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AHHOTAUA

B cBsI31 ¢ pOCTOM KOHKYPEHIIMH Ha PHIHKE OCTPO CTOUT MpoOiieMa MOBBIMEHUS () PEKTHBHOCTH
00pabOTKH Ha CTaHKax ¢ YMCIOBBIM IporpamMMHbIM yrpaeineruem (UITY). Kpome Toro, ceromus
OPEONpUATHAM Hano O00eCHeYuTh COOTBETCTBHE BBIIIYCKAEMOH NPOAYKIUH TpeOOBaHHUAM
MexayHapoaHbix crannapToB 1SO. B nacrosmee Bpemsi B Poccuu uaér akTUBHOE BHEOPEHHE
HOBBIX aBTOMAaTH3HPOBAaHHBIX CPEICTB MHOOPMAIIMOHHOW MOANCPKKH M3JEIMH Ha BCEX AdTamax
KU3HEHHOTO ITUKJIA.

B cratee paccMOTpeHBI MOJIENIM YIpaBICHHUS CTaHKAMH C YHCJIOBBIM TPOTPAaMMHBIM
ynpaeneHueM. Crenan BeIBO, 00 3(h(heKTUBHOCTH MPUMEHEHUST HEHPOHHBIX CeTel It paboThI C
JAHHBIM TUIIOM CTaHKOB. IIpuBeneH npuMep HEMPOHHOU CETU € ABYMSI CKPBITBIMU CJIOSIMU C 3 U 5
HEHpPOHaMH COOTBETCTBEHHO.

KuroueBble cji0Ba: MPOMBIIUIEHHOCTD; YIPaBiIeHHE; HEHPOHHAs CETh; YHUCIOBOE MPOTrpaMMHOE
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Abstract

Due to increasing competition in the market, there is an acute problem of increasing efficiency of
processing on the machines with computerized numerical control (CNC). Besides, enterprises
nowadays have to ensure compliance of products with the requirements of ISO international
standards. At present, Russia is going through an active introduction of new automated tools of
information support of products at all stages of the life cycle.

The article discusses the model of management of machine tools with numerical control. The
authors draw a conclusion about the efficiency of utilizing neural networks to operate with this
type of machines. They also provide an example of a neural network with two hidden layerswith3
and Sneurons respectively.

Keywords: industry; management; neural network; numerical control; automated systems.
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Beeoenue

B cBsi3M ¢ pocTOM KOHKYpPEHIIMHM Ha PBIHKE
OCTPO CTOUT MpobieMa MOBBIIEHUS 3PPEKTUBHOCTH
00pabOTKM Ha CTaHKaX C YHCIOBBIM MPOTrPaMMHBIM
ynpasieanem (UIIY). Kpome Toro, ceromgas
OPEANPHUITUSIM  Halo OO0ECledYnuTh COOTBETCTBUE
BBIITyCKaeMOM MPOAYKINH TpeOOBaHUIM
MeXIyHaponHeIX cTaHgaptroB ISO. B HacTosmiee
BpeMsi B Poccur WAET aKTHMBHOE BHEAPCHHUE HOBBIX
ABTOMATH3UPOBAaHHBIX CPEACTB HHPOPMAIMOHHON
MOJJICP)KKU WM3JICITHHA Ha BCEX dTamax >KU3HEHHOTO
mukina. Ha MHOrMX Tpeanmpusatusi mpeoOiianaeT
MEJIKOCEpHUIHOE W CAMHUYHOE  IMPOU3BOJCTBO
netaneli ¢ (GopmooOpasyromiei  OBEPXHOCTHIO
cnoxHou popmel. [lpu aTrom oOpaboTka Bemercs Ha
BBICOKMX CKOPOCTSX C OOJBIIMMHU  [MOJa4YaMu

JIeTaJIeH. Bbonbmum IIPEUMYIIIECTBOM
obpabaTeBarommx 1eHTpoB ¢ YIIY, sBisgercs
CHIDKEHHE TpeOOBaHMH K KBaTHU(UKAITHH

oOciyxuBaromiero nepconaiga.  OmHako, oOIIMM
HepocTtaTkoM cucteM ¢ YUIIY gBasgercst 3aBUCUMOCTH
€ro DJKCIUTyaTallMOHHBIX TapaMeTPOB, TaKWX Kak
CKOPOCTh BpAILIEHUs MIMUHACIS U CKOPOCTh IOJIa4H,
oT MIPOTPaMMBI YIIPaBJICHHUSI, BHOCHUMOM
MIPOrPAMMHUCTOM WIJIH TIOCTOSTHHOW 0a3bl TapaMeTpOB.
B pesynbrare, MmHorue cuctemsl ¢ UIIY paGorator
HeahekTuBHO.

