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AHOTAIIA Heiiponni mepedici 3natiuny c60€ 6UKOPUCMAHHS 6 PI3HUX Chepax KoM TomepHo20 MOOeNI08AHHS, 6 MOMY HUCHI i 6
mexaniyi. Bonu yacmo euxopucmogyionibcs, max K 0aiome 8UCOKY MOYHICMb, WEUOKICHb | cHyuKicmbs pobomu. Memoio pobomu €
CMBOPEHHS NPOPAMHO20 3a0e3neUeHHsl 3 BUKOPUCMAHHAM eJIleMEeHMI6 WMYUYHO20 IHmeleKmy, Ok AnpOoKCUMAayii ma iHmepnosyii
excnepumenmanvrux oanux. Ilpoepamne 3abesnevents nogUHHO KOPeKmMo npayiosamu, Mamu npocmuii inmepgeiic ma eudagamu
pesyabmamu 3 MiHiManisHol0 noxudxoio. Memooom piutenns 6yn0 6UKOPUCANHA eeMeHnmi6 WMYYH020 IHmeNeKmy, a mouHiue
HeUpoHHUX Mepedic NPAMO20 nouwupenns. B pobomi 36y0osana ma nasuena neiiponna mepesica npsamozo nowupe uus. Bona 6yna
Haguena guumeneM (64umens 3 GUKOPUCIMAHHAM MeMOOd 360POMHO20 PO3NO 8CIOOICEHHA NOXUOKU) HA OCHOBI HABHAT0OUOT 8UOIPKU
nonepeonbo npoeedeno2o excnepumenmy. [l nepesipku mepesxci Ha KOpeKmHicms pooomy ma UsHAYeHHs 8eNUUUHY NOXUOKU
810n0610i MepexCi,npo8OOULAC, NePesipKa HA 8I00MUX OAHUX 5K He BUKOPUCMOBYBANUCA OJi51 HABYAHHS, MAKUM Memooom Oyaa
npoeedena He3anedxHCHa OYIHKA | U3HAYEHA MOYHICTb 8ION08IOT Mepedci ma 3HAl0eHa ONMUMAIbHA 30HA pobomu mepedxci. B
cmammi 0emanbHO ONUCYEMbCA MUN Mepedci ma il Mononoz2is, KilbKiCmb 6XiOHUX Ma GUXIOHUX | NPUXOB8AHUX HEUpOHie, munu
Gynkyii akmusayii, cnocobu HaguaunHa i Ni02OMOBKU HAGYAIOHOI UOIPKU, ONUCAHI MamemamuyHo. B pesynomami nposedenoi
pobomu 6yna 36y006ana ma npomecmosane np ozpamie 3a0esneuents 3 UKOPUCMAHHAM WIYYHUX HEeUPOHHUX Mepedc, BUSHAYeHA
geuuUHa NOXUOKY i 30Ha it onmumManbHoi pobomu.

Kntwouogi cnosa: wmyuna nelipona mepesic; KOMN 1omepHe MOOeNI08AHHS; WMYYHUL IHMeNeKm; anpoKCumMayis, iHmepnoaayis;
npozpamme 3abesneyenns.

DEVELOPMENT OF THE COMPUTER SYSTEM FOR PROCESSING
EXPERIMENT RESULTS USING ARTIFICIAL WITH NEURAL NETWORKS

S. POGREBNYAK, O. VODKA

Dynamics and Strength of Machine Department, National Technical University «KhPly, Kharkov, UKRAINE

ABSTRACT Neural networks have found their use in various fields of computer modeling, including in mechanics. They are often
used for enable high accuracy, speed and flexibility. The aim of the work is writing software using artificial intelligence for
interpolation and approximation of experimental data. The software have to work correctly, has a simple interface and retrieve
results with minimal error. The method of solution was the use of artificial intelligence, neural networks rather direct distribution.
The neural network has been built and trained. It has been trained with a teacher (using the method of backward error propagation
of) based on the training set obtained through the experiment. To test the network and the correctness of the determination of the
error response network inspected for known data not used for training, this method has commissioned an independent assessment
and determined the accuracy of the answers online and found the optimal area of the network. The article describes in detail the type
of network and its topology, the number of input and output and hidden neurons activation functions types, methods of teaching and
learning sample preparation described mathematically. As a result of this work was built and tested software using artificial neural
networks ante error and the zone of optimal performance.

Keywords: artificial neural network; computer modeling; artificial intelligence; approximation; interpolation; software.

Beryn SKUX yMOB. Tpeba e OIWH pa3 CTBOPUTH MEPEXy i

Hajani 1i BUKOpUCTOBYBard. Takuii crnoci® BUTiJHO

Ha wmam 4vac KOMITIOTEPHE MOJCIIOBAHHS  BUKOPUCTOBYBATH HATPUKIIA], npu MPOBE/ICHHI
3HAMIUIO  [IMPOKE BHKOPHCTAHHI, a poO3po0JicHe  eKCICPUMCHTAIBHUX  JOCIHI/KEHb, HaM  JIOCTaTHbO
BIIMOBIIHO  mporpamHe  3a0e3MeveHHs  J03BOJISIE  TPOBECTH OJMH Pa3 SKCIECPUMEHT, CTBOPHTU MEPEKY, Ta
OPUIIBH/IINTA  MPOIEC  MOJCIIOBAaHHA, a TaKoX  HABYMTH ii, 1 MOXXEMO anpOKCHMYBAaTU PE3yJbTaTH TpPH

