ISSN 1561-5359. lTyuynmii inTenekr, 2017, Ne 3-4

YK 621.865.8

C.B. Kosanescokuii, O.C. Kosanescoka

Jlonbachka aeprkaBHa MallIMHOOY/IIBHA akaiemMis, YKpaiHa
ByI. AkagemiuHa, 72, M. KpamaTtopcek, 84300

3ACTOCYBAHHSA TEXHOJIOT'I IITYYHOI'O IHTEJIEKTY B
YIIPABJIIHHI BUKOHABUYUMMU PYXAMU MEXAHI3MIB 3
ITAPAJIEJIBHOIO CTPYKTYPOIO

S.V. Kovalevskyy, O.S. Kovalevska

Donbass State Engineering Academy, Ukraine
72, Akademichna str., 72, Kramatorsk, 84300

APPLICATION OF TECHNOLOGY OF ARTIFICIAL
INTELLIGENCE IN MANAGEMENT BY EXECUTING
MOVEMENTS OF MECHANISMS WITH PARALLEL STRUCTURE

VY cTaTTi pO3MIISTHYTO NMUTAHHS 3aCTOCYBaHHS HEHPOHHUX MEPEX JI0 CTBOPEHHS CHCTEMH ieHTUdiKamii
Ta YNOpaBliHHA MOOUIPHMMH BepCTaTaMH-poOOTaMHu. 3ampolOHOBAaHO HOBMH MiJXin 13 3aCTOCYBaHHSAM
CHEKTPaJbHOTO aHami3y (PYHKLiH MOTIMHAHHSA MEXaHi3MOM BepcTaTa-po0oTa 30yMKEeHOi aKyCTHYHOI XBHJIL 3
MOAAJBIIO 00po0Koro iH(pOopMaIl Ha TTHOOKHX HEHPOHHUX Mepekax KacKaTHOI apXiTeKTypu. MaTemaTndHa
MOJICTIb TIPOIIECY BKITFOUAE PIBHAHHI MOIU(IKOBAHUX aKTUBALIHHHUX (PYHKIIH, IO MAFOTh CKIIAIAHY CTPYKTYPY
3B'I3KIB, 1 BimoOpaXkae B3a€MO3B'I30K aKyCTUYHOTO CIHEKTPY i KOOPAWHAT aKTyaJbHOI TOYKH O00'€KTa.
AKYCTHYHHH CHEKTp BIATYKY, IO € CYMOIO 30Y[DKCHHX, NMOTJIMHEHUX 1 BiOOpaXCHUX aKyCTHYHUX XBHUIb,
miagaeTbess 00poOI 32 JOMOMOTOI0 TIHOOKMX HEHpOHHHX Mepek. [loOymoBaHa HefipomepexeBa eTaJIOHHA
MOJIEJb, IO JO3BOJISE JIarHOCTYBAaTH NOTOYHY XapaKTEPHCTUKY CTaHy OO'€KTIB, TakuX K KOH(DIryparis
MeXaHi3My, Oro reOMeTpHYHI apaMeTpH, AMHaMIKa IepeMilleHHs By3JIiB.

Karwu4oBi cjioBa: akycTHYHA [IarHOCTUKA, BEPCTAT-pOOOT, HEHPOHHI MEPEXi, CTAIOHHA MOJICb.

The article deals with the application of neural networks to the creation of a system for identification
and management of mobile machines - robots. A new approach with the use of spectral analysis of the
absorption functions by the mechanism of the machine is proposed - the work of the excited acoustic wave
with the further processing of information on deep neural networks of cascade architecture. The
mathematical model of the process includes the equation of modified activation functions that have a folding
bond structure, and reflects the interconnection of the acoustic spectrum and the coordinates of the actual
point of the object. The acoustic spectrum of the response, which is the sum of the excited, absorbed and
reflected acoustic waves, can be processed through deep neural networks. The neural network reference
model was constructed, which allows to diagnose the current characteristics of the state of objects such as the
configuration of the mechanism, its geometric parameters, the dynamics of nodes moving.