Memoost ynpasenenus npomoluiieHHbIM
o0bopyoosanuem

B Hacrosmiee BpeMs 3ajadya  [OBBILICHHA
MIPOU3BOAUTEIHHOCTH 00Pa0OTKH JeTallell pemaeTcs
METOJaMH aJaNTUBHOTO ONTHMAIBHOTO YIPaBICHUS
¢ OonpmIMM  JOMyIIEHHEM,  IOApa3zyMeBaeTcs
MOCTOSIHCTBO BXOJIHBIX MapaMeTpoB uzaenus. Teopus
aJanTUBHOTO, ONTUMAIBHOIO M  KJIACCHUYECKOIO
yhnpaBieHuss  0a3upoBajHCh, B  3HAYUTEILHOU
CTENEHU, Ha ujee JMHeapu3auuu cucteM. Jlnsg ux
MPaKTUYECKOT O MIPUMEHEHUS TpeboBaiack
paszpaboTka MaTEMATHYECKUX MOJIETIEN. B
JNEHCTBUTEIHHOCTH JK€ €CIH W yNAeTCsl TOCTPOUTH
MOJIEIb TOYHO OTPaXKAIOIIYI0 CBA3b MEXY BBIXOJOM
U BXOJOM CHCTEMBI, TO OHAa 4YacTO OKa3bIBaecTCA
HETIPUroAHON i 1esei ynpasienus. [IpakTuuecku
MPUEMIIEMBIMU MOT'YT OBITh TOJIEKO MOJIENI C HU3KOM
YYBCTBUTEJIBHOCTBIO MO MapameTrpam [2, 3], drTo
CJIOKHO OOECTIEUUTH JUTsI HETMHEWHBIX CHCTEM.

Cratuctuueckue MOJIENH yIpaBICHAS
NOJY4YWIM HauOolee I[IMPOKOe NPUMEHEHHE B
COBpeMeHHBIX cucremMax. (CrTaTHUeckue MOJeNH
MO3BOJISIIOT TPOBECTH MPOBEPKY Ha aIeKBaTHOCTH
MyTEM MCCICAOBAHUS YACTOTHBIX XAPAKTEPUCTUK C
UCIIOJIb30BAaHUEM CIEKTPAIBHOIO aHanmu3a Tak ke
OHHU SBISIIOTCS OoOJiee MPOCTBIMH, TIO CPaBHEHUIO C

IPYTUMH MOJENIAMH cHucTeM yrpasieHus. [lpu
IIOMOIIM TaKOro0 METOAa MOXKHO HCCIeIOBaTh
MOBEJICHUE  KOHCTPYKIIMM B OINPEICICHHOM
IUana3oHe 4YacTOT TMyTeM aHajh3a YacTOTHBIX
XapaKTePUCTUK METOAaMH KIIACCUYECKOH TEeOpHH
YIPaBICHHUSL. K HEI0CTaTKaM OTHOCSITCSL:
HEJOCTaTOYHAsE TOYHOCTb M OTCYTCTBHE Y
WCTIONB3YeMBIX ~ TEPEMEHHBIX W IapaMeTpOB
(hU3UIECKOTO CMEBICIIA.

AJanTHBHOE YNpaBICHUE OCHOBBIBACTCS Ha
MaTeMaTHYECKUX MOJIEIISIX, OTIMCHIBAIOIIIAX
(hm3uvecKue Mmporecch W sABIeHUA. Bo3meiicTBue Ha
YIpaBIsieMbIil MPOIECC BEAETCS COTJACHO IeNEBOM
(YHKIMU — 3aKOHA YIpaBleHHS, HAPABICHHOTO Ha
JIOCTHKECHIE u Mo/ pKaHNe HauboIee
3¢ (eKTUBHOTO 3HAYEHHS KaKOro—IHOO IMapameTpa
[1,5, 6].

K aganTuBHOMY  yNpaBIEHHIO  OTHOCSTCA
yOpaBJIeHHEe HAa OCHOBE HEYETKOW IJIOTHKH, C
CaMOHACTPOMKOM, 0000IICHHO—TPOTHO3UPYIOIIIEe
ynpasienue [1].