JIOTIOMOTTA TPH 0OpOOIl EKCTePUMEHTATBHUX J[AHKX.
OnHuM i3 pO3MONIMPEHMX METOJIB  OOpoOKH Ta
anpoKcuMarii eKCINepUMEHTAIPHUX JIaHUX € IITYYHI
HEWpOHHI Mepexi, 5Ki, 32 YMOBH NPaBIILHO CKJIaICHHS
Ta BIJINOBIJIHOTO HABYaHHSI, JAIOTh BHCOKY SIKIiCTh
anmpokcUMarii Ta JO3BOJSIOTH OTPUMATH PE3yJbTaT 3a
JeKinbka cekyHn. lle Jgae  MOMUIMBICTH  OTpUMAaTH
HeoOXiHI aHHI B OyIb-sIKWA MOMEHT 4acy, Ta 3a Oyib-

IHIIMX ~yMOBax TMPOBEJCHHI eKCIlepuMeHTy. Takum
YUHOM, II¢ JO3BOJIIE 3€KOHOMHTH KOIUTH, 3@ PaxyHOK
TOTO IO HEe MOTPIOHO BUTpa4yaTH 4ac Ta Marepiaiu, IJis
MPOBEJICHHSI EKCIEPUMEHTIB. BHKOPHCTaHHS MITyYHUX
HEWPOHHMX MEpEX MPH MOJICIIIOBAHHI € Jy)Ke THyYKUM 1
MOXe OyTH BUKOPHCTaHWH Yy Pi3HHX c(epax >KHTTS: BiJ
PO3pOOKH HOBUX BHIIB MarepiajiB, 10 pO3POOKH HOBUX
JleTane.
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JliTeparypHuii orisig

B crarti [1] mpuBOAMTBCS TpPHKIA CTBOPEHHS
pEeKypeHTHOT Mepexi, sfKa Ha BXiJ] OTPHMYE KYyT
Halpy)XCHHSI, HaNpYXCHHs, KyT IMKIy, Ta JejbTa
HATpYXXCHHsI JIaHHI a HA BUXOJI1 JIa€ BiJIMOBI b eopmarii.
Henonikom faHOT Mepesxi SKy BOHH 3aIPONIOHYBAIH € Te
0 HOpMaJTi3arlisl TaHuX MPOBOIWIACK B Jiana3oHi Bif 0,1
1m0 0,9 ta 1,0 o 12,0, 3a Takux BXiJHMX JaHHX iCHYE
BipOT1THICTB TOTO IO JTAHHI C O1TBITNUM 3HAYCHHAM OYIIYTh
MaTh TPIOPUTET, II¢ MOXE BIUIMHYTH Ha [IBHIKICTh
HaBUYaHHS Mepexi, metampHimme B crarti [8], Tak i Ha
BUHUKHCHHS MOMWIOK MPU BHKOPUCTAHHI MEPEXi, TaK sK
JIlaHHI JIy’)Ke€ CWIBHO pPO30IraloThCs, JETaIbHO PO IE
omucano B crarti [11]. Takox MpOTIOHYETHCST CTBOPEHHS
PEKypeHTHOT Mepexi, 3a Takol Mepexi HEeMOMKIHMBO
BiJICTEKUTH BHYTPIIIIHI TIEpeOiry, KON BOHH BUKOHYIOTHCS
a KOJIM Hi, 32 TaKMX YMOB TaKOK MOXHA TIOTPAIUTH B 30 HY
KOJM Mepexa Oyne JaBaTh HE KOPEKTHI BIATOBIjI,
netanbHime B crarti [10] .

B poGori [2] BukopmcTOByBamach Mepexa
OpAMOro  MOIIMPEHHd U1 MOUIyKy  iHTerpaimy
HanpyxeHsst 1o aedopmarii. Ha Bxim momatotecs 3
HanpyxeHsst (1 moTouyHe Ta 2 momepexHix) Ta 3
nedopmarii (1 noroune Ta 2 momepeanix). Hemonikom
JaHo1 MOJeNli € Te M0 BOHA paxye JWIIe KUThbKiCTh
BUIINIEHOTO TeIUla II0 MOXHA BHPaxyBaTH 3BHYAWHUM
IHTETPAIOM Ta BiICYTHICTH OY/1b-sIKOT 1HTEPIOJIALY].

B crarrti [3] BUKOpHCTOBYBATHCST MEpeKa MPIMOTO
TOIIUPEHHs, HA BXiJ SAKO1 NOJABATNCS HANPY)XCHHSI Ta
nedopwmariii, 4 HanpyKeHHS 3 3 SKUX OYJIH TIOTICPETHIMUA
Ta 3 momepenHi naedopmaiii, Ha BHXOJI OTPHMYBAIU
NMoTo4YHy Jedopmarliio, JeTajlbHIIE NpOo JaHWd THI
Mepexi ommcaHo B cTarTi [12]. B pe3ynbrari npoBeneHux
€KCIEPUMEHTIB OYJI0O BCTaHOBJIEHO IO MepeXka Jae
JOCUTh TapHUM pe3y/bTaT IpU I'apHO HABYEHIM Mepei.
Tak sk, Ha BiAMiIHy BiJi TNONEPeAHHOI  CTATTI
BHUKOPHCTOBYBAIIM JIaHHI BIJIMaIITabOBaHi B MPOMINKOK
Bix -1 g0 1, TO 3MEHIIWIACKH BipOTiHICTh BIUIMBY THX UM
IHIIMX JaHKUX Ha BIATOBIIb MEPEXKi, a OTKE 1 BIpOTiIHICTh
OTpPUMAaTH 3Ha4YHy TOXHOKY 3MEHIIWIACh. Taka Mepexe
Jla€ 3MOTY B TIOJ&IBIIOMY IHTEPIOIOBATH TPOMIKHI
pe3ynabTaTd 3 BHCOKOK) TOYHICTIO, Ta 3 JIETKICTIO
OTpUMAaTH KUIbKICTh BuaineHol eHeprii. ToO0To nanHa
po6oTa 00 ’eHaNa B COO1 MOMIIMBOCTI IBOX TOTICPE THIX.

