LindppoBa o6paboTka
Ha CUTHaNw

Tema #7

Bpeme-MawjabeH aHain3 Ha CUrHaJinTe.
Yeusner (wavelet) npeobpasyBaHue.




"
CbabpKaHue

m [ledbnHnpaHe Ha npobnemMa - BpeMeyeCcToTeH
aHanmn3 4pes3 npeobpasyBaHue Ha labop un
KpaTkoBpeMeHHO npeobpa3yBaHune Ha Pypue

m /IcTopnyeckun ceeaneHund 3a yemsnetc (wavelets) u
yeunssieT npeobpasyBaHUATA

m BpeMe-yeCcToTeH aHan3 > CpaBHEHUEe Mexay
KpaTKOBpeMeHHOTO npeobpa3syBaHue Ha Pypue u
yeunssieT npeobpasyBaHuATa

m YenBner npeobpasyBaHue 3a HEMNPEKbCHATU CUTHANN

m YenBner npeobpasyBaHue 3a 3a ANCKPETHU CUTHANN

npod. T. FaH4eB, LUOC - JleTteH cemecTbp 2023/2024



" A
NedvHnpaHe Ha npobnema

OCHOBHUAT nNpobaeM npu aHanmsa Ha peasiHu CUrHanu e aga ce
nonyym nHdpopMaumns 3a YEeCTOTHUSA CbCTaB HA CUrHANA BbB BCEKMU
OTAENNEH MOMEHT OT BPEMETO U Aa Ce NIoKanusmpaT cbbutnsa BbB
BPEMETO.

—

ToBa obaye He e Bb3MOXHO C TpaaMLUMOHHOTO npeobpasyBaHune Ha
dypue, Tbih KaTo TO NpeacTaBsa CbBKYMHUS CNEKTbP Ha uenus
curHan, 6e3 Bb3MOXHOCT 3a /loKann3auuns BbB BpeEMETO.

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" J
BpeMe-4yecToTeH aHaNun3 =

OAnHaMunyeH cnekTbp!

[Mpeobpa3syBaHuneTo Ha abop (Denis Gabor) n KkpaTKkoBpeMeHHOTO
npeobpasyBaHue Ha Pypue (Joseph Fourier) npeanaraTt camo
YAaCTUYHO pelleHune.

x()yy* (t-1)

USRI

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024
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Name Definition

Rectangle w(t) = { b if (|| £ a)
0 otherwise.
bivb  if —a<it< 0,
a

Bartlett (triangle w(t) = 1

(triangle) Ly i 0<t< a,
a

0 otherwise.

2( i .
— <
Hanning (von Hann) w(f) = 4 bcos (Za) if [{|< a

| 0 otherwise.

0.54b + 0.46b (E’) if |1 <
Hamming wi(t) = 4 + cos{=) i < a

| O otherwise.

0.42b + D.Sbcos(EJ s n.nabms(gﬂ] if f<a
il

w(t) = P

Blackman
0 otherwise.

9Adjust parameter a > 0 for a window width appropirate to the signal features of interest. Adjust para-
meter b > 0 in order to normalize the window function.



" J
BpeMe-4yecCcToTeH aHa/iu3 =

OAvnHaMunyeH cnekTbp!

BCMUYKN YECTOTHM
Frequency cpcraBswm 3a
| onpeaeneH MOMeHT
OT BPEMETO

*

-+ [IpOMsaHa Ha
oTAeNHa
______________________ ---— HECTOTHA
CbCTaBdALla
. BbB BpEMETO

F----

- {=
Time

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
BpeMe-4yecCcToTeH aHa/iu3 =
OvHaMunyeH cnekTobp!

ObXnHaTta Ha BpeMeBUS NpPoO30peL, orpaHMyaBa pa3aesMTenHaTa

CMNOCOBHOCT NO 4YecToTa
A A

4EeCTOTa
4eCTOTAa

> >
Bpeme Bpeme

Gabor npedunHMpa ropHa rpaHmua 3a TOYHOCTTA Ha eAHOBpPEMEHHA

noKanmsauust Ha CUrHan B YeCToTHaTa U BbB BpeMeBaTa obnacr.

