYECKUX KoJIeOaHUM Hasu-

YUEeM JOMOJIHUTENBHOTO CIaraéMoro, MpornopuruOHAIBHOIO CKOPOCTH S .
Pemenne 3tToro ypaBHeHUs uIs ciydas o, > & HMeeT BUJ (0e3 BBIBOJIA):

s(t) = A-e 7" Sin(w-t + ¢,) .

3nech o = w? -6, a BeNIMUMHBI A U ¢, - NPOU3BOJIbHBIC MOCTOSH-
HbIE, ONpEAeIIEMbIE HAYAIIbHBIMU YCIOBUSAMU.

[IpaBUIBHOCTH 3TOTO PELICHUS JIETKO IMPOBEPSAETCS HEMOCPEICTBEHHOM IMOJ-
CTAHOBKOM.

OyHkua  s(t) yKe He ABIACTCA IAPMOHUYECKOM, OHA HE SIBJISICTCS JaXKe
CTPOTO NMEPUOANYECKON U UMEET CICAYIOIIUN XapaKTEPHbINA BU:
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Jt10 3aryxarwonue kojedanus. VX MOXXHO MpPeICTaBUTh KaK CHHYCOMJIaJbHbIE
KoJeOaHMs, aMIUIMTya KOTOPBIX yObIBa€T CO BPEMEHEM IO KCIMOHEHIUATBHOMY
3aKkoHy. BenuuuHa & HasbiBaeTcs KO3YPHUIMEHTOM 3aTyXaHHUs.

XoTsi 3T KoJieOaHUsi HE SIBISIIOTCS, CTPOrO TOBOPS, MEPUOIUUYECKUMHU, HUX
MO>KHO XapaKTepu30BaTh NepuogoM T:

T = 2°7 - YHTepBAJ BPEMEHH MEX/Iy ABYMs ONIKARIIIMH MAKCUMyMAMI.
[0

s(t)
. T .
—

v

_______ .
0T
TN e T

3anuieM M ABYX PA3JIMYHBIX MOMCHTOB BPCMCHH, OTJIMYAIOIMUXCA HA BC-
JINYHUHY T, COOTBCTCTBYIOIIUC 3HAUYCHUA HepeMeHHOﬁ S:

s(t) = A-e " Sin(w-t + ¢,),
st+T) = Ace ™ .Sinfew-t+T) + ¢,] .
Paznenum BTOpoO€ U3 ATUX BBIPA)KEHUM Ha IIEPBOE:

st+T)  A-e e’ Sin[o-(t+T)+ ¢]
s(t) A-e tSin(w -t + @,) '

St—8T 5t o —oT

31ech y4TE€HO, 4TO € =e “-e
Tak xak T ecTh mepuos cuHyca, TO 00a CHHycCa B YHCIUTEJEC U 3HAMEHATEIe

iy
OJIMHAKOBBI U UX MOKHO COKpaTHTh. MOKHO cokpatuth 1 A-e °'. B pesymbrare

MOJIy4aeMm:

-5T

s(t+T
g = e - 3aTyXxaHHe 3a OOUH IIEPUOL.

s(t)

be3pa3mepHas BEMMUMHA d = 5-T HA3bIBAETCS JIOTApU(PMUUIECKUM JEKPEMEH-

TOM 3aTyXaHUs, WIH MPOCTO JEeKpeMeHToM. JlorapubmMuyeckum MmoTomy, 4To 9Ta
BEJIMYMHA BRIPAXKACTCS Yepe3 JIorapu(m OTHOIICHHS BEIUYUH S :

Ins(t +T) _

d=—In2—"72
s(t)

173



be3pasmepHas BenmuunHa Q = g Ha3bIBACTCSI IOOPOTHOCTHIO KOJIeOATeTbHOM

cucTeMbl. UeM MeHbIle JIOrapu(pMUYECKUN JEKPEMEHT 3aTyXaHus, TeM OOoJbIle
T0OpPOTHOCTh, TEM MeEIJICHHEE 3aTyXaroT KoieOaHus.

Hampumep, mns kosne6aTeapbHOTO KOHTYypa C MajbiM 3aTyXaHuem (T.e. s
5 << w,):

- Kpyrosas 4acTOTa KoJieOaHuM ,

d=6Tx~sT = s.27r R 222 R _ 7-R-w,-C - JIOTapuYMHUIECKHI JEKpE-
0, 2-L o, w,-L

MCHT 3aTyXaHH:,

Q-Z @b 1 1 \F - TOOPOTHOCTh KOJEOATEIBLHOTO KOHTYpA.
d R Rw-C RIVC

B stux Beipaxkennsix C, L u R - €eMKOCTb KOHJIEHCAaTOpa, UHIYKTHB-
HOCTh KaTyIIKH | COMPOTHUBJICHHE KOHTypa. Yem Ooibllle UHIYKTUBHOCTh U YEM
MEHBIIIE EMKOCTh U CONPOTUBIICHHE, TE€M OOJbIIe JOOPOTHOCTH KOHTYpA.

Takum 00pa3om, CBOOOJHBIE KOJIEOAHUS PEANbHBIX KOJIEOATEIbHBIX CHUCTEM
BCErJa SBJISIIOTCS 3aTyXaloIIUMH. AMIUIMTYa KOJIeOaHW U BMECTE C HEW MoJHas
SHEPrusi KojebdaTeabHON CUCTEMbl CO BpEMEHEM YOBIBAIOT JI0 HYJIS.

BoinyxkaeHHble Koe0anus. Pe3onanc.

BrinyxieHHbIe KOJeOaHus - 3TO KOJeOaHus MO/ JCHCTBUEM BHEITHEH BBIHYK-
JTArOIey CUIIBL.

HaunGonee mpocThIM JIJIs1 TEOPETHUUECKOTO PACCMOTPEHUS SBIISETCS CIIydail, KO-
r/1a Ha Koe0aTeNbHyI0 CUCTEMY JEHCTBYET BHEIIHSS CHIIa, MEHSIOMIASCS CO BpeMe-
HEM II0 CHHYCOUJTAIbHOMY 3aKOHY - TAPMOHMYECKOE BHEIIIHEE BO3JCHCTBHUE:

f(t)=F,-Sinw-t .

B sToM ciydae ypaBHeHHE KOJeOaHUN UMEET CIEIYIOIUNA BU;

S+ 2-6-s+w-s=F-Sinot .
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Hampumep, mnsa konebaTtenrbHOrO KOHTYpa 3TO YPABHEHHE MOIYYaeTCs B TOM
cllydae, €CJIH MPEATNOI0XKUTh, YTO B KOHTYP BKIIIOUEH BHEITHWA UCTOYHUK TOKA C CH-
HyconpanbHou DJIC U:

U = -Sinom t

[Tpumensia 2-e npaBuiio Kupxroda k 3ToMy 3aMKHYTOMY KOHTYPY, ITOTYyYHM:

U. + Uy = U +¢& .

3mech . = % - HanpsbKEHUE HA KOHIEHCATOPE,
U, = i-R - HanpspKeHHWE Ha CONMPOTHUBIEHUH R,
- _ L-% - DJIC caMOMHAYKIIMHU KaTyNIKH UHIYKTHBHOCTH.
t
[ToacTaBiIsieM 5TO U IOJIyYaeM:
q di

L 4+i-R=U,-Sinot - L-— .
C dt

d i Ll
E = (q, MNCPECHOCHUM BTOPOC CjaracMoc H3

MPAaBOW YaCTH YPABHEHHUS B JIEBYIO C MPOTHUBOIOJIOKHBIM 3HAKOM H JICJIMM BCE YpaB-
HeHue Ha L:

YuuteiBaeM, 4TO0 i =( ,

« R+ 1 Uy
+—-0+——-q=—-Sinwt .
q L q L-C g L
BBoauM 0003HaYEHUS:
25-R oL f U
L L-C L

N OKOHYATCJILHO ITOJy4YacM:

a + 2-5-6] + wi-q=F-Sinot .

AHaNIOrM4HBIM 00pa30M MOKHO MOJyYUTh YPaBHEHUS I MEXaHUYECKUX KO-
nebaTeabHBIX CUCTEM, €CJIM T00AaBUTh B YpaBHEHUS ABMKeHUs (2-ii 3akoH HproToHA)
BHEILIHIOK TAPMOHUYECKYIO CUITY.

B mpou3BoipHOM ciy4yae pelIeHHE YpaBHEHUS BBIHYKICHHBIX KOJeOaHUU
MMEET JOCTATOYHO CIIOKHBIM XapakTep. C MOMEHTA Havyasa JAeCTBUS BHEIIHEN CUIIbI
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MIPOUCXOIUT HEKOTOPBIN MEePEXOHBIN MPOIECC, WIH MPOIECC YCTAaHOBIICHHUS, KOTO-
PBIF JUTUTCS TEM JOJIbIIE, YeM OOJIbIIe TOOPOTHOCTh KOJICOATEIBHON CUCTEMBI, T.C.
YeM MEHbIIE 3aTyxaHue B Hell. [Tocie okoHuYaHMs MEPEeX0HOrO Mpoliecca yCTaHaB-
JIMBAIOTCS CTAIIMOHAPHBIC KOJICOAHUs, T.€. KOJIeOaHHsI C TIOCTOSTHHOM aMILTATY/IOM.

