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1 JABOPATOPHA POBOTA Nel
HEWPOHHI MEPEXI Y CEPEJIOBUIII MATLAB®

Merta po6oTH: HA0YyTH HABUYKH POOOTH Yy IPOrPAMHOMY
cepegoBuii MATLAB nipu po6oTi 3 HEHPOHHUMHU MEpEKaMH.

1.1TeopernyHi BitomocTi

HeiiponHi Mepexi MIMPOKO BUKOPHCTOBYIOTbCA MAJISI BHPIILICHHS
pi3HOMaHITHUX 3aBAaHb. OCHOBHUMHU cepesl HUX € 3aBAaHHs Kiacugikarii,
KJlacTepu3allii, MporHO3yBaHHs, YIIPaBJIiHHS, allpOKCUMAaLlii, ONTUMIi3amii Ta
ynpasininHsa. Cepenosumie MATLAB® Hazmae MOMXIMBICTH MOJENIOBATH
po0OTY HEHPOHHHX MEPEX PI3HUX THUIIB, BUKOPHUCTOBYIOUH NPH LBOMY
3py4HHH iHTEpdEHC.

IIpu BuKOpUCTaHHI HEWPOHIB 3 TMEBHUMH (YHKIISIMA aKTUBAIii
(mepenaBaTbHUMU XapaKTEPUCTHKAMU ), HEHPOHHI MEPEXi € YHIBEepCaTbHUM
anpokcumaropoM. OCTaHHE O3HAYae, IO B 33JaHOMY Jiana3oHi 3MiHU
BXIIHUX 3MIiHHMX HEHPOHHI MepeXi MOXYTh 3 3aJaHOI0 TOYHICTIO
BiATBOpIOBaTH (MOZETIOBaTH) JOBUIBHY Oe€3mepepBHY (YHKIIIO UX
3MIHHHX.

Hus  Ttoro, mo0 mpamoBatm 3 MATLAB®, HeoOXigHO
3apeecTpyBaTucs Ha oQiliiiHOMY calTi po3poOHHKa LBOTO MPOTPAMHOTO
3a0e3mneueHHs 3a nmocwiaHHaM https:/ www.mathworks.com/. Iliciag nporo
HeoOXiHO a0 3aBaHTaXHUTH 1€ TPOrpaMHE CEpeJOBHINE Ha CBil
KOMIT I0Tep, a00 MpamoBaTy B OHJIAHH Bepcii HbOro MPOIYKTY.

Oco06n1Bi MOMEHTH TIPH BCTAHOBJICHHI MPOTPaMHOI0 3a0e3MeUCHHS
MATLAB®2022 na cBoeMy KoMII 10Tepi 300paxeHo Ha puc. 1.1.

VY wmiii 1aboparopHii poOOTi Oyae pO3MIAHYTO HEHPOHHI Mepexi
MPSAMOTO TOIMIUPEHHS, TOOTO 0e3 3BOPOTHHUX 3B'SI3KiB, OCOOIHUBICTIO SIKUX €
X CTIHKICTB.

[licns Toro, sk CTPYKTYpy HEMpPOHHOI Mepexi o0paHo, 3aJaHo
napameTpH, sIKi OyayTh Ha BXOJi Ta BHXOJI MEpexi, BA3HAYCHO BiJCOTOK
NaHuX, SIKi MPHU3HAYAIOTHCS [JIsI HAaBYaHHS, KOHTPOJIO Ta TECTYBaHHS
HEHPOHHOI Mepeski, He0OXiTHO IPOBECTH HAaBUaHHs HEHPOHHOI MEepexi.




|
Pucynok 1.1 — OcobmmBocTi npu BctaHoBiieHHI MATLAB®2022

Iarepdetic MATLAB® ans BupimieHHS 3aBAaHb HEHPOHHUMHU
MepekaMU MOKHA 3aIlyCTUTH AEKITbKOMa CII0CO0aMu:
1 cmoci0: BBiBIIM KOMaHIy nnstart y KOMaHIHOMY BiKHi, K
IIOKa3aHo Ha puc. 1.2;
2 cmoci0: nepeiimoBiy Ha Bknaaky APPS Ta oOpasmm
BignoBigauit Tun mepexi y MACHINE LEARNING AND
DEEP LEARNING, sk noka3aHo Ha puc. 1.3.

% OO0 :

Open Appsfr Tranng Shatow Neurs Networks
s o 3cces mors s o rarie shaiom o deup e ek, e MATLAB ok, cik Ao
ot s g rpesson, e 1 ) Fang
Pt et s o featen roros) Pator pacegnten
Cumtrng e st
Mo 3 srms st con s i st T Sars
Seahso
Gt stre vaning shatom neurl networks
1ran desp eurs rarworss s

BBE/IGHHA KOMaHAN
2

BIKHO, WO 3'ABUTLCA nicnA
BBE[leHHA KomaHaw nnstart

|

Pucynoxk 1.2 — BeenenHst komanu nnstart
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PI/ICyHOI(Wl.3 — Bubip y Brmaami APPS

Honarok Neural Net Fitting no3Bosisie cTBoproBaTH, BizyalizyBaTu Ta
HaBYaTH IBOIIAPOBY MEPEKY MPAMOTO 3B’SI3KY ISl BHpIIIEHHS HpoOieM
anpokcruMaii JaHuX.

BukopucToByroun Leit miapo3ain nporpaMu, € MO>KJIHBICTh:

- iMmopTyBaTH HaHi 3 (airy, poboudoi obmacti MATLAB® a6o
BUKOPHUCTATH OJIWH 13 HABEICHUX MPHUKIAAiB HAOOPiB AaHUX;

- pO3ALIUTH JaHi Ha HAOOpH AJISl HABUAHHS, IEPEBIPKH Ta TECTYBaHHS.

- BU3HAYUTH Ta HABYUTU HEHPOHHY MEPEKY;

- OWIHWTM  NPOLYKTHUBHICTH  MEpeXi  3a  JOINOMOIOIO
CepeIHbOKBAAPATHYHOI IOMIIIKH Ta PErpeciiHOro aHamti3y;

- MPOHATI3yBaTH Pe3yJIbTaTH 3a JIOTIOMOTOI0 rpadikiB Bizyamizamii,
TaKuX SIK perpecist abo ricrorpama IOMHIIOK;

- CTBOpUTH (YHKLil, MpUIATHI Ui PO3TOPTaHHS 32 JOIOMOTOIO
iHctpymentiB  MATLAB  Compiler™ i MATLAB Coder™, i
excrioptyBanHs B Simulink® ny1st Bukopucranus 3 Simulink Coder.

1.2Xix podoTn

VY uifi nmabopaTopHiii poOOTI 3MOIEHIOEMO HEHPOHHY MEpPEexKy, II0
JIO3BOJIUTh BHU3HAUATH KiNBKICTh HACEICHHS YKpaiHH B 3aJICXKHOCTI Bif
BBEJICHOTO POKY.