ITocTanoBka 3axa4i

B po6oTi mpomnoHyeThCs po3poOHUTH MpOTpamHe
3a0e3MeyueHns], M0 J03BOJISIE aBTOMATH3YBAaTH O0OPOOKY
€KCIEPUMEHTAIbHUX AAaHUX 3 BUKOPHUCTAHHAM ILTYYHHUX
HEHpoHHMX Mepex. [[ns mporo HEeOoOXiHO BHKOHATH
HACTYIHI 3aja4i:

- Bm3Haunty 3 jiTeparypHMX OTJIAIB  THIOBI
KoH(irypamii mryyHux Hediponanx mepex (IIHM) Ta
(GyHKIIT akTHBalii HEHPOHIB, 10 BUKOPHUCTOBYBAIM JJIS
anmpoKcUMalli eKCIePUMEHTATBHIX JIaHUX;

- CrBopurn [THM TS anpoKcuMarii
eKCTICPUMCHTAIHHUX JaHUX 3a JOTIOMOTOI0 0i0JioTeKH
pyBrain ta MmoBu nporpamysansst Python;

- IlinrotryBarn Habip BuximHux nanux i1 [ITHM
Ta NMPOBECTH 11 HABYAHHS,

- Po3po6urn mporpamue 3abesnedenns (I13) oo

JO3BOJIAE OTpUMYBAaTH Ppe3ybTaTu 3a 3aJlaHM
KOPHUCTYBAYEM LIMKIIOM HaIPYKCHH,
- HpOBeCTI/I BU3HA4YCHHA XapaKTEPUCTHK

BHIIIJICHHSI €HEPrii 3a pe3yIbTaTaMy eKCTIIEPUMEHTY;
- IIpotectyBatn podoty I13, Ta OIIHATH TOYHICT
oTpumaHux pe3ynsTari. Math type.

Hapuanns IIHHM

MogenmoBanHs ~ HaBYaHHA 32 JIOTOMOTOIO
KOMIT'IOTepa nepeadavae MoCTiiiHy 3MiHy Bar i MoporiB
TaK¥M YHHOM, III0 KJacudikaris Ha0yBae OiIbII BHCOKUA
piBeHb TMICJsI KOXKHOTO KpOKy. HaBuauHs Moxxe OyTu
peaTi3oBaHO Pi3HUMHM aJIrOPUTMAMHU:

- HaByanus 3  yuurenem —
pe3yJIbTaTd HEMPOHHOT Mepexi;

- Hapuanus ©e3 BuwWrens — HEWpOHHA Mepexa
OTIPaIbOBY€E TIIBKM BXIiTHI JaHI Ta CaMOCTIHHO (opMmye
BUXiJIHI pe3ynbTaTH. Taki Mepexki Ha3uWBalOTh CaMo
OpraHi3ari iHIMY;

- HaBuanua 3 T IKPITUIEHHSIM — cucrema
TpU3HAYeHH MTpadiB 1 320X0UYEHb BiJ] CEpeI0BHIIA.

Liutr0 HAaBYAHHS € 3MCHIICHHS MOXHOKH BIMOBI 1
mepexi [10]. Tlpu KkoXHOMY 3 THIIB HaBUaHHsS
BiOyBaeThCs 3HAXOJpkeHH ToniOHocTeit. [Ipn HaBuaHHi
3  y4yureneM  BigOyBa€TbCid ~ KOPEKIis  BaroBHX
KoedilieHTIB, Mmcid KOXKHOI iTepalii BYMTEIb IOPIBHIOE
BIANOBiAb MEpexi Ta SKy MOBHHHI Oyad OTpUMAarH Ta
KOperye ix 3 MeTOr0 3MEHIICHHS PI3HHULI MiXK BiIIOBIIIO0
Mepexi Ta BIINOBIAI0 EKCIepUMEHTy (Ul TMOMMIKA
HA3MBAETHCS TOMWIKOIO HABYAHHS).

B Hamomy BuIaiKy BUKOPHCTOBYBAJIOCH HaBYaHHS
3 BYMTEJIEM, METOJOM 3BOPOTHOTO PO3IMOBCIOKCHHI
MOMITKH [5]. Anroput™ i HACTYTIHEIA:

1) 3amaroTeCs  TOYATKOBI  Barosi
BHITJIKOBUM YHHOM;

2) TlomaeTbes Ha BXia IITHM HacTymHEi BEKTOD 3
HaBYal04y01 BHOIPKY;

3) OGUHCITIOETHCS BHXITHE 3HAYCHHS MEPEIKi;

BigoMmi BuxXimHi

KoedireHTn

4) OGUNCITIOETECS  PI3HHMIA ~ MiK  BiANOBiIIIO
Mepexi Ta IOTPIOHUM 3HAYCHHSIM;
5) Kopekryrotecst  BaroBi  koedimi€eHTH Ui

3MEHILIEHHS TTOXHUOKH,

6) TIoBTOPIOIOTBCSL KpOKH 3 2 1O 5 [OOKH He
MiHIMI3y€ThCSl TMOXHMOKA /10 3aj1aHoi abo 110 KUIBKOCTI
iTeparrit.

Kopekuist BaroBux xoediljieHTiB BUXITHOTO 11apy:

BBonurhcst BemMuHA J, KA BiATIOBiIa€ HACTYTIHII

dhopmyi:

Jq =0UTy (1-0UTy )(Tq —OUTg ), 1)
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e Tq — NOTPiOHE 3HAYCHHS; OUTq BIJINIOBI/Tb MEPEKI;

1HIEKC P — HeHPOH 3 SIKOI'0 BUXOJ1€ CHHOIITHYHA Bara; (| —
HEHMPOH B SIKHl BXOJE.
Jani xoperyemo BaroBi koe(ilieHTu:

Wp_q (i+1) =wp_q (i) +u540UTy, )

Je | — HOMep MOTOYHOT iTepallii HaBYaHHs; Wp_q —Bara

CHUHONITUYHOTO HEHpOHy 3’€IHYI0HUOro HEHpoH P 3
HEWpoOHOM (; 4 — Koe(imeHT MIBUIKOCTI HABYaHHS;

OUTp — BUXIJ| 3 HEMpoHa p.

