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INCREASING THE RELIABILITY OF MOBILE INTELLIGENT
MACHINES BASED ON DEEP NEURAL NETWORKS

VY cTaTTi BUKJIA/IEHO PE3yIbTaTH TEOPETHYHUX Ta EKCIEPHUMEHTAIBHUX JIOCTI/PKEHb Y cepi MiABUILEHHS Ha-
JUIHOCTI CKIIQJHUX O0'€KTIiB, IKUMHU € MOOLIbHI IHTCIICKTyalbHI TEXHOJIOTIYHI MammHu. 1le MoCATHYTO Ha OCHOBI
BUKOPHCTaHHsI MOjieNeii-o0pasiB Ha OCHOBI HEHPOHHUX Mepex i IMOOKKUX o0uHciIeHb Ha ix ocHoBi. [loka3aHo Bij-
MIHHICTh IPOTMIOHOBAHUX 1ACHTU(IKAIITHUX MOIENICH, 110 MOJIArae y BUKOPUCTaHHI iH(opMaIlil mpo rpaHuYHi mapa-
METPH CKJIAZIOBUX €JIEMEHTIB CKJIAIHUX 00'€KTIB [T MTHOOKUX HEHPOHHUX Mepexk. [IpecTaBieHO METOIUKY MO0Y-
JIOBU TaKUX HEHPOHHHUX MEPEK.

Kro4oBi ciioBa: HelipoHHI Mepexi, BAPOOHHYI CHCTEMH, BEpPCTaTH- poO0TH

The article presents the results of theoretical and experimental research in the field of improving the reliability
of complex objects, such as mobile intelligent technological machines. This is achieved through the use of model-ima-
ges based on neural networks and deep calculations based on them. The difference between the proposed identification
models, which consists in the use of information about the boundary parameters of the constituent elements of complex

objects for deep neural networks, is shown. A technique for constructing such neural networks is presented.
Keywords: neural networks, production systems, machine tools

Beryn

Oco06mMBOCTI CTBOPEHHSI 00J1aJHAHHS
JUIE BUCOKOABTOMATH30BAHOTO BHPOOHHIIT-
Ba IMPHUITYCKaIOTh HEOOXIJTHICTh BUPILICHHS
3aB/JaHb MIJBUIIEHHS HAAIMHOCTI iX TEXHO-
JOTIYHUX cucTeM. TpaauiiiiHi HampsMKd
aBTOMaTu3allii BUPOOHUIITBA 3aCHOBaHI Ha
NPUHIUNAX Y3TOPKEHOTO MiJBUILEHHS piB-
HIB aBTOMAaTH3allil BCIX HOTO CKJIaJI0BUX.

B ymoBax 3pocTaHHsS HalMEHyBaHb
HOMEHKJIaTypu BHPOOIB 1 3HMKEHHSI 00CSATIB
iX mapTii 3pOoCTaroTh pPI3HOMAHITHICTH 1
CKJIaJHICTh TEXHOJOTIYHOro OOJagHaHHs Ta
3ac00iB, 110 MIATPUMYIOTH 1 3a0€3MeUyIOTh
iX Tpamne3 aTHICTh Y MeXax, 3aJaHuX BUMO-
ramu 10 ekcrutyarartii [1,2,3].

IlocranoBka npoodJiemu

Hanifinictes 0arato3B'si3aHUX CHCTEM
MOXKe OyTH TIpeCTaBlIeHa CHCTEMOIO eJe-
MEHTIB, KOKEH 3 SIKHX Ma€ BJIACTHUBY HoMy
3aKOHOMIPHICTh IMOBIPHICHOTO PO3MOJLTY
BUIAJKOBOI CKJIAJ0BOI BUXIMHOT (QyHKIIIT.
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Kondirypariist 3B'sI3kiB TaKUX CUCTEM MOXKeE
3MIHIOBATUCS 3aJIe)KHO BIiJ] BHUKOHYBAaHUX
GyHKIII.

