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DnexTposHIedasorpadus ABASETCS CaMbIM IMTPOCTHIM CITOCOOOB 3aIMCH AKTHBHOCTH TOJIOBHOTO MO3Ta, OJTHAKO TPH STOM
BO3HHUKAIOT apTe(haKThl, KOTOPBIE BIMSIOT HA HHTSPIPETAIINIO CUTHAJIOB 3JIEKTPOIHIIehaorpaMMebl. B cTaThe mpemnokeH
METOJ| MeIMaHHOM (ribTpanuu st ouuctku curuanoB D3I [IpoBeeHO cpaBHEHUE METOIOB OYMCTKHU OT IJIAa30/IBUTa-
TEJIbHBIX apTe(aKTOB C MOMOIIBI0O MEIUAHHON (HIBTPAIMK M aalTHBHOTO ajJropuTMa Ha OCHOBE BeiiBieToB Xaapa,
JoGemn u xoudueros. [IpennokeHHbII METO] MEeTMAaHHON (pHIIBTpaIMU, TPUMEHEHHBIN K CUTHAJIAM DJICKTPOdHIE(aio-
IpaMMBl, TOKa3aJl XOPOILIHHA Pe3yabTaT B CPABHEHUH C M3BECTHBIM Al THBHBIM METOIOM.

Kntouesvie cnosa snexmposnyeanocpamma, 31eKmpooxyiocpammd, apmepaxmel, getieiem-npeobpazosanue, Meoud-

Has purbmpayus

BBenenune

ExxeronHo yBenuunBaeTCs KOJIMYECTBO JIIOACH,
MOTEPSBUIMX KOHEYHOCTH JIMOO YTPATHUBLIMX BO3-
MOXHOCTb J1BUTaTbcs. OIHUM M3 CIIOCOOOB yiyu-
LICHUS] UX Ka4eCTBa KU3HM SIBJIAIOTCSI MHTEPQEHCh
Mo3T-KoMITboTep [ 1]. X HCTONb3yIoT U1t CO3MaHms
POOOTOTEXHUYESCKUX MPOTE30B U IK30CKENIETOB [2].
Taxsxe unTepdeiics «Mo3r — KommnboTep» nCosb-
3yIOT JJISl CO3/aHUsl WIP BHUPTYalbHOH peasibHO-
cTH [3], yMHBIX TOMOB [4], HHBAJIUIHBIX KOJSICOK [5]
Y TICYaTHBIX alTUTHKAIIH [6].

B kauecTBe BXOJHOTO CHUrHaja HWHTEPQEHCHI
«Mosr — Kommnbrotep» NpUMEHSIOT CUTHAIIBI AJIEKTPO-
sunedanorpamms (O01) [7]. [ponenypa 3ammcu D00
CUMTAETCSl CAMOM MPOCTON /ISl CUNTHIBAHUS CUTHAJIOB
C KOpPbI TOJIOBHOI'O MO3I'a, TaK KAK OHA HEMHBA3UBHA U
He TpeOyeT OONBIINX pecypCcHbIX 3aTpar [8].

[Ipu 3anmucu cur"asoB OO yacTo BO3HUKAIOT
MOMEXH, KOTOpble Ha3bIBaloT apredakramu OOI.
AptedakTbl paznenstor Ha GU3NOIOTHIeCKHe U (Pu-
sudeckue [8]. Ilox dusmomornyeckumMu MOHUMAIOT
IIOMEXH, CO3/IaHHBIC JESTENFHOCTHIO YEIOBEKa, Ha-
MpUMep MOpraHue a3, OMeHue cepala, MbIIIey-
HbIE MMITYJIbCH [9], a mox (U3NUecKUuMHu — IoMe-
XM, CO3JaHHBIC aNNaparypoil, HaNpsHKeHHEM CETH
u T. 1. [8]. Ounctka curaanos D3I oT apTedaxToB
HeoOXomnMa JjIst KOPPEKTHOW paboThl HHTEpQEHCcOB
«Mosr — Komnsrorepy.