Kopekiiist BaroBux koeiiyi€HTiB MPUXOBAHOTO II1apy:
N
5q =0UTg (1-0uTy ) T Gk 3)

Kopekist BaroBux koedilieHTiB Bi10OyBacThCs 32
(hopMyITO10 aHATIOT1YHOIO JJIs1 KOPEKIYi BUXiTHOTO IIapy.

Onuc nonepeIHb0 NPOBEJEHOr0 eKCIIEPUMEHTY

JocmimkeHHs CTaTHIHOT MIIHOCTI 1 BH3HAYCHHA
KpuBOi gedopmarii MpoBOAWIM 3  BHKOPHCTAHHAM
CTIeI[ aTi30BaHOTO BHMipIOBAJIHHOTO KOMIUIEKCY
Ieix / Poest  Z100 [24-25]. 3pasku Biamosigamm
TCOMETPHYHAM CTaHAapTaM TSt MEXaHiYHUX
BUNPOOYBaHb ~ TYMOBHMX  MOJIOHMX  MartepiamB i
pe3uHoKOpAHUX KommosuriB ISO 527-2 1A

3pa3kH  Manmyd Taki TEOMETPUYHI TapaMeTpH:
¢aktimany  ToBmmHy: 10 +0,1 MmMm; mmpura: 10 mMw;
JoBXuHa poOouoi vacturr: 80 MM; 3araibHa JOBXKHHA:
150 mm. ToBmmHa 3pa3kiB mae Bapiami 1 % uepe3
TEXHOJIOTIYHI JOIMYCKH, SIKWH ICHY€ Yy BHPOOHMIITBI
KOMIIO3UTHUX JIMCTIB. [HII TapameTpd MaroTh TOYHI
3HAYE€HHS, TOMY L0 BCi 3pa3ku OyJIM OTpUMaHi IUIIXOM
PO3pi3aHHs 1X, BAKOPUCTOBYFOUH OJIMH 1 TOM K€ ILTaMII 31
CTaHmaptHuM  po3mipom. Ha puc.1  mokazanmii
CXEMaTWYHUH KpECJCeHHs TeoMeTpii 3pa3kiB Ta Horo
¢doTorpadii.

Puc. 1 — 'eomempis 3pasxis 0 6unpo6yeans

3pazku OynH KOPCTKO 3aKpiIIeH] 32 JOMOMOTO0
MEXaHIYHMX 3aThCKadiB. TakuM YHMHOM, BHMIipSUH
3yCWUIsA, fKI BiJIOYyBalOTHCS B HWKHIX 3aTUCKa4ax 3a
JOTIOMOTOI0  CTaHAAPTHUX JarTduKiB  (MakcHMajbHe
sycwois 10 xH + 0,01 N). PesynapTatn aBTOMaTtHaHO
3amucyroThest koxHi 0,1 cexynnu. B xoxi BunmpoOyBaHb
3pa3kKd MalM I[MKJIiYHI HaBaHTaXeHb 3 (DIKCOBaHUMU
piBHSIMH AedopMarii, 10 JO3BOJSIE BU3HAYATU TIPYXKHI
BJIaCTMBOCTI TaKMX MarepialliB B CTa0ii30BaHOMY CTaHi.

IrmkeHepHa OIiHKA AT CEPEeAHBOTO TOYAaTKOBOTO
Moy s 1poro Marepiany 140 MITa.

XapakrepHi  kpuBi  Jaedopmariii-HanpyXeHH
CKCTICPAMEHTY TPOBOAWINCH 3 IBOMAa IPOTPAMHIMH
HABAaHTAXKECHHAMH pHC.2a Ta puc.3a. Hampyxennas
OTpHMaHI 3a IFMH TPOTPAMHIMH HABaHTHKCHHIMHU
HaBeJieHl Ha puc. 20 Ta puc. 30.

a)
1

D @ O

Qo N b
o

ol

w

1.0

time

n

Puc. 2 — Jleghopmayiiini kpuei eracmomepHozo
KOMRO3UYTUHO20 3PA3KA 8 HANPSAMKY HO3008ICHbOT
apmamypu Ha pizHux amnaimyo:. a) — npoepama
HABAHMAICEHHs; 0) — Pe3YIbMAMm eKCHePUMEHIY.

[Ticyst mpoBeICHHST TAHOTO €KCIIEPUMEHTY OYJI0
oTpuMaHO (aiill 3 TaHUMU 3aJIEKHOCTI Yacy, HAMPY KEHHS
Ta pedopmarii. Tak K IPOBOIUTH JaHUH SKCIICPUMEHT
1Ie KOIITOBHA pid, OyJIO BUPIIIEHO PO3pOOUTH
MPOrPaMHMIl KOMIUIEKC KU BiJITBOPIOBAB PE3YJIbTATH.
et crioci0 € MmeHT 3aTpaTHAi PiHAHCOBO Ta 3aiiMae
MEHIIIE 4acy.
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Puc. 3 — Luxnu naganmadgicentsi, o BUKOPUCIOBYBANIOCH
051 HAGUAHHSL MePediCi’ a) — NPOSPAMA HABAHMAICEHHS,
6) — pe3ybmam excnepuMeHny.

