HNurepdepenuns Ha BbaHH. CTOAIIM BbJIHH
HNurepdepeHuns Ha BBJIHA

Jlocera pasriexaaxme ciiydad, KOraro B JaJieHa cpella ce paslpocTpaHsBa caMO €/Ha BbiIHA (OT €IuH
M3TOYHUK). AKO B Cpe/laTa c€ HaMHpaT JIBa WM MOBEYE U3TOUYHUKA, B HIKOU TOYKU OT IPOCTPAHCTBOTO OKOJIO
TAX BBJIHHUTE CE€ MpecuyaT T.€. Te3U TOYKHU III€ y4acTBAaT €IHOBPEMEHHO B HSKOJIKO TpenTteHus. Kato mmame
MPEIBHUJ BEKTOPHOTO IMPEACTABSIHE HA TPENTEHUTA, MOKEM J1a M3II0JI3BaME NMPUHLMIA HA CYNEPIIO3UIMATA 3a
[I0JIy4YaBaHE Ha PE3yJTAaHTHUTE TPENTEHUs HAa YACTULUTE B TE3U TOUYKH, T.€. 32 BBIHUTE CBHLIO € BAIUIACH
NPUHIUIIBT Ha cyneprno3unusaTa. Cien TOYKUTE Ha HACllarBaHETO BCSKA OT BBIHUTE MPOABIKAaBa
Pa3NpOCTPAHEHUETO CH B CBOSITA TOCOKA HE3aBUCUMO OT Jpyrute. ONUTHT MOKa3Ba, Y€ IPU NPECUYAHETO Ha
JIB€ WJIM [IOBEYE BBJIHU TE€ HE B3aMMOJCHCTBAT ITIOMEK/Y CH U MOBEJICHUETO HA BCAKA OT TSIX € TAKOBA, KAKBOTO
O0u OUJI0 M B OTCHCTBUE Ha JPYruTe (TOBA CE OTHACA CaMO 3a CPEAH, KOMTO HE MPOMEHAT CBOMCTBaTa CH OT
Pa3NpOCTPAHSIBALIUTE CE B TSAX BBHJIHOBU MPOIIECH).

Ille pa3rnename Hal-POCTHS Cay4yal — KOraTo B J1aJIeHa TOYKA CE€ HaciarsaT TPENTEHUs, TOPOJAEHHU OT JBE
IUIOCKU XapMOHUYHU BBIIHU

y, = A cos®, = A cos(w,t—kx +9,)
y, = A,cos®@, = A, cos(o,t—k,x, +0,)
pa3NnpocTpaHsBally € B €IHOPOAHA CPesia, T.€. B Ta3U TOUKa TPsiOBa 1a cbOepeM 1Be XapMOHHYHH TPEHTEHUSL.

Axko Te3u TPCIITCHUATA Ca B C€JHA IIOCOKA, MOXCEM JICCHO [a IIOJYYUM aMIUIMTydaTa Ha PE3YITAaHTHOTO
TpEOTCHUEC:

(1) A=A+ A2 +2AA, COSAD |

BI/I)K,I[aMe, 4C aMIUIUuTyJara A Ha PE3YITAHTHOTO TPCIITCHUEC 3aBUCH OT (baSOBaTa pas3inKa Ha JABCTC BbJIHU B
Ta3y TOYKa:

(2 AP =D, — D, = (0, — 0, ) t+ (KX, — kX )+ (9, - 9, ).

Axo ¢azoBara paznmka AQ® 3aBucH OT BpeMeTO t, BbB BCEKHM MOMEHT OT BpPEME M BBB BCSKa TOYKA OT
cpenata COSA® 1mie ce M3MEHs HENpPeKhCHATO OT MHUHHMAalHATa CH CTOHMHOCT —1 no makcumamHara 1 u
CPELHOTO My 3HAYCHHE 3a BCEKH KpacH MHTepBal oT Bpeme me Obae 0. ToraBa A’ (a ciefoBaTenHO H
CHEpIHsTA HA BHIHATA B ¢AMHAIEA 00eM W~A?) Ie MMa e/IHa ¥ ChIa CTOHHOCT BbB BCHUKH TOYKH OT CPEIaTa —
A’ = A’ + A’ (cboTBeTHO 3a MHTeH3MTeTa | Ha BhIHATA 1me nomydnum — I=11+13). Ao Tasu daszosa pasnuka (2)