HeoOxinHi maHi ans ompaifoBaHHS BizbMeMo 3 Tabmuii 1.1, mio
MPEICTaBJICHA HIDKYE.
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Tabmuus 1.1 — Hacenennst Ykpainu y pi3Hi poku

. Kinbkicts . KinbkicTh . KinbkicTh . KinbkicTh
Pik Pix Pix Pik
HaceJeHHSs HaCeJeHHS HaCeJeHHS HaCeJeHHS
1950 | 36588000 1987 51260900 2000 49115000 2010 | 45782600
1951 37223000 1989 51452000 2001 48663600 2011 45598200
1959 | 41869000 1992 51708200 2002 48240902 2012 | 45453300
1960 | 42468600 1993 51870400 2003 47823100 2013 | 45372700
1970 | 47118200 1994 51715400 2004 47442100 2014 | 45245900
1973 | 48274400 1995 51300400 2005 47100500 2015 | 42759661
1976 | 49151000 1996 50874100 2006 46749200 2016 | 42590879
1979 | 49752200 1997 50400000 2007 46465700 2017 | 42414900
1980 | 49952500 1998 49973500 2008 46192300 2020 | 41732779
1984 | 50678600 1999 49544800 2009 45963300 2022 | 40997699

[Micas mporo 1i naxi HeoOxixHO BBecTH y cepenoBuiie MATLAB®.
[ uporo HEoOXiTHO CTBOPHTHM MAacHB JaHHX POKIB «years» Ta MacuB
JAaHMUX KiTBKOCTI HaceleHHs «populationy, sik moka3aHo Ha puc. 1.4 micr. 1.1.

Jlictunr 1.1 — IToyaTkoBi maHi
years = [1950 1951 1959 1960 1970 1973 1976 1979 1980 1984 1987 1989
1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2020
2022]

population = [36588000 37223000 41869000 42468600 47118200 48274400
49151000 49752200 49952500 50678600 51260900 51452000 51708200
51870400 51715400 51300400 50874100 50400000 49973500 49544800
49115000 48663600 48240902 47823100 47442100 47100500 46749200
46465700 46192300 45963300 45782600 45598200 45453300 45372700
45245900 42759661 42590879 42414900 41732779 40997699]

C & matlab.mathworks.com (ul

[53) HOME pLoTs aps ‘Search (3 0 Space) N =
=)

= @ = ) 3 New Variable

Y 2 }' O B upoad & GotoFile k (=} Qo o

New New Open & Find Files | Import  Save e o

Script LveScript  ~ Data  Workspace (& Clear Workspace ~
vARIABLE

ol O/ > MATLABDIVe >

Current Folder
Name ¥
» O Examples

s = (1950 1951 1959 1960 1970 1973 1976 1979 1980 1984 1987 1989 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Coluans 1 through 14

1950 1951 1959 1960 970 173 1976 1979 1980 1984 1987 1989 1992 199
Coluans 15 through 26

1994 1995 199 1997 199 1999 2000 2001 2002 2000 200 2005 2006 2007
ough 40

2009 2010 21 212 03 2014 s 2016 2017 200 222
n = (36588000 37223000 41869000 42468600 47115200 45274400 49151000 49752200 49952500 50678600 51260900 51452000 51708200 51870400 51715400 51300400 50874100 5¢

Columns 1 through 14

3220000 41969000 42463600 47118200 48274400 49151000 49752200 49952500  SOG7BGG0 51260900 51452000 5170200 51870400
OIS0 IS AOSN0  MGGEI00  ARHONI 4TI M0 TN om0 s

46102300 45963300  4STB2600  4SSOB200  4SASIO0  4SITI00  4S24SO00  42USO661 4250870 42414900  ALIRI9 40997699 IS

Workspace

Pucynok 1.4 — CTBopeHHSI MacHBiB faHHX y pododomy npoctopi MATLAB®



Jami omHuM i3 3a3HadyeHux cnocoOiB (puc. 1.2 Ta pwuc.1.3)
MEePexoIuMO JI0 BiKHA CTBOpEHHs HelipoHHOI Mepexi. Ta obupaemo Fitting
abo Neuron Net Fitting B 3a1eHOCTi Bif 00paHOTO CrIOCOOY CTBOpPEHHS
HelpoHHOI Mepexi (puc. 1.5 — 1.6).

Neural Network Start (nnstart) - X

Open Apps for Training Shallow Neural Networks
To access more apps for training shallow or deep neural networks, in the MATLAB Toolstrip, click Apps.

P ——
Input-output fitting, regression, and curve-fitting (nftool) ( Fting ) ]
Pattern recognition and classification (nprtool) Pattern Recognition
Nonlinear time series prediction and modeling (ntstool Time Series

See Also
Get started training shallow neural networks
Train deep neural networks using Deep Network Designer

Explore data sets for training shallow neural networks

Pucynok 1.5 — Bubip Ty HelipoHHOI Mepexi

ApPS Search (% ¢ Space)
[search q = @
FAVORITES
a * :\I * E * @ * *

System Signal PID Tuner Curve Fitter ~ Optimization
% identification  Analyzer

| MATLAB 23
¢
Class
Diagram ...
MACHINE LEARNING AND DEEP LEARNING 23

Neural Net  Neural Net

Classification Deep Experiment  Neural Net
Learner Network ... Manager Clustering Fitting

Pattern ... Time Series
Regression
Learner
1 MATH, STATISTICS AND OPTIMIZATION 23
* W & *
&
Cul er Distribution Optimization ~ PDE Modeler
Fitter
CONTROL SYSTEM DESIGN AND ANALYSIS 23
=] %] 1 2] s &
Control Control Diagnostic Fuzzy Logic  Linear System MPC Model
System ... System Tuner Feature ... Designer Analyzer Designer Reducer
B8* @*
Neuro-Fuzzy PID Tuner System
Designer Identification
SIGNAL PROCESSING AND COMMUNICATIONS 23

m o] [ o] LA) [~ I 4 M

Pucynok 1.6 — Bubip tumy HeliponHoi Mepexi y Bkmaami APPS

[Ticnsa BuGopy BiAmoBigHOT HEHPOHHOT MEpEXi BIAKPUETHCS BIKHO 3
ii cTpyKTyporo Ta HanmamTyBaHHAME. OOUpaeMo AaHi U1 3aBaHTaKCHHS,
SIK TIOKa3aHo Ha puc. 1.7.



I
Pucynok 1.7 — Bubip maHux [uist iMOOPTYBaHHS

[Ticnsa HaTucHeHHS Ha BianosinHe mone Import Data obupaemo
HeoOXi/IHI JaHi POKIB Ta KiTbKOCTI HACEIICHHS, SIKi BBEJIU 10 CEPEA0BHUIIA
padimie, sk TokazaHo Ha puc. 1.8, Ta HaTuckaemo OK.

Import Data from Workspace

Select data for training the network.

Predictors: [years - [1x40 double] VJ [Browse]

Responses: [population - [1x40 double] v ] [Browse]

Observations in:  (®) Columns (O Rows

years: double array of 40 observations with 1 features.

population: double array of 40 observations with 1 features.

[ Refresh ][ OK ][ Cancel ]

Pucynok 1.8 — ImmopTyBanHs faHKX

VY BiKHI, IO BIIKPUETHCS MOKHA 3MIHIOBATH BiJICOTOK JTAHUX IS
Bamijamii Ta TECTyBaHHS, a TaKOX KIJIBKICTh IIapiB HEHPOHHOI Mepexi
3MiHIOBaHI mepameTpu oOOBelneHi 4epBoHMM Ha puc. 1.9. Jlng Hamoro
MpUKIaTy HeMae MOTpeOr 3MiHIOBATH IIi 3HAUYEHHS, TOMY 3aIMIIAEMO iX 3a
3aMOBUYAHHSM.