I3 nmanoro ekcmepuMeHTy Oyino OOpaHO JeKilbKa
IWKJIIB Ta Oynu BUKOpucTaHi i Ha4yanui IITHM. 3a
IUIOIIEI0 TETENh MOJKHA BU3HAYMTH KUIBKICTH TEIUIOTH
sIKa BUALIWIACK TIiJ1 Yac MpOBEACHHs eKcrepuMenty. AOo
3a popMyIIOtO:

T
1
W=—"7To(t)e(t)dt, (4)
2T 0
ne T— mepion.
Bimsnauene TETUIO BUI1JICHHS KOMIIO3HUTHHX

MaTepialiB € BaXIMBOIO TPAKTUIHOIO 33Jaucio TpU
JTOCHI/DKEHHAX ~ TEIUIOBOTO  CTaHy  KOMIIO3UTHHX
MarepiajiB Ipy IMKIIYHOMY HaBaHTa)KEHHI.

Po3po0ka nporpamHoro 3ade3ne4eHHs

CTpykTypa Mepe:xi

Ja moGynosu 13 BUKOpHCTaHO MEPEKy MPSIMOTO
MOUIMpEeHHs, B SIKiH Bci Ail BinOyBaroTbCs JMIIE Bif
noyarky Jo0 kiang. IlepmodeproBo Oyno 3BeneHO
MOYarkoBi JaHHi B mpomixkok Big -1 mo 1 (uwmixom
NIJCHHS BCiX EJIEMEHTIB MacuBy Ha MaKCHMalbHEe
3HaueHHs1). TakKuM KPOKOM MU HOPMaJi3yBalM [IOYATKOBI
nmagHi. [Tlicas Toro sK MMOYarkoBi JaHHI TOTOBI MU IS
PO3IIMPEHHS CHEKTpYy POOOTH MITy4HOTO IHTEIEKTY
JIOJTAEMO 1IIe 2 MOYaTKOBUX HAOOPY JAHMX TOMHOKHBIIU

BCl Maro4i 3HAYCHHS HANpyxXeHHs Ta nedopmarii Ha
koedimentn 0,7 Ta 1,3 (mamHi koedimieHTH Oymm
OTPUMaHI ICJISl E€KCICPUMEHTANIbHUX JTOCIIKEHb, IS
JaHOT Mepeki BOHH € ONTUMATbHUMH 3HAYCHHIMH).
TakuM YMHOM MH PO3IIUPIWIN CIEKTP B SKOMY MOJXe
JIaBaTH TPOTHO3M IITYYHWH 1HTEJIEKT Ta 3MEHIIWIN
MOXUOKY B cepeavHi. EKcriepiMeHTaIbHIM IIIIIXOM OYJI0
BCTaHOBIICHO TaKy KOHQirypamiro mepexi (puc. 4) mpu
SKIM BXiJTHUX HEHPOHIB 7, HEHPOHIB sIKi 3HAXOASATHCS B
ckpuromy mapi 200 B 2 mrapw, Ta BuxigHux 1. Ha BXin
nofatothes 4 nedopmarii (Tpu 3 AKHX — TOTEpeHi Ta
OJIHA TIOTOYHA) Ta 3 HampyXeHHS (BCl HampyXeHHs
TIOTICPE/THI), HA BHXOJI Mepe)ka MOBHHHA JTa€ BiATIOBiAHL
SIKOFO OyJIe MOTOYHE HAIPYKEHHS.

e N, LI

cli-1] @7 /] \

ofi-l] — i) ‘
e li-2] —@

oli-2] ¢ ‘ - ali]
£ [i-3] — \ | T

alfi-3] . A : :

gli] - * |

y J 200

Puc. 4 — 3acanvna cxema mepesnci

Hapyanus

[Micns Toro sSK MM HOpPMali3yBajid JaHHI MU
J01aEMO  Bcl Ha0OpW JaHWX JI0 HAaBYalO4uOi BHOIPKH,
MOYMHAEMO TpeHyBaTu ii 3 yuureseMm (TOOTO mMogaeMo
3HAYeHHd 1 BiApady BIANOBIAb SIKy MM TOBHHHI
OTpUMATH), TAKIM YHHOM TPEHEP MO PiBHIOIOYH BiJIMIOBIIb
sky aaB [IIHM 3 3apaHuM Koperye B Ty YH 1HILY CTOPOHY
BaroBi Koe(imieHTH, JOOMBAIOYNCH KPaIIOTO PEe3yJIbTaTy
Mepexi. B gaHoMy BapiaHTi  BHKOPHCTOBYBAaBCS
3BUYAMHMIA IMKI AKH 3aIllyCKaB TpeHepa Ha OJHYy €roXy
HaB4aHHA (OJIMH TIOBHMI TPOXiJ MO BHOIpIi HA3MBAETHCS
€TMO0XOI0 HABUYaHHs) 1 OTPUMYBAIU KBJPATHYHY TIOMUIKY.
TakuM YHMHOM MH MODJIHM CHIJKYBaTH 3a MPOIECOM
HaBYaHHA Ta 3a 3HAYCHHAM KBAJPaTHMYHO! TIOXHOKU
OynmyBatu rpadik 3aJeKHOCTI KIJBKOCTI iTepamiidi Bif
MOXMOKW, Ta CJIJIKyBaTH 3a IIBHIKICTIO HABYAHHSI, B
PYYHOMY pEXuMi 3aJaBaTH MOXMOKY abo KUIbKICTbh
itepamiit. KBagparmyna noxuOka Iie TOJIOBMHHA CyMa
pI3HHI MIX BiJMOBIJIAI0 MEPEXKi Ta TOK SIKY TMOBHUHHI

Oymu oTpuMard B KBaapari. BukopucTaHWid — THI
HAaBYaHHI 3  TPEHEPOM: METOI  3BOPOTHOIO
PO3TOBCIOIKCHHS TIOXHOKH.
1n * 2
H=23(200-2"() ", ©)
20
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ne Z"(X) —pesysbTar3 ekcriepuMenty; Z(X) — BianoBims
Mepexi; N — KiJbKICTh €JIEMEHTIB HABYA0U 01 BUO1PKH.