AtAf =1

TeopemMa Ha Benedicks: He e Bb3MOXHO eAHOBpPEMEHHO AadeHa
dyHKUMA n HenHoTo Dypume npeobpa3yBaHe Aa ca OrpaHNYeHun
(KpanHu).

npod. T. FaH4yeB, LLOC - JleteH cemecTbp 2023/2024



" N
CbabpKaHue

m [ledpnHupaHe Ha npobriema - BpeMeyecToTeH
aHann3 4ype3 npeobpasyBaHmne Ha abop u
KpaTKoBpeMeHHO npeobpa3syBaHue Ha dypue

m icTopnyeckun ceeneHuns 3a yemsrieTc (wavelets) um
yensneT npeobpasyBaHUATa

m BpeMe-yeCcToTeH aHa/iM3 - CpaBHEHUe Mexay
KpaTKOBpeMeHHOTO npeobpasyBaHue Ha dypue u
yeunssieT npeobpasyBaHuATa

m YeliBneT npeobpasyBaHMe 3a HEMNPEKbCHATU CUTHANU

m YenBner npeobpasyBaHue 3a 3a ANCKPETHU CUTHANN

npod. T. FaH4eB, LUOC - JleTteH cemecTbp 2023/2024



" A
KpaTka ncropus Ha nosisata Ha YeuBJl

1909 - Haar, NbpBOTO CEMENCTBO YenBNeT QYyHKUUMN.
1947 - Gabor, atomn Ha Nabop

1981 - Morlet, nednHUpa KoHUeNUUATa Ha yenBneTc
1984 - Morlet n Grossman, TepMmunHa "wavelet".
1985 - Meyer, opTOroHasiHn yemsneTc.

1988 - Mallat & Meyer, “multi-resolution”.

1988 - Daubechies, koMnakTHa noaapbXKa Ha OPTOrOHATHU
yenBneTc.

1989 - Mallat, 6bp30 yensnet npeobpasyBaHue, “fast wavelet
transform”

1989 -

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
Alfréd Haar Denis Gabor

. |

npod. T. MaHu4eB, LI,OC‘ - NeTeH ceMecTbp 2023/2024


http://www.lajauneetlarouge.com/auteur/yves-meyer
http://en.wikipedia.org/wiki/File:Dennis_Gabor.jpg

"
Cbrabp>xaHue Ha Tema #6

m [ledpnHupaHe Ha npobriema - BpeMeyecToTeH
aHann3 4ype3 npeobpasyBaHmne Ha abop u
KpaTKoBpeMeHHO npeobpa3syBaHue Ha dypue

m /IcTopnyeckun ceeaneHund 3a yemsnetc (wavelets) u
yeunssieT npeobpasyBaHUATA

m BpeMe-yecToTeH aHain3 - CpaBHEeHue Mexay
KpaTKOBpeMeHHOTO npeobpasyBaHne Ha Oypue u
yeunsneTt npeobpasyBaHuAaTa

m YenBner npeobpasyBaHue 3a HEMNPEKbCHATU CUTHANN

m YenBner npeobpasyBaHue 3a 3a ANCKPETHU CUTHANN

npod. T. FaH4eB, LUOC - JleTteH cemecTbp 2023/2024



" A
BpeMe-yecToTa M oTMecTBaHe-MaLab,
STFT u WT
BpeMe-4yecToTeH

MpeobpasyBaHne Ha Gabor aToM Ha Gabor

G.(t, f) = f_zf) dr

o | X]
0.8 | /’ (\\\\ | 14 Y ' y y y
06 (o) | 12 b
,f( | ?\
04 b },’\ ‘ | ! \\ . w0l
. 02 /,// I ‘l || \)\\ .
3 o—————‘ﬁ,/\/\ \/\F‘*————
o i [ 6 F
- \J \ | |\ J
0.4} | 4
0.6} M \ ,
o | |
B R — %0 20 40 60 80 100 120 140 160 180 200
Time t

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" J
BpeMe-yecToTa M oTMecTBaHe-MaWwab,
STFT n WT