HE 3aBHCH OT BPEMETO, BBJIHUTE C€ HapuyaT KOXepeHTHU. Bumwxaame oT (2), ue ToBa € BB3MOXKHO CaMO aKo
JIBETE BBJIHM UMAT €IHAKBH 4ecTOTH (M=my=m, ©=27nf). Twil karo cpenara € eIHOPOIHA, CKOPOCTHUTE HA
pasnpocTpaHeHue Ha JBeTe BBJIHU ((a30BUTE CKOPOCTH) ChIIO TpsiOBa s1a ca paBHU — Vi=V=V. Ho B TakbB
ciydail ¥ BIIHOBHTE YKCJIa Ha JBETE BHIHU TPsiOBa fa ca paBHu — K1=K,=K. Toragsa (2) me npumgodue Buja:

@) a0 = k(x, —X1)+((pl—(p2),
T.e. (pa3oBata pasiaMKa Ha JBETE KOXEPEHTHU BBJIHHU 3aBUCH CaMO pasziuKaTa B IbTUINATA HA BBIHHUTE JI0
naneHara Touka A=Xo—Xi. /[BeTe KOHCTaHTH Q1 M (2 3aBUCAT CaMO OT HaYaJHWS MOMEHT Ha JIBETe TPENTECHUUS,
MOPOJWIIM BBIHUTE Y1 U Y, (TOBa ca HavanHuTe a3y Ha Te3W TPENTEHUs), U ca €HU U ChIIU 3a BCUUKU TOUKU
OT cpeaara. AKO MOYKEM Jia CHHXPOHH3UpaMe JIBaTa M3TOYHHKA TaKa, ue Jia 3all0YHAT TPETITEHHUSITA CH B SII1H U
ChII] MOMEHT, HaYaJTHUTE UM (Pa3u @1 U 2 11e ObIaT paBHU U (3) 1€ CEe ONPOCTH:

(4) AD =k(x,-x,)= kAzi—nA

AKo 3a JmajeHa To4ka OT cperata A mMma TakaBa cTOMHOCT, ye A®@=2mmn, COSA®=1 u amrmuTygata A Ha
pesynrantHoTO Tpentenue (1) u mHTeH3uTeTHT | Ha BBJIHATA B Ta3W TOYKA BHB BCEKM MOMEHT OT BpeMe IIe
Obaar:

A:\/A12+A22+2A1A2 :A1+A2>1/A12+A22
| = I1+I2+2,/I1I2 > I1+I2

T.€. B Ta3u TOYKaA CC HaGHIOIIaBa YCUIJIIBAHC HA TPCUTCHUATA (I/I CJICAOBATCIIHO YBCINYABAHC HA CHCPIrusATa B Ta3n
00JIacT) B CpaBHEHHE C HACJIarBAaHETO HA HEKOXEPEHTHH BBJIHU. B TOUKMTE, B KOUTO A MMa TakaBa CTOHHOCT,
ye AD=(2m+1)w, COSA®P=-1, amIuiuTyiaTa Ha Pe3yNTaHTHOTO TpenteHue (1) u uHTeH3UuTeTHT | Ha BhIHATA
BBB BCEKH MOMEHT OT BpeMe I1ie Obar:




