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" A
LOC: OueHaBaHe — TeKkylla oLeHKa

Toukn oT nekunn (TOYKW ocr newumn A0 50 TOUKM):
- TecTt N°1 B 7 cegammua (a0 25 Toukn)
- TecTt N°2 B 14 ceammua (40 25 TOUkM)

Toukun o1 nab. ynp. (TOUYKN, 6. ynp. A0 S0 TOUKN):
- [1poTOoKOU

- AKTUBHO y4yacTtue B nabopaTopHUTe yrnpaxXHeHUs
- TecToBe

0 < TOYKW .6.ynp. + TOUKWN ot nercn = 20,

KpaeH_6pon_Touku = TOYKM 56 yrp. T TOYKM ocr nercim

@ KpaeH_6poin_toukn > [50...100] Touku

npod. T. NaH4eB, LLOC - JleteH cemecTbp 2023/2024 3



LLOC: O6xBaT Ha AncumnanHaTa

Electronics

Commumcation
.. Theory
Digital .
. Numencal
Sl gnﬂl Analysis
Processing Probability

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024




" J
LLOC: 3auo e BaxHa AgucuunnsimHaTa?

AucunnnuHaTta ,Unpposa 06paboTka Ha curHanute”
ocurypsiea 6a3oBu 3HaHUS 3a

»,OCHOBM Ha KnbepcurypHocrtra",

,OCHOBM Ha U3KYCTBEHUSA NHTENEKT",

~BbBeleHne B MallMHHOTO 0by4yeHue",

,M36paHn MeToam 3a MaLIMHHO 0byyeHune",
,O6paboTka Ha ecTecTBeH e3uK",

»~VI3BNInYaHe Ha nHpopMaumsa oT roseMm JaHHn" 1 ap.,

m MN3rotBsaHe Ha AP (AnnnoMHOTO npoeKTupaHe)

m lNMpodecnmoHanHata peanmsaumsa Ha BCEKUN UMHKeHep!

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024 5



" A
LLOC: OCHOBHU TeMU

Pea n
CurHanm m ANCKpeTHU BbB npeobpasyBaHe Ha
CUCTEMUN, OCHOBHM BpeMeToO CUrHanam dypue 3a
NMOHATUA M CUCTEMMU ANCKPETHM
cucTtemMm

TeopemMa Ha
ANCKpeTu3aumnaTa

Z-npeobpasyBaHe, CnekTpaneH m
Z-npepaBaTtesiHa CTpyKTypa Ha NMpoekTupaHe Ha KpenauvuoHeH
¢hyHKUMA Ha AJINB cuctemm uncgpposmn cucremm aHaNu3 Ha
undpoBa cucrtema CUrHanm

EcdekTn Ha
orpaHuyeHara
pa3psaAAHOCT Npm
npeacraBsiHe Ha
yucnara

NMpouecopwu 3a
undpposa
o6paboTka Ha
CUrHanm

Mpuno>xxeHusn

npod. T. N'aHues, LLOC - JleteH cemecTtbp 2023/2024 6



LLOC: [penopbyBaHa nutepaTtypa (1/3)

Steven W. Smith,
,Digital Signal Processing:

A Practical Guide for Engineers and
Scientists",

California Technical Publishing, San
Diego, California, USA, 2002

https://www.dspguide.com/editions.htm

npod. T. N'aHueB, LLOC - JleTteH ceMmecTbp 2023/2024 7



" A
LLOC: lpenopbyBaHa nutepaTtypa (2/3)

[MpenopbyBaT ce* n cnegHuTe KHMru no LLOC:

m bosHoB B., «Undposa obpaboTka Ha curHanmn», bpsar MNpuHT, BapHa,
2005.

m Kones ., «LUndposa 06paboTka Ha curHanm», TexHMYeckn YHuBepcuteT
- BapHa, 2011

m [slam Md. A., «Digital Signal Processing with Python: A Practical
Approach: Hands-on tutorials on Python for DSP», Independently
published, 2023

m P. Prandoni, M. Vetterli, «Signal Processing for Communications», EPFL
Press, 2008.