B Hacrosimee Bpemst apreakThl Ha CHTHajIax
O0I' sBnsrorcst OomnblIol mpoOIeMoit it Bpauei,
YUEHBIX, 3aHUMAIOLIUXCS IICUXMaTpuel, U paspa-
OOTYMKOB HWHTEPPEHCOB MO3T-KOMITHIOTEp. ApTe-
(aKThI CIIOCOOHBI HACTOJILKO UCKA3HUTh TIOTyYEHHBIC
JTaHHBIE, YTO pe3yibTaT MOJAEIUPOBAHUS CTAHOBUT-
Csl HENpEeJCKa3yeMbIM BIUIOTH /10 €r0 TEXHUYECKOH
peammzanuu. UToOBI pemuTh ATy mpolieMy, Heoo-
XOOUMO HPOBOAWTH MOJEIHPOBAHHUE HHTEPQeNcoB

MO3T-KOMITBIOTED C YK€ OUHUIICHHBIMU OT apTedak-
TOB curnanamu D3OI

Cy11ecTBYIOT pa3IM4HbIe CIIOCOOBI YaaleHHS O~
MeXx ¢ curHanoB OOl HanpuMep METOABI IIyMOIIO-
JaBJIeHUsl Ha ocHOBe BeliBieToB [10], MeToas! Bpe-
MEHHOI MH YacToTHOM perpeccuu [11; 12], amanus
TJIaBHBIX KOMITOHEHT [13].

B 51Ol crarhbe MBI IpeyiaraeM HCIOJIb30BaTh
METOJl MEIMaHHOW (UIBTpAUU sl yAaJeHHs TIia-
30/IBUraTelIbHBIX apTedakToB. Takxke mpoBeneM
CpaBHEHHUE TMPEAJIOKEHHOTO METOAA C aJalTUBHBIM
aJNropuTMOM, MIpeacTaBicHHbIM B [14]. Meauannas
¢unpTpanys OblIa BRIOpaHa HAMH B CBSI3U C €€ CIIO-
COOHOCTBIO TTOJIABIIATE C1a00 KOPPETUPOBAHHBIE TI0-
Mmexu [15].

CurnaJnsbl 371eKTpo3HIedaorpaMmbl
U OKYJsIPHBbIEe apTe(aKThl HA HUX

W3meHeHus HAMPSHKCHUS, BBI3BAaHHBIC JBUKCHH-
SIMH TJIa3 ¥ MOPTaHHEM, IPeodanaloT Hax APYTH-
MU (PU3UOIOTMYSCKUMH 3arpsI3HAIONIMME CUTHAA-
Mmu [16]. UenoBeueckwuii 113 MOXKHO CMOJICTHUPOBATH
KaK 3JICKTPUUECKHUN JIUIIOJb, 00pa30BaHHBIN MOJIO-
JKUTEJIbHOW POTOBMIIEN M OTPULIATENIBHOW CeTdar-
KOM, U MEXAY STUMHU NBYMS MPOTHUBOIMOIOKHBIMHU
3apsilaMH CYHIECTBYET Pa3HOCTh ITOTEHIIUAIOB OKO-
mo 100 MB. I'mazHoe 5070K0 eiCcTBYeT KaK JUIOINb
C TIOJIOKUTEIBHBIM TIOJIFOCOM, OPHUEHTHPOBAHHBIM
Briepen (pOTOBHIIA), W OTPHUIIATEIIHEHBIM IIOJFOCOM,
OpMEHTHPOBAHHBIM ¢33 (ceTdaTka). Korna rmasnoe
sI0JIOKO BpAIIAeTCsl BOKPYT CBOEU OCH, OHO TeHEpU-
pyeT moJjie MePEMEHHOTO TOKa OOIBIION aMIUIUTYIbI,
KOTOPOE MOXXHO OOHApYyUTh C IMOMOIIBIO JIFOOOTO
anekTpona psaoMm ¢ rasoM [17]. CaenoBarenbHo,
MOpraHHe WU JBM)KEHUE TIIa3aMH CO3/1aeT OOJBIION
AIIEKTPUYECKHUN TTOTEHIIMAT BOKPYT IJia3, KOTOPBIN
M3BECTEH Kak djekTpookynorpamma (30I7). Dto He-
nepedpaapHast aKTUBHOCTD, KOTOpash pacpoCTpaHsI-
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Pucynok 1. I'mazubie apredakTsl: a — ynctas ucxoanas 921, 6 — D3I, 3arpsi3HeHHas apTe(akTom
MeJUIeHHOTO Muranust; 6 — DT, 3arps3HeHHas apredakrom ObicTporo Muranusi; ¢ — IOI, 3arps3HeHHas
apTeakToM BEPTHKAJIBHOTO JIBMKeHUS 11a3; 0 — DI, 3arpsisHeHHas apTe(akToM ropU30HTaIBLHOTO
JBIDKeHUS m1a3; e — DT, 3arps3HeHHas apredakToM KpyIiioro ABrmkeHus a3 [10]