Ecnu nmepBoHavaabHO CHCTEMa HAXOIWJIACh B COCTOSIHUM TOKOSI, TO TPOIIECC
YCTAHOBJICHHSI BBIHY)K/ICHHBIX KOJICOAaHUH MOXKET UMETh IMIPUMEPHO TaKkoi BUJ (IIpH
YCIOBHH, YTO @ # @,):

s(t)

3necb A - aMmIUIMTyJa CTAllMOHAPHBIX KOJIeOaHWM. AMIUIMTYA BBIHYKICH-
HBIX KOJICOAaHUN B TE€UEHHUE MEPEXOIHOT0 IpOollecca cama COBEPIIACT 3aTyXarollue
KoJieOaHMsl, MOCTENIEHHO YCTaHABIIUBAsICh PABHOM CTAllMOHAPHOMY 3HA4YEHHIO.

[lepexoaublii porecc 00YCIOBIEH TEM, YTO HaYyalbHBIM TOTYOK, OOYCIIOBIICH-
HbI HA4aJIOM JICMCTBUS BBIHYXKIAIOWICH CUJIbI, TPUBOJUT K MOSIBJICHUIO B CHUCTEME
COOCTBEHHBIX CBOOOJIHBIX KOJIEOAHUM, KOTOpbIE, CKIIABIBAsICh C BBIHY)XKJICHHBIMU
KOJICOaHUSIMH, AlOT B HAayaJbHBIM MEPUOJ CIOKHOE PEe3yJbTUPYIOIIEE KOoJeOaHHe.
CrarmoHapHbi€ BBIHYKJICHHbIC KOJIEOAHUSI YCTaHABIMBAIOTCS MOCJE 3aTyXaHus cOo0-
CTBEHHBIX KOJICOaHMIA.

Takum 00pa3om, EePEXOIHBIN MPOIIECC - ITO MPOIECC 3aTyXaHUsI COOCTBEHHBIX
CBOOOIHBIX KOJ€OaHUN CUCTEMBI. 3aTyxaHue COOCTBEHHBIX KOJICOaHUM TeM JOJIbIIIE,
4yeM 00JIbIe T0OPOTHOCTh CUCTEMBI.

B nanpHelimem OyaemM paccMaTpuBaTh TOJBKO CTaIllMOHAPHBIC, YCTAaHOBHB-
HIMecst KojeOaHusl.

3anumieM 0e3 BBIBOJIA PE3YyJbTAaThl, OTHOCAIINECS K CTAallHOHAPHBIM BBIHYK-
JIEHHBIM KOJIEOAHUSIM.

1. CrauuoHapHble BBIHYXICHHBIC KOJICOAHUS MPECTABISAIOT cOOOM He3aTy-
XaIoIUe rapMOHUYECKHUE KOJIeOaHUs C YaCTOTOM BBIHYKIAIOIIEH CHJIBI:
s(t) = A-Sin(ot + ¢).

2. AMIIMTYyAa BBIHYXICHHBIX CTAallMOHAPHBIX KOJIEOAaHWU omperaesnsercs

TJIaBHBIM 00Pa30M 4aCcTOTOW BBIHYKIAFOIICH CHIIBI:

A= o

\/(a)g - 0 + 40°5°

3. ®aza BBIHYXJICHHBIX KOJeOaHUN OTHOCUTENIBHO (ha3bl BEIHYKAAIOMIEH CH-
JIbI TAK)KE OMPEACIISIETCS YaCTOTOM BHEIIIHEW CHIIBI:
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tg —_26075
L

3aBUCHUMOCTH aMININTYyAbl U (1)8,3131 BBIHYKJICHHBIX KOJICOAHUM OT YaCTOTHI
BHEIIHEHW CHJIBI UMECIOT CJ'IG,ZIYI-OHII/Iﬁ XapaKTepHLIﬁ BUA:

4

0<38, <06, <9,

Yem wMeHblie KOAQPUIMEHT 3aTyXaHusl &, TEM BbIIIE rpapuK 3aBUCUMOCTHU
aAMIUTATYIBI OT YAaCTOTHI M TEM Kpyde 3aBUCUMOCTbH (pa3bl OT YaCTOTHI BOTU3U COOCT-
BEHHOH 4acTOTBI CUCTEMBI o, . BeIHYXJI€HHBIE KOJI€OaHUs OTCTAIOT MO (a3e OT BbI-
Hy)KJarouie cuiibl. MakcuMyMmbl rpauKOB 3aBUCUMOCTH aMIUIUTYAbl OT YacTOTHI
IPUXOJATCS HA YaCTOTY, HECKOJIBKO MEHBIIIYI0, YeM o, , HO 3TO OTJIMYHE MpaKTuye-
CKM HE3HAYUTEIBHO M MOXKHO CUHMTATh, YTO MAKCUMYMBI COOTBETCTBYIOT HaCTOTE
@Dq-

SIBieHMe pPEe3KOro BO3pAcTaHMs aMIUIMTYAbl BBIHY)KJIEHHBIX KoOJI€OaHWH Ipu
npUOIMKEHNN YacTOThl BHEIIHEW CUJIbI @ K COOCTBEHHOW 4YacCTOTE CHUCTEMBI @,
HA3bIBAETCS PE30HAHCOM.

[TpencraBieHHbBIE 3[1€Ch 3aBUCUMOCTH Ha3bIBAIOTCS PE30HAHCHBIMH KPUBBIMH.
OTU KpUBbIE 0TOOpaX)ar0T CBOMCTBA 000N KOJIeOATENbHON CHCTEMbI, HE3aBHCHMO
OT TPUPOJBI KOJIEOATEIBHOIO Mpoliecca.

bosee moapoOHO cBOWCTBA BBIHYKJEHHBIX KOJIEOAHUN PAaCCMOTPUM Ha MpUMe-
pe KOHKPETHOM Kosie0aTeIbHON CUCTEMBI - K0Je0aTeIbHOIO KOHTYpa.
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BBIHy)KIleHHLIe AJICKTPOMAraHuTHbBIC KoJIe0aHusl.

B sTOM ciiyyae ypaBHEHUE BBIHYXICHHBIX KojeOaHui umeeT Buj (s=q):

a + 2-5-(:.1 +wi-q=F-Sinot .
31ech
1 U,

R 2
—, 0, = —— F =—
L 0 oL

2.0 = ,
L-C

Bocnonbs30BaBmuchy O6H_[I/IM BHUAOM PCIICHHUA I CTAIMOHAPHBIX KOH€6aHHﬁ,
IIOJIYUHM:

g = A-Sin(wt + ¢) = q,-Sin(wt + ¢) - 3aKOH U3MEHEHUS 3apsA/ia KOHJEHCATOpA,

A=q, = Yo - aMIUIMTyJa 3apsiia Ha KOHACHcCATope.
L-\/(a)é - 0°) + 40° 5
i=0q=40, o -Cos(wt + ¢) =i,-Cos(wt + ¢) - 3aKOH U3MCHCHHSA TOKA B KOHTYPEC,

®-U, - aMIUIMTYJA TOKA B KOHTYpE.

h=o-q, =
L\/(a)fJ - 0?) + 40° 5

IToncraBuM crona 0? =

Baecem B 3Hamenarene L 1o KOpCHb, 3aTCM pa3aCIuM YHUCIIUTCIIb U 3HAMC-
HaTCJIb HA @ W MOJYYHUM:

O003HaYUM:
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DTa BeJIMYHMHaA Ha3bIBaCTCS UMIICIaHCOM K0JIeOATEIIbHOTO KOHTYpa. I/IMHGI[aHC
- 9TO COIIPOTUBJICHUC IICPCMCHHOMY TOKY.
OxoHYaTeJIbHO IMoJIy4acM:

= Yo - 3akoH Oma AJI1 ICPEMCHHOI'O TOKaA.

I ?

3akoH OMa JJi1 IEPEMEHHOTO TOKA BBIPAXKAET COOTHOIIECHUE MEXAY aMIUIUTY-
JaMH TOKa U HAMPSDKCHHS], @ HE MEXKy UX MTHOBEHHBIMU 3HAYCHUSIMH.