Keywords: acoustic diagnostics, machine - robot, neural networks, reference model.

Beryn

VYnpaBiaiHHS BHKOHAaBUMMH pPyXaMU TEXHOJIOTIYHHMX MAIIMH 3 MeXaHi3MaMH
napajielIbHOI CTPYKTYpH SBJisie COOOI0 CKIIQAHy 3ajJady, pIIIEHHS SKOI MOXe OyTu
OTPUMAHO Ha OCHOBI PillIEHHs 33/1a4 KIHEMAaTUKU Ta AMHAMIKM BUKOHaBYMX MEXaHi3MiB. Y
pe3ynbTaTi MOKYTh OyTH CTBOPEHI YMOBH ISl TOUHOTO MO3UITIOHYBAHHS POOOYHX OpraHiB
BUKOHABUMX MEXaHI3MIB MpPHU ONTHUMAJIBHHUX MIBHJKOCTAX 1 NMPUCKOPEHHAX iX PYyXiB IO
3amaHii TpaekTopii. g muxX Il cucTeMu YNpaBiiHHS TOBHHHI OYTH OCHAIIEHI
1H(OpPMATUBHUMH CUCTEMaMHU 11eHTH]iKaIlii 00'€KTiB.

[Ipu niarHoctyBaHHi BepctariB 3 YIIY BHHHKaOTH TpyAHOIl, 3yMOBJEHI IX
BENMKOIO cKiagHicTio. IloTpiOHI Benuki BUTpaTH yacy Ha BUSBJICHHS HECIPaBHOCTEH,
3aCTOCYBAaHHSI CUCTEM JIIarHOCTHKH, CKIIQJHOI KOHTPOJIHHO-BUMIPIOBATIHHOI amapaTypH, a
TaKOX HasBHICTb BUCOKOKBaJIi(h)iIKOBAHOT'O OOCIyTrOBYIOYOTO MepcoHany. JliarHOCTyBaHHS
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YacTO YCKJIAJHIOEThCS PI3HOMAHITTAM 3acTocoByBaHuX YUIIY, HeIOCTaTHBOIO KIJIBKICTIO
¢axiBuiB Jis1 iX 00CIyrOBYBaHHS.

IlocTanoBka nmpodJjemu

Ha ocHoBi aHamizy miTepaTypHUX JaHHUX, IO MPUCBSIYCHI 3aBJaHHSIM KiHEMATHKH i
IWHAMIKM BMKOHABUMX MEXaHI3MiB, BCTAHOBJIEHO, IO € HEOOXIiAHICT, B ONTHMIi3alil
YIpaBIiHHSA CKJIAJHUMH MEXaHI3MaMH TEXHOJOTriyHUX MamuH. OJHUM 3 OCHOBHHUX
HANPSIMKIB y JOCHIDKEHHSIX BEPCTATIB 3 MapalieIbHOI0 KIHEMATHUKOIO € MUTAaHHS TOYHOCTI
MO3HIIIOHYBaHHS, 3a0€3MEeUeHHs] ONTUMAIBHOTO IEPEMIIICHHs 1HCTpYMEHTa B yMOBax
BEJIMKMX IIBUAKOCTEH BHKOHABUMX MEXaHI3MIB IpU 3a4aHiil Tpaekropii. [[nsg TouHOoro
NO3MIIOHYBAaHHS pPOOOYMX OpraHiB BHKOHABYMX MEXaHI3MIB IPH ONTUMAIBHUX
IMIBUJIKOCTAX 1 NPUCKOPEHHSAX I1X pyXiB MO 3afaHid TpaekTopii, HEOOXiMHO MaTu
iHpopMmaTuBHI cuctemu ineHTHdiKamii o00'ekTiB. HeoOximHO TakoX BpaxoBYBaTH
e(EeKTUBHICTh MPOIIECIB.

