JlabopaTtopHa podora Ne 4.2

BuBuyeHHS BJIACHMX KOJIMBAaHb CTPpYHH
Ilpunaou: 1) renepaTop €IEKTPUUYHUX KOJIHMBAHb (BUMIPIOBAIBHUI MPHUCTPIif); 2) CTpyHA HA MiACTaBIII.

Mema po6omu: OTpUMaHHS Ha CTPYHI CTOSIYUX XBUJIb, CIIOCTEPEIKCHHS KAPTUHU PO3IOILTY aMILTITY/]
1 KUJIbKiCHA TIepeBipka (GopMyJin BIACHUX YaCTOT KOJMBAaHb CTPYHH.

Teopemuuni eioomocmi.

SIKII0 HATSTHYTY MK IBOMAa TOUYKaMU CTPYHY BUBECTH 3 MOJIOKEHHS PIBHOBATH,
BOHA Oy/ie KOTMBATUCS. XBUJIS, TONITUPIOIOYKCH IO CTPYHI, BIIOMBAETHCS B1JT 11 KIHIIIB.
Bracnigok HakiIaieHHs Maar04oi 1 BiIOMTOT XBUJIb B CTPYH1 BCTAHOBJIIOIOTHCSI 0CO0-
JIMB1 KOJIMBAHHS.

Oco0IMBOCTI OJIATAIOTH Y TOMY, 1110 KOJIMBAIOTHCS HE BCl TOUKH CTpyHH. YacTu-
Ha 3 HUX 3aJIUIIAI0THCS HEPYXOMHUMHU 1 HA3UBAIOTHCA BY3JIaMHM CTosi40i xBuiii. Ha kiH-
LX CTPYHHU B TOUKaX 3aKpIIJIEHHS 000B'A3KOBO BUXOSTh BY3JIH, & MI?)K HUMHU OJIHA 200
KUJTbKa Iy4YHOCTeH - 0051acTeil, 10 KOJIUBAIOTHCS 3 MAKCUMAaJIbHOIO aMILTITY/I010.

Mix nBOMa CyCITHIMU BY3JIaMU BC1 TOYKU CTPYHH KOJIMBAOTHCS OJTHOYACHO (B
0JIHaKoBi# (a3i, cuH(a3Ho), ajlie 3 PI3HUMH aAMILTITYAaMHU.

Takuii TUIT cMH(A3HUX KOJIMBAaHB 3 XapaKTEPHUM MPOCTOPOBUM PO3MOIIJIOM aM-
IUTITY/]] - YepTYBaHHSIM BY3JiB (HYJIiB) 1 My4HOCTEH (MaKCUMyMIB) OTpUMaB Ha3BY CTO-
s140i XBWJIi. BijcTanbs Mik ABOMa CyCITHIMU By3JIaMU JIOPIBHIOE TTOJIOBUHI IOBKUHU
XBUJIL.

Bci Touku, 1m0 3HaXOJATHCS MK CYCIIHIMHU
By3JlaMH, OJHOYACHO JOCATAlOTh MaKCHUMAaJIbHOTO
BIIXWJICHHS 1 OJHOYACHO IPOXOMIATH Yepe3 I0JIO-
»KeHHsI piBHOBaru. Ha puc. 1 HaBemeHi «MOMEHTa-
. apH1 QoTorpadii» BIIXUICHb TOUOK BiJ] MOJOXKEHHS
eysin pIBHOBaru B JiBa OJM3bKUX MOMEHTIB 4Hacy t; i tp.

CrpinkaMu BKa3aHi HAMPSIMKU PYXy TOYOK CTPYHHU.

Puc. 1.

Ha puc. 2 noka3aHi MOJ0XEHHS CTPYHHU Yepe3 KOXKHY BOCbMY YaCTUHY TMEPiofy.
CrnioyaTKy BCl KpalKy CTPYHH JIeKaTh Ha MpsMii JiHii (AuB. pucyHok). [ToTiM Mix He-
PYXOMHMH BY3JIaMU BiZOYBAETHCS CITydyBaHHS CTPYHH, SIKE JOCATAE MAKCUMYyMY depe3
yBepTh nepioay. [licig nporo cnyyyBaHHS cHajae, 1 CTpyHA 3HOBY CTa€ MPSIMOIO Yepe3
niBnepioay. Jlani cnydyBaHHs BiJOyBa€TbCs B 1HIIMM OIK.