€TCsl IO KO’KE€ TOJIOBBI M 3arpsa3HsaeT DOI. Ot mno-
TEHIMAIbl HAa3bIBAIOTCS OKYISIPHBIMU apTe(akTaMu
(OA) [14].

@®opma BonmHbl DOI 3aBUCHUT OT HarpaBleHUS
JBIOKEHUS 1v1a3. BepTukanbHble, TOPU3OHTAIBHBIC
Y KPYTOBBIE ABIDKEHUS T1a3 00pas3yioT BoiHBI DOI
KBaJpaTHOW (OPMBIL, B TO BpeMsl KaK MOPTaHHUE BbI-
3bIBAET BCIUIECKM, KaK IIOKa3aHO Ha pPHUCYHKe 1.
OA BBICTYNaIOT B Ka4eCTBE OCHOBHOI'O HMCTOYHMKA
1IymMa, M3-3a 4ero BpadyaM TPYJHO OTJIMYMTH HOP-
MaJIbHYIO0 aKTHUBHOCTH MO3ra oT aHoMajibHOH. Cie-
JIOBAaTEJIbHO, MPOIEAYPa KOHTPOIS sl PUIBTPALUK
OA u3 D01 BaykHa [T TPAaBUIIBHON MHTEPIIPETALINT
20T [14].

Cpeau U3BECTHBIX METOOB yIAJICHUs IT1a30/1BU-
rareybHbIX apTedakroB Hanboiee TOYHBIM CUHMTA-
eTcsl afanTUBHBIM aJrOpUTM MaclITaOMPOBAHMSA 110
BPEMEHH € MSITKOH moporoBoii ¢pyHkiuei [14].

PaspaGorannblii aaropuTm
NOABJICHUS OKY/ISIPHBIX apTedaKkToB
Ha YJIEKTpo3HUedaiorpamme

IIpennaraemplii MeTOJ| ylalieHUs] IJ1a30J[BUTa-
TENBHBIX apTe(aKTOB BKIIOYACT B ceOs CIICAyIOIINe
mary.

1. Ompenenenne Hamuuns apredakra Ha TTOTOKE
curHasuos D01

2. Ompenenenne pa3Mepa OKHa MEIWAHHOTO
OKHa.

3. YnmaneHue oOHapyKeHHBIX apTe(akToB Menu-
AHHBIM (DPUITETPOM.

Jns onipenienienust Haaw4aus apreaxra Ha TIOTOKe
curnanoB DOI" HE0OX0MMMO 3a/1aTh TOPOTOBOE 3HA-
YeHHE X, , KOTOPOE 3aBHCHT OT MHIMBHIYalbHbIX
0COOCHHOCTEH OpraHu3Ma UCTIBITYEMOTO.

Bce 3nauenns curanos D3I, KOTOpEIE ITO MOTY-
710 GONIbIIE 3HAYEHUS X,,,, SBIAOTCS apredakramu
W TIoJuIeXxar yhaneHuto. B moroke curnamos D3I
MOTYT OBITh KaK OJUHApHBIC, TAK U MHTEPBAILHBIC
aNeMeHThl apredakToB. PazMep OkHa MeIHaHHOTO
(uIIBTpa 3aBHCUT OT MaKCHMAJIBHOTO pa3Mepa HH-
TepBaJBHOTO apTedakTa u onpeenseTcs Kak

w=n+k, )
rae w — pa3Mep MEeIUaHHOTO OKHA; 71 — pa3Mep HH-
TEPBAJILHOTO apTedakTa; k — moJ00paHHbIA KOAPHH-
LUCHT, 3a/1aBaCMBbIii TI0JIb30BATEIICM.