Bce »tH cmocoObl ympaBieHUS HE TOIYYHIIN
HIMPOKOT0 pacnpocTpaHeHus. Ho mpumensrorcs B
Pa3IMYHBbIX TEXHUYCCKHUX CHCTCMax. OCHOBHBIMU
HEJOCTaTKaMH JTAHHOTO THITA YIPABICHUS SBISETCS
HE00X0TUMOCTh MTOCTOSIHHO OTIPEIETISTh
aJIecKBaTHOCTh ~ MareMaruueckod  mojenu.  He
CYIIECTBYET METOJIOB aBTOMATH3AllMd JIaHHOTO
mportecca. OCHOBHBIM HEIIOCTATKOM aJallTHBHOTO
TUIIA YHOPaBJICHHUA SABJIACTCA €ro Majasd FI/I6KOCTB.
[lpu w3MeHeHHAX B OOBEKTE YINpPABICHUS WA BO
BHEIIHUX YCIOBHSIX TpeOyeTrcs IepecTpauBaTh
MOJeNIb W ONpeAessITh JUIs Hee HOBBIH 3aKOH
ynpasieHus. Takum o06pa3oM, TpeOyeTcst MOCTOSHHO
«BPYYHYIO» OTIPEIETISATh a7IeKBaTHOCTh
MaTeMaTHIECKON MOJIEIH.

Ilpumenenue cucmem ucKyccmeeHHozo
UHmenneKma na mokapuwvlx cmaukax ¢ 4Iry

OgunM W3 BaXXHEWIINX IIOKa3aTellel KadecTBa
W3TOTOBJISIEMBIX ~ BBICOKOTOYHBIX  JETAICH  Ha
ToKapHbIX cTaHkax ¢ YIIY sBmsercs obecneueHue
KOHCTPYKITMOHHO-33JTAHHBIX 3HAYCHUH
MaKCUMaJIbHBIX OTKIIOHEHUW OT TI€OMETPUUYECKOMN
(opMbl  00pabaThIBa€MBIX 3aroTOBOK 10 JIJTUHE
00paboTKHu.

B mocnenree BpeMst MOSBIIINCH HOBBIE CTIOCOOBI
peryIupOBaHMsl, TAKUE KaK HEUPOPETyIUPOBAHHUE U
HEYeTKas JIOTMKa. OJTH CIOCOOBI OTHOCATCS K
KaTeTOPUHM  HWHTEIUICKTyaJIbHBIX W TIO3BOJITIOT
peanm3oBaTh JI000# TpeOyemblii MJist  Imporiecca
HEJIMHEWHBIA aJlTOPUTM YIPABICHHUS, IIPU HETIOTHOM,
HETOYHOM OIHCAaHUU 00BEKTa YIIPABICHUSI.
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OnHUM W3 HanpaBIE€HUH COBEPIICHCTBOBAHMUS
mpomecca  00pabotkm  Ha  cramkax  UIIY,
NpPUMEHSEMBIM Kak B Halled cTpaHe, Tak U 3a
pyOexxom, SIBIIICTCS MIPUMEHEHUE CUCTEM
HCKYCCTBEHHOT'O HHTEJUIEKTa. B KauecTBe 31MeMeHTOB
CUCTEM MCKYCCTBEHHOTO HHTEJUIEKTa Ipejjaraercs
UCIOJIb30BaTh HEHPOHHBIE CETH.

HawnbGoiee 4acTo HEUpOHHbIE cetu
UCIIOJIB3YIOTCS AJIS peIeHHs CIICAYIOINX 3aay:

e inaccudukanus oOpa3oB — yKa3aHHWE Ha
PUHAIEKHOCTD BXOZHOTO o0pa3a,
IPEACTaBIEHHOI0 BEKTOPOM IPU3HAKOB, OMHOMY MU
HECKOJIbKMM  TIPEABAPUTENBHO  OIpEJIeNeHHbIM
KJaccawm;

e KiacTepm3alnms — KiIacCupUKanus o0pazoB
MpH OTCYTCTBHH Yy4eOHOW BBIOOPDKM C METKaMH
KJIaCCOB;

e T[IPOrHO3UPOBAHHE  —
3HA4YEHUA y(tn+1) pu
nocyenoBaTenbHOCTH y(t1), y(t2) ... y(tn);

e onTuMHU3alMA — OOHApYXCHHE pEIICHHS,
KOTOPOE YAOBJICTBOPSIET CHCTEMY OTPaHHMUCHHH U
MaKCHUMHU3HUPYET WIM MHHHMH3HPYET LEJIEeBYIO
¢dyskuuio. [TamsiTh, KOTOpask aapecyeTcs Mo CMBICITY
(accommatrBHAs TaMsITh) — MaMsTh, JTOCTYIHAs MPH
YKa3aHUHU 33/1aHHOTO CO/ICPKAHMS;

e YIpaBIIEHHE — pacyeT TaKOro BXOJHOIO
BJIMSIHUS HA CHCTEMY, 33 KOTOPBIi cucTtemMa paboTaeTt
110 JKeJIaTeIbHON TPAaeKTOPHUH.