VY KOXXHY MHUTh BUJHO XBHIIIO, TIPH I[LOMY XBHJIS CTOITh Ha MICIIi - 3BiJICM Ha3Ba
[[bOTO TUITY KOJIUBAHb - CTOAYA XBHUJISL.

[HIII MpUKIaAW CTOSYMX XBWJIb - CTOSYA 3BYKOBA XBWJIS BCEPEIUHI MOBITPSHUX
TpyO (OpraH, AyXOBI MYy3WYHI IHCTPYMEHTH), CTOSYl €IEKTPOMArHITHI XBHJII B JIHISAX
nepeaay abo XBHIICBOIAX.



Ha BinmMiHy BiJ O1Ky4oi XBUJI1, SIKa MOXE pyXaTHCs BIpaBo abo BIIBO, Y CTOSiii
XBUJII HEMA€ HAMPSMKY MOIUpeHHs. [ BIAMIHHICTh € BUIHOIO Ha JABOX 3HIMKAaX, IO
BITHOCSATBCS 710 OJIM3BKUX MOMEHTIB yacy (puc. 3).

Jlnst 61Kydoi XBHJII MAaKCUMYMH 1 MIHIMYMH XBWJII B KOXXHY HacTYyITHY MUTh TIe-

£y t=0 pPeXo/sITh HAa HOBE MiCIle, a B CTOSYIM XBUJI1 3aJIMIIA-
>  IOThCS HA OJIHOMY 1 TOMY K MiCIIi.

VY cTosuiii XBUJII Ha BIAMIHY Big O1Kydoi He
BiIOyBa€ThCs MepeHeceHHs eneprii. Lle moscHioeTbes
THM, IO TMajlatoya i BiiOUTa XBUJII MalOTh OJHAKOBY
aMIUTITyly 1 TOMY MEPEHOCATh OJHAKOBY €HEPrii0 B
MPOTUIICKHUX HampsiMkax. OCKUIBKU BY3J0B1 TOYKH
€ HEpYXOMUMH, Yepe3 HUX CHEPTis HE MEPEHOCUTHCA.

Enepris crosiuoi XBwiIl € BequyuHa craja. B
TOM MOMEHT 4Yacy, KOJHM BCl YACTUHKH CTPYHU TPO-
XOJIATh Yepe3 MOJOKEHHSI PIBHOBArU, BCSI €HEPris ya-
CTUHOK € KiHETH4HO0. HaBmaku, B MOJOXKEHHI MakK-
CUMaJILHOTO BIIXWJICHHS BiJ TOJIO)KEHHSI PIBHOBArw,
EHEepris BCIX YAaCTUHOK € IMOTEHIliaapHOo. BinOyBa-

7]
1l
&)

T (

Q)

N

L

o
\?L \°

e;
P e
s

L

M
Sl (S BN

|
(= . . .
8| €ThCS NIEPETBOPEHHS KIHETUYHOI €HEeprii B MOTEHI1a-
| /7 V_ JIbHY 1 HABIAKH.
| & .
y Ha noBxuH1 cTpyHH
K mo.,
b o | Oyne yxmamatucs cTosiya
uc. 2.

3aBXKIU IIUIE YHCIIO
CTOSIYMX XBHUJIb. 3BiJICH BUILTMBAE YMOBA

A _
=0 (n=1,2,..). 1) \/
AbGo
A _a (2)
n

Puc. 3.

OCKUJIBKH JOBKHAHA XBUJI1 A MOB'sI3aHa 31 MIBUIKICTIO

.o .. \'
IMOMIMPECHHS XBUII1 V 1 YACTOTOK KOJIMBAHHS V CITIBBIIHOIIICHHAM A=— , TO UM JOB-
|4

’KHHAM XBWWJIb BIAIIOBIJAIOTh YaCTOTH

Vv Vv
y =—=—n (n=0,1,2,..). (3
A, 2l
CprHa, OTXKE, MOXE KOJIMBAaTUCA HE 3 OI[Hi€IO qaCTOTOIO, a 3 I_[iJ'II/IM CIICKTPOM 4acCTOT.