Hani HEoOXimHO HABYMTH CTBOPEHY HEHPOHHY MEpexy Ta

MpOoaHaNli3yBaT OTPHMaHI pe3yibTaTd. JJi1 MoYaTKy MPOIECy HaBYaHHS
HATUCKaEMO KHOTIKY Train, sk moka3zaHo Ha puc. 1.9.
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Neural Network Fitting

70 %
[a] ‘)
Layer size{__ 10[5) Tty PLOTS | TEST | EXPOR1
—

v

Training data:

- Test data:

> A 4 v v
DATA SPLIT BUILD TRAIN

Network Training

Two-layer feedforward network with sigmoid hidden neurons and linear output neuroys, suitable for regressiq

Input
1 HaTUCHYTW ANA
HaBYaHHA
HEeNpPOHHOI
Hidden

EI El Mepexi

Pucynok 1.9 — HanamryBanHs mapamMeTpiB HEHPOHHOI Mepexi

[Ticns 3aBepIeHHs Mpolecy HaBYaHHS BiAKPHETHCS BIKHO 3
OTpUMaHUMH pe3yabTaTaMu, cxoke Ha puc. 1.10. IIpote 3HaueHHS
napameTpiB, sKi OyAyTb OTPHMaHi y KOXXHOTO CTYJCHTa MOXKYTh
BiJPI3HATHCA BiJl 300paKeHUX HA CKPIHIIOTI.

<« C @ matlab.mathworks.com 6% O»0O9O :
Neural Network Fitting

5
'NEURAL NETWORK FITTING

F I ) b ¥

Per Error  Regre
state Histogram
pLots

Training data: 70 %

rate  Export
~ Model +

Model Summary

Training Results.

Training finished: Met valdation criterion & B oG

Responses: _population - (1x40 dousle]

yoars: double amay of 40 observations with 1 features.
population; double aray of 40 observations with 1 fatures.

‘Training Progress

unit Initial Valuo Stopped Value Target Value Aportiom
Epoch o 12 1000 Datadvision:  Random
Elapsed Time . 00:00:00 . Training algorith: - Levenberg-Marquardt
Performance:
Performance 1420414 1360410 o
Gradient 2.96e+14 2160410 1007 (Falo Fosults
Training starttime:  09-Jan-2023 02:12:41
Mu 0,001 10407 10410 e b
Validation Checks 0 s 6 Obsorvations MsE R

28] 528200410 3
6 445500410 =3
6 157310011 0997

Training
Validation

Tost

Pucynok 1.10 — Pe3ynpraTt HaBYaHHSI HEHPOHHOI Mepexi

3a 3aMoBUYaHHIM 00paHO MeToJ HaBuaHHs JleBeHOepra-MapkBap/Ta.
3a GaskaHHSM MOXHA OOUMpATH 1HIIN METO/IY JIUIsl HABYaHHSI, HATHCHYBIIIHA Ha

YOpPHUI MaleHbKMIl TPUKYTHHK Wi KHOMKOIO Train, SK IOKa3aHO Ha
puc. 1.11.
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>l B H W B

Train Training Performance Error Regression Fit = Test
v State Histogram

Train with Levenberg-Marquardt -
l) Train a neural network with the Levenberg-Marquardt algorithm (fast)

Train with Bayesian Regularization
l) Train a neural network with the Bayesian regularization algorithm (slow, generalizes well)

Train with Scaled Conjugate Gradient
l) Train a neural network with the scaled conjugate gradient algorithm (memory efficient)

Pucynok 1.11 — BuGip MeToxy HaBYaHHS HEHPOHHOI Mepexi

Hamni 3a koxHOIO 13 KHOMOK Ha manem posainy PLOTS (oOBeneni
YepBOHUM Ha pHc. 1.12) MOXHa EpeANBUTHCA Ta IPOAHANI3yBaTH OTPUMaHi
pe3yabTaTH HaBUaHHs HEHPOHHOT Mepexi.

< C @ matlab.mathworks.com

Neural Network Fitting

NEURAL NETWORK FITTING

Training data: 70 % = S| = = P
& = o P L W ke B & = v
Validation data:|  16]2] Layer size: 10}
Import J Train Training Performance  Error  Regression Fit JTest Generate  Export
~  Test data: 15 - Histogram Code v Model v
DATA SpLIT BUILD TRAIN pLOTS TEST EXPORT

Network | Training

Training Results

‘Training finished: Met validation criterion &

Training Progress

e

Unit Initial Value Stopped Value Target Value

Epoch 0 12 1000
Elapsed Time a 00:00:00 [ =
Performance 1420414 1.360+10 0
Gradient 2.96e+14 2.16e+10 ‘ 1e-07
Mu 0.001 1e+07 1e+10
Validation Checks [ 6 [ 6

Pucynok 1.12 — [Tanens HA0YHOTO aHAII3y OTPHMAHUX PE3YNbTATIB

Oco0IMBO HAOUHUM € BiTOOpa)XeHHS peallbHOTO (3aIlIIaHOBaHOTO

3rifHo Tabi.1.1) Ta OTpUMaHOTO HEHPOHHOIO MEPEIKEIO PE3YIIbTATy 3a
kaonkoro Fit (puc. 1.13).
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Neural Network Fitting
NEURAL NETWORK FITTING

&I Training data: 70 % » = ] | = &

=
Validation data: 3 Layersize:|  10[%]
impart [ o) orrsize] 05| 10y sip | Ting porormance Eror  Rogresson Fit | Tos

Testdate: | 1915) state istogram
+  Training Targets
x107 Function Fit for Oulpul Element 1 +  Training Outputs
5.2 ) - Validation Targets
XR1980 AN +  Validation Outputs
Y 50074600 '// X 1987 + Test Targets
5 Y 51125900 +  Test Outputs
Errors.
Fit
48
g
46
s
°
S a4l X 1959
- Y 42389900
H
5 42 o
o X 1959
4 Y 41869000 |
38 A
3.6
195Q0¢ 1960 1970 1980 1990 2000 2010 2020
T T T Tt
Input

Pucynok 1.13 — Anaini3 oTpIMaHuX pe3ysbTaTiB 3a KHONMKOIO Fit

Hnst Toro, mo0 mepeguBUTHUCS, Ha SIKEe 3HAUYEHHS Ha BXOJ1 CUCTEMH,
sKa Oyze peakiisi HaBYeHOT HEHPOHHOT Mepeki, HeOOX1THO eKCTIOPTYBAaTH 11
1o cepenosuina Simulink. s 1boro HeoOXiIHO HATUCHYTH HA TPUKYTHHUK
3HM3y Hagnucy «Export Model» Ta o6partu i3 Bunazgatodoro Mexto «Export
to Simulink», sik 11e mokazano Ha puc. 1.14.