Takum 00pa3om, oOlee pereHre A CTAlMOHAPHBIX BBIHYKIECHHBIX KojieOa-
HUN TPOM3BOJIBHOM KOJIEOATENIbHOM CHUCTEMBbI, MPUMEHEHHOE K KOJIeOaTeIbHOMY
KOHTYpPY, IO3BOJIMJIO MOJYYUTh BBIPAXKEHHUS JJIS1 3aKOHA MU3MEHEHHUs 3apsiaa Ha KOH-
JI€HCATOpE KOHTYpa U TOKa B KOHTYpE, a TaKKe BbIBECTU 3aKOH OMa JIJIsl IepeEMEHHO-
ro TOKa B KOHTYpe U (GopMyITy JUIsl UMIIEIaHCa KOJIEOATEIbHOTO KOHTYpA.

[TonsiTe “umnenanc” NPUMEHUMO HE TOJBKO K KOjeOaTelbHOMY KOHTYPY,
HO U K €T0 OTJEIbHBIM 3JIEMEHTAaM - COIPOTUBIICHUIO, KOHIACHCATOPY, KaTYIIKE WH-
OYKTUBHOCTH, a TakKXe K JIF0OOH LIeNH U3 3TUX JIEMEHTOB.

NMnenanc akTHBHOTO CONPOTUBJIEHUS, EMKOCTH U MHAYKTHBHOCTH.
NMneaanc mocjie10BaTEJAbLHOM e U3 DTHX DJIEMEHTOB.

[IycTh B HEKOTOPOM Yy4YaCTKE LENU 3apsij, NPOXOISIIMN 0 dTOMY Y4YacTKy,
MEHSIETCS 110 3aKOHY:

q=4,-Sin(ot + @).
Torma TOK B 3TOM Y4YacTKE LIETH :

i=0q=w-q,-Cos(wt + ¢) = i,-Cos(ot + ¢).
B 5Tux BeIpaXeHusix q, U i, = ®-q, - aMIUIMTYAbl 3apsia v TOKa.
PaCCMOTpI/IM MO0 OTACJIIBHOCTH B Ka4CCTBC YUACTKOB ILICTIN dKTUBHOC COIIPOTUB-

nenue R, emkocth C, UHIYKTUBHOCTD L.

1. AkTuBHOE conpoTuBieHue R.
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/I MrHOBEHHBIX 3HAYEHHWW TOKA | 4Yepe3 akTMBHOE conporuBieHue R u
HanpspkeHuss U, Ha HEM MOJKHO 3alMcaTh TAaKOE )K€ COOTHOLIEHHUE, KaK U JJI 10-
CTOSIHHBIX 3HaueHu# (3akoH Owma):

U =i-R=1i,-R-Cos(wt + ¢) = Ug,-Cos(wt + @) .

31ece U, = i,-R - aMIUIMTyJa NEPEMEHHOTO HAIPSDKEHUS Ha CONIPOTHUBIIE-

HHH.
OTCIOI[a cIeayer, 410 HMIICAaHC aKTHUBHOI'O COIIPOTUBJICHUA, paBHBIﬁ OTHO-

MCHUIO aMIUINTYy D HAIIPSKCHUA U TOKA, PaBEH CaMOMY COIIPOTHUBIICHUIO!

U
Z, = RO _ R,

o

Tok depe3 cCOMPOTUBIEHHE MEHSETCS M0 3aKOHY KOCHMHYCA U HaIpsSKEHUE Ha
COIIPOTHBIICHUN MEHSETCS 110 3aKOHY KOCHHYCA, CIEA0BATEIbHO, TOK Y€pe3 aKTUB-
HO€ CONPOTHUBIICHNE U HANIPSDKEHUE HAa HEM KOJIEOIIOTCS B OIMHAKOBOH (hase.

2. Emxocts C.

JI711 MTHOBEHHBIX 3HAYEHHWM HAIPSDKEHUS HA KOHAEHCATOpe U, W 3apsia Ha

ero oOKJIaIkax g MOHO 3aMucaTh TaKOE K€ COOTHOIIEHUE, KaK U ISl TOCTOSTHHBIX
3HAYECHUU:

9 _ Y% o i
UC — E = EOS"](a)t + (p) = UCO-Sln(a)t + (0) .

31ece U, = % - AMIUIATYJa IEPEMEHHOTO HAMPSKEHUS HA KOHJICHCATOPE.

[
YuuthiBaem, 4T0 ¢, = -~ W MOJTy4YaeM:
0]

i
_
Uco - )

oC

OTtcrona onpezaensieM UMIIEJaHC EMKOCTH, KaK OTHOIIICHUE aMIUIUTY/ bl HAmpsi-
KEHUS K aMIUTUTY]I€ TOKA:
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Zo = — -~ HUMIICAaHC C€MKOCTH.

MrHoBeHHOE 3HAUYCHUE MEPEMCHHOI'0 TOKA 4CPEC3 CMKOCTb MCHACTCA 110 3aKOHY
KOCHHYCa:

i =i,-Cos(wt + @) ,

4 MI'HOBCHHOC 3HAYCHHUC HAIIPSKCHUS Ha EMKOCTHU MCHACTCA 110 3aKOHY CHUHY-
ca:

U;. = U, -Sin(ot + @) ,
CJICO0BATCIIbHO, TOK M HAIIPSKCHUC KOHIACHCATOPpAa CABHHYTBI OTHOCHUTCIBHO OPYT

T 9
npyra mo ¢daze Ha 5 » T-€. Ha UETBEPTH N€PHOA KOJICOaHMIA.

CuHyC OTCTaeT OT KOCHHYCa Ha Y€TBEPTh Mepuoja. ITO MOKHO YBUIETh U3 UX
rpaduKoB:

Cos(@t + @) ~1i

/ Sin(ot + @) ~ U,
o NV

L
or+ 0

JIeCTBUTENBHO, KOCHUHYC JOCTUTAa€T CBOEr0 MAKCMMyMa IIpU HYJIEBOM 3Ha-
YEeHUU apryMEeHTa, a CUHYC - CIyCTSl YeTBEpPTh Nepuoja, cmycts 7 1o dase, T.e.
2

CHUHYC OTCTAET OT KOCUHYCAa HA 7 , CII€I0BATEIIbHO:
2 2

T
HaIpsHKCHUE Ha KOHACHCATOPE OTCTACT OT TOKa YCPC3 KOHACHCATOP Ha E’

WJIM Ha YETBEPTH Meprojia KojaeOaHu.

3. UnayktuBHoCcTh L.

3anumeM 3akoH Oma JjIi MTHOBEHHBIX 3HAUCHHMM HAIPSHKEHUS I ydacTKa
LEMH, COJIEPKAILIETO UIeaTbHbIM UCTOYHUK (0€3 BHYTPEHHETO COMPOTUBIICHHUS):
U -- €.

3nece DJIC € - sto DJIC caMOMHAYKIMY KATYyIIIKH:
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E - _ L.ﬂ )
dt
Takum o0pazom:
di
U =L— -
) dt

Toxk 3aBUCHUT OT BPCMCHH I10 3aKOHY:
i =1i,-Cos(ot + ¢),
CJIEA0BATECIIbHO.
di . .
— =—i-o-Sin(et + @) -
dt 0 ( ?)
B pesynbTaTe nomyyaem:

U =-i,-oL-Sin(ot + ¢) = -U ,-Sin(ot + ¢).

3I[€CB U, =i-0oL - aMIUIMTyAda HAIPIKCHUA HA MHAYKTHUBHOCTH.

OTCIOI[a onpeacisieM UMIICAaHC MHAYKTHBHOCTH, KaK OTHOIICHUC aMIIINTYAbI
HaIIPpsOKCHUA K aMIINIUTYIC TOKaA:

Z =olL - HMICOAHC HWHAYKTHUBHOCTH.

MrHOBEHHOE 3HaY€HHUE MEPEMEHHOTO TOKA YePE3 UHAYKTUBHOCTh MEHSETCS 110
3aKOHY KOCHHYCa:

i =1i,-Cos(ot + ¢) ,

4 MIHOBCHHOC 3HAYCHHC HAIIPSKCHHA HAa MHAYKTUBHOCTH MCHACTCA IIO 3aKOHY CH-
HyCa CO 3HAKOM MHHYC!:

U, =-U,,-Sin(ot + ) ,
CJICOOBATCIBbHO, TOK U HaHpH}KeHI/Ie I/IHI[yKTI/IBHOCTI/I CI[BI/IHYTBI OTHOCUTCIIBbHO

apyr npyra mo ¢asze Ha % , T.€. Ha YeTBEPTh MEPHOJIa KOJICOAHHIA.

KocuHyc OTCTaeT oT cCMHyca CO 3HaKOM MHHYC Ha Y€TBEpPTh MEpUOAA. ITO
MOHO YBUJETh U3 UX IpaUKOB:
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Cos(wt + @) ~i
-Sin(wt + ¢) ~ U,

I[eﬁCTBHTeHLHO, KOCHUHYC JOCTUI'daCT MAKCHUMYMa IIpHU HYJICBOM 3HAYCHHUU CBO-

T
€T0 aprymcHTa, a CHHyC CO 3HAKOM MHHYC - Ha YCTBCPTH IICPHUOJA PaHbIIC, IIPpU - E

, T.C. KOCHMHYC OTCTACT OT CHHYCAa CO 3HAKOM MHHYC Ha %, CJICOOBATCIBbHO.

