Jlaboparopna po6oTa Ned
BAI'ATOIIAPOBA HEMPOHHA MEPEXA MPIMOI'O NOIIMPEHHSA

Mera poOoru: HaOyTM MNPAKTUYHUX HABUYOK BUKOPUCTaHHS CHUCTEMHU
KOMIT'I0TepHOT MareMatuku Matlab myig po3B’si3aHHA 3agad  MPOTHO3YBaHHS 3a
JOTIOMOTOI0  0aratomapoBUX IITYYHMX HEHPOHHUX Mepex Ha 0a3l aaroputmy

3BOPOTHOTIO MOIIUPEHHS MOXUOKH.
Kopotki TeopeTnuHi BizomocTi

Tydyna HelpoHHA Mepeka MPSAMOro MOUIMPEHHS — 1€ OararorapoBa HeHpoHHa
Mepexxka 0e3 3BOPOTHHUX 3B’S3KiB, Y SAKIH BUXIJ KOXHOTO HEHpOHa Iapy 3’ €JHAHUH 13
BXOJJaMU BCIX HEHPOHIB HACTYHMHOrO IIapy, a JJig NEpPEeTBOPEHHS CHUTHANYy BXIIHOIO
30y/PKEHHS KOXXHOTO HEWpOHa MPUXOBAHOIO 1 BUXIJHOTO MIAPy y BUXITHUN CHUTHAI
BUKOPUCTOBY€EThCA HENIHIMHA akTHBaliiHa QyHkiis. [lopir cnpanboByBaHHS KOKHOTO
HEeHpOHA pealli3yeThCsl 3a JIONMOMOTOK bias-HelipoHa, BUXIJ SKOTO 3aBXJIU Mae
3HaueHHsA 1, a BaroBWil KOe(iI[iEHT 3B’A3KYy I[OTO HEHpOHA 3 IHIIMMU HEUPOHAMU

MGpG)Ki HaJIalITOBYETHCA B HpOHGCi HaBYaHHA.

Mepexi mpsMOro TMOIMMUPEHHS MOXYTh (YHKI[IOHYBaTH B TPhOX PEKHUMAX:
HaBYaHHS, TECTyBaHHS 1 moriH. i1 HaBUaHHS [BOIIAPOBHX IITYYHUX HEHPOHHHX
MEpeX TPSAMOTO TONIUPEHHS TPATUIIMHO BHUKOPUCTOBYIOTHCS Pi3HI BapiaHTH METOIY
3BOPOTHOTO TONIMPEHHS MOXUOKH. TepMiH «3BOpPOTHE MomMpeHHs moxuOkm» (back
propagation) o3Haudae: — e(pEeKTUBHUN METOJ OOYMCIICHHS IOXITHUX; — aJITOPUTM
onTUMI3aIlli 3 BUKOPUCTaHHSAM IHMX IMOXITHUX, IO JO3BOJISIE€ HAJAIITOBYBaTH Barosi

Koe(iIlieHTH 3 METOI0 MiHIMI3aIlil MTOMIJIKH.

TakuM uymHOM, y TpoIleci HaBYaHHS JBOIIAPOBOI IMITYYHOI HEHMPOHHOT Mepexi
mojavya BXIJHOTO CHUTHaJdy W OOYMCIICHHsS peakilii BIIMOBiTa€ MPIMOMY IIPOXOIY
CUTHAITy BiJ BXIJHOTO IIIapy HEUPOHIB 1O BHUXITHOTO, a OOYHMCICHHS TOMWIKH U
KOPEKIlis BUXITHUX MapaMeTpiB — 3BOPOTHOMY, KOJIM CHTHAJ MOMUJIKU TONTUPIOETHCS
0 MEPEXi Bif 1 BUXomy A0 BXxoay. [Ipu 3BOpOTHOMY MPOXO/i 31HCHIOETHCS TIOMAPOBa

KOPEKIIisl Bar, MOYMHAIOYH 3 BUXITHOTO MIapy.
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Buxonanus podooru

5.1. InmimiamizyBatu Neural Network Toolbox 3a momomororo komanau nntool y

koMaHgHOMY BikHI CKM MATLAB. CpopmyBatu CTpyKTYpy HEMPOHHOT MEpPEXKI.

| X N Neural Network Fitting

Import PLOTS | TEST | EXPORT

-
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DATA SPLIT BUILD TRAIN
Network Training Model Summary
Two-layer feedforward network with sigmoid hidden neurons and linear output neurons, suitable for Train a neural network to map predictors to
continuous responses.
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Puc. 5.1. CtpykTypa HEHpPOHHOT Mepexi

