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CGEID viTivio

*  BbIHyXaOeHHble KonebaHus

« fBneHue pesoHaHca. [oe NpUMeHsoT?
« CnoxeHue konebaHuw |
* buneHus o
«  durypsl Jluccaxy -

YTo TaKkoe BbIHYXXAEHHble KonebaHusa n Kak cknagbiBaTtb Kone6aHus ¢
KaK U MaTeMaTu4eckum onmcatb? nomoLulbo ¢pazoBon anarpamMmmbl?

YTo TaKkoe pe3oHaHc? (Ae onaceH, a

Foe moXxHoO yBuaeTb omeHusa n courypbl
- A Puryp rge noneseH?

Nunccaxy?
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Casernbes, drnekmpu4yecmeo u MacHemu3am, YpasHeHus Makceernna.
M®TU, Kypc nekyuti Kpbimckozo K.M.,

Walter Lewin, 8.03
https://www.youtube.com/watch?v=ckUyN5XNGOY &list=PLyQSN7X0ro02314mKyUiOlLaOC2hk6Pc3j&index
=23

imgflip.com
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BbIHYyXOeHHble KonebaHua — koneGaHus noa OeNCTBMEM BHELUHeW cunbl. PaccmoTpum
rapMOHUYECKUIA OCLMUNNATOP, Konebnwowuiica noa aenctemem cunbl F, 1 LCR KOHTYp, Ha

MCTOYHUK NNTAaHNA KOTOPOIro nogaeTcd nepemMmeHHoe HarnpaxeHume.

Lﬁ + RI + % =gpcos(®wf)  mx = —kx —rx + Fycos(wt)

dt

. : € F,
j+ 2B+ wjq = ZOCOS((M) ¥+ 2B% + wix = EO cos(wt)
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Obuwee pelweHne HeogHopogHoro [Y saBnaetcas Cymmown
obuiero pelweHuMs COOTBETCTBYHOLWEro oaHopogHoro AY u
YacCcTHOro peweHunAa HeogHopogHoro O1Y.

¥+ 2P% + wix = fycos(wt)

Obulee pelueHume COOTBETCTBYHOLLETO OAHOPOAHOro
YPaBHEHMUS:

x(t) = age Pt cos(w't + ¢") w' = }wg — B2

YacTtHoe pelweHune? MNpeanonoxmm?

x(t) = acos(wt — @)

MpoBepum?
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FapmoHuYeckoe KonebaHue 3a4aeTcs C MOMOLLbIO BEKTOPA, AMHA
KOTOpPOro pagHa aMnauTyge KonebaHun, a HanpasaeHue obpasyet
YroA C OCbiO 0X, PaBHbIA HaYyanbHOM da3se.

x = Acos(wgt + @)

MeTon, BEKTOPHbIX Auarpamm LIMPOKO  WCMOJIb3yeTca Mpwu
CNOXEeHUMU KonebaHuK. Yron mexay ntobbiMmm ABYMS BEKTOpPaAMMU,
XapaKTepuU3yHLUMHU KonebaHus paBeH pasHoCTH das
COOTBETCTBYOLWMX KonebaHUN.
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’ x; = Aj cos(wot + @gq)

i x, = A, cos(wot + @g7)

‘p' X =2+ X

A=A, + 4,

(e 4 ola2 s x

A= A% + A5 — 2444, cos(?r — (92 — @1)) —
=A% + A% + 2A,A;c0s(@2 — ¢1)

A;sing, + Aysing,

t =
g¢ Aicos@q + Aycos@,
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Obwee peweHne wrpaetr poab TONbKO B Haya/lbHOM CTaguu
npouecca. YcTraHoBuBLUIMECA KonebaHus npenacrtasnaT cobown
rapMoHuYeckme KonebaHMAa C 4YaCTOTOM pPaBHOM  YacToTe
BbIHYXAAtOLWeEN CUbI.
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viTIvO

Pe3koe BO3pPaCTaHHNE aMNNUTYA bl KonebaHwni Ha pe30HaHCHOFI
yacTtoTe.
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a=—=-—=1Xx, (npn w=0)
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- rpadmKn 3aBMCMMOCTEM aMNAUTYAHbIX 3HavyeHun g, [, U ot
YaCTOTbl BHELLHEN BbIHYXAAOLWEN CUNbI.
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Liaagnu
1833 -1938

Calastrophe du Pont suspendy,

https://www.youtube.com/watch?v=qHJiX8egF58



https://www.youtube.com/watch?v=qHJjX8egF58

ApepHbIA MarHUTHbIN pe30HaHC —
pe3oHaHcHoe nornoueHue 3M
N3nyyeHus agpamm aTomoB
(Hanpumep, Bogopoaa).