TOK 4C€pPC3 HMHAYKTUBHOCTHb OTCTACT OT HAIIPAXKCHUA HaA MHAYKTHBHOCTH I10 Cl)a-

3e Ha Z, WM Ha 4YeTBEPTh MEPHOa KOJICOAHUA.
2

B utore nmojaydacm sl TPEX paCCMOTPCHHBIX 3JICMCHTOB LCIH IICPEMCHHOIO
TOKa:

1. ConporuBnenne R. HMmnemanc z, = R, TOK M HAIPSKEHUE B OJIMHAKO-

BOH (aze.

2. Emxocts C. UMmnenanc Z. = 1 , HaIpsHDKEHUE OTCTAeT OT TOKA Ha g
wC

3. UanyktuBHOCTh L. MIMnemanc z, = oL , TOK OTCTAET OT HAIIPSKEHUS Ha

NN

W3 3THX BBIpaXXEHUH CEAYET, YTO UMIIEIaHC AKTUBHOTO (€Ile TOBOPSAT - OMHU-
YECKOIr0) CONPOTUBIIECHUS HE 3aBUCUT OT YacTOThl MEPEMEHHOIO TOKa, UMIEIAaHC
€MKOCTH YMEHBIIAETCS C YBEJIMYEHUEM YaCTOThI, UMIIEJAHC MHIYKTUBHOCTH yBEJIHU-
YUBAETCS C YBEIMYEHUEM YaCTOTHI.

TakuMm 00pa3zom, oJ1HA U Ta K€ EMKOCTh MPeICTaBiseT co00i O0bIIoe COMpo-
TUBJICHUE TEPEMEHHOMY TOKY MaJIOM 4acTOThI U Majoe COMPOTHUBIEHUE TOKY OOJIb-
o 4acToThl. HIYKTUBHOCTH TIPEACTABISIET COOOM Mayoe COMpPOTUBIICHUE Tepe-
MEHHOMY TOKY MaJIOM 4acTOTHI M OOJIbIIIOE COMPOTHUBIIEHUE TOKY OOJIBIION YaCTOTHI.

3Has UMIEAAHCHI COMPOTUBIIEHUS, EMKOCTH M MHIYKTHUBHOCTH, a TaKX€ COOT-
BETCTBYIOIIKE (DA30BBIE CABUTH MEXKAY TOKOM U HAIPSKEHUEM, MOKHO OINPEACIIUTD
MMIIEJIAaHC JTIO00M LIeHM M3 3THX 3JEMEHTOB C MOMOUIBI0 METOJAa BEKTOPHBIX AHa-
rpamM.

Onpenenum s mpUMepa UMIIEIAHC LEMH, COCTOAILIEH U3 BCEX TPEX ITUX DJe-
MEHTOB, BKJIFOUEHHBIX MOCJIENOBATENBHO APYr APYry. JTa LENb NPUBEICHA HA PHU-
CYHKE U MPEJCTaBIsieT COOOW MOCIeAOBATENbHbIN KOJeOaTelbHbIH KOHTYP C MOJ-
KJIIFOUEHHBIM K HEMY BHEIIHMM HCTOYHHUKOM TOKA, PACCMATPUBABLIMICS pPAHbBIIE,
TOJIBKO HECKOJIBKO HHAYE N300paKeHHBIN (B Pa3BEpHYTOM BHJIE):

183



Tak kak Bce TpH 3JICMCHTA LCIIN COCAUHCHBI ITOCIICAOBATCIIbBHO, TO MI'HOBCH-
HOC HAIIPSAKCHHC U Ha Bceu OCIIK U3 9TUX JSJICMCHTOB pPAaBHO CYMMC MI'HOBCHHBIX
HaHp}I}KeHI/Iﬁ Ha Ka’>XJ10M M3 HUX:

U=U.+U;+U .

Kaxxgoe u3 3Tux Tpex HanpssKeHUH 3aBUCUT OT BPEMEHH 10 CUHYCOUIATbHOMY
3aKOHY, T.€. MPEJCTaBISIET COO0M rapMoHHYecKoe kKojebanue. Takum oOpazom, Tpe-
OyeTcs CIOXKUTh TPYU TAPMOHUYECKUX KOJIeOaHUs!, MPOUCXOASAIINX BOJIb OJTHOTO Ha-
npaBjeHus. B pe3ynpTaTe CHOBa MOJIYYUTCS TapMOHMUYECKOE KoJieOaHue, MpeIcTaB-
astoniee co0oil CMHYCOUJANbHYIO 3aBUCUMOCTh CyMMapHOro Hampspbkenus U ot
BpeMeHU. Takoe CI0KEHHE MOXKET OBITh BHITIOJHEHO C MTOMOIIBIO METO/1a BEKTOPHBIX
auarpaMm. J{7ist 9TOrO clefyer CIOXHUTh TPU BEKTOpa, M300pakarolIuX TpU rapMo-
HUYECKUX KOJIeOaHUsl, T.€. TPU HAIPSKEHUSI.

[Ipeanonaraem, 4To Kaxa0€ W3 TAapMOHUYECKUX KOJIEOAHUU MPEACTABISIETCS
BEKTOPOM, BPAIIAIOIIMMCS C YTJIOBOM CKOPOCThIO o . JITMHA BEeKTOpa paBHA aMILIH-
TyJleé COOTBETCTBYIOIIETO KoJieOaHusl. YTl MEXKIy BEKTOPaMU PaBHBI pa3HOCTH (a3
COOTBETCTBYIOIMMX KosieOanuil. [IpeamnonaraeM, 9To MOJIOKUTEIHHOE HAIPABICHUE
BpAIlICHUsI BEKTOPOB - MPOTHB YaCOBOW CTPENKU. ITO O3HAYAET, YTO OTCTaBaHUE IO
¢daze o3HavaeT MOBOPOT BEKTOPA IO YACOBOU CTpENKE, ONMEPEeKEHUE - MPOTUB YaCO-
BOW CTPEJIKH.

B kauecTBe MCXOAHOTO, ONMOPHOTO BEKTOpA BO3bMEM BEKTOp, U300pakarouii
KoJieOaHMs TOKA B IeMH. ITOT BbIOOP He ciydaeH. OH 00YyCIIOBJIEH T€M, 4TO JUIsl TIO-
CJIEIOBATENILHOM LIENTM MTHOBEHHOE 3HaY€HHE TOKa BO BCEX €€ AJIEMEHTax OJMHAKO-
BO, T.€. (pa3a TOKa BO BCeX AJIEMEHTax Ienu ofuHakoBa. [loaToMy ynoOHee OTCUUTHI-
BaTh (pa3bl BCEX OCTAIBHBIX KOJIEOAHUN MMEHHO OTHOCUTEIHHO (Pa3bl TOKA.

N3o06pakaem kosieOaHMsi TOKA B I[EMU BEKTOPOM, OPUEHTHUPOBAHHBIM B HEKO-
TOPBIF MOMEHT BPEMEHH T'OPU30HTAIBHO CJIeBa HampaBo. Ero minHa paBHa aMIUTUTY-
JIe TOKa |, .

U, = \/(Um - ULn)2 + Ul2m
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Hanpsixenue Ha conpoTuBiieHMH R B ¢asze ¢ TOKOM B 3TOM CONpPOTHUBIIECHUH,
CJIEZIOBATEIIBHO, BEKTOpP, NPEACTABIAIONIMNA KOJEOaHUS HANIPSIKEHUS HA COIPOTHB-
JICHUY, HAIIPABJIEH B TY )K€ CTOPOHY, YTO U BEKTOP TOKA. J[I1MHaA 3TOro BEKTOpa paBHa
aMILUITATY e Ug, .

T
HanpspxkeHue Ha KOHAEHCATOpPE OTCTAeT OT TOKAa KOHJEHcaTopa Ha 5 no-

9TOMY 3TO HAIIPSKCHHC H306pa)KaCTC$I BCKTOPOM, IMOBCPHYTBIM OTHOCHUTCIILHO BCK-

TOpa TOKA MO YaCOBOM CTPEJIKE HA YO % . AnuHa 3TOro BeKTOpa paBHa aMIUIUTYE

Ugo -
HaHpH)KeHI/Ie Ha MHAYKTHUBHOCTHU OIICPCIKACT TOK MHAYKTHBHOCTHU HA % , I1O0-

9TOMY 3TO HAIIPSAXKCHHUC H3o6pa>1<aeTC51 BCKTOPOM, IMOBCPHYTBIM OTHOCHUTCIIbHO BCK-

TOpa TOKa MPOTHUB YaCOBOW CTPEIKU Ha YroJj % . JlInHa 3TOro BEKTOpa paBHA aM-

mmryae U, .