OcobnuBO akTyalbHa TakKa CHUTYallis
JUIsl peKOH(IrypoBaHMX BHUPOOHUYMX CHC-
TeM. 3aCTOCYBaHHS MOOIJTBHMX TEXHOJOI1Y-
HUX MalllhH, TaKuX SIK BEPCTaTH-POOOTH,
pobokapH, ckiaaaiabHi poOOTH, pOOOTH30BA-
Hl CKJIaJICBK]I CUCTEMH, a TaKOK IIBHJIKO I1e-
peHajaro/UKyBaHi TEXHOJIOTIYHI MAaIlWHU
JUISL 3aroTiBETLHOTO BUPOOHMIITBA (JIeTase-
MPOKAaTHI CTaHM, MAIIWHU Oe3MepepBHOTO
JUTTSL 3arOTOBOK, (hpe3epHO-LEHTPYBANIbHI
Bepcrat 3 UIIY i T.1.), BUMararoTh 3a0e3-
MEYEeHHsI HaJIHHOCTI iX (YHKII10HYBaHHS.

[Ipocte pe3epByBaHHsS €JIEMEHTIB aB-
TOMAaTHU30BaHUX TEXHOJIOTIYHUX CHUCTEM Be-
Jie 10 3HA4YHOTO MiJBHUIIEHHS iX BapTOCTi 1
3HIDKCHHS THYYKOCTI dYepe3 HEOOX1AHICTh
nepedy0BU CTPYKTYpPH BiJIOBIIHOIO MPO-
rpaMor0 BUNycKy BHUpoOiB. ToMy BUHUKa€e
HEOOXIJHICTh TMOIIYKY IHIIMX TNPUHIIUIIIB
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30epeKeHHS KUBYYOCTI TEXHOJOTIYHUX Ma-
IIMH y TIPOIIeci iX eKCIuTyaTarii.

AHAJi3 ocTraHHIX JOCHiKeHb i
myOJikanii

[Ipane3natHuii CcTaH TEXHOJIOTTYHOI
CUCTEMH BH3HAUYAETHCS OC3TIUUI0 3aJaHMX
napaMmeTpiB 1 JOMycKaMH Ha HUX — JOIMYCTHU-
MUMH MeXaMu iX 3minu. Kpurepiem Bigmo-
BU € O3HAKU BUXOJly X04a O OJJHOTO 3aJaHo-
ro Tmapamerpa 3a BCTaHOBJICHUH JIOITYCK.
[TpyunHamMu BIAMOBH MOXYTh OyTH Ipopa-
XYHKH, JIOMYIIeHI TpU KOHCTPYIOBaHHI, Jie-
dbexTu BUPOOHUIITBA, MOPYIIEHHS MPaBHI 1
HOPM eKCITTyaTallii, TONTKO/KEHHS, a TAKOK
MPUPOJIHI MPOLECH 3HOLITYBAHHS 1 CTAPiHHSL.
O3Haku BiAMOBH a00 TOIIKOJKEHHS BHUSB-
JSIIOTH Oe3mocepeani abo HempsMi BIUTUBU
Ha OpraHM YyTTs crocrTepiraya (omeparopa)
SIBHIIl, XapaKTEPHUX JJIS HEMpare3JaTHOro
cTany o0'ekta, a00 TpoOIECiB 3 HUMHU
MOB'SI3aHUX.

Xapakrep BIAMOBH a00 TOIIKOHKCHHS
BH3HAYAIOTh KOHKPETHI 3MiHH, 110 BiIOYIIUCS B
00'exTi. [lo HacmiakiB BiIMOBH a0O IOIIKOJ-
JKEHHS HAJICKATh SIBHUINA 1 TOJII, 1[0 BHHHUKIIH
micis BiIMOBH a0 TMOIIKO/PKEHHS 1 B Oe3mo-
CepPEeTHHOMY TIPHUMHHOMY 3B'SI3KY 3 HAM.

BinmoBH 00'€KTIB TEXHOJIOTTYHOI CHUC-
TEMHU MOXYTh OyTH Pi3HUX BUAIB 1 Ki1acudi-
KYIOTbCSl 3a pI3HUMH O3Hakamu [5-9]. Sk
MOKa3HUKKU O€3BIIMOBHOCTI HEBIJIHOBIIIOBA-
HUX €JIEMEHTIB 3aCTOCOBYIOTh TaKi KUIbKICHI
XapaKTePUCTUKU: HWMOBIPHICTH  BIIMOBH,
HMOBIpHICTb 0€3BiIMOBHOI POOOTH, IHTEH-
CUBHICTh BIJIMOB, CEpEIHE HaIlpallOBaHHS
JI0 B1IMOBH (J10 MEPIIOT BiIMOBH).