KpaTkoBpeMeHHO npeobpasyBsaHune Ha Oypue, STFT

Xsr (Jo, 7) = [ g(t—7)e " x(t)dt

R{v(t)elw0t)
o R{7(t)e/ 3 %)
@2 }----------- Rt SR . . N
- VALY,
T1 T2 T ]

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024




BpeMe-yecToTa M oTMecTBaHe-MaWwab,
STFT n WT

BpeMe-4eCcTOTHO AeNEHNE YpEe3
KPaTKOBPEMEHHOTO nNpeobpasyBaHue Ha ®ypue, STFT

frequency

time

npod. T. FaH4eB, LUOC - JleTteH cemecTbp 2023/2024



BpeMe-yecTtoTa U oTMecTBaHe-Mmallab
STFT n WT

~v(t)edwot}

3]

H{T{t)ej %ﬂt}

~ANDNN A

4 wvvvuu -1

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024




" JJE
BpeMe-yecToTa M oTMecTBaHe-MaWwab,
STFT n WT

L) :
—4 2000 -
—+ ‘?’“
—— t " Elﬂmf
—Jw.— R i :
W N <— 500

Time, # (sec)
npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" J
BpeMe-yecToTa M oTMecTBaHe-MaWwab,
STFT n WT

A\
—~_ N

frequency frequency
A L F
|
- -
time time
short-time Fourier transform wavelet transform

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024




"
CbabpKaHue
m [ledpnHupaHe Ha npobriema - BpeMeyecToTeH

aHann3 4ype3 npeobpasyBaHmne Ha abop u
KpaTKoBpeMeHHO npeobpa3syBaHue Ha dypue

m /IcTopnyeckun ceeaneHund 3a yemsnetc (wavelets) u
yveunsneT npeobpasyBaHMATa

m BpeMe-4yeCcToTeH aHa/iM3 - CpaBHEHUe Mexay
KpaTKOBpeMeHHOTO rnpeobpasyBaHue Ha dypue un
yeunsnert npeobpasyBaHuaTa

m HenpekbcHaATO yenmBneT npeobpasyBaHue 3a
HeNnpeKbCHATU CUMHAU

m [InckpeTHO yeunBnieT npeobpasyBaHmMe 3a
HenpeKbCHATU CUTHANU

npod. T. FaH4eB, LUOC - JleTteH cemecTbp 2023/2024



" A
Yeusnert npeobpasyBaHue
(wavelet transform)

W Yeusnet npeobpasyBaHeETO
W npeacTtaBs eAHOMEPEH CUIrHan B
ABYMEPHOTO NPOCTPAHCTBO
oTMecTBaHe-Mallab.

frequency ToBa npeobpa3yBaHe ce
3 | M3BbpLUBA NOCPEACTBOM
Kopenauus Ha eqHOMepHUS
CUrHasn c mawabupaHu u
OTMEeCTeHU BEPCUN Ha n3bpaHa
dyHKUMSA "BbHMYKA", KOATO
time oTroBaps Ha onpeaeneHu
N3NCKBaAHWS.

wavelet transform

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
Yeusnert npeobpasyBaHue
(wavelet transform)

« -7

CWT Xyt (z,0) = X(t) d (—)0It
\/7

kbaeto ¥(t) e HenpekbcHaTa dyHKLMS BbB BpeMeBaTa U YecToTHa
obnacTtn, HapedeHa wavelet. Ta3n wavelet pyHkuUnga e
dyHKUMATA ManKa, OT KOSATO ce rnosiydaBaT AbllepHUTE PYHKLUMN
nocpeacTBOM OTMeCcTBaHe M MawabupaHe Ha PyHKUMATa Maunka.

CWT no geduHnumnsa npeacraBnisiBa KOHBOMOUMS Ha CUrHasna C
6a3nc oT PyHKUUM reHepupaHn oT QYHKLUUATA ManKa.
KoHBONOUMATA MOXe Aa ce pa3rnexaa Kato ounatpauuns Ha
CUrHana.

CWT MoXe aa ce pa3srnexaa KaTo TbpCeHe Ha OTroBop cneaHus
Bbrnpoc: “HageHus curHan x(t) cbabpxa nm egHa oT Habopa
6a3ncHN yHKUMN, N aKO Aa, Kbae ce Hamunpa?”