m A.V. Oppenheim, R.W. Schafer, «Discrete-time signal processing»,
Prentice-Hall, 1999

m Steven W. Smith, «The Scientist and Engineer's Guide to Digital Signal
Processing», 1998. www.DSPguide.com

“ Bcaka kHura rocseteHa Ha Liugpposa 06pabotka Ha curHaan 6m 6mnaa roaesHa rnpu
rnoAroToBKaTta By o ANCUNMINHATA, HO € NMPernopbYnUTE/IHO Aa KOHCY/ITUPaKuTe ce C MEH rpeaun
Aa n3rosi3Bare gpyrv U3TOYHULMN

npod. T. NaH4eB, LLOC - JleteH cemecTbp 2023/2024 8
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" A
LLOC: lpenopbyBaHa nutepaTtypa (3/3)

m Kelly A. «Introduction to Digital Signal Processing Using Python»,
Independently published, 2022.

m Sundararajan D. «Digital Signal Processing: An introduction», Springer
Nature Switzerland AG, 2021.

m Charbit M. «Digital Signal Processing with Python Programming», Wiley,
2017

m Monteiro T. «Signal Processing and Systems in Programming — Guide for
Beginners», Sept. 2023.

m K. Deergha Rao, M.N.S. Swamy, «Digital Signal Processing: Theory and
Practice», First edition, USA, Springer, 2018.

m Lyons R, Fugal D. «The Essential Guide to Digital Signal Processing»,
First Edition, Pearson, May 2014.

m Stein J. «Digital Signal Processing: A Computer Science Perspective»,
Wiley, October 2000

m Mertins A., «Signal Analysis, Wavelets, Filter banks, Time-Frequency
Transforms and Applications», John Willey & Sons Ltd, Chichester,
England, 1999.

m Allen R.L., D.W. Mills, «Signal Analysis: Time, Frequency, Scale, and

Structure», Institute of Electrical and Electronics Engineers Inc, 2004.
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LinppoBa 06paboTka
Ha CUTHaNM

TeMmMa 1: OcHoBHM noHATHSA. O6GLHOCT
M aHaJsiormsi Npy onncaHue Ha
CUrHasinTe u cumcremMmure




" A
NNnaH Ha Tema 1

m CUrHanm m cMCTeMun, OCHOBHW MOHATUSA

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 11



" N

Knacndpumnkauma Ha curHaaumre

 cnmam |

/\

[ﬂ,eTepMMHupaHM] [ CnyyanHum ]

[ NepunoanyHu ] [Henepuo.quql-m] [C'rau,uouapl-m] [HECTaLI,MOHapHM]

Moutk
~[Cm-|ycoup,am-m] nepuoanYHM 4[ Eproanynu ]

{Hecuuycoup,anuu] 4[ NpexoaHu ] A[Heepro,quql-m]

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 12



"

OdedHMUNA Ha NnepuoaNYEH CUTrHanN

X(t) = x(t+T),

T - nepuoa

Bcuykn curHanm nopogenmn ot
eCTECTBEHU SIBMIEHNS BbB
MaTepuanHua CBAT ca
Henepnoagn4Hu No JedNHNLNS,
NOHEeXe ca C KpaunHa
NPOABLIMKUTENHOCT UK MoraT aa
ObaaTt HabnogaBaHW camo 3a
KpaeH nHTepBan oT BpeMe.