Crnenyrommii dTarn — yiaajleHue apredakra ¢ 1o-
MOIIIEI0 MEIUaHHOTO (GuibTpa. MenuaHnHasi (UIIb-
Tpanuusa IMHUPOKO UCTIOIB3YCTCA IJId NOAABJICHUS 1Ty~
MOB Ha M300pa)XCHWUH, OHAKO MEIMAHHBIA (QIIBTP
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PucyHnok 2. Pe3ynpraThl MaTeMaTHYECKOTO MOJCTUPOBaHUs: a — DI 3arps3HeHHOE; 6 — aJalTHBHBIN
ANTOPUTM C BeiBieT-ipeoOpazoBanreM Kondurer; 6 — aganTuBHBIN alnropuT™ ¢ BEHBIET-TIpeoOpa3oBaHueM
Jlo6emn; ¢ — afanTUBHBIN aNTOPUTM C BeiBIeT-IpeoOpazoBaHreM Xaapa; 0 — MenanHast (PUIIbTpaIius

TaKXe CIIOCOOCH IMONaBIATH C1ab0 KOpPpEeTHpOBaH-
HBI€ CHTHAJIbI, 9TO TIO3BOJISIT HAM IPUMEHHUTH 3TOT
MeTOA ISl ynaieHus apredakTtoB ¢ curHaioB DOl
[19; 20].

MennanHblii puaBTp TIpeacTaBIseT OO0 OKOH-
HBI  (UIBTpP, TMOCIENOBATEIBHO CKOJB3SMIHMNA 110
MaccuBy curtana 331" u Bo3BpalllaloIIUiA Ha Kax-
JIOM IIIare OJ[MH W3 DJIEMEHTOB, IOMABIIUX B OKHO
¢uibrpa.

O06o3HaunM moToK curHaoB DI B KauecTBe
MaccuBa:

20r,, = {x(n -w),...,x(n),...x(n+ w)}.

CrmaxxuBaromuii MeTuanHblid QUIBTP 00padaThI-
BaeT BXOJHOI MacCHB ClIyIOMINUM 00pa3oM:

20r

ouy

= median{x(n—x,,),...,x(n),...,
o X(n+x,,)=median{x,(n),...,x (n)},

rae x,(n)=x(n—w+1-i), nu1 i =1,2,...,w, TO ecTb
[TPOMCXOUT YIOPSAOUNBAHNE 3HAYCHUH, U CUTHAJIBI,
SIBJISIIOIIMECS apTeakTaMu, 3aMEHSIOTCS MEIUaH-
HBIM 3HAYCHUEM, BBIYUCIICHHBIM U3 OCTAIIbHBIX CHUT-
HajoB okHa. [Ipw gyeTHOM uWmcne curHamoB D3I, He
SIBIISTFOINUXCST apTe(akTaMu, MEJHaHHOE 3HAYCHUE
BBIUUCIISIETCS TI0 (OpMYIIe

X, +x,
— —+1
median{x} = %, )
MpY HEYETHOM YHCIIe:
median{x}=x,,,. 3)

2

Ilpumep. ;s wactu maccuBa D31, cocrosmiero
u3 10 snemenros. [lycrs x,,, =5, n=2,k=2n {-3,
-4,7,8,4,4,2,1,-1, 0}.

Uwucito curHaioB ¢ apTedakToM paBHO 2 (TpeTHi
W YETBEPTHIA DIIEMEHTHI), 3HAYUT, OKHO (HUIbTpa
Oyner mMeth pasmep 2 + 2 = 4. OKHO MeTUaHHOUN
(GuIBTpanuu UIA TPETHETO SJIEMEHTa MPHUMET BHUJT
{~4,x,,x,,4}. BblYHCIMM 9/EMEHT X,:

x,=(-4+4):2=0.