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
Yeusnert npeobpasyBaHue
(wavelet transform)

+00 +00

Inverse x(t) = J' J' Xyt (7,8) — %—)dr da
W

CWT

kbaeTo 3a opToroHanHu yensnetc $(t) = %’I)

400 +00 1

H—s‘ t_T) %q—)df da=35(t-t,)

0 —oo‘a

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
Yeusnert npeobpasyBaHue
(wavelet transform)

[lpoueca Ha nsducreHne Ha yemeneTt KoedoUUUeHTUTe, KOUTO ca
doyHKUMSA Ha Mawaba 1 nosmumsaTa B cUrHana Moxe ga ce
0000w B crneaHnuTe NeT CTHbIMKA :

1) B3emun yenmenet oyHKUNSA N A9 CpaBHU C HAYalrHUs y4acTbK OT
curHana

aignal

Wavelst

C=0.0102

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
Yeusnert npeobpasyBaHue
(wavelet transform)

2) N3uncnn mapkata, C, KOATO nokasBa Kak yensner
JdYHKLUMATA € KopenupaHa ¢ Ta3m nopuunsa ot curHana. ['lo-
ronemMu CTomHocT Ha C oTroBapsaT Ha NO-rofiaMo
cbBrnageHne mexay yemsnet yHKUUATa 1 curHana.
(pesynTtaTa CUIHoO 3aBucKU OT n3bdopa Ha yenBrneT PyHKUMSA)

aignal

Wavelst
e=0.0102

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A0
Yeusnert npeobpasyBaHue
(wavelet transform)

3) lamecTun yemeneTt pyHKUMATA HAOSCHO KU NOBTapsun
CTbNkn 1 n 2 0o gocturaHe Kpas Ha curHana X(t).

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
Yeusnert npeobpasyBaHue
(wavelet transform)

4) Mawabupai (pasnbHU) yemBneTt yHKUUATA U NOBTOPU
CTbNKM OT 1 0o 3 3a HoBaTa yeusneT PyHKUUS.

Signal

Wavelst

= 02247

5) MosTopu cTbNKM OT 1 00 4 3a BCUYKN OCTaHaNn Maliabu
Ha yeuBneT yHKUMATa.

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" J
ba3ncHn PpyHKUUN

1.5 15
[Mpeobpa3yBaHue Ha Oypue, FT 1
0.5
- 0
exp(jwt)
-1
15 . 1.5

4 2 0 2 4 4 2 0 2 4
KpaTkoBpeMeHHO npeobpa3yBaHune - 15
Ha Oypue, STFT 1 1
05 05
. 0 0
w(t — u) exp(j&t).
-1 -1
-1.5 1.8

-4 2 0 2 4 2 0 2 4
1.5 15
Yeusnet npeobpasysaHune, WT ! -
0.4 1 05
1 t—u : :
) ( ) ) 05 05
\/E ' = 1 1

15 . : 15 : .
-4 -2 0 2 4 -4 -2 0 2 4

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



CBoucrea Ha HAKoMn wavelet pyHKkUUMN

\ Meyer 82u22c2f; coiflet Symlet Ef;greél’emane’ Vaidyanathan Beylkin
'[Shuep'fi)?rg " Polynomial  2N-1 (23, 6N-1 2N-1 Exponential 24 18
domain decay 63, 87) (29) (49) decay (59)
Support in : : :

Fig. 2 Fig. 2 : : Fig. 2 : .
the frc_aquency 3. 813] =~ 1/@'2N Fig. 2 Fig. 2 PR Fig. 2 Fig. 2
domain
Orthogonality Yes Yes Yes Yes Yes Yes Yes
Symmetry Yes No Nearly  Nearly Yes No No
Number of Infinite
vanishing aumber N 2N N 6 (5+1) No N
moments

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



CBoucTBa Ha HAKOM wavelet dyHkLUuMn

[MpeacrtaBsaHe Ha aeseT wavelet dyHKUMKM BbB BpeMmeBaTa 06n1acT u
TeXHUs amMnNanTyaeH cnekTbp (cnen dypue npeobpasyBaHune)