OnuryBaHHI MepeXi BiJOYBA€ThCS TAKAM YHHOM:
3amarothest BxigHi mapametpu e(a), e(m), T, N. Ilicas
NEepPeBIpKM Ha KOPEKTHICTh JaHUX, Mporpama Oynye
rpadik TOTEPEeHHOTO HABAHTAKCHHI Ta caM rpadik
HaBaHTXKCHHI 3a 4ac 7, 3 cepeqHIM HaBaHTAKEHHIM
e(m), Ta ammitynoro &(a), y kimpkocti N mmkmis. dari
OyIyeThCsl MAcHB HABAHTAKCHHSI Ta MOJAETHCS HA BXiJ
[IIHM. B pe3ynbrari OTpEMyEMO MacHB 3HAUCHb, SKUM
Oyne Hampy)XeHHS NpH JaHUX 3HAaYCHHAX aedopmarii.
[Micas mporo OynyroThesi rpadikk Ta 30epiraloThes y
ManKy 3 TNpOrpaMoro, Ta BHUBOASTHCSA KOPHCTYyBauy Ha
dbopmy. B mapi 3 Mepexero nparroe (YHKILS TPeIHKTOP-
KOPEKTOp sika KOoperye ii BiAMOBIAb ycepeaHIOOUH 1i 3
BIATIOBIJII0O MEpPEXi Ta 3 MPOTHO30BAHOIO BiIIOBIIIO
Mpe AUKTOpa-KOpeKTopa (puc. 5). Bynyetscs
anpoKcuMyroda QyHKIisE METOI0M HaWMEHIIHX KBajIpaTiB
(oo ampokcuMarii METOJIOM HaiiMEHIIMX KBaJIpaTiB
SIBIIETBCSL TOMIYK KoedimentiB a wu b), mHa 6asi
nonepefHix 3 To4okK (6), Ta 3HAXOAUTHCS HACTYIIHA TOYKA
¢ynkmii  (7), Ta OTpEUMYEMO BIATIOBIAL MeEpexi,
30epiracMo cepefHe 3HAYCHHS MIXK BiIATIOBIAMIO Mepexi
Ta OTPAMAHOTO BiJITIOBIJITIO MPEIUKTOPA-KOPEKTOPA.

F(ab)=>(y - (ax +b)) ; (6)
Yia=a%, +b. (7)

o [porHo3oBaHe 3Ha4eHHn

L[iicHe 3HaUeHHs
”~ ’
b Bignosige mepexi

~

s Gag & £

-

Puc. 5 — I'paghiune 306pasicenns npeduxmopa-
Kopexmopa, 8i0noeioi mepedici ma OiliCHO20 3HAYEHH s

Onuc nporpaMHoOro 3aée3ne4yeHHs

Buxonasuu 3  mocTtaBieHOi  3amaui, Oyo
po3po0bieHo mporpaMHe 3a0e3mneucHHs (puc. 6), ske mae
MOXIMBICTh TI0O  3aJaHMM  BXIJHAM  [apameTpam,
OTIMTYBAaTH Mepexy Ta OymyBaTu rpadiku:

- ¢(a) — amrmniTyqHe 3HaUeHHs aAedopMmarti;

- &(m) — cepenHe 3HaueHHs Aedopmarii;

- T—wuac ogHoro nepiony;

- N — KUIBKICTh LUKIIB;

- o — xoedillieHT BIUIMBY NPEJUKTOPa-KOPEKTOpa, HA
3arajbHe Harpy>KeHHS.

G = Opym@ + O (1—a), (8)

e 0 — pe3ylbTyr0Yi HaIpY>KCHHS ; OSumm —

Hanpyxenns otpumani Bix IIHM; o, — nporrososana
BEJIMYMHA TPETUKTOPA-KOPEKTOPA.

T
- —

Puc. 6 — I'onosna gpopma 0ns 66edenns napamempis
YUKTTY HANDYIICeHHs

Ha prc. 7 300pakeHo sika 3 BXiJHUX TaHHUX 3a IO
BIJINOBIJIa€, Ta €Taly MpEJ.HANPYXKEHHS Ta CaM €Tall

HaIpy>KeHHSL.

'3

Ela)

e/m)

A\ 4

e o
T

3 Rl

N

Puc. 7 — I'pagix noscrioouuii axa 6eauduna 3a ujo
gionogioae

Bxignmii mapamerp €(d) — cepemHE 3HAYECHHS
nedopmariii, neprovYeproBo nporpama 0OUHCIIIOE MaCUB
3 10 3HaueHs Tpen.HaBaHTAXKEHHSI (3pOOJICHO 3 METOIO
cTabimi3zaiii Mepexi) 3a HACTYIHOIO (hOPMYJIOFO:

_¢(a)

L0

i,i=1.10. (9)

Jlam OymyeThcsl MacHB HABAHTAKEHL B KIJIHKOCTI
N 3 nepiogom T. JIs1 1I0T0 3HAXOASATHCS MaKCUMasbHI Ta
MiHIMaJIbHI HABaHTQKECHHS. 3a HACTYITHUMH (POpPMYJIaMu:

(10)
(11)

Bynyetbcs ¢yHkumis Ha 0a3i MakCHMAaIbHHX Ta
MiHIMAIbHAX HABAaHTAKCHHIX Ta IHTEPIOJIOETHCS IS
MPOMIXKHMX 3HAYCHb JJIsI KOXKHOI cexkyHau. OTpumyeMo
MAacHB HaBaHTAXKE€Hb SKUU mojacThes Ha BXig IITHM.

ITicis BBeJAEHHS JAHMX Ta HATHCKAHHS KHOTIKH
«OK», mporpamMMa TmepeBipsi€ KOPEKTHICTb BXIJIHHX
JIaHUX, Ta poouTs 0OuKcaeHns (puc. 8).