Tenepp ocTanioch CIIOKUTH BCE TPU BEKTOPA, U300pa)KaloIUX KoJieOaHUs Ha-
NpsSUKEHUI Ha CONMPOTHUBIIEHUH, EMKOCTH M MHAYKTHBHOCTH. (CHaudaja CIO0KUM JBa
BEKTOpa, M300paXkarolux KoueOaHUs HaNpsKEHUH HAa €MKOCTU UM MHAYKTUBHOCTH.
OTuU Ba BEKTOpA HAMPABJIEHBI IO OJJHOM JIMHUH B MTPOTUBOIIOJIOXKHBIE CTOPOHBI, U~
Ha BEKTOpPA, M300pa)arollero MX BEKTOPHYIO CyMMY, paBHa Pa3HOCTH [JIMH 3THX
IBYX BEKTOPOB U, — U, .

3ateMm B cooTBeTcTBUM C TeopeMoil [ludaropa Haxoaum AJIMHY BEKTOpa,
IPEICTaBIISIIOLIET0 CyMMY 3TOIO CYMMapHOI'O BEKTOpPa M BEKTOPA, N300pakaroIero
KOJIeOaHUsI HANPSKEHHSI HA COMTPOTHUBIICHUH:

U, = \/(Uco - Ul_o)2 + Uéo '

OTO U €CTh JUIMHA BEKTOPA, N300pakaroIEero BEKTOPHYIO CyMMY TPEX CKJIaJbl-
BAaE€MbIX BEKTOPOB, 3TO U €CTh aMILIUTYJIa CyMMapHOr0 HaNpsKEHUs Ha BCEH LENu U3
TPEX DJIEMEHTOB.

YuuteiBasg, 410 U, =i,-R , Ugo =ip— , U,=i oL,

2
U, = i0~\/[(01C —ij +R*

OnpenensieM UMIIEIAHC BCEH 1IETH, KAK OTHOIICHUE aMIUTUTYAbl HANPSKEHUS
HA 3TOM LIENU K aMIUIATYJIE€ TOKA B HEU:

2
Z:l_JO:\/(l—a)LJ + R?
i oC

MTOJTYYNM:
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Yron A, u3o0paxkaronmii pasHoCTh (a3 MEKIY TOKOM B IIENU U CYyMMapHbIM

HampspDKeHUEeM Ha Hell ((a3a TOKa OTHOCUTENIBHO HAIPSIKEHUS), ONMPEACIsieTCs], KakK
ATO BUJIHO U3 PUCYHKA, MO PopmyIie:

tgA(p= Uco _ULO _ oC

PGSYJ'II)TaTBI, IMOJTYUYCHHBIC C IIOMOIIBIO MCTOJAa BCKTOPHBIX JUarpaMm IJIsd UM-
negadnca 1mocjacaoBaTCiIbHOTO Ko1e0aTeIbHOTO KOHTYpa 1 JId (13330BOF0 COOTHOIIC-
HH TOKA B KOHTYPEC U HAIIPSAKCHUA BHCITHCTO UCTOYHHUKA, ITOJIHOCTBIO COBIIAAAIOT C
COOTBCTCTBYIOIIMMH PE3YyJIbTaTaMH, ITIOJTYYCHHBIMH U3 O6H.[€l"0 pemICHusA 1JIs1 CTallhuO-

HapHBIX BbIHYKJIEHHBIX KOJIE€OaHUM.
[Ipu pe3oHaHCE ¢ = o, =+ 1 _

° JLC w,C
MMIIEJAHC TIOCIIEIOBATENIBHOTO KOHTYpa MUHUMAJIEH, TOK MAaKCUMAaJeH U B OJMHA-
KOBOH (pa3e c HalpsHKEHUEM, MOCIeI0BaTeNIbHbIN KoJeOaTeabHbI KOHTYP MPHU PE30-
HAHCE MPEACTaBIIAET COOOM aKTUBHOE COIPOTUBIICHUE BETMYMHON R.

Ecau gyacTora HMxke pGSOHaHCHOP'I, TO HUMIICJaHC CMKOCTH Hp€06-

o,L, Z=R, Agp=0, T.6. DU PE30OHAHCE

— > ol >
1)

JagacT HaJd HUMIICAAHCOM HHAYKTHUBHOCTH (BTOT cnyt{aﬁ I/I306pa)K€H Ha pI/ICYHKe),

HalpsoKeHUE Ha KOHTYPE OTCTAeT OT TOKA, KOHTYpP MPEJCTaBISIET COOOM eMKOCTHOE
COIPOTUBJICHUE.

Ecnu yacrora Bbllle pe30HAHCHOW, TO _1 _ | , UMIEJAHC UHAYKTUBHOCTH
oC

npeo0agaeT HaJ UMIIEJAHCOM €MKOCTH, TOK B KOHTYpPE OTCTAeT OT HaIpsKEHUS Ha
HEM, KOHTYp MPEACTaBIIIECT COOOW MHIYKTUBHOE COMPOTUBIICHUE.

MouHoCTh B el ePpeMEeHHOr0 ToKa. D¢ dexkTuBHBIC 3HAYCHUS TOKA U
HAIPSIKEHUSI.

[IycTh K 1enu, COCTOSIEN M3 IMOCJIENOBATEIbHO BKJIIOYEHHBIX €MKOCTH, CO-
MIPOTUBJIEHUS] U UHIYKTUBHOCTH, MPHUJIOKEHO HANPSIKEHUE, 3aBUCAIICE OT BPEMEHU
110 CHHYCOMJAJIbHOMY 3aKOHY:

U =U,-Sinot .
Torga TOK B 3TOM 1Ny Takxke OyJeT CUHYCOUIATbHBIM:

i = i,-Sin(wt + Ag).
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Pa3nocth (1)33 Ap MCIKAY TOKOM H HAIIPSIKCHUCM OIPCACIIACTCA BCIIMYMHAMU
CMKOCTHU U NHAYKTHUBHOCTH 1 4aCTOTOM TOKa o .
I[JISI MTHOBEHHBIX 3HAYCHUM TOKa M HaIIPsSKCHUA B COOTBCTCTBHH C 06HII/IM
OIIPCACIICHUECM MOIIMHOCTH TOKAd MOKHO 3aIINCaTh:
N, =i-U=i,-U,-Sin(et + Ap)-Sinmt.

DTO0 MIHOBEHHOE 3HAYCHHE MOIIHOCTH MEPEMEHHOTO CHHYCOUIAIBHOTO TOKa
B TPOU3BOJBHBII MOMEHT BpPEMEHH t.

YMHOHB 3Ty MOIIIHOCTh Ha MaJIblil MHTEpBal BpeMeHu dt, moiayyum padory,
COBEpIIIacMYIO IIEPEMEHHBIM TOKOM 3a Bpems oT t g0 t+ dt:

N,-dt =i-U-dt =i,-U,-Sin(ot + Ap)-Sinwt-dt .

Teneps MOXXHO BBIUHUCIUTH PabOTy, COBEpIIAEMYIO MEPEMEHHBIM TOKOM 3a
OJIUH TIepuo/ KoiebaHui. [ 3Toro Hy»KHO MPOCYMMHUPOBATH pabOTHI 3a BCE UHTEP-
BaJIbl BPEMEHM B T€UEHUE MEPUO/a, T.€. BBIYUCIUTh UHTETPAJL:

T T
A= [N;-dt = iy-U,- [Sin(ot + Ag)-Sinwt-dt -
0 0

UTOOBI BBIYUCIUTH 3TOT MHTETPAJ, PACKPOEM MPOU3BEACHUE CHHYCOB KaK IO-
JIOBHHA PA3HOCTU KOCUHYCOB PA3HOCTH U CYMMBbI ApT'YMEHTOB:

Sin(wt + Ap)-Sinot = %-[Cos(a)t + Ap — ot) — Cos(wt + Ap + ot)]=
1
= E-[CosAq) - Cos(Qot + A@)].

Bropoe ciaraemoe B KBaJpaTHBIX CKOOKaX MPENCTaBIsAET COO0N CUHYCOM1alb-

HyI0 (QYHKLIHIO C IEPHOJOM | , T0ITOMY MHTErpa OT 3Toil GyHKIMH 3a nepuos T
2

(T.€. 32 yIBOCHHBIHN MEPHO]T 3TOM ()YHKITUN) paBEH HYIIIO.
[lepBoe craraeMoe He 3aBUCHUT OT BPEMEHH, €r0 MOYKHO BBHIHECTHU 3a 3HAK UHTE-
rpaja u B pe3yJibTaTe MoIy4aem:

A = =-ip-U,-T-CosAg -

N | =

Ot10 pabora, coBepIraeMas IepeMEeHHbIM CHHYCOUIaIbHBIM TOKOM 3a OWH I1e-
puoa konebanuit T.
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PaznenuB 3Ty paboTy Ha mepuo, MOTYUYUM CPEAHIO0 MOITHOCTh IEPEMEHHOTO

TOKa 34 IICpuoa, Win IMPOCTO CPCAHIOIO MOIIMHOCTL IICPEMCHHOI'O TOKA:

N = % = %iOUOCosA;o .