BinmoBy enemeHTa (CHCTEMH) MOXHA
BB)KaTH BHITAJIKOBOIO TOJIEIO, 10 BiIOyBa-
€ThCA I BIUIMBOM 0OaraTb0xX BUITAAKOBUX
¢axTopiB. Tak KUIbKICHI TOKa3HUKH BHIIA-
KOBHUX TMOAIN OyaylOThCsl HA OCHOBI HMOBIp-
HICHOI MipH, sIKa Ma€e CEHC TOJi, KOJIH € J0-
CUTh BEJHMKa CYKYNHICTb JOCHIJKYBAHUX
noaiii. Tomy Ha mpakTHIl KiJBKICHI Xapak-
TEPUCTUKHM HAJIHHOCTI €JIeMEHTIB BU3HaYa-
I0Th CTATUCTUYHHUM MUIIXOM HA OCHOBI BH-
POOYBaHHS B IEBHUX YMOBAaX JIOCUTH BEJIH-
KOi apTii OTHOTUITHUX €IEMEHTIB (CHCTEM).
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OT1xe, TeOpis UMOBIPHOCTI Ta MaTeMa-
TUYHA CTATUCTUKA € OCHOBHUM amaparom,
SIKHI{ BUKOPUCTOBYETHCS TIPU JIOCIIIKEHHI
HaJIMHOCTI TEXHOJIOIYHUX CHCTEM, a cami
XapaKTEPUCTUKNA HAIIHHOCTI TOBHHHI OOH-
paTHcs 3 YMCiIa TOKA3HUKIB, IPUUHATUX Yy
Teopii WmMoBipHOCTI. [Ipu 11BOMY, TOBHOIO
XapaKTePUCTUKOIO OyAb-KOi BUIAIKOBOL
BEJIMYUHMU € i1 3aKOH PO3IMOILITY, TOOTO CIiB-
BIJIHOIIICHHS MK MOXIMBUMHU 3HAUCHHSIMH
BUIAJIKOBOI BEJIMYUHH 1 BIAIIOBIAHUMU IIUM
3HAYCHHSIM MOXJIuBOCTsMU [10-14].

MeTta [gocCHiIiKeHHSI — CTBOPCHHS
ineHTHdIKaifHOl MOIENi CKIATHUX 00'€K-
TiB Ha OCHOBI iH(OpMaIlii Mpo rpaHUYHI IMa-
pamMeTpu CKJIaIOBUX €IIEMCHTIB.

BukJiiag ocHOBHOTo MaTepiany

OcCKinbKH HaJIMHICTh cucTeM € (yHK-
mi€ro iX BiAMOB, TO CJIIJ BUOIIWTH BIAMOBH
SK BUXIJl KOHTPOJIbOBAHHUX MapaMeTpiB 3a
JnonycTuMi Mexi [4].

Bunasok BTpaTH mpane3aaTHOCTI elie-
MeHTIB Enm cucTemu i cucremu, B mijiomy, €
IPaHUYHUM BHUXOJIOM IMX MapaMeTpiB 3a

MEXIi JIOMyCKY Y =1(X) (puc.1).