A:\/A12+A22—2A1A2 =|A — A< A+ A
| = I1+I2—24/I1I2 <l +1,

U 1e HalmoaBaMe oTciabBaHe Ha TPENTEHMsTa (HaMaJlsiBaHE HAa €Heprusra B Te3W 00JIaCTH) B CPAaBHEHME C
HACJIarBaHETO Ha HEKOXEPEHTHH BBJIHM. SIBIIEHHETO, NpPU KOETO ce€ HaliojaBa IpepaslpeseieHle Ha
SHeprusTa Ha BbJIHUTE B CPeaTa, BCIEACTBUE HACIArBaHETO Ha JIBE WM [I0BEYE KOXEPEHTHU BBJIHU CE HapHya
uHTepdepeniys. ToukuTe, B KOUTO ce HAOII0AaBa yCHJIBAaHE HAa TpeNnTeHHsTa (yBeIHMuaBaHE HAa CHEPrUsTa U
MHTEH3UTETa Ha BBJHATA), CE HapuyaT HMHTEPPEPEeHUHHM MaAKCUMyMH, a Te3H, B KOMUTO ce HalirojaBa
oTciiadBaHe Ha TPENTeHHsATA (HAMAIsBAaHE HA CHEPrUsITa W MHTEH3WTETa HAa BBJIHATA) — WHTEPPEpPCHUHU
MHHAMYMH. MECTOITOJIOKEHUETO Ha TE3W TOYKH CE ONpPEeNs CaMo OT pa3yinkaTa A B IbTUIIATA HA ABETE (WK
[I0BEYE) BBJIHM OT M3TOYHMKA JI0 ChOTBETHATa TOYKAa. JIECHO MOYKEM Ja MOJIy4yUM YCJIOBHUATA 32 MUHUMYM U
MakcUMyM oOT (4). UHTepdepeHueH MakcuMyM ce HaOIl01aBa B T€3H TOYKH, 32 KOUTOo AD=2Mm:

27
AD =2mn =—A
A

A
A=2m—=mA
2

T.. B T€3W TOYKH, 32 KOWTO pa3jMKaTa B ITBTUIIATA HA BBIHUTE € YETHO YHCIIO MOJYBBIHU. B Toukmte, 3a
kouto A®=(2m+1)x, e Hab01aBaMe HHTEPPEPEHICH MUHUMYM:

27
AD = (2m+1)n = TA

A
A=(2m+1)—
2
T.€. TOUYKHTE, 32 KOUTO Pa3jIMKaTa B IbTHUILATA HA BHJIHUTE € HEYSTHO YHCIIO MOTYBBIIHH.

CrofllI1 BHJIHHA

[le pasrnename eIWH WHTEPECEH B NPAKTHYECKO OTHOIICHHE CIIydail Ha WHTEP(EpeHIHs — KOrato ce
HacjarBaT JBe IUIOCKM KOXEPEHTHHW Osirallyi BBHJIHH C €IHAKBU aMIUTMTYIH, KOUTO C€ Pa3lpOCTpaHSIBAT B
NPOTUBOIIONIOKHN TOCOKH. SIBIeHMETO ce HalmloJaBa NMpH OTPaKEHHE Ha BBIHA OT Tperpaja, KOsTo €
NEePICHMKYIIIPHA Ha MMOCOKaTa Ha pa3NpOCTpaHCHHWE HAa BhIIHATA, U CE Hapu4ya cTosla BbiIHA. Heka na
ONpeAerM pe3yiTaTa OT HWHTepdepeHIHsTa Ha JBEe TaKkMBa BBIHM — Y1 M OTpa3eHara BBIHA Yo,
pa3MnpoCTpaHsBaIly Ce B JABETE MPOTUBOIMOJIOKHHU MOCOKK Ha ocTa X (Iomyckame, 4e B cpeiara, B KOSTO ce
pa3NpoCTpaHsBaT BBIHUTE, HAMA 3ary0a Ha EHEeprus):

y, = Asin (ot —kx)

y, = Asin(ot+ kx),

KaTo B CiIydas cMe M30paiu 3a HayaJleH MOMEHT Ha TPENTEHHETO MOMEHTHT, B KOWTO H3TOYHHKBT Ha
tpentenusita (¢ koopaumHata X=0) npemuHaBa Mpe3 paBHOBECHOTO cu monoxenue (mpu t=0-y;=0).
Pe3yaTaHTHOTO TpenTeHe B MPOM3BOJIHA TOYKA C KOOPJMHATA X CHIIIACHO MPHHIIUIIA HA CYTIEPIIO3UIIHATA €:

(5) y=y,+vy,=2Acoskxsinot=+A*sin ot
OTKBJETO CJeIBa, Y€ B pe3yiTaT Ha HMHTeppEpPeHLUSATa Ha JBETE BBJIHU BHB BCSIKa TOYKA OT cpelara C
¢duKcHpaHa KOOpAMHATa X I Ce M3BBPIIBA XapPMOHHYHO TPENTEHE ChC ChIaTa 4YecToTa ®, HO C Jpyra
aMIUTATY/Ia

A* = |2Acos kx| =

21X
2Acos—
A

KOSITO 3aBHCH CaMO OT KoopauHarata X. B Toukute oT cpenata, B kouto COS(2ntx/A)=0, y=0, T.e. B TX HsAMa
tpenteHust (A*=0). B Toukute, kpaero COS(2mX/A)=tl, amIumMTyJaTta Ha TPENTCHHATA € MaKCUMalHa, T.C.
A*=2A. Toukure OT cpeaaTa, 3a KOUTO € U3IIBIHEHO YCIOBHETO:

21X 1
6) —=+|m+—|=n
A 2
ce HapuyaT Bb3JIM Ha crosiaTa BeiHa (A*=0), a Te3u, 3a KOUTO

27X
7)) —=+m
(7 N n



— BBpXOBE Ha ctosmiara BeiHa (A*=2A). Ot (6) u (7) HEMOCPEACTBEHO CIIE/IBa, Y€ 3a BCCKH BPBX € M3ITBIHCHO
X=tmA/2, a 3a Bceku Bb3ea X=+(M+1/2)A/2. JlecHo MOKe J1a ce MOKaxe, 4e Pa3CTOSHUETO MEXKIY ChCEIHUTE
BB3JIM WM BHPXOBE € PaBHO Ha A/2, a MEX/Ty BCEKH Bb3€l U BPBX — A/4.

XapakTepHuTe 0COOCHOCTH Ha CTOSIIATa BhJIHA B CPAaBHEHHE C OsAramara ca HIKOJIKO:

— B crosmiara BbJiHa aMIUTMTYMTE HA TPEMTEHE Ca pa3jinvHu B pa3nuuuute Touku (A*=f(X)). CoiuecTByBar
BB3JIM U BBPXOBE HA TpeNnTeHUsATa. B Osiramiara BbJiHa BCHYKH aMIUIMTY/IU Ca ¢IHAaKBH (A HE 3aBHCH OT X);

— B obusactra, 3aKir0oueHa MKy JiBa ChCEAHU Bb3€ja, BCHUKH TOYKH OT CpelaTa TPENTAT ¢ eaHakBa (asa;
IpU MPEXO0JI KbM ChCEIHATA TakaBa 00JacT (a3suTe Ha TPENTEHUATA CE U3MEHIT C T (3HAKBT mpea Sinmt ce
npomens ceriacHo (5) ot ,,+” Ha ,,—” Wau obparHo: OT ,—" Ha ,,t”, —Sin®t=sin(ottr)). CrenoBarenHo
TOYKHUTE OT JIBETE CTPAHU Ha JaJIeH Bh3eJ TPENTAT C MPOTUBOMOIOKHHM (a3u. B Osiraiara BbiHa (pa3ute Ha
TPEITEHE 3aBUCAT OT KoopauHarata X Ha Toukata (@ (t)=(mt—kx));

— TIlpwu crosimata BbJIHA HE Cce NMpPEHACS CHEPrus, Thi KAaTO JBETE HACJArBalld CE BBJIHU NMPEHACIT CAHAKBA
CHEprusl B JIBE IPOTUBOIOJIOXKHHU TIOCOKHU (aMIUTUTYIUTE Ha JBETE BBJIHM Ca €IHAKBH); [IPU Osraiiara BbiIHa
Ce MPeHACs CHEPTUs B MOCOKA Ha Pa3lPOCTPAHEHHUETO .
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