& matlab.mathworks.com h % O % =
N Neural Network Fitting

NEURAL NETWORK FITTING

g, e 0% » 2 B & = & 3 | ¥

o Validation data:[ 15 =] Layersize:[  10[%]

Import ) 3| train Training Performance  Eror  Regression Fit | Test Generate | Expory
T Test aata 5[2) - state Histogram Code - | Mode( =
oATA puT suL> TRAN

4 3 > Export to Workspace L

W | Network  Training v

Export structure array containing trained network and results to the workspace

i
Training Results o Export o Simuink
e Export network as Simulink block
5 Training finished: Met validation criterion &

~, Export Networ TRECompIeT

s 7% Export network as MATLAB function with matrix and cell array arguments

#t  Training Progress [
Export Network Function for MATLAB Coder h

unit it vatue [stoppea vaue [r] 5% Export networkas MATLA funcion with matconiy rguments
T T

12 1nan T T o dtictom: Bamam _

Pucynok 1.14 — Exkciopt HelipoHHOT Mepexi 10 cepenoBuina Simulink

V pesynbTarti Oyze 3renepoBano Mozenb y Simulink, Sk 1e mokazaHo
Ha puc. 1.15. Ilepemukarn HeoOXiAHI BikHa Ans PoOOTH MOXXKHA 3a
JIOTIOMOTOI0 HaBIiTaliiHUX KHOMOK Y HIDKHBOMY IpaBoMy KyTi (puc.1.16).



d * - Simulink - O x
TION

untitled =)
@© [*ajuntitled v
Q
[
=
=
(L]
O O

Function Fitting Neural Network

@
[-H]
»
Ready 100% VariableStepAuto

Pucynok 1.15 — Mopnens HeiiporHOT Mepesxi y cepenosuiui Simulink

' @ matlabmathworks.com o6 % O*»0O@ :
 Neural Network Fitting =%
C TG
%4
O rain
Potwor o map recctors o contvous esponsas
| map ponses. |
| oata
s Taining fished: Mat vaidation crterion © Prodicors: year (140 double |
esponses:populaton - (1440 doublel |
| Training Progress yoar: double amay o 40 abservations with 1 feaures
st o a4 comtconn | o, |

unt o Vo [topped vatue TargetValue m

Epocn o 2 1000 Datadvaor:  Random
LN =15 T - T T T B Taining agorth: Lovenberg-Marquarct |
s — — < Portomance: Mo squared oror

Gradont 2060014 2160410 to07 P

! g sat e 09-Jan 2023 22:17:30

M 0001 10007 | 1+10 e i

\ | Vaidation Checks o 0 0

ovartons |3
w sm
o asameo

R
Training
Validation,

Tost

Pucynok 1.16 — ITanens HaBirarii

Hdns 3py4yHOCTi BimoOpakeHHS pe3ynbTaTiB y BikHI Simulink
HEOOXiZHO 3MIHUTHU iCHYIOUMiA ONOK BHBeAEHHS «yl» Ha Onok «display».
Jns uporo HeoOximHo obpatm y Brimaaui SIMULATION miaposmin
LIBRARY Ttay npomy obpartu Library Browse, sik mokaszano Ha puc. 1.17.
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G ORMAT APPS
Y Stop Time [10.0 -
':DJ ifopen ~ = & >3
Er= | Normal - 43 REVIEW
New Elsave ~ ((UBRARY)PRePaRe M2 T sep  Run Step RESULTS
- - . | FastRestart Back ~ ~  Foward

-
ILE SIMULATE

Function Fitting Neural Network

@
-]

»

Ready 100% VariableStepAuto

PucyHok 1.17 — Bubip 6i6miotexkn enemMeHTHOI 6a3u

[Ticas mporo HEOOXiAHO y MOUIyKOBOMY moiii BBecTH «display» Ta

HAaTHCHYTH KHOMKY TMOIIYKYy. Y HaJaHOMy IIepelliky oOpaTu elleMeHT

«Display», sk mokazaHo Ha puc. 1.18.

Library Browser ® x untitled 8

@ © [Paluntitled v
\ lay

Library arch Results: di

>>Page 1 0R2 (135 Bloc found)

Model Info \

oEmuEse

From

Function Fitting Neural Network

Floating
Scope E:I

‘ 0
Ready 100% VariableStepAuto

Pucynoxk 1.18 — Ilomryk enemeHTa BitoOpaskeHHs pe3yiIbTaTiB

Hani nepenocumo 3Haiaennit 6ok «Display» y BikHO MoJenOBaHHS
Ta 3aMiHIOEMO HUM OJIOK «y | », ik oka3zaHo Ha puc. 1.19.



untitled * - Simulink = [g

SIMULATION

Library Browser ® x untitled
display MY 85 | @ [ajuntitled
Library = Search Results: display

>>Page 1 of 2 (135 Blocks found)

Model Info

B Ee

1
!

From

w

Function Fiting Neural Network

Goto

=

Display

=

@
Floating
Scope @

Ready 100% VariableStepA
Pucynox 1.19 — lonaBauus 6oxy «Display»

[Ticast 1pOro MpaBOrO KJIABINICIO MHIII HATHUCKAEMO Ha Oyomi «x1»,
obupaemo «Block Parameters» Ta 3MmiHI0OeMO 3HaueHHs y moii «Constant
value» Ha Oyb-sikuii pik i3 Tabmumi 1.1 (puc. 1.20). Hatuckaemo OK.

© & matlab.mathworks.com 00 % O*»0O9 :

[ Noural etwork Fiting

x

urront Folal | Network _ Traning
3 vampia Trining Results
) labt 1.5, Trining fnished: Met validation crterion &
| | Block Parameters: x1 —
3 |Constant

cutex

e

3| Output the constant specified by the ‘Constant value' parameter. If

3| 'Constant value' is a vector and ‘Interpret vector parameters as 1-D" is
on, treat the constant value as a 1-D array. Otherwise, output a matrix

3| with the same dimensions as the constant value.

ey
Curivshiftsy
Cuteshiftsx

E)
3| Main | signal Attributes
3. Constant value:

V) Interpigt vector parameters as 1-D N
" 28200410 0983

» [assoeria] 0908
Tatentt 09070

]

Help

Pucynok 1.20 — 3mina napameTpis 610Ky «x1»

[Ticns wporo 3amyckaeMo mpolec MojenmtoBaHHS. s 1mporo y
Biami SIMULATION natuckaemo kHomky Run, abo xmapimy FS5.
PesynbraTtu MmonemoBanHs BingoOpaxaroThes y Omoni Display (puc. 1.21).
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untitled * - Simulink - 0 X

MODELING FORMAT APPS CONSTANT

Stop Time

v | REVIEW

| Normal
FILE | LIBRARY\ PREPARE RESULTS

- - m@ Fast Restart .
&l \ 1
=F
=]
(= C N
D x1
@
@ Function Fitting Neural Network
Ready 100% auto(VariableStepDiscrete)

PucyHok 1.21 — MonemoBanus y Simulink

Hns 3MiHu  ¢opmaTry BimoOpakKeHHS BHUXIIHHX JaHUX MOXHA
HATUCHYTH TPaBOIO KiaBimero Mutr Ha Oromi Display obupaemo «Block
Parameters» Ta oOupaemo y Bumazarodomy cnucky ¢opmat «banky». [ami
Hatuckaemo OK i mani y Gmoni Display 3MiHATE opmat BigoOpaskeHHsI Ha
Oimbin 3BuaHUE. [TocmiioBHO Bee 11e BiqoOpaxeHo Ha puc. 1.22.

untiied * - Simulink. o x

~ Fincion ong el ek
Block Parameters: Display
Display

x

Display input values. If the incoming signal is of type string, the
“Numeric display format' parameter selection does not affect the
display of the string.