OKHO MeJMaHHOUM (DUIIBTpAIMU JIJIST YETBEPTOrO
JJIEMEHTA IIPUMET BUJ {x1 ' ,4,4}. Brruucium sie-
MEHT X,

x,=(4+4):2=4.
Ounmiennsiii curaan 31 OymeT UMEeTh BU:
{-3,-4,0,4,4,4,2,1,-1,0}.
Jlanee mokaxkeM, 4TO MeIUAHHBIA (QUIBTP TPHU

ONTUMAJBHO BHIOPAHHOM OKHE MOXET 03 MCKaxke-
HUU COXPAaHUTh NMUKU cUrHaIoB DI, nonapisis He-
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KOppCIIMPOBAaHHBIC U cnabo KOPPEIUPOBAHHBIC I10-
MCXH U MaJIOPA3MCPHBIC ACTAJIN.

MopneanpoBanue yiajleHUus: OKYJISIPHbIX
apredakToB ¢ MOTOKAa CUTHAJIOB DI

MopenupoBaH#e MPEJIOKEHHOTO HAMH METOoJa
M ero CpaBHEHHWE C M3BECTHHIM METO/IOM [14] ObLI0
npomsBeneHo B cpexe MatLab R2020b. Hambomnee
sapko apredaktel DOl oTMmewaroTcsi Ha JaTYMKax
O0DT, pacnojoXeHHBIX OJIMKE K TiIa3aM, a UMCHHO
F7, F3, F4, F8 [21]. Jns npoBeneHus MoIEIUpOBa-
HUsI HAMH OBLITY UCTIONB30BaHbl CHTHAKI ¢ naTtauka F3.

Jia peanm3anyy M3BECTHOTO METOAA (aIarTHB-
HOTO aJIrOpUTMa) OBUIN MCIIOJIb30BAHBI TUCKPETHEIC
BelBieT-peoOpazoBanus Xaapa, Hobemmu, Kond-
nera. Ilpu peanmmsanum Meroma MeIUaHHOW (DHITb-
Tpanuu Mel ucrionb3oBanu 7 = 10 u k=2. Ha pucyn-
Ke 2 MOKa3aHbl pe3yJbTaThl Pa0OTHI PeaTn30BaHHBIX
METOJIOB.

[Ipu Bu3yanbHOI oneHke curHanoB D3I BuaHO,
YTO METOJ[ MEIMaHHOW (MIBTPAllUU KadyeCTBCHHEE
ymanseT apredakTsl. J{Is MaTeMaTHdecKol OICHKH
MpeIIOKEHHOT0 MeTo/1a ObljIa UCIIONb30BaHa CIe/Iy-
toutas popmyna [22]:

Pz[l—z
rme DOI

ey — cHrHan 99T ¢ apredakrom DOT;
20I oy OUMUILEHHBIA MPEJJIOKEHHBIM METOJIOM
curHan D3I B tabnuue npeactaBieHbl Pe3ybTaThl
OLIEHKH METOZIOB OTYMCTKU cUrHajoB DOl
Pe3ynbraThl MOnEIMpOBaHUS MOKa3aiH, YTO Me-
JUaHHBIA QUIBTP JTydlie ouniiaeT curuaisl 991 oT
apTedaxToB.

3azp

20I
20r,

ouuy

] -100%, ()

3akaueHmne

B crarbe npeanokeH HOBBIA METOJ AJIsi OUYMCTKU
curHa)IoB D3OI ¢ MoMoIIpI0 MennaHHON (GUIBTpa-
uuu. [TokazaHo MpenuMyIecTBO ATOro MeTojia rnepes
aJlalTHBHBIM METOZOM C HCIOJIb30BAHUEM BeliBIie-
ToB Xaapa, Jlo6emn n Koundurera Ha 2—10 mopsiaxos.
[lony4eHHble NaHHBIE MOTYT OBITH HCIOJIB30BAHBI
IUIsE MonenupoBaHusi uHTepdericoB «Mosr — Kom-
MIBIOTEPY.

baaropapuocTu

Pabora mommepkana Poccuiickum  QoHAOM
(yHmameHTanpHBIX HccaenoBaHuid (mpoekT Ne 19-
07-00130 A), rpantom Ilpesunenta Poccuiickoii
Oenepanuu (mpoekt MK-3918.2021.1.6). ABTOpBI
BhIpaxaroT OarogapHocth CKDY B paMkax mpoek-
Ta TOAJCPKKH MaJIbIX HAYYHBIX IPYIIT U OTACIBHBIX
YYEHBIX.