W3 3T0r0 BBIpAKEHUS CIENYET, UTO CPEIHSS MOIIHOCTh IEPEMEHHOTO TOKA 3a-
BUCHUT HE TOJIBKO OT aMIUIUTYJl TOKAa U HaPsDKEHUsS, HO U OT clBUra (a3 Mexay HU-
MHU.

Hanpumep, eciiu pa3sHocTh a3 Agp paBHA HYJIIO, TO CPEAHSAS MOIIHOCTh MaK-

CUMAJIbBHA MPH MPOYUX PABHBIX YCIOBUSAX:

N =%iouo-

Tako# ciydaii OyJeT, eciu B IIeNy HET HU KOHJIEHCATOpa, HU WHIYKTUBHOCTH,
T.€. 3TO MONIHOCTb, BbIE/sieMasi HA YUCTO AKTUBHOM COINPOTHUBJICHUH (€MKOCTh U
WHJYKTUBHOCTh HA3bIBAIOT B MPOTHUBOMOJIOXKHOCTh €My PEaKTUBHBIMU COIMPOTHUBIIE-
HUSAMH).

AHAJIOTUYHBIN pe3yJabTaT MOXKET MOJYUYUTHCS U IS TMOCIEA0BATSIbHON 1en
13 €MKOCTH, CONPOTHUBIICHUS W WHAYKTUBHOCTH TIPU PE30HAHCE, KOTrJa dTa IeMb
MpeICTaBIsIeT COOOH ISt IEPEMEHHOTO TOKa YHCTO aKTUBHOE COTIPOTHBIICHHE.

Ha 4rcTo akTHBHOM COTIPOTHBIICHUU MOIIHOCTH MOYKET BBIICISATH M IMMOCTOSH-
HBIM TOK, 9TO MO3BOJISIET BBECTH MOHSATHS 2(P()EKTUBHBIX 3HAUCHHUH TOKAa M HaIpsDHKe-
HUS TSl IEPEMEHHOTO TOKA.

OTo cuia W HaNmpsHDKEHHE TaKOro MOCTOSTHHOTO TOKA, KOTOPBIM BBIJEISET HA
AKTUBHOM COTPOTHUBJICHUHU TAKYIO K€ MOIIHOCTb, YTO M MEPEMEHHBIN TOK, T.€. MOX-
HO 3aITUCAaTh:

. 1.
I Ue = E IOUO '

3mech i, u U, - cuja M HampsHDKCHUE TTOCTOSHHOTO TOKA, BBIJEISIIOIIETO Ta-
KYIO )K€ MOIIIHOCTb, YTO U MEPEMEHHBIA TOK. ITH BETUYUHBI U HA3BIBAIOTCS dPeK-
THUBHAs cwia TOKa U 3G (HEKTUBHOE HANPSKEHHUE TEPEMEHHOTO TOKA.

Ha ocnoBanmu 3akona Oma U, = i,-R, U, =i,-R, ciemoBaTeIbHO:

e

ij-R:%-ig‘-R OTKyaa i, =

NN
Uz 1 U2 U,
~e _ ~.Z0  QOTKyJa U =—2% .
R 2 R Y 2

D¢ deKTUBHBIE 3HAUEHNU] TOKA U HANPSKEHUS B 2 pa3 MEHBIIIE, YeM CO-
OTBETCTBYIOIIME AMIUIUTYAHbIC 3HAYCHUS.

Ecnu BbIpa3suTh MOIIHOCTH NMTEPEMEHHOTO TOKA, BBIAECISEMYIO HA AKTUBHOM CO-
NPOTUBIIEHUHU, Yepe3 A((PEeKTUBHbIC 3HAUYCHUSI TOKA U HAMPSDKEHUS, TO MOJYYUTCS
TAaKOE€ K€ BBIPAXKEHUE, KAK ISl MOLIIHOCTU [IOCTOSIHHOT'O TOKA:
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N =i U

e e "

[Ipeanonoxxum Tenepp, 4YTO B IIEMU HET aKTUBHOTO corpoTuBieHus, R = 0. B
3TOM Clly4ae pasHOCTb (a3 MEXAY TOKOM U HANPSDKEHUEM Ay - + 2 , COSAp=0 wu
2

MOITHOCTDB, BbIACICMAA IICPEMCHHBIM TOKOM B TaKOH OCIIN, COCTOHHICﬁ TOJIBKO H3
PCAKTHUBHBIX COHpOTPIBJIE?HHﬁ, paBHaA HYJIIO:

N:O.

B peanbHbIX LEMSIX NEPEMEHHOTO TOKAa OOBIYHO pEeAM3yeTcs HEKOTOPBIN Mpo-
MEXXYTOUYHBIN CIy4all MeX]ly PaCCMOTPEHHBIMU JIBYMs IIpeAeNIbHBIMU. B nenu nepe-
MEHHOT'0 TOKa OOBIYHO UMEIOTCS M aKTHBHBIC, U PEAKTUBHBIC CONPOTUBJICHUS (EM-
KOCTH, HUHAYKTUBHOCTH). CpeaHsisi MOIIHOCTh NIEPEMEHHOI0 TOKa MPONOPLHUOHAIbHA
KOCUHYCY pa3HOCTU (a3 MEXIy TOKOM U HampsbkeHueM. Yem Oosibplie cyMMapHBIN
BKJIAJ] pEaKTUBHBIX AJIEMEHTOB LI€TIH, TEM OOJIbIIEe Pa3HOCTh (a3 IO BEIUYUHE, TEM
MEHBIIIE BbIAEIIIEMasi MOIIHOCTb.

Boanbl B ynpyrou cpenue.

Bonna - 3T0 pacmpocTpanstoieecs B IPOCTPAHCTBE KoJeOaTelbHOE JBUMKE-
HHE.

B MexaHuyeckux cucremMax pacnpocTpaHeHHe KojieOaHUil 00yCIIOBIEHO cujia-
Mu nedopmari. CMeleHne YacTHIlbl TPUBOJAUT K TOSIBJICHUIO CUIIBI JedhopMariui,
JNEUCTBYIOLIEN HA COCEIHIOK YacTHIy. JTa CHJIA 3aCTaBIIIET CMEIIAThCd U COCE[-
HIOI0 YacTUIly. DTO CMEIICHHUE BBI3BIBAET CUITY, IEHCTBYIOIIYIO Ha Oojee JalleKyro
YacCTHUIy, ¥ 3aCTABJISIET U €€ CMEIATHCA U T. 1.

B pesynbTaTe xonebaTeabHBIN MPOIECC, BOSHUKIINN MEPBOHAYAIEHO B OJIHOM
TOYKE, HA3bIBAEMOW UCTOYHUKOM BOJIHBI, PACIIPOCTPAHSETCS B IPOCTPAHCTBE, a 3TO U
O3HA4YaeT IO ONPENEIICHUIO, UTO B ITPOCTPAHCTBE PACHPOCTPAHSAETCS, WIIM, KaK 4ac-
TO TOBOPSIT, OEKUT BOJIHA.

Yopsao4eHHBIN EPEHOC BEIIECTBA IPU PACIIPOCTPAHEHUH BOJIHBI HE IPOMC-
xoauT. Kaxaas yactuua cpelbl coBepilaeT KoiaeOaHusi OKOJI0 HEKOTOPOTo MOJIOXKe-
HUS paBHOBecHUs. B mpocTpaHCTBe NepemeliaeTcs He BEIIEeCTBO, a KoyieOaTeabHbIH
IIPOIIECC.

Honepequle H IPOAOJbHbIC BOJIHBI.

Ecnu HanpaBnenue xosneOaHuil MEPHIEHANKYISIPHO HAMPABICHUIO PacCpocTpa-
HEHHUSI BOJIHBI, TO BOJIHA HA3bIBAETCS MOMEPEYHOM.
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Hanpasnenue

/ Koe6aHuit

Hanpasnenue

| T >

7
VI pacnpocTpaHeHus

HOHCpC‘IHaH BOJIHa

Ecnun HaIIpaBJICHHUC KOJICOaHHMH U HaIIPaBJICHUC PACIIPOCTPAHCHUSA BOJIHBI COB-
ImagaroT, TO BOJIHA HA3bIBACTCs HpOI[OJ'ILHOﬁ.

Hanpasnenue

/ KolleGaHuii

> Hanpasnenue
>

pacrnpocTpaHeHus

«—

HpO,E[OHBHa}I BOJIHA

B ’kMIKOCTSX M razax He CylIecTBYeT cuibl JedopManuu casura. [loatomy B
KHUJIKOCTSAX M razax IOINEpPEYHbIe BOJIHBI HEBO3MOKHBI, MOTYT OBITh TOJBKO IMpO-
JI0JIbHBIE BOJIHBI - BOJIHBI CKaTUA U Pa3peKeHUS.