Ha puc.9 mpencraBieHo rpadik medopmarii,
30ymoBaHMii IpoTpamMHO 3a BXigHuMHU aanumu. Ha puc. 10
— rpadik HANPY>XEHb SIKi BUHUKIIA 1T YaC HABAHTAKCHB.
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Puc. 8 — [lapamempu e, ¢ npu esedenux danux, ma
pe3ymvmyioui epagiku

0.00 0.15 0.30 0.45 0.60

time

Puc. 9 — I'pagix 3aneaxcnocmi deghopmayii 6io yacy

‘/104»6
1.2
S 09
=
.06 £
0.3

00(.)00 0.15 0.30 045 0.60

time
Puc. 10 — I'paghix 3anexcnocmi nanpyoicenns 6io yacy
Ha puc. 11 mpenctaBieso rpadik sKwii MoemHyE

HamnpyXeHHsI Ta nedopMmariio sKa BHHUKIM T 4Yac
JITAHOTO HATIPYKCHHSI.

10 15 20

Puc. 11 — I'pagpix 3aneamcrocmi Hanpyicens 6io
depopmayii

TectyBanns podoru 113

TectyBannst po3pobnenoro ITHM npoBoamwiocs Ha
SKCTICPUMEHTATEHUX JaHUX SIKi HE BHKOPHCTOBYBAJUCH
NpW HAaBYaHHI Mepexi, ame OynH eKClepHUMEHTaIbHO
BM3Ha4YCHI. TakuM YHHOM Oyja MOIHMBICTH TOPIBHATH
BITIOBIJIb MEpeXi  Ta EKCIePHMEHTY, Ta OIHUTH
BEJIMYMHY TIOXHOKH, SIKY J1a€ MEperka.

Ha Bxim wmepexi Oyno mnomaHo nedopmarii
npecTaBleHl Ha puc. 12.

50
40
30
20
10

20 40 60 80 100 12
time

Puc. 12 — Bxione nasanmasicenns

Ta oTpumaHo rpadik BiMOBIIi MEPEKi HA STKHIA
JUTSL HATJISLTHOTO TIPHKIIATy OyIo BUBEICHO TakoX rpadik
MPOBEJICHOTO EKCIIEPUMEHTY puc. 13.

o MPa

30 40 5C

10 20

Puc. 13 — Bionogiowb mepesici ma npoeedeno2o
excnepumenmy

Ha puc. 13 cyminpHOT JTiHI€F0 TIO3HAYCHA BiTIOBITH
Mepexi, MyHKTUPOM Tpadik MPOBEAECHOTO €KCIIEPUMEHTY.
Jns Bm3HaueHHS TNOXMOKM Oyna BH3HAYEHA KiJIBKICTh
Buntinenoi eneprii. [lns ekcriepuMeHTy BiH JOPIBHIOE:
17,5 M]x/m3, 3a IITHM: 19,8 M]Ix/m3, mio Bignosimae
13,1 % noxuoKu.

HacTynmnuii exkcniepuMeHT Oylio MpOBEAEHO Ha
OCHOBI MPOBEJICHOTO €KCIIEPHMEHTY, aJle Ha JAHUX sIKi He
BUKOpUCTOBYBaiucs ansi HaBuanHi IIIHM Ta 3HauHO
TIePEeBHIIYIOTh TOPIr ii HaBYaro4or0 BUOipku. [ maHoro
eKkcriepuMeHTy Oyio mojaHo nedopmaiii mpejcTaBiieHi

Ha puc. 14.
Ta otprmano Tpadik BiAMOBiAI Mepexi (CYIIbHA)
pazoM 3 TpadikOoM TPOBEICHOTO  EKCIICPHUMEHTY

(mysaktupom) puc. 15. Tak sk gaHWii eKCTIEpEMEHT He
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JISKUTh B 00JIaCTI HABYAIOUOT BUOIPKH Ha SIKili HABYATIACH
[IHM, Ta 3Ha4HO TMEpeBHIIYE IX, TOXHOKa 3HAYHO
30umbIMIack. Tak  KUIbKICTH BHIUICHOT eHeprii 3a
ekcriepumerToM ckiamnae  518,1 MIx/m3a 3a IITHM
319,7 M]Tx/m8, mo ckianae 38.2 %. ToMy BUKOPHCTaHHsS
IIIHM 3a MexamMu  HaB4yaloyoi  BHOIpKH  He
PEKOMEHIOBAHO, TaK K 3a ii Me)XaMH CIIOCTEPIracThCs
pi3ke 301IbIICHHS IOXHOKH.

350
300
250
200
150

20 40 60 80 100 12

time

Puc. 14 — Bxione nasanmasicenms

+7

.

o MPa
CO000OHHH

‘9 50 10015020025030035

Puc. 15 — Bionogiob mepesici pazom 3 nposedenum
eKcnepuMeHmom

Jnst BI3HAYCHHS 3aJIC)KHOCTI BWIUICHHSI TEIUIOTH
mpu pi3HUX aMIUnTygax nedopmaiii Oyno 30ymoBaHO
rpadik 3aTeKHOCTI aMIDITYyIHOI nedopmarii Bif moiomnti
neTn I[MKITy HaBaHTaxeHHs (puc.16). Bin HarmsgHo
BiJI0OpaXkae 3 KOO HMIBHAKICTIO 301IIbINYETHCS KIIbKICTh
BHIIIJICHOT €Heprii Npu 301IbIIeHH! aMIuTi Tyau nedopmaryi.