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024 13



" J
HenpekbcHatv curHanm (aHasorosm)

X(t)

15 F[°C] -

10 _'_. \ -

~

o
1
]
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" J
OAnCKpeTHM BbB BpeMeTO CUrHaNum

9

X(t) = x(t,)

X(t) |

X(t,) |

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 15



" J
OANCKpeTHn NoO HUBO CUrHaIM

X(t) — X, (1)

©
Ul

Amplitude
o

1
©
Ul
1
1

time, t

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 16



" JE
LndppoBu curHanum
X(t) = X, () = X, (nTs) = x, (n) = x(n)

2 :

1.5~

1- ()

o
Ul
]

([

Amplitude
s
°

1
|
1
 J
 J
 J

0 10 20 30 40

Discrete time. n
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" A
NMoHATHE 3a cucTeMma

X(t) P[ ] y(t)>

y(t) = Px(0)]

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 18



"

Knacndpumkauma Ha cucreMmure

eOT rnegHa Toyka Ha o06paboTBaHUSA cCUrHan

| cucremn |

/ \

[ AHanorosu ] [ AVcKkpeTHU ]

/

[ UmnyncHu ] [Peneﬁl-m/normecxu]

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 19



"

Knacndpumkauma Ha cucreMmure

e Bb3 OCHOBA Ha Npeobpa3yBaHETO Ha CUrHana

| Cucremn |

JINHeuHu
CUCTEMM

HenunHeuHu
CUCTEMM

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024
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"

Knacndpumkauma Ha cucreMmure

® Bb3 OCHOBA HaA HAJIMYMNETO Ha NaMeT B CUCTEMATA

[ Cuctemu ]

_ T~

[ Cuctemum c namert ] [ Cuctemum 6e3 namer

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 21



"

Knacndpumkauma Ha cucreMmure

® Bb3 OCHOBA Ha Tula NMNapaMeTpnute Ha CUCTEMATA

Cucremu

T~

Cucrtemum c npomeHALLMU
ce napameTtpu

Cuctemu C NOCTOAHHM
napameTtpu

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 22



" J
LLOC cuctemu B peasiHUA XXUBOT

X(t)

ADC

x(n)

DSP
system

9

y(n)

DAC

y(t)

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024
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LLOC cncrtemMu B peaJlHUSA >XUBOT

X(t)

ALM

x(n)

Lingoposa
cucrtema

9

y(n)

LIAIM

y(t)

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024
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" J
OnucaHume Ha CUrHaJsiuTe (nepmoanuHmn)

Heka AONYyCHEM CbLLECTBYBAHETO Ha
epwoamIch oArwa X(0) = x(t+T) (e )

CnekTbpbT Ha X(t) ce nony4yaBa 1 ket
ypes pasfaraHe Ha cMrHana B X (k) = ?J'x(t)e et dt
T

pea Ha dypue

27T

KbAETO MbPBUAT XapMOHUK () = ——

Cnep ToBa curHana X(t) Moxe pa ce X(t) — i X (k)ejkwﬂ

Bb3CTAaHOBU OT CNeKTbpa CuU
nocpeacTBOM cyMaTa Ha pefa Ha
dypue

K =—o0

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024 26



" J
OnucaHve Ha CUrHaJZINTE (HenepuoaUyYHM)

Bcekn npupoaeH cUrHaa e HenepuoanyeH n crekTbpa My MOXe
[a ce N34ncnu rnocpeacTtBoM MHTerpasia Ha npeobpasyBaHeETO
Ha Oypue

X (jw) = T x(t)e 1“tdt

—Qo0
O6paTHOTO npeo6pa3yBaHe Ha dypue e

X(t) = — j X (jw)e'*dw

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 27



" JdE
OnuncaHme Ha CUCTEeMMUTE (epemesa 065acT)

[Mpeobpa3yBaHe Ha CUrHasia NnocpeacTBoM NIMHENHA MHBAPMAHTHA
cuctema (JIMB) ce npeacraBsa KaTo

a) Cucrema oT IMHENHU andepeHuManHn ypaBHEHUS C
HEeNnpoOMeHsALWM ce napamMeTpu a, U b,