,‘ En - E12 Etm

X V Ea1 j E2 L | Em —:— Y |

\ Ent En2 A Erm

Puc. 1. Bararo3s’sg3anHa cucreMa BHCOKO-
aBTOMAaTHU30BAaHOTO BUPOOHUIITBA

OnHak, 3HIKEHHSA HaIIHHOCTI BUCOKO-
ABTOMATH30BAaHUX TEXHOJIOTIYHUX CHCTEM
MOK€ KOMIIEHCYBAaTUCA MLUISAXOM YBEICHHS
JIO CKJIaJy T€XHOJIOTTYHMX MAIlIMH IHTEJIEeK-
TyallbHUX KOPHUTYBJIBHUX MPUCTPOIB, IO
JIO3BOJISIOTH IIUISXOM BBEACHHS JTOJaTKOBUX
KEepPYyIOUUX BIUIMBIB MOBEPTATH KOHTPOIBO-
BaHI TapaMeTpu B Jiama3oH JOIMYCTUMHUX
3HA4YeHb 1 MATPUMYBATH TaKUW CTaH TPUBa-
nuit gac. J{ns BUsIBIEHHS HEOOX1THOTO PiBHS
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KoMIieHcariiinux BruuBiB delta Ej na ene-
MEHTH cucTemH Eijj 3 METOI TOCSATHEHHS He-
00X1IHMX ITOKA3HUKIB HaIIHHOCTI BCi€l Tex-
HOJIOTIYHOI CHCTEMHU, 3alpONOHOBaHA iJCH-
tudikamiifHa Moaenb 00'€KTa, aJeKBaTHICTh
KO JOCATAEThCS MUIIXOM 3aCTOCYBAaHHS
MPUHIUIIIB OOYMCIIEHh Ha TIMOOKMX HEH-
porHHX Mepexax. [lomiOHO 10 3BHYAHHUX
MEpEeX, TITMOOKI HEHPOHHI MEPEXi MOXKYTh
MOJIENIIOBATA CKJIAAHI HEIIHIHHI BITHOCHHU

MDK elleMeHTaMHu. [ Tnboka HelpoHHa Mepe-
’Ka CKJIaJaeTbesi 3 0araTboxX NPUXOBAHHUX
mapiB, IO J03BOJISIE BUKOHYBAaTH TIIMOOKE
iepapxiuHe TMEpeTBOPEHHS BXIJHHUX HTaHHX.
BaxnauBuM € BH3HAUYeHHS ONTHMAJIBHOI
CTPYKTYpU HEHpOHHOI Mepexi i3 3abesre-
YeHHAM HeOOXIJTHOI TOYHOCTI Ta IIBHUIKOCTL
ii pobotu. IlpuHnMIOBa cxema wi€ei Mojeni
HpejcTaBlIeHa Ha puc. 2.
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Puc. 2. Inentudikarifina Moaeab 00'ekTa i MIATPUMKH BUXITHOTO
PiBHS HAAIMHOCTI TEXHOJIOTIYHOI CUCTEMH

Oco0IMBICTIO

CTBOPEHHSI TJTMOOKOI
HEHpOHHOT Mepexi € 3a0e3nedeHHs BiJIo-
BIJTHOCTI BXIJTHUX 11 MOZEN 3HaYE€Hb KOHT-
pPOJIbOBAaHUX MapaMeTpiB  (YHKIIOHAIBHOT

3aJICKHOCTI Y=1(X) 3HAYEHHS Mepesa-
BAJILHUX XapaKTEPUCTUK elleMeHTiB Ejj Bu-
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XIJTHIM MOJICIBHUM XapaKTePUCTHKAM IIHX
JKe MoKa3HUKIB. Taka BIAMOBIAHICTE JOCsTra-
eTbest MiHiMizamiero delta Ejj >0 3a ymoBu

XX [ ¥-¥ [
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IlepeBipka 1oOymOBH imeHTU(IKAIIINA-
HOi MOZET MPOBOJIWIIACS B YMOBAaX MAaIlIMH-
HOT'O EKCIICPUMEHTY 3 HACTYITHUMH €TaraMHu:

1. Busnauenns napamerpis X, Y i Ej.

2. ®opMyBaHHS MacHBY MPELIE/ICHTIB.

3. CrBOopeHHs TabMII KOPTEXKIB MPELIEICHTIB.

4. TloOymoBa cTpyKTypHu ineHTU(IKaiiHOT
MOJIeNi 3 ypaxyBaHHSM 4HMClia HeHporo-
NIOHMX €JIEMEHTIB y TepIIoMy Helpome-
pEeKEBOMY IIIapi.

5. HapomyBaHHs KiIBKOCTI HeWpomepesxe-
BUX HIapiB J0 JIOCATHEHHS 33aHOTO KpH-
TEPII0 TOYHOCTI BiTHOBJICHHS 3HAYCHb T1a-
pamerpis X', Y’ i E'y,

6. BupoOneHHs Kepyrouux KOPUTYBAIBHHX
BIUIMBIB 3 METOIO ITOBEPHEHHS TIparie3/iar-
HOCTI CHCTEMH B MeEXaxX IlapaMeTpiB
HAIIIHOCTI.