AHaJIi3 0CTaHHIX J0CTiZKeHb i myOsikanii

Jnst 37iCHEHHST KOHTPOJIO CTaHy KOHCTPYKLIM y BaKKOJIOCTYIMHMX 1 HEJOCTYITHHX
MICIIX Ta 1IeHTH]IKAIli TPIIMHOYTBOPEHHS B METAJICBUX KOHCTPYKITISIX PEECTPYIOTh CHTHAIN
aKyCTUYHOI eMICii 1 CTpyMH BHTOKY, a IMOTIM HAKOMUYYIOTh Ili CUTHAIM B HEMEPEPBHOMY
PEXKUMI Ta MONEPEIPKAIOTH PO HAOIIMKEHHSI X 3HAYCHb J0 KPUTHYHKX PiBHIB [3].

[Tpu MmexaHiuHiii 0OpoOIi AN AlarHOCTYBaHHS Ta MPOTHO3YBAaHHS CTaHy IPOILECY
3aCTOCOBYIOTh aKYCTUYHUIN CHTHAJ y 30HI 0OpoOIli, Ta HA OCHOBI JaHWUX aKyCTUYHOI eMmicil
HONepePKaoTh HACTAHHS aBapiiiHoi cutyarii. s po3nizHaBaHHS CTaHy MIPOLIECY MEXaHIYHOT
00pOOKH 3aCTOCOBYIOTb MATPUYHHI METOJ, KW [03BOJISIE BU3HAYUTH MpAIe3IaTHICTH
00’eKTiB TpY 3MIHEHHI OJHOTO 3 TapaMeTpiB B 4Yaci abo SKIIO HEOOXiJHE mapajieibHe
3HIMaHHS iH(OpMAIlii 10 IEKUIBKOX MapamMeTpax, Y 4iTko GpikCoBaHUI MOMEHT Yacy [4].

VY BepcraTax 3 4YMCIOBUM IPOTPAMHUM YIIPABIIHHAM 3 METOIO IiABUILIEHHS TOYHOCTI
MeXaHI4HOT OOpOOKM 3aCTOCOBYIOTH HEHpPOHHE NPOTHO3YBaHHS, IO A€ MOXKJIHMBICTH
aBTOMATHYHOI 3MIHM TPAa€KTOPii Mojadi pixKyyoro iHCTpyMEHTa B mporieci oOpoOku 1 ii
KOpeKIii B mepediry 3minu [5].

BaxnuBuM NMUTaHHAM € po3poOKa MaTeMaTHYHUX MoJeNIeHd, sIKi J03BOJIAIOTh, I10
3a37ajeriib BUMIPIOBAHUM IMapaMeTpaM TOYHOCTI, NPUHAMATH HACTYIMHI pIIIEHHS 3
MO1aJIbIII0I0 0OPOOKOIO 3arOTOBOK Ha TAHOMY BEPCTaTi.

Merta pociizkeHHs

Mertoro nocniKeHHs € po3poOKa cucTeMH ieHTU(IKalii 1 yIpaBIiHHSI MOOUTBHUM
BEPCTATOM-pOOOTOM Ha OCHOBI CIIEKTPAJILHOIO aHaNi3y (YHKLIN MOTJIMHAHHSA aKyCTHUYHOI
XBWJII 3 IOJANbBIIOK0 00poOKOI0 1H(GOpMallli Ha TIMOOKUX HEHPOHHUX Mepexkax KacKaTHOi
apxiTekTypu. O0'eKTOM JOCIIPKEHHS € poboYa 30Ha MOOLTBHOTO BepcTaTa-podoTa.

BuKkJj1a1 0CHOBHOI0O MaTepiaay

['imoTe3a npo B3a€MO3B'A30K PO3MIPIB 1 CIIEKTPIB aKyCTHUHUX CHUTHAJIB J03BOJIMIA
chopMyBaTH OJHOYACHO OCHOBHI TPHHIWIHN CTBOPEHHS METOJUKH aKyCTHYHOI
JIarHOCTUKU KOMITJIEKCY XapaKTepPUCTUK AeTaii [6].