5.2. Tlepeiitu Ha Briaaky Train Ta BuUGpaTu Ha3By BEKTOpA BXiIHMX HapaMeTpis 3i comcky Input

data Ta Ha3By BeKTOpa BUXIIHMX BeJWYMH 31 criucky Target data. J[ns HaBuaHHS HEHPOHHOI Mepexi

HaTUCHYTH KHOTIKY Train Network.
[Iporno3oBaHi BUXO/IH:

-1.7361 -1.2814 -0.7196 0.5042 -1.7527 -1.6601 -1.4218 -1.5243 -
1.7905 -1.424
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@ @ Neural Network Training (24-May-2023 22:06:12)

[ Network Diagram ]

Training Results

Training finished: Reached minimum gradient

-

Training Progress

Unit Initial Value Stopped Value |Target Value
Epoch 0 5 1000
Elapsed Time - 00:00:12 -
Performance 3.31 7.21e-18 0
Gradient 3.83 6.12e-09 1e-07
Mu 0.001 1e-05 1e+10
Validation Checks 0 3 6

Training Algorithms

Data Division: Random dividerand
Training: Levenberg-Marquardt ftrainim
Performance: Mean Squared Error mse
Calculations: MEX

Training Plots

[ Performance ] [ Training State

[ Error Histogram ] [ Regression

Puc. 5.2. HaBuanus HelipoHOT Mepexi

5.3. HaBuuTu HelpoHHY MepexXy OOUMCIIOBATH 3HaueHHS (YHKIIi Ta 3aiicHuTH rpadiuny

IHTepIpeTalio pe3yIbTaTiB HaBYaHHS JJIs pI3HUX PIBHSHD 33 AHAJIOTIEI0 MYHKTY 5.2.
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[IporHo3oBaHi BUXO/IU:

-5.5876 -4.9103 -6.1180 -3.8759 -5.2768 -5.8040 -3.5790 -3.1544 -
5.3103 -3.6420
@ @ Neural Network Training (24-May-2023 22:10:51)
[ Network Diagram
Training Results
Training finished: Reached minimum gradient €2
Training Progress
Unit Initial Value Stopped Value |Target Value
Epoch 0 5 1000
Elapsed Time - 00:00:01 -
Performance 7.93 1.88e-22 0
Gradient 19.8 9.8e-11 1e-07
Mu 0.001 1e-08 1e+10
Validation Checks 0 0 6
Training Algorithms
Data Division: Random dividerand
Training: Levenberg-Marquardt trainlm
Performance: Mean Squared Error mse
Calculations: MEX
Training Plots
[ Performance ] [ Training State ]
[ Error Histogram ] [ Regression ]
Puc. 5.3. HaBuanHs HeillpoHOi Mepexi
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[ ) @ Neural Network Training Performance (plotperform), Epoch 50 , Training fi...

File Edit View Insert Tools Desktop Window Help L]

Best Training Performance is 1.5279 at epoch 50

Train
Best
Goal [~

Mean Squared Error (mse)

50 Epochs

Puc. 5.4. I'padiuna iHTETIpETAIllSl IBUIKOCTI HABUCHHS

[ ] @ Neural Network Training Training State (plottrainstate), Epoch 50, Trainin...
File Edit View Insert Tools Desktop Window Help ¥

Gradient = 0.36822, at epoch 50
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50 Epochs

Puc. 5.5. KinbkicTh mepeBipok BipHOCTI
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=] @ Neural Network Training Regression (plotregression), Epoch 50,...

File Edit View Insert Tools Desktop Window Help ~

Training: R=0.10159

O  Data

25

Y=T

Output ~= 0.025*Target + -0.13

Puc. 5.6. I'padik 06poOku pimieHsb

® @ Figure 1
File Edit View Insert Tools Desktop Window Help ~

Dede @ 08 RE

Hasuena HeApoHHa Mepexa

Puc. 5.7. Burnsa HeiipoHHOT Mepexi IS MONIYKYy MPOTHO30BaHOTO BUXOTY

(uepBOHa Kparka)

BucHoBoKk: Ha0yTO NMPAaKTUYHI HABUYKU 3 BUKOPHUCTAHHS CHCTEMH KOMIT FOTEPHOI
MareMatuku Matlab s po3B’si3aHHS 3a7ad  MPOTHO3YBAHHS 32  JOTIOMOTOIO
OaraTtomrapoBUX INTYYHUX HEHUPOHHUX MEpeXk Ha 0a3i aaroputMy 3BOPOTHOTO

MOMIUPEHHS TOXUOKHU.
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