MalHHul  eKCIIEpUMEHT  I10Ka3as.,

10 3a JIONIOMOTOIO BiJTHOBIICHUX IO CTBOpE-

HI ineHTU(IKAIMHIE Mozaenl Kepyrodux

BIUIMBIB i CKOPMIOBaHMX mapameTpiB E'j

BIACTHCSA TOBEPHYTH 3HadeHHs Y 10 3Ha-

yeHHs Y. 3aBIAKM LBOMY 3MEHLIYIOTHCS
KOMIIEHCAI[IMH]1 BIJIMBYA Ha €JIEMEHTH CHUCTE-
MH Ta € MOXJIUBHM 3a0€3IeUeHHsT HeOOXi-
HHUX IOKa3HHUKIB HaaIHHOCTI. TakuM 4HHOM,
3a0e3MeuyeThes 3aJJaHUui pe3yinbTaT YIpaB-
JiHHS 00'€KTOM IPH KOPEKIIil 3 BUKOPUCTAH-
HAM 1IeHTU]IKAIiHOT MOJei.

BucHOBKH

3actocyBaHHS 1AeHTU(DIKAIIHUX MO-
Jeneld Ha OCHOBI TTIMOOKMX HEHPOHHUX Me-
peX J03BOJISIE CTBOPIOBATH MoJIeNi-00pasu
JUTSL TIBUAKO3MIHHMX OOCTaBMH 1 BUKOpPHC-
TOBYBAaTH iX HaBiTh MpU oOMexeHil 1HPOp-
Marlii s BUpOOJIeHHs e()eKTUBHUX KepYIo-
YHMX BIUIMBIB.

YBeneHHsT 10 CKIaay TEeXHOJOTIYHHX
MaIlHH 1HTCIIEKTYAIbHUX KOPHUTYBATBHHIX
IOPUCTPOIB 13 3aCTOCYBaHHSM ileHTH(]iKa-
IIHHOT MoJei 00'ekTa, M0 BimoOpaXkae He-
0OXigHMI piBEHh KOMIICHCAI[IWHUX BIUIMBIB
Ha €JEMEHTH CHUCTEMH, JOIIOMAara€ JOCIITH
HEOOXIMHMX TOKAa3HMKIB HaIIMHOCTI BCi€l
TEXHOJIOTIYHOI CHUCTEMH BIIPOJOBXK YCHOTO
qacy poOOTH.
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RESUME

S.V. Kovalevskyy, O.S. Kovalevska

Increasing the reliability of mobile
intelligent machines based on deep neural
networks

The article deals with increasing the
reliability of complex objects. The results of
theoretical and experimental researches in the
field of increasing the reliability of complex
objects, which are mobile intelligent techno-
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logical machines are presented. On the basis
of the analysis, the necessity of finding other
principles of preserving the survivability of
technological machines in the process of their
exploitation is determined.

It is noted that in conditions of use of
various complex technological equipment in
highly automated production it is important
to ensure its efficiency. The reasons for the
failure of different types of objects of the
technological system have been analyzed,
and the classification has been performed on
various grounds. On the basis of the infor-
mation on the marginal parameters of the
constituent elements, identification models
of complex objects are created.

It is shown that application of identi-
fication models based on deep neural net-
works allows to create model-images for fast
changing circumstances and use them even
with limited information for developing
effective control influences. The difference
between such models is to use information
about the boundary parameters of the con-
stituent elements of complex objects. The
machine experiment showed that with the
help of the created identification model of
control effects and adjusted parameters it is
possible to reduce the level of compensatory
influences on elements of the system. Thus,
the given result of the object control is pro-
vided with correction using the identify-
cation model. The method of constructing
neural networks used for construction of
identification models is presented.

Mobile intelligence machines are con-
sidered as complex objects that need to im-
prove the approach to improve their reliabi-
lity. The application of the proposed method
allows by introducing additional control
effects on complex systems, returning con-
trolled parameters to a range of acceptable
values, and maintaining such a state for a
long time. Due to the conducted research, the
possibility of providing the given result of
object management at correction with the use
of the identification model was confirmed.
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