Discretaized Meyer wavelet y{(f) Symmlet 6 wavelet y(t) Coiflet 5 wavelet y(t) IDFT(yAt))| for Meyer IDFT(3A0)| for Symmlet 6 IDFT(341)| for Coiflet 5
1 1 1

1 1 1
05 gJ 0.5
0 ]

\

0 0 | 05 0.5 \ 05
.
0.5 0.5 )

0 0 0
10 0 10 2 0 2 4 -5 0 5 0.1 02 0.3 04 01 02 03 0.4 01 02 0.3 04
Daubechies 12 wavelet y(f) Daubechies 32 wavelet y(t) Daubechies 44 wavelet y{i  |DFT(y())| for Daubechies 12 [DFT(yAf))| for Daubechies 32 [DFT(y(f))| for Daubechies 44

1 1 1
1 1 1
0.5 3
3
A A A =
©
05 p=
-1 -1 0 L 0 0
-5 0 5 -10 0 10 -0 0 10 01 02 03 04 0.1 02 0.3 04 0102 03 04
I?atﬂe-Lemarie wavelet yAf) ¥aidyanathan wavelet yAf) Beylkin wavelet y(t) IDFT(yAt))| for Battle-Lemarie 5 |[DFT(yAt))| for Vaidyanathan ~ |DFT(yA1))| for Beylkin
1 1 1
0.5
0 / /
0 ‘ 0~ 0.5 0.5 0.5
p 05
. 0 0 0 L
-10 0 10 -5 0 5 -5 0 5 0.1 02 0.3 04 0.1 02 03 04 01 02 03 04
time t

Normalized frequency

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



"

CBoucrea Ha HAKoMn wavelet pyHKkUUMN

0

T
Il

T

-100

-150

———— Discretized Meyer
————— Daubechies, order 12

= = = Daubechies, order 32
= = Daubechies, order 44

= = = Coiflet, order 5

= Symmlet, order 25
=250 Battle—Lemarie, order 5
= = = Vaidyanathan

m Beylkin

Magnitude (dB)

-200

T

-300

T

1 | | | | 1 |

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
Normalized Frequency (X7 rad/sample)

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



"
BpemMe-yecroTra M oTmMecrBaHe-Mmawjab

[Tpnmep

50 100 150 200 250 300 350 400 450 500

CWT(x,16,'Morlet")

50 100 150 200 250 300 350 400 450 500

spectrogram(x,16)

spectrogram(x,64)




"
CbabprKaHue
m [ledpnHupaHe Ha npobriema - BpeMeyecToTeH

aHann3 4ype3 npeobpasyBaHmne Ha abop u
KpaTKoBpeMeHHO npeobpa3syBaHue Ha dypue

m /IcTopnyeckun ceeaneHund 3a yemsnetc (wavelets) u
yveunsneT npeobpasyBaHMATa

m BpeMe-4yeCcToTeH aHa/iM3 - CpaBHEHUe Mexay
KpaTKOBpeMeHHOTO rnpeobpasyBaHue Ha dypue un
yeunsnert npeobpasyBaHuaTa

m HenpekbcHATO yeunBsieT npeobpa3yBaHMe 3a
HeNnpeKbCHATU CUTHANU

m [IMCcKpeTHO yenBneT npeobpasyBaHMe 3a ANCKPETHU
CUrHanm

npod. T. FaH4eB, LUOC - JleTteH cemecTbp 2023/2024



" A
OunCcKpeTHO yeuBnet npeobpasyBaHue
3a ANCKPETHU CUTHaNwm

o | -
Wilio k= 7 Y flolopalr].  Aposcmauoms

[leTannHu

Wy l7, k| er[ﬂ]L‘JL n] = Jo KoedULMEHTH

Ca AUCKpETHU
f[n], @[N], w;In] N=0,1..M -1 dYHKLMN C

Ob/HKMHA M

{¢jo,k[n]}kez {l//j,k[n]}(j’k)ezz’ > Ca opTOroHasnHu

=10

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
OucKkpeTHO yeusBseT npeobpasyBaHue
3a ANCKPETHU CUTHaNwm