B TBepapix Tenax mobas AedopMaius NPUBOAUT K MOSBIECHUIO CHIIBI 1edop-
Malli{, TO3TOMY B TBEPJBIX T€JaX MOTYT OBITh U MPOJOJIbHBIE, U MOIMEPEYHbIE BOJI-
HBI.

BosiHOBOE ypaBHeHue.

OcHOBHBIE 3aKOHOMEPHOCTH BOJIHOBOI'O Mpollecca B YIPYroul cpeie paccMoT-
PHM Ha IIPUMEPE NPOJOJIBHBIX BOJIH B JUIMHHOM YIIPYT'OM KECTKOM CTEPIKHE.

N306pa3um mosry0ecKOHEUYHbIN CTeP>KEHb, BJOJIb KOTOPOTO HAMPAaBUM OCh X,
HA4aJI0 KOTOPOU COBMECTUM C KOHLIOM CTEPIKHS.

F(x) F(x+Ax)

— 3

X x+Ax

v

O6o3HaunM ¢ (rpeyeckast OykBa KCH) - MPOAOJIBHOE CMEIICHHE POU3BOJIb-
HOM TOYKH CTEP>KHSI OTHOCUTEIBHO HEKOTOPOI'O CPEIHEro IOJIOKEHHS, COOTBETCT-
BYIOILIETO HEMIOABUAKHOMY HeAeHOPMUPOBAHHOMY CTEPIHKHIO.

Cmenienue ¢ 00yciioBiieHO Aedopmaliveid, B JaHHOM ciiydae Aedopmaiueit
CYKaTHS WIH PACTSKEHUS.

PaccMoTpum HEOOIBIION y9acTOK CTepkHs JUIMHOW AX. CO CTOPOHBI COCEI-
HUX YYaCTKOB CTEPHS Ha ATOT Y4aCTOK JAEUCTBYIOT cuibl Aedopmaru. Cresa aeu-
CTBYET CHJIa E(x), CcIpaBa - cuia E(X+AX).

[lox geiicTBUEM 3THUX CHJI YHACTOK AX OylIeT cMelaThCcsi B COOTBETCTBUU CO
2-M 3akoHOM HbIOTOHA, KOTOPBIN B MPOEKIMU HA OCh X OyAEeT UMETh BUJI:
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o
iz F(x+Ax) — F(X) -

31ech YCKOpEHHE ydacTKa ¢°¢ TIpeiCTaBIeHO B BHIE YaCTHOM IPOM3BOIHOIM.
at?

OTum IMOJYCPKHUBACTCA TO O6CTO$ITCJ'II>CTBO, 4TO 3Ta IIPOU3BOIHAA 6€p€TCH JJIA (bI/IK-
CUPOBAHHOTI'O 3HAYCHUSA KOOPAHWHATHI X.

Macca yudacrka:

m= p-S-AX .

31ech p - IJIOTHOCTh MaTepuaia CTEPKHS, S - IJIOMIaJb MOMEPEUHOro Ce-
YEHUS CTEPKHS.

[Toxcrasmss 3To Bo 2-i1 3akoH HeroTOHA, TOTYyYHM:

p-S-Ax-ﬂ—ziZ = F(X+AX) - F(x)-

Paznenum 00¢ YacTH 3TOro PaBCHCTBA HaA S-AX

% _ F(x+Ax) - F(x) |

ot? S-AX

Cuia, nmpuxonasmascs Ha €IUHUIY MTOBEPXHOCTH, Ha3bIBACTCS HANPSKECHHUEM
WU JaBJIeHHEeM M 0003HAYaeTCs Ipeueckoil OykBol o (curma):

o(x) = ? _ HampspKeHHWE MpU pacTsHKEHUM WM JAaBJICHHE TPU CHKATUU.
Takum 06pa3zom, MOXKHO 3aITUCATh:

9% o(x+Ax) - a(x) |
ot AX

[lepexogum K mpeneny OpU Ax — 0 W IOJyYaeM:

3’ _ do |
ot?  ox

CrnpaBa 3anucaHa yacTHas MPOM3BOAHAS MO X. ODTHUM MOJYEPKUBAETCA TO 00-
CTOATEIBCTBO, YTO 3Ta MPOU3BOJHAS Oepercd mpu (PUKCUPOBAHHOM 3HAUEHUU Bpe-
MeHH t.

[Tpu manbix nedopManusax cuiia ynpyroi aegopmaiuu onpeneisiercs u3 3aKo-
Ha ['yka:
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3nece E - moaynb ynpyroctu. Ilpu ogHOMEpHOI npoaosibHOM aedopmarmu,
KaK B JAHHOM CJly4dae, 3Ta BeJIMYMHA Ha3biBaeTcs MoaysieM OHra.

£ = % - oTHocuTenbHas Aehopmanus ( ¢ - rpedeckas OykBa SIICHIICH).
X

Takum 006pazom, moayyaem:

2 2 2
2% _g %% wmn ,9¢ _p.o¢

P o ox otr o ox

Pa3nennm 06e yacTu MOCIIEAHETO paBEHCTBA HA p !

o E 0%
ot? p Ox?
BBenem 00o3HaueHue:
v? = B § OKOHYATENBHO MTOJTYYHM:
0% _ 0%
ot? X2

DTO W eCTh BOJIHOBOE ypaBHeHHWE. JIJIsl pa3iMuYHBIX OJHOMEPHBIX BOJTHOBBIX
MIPOIIECCOB B PA3JIMYHBIX CpEelax BBIBOJ ITOTO ypaBHEHUS OYIET pa3IMYHBIM, HO
OKOHYATENbHBIN (DOpMaNbHBIA BUJ BOJHOBOTO YpaBHEHHsS OyIeT BO BCEX CIydasx
OJIMHAKOB (C TOYHOCTHIO /10 0003HaueHuii). bosee cia0xHBIM OyJeT BUJ BOJHOBOIO
YpaBHEHUS ISl HE OJTHOMEPHBIX BOJHOBBIX IMPOIIECCOB, HO ()OPMAJIBHBIN BHJ ATOTO
YpaBHEHUS U B OTOM Cllydae Bceraa OyaeT OJMHAKOBBIM (3/1eCh HE TIPUBOJIUTCS YPaB-
HEHHE JIJI1 HE OJTHOMEPHBIX MPOIIECCOB).

PemerrieM 0MHOMEPHOTO BOJHOBOTO YpaBHEHHS SBIISICTCS Jr00as (QyHKIIHS
BHUJIA:

E=f(x Fv-e),
a Takxke J1to0ast nMuHelHas KoMOuHauus Takux QyHkiuii (6e3 BbIBoaa). B sTom
MOYHO YO€IUThCS HEMOCPEACTBEHHOMN MOJICTAHOBKOA.

Pemenune

&= f(X - v-t) ONHUCBIBACT BOJIHY, paCOPOCTPAHSAIOLIYIOCS BIOJb X, PCLICHUE
&= f(x + v-t) OMMHICHIBACT BOJHY, PACIIPOCTPAHSIONIYIOCS B 0OpaTHOM HampaBiie-
HUMU.

192



<4

—_— E=f(x—v-1)
> x
v — E=f(x+v-1)
> X
v = E - CKOpPOCTBb BOJIHBI, T.C. CKOPOCTH PACIIPOCTPAHCHHA KOJIEOATEIILHOTO
Yol

Imponecca. Ee He CICAyCT IIyTaTb CO CKOPOCTBIO KoJICOaHMI qacTun CpCabl ﬁ
ot

JInst KaKI0ro KOHKPETHOTO BOJHOBOTO MPOILIECCA BBIPAKEHUE JJISI CKOPOCTH BOJIHBI
OyJZleT CBOUM.

M3 Bcex BO3MOXKHBIX pelIeHUN OyleM B JaJIbHEMIIIEM paccMaTpuBaTh TOJBKO
CUHYCOUJAIBHBIE BOJHBI, JUII KOTOPBIX CMEIIECHUE 3aBHCUT OT KOOPAWHATHI X H
BpEMEHU t 10 3aKOHY CHHYCa:

_ X
& = fm'Sina)(t ¥ f)
A\
OT0 ypaBHEHUE CUHYCOMIAJIbHOMN Oeryiieit BOJHBI (HE CleIyeT MyTaTh C BOJI-

HOBBIM YpaBHEHHEM). 3HAK MHHYC COOTBETCTBYET BOJIHE BJIOJIb X, ILIIOC - B oOpar-
HOM HalpaBJICHUU. &, - aMIUIUTYyAa BOJIHBIL.

v

3aBUCUMOCTh BEJIMUMHBI ¢ OT KOOPAUHATHI X MpH (UKCUPOBAHHOM 3HAUE-

HHUHU BpEMCHU t Ha3pIBA€TCA MIHOBEHHBIM CHUMKOM BOJIHEI. I[J'ISI CI/IHYCOHI[aHBHOﬁ
BOJIHBI - 3TO CMHYCOHJA.