N dy(t M d*x(t
> a < ) = b, k()
k=0 dt k=0 dt

b) NHTerpana Ha KOHBOMOUMATA

—+00

y(t) = | x(2)h(t —7)dz = x(t) *h(t)

—00

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 28



" A
OnucaHve Ha cucreMmmTe

B yecTtoTHaTa obnact cucreMuTe ce onuceaT MoCpeEACTBOM TAXHATA

YEeCTOTHA XapaKTepucTuka
H(Jo) = F{h(t)}

B nonsipHn koopanHaTK 3anncBame

H(jw) “
da3zo-4yecToTHa
AMNNUTY[O-YECTOTHU XapaKkTepucTmka
XapaKkTepucTuKka

npod. T. NaH4eB, LLOC - JleteH cemecTbp 2023/2024 29



" A
OnucaHve Ha cucreMmmTe

B [lekapToBu KOOpAMHATM YECTOTHATa XapaKTepUCTUKa ce aeduHmpa KaTto

H(jw)’j?

imarnHepHa 4ectoTHa
PearnHa 4ecCcToTHa

XapakTepucTuka
XapakTepucTuka

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 30



" A
OnucaHve Ha cucreMmmTe

Bb3 ocHOBa Ha Te3n AedUHULNN Ha YECTOTHUTE XapaKTEPUCTUKU
MOXEM Aa 3anulleM KU3X04a Ha cucTemaTta KaTo

Y(Jo) =H(Jo)X()o)

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 31



OnuncaHue Ha cucTeMaTa (npeo6pasyBaHe Ha Jlanna

B koMnnekcHaTa JlannacoBa obnacTt umame

X(s) = Lix(t)}

ToraBa NoBeAEeHMETO Ha CUCTEMaTa Ce ONMCBa C NpeaaBaTesiHaTa U
dbYHKUMSA, KOATO NpeacTaBnsBa JlannacoBoTo NnpeobpasyBaHe Ha
UMMYJ/ICHaTa XapakKTepucTuka

H(s) = L{h(D)}

CucrtemMaTa CbLWO MOXe Aa ce npeacrtaBu KaTo

Y (s) =H(s)X(s)

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 32



O606L1ieHue
Cucnanu Cucmemu

Bpemena X(t) h(t)

od0sact
N dfy(t) < d*x(t)
kZ:;ak dt ;bk dt*
y(t) = T X(z)h(t—7)dz = x(t) * h(t)

YecToTHA X (o) = F{x(1)} H(jw) = F{h(t)}

obaact Y(jo)=H(jo)X(jw)

KommiekcHa X (s) = L{x()} H(s) = L{h(t)}

%S> 00J1aCT Y (s) = H(s)X(s)

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 33



" A
NNnaH Ha Tema 1

m CpaBHeEHME HaA aHaNlIoroBmnTe U LMMPPOBUTE CUCTEMMU
3a 06paboTka Ha MHPopMauuns

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024 34



CpaBHeHMe Ha aHaN1oroem n UMMpPoOBU CUCTE

AHAJIOTOBH CHCTEMH I{udposBu cucremu 3a

3a 00padoTKa Ha o0padoTKa Ha

CUTHAJIN CUTHAJIN
TOYHOCT Ha peaIM3UpPaHEe HA KEIIAHUTE JloOpa OtnnyHa
XapaKTEPUCTUKU
3aBHCHUMOCT Ha TapaMETPUTE HA AKTUBHUTE 3aBHCH OT BCUUKHU 3aBUCH Camo OT
Y TaCUBHU KOMIIOHEHTH M3I0JI3BaHU B KOMIIOHCHTH CUCTEMHMS TAaKTOB
cxemara reHepaTop

(kBapILIOBUS PE30HATOP)

3aBUCHMOCT OT U3MCHEHUS Ha Ila He
TEeMIIepaTypara
3aBUCUMOCT OT (PIIyKTyanuu abokamuy ce Ha  [la He

BpeMETO (Bb3pacT, U3HOCBAHE,...)