\

9

/\
f LN ]
A \
A

‘*—n

A /\ LP HP
! AN
A /\ LP HP

»- E

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
OuckKpeTHO yeusner npeobpasyBaHue
3a AMCKPETHU CUrHaNu

BaHka dunTpn C naeanHo Bb3TaHOBABAHE Ha CMrHasna

analysis synthesis
y X
i — %—Iﬁ
TR oy
— G o

Perfect reconstruction: GyHo+ G H; =1
Orthogonal system: {HUJ*HUHH,J*Hl = 1G, = [H,fH

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
OucKkpeTHO yeusBseT npeobpasyBaHue
3a ANCKPETHU CUTHaNwm

Level  Level  Level Level
O - -2 -3
i g-ml>| 1} —*C}: detail signal i i
U—FE gl 1] [0 i
hn)—>| 14 —’*{ r;—»gi—n}—* 1y —0
A h(—n) 14, —:-(])I_b i
approximate h=n)—>| 1y >
signal

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
OuckKpeTHO yeusner npeobpasyBaHue
3a AMCKPETHU CUrHaNu

fn—\/_ZH,:,juﬁC'mkH ZZH [, k] x[n

J_m k

f[n], @[N], w; [Nl N=0,1..M -1

{g”io,k[n]}kez {'//J'k[n]}(j,k)ezz, =g

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" A
OuckKpeTHO yeusner npeobpasyBaHue
3a AMCKPETHU CUrHaNu

’—@_GL
'—@_Gl_* %—‘
-—@761—1# _E;)—@fﬂﬂ—*
_=_®_Gi]_+ -

Consider equivalent basis sequences G:'}l"[;tj and G'}""[x]
(generates octave-band frequency analysis)
A

/2

Interesting question: what happens in the limit?
npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



=" A
Koun e Han-noagxoaawmMAT aHaJn3 3a
CUrHanina ?

Npumep: x[n] = cos2nfy+ Ad[n—t,]
N (N
NI %
At hi
Iy Iy

=
iy ™! y T

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



=" A
Koun e HaM-noaxoasauwma aHasam3 3a
curHana ?

9

x[n] = cos2miy+ Ad[n—t,]

I A AN D
W

'y i

STFI WT




NMpuno>xeHns Ha yeuBJieTc

B cbBpeMeHHN CTaHaapTu 3a KoMnpecust Ha n3obpaxxeHus u
Buaeo JPEG 2000, MPEG-4,

B Internet TexHonoruu 3a interlaced download Ha n3obpaxxeHus

[Mpn KOMNpecus Ha pey N ayamo 3a HyXXAUTEe Ha
TEeNeKOMYHUKaUNnTe

B MeToau 3a WyMonoATUCKaHe B n3obpaxeHnsa n ayano CUrHaam
[Mpy aHanM3 Ha MaTeMaTnyeckn OyHKLUN

ACTpoHOMMA

AHann3 BbB PUHacoBus cektop (stock market)

B meanumnHaTta (06paboTka Ha MEAMLIMHCKN CUTHaAN, KOMNpecus
Ha u3obpaxeHus, n ap.)

B HeBpo-ncuxonormara,
B 40peHOTO MHXXEHEepPCTBO,
onTuka, n ap.

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024



" J
Bb3MOX>XHUM BbMNPOCU NO TeMaTa

m KakBa e punsnyeckaTta nHTepnpeTaymnms Ha HENPEKbCHATOTO
yenmenet npeobpasyBaHue?

m B KakBoO ce n3passasa npunankarta Mexay yemsner
npeobpasyBaHMETO N KpaTKOBPEMEHHOTO npeobpa3yBaHne Ha
dypune?

s Koun 3a Han-3HauymMuTe oTnnumnTenHmn benesm Ha yemeneT
npeobpa3yBaHMETO B CpaBHEHME C KpaTKOBPEMEHHOTO
npeobpasyBaHne Ha dypue?

m /36ponTe HAKOMN NpUNoXeHUs yenenet npeobpa3yBaHNETO?

npod. T. FaH4yeB, LLOC - JleTteH cemecTbp 2023/2024
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