CunyconmanbHOE KoJieOaHUE C YacTOTOM @ PacHpOCTPaHSETCs Ha pacCTos-
HUE X 3a BpeMs

X

t:
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Paccrosinue, Ha KOTOpOe BOJIHA PACIIPOCTPAHUTCS 3a Tepuon kojedanuit T,
Ha3bIBAa€TCA JUIMHON BOJHBI. (O003HayaeTcsi OOBIYHO Ipeueckoid OykBot A  (JIsM-
o1a).

CornacHo 3TOMY ONIPEAEIICHUIO:

2. 2
ﬂ,ZV'T:;: ZV (T.K.a):27rf:7).

JlnuHa BONHBI A 0003HAYAET TAK)KEe HAMMEHBIIIEE PACCTOSTHUE MEKIY TOUKA-
MU C OJMHAKOBOM (pa3oi KoJieOaHMil.

Emie pa3 moguepkHeM, 4TO OOIMI BHJI BOJHOBOTO YPABHEHUS M €TI0 PEHICHUS,
a TaKk)XKe BCE OCHOBHBIC CBOMCTBA ATOT0O PEIICHUS HE 3aBUCSAT OT KOHKPETHOTO BHA
PacIpoCTpaHSIOIIETocs KoiebaTeIbHOro IIpoliecca.

Crosiuue BOJIHBI.

PemenneM BOJIHOBOTO ypaBHEHHUsI OyJieT J1t00ast TMHETHAs KOMOMHALINS CUHY-
COMJIAJIbHBIX OEryIIuX BOJIH.

B wactHOCTH, penieHueM OyJeT CyNnepIio3UlMs IBYX BCTPEUHBIX OJMHAKOBBIX
10 CKOPOCTH, YaCTOTE ¥ aMIUIUTYJE CUHYCOUATbHBIX BOJIH:

=86 +& = fm-Sinw(t—i) + é’m-Sina)(t+1) :

v v

B pe3ynbrare cioxeHus ABYX OJMHAKOBBIX BOJH, OErylIMX B MPOTHUBOIOIOK-
HBIX HaIlpaBJICHUSX, MOIYYUTCS BOJIHA, KOTOpass HE OEXUT HU B Ty, HU B JIPYTyIO
ctopoHy. Takas BojHa Ha3bIBaeTcsa cTosiueil BojaHOM. Ee xapakrepHble 0COOEHHOCTU
CJIEYIOT U3 (POPMYJIbl, ONUCHIBAIOLIEH 3Ty BOJIHY.

VYUTBIBAS, YTO  Sing + Sing = 2.5in %+ p -Cosa;'g , IIOJIyYUM:

£= 2'§m‘COSw£'Sina)t = &.-Sinot-
v

3nech &, = 2-£,-Cosw = 2-§m~Cosgi = 2-§m-Cosﬂ
v T v A

2
(T.K. a):%, ﬂ:VT)

£ - aMIUTUTY/1a CTOSTYEN BOJIHBI.

B crosiueit BosHe, Kak M B OeryIieil, Kaxjaas TOUKa Cpelbl COBEpIIAET CHUHY-
couganbHble Kosebanus. OTIMYUs CTOAYEH BOJIHBI OT OEryIIel ciaeyromue:

1. AMIITUTYIBI KOJIEOAHUN PA3IUYHBIX TOUEK Pa3IUnYHbl. AMIUIUTYAA 3aBUCUT
OT KOOPJAMHATHI X IO CHHYCOMJAIbHOMY 3aKOHY, IpHUHHMMAs 3HaueHus ot 0 1o 2¢&,:

0 <& <2¢g,.
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B Gerymieit BoiHe aMITUTYAbI KOJIEOAHUM BCEX TOUEK OJIMHAKOBHI.

2. ®aza konebaHUN MEHSETCS JIMIIb B ONMpPEACICHHBIX TOoukaxX. B Oerymeit
BoJIHE (Da3a KoJieOaHW MEHSETCS HEPEPBIBHO MPHU MEPEX0/ie OT TOYKU K TOUKE.

3. berymas BoyiHa IEPEHOCUT YHEPTHUIO, CTOSTYAsl HET.

N300pa3uM MrHOBEHHbBIE CHUMKH CTOSYEM BOJHBI JJI1 HECKOJIBKMX MOMEHTOB
BPEMEHH B T€UEHHUE OJHOTO nepuoja konebanuii T ¢ mHTEpBaIoM B YeTBEPTH Ie-
puona.

m O [IyuHOCTU

/_\ // \,\ _ ,zi (Sinwr=1)
N\

l(
(Sinot=0)

A > ¥
+(Sinot=0)

t:zT Sinot=-1)

B ToYkax, I KOTOPBHIX BBINOJNHAETCS YCIOBHE  Cos2”X — 0, AaMIUINTYa
)
crossuedt BomHbl ¢ = 0. Takne TOYKM Ha3BIBAIOTCSA y3J1aMHU CTOSYEN BOJIHBL. JTH

TOYKH BCCraa HCIIOJBUKHBI.

Cos27X _ o — ¢é.=0 - y31mBl cTOsSYCH BOJIHBI.
2

Touku, B KOTOPBIX aMIUTUTYJa MAKCUMAJIbHA, HA3bIBAKOTCS MYYHOCTSIMH CTOSI-
Yyel BOJIHEI.

cos? X - 11 E. = +2& - IIYYHOCTH CTOSYEN BOJIHEIL.

JInvHa CcTOsYEl BOJHBI - 3TO PACCTOSHHE MEXY COCEIHHMHM Y3JIaMH (WA
MyYHOCTSAMHU). DTO PACCTOSHUE BJIBOE MEHBIIE JJIMHBI O€TyIlel BOIHBI.

p)
A =2
2

Bce Toukn cpeapl MeXIy NBYMSI COCEIHHMH Y3JIaMH COBEPIIAIOT KOJCOAHMS
B oiuHaKoBoM ¢aze. Ilpu mepexone uepes y3en paza konebaHut MeHsSETCS Ha MPo-
THUBOIIOJIOXKHYIO, T.€. HA 7.

O060011as CBOICTBA OETYIINX U CTOSTYMX BOJH, MOXKHO CKa3aTh CIEAYIOIIEE:

1. berymas BoigHa - 3TO pacmpoCTpaHEHUE B MPOCTPAHCTBE KOJIEOATEITHHOTO
JBH>KCHUSL.
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HepeHoc BCUICCTBA IIPHU 3TOM HC IMPOUCXOJUT, HO UMCCT MCCTO IICPCHOC SHEP-
T'HH.

2. Ilpu pacmpocTpaHeHUH CHHYCOHWIAJILHON BOJIHBI BCE TOYKH CPEJIBI COBEp-
IIAfOT KOJIeOaHMs OJMHAKOBOW YacCTOTHI M OJJMHAKOBOW aMILTUTYJIbI, HO (pa3bl KoJIe-
OaHMil pa3HBIX TOYEK pa3au4HbBL. UeM Jaibpllle TOYKa OT HUCTOYHHUKA BOJHBI, TEM
OoJibliie 3ama3aplBaHue 1o ¢ase.

3. CnoxkeHue JByX BCTPEUHBIX OCTYIIUX BOJIH OJMHAKOBOM YaCTOTHI U aMILIHU-
TYZABI Ia€T B PE3yJIbTATE CTOSUYIO BOJIHY.

Crosuasi BOJIHA HE MIEPEHOCUT PHEPrut0. YacToThl KojieOaHUl BCeX TOYEK Cpe-
Ikl B CTOSIYEH BOJHE OJMHAKOBBI, HO aMIUIUTYJbI KOJIEOAHUM pa3TUYHBIX TOUEK
Pa3IUYHBI.

®a3bl KoIebaHUl BCEX TOYEK, PACIIOIOKEHHBIX MEXKy JIBYMS COCEITHUMH Y3-
JaMU CTOSYEH BOJIHBI, OAMHAKOBBI. Da3bl KoseOaHUN TOYEK, PACIOIOKEHHBIX IO
pa3HbIe CTOPOHBI OT OJMKAMIIIETo y3J1a, OTINYAIOTCA HA 7 .

JnuHa cTosiueil BOJIHBI (T.€. pAcCTOSHUE MEXIY IBYMSI COCEIHHMH Y3JIaMU
WM TMYyYHOCTSIMH) B JIBa pa3a MEHbIIE JUIMHBI KaKJIOHW W3 BCTPEUHBIX  OETyIIMX
BOJIH, 00pa3yIoIIMX CTOSYYIO BOJIHY.

* * * * *
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