Parameters

Decimation:
1

Floating display

Q oK cancel Help
Pucynok 1.22 — 3mina ¢opmary BinoOpaxeHHs pe3y/bTaTiB

Jus toro, mo0 TEepemuBUTHCS JAETall 3MOJIEIBOBAHOI MEpExi,
HaTHCHITh Ha CTPUIOYKY OCHOBHOTO Onoky wMoxeni (puc.1.23), Tomi
OTPHUMAETE PE3yIbTaT, IK Ha puc. 1.24. J{ng OiiblI JeTanbHOTO MEPETIsaY
OKpeMHX OJIOKIB JBiUi HATUCHITH Ha TIeBHOMY Ousori. Pesymerar
MpeJIcTaBIeHo Ha puc. 1.25.
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Pucynox 1.25 — INepermsn ¢yskiii anpoxcumanii TICBHOTO aiapy

Hami 30epeximMo oTpumaHi pesynbraTH. s 1Oro y BKIAIILI
SIMULATION nHatuckaemo Save, o0upaemo micue [uist 30epiranHs Ta Ha3By
(atina (puc. 1.26).
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Pucynok 1.26 — 36epexenHs pe3ynpTatiB y Simulink

st Toro, mo6 30epertu BBeleHi y pobodiil mpocTip naHi, He0OXiTHO
ix 30epertu B Okpemuil ¢aitn 3 posmmpeHHsM .mat. Jng mporo tpeba
HaTucHYTH Save Workspace, oOpatu wmiclie 30epiraHHs Ta 3aiaTd iM’s,
Hanpuknaf, labl _1.mat (puc.1.27).

Pucynok 1.27 — 36epexxenns qanux 3 Workspace

AHani3yroud OTpUMaHi MOMHIIKH IPY HaBYaHHI Ta Pe3yJdbTaTH y
Simulink, poOMMO BHCHOBOK, IO MOMHWJIKA JAOCTaTHBO Benuka. OgHUM i3
BapiaHTIB 3MCHIIICHHS TIOMUJIKH MOXE CTaTH 30UIBIIICHHS HAIIOro Habopy
MOYATKOBUX AaHUX. [ 301IBIICHHS JaHUX BBEACMO HACTYIIHI OTeparlii 10
xoMaHaHoro BikHa MATLAB, sk Moka3aHO HIKYE:

Y = [years years]

P = [population population]

YI=[YYY]

P1=[PPP]

1.33aBnaHHda 10 BHKOHAHHSA

1. Bukonatu yci aii onucani y myHkTi 1.2;

2. HaBuwuTH HelpoHHY MepeKy Ha 30i/bIlIeHOMYy Ha0Opi MOYaTKOBUX
nanux Y1 ta P1 Ta mpoanamizyBaTi oTpUMaHi pe3yabTaTy;

3. IlepeBiput poOOTY HEHPOHHOI Mepexi, HaBYEHOI Ha
30inbLIeHOMY HAa0O0pi JaHuX, y cepenoBuii Simulink;

4. Po3poOuTH HEWpOHHY MeEpexy, fKa BH3HAYaTUME KiJIbKiCTb
HaCeJIeHHsl Ul IEBHOI KpaiHW 3a Y3TO/DKEHHSIM 3 BUKJIagaueM 3TiIHO

TaOJIHUII HIKYE:
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Tabnuus 1.2 — [nnuBinyanpHi 3aBIaHHS

Ne crynenTa Kpaina
3a CIHCKOM
1,9,18 Benukobpuranis

2,10, 19 Ilonemia
3,11,20 Bpazuis
4,12,21 CIHIA
5,13,22 Typeuunna
6,14, 23 I3pains

7, 15,24 Himeuyunna
8, 16, 25 Opanris
yci iHmm [Bewis

5. Pegynbrati moOKazaTH BHUKJIaAady Ta MOSCHUTH MpPOBEIEHHUN
aHais;
6. HeoOximHO BUKOHAaTH ampoKcuMaliro (yHKOii HacTYIHOTO

BUTJISAY:
Smx 12mx
cos ( N Sm( N ))

Jnst 1poro BBEIITh Y KOMaHIHOMY PSLIKY LiTBOBY (yHKLIIO target =
cos (5 * pi * [1:100] / 100 + sin (12 * pi * [1:100] / 100)) Ta Habip
HaBUaJdbHUX JaHuX data =[1:100].

7. IlpoanamnizyiiTe OTpUMaHi pe3yJbTaTu.

1.43micr 3BiTY

3BIT IIOBHHEH MAaTH TaKl CKJIaIOBI:
—TUTYJIHHUH JIUCT;

—MeTa poboTu;

—pe3yNbTaT BUKOHAHHS 3aB/aHb;
—BIJIMIOBI/Ii HA KOHTPOJIbHI MUTAHHS.
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1.5KoHTpobHI NMTaHHS

1. Ski 3agayi BUpIIYIOTHCS HEHPOHHUMH MEpEKaMH, MPUKIAAN
3aCTOCYBaHHS HEMPOHHUX MEPEX.

2. 3aranpHUM NPUHLMI Ta MPU3HAUEHHS HaBYaHHSI HEHPOHHUX
MEpEK.

3. OcobnuBocti BuKopucTanus cepenouima MATLAB® s
MOJIETTIOBAaHHS HEHPOHHUX MEPEXK.
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2 JABOPATOPHAS POBOTA Ne2
PO3III3HABAHHS OBPA3IB

Meta po60TH: HABYUTHCS BUKOPUCTOBYBATH arapaT HEHPOHHUX
Mepex IJIsl po3Mi3HaBaHH JiTep Ta uudp.

2.1 TeopeTuyHi BiromocTi

Po3nizHaBanHs 00pa3iB - ue npouec izeHTHdikanii ado xknacudikamii
00'ekTiB a00 MAaTTEpHIB Ha OCHOBI IX BIACTUBOCTEH UM XapaKTEPHCTHK,
3HATHUX 3 BXIHUX TAHUX, TAKHUX SIK 300payKeHHs, 3ByKH, TEKCT abo iHII BUAN
iHpopmanii. Llg oOmacTs WITYy4yHOro iHTENEKTY Ta OOpPOOKH CHTHAJIB
3HAaXO/AUTh 3aCTOCYBaHHS B 0arathox cdepax, BKIIOYAIOYH KOMI'IOTEpPHE
30pOBE CHOPUUHATTS, pO3Mi3HABAHHS MOBH, OIOMETpif0, MEIUIIMHY,
aBTOMATHU3allit0 BUPOOHUIITBA Ta 1HIII TaTy3i.