YacToTu vy HA3MBAIOTHCS BJIACHUMHU YaCTOTAMM CTPYHU. BOHU € KpaTHUMH 4acTOTI

w=o (@)

sKa Ha3UBA€THCI OCHOBHOIO YaCTOTOHO.

3]



Jlocii mokasye, 1o MBUAKICTH MOMIMPEHHS MPYKHOI XBUJI1 B3JIOBX CTPYHU BH-
3HAYAETHCS BEIMYMHOIO HATATY 7 CTPYHH 1 JiHIHHOIO TYCTHHOIO p MaTepiairy CTpyHH
(Macoro OJUHUII IOBXKUHHU CTPYHH )

v=_[—. (5)
P
[Tincransatoun (5) B (3) 3 ypaxyBaHHSM TOTO, IO CHJIa HATSTY CTPYHH JOPIBHIOE
Basi TATapus T = Mg, oTpuMaeMo GopMyITy sl pO3PaxXyHKY 9acTOT KOJIMBAaHb CTPYHU

n |mg
TR s (6)

|4

Onuc npunady

[Tpunan ckiagaeThes 3 KOPCTKOI OCHOBH, Ha SIKIHA 3aKpIIIeH] MOCTIMHI MarHiTy,
MIXK TIOJIFOCAMU SIKMX HATATHYTa CTPYHA, 1 MEXaH13My HaTAry cTpyHHU. OJIUH KIHEIb
CTPYHH )OPCTKO 3aKPIIUICHU, a IHIIUH TPUKPITUICHUIA 10 npy>XuHi1. Jpyruil Kineup
MPY>KWHA MEXaHIYHO MOB'sI3aHUIM 3 TBUHTOBUM MEXaH13MOM, 3a IOOMOTO0 SIKOTO MO-
’KHA 3MIHIOBATU HATAT CTPYHHU.

Cuna HaTATY CTPYHU BUMIPIOETHCS 332 JOMIOMOI'OI0 MOKa3HUKA, SIKUW Tepeminia-
€THCS O LIKAJII IIPU 3MIHI HATSTY CTPYHHU.

Jlo ckilaxy BUMIPIOBAaJIBHOTO MPUCTPOIO BXOAUTH FEHEPATOP CUHYCOINaTbHUX KO-
JUBaHb 1 YACTOTOMIP.

Ha nepenniii manesni mpucTporo po3MIIIEeHi:
- pyuku «HACTOTA T'PYBO» 1 «<HACTOTA TOYHO» - 11 ycTaHOBKH YacTOTH Te-
HEPATOpa;
- pyuka «PIBEHb» myist ycTaHOBKM HEOOX1THOT aMILIITY I BUX1IHOI HAlpyTH reHepa-
TOpa (aMILTITy1a KOJIMBAHb CTPYHH);
- PLAKOKPUCTATIYHUM TUCTIIIEH.

Ha cTpyHy 3 cTpyMOM i€ MarHiTHa cuja, CIpSMOBaHa MEPIEHIUKYIISIPHO CTPY-
My. OCKIJTBKH CTPYM 3MIHHHM, TO 1 CHJIa 3MIHIOETHCA 3 TI€IO 3K YACTOTOIO 1 pO3roiaye
CTpyHy. HacToTy 3MIHM CHJIM MO>KHA 3MIHIOBATH 3a JOIIOMOTI 010 reHepaTtopa. Komnu vac-
TOTa MarHiTHOI CUJIM CTa€ OJM3bKOIO 10 YaCTOTU BJIACHUX KOJIUBaHb CTPYHU, BUHUKAE
PE30HAHC, 1 KOJIMBaHHS TOCHIIIOIOTHCA.



Bumiprosanns.

1. Iligxmrountr ycraHoBKy B Mepexy 220 B. Hatucuytu Bumukau «MEPEXA» npu-
CTPOIO KUBJICHHSI JIAMITH T1JICBIUyBaHHs (CBITUThCA Jlammna). HatucHyTH BUMHKa4
«MEPEXXA)» BUMIpIOBaJILHOTO MPUCTPOIO (CBITUTHCS MiACBIUYBaHHS AUCILICS 1 HA JUC-
11l B110OpakaeThCsl BUCTABIICHA YacTOTA).