Ho6eneBckue npemuu:

1. Pabwu (1944), 332 OTKpbITUE ABNEHUA -
®Pusumka

2. Napcenn, bnox (1950), 3a oTKpbITHE
B KMAKOCTAX M TBepAblX Tenax -
®usumka

3. 3JpHcT (1991), 3a passutne AMP
BbICOKOrO pa3pelleHus - Xumums

4. Brotpux (2002), npumeHeHue ans
nccnegoBaHms Buonornyeckmx
06beKTOoB - Xumusa

5. Jlotepbyp, Macodwung (2003) — MPT
— MeamumHa n pusmnonorus
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PE3OH8HC, BO3HMK8I-OIJ.I,HI:'I B Cncreme

npu nepuoanveckom W3MEeHEeHUU ’\
/
oAHONo U3 napamMeTpoB CUCTEMDI. li \\
/ \
N3ameHeHHne MPOUCXOOAUT B  TaAKT !! \
\
KosiebaHuaM cucTtembl. / \
/
\
;I ) 3 A
. ,r’r"‘--— -—""\‘\
Mpumep: ANNHA MaATHUKaA AN

NOCTOAHHO MeHAeTCH npwm
KonebaHusax, YTO npuBedeT K
CUMNBbHOMY pacKa4yMBaHUIO MaATHUKA.
DHeprma CUCTEMbI YBEINYMBAETCA 33
cyeT paboTbl CU/IbI, AENCTBYIOLWEN HA
HUTb.



CZH» vitvo
buenusa — nepmnognyecrkoe UsMeHeHne aMnanTtydbl B pe3y/ibTate
CNoXXeHuAa konebaHum B OAHOM Halpas/1eHUN C OIU3KMMU YaCTOTaMM.

“ \f " '” % : X, =ACOS(a)f)
l ) L, x, = Acos(w+ Aw)t

Ao << ®

20 + Aw Awt Awt
—tcosT = 2Acoswtcos—

X = x1+x,= 2A cos
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U(e) = Uy[sin(ew;t) + sin(w,t)]
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https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%B5

%D0%BD%D0%B8%D1%38F



https://ru.wikipedia.org/wiki/%D0%91%D0%B8%D0%B5%D0%BD%D0%B8%D1%8F

CCHD viTvo

bueHua — nepuoan4yeckoe nameHeHmne amMrJintyabl B pe3sysibrate
cNoXeHua KonebaHum B OAHOM HalpaBAEeHNN C 6/1M3KMMM YacTOTaMM.

27
Nepuop buennin: 7. = —
Aw i Aw
x=2A4cos| —1 |cos| —
Nepuop T = 2_7-7
KonebaHuit: )

https://www.youtube.com/watch?v=gfC3HXepxgE

https://www.wolframalpha.com/widgets/view.isp?id=28d50693bf6
468465b80ff533f183d6C



https://www.wolframalpha.com/widgets/view.jsp?id=28d50693bf6468465b80ff533f183d6c
https://www.youtube.com/watch?v=gfC3HXepxgE

CBsi3aHHbIe CUCTEMDI IIiTMo

CBfizaHHble CUCTEMbI — CUCTEMbI CO MHOTMMU CTEeneHamMu cBoboapbl, npu konebaHun KOTOpPbIX
nponcxoanT nepexon aHeprmn Mmexay HMMm

White Light

https://www.researchgate.net/publication/301875348 A
ctive control of surface plasmon resonance in MoS
s 2-Ag_hybrid_nanostructures/download

W [

Exciton

,_
»
W
Absorption of LSP v
e al

Wavelength


https://www.researchgate.net/publication/301875348_Active_control_of_surface_plasmon_resonance_in_MoS2-Ag_hybrid_nanostructures/download

CBsai3aHHbIe MAsSSITHUKU

a

m-

KonebaHua B CBA3aHHbIX CUCTEMAX
MOXHO NPeAcTaBUTb Kak cynepnosnumio
(cymmy) HopmanbHbIx KonebaHui (moa).