Tabmuma. Onenka meronoB yrnaneHus apredakros 00
¢ curnanos 200

Mertop, O1eHka

Betliner Xaapa 4,4409-107 %
2,7622-10° %
3,1484-10° %

1,96-107 %

Betisner Jloberu

W3BecTHBIN
[7]
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APPLICATION OF MEDIAN FILTERING FOR CLEANING
ELECTROENCEPHALOGRAM SIGNALS FROM OUTER MOTOR ARTIFACTS

Lyakhov PA., Kiladze M.R.
North-Caucasus Federal University, Stavropol, Russian Federation
E-mail: mrkiladze@ncfu.ru

Electroencephalography is the simplest way to record the activity of the brain, however, artifacts
arise that affect the operation of the brain-computer interface. The article proposes a median
filtering method for cleaning EEG signals. A review of existing methods for removing artifacts
from electroencephalogram signals is carried out. Comparison of methods for cleaning from
oculomotor artifacts using median filtering and an adaptive algorithm based on Haar, Daubechies
and Coyflet wavelets has been carried out. The proposed method of median filtering, applied to
electroencephalogram signals, gave a good result in comparison with the adaptive method known
earlier.

Keywords: electroencephalogram, electrooculogram, artifacts, wavelet transform, median filtration
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VJIK 681.5(075.32)

ABTOMATHU3AIUA KOHTPOJIA COCTOAHUA
IMPOU3BOJCTBEHHOI'O OBOPYJIOBAHUA

Mameeesa E.A., Yepnvix O.H.
Tosonocckuii cocyoapcmeenusviil yHugepcumen meiekommyHuxayui u ungopmamuxu, Camapa, P®
E-mail: helen_matveeva@mail.ru, chernykh_on@mail.ru

B craree paccMaTpuBalOTCs BONIPOCHI, CBSI3aHHBIC C YBEJIMUEHUEM BPEMEHHU PabOThI 000pynoBaHus. BeIaBistoTcs mpo-
01eMBbl, XapaKTepHbIC MPAKTUUECKU Ul JIFOOOT0 MpeAnpusaTHs, Memaronme 3()()EeKTUBHON SKCIITyaTalud CTaHKOB C
YHCIIOBBIM NPOTPAMMHBIM yTIpaBieHHeM. [loka3aHo, 4To aBTOMaTH3anus KOHTPOJIST paboThl 000PYIOBaHUS TTO3BOMISET B
aBTOMATHUYECKOM PEXHMME IOICUUTATh BpeMsl pabOThI CTaHKa /10 Hauasa BHIIOJTHEHHS PA3IMYHBIX BUAOB TEXHUYECKOTO
00CITyKMBaHMS U TIJIAHOBO-IPELYTIPEANTEIBHBIX PAOOT 110 PEMOHTY 000PYyI0BaHHsI, OTMETUTH ATy MPOBEAEHUs padoT
1 OCYILECTBUTH KOHTPOJIb UX BBIIOJIHEHNUS. Pelienue mpo6aeMsl peyiaraeTcsl 3a C4eT BHEPEHNS aBTOMAaTU3UPOBAHHOMN
MH()OPMALMOHHON CHCTEMBI, TTO3BOJIAIONIEH B PEAbHOM BPEMEHH OCYLIECTBIISITH KOHTPOIb paboThl 000PYIOBAHUS C
YHCIIOBBIM MPOrPAMMHBIM YIPABICHUEM, IPOBOUTH aHAIM3 M KJIACCU(PHUKAIMIO TPUYMH HPOCTOSI CTAHKOB. DTO MO3BO-
JIIeT OCYIIECTBUTH COBMECTHOE ITPOBEICHUE TNITAHOBOTO PEMOHTA C PEMOHTOM 10 COCTOSTHHIO 000PYIOBaHUS. 3a CUET OIe-
paTHBHOTO pearnpoBaHMs Ha TEKYIee COCTOSIHHUE MOSIBIISIETCS. BOBMOXKHOCTh YBEJIMUCHUSI BpeMEHH paboThl 000y I0BaHHSI.