2. Jlati ycTtaHOBII TIporpitucs 3-5 XB.

3. BcranoButu Hatsr ctpynu 0,4 H. Pyuky «PIBEHb» BcTanHOBUTH B cepegHe 10I0-
KEHHSI.

4. 3mintoroun 3a gonomororo pydok «HACTOTA I'PYBO» 1 <HACTOTA TOYHO»
4acToTy B Aiana3oni 20-45 [', oTpumaT 0HYy 100pe MOMITHY XBHIIIO Ha BCii TOBXKHUHI
CTPYHHU.

5. 301IbITYyF0YHM YaCTOTY, OTPUMATH XBUJIl HAa THIIMX YacTOTax. MakcHMabHEe YHUCIIO 1X
HE MEHIIIE YOTUPHOX.

6. 3anucaTy MOKa3aHHS reHepaTopa 1 3aMajItoBaTH PO3MOILUT aMILTITY1 KOJIMBAHb TOYOK
CTPYHH y BCIX BUIIQJIKaX.

7. [loBropuTtH nocBia npu Hatary ctpyau 0,3 H.

9. 3a dopmyoro (6) po3paxyBaTh YaCTOTH BJIACHUX KOJMBAHB ISl KOKHOTO BUITAJIKY 1
3aHECTH JIaHl B TaOJIUIIIO.

T H n I, M p, KI/M v regeparopa, [ 1 | v po3pax, ['il
1
0,4 2
3 0,62 1,18-107*
1
0,3 2
3

Koumponoui numanns.

1. [I{o Ha3uBa€eTHCS CTOSUOIO XBUJIEIO? 3aUIIITh (POPMYITY CTOSYOT XBUIII.

2. lITo Ha3uBaEeThCA BY3JIOM (ITyYHICTIO) CTOSIUOT XBUITI?

3. Uu BigOyBa€eThCS B CTOSAYiN XBUIII IEPEMIIIICHHS KOJIMBaHb B IpocTopi (Y310BXk oci X)?

4. Yu HacTae TaKui CTaH CTOSIYOT XBUIII, KOJIM BC1 TOUKU CTPYHH JIe)KaTh HA OJIHIN npsaMmiit? Uu OyayTh
MIPH [[OMY TOYKH HEPYXOMUMHU?

5. Uu Bi10yBa€eThCs IEPEHECEHHS €HEeprii B CTOSYINA XBUJII B3JJOBXK OCi X?

6. ¥V sxux ¢azax KOJMBAIOTHCSA TOUKHU CTPYHU MIXK JBOMa By3JaMu?

7.V akuxX (azax KOJIUBAIOTHCS TOUKU CTPYHH JIeXKATh IO OOU/IBI CTOPOHU OAHOTO 1 TOTO X By371a?
8. SIK 3MIHIOETHCS aMILIITYy/1a KOJIMBaHb MK JBOMA By3J1amMu?

9. UuM BiZpi3HAETHCS CTOSYA XBUJIS BiA O1Ky40i?

10. SIki KoMUBaHHS CTPYHU Ha3UBAIOTHCS BIACHUMU?

Jlimepamypa.
1. I. M. Kyuepyk Ta in. 3aranbauii kype ¢pizuku. T.1. K. 1999.
2. T.I. Tpodpumosa. Kypc pizuxu. M. 2005.

MareMaTHYHHH 101aTOK

Crosui XBUJI YTBOPIOIOTHCS B Pe3Y/IbTaTi HAKJIAAaHHS IBOX 3YCTPIYHUX XBUJIb, 10 O1KATH 3
OJTHAKOBOIO aMILTITYOO0 1 YaCTOTOIO.