CTpyKTypHOH  OCHOBOM  HEHPOHHOW  CETH
sBisieTcsi opManbHBI HeHpoH. HelipoHHBIE ceTn
BO3HHMKJIM U3 TONBITOK BOCCO34aTh CIIOCOOHOCTH
OMOJIOTHUECKUX  CHCTEM  YYHUTHCA, MOJEIHUPYS
HU3KOKOPHEBYIO CTPYKTypy Mo3ra. Jlis 3Toro B
OCHOBY HEHPOCETEBOW MOAEIH JIOKHUTCS 3JIEMEHT,
KOTOPbIi MMHUTUPYET B TMEPBOM MNPHOIMKECHUU
CBOWCTBa OHMOJIOTHYECKOTO HelpoHa — (GopMalIbHBIN
HelpoH(aee TpocTo HeWpoH). B opranumsme
YyeNioBeKa HEHPOHBI 3TO 0COObIe KIIETKH, CIIOCOOHBI
pacIpoCTPaHsITh ANEKTPOXUMHUECKNUE CUTHAIIBI.

[Ipenmymectsamu HC mepen TpaaniimOHHBIMH
CUCTEMAMH YTIPaBJICHUS SBISIETCA:

1. Ucnionp30BaHe  HENMHEHHBIX  (PyHKOIMH
aKTUBAallMd B  HEWPOHHBIX  CETSIX  IO3BOJISIET
peanu3oBath 3a/1a4n c CYILLIECTBEHHBIMU
HEJIMHENHOCTSAMU;

2. HC w™moryt oO0yd4arbcsi JIOOBIM (QYHKITHSIM,
BaXXEH TOJBKO OOBEM MPENOCTaBICHHBIX NaHHBIX H
BBIOOp TMpPaBHJIBHOM HEHpOHHOH Mozenu. Takum

MIpeIyCMOTPEHNE
HU3BECTHOU

obpazom HC mo3BomsaroT m30ekaTh HCIOIB30BaHUS
CIIOYKHOTO MAaTeMaTHYECKOTO aIlapara;
3. HC sBasiroTcss caMo00y4aeMbIME CHCTEMaMHU.

DOTO  03HAyaeT  BO3MOXKHOCTb  OCYILECTBIATH
yIpaBJieHHE B YCIIOBUSIX CYIIIECTBEHHBIX
HEJIUHCHHOCTEH;

4. Beicokass crteneHs mnapamwienbHoctu  HC
o0ecrieunBaeT  BBICOKYIO MIPOU3BOAUTEILHOCTh
BBIYHCIICHUH;

5. ApXuUTeKTypa MapaulelIbHOW  00paboTKH
mo3Boisier HC  dyHKOMOHUpOBaTH [Jaxke IpH
TTOBPESKICHUN OTACTHHBIX JIEMEHTOB ceTH [8-10].

U3 sToro crnemayer, 9TO0 HEMPOHHBIE CETH UMEIOT
0OJIbIIME TICPCIICKTUBBI B O0JACTH  YHPAaBICHHUSI
CJIOKHBIM TEXHOJIOTHYECKAM 000PYy/TOBAHUEM.

[lo cpaBHEHHWIO C TPaJUIMOHHBIMH METOHAMH
yIpaBJICHHS, TP MPUMCHCHUH HEHPOHHBIX CHCTEM,
HE HYXHO CO3[aBaTh TOYHYI) MAaTEMaTHYECKYIO
MOJIETIb, TOJIEKO MOJIENb yIpaBIeHUS
HEIMOCPEJICTBEHHO 110 TOCTABIEHHBIM YCIOBHSIM.
OnTUManbHbIC BBIXOJIHBIC 3HAYCHUS (OPMHUPYHOTCS
10 OTKJIOHEHUIO ¥ CKOPOCTH M3MEHEHUS OTKIOHEHUS
U3MEPSEMON BEIMYMHBI M 33JaHHOTO 3HAYCHMUS.
Pesynprar  mosyuaeTcst  Oojiee  JOCTOBEPHBIM,
OCOOCHHO B CpPaBHGHHWH C HEONPEAEICHHON W
HEJIMHEHMHON cucTteMaMu yrpasieHus. B cBs3u ¢
HEJIMHEHHBIMA ¥ W3MEHSIOUIMMKCS BO BpPEMEHH
XapaKTePUCTUKaMU M BBICOKOW CKOPOCTH 00pabOTKH
JeTalld, TPYOHO HCIOJIh30BaTh MAaTEMATHYECKYIO
MOJeNb  JUIs  ONHCAaHWsS Tpoliecca oOpaboTKH,
MO3TOMY TMPEJIaraeTcsi IPUMEHUTh HEHPOHHYIO CETh
JUTST MOJIETTMPOBAHMS Tpoliecca (pezepoBaHus, s
YCTaHOBJICHHUS] HEJIIMHEHHON 3aBUCUMOCTH MEXKIY
napaMerpaMu oOpabOTKH U CHIIbI pe3aHusl.