HopmanbHble moapbl — KonebaHua Bcex
YacTUL, CUCTEMbI C O4HOM YacCTOTOM
(HopmanbHoOM yacTtoTon). HopmanbHbie
KonebaHua (moapl) He obmeHmBatoTCA
SHepruen.

Yncno HopmManbHbIX MOA = YUCY
cteneHen ceobobl

I/ITMO



CBsi3aHHble MasATHUKMU.

a

m-

KonebaHua B CBA3aHHbIX CUCTEMAX
MOXHO NPeAcTaBUTb Kak cynepnosnumio
(cymmy) HopmanbHbIx KonebaHui (moa).

HopmanbHble moapbl — KonebaHua Bcex
YacTUL, CUCTEMbI C O4HOM YacCTOTOM
(HopmanbHoOM yacTtoTon). HopmanbHbie
KonebaHua (moapl) He obmeHmBatoTCA
SHepruen.

Yncno HopmManbHbIX MOA = YUCY
cteneHen ceobobl

I/ITMO
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https://www.youtube.com/watch?v=0QwKz4x1CNv0&t=80s



https://www.youtube.com/watch?v=QwKz4x1CNv0&t=80s

MepneHpukynspHbie Koneb6aHus IIiTMo

imgflip.com
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[lycth w, = w, = w, @ — pa3HoOCTb a3
x = A, cos( wt)

y = A, cos(wt + @)

X
Ay

sinwt = \/1 — cos?(wt) = \/1 — (Ai)

Y = (cos(wt) cos(p) — sin(wt) sin(p)) =
y

2
X X _
= Ecos(cp) — \/1 — (A_x) sin(¢)

cos(wt) =
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[lycTb w; = w, = w,@ — pa3HOCTb a3
2
Y -2 (¢)— [1 (x) sin(¢)
— =—cos(@) — |[1—|—
Ay, Ay A,

(2) -

2

2
sz cos(g) + (Ai COS((P)) = sin*(9) = sin®(¢) (Ai)

2 2
y:  xy xt
— COoS + — = sin

YpaeHeHue 3nnaunca c npouseosnbHol opueHmayueli ocell
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1. Busyanusauusa crnoxeHus Koneb6aHunn. bueHwms.
BxoaHble napameTpbl: YacTOTbl KonebaHun, amnnnTtyga

UTorosbin BUO moaenu: dmeHus
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2. Busyanusauusa crnoxeHusa konedaHun. durypol Jiuccaxy.
BxoaHble napameTpbl: 4acToThl KoniebaHun, amnnutyna

UtoroBbin Bug moaenu: cdourypbl Jinccaxy
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1. MopenupoBaHue. Pe3oHaHCHbIE KpUBbIe
BxoaHble napameTpbl: napameTpbl kKonebaTtenbHON CUCTEMDI

UToroBbi BUAQ Mogenu: 3aBMCUMOCTb aMnnNuUTyabl konebaHun oT 4acToTbl
BbIHY)XJaoLLENn Cunbl
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Aw 1
1. [okasatb oopmyny (Q — 4OOPOTHOCTL). S
wg 0
2. UTo HasbiBalOT CODCTBEHHLIMM YacTOTaMu B CBsI3aHHbIX KonebatenbHbix cuctemax? Kak HanTu

COGCTBEHHbIE Y4aCTOTbl [BYX OAWHAKOBBLIX MAasTHWKOB, CBA3aHHbIX MeXay CoOOoli NPY>KUHOMN.
MNpuBeauTe NpUMepbl CBA3aHHbIX kKonebaHui.

3 (IT) The RC circuit shown in Fig. 30-40 is called a high-pass

) filter because it passes high-frequency ac signals with less

attenuation than low-frequency ac signals. (a) Show that the

voltage gain is A = Voyu/Vin = 2mfRC/(47*f2R?*C? + 1)i.

(b) Discuss the behavior of the gain A for f — 0 and

f — oco. (¢) Choose R =2850Q and C =10 x 107°F,

and then graph log A versus log f with suitable scales

to show the behavior of the circuit at high and low
frequencies.

ncC .

il T
FIGURE 30-40 Vi R Vou
Problem 104. l
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