Mepexa Xondinna (Hopfield network) - ne Tun HeiiponHoi Mepexi,
sKa BUKOPUCTOBYETBbCA MJIs1 PpO3Mi3HaBaHHS MIAaONOHIB (HATTEpHIB) 3a
acomianisMu. Bona Moxe BUKOPUCTOBYBATHUCS AJIs pO3Mi3HABAHHS JIiTEp 200
THIIMX 3pa3KiB, U0 MPEICTABISIOTHCS Y BUTIISIII O1HAPHUX MaTPULb.

OcHoBHHI TPpUHIUT poOOTH Mepexi Xomndinaa moasirae B TOMy, 1o
BOHa 30epirae marTepHU B 3B'I3KaX MK HEHPOHAMU Ta BHKOPHUCTOBYE
iTepaTUBHUI poLeC 715l BiIHOBJICHHS aCOLIHOBaHOTO MATTEPHA Ha BXiJHUX
JaHuX.

Jnst po3mizHaBaHHS JTiTEp 3a TOTIOMOTOI0 Mepeski Xomn(inga CriodaTKy
Mepeka TOBWHHA OyTH HaBueHa Ha MNaTTepHax (HANpHKIan, JiTepax).
KosxeH maTTepH mpencTaBisieThCsl y BUMIIAAL OiHAPHOT MATpHL, /16 KOXKEH
nikcenb Moxe 0yt 0 abo 1.

Komn wmepexxa HaBueHa, BOHa Moke OyTH BHUKOpHUCTaHa JUIS
po3mizHaBaHHsA. lle poOWThCA TLIAXOM TOMAYi  BXiJHUX  JAHUX
(3amyMIIEHOTO UM MOIIKOKEHOTO TaTTepHa) Ha BXiJ Mepexi. Jlani mepexka
MOYMHAE ITEPaTUBHO OHOBIIIOBATH CTaHU CBOiX HEHPOHIB HAa OCHOBI MpaBHII
acorriarii, sKi BOHa BHBUMJA I 4Yac HaByaHHA. lle Bkirodae B cebe
OHOBJICHHSI CTaHiB HEHPOHIB HA OCHOBI 3B'S3KiB Mi’XK HUMH.

[porec itepariii 3aBEpIIy€ETHCS, KOJIM MEpPEXka JIOCATaE CTAOUTLHOTO
craHy (30MIDKEHHS OO  acoWioBaHOrO marTepHa). Pe3yiabraToMm
PO3Mi3HABaHHS € MATTEpH, KUK Mepeka "BiAHOBHIA" HAa OCHOBI BXiJIHUX
JaHuX.
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Mepexxa Xondinga € IOCHTh MPOCTOI0 Ta €QEKTHBHOIO [UIs
po3mi3HaBaHHSA Ta acomiamii 3pa3kiB, ajlle BOHA Mae OOMEXKECHHS II0JI0
KUIBKOCTI Ta CKJIAAHOCTI 3pa3KiB, AKi Moke 30epiratu Ta po3mizHaBaTtu. Y
BUMAAKax OUIBII CKJIAJAHUX 3aBAaHb pPO3IMi3HABAHHA, MOXYTb OyTu
BUKOPHMCTaHi O1JIbII TOTY>KHI HEHPOHHI MEPEXi, TaKi sIK 3TOPTKOBI HEHPOHHI
Mmepexi (CNN) abo pexkypenTHi HeripoHHi Mepexi (RNN).

2.2 3agaya Ha po3miZHABaHHS JIiTep

HeoOxigHo HamucaT BiacHy Iporpamy po3mi3HaBaHHS JiTep Bix A
1o Dy cepenosui MATLAB.

Hns uporo HeoOXigHo y BeOBepcii MATLAB BBeCTH y KOMaHIHOMY
BiKHI 3a3Ha4YEHUH NPOTrpaMHUiA KOJ Yy JicTHHTY 2.1.

Jlictunr 2.1 — CTBOpeHHs Ta BioOpaskeHHS 0a3H JaHUX JITep

Al=[1 -1 -1-11;-1111-1;-1 -1 -1 -1 -1;-111
Bl=[-1 -1 -1 1;-1111 -1;-1 -1 -1 -1 1;-111
C1=[-1 -1 -1 -1;-11111;-1111 1;-1
pD1=[-1 -1 -111;-111-11;-111-11;-1
% Display images of stored patterns
hold on;

figure(l);

subplot(221);

imagesc(Al);

title('Stored A');

subplot(222);

imagesc(B1);

title('Stored B');

subplot(223);

imagesc(C1);

title('Stored C');

subplot(224);

imagesc(D1);

title('Stored D');

Hatuckaemo «Enter» Ta oTpuMyeMO pe3yibTaT BiJoOpaKeHHS
BBEJICHUX YOTUPHOX jitep (puc. 2.1).

;-1111 -1];
H -1 -1 -1 1];
11;-1 -1 -1 -1 -1];

-11;-1 -1 -11 1];

1-1;-1
-1 - 1-1;-1
-1 11
11
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Pucynok 2.1 — BinobpaxeHHs JiTep

Jlaii HeoOXiTHO JOTIOBHUTH CKPHIIT JJIs PO3Ii3HABaHHS 00pasy,
BBIBIIIM KO/, HABEJCHUH Y JIICTUHTY 2.2

Jlicturr 2.2 — Po3mi3zHaBaHHs 00pa3y JiTepu

clc
clear

% IHiuianisyemo cumBoOM

Al=[1 -1 -1 -11;-1111 -1;-1 -1 -1 -1 -13-1 111 -1;-1111 -1];
Bl=[-1 -1 -1 -113-1 111 -1;-1 -1 -1 -1 1;-1 111 -1;-1 -1 -1 -1 1];
C1=[-1 -1 -1 -1 -13-11111;-11111;-11111;-1-1-1-1 -1];
Di=[-1 -1 -111;-111-11;-111-11;-111 -11;-1-1-111];

% BuUBOAMMO CUMBOJIU
hold onj;

figure(1l);
subplot(221);
imagesc(Al);
title('Stored A');
subplot(222);
imagesc(B1);
title('Stored B');
subplot(223);
imagesc(C1);
title('Stored C");
subplot(224);
imagesc(D1);
title('Stored D");

% IHiyianisyemo maTpuui onsa BUKOPUCTAHHA B O0BYMCIEHHAX
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V = [A1(:) B1(:) C1(:) D1(:)];
alpha = 0.7;
iter = 15;

% PO3paxoBYEMO BaroBy MaTpuul
W= V*V';
W =W - diag(diag(W));

% 06bupaemo uinoymcenbHy MOYAaTKOBY MaTpuulw Ta 3MiHWEMO 11 Ha
BEKTOp-CTOBMNeLUb

x = sign(2*rand(5,5)-1);

X = reshape(x,25,1);

% MOBTOpPHWEMO 06YMCNEHHA AN OHOBNEHHA Ta BipobpaxeHHA
MaTpuui
for k = 1:iter

figure(2)

X = reshape(x,5,5);

subplot(3,5,k);

imagesc(x);

X = reshape(x,25,1);

xtemp = alpha*W*x;

for j = 1:25
if xtemp(j)>0
x(j) = 1;
else
x(3)=-1;
end
end

end

Pesynprarom 3amycky koxy Oyne ¢opMyBaHHS BHIIAAKOBOTO HAabOpy
CHMBOJIIB PO3MIpHICTIO 5 Ha 5 enemenTiB. Heiiponna mMepexa, Ha OCHOBI
OTpHUMaHOi 0a3u, HaMaraTUMETbCs PO3Mi3HATH, JI0 KO 3 JiTep HaHO1LIbII
CXO0Xui chopMoBaHHid HaOip KIITUHOK (puc. 2.3).