Ha mizncraBi KOMILIEKCY TPOBEACHUX pOOIT TO JOCHIKEHHIO MOMIJIUBOCTI
reHepyBaHHs Ta 3aCTOCYBaHHS CIEKTPIB MOTJIMHAHHS aKyCTUYHHUX CHUTHAIIB HOPMOBAHOTO
«O1I10TO IITYyMY» TTPOCTOPOBUMHU MEXaHI3MaMH 3 TapajieIbHOK KIHEMAaTHKOIO BCTAHOBJICHO,
10 TaKUil MiIXix JO3BOJSIE JOCUTh TOYHO iACHTU(IKYBaTH iX KOH]Irypariro B CTaTULl 1
JUHAMIIl — J1arHOCTYBAaTH KOOPAMHATH TPAEKTOPi 1 MO3MIIM BUKOHABYMX OpraHiB 1
JUHAMIYHHUX XapaKTePUCTUK PYXOMHUX €JIEMEHTIB BEpCTaTiB-pPOOOTIB.
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AKYCTHYHHUHA CHEKTP BIATYKY, IO SBJSE€ COOOK CyMy 30Y/DKCHHX, MOTVIMHCHHX 1
BiZIOOpaKEHUX aKyCTUYHHMX XBWJIb MiAIA€ThCs 00poO1li Ha MTHOOKMX HEHPOHHUX MEpEeKax.
PesynpraTom Takoi oOpoOKM € MOJenb, IO IHTErpye OCOOIMBOCTI OaraTorapoBHX
nepuentpoHiB i kapt Koxonena. Take o0'enHaHHS MOXJIMBE 3a JOMOMOTOK HEHPOHHUX
MepeX KackaIHOi KoHpirypaii 1 Moau¢ikoBaHUM HEHPOITOAIOHIM €IEMEHTOM.

OCKUTbKM aKyCTUYHHUNA CIIEKTP MOTJIMHEHOTO «O1JI0r0 IIyMYy» 3MIHIOETHCS P 3MiHi
KoH(pirypamii 00'ekTa, akTyamizaimis HeHWpoMepe:keBoi Mojesi (MareMaTuYHOl MOJENi, B
AKIi PIBHAHHSA MOAM(DIKOBAaHUX AaKTHBALIWHUX (QYHKUIA MalOTh CKIAAHY CTPYKTYpY
3B'SI3KIB) J103BOJISIE BCTAHOBIIOBATH 3aIeKHOCTI (1):

F(A 1) =x(1),y(), (1) 1)

ne F(A, t) — akycrtuunuii crektp, X(t),y(1),z(t) — xoopauHaTH aKTyalbHOI TOYKH
o0'exta. L1i nani MOXyTh OyTH BUKOPUCTAHI AJIsl YIIPABIiHHS MMO3UI[IOHYBAaHHS 00'€KTA.

Y Bepcratax 3 TapajeNbHOK KIHEMaTHUKOIO VYIPaBIIHHS TMepeMilICHHSIMU
YCKJIATHIOETBCS ~ HEOOXIAHICTIO  y3TO/DKEHHS JIOBKHH INTaHT JIs  3a0e3redeHHs
HOPSIMOJIIHIHOTO PyXY, a (PYHKIII€I0 ONTUMAJIBHOCTI € MiHIMIi3alligd IepeMilieHb 3 T. A B T.
B. Tomy eranonHa MO/ieIb TOBUHHA BPaXOBYBAaTH XapaKTEPUCTUKU 00'€KTa, IO MOCTIHHO
3MIHIOIOTBCS, a TaKOX BHKOPHCTOBYBAaTHCS Yy Tporeci (YyHKIIOHYBaHHS BepcTaTa.
CTBOpeHHsI TaKoi MOJIeJIl MOXIIMBO Ha OCHOBI HEMpoMepekeBoro arpokcumaropa (puc. 1).
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Puc. 1. [lepeTBopeHHs MPOrpaMHOT KOOPIAUHATH Y BiANpalboBaHi KOOPIHMHATH
nepeminieHHs iHcTpyMeHTa (X, Y, Z) npu 0JHOYaCHOMY MEpEMIIIeHH] §-MH JIAHOK 3
HOPMOBAHOIO TUCKPETOIO MEPEMIIIeHHS