KauecTtBen daktop Bucoku ctomHOCTH

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 35



CpaBHeHue Ha aHaNoroem n UMMpoBu

CUCTEMM (npoabvmxeHue)

Ananozoeu cucmemu 3a
oopabomka Ha cuzHalu

Hugppoeu cucmemu 3a
oopabomka nHa
cuzHanu

HOBTapHeMOCT Ha XapaKTCPHUCTUKHUTC

BBb3MokHOCT 3a MoauduKauu

BB3MOKXHOCTH 3a pean3anusi Ha HEJIMHEUHU
npeoOpa3zyBaHUs

I"'apanTupana cTaOUIHOCT HA CUCTEMH C
KX

Ol"paHI/I‘-IeHI/ISI nmosiBiABalIn CC 1P HUCKHU
qCeCTOTH

Ol"paHI/I‘-IeHI/IH IMosABsABAIIlMN CC ITPHU BUCOKHN
qeCTOTHN

HyxHa e
CaMOCTOSATEIIHA
HACTpOUKa Ha
napaMeTpUTe Ha BCSIKO
YCTPOUCTBO

JlunicBa reBKaBOCT.
BBs3mMmosxkHu ca
eJIEMEHTapHU

MO UG UKAITHH.

He ce rapantupa

ITpu pabora Ha HUCKHU
4EeCTOTH C€ M3UCKBAT
€JIEMEHTH C roJisiM 00eM
WJIM TOJIsiMa Maca

Hsma orpannyenus

He e nyxxHa
CaMOCTOSTEIIHA
HaCTpOWKa Ha
napaMeTpUuTe Ha BCSIKO
YCTPOUCTBO

I'onsiMma rbBKABOCT
IMMOCPEACTBOM IIpE-
nporpamMHupaHe Ha
codryepa

BHCOKH

I'apanTupa ce

beznpobaemuo. Hsima
OrpaHUYCHMUSI.

PaGora npu Bucoku
4EeCTOTH HE €
BB3MOXXHA

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 36



" A
NNnaH Ha Tema #1

m [IpynoxeHna Ha LOC

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 37



"

NMpunoxxeHnuna Ha LLOC

[ MpunoxxeHuna Ha LLOC ]
MpunoKeHna ceeXKAaLlm ce 40 aHANU3 HA CUTHANUTE MpunoXKeHna nsncKkBam
(yecTo M3NON3BaHM CbLBMECTHO C METOAM 3a aHa/IN3 U CUHTE3 Ha CUTHaAU
pa3no3HaBaHe Ha 06pasu) (Bb3cTaHOBABaHE Ha CUrHanNa)

npod. T. MaH4eB, LLOC - JleteH cemecTbp 2023/2024 38



"

.

MpunoxKeHua ceeXKaallm ce 40 aHa/IU3 HA CUTHAUTe
(yecTo M3NON3BAaHM CbBMECTHO C MeTOAM 33
pa3no3HaBaHe Ha 06pa3u)

N\

|

.

r

e Pasno3HaBaHe Ha peu,

AWUKTOP, EMOLMOHANHO
CbCTOAAHUE, €3UK, ANANEKT,
non, n ap.;

OueHABaHe He BUCOUYMHA,
Terno, obem Ha TANOTO,
34PaBOC/IOBHO CbCTOAHUE
OT peyeBU CUTHANMU.
OTKpuBaHe Ha cbbuTUA B
ayamo parta. Pasno3HaBaHe
Ha }XaHpP, MY3UKANHU
UHCTPYMEHTHU, U Ap.
buo-aKycTtnka u
pa3no3HaBaHe Ha BUAo0Be
*XUBOTHU NO TEXHUTE
3BYKOBU €MUCUMU.