Kniouesvie cnosa: agmomamusayusi, KOHMpoib, COCMOsHUE 000PYOOBAHUsL, PEMOHM, 8PEMsi RPOCHOSL, NPOU3BOOCEEH-
Hble NPeOnpuUsimusL

(paKeTHO-KOCMHUUYECKOE  TPOM3BOJICTBO,
9HEepreTrKa, arTOMHas IPOMBIIIIIEHHOCTH).

Jns sddexTuBHONW DSKCIUTyaTallid CTaHKOB C
UITY tpebyroTcst TOBHIIEHHBIH KOHTPOJIb 33 HX pa-

Beenenune TSDKEas

KOHKprHI_II/ISI, CTPEMIICHUE 3aHATH HOBBIC PBIH-
KN, TIOBBICUTH CTOHMMOCTH OuszHeca H YBECJINYUTDH
HpI/I6LIJ'IB MNPpUBOAUT K paCHIMPCHUIO MTPOU3BOACTBA,

W, KaK CIEICTBHE, NMPUOOPETEHUIO HOBOTO IPOU3-
BOJCTBEHHOT0 oOopynoBaHus. OgHAKO, TIAHUPYS
WHBECTUINH, HEOOXOAMMO OTBETUTH Ha BOIPOC, KaK
HCIIONIB3YIOTCSI UMEToTHecs: MomrHocTH [1; 7; 10].
Ha coBpeMeHHBIX MPEANPUATUSIX HCIOIB3YETCs
pasnmuaHoe 00OpymoBaHHWE. 3HAYUTEIEHOE MECTO
3aHUMAIOT CTaHKH C YHUCJIOBBIM IPOrPaMMHBIM
ynpasneranem (UIIY), KoTopble SBISIOTCS CIOXK-
HbIMH arperaraMi, COCTOSIIMMH W3 Pa3JIdYHbIX
B3aMIMOCBSI3aHHBIX CUCTEM (MEXaHWKH, THIPABINKH,
ANIEKTPUKU U JIEKTPOHHUKH), UMCIOIIUX Pa3IHYHbIC
KOHCTPYKTHUBHBIE OCOOCHHOCTH U TPeOOBaHUSI K IKC-
mryatarui. lomasmisromee OONMBIIMHCTBO 000pY-
noBanus ¢ UITY B Hamell cTpaHe MCHOJb3yeTcsl Ha
MPENPUATUSAX «YHUKATBHOTO MAIIMHOCTPOCHHS

00TOi, ONTUMHU3AIMH TTPOLIECcCca IAHOBO-MIPEAYTIpe-
JAUTCIIBHOIO PEMOHTA U TEXHUYCCKOTO O6CHy)KI/IBa-
HUA, 4TO ITO3BOJIMT ITOBBICHUTH B(I)q)eKTI/IBHOCTL ux
UCIIONBb30BaHMsL. Bo3pacraromias KOHCTpPYKTHUBHAs
CIIO)KHOCTB, BECOBBIE XapaKTEPUCTUKH, MHOTOO0pa-
3ue ()OpM U BBICOKHE TPEOOBaHMUS K TEOMETPHYECKOM
TOYHOCTU YHHUKAJIbHBIX ILGTaJICfI CO3Jar0T IMpaKTUuic-
CKH HEBO3MO)KHBIE YCIIOBHS oOecriedeHns TpedoBa-
HUH K UX KadecTBy Oe3 aBToMarm3aunuu (GyHKIHH
KOHTPOJISI 32 COCTOSHHEM IMPOU3BOJICTBEHHOTO
o0opyoBaHuUsL.

ITocTanoBKa 3aga4un

AHaNU3Upys TaHHbIE POCCUMCKUX MPEANPUITUH,
ucnoip3yomux cranku ¢ YITY, MoxxHO 0003HaYNTH
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