Oco06MBICTh TaKO1 €TaJTOHHOI MOJIEII B TOMY, 110 BXIIHUMH JAaHUMHU € KOOPJAUHATH
TpaekTopii XBX, YBX, ZBX, PEKOMEHJIOBaHI MpPOrpamolo, sKi MEpeTBOPIOIOTHCS B
NEepEeMIILEHHSI CTPIYKU 1 poOOYOro OpraHy cTaHka XBUX, YBHUX, ZBUX. 3HAUeHHS AX, Ay,
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Az € BUXIAHMMM 3HAYCHHSIMH HEUPOMEpPEKEeBOI MOJeNl KIHEMaTH4YHOI TOMUIIKU Ta
BpPaxOBYIOThCS MPU KOpUTYBaHH1 KoopauHAT TpaekTopi X ', Y', Z '. [Ipuyomy, 1st Mmoiens
CTBOPIOETHCS O€3MepepBHO Y mpoiieci pyHKIIOHYBaHHS 00'€KTa, HA OCHOBI XapaKTEPUCTHK
CTaHy poO0YOi 30HU CTaHKa.

Ha mizcraBi BUXiIHUX MPOrpaMHHUX JaHUX IPO KOOPAMHATH X, Y, Z, §Ki
MIEPETBOPIOIOTHCS B TEPEMIIIEHHST pOOOYOro 1HCTPYMEHTa MOXKHA OTPHMAaTH BiJOMOCTI
PO CTaH IUTAHT, a 3 OIJISAAY Ha KOH(IrYypalilo ITaHT, OTPUMAaHy 3a JOIIOMOT0I0 00poOKH
AKyCTHYHOTO CIIEKTpa CKOPEryBaTH TOYHE MOJIO0XKEHHS poO0YOro oprany Bepcrara.

PobGoTa eranonHOi MoOzeni 3acHOBaHa HAa BUKOPUCTAHHI TNPHUHIHMIIB KacKaJHOI
HelipoHHOT Mepexi. TouHICTh MOJENIOBaHHS Ha KOXHOMY HAcCTyIHOMY Kpoli
30UTBIIYETHCS 32 PAXYHOK YCKJIQJHEHHS Mojeli. [ TnOOoKi HEMpPOHHOT MEpekKi 3aCHOBaHI Ha
TOMY TIPUHIMIN, IO KOXXHMM HACTYMHUN HEWPOHHUW IIap BUBYAE HOBUM pIiBEHBb
abCTPaKTHOCTI JJaHMX, a JI0/IaBaHHS HOBOTO LIapy B MOJIENb MOKPAIILy€E BapialiifHy Mexy
norapudma — nMpaBIonoai0HOCTI MOACIII.