I[Ipu o00paboTke Ha CTaHKE HEOOXOIUMBIC
JaHHBlE O (aKTUYECKH TIONy4aeMbIX pa3Mepax
JleTalied JyIsi HEMPOHHBIX CETe MOXHO IOJy4aTh
ABTOMAaTHYECKH c MTOMOIIIBIO Ja3epHBIX
M3MEPUTEILHBIX MPUOOPOB WM BBOAWTH BPYYHYIO.
ITony4dast maHHBIE W OTCIIEKUBAasi UX HEHPOHHAs CETh
OyZmeT CcaMOCTOSITEIbHO TIPUHUMATh pEIICHHE O
HEOOXOJUMOCTH pa3MEepHOH W KHHEMATHYECKOM
ITOTHACTPOMKYU CTaHKA ¥ TPOU3BOIUTH HEOOXOUMEIC
KOPPEKIIUU YIIPABISIONIUX POrpaMM ISl CTAHKOB C
qIry.

Ha pucyHke moka3zaHa HEWpOHHAas CETh,
MO3BOJISIIONIAST ~ PETYIHPOBAaTh  yCHINE  PE3KH
(hpe3epHOro craHka.
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CymecTByeT MHOXKECTBO BHJIOB alTOPUTMOB
00yJYeHNS HEHPOHHOW CETH Ha OCHOBE CKOPOCTH
CXOIUMOCTH aJrOpuUTMa, HUCIONb30BAaHUA MAMATH U
T.1. B ganHoM ciywae, ¢yHkums oOydeHus
BbIOMpaeTrcs kak ¢ynknws JlesenOepra-MapkBapra.
KonnuectBo BXO/THBIX HEUPOHOB 3,
MPEICTABIISIFOIIIX napameTpel; KOJINYECTBO
BBIXOJJHBIX HEHPOHOB PaBHO 1.

Umncno y3noB CKPBITOrO CJI0S HEHPOHOB MMEET
Oonbpliee  BIUSHHE  HA  MPOM3BOJHUTEIBHOCTH
HEHPOHHOW CETH, CIUIIKOM OOJBIIOE KOJIUYECTBO
Y3JI0B  BBI3bIBaE€T OIIMOKM B  OOY4YeHUH U
TECTUPOBAaHUU CETH, CJIMIIKOM MAaloe — CHIDKEHHE

OTKa30yCTOWYMBOCTH ceTH, MpaBUIILHOE
pacmo3HaBaHHE€  CKOPOCTH M BO3MOXHOCTh
00001IEeHNS.

Hdns  Toro, 4roObl  OBICTpEe  JOCTHYb

HEOOXOIMMON CKOPOCTH M TOJYYHTH BBICOKYIO
TOYHOCTH MCIIBITAHUS, YHCIO CKPBITBIX CIOEB PAaBHO
2, KOJIMYECTBO HEMPOHOB — 3 U 5 COOTBETCTBEHHO.

Buoieoowt

[Ipumenenne HEHpPOCETEBBIX  TEXHOJOTHH
MO3BOJISIET TMOBBICUTH MIPOU3BOAUTENHHOCTh CTAHKA C
YIIY 3a cder MNOBBIIEHUS TOYHOCTH TOKAPHOU
00pabOTKM MyTeM H3MEHEHHs TMOJOXECHUS |
TPaeKTOPHH JIBUKCHHS pexymen KPOMKH
WHCTPYMEHTA c y4eTOM TE€OMETPHYECKON
HETOYHOCTH CTaHKa.

Takum 00pa3oM, MpUMEHEHHE HEHPOHHBIX CETeH
IIPH MOJEIUPOBAHUM CUCTEM YIPABICHHS CTAHKOB C

UIlY sBisercs 0Oojiee MEPCICKTHBHBIMH, YeM
TPaIUIIUOHHBIE CUCTEMBI YIIPaBICHISL.
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