2.5x10"
2.0
1.5
1.0
0.5

=

00(.)05 0.10 0.15 0.20 0.25 0.3

BucHOBKH

B po6oTti noOynoBaHo mity4dHa HeHpOHHA MEpexka,
Ta OMNMCAHO MpOTrpaMHe 3a0e3MeYCHHSI SKE JO03BOJIIE
ABTOMATH3yBaTH OOpPOOKY E€KCIIEpIMEHTANBPHUX TaHWX 3
BHKOPHUCTaHH INTYYHUX HEHpoHHMX Mepex. IIposeneHo
IBa €KCIIePUMEHTH, AKi B MO AATBILIOMY
BHKOPHCTOBYBAINCS U1 HaBuaHHsi noOymosanoi ITHM
Ta OLIHKK TMOXWOKK 1i poOoTH. Buxonsyu 3 BUBYEHOT
nmiteparypu Oyia 3amporpaMoOBaHa Ta HABYCHA Mepeka
OpIMOTO  TOWMPEHHS  ONTUMAIBHOTO  THIly 3
MiHIMQJIbHOIO  MOXHOKOIO  po0OOTH, MPOCTUM  Ta
3po3yMiEM iHTepdeHcoM, BHIKOI0 poboToro [13.

Buxo 5111 3 noctaBneHoi 3a1a4i OyJ0 BUKOHAHO:

- BuBuena jomomikHa JiTeparypa, Ha 0azi sSKOi
OTpUMaHi  HEOOXiJHI  3HAHHS IS  [OJAIbIIOTO
po3po6aenns [ITHM;

- Po3po6usiena IIIHM anpoxcumyroua npoBe1eHH i
SKCTIEPUMEHT SKa TPAIfO€e B Mapi 3 QYHKIIEIO MPETUKTOP-
KOPEKTOpP;

- 3 pe3yibTaTy eKCIEpPUMEHTY OYIH ITiIrOTOBJICHI
JIaHHI Ha OCHOBI SIKUX OYyJia HABYEHA MOJICIIb;

- Po3poOiieHo  mporpamue  3abe3ledeHHI 3
Bi3yastizali€o 3 MPOCTHM Ta 3pO3yMLiINM iHTEpdeiicom;

- Po3po6iieHa MOKITMBICTh BH3HAYEHHS KIJIBKOCTI
Buminenoi eweprii (mpu e(a) = 0.165, ¢(m) = 0.165
KiJIbKiCTh BHIIJIEHOT eHeprii craHoBuTiME: 4,3 MJ[X);

- OmireHa moxwOKa BIANOBIAI Mepexi, TpH
BUKODHCTaHHI MEpeXi B MexaX He IEePEBHIYIOYUX
MakCUMallbHi ~ JJaHHI ~HaBYal4ol BHOIpKH, TIOXHOKa
craHoButh 13,1 %, TmTpm TepeBHIICHHI  TOXHOKa
cranosurrMe 38,2 %.
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AHOTALIUA Heliponnvie cemu HAWIU C80€ NPUMEHEHUE 8 PA3HBIX CPepax KOMNbIOMEPHO20 MOOEIUPOBAHUS, 8 MOM HUCTE U 6
mexanure. OHU 4ACMO NPUMEHSIIOMCS, MAK KAK OAIOM GbICOKYIO0 MOUYHOCHb, CKOPOCHb U 2ubKocms pobombl. Llenvio pobonl
ABNACMCA HANUCAHUE NPOSPAMMHO20 0becneyenuss ¢ NnpUMeHeHUueMm UCKYCCMBEeHHO20 UHMEeNNeKma, OJisi annpoKCUMayuu u
UHMEPRONAYUU IKCNEPUMEHMALbHbIX OanHbX. [Ipoepammnoe obecneyenue OONNCHO KOPPEKMHO pabomame, uments npocmotul
unmepdetic u 6vl0agamb pe3yabmamvl ¢ MUHUMALbHOU ouwubKkou. Memooom peuwienus 6GblIO0 NPUMEHEHUEe UCKYCCMBEHHO20
UHMeENIeKmA, d MoYHee HelipOHHBIX cemell NPAMOo20 pacnpocmpanenus. B po6ome nocmpocena u 0oyuena netiponnas cems npsimoco
pacnpocmpanenus. Ona 6viia 00yueHa yyumenem (yyumenb ¢ UCNOTB30BAHUE MEMOOd 00PAMHO20 PACHPOCHMPAHeHUs. OUUOKU) HA
ocHoge 06yyalowell 8blOOPKU NPedsapumenbHo NPO8eOeHHO20 IKCnepumenma. Jis nposepKu cemu Ha KoppeKmHocms pobomsl u
onpeoenenue GeaUUUHbl OWUOKYU Omeema cemu, NPoGOOUIUCH NPOGEPKU HA 3apaHee U3BECHHbIX O0d HHbIX, HO KOMopbule He
uCnonb306aIUCy 8 obyualoujell 8blbopKe, MAKUM CnOco6OM ObLIA NPOBEOeHA HE3AGUCUMAS OYEHKA U ONpedeieHd MOYHOCHb
omeemos cemu u onpeodeieHd 30ha ONMUMAIbHOL pobombi cemu. B cmambe nodpobHo onuceléaemcs mun cemi u ee monoio2us,
KOJIUYECMBO 6X0O0HbIX, bIXOOHbIX U CKPBIMbIX HelpOHO8, MUNbL () YHKYUL AKMU8ayul, Cnocod 00yuenus u noo2omosku ooyuarowerl
6b100pKU, ONUCAHHbIe Mamemamuyecku. B pezynomame nposedennoii po6omel Ovlia nocmpoena u npomecmupo8ano npoepamMmmHoe
obecneuenue c npumeHenueM HePOHHbIX cemell, Onpeoenend eIUIUHA OUUOKU U 30HA ee 803MONHCHOU POOOMbL.

Knrwouegvle cnosa: uckyccmeennas HeUpOHHAS CeMb, KOMNbIOMEPHOE MOOeIUpO8aHUe; UCKYCCMBEHHbI UHMENLEKN;
AnnpoOKCUMayUs, UHMEPROIAYUS, NPOSPAMMHOe 0becneyeHue.
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