BukopucTaHHs MaTeMaTHYHUX METOJIB, Y TOMY YHCII HEHPOHHHX MEPEXK, JT03BOJISE
BUSBUTH 3HAYYIIl 1 HE3HAUYIIl (haKTOPH, BUSHAYUTH B3a€MO3B'SI30K BXITHUX 1 BUXIJTHUX
napamerpiB. s 1mbOro HEOOXiMHO BHKOHATH aHAJ3 KOPTEXKIB TPH IiArOTOBII
EKCIIEPUMEHTY, a MOTIM 1AeHTU(]IKYBaTH MO aKyCTUYHOMY CUTHalIy HEOOX1/IHI mapaMeTpHu.
[Tpryomy, YnM CKJIAIHIIINI BIUIMB HA 00'€KT, TUM OUIBIIE 1HIUBITyabHUX BIACTUBOCTEH
o0'ekTa MpOSBISIETbCS B (PYHKIII BIATYKY, TOMY 3acTOCYBaHHs OLUIOro IIymy, sK
NPOsIBHUKA, BUIIPABIIAHO, JUIsI BUSBIICHHS BJIACTUBOCTEH 00'ekTa (pHc.2).
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Puc. 2. B3aeM03B'130K BXiIHUX 1 BUXIJJHUX ITapaMeTpiB MO

3a CTBOPEHOI eKCIepUMEHTaIbHOI 6a3u Oynu 1moOyJoBaHI HeHpOMEpeKeBl MOJei
JIarHOCTUKM KOH(]Iirypamii MexaHi3My; TE€OMETPUYHHMX NapaMeTpiB MexXaHi3My mpu
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MpaIIOI0YOMy  MOTOP-IITMMHIENI;  JWHAMIKa  TEPEeMIIICHHs  BY3JIIB  MEXaHI3My
EKCIIEPUMEHTAILHOTO CTeH/IA 31 3MIHHOIO IIBHJIKICTIO 1 HABAHTAXXCHHSIM Ha MPUBII; 3MIHH
TemIeparypu 00'ekTa.

CrBopeni HelipomepexeBi Mojeni Oynu MmiJAaHi NepeBipli Ha aJeKBaTHICTh 3a
kputepiem  dimepa.  AEKBaTHICTh  MOJENCH  MIATBEp/UKEHAa  OaraTopasoBHM
MEPEBUILECHHSAM PO3PAaXyHKOBOTO 3HAuYeHHS KpuTepiro Dimepa Haa WOro TaOIWIHUM
3HAYEHHSAM JUIs 3aJaHOi MMOBIPHOCTI HOMWJIKHM JUId MOJENed BXOJIB - YacTOTHHUX
Jiarma3oHiB aKyCTUYHOTO CIEKTPa, MOOYI0BAaHUX HA CTPOK KOPTEKY BUXITHUX JaHUX.

BucHoBkHu

Y poboTi po3po0JICHO METONWKY AaKyCTUYHOi [IarHOCTHKHU [UIsl MEXaHi3MiB
TEXHOJIOTIYHMX MalluH (BEpCTaTiB-pOOOTIB), IO JIO3BOJSIOTH JIarHOCTYBATH Pi3HI iX
CTaHU B pi3HUX yMoOBax. [lokazaHa MOXIIMBICT BUKOPUCTAHHS 3aIIPOIIOHOBAHOTO MiIXOTY
JI0 YIpaBJIIHHA CKJIAJHUMHM TEXHOJOTIYHUMHM MAalIMHAMH, TaKMMU SK BepcTaTH 3
MeXaHi3MaMH, Ha OCHOBI TapayiebHOI KIHEMAaTUKH JUIA MiJBUIIEHHS TOYHOCTI
MO3UI[IOHYBAaHHS BUKOHABYMX MEXaHI3MiB, 3a0€3Me4YeHHs iX IWHAMIYHOI HACTPOMKH 1
onTuMi3amii TpaeKkTOpii MepeMilmieHb poOoumx opraHiB oOnagHaHHS (PIKYYOTO
1HCTpYMEHTY). Po3pobnena MeToauka akyCTUYHOI JIarHOCTUKY I MEXaH13M1B BepCTaTiB-
poOOTIB  JTO3BOJISIE PO3MIUPHUTH JTIAlla30H MOMJIMBOCTEH IMIBHINEHHS TOYHOCTI 1
MPOJYKTUBHOCTI iX pOOOTH.