Sk BUIHO, yKe Ha ApyTiil iTepanii oOpa3y, HeHpoHHA Mepeska
posmizHana B Hii ditepy C. Bu MoxxeTe mpoeKCiepuMeHTyBaTH 3 HOBUM
HabOpOM 3HaueHb, SIKi OyAyTh BUIIAIKOBO T€HEPYBATHUCH i 4aC KOKHOTO
3aIyCKy.
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Pucynok 2.3 — Pesynbrat po3nizHaBaHHS 00pasy JiTepH

2.33aBaaHHA 10 BUKOHAHHS

Buxonatu npuknaau 2.2. JlonaTkoBUM 3aBJaHHSIM € CTBOPEHHS
MporpaMu Juist po3iizHaBaHHs 00pa3iB mudp Bix 0 1o 9.
[IponemoHCcTpyBaTH pe3yabTaTH BUKOHAHHS BHKJIAaqy.

3a pe3ynbTaTamMyu BUKOHAHHSI 3aBJIaHb CJIiJ] 3pOOUTH BUCHOBKH Ta
HaBECTH iX Y 3BITi.

2.43micT 3BiTY

3BIT HOBUHEH MAaTH TaKl CKJIAI0BI:
—TUTYJIHHUH JIUCT;

—MeTa poboTu;

—pe3yNbTaT BUKOHAHHS 3aBJaHb;
—BIJIMIOBI/Ii HA KOHTPOJIbHI MUTAHHS.
2.5KoHTpoJIbHI NUTAHHA

1. Onwuurite MeToau po3mi3HaBaHHS 00pasiB.

2. SIki ramy3i BUKOPUCTaHHS KOXKHOTO 3 METOMIB PO3ITi3HABaHHS
o0paziB?

3. SIki OCHOBHI HampsIMH B pO3Mi3HaBaHHi 00pa3iB?

4. SIxi KOHKpeTHi 3a[a4i YCHIIIHO BUPILIYIOThCS B Taly3i
po3mi3HaBaHHS 00pa3iB?
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3 JABOPATOPHA POBOTA Ne3
PO3III3BHABAHHSA ObBJINYYSA

Meta po60TH: HABUYUTHUCS CTBOPIOBATU IPOTPaMH IS
posmizHaBaHHs 00Ky usi MOBoO Python 3a qonomoroto 6i0miorekn
OpenCV.

3.1 Teopernuni BitomocTi

ABToMatn4Ha ifeHTH]IKAIliS 0COOUCTOCTI JIFOJUHHU T10 HOTO
300paxkeHHI0 Ha oTorpadii abo B BiIEOMOTOIlI Ma€ NIMPOKE KOMEPITiiHE
Ta HayKOBE 3acToCyBaHHs. J[aHa TeMaTHKa 3'sBuiIacs Ha moyaTky 80-x
POKiB, OJJHAK, ii OypXJIMBHUH PO3BUTOK Mo4anocs B 90-x, MicIisi CTBOPEHHS
HOBHX TEXHOJIOT1H B chepi 0OpoOKH 300paskeHb Ta OOUNCITIOBAILHUX
MaiuH. JlaHa TeXHOJOTis Ma€ OCOONMMBHIA iHTEpEC Y 3B'A3KY 3 THM, IO
MOJKe BiJOyBaTHCSI O€3KOHTAKTHO.

B nanwuii yac 3pic inTepec 10 pi3HUX METOAIB ineHTUdiKaLii 0cil.
Jlnst BUpilIEHHS IHOTO 3aBAaHHs HEOOXiHO BUKOHATH JIBA €TAIH: BUSBUTH
oco0a Ha ¢oTorpadii, BUAITUTH 1 pO3Mi3HATH HOTO.

[Ipu BchOMY Pi3HOMAaHITTI Pi3HUX aJTOPUTMIB 1 METO/IIB
po3Mmi3HaBaHHA 300paKeHb, TUIIOBUH METOJ] PO3Ii3HABAHHS CKIIaJa€ThC 3
TPbOX KOMIIOHEHTIB:

—IEPETBOPEHHS BUX1AHOTO 300paKCHHS B IOYATKOBE YSBJICHHS
(Mo>xe BKIIIOYATH B ceOe K MomepeaHIo 00poOKy, Tak i MaTeMaTHYHi
MEPEeTBOPEHHS, HAIPUKIIaJ] OOYHCICHHS TOJIOBHUX KOMIIOHEHT);

—BUIJICHHS KJIIOUYOBHX XapaKTEPUCTUK (HampUKian OepeThes mepui
N TOJIOBHUX KOMITOHEHT 200 KOe(illiEHTIB TUCKPETHOTO KOCHHYCHOTO
MEPETBOPEHHS);

—MeXxaHi3M knacudikamii (MOAETIOBaHHS): KJIaCTEPHA MOJEIb,
METpHKa, HEHPOHHA MepeXxa ToLIO.

Kpim nporo, mobynoBa MeToxy po3mi3HaBaHHs CIUPAETHCS Ha
anpiopHy iH(opMalio Mpo NpeaMeTHY 00IacTh (B TaHOMY BUIAJIKY -
XapaKTEPUCTUKU OCOOH JIIOIUHHM), 1 KOPUTYETHCS €KCIIEPUMEHTAIBHOT
iH(OpMaIli€ro, O 3'IBISETHCS IO X0y PO3POOKH METOTY.
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3.2 HamamTyBaHHSI IPOrPaMHOIO cepel0BHINA

s mouaTKy HeoOximHo 3aBaHTaxkuTH Ta iHcTamoBatu IDE PyChar.
[Ticst yoro HE0OXiTHO CTBOPUTH HOBUH MPOEKT. ai HeoOXigHO
iHCTaImoBaTyH 6i0IoTeKy opencv. [t boro, y TepMiHalli IporpamMu
BBOJMIMO KOMaH/Y:

pip install opencv-python

Hani y BikHI IporpaMu iMIIOpTy€eMO 1110 6i6i0TeKy KOMaHAOIO:

import cv2

BpaxoBytoun Te, 1m0 opencv — 6e3K0IITOBHA 0i10J1i0TEeKa 3 BiAKPUTHM
Ko/I0M, TO Oarato kiacugikaTopiB MoxkHa 3HaiiTu Ha github. [lepexonumo
3a mocwiaHHsIM https://github.com/opencv/opencv Ta BiIKpuBaeMo Manky
data, Tam >xe 0OHMpaeMo Bke iCHyI04i KIacu(pikaToOpH.

Jliia Hamoro 3aBaaHHs 00epiTh 3 manku haarcascade kiacudikarop
BU3HAYCHHS 00IHYYs:

haarcascade frontalface default.xml

Jani HeoOXiHO 3aBaHTaXKUTH el (aiin Ta mepeHecT Horo 10
MOTOYHOTO MPOEKTY 32 IUIAXOM:

Lib\site-packages\cv2\data

[Ticns yoro, HeoOximHO cTBOpUTH 00’ €KT y Python (y myxkax
MPOIUCAHO NIISAX 0 00paHOTO (aiiy):

face cascade db =
cv2.CascadeClassifier(cv2.data.haarcascades+"haarcascade frontalface
default.xml")

Jlaii HeoOXiTHO 3aBaHTAXKUTH JIO MPOCKTY Oyab-sike GOTO 3
00JIMYYSIM Y TIOTOYHY AUPEKTOPIIO MPOCKTY.