e Pa3no3HaBaHe Ha

KapTuHu/ suaeo u
aHanu3 Ha 0beKTy,
AencTemsa uc
nosegeHus.
ABTOMaTU3UPAHU
cucTtemm 3a
HabnopgeHue;
OTKpMBaHe He
3ansiaxa u
HE3aKOHHMU
AEeNHOCTU U
nosegeHusA.
OTKpuBaHe Ha
HeoYyaKBaHU
U3MeHeHUA Ha
CUrHana.

e AHaNn3 Ha
$duHaHcoBMU
AaHHU, web-
clicks,

¢ MoTtpeburenck
WU aHa/M3 Ha
npeanovYuTaHu
HaCTPOMKu;

e KOHTpOA Ha
U3MepBaHMA B
WHAYCTPUATA

e KOHTpOA Ha
KauyecTBOTO.

39



"

MpunoxxeHna nsnMcKeam
aHa/Iu3 U CUHTE3 HA CUTHANU
(Bb3cTaHOBABaAHE Ha curHana)

/

N

e MopobpaBaHe
Ha ayamo &
BUAEO;

e [loagTUCKaHe
Ha WyMmoBeTe;

e dunrtpauusn
BbB
BpemesaTa u
YeCTOTHU
obnactu

e KogupaHe u
3aceKpeTaBaH
e Ha peu,
rpadpueH
martepwuan,
BUAEO, U Ap.

o FeHepupaHe

Ha CUTHANU
(cuHTE3 Ha
pey, 3ByKOBMU
edeKktH, u
reHepupaHe
Ha ayguo
CUrHanm;

e Komno3upaH
€ Ha MY3UKa;

e U3amepBaHe n
KOHTPO/ Ha

dus.

BenanumHu B

UHAycTpuaATa.

40



" A
OT rmegHa ToukKa Ha KpauHus
norpebéburten

ABTOMaTU3UPaHU YCNYIrM BKJIIOUBALLM pey U ayamo
nHTepdencu

B MHdopMaALMOHHU YCNYTKM eNeKTPOHHO NPaBUTENICTBO U
MH(POPMALIMOHHO OCUrypsiBaHe.
(BKN. pa3no3HaBaHe Ha ped, AUKTOPU, CUHTE3 Ha peud)

B /luctaHUMOHHO rnacoso 6aHkupaHe (pa3no3HaBaHe Ha ped/
AUKTOpP, CUHTE3 Ha ped, u ap.)

m KoaupaHe Ha uM@poBa peu 4 avniuA 23MIACRIIINI NOIACTR S

CD/DVD ycTpoiicTea, 6aH| 1 €/1€EKOMYHUKaUun
ABTOMaTM3MUpaH Ten. cexy ™ [MoTuckaHe Ha exo B TenedoHuTe

B aJanNTUBHA KOMMNeHCaunda Ha CUMrHana

[[nacoBa noula
UHTepakTuBHM cuctemu 3 @ BUAEO KOHDEpeHLu
[nacoBo akTuBMpaHe Ha y @ 0OMEH Ha AaHHK

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 41



" J
OT rmegHa ToukKa Ha KpauHus
norpebéburten

OT6paHuTenHm

B 3aceKkpeTeHU KOMYHUKauunu

m ObpaboTka Ha pagapHu nusobpaxeHus
m CoHap

B HacouBaHe Ha pakeTu u Aap.

NMoTpeburtencku NpuioKeHus

m Knetb4Hu, unpposun, GSM mMobunHu tenedoHun
B [Nno6anHn KOMYHUKALMOHHU MPEXHU

®m Llndpposa Tenesnsus

®m Llndpposa oTorpadpus u 1. Kamepu

®m /iHTepHeT: My3uka, UHTepHeT TenedoHu, Bnaeo

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 42



OT rnegHa ToOUuKa Ha KpanWHuA noTpeéburen

O6paboTka Ha nsobpaxeHusn

® Pa3zno3HaBaHe Ha obpa3un n 06ekTn B CUCTEMU 3@ CUTYPHOCT
B ABTOHOMHO 3peHue 1 HaBuraumsa 3a poboTu
m [TopobpsiBaHe Ha nsobpaxxeHus

m CaTenuTtHM MeToaM 3a MoAenmpaHe Ha BpeMeTo
m2D n 3D aHuMauusa

N3MepBaTesZIHU U KOHTPOJIHU Npubopu 3a MHAYCTpUATA

B CnekTpaneH aHanu3 3a Hepa3pylwuTenHa AMarHoCcTuka.