TakuM YMHOM, Ha OCHOBI BHKOHAHOTO aHANi3y ICHYIOUHMX METOMIB 3a0e3MeUeHHS
TOYHOCTI BEPCTATIB 3 IMapajeIbHOK KIHEMAaTHKOK 1 METOMIB JIarHOCTHKH IIPOIIECIB
MeXaHI4HOT 00poOKM po3po0JeHa KOHLENINS YNPaBIiHHSA BEPCTATOM 3 MNapaleIbHOIO
KIHEMAaTHKOIO 13 3aCTOCYBAaHHSAM aKyCTMYHOI'O KOHTPOJIIO HAa OCHOBI €TaJOHHOI MOJEI Ha
IIIMOOKKX HEHpOHHHUX Mepekax. OOrpyHTOBaHa Ta MiATBEPKEHA MOXIIUBICTh YIPABIIHHS
MEXaHIYHOI 00OpOOKOI0 Ha OCHOBI €TaJOHHOI MOEN Ha ITMOOKMX HEHPOHHHX Mepexkax.
[le cras0 MOXIMBHM Ha OCHOBI CHEKTPAJIBHOTO aHami3y (QYHKUIA TOTJIHHAHHS
MeXaHI3MOM BepcTaTa-po0oTa 30y/1KEeHOI aKyCTUYHOT XBUIII «OLIOT0 IIyMY» 3 MOJIANIbIIO0
00po0OKkoro 1H(popMallii Ha TTIMOOKUX HEMPOHHUX Mepexax KackaJHOi apXITEKTypH.

OTpumaHi pe3ynbTaTH JOCHIIKEHHS MiATBEP/UKYIOTh IOJOXKEHHS, BHKJIAJEHI B
poboti [13], ne aBTOpamMH CTBEpPKYETHCS, IO YIPaBIIHHS BUKOHAaBUMMH pyXaMu
TEXHOJIOTIYHUX MAILIMH 3 MEXaHi3MaMH MapalielbHOI CTPYKTYpHU SIBJIsE€ COOOI0 CKIAaTHY
3a/1a4y, pIlIEHHs SKOI MOKe OyTH OTpUMaHO Ha OCHOBI PIIIEHHS 3aJa4 KIHEMaTHUKH Ta
JUHAMIKM BHKOHABUMX MEXaHI3MiB. Y pe3ynabTaTi MOXYTh OYTH CTBOPEHI YMOBM JUIs
TOYHOT'O TO3ULIOHYBaHHS POOOYMX OpraHiB BUKOHABUMX MEXaHI3MIB NPH ONTHUMAIbHUX
HIBUJKOCTAX 1 MPUCKOPEHHSX iX PYXIB MO 3adaHiil Tpaektopii. g nux uiieil cucreMu
yIpaB/liHHA TOBUHHI OyTHM OCHalleHI 1H(QOPMAaTUBHUMM CHCTEMaMHu i1JeHTH(iKamii
00'exTiB. [l MiATBEpIKEHHS LBOTO IMPOMOHYIOTHCS PE3YJIbTAaTH EKCIIEPUMEHTAIBHUX
JIOCTIIKEeHb, SKi JMAlOTh MiJCTaBU JUIS CTBOPEHHS CHUCTEM MJIarHOCTHKH KIHEMAaTHUKH 1
JTUHAMIKH MEXaH13My, Ha 0a3i SIKOTO aBTOpPaMH CTBOPIOIOTHCS MOOLIBHI BEPCTATH-POOOTH
JUISl 3aCTOCYBAHHS B PEKOH(IrypoBaHUX BUPOOHMUYMX CHCTEMaX MEXaHI4HOI 0OpOOKH.