PosrisiHeMo THYYKY OJTHOPiIHY HUTKA (CTPYHY), HATATHYTY MiK ABOMa Toukamu. [Ipumnycru-
MO, III0 B CTaH1 PIBHOBaru CTpyHa pO3TATHYTa B30BXK oci X. Byaemo mignaBatu cTpyHy BUMYIIIEHUM
KoiuBaHHAM. Toi 1o Hiil B 00m1Ba OOKH - BIIPABO 1 BIiBO - MOODKATH MPYKHI MOTIEPEYHI XBUIII.
Komu 61kyda XBHIISI TOCSATHE 3aKPITICHOTO KiHI CTPYHH, TO Ha IIbOMY KiHII CTAHEThCS BiJI-
OuBanHs XBUJIi. Binbura XxBuiist Oy/ie MOMMpPIOBATUCS HA3YCTPIY Magaro4ii.
Hanumemo piBHSHHS IBOX XBHJIb, 10 ITOIITMPIOIOTHCS Y3/I0BXK OCi X, BIIpaBo (B 01K 3pOCTaHHS
x)
& = Acos(at —kx) . Q)
i B11iBO (y OiK 3MEHIIIEHHS X)
&, = Acos(at +kx), (2

TyT § - monepevHe 3MIIICHHS TOYKH CTPYHH 3 KOOPAMHATOI X B MOMEHT Yacy {, ® - KpyroBa 4acrora,
2 . . . .. )

K = —— - XBHJIbOBE YHCIIO, A - JOBKHHA ODKY40i XBHJIi. J{JIst IpOCTOTH MOYATOK BiUTIKY X 1 t BUOpaHO
i 2

Tak, Mmoo moyaTkoBa (paza XBUIJIb JOPIBHIOBAJIA HYJIIO.

Pyx KOXHOT TOYKH CTPYHH, 1110 KOJMBAETHCS, MOXKHA PO3TIISAIATH K PE3YJIbTAT JOJaBaHHS Ta-
naro4oi 1 BiqouToi xBuib. [lanatoua Ha nepemkoy XBuis 1 Oikyda iif Ha3ycTpiu BigOUTa XBUJIS, HA-
KJIa/Ial0YKCh OJTHA HA OJTHY, NAIOTh B KOXKHIH TOUIlI CTPYHH 3MIIIEHHS

E=E +& = Acos(wt —kx) + Acos(wt +kx). 3)
[TeperBopuMO 110 Cymy 3a (hOPMYIIOIO I CYMH KOCHHYCIB
COSa+COSﬁ=2COSa;ﬂCOSa;ﬂ. (4)
Toni piBHsSHHS HaOy/e BUTIISLY
&= (2Acos2r %) cosat . (5)

3 ¢opmynu (5) BUILITKMBAE, IO BCl TOYKU CTPYHU 3M1MCHIOIOTH TAPMOHIUHI KOJUBAHHA 3 OJHAKOBOIO
YaCTOTOIO (, TIEIO XK, IO 1 Yy O1KYYHMX XBUJIb. AJle OCKUTBKY 3MiHHA X BXOJUTH Y BHpa3 JJIsl aMILTITYAH,
aMILTITYla KOJIMBaHb € PI3HOIO JUIS PI3HUX TOYOK MPOCTOPY - 3MIHIOETHCS BiJ TOUKHM 10 TOYKH 3a 3a-
KOHOM KOCHHYCA.

amIuTiTyaa = ‘ZACOS 27 %‘ . (6)
V ToYKax, KOOPIAUHATH SIKMX 33J0BOJIGHSIOTH YMOBI
Zﬁ%:imz (n=0,1,2,..) )

aMILTITYa KOJIMBAaHb € MaKCUMaJIbHOMO. LI TOUKM HAa3MBaIOTHCSA MYYHOCTSIMHU CTOSYOT XBUJII.
Koopannatu my4ynocrei

Xoyan = in% (n=0,1,2,...). (8)
KOJ'H/IBaIOTI)Cﬂ HC BCi TOYKHU CTPYHI/I. Y TOYKax, KOOpI[I/IHaTI/I AKUX 3a10BOJIBHAKOTH YMOBi
2n%=im+%m- (n=0,1,2,..), (9)

aMIUTITy/1a KOJIMBaHb JIOPiBHIOE HYMIO. L{i TOUKM Ha3WBAIOTHCS BY3JIAMM CTOSYOI XBUIII.
Koopaunatu By3miB

Xpysn = i(n+%)% (n=0, 1,2,) (10)
3 dopmyn (8) 1 (10) BummBae, 110 BIJICTAHb MIXK CYCITHIMHM ITYYHOCTSMHU 200 CYCiTHIMHU BYy3JaMHU J10-
. A
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