B KOHTPON Ha NO3UUMA U MOBTOPAEMOCT B MPOMULLIEHU NpOoLLEeCU
B [loTUCKaHe Ha WyM B n3MepBaTe/siHa anaparTypa

B KoMnpecusa u 3aceKkpeTdaBaHe Ha AaHHU

npod. T. FaHuyeB, LLOC - JleTeH cemecTbp 2023/2024 43



" J
OT rmegHa ToukKa Ha KpauHus
norpebéburten

MeaAULIMHCKM NPUIoKEeHUN

m Ob6opyaBaHe 3a HabnaeHUe Ha NpoeKkTa

B TexHOoNnornm B nomoLl Ha AnarHoctuumpaHe Ha 3abonsaBaHus
m CkeHepu (ynTpasBykoBu, ToMorpacpusa, n ap.)

m ECG (EnekTpokapauorpad)

m [TopobpsiBaHe N KOMMNpecmpaHe Ha PEHTreHOBU CHUMKMU

H NpoTe3n 3a Bb3CTaHOBSABAHE Ha 3peHUETOo

B YCTpoucCTBa 3a noagnoMaraHe Ha cnyxa

B MO3b4HU UHTEPdENCU 3a KOHTPON HaA NPOTE3n Ha KpaluHULUM
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m BnomeagmnumHckm npunoxexHus. OcobeHocTH
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bunoMeanLIMHCKUN NPUOXKEeHUN

Microphcones

Digital Signal Processing ‘ Receiver
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bunoMeaoMLMHCKUN NPUNOXKEeHUSN
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bunoMeanLIMHCKUN NPUOXKEeHUN

o
XS

Esophagus

Electrolarynx

—Airtoand —
from lungs

- /‘.\ s Trachea R 4
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bunoMeaoMLMHCKUN NPUNOXKEeHUSN

€ Doctors redirected the nerves to € When the patient
the patient’s chest muscles. e thinks about a specific
, movement of the arm or
i hand, the nerve impulse
o ek 03 : travels from the brain
from the spine down the 1: E;m on the ::Escle.
patient's arm. \ "

Mote: Drawing
is schematic

Computer

€) Electrodes — fixed to the
harness worn on the shoulder —
detect electrical impulses emitted from
the nerves and forward them to the arm.

9 A computer processes the electrical impulses and makes the arm perform certain

e s s g ph g, opening s closing s, ptyndi the 4
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bunoMeanLIMHCKUN NPUOXKEeHUN
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" A
Bb3MOXXHU BbMNPOCU 3a TeCTa

m Ob6sAcHeTe KakBO € MMMYJICHA XapaKTepPUCTUKA HA AUCKPETHa
CUCTEMA U 3aLU0 TS € BaXHa.

m KakBa e Bpb3KaTa Mexay UMNyJiCHaTa XapakKTepucTuKa Ha
CUCTEMA M YeCcTOoTHaTa U XxapaKkTepucTtuka?

m 3awo paboTa B YecToTHaTa obsiact goHacsa npeanMcTea B
cpaBHeHune c obpaboTka BbB BpeMeBaTa obniacrt?

m /36pouTe NoHe Tpu NpeanMcTBa Ha LMdppoBUTE CUCTEMU
CANpSAMO aHANIOroBUTE CUCTEMU U NOHE €4HO NPeaANMCTBO Ha
aHa/IoroBUTE CUCTEMM CNPSAMO LIMDPPOBUTE CUCTEMMN.
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