Heiiponne nmpornozyBanHs 3MiHH (OpMHU 1 PO3MIpPIB JIeTalel B Yaci 1a€ MOXKIIUBICTh
aBTOMATHYHOI 3MIHM TPAaeKTOpii Mojadi iHCTpyMEHTa y mpolieci oOpoOkH 1 i Kopekuii
MPOTSTOM 3MIHH, IO JO3BOJUTH ICTOTHO IMiJIBHIIUTH TOYHICTH OOPOOKH Ha KOHKPETHOMY
BepcTaTi, 110 HAJUIEHUH  IHIMBIAYaJbHOIO  XapaKTEPUCTUKOIO JKOPCTKOCTI  Ta
reoMeTpuyHOl0 TOYHICTIO. CuctemMa HeHpoKepyBaHHs HaJlIeHa YHIBEPCAJIbHICTIO,
JTO3BOJISIFOYM TPOBOJUTH IIBHJIKE HABYAHHS B KOHKPETHHX yMOBax OOpOOKH It Oy/b-
SKOTO BepcTaTa. 3acTocyBaHHsS neural control TexHONOTIH MO3BOJISIE€ IMiIBUIIUTH
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MPOJYKTUBHICTh MEXaHIYHOI OOpPOOKHM 3a pPaxyHOK MIiABUIIEHHS TOYHOCTI OOpOOKH
HUIIXOM 3MIHM TIOJIOKEHHA 1 TPAEKTOpil pyXy pDKydoi KPOMKH IHCTpyMEHTa 3
ypaxyBaHHSIM F€OMETPUYHOT HETOUHOCTI BEpCTaTa i TeMIEepaTypHUX IedopmMalliid, a TaKox
3MiHH XapaKTEPUCTUK KOPCTKOCTI BepcTaTa.
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RESUME

S.V. Kovalevskvy, O.S. Kovalevska

Application of technoloay of artificial intelligence in management by executing
movements of mechanisms with parallel structure

The diagnosing machines there are difficulties due to their great complexity. It takes
a lot of time to detect malfunctions, use of diagnostic systems, complex control and
measuring equipment, and also the presence of highly skilled attendants. Diagnosis is often
complicated by the variety of used, the lack of specialists for their maintenance. Therefore,
it is important to develop diagnostic and control systems in the working space of machines.

Based on the analysis of literary data devoted to the problems of kinematics and
dynamics of executive mechanisms, it has been established that there is a need to optimize
the management of complex mechanisms of technological machines.

The purpose of the study is to develop a system for identification and management of a
mobile machine tool - a robot based on the spectral analysis of acoustic wave absorption functions
with the further processing of information on deep neural networks of cascade architecture.

In machines with parallel kinematics of displacement management is complicated by
the necessity of coordinating the lengths of the rod to provide straightforward motion, and
the function of optimality is minimization of displacements from t. Therefore, the reference
model should take into account the characteristics of the object that is constantly changing,
and also used in the process of operation of the machine tool. Creation of such a model is
possible on the basis of a neural network approximation.

The peculiarity of such a reference model is that the input data is the coordinates of
the trajectories recommended by the program, which are converted into the movement of
the tape and the working organ of the machine tool. The work of the reference model is
based on the use of the principles of cascade neural network. Deep neural networks are
based on the principle that each successive neuron layer examines a new level of
abstraction of dashing, and adding a new layer to the model improves the variation of the
logarithm - the reliability of the model. By the created experimental basis neural network
models of diagnostics of the configuration of the mechanism were constructed; geometric
parameters of the mechanism when working motor-spindle; dynamics of movement of
knots of the mechanism of the experimental stand with variable speed and load on the
drive; temperature change of the object.

The method of acoustic diagnostics for the mechanisms of technological machines
(machines - robots) is developed, which allow diagnosing their different states in different
conditions. The possibility of using the proposed approach to the management of complex
technological machines, such as machines with mechanisms based on parallel kinematics,
is shown to increase the accuracy of the positioning of actuators, to ensure their dynamic
adjustment and optimization of the trajectories of displacements of work equipment bodies
(cutting tools). The developed method of acoustic diagnostics for mechanisms of machine
tools - robots allows expanding the range of possibilities to increase the accuracy and
productivity of their work.
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