[Ticns goro, HEOOXiAHO CTBOPUTH 00’ EKT ISl IIBOTO 300paKEHHSL:

img = cv2.imread("img.Jjpg")
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st Toro, mo0 Hamie 300payKeHHs IPaBUIIBHO PO3Mi3HAJIO iICHYI0UUM
kiacu(ikaTopom, He0OXiJHO HOTo MEPETBOPHUTH Y BIATIHKH CipoOro:

img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

Busenemo e 300pakeHHs Ha ekpad. {Jsl [bOro BBEAEMO KOMaHIY
imshow (Ha3Ba BikHa, Ha3Ba 300paKEHH) Ta 3aTPUMKY
cv2.waitKey ():

cv2.imshow('rez', img gray)
cv2.waitKey ()

Ta 3aIlyCKa€MO IIPOCKT Ha BUKOHAHHS (HpaBOIO KHOIIKOIO MHUIII -

Run). ¥ pe3ynbrati Mu nob6aunmMo 300paskeHHs y CipuX BiATiHKax (puc.
3.1).

Pucynok 3.1 — BuBeneHHst 300paxeHHS y CipUX BiITIHKaxX

Hani crBoprmMo 06’ exT faces, y sSIKuii 1 3anHIIEMO pO3Mi3HAHI
00IMYYs 32 TOTIOMOTOF0 KiTacu(ikaTopy:

faces = face cascade db.detectMultiScale(img gray, 1.1, 19)

3a gonomoroio 00’ekTy face MM OTPUMY>KMO TEpeNtiK 3HAICHUX
KOOpIMHAT Ha IbOMY 300paKeHHI.
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Jlaii BUBeZiIeMO KBaJpaT Ha 3HAWJCHUX O0JIMYYSX Ta HE YOPHO-Oie,
a KOJIbopoBe, 300pakeHHs. [I0BHUI KOl IpoTpamMul HABEJICHO Y JTICTUHTY
3.1

Jlictunr 3.1 — Kox nporpamu 11 po3ni3HaBaHHS 00JUYb HA
¢dororpadii

import cv2

face cascade db =
cv2.CascadeClassifier (cv2.data.haarcascades+"haarcascade_fronta
lface default.xml")

img = cv2.imread ("family.jpg")
img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

faces = face cascade db.detectMultiScale(img gray, 1.1, 19)
for (x, y, w, h) in faces:
cv2.rectangle (img, (x, y), (x+w, y+h), (0, 255, 0), 2)

cv2.imshow ('rez', img)
cv2.waitKey ()

[Ticns 4oro 3amycTUMO MPOEKT Ta y PE3yNbTaTi OTPUMAEMO
mporpamy, sika po3misHae ooanyus Ha otorpadii (puc. 2.2).

Pucynok 3.2 — Pe3ynbraT po3mizHaBaHHS 00aMddst Ha oTorpadii

3.3 Po3nizHaBaHHA 00JIMYYS 3 BiIeONIOTOKY

Heo0OxigHo HamucaT mporpamy, sika 34aTHa po3Mi3HaBaTH 00IHYUs
3 IOTOKY BeO-KaMepH.
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Ji1st 1boro cTBOPUMO HOBHH (aii y mpoekTi. Sk mrepeno
iH(popMaLii BBEIEMO TIOTOK 3 BeO-KaMepH:

cap = cv2.VideoCapture (0)
Hani y uukii oTpuMaemMo 300pakeHHs 3 BeO-KaMepu:

while True:
success, img = cap.read()
img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

faces = face cascade db.detectMultiScale(img gray, 1.1, 19)
for (x, y, w, h) in faces:
cv2.rectangle (img, (x, y), (x+w, y+h), (0, 255, 0), 2)

q)yHKLIiH JJId BUXOAY 3 HUKITY IO HATUCKAHHIO KHOITKU «(»:

cv2.imshow ('rez', img)
if cv2.waitKey () & Oxff == ord('qg'):
break

[loBHu# KO IporpamMu HaBEJEHO Y JICTHHTY 3.2.

Jlictunr3.2 — Kox nporpaMu [u1st po3iizHaBaHHS 00JINYb 3 IOTOKY
BeO-KaMepu

import cv2

face cascade db =
cv2.CascadeClassifier (cv2.data.haarcascades+"haarcascade_fronta
lface default.xml")

cap = cv2.VideoCapture (0)
while True:
success, img = cap.read()
img gray = cv2.cvtColor (img, cv2.COLOR BGR2GRAY)

faces = face cascade db.detectMultiScale(img gray, 1.1, 19)
for (x, y, w, h) in faces:
cv2.rectangle (img, (x, y), (x+w, y+h), (0, 255, 0), 2)

cv2.imshow ('rez', img)
if cv2.waitKey() & Oxff == ord('qg'):
break

cap.release()
cv2.destroyAllWindows ()
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VY pe3ynbrarti, moueproBo OyAyTh BifoOpakaTHUCh KaapH 3 BEO-
KaMepH 3 OOBEICHUM O0JIMYYSIM Ha HBOMY Yy pa3i yCIIixXy.

3.4 3aBaaHH{ 10 BUKOHAHHSA

Buxonatu npuknanu 3.2, 3.3. [IpogeMoHCTpyBaTH pe3yabTaTH
BUKOHAHHS BUKJIaady.

JonatkoBuM (HEOOOB’ I3KOBHM) 3aBJaHHSM € :

- CTBOPEHHSI IIPOTpaMu JAJIsl PO3Ii3HABAaHHS O0INYYS 13 3aIMCaHOTO
BiJI€O.

[IponemoHCcTpyBaTH pe3yabTaTH BUKOHAHHS BUKIAIady.

3a pe3ynbTaTaMy BUKOHAHHS 3aBAaHb CIIiJI 3pOOUTH BUCHOBKH Ta
HaBECTH iX Y 3BITi.

3.5 3micr 3BiTY

3BIT HOBUHEH MaTH TaKl CKJIAI0OBI:
—TUTYJIBHUH JIUCT;

—MeTa poboTu;

—pe3yNbTaT BUKOHAHHS 3aBJaHb;
—BIJIMIOBI/Ii HA KOHTPOJIbHI MUTAHHS.

3.6 KoHTpoJbHi 3antMTAHHS

1. Jly>ke CTUCIIO ONHUIIITh IPOTpaMHi MPOAYKTH, SIKi iICHYIOTb ISt
po3mi3HaBaHHS 00JIUYb.

2. Crucno onumite 6i0miorexu Python, sixi nmpusHayeHi aas
po3mi3HaBaHHS.

3. Omnumite 6i6miorexkn Python asnst po6oTu 3 HelipoHHUMH
MepeKaMu.

4. Oco0muBOCTI 3rOPTKOBUX HEHPOHHUX MEPEK.
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